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A Mouse Model of the hiridia-Wilms Tumor 
Deletion Syndrome 

Deletion of chromosome l l p 1 3  in humans produces the WAGR syndrome, consisting 
of aniridia (an absence or malformation of the iris), Wilms tumor (nephroblastoma), 
genitourinary malformations, and mental retardation. An interspecies backcross 
between MIIS musc~~lus/domesticus and MIIS spretus was made in order to map the 
homologous chromosomal region in the mouse genome and to define an animal model 
of this syndrome. Nine evolutionarily conserved DNA clones from proximal human 
l l p  were localized on mouse chromosome 2 near Small-eyes (Sey), a semidominant 
mutation that is phenotypically similar to aniridia. Analysis of Dickie's Small-eye 
(seyUeY), a poorly viable allele that has pleiotropic effects, revealed the deletion of three 
clones, f3? 18 ,  and k13, which encompass the aniridia (AN2) and Wilms tumor 
susceptibility genes in man. Unlike their human counterparts, seyDeY/+ mice do not 
develop nephroblastomas. These findings suggest that the Small-eye defect is genetical- 
ly equivalent to human aniridia, but that loss of the murine homolog of the Wilms 
tumor gene is not sufficient for tumor initiation. A comparison among Sey alleles 
suggests that the AM2 gene product is required for induction of the lens and nasal 
placodes. 

T HE EYE HAS LONG PROVIDED A SYS- 

tem for studying inductive interac. 
tions during embryonic develop- 

ment. In vertebrates, considerable insight 
into eye development has been gained 
through classical ablation and transplanta- 
tion experiments, yet little is known about 
the underlying nlolecular events (1). In Dvo- 
sopiziia, a key to understanding the morpho- 
genesis of the compound eye has been the 
identification of mutations that affect vari- 
ous stages of eye development (2). A poten- 
tially comparable mutation in humans re- 
sults in aniridia, an autosomal dominant 
disorder in which the iris is absent or mal- 
formed (3). It can occur as an isolated 
abnormality, affecting one in 60,000 people, 
or together with Wilms nunor in 25 to 33% 
of cases, as palT of the WAGR l l p -  dele- 
tion syndrome (4). The phenotype varies 
from a nearly conlplete absence of iris tissue 
to a subtle thinning of the iris margin in an 
otherwise normal eye. Vision is often im- 
paired because of concomitant hypoplasia of 
the fovea and optic nen7e, and commonly 
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deteriorates over a period of years as a result 
of cataracts, glauconla, and corneal opacifi- 
cation (3). An aniridia gene (AN2) has been 
mapped within chromosonle band 1 lp13 
by analysis of overlapping WAGR deletions, 
reciprocal translocations in two aniridia 
families, and meiotic linkage in aniridia ped- 
igrees (5). AN2 forms part of the WAGR 
gene conlplex and is telomeric to the Wilms 
tumor susceptibility locus ( W TI).  We have 
isolated a set of recombinant DNA clones 
that are densely distributed throughout this 
region (6). We have now used these probes 
in a comparative mapping approach to de- 
fine a mouse model for the WAGR syn- 
drome. 

The WAGR complex is flanked by genes 
that encode catalase (CAT) and the P chain 
of follicle-stimulating hormone (FSHB) (5), 
which are located on chromosonle 2 in the 
mouse genome and are there denoted as 
Cas-1 and Fxhb, respectively (7).  To map this 
region more precisely, we selected nine 
probes from the proximal short arm of 
human chronlosome 11 that cross-hybridize 
with rodent DNA (Table 1).  Probes'q2, J3, 
k13, f8, and 03 were derived from an irradia- 
tion-reduced somatic cell hybrid that con- 
tained a 3000-kilobase (kb) segment of 
band l l p 1 3  as its only human DNA (8). 
The probes are interspersed within the 
WAGR com~lex and detect three tran- 

I 

scribed genes (6), including one that has 

been directly implicated in Wilms tumori- 
genesis (9, 10). The gene order has been 
established by deletion analysis as follows 
(5, 6 ) :  DllS14-CAT-g2,f3-(WTl, k13, f8)- 
AN2-03-Dl1 S16-FSHB- 1 l ~ t e r .  Under con- 
ditions of reduced hybridization stringency, 
each probe detects a set of restriction frag- 
ment variants between Mus mu~cu1u~/do~~exti- 
cirs (the laboratory mouse) and Mus xpvetus 
(the western Mediterranean short-tailed 
mouse) (1 1). These restriction fragment var- 
iants were used to score a panel of 94 
interspecies backcross mice (Fig. 1A). The 
nine probes from human chromosonle l l p  
cosegregated in the center of mouse chro- 
mosome 2, between id, a gene controlling 
limb development (12), and the glucagon 
gene ( G q )  (Fig. 1B). All other potential 
orders required se\.eral double and triple 
crossovers (Table 2).  These results and simi- 
lar multipoint linkage data of others (13) 
strongly suggest that Cas-1 is not distal to 
the gene for P2 microglobulin (BZrti), as it 
appears in the consensus map (1 4). Further- 
more, the results localized the murine 
WAGR region close to the semidominant 
mutation Small-eyes (Sey), the phenotype 
and inheritance pattern of which resemble 
human aniridia fi5'i. \ ,  

Individuals with aniridia and Sey/+ mice 
have similarlv malformed eves. Both suffer 
from a complete or partial- absence of iris 
tissue, although the phenotype in each spe- 
cies varies considerably among carriers of 
the same mutant allele. In general, the ocular 
defects in Sey/+ mice are more extreme. In 
most cases, the eyes are less than half their 
normal size (n~icrophthalmos), the anterior 
chamber of the eye is missing, the retina is 
abnormally folded, and the lens is absent or 
small and has anterior cataracts (15). 

The Sey gene has been mapped in multi- 
point crosses 5 centimorgans (cM) proximal 
to pallld (pa), a region corresponding to 
Giemsa bands 2D or 2E (15, 16). Three 
mutant alleles have been described 11 5'1. The 

\ ,  

most deleterious are seyD", a spontaneous 
variant, and seyH, a mutation induced by x- 
irradiation of oocytes. Carriers of these al- 
leles also have a white belly spot, have 
reduced pigmentation of their tails and feet, 
and are 10 to 20% smaller than their wild- 
type littermates. Fetal loss among heterozy- 
gotes is about 60%, and hon~oz~~gous  em- 
bryos die on or before the 6th day of 
gestation. The third allele, seyMH, produces 
defects in heterozygotes that are limited to 
the eye. Homozygous seyMH/seyMH embry- 
os survive to birth but lack eyes and noses. 
On the basis of these findings, it has been 
proposed that seyDe' and seyH'result from 
large deletions but that seyMH is an intra- 
genic deletion or point mutation (15). 

To investigate the relation between Small- 
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Table 1. Genetic markers and polymorphisms from mouse chroqosome 2. The human probes were derived from bands pl  1 or p13 of c h m o m i ~  11. The 
probes hybridize with speci6c mouse DNA fragments in Southern blots under low-saingency conditions (40). Restriction fragment length variants (RFLVs) 
were identified between pamally inbred M. spren*c (obtained from The Jackson Laboratory) and M. m. domestius (C3HRIeJ or C57BL#J). B, Barn HI; H, 
Hind 111; P, Pst I; T, Taq I; FSH-f3, f3 chain of follicle-stimulating hormone. 

Genc symbol 
Marker 

Human Mausc 

Dl4 DllS14 D l l S l l  
Catalase gene CAT Cas-1 

$ DllS412 Dl lS412h 
DllS408 DllS408h 

fl DllS411 D11S4llh 
k13 (Wh tumor gene) WTl* Wt- 1 
03 
016 DllS16 D11S16h 
FSH-f3 gene FSHB Fshb 
Limb deformity gene Id 

Band 
Probe 

Name We RFLV Ref. 

pDSl Human genomic T 
Human CDNA H 

(5) 
PC24 

Human CDNA 
(42) 

PU P,B,T 
pf3.6-3 Human genomic 

(6) 
B,H 

pf8.10-3 Human genomic 
(6) 

B3,P 
pk13.28-1 Human genomic B 

(6) 

po3.40-1 Human genomic 
(69) 

B,P 
p32.1 Human genomic 

(6) 
P>T 

pRB410 Human genomic T 
(42) 

BP1.7 Mouse genomic KT (12) 
(42) 

*Also known as bcus DllS413 (6). 

eycs and aniridia, we used the DNA variants 
characterized above to analyzc interspecies 
FI mice carrying the ~ e f " Y  mutation. Fe- 
male laboratory mice (e/+) were 
mated with normal M. spretus males (+/+), 
and DNA from mutant and wild-type F1 
ofipring was tested by Southem (DNA) 
blot analysis (Fig. 2). The absence of M. m. 
d o r n e ~ t i ~ ~ c s ~ c  DNA fhgments in the 
mutant mice indicated that sef'Q' is a tho- 
mosomal deletion. The deletion indudes 
markers f3, f8, and k13, but spares 014, 
Cas-1, g2,03, 016, and Fshb (Fig. 3). Addi- 
tional polymorphisms d& between 
C3H and C57BI.6 strains supported this 
interpretation and showed that the &letion 

is linked to~the C3H haplotype (Fig. 2). 
The deleted markers subtend a contigu- 

ous segment of the human WAGR complex 
that includes AN2 and WT1 (Fig. 3). If we 
assume that gene order within this segment 
is conserved between species, the SP 
deletion must span all or part of the murine 
aniridia gene and all of the murine Wilms 
tumor gene. A complex rearrangement is 
unljkely in view of the density of markers 
tested and the pattern of marker loss. On the 
basis of pulsed-field gel elearophoresis data 
obtained with these probes and human cell 
lines (17), we csrimate that the SF dele- 
tion spans between 1370 and 2300 kb. 
Comparable submicroscopic deletions have 
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been identified in a small number of individ- 
uals with the WAGR syndrome who appear 
katyotypicaUy nonnal. We have positioned 
the Sey gene between f8 and 03 (Fig. 3), 
becaw no other configuration is consistent 
with the absence of ocular abnormalities in 
W i  tumor patient DR, who has a consti- 
tutional 1 l p  deletion (18). This comparison 
suggests that AN2 and Sey are homologous 
loci. Although confirmation of this hypoth- 
esis must await the moI& cloning of the 
aniridia gene, fiuther support is provided by 
the desaiption of a presumed aniridia ho- 
mozyppraduced  fiom the mating of 
two unrelated individuals with a u t d  
dominant aniridia-who died after 37 weeks 
gestation and was lacking eyes and a nose 
(19). 
During embryogenesis, the iris arises 

from elements of the anterior optic cup and 
surrounding mesenchyme, in close associa- 
tion with the developing lens (20). The 
dosage of the AN2 gene is critical to this 
process. In WH/sflH embryos, which 
appear to lack a functional aniridia gene, 
optic vesides grow outward fiwn the dien- 
cephalon normally but fail to induce lens 
pits in the overlying d e r m  (15). The 
nasal pits similarly do not form, and the 
optic and ohctory rudiments subsequently 
degenerate. All other d o f a c i a l  strucwcs 
appear n o d .  These findings can be ex- 
plained by a set of closely linked gem 
&&g the development of the iris, lens, 
and nose, or more simply, by a single gene 
(AN2) that controls a rate-limiting step in 
the induction of the lens and nasal placodcs. ' 
We suggest that detiaency of AN2 produces 
the aniridia or Small-eye phenotype by de- 
laying or impairing lens induction. 

This model is supported by several obser- 
vations. (i) The lens pit appears 1 to 2 days 
later in ~ef '~ /+  embryos than it does in 
wild-type littermates, and the lens fails to 
separate fiwn the cornea (15). (ii) Studies of 

vertebrate species suggest that di&- 
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entiation of the iris, anterior chamber, and 
cornea depends on prior lens induction and 
is precisely coupled to lens growth and 
viability (21). (iii) A phenotype strikingly 
similar to Small-eyes has been pduced in 
transgenic mice carrying ricin or diphtheria 
toxin genes under control of the d- or y2- 
crystallin promoter (22). The toxin genes are 
transcribed immediately after lens induc- 
tion, and their products are restricted to, 
and speci6cally ablate, lens fiber cells. The 
d t i n g  eyes demonstrate profound mi- 
crophthalmia, aniridia, distortion of the an- 
terior chamber, and folding of the retina, the 
severity of which is correlated with the level 
of transgene expression. 

The difirence between AN2 and Sey 

Pst l 

*.--- 
L- ,; 

- C 

Hind Ill 

- -5 

- -M/6 

Hind 

- -  2 s  
cas-1 -- - - - M/B.C/ 

Hind Ill 

Fig. 2. Deletion analysis of the mutation. 
Intmpecies F1 mice were produced by aossing 
s p y / +  M. m. domeshw (M) fkmales and M. 
sprehcs ( S )  males. Genomic DNA from intcrspc 
cies FI, parental, and control mice was digested 
with the indicated restriction enzymes and hy- 
bridized (40) with probes p32.1 (Dl@,  pfB.10-3 
US), $ 3 . 6 3  Cf3), and pC24 (Cac-1). The S e  
mutation arose in a C3H mouse (15) and is 
maintained on a B6C3 hybrid badrground. D q  A 
and B are two difkmt M. m. domesrincc sflq/+ 
Ma. The six F, mice shown are the progeny of 
female B and a wild-type M. spntus male. Mouse 
number 3 inherited the mutant phenotype (0 )  
along with the C3H haplotype, whereas its five 
normal sibs (+) inherited the C57BM haplotype. 
The absence of M. m. domesticus alleles in mouse 
number 3 shows thatf3 andfs are deleted by the 
S+ mutation. Because mouse number 3 and 
M e  B are hetamygous, the deletion spares 
016 and Gtc-1. The five wild-type littermates are 
hemmygous at all four loci. Alleles are designat- 
ed as follows: M, M .  m. domesticus; S, M .  sprctus; 
B, C57BL6IJ; C, C3WHeJ. 

phenotypes can be reconciled if both  IT 

viewed as quantitative defects in lens induc- 
tion. When scaled according to eye volume, 
the mouse lens is five times larger than the 
human lens (20, 23). It may th&re de- 
pend more critically on the amount or tim- 
ing of Sey gene expression for its early 
development. Although mutations in both 
Sey and AN2 affect nearly every part of the 
eye, our results suggest that the iris is partic- 
ularly sensitive to permbations in early lens 
development. This effea appears to be limit- 
ed to AN2 gene defiaency, because duplica- 
tion of AN2 does not significantly alter the 
iris anatomy in individuals with trimmy 
llp13 resulthg h m  an insertional translo- 
cation (24). The extensive retinal folding 
observed in the toxin-producing transgenic 
(22) and Sey/+ mice is d a t e d  with the 
degree of microphthalmia; it does not occur 
in individuals with aniridia, whosc eyes are 
relatively normal in size. These observations 
are consistent with findings in chicks which 
demonstrate that growth of the retina, un- 
like other ocular stmctum, does not depend 
on lens size (21). However, because mouse 
retinas normally do not contain a fovea (23), 
the relatively poor foveal differentiation as- 
sociated with aniridia cannot be d in 
Sey/+ mice. 

The homology between AN2 and Sey 
should facilitate analysis of other ocular 
disorders, including microphrhalmia in mice 
(23) and humans, and a group of anterior 
chamber cleavage syndromes that resemble 
the Small-eye phenotype (25). A role for 
AN2 in these disorders is also suggested by 
the existence of rare individuals with a spe- 
cific anterior chamber defect (Peters' anom- 

Flg. 3. Comparison of* and 
WAGR dektions. The horizontal 
bars indicate homolopus portions 
of m o w  chmmo5ome 2 and hu- 
man chmmommc 1 lp. Nine con- 
served DNA markers are arranged 
in the center according to the gene 
order established in humans (6). 
The SePCy chromosome lacks f3. 

aly) and Wilms tumor or aniridia,' and a 
family in which Peters' anomaly was inherit- 
ed together with congenital absence of the 
nose (26). 

Although several human cancers, indud- 
ing nephrobhma, are inherited as muta- 
tions 6 tumor suppressor genes, this mecha- 
nism has not been demonstrated in any 
other mammalian species. Two findings 
suggest that SF inactivates the murim 
homolog of the Wilms tumor gene ( Wt-1) . 
F i  the SP deletion envelops the re- 
gion of homozygous loss in the WIT-13 
sporadic Wilms tumor cell line (Fig. 3). This 
cell line conmins two different submicro- 
scopic deletions, one on each chromosome 
11 homolog (27), which overla by 140 to 
345 kb (17). Semnd, the Sy&l deletion 
includes k13. This probe originates h m  the 
3' end of a gene 'that is expressed at high 
levels in fetal kidney and encodes a protein 
that contains tbur cysteine-histidine zinc fin- 
gers, a structure characteristic of nuclear 
transaiption fictors (9). Its identity as the 
llp13 W i  tumor gene (WT1) has been 
demonstrated by a 25-base pair (bp) inter- 
nal deletion in a sporadic nephroblastoma, 
which d i s ~ p t s  the putative DNA binding 
domain but does not exist in the patient's 
germline DNA (10). In spite of these find- 
ings, and the rare occurrence of spontaneous 
nephroblastomas in mice (28), renal neo- 
plasms have not been obscrved in SF 
stacks maintained at The Jadrson Labora- 
tory (29) or in more than 60 SefCY/+ mice 
examined at the ~assachm-Ins t i tu te  of 
Technology. The mice in the latter colony 
were closely monitored h m  birdr for an 
average of 9 months and indude the proge- 

fs, and k13, but mains the s& 
s t u m d h g  markers. The posi- 
tions of the aniridia (AN2) and 
W i  tumor genes arc defined DR 

here bv deletions in dme individ- 
uals 4 t h  partial manifestations of 
the WAGR syndrome. The DG deletion is d a t e d  with vliridia only; it spans several mariiers 
between f8 and 03 (6) and has been transmitted as part of an unbahced t(11;22) rcci rod 
translocation for five generations (5). Tlu WiT-13 deletion represents the overlap of two &t 
interstitial deletions in a sporadic W b  tumor cell line (27); the region of hornmygous loss does not 
indude the aniridia g a e  (6). The DR deletion was identified in a child with W h  tumor, 
genitourinary anomalies, and a catalas deficiency, but normal eyes (18). The m w s  mark a region, the 
dosage of which appears to be critical for normal somatic growth in both species. It is bounded on the 
telomeric side by the distal endpoint in individual DR, whose he@t at 2 and 4 years was more than two 
standard deviations below the median (18). The growth phenotype can be separated from aniridia, 
because carriers of the DG deletion (9, individuals with isolated mutatiom in AN2 (3), and mice 
heterozygous for the s#"' allele (15) are normal in size. The mouse centromere is oriented on thc basis 
of a small number of recombinants observed between Fshb and Cac-1 in other crosses involving M. m. 
domesticus and M. sprrtuc (13). 
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Table 2. Recombination data localizing the murine WAGR region in relation to  the glucagon ( G ~ x ) ,  
limb deformity (id). and P2-microglobulin (B2rn) genes. Alleles ~vere determined with the probes and 
restriction fragment polymorphisms listed in Table 1. The typing of B2111 and G q  in these mice has been 
previously described (41). M, .\I. PI .  dorricstir~is; S ,  ,\IL1. xprt'tux. SEM values are given for recombination 
fractions. 

Allele transmitted by FI  No. 
of Recombination 

GCX Fxh b id B21rr mice fraction 

Nonrecombinants M M M M 28 
S S S S 4 7  

Recombinants 
Grg-Rhhi M S S S 2 11.7 t 3.3 

S M M M 9 
Fxhb-id LM M S S 2 2.1 ? 1.5 

Total 

*Fskb re resents nine m.~rkers-D14. Cos-1.22, f ? . /X ,  k13, 03, Dlh,  dnd Fsllli--mmong which no recomb~nation ~vas 
o b ~ e n . e I  These loci therefore map n ~ i t h ~ n  3.1 iM ot'e.lch other (95% confidence ~ntenali .  

ny of affected males and females. These 
results must be reconciled with the 60% 
penetrance of familial W~lms tumor in man 
(30) and the high frequency of bilateral and 
multicentric tumors in WAGR patients. In 
addition, the kidnevs of affected mice appear 
histologically normal, with no evidelG of 
focal dj.splasia or persistent renal blastema. 
Such areas, collectivel~~ termed nephroblas- 
tomatosis, are thought to represent precur- 
sor lesions and are comn~bnly fou~ld in 
kidneys of bilateral Wiln~s tumor patients 
(31). Finallv, seyDe?/+ mice lack the diverse . - 

urogenital anomalies of WAGR patients, 
a ~ h k h  involve the kidneys, gonads; genita- 
lia, and nlesonephric structures (4). This 
suggests that the underlying developmental 
events in mice are less sensitive to gene 
dosage or that the gene (or genes) responsi- 
ble for urogenital defects lies outside the 
SeyDeY deletion. 

The apparent failure of SeyD"/+ hetero- 
zygotes to develop nephroblastomas can be 
ex~lained in terms of Knudson's two-muta- 
tion model (30) by a smaller or more short- 
lived target cell population in mice than in 
humans. This a~ould decrease the opportu- 
nity for the occurrence of postzygotic Inuta- 
tions in the remaining wild-type Wt-I allele 
that would result in malianant transforma- 
tion. Indeed, loss of the metanephric blaste- 
ma during the second half of gestation is the 
presumed basis for incomplete penetrance of 
the Wilnls tunIor trait in ma1 (30, 31). 
Although the exact size of the target cell 
population in each species is unknown, it 
can be estimated in relative terms bv the 
number of nephrons per adult kidney- 
1.2 x 104 in mice and 1.0 x lo6 in humans 
(32). This difference predicts a significantly 
lower incidence of nephroblastonla among 
SeyD"/+ mice than WAGR patients, a~hich 
may be difficult to detect in a setting of high 
perinatal mortality. Scaling effects could also 

expla~n a ~ h ! ~  other embryonal cancers are 
rarely obsened in mice. For example, fanlil- 
ial retinoblastoma is transm~tted 111 humans 
by mutations in 13q14 that inactivate or 
eliminate the RB-encoded protein p l 0 5 ' ~  
(33). An equivalent disease has been pro- 
duced in transgenic Inice by retinal-specific 
expression of the SV40 T antigen, an onco- 
gene which inhibits p105Rb action (34). 
Nevertheless, com~arable mouse mutations 
in Rh-1 have failed to emerge fro111 large- 
scale mutagenesis experiments in a ~ h ~ c h  
chromosom~l deletions. other forms of he- 
reditay cancer, and numerous ocular abnor- 
malities have been recovered (15, 35). If this 
interpretation is correct, it may be possible 
to specificall~l induce nephroblastomas in 
seyDe? carriers by chemical mutagenesis in 
utero or by transgenic expression of growth 
factors, such as insulin-like growth factor-I1 
or N-myr, which appear to stimulate neph- 
roblast proliferation (36). 

~lternatively, homozygous mutations in 
Wt-1  could be lethal to murine nephroblasts 
or Inay not be sufficient for tunlor initiation. 
Although the Wilrns t~mmor gene appears to 
control an essential step in nephroblast dif- 
ferentiation and has a similar tissue expres- 
sion pattern in both species (37), its function 
may be relatively less important to murine 
nephrogenesis than other loci. In hunla~s,  
mutations in at least three different genes 
appear to contribute to the etiology of 
Wilms tumor. In addition to W T I ,  these 
include loci in band p l5  of chromosonle 
11-identified through studies of allelic seg- 
regation events in Wilms tumors and genetic 
linkage in families with Beckwith-Weide- 
Inann syndrome-and a non-chromosome 
l l p  site identified through linkage analysis 
of Wilrns tumor pedigrees (38) 

A detailed cornparison benveen Sey and 
WAGR mutations should reveal new phe- 
notypic determinants in thls region. ~ h e s e  

include genetic factors res onsible for the L>' reduced body size of Sey /+ mice and 
WAGR patients (Fig. 3);  the murine homo- 
log of a T cell leukemia breakpoint cluster 
region, TCL2 (39), which is located be- 
tween q2 and C,4T in man (6); and a locus 
responsible for the pigmentation defects in 
SellD" and SpyH mice, which may control 
the number or migration of melanocyte 
precursors. As an animal model of a specific 
human autosomal deletion syndrome, the 
SeyD"/+ mouse should improve our under- 
standing of Wilms turnorigenesis and pro- 
vide new insights concerning craniofacial 
development. 
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Inhibition of the Complement Cascade by the Major 
Secretory Protein of Vaccinia Virus 

The complement system contributes to 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 to help the virus 
evade the consequences of complement activation. 

T H E  COiMPLEMENT SYSTEM IS COIM- 

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

against infectious agents. The proposed 
antiviral ~nechanisms of  complement com- 
ponents include virus neutralization and op- 
sonization, Iysis of vims-infected cells, and 
amplification of inflammatory and specific 
immune responses (1). Some viruses may 
have evolved defenses against the comple- 
ment system. The envelope glycoprotein g C  
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 
Discascs, Nat~ond Instin~te of Allergy and Infect~ous 
Discascs. National I~nstinites of Hcalth, Bethesda, MD 
20892. 
R. McKenzle and M. IM. Frank. Labor~ton. of Clinical 

component of complement and thereby 
modulates the alternative complement path- 
way in vitro (2). Epstein-Barr 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 fragment of the fourth component 
of complement and inhibits the classical 
pathway of complement activation (4).  

The classical pathway for activation of the 
complement system starts with the binding 
of the C 1  complex via C l q  t o  the Fc region 
of immunoglobuli~l (Ig).  Activation of 

In\restigation, Natlond 11nstinit; of Mcr& and Infcc- bound C 1  leads to  sequential cleavages of 
tious Diseases, N~tional Insun~tes of Ilcalth, Bethesd~. 
M n  7nx97 C 4  and C2, forming C4b2a, the classical -"-,-. 

pathway C 3  convertase. Cleavage of C 3  by 
*Prcscnt ~ddress: J.mles N. G.mlble Institute of Mcd~cal 
Research, Cincinnati, O H  45219. the bound convertase activates the terminal 
-To whom correspondcncc should be addressed. lytic ~nechanisrn that is commo11 to both the 
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