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Abstract. Wehave studied a family in which
the proband had systemic lupus erythematosus and
selective incomplete deficiency of the fourth component
of complement (C4) (2-5% of the normal level). An
additional six healthy family members also had low C4
levels (2.4-24.1% of normal) but no evidence of lupus.
This form of inherited C4 deficiency differs from that
in previously reported families in that inheritance was
autosomal dominant (rather than recessive), C4 levels
were markedly reduced (but not undetectable), and there
was no linkage to HLA, BF, or C4 structural loci, all
known to be within the major histocompatibility com-
plex.

Introduction

Nine unrelated individuals have been described who lack
detectable levels of the fourth component of serum complement
(C4)' by functional and immunochemical measurements. The
first patient, described by Hauptmann and co-workers (I), was
an 18-yr-old girl with systemic lupus erythematosus. HLA
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1. Abbreviations used in this paper: C4, fourth component of comple-
ment; CH50, hemolytic complement; CIC, circulating immune com-
plexes; PG4M3, phosphoglucomutase-3.

typing of this family suggested linkage between the C4-deficiency
gene and the major histocompatibility complex (MHC) (2).
Most subsequent cases of C4 deficiency (3-10) have had
systemic lupus or lupuslike disease.

C4 in man is synthesized under the direction of two distinct
but very closely linked loci (11), designated C4A and C4B.
Half-null haplotypes containing C4A*QO (quantity zero) or
C4B*QO are common in caucasians (12) and can best be
detected in family studies by neuraminidase treatment of
serum or plasma and crossed immunoelectrophoresis (13). By
immunofixation of agarose gel electrophoresis of neuraminidase-
treated samples, extensive structural genetic polymorphism
can be recognized at both the C4A and C4B loci (14). The
products of C4A and C4B differ in serological reactivity in
that C4A variants are Rodgers positive and C4B variants are
Chido positive (12). Under certain conditions, C4B has he-
molytic activity whereas C4A does not (14). In general, C4A
variants tend to be more acidic than C4B variants and the
chain of C4A variants is of slower mobility than that of C4B
variants on sodium dodecyl sulfate (SDS) gel electrophore-
sis (15).

When C4 typing was performed in a family with a child
with classical C4 deficiency (16), it was shown conclusively
that the deficiency resulted from homozygosity for a double-
null C4 haplotype, C4A*QO, C4B*QO, closely linked to other
loci of the MHC, including HLA. Subsequent studies have
confirmed these findings (10, 17).

We have studied a 26-yr-old woman with lupus erythe-
matosus and persistent hypocomplementemia. She appears to
have a selective incomplete deficiency of C4. Her erythrocytes
were positive for Rodgers and Chido antigens. 22 members of
her family were studied and six relatives (of 13 at risk) were

also found to have a selective deficiency of C4. HLA, BF, and
C4 typing of the family did not reveal any association or
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linkage between the gene or genes determining C4 deficiency
in this family and the major histocompatibility complex.

Methods

Case study. A 26-yr-old womanwas referred for evaluation of migratory
polyarthritis, rash, and alopecia. Subsequently, she began to have
attacks of headache, blurred vision, and scintillating scotomata. At
first, headaches were associated with right, and later with left transient
hemiparesis. On each occasion, cerebrospinal fluid, skull x rays, brain
scans, and computed tomography were normal and her symptoms
improved on high dose prednisone therapy. Antinuclear antibody was
positive at 1:10 to 1:100 dilution, anti-DNA was weakly positive, and
hemolytic complement (CH50) ranged from 5 to 60 units (normal
= 100±20 [1 SD]). Renal function was normal on repeated testing.
Fibromuscular hyperplasia of the right internal carotid artery was
detected by arteriography and required surgical correction. During
disease activity, CH50, C3, and C4 were all decreased, whereas during
periods of remission, C3 returned to normal but C4 remained at 5%
of normal or less and CH50 increased but not to normal. A diagnosis
of systemic lupus erythematosus was made. 22 family members from
three generations were available for study. Six of these individuals
were found to have reduced concentrations of C4. None had increased
susceptibility to infection, a bleeding tendency, or rheumatic disease.

Fully informed consent was obtained from each individual before
the collection of blood samples.

Complement assays. Blood was allowed to clot in glass tubes for
30 min at room temperature, placed at 4VC for 30 min, and then
centrifuged for 5 min at 3,500g. The separated serum was used
immediately or kept frozen at -70'C until assayed. Plasma samples
for measurement of C3 and C4 were drawn into Na2EDTA, maintained
at 370C for 30 min and centrifuged and separated at 370C before
testing. CH50 titrations were performed by standard methods (18). C3
and C4 were measured by radial immunodiffusion using Hyland
Laboratory, Costa Mesa, CA (C3) and Meloy Laboratory, Springfield,
VA (C4) plates, respectively. Normal ranges were established in 25
healthy donors. Stoichiometric hemolytic titrations of Cl, C4, and C2
were performed by the methods of Rapp and Borsos (18) and for C3
through C9 by the methods of Nelson et al. (19), as modified by
Rosenfeld et al. (20). Hemolytic titrations of Cl and C4 were also
performed on mixtures of normal human serum and serum from the
proband drawn during a period of inactive disease. The concentrations
of factor B, prosperdin, #-1-H, C4 binding protein, and C1 inhibitor
were determined by electroimmunoassay (21). Cl inhibitor was also
measured by an esterolytic assay (22) and its charge was analyzed by
immunofixation after agarose gel electrophoresis. Sera were tested
for circulating immune complexes (CIC) by the method of Zubler
et al. (23).

Analysis of C4, BF, and HLA haplotypes. Desialated plasma
samples were subjected to crossed immunoelectrophoresis for detection
of null alleles at the C4A and C4B loci, as described previously (13).
To detect C4 structural variants, desialated plasma samples were
subjected to immunofixation electrophoresis in 0.75% agarose as
previously described (14). C4 subunit size was analyzed by immuno-
precipitation with anti-C4 on SDS-polyacrylamide gels (15). HLA
typing for antigens at the HLA-A, B, C, and D loci was performed by
a modified micromethod (24). The method for isolating B lymphocytes
was according to Lowry (25). Plasma samples were subjected to agarose
gel electrophoresis and immunofixation (26) with goat antiserum to
human factor B (Atlantic Antibodies, Scarborough, ME) for BF typing.
C2 types were determined by isoelectric focusing (27).

Additional genetic markers. Phenotypes of erythrocyte glyoxalase I
(28) and white cell phosphoglucomutase-3 (PGM3) (29) were determined
by starch gel electrophoresis.

Blood clotting studies. The methods used for measurement of the
platelet count, clotting time, prothrombin time, and partial thrombo-
plastin time, and for the assay of clotting factors and inhibitors are
summarized elsewhere (30, 31). The bleeding time was measured by a
modification of Duke's Methods (32), and clot retraction by a semi-
quantitative technique (33). Platelet retention by glass bead columns
was tested by Salzman's (34) method and platelet factor 3 release by
Spaet and Cintron's (35) technique. The agglutination of platelets by
ristocetin, and aggregation of platelets by various agents were studied
by the methods recommended by the manufacturer of Platelet Aggre-
gation Profile, model PAP-2A (Bio/Data Corp., Hatboro, PA), adding
1:10 volume of ristocetin (15 mg/ml water, Pacific Hemostasis Lab.,
Bakersfield, CA), collagen 0.7 mg/ml in 0.15 Msodium chloride, (the
gift of the late Dr. Howard Bensusan), adenosine diphosphate (ADP,
2 X 10-s Min 0.15 Msodium chloride, Sigma Chemical Co., St. Louis,
MO), epinephrine (I0O Min 0.15 Msodium chloride, Sigma Chemical
Co.), bovine thrombin (1.0 National Institutes of Health U/ml barbital-
saline buffer, Parke-Davis Co., Detroit, MI) or zymosan (6.7 mg/ml in
0.15 Msodium chloride, Sigma Chemical Co.) to 9 vol of platelet-rich
citrated plasma (250,000/4d).

Results

The concentration of C4 in the proband's serum measured
functionally over a 2-yr period was 2-5% of normal and as
antigen it was 3-9% of normal. Antigenic C4 levels in EDTA
plasma samples maintained at 370C were 5-10% of normal.
Table I presents the results of complement studies performed

Table L Complement Protein Concentrations in the
Patient with C4 Deficiency during Clinical Remission

Functional (F)* or Normal range No. of
Protein Patient Immunochemical (I)t (M±2 SD) controls

Cl 186,000 F 190,000±88,000 25
C2 18,300 F 15,600±12,200 10
C3 6,600 F 8,100±5,200 7

106 I 123±54 25
C4 4,400 F 133,000±92,000 10

3 I 31.3±19 25
C5 44,000 F 54,800±48,000 5
C6 51,500 F 76,550±33,080 7
C7 50,600 F 80,560±54,000 5
C8 142,000 F 150,000±80,000 9
C9 80,000 F 86,000±28,000 7
P 1.3 I 1.7±1.0 9
B 25 I 18±12 25
H 75§ I 87±42 20
C4
Binding

protein 42§ I 113±69 109

* Units per milliliter.
t Milligrams per deciliter.
§ %normal pooled serum.
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when the proband was in complete clinical remission and
taking no medication. Total hemolytic complement was mod-
erately reduced and averaged 50% of the normal mean (100
U/ml). Admixture of the patient's serum with an equal amount
of normal human serum yielded a CH50 of 50-75% of the
normal mean. Normal serum mixed 1:3 and 2:3 with serum
from the proband yielded C4 hemolytic activities of 40 and
100% of normal serum, respectively. The proband's serum was
75-80% as lytic (Cl activity) as normal serum against EAC4
cells. When purified C4 (Cordis Laboratories, Miami, FL) was
added to the patient's serum, the CH50 increased toward
normal. The serum concentrations of all complement proteins
measured were normal, except for C4. In particular, C2 and
C! inhibitor were present in normal concentrations. In addition,
as determined by immunofixation electrophoresis, the C4
present in the patient's serum had native electrophoretic
mobility and could be typed as C4A3 QO; C4B1,2. In
addition, SDS-polyacrylamide gel electrophoresis of C4 from
"abnormal" family members showed subunit size that was no
different from normal. This minimizes the possibility of an
alteration of the C4 molecule by a major glycosylation or

Table II. Clotting Studies in a Patient with C4 Deficiency

Test or protein Patient Normal*

Clotting time, glass (min) 18 min 13-25 min
Clotting time, polystyrene (min) 145 min 60-245 min
Bleeding time (min) 5 min <9 min
Thrombin time (s) 30 s 26-34 s

Prothrombin time (s) 14.5 s 14.7 s
Activated partial thromboplastin

time (s) 49.9 s 34-57 s
Fibrinogen Grossly normal -

Fibrin-stabilizing factor (Factor
XIII) Present

Prothrombin (%) 100 65-150
Antihemophilic factor (Factor

VIII:C)(%) 144 46-216
Hageman factor (Factor XII) (%) 56 100±28
Plasma prekallikrein (%) 114 102±23
High molecular weight

kininogen (%) 70 99±26
Platelet count (per ul) 183,000 214,000±56,000
Clot retraction (%) 60 60+
Platelet factor 3 Normal
Platelet retention by glass bead

columns (%) 80 >25%
Platelet agglutination by

ristocetin Normal
Platelet aggregation by collagen,

ADP, epinephrine, thrombin,
and zymosan Normal

* Range or mean±SD.

Table III. Protease Inhibitor Concentrations
in the Patient with C4 Deficiency

Functional (F) or Normal range
Protein Patient* Immunochemical (I) (M±2 SD)

Cl inhibitor 16.2 I 110.5±66.5
11.3t F 7.2±2.2

a,-Antitrypsin 73 I 100±53
a2-Macroglobulin 85 I
a1-Antichymotrypsin 73 I
a2-Antiplasmin 110 I 98±15
Antithrombin III 79 F 92±13

* Concentrations expressed as percentage of normal pooled serum.
f Units per ml.

Table IV. C4 and C4 Binding Protein
Concentrations in Individual Family Members

C4 hemolytic C4 C4 binding
Individual activity protein protein

U/mi mg/dl % ni pool

Members with normal values

1-3
1-4
I-7
I-9
I-10

II-I
11-3
II-4
II-5
11-7
II-12
11-13
II-14

III-3

136,000
156,000
70,000

167,000
129,000
78,000

112,000
66,000
61,000
89,000

167,000
156,000
47,000
55,000

49
35
32
71
43
19
37
19
18
19
43
32
18
10

115
80
85

120
ND
ND

92
80
60
65
70

115
80
65

Members with hemolytic and immunochemical C4 concentrations at

least 2 SD below normal

I-5
I-6

II-2
II-6
II-9
II-10*
II-1 1

Normals
(10)

2,800
29,000
20,000
32,000
27,000

4,400
28,000

133,000±92,000 (2 SD)

2.5
12
6
7
6
3
9

52
70
55
65
55
42
80

31.3±19 (2 SD)

ND, not determined.
* Proband.

1511 Complement Component 4 Deficiency Not Linked to HLA



postsynthetic change. The electrophoretic mobility of the Cl
inhibitor in serum of the proband and all family members was
normal. The concentration of C4 binding protein was decreased
to 42% of normal. The patient's serum and erythrocytes were
positive for Chido and Rodgers antigens.

No family members, except the proband, had clinical
evidence of immune complex disease, and sera from family
members were all negative for CIC (except for one). In the
proband, CIC were detectable only during periods of increased
lupus activity. However, decreased C4 levels in the proband
were unrelated to CIC and/or level of disease activity. Low-
level CIC were detected in only one family member (II-6).
These were transient, and were not associated with clinical
disease or decreased levels of C3 or C4. Because of the clinical
abnormalities of the proband in this study, a comprehensive
evaluation of hemostasis was performed (Table II). No abnor-
malities were detected except a reduced titer of Hageman
factor (Factor XII), which was 56% of normal. Since her
mother also had an intermediate titer of Hageman factor, the
patient may be a heterozygote for Hageman factor deficiency.

Because the low C4 concentration in the proband's plasma
might be explained by an uninhibited proteolytic attack on
C4, a number of protease inhibitors were studied in the
patient's plasma or serum. The concentrations of CG inhibitor,
a1-antitrypsin, a1-antichymotrypsin, a2-macroglobulin, a2-an-
tiplasmin, and antithrombin III were all within normal limits
(Table HI).

I [< 02 5

Studies in the patient's family revealed that six other
members had hemolytic and immunochemical C4 concentra-
tions below the normal range defined as the mean value±2
SD (Table IV). It is evident from the pedigree that the
individuals with low C4 levels occurred in four subfamilies,
all on the paternal side (Fig. 1). A paternal uncle (1-5) had an
even lower serum C4 concentration than the proband. Of the
father's three living siblings, two had C4 deficiency. One of
two children of a deceased paternal uncle had C4 deficiency
as did the patient's brother. Two of seven of the affected
paternal uncle's children also had C4 deficiency. Thus, in this
family, six of thirteen of the patient's relatives at risk, four
males and two females, had C4 deficiency and there was male-
to-male transmission of this trait. The pattern of inheritance
is thus most likely autosomal dominant.

No evidence for linkage between C4 deficiency as a dom-
inant trait and the MHCor other sixth chromosome markers
could be obtained. In particular, there was neither linkage nor
any association whatsoever between C4 genetic types and C4
deficiency. Although almost all affected individuals had one
(of four) null C4 alleles and one (1-6) had two, this was also
true of many family members with normal C4 levels.

Discussion

The form of C4 deficiency in the present family differs
strikingly from that in previously described families (1-10) in

c(O.2)S c(O.2)S e(3, 1)S e(3.1 )S a(3.1 )S b(O, 1) F e(3, 1)S
g(-)S g(-)S a(3,1)S a(3.1)S f(3,1)S e(3,1)S a(3.1)S

m

Figure 1. The family with C4 deficiency. Males are shown as squares,
females as circles. Individuals with serum hemolytic and immuno-
chemical C4 levels more than 2 SD below the normal mean are
shown as cross-hatched symbols. The proband is indicated by an ar-
row. Major histocompatibility complex haplotypes are given below
each symbol as a lower case letter. C4 alleles are given within paren-
theses in abbreviated form as C4A and C4B types with "0" for the
null allele Q0. After the C4 types, BF types are given. The full haplo-
types are:

a(3,l)S = HLA-A2,
b(O,l)F = HLA-A2,

B40(61),Cw2,DR7,(C4A3,Bl) BFS.
B17(58),Cw3,DR6,(C4AQOBlJ)BFF.

n(O.1)S n(O.1)S h(3,1)S
m(3.1 )F m(3.1 )F o(O.2)S

c(0,2)S = HLA-A3, B27, Cw2, (C4AQOB2)BFS.
e(3, 1 )S = HLA-A28, B12(44),GW7,DR5,(C4A3,BJ) BFS.

M3,1 )S = HLA-A9(24),B40(61),GW2,DR6,(C4A3,BJ) BFS.
g( )S = HLA-A2, B12(44), BFS.

h(3,1)S = HLA-A31, B40, Cw3, (C4A3,BI) BFS.
i(3, 1)F = HLA-A24, B7, (C4A3,B1) BFF.

j(2, 1)S I = HLA-A 1, Bx, (C4A2,BI) BFS. 1
k(3, )S = HLA-A2, B12, (C4A3,BJ) BFF.

m(3,1)F = HLA-Al, By, (C4A3,BJ) BFF.
n(O, 1)S = HLA-A 1, B8, (C4AQO,B1)BFS.
0(0,2)S = HLA-A28, B40, (C4AQO,B1)BFS.
p(O,1)S = HLA-A9(24),B13, Cw6, (C4AQO,B1)BFS.
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a number of ways. In the previous families, C4 deficiency was
complete and C4 was not detectable either functionally or
immunochemically. In the present family, some C4 was found
in the serum of each affected individual and was present at
concentrations of 2-24% of normal. Immunofixation and SDS-
PAGEstudies indicate that the net surface change on the C4
molecule was as predicted from the allotypes and family
studies and that no major glycosylation difference was present.
In "classical" C4 deficiency, inheritance is recessive and carriers
have, on average, about 50% of normal levels, although the
range is so wide that serum concentration alone is a poor
guide to detecting heterozygotes (3, 16) in such families. Classic
C4 deficient individuals have inherited two double-null C4
halplotypes (C4A*QO; C4B*QO) (16). However, the form of
C4 deficiency described here is inherited as a dominant trait,
is independent of C4 structural gene types and null alleles and
is not linked to the MHCor other closely associated loci of
the sixth human chromosome. The present patient, like those
with classical C4 deficiency, has systemic lupus erythematosus.
However, the six relatives of our patient with decreased C4
have no signs of lupus or other collagen-vascular disease,
suggesting that the association is by chance in this family.

Studies of the coagulation system in this family revealed
only that the proband and her mother were probable hetero-
zygotes for Hageman factor deficiency. Since there was no
correlation between this abnormality and C4 levels in the
family, it must be regarded as coincidental.

The only previously recognized complement deficiency
state to be inherited as an autosomal dominant trait is hereditary
angioneurotic edema (36) and it is associated with reduced C4
levels. Therefore, care was taken to exclude this possibility in
the present family. No family member had experienced any
symptoms of angioneurotic edema. C! inhibitor serum con-
centrations were normal by immunochemical and functional
assays and had normal electrophoretic mobility (37) in all
family members. Functionally measured C2 levels were normal
in all subjects. C4 was in its native state in serum from all
deficient persons. These observations make it unlikely that an
abnormal C1 inhibitor molecule is the cause of C4 deficiency
in this family. The slightly reduced C4 binding protein con-
centrations in the serum of some individuals with markedly
reduced C4 levels suggest C4 consumption by some uninhibited
protease as the basis of the abnormality. However, the concen-
trations of a number of protease inhibitors such as a1-antitryp-
sin, a,-antichymotrypsin, a2-antiplasmin, antithrombin III,
and a2-macroglobulin were normal in all sera from affected
individuals.
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