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t
al activities of the viable leukocytes from which it I5 prepared ,

namely TF confers on the normal recipient for prolonged periods the DTH and
CMI possessed by the iriinune donor. 

~~~

The established effectiveness of TFD in selectively augmenting
cellular immunity has fostered its widespread application in the immunotherapy
of a variety of congenital and acquired diseases characterized by deficient
CM~~ The congenital T-cell deficiencies that have responded to TFD administra-T~on are: Wlskott-Aldr ich Syndrome, Swiss-Type Agamaglobu linemia , Ataxia-Telangiectasia , and Severe Combined Ininunodeficiency Disease. Disseminated
intracellular infections caused by viruses , fungi or mycobacteria have also
responded favorably to TFD administration and include Chronic Active Hepatitis ,
Herpes Zos ter and Simp lex , Vacc inia, Cytomegalov i rus , and giant cell measles
pneumonia; chronic mucocutaneous candidias is , disseminated coccidioidomycosis;
histoplasmosis and torulosjs, tuberculosis and lepromatous leprosy . Inruno-
therapy wi th TFD Is al so being evalua ted in certa in types of cancer such as
breast cancer , -osteogenic sarcoma, malignant melanoma , naso pharyngeal carc inoma
and Hodgkin ’s di seas e. The most recent applications of TF fl to immunotherapy
have included certain di seases of possible infectious origin that are con-
sidered “autoinimune ” such as Bechet’s syndrome , Reiter ’s syndrome , multiple
scleros is , subacute sclerosing panencephalitis , juvenile rheumatoid arthritis
and chronic active hepati tis. Al though experience is still fragmentary, the
general princip le that appears to be emerging is that TFD administration may be

“—- ~~xpected ~a benefj~ those patients aff1kt~ with diseases that arise from or
res~T t f~ deficient CMI and its consequencei~~Operationally TFD administration
results in the appearance of a new population of antigen-responsive lymphocytes
in the recipient’s circulation which in the presence of the related antigen
~~ ress the activities of the natively ininune cell, namel cutane us DTH and
~P+~’ j~ yivo, eradication of infectious agent, lymphocy c n itration and

•tejectfön of tumor metastasis plus lymphocyte transformation and lymphokine
t:~’ proddct~on (Mi9ration Inhibitory Factor, Lymphotoxin , Interferon) in vitro. in

~dtIitton to thee- antigen-specific responses)TFD admini stration resul ts in a
nons pec1~ tc adgmentation of CMI responses ,~uch as acquisition of lymphocyticPItA—responsiveness , E-rosette responsiven~~ and MLC respons i veness as wel l
as endowment of imniunodeficient children wi th the capacity to recognize and
res p~nd tô éii~4ronmental antigens (e.g., DNCB). Whether the antigen-specific
activi ties and the nonspeci fic consequences observed followi ng TFD administra-
tion are properties of the same or different molecule(s) present in leukocyte
dialysates remains to be el ucidated as does the precise biochemical species
and mechanism of action of Transfer Factor itself.
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FINAL REPORT ON CONTR ,~CT DM9-193-!L-25G2 - ‘Cellular Trnn~fer of C-~~ nc-o~: .:
Sensitivity to Hem o ly t i c  Streptoc occi — H.S. La~iren ce , M .D ., Con trL.c~n.~

This project began wi th our demonstration that ce 1l~ lar t r s -  of
cutaneous delayed type hypersensitivity (0TH ) was poss ible in nL.r ans usin:
viable WBC (1 ,2) an d that h~C extrac ts are as effective as li ’~ i:g cells H.
This finding allowed us to begin the attempts to isol ate ~ni c nrac te r ’iza
the active material(s) in W i~C extrac ts responsible for trans~cc of EJTh ar: .
to which activity we gave the operational t~~-~ Transfer Factnr (TE), with
the realization that more than one Factor may be invo lv ed in tho reso~~achieved . TF IN WEC EXTRACTS: Treat~:ont of ~!PC extracts with D Ice , hhAse
or Trypsin led to inactf~ate TF and excluded known mnc r ’oic~~ l a r
can didates for information al transfL r (3). ~dd iticna l l i s€ . - ial transf~r
of antigen-s pecific 0TH from individual A to h to C u i’i~ YDC cx~oact~tended to exclu de a su peran ti gen or unique typo of ant ihcdv a~ d co~re s t c - i
the reci pient of TF replicates more -TF of tho sarre specificity ,;~ic!. then
appears in his circulating leukocytes (3). ~eckin ri a relat~on sh ip hnt :e:n
TF and known immuno globulins ye studied the dip hther -to~oid- :n~~tc.d n
system and found that 0TH to toxoid was readily transferred wi th I. 0C ex—
tracts but that antibody could not be detected in the skin or sara of
such reci pients using a sensitive biological test (4). r. ~tte:~pting toblock transfer of DTH we incubated immune cell populations rith antiç~rn(P PD , toxoi d) and found that PPD interacted with the tu herculi n specifi c
TF and l iberated it into the cell-free supernatant lea ving behind the
toxoid specific TF in the cel pellet which had been depleted of the
tuberculin specific TF (4,5). From these studies we concluded that:
a) TF coul d only result in the transfer of DT H responses and ret the
capacity for antibody production nor a secondary antibody response tc
the same antigeriic determinants ; b) antigen can interact ~-,ith and li~ erate
a specific cell- bound IF while l eaving behind in the cell p ellet tho TF’s
of differing antiger -ic specificities ; and c) rapid liberation of spacifi c
activi ty after only 15 — 20 minutes exposure to ant igen indicated TF to be
a pre—existent moiety in ira :une leukocytes .

In an effort to exclude the possibility tPet IF wurely reoo ’ted in
elevation of the reci pient ’ s latent sensit ivity to ubi pt i tous ar t i~ :rs ,
we studied the transfer of coccidio idin sensitivity to rec ipient s who
had not been exposed to this fungal infection. 0TH to co ccici ioid in ‘~.asreadil y transferred using HOC extracts prepared frcr’ ir: rruce donors and it
was concluded tha t the possibility of elevation of latent sensitivit y
using this anti gen had been greatly diminished but not entinely exc :uded
(6) .

We demonstrated the capacity of IF to transfer accelera ted skin
allo graft rejection to noni inmune recipients . This stud -.’ established that:
a) individuals do not possess a pre— existcnt TF yr . histocomp atib ility
antigens of other individuals; b) such al lograft-specif ic TF does no t
appear after in~1iunization wi th only one skin graft but requires sequen-tial exposure to two or more grafts to reach detectable levels of activity ;
c) the IF raised in this fashion when in jected into nonirw -wne peopl e
causes accelera ted rejection of only that allograft used to immunize the
TF donor whereas unrelated control allografts are unaffected; d) IF pre-
pared from nonimmune donors or from inadequately imm unized donors dic
not cause accelerated rejection of test or contro l skin grafts nor di d
hyperimmune sera ( 7 ) .  From this study i t  was conc1v-~ed that a new TF
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ha d been raised de novo; that it exhibited exquisite specificit y for
the HL—A anti gens of the individual whose skin had been used to incn uniz e
the IF donor; an d that it was unlikely that the effects were due to
elevation of a latent sensitiv ity . Further studies undertaken to define
the locus of human his tocompatibili ty antigens in WEC extracts revealed
that antigenic activity resides in the endoplasmi c retic~lun and to he
nond ialysable whereas the dialysate was unable to cause active sensiti-
zation of individuals to skin allografts obtained from the donor of the
dialysate (8). This finding separated those ma terials (articens) w hich
activel y sensitize , from TF which cannot actively in:ounize ind i”idual s
to skin allo gra fts , but can only transfer such immunit y.

Our nex t step in the goal to i denti fy and characterize IF :n crL ua
DUAse—trea ted hOC extracts was greatly facilita ted by our f indir~ that
the act ive material (s)  passed readily through a V i s k i no  Ce l l u lo se  sac
(9) .  By this one sim p le maneuver all of th e rnacrom olc- cu lar cel l con-
sti tuents , passenger viruses , AU antigens and histoc o~:uat ibi ii ty anti qens
are left behind wi thin the dialysis sac and the dialysate cor :tain irg TF
in highly puri fie d fo rm can be concen tra ted by lyophil i za ti on . We found
that dialysable Transfer Factor (TF d) possessed all cf toe bioloç ical
properties and potency for in vivo transfer ’ of 0TH as the pu rer; t viable
cells or DNAse- treated iE C extracts from whi ch it ~ias prepared. These
included the same intensity and prolonged duraticn (1-2 years ) of trans-
ferred 0TH and the imm unologic al stabilit y of lyophi liz ed TFd (5 yrs.).
TFd was shown to he free of papain digest ed qar:ma - rlo bu l in fracments
added to the inside of the bag as rarkers ; to he orcinol an:. Diu ret
positive; to be nonantiqenic in rabbi ts ,

~ddit io n a1l y , the activit ’ in
di alysates was found to be retarded follomi rig passace throu gh Son hadex
G—25 and eluted un der a broad pea k in the region where mo iecui~ s of
<10 ,000 niol . w t .  emerge. By exclu sion , the ma in  can did a tes ~cr thebiological activity of TFd are polype ntides ard/or polynucleotides (9).
Thus IF was shown to be a dialysabl e non- IG , nonanti qenic m oiet y of
<10 ,000 nww . comprised of a complex of polypeptid es and/or poiy~uc1 eo-
tide residues. The dialysable nature of IF, its low molecular weiqht cod
polypeptide -polynucleotide composition have each been confi rmed rapi dly
and in precise detail by several groups of investiga tors , inciudi ag the
same U-V absorption patterns of acti ve peaks eluted from Sephadex 0-25.
We continue d to exp lore the i n vivo ca pacity of TF d to restore CTH and
CMI responses in patients with diseases characterized ny anerqy , as a
prelude to its possibl e application as an irrounother apeutic reagent.
TFd was shown capable of conferring local 0TH to tuber culin to some
anergic sarcoid patients and both local and systemic reactivity to others
which endured for a year (10). Similarl y, TF d conferred local and
systemic cutaneous 0TH to SH-~U to a uroup of patie nts ci th metast atic
cancers of various types (11). In the ri iniscule dosage o~ TF d cmnlove d
in the above g rou p of patients , no clin ical i rpr ’o.o: -or - t was ,n t ic i n ~ tud
or observed . Nevertheless , these studies demonstrated that anerq ic
patients with d isseminated disease possessed cell populations that
could respond to TEd and that U T H and CHI responses could be aunr ented
by TFd prepared from normal individuals.

The Search for an In Vitro Assay of T - D i s a p p o i n ments and Consclations:
It was apparent~~~6m the beginning of this project tr at the cn~cf irp c dim ent
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to the isolation and characterization of TF was the lack of an animal
model and/or an in vitro assay system. Our earliest efforts included
attempts to neutralize cells bearing TF with antigen and resulted
instead in the liberation of antigen-specifi c TF into the cell-free
su pernatant solu ti on (4 ,5). Wi th David , Al—Askar i and Thomas , w e next
turne d to niacrophage migration inhibition technique of George and
Vau ghan an d in a series of papers (12-16) established its value as an
in vitro correlate of 0TH and CMI induced by bacteria , protein antigens
and simple ch emical compounds. We also adapted this in vitro system to
the study of transplantation immunity (29). These preliminary studies
showed that as few as 2~ sensitive cells could cause normal cells to
respond to antigen and suggested the possibility of detecting a guinea
pig TF. No IF was detected. Nevertheless , these observa tions d i d
prepare the way for the subsequent discovery of PIIF by Bloom and by
David and generated a whole new phase of immunological investigation at
both basic and clinical levels

With Valentine we next turne d to lymphocyte transformation as a
possi ble in vitro assay of TEd and although moderately successful , the
resul ts were initially sporadic and unpredictable (17). Soa king to
prepare a more potent TF for this in vitro system we i ncubated sens iti ve
human blood lymphocytes with antigen and discover ed instead a nondialysable ,
heat- labile , antigen -dependent lymphokine which alerted naive lymphocytes
to transform and proliferate follo’.nng exposure to the related artig or
(18). We termed this activity lymphocyte transforming factcr (LTF) to
distinguish it fro m: TF. With Spitler we then reporte d that LTF cou lc h e
demonstra ted in the guinea pig and it shared properties with hu : an LTF
(18).

Having detected ty1c cell— free products that acted upon naive ~ ‘mnho-
cytes to result in transformation an d proliferation when exposed to
antigen , we looked for such recruitment to occur in an antigen-stimulated
i mm une lymphocytes that were held capt ive for t ime-lapse cin cnc~ogrophy .
W e fai led to detect recruitment , at least when such lymphocytes were
under continuous vi sion from 48 hours through 7 days , an d instea d Fcund
the large number of cel ls generated by the 7th day arose from far fewer
than our esti mated <2d ant igen—reactive orocenitors , entirely by clonal
pro liferation. Nevertheless , recruitment cou ld be shown to occur arti-
ficially when LTF pl us antigen were added to naive lymphocytes. The
latter were then triggered into identical clonal prol i feration , quanti-
tatively and qualitatively, that we had observed in natively i mmune
lymphocytes following exposure to anti gen alone (20).

We next approached target—cel l sickness or death as a note nt ial  in
vitro assay of TF and found instead another nondi~ iysa b le. ht~ -labile
product of antigen -st imul ated human lymphocytes (21) .  This lyciphokine
init ially seemed to have properties of a human lyniphotoxin , simi lar to
that described for mice by Granger. However , since our material ivodu-
lated HeLa cell cloning and since it interfered wi th tumor-cell d iv is ion
rat her than resulting in direct ce l l- lys is , - ‘c named it CIF for c loning
Inhibitory factor (22) .
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Over the past few years our ap :iroach to the problem of the identity
and mechanism of action of TFd has been devoted almos t exclusively to
the develo pment and perfection of a suitable in vi tro assay for this
material(s). This strategy arose from the realization of the limi tations
and restrictions of our extensive in vivo exper ience and the obvious
advantages of an in vitro system that may reflect in v ivo events .

Therefore during the years 1972 through Augu st 1975 which mark
the termination of this grant we have accomplished the following:
1 ) developed and defi ned the experimental conditions whereby leukocyte
dia lysates containing TFd cause augmentation of antigen sti mulated human
lymphocyte proliferation (23); 2) havin e detected a new lyn’ohok ine,
clonin g inhibitory factor (CIF), produced by antigen or mi toçen sti”~u-
lated human lymphocytes and we defined and extended the prep aration erd
properties of CIF on 1-leLa cell cloning (24); 3) showed that lyr ph ok ine
production (lymphocyte transforming factor of blastoce n ic factor) e nurs
in antigen stimulated human lymphocyte cultures at a time ~hen cell
proliferation is p reven ted by cul ture in 95- . oxygen (25); ~

) e v a l u a ted
the efficiency of ‘pooled” nonspecific IF in the immu notherapy cf 5
patients with breast cancer and established the safet , of adm in istrat ion
of large doses (270 billion cell equival ents ) thr ice ,.‘ ec’kl) ~cr 1 year
(26) .

T hese and other recent advances in our murk or Tr an s f a r  F :c t ~ r aeVe
been summarized and brought up to date in the author ’ s Harv e lecture (29) .
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