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ABsTRACT The prevalence of homozygous and
heterozygous deficiency of the second component of
complement (C2) was determined in patients with
rheumatic disease including 137 with systemic lupus
erythematosus (SLE), 274 with juvenile rheumatoid
arthritis, and 134 with rheumatoid arthritis. 1 C2 homo-
zygous deficient and 19 possible heterozygous deficient
individuals were identified by using both immunochemi-
cal and functional assays to determine C2 levels. Of
the 20, 8 had SLE (5.9%), 10 had juvenile rheumatoid
arthritis (3.7%), and 2 had rheumatoid arthritis
(1.49,), the homozygous deficient individual having
SLE. The prevalence of C2 deficiency in the SLE and
juvenile rheumatoid arthritis patients was significantly
increased (P = 0.0009 and P = 0.02, respectively) when
compared with controls, 6 (1.2%) of 509 blood donors
having C2 levels consistent with heterozygous deficiency.
15 of the 20 C2 deficient patients were HLA typed and
found to have antigens A10(Aw25), B18, or both.
The patients with C2 deficiency and SLE had earlier
age of onset of disease and less antinuclear antibody
when compared with the C2 normal SLE patients. 11
families of the propositi were studied and found to have
one or more C2 heterozygous deficient individuals. The
family members had an equal distribution of rheumatic
disease and antinuclear antibody in the C2 deficient
and C2 normal groups. C2 deficient individuals were
found to have significantly lower levels of properdin
Factor B (242 ug/ml*+54) when compared with the
non-C2 deficient family members (282 ug/ml*73).
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These data support the concept that inherited de-
ficiency of C2 is significantly associated with both SLE
and juvenile rheumatoid arthritis.

INTRODUCTION

Inherited deficiencies of many of the proteins contribut-
ing to the classical and terminal complement pathways
have been described in man. Homozygous and hetero-
zygous deficiencies are found in healthy individuals.
However, illness in the form of inflammatory rheumatic
disorders and infections has been associated with homo-
zygous deficiencies (1-3). The hereditary deficiency
reported most frequently is that of the second compo-
nent of complement (C2).! Homozygous or heterozy-
gous deficiency of C2 has been found in both healthy
individuals and in association with systemic lupus
erythematosus (SLE), discoid lupus, dermatomyositis,
vasculitis, and Henoch-Schonlein, or anaphylactoid pur-
pura (4-16). The recent linkage of particular HLA-A,
B, and D serotypes with C2 deficiency provides a useful
adjunct to the complement assays in the identification of
potentially C2 deficient subjects (11, 16-20).

The nature of the association reported between the
genetically determined defects and the rheumatic dis-
eases like SLE and discoid lupus is not established
(16-20). To evaluate the extent of this relationship, we
report a study of hereditary C2 deficiency, its incidence
in healthy and rheumatic disease individuals, and char-
acteristics of the associated diseases.

1 dbbreviations used in this paper: ANA, antinuclear
antibody; BF, properdin Factor B; C2, second component
of complement; JRA, juvenile rheumatoid arthritis; RA,
rheumatoid arthritis; SLE, systemic lupus erythematosus.
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METHODS

The subjects studied, all of whom attended the Robert B.
Brigham Hospital, included 137 with SLE, 274 with juven-
ile rheumatoid arthritis (JRA), and 134 with rheumatoid
arthritis (RA). None of these patients were referred here
specifically for evaluation of complement abnormalities. The
patient populations were evaluated in terms of the appro-
priate American Rheumatism Association criteria (21-23).
The patients with SLE and JRA consisted of all those who
have attended the respective clinics over a 5-yr period and
about whom there was sufficient criteria known to make
a positive diagnosis at least on clinical grounds. Among
the 137 SLE patients there was one family with three
sisters with SLE (none were C2 deficient) and among the
274 JRA patients there was one family with two sisters
(one of whom is C2 deficient). For the purposes of this
study they were all included. The RA patients were selected
over a 3-mo period and formed a consecutive series attend-
ing the Hospital.

121 of the 137 SLE patients had four or more American
Rheumatism Association criteria ; the remaining 16 had three
or less. The 274 JRA patients were only diagnosed as
such after other diseases were excluded (22). Of 134 RA
patients, 111 were diagnosed as definite, 16 as probable, and
7 as possible (23). The SLE population had a mean age of
onset of disease of 29.8=13.9 yr; the JRA patients were
less than 17 yr at onset, and the RA patients’ mean age of
onset was 47.4*15.1 yr.

Family members of C2 deficient patients were questioned
as to rheumatic disease symptomatology. Sera from 509
blood bank donors were kindly provided by Dr. Zymanski,
Massachusetts Red Cross, for C2 level determination.

The C2 deficient individuals were defined as previously
described (20) and summarized below. Serum was sepa-
rated within 3 h of venipuncture and stored at —70°C
until required for assay. All sera were assayed for total

hemolytic complement CHS50 and Cls, Clg, C2, C4, C3,
C5, C6, and properdin Factor B proteins (24-27). The
complement components were assayed initially by radial
immunodiffusion (27). Inherited deficiency of C2 was sus-
pected when the C2 protein was low (less than 2 SD be-
low the mean) or low normal (less than 1 SD below
the mean), particularly if other components of the classical
pathway were within the normal range (Table I). Func-
tional C2 activity was then measured in those individuals
with this apparently isolated deficiency of C2 or a low
normal value. The normal values for complement levels
with mean*2 SD for 102 normal individuals are given in
Table I. If the functional C2 level was less than 2 SD
below the mean, multiple samples stored at intervals during
routine clinical follow-up were analyzed retrospectively by
both C2 protein and functional assays to exclude acquired
changes in C2 levels.

HLA tissue typing was performed (28) on available in-
dividuals with consistent evidence of C2 deficiency. Serum
complement levels and HLA typing were determined in
family members to establish the inherited nature of the C2
deficiency.

Four groups of individuals were classified as follows:
(1) ‘definite’ inherited C2 deficiency supported by occurrence
of similar abnormalities in one or more of the other family
members in association with HLA A10(Aw25) or BI18, or
both; (2) ‘probable’ inherited C2 deficiency characterized
by isolated low C2 levels in association with HLA Al0
(Aw25) or B18, or both; (3) ‘possible’ inherited C2Z de-
ficiency by occurrence of isolated low C2 levels where HLA
or family studies were not available; and (4) C2 normal,
when C2 values were within 2 SD of the normal mean.

Antinuclear antibodies and precipitins to nuclear antigens
and nucleic acids were determined by immunofluorescence
and by counterimmunoelectrophoresis, as previously de-
scribed (29).

TaBLE I
Complement Levels: Family Members and Controls

Family members

C2 deficient*

Non-C2 deficient Normal controls

Number 30 32 1003
mean £2 SD

C2 protein, ug/ml 12.945.8§ 23.34£9.4§ 27411.2
Observed range (8.0-16.8) (13.2-31.9)
Functional C2, U/ml 10,890+5,806§ 26,869 +18,472§ 26,625+11,048
Observed range (5,440-14,951) (17,658-50,000)
CHS0, U/m! 151 +£50§ 195+78§ 20050
Clq, ugN/ml 4254146 4484174 4484122
C4, ug/ml 4871260 4554276 4984302
C3, ug/ml 1,721 4686 1,621 £646 1,6124488
CS, ug/ml 150492 144+80 153+58
Factor B, ug/ml 2424108 282 +146|| 2754110

* Excluding propositi.
1 509 for C2 protein.
§ P < 0.001.

|| P < 0.01.
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TaBLE 11
C2 Deficient Subjects

Heterozygous deficient

Homozygous Total
Population Numbers deficient Possible Probable Definite deficient
%
RA 134 ()} 0 1 1 2 (1.4)
JRA 274 0 1 3 6 10* 3.7)
SLE 137 1 3 1 3 81 (5.9)
Controls 509 0 6 0 0 6 (1.2)

* P = 0.02 with respect to controls.
1 P = 0.0009 with respect to controls.

RESULTS

Of the 545 rheumatic disease individuals studied, 20
were C2 deficient: 1 homozygous and the remaining 19
heterozygous deficient. Of the 509 blood donor controls,
6 were thought to be C2 deficient. The difference in
incidence between the rheumatic disease and blood donor
populations with low C2 levels was statistically signifi-
cant (x*=6.79, P =0.009). When the distribution of
the C2 deficient individuals was evaluated by disease, as
shown in Table II, differences between disease and
control groups were significant for SLE (8 of 137),
and for JRA (10 of 274) compared with the control
group (x*= 11.06, P = 0.0009 and x*=5.43, P =0.02,
respectively) ; but not for the RA group (2 of 134).
The complement and HLA data by which these C2
deficient individuals were defined are given in Tables
IIT and IV. In 11 deficient individuals, confirmatory
family studies were possible in one of the RA patients

(P. L.), in six of the JRA patients (M. Mu, P. B,
K. M, J. M. F, J. R, P. P.), and in four of the SLE
patients (E. R, M. P, A. S, A. W.), including the
homozygous deficient individual (A. W.). In 10 in-
stances, 1 or more of the other family members were
found to have C2 levels consistent with C2 heterozygous
deficiency and to share a similar HLA haplotype with
the propositus (A10[Aw25], B18, or both) (Tables
IIT and IV). These were classified as definite C2 de-
ficient. In one family study of a JRA patient (P. P.),
several family members were C2 heterozygous deficient
in association with A10,B18, and evidence of a cross-
over in the region of C2 in the propositus was obtained.?

2 Raum, D., D. Glass, C. B. Carpenter, C. A. Alper, and
P. H. Schur. The chromosomal order of genes controlling
the major histocompatibility complex, properdin Factor B
and deficiency of the second component of complement.
Submitted for publication.

TasLE 111
RA and JRA Patients
Serum complement levels* Confirm-
atory?
Factor C2 C2 family
Name CHSO0 Ciq C4 C3 Cs B  Protein Function HLA A/B studies C2 Status
RA
A. M. 129 373 254 1,242 129 146 13.5 6,129 A10, B18 ND§ Probable heterozygous, deficies
P.L. 162 493 656 1,863 172 221 12.7 13,425 Al0, B18,|| AW24, BW40 + Definite heterozygous, deficien
JRA
M. Mu. 133 362 320 1,728 118 205 12.9 5,440 A2, B18,|| A11, BW22 + Definite heterozygous, deficien
P. B. 145 414 251 1,150 120 267 8.0 9,240 A2, B1S5, A10, BW+0|| + Definite heterozygous, deficien
K. M. 214 343 521 2,247 143 346 11.5 8,207 Al0, B18|| A2, B12 + Definite heterozygous, deficien'
J.M.F. 187 567 651 2,343 185 393 15.1 9,204 Al0, Bi8| A28, B12 + Definite heterozygous, deficien
J.R. 143 414 431 1,653 113 197 8.0 1,202 A2, BS, A2, B18|| Definite heterozygous, deficien
M. M. A. 184 350 404 1,840 131 395 13.5 12,628 A2, A24, B27, B18 ND Prohable heterozygous, deficier
B.F. 164 352 461 1,550 240 237 15.8 11,907 A9, A29, BW35, B18 ND Probable heterozygous, deficier
H.S. 186 380 1,000 2,670 222 325 13.3 8,778 A2, A10, BS, B18 ND Probable heterozygous, deficies
D.P. 131 390 462 1,520 117 203 10.0 8,523 ND ND Possible heterozygous, deficien
P.P. 179 453 469 1.850 163 186 15.0 13,861 A2, B12, AW28, B12 + Definite heterozygous, deficien

* For units and normal values, see Table I1.
1 One or more family members C2 deficient.
§ ND, not done.

Il Haplotype inherited with C2 deficiency.

Inherited C2 Deficiency: Rheumatic Disease Associations
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TaBLE IV

SLE Patients and Conirols

Serum complement levels* Confirm-
atory}
Factor C2 C2 family
Name CHS0 Ciq C4 C3 Cs B Protein Function HLA A/B studies C2 Status
SLE Patients
A W. 0 453 387 1,880 142 320 0 585 A10, Bi8| Al, BS8| + Definite heterozygous, deficient
E.R. 115 468 387 1,880 142 115 12.8 14,400 Al0, B18,|| A3, B8 + Definite heterozygous, deficient
M. P. 162 420 355 1,170 170 299 15.8 13,552 Al0, Bi8,|| At, B8 + Definite heterozygous, deficient
A.S. 118 415 297 1,640 147 238 10.0 8,747 Alo, Bi8| Att, BW17 + Definite heterozygous, deficient
S. S. 152 409 409 1,640 207 210 14.0 11,704 A2, AW25, , B18 ND Probable heterozygous, deficient
J. Ca. 132 370 370 2,016 165 356 14.0 9,109 Deceased ND Possible heterozygous, deficient
H. P. 129 470 358 1,816 214 315 12.0 4,268 Deceased ND Possible heterozygous, deficient
C.B. 121 420 417 1,624 155 273 13.0 14,760 ND ND Possible heterozygous, deficient
Controls

1 125 473 450 1,787 164 238 149 8,287 ND ND Possible heterozygous, deficient
2 146 523 414 1,879 146 190 12.0 10,917 ND ND Possible heterozygous, deficient
3 118 354 939 1,625 164 198 13.7 3,885 ND ND Possible heterozygous, deficient
4 140 316 232 1,354 143 ND 12.6 13,597 ND ND Possible heterozygous, deficient
5 150 458 654 1,680 151 ND 13.5 10,656 ND ND Possible heterozygous, deficient
6 147 316 379 1,341 180 178 13.9 11,393 ND ND Possible heterozygous, deficient

* For units and normal values, see Table II.
1 One or more family members C2 deficient.
§ ND, not done.

I Ha

plotype inherited with C2 deficiency.

This patient (P. P.) is classified as definite C2 de-
ficient, even though she is not A10(Aw25),B18. Five
other C2 deficient individuals were tissue typed (A. M.,
M. Mu,, B. F.,, H. S,, Table III, and S. S., Table IV)
and found to have antigen BI18, previously demon-
strated to be associated with C2 deficiency (20). Family
studies were not possible in these instances and the
individuals are classified as probable C2 deficient. The
remaining four patients (D. P., Table III, J. Ca, H. P.,

C. B., Table IV) were not available for tissue typing
and are classified as possible C2 deficient based on the
observation of isolated C2 deficiency in multiple blood
specimens.

The patterns of disease in the C2 deficient individuals
are given in Tables V and VI. Female preponderance
was a consistent feature in the three patient groups,
there being only 2 males among the 20 C2 deficient
individuals (Tables V and VI). The two C2 deficient

TABLE V
Clinical Data: RA and JRA
RA
Age at Diagnostic functional

Name Sex onset Type of onset category grade Serology
RA

P. L. F 34 — Definite I Negative

A. M. F 44 — Definite I Negative
JRA

M. Mu. F 12 Oligoarticular — I ND

P. B. F 6 Oligoarticular — I Negative

K. M. F 7 Oligoarticular — 1 Negative

J. M. F. F 63 Polyarticular — II Negative

J. R. F 13 Polyarticular — I Negative

M. Ma. F 16 Polyarticular — I1 Negative

B. F. M 2 Sudden onset — I Negative

H.S. F 16 Polyarticular and SS* - I11 Negative

D. P. M 23 Oligoarticular —_— 1 Negative

P. P. F 17 Polyarticular — I Negative

* SS, Sjégren’s disease.
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TaBLE VI
Clinical Data: SLE

Presence
or
absence
Number Photo- Pleurisy of DNA
Ageat of ARA¥* Arthritis sensi- peri- Hema- Highest anti-
Name Sex onset criteria arthralgia Rashes Alopecia tivity Raynaud’s carditis Renal CNS* tologic ANA titer bodies
A W, F 9 4 + + + + 1:10 +
E.R. F 15 7 + + + + + + 1:5120 +
M. P F 22 7 + + + + + 1:320 +
A.S F 30 4 + + + + 1:80 -
S. S F 15 4 + + + + 1:160 +
J.Cat F 25 9 + + + + + + + 1:20
H.P.t F 52 4 + + + 1:10 -
C.B. F 18 3 + + 1:10 -

* ARA, American Rheumatism Association; CNS, central nervous system.
1 Deceased.

patients with RA had seronegative, nonerosive disease;
in addition, A. M. had features suggestive of SLE
(Table V). The JRA patients (Table V) included
individuals with all of the three types of onset to their
symptoms that have been defined in this disease: sud-
den, oligoarticular, and polyarticular (30). The patterns
of severity conformed to that found in the JRA popu-
lation as a whole, 3 of the 10 JRA subjects having
degrees of disability such as to impair their level of
function in daily activities.

The C2 deficient SLE patients were not readily dis-
tinguishable from the non-C2 deficient SLE group. The
mean age of onset of the C2 deficient SLE patients, 23.2
yr, compared with 29.8 for the non-C2 deficient SLE
group (P =0.1). The disease ranged widely in its
severity from a mild nondisabling type to the severe
forms, two of the eight C2 deficient patients dying from
the complications of SLE (J. Ca., H. P.). The homo-
zygous deficient individual (A. W.) has mild SLE
with minimal disability after 15 yr of follow-up, but
had the earliest age of onset of the whole group of 137
SLE patients with disease beginning at the age of 9 yr.
4 of the 8 patients have had low titers of ANA (1/20)
throughout their period of follow-up, compared with
13 of the remaining 129 SLE patients, a significant
difference with P = 0.0009 (x*=11.05). Low titers of
ANA could be associated with severe disease; the two
patients dying of the disease (J. Ca., H. P.) were among
the four C2 deficient patients with low ANA. None of
the 8 C2 deficient SLE patients had vasculitis, a com-
plication seen in 6 of the other 129 patients with SLE
(x*=0.40). There were no other apparent differences
between the C2 deficient and non-C2 deficient patients.

62 individuals from the families of these C2 deficient
propositi were available for study; 30 were identified
as C2 heterozygous deficient, of whom 19 were female
and 11 male. The total group of 62 relatives also had a
female: male preponderance, the ratio being 39:23. All

30 C2 deficient family members were heterozygous. No
additional homozygous deficient individuals were identi-
fied. The C2 values, both immunochemical and func-
tional determinations, are given in TableI; the C2 pro-
tein levels in 3 of the C2 deficient relatives were within
the normal range (i.e., mean*2 SD) with values up to
16.8 ug/ml. The functional C2 values of these three
relatives were all below 2 SD below the mean for that
assay. The C2 levels in those family members thought
not to have an inherited deficiency were within the
normal range (mean*2 SD) with one exception. This
exception, the mother of a C2 deficient propositus with
SLE (M. P.—Table IV), had a low C2 protein of 13.2
ng/ml and a normal C2 functional value of 17,658 U/
ml. Two other relatives of M. P., including the father,
had C2 protein and functional levels which were below
normal and HLA haplotypes A10,B18 as did the propo-
situs; the mother did not. The low C2 protein in the
mother was not, therefore, established as an inherited
change; it has not been possible to obtain a further
blood sample.

The levels of complement components in the family
members other than the C2 deficiency and low or low
normal CHS50 levels were essentially normal, with the
exception of Factor B levels. The serum levels of Factor
B were lower among the C2 deficient family members
(242+108) when compared to their nondeficient rela-
tives (282+146) (Table I); this difference was statis-
tically significant with a P value of <0.01).

The distribution of rheumatic disease among the
relatives of propositi appeared to be independent of the
inheritance of C2 deficiency: 6 of 26 C2 deficient rela-
tives, compared with 7 of 32 C2 normal relatives had
symptoms suggestive of rheumatic disease. Of the C2
deficient relatives, three had Raynaud’s phenomenon,
one had JRA, and one had RA. Of the normal C2 rela-
tives, three had RA and three had JRA. ANA were
found to a similar extent in the sera of C2 deficient

Inherited C2 Deficiency: Rheumatic Disease Associations 857



relatives and the C2 normal group: two and three sub-
jects in each group.

Among the control group, four of the possible C2
deficient individuals had isolated deficiencies of C2 (1-
3, 5) (Table IV). The other two blood donors (4, 6)
had borderline levels of Clgq.

DISCUSSION

The identification of heterozygous deficiency, especially
when homozygous deficient individuals are not found
in the families, may present difficulties. The availability
of both protein and functional assays for C2 has made
the identification of heterozygous deficiency easier, as
is the knowledge of linkage between genes determining
the low levels of C2 in serum and the HLA system,
in the Caucasian population studied.

The presence of changes from acquired disease can
be a further difficulty, particularly in the instances in
which family studies could not be carried out. Inflam-
mation can elevate and immune complex disease de-
press C2 levels, although C2 is one of the complement
proteins least likely to fall in this latter situation. The
129 SLE patients without apparent inherited C2 de-
ficiency in this study had 50 clinical exacerbations of
lupus nephritis; C4 and(or) C3 levels fell on all occa-
sions. In contrast, a fall in C2 protein to below 2 SD
below the normal mean was detected in only three
instances.

We have found when individuals have both low
serum C2 protein and C2 functional values and other
components are normal, that study of more family mem-
bers revealed others with similar isolated low C2 values.
In our experience, these individuals and their relatives
with low C2 levels (generally less than 2 SD below
the normal mean) also had HLA antigens A10(Aw25)
and(or) B18 which have been shown to be strongly
linked to C2 deficiency (20). By these means individuals
were defined as C2 heterozygous deficient in the absence
of homozygous deficiency within their family.

In patients in whom the supportive evidence from
HLA typing and(or) family studies was not available,
every serum drawn from that person and stored at
— 70°C in the Robert B. Brigham Hospital serum bank
was checked to ensure that the C2 levels were con-
sistently in the heterozygous range and that levels of
other complement components were normal. In these
instances, the inherited nature of the low C2 blood
levels could not be established and the qualification
‘possible’ was used to describe the C2 deficiency. 4 of
the 20 patients in this series were in this category, as
were the six controls. 1 patient in the SLE group of
137 had low C2 levels on every occasion; but as C3 and
C4 levels were also low when C2 was measured, sepa-
ration of these changes from those of acquired disease
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was not possible and, therefore, the individual has not
been included in the C2 heterozygous deficient group.

Given these qualifications about the identification of
the deficient individuals, this survey of C2 deficiency
includes all of the available patients in the JRA and SLE
clinics at the Robert B. Brigham Hospital. All of the
patients studied, including the homozygous individual
(A. W.—Table IV), presented themselves to the Robert
B. Brigham Hospital with disease and were not re-
ferred because of complement abnormalities. The con-
trols, the blood donor population, do not constitute the
ideal control group since HLA, clinical and family
studies were not possible, Two of the six individuals
in the control group with low C2 levels also had border-
line levels of one or more of the other complement
components. For the purpose of this study, all of the six
blood donors have been assumed to have an inherited
deficiency of C2.

This represents a 1.29, incidence of C2 heterozygous
deficiency among the 509 blood donors. Stratton et al.
found one homozygous C2 deficient individual among
10,000 blood bank donors (31). By using the Hardy-
Weinberg law (32), one would have therefore expected
a 29, incidence of C2 heterozygous deficiency among
normal controls. Conversely, the expected incidence of
homozygous C2 deficiency based on our observed gene
frequency of 0.01 for C2 heterozygous deficiency would
be 1: 40,000.

The most significant association in this study between
C2 deficiency and disease was with SLE. Females pre-
dominated in both the C2 deficient and C2 normal SLE
population. This suggests that heterozygous C2 de-
ficiency is not a sufficiently strong factor to disturb the
disproportionate female: male ratio found in SLE.

The SLE patients with C2 deficiency differed from
the other SLE patients by the relative low titers of
ANA, 4 of 5 having low titers compared with 11 of the
remaining 129 patients. This feature of patients with
other genetically determined complement deficiencies
and SLE has been observed by others (11, 33-35). Low
titer ANA did not indicate mild disease in that two
of the patients (J. Ca., H. P.—Table VI) with ANA
of 1:10 died of the disease. A range of protein de-
ficiencies in addition to C2, including other complement
components and immunoglobulins, have been associated
with SLE generally as individual case reports (33-37);
population studies have not as yet been carried out with
the exception of the survey of IgA deficiency which
has been found in 4 of 87 (4.19) patients with SLE
(38). This increased frequency of isolated IgA de-
ficiency in SLE is similar to that for C2, although
family studies were not reported for the IgA deficient
subjects.

The JRA population, in which the incidence of C2
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deficiency is marginally significant, has been studied
over a mean period of 5 yr. This population may contain
individuals who, if followed longer, may turn out to
have had other forms of arthritis. The possibility exists
that there is a more marked association of C2 deficiency
with a subpopulation of the JRA patients; the other
seronegative arthritides cannot be separated readily
with the exception of the Bw27 positive individuals.

The RA population, a group with the onset of dis-
ease later in life than either the JRA or SLE patients,
did not have an increased incidence of C2 deficiency.
In these patients, the age of related failure of immuno-
surveillance described in man and in experimental ani-
mals may be more relevant to pathogenesis than in-
herited immunodeficiencies (39, 40).

The extent to which serum levels of other comple-
ment components are affected by the CZ2 heterozygous
deficiency can be seen in Table I. In addition to CHS0,
the Factor B levels were significantly lower in deficient
than in the C2 normal family members. This tendency
for Factor B levels to be lower has been reported by
others in patients with homozygous C2 deficiency (9-
11, 14) but not hitherto in the apparently healthy C2
deficient relatives. Further study will be required to
ascertain the inherited or acquired nature of the low
Factor B protein determinations.

The mechanism by which C2 deficiency is associated
with rheumatic disease, and SLE in particular, is not
known. Genes determining C2 deficiency could be linked
to those predisposing to SLE, although the existence of
such genes, as with other immune response genes in man,
is not yet established. There is linkage disequilibrium be-
tween gene(s) controlling C2 levels with HLA-A10,B18
(18-22), for the D locus antigen LD7a (19) and for the
slow allotype of properdin Factor B (BfS) (41). A
single mutation which occurred some generations ago,
but yet not sufficiently recently for equilibrium (42) to
have developed, could explain the observed association
between these five factors (A10, B18, LD7a, BfS, and
C2d) and rheumatic disease. A recombinant frequency
of 3-49, has been observed between C2 deficiency and
HLA-A and B loci (19, 20). With this rate of re-
combination, linkage disequilibrium would be lost over
approximately 150 generations (43). If such a mutant
did occur so relatively recently, our Caucasian popula-
tion would have had a common ancestry. There is no
evidence for this. The alternative explanation of selective
advantage in this linkage group is difficult to evaluate.

Alternatively, some failure of a biological role of the
early components of the classical pathway of complement
could be involved. The functions specific to the early
components of the classical pathway include fixation by
immune complexes, in viral neutralization, at least in
fluid phase as distinct from cell surfaces (44, 45). A
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defect of opsonizing activity in C2d serum has been
reported, although this has not been found consistently
(46).

The dearth of ANA in these C2 deficient SLE pa-
tients could represent another type of defect in a func-
tion of complement. The T-cell dependent antibody re-
sponse has been demonstrated to be dependent on C3
in experimental animals (47). Classical pathway activa-
tion may be involved, a conclusion reinforced by the
poor antibody response found in C4 deficient guinea pigs
(48). A relative failure of complement dependent, B-
cell function need not exclude other possible causes of
the C2 deficiency and disease associations reported in
this paper. In particular, linkage with specific immune
response genes, discussed above, could also be present.

The importance of environmental and inherited fac-
tors like the complement component deficiencies in the
etiology of the inflammatory rheumatic diseases and
SLE in particular is not known. Families in which
several members have SLE have been reported (49) and
homozygous twins have a concordance rate for SLE of
57¢,, including one pair separated in infancy and raised
apart (50). Such examples are rare, suggesting heredi-
bility in the disease may be important but may not alone
be sufficient to give disease. Recent studies have shown
an increased frequency of lymphocytotoxic antibodies in
sera from household contacts of patients with SLE, be
they consanguineous or not, suggesting the relevance
of both genetic and environmental factors in etiology
(51, 52).

Rheumatic disease and ANA in those C2 deficient
families are equally distributed in the deficient as in the
C2 normal individuals. These findings also suggest both
hereditary and environmental factors may be important
in etiology.

C2 heterozygous deficiency does appear to predispose
an individual to rheumatic disease, particularly SLE.
The elucidation of mechanisms of this predisposition
may give insights into the environmental interaction that
seems critical in the development of disease in the
genetically susceptible individual.
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