
Population and Family Studies of Three Disease-related Polymorphic Genes
in Systemic Lupus Erythematosus
De-Feng Huang,** Katherine A. Siminovitch, Xiao-Yuan Liu, * Tsaiwei Olee, * Nancy J. Olsen,11 Charles Berry,I
Dennis A. Carson,* ** and Pojen P. Chen* **
*Departments ofMedicine and Pathology, University of California, San Diego, La Jolla, California 92093-0663; * *Department of
Molecular and Experimental Medicine, The Scripps Research Institute, La Jolla, California 92037; tDepartment of Medicine, Veterans
General Hospital-Taipei, Taiwan; §Departments of Medicine, Immunology and Molecular and Medical Genetics, University of Toronto,
Toronto, Ontario M5T 2S8, Canada; IlDepartment of Medicine, Vanderbilt University, Nashville, Tennessee 37232; and IDepartments of
Family and Preventive Medicine, University of California, San Diego, La Jolla, California 92093

Abstract

The contribution to systemic lupus erythematosus (SLE) of
three lupus-associated polymorphisms (involving the C4A2
complement component, Humhv3005 and the T cell antigen
receptor alpha chain gene) are investigated in 81 individuals
from 14 multiplex SLE families, 41 unrelated lupus patients,
and 88 unrelated healthy controls. The results show a strong
association between C4A deletion and SLE in these families.
While the current study confirms the previously reported
association between hv3005 deletion and sporadic SLE, the
study fails to support this association in familial SLE pa-
tients. Moreover, no correlation is detected between the oc-
currence of hv3005 deletion and C4A null alleles in lupus
patients, suggesting that the effects of these genetic polymor-
phisms on predisposition to lupus are independent. The pre-
viously reported lupus-associated T cell receptor (TCR) a
chain polymorphism is not detected in any of the individuals
studied here. The combined data suggest that C4A null al-
leles predispose strongly to development of lupus, whereas
the influence of hv3005 deletion is relatively weak. The re-
sults also suggest that contributions of weak susceptibility
genes such as hv3005 to disease predisposition may be ob-
scured by the effects of stronger genetic factors and thus
need to be examined in patients lacking these factors. (J.
Clin. Invest. 1995. 95:1766-1772.) Key words: autoantibod-
ies * C4A deletion * Ig V genes * RFLP * T cell receptor
genes

Introduction

Systemic lupus erythematosus (SLE) is associated with forma-
tion of multiple autoantibodies and recurrent inflammation of
various organ systems (1). While the cause of SLE is not
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known, epidemiologic and genetic data suggest that expression
of this disease reflects an interplay between genetic and environ-
mental factors. As aberrant immune function represents the most
characteristic phenotypic abnormality in lupus patients, logical
candidate susceptibility genes for this condition are those encod-
ing molecules important to normal immunity. Among these, the
major histocompatibility complex (MHC)' class H genes have
been particularly well studied in relation to lupus and, at least
in Caucasians, associations of this disease with HLA-DR3 and
to a lesser extent, DR2 have been reported (2). However, these
MHC disease associations are not apparent in all populations
studied and vary among different subsets of lupus patients. Thus
the class II alleles do not entirely account for genetic predisposi-
tion to lupus and the existence of other lupus-susceptibility
genes appears likely.

In recent years, genetic studies of lupus patients have re-
vealed several additional candidate genes for SLE. These in-
clude, for example, the genes encoding two early complement
components, C2 and C4 (2, 3). In one reported study, - 40%
of persons with complete deficiency of the second complement
component (i.e., homozygous deletion of the C2 gene) had
SLE; and - 44% of SLE patients lacked at least one copy of
their C4A complement gene, in contrast to 13% of the normal
population (3). The complement deficiencies may predispose
to SLE by impairing immune complex clearance, or increasing
risk of exposure to a triggering agent. Along similar lines, spe-
cific Ig and T cell antigen receptor (TCR) genotypes have also
been recently invoked as possible lupus susceptibility genes.
For example, one group reported an association of lupus with
a restriction fragment length polymorphism (RFLP) at the T
cell antigen receptor (TCR) alpha chain constant (Ca) re-
gion (4).

Previously, we described an Ig heavy chain variable region
(Vh) gene polymorphism involving the closely related Vh3
germline genes, Humhv3005 and 1.9111. Our data revealed the
association of lupus with the complete absence of a 9.4-kb
RFLP band detected with an hv3005 gene probe (5). Sequence
analysis of the hv3005 and related Vh3 genes in individuals
with various hv3005-RFLP patterns revealed the absence of
hv3005 and/or hv3005-like genes in 8/9 individuals with the
9.4-kb deletions; by contrast, 1.9111 and/or 1.9111-like genes
were present in these individuals (6). Taken together, the data

1. Abbreviations used in this paper: C4A, the A isotype of the 4th
component of the complement system; TCR, T cell antigen receptor;
V gene, variable region gene.
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suggest an increased frequency of hv3005-like gene deletion
among lupus patients compared with healthy controls (5, 6).

These observations are consistent with the contention that
multiple genes are involved in the susceptibility to lupus. How-
ever, it is not clear how these genes interact with one another
and, in particular, whether their effects on lupus predisposition
are independent, additive and/or equal. To address these issues
we investigated 14 multicase lupus families as well as unrelated
lupus patients with respect to three loci implicated in suscepti-
bility to SLE: the C4A, hv3005 and TCR Ca loci. We find that
gender and C4A deletion play an important role in expression
of SLE, while the influence of hv3005 deletion is weak. As
TCR Ca polymorphisms are not detected in this group, the
contribution of this gene to susceptibility could not be ad-
dressed. Our findings suggest that the effects of a weak suscepti-
bility factor, such as the hv3005 deletion, on disease predisposi-
tion may become more obvious in the absence of strong disease
susceptibility factors. These results emphasize the complexity
inherent to identifying the genetic basis of lupus and the impor-
tance of addressing this issue in the context of both familial
and sporadic cases.

Methods

Patients and nonnal donors. The study group included 41 unrelated
Caucasian lupus patients and 88 healthy unrelated Caucasian controls.
Fourteen multicase SLE families (at least two members affected) includ-
ing 48 unaffected and 33 affected individuals were also studied. The
subjects were ascertained in Toronto, Canada and four U. S. cities. All
SLE patients fulfilled the American College of Rheumatology revised
criteria for SLE (7).

Genomic DNA and southern blot analyses. Genomic DNA was ex-
tracted from peripheral blood leukocytes, and was digested with the
indicated restriction enzymes. The lysates were loaded into wells of a
0.7% agarose gel. After electrophoresis and transfer ofDNA to nitrocel-
lulose, the blots were hybridized with the indicated probes. Hybridiza-
tion was done in 5X SSC (lx SSC = 0.15 M NaCl/0.015 M sodium
citrate, pH 7.0) at 650C, followed by washing twice in 0.1x SSC
at 650C.

The probes used are: (a) Hv3005/Pl, a 466 basepair (bpj PstI
fragment located -1 kb upstream of the Hv3005 gene (5); (b) C4A,
a 900-bp KpnI/PstI fragment from the 5' end of the C4A gene (kindly
provided by Dr. David D. Chaplin, Washington University, St. Louis,
MO) (3); (e) TCR a chain Cal, a 267-bp fragment (corresponding to
nucleotides from 273 to 539 in the first exon) (8); (d) TCR a chain
Ca2, a 310-bp fragment (corresponding to nucleotides from 2411 to
2720, encompassing the second exon and a segment of the downstream
intron) (8). The TCR probes were amplified by polymerase chain reac-
tion (PCR) from the genomic DNA of the Y79 retinoblastoma (9),
using the 5' TCR-a-ClUls primer (5'-ATATC-CAGAA-CCCTG-
ACCCT-3') and the 3' TCR-a-ClDlc primer (5'-TGGGG-AAGAA-
GGTGT-CT1CT-3') for TCR Cal, and the 5' C2Uls (5'-GTTCC-
TGTGA-TGTCA-AGCTG-3') primer and the 3' C2Dlc (5 '-AAGGA-
ATACA-GAGGC-CTAGG-3') primer for Ca2. A PstI site was added
to the 5' end of each primer. The amplified DNA was cloned into
pUC19 and sequenced to verify that both amplified DNA fragments
were 100% identical to the reported human TCR Ca sequences (8).

Asymmetric amplification and direct sequencing. Each DNA sample
was amplified simultaneously in two separate reaction mixtures, each
consisting of 1 Mg of genomic DNA, and 20 pmoles of hv3005D2c,
with either 1 or 2 pmoles of hv3005Uls as the limiting primer.
Hv3005Uls and hv3005D2c correspond respectively to nucleotide posi-
tions from - 135 to - 116, and from 488 to 467 (6). The mixtures were
incubated for 45 cycles; each consisted of 1.5' annealing at 55°C, 2'

elongation at 720C and 1' dissociation at 950C. The amplified DNA
was extracted once with TE-saturated phenol, precipitated, resuspended
in Tris-EDTA buffer, and sequenced with the limiting primer.

Statistical analyses. The association of hv3005 deletion and C4A
null allele with SLE in the multicase families was examined by the
Mantel-Haenszel X2 test with one degree of freedom (10, 11). This test
calculates the summary relative risk as a weighted average of the sepa-
rate relative risk from all strata (in a way that eliminates confounding
by the stratified variable), and determines whether the summary relative
risk differs significantly from the no-association relative risk of 1.0. The
interactions of hv3005 deletion, C4A null allele and gender were tested
by the likelihood ratio chi-square statistic for a log-linear model of a
three-way table of counts (10). The association between hv3005 dele-
tion and SLE in unrelated individuals was also tested by the Mantel-
Haenszel x2 test with one degree of freedom, taking account of the
different rates of SLE among males and females. In addition, the associa-
tion between hv3005 deletion and SLE in unrelated males was deter-
mined by Fisher's exact test, due to the small number of male patients
(i.e., 5).

Results

Family and population study of the humhv3005/pJ RFLP in
SLE. To determine whether the genetic contribution of SLE
might be more easily elucidated by analysis of familial rather
than sporadic cases of SLE, we studied the members of 14
families with respect to RFLP genotypes of the hv3005 set of
Ig V genes. DNA samples from patients and healthy relatives
were digested with EcoRl, and their hv3005 genotypes exam-
ined by Southern blot analysis using the hv3005/P1 genomic
DNA probe. As can be seen in Tables I and II, the 9.4-kb
deletion occurred in 8/33 (24%) patients, as well as in 10/47
(21%) normal relatives (the genotype of one DNA sample from
a normal male relative could not be determined after repeated
trials).

Direct sequence analysis of hv3005 and related Vh3 genes
in selected individuals had revealed that 8/9 individuals with
the 9.4-kb deletion, were missing hv3005-like Vh gene elements
and possessed only 1.9III-like genes (6). Accordingly, we am-
plified and sequenced hv3005- and 1.9H1-like genes from 13 of
18 subjects who lacked the 9.4-kb band (Table I). The results
showed that all 13 individuals had 1.911-like genes, but not the
hv3005-like genes (data not shown). These data indicate that
most individuals lacking the 9.4-kb restriction fragments have
a complete deletion of the hv3005-like genes, including at least
the hv3005 and 3d216 (or 56P1) Vh3 germline genes (12).

Gender has long been recognized as a potentially key factor
in the development of SLE, with 90% of SLE patients being
female (13). Therefore, the results of hv3005 genotype studies
were analyzed by considering female and male individuals sepa-
rately. There were no male SLE patients in the 14 families.
Among female patients and unaffected relatives, the frequencies
of the 9.4-kb deletion were 8/33 (24%) and 5/25 (20%), re-
spectively. Therefore, even when gender was taken into consid-
eration, these studies failed to show an association between
hv3005 deletion and lupus among familial SLE patients.

Previously, we studied 22 unrelated SLE patients and 42
unrelated normals, and found the 9.4-kb band to be absent in 6
patients (27%) and 2 normals (5%), yielding a P value of 0.03
(5). As the familial data contrasted with previous observation
in non-familial SLE patients, we performed further studies of
hv3005 genotypes in unrelated patients and normal controls. To
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Table I. Deletion of hv3005 and C4A in 14 Multiplex Families

C4/Hindfl RFLP* C4/HindIII RFLP*

hv3005 C4A 26 15 8.5 hv3005 C4A 26 15 8.5
Family No Normal SLE Sex 9.4 kbI gene* kb kb kb Family No Normal SLE Sex 9.4 kbW gene* kb kb kb

I 1
2

II 3
4
5 B3
6

III 7 Cl
8 C2
9
10
11 C5

IV 12
13 D2
14 D3
15
16 D5
17

V 18
19 E2
20
21 E4

VI 22 Fl
23 F2
24
25
26 F5
27 F6
28 F7
29 F8
30 F9
31 F1O
32 FlI
33 F12

VH 34 GI
35 G2
36 G3
37
38

Al
A2

f
f

Bi f -
B2 f -

f
B4 f

m
f

C3 f
C4 f

f

Dl f -

m
f

D4 f
f A

D6 f i

El f -,
m

E3 f -,
f _

f t
f +

F3 f +
F4 f +

m +
f +
f +
f +
m +
f +
f +
f +

f +
m +
f -,

G4 f -,

+ -1* + + + VIII 39 HI
+ + + + _ 40

41
,5t + + + - 42 H4
,s + + + - 43

+ + + + - 44 H6
- ND* ND ND ND 45 H7

46 H8
+ + + + _

+ -1 + + + IX 47 II
+ -2* - - + 48
+ -2 - - + 49
+ + + + - 50

51 I5
+ -2 - - + 52 I6
? -1 + + +
F + + + _ TIX 53 17
F + + + - X 54 JI

+ + + - 55
F- + + + - 56

57
s -1 + + + 58 J6

_ -1 + + +

,s -1 + + + XI 59 Kl
- -1 + + + 60 K2

61
- + + + - 62 K4
- + + + - 63 K5
* + + + - 64

+ + + - 65 K7
+ + + - 66 K8
+ + + - 67 K9
+ + + - 68
+ + + - 69 Kll
+ + + -
+ + + _ XII 70 LI
+ + + - 71

-1 + + + 72 L3
73

+ + + - 74 LS
-1 4L 4 75 L6

S + +

S -1 +

G5 f -, s -1 + + +

+ XIII 76 Ml
+ .+ 77

78
79 M4

XIV 80
81

m
H2 f
H3 f

m
HS f

f
m
m

m
12 f
13 f
14 f

f
m

f

- + +

+ -1 +
+ -1 +
+ + +

+ + +

+ -1 +
-, s + +

+ + +

+ + +

+ + +

+ + +

+ + +

+ + +

+ + +

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+ + + + -

m + + + +
J2 f + -1 + + +
J3 m + + + +
JS f + -1 + + +

f + + + + -

m -, s -1 + + +
m + + + +

K3 f + + + + -
f - + + + -

m + + + +
K6 f -, s -1 + + +

m + -1 + + +
f -,s + + + -
f + + + + -

K1O f + -1 + + +
m + + + +

m + ND ND ND ND
L2

L4

f + -1 + + +
m -, s -1 + + +
f + -1 + + +
f + -1 + + +
m + + + +

m
M2 f
M3 f

f

Ni f
N2 f

+ +

+ -1
+ -1

-, -1

+ +

+ +

+ + -

+ + +

+ + +

+ + +

+ + -

+ + -

* The C4A genotype was determined by hybridizing the Hindli-digested DNA with a C4A probe. The 26-, 15-, and 8.5-kb bands represent,
respectively, the C4B, the C4A and a C4A-C4B hybrid genes (due to a deletion of most of the C4A gene); + and - denote, respectively, presence
and absence. In the column of "C4A gene," -1 and -2 denote, respectively, the deletion of 1 and 2 copies of the C4A gene. ND indicates not
determined. tThe hv3005 genotype was determined by hybridizing the EcoRI-digested DNA with hv3005/P1; the absence of the 9.4-kb band
generally indicates a complete deletion of all hv3005-like genes. The deletion was confirmed by specific amplification and direct sequencing of the
hv3005 like-genes in 13 of the 18 individuals, as indicated by "s."
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Table II. Statistical Analyses of hv3005 and C4A Deletions
in SLE

Normal SLE

Study Group Total Del Percent Total Del Percent Stat

Familial
hv3005 Female 26 5 19 32 8 25 NS

Male 22 5 23 0 0 - -*
Total 48 10 21- 32 8 25 _t

C4A Female 25 6 24 32 18 56 P = 0.03
Male 22 6 27 0 0 - -*
Total 47 12 26 32 18 56 -t

Population
hv3005 Female 51 4 8 36 8 22 P = 0.07

Male 37 3 8 5 2 40 P = 0.1
Total 88 7 8 41 10 24 P = 0.02

* Since there were no male SLE patients in these families, a test of
association can not be carried out. t Since there were no male SLE
patients in these families, a test for all subjects (stratified by gender)
amounted to the test for females alone, which attained P = 0.03 for
C4A and was not significant for hv3005.

this end, 19 additional sporadic cases of SLE and 46 additional
healthy unrelated controls were recruited into the study. The
results from this new series of additional patients and normals
were compared with the data from the previous series by a test
for three-way interaction, series (i.e., old or new) by diagnosis
(i.e., SLE or normal) by deletion (i.e., presence or absence).
A P value of 0.72 was attained. Moreover, the Mantel-Haenszel
X2 (controlling for series) was almost identical to the ordinary
Pearson x2 for association of deletion and diagnosis (10). Thus,
it is reasonable to combine the results from both the current
series and previous series, and the overall results are given in
Table II. As can be seen, analysis of these individuals revealed
deletion of the hv3005 genes in 10 patients (24%) and 7 normals
(8%), resulting in a P value of 0.02.

Family study ofthe C4A deletion in SLE. The fourth compo-
nent of complement is expressed as two isotypes, respectively
designated C4A and C4B. Our interest in these isotypes in
relation to familial SLE was predicated upon data showing dele-
tion of at least one copy of the C4A genes in - 44% of white
SLE patients, but in only 13% of healthy controls (3). It has
been suggested that C4A functions mainly in the assembly of
C3 convertase on the surface of antigen-antibody complexes,
while C4B participates in the generation of C3 convertase on
the surface of bacteria. In this context, it is conceivable that the
association of C4A deficiency with lupus may reflect the af-
fected individual's inability to process immune complexes effi-
ciently, leading to an excess of circulating immune complexes
following infections (2, 14).

To assess the possibility that C4A deletion influences the
effect of hv3005 deletion on predisposition to SLE, we analyzed
members of the 14 SLE families with respect to C4A RFLP
genotypes. Genomic DNA was digested with HindIll and ana-
lyzed for hybridization with a fragment from the C4A gene (5'-
C4) previously shown to detect 15- and 26-kb restriction bands,
representing the C4A and C4B genes, respectively (3). In indi-
viduals carrying the HLA-B8.C4AQO.C4B1.HLA-DR3 ex-

tended haplotype, which is associated with deletion of most of
the C4A gene and all the 21-hydroxylase (21-OH) pseudogene,
this probe has been shown to define an 8.5-kb band, representing
a C4A-C4B hybrid gene. Thus, individuals with a heterozygous
deletion of the C4A gene show a 5 '-C4 restriction profile con-
taining 26-, 15-, and 8.5-kb bands, while a profile limited to
the 8.5-kb band demarcates homozygous deletion of the C4A
gene.

As shown in Table I, C4A deletion was apparent in 18/32
(56%) patients and in 12/47 (26%) healthy family members.
Since there were no male patients in these families, standard X2
testing could not be applied to the analysis of these observations.
When only the data obtained on female patients and relatives
are analyzed, the frequencies of C4A deletion were 18/32
(56%) for patients and 6/25 (24%) for normal relatives. Analy-
sis of these latter observations revealed C4A deletion to be
significantly more frequent in patients than healthy normals (P
= 0.03). C4A genotypes were not examined in unrelated pa-
tients and healthy controls as additional genomic DNA for these
studies was not available for many individuals.

Family and population studies of the tcr alpha chain con-
stant region RFLP in SLE. Previously, Tebib and co-workers
reported an association between a characteristic TCR a chain
RFLP and SLE (4). These studies involved analysis of PstI-
digested DNA from Caucasian lupus patients using a TCR a
chain cDNA, derived from the HPB-MLT T cell line. This
probe contains sequences for the leader, V, joining, constant
and 3' untranslated regions (4). Using this probe, 3.0- and 1.3-
kb bands were detected in 15/3 1 (48%) unrelated SLE patients,
but in only 4/34 (12%) unrelated normal controls (P < 0.002).
When five multiplex families were studied for this polymor-
phism, members of three families (60%) were found to have
the disease-associated RFLP. However, in these three families,
the putative SLE-associated RFLP was found not only in 6/
10 (60%) patients, but also in 9/20 (45%) healthy relatives.
Moreover, the authors reported that the diagnostic 1.3/3.0-kb
band pair could be detected with a 515-bp RsaI-AvaII fragment
encompassing mainly the TCR constant region. These data led
them to hypothesize that the "normal" allele represented by a
4.3-kb PstI fragment contains the first two exons of the TCR
Ca gene (TCR Cal and TCR Ca2), and that the "SLE" allele
represented by the 3.0- and 1.3-kb bands arises due to an addi-
tional Pstl site in this genomic segment (4).

Based on these observations, DNA samples from the sub-
jects under study were digested with Pstl and examined for
hybridization with the TCR a chain Cal and Ca2 probes. While
it was anticipated that 4.3-kb alleles would predominate among
controls and that 3.0/13-kb alleles would predominate among
the patients, our analysis of 10 patients and 6 normal relatives
from 5 of our multiplex families revealed that all 16 individuals
showed only 4.3-kb bands when studied with the TCR Cal
probe. Similarly, a subsequent analysis of 18 unrelated SLE
patients with this probe again revealed only 4.3-kb bands. More-
over, re-analysis of these individuals using the TCR a chain
Ca2 probe also revealed the presence of only 4.3-kb bands.
Therefore, this analysis did not confirm previous findings sug-
gesting an abnormal prominence of the 3.0/1/3 TCR a chain
RFLP in SLE patients.

Discussion
As a step toward elucidating the genes contributing to SLE
susceptibility, we examined members of 14 multicase SLE fami-
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Haplotype 51 * 3', to W region Figure 1. Maps of five haplotypes
of hv3005 and 1.9111-like genes.

I8-------EI---EI-0C0 deleted ) {J- H - Type I is from reference 31; types
IH and III are from ref. (6, 12, 32,

3-33 3-32p 4-31 3-30 3-29p 4-28 33); and type IV is from ref. (6,

34-36). It should be pointed out
II -Ij-----------[}--IJ-- ( deleted ) that type HI contains two identical

hv3019b9 ? DP65 1.911 ? 1.91 copies of 1.9111, but each is fol-
lowed by a different Vh4 gene.
Type I's 3-33 and 3-30 differ

111 0 0 0 [] [ [ [3 [ [0 from hv30l9b9 and l.9111 of type
hv3019b9 ? DP65 1.911 4-34 3d216 3d216d DP65 1.911 ? 1.91 11 by 4 and 1 bp, respectively.Type HI deviates from type II by

an insertion of 5 Vh genes (in-
IV 0 0 0 0f0 cluding a duplicated copy of

1.9111, 4.34, 3d216/56P1, 3d216d
hv3019b9 ? ? ? ? hv3005 hv4005 ? 1.9111 ? 1.91 and DP65); 3d216 is highly ho-

mologous to hv3005 and is also

V [0 deleted in individuals lacking the
9.4-kb band (6). Type IV contains

hv3019bp ? ? ? ? ? ? ? hv3005 ? hv4005 hv3005 and hv4005 which differ
from 3d216 and 3d216d of type

mI by 2 and 22 bp, respectively. Considering the 22 bp difference between hv4005 and 3d216d, hv4005 may represent allele of 1.911 (differing
from each other by only 4 bp), as proposed in type V.

lies, as well as unrelated patients and normal controls, for ex-
pression of three previously reported disease-associated RFLPs.
Results of the analysis of hv3005/Pl polymorphisms in 41
unrelated patients and 88 healthy controls revealed a significant
association between the disease and the complete deletion of
the 9.4-kb band (P = 0.02). However, the current study failed
to detect an association between disease and hv3005 deletion
in the SLE patients from the 14 multicase families. In contrast,
analyses of the same set of families revealed a significant associ-
ation of C4A deletion with SLE among the female patients (56
vs. 24% for healthy female relatives; P = 0.03). In a previous
study of C4A genotypes in lupus, Kemp et al. detected a C4A
deletion in - 44% of unrelated white patients and - 13% of
normal controls (P < 0.05) (3). It therefore appears that the
frequency of C4A deletion may differ in healthy individuals
from the population versus healthy members of SLE families
(13 vs. 26%). Similarly, C4A deletion may occur less fre-
quently in random cases of SLE (44%) than in patients from
multicase families (56%). In this context, it is noteworthy that
the frequency of hv3005 deletion among healthy individuals
also increases from 8% in unrelated individuals to 21% in famil-
ial subjects. Why the disease-associated genotypes occur more
frequently in healthy individuals from SLE families than in
those from the general population is unknown at this point.

Individuals included in the study were also assessed with
respect to their inheritance of a putative disease-associated TCR
a chain RFLP. The analysis failed to show any association of
the disease with the 3- and 1.3-kb bands, previously suggested
as representing the "SLE" allele (4). The discrepancy between
the current results and those previously reported with respect
to this polymorphism may be due to ethnic difference in the
populations analyzed in these two studies.

Extensive analyses of autoantibodies have revealed that cer-
tain autoantibodies are found regularly in the normal immune
system, and that these autoantibodies are encoded by a restricted
set of Vh genes which constitute the neonatal antibody reper-
toire (15-21). These findings have led to a "network" hypoth-

esis for autoimmune responses, wherein it is suggested that,
during early ontogenesis and in the absence of exogenous anti-
gens, autoreactive V genes are stimulated and selected by cer-
tain autoantigens to form the initial antibody repertoire (20,
22-24). Once selected, the V genes interact with each other, to
maintain the homeostasis of the antibody repertoire. In addition,
some of these V genes serve as the first line of defense against
infectious agents (25-27). According to this hypothesis, the
observed association of hv3005 deletion with SLE may be inter-
preted as implying that hv3005 represents an important autore-
active V gene and its homozygous deletion may result in genera-
tion of an aberrant B cell repertoire, with a consequent abnormal
immune response to infection and predisposition of the host
to development and/or perpetuation of autoimmune disorders.
Alternatively, absence of hv3005 genes may exert its effect
on immune response by virtue of altering immune complex
clearance. Sequence comparisons reveal hv3005 to be highly
homologous to the heavy chain of the SJ2 rheumatoid factor
(28) and data from several groups suggest that rheumatoid
factors enhance macrophage ingestion and clearance of immune
complexes (29, 30). Accordingly, deletion of hv3005-like
genes may confer susceptibility to SLE by virtue of an effect
on the production of rheumatoid factors. This paradigm may be
analogous to that proposed for the association between homozy-
gous C4A null alleles and SLE, an observation also ascribed
to aberrations in the clearance and solublization of immune
complexes (3).

Recently, studies on the hv3005 and 1.9111-like Vh3 genes
indicate this Vh locus to be complex and heterogeneous. As
shown in Fig. 1, these data suggest the existence of five hv3005 /
1.9111 haplotypes (6, 12, 31-36). Among these, the haplotype
designated as type I contains the 3-33 and 3-30 genes, which
differ from the hv3019b9 and 1.9111 genes comprising the type
II haplotype by 4 and 1 bp, respectively (6, 32). Type III
haplotype is, in turn, distinguished from type II by an insertion
of 5 Vh genes (including a duplicated copy of 1.9III, 4.34,
3d216/56Pl, 3d216d and DP65) (12, 32); 3d216 is highly
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homologous to hv3005 and is also deleted in individuals lacking
the 9.4-kb band (6). The type IV and V haplotypes contain the
hv3005 and hv4005 genes which differ from 3d216 and 3d216d
of type Ill by 2 and 22 bp, respectively (34), and thus may
exist as alleles of 3d216 and 3d216d in type III. Alternatively,
hv3005 and hv4005 may represent alleles of 1.9I1 and 1.911 in
type V. Among these five haplotypes, types I and II lack all
hv3005-like genes, including hv3005 and 3d216. Importantly,
deletion of not only 3d216, but also four other Vh genes, distin-
guishes types I and II from type III haplotype. Thus, the detec-
tion of hv3005 deletion in certain individuals may also be asso-
ciated with deletion of four additional Vh genes, a possibility
that might be of significance in relation to the putative associa-
tion of the hv3005 deletion with SLE susceptibility. Moreover
the hv3019b9 and 1.9111 genes (type II haplotype), but not the
3-33 and 3-30 genes (type I) have been shown to be expressed
in fetal liver (31, 37, 38). It is therefore possible that these
hv3005-deleted haplotypes differ with regards to the extent to
which they confer risk for SLE.

Although hv3005 deletion was associated with SLE in unre-
lated patients, the current study failed to detect an association
between hv3005 deletion and SLE in familial cases. While the
basis for this discrepancy is unclear, it is possible that in some
individuals the critical function(s) of hv3005-like genes can
be compensated by other autoreactive Vh genes. As such, the
induction of SLE would require additional genetic hit(s) which
deletes both copies of one or more of other physiologically
important autoreactive Vh genes. By contrast, C4A is a single
copy gene, and the product of the homologous C4B gene is less
efficient in binding to immune complexes and in inhibiting
immune precipitation. Thus, unlike hv3005, deletion of even
only one copy of C4A gene may confer disease susceptibility.
Taken together, the current data suggest that C4A deletion con-
fers a strong genetic risk for SLE, while hv3005 deletion confers
a weak risk for expression of this disease.

In evaluating these data, another possibility for consider-
ation is that the influence of a weak disease susceptibility gene
may be obscured by the effects of a strong disease susceptibility
gene. In other words, the contribution of hv3005 to SLE suscep-
tibility may be masked by the strong impact of C4A deletion
and female sex. In this context, it is noteworthy that C4A dele-
tions were detected in patients from 13/14 multicase SLE fami-
lies, and in the single family not manifesting this defect (i.e.,
family 2), 3/3 patients showed hv3005 deletion, while the one
healthy relative did not (Table I). Similarly, hv3005 deletion,
while not common in the familial cases of SLE, was detected
in 2/5 (40%) unrelated male patients. These data raise the
possibility that the influence of hv3005 deletion on disease pre-
disposition is more easily detected in male than in female SLE
patients and in SLE patients lacking C4A deletions.

In summary, the results of the current study on both familial
and sporadic cases of SLE confirm the strong association be-
tween C4A deletion and SLE that has been reported in studies
of unrelated patients. By contrast, while the findings confirm
the previously detected association between hv3005 deletion
and sporadic SLE, the data fail to support this association in
SLE patients from multicase families. The results also suggest
that C4A deletion and gender are major factors in susceptibility
to SLE, while hv3005 deletion plays .a lesser role. Together,
these data highlight the value of both family and population
studies in identifying SLE-susceptibility genes. Analyses of

multiplex families enable one to delineate the relative impor-
tance of candidate genes in SLE, and to determine how they
may interact to enhance disease susceptibility.
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