
Embwol. Exa .  .bIomirol. 97. 95 119861: B. L. M. 
' 1  \ ,  

Hogan. C. M. Hetherington, IM. F. Lyon, ,Worrsr 
.Yews Lrtt.  77, 135 (1987), B L. M. Hogan, E. M 
A. First, G. Horsburgh, C. M Hetheringon, Devel- 
oprtietii 103 (Suppl ), 115 (1988)l. The SpyMH de le  
is denoted as s;]; in some reports 

16. Linkage data [IM T.  Davisson, .Zfou,e .VEw) L P I I .  75, 
30 (1986): T Glaser. unpublished results]: cytoge- 
netic correlate [A. G. Searle. C. V. Beechey, E. M. 
Eicher. IM. N. Nesbitt. L. L. Washburn. Cvtoortlet. , 2 ' 2  

Cell Gitlet. 23, 255 (1979)l. 
17. IM. Gessler and G. A. P. Bruns. Genomro 5, 43 

(1989): E. A. Rose er a l . ,  Crll 60, 495 (1990). Ail 
example of a subnucroscopic WAGR deletion is 
pro\i&d by patient No. 1 [kiccardi et a1 . J .  Pedintr. 
100, 574 (1982)l analyzed as cell line LCS036 [D 
A. Compton ei nl , Cell 55, 827 (1988)l. 

18. C. Turleau ei dl. ,  Hrrm. Grtler 67, 455 (1984). 
19. S. V Hodgson and K. E. Sautlders, J. ,Wed. Getret. 

17. 478 (1980). 
20. V. Ozan~cs and F. A Jakobiec. in Ocrrlar Atlatorny, 

Ertibryology and Terarology. F. A. Jakobiec, Ed. 
(Harper & Row, Philadelphia, 1982). pp. 11-96. 

21. A. J. Coulombre and H .  Hermann. Exp .  Eyr  R a .  4. 
302 (1965): A. J .  Coulombre, Itlve,t. Opirtiralmol. 4, 
411 (1965). 

22. IM. L. Breitnlan et 01.. Scirtrce 238, 1563 (1987): C. 
P. Landel, J .  Zhao, D.  Bok, G. Evans, Grtres Dev .  2. 
1168 (1988); M. L Breiman et al., Drveloprtierri 
106,457 (1989) 

23. W. G. Robinson, T Kuurabara, J. Zuraan, in The  
.Zfou,r in Biortirdical Resenrcir, H .  L. Foster, J. D.  
Small, J. G. Fox. Eds. (Academic Press. New York, 
1982), vol N. pp 69-96. 

24. C. Lavedan ri a / . ,  Cyrogenet. Cell Grner. 50, 70 
(1989); R. J .  Strobel, V. IM. kccardi, D. H 
Ledbetter, H .  M. Hitu~er. A m .  J. .!fed. Genet. 7, 15 
(1980). One of these indi\riduals has Brushfield 
spots in both irises, which is an anatonucal variant 
occurring in 10% of normal eyes [D D. Donaldson, 
Arcir. Opirthaltnol. 4 ,  50 (1961)l 

25. Microphthalrnia [M. Warburg, Itrt. Ophriralrt~ol 4,  
46 (1981)l: anterior ch.anlber syndromes [G. 0 .  
Waring, M. M.  Rodr~gues. P. R. Laibson. Surv. 
Ophthalmol. 20, 3 (1975)l. 

26. Peters' anomaly (posterior corneal thinning with 
iridocorneal adhesions) has been described in indi- 
viduals with Wilms hunor [R. Koster and A. Th. M. 
Van Balen, Ophrirnlrtiol. Paedrair. Getlet. 6. 1 (1985)l. 
contralateral anir~dia [R. A. Eifeman. Atnl Opiriiral- 
in01 16. 933 1198411. and coneenital arhinia IK. W. 

\ ,,, 
~ u ~ r e c h t  and F. Majewski, f i in .  .Zfotlaisbl. :4iigetl- 
ireilkd. 172. 708 (1978)l. 

27. W. H .  Lewis et dl.. Grnornics 3. 25 (1988). 
28. A. G. L~ebelt. B. Saas. H .  J Sobel, R M Wermer. 

Toxicol. Paihol. 17, 57  (1989). 
29. M. T .  Davisson, personal comnlunication. 
30. A. G. Knudson and L. C .  Strone. 1. Xat  Catleer lnsr 

\ -  - - ,  
31. R E .  Bove and A. J .  McAdams, Perspeci. Pediarr 

Parhol. 3, 185 (1976); R.  L. Heideman, G. M. 
Haase, C. L. Foley. H .  L. Wilson. W. C. Bailey, 
Cnrrcer 55. 1446 (1985). Roughly 10% of the 
SeyD"'/+ mice examined did have polycystic livers. 
The cysts were first detected at about 12 weeks of 
age and were not found in wild-type littermates. In 
some mice, the liver contained more than 50 simple 
cysts benveen 1 and 3 mm in diameter, wh~ch were 
filled with bile-tinged clear Auld and lined with 
cuboidal cells. Although their relation to nephro- 
blastoma and the WAGR syndrome 1s unclear, 
comparable hepauc cysts are observed in 40 to 90% 
of humans with adult polycystic kidney disease [J.  
Midinovic rt a1 , Atn.  J .  .bled. 68. 741 (1980)l. 

32. Mouse [D. A. Rytand, Am. J. Anat. 62, 507 
(1938)l; human [E. L. Potter, ,Yorrtial atid Abtiortnal 
Developmetit qf rirr Kidtley (Year Book, Chicago, 
1972). pp. 72-73] 

33. S. H .  Friend er a/.. .Yaturr 323. 643 (1986); W. H .  
Lee rt a / . ,  Scirtlcr 235, 1394 (1987); Y. K. Fung et 
al.. ibld. 236, 657 (1987). 

34. J .  J .  Windle ei nl , ,\rilrure 343, 665 (1990). 
35. A. R. ~Moser. H .  C. Pitot. W. F. Dove. Science 247. 

322 (1989); J .  Kratach\rilova, J Hered. 72, 302 
(1981). 

36. Mutagenesis in utero [L. B. Russell and C. S. 
Mon tgome~ ,  .bliriai. Res. 92, 193 (1982); Y. 

Ohaki, Pdiair. Paihol 9, 19 (1989); T. Nakamura. 
M. Hara, T.  Kasuga, A m .  J. Pathol. 135. 251 
(1989)l: growth factors [T. Gansler ei a1 . lbid. 130, 
431 (1988): A. L. Br~ce. J E. Cheetham. V. N. 
Bolton, N. C Hill, P. N. Schofield, Developrtierri 
106, 543 (1989); C. J. Quaife rt a / . ,  Eridoctirrology 
124,40 (1989); P. D Nisen, K. A. Zinlmermm, S. 
V. Coder, F. Gilbert, F W. A t ,  Caricrr Re,. 46,  
6217 (1986)l. 

37. K. Pritchard-Jones ei al., :Yatirre 346, 194 (1990); A. 
J .  Buckler, J. Pelletier, D A. Haber, T. Glaser, D.  E. 
Housman, in preparation. 

38. Band l l p15  [I H e n n  et a l . ,  Proc ,\rail, h a d .  Sci. 
U S  A 86, 3247 (1989); IM Mannens et al., Hritn. 
Genet. 81.41 (1989); A. E. Reeve, S A. Sih, A. M 
Raiz~s, A. P. Feinberg, ,Wol. Cell Biol. 9, 1799 
(1989); A. Koufos rr a l . ,  A m .  J .  Hlirn. Grrirr. 44, 
711 (1989): A. J .  Ping et a1 , ibid.. p. 7201. non- 
chromosome l l p  site [P. Gnu~dy  rr a/.. ,Yatrrre 336. 
374 (1988); V. Huff ei al. ,  [bid., p 3771 

39. T .  Boehm, L. Buluwela. D Williams, L. White, T 
H Rabbits, E,WBO J 7, 2011 (1988). E Cham- 
pagne rr a / . ,  Blood 73, 398 (1989). 

40. Genomic DNA was isolated from mouse brains, 
digested with restriction enzymes. subjected to elec- 
trophoresis through 0.8% agarose, transferred to 
nylon membranes. and hybridized with "P-labeled 
insert DNA from plasnud clones as described ( 4 1 ) .  

For lour-stringency hybr~dization. the nylon filters 
were probed at 42°C in 35 to 40% formamide, 1 M 
NaCI. 50 nbM tris-HCI (pH 7.4). 10% dextral 
sulfate, 0.02% Ficoll, 0.02% polyinylpyrrolidone, 
0.02% bovine serum albunlin (fraction V), and 
0.5% SDS, and were washed four tinles (30 min 
each time) at 55°C in 2 x  SSC (0  3 IM NaCI, 30 mM 
sodiiun citrate). 

41. T. Glaser rt al.. Getlorrilcs 5. 510 (1989). 
42. Catalase [G. A. P. Bruns, T. Glaser, J F. Gusella. D.  

Housman, S. H .  Orkin. Atti J. Hiitn. Genet. 36, 
25s (1984)l; D l l S 1 6  [J. Feder ei a l . ,  ibid 37, 635 
(1985)l; follicle-stim~dating hormone P chain [A. 
Beck, V. Vellucc~, K. Curr)., D.YA 4,  76 (1985)l. 
Probe pRB410 contams nvo exons from the hiunan 
F S H B  gene, which were recombined to create an 
intact 410-bp coding sequence. 

43. We thank L B. Russell for provid~ng the interspe- 
cies backcross mice; R. P. Woychik, P Leder, G. A 
P. Bruns, and A. Beck for providing probes BP1.7, 
pC24 and pRB410; T D19a and A Buckler for 
discussion: and IM. T. Davisson and B. L M. Hogan 
for advice on breeding SryD"i+ mice. Supported by 
grants from the NIH (GM27882) and the Medical 
Scientist Tra~ning Program ( P H s  NRSA award 2 
T32 GM07753-11). 

23 April 1990; accepted 6 August 1990 

Inhibition of the Complement Cascade by the Major 
Secretory Protein of Vaccinia Virus 

The complement system contributes t o  host defenses against invasion by infectious 
agents. A 35-kilodalton protein, encoded by vaccinia virus and secreted from infected 
cells, has sequence similarities to  members of a gene family that includes complement 
control proteins. Biochemical and genetic studies showed that the viral protein binds 
to  derivatives of the fourth component of complement and inhibits the classical 
complement cascade, suggesting that it serves as a defense molecule t o  help the virus 
evade the consequences of complement activation. 

T HE COiMPLEMENT SYSTEM IS COIM- 

posed of more than 20 plasma pro- 
teins that participate in host defenses 

against infectious agents. The proposed 
antiviral mechanisms of con~plen~ent com- 
ponents include virus neutralization and op- 
sonization, Iysis of vims-infected cells, and 
amplificatio~l of inflammatory and specific 
immune responses (1). Some viruses may 
have evolved defenses against the comple- 
ment system. The envelope glycoprotein gC 
of herpes simplex viruses types 1 and 2 acts 
as a receptor for fragment C3b of the third 

G J .  Konval. S. N. Isaacs, B. Moss, Laborator\. of Viral 
Diseases. National Instin~te of Allergy and Infect~ous 
Diseases. National Instin~tes of Health, Bethesda, MD 
20892. 
R. McKenzie and M. IM. Frank. Laboratow of Clinical 

component of complement and thereby 
n~odulates the alternative complement path- 
way i11 vitro (2). Epstein-Bars virus, another 
herpesvirus, also may regulate activation and 
processing of the third component of com- 
plement (3). The 35-kD major secretory 
protein of vaccinia virus, a poxxirus, con- 
tains consenred elements of the 60 amino 
acid repeating unit of structurally related 
eukaryotic proteins with the greatest similar- 
ity to a human protein (C4bp) that binds 
the C4b frag~nent of the fourth component 
of complement and inhibits the classical 
pathway of complement activation (4).  

The classical pathway for activatio~l of the 
complen~ent system starts with the binding 
of the C1 complex via C l q  to the Fc region 
of immunoglobuli~l (Ig). Activation of 

Investigation, National 1nstinlte of Mer& and Infec- bound C1 leads to sequential cleavages of 
tious Diseases, Nat~onal Insun~tes of Health, Bethesda. 
M n  7nx97 C4 and C2, forming C4b2a, the classical -"-,-. 

pathway C3 convertase. Cleavage of C3 by 
*Present address: J.anles N. G.anlble Institute of Med~c~ll 
Research, Cincinnati, O H  45219. the bound convertase activates the terminal 
-To whom correspondence should be addressed. lytic ~nechanism that is commo~l to both the 
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classical and alternative pathways. We adapt- A 
ed the sheep red blood cell (RBC) hemolysis 
assay (5) to determine whether the vaccinia 
virus 35-kD major secretory protein can 
regdate the complement - a d  In this # 
assay, IgM-sensitized sheep RBCs interact g 
with and activate components of the classical 
complement pathway in fiesh serum leading 
to hemolysis. Hemolysis was inhibited by 
medium h m  RK13 cells infected with wild- 0 1 2 3 4 5 6 0  1 2  3 4 5 0  1 2  3  4  5 

type (strain WR) virus, but not with an Concentrated medium (p~) 

attenuated mutant (designated 612) that Fig. 2. Inhibition of complement-mediated hemolysis of sheep RBC. (A) Sensitized sheep RBCs were 
la& a duster of more than a d m  genes, incubated with the highest dilution of human serum that gave 100% hemolysis and concentrated ( x 50) 

including the one that endes the 3 5 - k ~  medium from cells i n f e d  with wild-type vaccinia virus (WR) or with mutants vSIGKl or vSIGK3. 
The 100% hemolysis value was obtained by addition of water. (B) Unsensitized rabbit RBCs were 

protein (6). To the 35- incubated with (%-deficient guinea pig serum that had been preadsorbed with protein A Sepharose, at 
kD protein, we constructed recombinant the highest dilution that resulted in 100% hemolysis and with medium from cells infected with wild- 
vaccinia virus, vSIGKl (Fig. lA), with the type vaccinia virus (WR) or vSIGK3. Similar results were obtained with serum dilutions that resulted in 

entire gene for the 3 5 - k ~  proein and some a lower percent hemolysis. (C) Sensitized sheep RBCs with bound C4 were incubated with (%deficient 

fl&g DNA replaced by the guinea pig serum and medium from cells infected with wild-type vaccinia v i m  (WR) or vSIGK3. In 
each panel, experiments were carried out in mplicate; the individual results differed by less than 5%, and 

marker ~ n e ,  xanthine-guanine phospho- mean value were plotted. 
ribosyltramferase (gpt) regulated by a vac- 
cinia promoter (7). A second recombinant, 
vSIGK3 (Fig. lA), had a 70-bp segment the wild-type virus-infected cells (Fig. 1B). presence of the 35-kD protein in the medi- 
within the 35-kD protein gene replaced by Also, whereas cells infected with mutant 612 um of ells i n f d  with the wild-type virus, 
the gpt cassette (7). Analysis of the viral secreted neither the 35-kD protein nor a 12- but not in medium of 612, vSIGK1, or 
genomes confirmed the deletions and the kD secretory protein encoded by another vSIGK3 (Fig. 1C). 
presence of the selectable marker in the vaccinia virus gene (8), cells infected with Human complement-mediated lysis of 
desired locations. A labeled 35-kD protein vSIGKl and vSIGK3 still secreted the IgM-sensitized RBCs was progressively in- 
was not secreted from [35S]methi~nine-la- smaller protein. Imrnunoblotting with an hibited with increased amounts of medium 
bcled RK13 cells infected with either antibody to the COOH-terminal peptide h m  cells infected with vaccinia virus WR, 
vSIGKl or vSIGK3, but was secreted from (amino acids 237 to 248), confirmed the but not recombinant vinws vSIGKl or 

vSIGK3 (Fig. 2A). V ' i  identical re- 
A sults were obtained when guinea pig serum 

was used as the source of complement. 
Thus, the 35-kD protein is necessary for 
vaccinia-mediated inhibition of the classical 
complement cascade. 

We also tested whether the medium from 
C vaccinia virus-iiected cells could inhibit 

the alternative pathway of complement acti- 
vation, which does not require C1, C2, or 
C4 components of the dassical complement 

Fig. 1. C O . , ~ ~ .  u.L..,., 

pathway to make a C3 convertasc. With 
characterization of vac' x x  YY G Q I I  pgl unsensitized rabbit RBCs and Cedefiaent 
virus mutants with i~ !2 2 u 1 ~ ~ 6 n r r  guinea pig serum depleted of IgG, a test 
tions and deletions in -_ - _ ~  --T system in which lysis is mediated by the 
gene encoding the n alternative pathway, hernolysis was not sig- 
35-kD secretory protein. ~ u - -  

(A)  Hind 111 restriction en- 69 -+ nificandy inhibited by medium h m  cells 
donuclease map of the 46-c infected with vaccinia virus WR or vSIGK3 
genome of vaccinia \*in~s. 30* (Fig. 2B). Thus, neither the 35-kD protein 
The left end has been en- 

P n6r any other protein secreted h m  vaccinia 
larged; the terminal repeat 14- 
region is indicated by J'cIti- vi~s-infected cells inhibited the alternative 
cal bars; the dclcted region complement pathway under conditions in 
of the spontaneous mutant, which the classical one was affected. 
612. is indicated by the large shaded area; K, B, Bg. and H refer to Eco RI. Barn HI. Bgl 11, and Hind In the above experiments, hemolysis via 
111 sites, respectively. Thc arrow indicates the direction and position of the open reading frame the complement pathway might be 
corresponding to the 35-kD protein. The filled horizontal bars indicate the sixs and locations of the 
deletions in the recombinant viruses vSIGKI and vSIGK3. (B) An autoradiogaph atier SDS- inhibited by preventing formation or a d -  
plyacrylamide gel electrophoresis (SDS-PAGE) showing [."S]methionine-labeled proteins secrcted by of the C3 convertase 
uninfected RK,, cells (UI)  or cells infected with 50 plaque-forming units pcr cell of xvild-type vaccinia Or by blodring attachment of C4b to ma. 
virus (Lt'R), 612, vSIGK1, and vSIGK3. Metabolic labeling was in minimal RPIMI medium from 1 to To evaluate the latter possibility, we first 
15 hours after infection. iM, ''C-labeled relative molecular size marker proteins in kilodaltons. (C) v&ed that hemolysis afrcr 
Autoradiograph of a nitrocellulose membrane on to \vhich unlabeled proteins secreted into the medium 
(IMED) or remaining associated with cells (CE) were transferred atier electrophoresis. The membranes sensitized sheep RBCs with human C4b 
were incubated with an antibody raised in rabbits to peptide Gly-T!.r-Lys-Leu-Ser-GIySer-Ser-Ser-Ser- almad~ bound to their S W ~ C ~  (9) and C4- 
Thr-Cys. derived from the COOH-terminus of the 35-kI) protein, and "'I-labeled protein A. deficient guinea pig serum, which provides 
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1ser- 
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Fig. 3. Copur~ficat~on of  A M S F 1 3 5 7 9 11 13 15 17 M S F 1 3 5  7 9 11 13 1 5 1 7  
35-kD secreted proteln and I L- 
complement ~nhibiton, ac- 90- 90, - 
tivln.. Serum-free medium 69 * 69 - 
(OPTI-MEM I, Cibco). 6' 46 - 
from 15 150-cm' flasks of 
RK,, cells that had been in- 30 * 

20- J fectcd with 5 0  plaquc-form- 14 
ing units per ccll of vaccinia 
virus IYR, was coiicentratcd 
2000-fold by ultrafiltration through a Diaflo membrane ( 
con) rvith a cut-ofestimated to be 10 kD for a globular pn 
and dial!.zcd against 10 m,M rris-HCI ( p H  8.6), 3 0  mZ1 
and 5 m,Cl EDTA. The concentrate was applied to a 1.5 hv 
col~tmn of DE,kE-RioGel ( Rio-Rad) and the hound protei 
eluted with 30-mM steps of NaCl from 10 mM ro 510 rr 
the ahove buffer. (A) Sil\,er stained SDS-PAGE of co 3 5 7 9 1  
fractions. (Bi Immunoblot analysis of  column fractions res Fractlon I 
bv Sl>S-PAGE and incubated tvith antipeptide antihod! . . . ~  

"'I-laheled protein A. (C) Hcmolysis assay as in the legend to Fig. 2A. M, marker proteins in 
kilodaltons; S, starting material; F, flon, through; and 1 t o  17, alternate column fractions. 

the other complement Components. He- 
molysis was inhibited by prior addition of 
medium from cells infected with vaccinia 
virus WR, but not by medium from cells 
infected with vSIGK3 (Fig. 2C). Thus, the 
virus-induced inhibitor s~cifically prevents 
the formation or stability of the classical C3 
convertase. Preliminary experiments demon- 
strated that the inhibitor accelerated the 
decay of the classical convertase formed by 
human C4b and C2a (30) with kinetics 
similar to those of human C4bp (11). 

The failure of media from cells infected 
with mutant viruses vSIGKl and vSIGK3 

Fig. 4. Binding of the 35-kD protein to RBCs 
with attached C4b. The [3S]methionine-labeled 
35-kD protein was purified from the medium of 
vaccinia virus-infected RK,, cells as described in 
Fig. 3. Pooled fractions fiom the DEAE-BioGcl 
column were then applied to a Sephadex G100 
column and the fractions were assayed as in the 
legend to Fig. 3. Equal samples of purified 35-kD 
protein were then incubated with 10" sheep 
RBCs with (lanes 2 and 4) or without (lanes 1 
and 3) bound C4b in 0.2 ml of dextrose vmnal 
bdkr for 16 hours at 4°C. The RBCs were 
washed five times, suspended in distilled water, 
and analyzed by SDS-PAGE (10 to 20%) and 
fluorography. M, marker proteins in kilodaltons; 
lanes 1 and 3, proteins associated with RBCs 
without attached C4b; lanes 2 and 4, proteins 
associated with RBCs with attached C4b; and 
lane 5, total 35S-labeled proteins from the medium 
of infected cells. Twice the number of RBCs was 
applied to lanes 3 and 4 compared to lanes 1 and 
2. 

I 1  W d 3  

IM in ' 
~lumn 
ol\,cd 
L. and 

to inhibit complement-mediated hemolysis 
demonstrated that a functional gene encod- 
ing the 35-kD protein was required for this 
activity. These results do not prove, howev- 
er, that the 35-kD protein is directly in- 
volved in inhibition of the complement cas- 
cade or that it is suflicient to mediate this 
effect without other viral proteins. There- 
bre, concentrated serum-tiee medium from 
vaccinia virus-&cted RKI3 cells was chro- 
matographed on a DEAE-Biogel column 
(Fig. 3). The majority of material with 
complement-mediated hemolysis-inhibitory 
activity eluted at 180 rnM NaCl (Fig. 3C), 
which correlated precisely with the 35-kD 
protein, as deteaed by silver staining (Fig. 
3A) and immunoblotting with antibody to 
peptide serum (Fig. 3B). In addition, no 
other proteins coeluted with the comple- 
ment inhibitory activity when [35S]methio- 
nine-labeled proteins secreted fiom virus- 
infected cells were chromatographed. The 
complement inhibitory activity also coeluted 
with the 35-kD immunoreactive protein in a 
Sephadex G-100 gel filtration step that was 
introduced after DEAE-Biogcl chromatog- 
raphy. These results are consistent with a 
direct effect of the viral protein on the 
classical complement cascade. 

Additional assays were used to investigate 
the interaction of the 35-kD protein with 
complement components. D& biding of 
the purified r35Slmethionine-labeled viral 
pro$.in to cek 4 t h  C4b attached to their 
sUrEdces, but not to cells without C4b, was 
demonstrated (Fig. 4). The ability of sheep 
RBCs with bound C4b to adhere to human 
erythrocyns, which have the surface 
C3bIC4b receptor (CRl), is the basis of a 
rosetre assay (9). Medium fiom cells infkcted 
with vaccinia virus WR or purified 35-kD 
protein blocked mening, but medium fiom 
cells infected with the vaccinia virus mutant 
612 or Sephadex fractions without the 35- 
kD protein did not. Thus, both assays pro- 

vided evidence for the interaction of the 35- 
kD protein with C4b. 

The activity of the 35-kD major secretory 
protein of vaccinia virus is consistent with 
its structural resemblance (38% amino acid 
identity) to the first half of C4bp (ll), a 
dassical pathway complement control pro- 
tein. C4bp's from mouse, guinea pig, and 
human plasma have subunits of about 70 kD 
and exist as multimeric molecules of about 
550 kD (12). These proteins bind C4b and 
cause accelerated decay of the C3 convertase 
by dislocating C2a and also serve as cofac- 
tors for cleavage of C4 by serum factor I 
(13). The vaccinia protein also has homolo- 
gy with other regulators of complement 
activation, including the precursor of hu- 
man membrane cofactor protein (14) and 
decay-accelerating factor (19, for which the 
amino acid identities are 35% and 31%, 
respectively. 

Some vaccinia virus genes are not re- 
quired for replication in tissue culture cells 
and mav function to enhance idmion or 
evade iknune responses in the host animal 
(16). Thus, the predicted biological role of 
the 35-kD secretory protein is to diminish 
the antiviral effects of the host complement 
system. Consistent with this possibility, skin 
lesions in rabbits produced by 35-kD pro- 
tein mutants were smaller and healed more 
rapidly than those caused by wild-type virus, 
indicating attenuation of viral pathogenicity 
(17). The sigtllficance of the 35-kD protein 
in virus-host interactions is supported by the 
finding of similar secretory proteins in the 
media of cells infected with two other mem- 
bers of the orthopoxvirus genus, cowpox 
virus and ecnomelia (18). Ecnomelia virus, 
which causes a fiml disease in mice. should 
be particularly suitable for further s&dies of 
the role of the 35-kD protein as a virus- 
encoded defense molecule. 
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Expression of Interleukin-10 Activity by Epstein-Barr 
Virus Protein BCRPl 

Cytokine synthesis inhibitory factor (CSIF; interleukin-lo), a product of mouse TH2 
T cell clones that inhibits synthesis of cytokines by mouse TH1 T cell dories, exhibits 
extensive sequence similarity to an uncharacterized open reading frame in the Epstein- 
Barr virus BCRF1. Recombinant BCRFl protein mimics the activity of interleukin- 
10, suggesting that BCRFl may have a role in the interaction of the virus with the 
host's immune system. 

I NTERCEUKIN 10 (IL-10) IS A CYTO- 

kine produced by one class of mouse 
helper T cell clone (TH2) that inhibits 

synthesis of cytokines [notably interferon-y 
(IFN-y)] by activated TH1 clones (1). Be- 
cause TH1 cells preferentially mediate de- 
layed type hypersensitivity (DTH) and mac- 
rophage activation (2), whereas TH2 cells 
provide superior help for B cell (antibody) 
responses (3), IL- 10 may represent a mecha- 
nism whereby TH2 cells can inhibit the 
dector functions of TH1 cells. This possi- 
bility could help explain why DTH respons- 
es and antibody responses are often mutual- 
ly exclusive (4). 
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Complementary DNA clones that encode 
mouse IL-10 (mIL-10) (5) reveal that the 
mature, secreted IL-10 polypeptide has ap- 
proximately 70% amino acid identity to an 
uncharacterized open reading frame in the 
Epstein-Barr virus (EBV) BCRFl (6). We 
therefore cloned and expressed the BCRFl 
gene, and demonstrated that the expressed 
BCRFl protein, like IL-10, inhibits IFN-y 
synthesis by activated lymphoid cells. 

As a source of BCRFl DNA, we used 
either whole EBV genomic DNA prepared 

Fig. 1. Expression of the BCRFl 
gene (22). Lanes show either total 
35S-labelcd COS-7 supernatants 
(mCSIF, BCRFI, mock) or im- 
munoabsorbed mCSIF or BCRFl 
as indicated. *, Imrnunoabsorption 
was carried out with preimmune rat 
serum (23). SXC 1.2.4 are mono- 

Table 1. BCRFl inhibits IFN-y synthesis by 
antibody to CD3 (anti-CD3)-sdmulated PBMC. 
Occasionally enhancement by IFN-1 synthesis by 
COS-7 (mock) supernatant was observed (cxperi- 
ments 2 and 3). This mult was not uniformly 
obtained among various donors (experiment 1). 

IFN-y (ng/ml) 

Stimulation Experi- Experi- Experi- 
ment ment ment 

1 2 3 

None C0.30 ~ 0 . 3 0  c0.30 
AntLCD3 18.65 3.95 7.87 
Anti-CD3 + BCRFl C0.30 1.04 C0.30 
Ant i -03  + mock 19.29 9.00 14.67 

from infectious virus isolated from the mar- 
moset cell line B95-8 (7, or plasmid sub- 
clones of the EBV Barn HI C fragment (6). 
The predicted protein-coding region of the 
BCRFl gene (5, 6) was amplified by poly- 
merase chain reaction (PCR) with oligonu- 
cleotide primers that also contained Eco RI 
sites for subsequent cloning into a modified 
form of the pcDSRa2% expression vector 
(8). The BCRFl insert in the expression 
plasmid used in these experiments was de- 
rived from the Bam HI C fragment sub  
clones, but EBV genomic DNA isolated 
from infectious virus also gave a PCR-am- 
pliiied fragment of the expected size. The 
complete DNA sequence of the resulting 
BCRFl insert was determined and was 
identical to the published sequence (6). 
COS-7 cells transiently transfected with this 
plasmid were cultured in the presence of 
[3SS]methionine, with or without tunicarny- 
cin B2 (TcB2) (9, and supernatants were 
analyzed by SDS-polyacrylamide gel elec- 
trophoresis (SDS-PAGE) (Fig. 1). The 35S- 
labeled supernatant from BCRF1-express- 
ing cells contained an -17 kD polypeptide 
not present in supernatants fiom mock- 
transfected cells. The BCRFl polypeptide is 
approximately the same size as the unglyco- 
sylated form of mIL-10. The mobility of 
BCRFl in SDS-PAGE was not altered 
when TcB2 was included in the culture, 
suggesting that, unlike mIL-10 (9, BCRFl 
contains little or no N-linked oligosaccha- 
ride. Because BCRFl lacks the N-linked 
glycosylation site at Asn" of mIL-10 (9, 

mCSlF 
BCRFl Mock mCSlF BCRF1 LBCRFI' ,-- -, 

- + - - + - - Tunicamycin B, 
+ + + - - - -  SXC 1,2,4 

t'fo whom cokespondcnc~ should'bc addrrsscd. clonal &bodies to rat mIL- 10 (9). - - - -  - - - - + + + - Rat aBCRF1 
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