\

Eest Available Copy

2
g &

SECURITY CLASSH

AD-A166 360

.UMENTATION PAGE

1a. REPORT SECURITY CLASSIFICATION

1b. RESTRICTIVE MARKINGS

(v) NA

2a. SECURITY CLASSIFICATION AUTHORITY 3. DISTRIBUTION / AVAILABILITY OF REPORT 1
NA =4

25. GECLASSIFICATION / DOWNGRADING SCHEDULE Distribution unlimited et
NA |

4 PERFORMING ORGANIZATION REPORT NUMBER(S)
University of Massachusetts Medical Center

S. MONITORING ORGANIZATION REPORT N
NA

6a. NAME OF PERFORMING ORGANIZATION 6b. OFFICE SYMBOL

(14 ficabl
University of Massachusetts ¢ ReA e

7a. NAME OF MONITORING ORGANIZATION V.
Office of Naval Research

6¢. ADDRESS (City, State, and ZIP Code)

Dept. of Medicine, Univ. of Mass. Medical Ctr.
55 Lake Ave., North, Worcester, MA 01605

7b. ADORESS (City, State, and ZIP Code)

800 N. Quincy Street
Arlington, VA 22217-5000

8a. NAME OF FUNDING / SPONSORING 8b. QFFICE SYMBOL
QRGANIZATION (If applicable)

Office of Naval Research ONR

S PROCUREMENT INSTRUMENT IDENTIFICATION NUMBER

NOCO14-83-K-0357

8¢c. ADDRESS (City, State, and ZIP Code)
800 N. Quincy Street
Arlington, VA 22217-5000

10 SOURCE OF FUNDING NUMBERS

PROGRAM PROJECT TASK WORK UNIT
ELEMENT NO.  INO. NO. ACCESSION NO
61153N RRO40108 NRCCC-016

11. TITLE (Include Security Classification)

Potential for cross-reactive protection using peptides and adjuvants or carrier molecules.

12 PERSONAL AUTHOR(S)
Francis A. Ennis, M.D.

13a. TYPE OF REPORT
Annual

13b. TIME COVERED
FROM 5/1/84 1o 4/30/81

14. OA{E OF REPORT (Year, Month, Day) [15. PAGE COUNT

0/1/85

16. SUPPLEMENTARY NOTATION

&)

17 COSATI CODES

FIELD GROUP SUB-GROUP

Cytotoxic T L

18. SUBECT TERMS (Continue on reverse if necessary and identify by block number)

Cross-Reastive Protectiog Peptides, Adjuvancs
ymphocytesi%&zﬁ?hokines, Epitopg5,§:

et e

t;)We have demonstrated that a conserved por

since it raises the possibility that this tvpe
that would be cross-reactive among influenza v
duced in E. coli

fluenza viral genome.

induced lymphocytes kill target cells infected
the Hl hemagglutinin. irregardless of the vears

substantial published data indicating that inf

FILE_COPY

hemagglutinin can induce a cytotoxic T lymphocyte response.

using recombinant DNA techniques for the expression of segments of in- )

'9. ABSTRACT (Continue on reverse if necessary and identify by block number)

tion of the de subunit on the influenza virus
This is a major development-

of peptide could be used to provide protectiom
irus strains. The peptide we used was pro-

1y

The molecule which stimulates this H-2 restricted cytotoxic T lympho-
cyte response is a fusion protein of the HAj subunit of Hl virus (A/PR/8/34 HINL),

and the
with strains of influenza A virus possessing
isolated (e.g. 1934, 1978), the results

indicate that the HA, subunit is a candidate for cross-reactive protection because there are

luenza virus 1nduced cytotoxic T lymphocytes

(Tc) are protective in chal ]enged recipients <=k}, ercd\ Na: o SuQQ\\L& kQ\,!u)c(L hludy

20. DISTRIBUTION / AVAILABILITY OF ABSTRACT 21 ABSTRACT SECURITY CLASSIFICATION
B UNCLASSIFIED/UNLIMITED [ SAME as RPT. [JoTic USERS ()

22a_NAME OF RESPONSIALE iNDIVIDUAL 22b. TELEPHONE (include Area Code) | 22¢. OFFICE SYMBOL
Dr. J. A. Maide (202)696-4055 ONR

DO FORM 1473, 84 MAR 83 APR edition may pe used un

All gther eaitions are obsolete.

til exnausted. SECURITY CLASSIFICATION OF THIS PAGE




Summary

Influenza A virus infection induces a major histocompatibility (MHC)
antigen-restricted subtype-specific cytotoxic T cell (CTL) response and a
cross-reactive response among the influenza A subt:ypesl“‘. These CTL have
been demonstrated to play a crucial role in the recovery from infection5-8,
The definition of the viral determinants which are recognized by these CIL is
not complete. At least five (haemagglutinin, neuraminidase, matrix protein,
polymerase, and nucleoprotein) of the seven viral structural polypeptides have
been reported to be responsible for the recognition by influenza virus-
specific CIL or CIL clones9*’8, We examined the abilities of several viral
polypeptides prepared by gene cloning techniques to induce the secondary CTL
response in vitro. These results show that a hybrid protein (cl3 protein) of
the first 81 amino acids of the viral NS nonmstructural protein and the HAp
subunit of viral haemagglutinin (HA) stimulated H-2-restricted, subtype-
specific secondary CTL in vitro. Furthermore, immunization of mice with cl3
protein induced CTL in vivo. The precursor CTL frequencies of virus- and cl3
protein-immune mice were estimated as 8,047‘1 and 50,3i2°1, respectively,
indicating that the cl3 protein induces CTL in vivo but at a frequency below
that observed in virus-immune mice.

Results

Twenty to 30 million immune spleen cells were cultured with various con-
centrations of polypeptides or A/PR/8/34 (HIN1) virus-infected syngeneic
spleen cells. After incubation at 37°C for 5 days, cytotoxic activities of
the stimulated cells were assayed on A/PR/8/34 virus-infected, Naj3lcro,
labeled, P815 mouse mastocytoma cells. Table 1 shows that A/PR/8/34 virus-
immune spleen cells stimulated with A/PR/8/34 virus-infected syngeneic cells
were highly cytctoxic to A/PR/8/34 virus-infected P815 cells but not to unin-
fected P8!5 cells. Out of six peptides tested, ounly cl3 protein, which is a .
hybrid protein between the first 81 amino acids of NS; and HA,, stimulated the
secondary CTL response in vitro, although the level of killing by cl3-
stimulated cells was lower than that obtained with effector cells induced by
virus-infected stimulator cells. The induction of CTL by cl3 protein was
found to be dose-dependent and the killing of virus-infected target cells was
H-2-restricted (data not shown). Interestingly, c36 and c7 proteins, which
are HA; and the entire HA, respectively, did not induce any CTL responses.
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Table 1. Induction of secondary CTL in vitro by E. coli-derived protein®

Exp. Secondary A/PR/8 Uninfected
stinulation 30 10 30 10
1 A/PR/8** 60.5 37.4 6.7 2.6
NSl -5.2 -8.7 4.3 0.0
Ccl13 15.0 -1.1 0.5 ~0.5
#13 -8.6 ~10.1 -1.3 0.0
‘7 -3¢2 "'704 209 ‘009
No 5.& -2.0 1.9 3.2
2 A/PR/8 S1.9 89.2 16.4 11.5
cl3 28.6 11.3 -1.2 ~-1.0
c36 6.2 =2.5 -2.1 ~1.1
c7 4.4 =-3.7 -0.8 -0.8

*Influenza virus-specific polypeptides were produced in E. coli using the
expression system described previously 9-21

To determine the virus specificity of the secondary CTL induced by ¢i3
protein, A/PR/8/34 virus- or A/Port Chalmers/1/73 (H3N2) virus-immune spleen
cells were stimulated with cl13 protein and tested for their ability to lyse
P815 cells infected with various strains of influenza A viruses. As shown in
Table 2, c13 protein can stimulate A/PR/8/34 (HINl)-immune spleen cells but
not A/Port Chalmers/1/73 (H3N2)~immune spleen cells. Although the effector
cells stimulated by A/PR/8/34 virus- or A/Port Chalmers/1/73 virus-infected
syngeneic cells could lyse all target cells, cl3~induced effector cells lysed
only target cells infected with A/PR/8/34 and A/Brazil/11/78 (HIN1) viruses,
indicating that the cl13 protein induced Hl subtype-specific CTL.

Table 2, Virus-specificity of <l13-induced CTL

Stimulation A/PR/B(HIN1) A/BZ(HINI) A/SING(H2N2) A/PC(H3N2) Uninfected
1° 2° 30 10 30 10 30 10 30 10 30 10
A/PR/8 A/PR/8 76.5. 77.0 82.8 75.5 . 30.6 17.8 9z.8 79.0 8.4 3.0
cl3 50.7 24.0 45.0 18.4 2.0 4.4 1C.3 8.5 2.0 1.1
No 1.3 -0.3 9.4 4.8 7.1 4,2 3.7 2.1 8.5 -=0.6
A/PC  A/PR/8 96.0 72.9 nd* nd nd nd 74.3 57.5 9.8 1.8
C13 1‘06 AOG nd n.d nd nd 1.2 -3.7 2.1‘ "003
No -2-1 "201 nd nd nd nd '2-5 ‘305 102 -005

The following viruses were used in this experiment: A/PR/8/34 (A/PR/8),
A/Brazil/11/78 (A/BZ), A/Singapore/1/57 (A/SING), and A/Port Chalmers/1/73
(A/PC). Spleen cells taken from A/PR/8 virus- and A/PC virus-immune mice were
stimulated with A/PR/8 virus-infected syngeneic spleen cells or with cl3 pro-
tein (12 "g/ml) then assayed for cytotoxicity at E:T ratios of 30:1 and

10:1.

*Not done.




The observation that cl3 protein was able to stimulate influenza virus-
specific secondary CTL response in vitro led us to investigate whether this
protein could stimulate CIL memory cells in vivo. Mice were immunized subcu-
taneously with 50 g of the protein in Freund's complete adjuvant and boosted
3 wecks later by intraperitoneal inoculation with 50 “g of cl3 protein. Cne
week after the secondary injection, spleen cells were obtained and cultured
with A/PR/8/34 virus-infected stimulator cells at 37°C for 5 days. As shown
in Table 3, spleen cells taken from cl3~immunized mice responded to the
secondary stimulation, resulting in specific killing of A/PR/8/34 virus-
infected P815 target cells. This table also shows that the cytotoxic cells
induced by the stimulation of cl3-immunized spleen cells with A/PR/8/34 virus-
infected cells express influenza virus Hl subtype-specificity. These effector
cells from H-249 mice were also shown to be specific for the H-2d haplotype and
these cl3 primed spleen cells were cytotoxic to HIN] but not H3N2 virus
infected targets (24.6% versus 2.9% specific lysis at E:T ratio of 10:1)
after 3 weeks of incubation in the presence of 20% HuTCGF.

Taole 3. Induction of memory CTL iun mice immunized with cl3 protein

Stimulation A/PR/8 A/PC Uninfected
1° 2° 30 10 30 10 30 10
A/PR/8 A/PR/8 67.1 34.5 49.1 28.0 -0.8 =0.5
NO 200 -304 7.8 .600 '0.5 —002

013 A/PR/B 1307 100 "'7.8 -801 002 —201
No -607 "8.3 "706 ‘9.6 -200 -109

BALB/c mice were immunized with S0 ™g of cl3 protein emulsified in an equal
volume of Freund's complete adjuvant subcutaneously and boosted with 50 "g of
cl3 protein intraperitoneally without adjuvant 3 weeks later. One week after
the booster injection, spleen cells were cultured with A/PR/8 virus-infected
syngeneic spleen cells at 37°C for 5 days. CTL activity was assayed on P815
celis infected with A/PR/8 virus and A/PC virus using E:T ratios of 30:1 and
10:1.

The above results indicated that cl3 protein has the ability to induce
not only secondary CTL activity in vitro but also a memory CTL response in
vivo. Therefore, we attempted to determine CTL precursor frequencies of cl3-
immune mice. One week after the booster inoculation with cl3 protein, spleen
cells were tested for their CTL precursor frequencies by limiting dilution
analysis. The results are contained in Table 4. The frequencies of precursor
CTL in spleen cells of A/PR/8/34 virus~- and cl3 protein-immunized mice were
estimated to be 8,047~! and 50,312°1, respectively. Spleen cells from non-
immune mice did not contain detectabie precursors. Althougl the .recursor
frejuency of cl3~-immune spleen cells was lower than that of A/PR/8/34 virus-
immune mice, these results showed that mice {mmunized with cl3 protein had an



increased level of CTL precursors compared to non-immune spleen cells recog-
nizing cl3 protein. The precursor frequency of A/PR/8/34 virus-immune spleen
cells reacting with cl13 protein was estimated as 73,1771, whereas that react-
ing with A/PR/8/34 virus-infected cells was 15,1117,

Table 4. Comparison of precursor frequencies

Immunization Stimulation Precursor 95% confidence
with by frequencies (1/n) range
A/PR/8 A/PR/8 8,047 5,710-11,341
cl3 A/PR/8 50,312 37,140-68,154
No A/PR/8 TLTC*
A/PR/8 A/PR/8 15,111 11,004-20,752
A/PR/8 cl3 73,177 49,482-108,219
A/PR/8 No TLTC*

Precursor frequencies of A/PR/8/34~ and cl3-immunized mice were determined bv
the limiting dilution method23, Spleen cell suspensions diluted to desired
concentrations were distributed into round-bottomed 96-well microplates (100
™1/well) and cultured with 1 x 106 x-irradiated (2,500 rad) syngeneic spleen
cells infected with A/PR/8/34 virus in the presence of 20% human T cell growth
factor (Meloy Lab. Inc.). After incubation at 37°C for 7 days, each well was
assayed for cytotoxicity against A/PR/8/34 virus-infected P8l5 target cells
(2,000 cells/well). Statistical analysis was performed according to the
method described by Fazekas de St. Groth24,

* Too low to count.

The observation that the entire HA, the HA; alone, and the NS; failed ro
induce the secondary CTL responses railses a question concerning which pertion
of the cl3 protein, the NS| and/or the HA2, contains the determinant
responsible for inducing the CTL response. In order to address this quest.on
.we tested the ability of cl3-induced effector cells to kill recombinant X-31
(H3N2)-infected target cells, because all of the genome coding for the
internal viral proteins of £-3! virus was derived from the A/PR/8/34 (HIN!)
parent virus but the surface glycoproteins were derived from the parent H3N2
virus26, Cl3-induced effector cells lysed A/PR/8/34 (HIN!)-infected target
cells (38.4X specific lysis at E:T ratio of 10:1), but they did not lyse X-31
(H3N2)~-infected targets (4.1% at E:T of 10:1)., These results indicate that
cl3-induced Hl-specific CTL recognize the antigenic difference expressed on
external viral glycoproteins, indicating that the HA; portion of the cl3 pro-
tein has a determinant which is recognized by CTL precursors. The inability
to stimulate CTL generation by HA and HA; may be explained by the fact that
these polypeptides produced in E. coli are not glycosylated and that peptides
without sugars may have different conformation compared to that of native pro-
tein, A preparation of the A/WSN (HIN1) virus HA produced in E. coli also
failed to stimulate CTL induction (A. Yamada, F.A. Ennis, and D.P. Nayak;



unpublished observation). Although we do not know the precise role of the
first 81 amino acids of NS; which is coupled to the HA, in cl3, this region
may be important for the tertiary structure of the protein in order to present
the immunodominant site to the responding cells. Sincz2 a derivative of cl3
protein (#13 protein) lacking 153 amino acids of the carboxy terminal end of
the HAjy did not stimulate a CTL response, the antigenic site may be mapped to
this portion. These observations are in agreement with those of Wabuke-Bunoti
and Fan2’ who noted that a cyanogen bromide cleavage product of HAy (between
residues 103 and 123) could induce a subtype-specific secondary CTL response.

It has been reported that type A influenza virus-specific CTL generated
in bulk culture show a broad specificity among type A viruses?, while subtype-
specific CTL have been also described?. The nature of the antigenic site(s)
of the virus recognized by both crcss-reactive and subtype-specific CTL is
still unclear. Recently, Braciale et al.28 reported that influenza virus HA
expressed on murine cells, using DNA-mediated gene transfer, was recognized hy
both subtype-specific ZTL and a subset of cross-reactive CTL. Although they
did not show which subunit of HA was respomnsible for the recognition, it is
conceivable that the important determinant for the recognition could be
located on the HAp subunit. They alsc showed thai one of the cross-reactive
CTL clones failes tu lyse HA-expressing target cells, suggesting that viral
product(s) other than HA might be recognized by cross-reactive CTL. The
observation of Kees and Krammer29 that most of their short term CTL clones
have a specificity for internsl viral components appears to support this idea.
Furthermore, the isolation of a CTL clone that reacts with viral nucleopro-
teinl? also seems to provide evidence that an internal protein is responsible
for the recognition by cross-reactive CTL.

Our results show that the frequency of CTL precursors reacting with the
subtype-specific deteminant on HA; is about 10-20% of the total CTL pre-
cursor, suggesting that 80-907% of CTL precursor2 recognize viral deter-
minant(s) other than that on HAj. This is in accordance with the results of
Kees and Krammer?d who reported that about 90X of CTL precursors recognized
internal proteins rather than external glycoproteins such as HA and neuramini~-
dase. It therefore seems likely that the numbers of CTL precursors which
recognize influenza A subtype-specific determinants may be around 10% of the
total CTL precursors; however, the frequency may be variable depending on the
viral strain or mouse strain as was pointed out by Vitiello and Sherman30,

In conciusion, we have demonstrated in this communication that an influ-
enza virus-specific hybrid protein between NS; and HAo prepared by recombinant
DNA techniques can produce both an in vitro secondary CTL response and an in
vivo generation of memory CTL in a subtype-specific manner. As subtype-
specific CTL can protect mice from lethal {nfection with influenza virus31, it
will be interesting to see whether this protein induces any protective
immunity to the recipient mice. Experiments investigating this issue are now
in progress. .
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