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

Complementary DNA clones encoding mouse cytokine synthesis inhibitory factor 
(CSIP; interleukin-lo), which inhibits cytokine synthesis by TH1 helper T cells, were 
isolated and expressed. The predicted protein sequence shows extensive homology 
with an uncharacterized open reading frame, BCRPI, 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. 

I 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 (1). which response is mount- 
ed after exposure to antigen can determine 
the survival of the organism: BALBIc mice 
resmnd to infection- bv Leishmania major 
with a predominantly humoral response that 
is ineffective and leads to death, whereas 
C57Bl/6 mice have a DTH resDonse 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 (TH1 and TH2) (3) 
that differ in their patterns of cytokine syn- 

thesis in response to antigen or lectin stimu- 
lation. The functions of these types of T cell 
clones differ; TH2 clones, which produce 
interleukin-4 and -5 (IL-4 and IL-5), pro- 
vide help for B cell (antibody) responses (4 ) ,  
whereas TH1 clones secrete IL-2 and inter- 
feron-y (IFN-y) and preferentially induce 
DTH and macrophage activation (5) .  If 
these fimctions reflect the mutually exclusive 
classes of immune response observed in 
vivo, then TH1 and TH2 cells may be mutu- 
ally inhibitory. The TH1 product IFN-y 
inhibits TH2 clone proliferation in vitro (6), 
and proliferation of THl clones is inhibited 
by an unknown product of TH2 cells (7). A 
product of TH2 clones, cytokine synthesis 
inhibitory factor (CSIF), inhibits synthesis 
of IFN-y and other cytokines produced by 
stimulated TH1 clones (8). We now charac- 
terize cDNA clones encoding mouse CSIF, 

The De arunent of Immunology, DNAX Research Insti- 
tute. P~!O Alto. CA 94304. a novel product of TH2 cells that shares 

nucleic acid and amino acid seauence ho- 
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Mouse CSIF cDNA clones were isolated 
from a cDNA library prepared in the 
pcDSRcx expression vector (10) from poly- 
adenylated RNA isolated from the T cell 
clone Dl0  (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-y synthesis by the T cell clone HDK. 1 
(TH1) in response to stimulation by antigen 
(TNP-conjugated keyhole limpet hemocya- 
nin; TNP-KLH) with syngeneic, irradiated 
(BALBlc) spleen cells as antigen-presenting 
cells (8). Mock transfections lacking plasrnid 
DNA or with an irrelevant cDNA typically 
yielded little CSIF (<13 unitlrnl), whereas 
randomly selected pools of lo4 clones gave 
titers of 20 to 50 unit/ml. Two pools of lo4 
cDNA clones (pools 4.5 and 4.6), which 
expressed CSIF activity at levels of 70 to 90 
unitlml, 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 unitlml. Finally, 
two single clones were isolated that ex- 
pressed CSIF activity, F115 (Fig. 1A) and 
0.5J. 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 lo3 to 
8 x lo3 unitlml, a level similar to that in 
supernatants of Con A-stimulated Dl0  cells 
(8). The F115 cDNA hybridized to 0.2 to 
0.4% of cDNAs in the D l0  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 
[35~]methionine, and aliquots of superna- 
tants were subjected to electrophoresis in 
reducing SDS-polyacrylamide gels (SDS- 
PAGE). Supernatants from- either CSLF 
cDNA clone contained three labeled poly- 
peptides (-21,19, and.17 kD; Fig. 1B) that 
were absent in mock supernatants. These 
three species of rCSIF, identical to D10- 
derived CSIF (Fig. lB), were immunopreci- 
pitated by six monoclonal antibodies 
(SXC1-6) to mouse CSIF that define at least 
three antigenic determinants (1 2). Thus, 
CSIF cDNA clones express rCSIF with the 
biological activity, antigenic determinants, 
and molecular sizes of CSIF derived from 
the D l0  T cell clone. Proteins immunopre- 
cipitated from cultures with or without 
tunicamycin B2 (170 nglml) 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 TH2 helper 
T cell clones, but not detectably by TH1 
clones (8, 12). RNA blot hybridization re- 
vealed CSIF mRNAs of 1.5 and 1.0 kb in 
mRNA from Con A-stimulated TH2 clones 
Dl0  and CDC35 (Fig. 2A). The F115 and 
0.5J cDNAs might represent the 1.5- and 
1.0-kb species, respectively. Although the 
CSIF mRNA expressed by CDC35 is induc- 
tion-specific, uninduced D l 0  cells do ex- 
press CSIF mRNA at reduced levels. Low 
levels of CSIF activity were also detected in 
supernatants of uninduced D l 0  cells, con- 
sistent with our observation that this D l 0  
subline proliferates and secretes cytokines at 
a detectable level even without stimulation 
by antigen or mitogen. In contrast, TH1 
clones generally express little or no detect- 
able CSIF mRNA (Fig. 2A). CSIF mRNA 
was also detected in the CD4+ IIT2 cell line 
and the Ly l+ B cell lymphoma CH12 (14). 
Low levels of CSIF mRNA were detected 
by PCR (Fig. 2B) in two mast cell lines 
(MCl9 and MM3), which is consistent with 
the ability of these cell lines to make "TH2" 
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 ( O W )  with 
an NH2-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 

B a C 1 2 3 4 5 6 Fig. 1. (A) Inhibition of 
C - *-- = 
0 46 - IFN-y production by the 

x * $ T O  Y $ 2  anugen-stimulated HDK-1 
30 - Z i i E Z s  , I 6  -. T cell clone by COS7 trans- 

fecuon supernatants from 
CSIF CDNA clones and 
clone pools containing CSIF 

30- Tc-B2 - + - - + + CDNA clones. A, ~ i ~ a t i v e  
21 - -- N-glycanase - - - + + - control transfection super- 
14- - 21- .cI natant (irrelevant cDNA); 
7 - ., a pool of 500 cDNA clones from which F115 was isolated; A, 

14- partially purified CSIF (8) positive control; 0,  +, pools of eight 
U L  I 

Total lrnrnunoprecipitates cDNA clones; 0, F115. Error bars show standard deviations from 
triplicate samples (27). (B) Labeling and immunoprecipitation of 
mouse rCSIF. 35S-labeled whole supernatants from mock-nans- 

fected COS7 cells and from COS7 cells expressing the F115 cDNA, immunoprecipitation of CSIF 
encoded by the F115 and 0.5J cDNA clones, and from supernatants of Con A-stimulated Dl0  cells. 
(C) The heterogeneity of CSIF is due to N-linked carbohydrate. Immunoprecipitations of 35S-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 + TcB2 treated with N-glycanase (lane 
5); F115 + TcB2, mock N-glycanase digestion (lane 6). N-Glycanase treatment of rCSIF synthesized 
in the presence of runicarnycin 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 0.5J 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 DNA5 
from both liver and sperm, suggesting that 
CSIF may be a single-copy gene. 

Three overlapping A-phage clones that 

hybridized to the CSIF cDNA probe were 
isolated from a genomic library of B1O.AJl 
mouse liver DNA. A restriction map of one 
clone (h4) 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 
A4 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 

A h 
P m B C H I 2  MM3 , MC/9 , 

S ~ z e  (bp) a- 

D l  0 C D C 3 5 M & O X  = 
I I 

Reverse ' 
transcr~ptase- + - + - + - + - + 

lonophore - - - - + + -  - + +  

Lane 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
C o n A + -  + - - + - + -  + - - -  - - 

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 TH2 clone; MD13.10 and GK15.1 are TH1 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). 01.2A3 is a mouse ~+6+CD23+ 
B cell hybridoma. (B) Detection of mouse CSIF mRNA by PCR in two mast ceU lines; MM3 and 
MCl9 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 nanscriptase-negative 
controls are indicated (29). 

REPORTS I231 



Edl. as the Hind III site (p i t i on  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 detmed, but an uncharac- 
terized ORF (BCRFI) in the Epstein-Barr 
virus (EBV) genome (9) was related (Fig. 

4). The DNA and protein sequence similar- 
ity is restricted to the mature protein coding 
sequences and dots not include the signal 
sequences or 5'- and 3'-untranslated re- 
gions. Overall nudeotide and amino acid 
sequence identity is approximately 70%; 
however, large local regions of amino add 
sequence identity are observed (1 9). BCRm 
lacks one N-linked glycosylation site and has 

*l G G G G G G G G G G A T T T A G A G A C T T G C T C T T G C A C T A C C A R A G G A G A G C T C C A T C A T G C C T G G C T C A G C A  

+1 
METPrOGlvSerAla 

B 
kb L S k b  

L S L L L S L L L  L S L L  
. - -  

10.0- AR 
8.0- "@, 6.0- h 
6.0 - *f 

1 2 3  4 5 6 7 8 9 10 11 12 13 14 15 16 
u- I I I !I - 
Xbal EcoRl Bgl I1 Sac1 EcoRI Sac I 

c 0 #0.5, I 1.8 I 1.3 , 3.7 
I 1 XbaI 

0 : 6.5 , 1 . 0 ,  2.1 
I 1 :0.5 pst I 

0: 
10 $: 2.2 : Hind Ill 

0: 
7 I 6 Barn HI 

only fbur Cys residues. The p d c t e d  mo- 
lecular weights of BCRFI (-17 kD) and 
CSIF are similar. 
This finding su%gests that BCRm might 

represent an ancestral, p d  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 ifthe 

Flg. 3. (A) Ndeotidc and prcdlcecd pmcin 
sequences of CSIF CDNA done F115. Potential 
N-linkcd glycosylation sitcs arc in boldface italic; 
cystcinc residues arc in boldface, the hydrophobic 
signal scquence is undalind, the predicted NH2- 
terminal amino acid (16) is marked + 1. A tandem 
ArgArg sequence,. a possible site of p m l y t i c  
cleavage, is underbed. AT-rich regions that may 
tcgulate mRNA stability (17) arc in underlined 
italic (30). (B) Detection of the mousc CSIF gene 
in mouse liver and sperm genomic DNA. Lanes 
13 to 16 were probed with a mouse IL-3 D N A  
(18); the otha lanes show hybridization m the 
entire F115 D N A  insert. Lanes 1 to 3,6,10, and 
15: BALBIc DNA; lanes 4,5,8,9, and 12 to 14: 
AKR DNA; lanes 7,11, and 16: C57BU6 DNA 
No restriction fragment length polymorphisms 
were detected with the combinations of restric- 
tion enzymes (Eco RI, Bgl 11, Sac I, and Xba I) 
and mouse stains (BALBIc, C57BU6, and AKR) 
used (30). (C) Restriction map and partial sc- 
quc~w of the mouse CSIF gene. Black mangles 
show boundaries (Eco RI linka sites) of the 
genomic DNA insert in the A 4  done. Approxi- 
mate sizes o f d c t i o n  hgmcnts arc indicated in 
kilobases. For the indicated cnymcs, sites to the 
I& of the open circles were not mapped. Thc 
relative order of the adjacent 0.5-kb and 0.2-kb 
Eco RI hgmcnts is uncertain. The region hybrid- 
izing to the F115 CDNA probe is indicated by the 
hatched bar. Restriction sites marked by an aster- 
isk arc also p m t  in the F115 cDNA The 
location of mouse repetitive DNA sequence de- 
mentsisindicatcdbytheopcnbar.The5'm3' 
orientation of the gene as sugg*rtcd by partial 
DNA sequence analysis (30) is shown by the 
arrow. &omic DNA +ce idcnticaI io the 
D N A  senuence (boldface italic) is numbered as 
in (A); s&ce sighs at exon-&aon boundaries 
arc underlined (31). 
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Fig. 4. Amino acid se- CSIF Eur. J .  Immunol. 15, 520 (1985); J. Gosselin, J. 
quence homology shared BCRFI Menezes, G. Mercier, G. Lamoureux, D. Oth, Cell. 

by CSIF and EBV Immunol. 122, 440 (1989). 
23. D. H. Hsu et al . ,  in preparation. BCWI (9).  Boxed resi- CSIF 24, Cons+rhg the expression of CSIF mRNA and duesindicateidentit~be- B C ~  protein by several cell types (Fig. 2; A. O'Garra el 

tween the two se- al.,  in preparation), we and our colleagues speculat- 
ed that CSIF might be pleiotropic. CSIF is a 
cofactor for proliferation of mast cell lines (L.-A. 

are underlined. Potential Thompson-Snipes et al.,  in preparation) and thymo- 
cytes (I. MacNeil et al . ,  in preparation). We request- 

N-linked glycosylation CSIF 
sites are in large bold ed that the Nomenclature Committee of the Interna- 

face, and Cys residues BCRFL 
tional Union of Immunological Societies assign an 

are highlighted (32). 
interleukin designation for CSIF. The Committee 
declined to spec4 a name, but an inquiry to the 
editors of Nature, Science, Proceedings of the National 
Academy ofScimces U . S . A . ,  International Immunology, 
Journal of Experimental Medicine, Journal of Immunolo- 

B C w I  protein is expressed or if it functions the cytokine IL-4 (25), a product of TH2 gy,  and Cell revealed no known conflict with the 

in either the life cycle of EBV or in its cells, and IL-5 is a mediator of the growth of ~ ~ ~ ~ ~ ~ & ~ " " "  we provisionally assign the 

interaction with the immune system. How- eosinophils (26), which play an important 25. R. L.   oh an et al . ,  J ,  Immunol. 136,4538 (1986); 
ever, primary EBV infection in adults (gen- role in diseases such as asthma. G. Del Prete et a!.,  ibid. 140, 4193 (1988). 

26. R..L. C o h a n ,  B. W. P. Seymour, S. Hudak, J .  
erdy leading to acute infectious mononu- Jackson, D. Rennick, Science 245, 308 (1989). 
deosis) is associated with substantial dys- 27. COS7 cells were transfected by electroporation (12, 

function in both T and B cell compartments REFERENCES AND NOTES 13). On day 4 after transfection supernatants were 
harvested and debris removed by centrifugation. 

of the immune system (21). Interestingly, 1. C. R. Parish, Transplant. Rev. 13, 35 (1972); Y. CSIF-containing COS7 supernatants could be 
IFN-y inhibits the generation and out- Katsura, Immunology 32,227 (1977). stored at 4°C for at least 1 week, or subjected to at 

2. J. G. Howard, C. Hale, F. Y. Liew, Nature 288, 161 least two freeze (-80°C)-thaw cycles without signif- growth EBV-transformed in vitrO (1980); J. G. Howard, C. Hale, W. L. C. Liew, icant loss of activity. Supernatants were concentrat- 
(22). Since both CSIF and BCmI  (23) Parasite Immunol. 2, 303 (1980). ed 10- to 20-fold on centricon 10 membranes 

f ib i t  IFN-? synthesis, an intriguing possi- 3. H. M. Cherwinski, J. H. Schumacher, K. D. Brown, (Amicon, Danvers, MA), then diluted to their origi- 
T. R. Mosmann, J .  Exp. Med. 166, 1229 (1987); T. nal volumes with RPMI 1640 medium. Following a 

bility is that EBV has exploited the biologi- R, M~,,,, H, chenvinski, M, W, ~ ~ ~ d ,  M, A. subsequent tenfold concentration, supernatants 
cal activity of the product of a captured GiedJin, R. L. Coffman, J .  Immunol. 136, 2348 were tested in the CSIF bioassay (8) at concentra- 

(1986). tions of 10% or less of the concentrate. IFN-y was cytokine gene to manipulate the immune 4. W. H. Boom, D. Liano, A. K. Abbas, J. Exp.  Med. assayed by ELISA (8) after 24 hours of culture. 
response against virally infected cells, there- 167, 1352 (1988); L. m a r ,  G. MacDonald, J. Units are delined by reference to a partially purified 

by promoting survival of the virus. The West. A. Woo&, K. Bottomly, J .  lmmufiol. 138, CSIF standard (8). In general, 1 unit of CSIF 
1674 (1987). produces half the maximum inhibition of IFN-y 

of CSIF lnRNA (Fig. 2A) and 5. D. J. Cher and T. R. Mosmann, J. Immunol. 138, synthesis in a 0.1-ml culture in 24 hours. 
protein by the CH12 lymphoma and a 3688 (1987); R. D. Stout and K. D. Bottomly, ibid. 28. COS7 cells were cultured with [35S]Met with or 

142, 760 (1989). without TcB2 (170 nglml) (13). CSIF was immuno- "Iated lymphomas (24) is of 
6, T, F, Gajewski and F. W, Fit&, ;bid, 140, 4245 precipitated with monoclonal antibodies to CSIF as 

considerable interest in view of this cyto- (1988); R, F ~ ~ ~ ~ ~ ~ . B ~ ~ ~ ,  V, M, sanders, T, R. described (12). N-glycanase digestion of immuno- 
kine's strong relationship to a protein en- Mosmann, E. s. Vitetta, J .  Exp.  Med. 168, 543 precipitated CSIF was done in the presence of 

(1988). EDTA, SDS, NP-40, and phenylmethylsulfonyl flu- b~ a virus that 7. J. B. Horowirz, J .  Kaye, P. J. Conrad, M. E. Katz, oride [G. Pela, K. Frederick, C. L. Anderson, B. M. 
Greater insight into the CSIF-BCRFI rela- C. A. Janeway, proc. Natl.  cad. Sci. U .S .A .  83, Peterlin, M O ~ .  Immunol. 25, 243 (1988)], for 18 to 
tionship will develop as the biological ac- 1886 (1986). 24 hours at 37°C with N-glycanase (8 unitiml; 

8. D. F. Fiorentjno, M. W. Bond, T. R. Mosmann, J. GENZYME, Boston, MA). SDS-PAGE (15 to 16% tivities of the two cytokines are further Exp, Med, 170, 2081 (1989). gels) was followed by treaunent with ~ m p e  
characterized. Conceivably, mimicry of 9. R. Baer e ta l . ,  Nature 310, 207 (1984). (Amersham, Arlington Heigh~,  IL) as recommend- 

host cytokines could be a defense mecham 10. Y. Takebe el al.,  Mol. Cell.  Biol. 8, 466 (1988). ed by the manufacturer and autoradiography for 24 
11. J. Kaye, S. Porcelli, J. Tite, B. Jones, C. A. Janeway, to 96 hours. 

nism also utilized by other pathogens or J ,  E ~ ~ .  ~ ~ d ,  158, 836 (1983). 29. RNA blots: Isolation of RNA, electrophoresis of 
parasites. 12. T. R. Mosmann el al.,  in preparation. polyadenylated RNA (I to 2 kg) or total RNA (10 

~h~~ CSIF [IL-~o;  (24)1 inhibits the ef- 13. G. A. Pela, M. L. Trounstine, K. W. Moore, J .  to 15 kg) in formaldehyde-1% agarose gels, and 
Immunol. 141, 1891 (1988). hybridization conditions were as described [S. 0. 

fect0r functions of T H ~  cells Suggests that it 14, J. Watson, J .  EXP.  Med. 150, 1510 (1979); P. Gollnick, M. L. Trounstine, L. C. Yamashita, M. R. 
may play a role in determining the class of W'ioughby and G. Haughton, J. Nad.  Cancer Insl. Kehry, K. W. Moore, J. Immunol. 144, 1974 

SO, 351 (1988). (1990)l. The CSIF probe was the 700-bp Pst I 
immune response against a particum 15. M. A. Brown et al.,  Cell 50,809 (1987); M. Plaut et fragment at the 5' end of F115 (Fig. 3). 01.2A3 
lar antigen or foreign organism. CSIF there- al . ,  Nature 339, 64 (1989). cells were provided by D.,Conrad [W. T. Lee and D. 

fore appears to be a suppressor factor for 16. G. VOn Heijne, J .  Mol. Biol. 173, 243 (1984); D. H. Conrad, J. Immunol. 136, 4573 (1986)l. PCR 
Perlman and H. L. Halvorson, ibid. 167, 391 assays: Mast cells were cultured overnight at lo5 

TH1 immune responses. In this light, a (1983). cells per milliliter in the presence of 1.2 kM ionomy- 
human analog of CSIF (19) may have clini- 17. G. Shaw and R. Kamen, Cell 46,659 (1986). cin (Calbiochem, San Diego, CA) (12). Ionomycin 

cal simcance in situations where f i b i -  18. T. Yokota et al . ,  Proc. Natl. Acad. Sci. U . S . A .  81, stock solution was 1.5 mM in DMSO; controls were 
1070 (1984). cells cultured alone or with only DMSO added. 

tion of TH~-like responses or IFN-')' synthe- 19, Analysis of human CSIF cDNA clones isolated from PCR was done for 40 cycles on reverse-transcribed 
sis is desirable, for example, a human T cell clone (P. Vieira et al.,  in preparation) total RNA with synthetic primers from the CSIF 

revealed that the human cytokine cDNA is likewise sequence that allowed detection of both the 1.5-kb 
Or CSIF might be a related to BCRFI only in the mature protein coding and 1.0-kb mRNA species (primer I: nucleotides 
usefd adjuvant for immunization, since its sequence, but is homologous to its murine counter- 240 to 270, sense strand; primer 2: nucleotides 630 

suppression of TH1-like effector function Pm the coding sequence and 3'-un- to 660, antisense strand). Control reactions in which 
translated region. reverse transcriptase was omitted were done for each 

would likely result in a strong antibody 20. S. Beck and B. G. Barrell, Nature 331,269 (1988); RNA sample. Amplified fragments were detected 
response to the immunogen, Conversely, J. DiUner et al . ,  Proc. Natl.  Acad. Sci. U . S . A .  81, initially by ethidium bromide staining in 1.5% 

CSIF antagonists-blocking antibodies, sol- 4652 (1984); M. Heller, E. Flemington, E. Kieff, P. agarose gels, and then by hybridization to an oligo- 
Deininger, Mol. Cell.  Biol. 5, 457 (1985). nucleotide probe (nucleotides 431 to 457, Fig. 3A) 

uble CSIF receptors, Or the modified T O -  21. D. A. Thorley-Lawson, Biochim. Biophys. Acta 948, to verify speci6city of amplification. 
kine-might be useful in regulating TH2- 263 (1988). 30. DNA sequence analysis was accomplish'ed by the 

22. F. Hasler, H. G. Bluestein, N. J. Zvaitler, L. B. chain-termination method in either M13mp18119 like For 'ynthesis of Epstein, J .  Exp.  Med. 157,173 (1983); M. Lon, C. or Bluescript KS+ (Stratagene, La Jolla, CA) vec- 
immunoglobin E is regulated principally by D. Tsoukas, S. Fong, D. A. Carson, J. H.  Vaughan, tors with the Sequenase 2.0 kit (US Biochemical, 
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Cleveland, OH). The Intelligenetics Suite programs 
(Intelligenetics, Mountain View, CA) were used for 
data analysis. DNA blots: 10 to 15 kg of genomic 
DNA from either sperm [B. Hogan, F. Constantini, 
E. Lacy, in Manipulating the Mouse Embryo (Cold 
Spring Harbor Laboratory, Cold Spring Harbor, 
NY, 1986), p. 1071 or liver was digested with the 
indicated restriction enzyme, fractionated by electro- 
phoresis through 0.9% agarose gels, blotted, and 
hybridized (29). 

31. The restriction map of the A4 clone was deduced 
from agarose gel band patterns of digests of the 
done with individual restriction enzymes or pairs of 
enzymes. Plasmid subclones of the 5.7-kb and 3.7- 
kb Eco RI fragments and the 3.6-kb Barn HI-Hind 
III fragment were also analyzed. Mapping gels were 
blotted and hybridized to the entire F115 cDNA 
probe. Mouse repetitive DNA sequence elements 
were detected [M. Steinmetz et a l . ,  Cell 24, 125 
(1981)] in a -1.7-kb region between the Bgl I1 and 
Xba I sites as indicated by probing restriction digests 
of A-phage clone DNA (1 kg per lane) with "P- 
labeled whole genomic DNA. A mouse CD23 
cDNA [S. 0. GoUnick et al.  in (29)] containing 
repetitive elements in its 3'-untranslated region was 
used as a control. 

32. Databases screened were the EMBL nucleic acid 
sequence bank release 20, Genbank release 61, Swiss 
Prot protein sequence database release 12, and 

Protein Identification Resource release 21. No other 
herpes virus sequences in the databases had any 
sequence with such a marked relationship to CSIF, 
although a weakly homologous sequence was found 
in the varicella wster virus genome [A. J. Davison 
and J. E. Scott, J. G e n .  Virol. 67, 1759 (1986); 
nucleotides 31965 to 32133; 24% identity over 59 
amino acids]. The search did not reveal any proteins 
with significant homology to the ORF in the 3'- 
untranslated sequence of F115, although we noted 
an isolated seven amino acid identity between this 
ORF (nucleotides 1144 to 1164; Fig. 3A) and 
amino acids 62 to 68 of a mouse T cell receptor VP 
sequence (D. L. McElligott, S. B. Sorger, L. A. 
Matis, S. M. Hedrick, J. Immunol. 140, 4123 
(1988). 
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Induction of CD4+ Human Cytolytic T Cells Specific 
for HnT-Infected Cells by a gp160 Subunit Vaccine 

Cytolytic T lymphocyte (CTL) responses were evaluated in huinans 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 gpl60-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 =-infected cells, recognized'gpl60 from diverse 
HIV isolates, and did not participate in "innocent bystander" kilhig of noninfected 
CD4+ T cells that had bound gp120. 

T HE HOST RESPONSE TO VIRAL IN- 

fection depends on the lysis of infect- 
ed host cells by virus-specific CTLs 

(1). Several candidate HIV vaccines are sol- 
uble recombinant forms of the HIV enve- 
lope glycoproteins gp160 and gp120 (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 histo~om~atibil- 
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 I1 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 I1 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, lo) ,  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, gp160 (11). Healthy HIV-seronega- 
tive volunteers received intramuscular injec- 
tions of 40 or 80 kg 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 gp160 and then 
tested 7 days later for cytolytic activity 
against autologous Epstein-Barr virus- 
transformed B lymphoblastoid cell lines (B- 
LCL) pulsed with gp160 (Fig. 1). Cultures 
from normal, nonimmune, HIV-seronega- 
tive donors (n = 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 gp160 vaccinees was 
positive for gpl60-specific cytolytic activity 
immediately before the 18-month boost, 
even though this volunteer received only 40 
kg 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 gpl60-specific cytolytic acti;ity, 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 gpl60-specific T 
cell clones was class I1 MHC-restricted. 

In infected cells, the envelope protein 
precursor gp160 is cleaved by a cellular 
hrotease into an NH2-terminal fragment, 
gp120, that contains the CD4 binding site 
and a COOH-terminal fragment, gp41, that 
contains the hvdro~hobic-hsion i d  trans- , L 

membrane anchor domains (15). These sub- 
units remain noncovalently associated on 
the surface of infected cdlls and on the 
envelope of HIV virions. HIV isolates have 
sequence variability in both subunits, but it 
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