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Homology of Cytokine Synthesis Inhibitory Factor
(IL-10) to the Epstein-Barr Virus Gene BCRFI

KEVIN W. MOORE,* PAULO VIEIRA, DAVID F. FIORENTINO,
MARrY L. TROUNSTINE, TARIQ A. KHAN, TIMOTHY R. MOSMANNT

Complementary DNA clones encoding mouse cytokine synthesis inhibitory factor
(CSIF; interleukin-10), which inhibits cytokine synthesis by Tyl helper T cells, were
isolated and expressed. The predicted protein sequence shows extensive homology
with an uncharacterized open reading frame, BCRFI, in the Epstein-Barr virus
genome, suggesting the possibility that this herpes virus exploits the biological activity
of a captured cytokine gene to enhance its survival in the host.

MMUNE RESPONSES ARE SPECIFIC NOT

only for a particular foreign antigen,

but also for the class of effector response
directed to that antigen. The antibody-me-
diated (humoral), and delayed-type hyper-
sensitivity (DTH) responses are often mutu-
ally exclusive (7). Which response is mount-
ed aftér exposure to antigen can determine
the survival of the organism: BALB/c mice
respond to infection by Leishmania major
with a predominantly humoral response that
is ineffective and leads to death, whereas
C57Bl/6 mice have a DTH response that
ultimately cures the infection (2). An expla-
nation for these different immune responses
is suggested by studies of two types of long-
term mouse T cell clones (Ty1 and Ty2) (3)
that differ in their patterns of cytokine syn-
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thesis in response to antigen or lectin stimu-
lation. The functions of these types of T cell
clones differ; T2 clones, which produce
interleukin-4 and -5 (IL-4 and IL-5), pro-
vide help for B cell (antibody) responses (4),
whereas Tyl clones secrete IL-2 and inter-
feron-y (IFN-y) and preferentially induce
DTH and macrophage activation (5). If
these functions reflect the mutually exclusive
classes of immune response observed in
vivo, then Ty1 and Ty2 cells may be mutu-
ally inhibitory. The Tyl product IFN-y
inhibits Ty2 clone proliferation in vitro (6),
and proliferation of Tyl clones is inhibited
by an unknown product of Ty2 cells (7). A
product of Ty2 clones, cytokine synthesis
inhibitory factor (CSIF), inhibits synthesis
of IFN-y and other cytokines produced by
stimulated Ty1 clones (8). We now charac-
terize cDNA clones encoding mouse CSIF,
a novel product of Ty2 cells that shares
nucleic acid and amino acid sequence ho-
mology with an uncharacterized gene in the
Epstein-Barr virus genome, BCRFI (9).

Mouse CSIF cDNA clones were isolated
from a cDNA library prepared in the
pcDSRa expression vector (10) from poly-
adenylated RNA isolated from the T cell
clone D10 (11) after stimulation for eight
hours with ‘concanavalin A (Con A). The
CSIF in COS7 transfection (12, 13) super-
natants was assayed by its ability to inhibit
IFN-vy synthesis by the T cell clone HDK.1
(Tu1) in response to stimulation by antigen
(TNP-conjugated keyhole limpet hemocya-
nin; TNP-KLH) with syngeneic, irradiated
(BALB/c) spleen cells as antigen-presenting
cells (8). Mock transfections lacking plasmid
DNA or with an irrelevant cDNA typically
yielded little CSIF (<13 unit/ml), whereas
randomly selected pools of 10* clones gave
titers of 20 to 50 unit/ml. Two pools of 10*
cDNA clones (pools 4.5 and 4.6), which
expressed CSIF activity at levels of 70 to 90
unit/ml, were combined and serially subdi-
vided for subsequent transfections, with
CSIF-expressing pools being identified at
each step. Two pools of 500 cDNA clones
were thus identified, each of which generat-
ed transfection supernatants with CSIF ac-
tivity of approximately 600 unit/ml. Finally,
two single clones were isolated that ex-
pressed CSIF activity, F115 (Fig. 1A) and
0.5]. The titration curve for recombinant
CSIF (rCSIF) was qualitatively similar to
that of the D10-derived factor. CSIF activity
in the transfection supernatants from either
CSIF cDNA clone was generally 3 x 10° to
8 X 10? unit/ml, a level similar to that in
supernatants of Con A—stimulated D10 cells
(8). The F115 cDNA hybridized to 0.2 to
0.4% of cDNAs in the D10 library, indicat-
ing that CSIF mRNA is a moderately abun-
dant species in these cells.

COS7 cells transfected with the CSIF
cDNAs were cultured in vitro with
[33S]methionine, and aliquots of superna-
tants were subjected to electrophoresis in
reducing SDS-polyacrylamide gels (SDS-
PAGE). Supemnatants from- either CSIF
c<DNA clone contained three labeled poly-
peptides (~21, 19, and17 kD; Fig. 1B) that
were absent in mock supernatants. These
three species of rCSIF, identical to D10-
derived CSIF (Fig. 1B), were immunopreci-
pitated by six monoclonal antibodies
(SXC1-6) to mouse CSIF that define at least
three antigenic determinants (12). Thus,
CSIF cDNA clones express rCSIF with the
biological activity, antigenic determinants,
and molecular sizes of CSIF derived from
the D10 T cell clone. Proteins immunopre-
cipitated from cultures with or without
tunicamycin B2 (170 ng/ml) were digested
with N-glycanase. Only the 17-kD, species
was detected in cultures containing tunica-
mycin (Fig. 1C). Similarly, N-glycanase
digestion reduced the three polypeptides
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to a single 17-kD species. Thus the observed
molecular heterogeneity of secreted CSIF is
due principally or entirely to N-linked gly-
cosylation.

CSIF is produced by induced Ty2 helper
T cell clones, but not detectably by Tyl
clones (8, 12). RNA blot hybridization re-
vealed CSIF mRNAs of 1.5 and 1.0 kb in
mRNA from Con A-stimulated T2 clones
D10 and CDC35 (Fig. 2A). The F115 and
0.5] cDNAs might represent the 1.5- and
1.0-kb species, respectively. Although the
CSIF mRNA expressed by CDC35 is induc-
tion-specific, uninduced D10 cells do ex-
press CSIF mRNA at reduced levels. Low
levels of CSIF activity were also detected in
supernatants of uninduced D10 cells, con-
sistent with our observation that this D10
subline proliferates and secretes cytokines at
a detectable level even without stimulation
by antigen or mitogen. In contrast, Tyl
clones generally express little or no detect-
able CSIF mRNA (Fig. 2A). CSIF mRNA
was also detected in the CD4" HT2 cell line
and the Lyl™ B cell lymphoma CH12 (14).
Low levels of CSIF mRNA were detected
by PCR (Fig. 2B) in two mast cell lines
(MC/9 and MM3), which is consistent with
the ability of these cell lines to make “Ty2”
cytokines such as IL-4 and IL-5 (15). All
other cell lines tested, including NIH 3T3
(fibroblast), NFS60 (myeloid), and P388D1
(macrophage) were negative by both RNA
blot and PCR analysis.

The complete CSIF ¢cDNA (F115) was
sequenced (Fig. 3A): it contains a 178-
amino acid open reading frame (ORF) with
an NH,-terminal hydrophobic signal se-
quence predicted (16) to be 18 amino acids
long. The resulting mature polypeptide is
160 amino acids in length, with a calculated
molecular size of 18.7 kD and calculated pI
of 8.1. The protein contains two potential
sites for N-linked glycosylation, five Cys
residues, and nine Met residues (Fig. 3A).
The 3'-untranslated sequence also contains a
104-codon ORF, beginning with a Met
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Fig. 1. (A) Inhibition of
IFN-y production by the
antigen-stimulated HDK-1
T cell clone by COS7 trans-
fection supernatants from
v 4 CSIF c¢DNA clones and
ke clone pools containing CSIF
cDNA clones. A, Negative
control transfection super-
natant (irrelevant cDNA);

M, a pool of 500 cDNA clones from which F115 was isolated; A,
partially purified CSIF (8) positive control; @, @, pools of eight
¢DNA clones; (J, F115. Error bars show standard deviations from
triplicate samples (27). (B) Labeling and immunoprecipitation of
mouse rCSIF. 3

3S-labeled whole supernatants from mock-trans-

fected COS7 cells and from COS?7 cells expressing the F115 cDNA; immunoprecipitation of CSIF
encoded by the F115 and 0.5] cDNA clones, and from supernatants of Con A—stimulated D10 cells.
(C) The heterogeneity of CSIF is due to N-linked carbohydrate. Immunoprecipitations of **S-labeled
CSIF: F115, mock N-glycanase digestion (lane 1); CSIF expressed in the presence (lane 2) or absence
(lane 3) of TcB2; F115 treated with N-glycanase (lane 4); F115 + Tc¢B2 treated with N-glycanase (lane
5); F115 + TcB2, mock N-glycanase digestion (lane 6). N-Glycanase treatment of rCSIF synthesized
in the presence of tunicamycin does not alter its mobility (lanes 5 and 6), suggesting that proteolytic
activity in the N-glycanase preparation is unlikely to be an explanation of the results (28).

codon at nucleotides 913 to 915 and ending
at nucleotide 1227. However, this ORF
lacks a hydrophobic signal sequence and is
truncated in the 0.5] cDNA clone, which
also expresses CSIF. The 3’-untranslated
sequence contains several AT-rich regions
similar to sequences that have been asso-
ciated with regulation of mRNA stability
(17).

Restriction digests of genomic DNA iso-
lated from the livers and sperm of several
strains of laboratory mice were analyzed by
DNA blot hybridization (Fig. 3B). Hybrid-
ization to a mouse IL-3 cDNA (18) was a
control for the amount of genomic DNA
loaded on the gel. Identical Southern blot
band patterns of relatively few bands were
detected with similar intensities in DNAs
from both liver and sperm, suggesting that
CSIF may be a single-copy gene.

Three overlapping A-phage clones that

A
tell
D10 CDC35 MD13.10 GK15.1 & "_—l
; y e B T R L S
28S-
185- 1 M
- o

Lane 1 2 3 4

86T 8910 1112
ConA + - + S R Fe =

T -

hybridized to the CSIF cDNA probe were
isolated from a genomic library of B10.AJ1
mouse liver DNA. A restriction map of one
clone (A4) is shown in Fig. 3C. The geno-
mic DNA clones account for a majority of
the bands in the genomic blots (compare
Fig. 3, B and C): the 5.7-kb Eco RI frag-
ment is the smaller Eco RI band in the
genomic blot; the 3.7-kb Eco RI fragment is
apparently the truncated ~7-kb band. The
M clone contains mouse repetitive DNA
sequence elements as indicated. Preliminary
DNA sequence analysis shows that the
mouse CSIF gene contains at least three
intervening sequences. The sequence of one
complete exon is shown in Fig. 3C. This
exon is ~150 nucleotides long and contains
an Eco RI site (nucleotides 402 to 407) that
is present in the cDNA clone (Fig. 3, A and
C). A second exon begins at position 518 of
the cDNA sequence and extends at least as

§ o B cHi2 _ MM3 MC/9
- ‘ L
B § & Size (bp)
2o rlE
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420- -
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lonophore - - - -+ + - -+ +
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Fig. 2. (A) Detection of CSIF mRNA in mouse cell lines by RNA blot hybridization. Lanes 1 and 2
were probed with an overlapping pair of y-actin synthetic oligonucleotides (3, 8); the remaining lanes
all show hybridization of CSIF probes. CDC35 is a T2 clone; MD13.10 and GK15.1 are Ty 1 clones.
Low levels of CSIF mRNA were detected in induced GK15.1 cells by polymerase chain reaction
(PCR). CTLL is a CD8" cytotoxic cell line (provided by W. Farrar). O1.2A3 is a mouse p.*3"CD23"
B cell hybridoma. (B) Detection of mouse CSIF mRNA by PCR in two mast cell lines; MM3 and
MC/9 cultured in the presence or absence of ionomycin. Hybridization of the PCR product with a
synthetic oligonucleotide specific for the amplified sequence is shown. Reverse transcriptase-negative

controls are indicated (29).

REPORTS 1231



far as the Hind III site (position 947 to
952).

The CSIF DNA and translated protein
sequences were compared to other se-
quences in available sequence data banks.
No homology with known cytokine genes
or proteins was detected, but an uncharac-
terized ORF (BCRFI) in the Epstein-Barr
virus (EBV) genome (9) was related (Fig.

1 GGGGGGGGGGATTTAGAGACTTGCTCTTGCACTACCAAAGCCACAAAGCAGCCTTGCAGAAAAGAGAGCTCCATC

+1

4). The DNA and protein sequence similar-
ity is restricted to the mature protein coding
sequences and does not include the signal
sequences or 5'- and 3’-untranslated re-
gions. Overall nucleotide and amino acid
sequence identity is approximately 70%;
however, large local regions of amino acid
sequence identity are observed (19). BCRFI
lacks one N-linked glycosylation site and has

91 CTGC"‘A"GC"G"CT"CT""‘TA"'1'uACTG\,CATGA\:GA”‘AGCA(}GGCLCAGTACAGC"GLuA}\Cl\f'AA"AAC"'GCAL.CCAC”"C"CAGTC

LeuLeuCYSCYS LeuT

leSerArgGlyGlnTyrSerArgGluAspAsnAsnCYSThrHisPheProval

181 GGCCAGAGCCACATGCTCCTAGAGCTGCGGACTGCCTTCAGCCAGGTGAAGACTTTCTTTCAAACAAAGGACCAGCTGGACAACATACTG
GlyGlnSerHisMetLeuLeuGluLeuArgThrAlaPheSerGlnValLysThrPhePheGlnThrLysAspGlnLeuAspAsnlleLeu

271 CTAACCGACTCCTTAATGCAGGACTTTARGGGTTACTTGGGTTGCCAAGCCTTATCGGARAATGATCCAGTTTTACCTGGTAGAA
LeuThrAspSerLeuMetGlnAspPheLysGlyTyrLeuGlyCYSGlnAlaLeuSerGl

etIleGlnPheTyrLeuValGluValMet

361 CCCCAGGCAGAGAAGCATGGCCCAGAAATCAAGGAGCATTTGAATTCCCTGGGTGAGAAGCTGAAGACCCTCAGGATGCGGCTGAGGCGC
ProGlnAlaGluLysHisGlyProGlulleLysGluHisLeuAsnSerLeuGlyGluLysLeulLysThrLeuArgMetArgLeuArgaArg

451 TGTCATCGATTTCTAAAATGTGAAAATAAGAGCAAGGCAGTGGAGCAGGTGAAGAGTGATTTTAATAAGCTGGAAGACCAAGGTGTCTAC
CYSHisArgPheLeuProC¥SGluAsnLysSerLysAlaValGluGlnValLysSerAspPheAsnLysLeuGlnAspGlnGlyValTyr

541 AAGGCCATGAATGAATTTGACATCTTCATCAACTGCATAGAAGCATACATGATGATCAAAATGAAAAGCTAAAACACCTGCAGTGTGTAT
LysAlaMet AsnGluPheAspIlePhelleAsnCY¥SIleGluAlaTyrMetMetIleLysMetLysSerEND (160)

631 TGAGTCTGCTGGACTCCAGGACCTAGACAGAGCTCTCTARATCTGATCCAGGGATCTTAGCTAACGGAAACAACTCCTTGGAAAACCTCG

721 TTTGTACC

TCTCTCCGAAATATTTATTACCTCTGATACCTCAGTTCCCATTCIATTTATICACTGAGCTTCTCTGTGAACTATTTAGAAA

511GAAGCCCAAIALIAIaAIAIIACAGI&IIIAEIAIIIII&ACCTGTG”TTAAGC1G""*FCATxGGGGALACTTTA*AGJAIII&&&GGC
901 AGATTATATTATATGATGGGAGGGGTTCTTCCTTGGGAAGCAATTGAAGCTTCTATTCTAAGGCTGGCCACACTTGAGAGCTGCAGGGCC
991 CTTTGCTATGGTGTCCTTTCAATTGCTCTCATCCCTGAGTTCAGAGCTCCTAAGAGAGTTGTGAAGAAACTCATGGGTCTTGGGAAGAGA
1081 AACCAGGGAGATCCTTTCATCATCATTCCTGCAGCAGCTCAGAGGGTTCCCCTACTGTCATGGGGGAGCCGCTTCATCCCTGARAACTGT
1171 GGCCAGTTTGITATTTATAACCACCTAAAATTAGTTCTAATAGAACTCATTTTTAACTAGAAGTAATGCAATTCCTCTGGGAATGGTGTA

1261 TTGTTT

GTCTGCCTTTGTAGCAGCATCTAATTTTGAATAAATGGATCTTATTCG.
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CATGGCCCAGAAATCAAGGAGCATTTGAATTCCCTGGGTGAGAAGCTGAAGACCCTCAGGATGCGGCTGAGGCGCTGT GAGTAGCAGATG...3
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380
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only four Cys residues. The predicted mo-
lecular weights of BCRFI (~17 kD) and
CSIF are similar.

This finding suggests that BCRFI might
represent an ancestral, processed cellular
CSIF gene (19) captured by the virus. Her-
pes viruses contain genes that are distantly
related to cellular genes (20), but not with
such strong similarity. It is not known if the

Fig. 3. (A) Nucleotide and predicted protein
sequences of CSIF cDNA clone F115. Potential
N-linked glycosylation sites are in boldface italic;
cysteine residues are in boldface; the hydrophobic
signal sequence is underlined; the predicted NH,-
terminal amino acid (16) is marked +1. A tandem
ArgArg sequence, a possible site of proteolytic
cleavage, is underlined. AT-rich regions that may
regulate mRNA stability (17) are in underlined
italic (30). (B) Detection of the mouse CSIF gene
in mouse liver and sperm genomic DNA. Lanes
13 to 16 were probed with a mouse IL-3 cDNA
(18); the other lanes show hybridization to the
entire F115 cDNA insert. Lanes 1 to 3, 6, 10, and
15: BALB/c DNA; lanes 4, 5, 8, 9, and 12 to 14:
AKR DNA,; lanes 7, 11, and 16: C57BL/6 DNA.
No restriction fragmcnt length polymorph:sms
were detected with the combinations of restric-
tion enzymes (Eco RI, Bgl II, Sac I, and Xba I)
and mouse strains (BALB/c, C57BL/6, and AKR)
used (30). (C) Restriction map and ial se-
quence of the mouse CSIF gene. Black triangles
show boundaries (Eco RI linker sites) of the
genomic DNA insert in the A clone. Approxi-
mate sizes of restriction fragments are indicated in
kilobases. For the indicated enzymes, sites to the
left of the circles were not ma The
relative order of the adjacent 0.5-kb and 0.2-kb
Eco RI fragments is uncertain. The region hybrid-
izing to the F115 cDNA probe is indicated by the
hatched bar. Restriction sites marked by an aster-
isk are also present in the F115 cDNA. The
location of mouse repetitive DNA sequence cle-
ments is indicated by the open bar. The 5’ to 3’
orientation of the gene as suggested by partial
DNA sequence analysis (30) is shown by the
arrow. Genomic DNA sequence identical to the
cDNA ce (boldface italic) is numbered as
in (A); splice signals at exon-intron boundaries
are underlined (31).
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Fig. 4. Amino acid se-
quence homology shared
by CSIF and EBV
BCRFI (9). Boxed resi-
dues indicate identity be-
tween the two se-
quences. Putative N-ter-
minal signal sequences
are underlined. Potential

CSIF:
BCRFL:

CSIF: MPGSALL LLLLTGMRISRGQYSRE! N\C\ TH \V GIQ\S HM LIL E[L R
BCRFL: MERRLVVTLQCLVLLYLAPECGG - Q D P\- - Q|- - [ML|R D|L R
TIAFS|QIVKTFFQTKD|QL|{DN|I|LL|T D
D/AFSR|VKTFFQTKD|E VIDN|L|L L|K E|
CSIF: VIEVMPQAEKHG 1K|{E |H[L
BCRFI: E{EVMPQAE|NQD A |K|D{H|V]

MQDFKGYLGCQALSEMIQFYL
L ElDFKGYLGCQALSEMIQFYL

N S L GE|
N SLGE]|

RLRRCHRFLPCENKS
RLRRCHRFLPCENKS

K|L K TL R{M
INILK TLR|L|

N-linked glycosylation

sites are in large bold o

BCRFT:

KAVEQ|V KIS DIFNKLQDQ|G[V]Y K A MIN
KAVEQ|IKINAIFNKLQE K|G|I[Y K AM|S

EFDIFIN|C

EFDIFIN|Y

IEAY M|
1EAYM|

MIIKIMK S
1KJAR

face, and Cys residues
are highlighted (32).

BCREFI protein is expressed or if it functions
in either the life cycle of EBV or in its
interaction with the immune system. How-
ever, primary EBV infection in adults (gen-
erally leading to acute infectious mononu-
cleosis) is associated with substantial dys-
function in both T and B cell compartments
of the immune system (21). Interestingly,
IEN-y inhibits the generation and out-
growth of EBV-transformed B cells in vitro
(22). Since both CSIF and BCRFI (23)
inhibit IFN-vy synthesis, an intriguing possi-
bility is that EBV has exploited the biologi-
cal activity of the product of a captured
cytokine gene to manipulate the immune
response against virally infected cells, there-
by promoting survival of the virus. The
expression of CSIF mRNA (Fig. 2A) and
protein by the CH12 lymphoma and a
family of related B lymphomas (24) is also of
considerable interest in view of this cyto-
kine’s strong relationship to a protein en-
coded by a virus that immortalizes B cells.
Greater insight into the CSIF-BCRFI rela-
tionship will develop as the biological ac-
tivities of the two cytokines are further
characterized. Conceivably, mimicry of
host cytokines could be a defense mecha-
nism also utilized by other pathogens or
parasites.

That CSIF [IL-10; (24)] inhibits the ef-
fector functions of Tyl cells suggests that it
may play a role in determining the class of
immune response directed against a particu-
lar antigen or foreign organism. CSIF there-
fore appears to be a suppressor factor for
Tyl immune responses. In this light, a
human analog of CSIF (19) may have clini-
cal significance in situations where inhibi-
tion of Ty1-like responses-or IFN-y synthe-
sis is desirable, for example, autoimmunity
or transplant rejection. CSIF might also be a
useful adjuvant for immunization, since its
suppression of Tyl-like effector function
would likely result in a strong antibody
response to the immunogen. Conversely,
CSIF antagonists—blocking antibodies, sol-
uble CSIF receptors, or the modified cyto-
kine—might be useful in regulating Ty2-
like responses. For example, synthesis of
immunoglobin E is regulated principally by
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the cytokine IL-4 (25), a product of Ty2
cells, and IL-5 is a mediator of the growth of
eosinophils (26), which play an important
role in diseases such as asthma.
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Induction of CD4" Human Cytolytic T Cells Specific
for HIV-Infected Cells by a gp160 Subunit Vaccine

Rimas J. OreNtAS, JAMES E. K. HILDRETH, EUGENE OBAH,
MicHAEL POLYDEFKIS, GALE E. SMITH, MARY LoU CLEMENTS,

RoOBERT F. SiLiciaNO

Cytolytic T lymphocyte (CTL) responses were evaluated in humans immunized with
recombinant human immunodeficiency virus type 1 (HIV) envelope glycoprotein
gp160. Some vaccinees had gpl60-specific CTLs that were shown by cloning to be
CD4*. Although induced by exogenous antigen, most gp160-specific CTL clones also

recognized gp160 synthesized endogenously in target cells. These clones lysed autolo- -

gous CD4* T lymphoblasts infected with HIV. Of particular interest were certain
vaccine-induced clones that lysed HIV-infected cells, recognized gpl60 from diverse
HIV isolates, and did not participate in “innocent bystander” killing of noninfected

CD4* T cells that had bound gp120.

HE HOST RESPONSE TO VIRAL IN-

fection depends on the lysis of infect-

ed host cells by virus-specific CTLs
(7). Several candidate HIV vaccines are sol-
uble recombinant forms of the HIV enve-
lope glycoproteins gpl60 and gpl20 (2).
Soluble protein antigens do not normally
elicit a CD8" CTL response because the
processing pathways for exogenous protein
antigens do not allow association of these
antigens with class I major histocompatibil-
ity complex (MHC) molecules (3, 4). Solu-
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ble protein vaccines, therefore, probably will
not elicit CD8", class I-restricted CTLs like
infection with HIV does (5, 6). Instead,
exogenous protein antigens associate with
class II MHC and are recognized by CD4™"
T cells (7). Because some virus-specific
CD4* T cell clones have cytolytic activity
(8), soluble subunit vaccines may also elicit
specific CTLs. However, the usefulness of
such CD4"* CTLs in limiting the spread of
viral infection will depend on whether the
processing of endogenously synthesized vi-
ral protein in infected cells permits associa-
tion of viral antigen with class II MHC and
subsequent recognition by CD4* CTLs in-
duced with soluble exogenous forms of the
same viral protein. In other viral systems,
the processing of endogenously synthesized
viral proteins for recognition by CD4" T
cells has been documented in some (9), but
not other (3, 10), cases.

We analyzed the CTL response in human
volunteers immunized with an HIV subunit
vaccine that consisted of a purified recombi-
nant form of the envelope glycoprotein pre-
cursor, gpl60 (11). Healthy HIV-seronega-
tive volunteers received intramuscular injec-
tions of 40 or 80 p.g of recombinant gp160
(MicroGeneSys, Inc., West Haven, Con-
necticut) with alum at 0, 1, 6, and 18
months (12). Other volunteers received
alum alone or hepatitis B vaccine according
to the same immunization schedule. CTL
responses were evaluated immediately be-
fore and 2 weeks after the 18-month boost.
Peripheral blood mononuclear  cells
(PBMC) from vaccinees and controls were -
stimulated in vitro with gpl60 and then
tested 7 days later for cytolytic activity
against autologous Epstein-Barr virus—
transformed B lymphoblastoid cell lines (B-
LCL) pulsed with gpl60 (Fig. 1). Cultures
from normal, nonimmune, HIV-seronega-
tive donors (# = 10) and from control vac-
cinees immunized with alum (n =2) or
with a hepatitis B vaccine. (n = 3) lacked
antigen-specific CTL activity. The culture
from one of eight gpl60 vaccinees was
positive for gpl60-specific cytolytic activity
immediately before the 18-month boost,
even though this volunteer received only 40
ug of antigen and it had been over 1 year
since the last boost. When retested 2 weeks
after the boost, three of eight volunteers had
gpl60-specific CTL activity, including the
volunteer who was positive before the
boost. Thus repeated immunization with
low doses of soluble HIV envelope protein
induced a CTL response in a significant
fraction of those immunized, and in some
cases activity persisted for over 1 year.

To characterize the cells responsible for
the gp160-specific cytolytic activity, positive
cultures were restimulated with antigen and
then cloned by limiting dilution; all positive
cultures were successfully cloned (Table 1).
All of the clones had the CD4*CD8™ phe-
notype. The isolation of CD4™" clones was
not due to selection against CD8* cells
during the cloning procedure because posi-
tive bulk cultures consisted almost exclusive-
ly of CD4* lymphoblasts (14). The cytolytic
activity of vaccine-induced gp160-specific T
cell clones was class II MHC-restricted.

In infected cells, the envelope protein
precursor gpl60 is cleaved by a cellular
protease into an NH,-terminal fragment,
gp120, that contains the CD4 binding site
and a COOH-terminal fragment, gp41, that
contains the hydrophobic fusion and trans-
membrane anchor domains (15). These sub-
units remain noncovalently associated on
the surface of infected cells and on the
envelope of HIV virions. HIV isolates have
sequence variability in both subunits, but it
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