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Abstract. Lupus nephritis (LN) is a polygenic disease caused by 
an interaction between hereditary and environmental factors. 
Numerous gene copy number variations have been identified to 
contribute to this disease. Previously, immunoglobulin (Ig)G 
Fcγ receptor 3B (FCGR3B) copy number variation (CNV) was 
reported to be associated with LN in the Caucasian population. 
However, the effect of FCGR3B CNV on LN in the Chinese 
population remains unknown. The present study aimed to 
investigate whether CNVs of FCGR3B are associated with LN 
in the Henan Chinese population. FCGR3B CNVs were deter-
mined in 142 LN patients and 328 healthy controls. A modified 
methodology based on competitive polymerase chain reaction, 
a Multiplex AccuCopy™ kit was used to detect FCGR3B copy 
number. Clinical and laboratory data was collected retrospec-
tively from medical records. To evaluate associations between 
FCGR3B CNVs and LN susceptibility, the present study calcu-
lated the odds ratios using a logistic regression analysis. The 
current study identified that the distribution of FCGR3B copy 
number was significantly different between LN and healthy 
controls (P=0.031). A low copy number (<2) of FCGR3B was 
significantly enriched in LN patients (P=0.042), and was a 
risk factor for LN (odds ratio=2.059; 95% confidence interval, 
1.081-3.921; P=0.028). However, a high copy number (>2) had 
no effect on LN. There were no associations between FCGR3B 
CNV and clinical phenotypes of LN. The results from the 
present study demonstrate that a low copy number of FCGR3B 
is a risk factor for LN in a Chinese population.

Introduction

Systemic lupus erythematosus (SLE) is a complex 
autoimmune disease with diverse clinical manifestations, 
including constitutional symptoms, rash, mucosal ulcers, 
inflammatory polyarthritis, photosensitivity, serositis and 
certain life-threatening manifestations, such as lupus nephritis 
(LN) (1). The etiology of SLE involves multiple factors 
including genes, infections, sex hormones and environmental 
factors (2). Of these, genes serve the most important role. 
Numerous types of genetic variations contribute to the diver-
sity of the human genome such as chromosomal translocations, 
variable number tandem repeats, inversions, single nucleotide 
polymorphism, copy number variations (CNVs) and insertions 
and deletions. During the past decade, CNVs have received 
substantial attention as a major performance of genetic diver-
sity, covering ~12% of the human genome (3). CNVs may 
arise either when a complete gene or gene segment had been 
duplicated or when a gene is abnormally absent. The CNVs of 
toll-like receptor 7, C-C chemokine ligand 3-like 1, comple-
ment component C4 and immunoglobulin (Ig)G Fcγ receptor 
3B (FCGR3B) have been most intensively studied in associa-
tion with various autoimmune disorders (4-8). Fcγ receptors 
(FcγRs) mediate a variety of immune functions that are critical 
in immune responses, including immune complex clearance, 
phagocytosis, antigen presentation, antibody-dependent 
cellular cytotoxicity and cytokine production (9). In humans, 
five different FcγRs have been identified: Three FCGR2 genes 
(FCGR2A, FCGR2B and FCGR2C) and two FCGR3 genes 
(FCGR3A and FCGR3B) (10). Amongst these, an association 
between FCGR3B and a risk of autoimmunity has been the 
most intensively investigated to date. FCGR3B copy number 
deficiency is associated with a number of different autoim-
mune diseases, including SLE (11-15), Sjogren's syndrome (16) 
and systemic sclerosis (17). Although a low FCGR3B copy 
number is reportedly associated with SLE susceptibility in 
Afro-Caribbean and Caucasian populations, to the best of our 
knowledge, no information is available regarding the Henan 
population in China. The relationship of FCGR3B copy 
number with LN, the most common life-threatening manifes-
tation of SLE (18), has also not been studied in this population. 
To further study the pathogenesis and genetic basis of LN in 
the Henan population, the present study assessed the FCGR3B 
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copy number and investigated whether FCGR3B CNVs were 
associated with susceptibility to LN.

Patients and methods

Patients. The current study comprised 328 healthy control 
individuals recruited from the Physical Examination Center 
in the First Affiliated Hospital of Zhengzhou University 
(Zhengzhou, China) between January 2012 and December 
2013. The age of the healthy control individuals was 
31.96±11.69 years (mean ± standard deviation) and the group 
consisted of 298 females and 30 males (9.93:1). The weight 
of healthy controls was 45.5-75.0 kg. A total of 142 Henan 
patients with LN who fulfilled the 1997 revised criteria for 
the classification of SLE (19) were recruited at the First 
Affiliated Hospital of Zhengzhou University between January 
2010 and March 2013. The age of patients with LN was 
29.34±10.72 years (mean ± standard deviation) and the group 
consisted of 130 females and 12 males (10.83:1). The weight 
of LN patients was 44.0-78.5 kg. Diagnosis of LN was estab-
lished according to the American College of Rheumatology 
criteria: 24-h proteinuria >0.5 g or a spot urine protein/creati-
nine ratio of >0.5; proteinuria >3; cellular casts including red 
blood cells, hemoglobin, granular, tubular or mixed (20,21). 
All patients with LN were confirmed by renal biopsy in the 
First Affiliated Hospital of Zhengzhou University between 
January 2010 and March 2013. Cases and controls were 
matched for age and gender. The current study was approved 
by the Ethics Committee of the First Affiliated Hospital of 
Zhengzhou University, and all participants provided written 
informed consent.

Data collection. Information pertaining to demographic 
characteristics, clinical and laboratory data were collected 
retrospectively from medical records. Pathological phenotype 
was assessed according to the revised International Society 
of Nephrology/Renal Pathology Society (22). Activity index 
(AI) and chronic index (CI) score were calculated by two 
renal pathologists (23). The systemic lupus erythematosis 
disease activity index (SLEDAI) score for each patient was 
calculated at the time of renal biopsy (24). The laboratory 
data, including blood, urine, antibody and complement 
test results, were routinely assessed in the Department of 
Laboratory Medicine of the First Affiliated Hospital of 
Zhengzhou University.

Genotyping. Peripheral blood was collected at the time of renal 
biopsy. Genomic DNA was extracted from peripheral blood using 
a Gentra Puregene Blood Core Kit C (Qiagen, Inc., Valencia, 
CA, USA) following the manufacturer's protocol. The primers 
for target segments were obtained from the GenBank database 
(www.ncbi.nlm.nih.gov/genbank) (Table I). The copy numbers 
of FCGR3B were measured by a custom-by-design Multiplex 
AccuCopy kit (Genesky Biotech Co., Ltd., Shanghai, China) 
based on a multiplex fluorescence competitive polymerase 
chain reaction (PCR) principle as described previously (25). 
Data was produced according to the manufacturer's protocol. 
Briefly, a 20 µl PCR reaction was prepared for each sample, 
containing: 1X Multiplex PCR Master Mix (Genesky Biotech 
Co., Ltd.), 1X Competitive DNA mix (Genesky Biotech Co., 

Ltd.), 1 µl Fluorescence Primer Mix (Sangon Biotech Co., Ltd., 
Shanghai, China) and 10 ng sample DNA. The PCR program 
was completed as follows: 95˚C for 10 min; 11 cycles x (94˚C for 
20 sec; 65˚C‑0.5˚C/cycle for 40 sec; 72˚C for 1.5 min); 24 cycles 
x(94˚C for 20 sec; 59˚C for 30 sec; 72˚C for 1.5 min); 60˚C for 
60 min and held at 4˚C. PCR products were diluted 20‑fold 
prior to being run by capillary electrophoresis using an ABI 
3730XL genetic analyzer (Applied Biosystems; Thermo Fisher 
Scientific, Inc., Waltham, MA, USA). Raw data were analyzed 
using GeneMapper, version 4.0 (Applied Biosystems; Thermo 
Fisher Scientific, Inc.) and height/area data for all specific peaks 
were exported into an excel file. The sample/competitive (S/C) 
peak ratio was calculated for the two target segments and three 
reference segments. The reference segments were screened 
and selected at three loci of POLR2A, POP1, and RPP14 as 
described previously (25). The S/C ratio for each target fragment 
was first normalized based on three reference segments, respec-
tively. The three normalized S/C ratios were further normalized 
to the median value in all samples for each reference segment, 
respectively, and then the mean was calculated. If one of the 
three normalized S/C ratios deviated >25% from the mean of 
the other two, it was excluded from further analysis.

Statistical analysis. Statistical analyses were performed 
using SPSS 17.0 software (SPSS, Inc., Chicago, IL, USA). 
The distribution of FCGR3B copy number in subgroups 
was compared using the χ2 test. P<0.05 was considered to 
indicate a statistically significant difference. The association  
between the copy number of FCGR3B and the risk of 
developing LN was investigated using logistic regression 
analysis-effects on risk being estimated by odds ratios (ORs) 
with 95% confidence intervals. Subsequently, the χ2 test 
or Fisher's exact probabilities were used to determine the 
association between FCGE3B copy number and the clinical 
phenotypes of LN.

Results

Baseline characteristics. The LN cohort comprised 
130 females and 12 males with a female to male ratio of 
10.83:1. The disease duration was 56.3±47.8 months. The 328 
healthy subjects contained 298 females and 30 males, and the 
female to male ratio was 9.93:1. Other clinical characteristics 
of LN at the time of biopsy are presented in Table II.

Distribution of FCGR3B copy number. The present study 
successfully acquired the copy numbers of 142 LN patients 
and 328 controls. The copy numbers of FCGR3B in LN and 
healthy controls ranged from 1-4. The percentage of Henan 
healthy subjects with FCGR3B low copy number (<2) was 
8.5%, whereas the percentage of FCGR3B high copy number 
(>2) was 24.4%. The distribution of FCGR3B copy number 
was significantly different between LN and healthy control 
subjects (P=0.031; Fig. 1).

Association of LN susceptibility with FCGR3B low copy 
number. The present study examined whether the presence of a 
low copy number (<2) or high copy number (>2) was different 
between LN and healthy control subjects. As presented in 
Fig. 2A, the low copy number of FCGR3B was significantly 
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enriched in LN (P=0.042). However, the high copy number 
exhibited no significant difference between LN and healthy 
control subjects (P>0.05; Fig. 2B).

Furthermore, the present study investigated whether 
FCGR3B CNVs were associated with a susceptibility to LN 
using logistic regression analysis. As presented in Table III, 
the high copy number (>2) of FCGR3B was not associated 
with LN susceptibility (OR=1.152; 95% confidence intervals, 
0.711-1.866; P=0.565), however, the low copy number (<2) was 
a risk factor for LN (OR=2.059; 95% confidence intervals, 
1.081-3.921; P=0.028).

Association of FCGR3B CNVs and clinical phenotypes of LN. 
Copy number frequencies were compared among LN patients 
stratified by each clinical characteristic. Firstly, the LN patients 
were classified to proliferative LN (types III and IV) and 
non-proliferative LN (types II and V). However, no association 
was observed between the FCGR3B CNVs and pathological 
type (P=0.657; Table IV). In addition, associations between 
SLEDAI, AI, CI and proteinuria and the number of FCGR3B 
CNVs was assessed, however no significant difference was 
observed (P>0.05; data not shown).

Discussion

FCGR3B, which is associated with immune complex clearance, is 
a member of the Fcγ receptor family, and is primarily expressed 
on human neutrophils (26). Previous studies regarded FCGR3B 
CNV as a risk factor for a range of autoimmune diseases, 
including rheumatoid arthritis and SLE (11-15,27). A copy 
number <2 of FCGR3B has emerged as a susceptibility factor 
in Caucasian patients with SLE. However, the CNV of FCGR3B 
varied between different geographic regions, making it difficult 
to extrapolate findings from one center to another. Studies into 
the copy number of the FCGR3B gene are scarce in China, 
specifically in the Henan province located in central China. In 
the current study, the association between CNVs of FCGR3B and 
diagnosis of LN in the Henan population in China was assessed.

A previous study demonstrated that FCGR3B CNV profiles 
were significantly different among ethnic groups (28). The 
frequencies of FCGR3B low copy number (<2) and high copy 
number (>2) in the Henan population are 8.5 and 24.4%, respec-
tively, which are significantly higher than that of Caucasian 
populations (3.8-7.4 and 8.8-12%, respectively) (28,29). This 
suggests that there are ethnical variations of FCGR3B CNV.

The current study is, to the best of our knowledge, the first 
to demonstrate that a low copy number of FCGR3B is a risk 
factor for LN in the Henan population. The association between 
a low copy number of FCGR3B and LN is in accordance with 

studies in Afro-Caribbean and Caucasian populations (11-15) 
and is consistent with Chen et al's (8) and Niederer et al's (28) 
studies of Chinese populations. Furthermore, one previously 
published meta-analysis indicated that a low copy number 

Figure 1. Distribution of FCGR3B CN in subgroups. The frequencies of 
different CN in subgroups were compared using the χ2 test. FCGR3B, Fcγ 
receptors 3B; LN, lupus nephritis; HC, healthy controls; CN, copy number.

Table I. Primers for different segments of FCGR3B.

Segments Forward primer (5'-3') Reverse primer (5'-3')

FCGR3B-1 CCATTTCCCGACCATGACCTC CTACCAGTCCCGCCCTTCG
FCGR3B-2 GCCCAGAGATAAGGGTGTCTTCC AAGTACAGAACAAACCCTGTGTCACTG

FCGR3B, Fcγ receptors 3B.

Table II. Clinical characteristics of lupus nephritis.

Characteristic Result

Malar rash (%) 46.5
Photosensitivity (%) 16.3
Oral ulcer (%) 22.5
Alopecia (%) 28.2
Fever (%) 49.3
Vasculitis (%) 11.3
Arthritis (%) 45.1
Serositis (%) 21.8
Antinuclear antibodies (%) 96.8
Anti-dsDNA antibodies (%) 60.6
Low complement levels (%) 67.6
Proteinuria, mean ± SD (g/24 h) 4.37±4.37
SLEDAI, mean ± SD 10.00±7.07
AI, mean ± SD 5.47±2.99
CI, mean ± SD 2.01±2.27

SD, standard deviation; SLEDAI, systemic lupus erythematosis 
disease activity index; AI, activity index; CI, chronic index.
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of FCGR3B was a risk factor for LN (30), suggesting that 
there is a positive association between low copy number of 
FCGR3B and a risk of developing LN. In contrast to the find-
ings of the present study, no association between LN with 
FCGR3B CNVs was observed in southeastern and northern 
Chinese populations (11,31,32). This discrepancy suggests that 
there may be regional variations. However, the sample size, 
experimental methodology and disease heterogeneity may 
also contribute to the difference, and the exact pathogenesis 
of the effect of low copy number on LN remains unknown.  
A previous study by Willcocks et al (11) demonstrated that in 
a family with FCGR3B‑deficiency and the normal population, 
FCGR3B CNVs exhibit a gene dosage effect on protein levels 
of FCGR3B in serum and this is associated with neutrophil 
uptake of immune complexes. Reduced FCGR3B expression is 

thus, likely to contribute to the impaired clearance of immune 
complexes, which is a feature of LN, explaining the associa-
tion between low FCGR3B CN and LN.

A study by Nossent et al (15) demonstrated that a low copy 
number of FCGR3B was associated with SLEDAI, increased 
levels of anti-dsDNA antibody and ribosomal P. Furthermore, 
Chen et al (8) revealed that FCGR3B low copy number geno-
types were significantly enriched in SLE patients with ulcer and 
nephritis. However, the present study failed to find any associa-
tion between FCGR3B CNV and the clinical features of LN. It 
has been demonstrated that patients with SLE from East Asia 
have more severe clinical manifestations, such as proliferative 
nephritis (33,34). Therefore, it is to be expected that different 
ethnic groups may have different genetic susceptibility to SLE. 
This has been supported by various previous studies (28,35-37).

In conclusion, the present study was, to the best of our 
knowledge, the first to demonstrate that a low copy number 
of FCGR3B increases the risk of LN in the Henan popula-
tion of China. However, the sample size is relatively small 
and although the AccuCopy method used in the current study 
has been validated by a number of studies (25,38), accurately 
measuring CNV remains a technical challenge, which requires 
further investigation.
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Table III. Influence of FCGR3B gene CN on susceptibility to LN.

FCGR3B CN LN, n (total) HC, n (total) P-valuea ORa 95% CI

=2 86 (142) 220 (328) - 1 -
Low, <2 21 (142) 28 (328) 0.028b 2.059 1.081-3.921
High, >2 35 (142) 80 (328) 0.565 1.152 0.711-1.866

aAdjusted for gender. bP<0.05. FCGR3B, Fcγ receptors 3B; CN, copy number; LN, lupus nephritis; HC, healthy control; OR, odds ratio; CI, 
confidence intervals.

Table IV. Association of FCGR3B CN and pathological types 
of LN.

 FCGR3B CN
 ----------------------------------------------------
Pathological type 1 2 3 4 Total

PLN, n 13 49 17 2 81
NPLN, n 8 37 12 4 61
Total  21 86 29 6 142

χ2=1.609, P=0.657. FCGR3B, Fcγ receptors 3B; CN, copy number; 
LN, lupus nephritis; PLN, proliferative LN; NPLN, Non-PLN.

Figure 2. Low CN (<2) and high CN (>2) in LN patients and HC. (A) Bar chart demonstrating the distinction of FCGR3B low copy number (<2) frequency 
between LN and HC. The CN<2 was significantly enriched in LN. (B) Bar chart demonstrating the frequency of FCGR3B high copy number (>2) in LN and 
HC. No significant difference was observed in the distribution of high CN in subgroups. LN, lupus nephritis; HC, healthy control; FCGR3B, Fcγ receptors 3B; 
CN, copy number.
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