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OBJECTIVE AND SPECIFIC AIMS

The overall objective of this research was to improve the antiviral efficacy of virus
inhibitory compounds by targeting their delivery to virally infected cells. This delivery was
to be facilitated by means of monuclonal antibodies specific for the surface-expressed viral
antigens. To accomplish this goal we proposed to:

(1) Develop tethering methodologies for the conjugation of ribavirin to monoclonal
a..tibodies, using tether groups of various stabilities, such as ketals, esters, dialkyl
phosphates and disulfides.

(2) Raise monoclonal antibodies against specific Pichinde virus antigenic
determinants expressed on cells infected with Pichinde virus. These antibodies were 10 be
ronneutralizing or only weakly neutralizing.

(3) Prepare, purify and characterize monoclonal antibody-drug conjugates.

(4) Evaluate the efficacy of nionoclonal antibody-drug conjugates against Pichinde
virus infections in an in vitro system.

(5) Evaluate the efficacy of conjugates antivirally active in vitro against animal
infe_tions with Pichinde virus. The efficac,, expressed as therapeutic index, to be
compared with that of ribavirin without antibody, the antibody without ribavirin, and a
mixture of the antibody and ribavirin.

The responsibility for performing these tasks was divided between SRI

International and Utah State University investigators as follows:

SRI International investigators were to develop the methodologies described in the
first specific aim and prepare and purify the antibo ly-ribavirin conjugates described in
specific aims 3, 4, and 5.

11



Utah State University investigators were io derive, produce, and characterize the
monoclonal antibodies described in the second specific aim and to peform the evaluations
of the ribavirin derivatives and the antibody-ribavirin conjugatcs as described in specific

aims 3, 4, and 5.
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RESEARCH SUMMARY

The hemorrhagic fevers are debilitating lethal diseases for which no vaccine is
available. The antiviral drug ribavirin lias demonstrated therapeutic efficacy for the
treatment of Pichinde virus-induced hemorrhagic fever in laboratory animals.
Unfortunately, its systemic side effects preclude therapeutic use ir humans. Targeted
delivery of ribavirin to virally infected cells alone would reduce side effects, improving the
therapeutic index to a clinically useful level. Targeted delivery of antiviral drugs using

monoclonal antibodies (MAbs) was explored as a method for achieving this goai.

In the 3.5 years of USAMRDC Contract No. DAMD17-86-C-6120 (Development
of Methods for Carrier-Mediated Targeted Delivery of Antiviral Compounds Using
Monoclonal Antibodies) considerable progress was made to develop methodology for
coupling ribavirin to a MAb directed against an antizen expressed on the surface of
Pichinde virus-infected cells.

Research was conduc..< to: (1) synthesize derivatives of ribavirin that would
permit artachment of this antiviral drug to MAbs, (2) covalently link these ribavirin
derivatives *hrough their tether groups to MAbs directed against the viral antigens
expressed on the surface of Pichinde virus-infected cells, and (3) develop in vitro and in
vivo Pichinde virus models for use as test systems for evaluating th: targeted delivery of
antiviral compounds asing MADbs against Pichinde virus-coded antigens expressed on the
surface of virally infected cells.
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SYNTHETIC PROGRAM

Task 1. Synthesis of Ribavirin Derivativec Having Tether Group
Functionality and Their Conjugation to Anti-Pichinde Virus Monoclonal
Antibodies

The synthetic accomplishments were:

(1) Synthesis of modified 1 "havirin derivatives for conjugaiion to MAb PC4.9A6
directed against an antigen expressed on the surface of Pichinde virus-infected cells. The
following were prepared: (a) ribavirin-5'-O-hemisuccinate, (b) ribavirin-5'-0-(2,3-di-
methyl)hemisuccinate, () 2',3-O-ketal of ribavirin with 4-ketopentanoic acid, (d) 2',3-O-
ketal of ribavirin with 5-ketohexanoic acid, (e) ribavirin-5'-O-phosphate, (f) nbavirin-5'-0-
diphosphate, (g) ribavirin-5'-O-triphosphate, (h) ribavirin-5'-0-(5-carboxypentyl)phos-
phate, and (i) ribavirin-5'-O-(6-aminohexyl)phosphate. The 5'-O-hemisuccinate ester was
found to be too hydrolytically iabile for stability in the plasma. The 5'-0-(2,3-dimethyl)-
hemisuccinate was too stable because insufficient ribavirin was released, as determined by
its antivira’ activity in an immunofluoresence assay ugainst Pichinde virus infection in Vero
76 cells. The same was true of the two 2'.3'-O-ketals. Ribavirin-5'-O-phosphate, and the
corresponding 5'-O-diphosphate and 5*-C-triphosphate displayed antiviral activity,
indicating that phosphate esters could be possiole tethering functions. Various routes were
_iplored for linking ribavirin-5'-O-(S-carboxypentyl)phosphate to MADbs and polymeric
carrier mo!acules; none was sucgmsful although the reactior: could be readily performed on
analogs lacking a 3-hyroxyl group. Evidently the hydioxyl group prevented activatica of
the pnosphate and its linkage. Therefore, the functionai groups were reversed and the

6-aminchexy! tether was int~ Juced onto the 5-O-phosphate.

(2) Because ribavirin has such a weak 1V chromophore, methods were invest-
gated to establish loading of the drug onto polymeric carriers and MADs. This necessitated
the synthesis of radiolabeled ritavirin from [1'-3H)- and [3"-14C]ribose. This material was

14



subsequently converted to the labeled 5'-O-hemisuccinate and 5* O-(5-carboxypentyl)-
phosphate derivatives. The former was used to prepare an immunoconjugate with MAb
PC4.9A6. The latter could not be tethered through an amide bond to either a carrier or
MAb. Otiier assay methods investigated were determinaticn of amino groups removed
from the MADb afier conjugation and a radioimmunoassay for ribavirin. Both of these
methods were inaccurate compared with radiolabel determination. A phosphorus assay
was developed to establish the loading; of the ribavirin-5'-O-phosphate derivatives onto
polymeric carriers, obviaring the need for 1sing radiolabeled material.

(3) Methods were first investigated for direct loading of the functionalized ribavirin
derivatives onto the MAb. The 5-O-hemisuccinate was investigated first. Unfortunately,
direct conjugation of this derivative of ribavirin to MAb PC4.9A6 afforded a loading of
only four drugs per antibody--a luading deerned insufficient for antiviral activity because of
the high EDsg value (3.2-10 pg/mL) of ribavirin. Loading could be enhanced using a
polyme:ric carrier. (Aminohexyl)dextran was prepared. It was not possible to produce any
adduct of this polyiner ».ith ribavirin-5'-O-(5-carboxypentyl)phosphate beczuse of the
presence of the 3-hydroxyl group on the latter. Therefore, (carboxymethyl)ssdcxtran was
used as the carrier to which 4.6 to 9.6 ribavirin-5'-0-(6-aminohexyl)phosphate molecules
were linked. The ribavi.in-dextran polymer having a ic2ding of 4.6 ribavirirss per carrier
was linked to MAb PC4.9A6, giving a conjugate havin;, 33 rib-  'n molecules per
antibody--a ninefold higher loading than by the firs approach. The level of loading ofa
ribavirin-dextran adduct onto the MAb and therefore the: of the drug was esta.  aed using
a flucrescein hydrazide tethered to the (carboxymethyl)ssdextran. A variety of methods
were investigated for separating the ribavirin-dextran-antibody conjugate from free
antibody and ribavirin-dextran polymer. Usual purification methods used for the
preparation of immunoconjugates failed; hovrever, sucrose density centrifugation purifica

the ribavirin-5'-O-(6-aminohexyl)phosphate-(ca:boxymethyl)dextran-MADb PC4.9A6
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conjugate. This material was inactive against Pichinde virus infecticn in Vero 76 cells.
The lack of activity may have been caused by the fact that MAb 4.9A6 is not internalized by

the infected Vero 76 cell.

(4) Methods were investigated for synthesizing a conjugate having higher loading.
A pentadecaraer of ribavirin-5'-O-phosphate [5'-O-6-aminohexyl)phosphate of poly-
(ribavirin-3',5'-O-phosphate), s-thymidine-5'-O-phosphate] was synthesized in 14¢
overall yield. This oligoribonucleotide analog had a 6-aminohexy! group at its 5-O-
phosphate ester terminus for linkage to a polymeric carrier and a thymidine at the 3
terminus in order to determine loading by spertroscopic metheds. Biological evaluation
indicatad that this polymer was inactive against Pichinde virus infection in Vero 76 cells.
The lack of activity may be dus to lack of uptake by the cells--a situation that would be
corrected using a conjugate prepared from an antibody that is internalized.

(5) Model studies were conducted to develop methodology for attachment of the
ribavirin oligomer to a carrier protein. The 5'-O-(6-arninohexyl)phosphate of poly-
(thymidine-3',5'-O-phosphate);2-thymidine-5'-O-phosphate was used for this purpose.
Loadings of 1.5 oligomers per protein G as carrier protein were achieved. This technology
was not transferr < *o the ribavirin oligomer after it was established that MAb PC4.9A6 did

not internalize.

In summary, in this synthetic program we succes.. illy developed methodology for
tethering the antiviral drug 1 virin to MAbs at ioadings of 4 to 33 ribavirin melccules per
protein molecule.

BIOLOGICAL ASSAY DEVELOPMENT AND EVALUATION

One of the primary tasks of the USU investigators was :2 | oduce MAbs to be used
for the production of the antibody-drug conjugates. 1 he fusion procedure Z.scribed in this
report was used to derive more thas, 50 andbody jroducing hybridoma cell lines. Four of
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these cell lines, PC4.7C2, PC4.8D2, PC4.9D3, and PC4.9A6, produced antibodies that
recogrized Pichinde virus antigens expressed or: the surfzce of Pichinde virus infected cells
in vitro and in vivo. None of the MAbs displayed Pichinde virus neutralizing activity in
vitro or in vivo. This lack of protective activity was a desired characteristic since any
antiviral activity would then be attributable to the antibody-drug conjugates and not an
antiviral activity inherent in the antibody. Fluorescein corjugates of MAbs PC4.9A6 and
PC4.9D3, ziministered intraperitoneally, were shown to concentrate in the virus target
tissues of Pichinde virus-infected hamsters reaching at least 10-fold greater levels in the

livers of infected anirnals than in the livers of noninfected animals.

USU investigators developed an immunofluorescence assay and used it to
determine the antviral activities of a series of ribavirin derivatives, produced by SRI
investigators. A particulz’ly promising candidate for drug tethering to antibodies, ribavirin
5'-hemisuccinate, was found o have an EDsg of 10 to 32 ug/mL and an MTD o1 1.000
pg/mL, while a more stable derivative, ribavirin 5'-0-(2,3-dimethyl)hemisuccinate, had an

EDgg of 100 to 320 pg/mL and an MTD of 32 pg/mL.

Through the courss of producing ribavirin-antibody conjugates, SRI International
investigators noted that 3 to 6 ribavirin molecules could be attached to a single MAb
molecule, but the yields on these conjugations were low and the loading of ribavirin onto
‘he conjugates was too low to be evaluated in in vitro antiviral assays. Strategies for
multiple loeding of ribavirin to carrier molecules were initiated by SRI investigators. One
of the approaches for multiple loading of ribavirin was to synthesize ribavirin polymers
linked through phosphodiester linkages. Several phosphorylated forms of ribavirin,
corresponding to ribonucleoside phosphates, were synthesized and shown to retain in vitre
antiviral activity against Pichinde virus. Another SRI Intemational approach to multiple
loading was based on dextran polymers. Ribavirin derivatives suitable for multiple loading
onto dextran were synthesized and used to produce a (carboxymethyl)dextran-ribavirin
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conjugzte. The initial ribavirin derivative retained antivira! activity. The dextran multiply

loaded with ribavirir was targeted by conjugation to a Pichinde virus specific antibody.

A problem that continually confronted our efforts with ribavirin immunoconjugates
was that ribavirin must be present in relatively high concentrations to exert an antiviral
effect. Therefore multiple loading technologies and compatible delivery systems were
developed for ribavirin so that the application of antibody-mediated delivery of ribavirir.
would be more likely to yield strong virus inhibitory activity. SRI International
investigators produced high-density ribavirin irnmunoconjugates and provided such a

conjugate to USU investigators.

Until immunodrugs for evaluating antibody mediated delivery to arenavirus-infected
celis were available, UST" investigators produced and studied several immunotoxins as
potentia! anti-Pichinde virus therapies. The rationale behind the immunotoxin approach
was to utilize the targeted delivery of a peptide cytotoxin to kill the virus-infected cells in
culture or in an animal, thereby sparing the remaining noninfected cells from being
overwhelmed by the viral infection.

MAD PC4.9A6 was conjugated to gelonin through 1 disulfide linkage. The
PC4.9A6-gelonin immunotoxin re ained the antigen-binding activity of MAb PC4.9A6 and
the anti-ribuzomal toxicity of gelonin, bui lacked specific cytotoxicity towards Pichinde
virus-infected cells. Apparently the PC4.9A6-gelonin immunotoxin was not intemnalized
by target cells. Because the lack of antiviral activity appeared to be a characteristic of MAb
PC4.9A6, polyclonal entibodies isolated from hyperimmune rabbit sera (HRS) were
subsequently conjugated to gelonin.

Strong antiviral activity against Pinindc virus was demonstrated using polyclonal
antibodies conjugated with geionin. A single treatment with HRS-gelonin at 20 h p.i.
reduced the virus yield by over 1,000-fold with no detectable nonspecific cytotoxicity. The
EDsgp, MTD and therapeutic irdex for HRS-gelonin immunotoxin were each more
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favorable than the corresponding parameters for ribavirin. The EDsg for HRS-gelonin was
0.016 UM compared with 40 uM for ribavirin, indicating that one molecule of the HRS-
gelonin immunotoxin mezdiated an antiviral effect equivalent w that of 2,500 molecules of
ribavirin. The anti-Pichinde virus immunotoxins offer a promising avenue for the

de velopment of antiviral therapies utilizing antibody-mediated deli  :ry of antiviral
substances. Alternately, this work indicates that MADbs cculd be producec that would
effectively deliver antiviral drugs within Pichinde virus-infected cells.

Task II. In vitro Antiviral Screening of Drugs Against Pichinde Virus

(1) The antiviral drug assay based on inhibition of immunofluorescence (Burns et
al. 1988) is as srnsitive as Pichinde virus antiviral assays based on inhibition of cytopathic
sffect (CPE) or plague reduction (PR) and offers the advantages of economy of reag~nts,

rapidity, and a less ambiguous endpoint.

(2) Ribavirin 5'-O-hemisuccinate may be a suitable derivative to be used for
tethering to antibodies. A more hindered cster, ribavirin 5-0-(2,3-
dimethyl)hemisuccinate, while more stable than the ribavirin 5'-O-hemisuccinaie,
displayed lower antiviral activity and was more toxic. The antiviral assays were conducted
in vitro using the ribavirin adducts without conjugation to MAD. It .. -juite likely that the
5'-O-ester linkage must be cieaved before the dimethylhemisuccinate or hemisuccinate
derivatives can express ant viral activity. Thus, although the ribavirin 5'-0-(2,3-
dimethyl)hemisuccinate is less active in the in vitro antivira! assay, the compound may be

active when conjugated to MAD.

(3) Multiple loading of ribavirin onto *rus-specific antibodie: via either phosphaie
ester linkages [poly(ribavirin phosphate)] or rib: irin-substituted dextran polymers is 2
promising approach for carrier-mediated targeted delivery. In v e future, both polyribavirin
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and dextran muliiply loaded with ribavirin should be targeted by attachment to virus-
specific antibodies that internalize.
Task III. Derivation, Production and Purification of Monoclonal

Antibodies Specific for Antigens Expressed on the Surface of Pichinde
Virus Infected Cells

(1) Several modifications of previous procedures included in the final hybridoma
derivation protocol should be included in future derivations. All of these modifications
were evaluated independently and each had a positive effect. Peritoneal macrophages in the
fusion wells served to condition the medium; they also phagocytized dead cells and debri,,
thereby reducing the toxicity of the fusion culture medium. Other modifications included
an antigen boost administered to the spleen donor mice 5 days prior to the fusion, the
avoidance of HEPES when dimethyl sulfoxide was present in the medium, only very gentle
manipulation of the fusion cell mixture during the critical fusion steps, and not adding the

aminopterin to the fusion cell cultures until 24 h postfusion.

(2) A-amonium sulphate precipitation followed by affinity chromatography on
protein A is a suitable provedure for isolating and purifying the MADbs developed in these
studies. The IgG recoveries from awrine ~ s fluids ranged from 9% to 40%. The
purification procedure did not adversely affect antigen binding activity. MAbs PC4.9A6
and PC4.9D3 either as crude ascites preparations or as highly purified immunoglobulins
were not adversely affected by lyophilization.

Task IV. Anti-Pic? **4e Virus Monoclonal Antibodies. Characterization:

Bindinf to Pichinde Virus Antigens Expressed on the Surface of Livin
Cells, Isotype Analysis, Epitope Specificity a.d Viral Protein Specifici’y

(1) MAbs PC4.7C2, PC4.8D?, PC4.9D3, and PC4.9A6 bind to Pichinde virus
antigens expressed on the surface of cells infected with Pichinde virus. Based on binding
charzcteristics these MADbs are suitable candidates as drug delivery vectors for the study of
antibody-mediated targeted delivery of antiviral compounds.
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(2) MADbs PC4.7C2 and PC4.9A6 bind to the same epitope, while MAbs PC4.8D2
and PC4.9D3 bind to two other epitopes. Competitive binding assays with anti-LCMV
M Ab WE33.6, which cross reacts with the GP2 glycoprotein of Pichinde virus, indicated
that MAbs PC4.9A6 and PC4.9D3 bind to epitopes on the GP2 glycoprotein of Pichinde

virus.

Task V. Ascites Tumor Formation Using Hybridoinas Derived from the
Fusion of FOX-NY Myeloma Cells with Spleen Cells from RBF/Dn Mice

(1) By increasing the pristane dosage to 1.0 10 2.0 mV/mouse the efficiency of
ascites tumor formation can be increased. However, this is not satisfactory for all
RBF/DnJ » FOX-NY hybridoma cell lines. In these ctudies two cut of four cell lines failed

to produce ascites even in recipient mice that had recr:ived 2.0 mL of pristane.

(2) Using hybrid (RBF/Dn x BALB/c)FF} mice as RBF/DnJ x FOX-NY hybridoma
cell line recipients, even with increased pristane dosage levels, does not dramatically
increase the ascites tumor yields over those obtained using BALB/c mice.

(3) An aggressive immunosuppression regimen of pristane priming (1 to 2 mL)
_~llowed by tota! body irradiztion (350 rad) in hybrid (RBF/Dn x BALB/c)F) mice
4ramatically enhances the propagation of RBF/DnJ x FOX-NY hybridoma cell lines as

4scites mmors.

Task VI. In vivo Targeting with Anti-Pichinde Virus Monoclonal
Arn.ibodies

(1) The main target organ for Pichinde virus in the MHA hamster is the liver.
Pichinde virus titers in the livers were a thousand-fold higher than titers observed in any

other organs.

(2) MAbs PC4.9A6 and PC4.9D3 after i.p. administration to Pichinde virus
infected hamsters concentrate in the livers of the infected animals. MAbs PC4.9A6 and
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P{4.5D3 reach at least 10-foid greater levels in the livers of infected animals than in livers
of nonirfected animals. These MAbs have potential for evaluating targeted delivery of
antiviral drugs.

Task VII. Weanling Hamsters for In Vivo Antiviral Evaluations.

(1) Weanling MHA hamsters, weighing 30 grams were as sensitive to Pichinde
virus challenge as were young adult (90 gram) MHA hamsters. Weanling hamsters cculd
be used in place of young adult hamsters.

Task VIII. Preparation and Evaluation of Immunotoxins as Therapies for
Pichinde Virus Infections.

(1) The PC4.9A6-gelonin immunotoxin produced and described in this report
retain~d the antigen-binding activity of MAb PC4.9A6 and the anti-ribosomal tox:city of
gelonin, but lacked specific cytc  xicity towards Pichinde virus-infected cells. Apparently

the PC4.9A6-gelonin immunctoxin was not internalized by target cells.

(2) Indirect immunotoxins consisting of protein G linked to gelonin through a
disulfide bond are potent immunotoxins, which can be vsed to screen for virus-specific

antibodies 1o be used for antibody-mediated targeted delivery of antivirals.

(3) The experiments utilizing polyclonal antibodies for the targeted delivery of
antivirals deinonstrated a very strong antiviral effect against Pichinde virus. A single
teatment with HRS-gelonin at 20-h p.i. reduczd the virus yield by over 1,000-fold with no
detectablc nonspecific cytotoxicity. The experiments to determine the time course for the
expression of immunotoxin activity indicated that multiple treatments with immunotoxin

might produce even more dramatic reductions in virus yields.

(4) The EDsp, MTD, and therapeutic index for HRS-gelonin immunotoxin were
each more favorable than the corresponding parameters for ribavirin. The EDsp for HRS-
gelonin was 0.016 uM compared 1o 40 pM for ribavirin. In other words, cne molecule of
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the HRS-gelonin immunotoxin mediated an antiviral effect equivalent to that of 2,500
molecules of ribavirin. Thus, the anti-Pichinde virus immunotoxins described in this report
appear promising for use in ¢ eveloping antibody-mediated delivery of antiviral substances.
It would have bee : interesting if similar studies could have been performed with HRS-
ribavirin conjugates. Unfortunately, HRS was not available in sufficient ime to SRI for

any conjugate work.
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STATEMENT OF PROBLEM UNDER STUDY

Under USAMRIID Contract No. DAMD17-86-C-6120, SRI International and Utah
State University developed methodalogy to assess the effectiveness of antiviral drug-MAb
conjugate therapy for the treatment of viral infections. Specifically, we undertook the
preparation of MADbs directed against viral antigens expressed on the surface of Pichinde
virus-infected cells, the conjugation of the antiviral drug ribvavirin to these MAbs, the
develonmen: of in vitro and in vivo models to assess drug efficacy, and the biological
assessment of the antiviral activity of the conjugates compared with that of the free dtrug in

virally infected cells in culture and in hamsters.
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BACKGROUND

Approximately 60% of human illnesses are caused by viral infections (Horsfall,
1965). In particular, military personnel may be exposed to many different virulent
pathogens when deployed ubroad. The spread of these pathogens is exac. oated by
inadequate sanitation, poor health conditions, and crowded living and working conditions.
The arenaviruses (Junin, Lassa, and Machupa) cause hemorrhagic fevers that have high
montality rates in humans These diseases are characterized by high fever, leucopenia,
gastrointestinal hemorrhagic manifestations, shock, and, in some instances, a neurologic
syndrome (Johnson et al., 1967). The duration of illnesses is generally two to three
weeks, and complete recovery requires a long convalescence. The mechanism of
pathogenesis for these viruses in humans appears 10 be direct damage to the cells. Viruses
cause extensiv : capillary damage (either directly or indirectly), which has been proposed as

the causative factor of the organ damage resulting from these diseases (Casals, 1982).

Because vaccinaion therapy or drug therapy for many of the infections caused by
members of the Arenaviridae is not av:ilable or effective, new mxthods of treatment must
be developed. In addition, in those cases where 2_.tviral drugs have been shown to inhibi’
the virus in vitro, effective therapy in vivo may require the administration of such high drug
doses that toxic ride effects occur. Therefore, by targeting the delivery of antiviral drugs to
the vizis or the virally infected cell, lower concentrations of dr_s could be administered,

thereby reducing, their toxic side effects.
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RATIONALE

Targeted drug therapy using antiviral drug-MADb conjugates has potential value for
the treatment of viral infections. MAbs to specific antigens expressed on the viral surface
or on the surface of virally infected cells would specifically deliver the conjugated drug to
the virus or the infected cell. Therefore, drug efficacy would be enhanced and systemic
side effects would be reduced relative to standard treatment modalities using unbound
drugs.

The drug-MAb method of targeted drug delivery is currently being investigated a+ a
new therapeutic approach ior the treatment of cancer (Amon and Sela, 1982; Bjom et al.,
1986; Dillman et al., 1986; Embleton et al., 1986; Forrester et al., 1984; Gilliland et al.,
1980; Hurwitz, 1982; Hurwitz et al., 1983, 1985; Kato et al., 1984; Kulkami et al., 1981;
Pimmi et al., 1982; Seeger et =l., 1982; Tsukada et al., 1982, 1983; Youle and Neville,
1980). MAbs that are specific for antigenic determinants on tumor cells have been
developed (Hurwitz et al., 1985; Seeger et al., 1982). The chemotherapeutic drugs
doxorubicin (Diliman et al., 1986, Hurwitz et al , 1983; Pimm et al., 1982), daunomycin
(Kato et al., 1984; Tsukada e al., 1982, 1983), and methotrexate (Kulkazni et al., 1981),
the toxin ricin (Forrester et al., 1984; Youle 2nd Neville, 1980), other toxins (Bjorn et al.,
1986), and the protein A chain of ricin (Embleton et al., 1986; Gilliland et al., 1980) have
been covalently linked to antibodies against antigens on tumor cell lines. The resultant
cunjugates have been screened in both in vizro and animal model systems. Conjugation of
both drugs and toxins did not interfere with the birding of ar.abodies to their antg-*nic
determinants. The conjugates had increascd specific cytotoxicity to cancer cells in culturc
compared with control cells lacking the antigens (Kato et al., 1984; Tsukada et al., 1982).
Most important, the conjugates prolonged the survival times of animals infected with the
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cancer cells over those of infected animals treated with the unbound drugs or antibodies

alone or with combinations of free drugs with the antibodies (Tsukada et al., 1983).
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TASK REPORTS

This final repoit describes research accomplished in the 3.5 years (Apri! 1, 1986 to
December 31, 1989) of USAMRIID Contract No. DAMD17-86-C-6120. Becausz of the
wide scope and diversity of this multidisciplinary project, this report has been subdivided
into particular task reports, which are presented in the order szt forth in the Research

Summary.

TASK 1. SYNTHESIS “IBAVIRIN DERIVATIVES HAVING TETHER
GROUP FUNCTIONAL ‘D THEIR CONJUGATION TO ANTI-
PICHINDE VIRUS MO. NAL ANTIBODIES

A. Introduction

Because of its antiviral activity, ribavirin (Witkowski et al., 1972; Witkowski et al.,
1973) was selected as the drug to determine the potential of targeted drug delivery using
MAbs. Ribavirin has antiviral efficacy against Pichinde virus infections in animals and
therefore has potential for treatment of this infection in humans if its therapeutic index can
be enhanced either by reducing its toxic side effects or by selectively increasing its
concentration in the infected cells. Selective delivery of ribavirin could be achieved using a
ribavirin-MAD conjugate with a MAD that binds specifically to an antigen expressed on the
surface of Pichinde virus-infected cells and, once bound, is intemalized to the lysozomes
where the conjugate would be cleaved to release an active species of the drug. Therefore,
the most effective conjugats must (1) employ a MAD that binds effectively to a viral antigen
expressed on the surface of the infected cell and is subsequently internalized, (2) have
sufficient loading of drug to achieve an effective drug concentration within the cell, and
(3) have 2 tether bond of sufficient stability to deliver the intact conjugate to the infected
cell but sufficient lability that the bond is cleaved by either an enzymatic or hydrolytic
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mechanism in the cell. Alternarely, if the conjugate were not internalized, the linkage must
have sufficiert stability so that ar im2ct conjugate is dedvered to the surface of the virally
infected ceil but sufficient lability so that its chemical or enzymic hydrolysis at the cell
surface oceurs 1o release a high local concentration of the arug, which would then enter the

cell by the usual active or passive transport process.

The 2', 3', and 5'-O-positions of the ribofuranose r'~g of ribavirin were selected as
positions for introduction of tether functionality by which the drug would be linked to the
MAD. Ketals, and carboxylate and phosphate esters were investigated as potential tether
functional group and various strategies were investigated to effect the tethering. Two
approaches were used for drug loading: (1) direct attachment of the functionalized drug on
the Mab, and (2) attachment of the furictionalized drug to a carrier, which would then be
tethered to the Mab. The first approach would permit only low drug loadings unless a
polymeric version of the drug were used. The second approach would permit higher
loading levels.

To accurately assess the biological activity of the W{Ab-drug conjugates, it was
necessary to determine the number of drug molecules attached to each antibody. Because
ribavirin has a very weak ultraviolet chromophore, conventional loading determinations
using spectroscopic absorption were not possible. Therefore, we investigated the
following alternate methods: (1) determination using a radioimmunoassay,

(2) determination using radiolabeled ribavirin, (3) phosphorous analysis for phosphate
analogs, (4) use of an ultraviolet chromophoric group attached to ribavirin, and (5) use of

a chromophore bound to a carrier molecule.

B. Experimental Methods

In this section, full experimental procedures are presented for those compounds and
conjugates reported in Quarterly Reports No. 13 and No. 14 (Dawson et al., 1989).
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Procedures for the remainder of the larget compounds are presented in full in Annual
Reports No. 1 to No. 3 (Dawson et al, 1987; Dawson et al., 1958; Dawson et al., 1989)
and will not be repeated in this report.

General Procedures and Instrumentation. When required, reactions and
purificaticns were conducted with deoxygenated solvents and under inert gas (argon) and
subdued light. Solvents were dried or distilled before use. Melting points were
uncorrected. TLC analyses were performed on Analtech silica gel analytical plates, using
deiection by UV or anisaldehyde spray (0.5 mL of anisaldehyde in 0.5 mL of concentrated
sulfuric acid added to 9 ml of 95% ethanol containing a few drops of acetic acid, with the
sprayed plate heated to 100-110°C for 20 to 30 min). Silica gel 60 (E. Merck No. 9385)
for coiumn chromatography was obtained from Brinkman. A Pharmacia Ultrarac frac;tion
collector equipped with a UV detector (280 nm) and a peristaltic pump was used to collect
column fractions where required. Lyophilizations were performed using a Labconoco
lyophilizer. HPLC analyses were performed on a Bio-Rad MAPS instrument. IR spectra
were recorded with a Perkin-Elmer 710B infrared spectrometer. NMR spectra were
obtained with a JEOL FX90Q or Varian 400 MHz spectrometer, using tetramethylsilane as
an internal standard (8 0). UV spectra were taken on a Perkin-Elmer 575
spectrophotometer. Elemental analyses were conducted by Galbraith, Knoxsville,
Tennessee. Mass spectral analyses wei e performed by Dr. David Thomas, SRI
International, using a Ribermag Model R10-10C mass spectrometer. Samples were
introduced using the desorption probe for both electron-impact and chemicai-ionization
studies. The number in parentheses appearing at the end of each experimental procedure
refers to the SRI notebook number and page number for the start of that experiment. Only
procedures for those synthetic steps in the successful routes to the target compounds are
described.
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Synthesis of Fluoresceinated (Cxrboxymethyl)sg.2[6-(ribavirin-5'-0-
phosphato)hexylcarboxamidolg gdextran-MAb PC4 9A6 Immunoconjugate
(I-19). To a solution of 10 mg of fluoresceinated (carboxymethyl)sg 2(6-(ribavirin-5'-O-
phosphato)hexylcarboxamido]4 gdextran (1-18, Mw 12,200) in 0.5 mL of water was added
a freshly prepared solution of 20 mg (0.1 mmol, 2.3 equivalents based on carboxyl
groups) of 3-ethyl-1-(3-dimethylaminopropyl)carbodiimide hydrochloride (35) in 0.5 mL
of water, and the mixture was stirred for several minutes (pH 5.3). This solution was
added to a 4°C solution of 10 mg of MAb PC4.9A6 in 1.8 mL of 0.15 M phosphate-
buffered saline (PBS). The pH of this solution was 7.75. After stirring ior 5 h at 4°C (pH
7.2), the reaction mixture was dialyzed ‘Mw 14,000 cutoff) against PBS (2 x 2000 mL) for
40 h. The retentate was centrifuged to remove precipitated protein, and the solution was
concentrated (Mw 30,000 cutoff) to 2 mL. Next, 150-pL aiiquots of the concenrrated
solution ‘were layered onto each of twelve 5-20% sucrose gradients prepared in PBS. The
gradients were centrifuged for 21 h at 39,000 x g {(vacuum, 4°C). After centrifugation, the
gradients showed a deeper yellow band in the upper half of the gradient and a flocculent
yellow precipiiate. The gradients were fractionated (0.5-mL fractions) in the cold.
However, approximately 0.1 mL of material was left in the bottom of each tube. The UV
absorbance at 280 and 492 nm was monitored for each fraction. In Figure I-1, thz
absorption profile of the fractions is depicted for these two waveler.gths. The precipitate in
each tube was solubilized in 0.4 mL of 0.6 M PBS, pH 7.2, with gentle mixing for 0.5 h.
The solubilized protein fractions were pooled (4.8-mL volume) and cencrifuged (3000 pm,
30 min, 4°C) to give a supernatant solution with Azgg = 0.902 and A4gp = 0.775. If the,
absorbance at 280 nm of the modified dextran is considered, the solubilized precipitate
contained 1.1 mg of protein having a loading of 6.8 moles of the fluorssceinated
derivatized (carboxymethyl)dextran per mole of protein or 33 moles of ribavirin per moic of
protein. This material was dialyzed against 0.15 M PBS to remove the salt and

31



concentrated to 1 mL. The ninth fraction from the collection tubes was dia'yzed against
0.15 M PBS and concentrated to give 0.9 mL of solution containing 0.4 mg of protein
having a loading of 4.0 moles of fluoresceinated derivatized (carboxymethyl)dextran or 19

moles of ribaviriu per mole of protein.
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Figure I-1. Absorbance profile at 280 and 492 nr.1 of fractions obtained by sucrose density
centrifugauon of reaction mixture of MAb PC4.9A6 and fluoresceinated (carboxy-
methyl)sg.2[6-(ribavirin-5'-O-phosphato) ghexylcarbc xamidomethyl]dextran on 5-20%
sucrose density gradient in 0.15 M PBS.
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§'.0-(6-Aminohexy!)phosphate of Poly(ribavirin-3',5'-0-

phospnate)js-thymridine-5'-O-phoschate Triethylammonium Salt (I-20).

1. Polymer Synthesis. A literature procedure (N. Usman et al., 1987) was
adapted. The oligomer was assembled in a continous process using an Applied Biosystems
Model 380A DNA Synthesizer by the stepwise addition of nucleoside units beginning with
a thymidine attached to the suppert for the synthesis, followed by 15 ribavirin-5'-O-
phosphate units, and was terminated by a protected 6-aminohexyl phosphate. The cycle
modified for the synthesis of an RNA analog is given in Figure I-2. The solid-phase
synthesis employed 12 columns, each loaded with 1 mol of a protected thymidine. The
solid support used was 2 long-chain alkylamine functionalized controlled pore glass (CPG)
to which 5'-O-tritylthymidine-3'-O-succinate had been linked through an amide bond.

Step Reagent Time (sec)
1 3% tnichloroacetic acid/methylene chloride 150
2 acetonitrile 90
3 0.1 M ribavirin phosphoramidite/0.45 M 1H-tetrazole 12
“ wait 420
5 0.5 M acetic anhydride/0.5 M 4-dimethylaminopyridine in 45
2,6-lutidine/tetrahydrofuran 20:80
6 0.1 M iodine in tetrahydrofuran/pyridine/water 7:2:1 45

Figure I-2. Autornated synthesis cycle.
The trityl protecting group was removed from the 5'-position of the nucleoside by treatment

with 3 mL of 3% trichloroacetic acid (79) in methylene chloride. A 0.1 M solution of 2'-
O-1-butyldimethylsilyl-5'-0-(4,4'-dimethoxytrityl)ribavirin-3'-O-[ (N N-diisopropyl-
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amino)(methyl)phosphoramidite] (77) in 0.18 mL of acstonitrile (0.162 g of 77/2.00 mL
of acetonitrile) was activated by 0.18 ml. :0.081 mmol) of 0.45 M 1H-tetrazole (49) in
acetonitrile and then allowed to react with the deprotected 5'-hydroxyl group, adding the
second unit to the oligomer chain. A binary capping system of 0.9 mL of 0.5 M acetic
anhydride/0.5 M 4-dimethylaminopyridine (DMAP, 76) in 2,6-iutidine-tetrahydrofuran
(THF) 20:80 was used to acetylate any free hydroxyl groups, preventing formation of
lower-molecular-weight and/or branched oligomers. This step was followed by oxidation
of the phosphite group with 0.1 M iodine in THF-pyridine-water 7:2:1 to generate the
3',5'-O-phosphate interribonucleotide linkage. Next, the 4,4'-dimethoxytrity]l group was
removed from the 5'-terminus of the polymer with 1.0 mL of 3% trichloroacetic acid (79)
in methylene chloride. The dimethoxytrityl cation released was quan..ated by measuring
the absorbance at 498 nm of a mixture of a 3.0-mL aliquot of column effluent from this
step that had been diluted to 50 mL with 0.1 M p-toluenesulfonic acid in acetonitrile. This
colorimetric assay is water-sensitive. The coupling was repeated to generate an oligomer
containing 15 ribavirin units. The oligomer was terminated by reaction with 0.18 mL of
0.15M of [6-(N-4-methoxytritylamino)hexyi](2-cyanoethyl)(N N-diisopropylamino)-
phosphoramidite (81) in acetonitrile. The monomethoxytrityl group was retained as an aid
for visualization during purification on polyacrylamide gels. The average coupling
efficiency, as measured by trityl cation release, was 96.5-98%. Twenty-seven 1-umol

columns were used for the synthesis.

2. Removal of the Oligoribonucleotide from the Solid Support and
Deprotection. The columns were removed from the instrument and dried at reduced
pressure. The support with its tethered oligoribonucleotide (82) was removed from the
columns and placed in 10 BioRad Econo-Columns connected to stopcocks. The methyl
group protecting the phosphate functions was removed by treatment of each column with

3.0 mL of thiophenol (83)-triethylamine-dioxane 1:2:2 for 1 h at room temperature. After
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draining off the thiophenol solution, each column was washed with 15 mL of 95% ethanol.
The support was washed three times with ethanol. The oligomer chain was then cleaved
from the support by treatment with 3.0 mL of concentrated ammonium hydroxide in 95%
ethanol 3:1 for 1 h. The cleavage step was repeated. The support was washed three times
with ethanol. The oligomer-containing eluant was transferred to a 250-mL round-bottomed
flask, one drop of triethylamine was added to maintain basicity in order to stabilize the trityl
group, and the solution was concentrated and lyophilized. The residue was treated with
7.0 mL of 1 M tetra(n-butyl)ammonium {luoride (23) in THF overnight to remove the 2'-
O-silyl protecting groups. The reaction mixture was quenched with 7.0 mL of 0.C> M
ammonium acetate. This solution was applied to a 2.5 x 40-cm Sephadex G-15 column
(40 g dry weight, 90-mL blue dextran void vo'ume) for desalting and removal of organic
impurities. Elvtion with 0.05 M ammonium acetate at 1 mL/0.5 min afforded the fully
deprotected oligcmer in the void-volume, as detected by 260-nm absorption. The void-
volume fraction was transferred to a 250-mL round-bottomed flask, one drop of
tricthylamine was added, and the solution was lyophilized. The residue was dissolved in
12 L of 0.05 M triethylanimonium (TEA) acetate containing one drop of triethylamine and
apportioned among eight 1.5-mi. Eppendorf tubes for evaporation on the Savant ceatrifuge
to give a yellowish gum.

3. Purification by Polyacrylamide Gel Electrophoresis (PAGE). Each
Eppendorf tube was treated with 80 pL of 90% deionized formamidc and the contents of
each was apportioned among eight PAGE wells (1.2-ram x 1.5-mm, 1.5-mm slab of 20%
polyacrylamide containing 7M urea). Therefore, the contents of three CPG columns were
run on one 10-well plate, with two wells being reserved for the marker dyes bromophenol
blue and xylene cyanol. To ensure ease of visualization by UV, the trityl groups were
retained during this purification step. Electrophoresis was conducted at 30 mAmps
constant current for 1.5-2 h, at which time the xylene cyanol band had migrated half-way
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down the gel. The oligomer was visualized under short wavelength UV light by removing
the gel from its glass support and laying iton a plastic-wrapped, preparative thin-layer
chromatography (TLC) plate containing a fluorescent indicator. The product bands (Rf
0.60) were excised from the gel using a clean razor blade. The gel slices were ransferred
to a BioRad Econo-Column (1 column/gel) attached to a stopcock, covered with 0.05 M
TEA acetate, and extracted for 24 i at room temperature to elute the oligomer. This
extraction process was repeated twice. The gels were then washed with the same buffer.
The extracts were combined and lyophilized to give a white residue containing the product,

salts, and acrylamide.

4. Removal of Acrylamide, Detritylation, and Purification. The
lyophilized residue from the 27 CPG columns was dissolved in S mL of 0.05 M
ammonium acetate and applied to the same Sephadex G-15 column that had been used after
the desilylation step and had been thoroughly washed. The oligoribonucleotide was eluted
in the void volume (90 mL) using 0.05 ammonium acetate. The eluant was transferred to a
250-mL round-bottomed flask and lyophilized to give a white gum. The residue was
diluted with 10 mL of 80% acetic acid {v/v) and stirred Jor 3 h at room temperature. Water
(50 mL) was added and the aqueous layer was washed with ether (3 x 25 mL) to remove
nonpolar orgaric compounds. The aqueous layer was evaporated for a brief period to
remove traces of ether and then lyophilized to give the detritylated product as a yellowish
gum. This residue was diluted with 12 mL of 0.05 M TEA acetate for purification by
reverse-phase column chromatography on 27 Sep-Pak cartridges (Waters Assoc.), which
had been pretreated by washing with 10-mL volumes of methanoi and water. A 0.50-mL
aliquot of oligomer solution was transferred by syringe to each cartridge. The eluant was
collected and passed through the cartridge again. Salts were removed from the contents of
the cartridge by washing with 20 mL of water. The absorbance of this rinse was measured
at 260 nm to determine that no oligomer had been eluted from the column during the wash
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sicn. The product was isolated by elution with 3.0 mL of 50% 0.05 M TEA acetate in
methanol followed by a 1.0-mL rinse. The rinse was monitored at 260 nm and showed no
absorption. The combined elutes were evaporated and lyophilized to constant weight to

give 24.7 mg of 1-20 as a white solid.

5. Oligomer Characterization. This residue was dissolved in 50 mL of water
for spectrophotometric analysis based on thymidine concentration. The absorbance at 260
nm was 0.647. Based on an extinction coefficient for thymidine of 8.8 x 103, the overall
yield was 25.0 mg (13.6%). Based on the 96.5-98% coupling yield calculated from
detritylation, the oligomer yield should be 60%; however, this does not account for

mechanical losses and incomplete reactions.

IH NMR (D70) 8 1.25 (1, J = 7.5 Hz, 144, NCH2CH3), 1.2-1.7 (m, 8, (CH2)4),
1.89 (s, 3, thymidine CH3), 2.02 (s, 3, CO,CH3), 2.32 (1, ] = 6 Hz, 2, 2"-thymidine H),
292 (1,3 = 8 Hz, 2, NCH»), 3.17 (g, J = 7.5 Hz, 96, NCH2CH3), 3.34 (1, J = 8 Hz, 2,
CH,0P), 4.09 (m, 32, 5"-H), 4.22 (m, 1, 4'-thymidine H), 4.33 (broad s, 15, 4'-ribavirin
H), 4.51 (m, 1, 3-thymidine H), 4.61 (t, J = 4 Hz, 15, 3"ribavirin H), 4.81 (m, 15, 2"
ribavirin H), 5.95 (4, ] = 4 Hz, 15, 1'-ribavirin H), 6.27 (1, ] = 6 Hz, 1, 1'-thymidine H),
7.63 (s, 1, thymidine 6-ArH), 8.69 (s, i5, ribavirin 5-ArH). The NMR was analyzed to
determine whether any bases were lost during the synthesis. The integration of the
ribavirin 5-ArH signal was 99% of that of the 4'-H signal, indicating that the amount of
depurination was very low. The ratio of thymidine to ribaviiin wuits in this oligomer was
determined to be 1:15 using the integrations of the 1'-H of each. A sharp singlet was alsc
found at 0.92 ppm from unhydrolyzed 3-butyldimethylsilyl groups. Integration indicated
that this group constituted 0.33 of the 15 2'-O ribavirin residues, or 2% of the protecting
group ret.ained. Overnight reaction of the oligomer with tetra(n-butyl)ammonium fluoride

should drive this cleavage to completion.
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HPLC (BioRad MA7Q anion exchange column, 20 mM Tris*HCl, pH 7.5, to 20
mM Tris*HCI, pH 7.5, 500 mM NaCl over 10 min at 1.0 mL/mir., 260 nm) tg 10.0 min
(96%).
(7793-34)

Synthesis of the 5'-0-(6-Aminohexyl)phosphate of Poly(thymidine-
3',5'-0-phosphate)j2-thymidine-5'-0O-phosphaite Triethylammonium Ealt
(I-21).

1. Oligomer Synthesis. The solid-support synthesis used for poly-(ribavirin-
3',5'-0-phosphate) was modified for the synthesis of the 5'-O-(6-aminohexyl)-phosphate
of poly(thymidine-3',5'-O-phosphate);2-thymidine-5'-O-phosphatz triethyl-ammonium salt
(1-21) by shortening Step 4 (wait step) to 30 sec because of decreased siciic hindrance at
the 5 -O-position of the deoxyribose ring . A 0.1 M solution of §'-0-(4,4'-dimethoxy-
trityl)thymidine-3'-O-[(N,N-diisopropylamino)(methyl)phos-phoramidite] (87) in 0.15 mL
of diry acetonitrile was activated with 0.15 mL of 0.45 M 1H-tetrazole in acetonitrile and
then allowed to react with the deprotected 5'-hydroxy! group of thymidine attached via a 3'-
O-succinate group to alkylamino-functionalized CPG on three 1-iumol columns. The
capping of truncated sequences, the oxidation of the trivalent phosphorus, and the removal
of the dimethoxytrity! groups proceded analogously to the synthesis of poly(ribavirin-
3',5'-O-phosphate). The reaction cycle was repeated to generate an oligomer of 13
thymidine units. The addition of the last unit in the sequence again required the reaction of
the amino-linker phosphoramidite [6-(N-4-methoxytritylamino)hexyl](2-cyanoethyl)(N N-
diisopropylamino)phosphcramidite (81) with the deprotected 5'-hydroxyl terminus of the
oligomer chain, which had been deblocked by treatment with 3% trichloroacetic acid in
methylene chloride. The average coupling efficiency, as determnined by trityl cation release,
was 9%.
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2. Removal of the Oligonucleotide from the Solid Support and
Deprotection. The columns were reinoved from the DNA synthesizer and dried briefly
at reduced pressure. The column contents were placed in one BioRad Econo-Column
equipped with a stopcock. The methyl protecting groups on the phosphates were removed
by treatment with 3.0 mL of thiophenol-triethylamine-dioxane 1:2:2 for 1 h. The
thiophenol was drained off and the column was rinsed with 15.0 mL of 95% ethanol. The
tethered oligomer was then treated with 3.0 mL of concentrated aramonium hydroxide/95%
ethanol 3:1 for 1 h to cleave the tether linkage. The cleavage step was repeated. The
column was then washed with three 15-mL portions of 95% ethanol. The combined
column eluants were transferred to a 150-mL round-bottomed flask, evaporated, and then
lyophilized to a fluffy white solid.

3. Desalting, Detritylation, and Purification. The residue from
lyophilization was dissolved in 3.0 mL of 0.05 M ammonium acetate and passed through a
1.5 x 25-cm Sephadex G-15 column (10 g) usi~~ .05 M ammonium acetate as the eluant
(25-mL void volume). The void-volume peak (2 J-nm monitoring) was collected,
evaporated, and lyophilized to a yellow gum. This residue was diluted with 10 mL of 80%
acetic acid and stirred for 3 h at room temperature to 12move the trityl protecting group,
which was not needed tor visualization. Water (50 mL) was added and the solution was

lyophilized to dryness.

The residue was dissoived in 3 mL of water and apportioried among three
Eppendorf tubes. Each Eppendorf tube was treated with 80 pL of 90% deionized
formamide and divided among eight PAGE wells for purification by gel electrophoresis.
After electrophoresis, the oligomer was visualized under short-wavelength UV light by
placing the gel on a plastic-wrapped preparative TLC plate containing a fluorescent
indicator. The product bands were excised and soaked as mentioned in the previous
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electrophoresis procedure. After the gel pieces were extracted three times, the extracts were

combined ¢ nd lyophilized to give a white residue.

The lyophilized residue from the three CPG columes was dissolved in 5 mL of 0.05
M TEA acetate and applied to the same Sephadex G-15 column that was previously used
for desalting the polymer. The “igonucleotide was eluted in the void volume using 0.05 M
ammonium acetate. The desired eluant fractions were pooled and lyophilized to give a
white powder. To this residue was added 4.5 mL of 0.05 M TEA acetate. Aliquots (0.50
mL) of this solution were added to each of nine Sep-Pak columns (Waters), which had
been rinsed with 10-mL volumes of methanol and water. The column effluent was collected
and passed through each cartridge a second time. Salts were then washed from the column
with 20 mL of water. The product was cluted from each column with 3.0 mL of 50% 0.G5
M TEA acetate/methanol, followed by a rinse with the same solvent. The UV absorbaince
at 260 nm of this rinse indicated that elution was complete. The column eluants were
pooled, evaporated, a~d lyophilized. Repeated evaporation with 25-mL portions of water

removad TEA acetate to give a white solid, which was enriched in the dzssired oligomer.

4. Oligorner Characterization. The oligomer was dissolved in 100 mL of
water. Its absorption at 260 nm was 1.900, indicating that the molarity of the polymer was
1.7 x 106 M. If no other UV-absorbing material was present, the yield was 7.2 mg
(46%).

(8954-36)
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Preparation of the Conjugate 1-22 of the §'-0-(6-Aminohexyl)-
phosphate of Poly(thymidine-3',5'-O-phosphate);j-thymidine-5'-0-
phosphate and Protein G Using N-Succinimidyl-3-(2-pyridyldithio)-
propionate to Effect Coupling.

1. Reaction of the 5'-0-(6-Aminohexyl)phosphate of Poly(thymi-
dine-3',5'-0O-phosphate)ji-thymidine-5'-0O-phosphate with N-Succinimidyi-
3-(2-pyridyldithio)propionate. To 1.4 mL of 0.10 M sodium bicarbonate, pH 8.25,
was added with stirring at 20°C a solution of 36.7 A26p nm units (1.86 mg, 3.21 x 10-7
mol), measured in 0.05 M tnethylammonium acetate (TEA-HOAc), pH 7.0, of the 5'-0-(6-
aminohexyl)phosphate of poly(thymidine-3',5'-O-phosphate); j-thymidine-5'-O-phosphate
(1-21) in water, followed by 0.70 mL of a 1% (3.2 x 10-3 M) solution of N-succinimidyl-
3-(2-pyridyldithio)propionate (SPDP, 85, 2.25 - 105 mol) in dimethylsulfoxide in two
aliquots over a period of 30 min. The reaction mixture was stirred at ambient temperature
for 20 h and then centrifuged. The solution was chromatographed on Sephadex G-25 (39
x 1.2-cm column) using 0.05 M TEA-HOAC, pH 7.0, as the eluant. The product eluted in
the 14.9 mL following the void volume of 26.9 mL. The excess SPDP and N-hydroxy-
succinimide byproduct began to elute after two volid volumes. The combined product
fractions were lyophilized, and then similarly rechromatographed on Sephadex G-25 to
give 38.5 A6 nm units (97% recovery from the first Sephadex column) of the 3-(2-
pyridyldithio)propionyl derivative of the oligomer. The product was lyophilized. The
extent of reaction of the amino group on the oligomer with SPDP was estimated to be 76%
by the method of Carlsson et al. (1978), involving reduction cf the disulfide bond with
dithiothreitol, and measurment of the pyridine-2-thione (€ 8.08 x 10%) released at 343 nm.
The A280 (0.05 M TEA-HOAC, pH 7.0) of the product, after correction for absorbance at
280 nm due to the 2-pyridyldithio substituent, indicated 102% recovery of the oligomer.

41



2. Reaction of the 5'-0-{6-[3-(2-pyridyldithio)propionamido]-
hexy!jphosphate of Poly(thymidine-3',5'-0-phosphate)jj-thymidine-5'-0-
phosphate with Dithiothreitol. The (pyridyldithio)propionyl derivative of the
oligomer (total product minus the sample used for estimation of the level of disulfide
substitution) in 1.0 mL of 0.05 M TEA-HOAc, pH 7.5, was treated with 0.5 mL of 0.05
M dithiothreitol (DTT, 0.025 mmol), and the resultant solution was allowed to stand for
2.5 h, and then combined with the lyophilized sample used for estimation of 2-pyridyldi-
thio content. The mixture was chromatographed on Sephadex G-25 (35 x 1.2-cm column)
using degassed 0.05 M TEA-HOAc, pH 7.0, as the eluant. The product eluted in the 10.2
mL following the vuid volume. The thiol-containing product was imrnediately lyophilized.
The thiol content was estimated on an identically prepared sample using the Ellmarn reaction
(Deakin et al., 1963). The A412 nm, following reaction of the sample with 5,5'-dithiobis-
(2-nitrobenzoic acid) in 0.10 M sodium phosphate, pH 8.0, corresponded to 89% of theory
for complete thiol functionalization of the oligomer. The product used for protein
conjugation was not assayed for thiol group content, but was removed from the argon-
filled iyophilization flask and vsed immediately.

(7747-82)

3. Reaction of Recombinant Protein G with SPDP. Recombinant
Protein G (3.3 mg, 1.5 x 10-7 mol, Mw 22,000, Zymed, South San Francisco, CA) was
dissolved at 4°C in 1.0 mL of 0.10 M sodium phosphate, 0.15 M sodium chloride, pH
7.5. The solution was treated at amtnent temperature with 24 pL (3.2 equivalents) of 0.02
M SPDP in ethanol and then stirred for 30 min. The solution was immediately applied to
Sephadex G25 (24 x 1.2-cm column) and eluted with 0.10 M sodium phosphate, 0.15 M
sodium chloride, pH 7.5. Following a void volume of 14.5 mL, the product (4.49 A2g0
vnits) eluted in 7.5 mL. The reagents eluted after the second void volume. The product

(86) fractions were concentrated to 1.50 g of a clear solution using a Centricon 10 micro-
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concentrator (Amicon, MA). Estimation of the 2-pyridyldithio content and the A2gp nm
due to protein A, after correction for the absorbance at 280 nrz due to the 2-pyridyldithio
group, indicated a 95% recovery of protein G having 2.45 3-(2-pyridyldithio)propionyl
groups per protein. A 0.44-g aliquot of this solution, was supplied to F. Szoka,
University of California, San Francisco, for liposome conjugation studies.

(7747-80)

4. Conjugation of Thiolated Oligomer to 3-(2-Pyridyldithic)-
propionylated Protein G. A 0.75-g aliquot of the 3-(2-pyridyldithio)propionyl-
derivatized protein G (86) solution in 0.10 M sodium phosphate, 0.15 M sodium chloride,
pH 7.5, containing 1.57 mg (7.1 x 10-% mol) of recombinant protein G, was treated vnder
argon with 1.0 mL (2.85 x 10-7 mol, by Ellman thiol estimation) of a solution of the
thiolated oligomer in the same degassed, pH 7.5 buffer. The solution was stirred at
ambient temperature under argon with protection from light for 30 h. The clear solution
was chromatographed at 4°C on Sephadex G-75 (60 x 1.0-cm column) in the phosphate
buffer. Following a void volume of 23.7 mL, the conjugate (16.2 A2 units) eluted in
16.2 mL (0.59 void volume), and wzs immediately followed by unreacted thiol or the
disulfide. The conjugate solution was concentrated to 1.5 mL using a Centricon 10
microconcentrator. A total of 0.56 Agp units passed through the membrane. The
conjugate was then rechromatographed on Bio-Gel P100 (62 x 1.0-cm column) in the
same b .ffer to give 16.3 mL of conjugate (15.1 A2gp units) following a void volume of
27.0 mL. The solution of product I-22 was concentrated and the buffer exchanged to 0.01
M potassium phosphate, 0.15 M sodiurn chloride, pH 7.2, (1.9 mL x five exchanges)
using a Centricon 10 microconcentrator. A 0.165-mL aliquot was diluted to 1.99 mL for

UV estimation (A2gp = 0.463, A26)/A280 = 1.52). Assuming a complete recovery of
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protein and after correction for the absorbance due to protein, the loading of the oligomer
onto protein G was established from the A2¢p as 1.9 oligomers per protein G.
(7747-85)

C. Results and Discussion

The target compounds synthesized under this contract are listed in Table I-1. In
addition to chemical structures, this table also lists compound naine, SRI code number,
report number in which the synthetic procedure is located, and, for comparison purposes,
the antiviral activity.

1. Ribavirin Synthesis. At the beginning of the contract, ribavirin (I-1) was
not available from the USAMRDC and was therefore synthesized by the procedure of
Witkowski et al. (1973). This route is shown in Scheme I-1. Cyanogen (1) was allowed
to react with hydrazine (2) to give 1-cyanoformidic acid hydrazide (3) in 44% yield on
recrystallization from isopropyl alcohol-hexane. Hydrazide 3 was heated at reflux
temperature with excess triethyl orthoformate (4) to give 3-cyano-1,2 4-tiazole (5) in 78%
yield after recrystallization from ethyl acetate-benzene. A mixtu e of triazole § and 1.2,3,5-
tetra-O-acetyl-8-D-ribofuranose (6) was heated at 150°C (ex*cmal temperature) in the
presence of bis(4-nirophenyl) phosphate (7) as the catalyst, with concomitant removal of
the acetic acid byproduct at reduced pressure, to afford a 71% yield of triacetate 8 after
recrystallization from ether. Hydrolysis of the three acetate groups and the mitrile group of
8 with ammonium hydroxide at 20°C followed by recrystallization from ethanol gave a
78% yield of ribavirin, the melting point, and infrared (IR) and proton nuclear magnetic
resonance ('H NMR) spectra of which were in agreemen: with those reported in the
literature (Witkowski et a: , 1973).

2. Radiolabeled Ribavirin. To establish loading using isotopic labeling, it

was necessary to prepare radiolabeled ribavirin because it was too costly to purchase in
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Scheme 1. Synthesis of Ribavirin (1)
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sufficient quantity for conversion to all the functionalized derivatives required. [1*-
3H]Ribavirin (I-2) was prepared in a fashion analogous to the route used for unlabeled [1-
3H]ribose (Schemz I-2). Two cold runs on the scale that would be used for the
radiolabeled synthesis were first performed to verify the experimental methods. [1™
3H]Ribavirin of 97.5% radiochemical purity (specific activity 0.82 mCi/inmol) was
obtained. [3'-14C]Ribavirin was prepared by the same route.

2. Ribavirin-5'-0-carboxyl esters. The first ribavirin derivative synthesized
was the 5'-O-hemisuccinate (I-3), which was prepared by the sequence of reactions
depicted in Scheme I-3. The carboxyl group of this hemisuccinate was to be used for
linking to a MAb by formation of an amide bor d with the e-amino groups of the lysines of
the Mab. Several routes for the formation of the 5'-O-hemisuccinate were explored before
saccess was achieved. Dire:t reaction of succinic anhydride with ribavisin in
dimethylformamide has been reported to give the des.red product (Austin et al., 1983).
Ribavirin was allowed to react with 1.0 equivalent of succinic anhydride in N-methyl-
pyrrolidinone at 60°C for 1 h, and the resulting reaction mixture was purified on DEAE-
Sephadex A-25 resin (0.0-0.5 M ammonium bicarbonzie gradient) to give starting material,
succinylated ribavirin, and polysuccinylatec ribavirin. The second fraction proved to be a
mixture of 2*-, 3"-, and 5'-O-hemisuccinates according to the '"H NMR spectrum, which
showed three signals at 8.82, 8.87, and 8.90 ppm for the S-proton of the triazole ring in 2
ratio of 1.0:1 3:3.6. The low selectivity of this succinylation may have been caused by the
temperature at which it was conducted. Unfortunately, lower reaction temperatures did not
dissolve ribavirin and *herefore no reaction occurred. Because the hem:succinate mixture

could not be further purified efficiently, this approach was at.andoned.

The second approach to the §'-O-hemisuccinate involved the selective acylation of
the primary 5"-hydroxy! group of ribavirin using an activated succinate ester that had one
carboxyl group protected by a readily cleav- ble ester group. This approach was based on
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Scheme |-2. Synthesis of [1'*H]Ribavirin (1-2)
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Scheme |-3. Syn .sses of Ribavirin-5-O-Hemisuccinate Sodium Salt (I-3)
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the rnort (Okabayashi et al., 1977) that acid chlorides of succinate half esters react
specifically with the 5'-bydroxyl group of nucleosides. The 2,2,2-trichloroethy] ester
protecting group was investigaied first because this group can be readily cleaved under mild
reductive conditions. Reaction of succinic anhydride with 2,2,2-trichloroethanol in
refluxing ethyl acetate in the presence of 1.0 equivalent of triethylamine as the base gave the
2,2,2-trichloroethyl hemisuccinate in 80% yield after recrystallization from chloroform-
hexane. This hemisuccinate was converted to the acid chloride by treatment with 9.0
equivalents of thionyl chloride at relux for 1 h. The acid chloride was not purified but
allowed to react directly with ribavirin in N-methylpyrrolidinone to give a 65% yield of the
5'-O-hemisuccinate ester of ribavirin, the structure of which was confirmed by IR and 'H
NMR spectroscopy «nd ~!zmental analysis. The next step in the synthesis of ribavirin-5"
O-hemisuccinate was the cleavage of the trichloroethyl protecting group, wuich proved to
be problematic. Reductive cleavage with chromous chloride in acetone (Meyers et al
1979) gave a complex mixture of products, whereas reductive cleavage with zinc in
aqueous ammonium acetate-tetrahydrofuran (Just et al., 1976) for three days gave a small
amount of the desired hemisuccinate and another compound from which it could not be
separated by ion-exchange chromatography on DEAE-Sephadex A-25 (0.0-0.5 M

ammonium bicarbonate gradient).

The readily cleavable 2-(trimethylsilyl)ethy] ester was the next protecting group
investigated. Use of this group resulted in a successful synthesis of the 5'-O-hemi-
succinate ester of ribavirin (Scheme I-3). The synthetic sequence was similar to that used
for preparation of the 2,2,2-trichloroethyl succinate ester of ribavirin. Trimethylsilyl
chloride (13) was converted to the Grignard reagent by treatment with magnesium in
refluxing ether. Reaction of the Grignard reagent with paraformaldehyde (14) followed by
an aqueous ammonium chloride workup afforded 2-(trimethylsilyl)ethanol (15) in 40%
yield. This silylated alcohol was heated for 2 h with succinic anhydride in refluxing ethyl
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acetate containing 1.0 equivalent of triethylamine as the base to give an 85% yield of 2-

(trimethylsilyl)ethyl hemisuccinate ester (17).

In contrast to the 2,2,2-trichloroethyl ester protecting group, the 2-(trimethylsilyl)-
ethyl protecting group was too labile to survive the direct conversion of the hemisuccinate
to the acid chloride. Both thionyl chloride and oxalyl chloride, even in the presence of
tricthylamine as the base, cleaved the 2-(trimethyisilyl)ethyl protecting group. Treatment of
this hemisuccinate with thionyl chloride gave succinic anhydride, presumably from
protodesilylation by the hydrogen chloride produced from formation of the acid chloride.
Pecause direct conversion was not possible, a stepwise procedure was employed. The ¢-
butyldimethylsilyl ester (19) of 17 was prepared in 94% yield using r-butyldimethylsilyl
choride (18) and imidazole in dimethylformamide at room temperature for 24 h (Corey and
Venkateswarlu, 1972). The r-butyldimethylsilyl ester was readily converted to the acid
chloride 21 in 52% yield under aprotic conditions, using oxalyl chloride (20" in methylene
chloride &t 0°C for 1.5 h (Wissner and Grudzinskas, 1978). Treatment of 7ibavirin with
acid chloride 21 in N-methylpyrrolidinone for 16 h at room temperature and purification by
chromatography on silica gel with 0-10% methanol-chloroform gave the 5'-O-succinate
ester 22 in 72% yield. Removal of the 2-(trimethylsilyl)ethy] protecting group with tetra(n-
butyl)-ammonium fluoride (23) in tetrahydrofuran at room temperature for 18 h, followed
by DEAE-Sephadex A-25 (0.0-05 M ammonium bicarbonate gradient) and Dowex
50W-X4 resin (H* form) chromatographies gave ribavirin-5'-0O-hemisuccinic acid (24) in
50% isolated yield after lyophilization. Unfortuately, this material proved to be very
hygro-scopic and in the presence of water gave a solution with a pH lower than 2, leading
to hydrolysis of the carboxylate ester at the 5'-position of the ribofuranose ring. To
enhance compound stability, the sodium salt (I-3) of acid 24 was prepared. Cleavage of
the ester protecting group of 23 and purification by ion-exchange chromatography on

55



Dowex 50W-X4 resin (Na* form) gave a 46% yield of the sodium carboxylate I-3. This

material was hygroscopic also but did not decompose on storage.

To accurately assess the activity of this derivative in biological assays, its stability
under the antiviral assay conditions was determined. If ribavirin were released by
hydrolysis in the assay mediur rather than in the virally infscted cells, false positive results
would be obtained. Therefor: a 4.0 nM solution of the sodium salt of the 5'-O-hemi-
succinate ester was incubated under physiologic conditions (0.05 M potassium phosphate
buffer, pH 7.4, 0.15 M NaCl; 37°C bath) and aliquots were analyzed by high-performance
liquid chromatography (HPLC). As shown in Table I-2, the reverse-phase chromatog-
raphy conditione cieanly separated the derivatives from ribavirin. HPLC analysis indicated
that ribavirin was stable to the assay conditions after incubation at physiologic pH at 37°C
for 15 day The hemisuccinate of ribavirin siowly hydrolyzed with 17% being converted
to ribavirin after seven days and 30% after 15 days.

Table 1-2. Reverse-Phase HPLC? of Ribavirin (I-1) and Its Derivatives I-3, I-8, and 1-9

Compound Retention Time (min)
Ribavirin (I-1) 2.02

I-3 2.27

1-9 3.09 (4.82)b
1-8 6.58 (8.62)®

aC18 Nova-Pak column with elution at a flow rate of 2.0 mL/min with 98% 0.1 M sodium
acetate-2% methanol (5 min), then a linear gradient to 80% 0.1 M sodium acetate-20%
methano! (6 min), followed by a rinse with the original buffer mixture () min) and re-
equilibration (4 min), and detection at 254 nm.

bMinor diastereomer is in parentheses. Ratio of peak arcas was 9:1 fo 2 for I-9.
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These results indicated that if the carboxylate ester approach were to be an effective
one, our synthetic efforts should be directed to synthesizing more sterically hindered esters
that would have a slower rate of hyrolysis. A 5'-O-hemisuccinate with an alkyl substituent
« to the ester bond would have a much slower rate of hydrolysis for this reason. The 5'-
0-(2,3dimethyl)hemisuccinatz (I-7) of ribavirin was synthesized to test this hypothesis.
The synthesis of this derivative followed that of the unsubtituted hemisuccinate I-3. meso-
2,3-Dimethylsuccinic acid (25) was heated at reflux with acetyl chloride (26) to afford 2,3-
dimethylsuccinic anhydride (77) in 89% 'ield (Scheme 1-4). Treatment of anhydride 27
with 2-(trimethylsilyl)ethanol (15) gave the hemiester 28 in 82% yield. Reaction of
hemiester 28 with r-butyldimethylsilyl caloride (18) in dimethylformamide afforded mixed
diester 29 in 76% yield after vacuum distillation. Reaction of 29 with oxalyl chloride (20)
produced, in 8U% yield, u:s unstabie and extremely moisture-sensitive acid chioride 30,
which was not purified but was immediately allowed to react with ribavirin i N-methyl-
pyrrolidinone in the presence of 0.1 equivalent of 2,6-di(z-butyl)pynidine (31). Workup
and chromatography on silica gel gave the 2-(trimethylsilyl)ethyl 2,3-dimethyl-succinace 5'-
O-ester of ribavirin (32) in 36% yield. Treatment of 32 with tetra(n-butyl)-ammonium
fluoride (23) in tetrahydrofuran afforded the free acid in 85% crude yield. This material
was purified by ion-exchange chromatorgraphy on DEAE-Sephadex A-25 (0.0-0.25 M
ammonium bicarbonate gradient) to afford the ammonium salt I-7 of the 2,3-dimethyl-

succinate 5'-O-ester of ribavirin in 60% yield.

Hydrolysis studies indicated that I-7 remained intact after 13 days at 37°C in
phosphate-buffered saline (PBS) at pH 7.4, whereas 20% of the unsubstituted hemi-
succinate I-3 underwent hydrolysis over the same period of time (Table I-3). These
studies indicated that the 5'-0-(2,3-dimethyl)succinate of ribavirin should be a better
candidate for tethering to a MAD than the 5'-O-hemisuccinate. Ribavirin, ribavirin-5'-O-

hemisuccinate, and ribvavirin-5'-0-(2,3-dimethyl)succinate were screened for antiviral
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Scheme 4. Synthesis of Ribavirin-5'-0-(2,3-dimethyl)hemisuccinate (I-7)
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Tatle I-3. Hydrs'ysis of the 5'-O-Hemisuccinate and 5'-0-(" ,3-Dimethyl)hemisuccinate

_of Ribav iin
Tether Ribavirin Released (%)
Oh 48h 144h 240h 312h
5'-0-Hemisuccinate 1-3 0 7 11 15 20
5'-0-(2,3-Dimethyl)hemisuccinate I-7 0 0 0 0 0

8Estimated using high-performance chromatography on a reverse-phase Waiers Radialpak A
column using 0.1 M ammonium acetate buffer-methanol (98:2) at a flow rate of 2.0
ml/min, detection at 260 nm and tenzoic acid as the internal standard. The retention
times were: ribavirin, 3.6 min; benzoic acid, 3.9 min; 5'-O-hemisuccinaie of ribavirin,
4.6 min; and 5-0-(2,3-dimethyl)hemisuccinate of ribavirin, 7.8 inin (SR1 Experiment
7794-57).

activity against Pichinde virus infection in Vero 76 cells using an immunofluoresence
assay. Ribavirin had an EDsq between 3.2 and 10 pg/ml and a maximum tolerated dose
(MTD) of 320 pg/ml. Ribavirin-5'-O-hemisuccinate had an EDsg for antiviral activity that
was one-log higher and a MTD that was three-fold higher. Therzfore, this derivative had a
more favorable therapeuiic index thar did ribavirin. Ia contrast, the 5'-0-(2,3-dimethyl)-
hemisuccinate had an EDsg that was two-logs higher than that of ribavirin and a MTD that
was one-tenth that of ribavirin, indicating a far less favorable therapeutic index than that of
either ribavim or its 5'-C-hemisuccinte. Although the therapeutic index of these
derivatives may change after conjugation to a M.Ab, for preliminary experiments we
decided 10 use the ribavirin-5'-O-hemisuccinate for preparation of a ribavirin-MAb

conjugate because of its greater activity.
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4. Conjugate Loading Methodo.ogy. Estimation of ribavirin loading on the
MAb-1ibavirin conjugate required development of a reliable assay procedure. The weak
UV chromophore of ribavirin (206 nm, € 1.2 x 104 in water), which was coincident with
the end absorption of the Mab, precluded spectroscopic drug-loading ¢stimations.
Radiolabeling was considered the most accurate method and necessitated the syrithesis of
radiolabeled derivatives. Process development was initiated using unlabeled ribavirin to
prepare ribavirin-5'-O-hemisuccinate on a small scale in order to develop methodology for
preparing [1'-3H]ribavirin-5'-O-hemisuccinate from the tritiated drug. After this
methodology had been developed, the radiolabeled derivative (specific activity, ‘1.778
mCi/mmol) was prepared in two steps in 28% overall yield on a \ .032-mmol scale
(Scheme i-5). [3-!4C]Ribavirin-5'-O-hemisuccinate was aiso prepared. The tritiated
material was used for the inital conjugation work with MAb PC4.9A6 (36). Formation of
an amide bond between the MAD and the hemisuccinate was effected using the water-
soluble carbodiimide 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide (EDIC, 35) as the
coupling agent between the lysine amine groups of the MAb and the carboxyl group of the
hemisuccinate. Protein recovery after conjugation and chromatographic purification was
27%. Loading of ribavirin on the ribavirin-5'-O-hemisuccinate-MAb PC4.9A6 conjugate
was determined to be 6.7 mol of drug per mol of MAD from the molar concentrations
determine] by scintillation counting of the labeled drug and by absorbance a* 280 nm for
the protein.

Because th= large quantides (10 mg) of conjugate required for antiviral screening
required large amounts of the radiolabeled derivatives of ribavirin and because r  olabeled
material would be required for every conjugation 2xperiment, we decided to explore
altemate methods of preparing the conjugate that would permit us to determine drug
loading. The synthetic method selected was to use an activated ester derivative of ribavirin-

5'-O-hemisuccinate that would release a chromophoric group during the conjugation to the
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Scheme 1-5. Synthesis of Radiokibeled Rbavirin-5-O-hemisuccinate-MAb PC4.9A6 Conjugate (16)
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protein. The 4-nitrophenyl ester of the hemisuccinate was selected as the active ester
species. Release of the 4-nitrophenoxide anion during alkylation of the Mab would afford
an indirect method of determining loading of the drug onto the MAb by monitoring the
absorbance at 404 nm, which is the absorbance maximum of 4-nitrophenoxide at pH 7.6.
Protein recovery after conjugation using this method was 66%. Loading of ribavirin onto
the conjugate was determired to be 4.8 mol of drug per mol of MAb from the 4-nitro-
phenoxide released after the amount formed by hydrolysis was subtacted. Although initial
expeliments using this method of loading appeared promising, furth:r work indicated that
the m~'*2d was not reproducible. The lack of reproducibility may have been caused by the

low soiubility of the 4-nitrophenoxide ester in the reaction buffer.

Another loading method studied was the spectrophotometric measurement of the
number of free amino groups on the protein. In the immunoconjugation, the drug is linked
to the amino groups of the MAb by an amide bond. Therefore, the reacted amino groups
are no longer able to react with trinitrophenylsulfonate in the Habeeb primary amino group
assay for proteins (Habeeb, 1966) to give a yellow color absorbing at 335 nm. The
difference in the numt er of free amino groups on ;he protein before [there being
approximately 90 amino groups on a mouse antibody (Habeeb, 1966)] and after the
conjugation step would give the number of amino groups reacting with the drug and,

hence, the number of drugs bound per antibody.

To ascertain the accuracy of the Habeeb method, studies on methotrexate-
immunoglobulin conjugates were performed concurrently with the studies on the ribavirin

conjugates. Because methotrexate has a UV chromophor= at 370 nm (e 6.64 x 103) in
PBS, pH 7.6, loadings were readily determined spectrophotometrically as a check for the
accuracy of the method. Protein concentrations were determined by the absorbance at 280
mi: {€ 2.5 x 105), with MTX and ribavirin controls run. MTX had an appreciable

absorbance at 280 nm (0.4 of the 370-nm absorption) that had to be subtracted to accurately
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assess the protein concentration of the immunoconjugate solutions. At 280 nm, the
absorbance of ribavirin was negligible. Protein concentratior s were veriiied by the Lowry
procedure (Lowry et al., 1951). Neither MTX nor ribavirin absorbed at 660 nm under
Lowry conditions and therefore did noi interfere with the assay. There was excellent
agreement between the immunoglobulin concentrations determined by the UV
spectrophotometric and Lowry methods. Unfortunately, this agreement was not found
between the spectrophotometric and Habeeb methods. UV absorption indicated that there
was an average of 4.3 MTX molecules bound per molecule of mouse antihody, whereas
the Habeeb method indicated 3.9. UV absorption indicated 3.4 molecules of MTX bound
per human antibody, whereas the Habeeb method indicated 5.7. These different loading
results may reflect the inaccuracy of using this type of modification in the Habeeb method
in which two large numbers are subtracted to give a small number. Greater accuracy could
perhaps be achieved if far higher drug loadings were obtained. Preliminary experiments
indicated a maximum loading of 11 ribavirin molecules per MAD by the 4-nitropheny] ester
method. This level of loading would probably not be sufficient for loading determinations
by the Habeeb method.

Some studies were performed to develop a radioimmunoassay (RIA) to quantitate
drug loading. A RIA for ribavirin in serum has been developed using rabbit polyclonal
serum (Austin et 2'., 1983). We proposed that the polyclonzl antibodies in the serum
should recognize the ribavirin derivative terthered to MAb PC4.9A6 because they are
directed against ribavirin-5'-O-hemisuccinate cor alently linked to ovalbumin--a conjugate
prepared by the same method of attachment as that used to prepare the MAD conjugate.
Rabbit anti-ribavirin serum was obtained from J. D. Connor, M. D., University of
California Medica! School, San Diego, CA, and [CJribavirin of high specific activity (33
mCi/mmol) was cotained from Viratek, Irvine, CA. Unfortunately, we were not able to
reproduce the, reported assay procedure using unbound ribavirin. For this reason, Cr.
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Connor graciously offered to screen the ribavirin-MAb conjugaie to determine the amount
of ribavirin covalent’y bound to the conjugatc A loading of 2.00 mol of ribavirin per mol
of MADb was found by the RIA assay. Therefore, only 42% of the availzable covalently
linked ribuvirin was accessible to the polyclonal antibodies.

Therefore of these four assay methods for loading: (1) radiolabeling, (2) 4-
nitrophenoxide anion release from an activated ester, (3) estimation of unreacted amino
groups on the conjugate by the Habeeb method, and (4) RIA, the first method was the

most accurate and reproducible.

5. Ribavirin-2'3'-0O-ketals. Because the lability of the unhindered
hemisuccinate bond and the lack of activity and the low therapeutic index of the more
hindered (2,3-dimethyl)succinate derivative were concerns, we decided to explore alterna..
methods of tethering. Tethering through the 2'- and 3'-hydroxyl groups of ribavirin was
invesrigated next. It was proposed that a ketal prepared by reaction of a ketone with these
hydroxy! groups would be sufficiently stable at physiologic conditions (pH 7.2) to permit
the MAD to deliver the drug to the virally infected cell, and that, once in the cell, would be
cleaved in the acidic environment of the lysozomes to release ribavirin. The ketones
selected for tethering had a carboxylic acid group for linkags to a MAD throug:. an amide
bond. The two keto esters selected for ketalization with ribavirin were ethyl levulinate (37)
and ethyl 4-acetylbutyrate (38). Ketalization of ribavirin with ethyl levulinate under
standard ketalization conditions using p-toluenesulfonic acid as the acid catalyst in refluxing
benzene failed because of the low solubility of ribavirin in this solvent. Theu. "~ ~ess
p-toluenesulfonic acid (10 equivalents) in ethyl levulinate as both the reactant and the
solvent--a procedure that is effective at forming the acetonide of some nucleosides in
acetone (Hampton and Magrath, 1957)--did not lead to ketalization. Bis(4-nitrophenyl)
phosphate in either dimethyl sulfoxide or ethyl levulinate as the solvent also failed. B3is(4-
nitrophenyl) phosphate was reported to be effective at forming the acetonide of uridine in
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acetone (Hampton, 1961). The ketal 39 was successfully prepared using a catalytic
amount (0.14 equivalent) of the much stonger acid, perchloric acid (Fuertes et al., 1974),
in ethyl levulinate as the solvent and in the presence of triethyl orthoformate (4) to remove
the water formed in the reaction (Scheme I-6). Reaction for 2 h at room temperature
fcllowed by chromatography on silica gel with 0-10% methanol/chloroform gave a 51%
yield of ketal ester 39 Cnly one diastercomer was isolated from this reaction and
chromatography. The newly formed chiral center at the 2-position of the dioxolane ring
had an R configuration. This configuration was cstablished from the Nuclear Overhauser
Effect (NOE) between the 1'-proton on the ribofuranose ring of ribavirin and the 8-
methylene protons of the 2-propionate group of the dioxolane ring that was observed in the
TH NMR spectrum. The appearance of such an NOE indicated that the 1' and rethylene
protons were within 3.5 A of one another, leadirig to the conclusion that the propionate side
chain resided under the ribose nng and the methyl group projecte 1 outward. Subseyuent
preparations afforded both ketals.

Scheme I-6. Synthesis of Ribavirin 2,3'-O-Ketals and Their Sodium Salts I8 and -8

CONH CONH CONH
N 2 MeCO(CHaNCOZE! - 2 4. aq. KoCOs, N—{ .

¢\ i ¢\ MeO(CH),OH, %

N (3ne3), N aC N N
HCIO,, 2 Dowex 50W-X4 (H")
fe'?"}c" 3. Dowex S0W-X4 (Na*)
HO OH
11 (CH,),COX X{CH,},co,x

39 n=2(61%) 4ine2 X=H (35%)
40 n = 3 (56%) 42n=3 X=H (56%)

fn=2 X=Na(63%)
Fone3 X=Na(93%)

65



Ketalization using ethyl 4-acetylbutyrate (38) in the presence of perchloric acid s
the catalyst afforded a 25% yield of a mixture of two diastereomeric ketals (40), which
were isolated by chromatography on silica gel with 0-10% methanol-chloroform. The
integrals of the ethyl ester quartets at 4.01 and 4.05 ppm in the 'H NMR spectrum of this

ketal mixture were in the ratio of 1:4.

The hydrolysis of the ester protecting groups on ketals 39 and 40 was investi gated
next. Aqueous potassium hydroxide in ethanol proved to be too basic because the
carboxamide group at the 3-position of the triazole ring of ribavirin was also hydrolyzed.
This side reaction was reduced by using potassium carbonate as the base. Methoxyethanol
was employed as the organic solvent to improve solubility of the starting material. Ketal
esters 39 and 40 were treated with 3.0 equiv. 2nts of 1 M aqueous potassium carbonate in
methoxyethanol (1:1Av:v) at 80°C for 2 h. After cooling to room temperature, the reacuon
mixtures were partiaily neutralized with Dowex 50W-X4 resin (H* form, pH 3) before
purification by chromatography on DEAE-Sephadex A-25 (0.0-0.5 M ammonium
bicarbonate gradient) and ion exchange with Dowex SOW-X4 resin (H* form) to give the
ketal acids 41 and 42 in yields of 56% and 25%, respectively, as fluffy white solids. Both
acids were very hygroscopic and proved to be unstabie in hydrated form. being hydrolyzed
to ribavirin and levulinic and acetylbutyric acids. Hydrolysis also occurred on dissolution
in water (pH 4). However, the acids were quite stable in anhydrous solvents and in basic
solution. Therefore, to circumvent this hydrolysis problem, the sodium salts I-8 and I-9
of 41 and 42, respectively, were prepared. The salts were stable on storage at room
temperature.

Becausc of hydrogen binding of the hydroxyl protons of *hese derivatives with the
polar solvent in which the 'H NML. spectra were run and because the sodium salts of the
ketals were diastereomeric mixtures at the 2-position of the dioxolane ring of the ketal, the
interpretation of the spectral signals proved to be difficult. Neverthcless, the spectra
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indicated that esterification of the ribofuranose ring of ribavirin at the 5'-hydroxyl group
shifted the the 4'- and 5'-protons downfield and that ketal fornation shifted the 1'-, 2'-,
3'-, and 4'-protons downfield, with the largest shift occurring for the 2'- and 3'-protons.
However, these two protons could not be distinguished. The signals for the protons on the
methyl group at the 2-position of the dioxolane ring of ketals I-8 and I-9 appeared as two
singlets whose integrals corresponded to the ratio of the Jiastereomers (9:1 and 9:2,
respectively) found by HPLC analysis. In addition, the signal for the 5-hydrogen on the
triazole ring of ketal derived from levulinic acid appeared as two singlets in a ratio of 8:2.

To verify the structures of these ketals, their 13C NMR spectra were compared with
that of ribavirin (Table I-4), the spectrum of which in hexafluorobenzene has been reported
(Kreishman et al., 1972). The triazole ring and amide carbon signals [146.3 (5), 158.4
(3), and 1621.8 ppm (CONH3)] were identified by comparison with the signals of the
carbons of other ribavirin analogs. The corresponding signals for ribavirin were shifted
downfield by approximately 8.7 ppm when dimethyl sulfoxide-dg was used as the solvent.
On derivatization of the ribofuranose ring, the positions for these signals remained
constant. Esterification of the 5'-hydroxyl group of ribavirin shifted the 5'-carbon signal
2.3 ppm upfield and the 4'-carbon signal 3.6 ppm downfield but had very little effect on
the 2'- and 3'-carbon signals. The signal for the carboxylate carbon of the ketal of 4-
acetylbutyrate was assigned downfield relative to that of the ester carbonyl because similar
downfield shifts of 2 ppin were observed for the carbonyl carbon on conversion of the
carboxylic acids 41 and 42 to the corresponding sodium carboxylates I-8 and 1-9,
respectively. As in the spectrum of ribavirin, the 2'- and 3'-carbon signals could not be
assigned. This was also the case with the methylene carbons adjacent to the carbonyl
carbons of the tether group.

The 2'- and 3'-carbon signals in the spectra of ketals I-8 and I-9 were shifted
downfield by approximately 10 ppm, whereas the 4'-carbon signal was shifted upfield by
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2.7 ppm. The spectra of I-8 and I-9 clearly indicated that both were diastereomeric
mixtures. Two signals were observed for the carbons at the 2-position of the dioxolane
ring (1") of the ketal and the two adjacent carbons (CH3 and 2"). In the spectrum of ketal
1-8 prepared from levulinic acid, two signals were observed for the 2'-, 3'-, and 4'-
carbons; in the spectrum of ketal I-9 prepared from 4-acetylbutyric acid, only one of the
two ribofuranosy! carbons making up the dioxolane ring had two distinct signals, whereas
the other carbon and the 4'-carbon signals displayed downfield shcuiders. The ratio of the
heights of the signals for the diastereomeric carbons agreed with the diastereomeric ratios
found by 'H NMR spectroscopy and HPLC. The signals for the minor diastereomer were
downfield by < 0.8 ppm relative to those of the major diastereomer. These minor signals
and their shift positions were nseful in making assignments for the 2'-, 3'-, and 4'-carbons
of the sugar ring and the 1"-, 2"-, and methyl group carbons on the tethers. Again, the 2'-
and 3'-carbons of the ribofuranose ring of both ketals and the 3"- anc 4"-carbons on the
tether of ketal 1-8 prepared from levulinic acid could noi be identified conclusively. HPLC
analysis (Table I-2) indicated that both ketals were stable 1o incubation at physiolgical pH
for 15 days. Unfortunately, both were inactive against Pichinde virus infection in vitro.

For this reason, immunoconjugates of these compounds were not prepared.

6. Ribavirin-5'-O-phosphate Esters and Conjugate Preparation. We
next investigated ribavirin-5'-O-phosphate ester derivatives. These phosphate esters would
be far more hydrolytically stable than the 5'-O-hemisuccinates because they would not
hydrolyze under physiological conditions but would be cleaved by lysosomal enzymes
(Allen et al., 1978). Esterification of ribavirin-5'-O-phosphate with a tether having a
carboxylic acid or a:nino group function would provide a means of tethering the denivative
to a MADb. Ribavirin-5'-O-phosphate (Streeter et al., 1973) was prepared in 28% yield by
reaction of ribavirin wath phesphorous oxychloride (43) in the presence of triethylphos-

phite (44) (Scheme 1-7). The phosphate diester derivative presumably could be
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Scheme |-7. Synthesis of Ribavirin-5'-O-phosphate (I-10)

CONH, CONH,

A ~« N

U N POCI, (43), U\

N (E10),P (44) N*

H - NH,0),P(O

0 p (NHO)P(0)O—

HO OH HO OH
I-1 1-10

syrthesized by reaction of ribavirin-5'-O-phosphate with a functionalized alcohol such as
car-boxymethymethanol in the presence of a coupling reagent. To prevent formation of a
cyclic phosphate between the the 5'- and 3'-O-positions of the ribofuranose ring, the
hydroxy’1 groups vere protected by acetylation with acetic anhydride in pyridine.
Unfortunately, a complex mixture resulted that only afforded a low yield of the desired
2',3-O-diacetate after DEAE-Sephadex chromatography using an ammonium sulfate
gradient.

Alternate, more direct methods of preparing the phosphate diesters were
investigated. Selective introduction of a phosphate group at the 5'-O-position of ribavirin
required protection of the other two hydroxyl groups at the 2'- and 3"-positions. The 2'-
and 3*-hydroxy! groups were protected by ketalization with acetone (49) using perchloric
acid as the catalyst in the presence of triethyl orthoformate (4) to remove the water formed
in the zeaction. The acetonide 50, which was prepared in 92% yield, was allowed to react
with (5-carbomethoxypentyl)(2-cyanoethyl)(N N-diisopropyl)phosphoramidite (48) in the
presence of tetrazole (49) in acetoiiitrile. The phosphite ester that formed w-s oxidized to
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the phosphate 52 with iodine in the presence of 2,6-lutidine in water-tetrahydrofuran. The
cyanoethyl and methy] ester protecting groups were removed from the protected phosphate
ester by treatment with aqueous acid to give ribavirin-5'-O-(5-carboxypentyl)phosphate

(I-13) (Scheme 1-8).

M.zthods were next investigated for coupling ribavirin-5'-0-(5-carboxypentyl)-
phosphate to MAb PC4.9A6. From the results of direct loading of ribavirin onto this
MADb, we concluded that levels would probably be insufficient to exert any appreciable
antiviral effects using direct tethering of the ribavirin derivative to the MAb. Loading of the
derivative onto a multifunctionalized polymer would permit us to greatly increase the
amount of drug delivered. The polymer we elected to derivatize with the carboxypentylated
ribavirin phosphate was (6-aminohexylamino); jdextran (Mw 9,000) (I-16), which was
prepared by sodium periodate oxidation of dextran, followed by Schiff base formation with
1,6-diaminohexane, and sodium cyanoborohydride reduction to the dialkylamine. We
were unable to form an amide bond between these two species using EDIC under a variety
of pH conditions. In contrast, we could readily produce an adduct between 2',%-dideoxy-
cytidine-5'-0-(5-carboxypentyl)phosphate and (6-arr, .nohexylamino); jdextran having a
loading of 6.7 dideoxycytidines per dextran (Dawson et al., submitted). Because the
reaction worked on a nucleotide lacking a 3'-hydroxy! group, we propose that the 3'-
hydroxyl group interfered in the reaction--perhaps a cyclic soecies was formed between the
carboxy'ate group and the 5'-O-phosphate that was subsequently cleaved by the 3'-
hydroxyl group. W= also attempted to use the 4-nitrophenyl ester method to form the
amide bond. The ammonium counter ion was exchanged for pyridinium to prevent primary
amide formation during EDIC coupling, which was conducted in water. The 'H NMR
spectrum of the reaction product mixture indicated that the 4-nitrophenyl ester of ribavirin-
5'-0-(5-carboxylphenyl)phosphate was formed under these conditions. Two preliminary
conjugations on MAb PC4.9A6 and »'sumin using [3'-14C]ribvavirin-5'-O-(5-carboxy-



Scheme |-8. Synthesis of Ribavirin-5'-O-(5-carboxypentyl)phosphate Bisammonium Sah (1-13)
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pentyl)phosphate (I-14) produced only hydrolysis products and no acylated protein.
Perhaps the 4-nitropheny] ester formed from the 6-substituted hexanoic acid was too
lipophilic for nucleophilic attack by the e-amino groups of the protein lysines and,
therefore, only attack by hydroxide occurred Acylation in niix<d solvent systems (water
with dimethylformamide, tetrahydrofuran, or C:oxane, which could solubilize the pendant
group of the tether) also falled. Even in the presence of the organic solvent, hydrolysis of
the ester occurred at a faster rate than did acylation of protein, as determined by monitoring
the appearance of 4-nitrophenoxide anion.

Because this approach was not promising, we decided to switch functional groups
so that an amino group resided on the ribavirin derivative and the polymeric carrier bore the
carboxyl groups. (Carboxymethyl)ssdextzan (Mw 12,200) was prepared by alkylation of
dextran wi.i chloroacetate in the presence of potassium hydroxide. Titration indicated that
55 carboxymethyl groups (one per glucose residue) were loaded onto the dexrran.
Ribavirin-5§'-O-(6-aminohexyl)phosphate (I-15) was prepared next and then linked to
(carboxymethyl)dextran (I-17) by the routes outlined in Scheme I-9. The starting material
for this synthesis was rivavi'in-2',3-O-acetonide (50). The conversion of the acetonide to
the 5'-O-substituted phorphoramidite employed either (2-cyanoethyl)(N N-diisopropyl)[6-
(N-trifluoroacetylaminohexyl]phosphoramidite or (2-cyanoethyl)(N N-diisopropyl)[6-(N-1-
butyloxycarbonylaminohexyl]phosphoramidite (58). using a similar sequence of reactions
to those used for preparing the 5'-O-(5-carboxypenyl)phosphate. The r-butyloxycarbonyl
group was used to increase the stability of the phosphoramidite 58 to purification on silica
gel. The trifluoroacetyl protecting group was removed by treatment with base, whereas the
1-butyloxycarbonyl group was removed during the acid-catalyzed hydrolysis of the
acetonide group.

To ensare that the carboxyl groups on the (carboxymethyl)dextran were not

converted to primary amide groups during the coupling with ribavirin-5'-O-(6-amino-
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Scheme I-9. Synthesis of Adduct 18 of Riavirin-5'-C-(6-aminohexyl)phosphate with (Carboxymethyl)ssdexiran
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hexyl)phosphate ammonium salt, the ammonium counter ions were replaced by pyridinium
ions. Coupling was effected with EDIC. A loading of 9.6 molecules of the ribavirin
derivative onto the furctionalized dextran was established using a cclorimetric assay for
inorganic phosphate (#.mes, 1966), which was verified by elemental analysis. Although
this adduct conld be tethered to MAb PC4.9A6, determination of loading onto the
immunoconjugate using the inorganic phosphare assay produced inconsistent results. For
this reason, we elected 1o use a fluorescent indicator to establish the level of loading of
funciionalized dextran onto the MAb. Fluoiescein hydrazide (FICONHNH3) was linked to
the modified dextran through a carboxamide bond at a loading of one fluorescein per
dextran {Scheme I-10). This fluoresceinated dextran (62) was then derivatized with
ribavirin-5'-0-(6-aminohexyl)phosphate {1-15) using EDIC to give a loading of 4.8
ribavirins per modified dextran. Ribavirin levels were determined by the inorganic
phosphate assay with controls conducted to establish that the fluorophore did not interfere

in the assay, and the modified dextran concentration was established frem the fluorescein

absorbance.

The unreacted carboxyl groups on the fluoresceinated ribavirin-5'-0-(6-amino-
hexyl)phosphate-(carboxymethyl)dextran adduct 63 were used for tethering to the terminal
amino groups of the lysines of MAb PC4.9A6. Loading onto the MAb was established by
determining the ratio of fluorescein absorbance to that of protein at 280 nm. A major
probiem in this immunoconjugate (I-19) preparation occurred during the purification.
Standard purification .ne’acds using gel exclusion ard ion exchange failed to remove the
(carboxymethyl)dextran derivatized with ribarin from the immunoconjugate. The large
number of unreacted carboxymesthyl groups on the (carboxymethyl)dextran caused this
problem. Replusive interactions between the carboxyl groups caused the polymer to
assume a rigid-rod conformation that resulted in its elution from a variety of gel-exclusion

columns in the same volumes as that of the MAb. Cation exchange (DEAE-Sephadex) also
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Scheme 1-10.

(Carboxymethy!)dextran with MAb PC4.9A6
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failed because there was little difference in overall charge between the derivatized dertran
and immunoconjugate I-19. Schecier et al. (1987) reported the successful purification of
cisplatin-(carboxymethyl)dextran antibody conjugates using ammonium sulfate to remove
unconjugated cispiatin-(carboxymethyl)dextran (Mw 40,000, 100 carboxyl groups per
molecule) followed by DEAL cellulose chromatography to remove free antibody. This
method failed with the ribavirin-(carboxymethyl)der.ran immunoconjugate. The
immunoconjugate did not precipitate with ammonium sulfate in concentrations up to %%
saturation. Elution of DEAE-Sephadex with 0.6 M NaCl in 0.01 M potassium phosphate
failed to elute the co jugate from the column although the free MAD was readily eluted by
0.15 M NaCl in 0.01 M potassium phosphate, pH 7.2.

“rotein A is used to purify MAbs from other proteins. Both the unreacted MAbD and
the immunoconjugate bound to protein A in the loading buffer, whereas the ribavirin
denvatized (carboxymethyl)dextran was not retained. The unreacted MA b was eluted
readily from the column in pH 3 buffer. Only a small fraction of the immunoconjugate
could be eluted from the protein A column at this pH. However, elution was efficient at
pH 2.5, Unfortunately, the conjugate precipitated after ihis treatmeni 2ven though the pH
of the eluate was immediately brought to pH 7.2 and the elution was conducied in the cold.
The precipitate could not be solubilized using high salt, indicating that some denai.cation
had occurred. At pH 3 or below, the carboxyl groups on the immunoconjugate are
protonated, producing a high carboxylic acid concentration in the vicinity of the protei - (1at
could facilitate denaturation.

It might have been possible to effect a separation if the number of negative charges
on the derivatized dextran were neutralized by conversion to uncharged amides by reaction
with ethannlamine and EDIC. However, a preliminary experiment using this strategy was
unsuccessful--perhaps because the number of charged groups removed through amide

bond formation was too low.
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Fortunately, sucrose density centrifugation in which molecules are separated on the
basis of differences in their radii proved to be successful. In this method, the molecule
having the largest radius moves the farthest through the gradient. A 5-20% sucrose
gradient proved to be effective in separating unconjugated ribavirin-(carboxymethyl)dextran
adduct, MAb, and the immunoconjugate I-19, which was found at tne bottom of the tube.
Fortuitously, the conjugate having the highest loading precipitated out but was solubilized
readily in 0.5 M NaCl in PBS, followed by dialysis. This material had a ioading of 6.8
molecules of (carboxymethyl)dextran per MAD or approximately 33 inolecules of ribavirin
per MAD (10% yield). The soluble fraction at the bottom of the gradient had a loading of
4.0 molecules of (carboxymethyl)dextran per MAb or 19 molecules of ribavirin (4% yield).
The low recovery of conjugated material was disappointing. At present, we have no
explanation other than steric hindrance for the lack of reactivity of the carboxymethyl
groups on the dextran with the amino groups on the MAb, We were able to functionalize
(carboxymethyl)dextran with low-molecular-weight amines and, correspondingly, we were
able to tether low-molecular-weight carboxylic acids to MAbs using EDIC. Unfortunately,
in the synthesis of I-19 the MAb preferentially coupled with itself rather than the modified

dextran, I=ading w very low protein recoveries.

7. Synthesis of an Oligomer Incorporating Ribavirin. Another method
of increasing ribavirin loading is the linkage of a polymeric version of ribavirin onto the
MAD. An oligoribonucleotide analog of ribavirin-5'-O-phosphate would serve this
purpose. The 5'-O-(6-aminohexyl)phosphate of poly(ribavirin-3',5'-O-phosphate)) 5-
thymidine-5'-O-phosphate triethylammoniam salt (I-20, Scheme 1-12) was designed 1o
acheive this purpose. As with ribavirin-5'-O-phosphate, phosphatases were expected (0
cleave the oligomer, releasing ribavirin. The 5-O-terminal aminohexyl tether group of the
oligomer was introduced to provide the tether functionality for linkage directly to a MAb or
to an intermediate polymeric carrier. The 3'-O-terminal thymidine gioup was used to
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initiate the synthesis on the controlled-pore glass solid support and to serve as a

chromophore for detection and quantitiation.

The first synthetic target in this synthesis was 2'-O-r-butyldimethylsilyl-5'-O-
dimethoxytritylribavirin-3'-O-[bis(N,N-diisopropyl)methylphosphoramidite (75), 77,
Scheme I-11), which necessitated the selective protection of the 2'- and 5'-hydroxyl groups
of ribzavirin. The tetrahydropyranyl ether was the first protecting group investigated for this
purpose. The 3'- and 5'-hydroxy! groups of ribvavirin were protec‘ed as the 1,1,3,3-
(tetraisopropyl)disiloxanyl cyclic ether, to permit selective tetrahydropyranylation at the 2'-
hydroxyl position. Unfortunately, under the conditions for the formation of the 2'-O-
tetrahydropyranyl ether, the amino group of the triazole carboxamide also reacted, giving a
bistetrahydropyranyl derivative. Cleavage of the tetrahydropyrany! protecting group from
the amide under conditions that removed the 2'-O-tetrahydropyranyl ether failed--in fact,

this group was even stable to strong acid.

Therefore, the t-butyldimethylsily] ether protecting group was investigated. The
5"-hydroxy! group of ribvavirin was protected as the 4,4'-dimethoxytrityl ether to give 71
(Scheme I-11), which was allowed to react with ¢-butyldimethylsilyl chloride (18) in the
presence of imidazole (Olgilvie et al., 1978, 1979; Hakimelahi et al., 1981). As in the
case of the natural nucleosides, the aromatic ring system of ribavirin permitted the selective
protection of the less hindered 2'-hydroxy! group; however, because of the small size of
the triazole ring, selectivity was reduced for ribavirin . A mixture of the 2'- and 3-O-1-
batyldimethylsilyl ethers (72 and 73, respectively) and the 2',3'-O-bis-1-butyldimethylsilyl
cther 74 was obtained. The 2'-O-i-butyldimethylsilyl ether was isolated by chromatog-
raphy, whereas the 3-O-monosilyl and 2',3'-0-bissilyl ethers were recovered and treaicd
with etra(n-butyl)ammonium fluoride (23) to cleave the i-butyldimethylsilyl ether groups
to regenerate 71. The position for the ¢-butyldimethylsilyl protecting group of 72 was
established by 'H NMR spectroscopy in Me2SO-dg and Me2SO-dg/120. The signals for

79



Scheme |-11. Synthesis of a Ribavirin-5'-O-Phosphoramidite Reagent 77
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the 2'-proton of 72 and the 2'-proton of 73 collapsed after the addition of D20 because of
exchange with the hydoxyl protons. Ogilvie and coworkers (197) determined the position
of silylation on the ribofuranose ring of nucleosides by comparison of their ITH NMR with
13C :YMR spectra. Silylation of a hydroxy! group produced a downfield shift of the proton
to which the silyl group was attached. For example, in the present case, silylation of 72 at
the 3'-O-position shifted the 3'-proton from 4.32 to 4.38 ppm, whereas silylation at the 2*-
O-position shifted the 2'-proton from 4.40 10 4.57 ppm. The 3'-O-t-butyldimethyl-5'-O-
monomethoxytrity] ether was converted to the phosphorarridite 74 by the in situ generation
of the phosphatidylating reagent using (N,N-diisopropyl)methylphosphonamidic chloride
(78), N N-diisopropylettiylamine (47), and a caalytic amount of 4-dimethylaminopyridine
(DMAP, 76) in tetrahydrofuran. After workup and chromatography, a 71% yield of

phosphoramidite 77 was obtained.

Phosphoramidite 77 was used to prepare the 5'-O-(6-aminohexyl)phosphate of
poly(ribvavirin-3',5-O-phosphate); s-thymidine-5'-O-phosphate (I-20) by the sequence
outlined in Scheme I-12. This oligoribonucleotide analog was prepared on a solid support
using an Applied BioSystems DNA Synthesizer, with modifications of the program to
account for the decreased reactivity of phosphoramidite 77 because of the steric hindrance
caused by the t-butyldimethylsilyl ether protecting group for the 2*-hydroxyl function. The
procedure developed by Ogilvie and coworkers for the synthesis of polyribonucleotides
(Usman et al., 1987) was modified. The synthesis was initiated on a thymidine that was
attached to controlled-pore glass through a 3'-O-hemicuccinate group (78). The 5-0-
monomethoxytrityl protecting group on the thymidine was first removed by treatment with
trichloroacetic acid (79) to permit formation of the phosphite ester linkage between the 5'-
O-position of the thymidine and the 3-O-position of the 2',5'-O-protected ribavirin-3"-O-
phosphoramidite 74. Unreacted hydroxyl groups on the thymidines were blocked to
further reaction by acetylation in the presence of DMAP before the 3',5'- '+ ansphite ester
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Scheme |-12. Synthesis of 5°-0-(6-Aminohexyl)phosphate of Poly(ribavirin-3',5'-O-phosphate),s-
thyn:idine-5'-O-phosphate Triethylammonium Saht (1-20)
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petween thymidine and ribe virin was oxidized to the phosphate by treatment with iodine in
pyridine-water-ietrahydrofuran. Trichloroacetic acid (79) was then used to remove the
dimethoxytrityl group from the 5'-O-position of the rihavirin, which resided in the
2-position of the nascent polymer chain. This process  , repeated 14 times so that 15
ribvarin phosphaw groups were incorporated after thymidiine. The oligoribonucleotide
was terminated by reaction with f(2-cyanoethyl)(N N-diisopropyl)-6-(N-4-monomethoxy-
tritylamino)hex yl)phosphoramidite (81) to introduce amino group functionality on the
S-spacer arm. Oxidation converted the terminal phosphite ester to the phosphate. The
methyl protecting groups were cleaved from the phosphate sroups by treatment with
thiophenol (83)-trimethylamine before the polymer was cleaved from its support by
treatment with ammonium hydroxide, which also remcved the 2-cyanoethyl protecting
group from the termainal 5'-O-phosphate group. Next, the -butyldimethylsilyl groups were
removed using tetra(z-butyl)ammonium fluoride (23). The oligoribonucleotide was
purified by electrophoresis or a 20% acrylamide gel before the 5'-terminal trityl group was
cleaved by treatment with 80% acetic acid. The overall yicid for this synthesis was 14%
based on thymidine absorbance. This synthesis was accomplished on a 24-mg scale. The
nligomer was ovr ‘8% pure by HPLC on a MA7Q anion-exchange column. 'H NMR
tpectroscopy indicated that the fluoride treatment removed 98% of the 2'-O-i-butyl-
dimethylsily! protecting groups. A multiplet at 1.2-1.7 ppm was ascribed to the four
central mcthylene groups of the teti:r. A singlet 2t 1.89 ppm for the methyl group of the
thymidine pyrimidine ring integrated for three protons. The anomeric proton of the
ribofuranose ring of ribavirin produced a doublet at 5.95 ppm that integrated for 15
protons. The corresponding proton of the furanose ring oi thymidine produced a triplet at
6.27 ppra that integrated for one proton. The singlet at 8.69 ppm for the 5-proton of the
triazole ririg of ribavirin integrated for 15 protons. Comparison of the integral for this
proton with that for the 4'-protun of the ribofura: dse ring indicated that depurination was
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negligible (<1%), The relative integrals for the thymidine and ribavirin heterocyclic ring
protons verified the presence of 15 ribavirin units per thymidine.

The stability of this ribavirin phosphate polymer to alkaline and enzymatic
hydrolysis was determined. Incubation of 1-20 with 0.5 N KOH at 37°C for 1 h resulted
in approximately 20% hydrolysis as determined by HPLC (MA7Q anion-exchange).
Incubation for an additional 5 "1 at 37°C led to disappearance of the UV-absorbing peak
corresponding to 1-20. Homoribopolymer I-20 was resistant to cleavage by ribonuclease
A (1.3 mM Tris-HC], pH 7.5, 1.3 mM MgCly, 37°C, 15 h) but was cleaved completely by
ribonuclease TZ (0.04 mM NaOAc, 37°C, 30 min). These results indicate the., once
internalized to the lysosomal compartment, the polymer will be enzymically degraded 10
release ribavirin-5'-O-phosphate within the cell.

Because of the scarity of the ribavirin oligomer, model studiss were conducted with
the more readily accessible 5'-O-(6-aminohexyl)phospha* of poly(thymidine-3',5'-O-
phosphate);2-thymidine-5'-O-phosphate triethylammonium salt (¥-21), which was
synthesized in 46% overall yield, to develop methodology for linking the oligomer to
carrier proteins (Scheme I-1 3). The functionalized poly(thymidine) oligomer was tethered
to a recombinant protein G (84), which binds to the Fc portica of immunoglcbulin G,

giving a oligonucleotide-protein G-MAb delivery system. Tethering was accomplished by
acylating the amino terminus of oligomer I-21 with N-{3-(2-pyridyldithio)propionyloxy]-
succinimide (83), followed by reaction with dithiothreitol (89) to remove the 2-mercapto-
pyridine protecting groups. As measured by 1elease of pyridine-2-thione, mercapto group
introduction onto the amino tether was 85%. The mercaptopropionylatrd oligomer was
allowed to react with a modified protein G (86), which had been pretreated with N-[3-(2-
pyridyldithio)propionyloxy]succinimide (85) so that five 3-(2-pyridyldithio)-propioryl
groups were introd.~ed per protein G molecule, to give a loading of 1.5 poly(thymidines)
per protein G (1-22).
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Scheme |-13. Synthesis of 5'-O{6-(3-mercaptopropionamido)hexyllphosphate of poly(thymidine-
3'.5-O-phosphate), - thymidine-5'-O-phosphate-3-(2-pyndinykdithio jpropionylated protein G conjugate (1-22)
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Scheme I-13. Synthesis of 5-04{6-(3-mercaptopropionamido)hexyljphosphate of poy(thynﬂdim-:l‘.S'-l
O-phosphate)12-thymidine-5'-O-phosphate-3-(2-pyridinyldithio)propionylate protein G conjugate (+22) (continued)

H,N(CH,)¢OP(O)(O")—

1. 85
2. DTT (89)

3. 86

1-21

= al:LnHGO(CHz)SS{CHz):OH)S.S

Protein G [
H—NHCO{CH,),S5(CH),CONH(CH,)OP(O)

.
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D. Conclusions

‘Therefore, methodology is in hand to prepare immunoconjugates of the
functionalized ribavirin oligomer and ribavirin bound to polymeric carriers and establish the
loading of ribavirin on these conjugates with MAbs. However, preparation of an
immunoconjugate of the ribavirin oligomer with MAb PC4.9A6 was not conducted when
experiments with the geionin-MAb PC4.9A6 immunoconjugate indicated that MAb
PC4.9A6 was not internalized. Linkage to a MAD that internalizes should provide a means
of delivery of ribavirin to the internal compartment of the cell. Metabolism studies with
phosphatases indicated that the ribavirin oligomer is enzymatically degraded. The
methodology is therefore in hand to test the efficacy of targeted drug delivery for trearment
of Pichinde virus infections once the appropriate MAD is identified.
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TASK II. IN VITRO ANTIVIRAL SCREENING OF DRUGS AGAINST
PICHINDE VIRUS

A. Introduction

Pichinde virus produces only marginal cytopathogenic effect (CPE) in vitro. This
CPE is very slow to develop, requiring 10-14 days in Vero 76 cells. Thus, in the past,
antiviral assays against Pichinde virus often utilized plague reduction (PR), which requires
relatively large amounts of drug and, although more rapid than the CFE-based assays, is
still slow (5-7 days) to reach an acceptable endpoint. Early in the course of thes- studies,
we developed an immunofluorescence assay (IFA), which can be used in antiviral drug
assays against Pichinde virus (Burns et al., 1988). Briefly, antiviral drug activity is
determined by mezs_ring the inhibition of Pichinde virus infectivity in Vero 76 cells. The
assay is performed using an immunofluorescent cell-count assay to detect Pichinde virus
infected cells in 96-well cell culture plates. The presence or absence of fluorescing cells is
easy to score; the assay is read after only 24 h; the amount of drug required to perform an
assay is reduced by over 80%; and the sensitivity and reproducibility are comparable with
that achieved with assays based on plaque reduction. This section describes the immuno-
fluorescence antiviral assay and demonstrates the performance of the assay in the evaluati.n
of the known antiviral drugs, selenazofurin, ribavirin, 3-deazauridine, and (5)-DHPA
against Pichinde virus. The Pichinde virus immunofluorescence assay was then used to
determine the in vitro antiviral activity of many ribavirin derivatives and other compounds
and conjugates synthesized during or related *o these targeted delivery studies.

SRI chemists synthesized an immunoconjugate of ribavirin-5'-O-hemisuccinate
with anti-Pichinde virus MAB PC4.9A¢. This conjugate, containing 4.8 molecules of
ribavirin per molecule of 1gG, was evaluaied for in vitro activity against Pichinde virus.
The low loading of ribavirin achieved led us to redirect ov~ efforts to devising strategies to
enhance ribavirin loading. One of the proposed approaches for achieving multiple loading
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of ribavi*. 1. in a targeted drug delivery system was to synthesize ribavirin polymers linked
through phosphate ester linkages. Several phosphorylated forms of ribavirin,
correspondir g to ribonucleoside phosphates were synthesized by SRI chemists and then
evaluated for in vitro antiviral activity against Pichinde virus. This series of compounds
included: ribavirin-5'-O-phosphate (RMP), ribavirin-5'-O-diphosphate (RDP), ribavirin-
5'-O-triphosphate (RTP), and ribavirin-5'-0-(6-aminohexyl)phosphate (SRI 8146-22).
Later, poly(ribavirin phosphate) ( SRI 7793-34) and derivatives of 2',3"-dideoxycytidine
(DDC), DDC-5'-O-phosphate (SRI 8554-29), DDC-5'-0-(5-carboxypentyl)phosphite (SRI
8699-80), a1 [6-(DDC-5'-0-phosphate)pentylcarboxamido)g s(6-aminohexylamino)s s-
dextran (SRI 8880-29), along with DDC (SRI 41) were evaluated for antiviral activity

against Pichinde virus in Vero cells using the immunofluorescent cell-count assay.

Another approach to enhancing the effectiveness of targeted delivery is based on
using dextran polymers to achieve multiple loading. Towards this end, several ribavirin
derivatives were synthesized by Dr. Dawson and then evaluated for in vitro antiviral
activity against Pichinde virus. Compounds evaluated wexe: x ribavirin derivative used in
the preparation of the ribavirin-dextran conjugate, namely riba- irin-5'-O-(6-aminohexyl)-
phosphate bisammonium salt (SRI 8699-28); a ribavirin-dextran conjugate, namely [6-
(ribavirin-5'-O-phosphate)pentylcarboxamido](carboxymethyl)dextran (SRI 8699-58); and
(carboxymethyl)dextran (SRI CD) without ribavirin. One of the potential problems with
multiple loading of ribavirin onto a MAb using a dextran polymer is whether or not the
dextran-MAD conjugate would retain antigen-binding activity. To address that question,
dextran was conjugated io an anti-Pichinde virus MAb by SRI chemists. The resulting
conjugate of MAb PC4.9A6 conjugated to (carboxymethyl)-dextran (SRI 9047-34) was
evaluated to determine if the modified monoclonal antibody retained binding activity
towards Pichinde virus-infected cells. SRI chemists prepared two immunoconjugates of
ribavirin-5'-O-(6-aminohexyl)phosphate-linked via an amide bond to fluoresceinated
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(carboxymethyl)dextran that in turn was conjugated to anti-Pichinde virus MAb PC4.9A6.
Immunoconjugate SRI 9047-73-1 had 33 moles of ribavirin per mole of MAb PC4.9A6
and Immunoconjugate SRI 9047-72-2 had 19 moles of ribavirin per mole of MAb
PC4.9A6. Both of these immunoconjugates were evaluated for aniiviral activity toward

Pichinde virus.

B. Materials and Methods

Cells. The Vero 76 line of African green monkey kidney cells obtained from the
American Type Culture Collection (ATCC, Rockville, MD) was used as the host cell line
for all Pichinde virus assays. Cells were passaged in polystyrene disposable cell-culture
flasks using minimum essential medium (MEM, GIBCO Lzboratories, Grand Island, NY)
containing 9% fetal boviiie serum (FBS, HyClone Laboratories, Logan, UT). For antiviral
assays, cells were seeded at 6 x 104 celis/well in 96-well polysty.ene cell-calture plates.

Virus. The And763 strain of Pichinde virus (obtained from Dr. Joseph D.
Gangemi, University of South Carolina School of Medicine, Columbia, SC) was used
throughout these studies.

Monoclonal Antibody PC4.9A6. The derivation of the hybridoma cell line
that secretes anti-Pichinde virus MAb PC4.9A6 is described under Task III of this report.
The characterization of MAb PC4.9A6 is described under Tasks IV and VIII. MAb
PC4.9A6 is of the 1gG); isotype, binds to Pichinde virus antigens expressed on the surface
of Pichinde virus-infected cells, and displays no Pichinde virus-neutralizing activity.

Antiviral assay. Tie immunofluorescence assay for evaluation of antiviral drugs
against Pichinde viruc as recently described by us (Burns et al., 1988) was used for the
antiviral evaluations. The assay atilized fluorescein-conjugated anti-Pichinde virus murine
MAD prepared in our laboratoies. At the end of the 20 to 24 h incubation the media was
aspirated and the infected cell cultures were a!lowed to dry thoroughly at room temperature.
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The cells were then fixed in 80% acetone by adding cold deionized water (50 pl/well),
followed by addition of 200 pL cf cold (-15°C) acetone to i..¢ water in each well. Afier 5

min, the fixative was poured from the plate and the cell sheets were allowed to dry. Cells
were either immunostained immediately or stored at -15°C. Fluorescein-labeled MAb
towards Pichinde virus was used at a dilution of 1:500 to provide intense specific staining
yet only minimal nonspecific background. For immunostaining, 50 pL or the fluorescein-
labeled antibody was added to each well and immunostaining was allowed to proceed at
37°C for 1 h before the immunostain was poured from the plate. The plate was inverted on
absorbent paper and allowed to drain. Immunostained cells were viewed through the
bottom of the plate using a 16X objective and 10X eyepieces on a Zeiss epifluorescence
microscope. The number of fluorescing cells was determined and compared 1o the number
of fluorescing cells in wells without drug. Each assay included toxicity controls, as well
as virus and normai cell controls, similar to a plaque reduction assay described previously
(Huffman et al., 1973). Three virus-containing wells were used for each compound
dosage level, with one additiona! well being used for toxicity controls (cells + sterile virus
diluent + compound). Six wells in each panel were used for normai cell controls (cells +
sterile virus diluent + drug diluent). The antiviral activity was expresced as the
concentration of drug required to reduce the number of infected cells by 50% (EDsp). The
EDsp was determined by plotting the percent inhibition versus compound corcentration on
semilogarithmic paper, with the EDsg level being that concentration causing a 50%
reduction in the number of fluorescing cells.

Immunofluorescence assay for antiviral activity of antibody targeted
antivirals. . he following controls and MAb-ribavirin conjugates were evaluated for
antiviral activity against Pichinde virus: MAb PC4.9A6 alone, ribavirin (positive control),
nibavirin-5'-O-hemisuccinate conjugated to MAb PC4.9A6, ribavirin-5'-0-(6-aminohexyl)-
phosphate conjugated to MAb PC4.9A6 at two ribavirin loading levels (SRI 9047-73-1 and
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SRI9047-73-2). The evaluation ¢t antibody targeted drugs required some modification of
the antiviral assay used for nontargeted drugs. The main modificatdon was that the
conjugates were not added to the cell cultures until 18 h after inoculatior with virus to allow
time for the expression of viral antigens on the infected cells. The second significant
modification was to read the assay at 96 h postinoculation {p.i.). Because the conjugate
treatment was at 18 hours p. i., infection would already be established in many cells.
Therefore, if an antiviral effect were to be manifested, that effect would be demonstrated by
an inhibition of spreading of the viral infection to other cells.

For the antiviral evaluations, growth medium was removed from confluent
mai:olayers of Vero cells growing in 96-weli culture plates and 100 pl. of Pichinde virus
diluted in MEM with 2% FBS was added. The virus inoculum was such that there were 5-
10 immunofluorescent cell-forming units of Pichinde virus added to each well, resulting in
an MOI of approximately 1:10,000. The inoculated cultures were incubated for 18 h at
37°C -~ which time 100 pL of conjugate in MEM was addec. The plates were sealed with
plastic wrap and incubated at 37°C until the incubation was terminated at 96 h p. i. by
pouring the medium from the cultures and letting the cell sheet air dry prior to fixing with
acetone. The fixed cells were immur ustained to detect Pichinde virus-i:ifected cells, and
the number and size of foci of fluorescing cells were dziermined. Fach assay included
toxicity controls, as well as virus and normal cell controls. Four wells were used for each
comrpound dosage level, one for toxicity assessment (cells + sterile virus diluent +
compound) and three wells for antiviral assessment (cells + virus+ compound). Six wells
in each pauel were used for normal cell controls (cells + sterile virus diluent + drug
diluent). Pichinde virus infection as detected by immunofluorescence was graded from 0
(normal cells) to 4 (virtually all cells fluorescing). For determination of antiviral activity the

scoring parameter was reduction in immun»fluorescent foci (IF) cetermined i a manner
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analogous to measuring activity as a reduction in cytcparhogenic effect. Antiviral activity

was expresse ] as the concentration of drug required to reduce the IF score by 50% (EDsp).

Test compounds. All of the compounds were soluble in the MEM cell culture
medium used as compound diluent. Compounds were stored in sealed vials, in the
presence of desiccant, at room temperature. Once placed into solution, all compounds were
stored at 4°C. Immunoconjugates SRI 9047-73-1 and SRI 9047-73-2 were sterilized by
filtration through a 0.2-pum pore-size Gelman acrodisc (product No. 4192) filter using a 10-
mL syringe. The filters and syringes were first rinsed with MEM containing 2% FBS.
After the conjugate was passed through the filter, sufficient MEM was pushed through the
filter 10 achieve the desired dilution, while rinsing residual compound from the filter. From
these sterile filtered solutions, the remaining dilutions of each test compc .nd were made.
SRI9047-73-1 was evaluated in a half log dilution series from 250 pg/mL to 0.25 pg/mL.
SRI9047-73-2 was evaluated in a half-log dilution series from 100 pg/mL t0 0.1 pg/mL.
The ribavirin-5'-O-hemisuccinate PC4.9A6 conjugate was evaluated in half-log dilutions

over the range 0.5 to 512 pg/mL.

C. Results

Antiviral evalvations of ribavirin derivatives. The immunofluorescence
assay was used to measure the antiviral activity of several compounds against Pichinde
virus; data from such an experiment using ribavirin and ribavirin 5'-O-phosphate are
shown in Table II-1. In the process of verifying the utility and reliability of the antiviral
assay using immunofluorescence as the parameter for scoring infection, several other
compounds were also evaluated against Pichinde virus and a surnmary of the results is
presented in Table II-2. The in vitro antiviral assay based on immunofluorescence was
then used to evaluate the antiviral activity of several ribavirin derivatives produced by Dr.
Dawson. Ribavirin 5'-O-monophosphate and ribavirin 5'-O-hemisuccinate were quite
active against Pichinde virus. The results of those assays are listed in Table II-3.
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Table II-1. Immunofluorescence assay for antiviral activity against Pichinde virus.

Ribavirin 5'-O-phosphate Ribavirin
Conc. (ug/mL) % Inhibition Conc. (ug/mL) % Inhibition

1000 100 1600 100
320 100 320 100
100 100 32 65
10 74 10 39
3.2 30 3.2 0
1.0 4 1.0 0

Ribavirin 5'-O-phosphate EDsg = 3.2-10 pg/mL.
Ribavirin EDsg = 10-32 pg/mL.

Table II-2. Activity of v. -ious antiviral drugs against Pichinde virus as measured by

immunofluorescence assay.

Drug Tested EDsp (ug/mL)
Selenazofurin 1.0
Ribavirin 4.5
3-deazauridine 7.5
(5)-DHPA 505.5
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Table II-3. Immunofluorescence assay for antiviral activity of ribavirin derivatives against

Pichirde virus.

Ribavirin-5-0-(2,3-

Ribavirin-5'-0- dimethyl)hemi-
Ribavirin phosphate suce’ ate
Conc. (ug/mL) % Inhibition % Inhibition % . hibition
1000 100 100 94
320 100 100 65
100 100 100 20
32 100 66 5
10 54 32 0
3.2 15 5 0
1.0 0 S 0
Compound EDsg (ug/mL) MTD (pg/mL)
Ribavirin 3.2-10 320
Ribavirin 5'-O-phosphate 10-32 320
Ribavirin 5'-O-hemisuccinate 10-32 1,000
(data not shown)
Ribavirin 5'-0-(2,3-dimethy!)- 100-320 32

hemisuccinate
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Since ribavirin 5'-O-phosphate had shown activity against Pichinde virus, 2 series
of phosphorylated derivatives of ribavirin were synthesized and evaluated ror antiviral
activity against Pichinde virus. Data from these evaluations are shown in Table II-4. In the
evaluatons represented by the data in Table II-1, ribavirin 5'-O-phosphate (RMP) was
more active than ribavirin, however this was the only time that this degree of activity was
observed; in the two subsequent experiments (Tabies II-3 and II-4), RMP was slightly less
active than ribavirin, and RDP and RTP were progressively less active than RMP.

Antiviral evaluations of poly(ribavirin phosphate), related
compounds, and DDC. The resuits of the evaluation of poly(ribavirin phosphate) and
related compounds, as well as DDC, are shown in Table II-5. Of these compounds, only
ribavirin demonstrated antiviral activity towards Pichinde virus. The poly(ribavirin
phosphate) preparation was quite toxic at all concentrations tested above 50 pg/mL and was
partially toxic at 50 pg/mL. Thus, the EDsg for poly(ribavirin phosphate) was listed as
>50 pg/mL. Sabsequerntly, this toxicity was found to be the result of the chunter-ion used
in the suspending buffer. The conjugate of DDC-5'-(5-carboxypentyl)phosphate and (6-
aminohexyiamino); jdextran (SRI 8880-29) was also fairly toxic with a maximum tolerated
dose (MTD) of 100 pg/ml.. Subsequent evaluations of poly(ribavirin phosphate) in a
nontoxic suspending buffer failed to demonstrate antiviral activity towards Pichinde virus.

The anti-HIV drug DDC or its derivatives exerted no antiviral effect against Pichinde virus.

Antiviral evaluations ol compounds related ‘~ the dextran polymer
approach for multiple loading. The evaluations dealing with the dextran polymer
approach were then performed. The antiviral activit’ of (ribavirin-5'-O-(6-aminohexyl)-
phosphate bisammonium salt (SRI 85§99-28), the ribavirin-(carboxymethyl)dextran
conjugate (SRI 8699-58), and (carboxymethyl)dextran (SRI CD) against Pichind= virus are
shown in Table II-6. The data in Table I1-6 are presented on the basis of molarity in terms
of ribavirin content; therefore, Table II-7 shows the coires Jonding data for the antiviral
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Table II-4. Results of immunofluorescence assay for antiviral activity of phosphorylated

derivatives of ribavirin against Pichinde virus. Percent of virus controls in cell cultures

rectiving the indicated compounds at varying conce ntrations.

Percent of virus conumls anid (number of fluorescirig cells)

Conc.
(up/mL) Ribavirin RMP RDP RTP SRI 8146-22!
1000 0 ¢ 0 0 0
320 0 0 15.1 (7) 36.6 (16) 327 (1.
100 0 0 43 (2) 63.8 (27) 79.4 (34)
32 0 40.9 (19) 573(27) 817 (3%) 77.0 (3%)
10 11.5(52  84.6(39) 659 (31) 949 (41)  80.9 (39)
32.2 65.2 (30)  93.2 (43) 67.3 (31) 1284 (55) 126.8 (54)
1.0 97.0 (45) 101.2(47)  101.8 (47) 115.2 (49) >100.0 (>43)
0 100.0 (473 100.0 (47) _ 10v.0 (47) _ 100.0 (43) _ 100.0 (43)
EDsp:3 5.1 27.4 41 211.6 238.5
MTD#  >1000 1000 >1000 >1000 >1000
TIS >196 36.4 >24.4 >4.51 >4.2

ISRI 8146-22 is ribavirin-5'-0-(6-aminohexyl)phosphate.

2Average number of fluorescing cells, indicated in pareniieses.

3EDsq: concentration of compound that resulted in a 50% reduction of fluorescent cells as
compared to virus controls.

4MTD: maximum tolerated dose, greatest concentration of compound that still did not
produce cyiotoxicity.

STI: Therapeutic index = MTD/ EDsy.
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Table II- 5. Antiviral activity of DDC, poly(ribavirin pnosphate) and related compounds

against Pichinde virus.

Compound EDsp? MTDb TIC
DDC, SRI141 >1,000 320 <1
SRI 8966-80 >1,000 >1,000 1
SRI 8554-29 >1,000 >1,000 1
SRI 8880-29 >1,000 100 <1
SRI 7793-34 [poly(ribavirin phosphate)] >50 50 1
Ribavirin 7.4 1,000 135

28EDsg: concentration of compound that resulted in a 50% reductiou in the number of
fluorescing cells as compared to virus controls.

BMTD: maximum tolerated dose, greatest concentration of compound that still did not
produce cytotoxicity.

“TI: therapeutic index = MTD/EDsp.
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Table II-6. The activity of ribavirin-5'-O-(6-aminohexyl)phosphate bisammonium salt
(SRI 8699-28), the ribavirin-(carboxymethyl)de::tran conjugate (SRI 8699-58), and
(carborymethyl)dextran (SRI CD) as measured by immunofluorescent cell coun' assay for

antiviral activity against Pichinds virus.

rercent of virus conirols (number of ﬂuon:scing cells)

Concentration
(mM)! SRI 8699-58 SRI 8699-23 SRI-CD _
2.5 94 (27.3)2 0 2 (26.7)
0.71 103 (30.0) 13 (3.7) 84 (24.3)
0.225 78 (22.7) (8 (20.0) 57 (16.7)
0.071 85 (24.7) 86 (25.0) 87 (25.3)
0.0225 78 (22.7) 66 (19.3) 69 (20.0)
0.0071 85 (24.7) 80 (23.3) 71 (20.7)
0.00225 62 (26.7) £9 (26.0) 78 (22.7)
EDsg?: >2.25 N.38 >2.25
MTDA: >2.25 >2.25 >2.25
TIS: - >6 -

1Concentration (mM): SRI 8699-28 has a inolecular weight of 440 and was available in
limited quandties; thus 5 mg of SRI 8699-28 was dissolved in 5.05 mL of culture
medium to yield a 2.25 mM solution; a similar 2.25 mM solution of SRI 8699-58 was
made. The molarity of SRI 8699-58 was in terms of ribavirin content based on the
ribavirin incorporation into the polymer at 8.6 pmol/mg; 1 oquivaient weight of SRI CD
was evaluated based on 0.7 times the weight of SRI 8699-58 used to make the solutions.

2Average number of fluorescing cells.

3EDsq: concentratinn (mM) of cotnporad ihat resulted in a 50% reduction in number of
fluorescing cells as compared to virus controls.

4MTD: maximum tolerated dose {mM), greatest concentration of compound that still did
not produce cytotexicity.

STI: therapeu.ic index = MTD/EDsp.
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Table I1-7. Antiviral activity (against Pichinde virus) of ribavirin (concentrations listed on

basis of molarity for comparison to data in Table I1-6).

Immunofluorescent cell count

Percent of virus controls (number of

Ribavirin Concentration (mM) fluorescing cells)
4.1 0
1.3 0
0.41 0
0.13 0
0.041 0
0.013 77 (22.3)1
0.0041 92 (26.7)
EDso?: 0.023
MTD3: >4
TI“: >180.0

1Average number of fluore: cing cells.

2EDsq: concentration (mM) of compound that resulted in a 50% reduction of fluorescent
cells as compared to virus centrols.

3MTD: maximum tolerated dose (mM), greatest conzentration of compound that still did
not produce cytotoxicity.

4TI: therapeutic index = MTD/FDsg.
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evaluation of ribavirin. The ribavirin-(carboxymethyl)aextran conjugate (SRI 8699-58)
displayed no ant viral activity towards Pichinde virus, nor did the nonconjugated
(carboxyn.cthyl)dextran; whereas, ribavirin-5'-O-(6-aminohexyl)phosphate (SRI 8699-28)
had approximately €% of the activity of the non-derivatized ribavirin (compare data in
Tables I1-6 and I1-7).

Binding of dextran-monoclonal antibody conjugate to Pichinde virus-
infected cells. Using the indirect immanofluorescence method, binding of
fluoresceinated (carboxymethyl)dextran-MAb PC4.9A6 conjugate (SRI 9047-34) w0
Picninde virus-infected cells could be detected out to SRI 9047-34 dilutions of 1:1,000.
Using this same detection procedure, anti-Pichinde virus bir  ng activity of noncorjugated
PC4.9A6 (ascites fluids) was detectable out through dilutions of 1:50,000. The MAb
PC4.9A6 concentration in the ascites fluids was 10 mg/mL and the concentration of
derivatized MAb PC4.9A6 in SRI 9047-34 was 0.25 mg/mL. Thus. taking the 40-fold
difference in MAb concentration into account, the conjugate SRI 9047-34 retained
Pichinde virus-binding activity.

Antiviral evaluatiors of ribavirin-PC4.9A6 immunoconjugates. The
ril avirir-5'-O-hemisuccinate conjugated to MAb PC4.9A6 (containing 4.8 moles of
ribavirin per mole of IgG) and the fluoresceinated (carboxymethyvi)dextran multiply-loaded
immunoconjugates SR1 9047-73-1 and SRI 9047-73-2, consisting of ribavirin-5'-0-(6-
aminohexyl)rhosphate linked via (carboxymethyl)dexiran to MAb PC4.9A6 were evlauated
for antiviral activity toward Pichinde virus. SRI 9047-73-1 contained 33 moles of ribavirin
per mole of MAb PC4.9A6 and SRI 9047-73-2 contained 19 moles of ribavirin per mole of
MAD PC4.9A6. The antiviral activity was evaluated by inhibition of fluorescing foci-
formation in an immunofluorescence assay for Pichinde virus-infected cells. Vero cell
monolayers were inoculacd with Pichinde virus at a MOI of 1:10,000. The immuno-

conjugates and controls were added 18 h later. Four days p. i., the monolayers were fixed,
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stained, and examined by immunofluorescence for foci of Pichinde virus-infected cells. In
untreated control cultures, large fluorescing foci of several hu.:dred cells \vere observed.
Neither the ribavirin-5'-O-hemisuccinate ~onjugated to MAb PC4.9A6 (evaluated at 0.5-
512 pg/mL), the SRI 9047-73-1 (at 0.25-250 pg/mL), nor SR1 7047-73-Z (at 0.1-100
ug/mL) displayed any antiviral activity against Pichinde virus (Table II-8). The positive
control in this assay was ribavirin. When ribavirin was added to infectcd cells at 18 h p. 1.,
there was a dose-dependent inhibition of immunofluorescent foci formation. The
concentratoin of ribavirin that reduced the immunofluorescing foci score by fifty per cent
(EDsp) was 1€ pg/mL, the maximum tolerared dose (MTD) was 320 ug/mL,and t' e
therapeutic index (MTD/EDsg) was 20.

D. Discussion

The EDsy of ribavirin using inhibition of immunofluorescence as the parameter for
scoring antivi-al activity was consistently between 10 and 32 pg/mL, which is in the same
range as the antiviral activity measured using inhibition of cytopathic effect (CPE), reading
a marginal end-point or using plaque reduction (PR). The antiviral assay based on
inhibition of immunofluorescence was also shown to be applicable to antiviral compounds

other than ribavirin.

Ribavirin-5'-0-hemisuccinate was found to have an EDsg of 17-32 pg/mL and ar
MTD of 1,. JO pg/mL. These values suggested that ribavirin-5'-O-5.. misuccinate may be a
suitable derivative to be used for tethering to antibodies. However, because of concerns
over the potential lability of the ribavirin-5'-C hemisuccinate ester bond, a more hindered
ester, ribavirin-5'-0-{2,3-dimethyl)hemisuccinate, was synthesize¢ by SRI chemists.
Although ribavirin-5'-0-(2,3-cimethyl)hemisuccinate was much more stable than ribavirin-
5'-O-hemisuccinate, the addition of the two methyl groups had a deleterious effect on both
antiviral activity and cytotoxicity, i.e., ribavirin-5'-O-dimethylhemisuccinate had EDs of
100-320 pg/mL and MTD of 32 pg/mL as compared with ribavirin-5'-O-hemisuccinate,
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Table II-3. Antivival actvity of SRI 9047-73-1, SRI 9047-73-2, and ribavirin against
Pichinde virus. Compounds added 18 hours postinoculation and fluorescent foci score

read 96 hours postinoculation.

Compound EDsg? (ug/mL) MTDP (ug/ml) TI¢
Ribavirir 16 320 20
Immunoconjugate SRI 9047-73-1 >2504 >250 -
Immunoconjugate SRI 9047-73-2 >100¢ >100 -
Ribavirin-5'-O-hemisuccinate® conjugated to >512d >512 -
MAb PC4.9A6
MADb PC4.9A6 >1,000 >1,000 -

2EDsp: Concentration of compound that resulted in a 50% reduction in fluorescent foci
score compared with virus controls.

®MTD: Maximum tolerated dose, greatest concentraticn of compound thas did not product
cytotoxicity.

¢TI Therapeutic index = MTT/EDsg.

dMaximum concentration evaluared.

€Ribavirin-5'-O-hemisuccinate conjugated to MAb PC4.9A6 was 0.78% ribavirin by
v eight, thus the EDsg of >512 pg/mL converts to >4 ug/ml based on ribavirin content.
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EDsg of 10-32 pg/mL and MTD of 1,000 pg/mL. However, these antiviral assays were
conducted in vitro using the ribavirin derivatives that were not conjugated to a MAD. Itis
quite likely that the 5'-O-ester linkage must be cleaved before the (2,3-dimethyl)hemi-
succinate or hemisuccinate derivatives can express antiviral activity. When an
immunoconjugate enters a target cell by endocytosis, the ester linkage between ribavirin
and the MAD will be exposed to nydrolytic enzymes in the lysozomes--an environment that
may be much different from the conditions experienced by the nonconjugated ribavirin
derivatives in our in vitro antiviral assays, which would only enter cells by passive
diffusion. Thus, although r bavirin-5'-0-(2,3-dimethyl)hemisuccinate is iess active in the
in vitro antiviral assay, the compound may be active when conjugated to MAb. Over the
concentration range 0.5 to 512 pg/mL, thcre was no activity nor any toxicity for ribavirin-
5'-O-hemisuccinate conjugated to MAb PC4.9A6. The loading of ribavirin in this
conjugate was 4.8 moles of ribavirin per mole of IgG. The most concentrated dosage
evaluated based on rivavirin content was 4 pg/mL. In the antiviral assay in which the drug
is addz< at 18 h p. i . the EDsg for ribavirin was 16 pg/mL. Although the concentration of
rii;avirin may have been lower than desired, subseque..: studies described under Task VIII
of this report indicated that MAb PC4.SA6 was not a suitable antibody for antibody-
mediated delivery.

The use of r.onjugaiion or multiple loading - rategies employing poly(ribaviin
phosphate) woald conceivably result in various phosphcrylated forms of ribavirin within
the target ce’l. Therefore, the fullowing compounds were evaluated against Pichinde virus
in Veoo ce'ls: ribavirin, ribavirin-5'-O-phosphate (RMP), ribavirin-5'-O-diphosphate
(RDP), navirin-5'-O-triphosphate (RTP) and ribavirin-5'-O-(6-aminohexyl)phosphate
(SRI 8146-22). The results indicaied that the activity of the ribavirin derivatives was
dependent upon the state of phosphiurylation of the compound, ribavirin >> RMP > RDP
>> KTP. This is mort likely cue to the inability of the highly charged, phosphorylated
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compounds to cross the lipid bilayer of the cytoplasmic membrane. Thus the
phosporylated compounds may have trouble entering the cells. The evaluations of
poly(ribavirin phosphate) failed to demonstrate antiviral activity, however, concerted
effor’s to demonstrate or facilitate entry of the poly(ribavirir phosphate) into the cells have
yet to be made.

Another strategy for multiplc ioading of ribavirin would involve attaching a suitably
derivatized ribavirin to a dextran polymer. Ribavirin-5'-O-(6-aminohexyl)phosphate
bisammonium salt (SRI 8699-28) retained antiviral activity; however the activity was 16.5-
fold less than that of ribaviiia (see Tables I1-6 and I1-7). Neither the (carboxymethyl)-
dextran-ribavirin conjugate (SRI 8699-58) nor the (carboxymethyl)dextran (SRI CD)
displayed antiviral activity in the cell culture system. In vitro there may not be a suitzble
mechanism available {or cleaving of the ribavirin from the conjugate and the mechanism (or
lack thereof) of conjugate uptake by the cells may be different when comparing the Vero
cells in v'tro to macrophages and other Pichinde virus target cells in vivo. In order to be
useful, multiple loading of ribavirin to MAb via a dextran pelymer will require that the
conjugate retain ariuigen binding activity. The flucresceinated (carboxymethyl)dextran MAb
PC4.9A6 conjugate (SRI 9047-34) retained Pichinde virus-binding activity. Thus, this
approach to multiple conjugate loading appears promising. Both immur oconjugates
consisting of ribavirin linked via (carboxymethyl)dextran to MAb PC4.9A6 (SRI 9047-73-
1 and SRI 9047-73-2) displayed no antiviral activity toward Pichirde virus. The most
probable explanation for this lack of activity is the inability of the antibody portion of these
immunoconjugates to internalize. The studies descrited under Task VIII of this report
irdicate that MAb PC4.94 £ is not suitable for drug delivery to Pichinde virus-infected
cells. However, ‘mmunoglobulins from hyperimmune antisera against Pichinde virus
could be used for targeted delivery. Future studies should utilize the dextran polymer
approach for multiple loading of ribavirin onto immunoglobulins.
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E. Conclusions

1. The antiviral drug assay based on inhibition of immunofluorescence ‘Burns et
al. 1988) is as sensitive as Pichinde virus antiviral assays based on inhibition of CPE or PR
and offers the advantages of economy of reagents, rapidity, and a less ambiguous

endpoint.

2. Ribavirin 5-O-hemisuccinate may be a suitable derivative to be used for
tethering to antibodies. The more hindered ester, riSavirin 5'-0-(2,3-dimethyl)hemi-
succinate, while more stable than ribavirin 5'-O-hemisuccinate, dizp'ayed less antiviral
ac+ivity and was more toxic. The antiviral assays wre first conducted in vitro using the
ribavirin derivatives without conjugation to MADb. It is quite likely that the 5'-ester linkage
must be cleaved before the dimethylhemisuccinate or hemisuccinate derivatives can express
antiviral activity. Thus, although the ribavirin 5'-¢'-dimethylhemisuccinate is less active in
the in vitr antiviral assay, the compound may be active when conjugated to th= appropriate

monoclonal antibody.

3. A ribavirin-5-O-hemisuccinate cenjugate of MAb PC4.9A6 possessed no
antiviral activity against Pichinde virus. The relatively low ribavirin loading in this
immunoconjugate may have accounted for the lack of activity, but subsequent studies
utilizing gelonin conjugates of MAb PC4.9A6 (described under Task VIII of this report)
indicated that MAb PC4.9A6 was not suitable as a carrier antibody for antibody-mediated
delivery of compounds tc Pichinde virus-infected cells.

4. Multiple loading of ribavirin onto virus specific antibodies via either phosphate
ester linkages (polyribavirin) or ribavirin-substituted dextran polymers is a promising
approach for carrier-mediated targeted delivery. Poly(ribavirin phosphate) and dextran
multiply loaded with ribavirin should be targeted by attachment to virus-specific antibodies
if suitable antibodies that internalize are available.
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TASK III. DERIVATION, PRODUCTION, PURIFICATION AND
EVALUATION OF MONOCLONAL ANTIBODIES SPECIFIC FOR
ANTIGENS EXPRESSED ON THE SURFACE OF PICHINDE VIRLUS.-
INFECTED CELLS.

A. Introduction

Hybridoma cell lines were derived through the fusion of FOX-NY myeioma cells
with spleen cells from hyperimmunized RBF/Dn mice (Taggart ar.d Samloff, 1983 ). Four
of the resulting (FOX-NY x RBF/Dn) hybridoma cell lines secreted MAbs towards
Pichinge virus antigens expressed on the surface of Pichinde virus-infected cells in vitro
and in vivo. The production, purification, and characterization of these MAbs is described

in this section.
B. Materials and Methods

Derivation of hybridoma cell lines. Polyethylene glycol-induced fusion of
FOX-NY myeloma cells to spleen cells from hyperimmunized RBF/Dn mice was used t©
derive the hybridoma cell lines utilized in these studies. The detailed fusion procedure is
described in Appendix A.

Media used in hybridoma derivation. Medium designated as RPMI-1640
consised of RPMI-1640 containing 15% FBE (in the preparation of media, the FBS was
not heat-inactivated as this might be detrimental to the nutrients and growth factors), 10
mM HEPES (Research Organics), 100 U/mL pnicillin, 100 pg/mL of streptomycin and 2
mM L-glutamine. Medium designated as RPMI-1640-SF was the same as above, except
without serum. Medium designated as AAT consisted of RPMI-1640 containing 4 x 10°7
M aminopterin, 7.5 x 10-5 M adenine and 1.6 x 10-5 M thymidine, whereas medium
designated as AT was same as AAT minus aminopterin. Tue buffer designated as Tris-
NH4Cl consisted of 17 mM Tris base and 140 mM NH4Cl in distilled water. The "fusion
mixture" consisted of polyethylene glycol (PEG) 400C from Merck (50% solution) and 5%
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dimethyl sulfoxide (DMSO) from Sigma in water, sierilized at 121°C on liquid setting for
30 min and aliquoted into polystyrene tubes at 2.0 mL/tube. The fusion mixture was stored
ai room temperature in the dark, sealed with rarafilm. The conditdoned medium was
prepared by culturing FOX-NY cells in RPM.I-1640 in logarithmic phase growth for 48 h,
then filtering and sterilizing the medium. Glutamine was added to conditioned medium
from a 200 nuvl weiking solution that was stored frozen until the time of the cloning

experiment.

Cloning. Cells were diluted and plated in each of the varicus media on separate
96-well cell-culture plates at a dilution calculated to yield 0.5 cell/well. The plates were
then placed in a humidified incubator and left undisturbed until observed for clones. The
plates were examined 4 days later and a 2ot was placed over wells containing a singl: clone
and the number of cells in each clonz was determined. At 8 days post-seeding, the

condition of the cells and the size o7 he clones was again determined.

Freezing of ihe hybridoma lines. Cells were in the logarithmic phase of
growth at the. time of freezing. The freezing medium was a 50/50 mixture of RPMI- 1540
with 40% FBS and RPMI-1640 with 20% DMSO, both sterile filtered. Cells were collected
by centrifugation, and resuspended in RPMI-1340 without serum. The tc:al number of
cells was determined, cells were pelleted again, and resuspended in ~old RPMI-1640 with
40% FBS to yield between 2 x 108 to 2 x 107 cells/mL (at this point the volume was one-
half the final vulume). ¥rom this step on the cells and all media were held at 0°C to 4°C.
By dropwise addition to the cell suspension, an equal volume of cold RPMI-1640 with
20% DMSO was added. The suspension was dispensed at 1 mL/tube into cryotubes on ice
(polypropylene cryotubes, 2 cc with silicone gasket, Nunc, Denmark). Cryotubes were
placed in a styrofoam test tube holder (50 tube package of 15-mL disposable centrifuge
tubes, item 25319, Corning Glass Works, Corning, NY) and placed in -90°C freezer.
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After 12-24 h, the cryotubes were transferred to boxes or canes and stored in liquid

nitrogen or ultra-cold freezer.

Recovery of frozen cells. Cells were allowed to partially thaw at 37°C and as
soon as pellet of ice was free from the walls of the tube, the contents were poured into a
centrifuge tube containing 10 mL of RPMI-1640 with 40% FBS. Cells were ccllected by
centrifugation and medium was removzd. Cells were gently suspended in 10 mL of RPMI-
1640 with 15% FBS and seeded into T25 flasks.

Cell counting and viability determinatiors. Celi counting was performed with a
hemacytometer. For viability determinations 0.04% trypan blue (Sigma Chemical, St.
Louis, MO) was included in the cell suspensions.

Antigen-binding activity of monoclonal antibodies. The antigen-binding
activity was detcrmined by an indirect immunofluorescent antibody assay. A half-lcg
dilution series of each antibody sample in PBS was titered by limiting dilution using an
indirect fluorescent antibody assay on acetone-fixed Pichinde virus-infected Vero cells in
24-well cell-culture plates. For the assay 200 pL of dilnted sample was placed into each
well as first antibody and incubated 2 h at 37°C. The first antibody was then removed and
the cell sheets were rinsed twice with PBS. The second antibody, 100 pL of fluorescein-
labeled anti- nouse IgG (Boehringer :vMannheim Biochemicals, Indianapolis, IN), at 1:250
was added and allowed to react at 37°C for 1 h. The second antibody was removed, and
the cell sheets were rinsed once with «istilled water and examined for fluorescing cells.
Cell sheets were rinsed twice with water and examined for fluorescing cells, scoringon a -,
+/-, 14, 2+, 3+, 4+ scale for increasing staining intensity. The reciprocal of the greatest
dilution that still produced unmistakable (1+) staining of infected cells was taken as the titer
of the sample.

Ascites production. Cells were harvested from cell culture in the logarithmic
growth phase by centrifugation at 400 x g for 5 min, and then resuspended in RPMI-1640
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medium. Cells were injected into mice within 1 h. At the time of inoculation over 95% of
the hybridoma cells were viable Hybrid mice were bred in the USU Laboratory Animal
Research Center using REF/DnJ males from Jackson Laboratories and BALR/c feimales
from Simonsen Laboratories. After weaning, the offspring, (RBF/DnJ x BAL3/c)F mice,
we.¢ housed one sex to a cage. Both male and female mice were used for ascites
production. Mice were 15-21 weeks old (18.6  2.2) when inoculated with the PC4.9A6
Liybridoma ~ells. Eight days prier tu inoculation with the hyoridoma cells, mice received
1.0 mL of pristane (2,6,10,14- tetramethylpentadecane, Sigma Chemical Co., St Louis,
MO) by intraperitoneal (i.p.) injection. Seven days after the pristane injection, the mice
received a single whole-body 350-rad dose of irradiation. The 137Cs gammaz-source
delivered 171 rads/min, and the mice were exposed for 2 min and 5 sec. The next day,
PC4.9A6 cells, 0.5 mL at 1 x 107/mL were injected, i.p., irto the mice.

Collection of ascites fluids. The date of tumor appearance was noted for each
mouse, and ascites fluids were collected once every one to two days after the tumors were
readily apparent, usually within 3 days of the initial appearance of the tumor. Ascites fluids
were collected by inserting an 18 ga. needlr: (no syringe) into the swollen abdomen and
allowing fluids to drain into a 15-mL cenrifuge wbe. The fluid volume *vas recordec. At
each collection, ascites fluids were clarified by centrifugation at 400 x g for 5 min and then

‘ored at -20°C.

Isoiation and purification of antibodies frein ascites fluids. Immuno-
globulins were precipitated from the ascites fluids with 50% ammonium sulphate. %/hile
the ascites fluids in an Erlenmyer flask were gently swirled, an equal volume of saturated
ammonium si!phate in distili .d water was added dropwise. The suspension was allowed
to stand overnight at 4°C and then the precipitate was pelleted at 500 x g for 15 min. The
precipitated immunoglobulins were dissolved in Dulbecco's phosphate-buffered saline [0.5
mM MgCl, 2.7 mM KCl, 1.5 mM KHPOy4 , 8 mM NayHPCq, and 140 mM NaCl, pH
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7.2; PBS] to the original sample volume, then reprecipitated by the addition of an equal
volume of saturated ammonium swphate. The precipitated immunoglobulins were collected
as before by cenmifugation. The precipitation was performed one more time. The ascites
PC4.9A6 was precipitated a fourth time since there was still some visible hemoglobin in the
pellet after the third precipitation. The immunoglobulins recovered from the ammonium
sulphate precipitations were dissolved in PBS, and then dialyzed against at l=ast 100
volumes of PBS (e.g., 20 mL of immunoglobulin dialyzed aga’ast 2,000 mL of PBS).

The dialysis fluids were changed at least . our times at intervals of a few hours or more.

The ammonium sulphate-purified fraction from the ascites fluids was further
purified by affinity chromatography on protein A using the BioRad Affi-Gel Protcin A
MAPS II Kit (BioRad Laboratories, Richmond, CA), following the instructions supplied
with the kit. The IgG concentration in the final product was determined by optical
adsorption at 280 nm (assuming that a solution of IgG at a concentration of 1 mg/mL had
an optical density of 1.35 when measured at 280 nm). The 1gG2, concentration was
determined by radiai immunodiffusion. The final buffer exchange was into PBS without
Ca or Mg (i.e., 0.01 M NazHPOyq, 0.15 M NaCl, pH 7.2).

Determination of IgG2, concentrations. The cor:¢ntration of immuno-
g'obulin subclass IgG2, in various sample fractions was determined by radial immuno-
diffusion (RID) with antisera specific for the 1gG2; subclass of mouse immunoglobulin.
The reagents were purchased as a IgG2, quantitativ.i kit from ICN Biomedicals ™¢. (Costa
Mesa, CA). The procedures 'aere as described in ihic supplier's product enclosures.

Storage of puiified monoclonal antibodies. The purified MADb pools were
dialyzed extensively against PBS without azide. They were then filier-sterilized by
filtration through sterile membrane filters wilth a 0.22-p pore size. The 1gG2, concentrzion
was measured by RID. The purified MAbs wea= then aliquoted wt 5 mL per vial,
lyophilized, and stored at -15°C.
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Lyophilization of monoclonal antibodics. Ascites fluids and purified MAbs
were aliquoted at 5 mL per 25-mL vaccine septum vial, frozen in a -80°C freezer, and then
lyophilized using a model FDX-1 34-VP lyophilizer (FTS Systems, Inc. Stone Ridge,
NY). Lyophilization to dryness was accomplished in 4-12 h. After lyophilization, the
vials were seaied and stored ai -20°C.

Preparation of fluorescein-labeled monoclonal antibodies. Purified
MAbs were dialyzed against 0.1 M NapHPOy4, pH 9.0. Following dialysis, precipitates
were removed by centrifugation for 15 min at 550 x g. Sufficient fluorescein isothic
cyanate (FITC) (Sigma Chemical Co., St. Louis, MO) was added to result in a protein to
FITC wt:wt ratio of 50:1 in the conjugation reaction mixture. The FITC was added as a
solution containing 1.0 mg of FITC dissolved in 1.0 ml. of 0.2 M Na;HPO4, pH 9.0.
This FITC solution was prepared just before addition to the imrnunoglobulin. The
conjugation of fluorescein to protein was then accomplished by bringing the pH of the
immunoglobulin-FITC mixture to 9.5 by dropwise addition of 0.2 M Na3POy4 and allowing
the reaction to proceed at 25°C for 2.5 h. The conjugation conditions (Table ITI-8, i.c., pH
and FITC to immunoglobulin ratio) were selected to yield a fluorescein to proiein ratio in
the final conjugate _. approximately 10 fluorescein molecules per molecule of 1gG (Hebert
et al., 1972). The unconjugated FITC was removed by dialysis against Dulbecco’s PRS
(0.5 mM MgCl, 2.7 mM KCl, 1.5 mM KH2PO4, 8 mM | ,HPO4 and 140 mM NaCl,
pH7.2) comaining 0.1% sodit - azide. The fluorescein-labeled MAD preparations were
then further purified by gel-exciusion chromatography on Sephadex G-75 (Pharmacia Fine
Chemicals, Piscataway, NJ). The FITC anti-Pichinde reagents were aliquoted at 0.25 mL
per vial anc !yophilized. The fluorescein-labeled MAb preparations w >re titered by limivng
dilution in a direct immunofluorescent cell assay using Pichir_e virus -infected Vero cells
on coverslips as the targets. The fluorescein-labeled MAbs were diluted in FBS. Staining

was at 37°C for 90 min after which the coverslip ceil cultures were rinsed once in distilled
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water and then mounted in elvanol. The quality and intensity of immuno-fluorescent
staining vas determined by epifluorescence microscopy. The specific staining intensity
was scored on a scale of 0, no visible immunofluorescent staining, through 4, extremely

intense immunofluorescent staining.

C. Results

Whei. the fusion procedure described above was used, the yield of hybridoma cell
lines was greatly increased over yields obtained with prior procedures. In the fusion
termed PC4, more than 50 antibody producing hybridoma cell lines were cultured beyond
¢he 200 cell stage. Four of these, PC4.9A6, PC4.9D3, PC4.8D2 and PC4.7C2, produced
antibody to Pichinde virus antigens expressed on the surface of infected cells. These four

were each cloned twice.

Effect of using macrophages in the fusion cultures. Mixtures or fusion
cells were plaied onto two sets of 24-well plates, five plates with macrophage feeder cells
and five plates without macrophages. At seven days postfusion there was a difference in
sizes of the colonies on the two sets of plates. The colonies in wells with macrophages had
an average population of 98 + 90 cells, whereas those in wells without macrophages
averaged 24 * 28 cells/colony. The percentage of wells yielding hybridoma colonies large
enough to warrant antibody screening (at least 200 cells) was 9% in plates without
macrophages and 22% in plates with macrophages. All four of the hybridoma cell lines
that produced MAb towards Pichinde virus antigens expressed on the surface of infected
cells were obtained from the fusion mixtures that had been cultured with macrophages.

Effect of variations in composition of cloning medium. The clones in
the plates with conditioned medium reached a maximum size of 30 cells and did not appear
healthy; in fact, these clones died out by 8 days at which time 4-2f) dead cells were all that
remained. The clones in the plate with fresh RPMI-1640 were the most vigorous of the lot;
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they were over Z00 cells in size by 8 days. There appeared to be some dead cells at the
center of the colonies, yet very h:zlthy cells at the edges. It appeared that crowding was a
problem with these rapidly growing clones. The clones cultured in a 50:50 mixture of
RPMI-1640 and conditioned media did much better than those in conditioned media, but
worse than those in fresh RPMI-1640 aione. As shown in Table I1I-1, many of these

colonies were dying out by the time they : zached a size of 200 cells.

Evaluation of celi-freezing procedure. FOX-NY cells frozen according to
the procedure described in this report were thawed, and cell counts and viabilities were
determined at the times indicated in Table III-2. By 96 h afier thawing, the FOX-NY cell
culture has increased in celi number a factor of ten (just over three doublings) and had
returned to >98% viabilitv. The cell freezing procedure described in this report does noi
adversely affect the viability of the FOX-NY myeloma cell line. Several hybridoma cell
lines have subsequently been frozen and revived using this procedure.

Isolation and purification of MAbs from ascites fluids. The purification
procedures were initially developed and evaluated using ascites fluids derived from
hybridoma cell lines PC4.9A6 and PC4.9D3. MAbs PC< 9A6 and PC4.9D3 were purified
from murine ascites fluids using 2:nmonium sulphaie precipitation followed by affinity
chromatography on protein A. The yields based on IgG2, recovery at each step of the
initial purification of MAbs PC4.9A6 and PC4.9D3 are indicated in Table ITI-3. Following
ammonium sulphate precipitation, the product was approximateiy 75% pure I1gG based on
examination by SDS-polyacrylamide gel electrophoresis; the pwrity after the affinity
chromatography step was in excess of 95%. The yield of IgG after the ammonium
sulphate precipitatior. «.s about 85% fo. MAb PC4.9A6 and 60% for MAb PC4.9D3.

The affinity chromatography step appeared to have a recovery of 15-40%. The final
products were 110 mg of MAb PC4.9A6 and 12 my; of MAb PC4.9D3. Since the 1gGag

content did not necessarily indicate actdve antibody, the antigen binding activity of the
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Table ITI-1. The effects of different media on cloning of FOX-NY cells.

No. wells with 1 or more No. wells with mature
clones four days clones eight days
_ Medium _postseeding postseeding

RPMI-1640 22 15
Conditioned medium 7 0
Conditioned medium with 2 13 0

mM glutamine
50/50 inix of RPMI- 20 10

1640/conditioned media

(with 2 mM ¢ .atamine)

Table IT1-2. Viability of FOX-NY cells recovered from frozen cultures.

Time post thawing Cell count Viability (%)
4h 1.8 x 105/mL 82

48 h 3.0x '05/mL 97
Then split 1:5

96 h 3.4 x 105/mL >98

115



Table ITI-3. Purification of monoclonal antibodies: Yields and recoveries.

Starting Ascites After (NH4)2504 After Protein A

Volume [IgG2a)! Volume [protein]2 Volume [IgGaa)!  Yield

Hybridoma (mL) (mg/mL) (mL) (mg/ml) (mL) (mgml) (%)
PC4.9A6 23 14 25 15 100 1.1 34
PC4.9D3 8 17 10 11 35 0.34 9

1{ 1gG2a) mg/mL as determined by radial immunodiffusion with 1gG2, specific antisera.
2[protein] mg/mL as determined by optical density measured at 280 nm.

Table ITI-4. Antigen binding activity of monoclonal antibodizs before and after purification

from murine ascites fluids.

Starting Ascites After Purification
Hybridoma  IgGp, (mg/mL) Binding activity 1gGo, (mg/mL) Binding activity
PC4.9A6 14 1055 1.1 104.5
PC4.9D3 17 1057 0.34 104.5
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purified MAbs, measured by indirect immunofluorescence, was determined (Table II1-4).
The binding activity was 1045 for both MAbs PC4.9A6 and PC4.9D3 preparations laving
1.G2a contents of 1.1 mg/mL and 0.34 mg/mL, 1espectively. The antigen binding activity
of the raw ascites fluids were 1055 and 1057, respectively, and the corresponding I1gG2a
contents were 14 mg/mL and 17 mg/mL for MAb PC4.9A6 and MAb PC4 9D3,
respectively. The residual binding activity normalized to the IgG2, content was 126% and
300% of the original for MAb PC4.9A6 and MAb PC4.9D3, respectively. Subsequently,
a larger pool of purified MAb PC4.9A6 was prepared by this same procedure. MAD
PC4.9A6 was purifiec from 50 mL of ascites fluids. The final product was 21 mL of
clear, colorless fluid containing IgG at a concentration of 8.4 mg/mil. for an overall yield of
approximately 40% through the entire purification procedure. The antigen binding fiters
determined by indirect immunofluorsscent anticody assay were 105 for the crude ascites
PC4.9A6 and 1055 fo- the purified pool PC4.2A6. The titration datz are shown in Table
III-5. The purification yields are summarized in Table II-6. The purified MAb PC4.9A6,
when anaiy: :d by SDS-polyacrylamide gel electrophoresis under reducing conditions,
migrated as t vo s'iarp bands corresponding to the heavy and light immunoglobulin chains.
rased on the electrophoredc analysis, the purity of the purified MAb PC4.9A6 was

timated to ke in excess of 95%.

Effect of lycphilization on antigen-binding activity of MAbs
PC4.9A6 and PC4.9D3. Lyophilization usually does not grossly affect the activity of
poiyclonal antisera but some MAbs lose binding activity upon lyophilization. In this study
the effect ¢! yophilization on the anti-Pichinde virus MAbs PC4.9A6 and PC4.9D3 was
examined. There was no significant increase or decrease in activity associated with

lyophilization (Tabie III-7).

Preparation and evaluation of fluorescein-labeled MAbs. MAbs

PC4 .9A6 and PC4.9D3 were conjugated with fluorescein isothiocyanate. These
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Tabie I-5. Titration cf starting ascites fluids and purified MAb PC4.9A6 by indirect

immu 10fluorescent antibody assay on Pichinde virus-infected Vero cells.

. Sample Dilution
Positive control fluorescein- 102 4+
labeled PC4.9A6

Crude ascites PC4.9A6 10-5 2.5+
Crude ascites PC4.9A6 10-55 1+
Crude ascites PC4.9A6 106 +/-
Crude ascites PC4.9A6 1065 -
Crude ascites PC4.9A6 107 .
Crude ascites PC4.9A6 1075 -
Crude ascites PC4.9A6 108 +/-
Purified PC4.9A6 103 4+
Purified PC4.9A6 10-35 4+
Purified PC4.9A6 104 3+
Purified PC4.9A6 104.5 3+
Purified PC4.9A6 105 3+
Purified PC4.9A6 10-5.5 1+
Purified PC4.9A6 106 -
Purified PC4.9A6 1065 +/-
Purified PC4.9A6 107 +/-
Purified PC4.9A6 1073 +/-
Purified PC4.9A6 108 .
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Table I1I-6. Purification of monoclonal antibody PC4.9A6. Yields and recoveries.

Protein! 1gG2a2  Antibody “iter3
\olume (mL)  (mg/mL) (mg/mL) towards PCV4

Starting Ascites PL4.9A6 50 34 10 1x 1055
Purified PC4.9A6 21 8.4 9(38%) 1x1055(42%)

1Protein in mg/mL as deteiinined by optical ¢'znsity measured at 280 nm.

21gGa, in mig/mL =3 determined by radial immunodiffusion.

3Andbocy titer wwards Pichinde virvs, measured by indirect immunofluorescence in an
end-point dilution assay.

4Pichinde virus.

Table M-7. Effect of lyophiliza® on on binding activity of monoclonal antibodies.

Titer!
Sample Before lyophilization After lyophilization
PC4.9A6 purified on protein A 1045 04.5
PC4. 9D3 purified on protein A 1045 104.2
PC4.9A6 ascites fluids 10-5.5 )
PC4.9D3 ascites fluids 1057 10-5.5
PC4.7C2 ascites fluids 10-5. 10-5-

1Assayed by limiting dilution in an indirect itnmunofluorescence assay on Pichinde virus

infected Vero cells.
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fluorescein-labeled MAbs were used as reagents in Pichinde virus assays, in antiviral
assays, as in vivo tracers for MAb distribution studies, and in competitive binding
experiments to determine the epitope specificity of anti-Pichinde virus MAbs. All
conjugations resulted in fluorescein labeled-antibody preparations with excellent
immunostaining characteristics. The volumes and amounts of immunoglobulins and FITC
used in the conjuzations are shown in Table ITI-8. The three fluorescein-labe.ed MAD
preparations were titered in a direct immunofluorescent cell assay using Pichinde virus
infected Vero cells on coverslips (Table III-9). There was only the slightest nonspecific
stainir 4 ot dilutions of 1:100 or greater, whereas the specific staining was very clear and

intense out to dilutions of at least 1:1,600.

Table ITI-8. Conjugation conditions for producing FITC-labeled monoclonal antibodies.

Totals
1gG conc! Vol 1gG FITC
1gG Source (mg/mL) (mL) (mg) (mg)
Ammonium sulphate-precipitated 15 5.5 82 1.6
ascites PC4.9A6
Ammonium sulphate-precipitated 11 45 50 1.0
ascites PC4.9D3
Protein A affinity-purified 2.5 6.0 15 0.3
PC4.9A6

11gC _oncentration determined assuming proteir at 1 mg/mL hac' UD;gg of 1.0.
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Table I1-9. Immunofluorescent staining of Pichinde virus-infected Vero cells with

fluorescein-labeled MADbs.

Dilution FITC-  Specific Staining

FITC MAb! MAb Intensity2

Ammonium sulphate-precipitated ascites PC4.9A6 1:100 4+
Ammonium sulphate-precipitated ascites PC4.9A6 1:400 4+
Ammonium sulphate-precipitated ascites PC4.9A6 1:1,600 2+
Ammonium sulphate-precipitated ascites PC4.9A6 1:6,400 1+
~mmoniam sulphate-precipitated ascites PC4.9A6 1:25,600 -

Ammonium sulphate precipitated a.cites 2C4.9D3 1:100 4+
Ammonium sulphate precipitated ascites PC4.9D3 1:400 i+
Ammonium sulphate precipitated ascites PC4.9D3 1:1,600 4+
Ammoniurm sulphate precipitated ascites PC4.9D3 1:6,400 2+
Ammonium sulphate precipitated ascites PC4.9D3 1:25,600 -

Protein A affinity-purified PC4.9A6 1100 4+
Protein A affinity-purified PC4.9A6 1:400 3+
Proiein A affinity-purified PC4.9A6 1:1,600 2+
Protein A affinity-purified PC4.9A6 1:6,400 1+
Protein A affi..ty-pu.fied PC4.946 1:25,600 -

The FITC-MAD cunjugates are those described in Table IIT-8.

2The specific staining intensity was scored on the 0 to 4+ scale: 0, no visible immuno-
fluorescent staitiing; 1+ difficult to read, but detf.nitely positive; 2+ easy to read,
definitely positive, suitable for competitive binding assays; 3+ very strong staining but
not quite maximum; 4+ extremely intense iinmunofluorescent staining. Note that none of

these FITC-MADbs at 1:100 or greater dilutions gave significant nonspecific staining.
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D. Discussion

It was determined that cloning in RPMI-1640 medium without feeder cells was
generally satisfactory. For cloning hybridoma cells, most procedures call for conditioned
medium, however cloning in fresh RPMI-1640 medium prepared with FBS that had not
been heat inactivated resulted in a higher yield of mature clones than did cloning in
conditioned medium. Conditioned media may be toxic to cells either as a result of toxic
products introduced as a result cf the corditioning process or through depletion of essential
nutrients. On the one hand, efficient cloning may requiie media with growth factors that
ar= contributed by vigorously growing cells; on the other hand, perhaps the process of
conditioning the media mav deplete essential ingredients such as glutamine. It may also be
that heat inactivation of FBS inactivates essenti.] growth factors. Subsegquent experience
with hybridoma cells has indicated that most do very well in regular RPMi-1640 medium
prepared with FBS that has not been heat inactivated.

MAbs were isolated and purified from murine ascites fluids using ammonium
sulphate precipitztion followed by affini'y chromatography on protein A. The overall
yields for the purification of MAb PC4.9A6 and MADb PC4.9D3 were 34-40% and 9%,
respectively. From 50 mL of ascites fluids, 21 mL of purified MAb PC4.A6 with a
protein concentraticn of 840 pg/mL and a very nigh concentration of active antibody
ageinst Pichinde virus was obtained. The residual antigen-binding activity normalized to
the 1gG2, content was 126% of the original PC4.9A6 ascites fluids, so the purification
procedure did not appear to adversely effect the antigen binding activity of MAb PC4.9A6.
The high protein concentration of this purified MAb PC4.9A6 should facilitate subsequent

conjugation reactions.

MAbs PC4.9A46 and PC4.9D3, either as crude ascites preparations or as highly
purified immunoglobulins, were no: adversely effected by lyophilization. The MAbs may
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be lyophilized and in this form shipped more conveniently than liquid preparations.
Lyophilization may also prove useful as a method for further concentrating the MAbs that

are diluted during purification and conjugation procedures.

Some of the MAbs produced in the course of these studies were subsequently
labeled with fluorescein. These imrnunofiuorescent conjugates proved to be very useful.
They have been used in direct immunofluorescent cell-count assays for Pichinde viru-
where they eliminated the need for a second antibody as is required with indirect
immunostaining assays. This has reduced the assay time by about 40%. The fluorescein-
labeled MAbs have also been used in comparing the in vivo distribution of anti-Piciiinde
virus MAbs in infected and noninfected hamsters and in competitive binding assays to

determine the epitope binding specificity of several anti-Pichinde vin's MADbs.

E. Conclusions

Several modificatioas of previous procedures were included in the final hybridoma
derivation protocol. The peritoneal macrophages in the fusion wells served as feeder cells,
conditioned the medium, and phagocytized dead cells and debris, thereby reducing the
toxicity of the fusion culture medium. Other modifications included (1) an antigen boost
administered to the spleen donor mice five days prior to the fusion, (2) the avoidance of
N-2-hydroxyethylpiperazine-N'-2-ethanesulfonic acid (HEPES) when dimethyl sulfoxide
(DMSO) was present, /. .ly very gentle manipulation of the fusion cell mixture during
the critical fusion steps, aiid (4) addition of aminopterin to the fusion cell cultures at 24-h
postfusion. These modifications were evaluated independently, and each had a positive

effect.

1. Several modifications of previous procedures included in the final hybridoma
derivation protocol should be inciuded in future derivations. These modifications were
evaluated independently and each had a positive effect. Peritoneal macropbages in the
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fusion wells served to condition the medium; they also phagocytized dead cells and debris,
thereby reducing the toxicity of the fusion culture medium. Other modificatiyns included
an antigen boost administered 1o the spleen donor mice 5 day's prior to the fusion, the
avoidance of HEPES when dirnethyl sulfoxide was present in the \medium, oniy very
gentie manipulation of the fusion cell mixture during the critical fusion steps, and finally the

additon of aminopterin to the fusion cell cultures 24-h post-fusion.

2. Ammonium sulphate precipitation followed by affinity chromatography cn
protein A is a suitable procedure for isolating and purifying the MAbs developed in these
studies. The IgG recoverier ~nurine ascites fluids ranged from 9% to 40%. The
purification procedure did n. ly affect antigen binding activity. MAbs PC4.9A6
and PC4.9D3, either as crude ascites preparations or as highly purified immunoglobulins,
were not adversely affected by lyophilization.
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TASK IV. ANTI-PICHINDE VIRUS MONOCLONAL ANTiBOD.ES.
CHARACTFRIZATION: BINLING TO PICHINDE VIRUS ANTIGENS
EXPRESSED ON THE SURFACE OF LIVING CELLS, ISOTYP:Z
ANALYSIS, EPITGPE SPECIFICITY AND VIRAL PROTZIN
SPECITICITY.

A. Introduction

This section describes the characterization of severa! ;.{Abs derived against Pichinde
virus. It was determined that MAbs PC4.7C2, PC4.8D2, PC4.9D3 and PC4.9A6 bind to
antigens expressed on the surface of Pichinde virus-infected cells. These four MAbs were
selected for further characterization. The epitope and polypeptide binding specificities of
the four MAbs were examined using competitive binding assays and radioimmuno-
precipitation (RIP). By performing competitive binding assays, it is possible to determine
if two MAbs recognize the same or different epitopes. There may be several epitopes on a
single polypeptide. For the purposc of targeted delivery with a MAD, some epitopes will
be more suitable than others. Therefore, a knowledge of the epitope specificity of
candidate MAbs will aid in the assembly of a representative panel of MADbs for studies of
antibody-mediated targeted drug delivery. A knowledge of a MAb's polypeptide specificity
is also necessary for predicting the suitability of that MAD as a drug delivery vector. Some
polypeptides contain epitopes that are displayed on the surface of infected cells, while
others do not. The polypeptide binding specificities of the four candidate anti-Pichinde
virus MADs had been examined previously by Western blot analysis, with no apparent
reactivity with any of the Pichinde virus protein bands on the electrophoretic blots.
However, fluorescein-conjugates of these MAbs had repeatedly been shown to react with
Pichinde virus epitopes expressed on the cytoplasmic membrane of Pichinde virus-infected
cells. The most likely candidate viral proteins would be GP1 and GP2, both glycoproteins
that span the cytoplasmic membrane of Pichinde virus-infected cells. The three-
dimensional structure of the hydrophilic and kydrophobic domains of membrane-spanning
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glycoproteins is very dependent on the nature of their immed:ate environment. Thus. the
conformation of ihese glycoproteins fellowing extraction from the virus envelope < cell
membrane and SDS-ge) electzophoresis may be quite different from the conformation
recognizsd by the MAbs. Birding of MAbs to such glycoproteins may be conformational’y
dependert and sometimes such MAbs are not detected by Western blet analysis We
therefore examined the protein-binding specificity of the candidate M.Abs by RIP using
358.methionine labeled Pichinde virus proteins as targets. The cytosols were generated

from the Pichinde virus-infected cells without the use of ionic detergents.

B. Materials and Methods

Monoclonal antibodies. The derivation of the hybridoma cell lines that secrete
anti-Pichinde virus MAbs was described in a previous section of this report and in Section
IV of the Second Annual Report). Most of the work described in this section utilized
MADbs PC4.7C2, PC4.8D2, PC4.9D3 and PC4.9A6, which are of the IgG2, subclass and
bind to Pichinde virus antigens expressed on the surface of Pichinde virus-infected cells.
MADb WE33.6, also of the 1gG2, subclass, was obtained from Dr. M. J. Buchmeir (Scripps
Clinic, La Jolla, CA). MAb WE33.6 is directed at the GP2 glycoprotein of another
arenavirus, lymphocytic choriomeningitis virus (LCMV).

Detection of antibodies th. it react with antigens expressed on the
surface of Pichinde virus-infected cells. Vero cells were infected with Pichinde
virus at a multiplicity of infection (MOI) of 0.01. Following an incubaticn period of 22 h
to allow expression of Pichinde virus antigens on the surface of infected cells, the antibody
samples were simply added to the media that bathed the cells. After incubation for 1 h at
37°C, the media was removed and cultures were rinsed twice with warm MEM, and then
the cultures were dried and fixed with acetone. Cultures were then immunostained to detect
murine antibody binding to cells. inmunostaining was performed by adding 100 uL of
fluorescein-labeled goat anti-mouse IgG (Boehringer Mannheim Biochemicals,
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Indianapolis, IN) to each well and incubating = 3 h. Cell sheets were rinsed twice with

water and examined by epifiuorescence microscopy for fluorescing cells.

MAD sotype determinations. The isotypes of the MAb were determined by
enzyrae-linked immunosorbent assay (ELISA) using anti-mouse sub-isotyping reagents

(HyClone Laboratories, Inc., Logan, UT), following the supplier's assay instructions.

Cells. Confluent monolayer cultures of Vero cells in 24-well cell-culture plates
were seeded 42 h prior to virus inoculation. Cells were grown in MEM with 5% heat-
inactivated FBS (HyClone Laboratories, Inc., Logan, UT).

35S.labeled Pichinde virus proteins. Cell culture-grown Pichinde virus
strain CoOAN4763 was used as the inoculnm for producing 35S-labeled Pichinde virus
proteins. Vero cells growing in 24-well cell-culture plates were rinsed once with MEM and
then inoculated at a MOI of 0.01 with Pichinde virus. Noninfected controls were
processed in parallel. Followirg 1-h adsorption, the inocula were removed and all wells
received 2 mL of MEM. At 48-h postinoculation (p.i.) the medium was removed, and the
cells were rii.ced twice with methionine-deficient MEM. Then 1 mL of methionine-
deficient MEM containing 35S-methionine (Trans35S-label™ obtained from ICN
Biomedicals, Inc., Irvine, CA) at 60 pCi/mL was added to each well. The cultures were
incubated at 37°C an additiona! 24 h to aliow 35S-labeling of proteins. At 72 h p.i. the

supernatant fluids were removed, and the monolayers were solubilized.

Solubilization procedure. The cytosol solubilizatica buffer consisted of 0.05
M NaCl, 0.02 M Tris-HCI, 0.001 M EDTA, 2% Nonidet P-40 (NP-40), and 1 mM
phenylmethyl sulfony! fluoride (PMSF), pH 7.4. Solubilization buffer at 4°C was added
to the cell monolayers in the 24-well plate, 0.5 mL/well and incubated at 4°C for 15 min.
Wells were rinsed once with an additional 0.5 mL of solubilization buffer/v.ell, the rinse
was added to the original lysates, so 1.0 mL of cytosol was derived from each well. The
suspensions were vortexed for 15 sec. Nuclei and large debris were removed by
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centrifugation for 10 min at 15,000 x g. The solubilized cytosols and cell culture

supernatant fluids were aliquoted at !.C mL/vial and held frozen at -80°C.

35S assays. The amount of radioactivity present in samples was determined by
liquid scintillation counting using Beckman Ready Safe™ liquid scintillation cockail. The
extent of 35S-labeled amino acid incorporation into protein was estimated by determining

the percentage of the 35S activity that was precipitated by 10% trichloroacetic acid (TCA).

Immunoprecipitation. The immune complexes were formed by mixing 50 uL
of ascites fluid or 200 pL of hybridoraa supernatant fluid with 100-200 L of 35S-labeled
cytosol containing approximately 108 cpm of TCA precipitable material and incubating the
mixtw. for 16 h at 4'C. To this mixture was added 200 uL of a 10% suspension of
Staphylococcus aureus cells (Sigma Chemical Co., St. Louis, MO), which bind the Fc
portion of immunoglobulins due to the presence of protein A on the surface of the bactena
cell membranes. This mixture was further incubated for 2 h on ice, with occasional gentle
swirl'ng. The protein A-antibody-antigen complexes were pelleted by centrifugation. The
pellets were washed three times with TNE buffer (0.01 M Tris-HCI, 0.1 M NaCl, 0.001 M
EDTA, pH 7.5) containing 0.5% NP-40. After the third wash, the complexes were
resuspended in electrophoresis sample buffer (0.125 M Tris-HCI pH 6.8, 4% SDS, 20%
glycerol, und 10% 2-mercaptoethanol) and doiled for 2 min. Afier boiling, the S. aureus
cells present in the sample were removed by centrifugation and 50-60 pL of supematant
containing the MAb-reactive viral protein was loaded onto polyacrylamide gels for
electropheresis.

Polyacrylamide gel electrophoresis (SDS-PAGE). All SDS-PAGE was
performed under the following conditions using a Hoeffer Mighty Small I electrophoresis
apparatus. The buffers used were according to Laemmli (1970). The resolving gels were
1.5-mm thic i and were 10% total acrylamide | I'), with 2.7% crosslinker (C), also with
0.375 M 1.3 -HCI, pH 8.8, and 0.1% SDS. The stackin~ gel was 4% T and 2.7% C. The
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tank buffer was 0.025 M Tris, pH 8.3, 0.192 M glycine, and 0.1% SDS. The
electrophoresis sample buffer was ().125 M Tris-HCI, pH 6.8. 4% SDS, 20% glycerol,
and 10% 2-mercaptoethanol. Gels were run at a constant current of 20 mA per gel for
approximately 1.5 h. The gels were cooled by circulating cold tap water through the gel
apparatus. Gels were then fixed in a solution of 30% methanol and 10% acetic acid for 15
min. The gels were stained for ! h in « similar solution with 0.125% Coomassie Blue
R-250, and then destained with fixing solution overnight. Molecular weight markers
(BioRad Chemical Division, Richmond, CA) were run with each gel and were used o

determine the apparent molecular weights of the viral proteins.

Fluorography. Prior to drying, the gels were allowed to equilibrate in double
distilled wate 7, and then impregnated with Fluoro-hance™ (Research Products Intemational
Corp., Mouit Prospe:t, IL) for 30 min. After this treatment, the gels were dried onto a
heavy filier paper backing with 2 BioRad gel-drying apparatus for 1.75 h at 80°C. The
dried gels werc placed against Kodak X-OMat X-ray film and exposed for 3 h at -90°C.
The films were developed according to the manufacturer's specifications.

Competitive binding assay. Anti-Pichinde virus MAbs PC4.9A6 and
FC4.9D3 were labeled with fluorescein isothiocyanate (FITC) as described in this report.
These FITC-labeled MAbs were used in competitive binding experiments to determine the
epitope binding specificity of the anti-Pichinde virus MAbs. The ability of the sample
MAbs to block (competitive binding) the binding of the FITC-labeled MADbs to Pichinde
virus-infected Vero cells in an immunofluorescent cell assay was measured. The
fluorescein-labeled MAbs were used at a concentration that would yield strong staining.
Dilutions of the test MAb were mixed with the fluorescein-labeled MAD and then the
mixture was added to an infected culture of Vero cells. Cell sheets were examined for
evidence of competition between the two antibodies by comparing intensity of
iinmunostaining when sample diluent only was added to the FITC-labeled MAD.
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The nonlabeled MAbs being tested were diluted in Dulbecco's PBS and then 150
WL was added per well to Pichinde virus-infected Vero cells in a 24-well cell-culture plate.
These "compeiing" antibodies were incubated on the cell sheets for 30 min at 37°C prior to
adding the FITC-labeled MAb (sufficient FITC-labeled MAb was added to yield very
intense immuncfluorescent staining of infzcted cells in the absence of competing antibody).
The antibody mixtures on the infected Vero cells were incubated at 37°C for 2.5 h after
which the cell sheets were rinsed once in distilled water and then mounted with elvanol.
The relative intensity of the specific anti-Pichinde virus staining was then observed using
an epifluorescence microsc - e. Absence of competition indicated that the antibodies were
not directed towards the same epitope. Controls included negative control (FITC-labeled
MADb competing with diluent only to demonstrate fluorescent staining intensity without
competition), and positive control (nonlabeled form of the the FITC-labeled MAD to

demonstrate competition).

Animals. Female hamsters, strain MHA, were obtained from Charles River
Laboratories (Willmington, MA). The hamsters were 13 weeks old and weighed 150 g

when immunized with Pichinde virus.

Hyperimmune hamster sera towards Pichinde virus. A pool of liver
homogenates from MHA hamsters that had been infected with Pichinde virus was the
source of Pichinde virus antigens for immunization. The pool, a 10% suspension
consisting of 1 part liver to 9 parts PBS, was homogenized and assayed for Pichinde virus
titer by plaque assay in cell culture. The titer was 3 x 107 plaque-forming units/mL. Since
the purpose was to produce antisera and not to cause fatal Pichinde virus infections in the
hamsters, the Pichinde virus liver homogenate was heat-inactivated by placing the material
in a 60°C water bath for 1 h. The liver homogenate containing Pichinde virus was mixed
with an equal volume of Freund's complete adjuvant to generate a stable emulsion. The

immunogen was administered by intramuscular injection, 0.25 mL in both hind flanks for a
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total volume of 0.5 mL per animal. Booster injections were administered at 21 and 32 days
after the primary immunization. Serum was collected 10 weeks after the primary
immunization.

Indirect immunofluorescence assay for antibody towards Pichinde
virus. Antibody samples diluted in PBS were added to Pichinde virus-infecied acetone-
fixed Vero cell cultures in 24-well plates. The antibodies on the infected cell cultures were
incubated for 2 h then removed. The cell shzets were rinsed twice with PBS. The
presence of anti-Pichinde virus antibody was then detected by adding 100 pL of
fluorescein-labeled goat anti-mouse IgG (Boehringer Mannheim Biochemicals,
Indianapolis, IN) and incubating for 3 h. Cell sheets weie rinsed twice with water and
examined for fivorescing cells, scoring on a -,+/-, 1+, 2+, 3+, 4+ scale for increasing

relative imrnunofluorescent staining intensity.

C. Results

Detection of antibodies that react with antigens expressed on the
surface of Pichinde virus-in'ected cells. To determine if any of the anti-Pichinde
virus MAbs react with antigens expressed on the surface of Pichinde virus-infected cells,
the MAbs were added to the cel! culture media bathing either infected or noninfected living
cells. After a suitable reaction period, the free antibody was rinsed away and the cells were
stained with fluorescein-labeled antibody toward mouse IgG. The results of the indirect
immunofluorescence assays utilizing viable Vero cells and the MAbs generated towards
Pichinde virus indicated that four of the MAbs recognized epitopes displayed on the surface
of infected cells. MAbs PC4.7C2, PC4.8D2, PC4.9D3, and PC4.9A6 selectively bound
to Pichinde virus antigens expressed on the surface of viable Vero cells infected with
Pichinde virus. Antibodies present in normal mouse serum wer not selectively taken up
by Pichinde virus-infected Vero cells; however, antibodies present in hyperimmune mouse
serum did bind to the surface of infected Vero cells. None of the MADbs reacted with
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uninfected Vero cells. Neither the hyperimmune hamster serum nor MAb WE33.6 were

available for evaluation when these experiments were conducted.

MAD isotype determinations. Twenty-five anti-Pichinde virus MAbs
resulting from the PC4-fusion experiment were examined by ELISA using isotype-specific
reagents. The majority, 22 out of 25, were of the IgG2, isotype, two were of the IgG
isotype and one was of the IgGyy isotype. MAbs PC4.7C2, PC4.8D2, PC4.9D3, and
PC4.9A6, the four MADs that reacted with PCV antigens expressed on surface of infected
cells, were of the IgGa, isotype.

Anti-Pichinde virus activity in hyperimmune hamster serum and anti-
LCMYV MAb WE33.6 by indirect IFA. The hyperimmune hamster serum exhibited
a strong response (reciprocal titer of approximately 104) to Pichinde virus-infected Vero
cells (Table JV-1). In the indirect immunofluorescence assays (IFAs), FITC-labeled goat
aiuimouse IgG was found to be suitable for detecting the hamster IgG. Anti-LCMV MAb
WE33.6, at dilutions of 103 and 10, produced recognizable immunofluorescent staining
of Pichinde virus-infected cells. However, there was such a high concentration of IgG in
the WE33.6 ascites that the nonspecific staining overwhelmed any specific staiaing at all
dilutions of 10-2 or less. TLis narrow window of staining may be interpreted to mean that
MADb WE33.6 has a relatively low specificity for Pizhinde virus GP2. The end-point
dilution titer by IFA against Pichinde virus-infected target cells was 103 for MAb WE33.6
as compared with anti-Pichinde virus IFA siters of 1053 o 1065 for ascites fluids
generated from hybridoma cell lines PC4.9A6, PC4.9D3, and PC4.7C2.

Epitope specificities. Competitive binding assays indicated that MAbs
PC4.9A6 and P(C4.7C2 recognized the same antigenic determinant, whereas PC4.9D3
recognized a distinct nonoverlapping epitope (data shown in Table IV-2). Homologous
antisera out to dilutions of 1:1,000 completely blocked binding of MAbs PC4.9A6 or
PC4.9D3. Hyperimmune MH/- hamster serum out to dilutions of 1:100 (the greatest
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Table IV-1. Antibody titers towards Pichinde virus.®

Sample Dilution IFA Result
Hyperimmune hamster serum neat 2+, extensive nonspecific staining
Hyperimmune hamster serum 10-! 3+, extensive nonspecific staining
Hyperimmune hamster serum 102 4+, minimal nonspecific staining
Hyperimmune hamster serum 103 3+
Hyperimmune hamster serum 104 2+
Hyperimmune hamster serum 105 -

WE33.6 (ascites fluids) neat No discemnible specific fluorescing

cells, extensive nonspecific staining

WE?33.6 (ascites fluids) 10:1  No discernible specific fluorescing
cells, extensive nonspecific staining

WE33.6 (ascites fluids) 1002 No discemible specific fluorescing
cells, extensive nonspecific staining

WE33.6 (ascites fluids) 103 2+

WE33.6 (ascites fluids) 104 1+

PC4.9A6 (ascites fluids) 104 4+

PC4.9A6 (ascites fluids) 105 4+

2The antibody titers towards Pichinde virus were measured by an indirect immuno-
fluorescence assay utilizing fluorescein-labeled antibody towards mouse IgG as the
second antibody and Pichinde virus-infected Vero cells as targets. Immunofluorescence
was graded on a scale of 0 (normal cells with no fluorescence) to 4 (intense specific
immunofluorescence in infected cells) and the end-point titer was the reciprocal of the
highest dilution yielding immunostaining of at least 2+ intensity. The resulting titers
were: 104 for the hyperimmune hamster serum, 103 for the anti-LCMV MAb WE33.£
(ascites flu. ds), and 2105 for MAb PC4.9A6, an anti-Pichinde virus MAD (ascites
fluids).
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Table IV-2. Competitive binding assays for determining epitope specificities.

Labeled Staining
antibody Competing antibody Dilution Intensity

PC4.9A6 Diluent (neg control) . 4+
PC4.9A6 Hyperimmune hamster serum neat -
PC4.9A6 Hyperimmune hamster serum 1:10 1+
PC4.9A6 Hyperimmune hamster serum 1:100 2+
PC49A6 PC4.9A6 ascites 1:100 -
PC4.9A6 PC4.9A6 ascites 1:1,000 -
PC4.9A6 PC4.9D3 ascites 1:10 4+
PC4.9A6 PC4.9D3 ascites 1:100 4+
PC49A¢6 PC4.7C2 escites 1:10

PC4.9A6 PC4.7C2 ascites 1:100 +/-
PC4.9A6 WE33.6 ascites 1:10 2+
PC4.9A6 WE33.6 ascites 1:100 3+
PC4.9A6 PC4.9A6 supernate neal 4+
PC4.9A6 PC4.7C2 supernate neat 4+
PC4.9A6 PC4.8D2 supemate neat 4+
PC4.9A6 PC4.9D3 supemnate neat 4+
PC4.9D3 Diluent (neg control) - 3+
PC4.9D3 Hyperimnwune hamster serum neat -
PC49D3 Hyperimriune hamster serum 1:10 -
PC4.9D3 Hyperimmune hamster serum 1:100 -
PC49D3 PC4.9D3 ascites 1:100 .
PC4.9D3 PC4.9D3 ascites 1:1,000 -
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PC4.9D3 PC4. 9A6 ascites 1:10 3+

PC4.9D3 PC4. 9A6 ascites 1:100 3+
PC4.9D3 PC4.7C2 ascites 1:10 3+
PC4.9D3 PC4.7C2 ascites 1:100 3+
PC49D3 WE33.6 ascites 1:10 +/-
PC4.9D3 WE33.6 ascites 1:100 2+
PC4.9D3 PC4.9A6 supemate neat 3+
PC4.9D3 PC4.7C2 supernate neat 3+
PC4.9D3 PC4.8D2 supemnate neat 3+
PC4.9D3 PC4.9D3 supernate neat +/-

#The epitope binding specificity of the anti-Pichinde virus MAbs was examined by
competitive binding assays. The ability of the sample antibodies to block (competitive
binding) the binding of FITC-labeled anti-Pichinde virus MAbs PC4.9A6 and PC4.9D3
to Pichinde virus-infected Vero cells in an immunofluorescent cell assay was measured.
The fluorescein-labeled MAbs were used at ~ ~.centration that would yield strong
staining; dilutions of the test MAb were ith the fluorzscein-labeled MAD and then
the mixture was added to an infected culture of Vero cells. The presence or absence of
competition between antibodies was determined by comparing intensity of
iramunostaining to that obtained with corresponding controls. Ce!l sheets were exami ied
for fluorescing cells, scoring on a -, +/-, 1+, 2+, 3+, 4+ scale for increasing relative
immunofluorescent staining intensity.
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dilution tested) completely blocked the binding of MAb PC4.9D3 and at 1:10 but not at
1:100 blocked the binding of MAb PC4.9A6. MAb PC4.9D3 did not compete with MAb
PC4.9A6, and MAb PC4.9A6 did not compete with MAb PC4.9D3 in the reciprocal assay.
PC4.7C2 ascites did block the binding of MAb PC4.2A6 out to dilutions of 1:100 (the
greatest dilution tested), but did 1ot compete with MAb PC4.9D3. Anti-LCMV MAb
WE?33.6 partially blocked the binding of both MAbs PC4.9A6 and PC4.9D3 (reagents
were not available to test for competition with MAbs PC4.7C2 and PC4.8D2). In contrast
to ascites fluids, cell-culture supernates failed to demonstrate competition for binding sites,
even in the case of homologous antibodies. Therefore nothing can be claimed about the
epitope specificity of MAb PC4.8D2 for which cell culture supernates but no ascites fluids

were available.

35§ activity in fractions from metabolic labeling experiment. The 33§-
labeled cell-culture products were divided among the six fractions described in Table IV-3,
each with a total volume cf 11-12 mL. The Pichinde virus-infected and noninfected

cytosols were used for the RIP experiments.

Polypeptide specificities. All four anti-Pichinde virus MAbs precipitated a
single 355-iabeled protein that migrated between the heavy and light chains of the MAbs.
The apparent molecular weight of the polypeptide was 38,000 Daltons. This 38K viral
polypeptide band was not visible on gels stained with Coomassie blue, but was the most
intense viral band on autoradiograms obtained from gels on which total cell lysates from
infected cells were run. When mixtures of the immunoprecipitates obtained with all of the
MAbs were run in a single lane, the 355-labeled proteins comigrated, indicating that all four
MADs bind to the same viral protein. When (s were overexposed, a minor ba.d,
corresponding to a 60K polypeptide, appeared in the lanes containing the MAb

immunoprecipitates.
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Table IV-3. 35§ Activity in fractions from metabolic labeling experiment.2

TCAb
Fraction Total cpm/20 ul.  precipitable 35S

Pichinde virus-infected cytosols 6.36 x 10° 18.3%

Noninfected cytosols 6.52 x 10° 5.2%

Pichinde virus-infected cell culture superratants ~ 12.32 x 10° 3.1%

Pichinde virus-infected cell culture supernatants  5.66 x 105 1.6%
(solubilized)

Noninfected control cell culture supernatants 8.77 x 10° 2.9%

Norinfected control cell culture superatants 1.54 x 105 1.0%
(solubilized)

a35S-methionine was used to metabolically label polypeptides synthesized in Vero cells,
noninfected controls, and cultures infected with Pichinde virus. Cultures were rinsed
twice with methionine-deficient MEM. Then 1 mL of methionine-deficient MEM
containing 35S-methionine (Trans*5S-label™ obtained from ICN Biomedicals, Inc.,
Irvine, CA) at 60 uCi/mL was added to each well in a 24-well plate. The cultures were
incubated at 37°C an additional 24 h to allow 35S-labeling of proteins, the supernatant
fluids were removed, and the monolayers were solubilized. The amount of radioactivity
present in samples was determined by liquid scintiilation counting.

bThe extent of 35S-labeled amino acid incorporation into protein was estimated by
determining the percentage of the 35 activity that was precipitated by 10% trichloroacetic
acid (TCA).
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When total cell lysates from infected and noninfected cells were electrophoresced in
aajacen: lanes, autoradiograms demonstrated two intense bands of definite viral origin
corresponding to pu:ypeptides with apparent molecular weights of 27,000 and 38,000
Daltons. There were also several, fain. bands between 58,000 and 69,000 Daltons. The
intensity of the bands indicated that the 38,000 Dalton polypeptide precipitated by the
MAbs was the mosi abundant of the 35S-labeled viral polypeptides. Anti-LCMV MAb
WE33.6 did not precipitate detectable levels of 35S-labeled viral polypeptides. When the
four anti-Pichinde virus MAbs were were allowed to react with 35§-labeled lysates from
noninfected c=lls, they did not precipitate 35S-labeled polypeptides. 'When an isotype
matched MAD specific for a Friend leukemia virus antigen was allowed to react with the
355-labeled lysates from Pichinde virus-infected cells, no 35S-labeled proteins were
precipitared. This latter observation weights against an interaction between the 38,000
Dalton Pichinde virus polypeptide and murine IgG2, in general or other trivial interactions
between the components of the RIP reaction mixture. Polyclonal mouse serum,
hyperimmune toward Pichinde virus, precipitated 35S-labeled 27K, 38X, and 58-69K
polypeptides. The polyclonal h. mster serum was not available for evaluation at the time

these experiments were conducted.

D. Discussion

MADbs PC4.7C2, PC4.8D2, PC4.5D3, and PC4.9A6 are specific for Pichinde
virus antigens expressed on the surface of viable Vero cells infected with Pichinde virus.
This observation indicates that these MAbs may be suitable candidates as drug delivery
vectors for the antibody-mediated targeted delivery of antiviral drugs. All were found to be

of the 1gGy;, isotype.

Anti-Pichinde virus MAbs PC4.9A6 and PC4.7C2 recognize the same epitope,
whereas MADb PC4.9D3 recognizes a second nonoverlapping epitope. Competitive binding
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assays with anti-LCMV MAb WE33.6, which cross reacts with the GP3 glycoprotein of
Pichinde virus, resulted in partial competition with MAbs PC4.9A6 and PC4.9D3. This
was one of the indications that anti-Pichinde virus MAbs PC4.9A6 and PC4.9D3 bind to
epitopes on the GP2 glycoprotein of Pichinde virus. The anti-Pichinde virus MAbs
PC4.7C2, PC4.8D2, PC4.9D3, and PC4.9A6 precipitated a 38,000 Dalton polypeptide
that was the major viral polypepiide in the cytosols from Pichinde virus-infected Vero cells.
Of t.¢ three major polypeptides of Pichinde virus, the 38K polypeptide most likely

corre. ponds to the GP; glycoprotein.

Vezza et al. (1977) described three polypeptides obtained from intact Pichinde virus

(strain AN3739), GP; and GP3, 64,000 Dalton and 38,000 Dalton glycoproteins
respectively, which were found in approximately equal ratios in the viral envelope, and NP
(66,000 Daltons}, which is a nonglycosylated internal protein comprising about 70% of the
protein in purified Pichinde virus. Harnish et al. (1981) examined the viral proteins
obtained from purified Pichinde virus (strain AN3739) and cytosols of Pichinde virus-
infected BHK-21 cells. They found the virus to contain GP (52K), GP; (36K), NP
(64K), and a large L protein (200,000 Daltons). However the cytosols contained many
additional polypeptides that exhibited a ime- and MOI-dependent appearance and
abundance. One of these GPC (79K) was a precursor to GP; and GP2. They also found
high levels of 48K, 38K, and 28K polypeptides, which were fragments of NP. Buchmeier
et al. (1977) found that the major soluble complement-fixing (CF) antigen obtained from

21l cultures infected with Pichinde virus was a 20,600-30,000 Dalton fragment of NP.
Auperin et al. (1984) determined the nucleotide sequence of the gene coding for NP.
According to their analysis, the NP polypeptide from Pichinde virus (strain AN3739)
would have a calculated molecular weight of 62,911 Daltons. Buchmeier et al. (1981) used
RIP to determine the polypeptide specificities of MAbs towards LCMV and Pichinde virus.
They noted that cytosol preparations contained all of the previously reported LCMV
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polypeptides, but that the relative proportion of NP was reduced in comparison with intact
virions. They also found that a few MAbs precipitated both GP; and GP but pointed out
that this could have been the result of coprecipitation of a common macromolecular
structure. When MADbs that precipitated either GP) or GP2 were allowed to react with
cytosols, they often precipitated a small amount of GPC, the precursor of GP) and GP».
We observed a faint band corresponding to a 60K polypeptide ¢n overexposed
fluorographs of the immunoprecipitates obtained with the anti-Pichinde virus MAbs
PC4.7C2, PC4.8D2, PC4.9D3, and PC4.9A6. This observation is in line with anti-GP»
specificity.

It must be noted that the Pichinde virus characterized by us was of the strain
CoAMN 4763, whereas the Pichinde virus thai has been characterized by others (Auperin et
al., 1984; Buchmeier et al., 1977; Buchmeier et al., 1981; Harnish et al., 1981; Vezzaet
al., 1977) was of strain AN373Y. However, it did not appear likely that there would be
major polypeptide differences between these two strains of Pichinde virus. We have useJd
the strain CoAN4763 becanse we found it to be more lethal in the in vivo MHA hamsier
model than strain AN3739.

LCMYV is the prototype of the arenavirus group and shares some antigenic
relationship to Pichinde virus. Parekh and Buchmeier (1986) using a panel of MAbs
against the GP; and GP; glycoproteins of LCMV demonstrated the presence of four
distinct epitopes on GP; and three epitopes on GP2 of LCMV. They found that none of the
MADbs directed at GP; were neutralizing, but that MAbs directed against two of the four
epitopes on GP) did neutralize LCMV. The three epitupes on LCMV GP, were
overlapping. One designated GP24 defined by several MAbs including WE33.6 partially
overlapped the other two epitopes GP2p and GP2¢c. However, MAbs against epitopss
GP;p and GP; did not compete with each other. MAb WE33.6, generated agzinst
I.CMYV, crossreac’ s with Pichinde virus (M. J. Buchmeier, personal communication, and
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the results presented in this section). In RIP experiments, we found that MAb WE33.6
would not precipitate a discemnible polypeptide from 35S-methioni 1e-labeled Pichinde virus
cytosols. However, we found that MAb WE33.6 did give positive staining of Pichinde
virus-infected Vero cells by indirect immunofluorescence. In competitive binding assays,
MAU WE33.6, at a 1:10 dilution, definitely competed for the binding site recognized by
MAD PC4.9D3. However this competition was fairly weak, since at a dilution of 1:100,
MADb WE33.6 failed to significantly inhibit the bindirg of MAb PC4.9D3. Homologous
MADb completely blocked binding of the FITC-labeled antibody at ascites dilutions of
1:10,000 (data not shown). MAb WE33.6 inhibited the binding of MAb PC4.9A6 only
shghtly, indicating, at most, only a partial overlap of the recogni:'ed antigenic sites.
However, the results of these competitive binding assays with MAb WE33.6 indicated that
anti-Pichinde virus MAbs PC4.9A6 and PC4 9D3 probably do bind to epitopes on the GP

glycoprotein of Pichinde virus.

We also examined the ability of hyperimmune hamster serum to compete for the
antigenic sites recognized by anti-Pichinde virus MAbs PC4.9A6 and PC4.9D3. The
hamster polyclonal serum at dilutions of 1:10 and 1:100 (highest dilution tested) comp!etely
inhibited the binding of MAb PC4.97)3 , but only partially inhibited the binding of MAb
PC4.9A6. Apparently the epitope recognized by MAb PC4.9D3 is strongly imraunogenic
in hamsters, whereas that recognized by MAb PC4.9A6 is less immunogenic.

Tie SDS-PAGE patterns obtained with the Pichinde virus-infected cytosols
described in this report differed in some respects from some of those reported by Hamish
etal. (1981). The eczii lysis and protein solubilization procedures were patterned after those
of Buchmeier and Oldstone (1979) and Smith and Pifat (1982). However, there were
some notable differences. Smith and Pifat (1982) included 0.5% sodium deoxycholate,
which is an anicnic detergent, whereas Buchmeier and Oldstone (1979) did not. We did
not include the anionic detergent, but instead used the nonionic detergent NP-40. This may
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account for the low recovery of NP, which may have required the ionic detergent in order
to be extracted from nucleoprotein compiexes and virions. The solubilization buffer used
by Buchmeier and Oldstone (1979) did not include EDT., but contained both CaCl; and
MgCly. These divalent cations would be chelated by the EDTA that was included in our
solubilization buffer. The solubilization buffer used by Smith and Pifat iricluded neither
divalent cations nor EDTA. Finally, the pHs of the buffers differed; we used 7.4, Smith
and Pifat used 7.5, whereas Buchmeier and Oldstone used 9.0. How the differences in
solubilization buffers would account for differences in proportions of the different proteins
recovered is not clear, but it seems likely that there would be solub:lization buffer-
dependent differences. We did not include anionic detergents such as SDS and sodium
deoxycholate in the cytosol solubilization buffer because our aim was to deterr:ine which
proteins were precipitated by the panel of MAbs and we had already determined that the
MADbs would rot recognize their corresponding epitopes following denaturation by SDS-
PAGE buffer. The solubilization buffer used by Harnish et al. (1981) included both SDS
and sodium deoxycholate, but their immunoprecipitations were performed with polyclonal
sera, which probably would not be as sensitive to epitope conformational changes as would

be MAbs.

The diversity and relative amounts of viral polypeptide obtained by RIP will vary
depending on the labeling conditions as a result of temporal control of synthesis,
incomplete translation, and degradation of polypeptides. Buchmeier and Oldstone (1979)
used a 2-h pulse of 355-methionine at 44-h p.i. and found two major polypeptides, NP
(63K) and GPC (75K), in the cytosols from LCMV-infected BHK-21 cells. Using the
same labeling procedure, but including high-speed centrifugation to clarify the cytosol
supernatant, Buchmeier et al. (1981) observed a substantial reduction in the proportion of
NP in the labeled polypeptides and an increase in GP; and GP2. The polypeptide
distributions in the cytosols from Pichinde virus-infected BHK-21 cells, reporred by
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Harnish et al. (1981), were obtained with either 10-min or 1-h pulses of labeled amino
acids. In contrast, we included 35S-methionine for 24 h. Another factor leading to
variation in RIP distribution patterns is traceable to differences in the hyperimmune sera
used to precipitate tota! viral polypepiides. Hamish et al. (1981) used sera from either
convalescent or hyperimmunized hamsters, whereas we used hyperimmune mouse serum
from mice that had been immunized with suckling mouse brain homogenates. It is possible
that the mouse and hamster sera had different distributions of antigen specificities. We
now have a hyperimmune hamster serum pool that is of much higher titer than the mcuse
serum. In future imniunoprecipitation studies, the pattern of polypeptides precipitated by

the hamster serum will be compared with the pattern obtained v ing the mouse serum.

Arenaviruses appear to differentially regulate the expression of NP and the surface
glycoproteins. This regulation probably plays a significant role in the ability of
arenaviruses to establish persistent infections (Buchmeier and Parekh, 1987). Thus the
relative concentrations of NP, GP}, and GP; in infected cells is variable, depending on
MO, time after infection, and the host cell type. Additionally, several NP-related
polypeptide fragments and the precursor glycoprotein GPC exhibit a highly variable
intensity of expression in cytosols of infected cells (Buchmeier et al., 1977, Hamish et al.,
1981). Thus, the apparent level of expression of the various Pichinde virus polypeptides,
as reported from different laboratories or from different experiments in the same laboratory,
will be difficult to replicate unless the conditions of irfection, labeling, and cytosol
preparation are carefully reproduced.

In this section we described the bi .aing specificities of four anti-Pichinde virus
MAbs as revealed by applying radioimmunoprecipitation techniques, using *°S-labeled
lysates from Pichinde virus-infected cells. All four precipitated a 38,000 Dalton
polypeptide that was the major vira' pc'ypeptide in the cytosols. Since this protein was not
precipitated by isotype matched irrelevant MADbs, nor from noninfected Vero cell lysates by
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any of the anti-Pichinde virus MAbs, this 38K protein appears to be the Pichinde virus
protein recognized by the four anti-Pichizde virus MAbs. That all four MAbs recognized
the same protein was not too surprising since each was selected for its ability to bind to
Pichinde virus antigens expressed on the surface of Vero cells infecied with Pichinde virus.
However, competitive binding assays demonstrated that MAbs PC4.9A6 and PC4.7C2
recognize the same epitope and that MAb PC4.9D3 recognizes a second nonoverlapping
epitope. Therefore, it appears that the four anti-Pichinde virus MADbs react with at least two
different epitopes displayed on the portion of the 38K Pichinde virus protein exposed at the
surface of infected cells. At this time it would appear that the most probable candidate is
GP5, however, we are varrently performing RIP studies utilizing [3H]-glucosamine to
determine if the precipitated polypeptide is GP; or perhaps one of the NF fragm~nts. We
obtained MAb WE33.6 from Buchmeier. MAb WE33.6 generated toward LCMV and
specific for GP3, also recognized the GP; of Pichinde virus (Par kh and Buchmeier,
1986). In RIP experiments utilizing 35S-labeled lysates from Pichinde virus-infected cells,
we were unable to detect any glycoproteins precipitated by MAb WE33.6. The
polypeptides precipitated by our MAbs should be compared with those precipitated by MAb
WE33.6 in RIP experiments utilizing [3H]-glucosamine-labeled lysates.

E. Conclusions

1. MAbs PC4.7C2, PC4 8D2, PC4.9D3, and PC4.9A6 bind to Pichinde virus
antigens expressed on the surface of cells infected with Pichinde virus. Based on binding
characteristics these MAbs are suitable candidates as drug delivery vectors for the study of
antibody-mediated targeted delivery of antiviral compounds.

2. MAbs PC4.7C2 and PC4.9A6 bind to the same epitope, while PC4.8D2 and
PC4.9D3 bind to two other epitopes. Competitive binding assays with anti-LCMV MAD
WE33.6, which cross reacts with GP; glycoprotein of Pichinde virus, indicated that MAbs
PC4.9A6 and PC4.9D3 bind to epitopes on the GP; glycoprotein of Pichinde virus.
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TASK V. ASCITES TUMOR FORMATION, USING HYBRIDOMAS
DEKIVED FROM THE FUSION OF FOX-NY MYELOMA CELLS WITH
SPLEEN CELLS FROM RBF/DN MICE.

A. Introduction

Hybridoma cell lines derived from the fusion of FOX-NY myeloma cells with
spleen cells from RBF/Dn mice are more stablz in cell culture than are conventionally
derived hybridoma cell lines (Taggart and Samloff, 1983). To take advantage of this
increased genetic stability, we derived a series of (FOX-NY x RBF/Dn) hybridoma cell
lines that secrete MADbs towards Pichinde virus antigens. Four of these MAbs recognized
Pichinde virus antigens expressed on the surface of Pichinde virus-infected cells in vitro
and in vivo. Because large quantities of these MAbs were required for 11 vivo antiviral
stud.es, the corresponding hybridoma cell lines were injected into mice for ascites
production However, we found that commonly applied protocols for the production of
ascites tumors when applied to these hybridoma cell lines resulted in erratic, inefficient
ascites tumor production. Attzmpts to propagate tnese (FOX-NY x RBF/Dn) hybridoma
cell lines by generally accepted protocols in recipient mice of the strain KBF/™n, or
BALB/c or the (RBF/Dn x BALB/c)F; hybrii of the two, resulted in limited ascites
production. More aggressive immunosupf ression cf the recipient mice did increase the
success rate for ascites tumor production. By increasing the pristane dose or by including
total-body gamma irrac iation ir. the immunosuppressio. protocols, ascites production was
greatly enhanced. This report describes a series of experiments directed at detining
conditions for efficient ascites fluid tumor production fromi FOX-NY x RBF/Dn hybridoma
cell lines. Using the optimized ascites production procedure developed in this study, a
large scale production of PC4.9A6 ascites fluids was achieved.
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B. Materials and Methods

Hybridoma cells. The hybridoma cell lines PC4.7C2, PC4.8D2, PC4.9D3,
and PC4.9A6 were derived through the fusion of FOX-NY myeloma cells with the spleen
ceils from RBF/Dn mice that had been hyperimmunized with Pichinde virus. The
hybridoma cell lines had been cloned twice. Hybridoma cells were harvested from cell
culture in the logarithmic growth phase, pelleted by centrifugation at 400 x g for 5 min,
and then resuspended in RPMI-1640 medium. Cells were injected into mice withir 1 h.
The viability of the cells was determined by trypan-blue exclusion. At the time of
inoculation at least 90% of the cells were vizble in all of the cultures. The hybridoma cell
lines used in these studies secreted anti-Pichinde virus MAb. All four MADs are of the
IgGaa isotype.

Mice. Female BALB/c mice were obtained from Simonsen Laboratories (Gilroy,
CA). RBF/Dn mice were obtained from Jackson Laboratories (Bar Harbor, ME). In the
initial studies, the mice at the time of receiving hybridoma cells varied from 8 to 13 weeks
of age; however, in later studies older mice were used because they produced larger
volumes of ascites in the optimized protocol. Fy hybrid mice were bred in the USU
Laboratory Animal Research Center using RBF/Dn males and BALB/c females. After
weaning, the resulting (RBF/Dn x BALB/c )F) mice were housed one sex to a cage. Both
male and female mice were used for ascites production. The final, optimized ascites
production protocol was evaluated using a large-scale production of PC4.9A6 ascites. In
this study, the mic. were 15-21 weeks old (18.6 £ 2.2) when inoculated with PC4.9A6

hybridoma cells.

Pristane priming, irradiation, and hybridoma cell inoculation. The
general protocol used in evaluating production parameters was a single 1.p. injection (26
ga. needle) of pristane (2,6,10,14-tetramethylpentadecane, Sigma Chemical Co. St Louis,
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MO). Six to eight days later, mice received 5 x 10° - 1 x 107 hybridoma cells in 1.0 mL of
RPMI-1640 cell-culture medium without FBS, injected (20 ga. needle) into th:= peritoneal
cavity. The optimized protocol developed in the course of these studies and evaluated
through the production o” a large pool of PC4.9A6 ascites was as follows. Eight days
prior to inoculation with the hybridoma cells, mice received 1.0 mL of pristane by i.p.
injection. Seven days after the pristane injection, the mice received single whole-body
350-rad dose of irradiation. The 137Cs gamma-source delivered 171 rads/min, the mice
were exposed for 2 min and 5 sec. The next day, PC4.9A6 celis, 0.5 mL at 1 x 107/mL

were injected i.p. into 39 mice.

Collection of ascites fluids. The date of tumor appearance was noted for
each mouse and ascites fluids were collected every 1-3 days after the tumors were readily
apparent, usnally within 4 d2ys of the initial appearance of the tumor. The ascites fluids
were collected more or less frequently depending on how rapidly the individual tumors
grew. Ascites fluids were collected by inserting 2 20-ga. needle into the peritoneal cavity
and allowing the fluids to drain into a centrifuge tube. The fluids were clarified by
centrifugation at 600 x g for 5 miin and the clear ascites fluids were removed from the
pelleted red blood an hybridoma cells and t! e small amount of residual pristane overlaying
the fluids in the tube.

Chara :terization of ascites fluids. The volume of ascites fluids on a per
mouse basis was recorded. Specific antibody titers were determined by limiting dilution in
an IFA assay for antibody to Pichinde virus. Antibody samples diluted in PBS were added
1o Pichinde virus-infecied acetone-fixed Vero cell cultures in 24-well plaies. The antibodies
on the infected cell cultures were incubated for 2 h and then removed. The cell sheets were
rinsed twice with PRS. The presence of anti-Pichinde virus antibody was then detected by
adding 100 pL of fluorescein-labeled goat anti-mouse 1gG (Boehringer Mannheim
Biochemicals, Indianapolis, IN) and incubai .ng for 3 h. Cell sheets were rinsed twice with
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water and exarnined for fluorescing cells, scoring on a -, +/-, 1+, 2+, 3+, 4+ scale for
increasing staining imensity. The reciprocal of the greatest dilution that still produced

unmistakable (1+) staining of infected cells was taken as the titer of the sample.

The effect of pristane on ascites tumor formation. To determine the
effect of pristane dosage upon ascites tumor yields, mice (5-6 mice per group) received 0,
0.1,0.5, 1.0, or 2.0 mL of pristane in a single intraperitoneal injection seven days prior to
injection of 5 x 105 PC4.9A6 hybridoma cells.

FOX-NY x RBF/Dn hybridoma cell ascites formation in BALB/c mice
primed with high pristane dosage. The (FOX-NY x RRF/Dn) hybridoma cell line
PC4.9A6 produced ascites tumors in BALB/c mice if the mice were treated with relatively
large doses of pristane. To dotermine if high pristane dosage would lead to simiiar results
with other (FOX-NY x RBF/Dn) hybridoma cell lines, three cell lines PC4.9D3, PC4.7C2
and, PC4.8D2 were inoculatzd into mice. Female BALB/c mice (11-12 weeks old) were
injected (i.p ) with 2.0 mL of pristane. Seven days later each mouse received (i.p.) 5 x 109
hybridoma cells. The production of ascites tumors and resulting ascites fluids was

monitored.

Effect of using (RBF/Dn x BALB/c)F; mice. Hybrid (RBF/Dn x
BALB/c)F) mice (6-7 weeks old) were primed with 1.0 mL of pristane (i.p.) and 7 days
later were inoculated with 5 x 108 to 1 x 107 PC4.7C2, PC4.8D2, PC4.9D3, or PC4.9A6
hybridoma cells. Mice were examined daily (through 88 days p.i.) for ascites tumor
development. As an addendum to this experiment, nonproducing (RBF/Dn x EALB/c)F;
mice in the PC4.7C2 group received an additional 0.5 mL of pristane 88 days after the
original inoculation with PC4.7C2 cells and were irradiated four days later with a 137Cs
source, receiving a whole body radiation dose of 350 rad. The irradiation killed one out of
the seven mice about 22 h after the radiation exposure. One day after radiation treatment,
the mice received hybridoma cells isolated from the ascites fluids of the lone mouse that had
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produced a PC4.7C2 ascites tumor. The cells had been cultured in vitro for nine days, the

cell viability was 98%, and 3.1 x 106 ce Is were injected into each mouse.

Effect of total body irradiation on ascitcs production. Hybrid
(RBF/DnJ x BALB/c)F) mice, 11-12 weeks old received 1.5 mL of pristane (i.p.)
followed six days later with 350 rads of total body irradiztion delivered by a !37Cs gamma-
source. Hybridoma cells were injected the following day. PC4.8D2 hybridoma cells, 8 x
105/mouse, were injected (i.p.) into 16 mice (12 irradiated and four not irradiated).
PC4.7C2 cells, 7 x 105/mouse, were injected (i.p.) into 16 mice (10 irradiated and six not
irradiated. All mice had been treated with pristane.

C. Results.

The effect of pristane on ascites tumor formation. When (FOX-NY x
RBF/Dn) hybridoma cell line PC4.9A6 was injected (i.p.) into BALB/c mice, increased
dosages of pristane resulted in i~.creased efficiency of ascites tumor formation. Without
pristane priming, none of the mice developed ascites tumors, and priming with either 0.1 cr
0.5 mL of pristane led to a very low percentage of responders, with one out of five mice
responding at either pristane dose (Table V-1). In contrast, all of i..e mice pretreated with
either 1.0 or 2.0 mL of pristane produced ascites tumors. The response in the 2.0 mL
group was very uniform with an average time to first ascites fluid collection of 8 £ 1 days.
The yields . ascites fluids were similar from the groups primed with 1.0 mL of pristane
(5.1 £ 1.9 mL/mouse) and 2.0 mL of pristane (6.3 £ 3.5 mL/mouse). The anti-Pichinde
virus antibody titers of the ascites fluids from all ¢* . mice ranged from 105 to 105 as

measured by limiting dilution in an indirect IFA assay.
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Table V . Effect of pristane dose on ascites production following inoculation of BALB/c

mice with FOX-NY x RBF™Dn hybridoma cell line PC4.9A6.

% Mice
Pristane dose developing Total mL of ascites fluids Time from inoculation with
(mL) tumors (N/T) collected (vol/mouse) hybridoma to first collection (d)

Earliest Latest Ave = SD

2.0 100 (6/6) 37.6 (6.3 £ 3.5) 7 9 80%1.1
1.0 100 (5/5) 25.6 (5.1 1.9) 9 16 )7.613.2
0.5 20 (1/5) 1.0 15 - -

0.1 20 (1/5) 2.8 18 -

0.0 0 0 - - -

FOX-NY x RBF/Dn hybridoma cell ascites formation in BALB/c mice
primed by high pristane dosage. In the previcus experiments designed to determine
the effect of pristane dosage, hybridoma cell line PC4.9A6, produced ascites tumors in
BALB/c mice if the mice were treated with relatively large doses of pristane. To determine
if high pristane dosage would lead to similar results with other (FOX-NY x RBF/Dn)
hybridoma cell lines, PC4.9D3, PC4.7C2, and PC4.8D2 hybridoma cells were inoculated
into mice. All of the mice that were inoculzted with the PC4.9D3 cell line developed ascites
tumors that were visible by seven days p.i. Fluids v-:re drained from all mice eight days
p.i., but the ascites fluids volumes were low (only 3.1 mL/mouse), and the tumors were
very virulent, with all the mice dying within four days of developing visible tumors. Two
mice that received the PC4.7C2 cell line developed ascites tumors 45 days after receiving
the cells (data shown in Table V-2). Pools of both the PC4.7C2 and PC4.9D3 ascites had
similar titers by indirect IFA, PC4.9D3 was 10-5-7 and PC4.7C2 was 10-5-5, None of the
mice that had received cell line PC4.8D2 developed ascites tumors.
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Table V-2. FOX-NY x RBF/Dn hybridoma cell ascites formation 11 BALB/c :nice primed

by high pristane dosage.

% Mice Total mL of ascites Ant-

Hybridoma developing collected Time from inoculation to first  Pichinde
line tumors (N/T) (vol/mouse) collection (d) virus titer?
Earliest Latest

PC4.9D3 100 (10/10) 31.2 (3.1x21) 8 8 10-5.7
PC4.7C2 20 (2/10) 8.4 (4.210.6) 45 46 1053
PC4.8D2 0 0 .

aThe anti-Pichinde virus antibody titers of the ascites fluids was determined by limiting

dilution in an indirec: immunofluorescent antibody assay for antibody to Pichinde virus.

Anti-Pichinde virus ascites production. Effect of using (RBF/Dn x
BALB/c)F; mice. Of the (RBF/Dn x BALB/c)F; mice that received the PC4.9A6
hybridoma cells four out of five Geveloped : icites tumors. The fifth mouse quickly
developed a large solid tumor on a hind leg and was killed 22 days after the hybridoma
cells were injected without producing ascites fluids (Table V-3). Six of the seven mice that
received PC4.9D3 nybridoma cells developed ascites tumors; the only mouse not to
produce ascites fluids was killed 22 days p.i. with a large black tumor on the abdomen.
One of the eight mice that received PC4.7C2 hybridoma cells developed ascites fluids, the
ascites developed in this sole responder long after all of the mice in the PC4.9A6 and
PC4.9D3 groups had died. The ascites fluids were collected 78 days after the PC4.7C2
hybridoma cells were injected into the mice. The ascites fluids were assayed for ant-
Pichinde virus activity since this late developing ascites tumor could have been a
spontaneous tumor rather thar. a tumor arising from the PC4.7C2 hybridoma cell line. The
antibody titer directed against Pichinde virus was over 10° as measured by indirect IFA
(Table V-4). That concluded the experiment with respect to the effect of using (RBF/Dn x
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BALB/c)F| mice. However, in an attempt to get ascites from the seven surviving,
noaproducing mice in the PC4.7C2 group, the mice were once again primed with pristane
88 days after the original inoculation with PC4.7C2 hybridoma cells. Four days later these
mice were irradiated (350 rad), and PC4.7C2 hybridoma cells were injected the next day.
One of the irradiated PC4.7C2 .nice died 20-22 h after irrad*ation, apparently as a result of
the irradiation. Of the remaining six mice four produced ascites tumors which were 1apped
16 days after the cells had been injected into the irradiated mice. The first collection of
ascites fluids from these irradiated mice produced 7.8 + 1.8 mL/mouse.

Table V-3. Development of ascites tumors in (RBF/Dn x BALB/c)F mice.

% Mice
Hybrid. ma developing Total mL of ascites Time from inoculation with
cell line tumors (1:/T) fluids/mouse hybridoma to first collection (d)

Earliest  Late.. AvexSD

PC4.9A6 80 (4/5) 94+52 26 32 290%3.5

PC4.9D3 86 (6/7) 58130 26 36 33.5+4.2

PC4.7C2 13 (18) 24.5 78 - 78

PC4.8D2 0 (0/8) - . . .

Table V-4. Titration of PC4.7C2 ascites fluids.

Sample Dilution IFA Result
PC4.7C2 (AF) (2/3/88 ) GBG 101 4 1.> nonspecific Rx
PC4.7C2 (AF) (2/3/88 ) GBG 102 4
PC4.7C2 (AF) (2/3/88 ) GBG 103 4
PC4.7C2 (AF) (2/3/88 ) G3G 104
PC4.7C2 (AF) (2/3/88 ) GBG 103 2-5
PC4.7C2 (AF) (2/3/88 ) GBG 106 0-1
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Effect of total body irradiation on ascites production. All ten of the
irradiated mice that received cell line PC4.7C2 developed ascites tumors that appeared 18 to
32 days (average 22 = 5d) after the cells were injected. Four of these ten irradiated mice
also developed solid tumors, and ir: one case the solid tumor grew so rapidly that the
mouse had to be killed prior to developing a sufficient volume of ascites fluids for harvest.
From the nine ascites fluid-producing mice, the yields were 7.3 + 4.9 mL/mouse. Some of
the nonirradiated mice that received cell line PC4.7C2 alsc developed ascites fluid-
producing tumors, but at a later ime. Thre: of the six nenirradiated mice developed ascitss
tumors between 42 and 61 days postinoculation (average 50 £ 10 d p.i.). The three mice in
this group that did not develop ascites flvid-producing tumors died between 13 and 20 days
postinoculation after developing large +olid tumors in the abdomen. Twelve of the thizteen
irradiated mice that received cc!! knie PC4.8D2 developed ascites fluid-producing tumors.
Two previous experiments (Tables V-2 and V-3) failed to produce ary PC4.8D2 ascites
fluids. Only one of the four nonirradiaied mice developed PC4.8D2 ascites tumois, and
this was at 66 days after the cells were injected into the mice. The other three mice in th:
PC4.8D2 group did not develop any tumors during the 100 days that they were monitored.

These data are suinmarized in Table V-5.

Production of & large pool of anti-Pichinde virus MAb PC4.9A6. The
ascites production procedure described in this section was used to produce a large pool of
ascites fluids arising from hybridoma cell line PC4.9A6. Of the 39 mice receiving these
hybridoma cells, 37 developed ascites tumors. There was no indication of significant age-
or sex-related biases in ascites production with the Fy mice. The overall yield of ascites
fluids was 349 mL for an average of just over 9 mL per mouse. A summary of the ascites
production yields and recoveries is shown in Table V-6. MAb was purified from a 50-mL
aliquot of this ascites pool. The final product was 21 mL of clear, colorless fluid
containing IgG at a concentration of 8.4 m.g/mL, for an overall yield of approximately 40%
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Table V-5. Effect of irradiation on ascites production using RBF/Dn x FOX-NY hybridoma
cell lines in (RBF/DnJ x BALB/c)F} mice. ]

Mice Time to ascites development

developing  Vol. of ascites (days)©

Treatment® Priorto Hybridoma  tumors/toial  fluids collected

inoculation cell line (%) (mL/mouse)®  Earliest  Latest Aved SD

Pristane + radiation = PC4.8D2 12/134 (92) 65134 27 67 40+ 13
Pristane only PC4.8D2 1/4¢ (25) 7 66
Pristane + radiation ~ PC4.7C2 9/10f (90) 73149 18 32 22¢5
Pristane only PC4.7C2 3/68 (50) 5225 42 61 50+ 10
aAll mice received 1.5 i'!. f pristane (i.p.), some received 350 rad of gamma radiation six

days later. All then received 7 x 106 hybridoma cells (i.p) seven days after the injection of

pristane.

bMice that did not develop fluid-containing tumors were not included in this calculation.

CTime to ascites development was the time elapsed after inoculation with the h ybridoma cells
vntil the first ascites fluids were collected. The Earliest, Latest, and Average + SD Times
refer to the times of the initial ascites fluids collections from each mouse in the group.

@The lone mouse in this group not to develop ascites tumors survived over 100 days without
developing tumors of any type.

€The three mice in this group not to develop ascites tumors survived over 100 days without
developing tumors of any type.

fThe lone mouse in this group not to develop ascites tumors died at 18 days postinoculation
with a large solid tumor in the abdomen; no ascites fluids were present in the peritoneal
cavity.

gThe three mice in this group not to develop fluid-y'elding ascites tumors died between 13 and
20 days postinoculation. All had developed large solid tuinors in the abdomen; no ascites
fluids were present in the peritoneal cavity.
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Table V-6. Summary of large scale ascites fluid production in (RBF/DnJ x BALB.C)F)
mice that were immunosuppressed by a combination of pristane injection and gamma

_irradiation followed by inoculation with hybridoma cell line PC4.9A6.

% Mice
developing Total mL of ascites fluids Time from inoculation with hybridoma to
tumors (N/T) collected (vol/mouse) first collection (d)
Earliest Latest Ave+SD
95 (37/39) 349 (9.4 + 4.4 mL/mouse) 8 12 98+ 1.5

through the entire purification procedure. The antigen binding titers determined by indirect
immunofluorescent antibody assay were 105-5 for the crude ascites PC4.9A6, and 105 for

the purified pool MAb PC4.9A6.

D. Discussion

The FOX-NY cell line is a murine myeloma cell line that does not produce
immunoglobulin heavy or light chains and thus is desirable as a fusion pariner for
hybridoma production. The FOX-NY cell line is deficient in the enzyme adenosine
phosphoribosyltransferase (APRT), which forms the basis for the selection procedure
described in the original reference (Taggart and Samloff, 1983) to the use of FOX-NY cells
for hybridoma production. RBF/DrJ mice are charactzized by a mutation resulting in a
Robertsonian 8.12 translocation, which places portions of chromosomes 8 and 12 on a
single 8.12 translocation chromosome. The gene coding for APRT is on chromosome 8
and the heavy chain immunoglobulin locus is on chromosome 12. Thus, in the RBF/DnJ
mouse the enzyme marker sensitive to the selection procedure is genetically linked to the
ability to produce immurnogiobulin. Hybridoma cell lines derived from the fusion of FOX-
NY myeloma cells to spieen cells from RBF/DnJ mice are stable antibody-producing

hybridora cell lines. However, in spite of the advantages of genetic stability, unless these
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hybridom. cell lines can be readily propagatec as ascites tumors their utility is seriously
limited. When we attempted to produce ascites fluids from several RBF/DnJ x FOX-NY
hybridoma cell lines, ascites production procedures that were suitable for conventional
BALB/c-based hybridoma cell lines failed. In this section a series of experiments directed

at efficient ascites production have been described.

The effect of pristane on ascites tumor formation. Mice primed by i.p.
injection with pristane demonstrate an increased susceptibility to the development of
spontaneous plasmacytomas. This phenomenon, apparently based upon suppression of
normal immune surveillance, has been exploited for the propagation of hybridomz ~ells as
ascites tumors. Freund and Blair (1982 demonstrated that pristane markedly depressed
natural killer cell aciivity in BALB/c mice. It has been suggested that the BALB/c strain of
mouse is particularly susceptible to plasmacytoma formation (Potter and Wax, 1981), and,
because most murine hybridomas are derived from mice and cells of the BALB/c str2in, the
in vivo propagation of MADbs has usually been straight forward.

When BALB/c-derived hybridomas were seeded into BALB/c mice ( Hoogenraad
and Wraight, 1986), 0.1 mL of pristane was shown to be as effective as 0.5 mL of
pristane. In contrast, we found that either 0.1 mL or 0.5 mL of pristane in the case of
ascites tumor formation in BALB/c mice using hybridomas derived from RBF/Dn mice
(FOX-NY x RBF/Dn hybridoma cell lines) yielded a very low percentage o: responders.
Employing a single FOX-NY x RBF/Dn hybridoma cell line, PC4.9A6, we found that an
increased dosage of pristane resuited in an increased effic iency of ascites tumor formation
in BALLB/c mice. When 0.5 mL of pristane was used to prime BALB/c mice for cites
tumor formation with the PC4.9A6 hybridoma cell line, only one out of five mice
responded, and the time between inoculation with th: hybridoma cells and the formation of
the tumor was long in comparison to mice receiving higher pristane dosages. All of the

mice pretreated with either 1.0 or 2.0 mL ¢ pristane produced ascites tumors. The
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respor se in the 2.0-mL group was very uniform with an average time to first ascites fluid
collection of 8 + 1 days. Thc yield of ascites fluids was similar in the 1.0-mL (5.1 £
1.9/mouse) and 2.0-mL (6.3 * 3.5/mouse) groups of mice--both being much higher than

the volumes obtained from the sporadic responders in the lower pristane volume groups.

FOX-NY x RBF/Dn hybridoma cell ascites formation in BALB/c mice
primed by high pristane dosage. The results of pristane dose experiments using the
PC4.9A6 hybriaoma cell line in BALB/c mice indicated that this FOX-NY x RBF/Dn
aybridoma cell could be grown as an ascites tumor in BALB/c mice if the mice were primed
with 1-2 mL of pristane. Howen er, we found that even with a high pristane dosage,
ascites formation in this system was very dependent on the cell line. Of the three addit.onal
FOX-NY x RBF/Da hybridoma cell lines examined only PC4.9D3 produced efficient
ascites formation in the BALB/c mice, whereas 20% of the mice receiving the PC4.7C2 cell
line developed ascites and none of the mice inoculated with PC4.8D2 developed ascites
tumors. The ascitzs fluids produced in this experiment were of high titer, however the
volumes were low. The mice were 12 weeks old when injected with pristane. Perhaps,
younger mice would have been more suitable for ascites production. However, subsequent
experiments with (RBF/Dn x BALB/c)F| mice demonstrated that mice of this age would
produce ascites, and, if anything, the older mice produced larger volumes of ascites than
did younger mice. The conclusion of this set of experiments was that even with large
pristane doses, BALB/c mice do not develop FOX-NY x RBF/Dn hybridoma cell ascites
tumors efficiently with some FOX-NY x REF/Dn hybridoma cell lines.

Effect of 1ising (RBF/Dn x BALB/c)F; mice. Although initial experiments
utilizing increased dosages of pristane resulted in satisfactory production of MAb PC4.9A6
and PC4.9D3 and a small amount of MAb PC4.7C2, there was no success with MAb
PC4.8D2. These four hybridoma cell lines carry cell surface antigens from both the
RBF/Dn and BALB/c strains of mice. This may have accounted for the failure of some of
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these hybridoma lines to grow as ascites tumors in either RBF/Dn or BALB/c strains of
mice. In an experiment not described in this report, hybridoma cells of the line PC4.9A6
failed to grow as ascites in RBF/Dn mice. We next used (RBF/Dn x BALB/c)F1 mice as
recipients. We determined that the use of (RBF/Dn x BALB/c)F) mice in place of BALB/c
mice resulted in efficiex ascites production with cell lines PC4.9AF and PC4.9D3, the
same as was observed with BALB/c mice. Although the time between whei the PC4.9A6
and PC4.9D3 cells were put into the mice and the time of ascites aprearance was longer
(29-34 days as opposed to 8-13 days (see Tables V-1, V-3, and V-4), the volumes of
ascit: ;' ids were greater from the (RBF/Dn x BALB/c)F; mice (7.6 mL compared with
4.8 mL from the BALB/c mice). Ascites tumor formation with the PC4.7C2 cell line in
both the (RBF/Dn x BALB/c)F; mice and BALB/c mice was delayed and sporadic. In

B A LB/c mice there were two out of ten mice that developed ascites tumors 45 and 46 days
after inoculation with PC4.7C2 cells. In (RBF/Dn x BALB/c)F) mice one out of eight
mice developed an ascites tumor, and, in this case, the tumor appeared 78 days after
inoculation with PC4.7C2 cells. Neither the BALB/c nor the (RBF/Dn x BALB/c)F; mice

developed ascites tum ors following inoculation w’th PC4.8D2 cells.

That concluded the experiment with respect to the effect of (RBF/Dn x BALB/c)F)
mice. However, in an atiempt to get ascites from the surviving, nonproducing mice in the
PC4.7C2 group, the mice were aggressively immunosuppressed with pristane and gamma
irradiation. These mice were then inoculated with the corresponding hybridoma cell line
tha' had been taken from the (RBF/Dn x BALB/c)F; mous. that had produced ascites
fluids. This attempt was spawned by the observation that mice in an ongoing experiment
were producing ascites, and the only difference was chat those mice had been irradiated. Of
the six mice in this group, four produced ascites tumors, which were drained 16 days after
the ceils had been injected into the irradiated mice. The first collection of ascites fluids
from these irradiated mice produced 7.8 + 1.8 mL/n.ouse. It appears that these mice will
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produce 15-20 mL of ascites fluids per mouse. The results from this uncontrolled
experiment indicate (1) that even relatively old (21-23 weeks old) mice can be induced to
form ascites tumors, (2) that previous inoculation with a hybridoma cell line did not
prerlude the growth of that cell line as an ascites, as might be expected if the mice mounted
¢+ immune response to the surface antigens of the hybridoma cell line, and (3) that
aggressive immunosuppression appears to be a key in growing the RBF/Dri x BALB/c

hybridoma cell lines as ascites.

Eficct of total body irradiation on ascites production. Previous
experiments utilizing either (RBF/Dn x BALB/c)F) mice or BALB/c mize with increased
dosages of pristane resulted in production of moderate amounts of MAbs PC4.9A6 and
PC4.9D3 and a small amount of MAb PC4.7C2. No ascites was produced from the
PC4.8D2 hybridoma cell line. That these four hybridoma cell lines carry different arrays of
surface antigens from both the RBF/Dn and BALB/c strains of mice may account for the
failure of some of these hybridoma lines to grow as ascites tumors in either RBF/Dn or
BALB/c strains of mice. However, the failure of two out of four of these cell lines to grow
as ascites in hybrid (RBF/Dn x BALB/c)F) mice that shculd be (olerant to surface antigens
from the RBF/Dn and BALB/c strains was somewhat surprising. Since the efficiency of
ascites production with cell line PC4.9A6 in BALB/c mice was directly related to pristane
dosage, we thought that an even more aggressive immunosuppression might facilitate
ascites production from the hitherto recalcitrant PC4.7C2 and PC4.8D2 hybridoma cell
lines. The next step was to add total body irradiati »n o the immunosuppression protocol.
These experiments, utilizing a combination of pristanc priming and gamma irradiation,
indicate that aggressively immunosuppressed (RBF/Dn x BALB/c)F) mice do deveiop
ascites tumors at a high frequency even with the very refractory PC4.7C2 and PC4.8D2
hybridoma ccll lires. Ten out of ten mice that were treated with pristane and then irradiated
(350 rad) deveioped ascites tumors after receiving PC4.7C2 hybridoma cells. The ascites
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tumoi development with cell line PC4.8D2 has been slower than with PC4.7C., but five
out of 12 pristane-primed, irraciated mice deve.oped ascites tumors after receiving
PC4.8D2 hybridoma cells. With neither cell line have any of the nonirradiated mice
developed ascites tumors. In the case of PC4.7C2 hybridoma cells ascites tumors have
typically not appeared until 40 or more days post ir.oculation. The combination of pristane
priming and gamma irradiation produced the best ascites yields to date. Pristane-primed,
irradiated (RBF/DnJ x BALB/c)F) mice produced ascites from both the PC4.7C2 and
PC4.8D2 hybridoma cells lines. This was the first time that the PC4.8D2 hybridoma cell

line produced ascites.

E. Conclusions

1. By increasing the pristane dosage to 1.0-2.0 ml /mouse the efficiency of ascites
tw.nor formation was dramaticaily increased. However, this procedure was not universally
satisfactory for all RBF/DnJj » FOX-NY hybridoma cell lines. In these studies, two out of
four cell lines failed to produce ascites even in recipient mice that had received 2.0 mL of
pristane.

2. Using hybrid (RBF/Dn x BALB/c)F; mice as RBI*/DnJ x FOX-NY * ybridoma
cell line recipients, even with increased pristane dosage levels, did not dramatically increase
the ascites tumor yields over those obtained using BALB/c mice.

3. An aggressive immunosuppression regimen of pristane priming followed by
total body irradiation (gamma, 350 rad) in hybrid (RBF/Dn x BALB/c)F rice p. .
recipient mice suitable for the propagation of RBF/Dnl x FOX-NY hybridoma cell lines as

ascites tumors.
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TASK VI. IN VIVO TARGETING WITH ANTI-PICHINDE VIRUS
MGNOCLONAL ANTIBODIES.

A. Introduction

This report describes the biodistribution of anti-Pichinde virus MABS in infected
and noninfected MH/. hamsters. Fluorescein conjugates of MABs PC4.9A6 and
PC4.9D3, which bind to antigens expressed on the surface of Pichinde virus-infected cells,
were injected into hamsters, and the distribution of the labeled antibodies was examined by
fluorescence microscopy of thin-sections prepared from spleen, liver, lung, heart, kidney,

and brain of the hamsters.

B. Methods

Animals. Female MH.% hamsters (Charles River Breeding Laboratories, Tnc.
Wilmington MA), 30 days old, were divided into infected and control groups. Those to be
infected were inoculated subcutaneously (s.c.) in the groin with 104 LDsg units of the
An4763 strain of Pichinde virus.

Monoclonal antibody conjugates. The MABS were conjugated to fluorescein
isothiocyanate (FITC) by the procedure of Hebert et al. (1972) as described under Task ITI
of this report. The FITC-labeled MABs had titers of approximately 1:6,000 by direct

immunoflusrescence assay on Pichinde virus infected Veio cells.

Treatment. Eight days after virus challenge, 0.5-mL doses of FITC-labeled
MAbs were injected i.p. Three dosages were examined to avoid problems associated with
too much or too little FITC-labeled MAb. The dosages were 250, 25, and 2.5 pg/animal
with the MAb PC4.94.6 and 150, 15, and 1.5 pg/animal with the MAb PC4.9D3. The
animals were killed by cervical dislocation 4 h after the antibody was administered.
Tissues were immediately removed and frozen at -80°C in preparation for cryosectioning.



Virus levels in organs. The levels of Pichinde virus in 10% homogenates of
the different organs were measured by an in vitro virus assay on Vero cell monolayers

using the immunofluorescent cell count procedure as described under Task II of this report.

Examination. Spleen, liver, lung, heart, kidney, and brain sections were
mounted on slides. Sections were not fixed. The tissue sections were examined by
epifluorescence microscopy. Infected tissues were always examined in comparison to
those from noninfected animals. Because the livers from the animals that received labeled
MAD PC4.9A6 at either 250 pg or 2.5 ug were the most intensely fluorescing of the
sections, these were taken as a relative fluorescent intensity of 100%, and ~11 other sections

were scored by comparison against these sections.

C. Results

At the time of antibody injection the virus-inoculated hamsters showed obvious
signs of infection, including bloody secretions from the eyes, and the anal and genital
openings. One infected hamster died on the day of treatment prior to injection with FITC-
MAD conjugate. Because we had started this experiment with an extra infected hamster,
there were enough animals to include three in each group. Care was tak.en to compare 2l
sections to livers from the animals tha: received FITC-MAb PC4.9A6 at either 250 pg or
2.5 pg, which were taken as the base-line readings and defined as 100%. The

fluorescence in these sections was very striking compared with that in noninfected controls.

The readings for the middle concentration with either conjugate did not correlate
with those observed with the highest or lowest concentrations. It was as if there were
hardly any conjugate put into these animals. For that reason, only the data from the
animals receiving the highest and fowest levels of labeled MAbs were used to produce the
distribution , -aphs. The sections were observed and scored without the reader knowing
which treatment groups were being read. The data are presenied in Tables VI-1 to VI-6.
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Table VI-1. Distribution of fluorescein-labeled anti-Pichinde virus MAbs in the livers of
infected and noninfected hamsters.

Challenge Treatment Observations

PCVainfected PC4.9A6at250 ug Many FCsb throughout liver; very intense
fluorescence in epithelial layer. Intensity = 4+
or 100%.

PCV-infected PC4.9A6at25ug  Few FCs; most ir epithelial layer. Intensity =
25%.

PCV-infected  PC49A6at2.5ug Many FCs throughout liver; very intense
fluorescence in epithelial layer. Intensity = 4+
or 100%.

Noninfected PC4.9A6 a1 250 ug  No obvious FCs; only fluorescence is at margin
in epithelial layer. Intensity = 7%.

Noninfected PC4.9A6at25ug  No FCs; no fluorescence at margin. Intensity =
0%.

Noninfected PC49A6at2.5ug No FCs; :light fluorescence at margin in
epithelial layer. Intensity = 3%.

PCV-infected PC4.9D3 at 150 ug  Many FCs; intensity = 4+ around walls of
vessels and 2+ in cells throughout liver.
Intensity = 80%.

PCV-infected PC4.9D3at15ug  No FCs; no fluorescence at margin in epithelial
layer. Intensity = 0%.

PCV-infected PC49D3at 1.5ug  FCs throughout the liver; but less intense thar
with PC4.9A6. Intensity = 40%.

Noninfected PC4.9D3 at 150 ug  No FCs; but slight fluorescence at margin in
epithelial layer. Intensity = 6%.

Noninfected PC49D3 at15ug  No FCs; no fluorescence at margin. Intensity =
0%.

Noninfected PC49D3 at 1.5ug No FCs; no fluorescence at margin. Intensity =
0%.

a8PCV = Pichinde virus.

bFCs = fluorescent cells.
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Table VI-2. Distribution of fluorescein-labeled anti-Pichinde virus MADbs in the hearts of
infected and noainfected hamsters.

Challcggc

Treatment

Observations

PCVuinfected PC4.9A6 at 250 pg

PCV-infected
PCV-infected

Noninfected

Noninfected
Noninfected
PCV-infected

PCV-infected
PCV-infected
Noninfected
Noninfected
Noninfected

PC4.9A6 at 25 pug
PC49A6at 2.5 ug
PC4.9A6 at 250 pug

PC4.9A6 at 25 pug
PC49A6at 2.5 ug
PC4.9D3 at 150 pg

PC49D3 at 15 ug
PC49D3 at 1.5 ug
PC4.9D3 at 150 pg
PC4.9D3 at 15 ug
PC49D3 at 1.5 ug

FCsP in rare areas of layer covering the heart and
a few in the linings of ventricles. Intensity =
15%.

No FCs or fluorescence.

A few FCs, no fluorescence. Intensity = 2%.

No FCs, slight diffuse fluorescence at margins.
Intensity = 2%.

No FCs or fluorescence.

No FCs or fluorescence.

Very few FCs, most of the fluorescence in cells
covering heart. Intensity = 10%.

No FCs or fluorescence.

No FCs or fluorescence.

No FCs or fluorescence.

No FCs or fluorescence.

No FCs or fluorescence.

EZPCV = Pichinde virus.

bFCs = fluorescent cells.
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Table VI-3. Distribution of fluorescein-labeled anti-Pichinde virus monoclonal antibodies

in the lungs of infected and noninfected hamsters.

Challenge

Treatment

Observations

PCV&infected PC4.9A6 at 250 pug

FCsP among epithelial cells covering the lung;
quite patchy; some areas with no FCs others
with many FCs. Solitary FCs ir interiur

tissues of lungs. Intensity = 30%.

PCV-infected  PC4.9A6 at 25 pug No FCs or fluorescence.

PCV-infected PC49A6at2.5ug  Many FCs throughout interior of lungs.
Intensity = 20%.

Noninfected PC4.9A6a125" ug  No FCs; very slight ditfuse fluorescence (not
FCs) in isolated areas along margins.
Intensity = 3%.

Noninfected PC4.9A6 at 25 ug No FCs or fluorescence.

Noninfected PC49A62at2.5ug  No FCs or fluorescence.

PCV-infected PC49D3 at150ug  Many FCs throughout the interior of lung.
Some patches of FCs in epithelial layer.
Intensity = 30%.

PCV-infected @ PC4.9D3 at 15 pug A few FCs in interior tissues. Int=nsity = 4%.

PCV-infected PC49D3st1.5ug  No FCs or fluorescence.

Noninfected PC49D3 at 150 ug  No FCs or fluorescence.

Noninfected PC4.9D3 at 15 ug No FCs or fluorescence.

Noninfected PC49D3 at 1.5ug  No FCs or fluorescence.

8PCV = Pichinde virus.

YFCs = fluorescent cells.
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Tabie V' 4. Distribution of fluorescein-labeled anti-Pichinde virus monoclonal antibodies

in the brains of infected and noninfected hamsters.

Challcngc

Treatment

Observations

PCV&ainfected PC4.9A6 at 250 ug

FCsP and diffuse fluorescence in epithelial cells
covenng the brain and some on the linings of
blood vessels; no FCs in the interior of the

brain. Intensity = 5%.

PCV-infected  PC4.9A6 at 25 pug »- s or fluorescence.

PCV-infected PC49A6at2.5ug  SC nrare area of epithelial covering of brain;
ro FCs in interior tissues. Intensity = 2%.

Noninfected PC4.9A6 21250 pg  No FCs or fluorescence.

Noninfected PC4.9A6 at 25 pg No FCs or fluorescence.

Norinfected PC49A6at2.5ug  No FCs or fluorescence.

PCV-infected PC4.9D3at150ug A few FCs in epithelium covering brain.
Intensity = 5%.

PCV-infected PC4.9D3 at 15 pg No FCs or fluorescence.

PCV-infected PC49D3at1.5ug A few FCs in epithelium covering brain.

Noninfected PC49D3 at 150 ug  No FCs or fluorescence.

Noninfected PC49D3 at 15 pug No FCs or fluorescence.

Noninfected PC4.9D3 at 1.5 ug  No FCs or fluorescence.

8PCV = Pichinde virus.

bFCs = fluorescent cells.
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Table VI-5. Distribution of fluorescein-labeled anti-Pichinde virus monoclonal antibodies
in the spleens of infected and noninfected hamsters.

Challenge Treatment Jbservations

PCV-infected @ PC4.9A6 at 250 ug  Intense fluorescence in epithelium covering the
spleen. Intensity = 75% in that layer. Faint
FCs2 in interior tissue of spleea. Overall
intensity = 40%.

PCV-infected  PC4.9A6 at 25 ug No FCs or fluorescence.

PCV-infected @ PC49A6at2.5ug  Many FCs; easiest to see in the epithehal cells
covering the spleen, but many faint FCs in
interior tissue of spleen. Intknsity = 5%inside
and 40% in epithelial layer. Overall intensity =
25%.

Noninfected PC49A6 at 250 ug  Diffuse, relatively strong fluorescence over the
exterior covering of spleen. Some intensely
fluorescent debris-like clusters. Intensity =
30%.

Noninfected PC4.9A6 at 25 pg About 10 solitary FCs, but not at margins. No
bright infected areas. Intensity = 5%.

Noninfected PC49A6at2.5ug  Some diffuse, weak fluorescence over the
exterior coering of spleen. Intensity = 3%.

PCV-infected @ PC4.9D3 at 150 ug  Clearly defir::d FCr all along the epithelial
covering of spleen. None in interior.
Intensity = 20%.

PCV-infected  PC4.9D3 at 15 ug No FCs or fluorescence

PCV-infected PC49D3at1.5ug A few areas of epir” :lia! covering of spleen with
bright FCs. Intensity = 10%.

Noninfected PC49D3 at 150 uyg  Some iso:uted FCs and fluorescence at margins.
Intensity = 6%.

Noninfected PC4.9D3 at 15 ug Nc FCs or fluorescence.

Noninfected PC49D3at 1.5ug  No FCs, but many fluorescent blobs near spleen
sections. No fluorescence in spleen.

8PCV = Pichinde virus.

bFCs = fluorescent cells.
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Table V1-6. Distribution of fluorescein-labeled anti-Pichinde virus monoclonal antibodies
in the kidneys of infected and noninfected hamsters.

Challenge

Treatment

Observations

PCVainfected PC4.9A6 at 250 pg

Intense FCsP in epithelial covering of the kidney;
some weak ciffuse fluorescence in interior.
Intensity = 50%.

No FC or fluorescence.

Several areas of FCs in interior tissue of kidney;
some FCs in epithelial covering of the kidney;
but more inside. Intensity = 40%.

Diffuse, relatively strong fluorescence over
epithelium of kidney, but no FCs. Intensity =
20%.

No FCs or fluorescence

No FCs or fluorescence.

Some FCs in interior tissue of kidney and in
epithelial covering. Intensity = 25%.

No FCs or fluorescence.

Strong FCs in interior of kidney; epithelium may
have. been lost in sectioning. Intensity = 20%.

Weak fluorescence at epithelium; no FCs.
Intensity = 2%.

No FCs or fluorescence.

Essentially no fluorescence, but a few isolated
FCs. Intensity = 2%.

PCV-infected  PC4.9A6 at 25 ug
PCV-infected @~ PC4.9A6 at 2.5 pug
Noninfected PC4.9A6 at 250 pug
Noninfected PC4.9A6 at 25 pg
Noninfected PC49A6 at 2.5 ug
PCV-infected  PC4.9D3 at 150 pg
PCV-infected  PC4.9D3 ar 15 g
PCV-infected PC4.9D3 at 1.5 pug
Noninfected PC4.9D3 at 150 pug
Noninfected PC49D3 at 15 ug
Noninfected PC49D3 at 1.5 ug
8PCV = Pichinde virus.

bFCs = fluorescent cells.
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The relative fluorescence intensities for sections from the different organs are shown in
Figures VI-1 to VI-4. The levels of Pichinde virus in the different organs from infected
hamsters was measured by an in vitro virus assay using immanofluorescing-cell counts.

The results are shown in Table VI-7.
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Figure VI-1. In vivo targeting with MAb PC4.9A6 at 250 pg per animal.
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Figure VI-2. In vivo targeting with MAb PC4.9A6 at 2.5 pg per animal.
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Table VI-7. Pichinde virus distribution in infected hamnsters at 8 days postinoculation.

Organ Virus Titer (IFCFU/g?)
liver 3.1 x108
brain 4.4 x10°
spleen 7 x104
Kidney 3x104
lung <1 x104
heart <1 x104

2The levels of Pichinde virus in 10% organ suspensions were measured by an in vitro
assay on Vero cells. The data are reported as immunofluorescent cell forming units

(IFCFU) per gram of organ issue.
D. Discussion

There was a marked distribution of the labeled MAbs to the liver, kidney, spleen
and 'ung tissues of the infected animals as compared to the noninfected animals. The
difference was particularly dramatic for the livers. In infected and noninfecied animals
some of the fluorescence was diffuse and mainly in the enithelium covering the organs.
The fact that this epithelial distribution was quite pronounced on brains from infected
animals was interesting because there was a significant virus titer in the brain and because
the MAbs would not be expected to cross the blood-brain barrier. The animals used in this
study svere killed by cervical dizlccation. If a similar study were done again, it would be
preferable to exsanguinate the animals and carefully rinse the organs befere freezing them.
These precautions would reduce the amount of blood in the tissues and might reduce the the
background of labeled antibody. Some solitary isolated fluorescing cells were seen in the
lungs and spleens in both infected and noninfected animals. These may have been
macrophages that accumulated antibody as a result of being infected by Pichinde virus or
by interacting with the Fc portions of the IgG2a M.Abs.
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Those instances where the antibodies were found in relatively high concentrations
in organs of noninfected animals were limited to animals that received the highest dosages
of antibody. In those animals receiving 250 pug of MAb PC4.9A6, the ratio of fluorescence
intensity in the spleens and kidneys of the infected animals compared with the organs of
noninfected animals was approximately 2:1, whereas the ratio in the livers was greater than
10:1. At the lower antibody dosages, the fluorescence intensity was always much greatei

(greater than 10:1) in organs from infected animais than in those from nomnfected animals.

Stephen et al {1980) studied the tissue tropism of Pichinde virus in MHA hamsters
and reported virus titers of 106-8 in both the plasma and spleen at 9 days p.i.; levels in
other organs were not reported. Murphy et al. (1977) found that the major target organs
for Pichinde virus infections in MHA hamsters were the liver, spleen, and kidney. They
also observed viral antigen in brain sections from the infected animals. Jahrling et al.
(1981) studied the tropism of Pichiride virus in strain-13 guinea pigs. They found
infectious virus concentrations of 106 to 108 plaque-forming units (PFU)/mL in the liver,
spleen, and lung; titers approaching 109 in kidney, and titers of 10 in brain. W's, too,
observed very high virus levels in the liver, but found lower concentraiions in the spleen,
lung and kidne::. These lower virus levels (104-fold less) in the spleen and kidney correlaie
with the lower level of fluorescence in these organs after treatment with FITC-MADb
conjugates. The virus levels that we observed in the brain were comparable with those

reported by Jahrling et al. (1981).

E. Conclusions

1. The main target organ for Pichinde vi.as in the MHA hamseer is the liver.
Pichinde virus titers in we livers were a thousand-fold higher than titers observed in any

other organs.
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2. MAbs PC4.9A6 and PC4.9D3 after i.p. administration to Pichinde virus-
infected hamsters concentrate in the livers of the infected animals. MAbs PC4.9A6 and
PC4.9D3 reach at least 10-fold greater levels in the livers of infected animals than in livers
of noninfected animals. These MAbs have potential for evaluating targeted delivery of
antiviral drugs.
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TASK VII. WEANLING HAMSTERS FOR IN VIVO ANTIVIRAL
EVALUATIONS.

A. Introduction

Pichinde virus causes a fatal infection in adult MHA hamsters, 314 this model has
been used for the in vive evaluation of antivira! efficacy (Murphy et al. 1977, and Step.en
et al. 1980). The Pichinde virus infection results in a severe hemorrhagic disease in which
the principal target organs are the liver and spleen. The aduit MHA hamsters weigh 70-100
grams, and for antiviral drugs that are available in very limited quantities, this relatively
large animal requires more drug than would a smaller animal such as a mouse. Because
there is not a satisfactory murine model for Pichinde virus infections, we chose to examine
the use of weanling MHA hamsters. If weanling MHA hamsters could be used in place of
adults, less drug would be required for in vivo antiviral evaluations.

B. Materials and Methods

Virus. The And4763 strain of Pichinde virus (obtained from Dr. Joseph D.
Gangemi, School of Medicine, Univgrsity of South Carolina, Columbia, SC) was used in
these studies. The virus was twice plaque-purified in Vero cells and a large pool was
prepared in these cells to be used as the challenge virus. The titer of this challenge virus
pool as determined by the various virus titration procedures used in our laboratory is
shown in Table VII-1.

Animals. Adult MHA hamsters were purchased from Charles River Laboratories.
Weanling hamsters were obtained by breeding the MHA hamsters in our own animal care
facility. MHA hamsiers were weaned at 3 to 4 weeks of age, at which time they weighed
approximately 30 grams.
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Mode of infection. The hamsters were inoculated subcutaneoucly with 0.2 mL
of virus diluted in Puck's balanced saline solution. The animals were examined daily and

deaths as well as general appearance were recorded.

Table VII-1. Pichinde virus titers determined by immunofluorescence, plaque assay and in

vivo assay in hamsters.

Fluorescence
Virus Pool IFCFU2 Plaque PFUY Hamster LDg¢
PCV4 An4763 B (06/03/86) 1.6 x 105 4x10° 5x10°

A[FCF1J, immunofluorescent cell-forming units/mL.

bPFU, plaque-forming units/mL.

“LDsp, number of lethal dose units/mL, determined in MHA hamsters.
dPCV, Pichinde virus.

C. Results

A titration of Pichinde virus pool PCV An4763 6-3-86 (B) was carried out in
weanling and 8-week-old MHA hamsters. Half logq dilutions were made of the virus
over a range of 10-2 to 104, The hamsters were inoculated subcutaneously in the groin
with 0.2 mL of the appropriate virus dilution. The two groups of hamsters used in this
titrazion weighed approximately 3C g and 90 g , recpectively. There was a mixture of males
and females in each group. All of the infected hamsters died regardless of age, weight, or
sex within 14 days of infection. The average day of death in each group was just over 11
days p.i.. as noted in Table VII-2.
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Table VII-2. Titration of Pichinde virus in 3-4 week old and 8 week old MHA hamsters.

Mortality Ratio % Mortality

Virus Dilution 3-4 week old 8 week old 3-4 week old 8 week old

102 5/5 5/5 100 100
1025 5/5 3/5 100 100
103 3/5 5/5 100 100
1035 5/5 S/5 100 100
10 3/5 SIS 100 100

Average day of death for 3-4 week old hamsters: 11.16 £ 0.90
Average day of death for 8 week old hamsters: 11.44 + 0.96

D. Discussion

Pichinde virus infections in MHA hamsters (Murphy et al., 1977, and Stepher =t
al., 1980) or in strain-13 guinea pigs (Jahrling et al., 1981) are used as models for
arenavirus infections. The amount of drug available frequently limits the scope of in vivo
antiviral evaluations. Adult guinea pigs weigh five times as much as adult hamsters, thus
the hamster model is often chosen over the guinea pig model. A murine model might e
even inore desirable, but a satistactory murine model for arenavirus infections is not
available. This report compared weanling MHA hamsters to adult MHA hamsters as a
model for arenavirus infection. Weanling MHA hamsters appear to be as sensitive to
Pichinde virus challenge as are adult MHA hamsters. The symptoms (severe hemorrhagic
disease) and outcome (100% monality rate) of Pichinde virus infection were the same in
both adult and weanling MHA hamsters. The use of weanling MHA hamsters will require

threefold less compound for in vivo antiviral evaluations.
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E. Conclusions

Weanling MHA hamsters, weighing 30 grams were as sensitive to Pichinde virus
chalienge as were young adult (90 gram) MHA hamsters. If the amount of drugis a
limiting factor in future studies, weanling hamsters could be used in place of young adult

hamsters.
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TASK VIII. PREPARATION AND EVALUATION OF IMMUNOTOXINS
AS TFERAPIES FOR PICHINDE VIRUS INFECTIONS

A. Introduction

The basis for antibody-mediated delivery of antivirals is that infected and normal
cells differ. Many viral infections are characterized by the expression of virus-specific
antigens on the surface of infected cells. These may serve as target antigens. By nsing
antibodies that bind to infected cells it may be possible to deliver drugs specifically to the
infected cells ar.d achieve a higher therapeutic index than is possible without the use of
targeted delivery. Up to this time, our major effor's have been aimed at the antibody-
mediated delivery of ribavirin to Pickinde virus infected cells. However, ribavirin must be
present in relatively high concentrations to exert an antiviral effect so multiple loading
technologies and compatible delivery systems are required for ribavirin so that antibody-
mediated delivery of ribavirin will yield strong virus inhibitory activity. While the SRI
efforts were focused on prepering such conjugates, USU researchers developed and
studied several immunotoxirs. In this case, rather than ribavirin atached to an antibody,
an antiribosomal toxin is attached to the delivering antibody to shut off protein synthesis in
virus-infected cells. Immunotoxins have been applied on an experimental basis for killing
cancer cells (Amon et al., 1985). A major difference between the virus-infected cells and
cancer cells is that the target antigens are viral proteins embedded in the cytoplasimic
membrane of the infected cell. These viral proteins are presumably on their way ot of the

cell and would not necessarily afford a route for internalization of immunotoxins.

The in vitro and in vivo evaluations of immunotoxins against Pichinde virus are
described in this report. Immunotoxins consisting of anti-Pichinde virus antibodies
attached to gelonin through a disulfide linkage were prepared. The heterctifunctional,
cleavable cross-linker N-succinimidy] 3-(2-pyridyldithio)propionate (SPDP) was used to
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introduce dithiopyridy] groups into the immunoglobulir. Gelonin was modified with 2-
iminothiolane. The thiolated gelonin was then reacted with the dithiopyridyl-substituted
immunoglobulin. Using an exchange reaction, the p=lonin and immunoglobulin were

linked through a disulfide bond to produce the immu.  Jxin.

T'he coupling of gelonin to immunoglobulin by this method, which is similar to that
described by Lamt ert et al. (1985), results in an immunotoxin with the structure:

Immunoglobulin-NH-CO-CH;CH,'S-Sgelonin

Gelonin, a 30,000 Dalton, single-chain glycoprotein is obtained from the seeds of
Gelonium multiflorium . Gelonin inactivates eucaryotic ribosomes in a catzlytic manner,
preventing the binding of elongation factor 2 and thus shurting down prolein synihesis.
Unlike other toxins such as abrin and ricin, gelonin does not have a B-chain (Falasca et al.
1982). Thus in the case of gelonin, there is no inherent mechanism for entering cells
(Stirpe et al. 1980). Therefore, although gelonin is very inhibitory in cell-free protein
synihesis systems, it is not very cytotoxic in cell culture or in vivo unless provided with a
mechanism for entering cells. MAb PC4.9A6, which binds to the surface of cells infected
with Pichinde v*rus, was used to impart cytospecificity to the immunotoxin. Immuno-
toxins enter cells by receptor-mediated endocytosis.

The PC4.9A€-gelonin immunotoxin produced in these studies was evaluated for its
ability to block translation in a ¢r'l-free protein synthesis system and for antiviral activity
against Pichinde virus in cell culture and in hamsters. As will be described, these studies
indicateG that the PC4.9A6-gelonin immunotoxin was not internalized and thus lacked
significant antiviral activity. Subsequently, & series of immunotoxins were produced
consisting of gelonin attached to either rabbit antibody to mouse immunoglobulins or of
geloniri attached to recombinant protein G. Thes: immunotoxins were used in an indirect

approach to evaluate severs! monoclonal ana olyclenal antisera for antibody-media.ed
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drug delivery. As a result of these latter studies, gelonin was linked to polyclonal
antibodies specific for Pichinde virus. The polyclonal immunoioxin was very active
against Pichinde virus. The experiments described in this report indicate that specific

immunotoxins may be used to control viral infections.

B. Materials and Methods

Cells and media. African green monkey kidney cells (Vero) obtained from the
American Type Culture Collection (ATCC, Rockville, MD) were cuitured in minimum
essential medium (MEM; GIBCO Laboratories, Grand Island, NY) containing 5% fetal
FBS (HyClone Laboratories, Logan, UT). Cells growing as monolayers in cell-culture
flusks were detached using trypsin and seeded into 24-well plates at 2 x 105 cells per well
or onto 15-mm glass coverslips at the same dcnsity. For experiments utilizing 96-well

plates, cells were seeded at 6 x 104 cells/well.

Virus. The An4763 strain of Pichinde virus (obtained from Dr. Joseph D.
Gangemi, University of South Carolina School of Medicine, Columbia, SC) was used
throughout these studies. Pichiade virus strain An4763 (stock 6/3/86-B) used in the in

vivo experiments was produced in Vero cells and assayed in MHA hamsters. Thiz
particular stock of Pichinde virus had a titer of 1.6 x 105 LDgy/mL in MHA hamsters.

Hamsters. Female hamsters (strain MHA) 4 to 5 weeks old, weighing 40 to 50 g
were obtained from Charles River Laboratories (Wilmington, MA).

Moncclonal antibodies. Derivation of the hybridoma cell lines that secrete anti-
Pichinde virus monoclonal antibodies was Jescribed under Task ITI of this /eport. The
1gG,, concentrations of the ascites fluids pools used in these studies were between 10 and
15 mg/mlL based on radial immunodiffasion assays utilizing murine 1gG,,-specific

antisera.
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Binding activity of monoclonal antibodies. The antigen-binding activity of
the MAbs was assayed by indirect immunofluorescence. Antibody samples diluted (10-
fold serial dilution series) in Dulbecco's phosphate-buffered saline (PBS) were addcd to
Pichinde virus-infected acetone-fixed Vero cell cultures in 24-well plates. The antibodies
on the infected cell cultures were incubated for 2 h at 37°C. The cell sheets were rinsed
twice with PBS. The presence of anti-Pichinde virus antibody ..as detected by
immunostaining with fluorescein-labeled goat antibody specific for mouse IgG (Boehringer
Mannheim Biochemicals, Indianapolis, IN), 3 h at 37°C. Cell sheets were rinsed twice
with distilled water ard examined for fluorescing cells. The greatest dilution that still
produced readily identifiable fluorescing cells was taken as the antigen-binding end-point
titer of the antibody.

Immunofluorescence assay for determining Pichinde virus
concentrations and extent of spread of Pichinde virus infections in vitro.
The assay utilized fluoresceini-labeled anti-Pichinde virus murine MAbs prepared in our
laboratories (described under Task III of this report). The Pichinde virus assay was as
described by Burns et al. (1988). Briefly, Vero cells in 24-well plates were inoculated with
dilutions of the virus samples. At 20 h postinoculaton (p.i.), the mediura was removed
and the infected cell cultures were allowed to dry thoroughly at room temperature. The
cells were then fixed for 5 min in 80% acetone. For immunostaining, fluorescein-labeled
antibody towards Pichinde virus was added to the fixed cells. Immunostained cells were
detected by epifluorescence microscopy.

Buffers and reagents used in the conjugation of gelonin to
monoclonal antibody. N-succinimidyl 3-(2-pyridyldithio)propionate (SPDP) was
dissolved in absolute ethanol to a concentration of 10 mM, prepared just before use. Stock
solutions of 2-iminothiolane (0.1 M) were prepared just before use by dissolving 2-
iminothiolane in 1.0 M triethanolamine-HCI buffer (1 M TEA buffer). The 1 M TEA

18]



buffer was prepared by mixing equal volumes of 1 M triethanolamine-HCl and 1 M
triethanolamine free base. The SPDP and 2-iminothiolane were obtained from Pierce
Chemical Co., Rockford, IL. Recombinant protein G was purchased from Zymed
Laboratories, Inc., South San Francisco, CA. Gelonin and other reagents were obtained

from Sigma Chemical Co., St Louis, MO. Phosphate saline buffer (PSB) was of the
composition: 0.1 M NapHPOy4, 0.1 M NaCl, 1 mM EDTA, pH 7.5. Phosphate buffered

saline (PBS) was of the composition: 0.01 M NasHPOy4, 0.15 M NaCl, pH 7.2. TEAE
buifer was of the composition: 60 mM triethanolamine-HCl, 1 mM EDTA, pH 8.0. The
TEAE buffer and the bis-tris/acetate buffer were flushed with argon by slowly bubbling
a~gon through the buffers for 2 h;the argon-flushed buffers were stored in tightly sealed
bettles under an argon atmosphere. Bis-tris/acetate buffer consisted of 5 mM bis-tris, 50
mM NaCl, ] mM EDTA, pH 5.8. A stock solution of 20 mM iodoacetamide was prepared

by dissolving iodoacetamide in sterile double-distilled water.

Columns used for separating conjugation reactants. Sephacryl S300
(Pharmacia LKB Biutechnology Inc., Piscataway, NJ) hydrated in PBS was used to
prepare a column (1.5 x 70 cm) and equilibrated with PBS. Sephadex columns (1.5 x 35
cm) were prepared utilizing Sephadex G25-50 in PSB.

Immunoglobulin purification. The immunoglobulins from ascites fluids and
sera were purified by three arnmonium sulfate precipitations using an equal volume of
saturated ammonium sulfate at each step. The precipitate was redissolved with distilled
water and diaiyzed exhaustively against PBS. The IgG concentration in the final product
was determined by UV spectroscopy, assuming an extinction coefficient of 13.5 at 280

wm.

Preparation of immunoioxins. Introduction of 2-pyridyl disulfide
residues. To 10 mg of purified immunoglobulin at a concentration oi 5 wg/mL in PBS

(done with both the rabbit anti-mouse 1gG and the rabbit anti-Pichinde virus) or 5> mg of
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recombinant protein G in PBS at 2.5 mg/mlL. was added 225 pg of SPDP (100 uL of a 10
mM solution) with rapid raixing. The reaction mixture was gently mixed (using rocker
platform) at 37°C for 60 min. The excess SPDP and low-molecular-weight reaction
products were removed from the reaction mixtures by gel chromatography on Sephadex
G25 PD-10 columns equilibrated with PBS. A fresh column was used for each sample.
The sample in a total volume of 2.5 mL was added and allowed to flow into the column,
discarding the effluent derived during sample application. The column was eluted with
PBS and the first 3.5 mL of eluant was collected. This fraction contained the derivatized
sample with the low-molecular-weight products such as SFDP removed. The dithiopyridyl
groups so introduced were stable for several days at pH 7.0 if held at 4°C.

Introduction of sulfhydryl groups into gelonin. Just prior to the
conjugation reaction, gelonin (5 mg) was dissolved in 2 mL of argon-flushed TEAE buffer
The 2-iminothiolane stock solution was then prepared. To the 2 mL of gelonin was then
added 50 pL of the 0.1 M 2-iminothiclane to make the reaction mixture 2.5 mM in 2-
iminothiolane. The reactants were gentlv mixed under an argon atmosphere for 90 min at
4°C. The excess 2-iminothiolane was removed from the thiolated gelonin by gel
chromatography on Sephadex G25 PD-10 columns equilibrated and eluted with argon-
flushed 5 mM bis-tris/acetate buffer (pH 5.8). The thiolated gelcnin was used immediately
to minimize oxidation.

Reaction of thiol-containing gelonin and the 2-pyridyl disulfide-
containing protein G or antibodies. To 10 mg (3.5 mL) of the 2-pyridyl dithio-
derivatized antibodies or 5 mg (2lso in 3.5 mL) of the derivatized protein G was added
1.15 mL of the thiolated gelonin (approximately 1.5 mg of gelonin) in 5 mM bis-nis/acetate
buffer (pH 5.8). The pH of the reaction mixture was measured and adjusted to pH 7.0
with TEAE buffer. The reaction mixture was then incubated at 4°C for 20 h. At the end of
the conjugation reaction, the remaining free sulfhydry! groups were blocked by the aaZiticn
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of 0.5 mL of 20 mM iodoacetamide followed by an additional h of incubation at 25°C. The

conjugation reaction mixture was then centrifuged for 5 min to remove any precipitate.

Separation of immunotoxin conjugates from nonconjugated gelonin.
The nonconjugated gelonin was removed from the reaction mixture by dialysis against PBS
using Spectroporz 50,0000 MW CO membranes (Spectrum Medical Industries, Inc., Los
Angeles, CA). The optical densities of the various immunotoxin preparations were
mcasured at 280 nm. Conjugaies consisting of 1 gelonin molecule per IgG molecule would
be approximately 16% gelonin by weight. From the OD,g of the immunotoxins
(assurning absorbz 1ce coefficient of 1.0 at 1 mg/mL), the concentrations with respect to

gelonin were caiculated.

Reticulocy.e lysate system. A cell-free protein synthesis system was used to
measure gelonin activity. Nuclcase-treated rabbit reticulocyte lysate and L-[3,4,5-3H]
leucine, both obtained from New England Nuclear (Boston, MA), and untreated rabbit
reticulocyte lysate, obtained from Promega (Madison, W), were utilized. The general
details of the reaction conditions were similar to those described by Pelham and Jackson
(1976). Thin-layer chromatography (TLC) was used to separate the free and incorporated
[3H)leucine. Silica gel-impregnated glass-fiber sheets were obtained from Gelman
Sciences Inc. (Aan Arbor, MI). Strips, 7 x 50 mm, cut from the sheets were developed in
a TLC solvent prepared by mixing 15 mL of methanol, 5 mL of acetic acid and 30 mL of
15% (W/V) trichloroacetic acid (TCA).

Preparation of mRNA for cell-free translation. A few minutes before use,
the messenger RNA was prepared from 30 L of the untreated reticulocyte lysate to which
was added 1 pL of 0.1 M EGTA to bind any Ca(ll), which would reactivate the nuclease
preseni in the nuclease-treated lysate. The resulting EGTA concentration was 6.25 mM.
EGTA (0.05 M) was prepared by dissolving EGTA in stevile distilled water and adjusting
to pH 7 with 1 N NaOH.

184



Eifect of reduced and nonreduced immunotoxin upon cell-free protein
synthesis. The assays were performed utilizing controls consisting of translation reaction
mixtures with and without mRNA, both without immunotoxin. The PC4.9A6-gelonin
immunotoxin was reduced with 100 mM dithiothreitol by adding 10 uL of 1 M dithio-
threitol to 0.1 mL of the immunotoxin and incubating for 30 min at room temperature.
Reduced and nonreduced immunotoxin were then diluted in PBS containing bovine serun
albumin fraction V (BSA) a* 0.1 mg/mL. By comparing the extent of translation with
varying dilutions of reduced and nonreduced immunotoxin in the translation reaction
mixture to the extent of incorporation in controls, the effect of immunotoxin was
determined. Afier incorporation periods of 15, 30 and 60 min, aliquots of translation
reaction mixtures were quenched by mixing with 1 M Tris, pH 10.7. The high pH also
was used to deacylate [°H]-leucyl- tRNA present in the mixture. The incorporated and free
[3H]-leucine were separated by thin-layer chromatography. The incorporated amino acids
stayed at the origin while the free moved with the front. Developed strips were cut in half
(horizontally) to allow determination of both frec and incorpoited counts on each strip.
Halves were placed in separate vials and [3H]-leucine was deter mined by liquid scintillation

counting.

Cytotoxicity of MAb PC4.9A6-geionin conjugate towards Pichinde
virus-infected and noninfected Vero cells. Monolayer cultures of Vero cells in 96-
well plates were inoculated with Pichinde virus at a MOJ of 0.1; noninoculated plaies were
fed at this time with virus-free diluent (MEM containing 5% FBS). Two days p.i., the
infected and noninfected cells were rinsed twice (to remove free virus, which might
compete for immunotoxin). Varying concentrations (none, 50 nM, 500 nM and 5 uM) of
monensin (ICN Biomedicals, Costa Mesa, CA) in 150 pL. of MEM with 5% FBS were
added; then 6 wells/dilution were treated with 50 pL of PC4 9A6-gelonin conjugate (neat
through 10-6) or diluent only; 72 h later, the cellular leucine pools were reduced by
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removing media, rinsing twice with leucine-free medium and replacing with leucine-free
MEM. After 30 min, the medium was removed from all wells. Each culture then received
[3H]leucine at approximatcly 0.25 pCi per well. The cultures were incubated at 37° C for 3
h (incorporation period). The medium was then carefully aspirated, taking care not to
remove cells. Wells were carefully sinsed once with MEM (to lower nonspecific back-
ground counts). In earlier experiments, it was noticed that many cells remained attached or
in clumps left in wells during the harvest. To avoid this problem, the cells were trypsinized
by adding 0.1 mL of trypsin-EDTA and incubating for 30 min at 37°C. To deacylate
leucyl-tRNA and to solubilize cells, 50 puL of 2 M NaOH was then added per well and
allowed to stand for 10 min at room temperature. The base was then neutralized by
addition of 0.1 mL of 20% TCA. The TCA precipitable [>H]leucine was then harvested
from the cells onto filter paper using a Skatron cell harvester (CH System 120R, Flow
Laboratories, McLean, VA) utilizing distilled water for rinses.

Immunofluorescence assay for antiviral activity of antibody targeted
antivirals. The following controls and MAb-gelonin conjugates were evaluated for
antiviral activity against Pickinde virus: MAb PC4.9A6 alone, MAb Hy48 alone (a MADb
also of the IgG, 4 isotype but with no binding activity towards Pichinde virus or Vero
cells), PC4.9A6-gelonin immunotoxin, Hy48-gelonin immunotoxin (negative control), and
ribavirin (positive control). The conjugates were tested over a range of half-log, dilutions
with concentrations from 17 pg/mL down to 0.017 pg/mL. The same dilutions were also

run in media containing 50 nM moneansin.

For the antiviral evaluations, growth medium was removed from confluent mono-
layers of Vero cells growing in 96-well culture plates and 100 pL of Pichinde virus diluted
in MEM with 2% fetal bovine serum was added. The virus incculum was such that there
were 5-10 immunofluorescent cell-forming units of Pichinde virus added to each well,

resulting in an MOI of approximately 1:10,000. The inoculated cultures were incubated for
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24 h at 37°C, at which time 100 pL of test compound diluted in MEM was added. The
plates were sealed with plastic wrap and incubated at 37°C unul the incubation was
terminated at 96 h p.i. by pouring the medium from the cultures and letting the cell sheet
air-dry prior to fixing with acetone. The fixed cells were immunostained to detect Pichinde
virus-infected cells and the number and size of foci of fluorescing cells was determined.
Each assay included toxicity controls, as well as virus and normal cell controls similar to a
plaque reduction assay described previously (Huffman et al. 1973). Four wells were used
for each compound dosage level, one for toxicity assessment (cells + sterile virus diluent +
compound) and three wells for antiviral assessment (cells + virus + compounc!). Six wells
in each panel were used for normal cell contols (cells + sterile virus diluent + drug
diluent). Pichinde virus infection as detected by immunofluorescence was graded from 0
(norma! cells) to 4 (virtually all cells fluorescing). The antiviral activity of a compound was
determined in a manner analogous 10 measuring activity as a reduction in cytopathogenic
effect, except reduction in immunofluorescent foci (IF) was the scoring parameter. The

antiviral activicy was expressed as the concentration of drug required to reduce the IF score
by 50% (ED4p).

Binding of PC4.9A6-gelonin conjugate to Pichinde virus-infected
Vero cells. Monolayer cultures of Vero cel's in 24-well plates were inoculated with
Pichinde virus at an MOI of 1:250. At 20 h p.i., the cultures were stained under the
different conditions described below. To determine if the immunotoxin would bind to
Picninde virus antigens on viable cells, one of the culture plates was transferred directly to
4°C without fixing and dilutions of MAb PC4.9A6 or the PC4.9A6-gelonin immunotoxin
were added to e culture medium. The plate was then incubated at 4°C for an additional 2
h. Afier the reaction with first antibody the plaies were rinsed very gently two times with
cold MEM. To detect either free MAb PC4.9A6 or immunotoxin, fluoroscein-labeled anti-
mouse 1gG was added and the cultures were incubated an additional 6 h at 4°C. Cultures
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were then rinsed once with MEM and viewed by epifluorescence. To determine if the
PC4.9A6-gelonin conjugate retained MAb PC4.9A6-binding affinity for fixed Pichinde
virus antigens, cells in a parallel infected culture were fixed with 80% acetore prior to
reaction at 4°C with MAb PC4.9A6 or MAb PC4.9A6-gelonin, with the remainder of the

immunostaining procedure as described for the living cells.

Virus challenge in MHA hamsters. Hamsters were challenged with Pichinde

virus by subcutaneous (s.c.) inoculation in the groin with 28 LD units of Pichinde virus.

In vivo passive protection studies. For the passive protection studies
utilizing unmodified antibodies, the treatment with MAb was at 24 h after the animals were
challeng«J with Pichinde virus. Asciies fluids were used neat or diluted in Puck’s salinc o
vield the indicaied 1gGa, concentrations in the 0.2 mL inocula, which was administered by
intraperitonea! (i.p.) injection. Using a separate group of hamsters for each MAb, hamsters
were treated with approximately 2,000 pg of MAD per treatment. Additionally, with MAb
PC4.9A6, iere were groups of animals treated with 200 pg ana 20 ug. The toxicity
controls received 0.4 mL of a 1:1:1:1 mixture of the four MAbs.

In vivo antiviral sctivity of PC4.9A6-gelonin conjugate towards
Pichinde virus in MHA hamsters. After inoculation with one LDg of Pichinde
virus, hamsters were divided into six treatment groups of ten animals per group. The
groups weie as follows: (1) MAb PC4.9A6-treated (0.56 mg 0i :AAb PC4.9A6 per kg per
treatment); (2) gelonin-treated (0.1 mg/kg/treatinent); (3) MAb PC4.9A6/gelonin mixture
(0.56 mg/kg/treaiment of MAb PC4.9A6 + 0.1 mg/kg/treatment of gelonin); (4) MAb
PC4.9A6-gelonin immunotoxin (0.66 mg /kg/treatment); (5) ribavirin (20 mg/kg/treat-
ment); and (6) saline. All treatments were a once a day intraperitoneal injection on days 3,
4, and 5 postinoculation except for the ribavirin treatment group which was treated twice a
day (40 mg/kg/day) on days 1 through 14 postiroculation. The infected animals were
housed in a room separate from the uninfected animnals. The toxicity control group
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consisted of five uninfected, 9A6-gelonin immunotoxin-weated (0.66 mg/kg/treatment)

hamsters. The normal controls were five uninfected, untreated hamsters. The toxicity and
normal controls were weighed individually immediately prior to the first treatment and ther.
again prior to all subsequent immunotoxin treatments. After day 7 postinfection they were

weighed on a weekly basis.

Scoring parameters and statistical evaluations for in vivo studies.
Mortality rate and time to death were the main parameters used to measure the effect of the
various treatments. Additionally, for the passive protection studies, at 8 days postinfection
two animals from each group were killed, and liver, spleen, and biood were collected.
Livers and spleens were examined visually and scored. Pichinde virus titers in the sera
were determined. SGOT and SGPT levels in the sera were also determined. The mortclity

data were evaluated using chi-square analysis with Yates' correction.

In vitro antiviral assays based upon virus yield for evsluation of
immunotoxins. For the evaluation of the indirect immunotoxins a different, more
sensitive procedure was employed, which utilized 24-well plate cultures of Vero cells and
used virus yield as the parameter indicating presence or absence of an antiviral effect. Vero
cell cultures in 24-well plates were inoculated with Pichinde virus at a MOI of 1:10,00u.
Inocula were 0.25 mlL/well, and all dilutions were in MEM. At 20 h postinfection, the cells
were rinsed once with cold (4°C) MEM to remove free virus, then 250 pL of cold (4°C)
MEM with varying coacentrations of first antibody (rabbit anti-Pichinde virus) or rabbit
anti-Pichinde virus-gelonin conjugate were added. The first incubation was for 1 h at 4°C,
followed by 3 h at 25°C, and then the cell sheets were rinsed twice with cold (4°C) MEM.
The indicated dilutions of the protein G-gelonin or anti-IgG-gelonin conjugates (4°C) were
then added (0.5 mL/well), the second incubation was run for 30 min at 25°C and then,
without removing the immunotoxin, the cultures were shifted to 37°C for 20 h before
rinsing twice with MEM and adding maintenance medium to all wells. At four days
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postinfection, the supernatant fluids were removed and saved for virus yield assays.
Assays were immunofluorescent cell count assays for infectious Pichirde virus utilizing

Vero cells.

C. Results

MADb PC4.9A6 displayed many desirable characteristics for a carrier antibody to be
used in developing antibody-medated drug delivery systems, i.c. a readily produced 1gG
class immunoglobulin, which binds to the surface of Pichinde virus-infected cells, litde or
no neutralizing or protective activity seen in vitro or in vivo, and yet speciiically
concentrating in the virus-infected tissues of Pichinde virus-infected hamsters. For these
reasons, the initial studies utilized an immunotoxin produced by conjugating MAb
PC4.9A6 to gelonin. The results from studies using PC4.9A6-gelonin immunotoxin are
described first, followed by the results of subsequent studies utilizing other antibody-

gelonin combinations.

Effect of PC4.9Ao-gelonin immunotoxin upon protein synthesis in a
reticulocyte lysate system. The first question addressed was whether the gelonin
activity had survived the conjugation procedure. In order to determine if gelonin was
present in a potentially active form in the immunotoxin, MAb PC4.9A6 attached to gelonin
through a disulfide linkage (PC4.9A6-gelonin) was evaluated for its ability to block
translation in a cell-free protein synthesis system. In the case of previously described
gelonin immunotoxins, the *oxicity of the gelonin was blocked while the gelonin was
artached to the antibody but was expressed after reduction of the disulfide linkage with
dithiothreitol (Lambert et al. 1985). The reduciion cleaves the linkage between the gelonin
and the antibody. The effect of reduced and nonreduced PC4.9A6-gelonin upon proicin
synthesis in a reticalocyte lysate system and the kinetics of the inhibition were examined.

Varying dilutions of the immunotoxin were added at the initiation of the translation reaction

190



and samples were removed 15, 30 and 60 min into the translation reaction. The effect of
reduced and nonreduced immunotoxin upon protein synthesis at 15 min into the reaction is
shown in Figure VIII-1. The data reflect [3H]leucine incorporation as a percentage of that
of the control without immunotoxin. Similar results were obtained for 30- and 60-min
incorporation times, the incorporated [3H]leucine in 3 uL of the control reaction n~ .ure
(with mRNA but no immunotoxin) resulted in 150,000 to 300,000 cpm depending on the
length of the incorporation reaction. The maximum incorporation was 60% of the added
[3H]ieucine. The concantration of the immunotoxin in the undiluted starting material was
330 ug/mL; the concentration with respe °t to gelonin was 53 pg/mL. The concentration of
reduced immunotoxin required to inhibit the incorporation of [3H]leucine by 50% was
taken as the end-point titer. Depending on the length of the incorporation reaction, the
concentration of reduced immunotoxin required to inhibit the incorporation of [3H]leucine
by 50% was 3.3-8.7 x 10 pg/mL, while 200- to 1,000-fold 1ore of the nonreduced
immunotoxin was required for the same degree of inhibition. The results of these activity
calculations are shown in Table VIII-1. Based on the gelonin content of the immunotoxin
and the activity observed with native gelonin, greater than 75% of the original gelonin
activity was displayed following reduction of the immunotoxin. Thus, the gelonin in the
PC4.9A6-gelonin immunotoxin was present in a potentially active forma. As expected,
expression of the full toxic activity of the gelonin occurred only after cleavage of the
disulfide Jinkage, a reaction likely to occur in the reducing environment of the lysosomal

vesicles inside a target cell.

Cytotoxicity of PC4.9A6-gelonin immunotoxin towards Pichinde
virus-infected and noninfected Vero cells. To determine whether this
immunotoxin displayed specific cytotoxicity against Pichinde virus-infected cel!
experiments were conducted to determine the effect of PC4.9A6-gelonin conjugate upon
protein synthesis in Pichinde virus-infected and noninfected Vero cells. In these studies,
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Figure VIII-1. Effect of native PC4 9A6-S-S-gelonin and reduced PC4.9A6-SH + HS-
gelonin immunotoxins upon protein synthesis in a reticulocyte lysate cell-free translation
system. The native immunotoxin was converted to the reduced form with dithiothreitol.
Varying dilutions of the reduced or nonreduced immunotoxin were added at the initiation of
the translation reaction. The reciprocal dilutions of immunotoxin are on a log]n scaie. The
data reflect [3H]leucine incorporation after 15 min as a percentage of that of the control
without immuitotoxin. The incorporated [>H]leucire in a 3-pL aliquot of the control
reaction mixture with mRNA but no immunotoxin resulied in 150,000 cpm. The
concentration of the immunotoxin in the undiluted staning material was 230 pg/mL; the
concentration with respect to gelonin was 53 pg/mL. The concentration of reduced
immunotoxin required to inhibit the incorporation of [3H]leucine by 50% was 0.5 ng/mL,
whereas 250-fold more of the nonreduced immunotoxin was required. Based on the
gelonin content of the immunotoxin and the activity observed with native gelonin, less than
25% of the original gelonin activity was lost during the production of the immunotoxin.
Ttus, the gelonin in the PC4.9A6-gelonin immunotoxin was present in a potentially active
torm and expression of the full toxir activity of the gelonin occurred after cleavage of the
disulfide linkage.

192



Table VIII-1. Gelonin activity in native and reduced PC4.9A6-gelonin immunotoxin.?

Assayed End-Point Titers? and 50% Inhibitory Concentrations®
following Disuifide-linked Immunotoxin Reduced Immunotoxin
incorporation Immunotoxin Gelonin Immunotoxin Gelonin
period (min)  1/dilution  (ug/mL)  (ug/ml)  1/dilution  (ug/mL)  (ug/ml)
15 21x103 1.6x10! 25x102 3.8x105 87xi04 1.4x104
30 1.0x103 33x101 53x:102 1.0x106 331104 53x105
60 21x103 1.6x10! 25x102 38x105 87x104 14x104

2The reciprocal of the diiution that diminished the incorporation of [3H]leucine by 50%
after the indicated incorporation periods was taken as the end-point titer of the
immunotoxin.

bThe 50% inhibitory concentrations were calculated from the end-point dilution titers,
based on an immunotoxin concentration of 330 pg/mL in ti:e undiluted starting material

and a concentration with respect tc gelonin of 53 pg/mL.

the possibility that the ionophore monensin mi;zht enharce the activity of the immunotoxin
was examined. Monensin has been shown in previous studies to potentiate the cytotoxicity
of ricin-containing immunotoxins (Casellas et al.,1985). At 48 h postinoculation, the
iramunotoxin was added for the cytotoxicity studies. At the same “ime, cells in parallel
control plates were immunostained for Pichinde virus antigens to determine what
percentage of the cells in the inoculated cultures were infected. About 25% of the cells
were heavily decorated with fluorescing antibody; these were definitely displaying Pichinde
virus antigens. Perhaps most or even all the remaining cells were also infected, but the
intensity of staining was much lower than that on the 25% that were brightly fluorescing.
The cytotoxicities of the diffe: .nt combinations of PC4.9A6-gclonin and monensin were

studied by measuring the incorporation cf [>H]leucine by Vero cell cultures 72 h after
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treatment with immunotoxin. The 50% inhibitory concentraiions of immunotoxin were 21
ng/ml and 125 pg/mL towards infect xd and control cultures respectively whether without
monensin or with 50 nM monensin (Figures VIII-2 and VIII-3). When monensin was
present at 500 nM or 5 uM (Figures V'II-4 and VIII-5) there was no difference between the
50% inhibitory concentrations (IDsg) of immunotoxin toward Pichinde virus-infected ~nd
normal cells. In all instances these IDgys were approximately 100 pg/mL. Thus, i che
absence cf monensin or with monensin at the lowest concentration (50 nM) there was a
slight specific toxicity towards Pichinde virus-infected cells. The possibility that only 25%
of the cells were displaying Pichinde virus antigens confuses the interpretation of these
experiments. Because subsequent attempts to ebtain Fichinde virus-infect-d Vere cell
cultures in which 80% or more of the cells displayed Pichinde virus antigens on the cell
surface failed, these specific cytotoxicity studies were abandoned in favor of the approach
described below.

{n vitro antiviral testing of PC4.9A6-gelonin immunotoxin against
Pichinde virus. The experiments we ha. conducted demonstrated that the PC4.9A6-
gelonin immunotoxin displayed potent activity in a reticulocyte lysate system, but whether
or not the immunotoxin possessed antiviral activity towards Pichinde virus had not been
determined. The antiviral activity was evalvated by observing for the inhibition of
fluorescing foci-formation in «n immunofivorescence assay for Pichinde virus-infected
cells. Vero cell monolayers were inoculated with Pichinde virus at a MOI of 1:10,00C.
The immunotoxin and controls werc added 24 h later. Four days postinfection. the
monolayers were fixed, stain~d, and examined by inxmunofluorescence for foci of Pichinde
virus-infected cells. In untreated, control cultures, large fluorescing foci (severc] hundred
cells) were observed w e cultures that had been treated with powerful antivirals exhibited
only sir.gle fluorescing cells and «ccasionul smal) (2-8 cells) fluorescing foci. Using this

assay, the PC4.9A6-gelonin immunotoxin was evaluated alone and in the presence of 50
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Figure VIII-2. Effect of immunotoxin PC4.9A6-gelonin apon protein synthesis in
Pichinde virus-infected and noninfected Vero cells in the absence of monensin. Monolayer
cuitures of Vero cells in 96-well p.ites were inoculated with Pichinde virus at a MOI of
1:10; noninoculated plates were fed at this time with virus-free diluent. Forty-eighth
pustinoculation, cells were rinsed twize and treated with 200 pL of varying concentrations
of PC4.9A6-gelonin immunotox.i.: usinig 6 wells/diluticn. S=venty-two h later, cells were
rinsed twice with leucine-free mediura, then incubated 20 min in leucine-free medium.
[3H]Leucine at 0.25 uCi per well was added and the cultures were incubated at 37°C for 3
h. Culture medium was then removed, the leucyi-tRNA in the cells was deacylated and the

amoun: of [3H]leucine incorporated inio protein was deiermined.
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Figure VIII-3. Effec: of immunotoxin PC4.9A6-gelonin upon protein synthesis in
Pichinde virus-infecic< and noninfected Vero cells in the presence of 50 nM monensin.
Monolayer cultures of V: ro cells in 96-well plates were inoculated with Pichinde virus at a
MOI of 1:10; noninozulated plates were fed at this time with virus-free diluent. Forty-eight
h postinoculation, cells were rinsed twice and treated with 200 uL of varying
concentrations of } Z4.9A6-gelonin immunotoxin in medium containing 50 nM monensin
using 6 wells/dilution. Seventy-two h later, cells were rinsed twice with leucine-free
medium, ten incubated 30 min in leucine-free medium . [3H]Leucine at 0.25 pCi per well
was added and the cu. ares were incubated at 37°C for 3 h. Culture medium was then
renoved, the leucyl-tRNA in the cells was deacylated and the amount of [3H]leucine
incorporated into protein was determined.
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Figure VIII-4, Effect of immunotoxin PC4.9A6-gelonin upon prote. - synthesis in
Pichinde virus-infected and noninfected Vero cells in the presence of 500 nM monensin.
Monolayer cultures of Vero cells in 96-vsell plates were inoculated with Pichinde virus at a
MOI of 1:10; noninoculated plates were fe at this time with virus-free diluent. Forty-eight
h postinoculation, cells were rinsed twice and treated with 200 pL of varying
concentrations of PC4.9A6-gelonin immunotoxin in medium containing 500 nM monensin
using 6 wells/dilution. Seventy-two h later, cells were rinsed twice with leucine-free
medium, t .en inzubated 30 min in leucine-free medium . [3H]Leucine at 0.25 pCi per well
was added and the cultures were incubated at 37°C for 3 h. Cultare medium was then
removed, the leucyl-tRNA in the cells was deacylated and the amount of [3H]leucine

incorporated into protein was d-termined.
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Figure V1il-5. Effect of immunotoxin PC4.9A6-gelonin upon protein syntnesis in
Pichinde virus-infected and noninfected Vo cells in the presence of 5 pIM monensin.
Monolayer cultures of Vero cells in 96-well plates were inoculated with Pichir.de virus at a
MOI of 1:10; noninoculated plates were fed at this time with virus-free diluent. Forty-eight
h postinoculation, cells were rinsed twice and treated with 200 pl of varying
concentrations of PC4.9A6-gelonin immunotoxin in medium containing 5 uM monensin
using 6 wells/dilution. Seventy-two h later, cells were rinsed twice with leucine-free
medium, then incubated 30 min in leucine-free medium . [3H]Leucine at 0.25 pCi pzr well
was added and the cultures were incubated at 37°C for 3 h. Culture medium was then
removed, the leucyl-tRNA in the cells was deacylated and the amonnt of [3H)ieucine

incorporated into protein was determined.
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nM monensin. Casellas =t al. (1985) reported that the in vitro activity of immunotoxins
composed of the purified A-chain of ricin covalently attached to a MAD directed at an
antigen present on mouse leukemia cells was enhanced 7- to 10-fold in the presence of
monensin. With or without monensin, MAb PC4.9A6-gelonin immunotoxin failed to
exhibit any antiviral activity over the concentration range 0.017-17 pg/mL (Table VIII-2).
The positive control in this assay was ribavirin. When ribavirin was added 1> the infected
cells at 24 h postinfection, there was a dose-dependernt inhibition of immunofluorescent
foci formation. At the highest noncytotoxic level of ribavirin, 320 pg/mL, there were no
fluorescent foci formed by 96 h postinfection, and only occasional solitary fluorescing cells
were observed (a score of 0, on a scale of 0-4). As the concentration of ribavirin was
reduced, the size and number of fluorescent foci increased. The concentration that reduced
the immunofluorescing foci score by 50% (EDsg) for ribavirin was 24 pg/mL; the
raaximum tolerated dose (MTD) was 1,000 pg/mL; and the therapeutic index (MTD/ EDg)

was 42.

Ability of PC4.9A6-gelcnia to bind to Pichinde virus infected cells.
Although the PC4.9A6-gelonin immurotoxin exhibited the ability to block protein
synthesis in a cell-free system, the antiviral assays indicated no antiviral activity.

. herefore, the ability of PC4.9A6-gelonin immunotoxin to bind to Pichinde virus-infected
Vero cel's was examined. In Pichinde virus-infected cultures, which were stained by
indirect immunofluorescence (first antibody was either immunotoxin or free PC4.9A6, and
second antibody was fluorescein labeled goat anti-mouse), strongly fluorescing cells were
observed The immunotoxin PC4.9A6-gelonin at 10-2 dilution gave strong staining of
Pichinde virus-infected cells and was detectable to a dilution of 10-3. The MAb PC4.9A6
soiution, which contained 10 times as much IgG as did the immunotoxin solution, was
detectable to a dilution of 104 under these staining conaiiions. Thus the immunotoxin

retained antigen-binding activity.
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Table VIII-2. Antiviral activity of ribavirin and PC4.9A6-gelonin immunotoxin against

Pichinde virus.2

Extent of Pichinde virus infection® when treated with

Ribavirin Immunotoxin MADb PC4.9A6-
conc conc MADb PC4.9A6- gelonin + 50 nM
(pg/mL) (ug/mL) Ribavirin gelonin monensin
1000 17 Cre 4 4
320 5.4 0 4 4
100 1.7 0 4 B
32 0.54 1 4 4
10 0.17 a 4 4
3.2 0.054 4 4 4
1.0 0.017 4 4 4
0 0 4 4 4

@Test materizi at the indicawd concentration was added 24 h after inoculation of Vero cells
with Pichinde virus at MOI of 1:10,000.

bExtent of infection was measurec four days postinfection by immunofluorescence, graded
on a scale of 0 (occasional. suiiiary fluorescing cells) to 4 (confluent fluorescing foci).

<CT. Cytotoxicity was observed at ribavirin concentration ~f 1,000 pg/mL.
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In vivo activity of PC4.9A6-gelonin immunotoxin in MHA hamsters.
Although the PC4.9A6-gelonin immunotoxin failed to display in vitro antiviral activity,
there remained the possibility that different populations of target cells and different
mechanisme ror internalization of the immunotoxin in vivo might result in a greater in vivo
effect than predicted by the in vitro results. MHA hamsters were inoculated with one LDg,
of Pichinde virus and then treated vy intrap.ritoneal injection on days 3, 4 and S post-
infection, except as noted for ribavirin treated positive controls. The data are summarized
in Table VIII-3. Treatment with MAb alone, gelonin alone, a nonconjugated mixture of
the two, or the PC4.9A6-gelonin immunotoxin produced no significant increases in
survivors or in mean survival time. The only hamsters to show significant resistance to
Pichinde virus infection were those in the ribavirin treatment group. The immunotoxin
toxicity controls all survived. Thus, the PC4.9A6-gelonin immunotoxin, although very
toxic against protein synthesis in a reticulocyte lysate system, failed to display antiviral

activity in either an in vitro or in vivo system.

Effect of direct and indirect immunotoxins (using polyclonal
antisera) on the exfent of Fichinde vi.us infection of Vero cells. The
PC4.9A6-gelonin immunoto ‘n displayed only weak antiviral activity, thus three additional
immunotexins wer= produced. Two were indirect immunotoxins consisting of gelonin
attached to either rabbit antibody to mouse immunoglobulins or of gelonin attached to
recombinant protein G (a protein siinilar to protein A which binds to the Fc region of
immunoglotulins). The third was gelon'n conjugated to 1gG isolated from the serum of
rabbits hyperimmunized towards Pichinde vin s, referred to as hyperimmune rabbit serum-
immunocoxin (HRS-gelonir). Al (nree were produced utilizing the disulfide linkage
technique as used for thr. conjugation of MAb PC4.9A6 to gelonin. Utilizing the indirect
immunotoxins allowed the evaluation of MAbs and polyclonal antisera for antibody-
mediated delivery of therapeutics in several virus systems. The initial evaluation of these
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Table VIII-3. Effect of PC4.9A6-gelonin immunotoxin on Pichinde virus infection in

_MHA hamsters.
Start of Dose Mean survival
Treatment? Treatment  (mg/kg/day)  Survivors/Total time (days)

Saline 72 h post 0 4/20 12.3
MADb PC4.9A6 only 72 h post 0.56 0/10 10.5
Gelonin only 72 h post 0.10 4/10 13.0
MAb PC4.9A6/Gelonin® 72 h post 0.56/0.10 1/10 13.8
MAb PC4.9A6-Gelonin® 72 h post 0.66 0/104 10.7
Ribavrin® 24 hpost 40 9/10f 20

aTreatment: by intraperitoneal injection once daily on days 3, 4 and 5 postinfection unless

otherwise noted.

A noncovalently linked mixture of MAb PC4.9A6 2nd gelonin.

A covalently linked conjugate of MAb PC4.9A6 and gelonin.

4The toxicity controls receiving MAb PC4.9A6-gelonin at 0.66 mg/kg/day survived.
Although they did lose weight after the first day of treatment, they began to gain weight at

the same rate as nontreated controls after the third day of treatment.

€Ribavirin twice daily by iniraperitoneal injection beginning 24 h postinfection through day

14.
fp < 0.005.
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immunotoxins was to determine their effect on Pichinde virus yield in Vero cell culture.
Pichinde virus infected cell cultures (MO} of 1:10,000, approximately 20 infected foci per
well) were treated with the immunotoxins or antibody/immunotoxin combinations at 20 h
postinfeciion and then the infectior.; were allowed to proceed. At four days postinfection,
the culture fluids were removed for virus assays. The untreaied control cultures yielded
Pichinde virus titers of 2 x 10# fluorescent cell-forming units per mL. Both indirect and
direct immunotoxins were evaluated against Pichinde virus in Vero celis. The virus yields
in terms of percent of control are summarized in Figure VIII-6. Only the hyperimmune
rabbit sesum in combination with the indirect immur.otoxin or the hyperimmune rabbit
serum conjugated directly to gelonin produced a strong antiviral effect, virus yield
reductions of 96% and 80% respectively, whereas MAb PC4.9A6 in combination with the
indirect immunotoxin reduced the yield to 70 £ 24% of that of the untreated controls. Other

treatment combinations failed to reduce virus yields.

Characterization and optimization of the antiviral activity of gelonin-
polyclonal anti-Pichinde virus immunotoxin. Because the greatest antiviral
activity was associated with the polyclonal sera, subsequent evaluations utilized the
hyperimmune rabbit serum. Although the indirezt immunotoxin approach, wherein gelnnin
was linked to protein G produced a greater arntiviral effect in the initial studies, the direct
immunotoxin, consisting of hyperimmure IgG linked to gelonin (HRS-gelonin), was
chosen for the subsequent evaluations and optimization. Reasons for this were because
(1) the direct systzm is simpler, (2) there is only one rzagent to vary rather than doing
checkerboard titrations with two reagents, and (3) there are fewer incubations and rinses.
The characterization studies were designed to answer three questions: (1) What is the time
course for the expression of antiviral activity? (2) At what time posttreatment should the
antiviral effect be measured? and (3) What is the relationship between immunotoxin

concentration, antiviral activity, and nonspecific cytotoxicity?
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Figure VIII-6. Effect of immunotoxin: on Pichinde virus yield. Vero cell cultures in 24-
well plates were inoculated with Pichi..de virus at a MOI of 1:10,000 (20 foci-forming
units per well). Cultures were treated at 20 h posiinfection with: PC4.9A6 (a
nonneutralizing MAD that reacts with Pichinae virus antigens expressed on the surface of
infected cells), HRS (hyperimmune rabbit serum, actually IgG isolated from the serum of
rabbits hyperimmunized towards Pichinde virus), HRS + IIT (HRS followed by an indirect
immunotoxin consisting of gelonin linked to protein G), IIT oniy (indirect immunotoxin
consisting of gelonin linked to protein G); MAb PC4.9A6 + ITT (MAb PC4.9A6 followed
by indirect immunotoxin); gelonin, the toxin used to produce the immunotoxins (in its
native form, without a means for binding to cells, gelonin is relatively nontoxic); MAb
HY48 + IIT (HY4R is an isotype-matched MAD that has no affinity for Pichinde virus or
Vero cells); PC4.9A6-IT (an immunotoxin consisting of PC4.9A6 conjugated to gelonin
through a disulfide linkage); and HRS-IT (an immunotoxin consisting of rabbit polyclonal
anti-Pichinde virus IgG conjugated to gelonin through a disulfide linkage). Cultures were
harvested at 96 h postinfection and assayed for Pichinde virus by an immunofluorescent
cell count procedure. The control cultures produced 2 x 10* fluorescent cel'-forming units
of Pichinde virus per ml..
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The effect of the HRS-gelonin imrunotoxin upon Pichinde virus yield as a function
of time postinoculation is shown in Figure VIII-7. Immunotoxin, HRS-gelonin, was
added it 20 h postinfection, cultures were harvestec and Pichinde virus titers determined
each day for 5 days. The initial MOI (1:10,000) was very low (20 focus forming
units/well), so virus levels increased for several days before reaching a plateau of 106 per
mL. The rise in virus yields from the immunotoxin-treated cultures lagged behind those of
the control cultures by one day. These experiments utilized a single treatment at 20 h post-
infection and, under these conditions, the greatest difference between virus yields from
treated and nontreated cultures was at one day posttreatment. However, with the low MOI
used, there was too much variation in virus yields at 48 h postinfection, so 72 h
postinfection was selected as the optimum time for measring virus yields in subsequent
studies. The effect of immunotoxin cor.centration upon the antiviral activity, measuring
virus yields at 72 h postinfection is shown in Figure VIII-8. The EDgg was 16 nM (the
molecular weight of the immunotoxin consisting of 1 molecule of IgG linked to 1 molecule
of gelonin is 190,000). A toxicity experiment utilizing inhibition of protein synthesis in
noninfected cells was run in parallel. d those data are also shown in Figure VIII-8.
'There was no apparent (oxicity over the concentration range evaluated. From these data it
follows that the therapeutic index for the HRS-gelonin immunotoxin is greater than 50
compared with a therapeusc index of 32 for ribavirin in a similar in vitro system. The
antiviral activities of the HRS-gelonin immunotoxin, ribavirin, and controls ‘all against

Pichinde virus) are summarized in Table ViII-4.

D. Discussion

Examples of active immunotoxins have been reported although none dealt with
wrgeting virus-infected cells. A related approach that did not use antibody, but ratner

utilized & Fseudomonas exotoxin-CD4 recombinant protein has been shown to mediate in -
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Figure VIII-7. Time course for the expressinn of antiviral activity associated with FRS-
gelonin immunotoxin against Pichinde virus. Virus titers are on a logarithmic scale, thus
the differences in virus yields between the nontreated cultures and the treated cultures (Vero
cells in 24-well plates) are on the order of 20- to 100-fold. Immunotoxin (10 pg/mL,
equivalent to 50 nM) was added at 20 h postinfection, cultures were harvested and Pichinde
virus titers deternined each day for 5 days. The initial MOI was 1:10,000 (20 focus-
forming units/well), and virus levels increased fcr several days before reaching a plateau of
105 per mL. Thes: experiments utilized only a single treatment at 20 h postin~zulation.



P1@0.—.

[ =

o

T e
S | =
[ 2
u -—
3

2 g
. ;
> =
s - -—
s 2
0 +—r—rrrrvq —r—rvrrm—r v 1000 §

A 1 10 100
Iimmitnotoxin Conceniration: (nanomolar)

Figure VIII-8. Effect of immunotoxin concentration upon Pichinde virus yields from
infected cells and upon protein synthesis in noninfected Vero cells. Vero cell cultures in

24 -well plates were inoculated with Pichinde virus at a MOI of 1:10,000, which produced
20 foci of infected cells per well by 20 h postinfection. Immunotoxin, molecular weight
190,000, was ndded at 20 h postinoculation. Pichinde virus yields were determined 2t 72 h
post inoculation. A toxicity experiment utilizing inhibition of leucine incorporation in
noninfected cells was run in parallel. There was no apparent toxicity over the concentration

range evaluated.
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Table VIII-4. Comparison of antiviral activity? of immunooxins and contrcls against

Pichinde virus in Vero cells.

Effective Dose Maximum Tolerated = Therapeutic Index
(EDsg), pg/ml.  Dose (MTD), pg/mL. _ (MTD/EDs()

Ribavirin 10 [40 uM] 320 [1.3 mM] 32
HRSP >350 350 <1
HRS-gelonin® 3.2 [0.016 uM]  >160 [>0.8 uM] >50
HY48-gelonind >160 >160

aSingle treatrent by adding test material to medium at 20 h posiinfection. Toxicity read
daily; antiviral activity read at 96 h postinfection.

bHRS (hyperimmune rabbit serum), IgG isolated from the se.um of rabbits that had been
hyperimmunized with Pichinde virus.

CHRS-gelonin, an immunotoxin consisting of rabbit polyclonal anti-Pichinde virus IgG
corjugated to gelonin through a disulfide linkage.

dHY48-gelonin, a negative control immunotoxin consisting of an isotype-matched MAD
(HY48) with no affinity for Pichinde virus or Vero celis conjugated to gelonin through a
disulfide linksge.
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vitro killing of HIV-infected cells (Chaudhary et al. 1938). Thorpe et al. (1981) produced
conjugates ceasistiag of gelonin attached through a disulfide linkage to anti-Thy 1.1 MAb.
These immuilotoxins were cytotoxic in vitro and in vive to lymphocytes bearing the Thy
1.1 set of surface antigens. Stirpe =t al. (1980) reported that, at a concentration of 100
ug/mL, gelonin only slighJy inhibited protein synthesis in intact HeLa cells. However,
when gelonin was attached to concanavalin A, the complex inhibited HeLa cell protein

synthesis 50% at a gelonin concentration of 0.2 pg/ml..

in the studies described in this report, several immurnotoxins were developed and
evaluated against Pichinde virus. Gelonin, an anti-ribosomal toxin with no inherent means
fr entering cells, was attached to the delivering antibodies, the objective being to shut off
protein synthesis in virus-infected cells. Immunotoxins have been used for killing cancer
cells and selected populations of lymphocytes. However, a major difference between the
previous applications and the studies described here is that the target antigens, viral proteu.:
embedded in the cytoplasmic merabrane of the infecied cell, are presum.bly on their way
out of the cell. Gelonin immunotoxins must be internalized by the target cell before they
can exert their toxic effect. If MAbs are to be used for delivering gelonin, large numbers of
candidate MAbs may need to be screened before antibodies are found that bind to suitably
internalized antigen-MADb complexes. Our initial studies utilized an immunotoxin produced
by cor.jugating MAb PC4.9A6 to gelonin. MAb PC4.5A6 displays many desirable
characteristics for 2valuating antibody-mediated drug delivery systems. It is an IgG class
immunoglobulin, which is readily produced via cultivation of the PC4.9A6 hybridoma cell
line as an ascites tumor in mice. Purification of MAb PC4.9A6 is uncomplicated, and the
ability to bind 10 infected cells is retained. Although MAb PC4.9A6 binds to the surface of
Pichinde virus-infected cells, no neutralizing or protective activity is displayed in vitro or in

vivo. This latter quality is desirable because any protective effect associated with a
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PC4.9A€ immunotoxin would be attributable to an imimunotoxin effec’ and not an inherent

protective activity associated with the antibody.

The immunotoxin of MAb PC4.9A6 attachedi to gelonir through a disulfide linkage
was produced, and experiments were conducted to determnine if the MAb PC4.9A6-gelonin
conjugate contained active gelonin. This was done by measuring the ab.lity of MAb
PC4.9A6-gelonin to block translation in a cell-free protein synthesis system, comparing
toxin activity before and after reduciicn with dithiothreitol. The gelonin was present in
MAD PC4.9A6-gelonin in a conjugated configuration that resulted in a greally diminished
activity; however, the activity increased 200 tc 1,000-fold upon release of the gelonin from
the conjugate by reduction with dithjothreitol. Utilizing a sinilar cell-free protein synthesis
system, Lambert et al. (1985) re- ~rted that gelonin at 7.4 x 10~ jig/mL completely shut
down protein synthesis within 15 min. In the experiments described in this report, the
concentration of gelonin in the reduced immunotoxin, which was required to inhibit the
incorporation of [3H]leucine by 50% was 0.5-1.4 x10% pg/mL. Thus MAb PC4.9A6-

gelonin retained the potential toxicity of the gelonin.

In the subsequent cytotoxicity studies, the possibility that 11onensin might enhance
the activity of the PC4.9A6-gelonin imm:.notoxin was examined. Moncnsin has been
show in previous sindies by others to potentiate the cytotoxicity of ricin-containing
immunotoxins. Casellas et al. (1985) reperted that the in vitro activity of immunotoxins
composed of the purified A-chain of ricin covalently attached to a MAD directed at an
antigen present on mouse leukemia cells was greatly enhanced (7- to 10-fold) by the
carboxylic ionophore moneniin. They presented data indicating that the rate of cell-killing
may account for the relative incii=ctiveness of in-munotoxins in vitro. When the rate of
cell-killing was compared for ricin and immunotoxins, the time for ricin to kill 90% of the
cells was on the order of 2 h as compaved to 4-60 h for immunotoxins. The kinetics were

found to be very dependent on the MAb used to produce the immunoconjugate. For
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instance, immunotoxins composed of MAbs of the IgM class took much longer to kill 90%
of the target cells than did immunotoxins composed of MADbs of the IgG class. The data
suggested that immunotoxins with rapid in vitro cell-killing kinetics worked well in vivo.
The autiiors epeculated that the immunotoxins were degraded within lysosomes. Treatment
of cells with monensin disturbed the acidification of the lysosomes and ereatly increased

both the kinetics of cell-killing and the activity of the immunotoxins.

Experiments were conducted to determine if the PC4.9A6-gelonin immunotoxin
exhibited specific cytotoxicity towards Pichinde virus-infected Vero cells. There was only
» slight specific cytotoxicity associated with the PC4.9A6-gelonin immunotoxin either
withoat monensin or with monensin at 50 nM. The 50% inhibitory concentrations of
imm notoxin rang_ from 20-125 jg/mL under all conditions. These studies gave no
indication of a strong, specific targeting of cytotoxicity nor of any potentiating activity on
the part of monensin. In previously reported studies, Lambert et al. (1985) examined the
cytotoxicity of gelonin conjugates directed at human lymphocytes by measuring the
[3H]thymidine incorporation as an index of cy-otoxicity. They found that the IDso for one
of their gelonin conjugates on the appropriate target cells was 30 pM (a 30 pM solution of
gelonin would contain gelonin at 1x 103 pg/mL) as compared with an IDs of 0.4 UM
(10 pg/mL) for native gelonin. This latter observation agreed with the ¢, -toxicity we have
oh:served for the PC4.9A6-gelonin immunotoxin (20 to 125 pg/mlL. immunotoxin or 3.2 -
20 pg/mL based on gelonin con.ent).

The possibility that only 25% of the cells were displaying Pichinde virus antig-'ns
confuses the interpretation of the specific cytotnxicity expe <iments described above.
Indeed, thers may have been a strong soecific cyto ~xicity that was masked by the
undisturbed protein synthesis takir 3 place in cells nu. displaying Pichinde virus antigens.

Subsequent attemps to obtain Pichinde vi-us-infected Ve:o cell culi.res wherein most of
the cells displayed Pichinde virus antigens on the cell surface failed, so these specific
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cytotoxicity studies were abandoned in favor of an approach based on measuring tke
inhibition of Pichinde virus infection in cell culture.

PC4.9A6-gelonin immunotoxin displayed potent activity in a reticulocyte lysate
system, but specific cytotoxicity towards Pichinde virus-infected cells had not been
demonstrated. To determine if the PC4.9A6-gelonin immunotoxin possessed antiviral
activity towards Pichinde virus, the immunotoxin was evaluated by observing for the
inhibition of fluorescing foci-formation in an immunofluorescence assay for Pichinde
virus-infected cells. This antiviral assay was not dependent on infection of a large
percentage of the cells, rather a very low MOI (1:10,000) was used. Infected Vero cells
were treated 24 h postinoculation at which time Pichinde virus antigens were expressed on
the surface of infected cells, but prior to extensive spread of the infection. The positive
control in these studies was ribavirin. Four days postinfection, the cells were examined for
Pichinde virus-infected cells. In untreated control cultures large fluorescing foci (several
hundred cells) were observed. Using this assay, with or without monensin the PC4.9A6-
gelonin immunotoxin failed to exhibit any inhibition of foci formation. Ribavirin caused a
dose-dependent inhibitica of inimunofluore. ent foci f~ mation. At the highest noncyto-
toxic level of ribavirin, 320 pug/ral, thers were no fluorescent foci formed by 96 h pos:-
infection and only occasional solilary fluorescing cells were observed (a score of 0, on a
scal: of 0-4). Although the PC4.9A6-gelonin immunotoxin exhibited the ability to block

protein synthesis in a cell free system, the antiviral assays indicated no antivira' activity.

It is possible that the PC4.46-gelonin immunotoxin did not enter the target cells.
This could have been due to a loss o ability to bind to infected cells For that reason,
experiments described in this report were desigr ed to 62termine if the PC4.9A 6-gelonin
immunotoxin exhibited specific binding to Pichinde virus infected-cells. It was shown that
the immunotoxin retained binding activity to Pichinde virus antigens. Another potentia)

7 ~hlem was that the immunotoxin may have bound to the cells but was not internalized.
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Eecause the inclusion of monensin did not increase the specific cytotoxicity of the

PC4 9A6-gelonin immunotoxin, additional antibodies, whic’: might bind to viral antigens
that wen: more readily internalized, were utilized in subsequent experiments. But before
abandoning MADb 1>C4.9A6-gelonin, an in vivo antiviral study was conducted.

In spite of the lack of impressive in vitro activity, the possibility remained that the
PC4.9A6-gelonin immunotoxin might demonstrate in vivo activity. Because Pichinde
virus infects macrophages and other cells of the reticuloendothelial system, in vitro
evaluations utilizing Vero cells may or may not faithfully predic: in vivo acidvity of
immunotoxins. For that reason, the PC4.9A6-gelonin immunotoxin was evaluated in
Pichinde virus-infected MHA hamsters. However, there was no therapeutic effect
associated with the PC4.9A6-gelonin immunotoxin in Pichinde virus-infected hamsiers.
There was a sligh toxicity associated with the mcatment as indicated by weight loss in
treated noninfected control an.mals, indicating that the maximum tolerated dose was
probably approached in these studies. Th.ere are many possible explanations for the lack of
antiviral activity. *orins‘ance, the PC4.9A6-gelonin immunotoxin might not be
interna'ized even if i\ has bound to target cells. If the immunotoxin is internalized the
gelonin :night not reach the ribosomes in an active form. It is also possible that the hamster
mou  nimmune 1esponse to the immurotoxin. However, this latter possibility did not
scem plauzible, considering that the animals died as a result of the infection less than two

weexs afier treatment

Because neither the in vitro nor in vivo experiments utilizing MAb PC4.9A6-
gelonin produced eviderce for specific targeting of cytotoxicity, cell-culture experiments
usi..g both the indirect and direct protocols with polyclonal antisera towards Pichinae virus
were initiated. One of the reasons the MAb PC4.9A6-gelonin immunotoxin may not have
shown strorg antiviral activity is because it may not have been directed against a Pichinde

virus antigen that is readily internalized following binding by immunoctoxin. It was thought
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that the use of the indirect approach might allow identification of antibodies suitable for the
targeted delivery approach and al:o validate the general premise of using antibodies for the
targeted delivery of antivirais. The use of polyclonal antisera was intended to provide

binding to a large number of Pichinde virus antigens on the infected cells and thus increase

the chances for binding to a readily internalized antigen.

When polyclonal antisera were used for both direct and indirect iramunotoxiri
approaches, the virus yield data showed a strong antiviral effect with the direct immuno-
toxin, with an even stronger effect observed with the indirect immunotoxin. Both the
indirect and direct protocols utilized the same anti-Pichinde virus polyclonal antisera.
Explanations for this difference may be in the particular batches of immunotoxins utilized
or there is perhaps something about the conjugation directly to the rabbit anti-Pichinde virus
caused some loss of antibody activity. Ancther explanation could be that there was an
amplification associated with the sandwicii..ig of the first antibody and the indirect
immunotoxin, resulting in a greater number of immunotoxin molecules being bound per
viral antigen in the case of the indirect procedure. Yet another possibility is that the indirect
system leads to an enhanced internalization of the immunotoxin; such a situation could be
the result of increased capping efficiency as the result of cross-linking of antigens
expressed on the cell surface. The success with the indirect immunotoxin approach
suggests that protein G-gelonin indirect immunotoxins could be used to screen for MAbs
suitable as targeted delivery vehicles.

The experiments utilizing polyclonal antibodies for the targeted delivery of antivirals
demonstrated very strong antiviral effects against Pichinde virus. A single treatment with
HRS-gelonin at 20 h postinfection reduced the virus yield by over 1,000-fold with no
detectable nonspecific cytotoxicity. It is important to note that the 1gG from the hyper-
immune rabbit serum displayed little or no Pichinde virus-neutralizing act- ity (SNsg of
less than 1:10) in the absence of complement, and that the controls shown in
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Table VIII-« and in Figure VIII-6 show that the antiviral activity is not inherent in the
hyperimmune rabbit seram. Thus, the antiviral activity was associated with the

immunotoxin and could not be attribi (ed to neutralization.

The experiments to determine the time course for the expression of immunotoxin
activity indicated that multiple treatments with immunotoxin might produce even more
dramatic reductions in virus yields. The virus yields f-om the immunotoxin treated cultures
lagged behind those of the ~ontrol cultures by one day. It appeared that the treatment at 20
h postirfection hzlted virz1 replication in thost; cells that had been infected for one day,
perhaps iclling these cells; however, oy 20 h postinfection the infection had spread to
adjacent cells too, and although infeci>d, these cells would not yet display viral antigens on
their surface and 'would thus escape detection by the immunotoxin. We have yet to conduct
experiments wherein infected cultures are treated repear-<ily with immunotoxins. With

repeated treatments ihe virus Lk vels might be held very low.

Ribavirin, the drug of choice for treating arenavirus infections (Huggins e al.
19%4), was used as the positive coutrol in the studies we hav: described. The summarizing
data in Table VIII-4 comnpare the in vitro activines of HRS-gelonin and ribavirin. The
EDgy MTD, and therapeutic index fcr R S-gelonin are each more favorable than the
corresponding parameters for ribavirin. On a weight ‘volume basis, the EDgq for H™S-
gelonin was a third of that for ribavirin (3.2 pg/mi compared to 10 pg/mL). However,
comparison of the EDg values expressed in terms of molar concentrations (0.016 uM
compared to 40 M) indicates that one molccule of the irimunotoxin mediated an antiviral
effect equivalent to that of 2,500 melecuies of ribavirin. One of the ma‘or advantages
envisioned for antibody-mediated delivery of antiviral substances is a reduction in
nonspecific cytotoxicity (side-effects). The data in Table VIIi-4 indicate that this potential
advantage may be realized. We have yet to achieve a maximurn tolerated dosage with the

HRS-gelonin immunotoxin. It can be anticipated that immunotoxins produced with
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suitable MADbs will be even more specific than the HRS-gelonin utilized in these studies.
Thus, although much characterization and optimization remain to be completed, the anti-
Pichinde virus immunotoxins described in this report appear promising for use in

developing antibody-mediated delivery of antiviral substances.

E. Conclusions

1. The PC4.9A6-gelonin immunotoxin produced and described in this report
retained the antigen-binding activity of MAb PC4.9A6 and the anti-ribosomal toxicity of
gelonin, but lacked specific cytotoxicity towards Pichinde virus infected cells. Apparently
the MAb PC4.9A6-gelonin immunotoxin was not internalized by target cells.

2. Indirect immunotoxins consisting of protein G linked to gelcnin through a
disulfide bond are potent immunotoxins, which can be used to screen for virus specific

antibodies to be used for antib xdy-mediated targeted delivery of antivirals.

3. The experiments utilizing polyclonal antibodies for the targeted delivery of
antivirals demonstrated a very strong antiviral effect against Pichinde '7irus. A single
treatment with HRS-gelonin at 20 h postinfection reduced ‘he virus yield by over 1,000-
feld with no detectable nonspecific cytotoxicity. The experiments to determine the time
course for the expression of immunotoxin activity indicated that multiple treatments with
immunotoxin might produce even more dramatic reductions in virus yields.

4. Tue EDgg, MTD, and therapeutic index for HRS-gelonin immunotoxin wer:
cach more favorable than the comresponding parameters for ribavirin. The EDgj for HRS-
gelonin was 0.016 uM compared to 40 UM for ribavirin. One mol: “ule of the hRS-
gzlonin immunotoxin mediated an sntiviral effect equivalent to that of 2,500 molecules of
ribavirin. ” ‘us, the anti-Pichinde virus itnmunotoxi.:: described in thi<i.port appear
promising for use in developing antibody-mediated delivery of antiviral substances.



CONCLUSIONS

In the period covered by this final report, ten ribavirin derivatives were prepared.
Two of these derivatives were used to synthesize immunoconjugates with MAb 1% "4.9A6.
First, a conjugate of ribavirin-5'-O-hemisuccinate and MAb PC4.9A6 was prepared. A
loading of four ribavirins per MAb was achieved. This loading was deemed insufficient
for biological activity because of the i igh EDsg value for ribavirin; therefore, investigations
with pol; meric carriers were pursued because they would afford higher loadings. In
additon, because a carboxylate ester linkag: at the 5'-O-position of ribavirin was found to
be too labile for extended stability in ihe plasma and delivery to the target cells, 5-O-
phosphate ester linkages were investigated. An adduct of ribavirin-5'-0-(6-aminohexyl)-
phosphate with (carboxymethyl)dextran having a loading of 9.6 molecules of ribavirin per
dextran was linked to MAb PC4.9A6 to give the second immunodrug conjugate having a
loading of 33 molecules of ribavirin per antibody. This immunoconjugate had no antiviral
activity against Pichinde virus infection in Vero 76 ceils. The lack of acuvity is un;ia-
standable because the MAb was not internalized within the infected cell to deliver the

conjugaie to the necessary enzymes to effect cleavage of the conjugate to release 2n active

form of ihe drug.

To achieve higher loading levels of ribavirin, a pentadecamer of ribavirin-5'-O-
phospiate was designed and synthesized based on oligoribonucleotide chemistry and
structure. This polymer has & 6-aminohexy! group at the 5'-O-phosphate ester termirus for
tetheiing to a polymeric carrier and a thymidine at the 3'-O-phosphate ester terminus for
determiration of drug loading and to facilitate purification. The polymer was inactiv:
against Pichinde virus infection in Vero 76 cells. This inactivity was expected because the
pelymer was probably too polar for absorptic~ by these cells. Conjugation of the polymer
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to an internalizing MAb shonld provide a method for entry into thesc cells. Methodology
was developed for tethering the polymer to a carrier protein that would bind to a MAD.
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APPENDIX A

The hybridization procedure that was used to produce the hybricoma cell lines

described in this report was as follows:

1. Female RBF/DnJ] mice were immunized against Pichinde virus at six months,
eight weeks, and six weeks prior to fusion. Each injection was intramuscular with a 50/50
mixture of Pichinde virus-infected suckling mouse brain in Freund’s adjuvant. A booster
was administered five days prior to the fusion by direct injection into the tail vein with 0.2
mL of Pichinde virus antigen in saline.

2. The spleen donor mouse was anesthesized with ether and exsanguinated. Blood
was collected from the subclavean artery. The serum was used as a positive control in

antibody assays.

3. The animal was saturated with 70% ethanol. The skin was peeled from the
entire peritoneal and chest area, and pinned back out of the way. The animal was again
saturated with 70% ethancl.

4. The spleen was aseptically removed and placed in serum-free RPMI-1640
medium (RPMI-1640-SF ) in a petri dish. Excess fat and connective tissue was removed
from the spleen. The spleen was transfered to a #60 mesh, hat-shaped stainless-steel
screen inverted over a 15-mL plastic centrifuge tube in an ice bath. The spleen was kept

moist by constant dropwise addition of Tris-NH4Cl, which also served to lyse
erythrocytes.

5. The spleen was minced with sterile scissors. The spleen was dissociated into a
cell suspension by forcing it through the stainless-steel strainer, using the sterile plunger

from a 3.0-mL disposable syringe and rinsing with Tris-NH4Cl. This process was
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continued until only connective tissue remained. The total volume of cell suspension was

10 ml.
6. Cells were collected by centrifugation at 400 x g for S min.

7. The supemnatant fluids were decanted and the cells resuspended in 12 mL of
RPMI-1640-SF, with 0.01 M HEPES. Large chunks were allowed to settle for 2 min and

the cell suspension was transfered to a duplicate tube.
8. Cells were collected by centrifugation at 400 x g for 5 min.

9. The above spieen cells and the myeloma cells were washed three times in RPMI-
1640-SF, with 0.01 M HEPES.

10. Spleen cells and myeloma cells were resuspended in RPMI-1640-SF, with no
HEPES. HEPES was avoided during all steps while cells were permeablized with DMSO.
Cells were counted. Resuits in the PC4 fusion were: spieen celis, 10 mL at 6.3 x 105/mL,
with 82% viable; FOX-NY cells, 10 mL at 1.3 . iL, with 93% viable.

11. Spleen cells and myeloma cells were combined in a 15-mL conical
polypropylere tube at a ratio of five spleen cells to one myeloma cell and sedimented at 400

x g for 5 min.

12. The supernatant fluids were drained from the tube; the last drops were removed
with a sterile swab. Then, the cells were spread up the walls of the tube by swizzling.

13. To the cell slurry was added 1 mL of fusion mixture (50% PEG and 5%
DMSO) and warmed to 37°C to get effecient fusion over 60 sec with gentle swizzling
between fingers. The slurry was not vortexed or pipetted to disrupt cells. The slurry was
incubated at 37°C for 90 sec. Clumps were visible at this stage. These clumps were

allowed to remain intact as cells were fusing at this time.
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14. The fusion mixture was diluted by dropwise addition of RPMI-1640-SF, no
HEPES, and mixed by gently swizzling tube between fingers with no rough agitation.
Diluent was added as follows: 1.0 mL over 30 sec, 3.0 mL over 30 sec, and finally 10.0
mL over 60 sec.

15. The suspension was allowed to stand at room temperature for 5 min before
cells were collected by centrifugation at 400 x g for S min. Supernatant fluids were
removed, and cells were resuspended in 15 mL of RPMI-1640-SF no HEPES. Cells were
counted. The result from PC4 fusion was: 15 mL at 4.4 x i06/mL with 70% viable.

16. Cells were collected by centrifugation at 400 x g for S min, and resuspended in
240 mL, so there were approximately 2 x 105 viable cells/mL in RPMI-1640 with 15%
FBS, and adenine and thymidine, but without aminopterin. (The FBS was used without

heat inactivation).

17. The fusior mixture was distributed at 1 mL/well to 24-well plates that had been
seeded with macrophages six days earlier. The following controls were included: FOX-
NY cells only, spleen cells only, and a nonfused mixture of FOX-NY cells and spleen
cells. Wells of all three controls were maintained in RPMI with and without aminopterin.
The media are referred to as AAT media meaning RPMI-1640 with aminopterin, adenine,
and thymidine; and AT media which is same as AAT except without aminopterin. The
FOX-NY cells quickly died in the wells with aminopterin. In wells without aminopterin,
they overgrew within seven days to the point where most appeared dead. The spleen cell
and nonfused mixture control supernatants were very useful as controls in the IFA-
screening procedures as an indication of the level of antibody contributed by residual spleen

cells.

1&. The fusion cell suspension was incubated 24 h. Then 1 mL of AAT medium
containing aminopterin (2X) was added to each well. From this point on, the cells were
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protected from light, and the handling of the piates were minimized. Ondays 7,9, 11, 14,
17, 21, and 24, the cells were fed by removing 1 mL of medium, which was replaced with
1 mL of AAT medium.

19. Supernatants from the fusion plates were assayed several times, beginning

when colonies of a few hundred cells became visible.

20. Those hybridomas that secreted antibody towards Pichinde virus were cloned.
For cloning, one weli of a 24-well plate wzs cloned into all 96-wells of a 96-well cell

culture plate.

21. RPMI-1640 containing adenine and thymidine, but no aminopterin, was used
for the first cloning. One half of the plate was seeded with a cell suspension diluted
sufficiently to yield 1 cell/well (in 0.3 mL). The remaiaing wells were seeded with an
average of 0.5 cells/well (in 0.3 mL).

22. On day 4 or §, all wells were examined using low power (40X). The lid over
those wells with one clone was circled, and an X was placed over those wells with more

than a single clone. Only those wells with a single clone were expanded.

23. When colonies covered 20-50% of the floor of the well, 0.1 mL of the
supermatant medium was removed and assayed for antibody activity. The removed medium

was replaced with fresh RPMI containing AT.

24. Seclected clones were expanded using RPMI containing AT. The ratio for
expanding was one well from the 96-well plate to one well of a 24-well plate at 2 mL/well.

25. When colonies covered half of the floor of the well, they were expanded again
to three wells of a 24-well plate using RPMI-1640 containing AT as above. Supernatant
fluids were reassayed for antibody to confirm positives.

26. When clones were 50% confluent, they were expanded by placing all three
wells into one 25-cm? flask containing 10 mL of RPMI containing AT. Again when cell
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densities reached 0.5-1.0 x 106 cells/mL, clones ‘were transfered to a 75-cm? flask with 20
mL of KPMI.

27. When cel! densities reached 0.5-1.0 x 106 cells/mL. The cultures were
expanded as needed using RPMI-1640 without AT.

Procedure for the isolation of peritoneal macrophages

1. BAL./c mice, 8-30 weeks old, were sacrificed by cervical dislocation. One
mouse at 4 time was processed through step 5. Macrophages were pooled at that step.

2. The mouce was disinfected by dropping it into a beaker of 70% (w/v) ethanol in

water. The mouse was pirned to a clean dissection board.

3. Using sterile forceps and scissors, the abdominal skin was opened and pulled
back to completely expose the peritoneal wall. Skin flaps were secured with pins.

4. Using a second pair of sterile forceps, the abdominal muscle layer was lifted and
a 5-mL aliquot of sterile, cold RPMI-1640 (without serum) was injected using a S-cc
syringe and a 20-gauge needle. After gentle massage of the abdomon for 10 sec, the
solution was withdrawn by keeping the bevel of the needle down and lifting the peritoneal

membrane to form a "tent".

5. The fluids containing the macrophages were placed into a sterile centrifuge tube
in an ice bath. The intestine was not punctured. NOTE: The withdrawn suspension was

clear. If it was noticeably cloudy, the solution and the mouse was discarded.

6. Step 4 was repeated, and the macrophage suspensions were pcoled and
centrifuged at 500 x g for S min. NOTE: A pellet was not readily visible.

7. The supernatant fluids were decanted and the cell pellet resuspended in a small
amount (approximateiy 2 mL/mouse) of serum-free medium. Using trypan blue, the
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macrophages were counted. The red blood cells or lymphocytes were not included. The

macrophages were diluted to the desired cell number.

8. One mouse typically yielded about 1 x106 macrophages with 2.5 x 104/mL used
in 24-well plates or 5 x 103 macrophages/).2 mL in 96-well plates.

9. The macrophages were resuspended in HAT or other selective media and placed
into the culrire plates before the fusion products (hybrids). This was done 24 h before the

addition of fusion products su that macrophages wells could be checked for conzmination.

10. Plates of macrophages were usec on days 1-6. Plates were useable after

longer periods if media was changed.

11. The macrophages attached and cleared the culture of debris in 6-10 days.
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