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Abstract

Background: Complement component 4 (C4) gene copy number (GCN) affects the susceptibility to systemic lupus
erythematosus (SLE) in different populations, however the possible phenotype significance remains to be
determined. This study aimed to associate C4A, (4B and total C4 GCN and SLE, focusing on the clinical phenotype
and disease progression.

Methods: C4, C4A and (4B GCN were determined by real-time PCR in 427 SLE patients and 301 healthy controls,
which underwent a detailed clinical evaluation according to a pre-established protocol.

Results: The risk of developing SLE was 2.62 times higher in subjects with low total C4 GCN (< 4 copies, OR = 2.62,
Cl =177 t0 3.87, p < 0.001) and 3.59 times higher in subjects with low C4A GCN (< 2 copies; OR=3.59, CI=2.15 to
5.99, p < 0.001) compared to those subjects with normal or high GCN of total (4 (=4) and C4A (22), respectively.
An increased risk was also observed regarding low C4B8 GCN, albeit to a lesser degree (OR=1.46, Cl =1.03 to 2.08,
p = 0.03). Furthermore, subjects with low C4A GCN had higher permanent disease damage as assessed by the
Systemic Lupus International Collaborating Clinics — Damage Index (SLICC-DI; median = 1.5, 95% Cl = 1.2-1.9) than
patients with normal or high copy number of C4A (median =1.0, 95% Cl=0.8-1.1; p = 0.004). There was a negative
association between low C4A GCN and serositis (p = 0.02) as well as between low C48 GCN and arthritis (p = 0.02).

Conclusions: This study confirms the association between low C4 GCN and SLE susceptibility, and originally
demonstrates an association between low C4A GCN and disease severity.
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Background

Human C4 is one of the most striking examples of
genetic diversity, due to the great variation in number
and size of genes between subjects, as well as some
intrinsic polymorphisms. C#4 is the only component of
complement that displays two different isotypes encoded
by two different genes: C4A and C4B. These genes differ
in only five nucleotides, but the proteins encoded by
them have different functions. While C4A protein is
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more reactive against targets containing amino groups
and has greater ability to covalently bind immune com-
plexes, C4B has greater affinity for hydroxyl groups and
exhibit a hemolytic potential at least four times higher
than C4A [1].

Genes encoding the C4 protein are located in the
MHC class III region, in the short arm of chromosome
6, and form, together with three neighboring genes
(serine-threonine kinase, steroid 21-hydroxylase and
tenascin-X), a genetic unit called RCCX module [2].
Theoretically, each chromosome 6 can harbor zero to
four copies of these modules, determining wide gene
copy number variation of C4.
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Around 80% of the Caucasians from United States and
Europe have three or four C4 copies, 20% have five or
six, and less than 2% have only two copies in a diploid
genome [3]. Complete deficiency of components C4A
and C4B is extremely rare in healthy controls [3]. C4A
or C4B homozygous deficiency occurs in 0.5-1%
Caucasians, while the presence of a single C44 or C4B
gene occurs in approximately 20% [4, 5]. C4A deficiency
has been linked to systemic autoimmune diseases,
especially systemic lupus erythematosus (SLE) [6—9]; the
complete absence of C4A appears in 10—15% of patients
[10, 11] and the heterozygous deficiency appears in 40—
60% of SLE patients in several ethnic groups [12—14]. The
association with certain clinical manifestations, however,
is still not clear as different studies show different associa-
tions [7, 15-17].

The significant association of C4A deficiency with SLE
in different ethnic groups suggests that C4A deficiency
is a risk factor for this disease. There are several poten-
tial mechanisms for this association, such as the role of
C4 in humoral immune response [18] and in the clear-
ance of immune complexes and apoptotic cells [19, 20].
Interestingly, patients with SLE in Spain have an
increased frequency of C4B deficiency and not C4A,
which highlights the importance of both C4A and C4B
in autoimmunity control in other ethnic groups [21].

Most epidemiologic studies of C4 in SLE, however, do
not consider Copy Number Variation (CNV) of both
C4A and C4B. In fact, there are few studies demonstrat-
ing that a low copy number of C4A and C4B increases
the susceptibility to SLE [7-9, 17]. In the present study,
we originally investigated the association of C4, C4A and
C4B GCN variation with SLE in a large cohort of
Brazilian adult patients and healthy controls, as well as a
possible association with the disease phenotype and
severity.

Methods

Study subjects

This observational cross-sectional study included 427
patients with SLE and 301 healthy controls. SLE patients
were recruited consecutively from the Autoimmune
Rheumatic Diseases Out-patient Clinic of the University
Hospital, and fulfilled four or more classification criteria
for SLE from the American College of Rheumatology
[22]. Patients underwent a detailed clinical evaluation,
with emphasis on SLE clinical manifestations, recurrent
infections, current and previous medications, age at SLE
onset, presence of other autoimmune diseases, and de-
termination of Systemic Lupus International Collaborat-
ing Clinics — Damage Index (SLICC-DI) [23]. All
subjects were at least 18 years old and signed the in-
formed consent. This study was approved by the hospital
ethics committee (protocol CEP#0330/09). The healthy
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volunteers answered a questionnaire, emphasizing signs
and symptoms of autoimmune diseases and recurrent
infections, which could be related to deficiency of some
component of Complement. In this study, recurrent in-
fections was defined according to the criteria suggested
by Modell et al. [24], i.e., two or more upper respiratory
infections (otitis or sinusitis, in the absence of the al-
lergy) or pneumonias in one year (for more than one
year), recurrent viral infections (herpes, warts),
persistent fungal infections or tuberculosis. All data
collected were used to analyze possible associations
with the configuration of the complex gene C4A/C4B.
Subjects with changes detected in any of the items in
the questionnaire or a family history of SLE or other
autoimmune rheumatic disease were excluded from
the control group.

Determination of GCN of C4A, C4B and total C4

Genomic DNA was extracted from peripheral blood
using the FlexiGene DNA purification kit (Qiagen).
GCN was determined by real time PCR (qPCR) using
TagMan probes conjugated with a minor groove binder
(MGB), as described in the study of Szilagyi et al. [5]. In
both reactions to determine C4A and C4B GCN, we
used 250nM of forward C4 primer (5'-GCAGGAGA-
CATCTAACTGGCTTCT-3") and 500nM of reverse
(5'-CCGCACCTGCATGCTCCT-3"), 250nM of the
TagMan probe specific for C4A (5'-FAM-ACCC
CTGTCCAGTGTTAG-MGB-3") or C4B (5’ FAM-ACCT
CTCTCCAGTGATAC-MGB-3’), 1x TagMan Universal
Master Mix with UNG (Applied Biosystems, Foster City,
CA) and 30ng of genomic DNA in a total volume of
25 pL. Reactions targeting RNase P, which was our sin-
gle-copy reference gene, contained the mix of primers
and TagMan probe labeled with VIC for this gene
(Applied Biosystems Foster City, CA), 30 ng of genomic
DNA and 1x TagMan Universal Master Mix with UNG
(Applied Biosystems),

Triplicates of each reaction were amplified and read
on the Rotor Gene 3000 (Corbett, Sidney) using the
following conditions (50 °C for 2 min, 95°C for 10 min,
45 cycles of 95°C for 15s and 60 °C for 1 min). The re-
sults were analyzed by Rotor Gene 3000 software. For
the relative quantification of the number of alleles C4A
and C4B, we used control DNA samples with previously
defined C4A and C4B GCN, kindly provided by Szilagyi
et al. [5]. The RNase P constitutive gene was used as a
control for the amplification reaction. The calculation of
GCN was made using the AACT method [25].

Statistical analysis

Continuous variables with normal distribution were
analyzed with the Student’s t test and those with non-
parametric distribution were analyzed with the Mann-
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Whitney test. Qualitative parameters were analyzed by
the Chi-square test and the Fisher’s exact test when
appropriate. Multiparametric analyses were performed
with the one-way ANOVA test with Bonferroni’s test as
a post-hoc test when appropriate. Correlation analysis
was performed by the Spearman’s correlation method.
To calculate the risk of developing disease (OR +95%
CI), we performed a binary logistic regression analysis.
Statistical analysis was performed with the Statistical
Package for the Social Sciences (SPSS) version 17.0
(SPSS 1Inc., 2008). Statistical inference level was set at
0.05.

Results

Study subjects

The female to male ratio was 286:15 in the healthy
control group and 406 to 21 in the SLE group, with ages
varying from 18 to 61 years old (35.1 +11.1) and 17 to
77 years old (39.9 +12.2), respectively. Patients and
controls did not differ regarding gender distribution,
although patients were significantly older (p <0.001).
Patients presented more recurrent infections (n = 60;
14.05%) compared to healthy controls (n =10; 3.33%;
p<0.001). The clinical characteristics of SLE patients
are depicted in Table 1.

Gene copy number of total C4, C4A and C4B in SLE
patients and healthy controls

Total C4 GCN ranged from two to eight in controls and
from one to eight in SLE patients. C44 GCN varied
from zero to six in patients and in controls, while C4B
GCN varied from zero to five in both groups. SLE
patients presented lower mean GCN for total C4 and
C4A compared to healthy controls (Table 2).

Table 1 Clinical characteristics of systemic lupus erythematosus
patients (n =427)

Clinical characteristics/organ involvement n (%)
Cutaneous manifestations 394 (92.3)
Oral ulcers 64 (21.3)°
Arthritis or arthralgia 373 (874)
Kidney involvement 246 (57.6)
Hematologic manifestations 294 (68.8)
Serositis 111 (26.0)
CNS involvement 95 (22.2)
Disease duration in years (median/min — max) 9/0-53
SLICC-DI (median/min — max) 1/0-7
SLEDAI (median/min — max) 0/0-14

Information available only for 300 patients

CNS central nervous system, SLICC-DI Systemic Lupus International
Collaborating Clinics - Damage Index, SLEDAI Systemic Lupus Erythematosus
Disease Activity Index

Page 3 of 8

Table 2 Gene copy number of total (4, C4A and C4B in SLE
and controls

4 Number of copies (mean + SD)

isotype Controls (n=301) SLE (n=427) p-value
Total ¢4 417 £083 3.87 £ 096 <0.001
C4A 224 £0.73 206 £ 0.86 0.001
4B 195+ 0.71 187 £ 077 0.192

Accordingly, patients had a higher frequency of low
GCN for total C4 and C4A compared to healthy controls
(Fig. la-b). Comparing to healthy controls, the SLE
group showed higher frequency of subjects with two
(SLE =7% vs controls = 1%, p < 0.001) and three copies
of total C4 (SLE =22% vs controls = 12.6%, p =0.001).
On the other hand, a higher number of controls with
four copies of total C4 was observed compared to
patients (SLE =52.5% vs controls = 63.1%, p < 0.01) (Fig.
1a; Table 3).

Regarding C4A GCN, there was a higher frequency of
SLE patients with only one copy (SLE =18.3% vs con-
trols =6.3%, p < 0.001), while there was a greater pro-
portion of controls with two copies of C4A (SLE =58.3%
vs controls =69.4%, p < 0.0I) (Table 3). There was a
trend toward higher frequency of total absence of C4A
genes (C4A =0) in SLE patients (2.1%) compared to
controls (0.3%; p =0.053) (Fig. 1b). Although there was
no significant difference of the C4B GCN between the
two studied groups (p =0.192), the distribution of sub-
jects according to the GCN resembled the distribution
curve for total C4 and C4A (Fig. 1c). Interestingly, a
lower percentage of patients with two copies of C4B
compared to controls was observed (SLE=57.4% vs
controls = 65.8%; p = 0.025) (Table 3).

There was a higher frequency of SLE patients in the
group of subjects with low GCN (total C4 < 4, C4A or
C4B < 2) than in the group of subjects with normal or
high GCN (total C4 > 4, C4A or C4B >2) (Table 4). The
risk of developing SLE was 2.62 times higher in subjects
with low total C4 GCN and 3.59 times higher in subjects
with low C4A GCN compared to those with normal or
high C4 and C4A GCN. The same was observed regard-
ing C4B, albeit to a lesser degree (OR = 1.46).

Total C4, C4A and C4B GCN impacts in SLE progression
and clinical phenotype

The clinical phenotype analysis showed no association be-
tween low GCN for C4, C4A or C4B and a specific clinical
manifestation. On the contrary, a higher frequency of ar-
ticular involvement was seen in SLE patients with high
C4B GCN compared to those with low GCN (p = 0.022;
Table 5). Furthermore, there was higher frequency of
serositis in patients with high C4A copy number com-
pared to those with low copy number (p = 0.019).
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Fig. 1 Distributions of gene copy number (GCN) for total C4, C4A
and (4B in healthy controls and systemic lupus erythematosus
patients. GCN for total (4 (a), C4A (b) and (4B (c) was determined in
427 patients with systemic lupus erythematosus (SLE) and 301
healthy controls by quantitative real time PCR

In addition, we investigated if the GCN for C4, C4A
and C4B correlates with the progression of the disease
in 335 SLE patients, using for that, the permanent
damage index (DI) of the disease as measured by SLICC
[23]. The Spearman correlation coefficient showed a mild
but significant negative correlation between SLICC-DI
and the GCN for total C4 (rho=-0.133, p =0.015) and
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C4A (rho =-0.136, p = 0.012), but not C4B (rho = 0.223,
p =0.675). Moreover, patients with low C44 GCN had
higher permanent damage index (median=1.5; 95% CI:
1.2-1.9) than patients with normal or high C44 GCN
(median = 1.0; 95% CIL: 0.8-1.1; p = 0.004), regardless of
age of onset and number of years of disease. This associ-
ation was not observed for low total C4 [1.3 (1.0-1.6) vs
1.0 (0.8-1.2); p=0.087] or low C4B [1.0 (0.8-1.3) vs 1.0
(0.9-1.2); p=0.916]. There was no correlation between
the GCN for C4, C4A or C4B and age onset of SLE.

Discussion

The present study confirmed, also in the peculiar
blended Brazilian ethnicity, the association between low
total C4 and C4A GCN and adult SLE previously
reported in other ethnicities [7-9], and expanded this
concept to low C4B GCN. This result corroborates a
previous study with 90 patients with juvenile SLE and
170 patients with adult-onset SLE in Brazilian popula-
tion, which showed a strong association with low num-
ber of copies of C4, C4A and C4B with SLE, remarkably
in juvenile-onset lupus [26]. In addition, the present
study originally demonstrated the impact of a lower C4A
GCN on the progression of the disease. The distribution
of total C4, C4A and C4B GCN in healthy controls was
similar to that observed in other studies, with the major-
ity of subjects presenting four copies of total C4 (63.1%),
two copies of C4A (69.4%) and two copies of C4B
(65.8%). Interestingly, 20% of healthy subjects had less
than two copies of C4B, whereas only 6% had less than
two copies of C4A.

Although most SLE patients presented four copies of
total C4, there was a higher percentage of subjects with
less than four copies compared to controls, as well as
less than two copies of C4A. Moreover, the risk of devel-
oping SLE was 2.6 and 3.6 times higher in subjects with
lower total C4 GCN and lower C4A GCN, respectively.
These data are consistent with those previously observed
in European, American and Asian samples, albeit with
minor differences [7, 9, 27]. Only one study in the litera-
ture, performed with Japanese subjects, failed to demon-
strate this association [28]. These genetic background
differences had already been demonstrated, since C4A
gene deletion has been more frequently reported in SLE
patients in African American and Caucasian [11, 29, 30]
than in Asian patients [12, 31, 32]. Moreover, the 2 bp
insertion in exon 29, which leads to a C4A-null allele,
was reported in Caucasian and African American SLE
patients, but not in Asians [7, 28].

Although with a lower level of statistical significance,
there was an association between low C4B GCN and
SLE in our cohort. Previous studies have shown
correlation between C4B deficiency and SLE in Spanish
population [21, 27], in contrast to the UK cohort that
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Table 3 Distribution of SLE and controls according to the gene copy number for total (4, C4A and C4B

GCN 4 n (%) C4A n (%) C4B n (%)

Controls (n =301)  SLE (n =427) p-value  Controls (n =301) SLE (n=427) p-value Controls (n =301) SLE (n =427) p-value
0 0(0) 0(0) 1.00 1(03) 9.1 0.053 5(1.7) 14 (33) 0239
1 0 (0) 1(0.2) 1.00 19 (6.3) 78 (18.3) <0001 56 (186) 102 (23.9) 0.100
2 3 (1.0 30 (7.0) <0001 209 (694) 249 (583) <001 198 (65.8) 245 (57.4) 0.025
3 38 (12.6) 94 (22.0) <001 57 (18.9) 69 (16.2) 0371 36 (12.0) 56 (13.1) 0.734
4 190 (63.1) 224 (52.5) <001 9 (3.0 16 (3.7) 0.682 3(1.0 9(2.1) 0377
5 53 (17.6) 60 (14.1) 0213 5(1.7) 4(0.9) 0.500 3(1.0) 1(0.2) 0312
6 1137 11 (26) 0510 1(03) 2(05) 1.00
7 4(13) 6 (14) 1.00
8 2(0.7) 1(0.2) 0573

Fisher's exact test

revealed an association between high C4B GCN and
SLE. Other studies failed to find association between
C4B GCN and SLE [7, 9, 17]. Thus, the association be-
tween C4B GCN and SLE seems to be strongly influ-
enced by ethnicity and further studies are needed to
pinpoint the underlying genomic basis.

Despite the association of SLE with low GCN for C%4,
C4A and C4B, there were some SLE patients with nor-
mal or even high GCN for these genes. Conversely,
some normal individuals had low GCN for these genes.
This indicates that the SLE phenotype may be favored
by low GCN of the C4 gene system, but this is a relative
factor that is integrated with a host of modulating gen-
etic and environmental factors that ultimately define the
fate of the phenotype.

While the association between low C4 GCN and SLE
has been consistently demonstrated, the impact of C4
CNV on the disease phenotypes remains controversial.
In our previous study in juvenile-onset SLE, the low
GCN for total C4 and C4A was associated with pericar-
ditis [26]. A study in Chinese Han patients reported an
association between low C4A deficiency and arthritis [7],
while a more recent study reported serositis as the only
clinical manifestation associated with low C44 GCN
[17]. The current study adds some degree of complexity
to this issue by showing a “protective” effect of low C4B
GCN regarding the occurrence of arthritis, as well as
between high C44 GCN and serositis. This apparent

paradox of the “protective” effect of low C4 GCN in the
development of some SLE manifestations may reflect the
dual role of the Complement system in autoimmune dis-
eases. If C4 deficiency may favor autoimmune diseases
onset, due to the impairment in the clearance of autoan-
tigens and negative selection of auto-reactive B cells, on
the other hand it may reduce inflammation, because the
classical cascade of the Complement system will be also
partially hampered in the context of low C44 GCN [33].

Recent studies have suggested that low C44 GCN may
also be linked to increased susceptibility to infections
[34]. However, this is also far from unanimous, since
other authors found no association between low levels of
C4A and C4B proteins or different haplotypes of C4 with
recurrent infections [35, 36]. In our series, there was no
association between C4 CNV and infectious diseases,
and only 14% of SLE patients had recurrent infections.
The differences in the results of the several studies may
be secondary to the criteria used to define recurrent in-
fections. In our study, we used the criteria suggested by
Modell et al. for the definition of recurrent infections
[24]. 1t is important to consider, however, that such in-
formation was collected by questionnaire or during the
retrospective analysis of medical records. Although this
bias could have affected equally the groups of lupus pa-
tients and healthy controls, it is reasonable to
hypothesize that this could underestimate the prevalence
of infections in the present study.

Table 4 Low gene copy number (GCN) for total (4, C4A and (4B genes is associated with systemic lupus erythematosus (SLE)

Total C4 GCN category

C4A GCN category (4B GCN category

<4 24 <2 22 <2 22
Controls (n=301) 41 (13.6)* 260 (86.3) 20 (6.6) 281 (933) 61 (20.2) 240 (79.7)
SLE (n=427) 125 (29.2) 302 (70.7) 87 (20.3) 340 (79.6) 116 (27.1) 311 (72.8)
p-value** <0.001 <0.001 0.033
OR (95% Cl) 262 (1.77-3.87) 3.59 (2.15-5.99) 146 (1.03-2.08)

* Numbers within brackets are percentage; ** Fisher's exact test
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Table 5 SLE clinical manifestations according to total C4, C4A and C4B gene copy number (GCN)

Clinical features Total C4 GCN n (%)

C4A GCN n (%)

C4B GCN n (%)

<4n=125 24 n=302 p-value <2n=87 22 n=340 p-value <2n=116 22 n=311 p-value

Cutaneous + 116 (92.8) 278 (92.0) 1.000 82 (94.2) 312 (91.7) 0.509 106 (91.3) 288 (92.6) 0.686
- 9(7.2) 24 (8.0) 558 28 (8.2) 10 (8.7) 23 (74)

Articular + 104 (83.2) 269 (89.0) 0.110 76 (87.3) 297 (87.3) 1.000 94 (81.0) 279 (89.7) 0.022
- 21 (16.8) 33(11.0) 11(12.7) 43 (12.7) 22 (19.0) 32(103)

Hematologic + 90 (72.0) 204 (67.5) 0422 65 (74.7) 229 (67.3) 0.197 82 (70.6) 212 (68.1) 0.640
- 35 (28.0) 98 (324) 22 (253) 111 (42.7) 34 (294) 99 (31.9)

Renal + 72 (57.6) 174 (57.6) 1.000 53 (60.9) 193 (56.7) 0.544 63 (54.3) 183 (58.8) 0441
- 53 (424) 128 (42.4) 34 (39.1) 147 (43.3) 53 (45.7) 128 (41.2)

Serositis +  26(208) 85 (28.1) 0.145 14 (16.0) 97 (285) 0.019 30 (25.8) 81 (26.0) 1.000
- 99 (79.2) 217 (71.9) 73 (84.0) 243 (71.5) 86 (74.2) 230 (74.0)

Neurologic + 34 (27.2) 61 (20.1) 0.125 14 (16.0) 81 (23.8) 0.148 33 (284) 62 (19.9) 0.067
- 91 (72.8) 241 (79.9) 73 (84) 259 (76.2) 83 (71.6) 249 (80.1)

Infection + 22 (17.6) 38 (12.5) 0.220 15(17.2) 45(13.2) 0.387 19 (16.3) 41 (13.1) 0434
- 103 (82.4) 264 (87.5) 72 (82.8) 295 (86.8) 97 (83.7) 270 (86.9)

Oral ulcer? +  9(166) 55(223) 0.463 9219 55 (21.2) 1.000 17 (26.5) 47 (19.1) 0301
- 45 (83.3) 191 (77.6) 32(78.1) 204 (78.8) 47 (73.5) 198 (80.9)

“Information available only for 300 patients

An interesting and original finding of the present
study was the association between low C44 GCN and
permanent damage measured by SLICC-DI, suggesting
that patients with low C4A4 GCN may have worse
prognosis than those with normal or high GCN. The
SLICC-DI measures permanent damage caused by SLE,
by therapeutics and comorbidities. Actually, there are
several studies associating C4 CNV and obesity [4]
diabetes mellitus [35] and cardiovascular disease [37]. It
is, therefore, possible that non-SLE conditions related to
low C4 GCN may contribute to the observed increase in
permanent damage in the present cohort.

Since C4 deficiency increases the activation of auto-re-
active B cells and autoantibody production in animal
models [38], we might expect an association between
low GCN, especially of C4A4, and the presence of events
related to immune complex deposition, such as glomer-
ulonephritis. However, such association was not
observed either in the present study or in the one
reported by Lv et al. [7], analyzing 924 Chinese SLE
patients. It is possible that several genetic and adaptive
factors interact, promoting or protecting against the
disease and certain manifestations, what result in a wide
and heterogeneous clinical spectrum.

Recently, several studies showed the association
between lupus susceptibility or phenotypic features and
polymorphism of different genes, such as PDCD1, BLK,
TNIP1, TNFAIP3, SLC15A4, ETS1, and RasGRP3 IKZF1
[39-41]. The knowledge of the interplay between
susceptibility genes and disease phenotypes can help us

understand the clinical heterogeneity of this disease and
its pathophysiology. Ultimately, this knowledge may
contribute to the development of individualized ap-
proach for each patient.

In summary, the present study determined the
distribution of C4 GCN in a sample of the Brazilian SLE
patients and healthy controls. We confirmed the associ-
ation between low C4A and low total C4 GCN and SLE,
as previously described, and additionally showed similar
findings for low C4B GCN. Furthermore, we originally
documented a higher cumulative damage in patients
with low C44 GCN as well as lower frequency of sero-
sitis in low C4A GCN patients. Finally, we observed an
increased frequency of arthritis in patients with normal
or high C4B GCN. Therefore, as demonstrated in this
and in previous studies, low C4 GCN may be a genetic
risk factor for the development of SLE and may be
related to other factors, culminating in a worse disease
outcome.

Conclusions

Low gene copy number for C4 genes, especially the C4A
isoform, is a risk factor for development of systemic
lupus erythematosus in the Brazilian population. In
addition, low C4A gene copy number favors the occur-
rence of serositis and a more severe disease, while nor-
mal to high number of C4B genes favors the occurrence
of arthritis in lupus patients. Therefore, the determin-
ation of C4 gene copy number may be useful in sub-phe-
notyping and managing SLE patients.
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