Association between polymorphisms in the FCGRT gene
and lupus nephritis in Chinese patients
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Abstract
Objective
Studies on mouse models have indicated that the neonatal Fc receptor (FcRn) plays important roles in a variety of
autoimmune diseases. A variable number of tandem repeat (VNTR) polymorphisms within the FCGRT gene have been
detected, and were found to affect the expression and functioning of FcRn. This study investigated the possible association
of FCGRT VNTR polymorphisms with susceptibility and clinical manifestations in patients with lupus nephritis (LN).

Methods
A total of 404 Han Chinese subjects, comprising 200 patients with LN and 204 geographically-matched healthy controls,
participated in the study. The FCGRT VNTR polymorphism was genotyped by DNA amplification using a touchdown
polymerase chain reaction followed by polyacrylamide gel electrophoresis.

Results
The distribution of VNTR polymorphisms within the FCGRT gene in Chinese subjects was different to that in Caucasians.
Analysis of allele and genotype frequencies revealed no significant difference between LN patients and controls. There was
no significant difference in the clinical features or prognosis in LN patients when stratified by VNTR polymorphism.

Conclusion
Our results suggest that VNTR polymorphisms within the FCGRT promoter are not associated with LN in the Chinese
population.
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Introduction

The occurrence and progression of sys-
temic lupus erythematosus (SLE) — a
prototypic systemic autoimmune dis-
ease — involves many types of factors
(1). Multiple facets of disturbances of
the immune system including immu-
noglobulin G (IgG) homeostasis break-
down, and especially the persistent
presence of a diverse array of autoanti-
bodies, are believed to be the key path-
way leading to the destructive power
and complexity of the disease (2-4).
The neonatal Fc receptor (FcRn) is a ma-
jor histocompatibility complex (MHC)
class I-related molecule, which regu-
lates the half-life of IgG and albumin. It
has been identified as the “IgG protec-
tion” receptor, given the pivotal role of
FcRn in IgG homeostasis (5, 6). It regu-
lates IgG homeostasis and thus controls
serum levels of antibodies (7, 8).
Earlier studies have shown that lupus
prone (MRL-Ipr/lpr) mice, when defi-
cient in all class I molecules owing to
a deficiency in 2-microglobulin, were
protected from SLE-like syndromes,
showing reduced hypergammaglobu-
linemia, alleviation of renal pathol-
ogy, and decreased anti-DNA, anti-Sm
Abs, and rheumatoid factor (9, 10). It
was hypothesized that this protection
could be due to the lack of functional
FcRn molecules to protect pathogenic
IgG antibodies from catabolism (11-
13). In other studies on autoimmune
diseases, FcRn”~ mice were protected
from experimentally-induced autoim-
mune arthritis and epidermolysis bul-
losa acquisita (EBA) (14, 15). In hu-
mans, the presence of FcRn was dem-
onstrated on glomerular epithelial cells
(GEC), as well as in the brush border
of proximal tubular cells. Thus, FcRn
may play a role in the clearance of im-
mune complexes and the reabsorption
of IgG (16). Recent data indicated that
FcRn expressed in podocytes functions
to internalize IgG from the glomerular
basement membrane (GBM). In mice
lacking FcRn, IgG was found to ac-
cumulate in the GBM with age; more-
over, tracer studies have shown delayed
clearance of IgG from the kidneys of
FcRn-deficient mice (17). These studies
suggest that FcRn may play important
roles in autoantibody regulation and be
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involved in kidney diseases with auto-
immune characteristics.

A variable number of tandem repeat
(VNTR) regions within the FCGRT
gene, which encodes the o chain of
FcRn, have been observed and in vi-
tro this polymorphism influences the
expression of the FcRn receptor, lead-
ing to different IgG binding capacities.
Monocytes from VNTR2/3 heterozy-
gous individuals carried significantly
less FcRn transcript and displayed a
diminished IgG binding capacity com-
pared to VNTR3/3 homozygotes (18).
However, it was not clear whether the
differential expression of FcRn due to
the VNTR polymorphism influences
IgG-dependent pathologies in humans.
Based on the above, we speculate that
FcRn may play a pivotal role in human
lupus nephritis (LN) by maintaining
the levels of pathogenic autoantibodies
and promoting the occurrence and/or
progression of LN. In particular, ac-
cording to this hypothesis individuals
homozygous for VNTR3/3 would be
more likely to show higher serum levels
of autoantibodies and a higher binding
capacity than those who are heterozy-
gous for VNTR2/3; thus, the former
may be more prone to LN or have more
severe clinical manifestations. The aim
of this study was first to determine the
distribution of this polymorphism in the
Chinese population, and then to evalu-
ate the association of VNTR polymor-
phisms in FCGRT with LN. We sought
to investigate the role of genetic varia-
tions of FcRn in human autoimmune
disease, especially lupus nephritis.

Patients and methods

Patients and controls

For this study 200 lupus nephritis pa-
tients from northern China — all of whom
were diagnosed at Peking University
First Hospital between 1997 and 2007
and met the revised and updated criteria
established by the American College of
Rheumatology (19, 20) — were enrolled.
LN was confirmed by renal biopsy
and classified according to the revised
2003 ISN/RPS classification system
(21, 22). The mean age at diagnosis
was 32.0+10.6 years (range, 14-60),
and 84.5% of the patients were female.
Geographically-matched healthy blood



donors (n=204; age range 9-52 years;
mean + SD, 28.2+8.7 years; proportion
of females, 30.9%) served as controls.
The datacollected included: demograph-
ic information (age, sex), general clini-
cal data (blood pressure, temperature),
and data on the hematological system
(blood count), kidneys (renal function
and pathology), other organs (arthritis,
skin, nervous system), immunological
indicators (serum antibody and comple-
ment levels), and prognosis (renal func-
tion, for an average follow-up period of
5 years). Renal function was evaluated
based on the serum creatinine level and
the estimated glomerular filtration rate
(eGFR) according to the abbreviated
Modification of Diet in Renal Disease
(MDRD) equation, suitably modified
for the Chinese population (23).

The protocol for the genetic study was
approved by the medical ethics com-
mittee of Peking University, and in-
formed written consent was obtained
from all the participants.

Determination of FCGRT VNTR

Genomic DNA was extracted from the
peripheral white blood cells of whole
blood samples by the salting out pro-
cedure (24). Primers for the FCGRT
gene (GenBank accession number:
AC010619) were designed for poly-
merase chain reaction (PCR) ampli-
fications as follows: sense primer,
5'-TCTCGACACTGGGTCTGA-3'";
anti-sense primer, 5'-TCACCCCT-
GAACTGGATCTC-3'. The 20uL re-
action volume contained 80-200 ng
of template DNA, 3 pmol of each oli-
gonucleotide primer, 2uLL of 10xreac-
tion buffer, 1.6uL of 2.5mM/L dNTP,
2uL 50% dimethyl sulfoxide (DMSO),
and 1 unit of Taq LA DNA polymerase
(Takara, Dalian, China). The amplifi-
cation protocol included an initial de-
naturation at 94° for 10 min, 20 cycles
of touchdown PCR of denaturation at
94° for 30 s, annealing at 60° for 30
s, and an extension at 72° for 30 s by
decreasing the annealing temperature
by 0.5° at every cycle, then 20 cycles
of denaturation at 94° for 30 s, anneal-
ing at 50° for 30 s, and an extension
at 72° for 30 s, followed by a final ex-
tension at 72° for 5 min. The products
of PCR amplification were detected by
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10% polyacrylamide gel electrophore-
sis. The specificity of the PCR products
and the presence of tandem repeats
were verified by sequencing.

Statistical analysis

Data were expressed as the mean =+ stan-
dard deviation, geometric mean, ratio or
proportion. Pearson’s x> was used to
analyze the categorical data; continuity
correction or Fisher’s exact test were ap-
plied when necessary. Continuous vari-
ables were tested in each group for the
normal distribution using the Kolmogo-
rov-Smirnov test. Differences of the
means between two groups were tested
by Student’s #-test. The Mann-Whitney
U-test was applied for abnormal distri-
butions. The analyses were performed
using the SPSS 12.0 program. All tests
were two-sided, and p<0.05 was con-
sidered statistically significant.

Results

Distributions of FCGRT VNTR
polymorphisms in patients and

healthy controls

Genotyping of 204 unrelated healthy
subjects and 200 LN patients revealed
three PCR products that differed in size
(Fig. 1), consistent with two to four re-
peats of a 37-bp-long fragment. This re-
sult was subsequently verified by DNA
sequencing and was in concordance
with the earlier observation by Ulrich
J. H. Sachs et al. (GenBank accession
numbers: AF453514-AF453516).
VNTR3 was the most common allele
in our Chinese cohorts; VNTR2 was
less common and VNTR4 was rare. No
VNTRI1 or VNTRS was observed. The
calculated frequencies for the VNTR2,
VNTR3, and VNTR4 alleles were 3.9%,
95.85% and 0.25% in the controls and
2.8%, 97.2% and 0% in the patients. A
significant difference was observed in
the distribution of these three polymor-
phisms in our subjects in comparison to
the reported distribution in Caucasians
(p=1.21 x 10%) (Table I) (18). From this
comparison it can be seen that the pro-
portions of VNTR1, VNTR2, VNTRA4,
and VNTRS in Chinese were relatively
low, whereas the proportion of VNTR3
was relatively high.

There was no significant difference in
the frequencies of FCGRT alleles and
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genotypes between the healthy controls
and LN patients (p=0.318 and p=0.326).
In addition, when the subjects were
stratified by gender, no significant dif-
ference was observed in the frequencies
of FCGRT alleles and genotypes be-
tween female (p=1.000 and 1.000) ver-
sus male (p=0.881 and 0.878) healthy
controls and LN patients.

FCGRT VNTR polymorphisms,
clinical manifestations and

renal prognosis

Based on the clarity of expression
and functional significance between
the VNTR2/3 heterozygote and the
VNTR3/3 homozygote reported by
others (18), we divided the patients into
two groups by genotype —those with the
VNTR2/3 heterozygote and those with
the VNTR3/3 homozygote (the VNTR2
homozygote was never observed in our
cohort).

The clinical characteristics of the LN
patients at the time of renal biopsy and
the results of the most recent follow-
up urinalysis are reported in Table II.
There was no significant difference in
any of the clinical parameters between
the two genotypes. Notably, although a
higher white blood cell count was ob-
served in VNTR2/3 patients compared
to VNTR3/3 patients, values never fell
outside the normal range and the weakly
significant difference disappeared after
adjustment by multiple comparisons.
VNTR2/3 patients appeared to have a
better prognosis; however, the differ-
ence in comparison to VNTR3/3 pa-
tients was not statistically significant
and the finding was difficult to inter-
pret because of the limited data avail-
able — only 3 patients in our cohort
had the VNTR2/3 genotype. The serum
creatinine levels of the three VNTR2/3
patients were 50 umol/L, 49 umol/L,
and 299 wmol/L at the time of renal bi-
opsy, and 76 wmol/L, 57 wmol/L, and
84 umol/L at the time of the most recent
follow-up.

Discussion

SLE has strong genetic and environmen-
tal components (25). Several strategies
have been developed to identify genes
or gene intervals associated with SLE
in humans (26, 27). These approaches
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Fig. 1. VNTRs of the FCGRT gene
in Chinese LN patients. Three types
of alleles — the VNTR2/3, VNTR 3/3,
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Fig. 2. Distribution of FCGRT alleles (A) and genotypes (B) between healthy controls and LN pa-
tients. No significant difference was found in the frequency of FCGRT alleles (p=0.318) and genotypes
(p=0.326) between healthy controls and LN patients.
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include: (a) candidate gene association
studies, (b) linkage analysis in mul-
tiplex families, and (c) genome-wide
association (GWA) studies. Candidate
gene analysis focuses on specific genes,
identified based on their location in a
disease-associated interval or because
of their potential physio-pathological
importance. Although many loci and
candidate genes have been reported to
be associated with SLE (28-32), a ge-
netic predisposition to the development
of the disorder cannot be attributed to a
monogenic defect; it appears instead to
be polygenic, with multiple factors in-
teracting in additive, epistatic or redun-
dant ways. Thus, identifying genes and
the pathways that they regulate could
also lead to a better understanding of the
pathogenesis of this complex disease.
The FCGRT gene has been located on
19q13.3 which is within an SLE-associ-
ated region by replicated linkage studies
(28, 33). Its encoded molecule, FcRn,
plays important roles in autoimmune dis-
eases and may be a potential therapeu-
tic target linking the initial and effector
phases of humoral autoimmune disease
(7, 34). All of this suggests that genetic
variations in FCGRT may influence the
occurrence and/or progression of SLE.
Gregory et al. found that multiple indi-
cators of MRL-Ipr/lpr SLE syndrome
show considerable dependence on
MHC I molecules. In particular, the
severe glomerulonephritis characteris-
tic of lpr/lpr B2m*~ was reduced sig-
nificantly in lpr/lpr B2mO~”- mice, ap-
proaching levels equivalent to those of
non-lpr homozygotes. This finding in-
dicates that the presence of MHC class
I is a prerequisite for the development
of characteristic LN — the omnipres-
ent and principal cause of morbidity in
MRL-Ipr/lpr mice (10). The expression
of FcRn in the kidneys indicates that it
may play a functional role under physi-
ologic conditions and/or in some cases
of human glomerulonephritis, especial-
ly LN, where IgG deposits have been
found in the glomeruli, IgG has been
detected in the urine, and a variety of
autoantibodies are present (16, 17).
The disease model of gene knockout
mice has recently emerged as a tool to
elucidate the role of the FCGRT gene;
however, the association of polymor-
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Table I. Comparison of the VNTR distribution between Chinese and Caucasians®.

Allele type (%) VNTRI VNTR2 VNTR3 VNTR4 VNTRS
Chinese (n=404) 0 3.34 96.54 0.12 0
Caucasians (n = 427) 0.1 7.5 0.2 0.2

*Compared with data from U.J. Sachs et al. (18).

Table II. General clinical parameters for Chinese lupus nephritis patients, grouped by

genotype (VNTR2/3 or VNTR3/3).

Parameters” Genotype p-value
2/3 (n=11) 3/3 (n=189)
Demography
Gender, female/male 9/2 160/29 0.804
Age (years) 27.09 + 7.34 32.35 = 10.70 0.117
General
Presence of fever 10% (1/11) 36% (63/175) 0.18
Systolic blood pressure (mm Hg) 125.45 + 14.40 129.29 + 22.06 0.570
Diastolic blood pressure (mm Hg) 79.55 £ 11.50 81.93 + 14.16 0.585
Hematological system
Red blood cell count (x10'%/L) 3.21 £0.80 3.60 +=0.75 0.098
White blood cell count (x10°/L) 7.94 + 4.88 5.75 +3.20 0.035
Blood platelet count (x10°/L) 157.09 + 73.24 181.08 + 80.43 0.336
Hemoglobin (g/L) 96.00 + 25.36 107.65 + 22.96 0.106
Kidney
Urinary protein excretion (g/day) 5.38 + 4.07 4.40 +4.07 0.438
Serum creatinine (umol/l) 104.18 = 73.86 110.86 + 108.05 0.840
eGFR* (ml/min/1.73m?2) 94.84 + 48.09 92.10 + 43.55 0.841
Active proliferative glomerulonephritis 64% 61% 0.853
(class IV + III) [(6+1)/11] [(77+38)/189]
Other systems
Presence of arthritis 50.0% (5/10) 41.2% (73/177) 0.828
Presence of hydrohymenitis 22.2% (2/9) 17.9% (31/173) 1.000
New presence of erythema 66.7% (6/9) 56.1% (97/173) 0.779
Headache 11.1% (1/9) 6.3% (11/174) 1.000
Immunological indicators
Serum IgG (g/l) 10.36 + 6.58 11.89 + 6.08 0.424
Serum IgA (g/1) 248 + 1.34 277 +1.33 0.491
Serum IgM (g/1) 1.18 £ 0.65 1.17 + 0.68 0.948
Serum C3 (g/l) 041 +0.17 0.50 +0.27 0.271
Serum C4 (g/l) 0.09 + 0.04 0.12 +0.09 0.218
Antinuclear antibody titres 1:339 1:460 0.411
Anti-ds DNA antibody titres 1:26 1:34 0.446
Renal prognosis™ (n=76)
Latest serum creatinine 72.33 + 13.87 136.49 + 159.76 0.492
on follow-up (umol/l) (n=3) (n=73)

*All parameters except prognosis were measured at
(VNTR2/3 group, n=11; VNTR3/3 group, n=189).

the time of renal biopsy in the 200 LN patients

#Renal prognosis was analyzed in the 76 patients for whom data were available (VNTR2/3 group, n=3;

VNTR3/3 group, n=73).
“eGFR: estimated glomerular filtration rate.

phisms of human FCGRT with human
phenotypes has rarely been investigat-
ed (35). VNTR polymorphisms within
the FCGRT promoter were found to
influence the expression of the FcRn
receptor, leading to different IgG bind-
ing capacities. In the present study we
investigated VNTR polymorphisms of

the FCGRT gene in healthy Chinese
subjects and in Chinese patients with
LN. The repeat numbers of the domain
varied from 2 to 4. The most frequent
allele was VNTR3, and the most fre-
quent genotype was VNTR3/3. We
found the distribution of VNTR in Chi-
nese subjects to be different from that
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in Caucasians. We furthermore dem-
onstrated that there was no significant
difference in the genotypes frequencies
of FCGRT between LN patients and
healthy controls. These results indicate
that individuals with different VNTR
polymorphisms of the FCGRT gene
do not have different susceptibilities to
LN. Our study also found no significant
difference in the clinical, pathological,
and renal prognosis indicators between
LN patients with different VNTR poly-
morphisms. In particular, no association
of genotypes with serum autoantibody
levels was observed. These results sug-
gest that the genotypes of the FCGRT
gene are not associated with the general
manifestations or prognosis of LN.
Despite the functional importance and
apparently significant position of FC-
GRT, various reasons could account for
the lack of an association between this
polymorphism and LN. Firstly, MHC
class I dependence occurs in the later
phase of the disease, whereas the kinet-
ics of the disease phases differ depend-
ing on genetic and/or environmental pa-
rameters. The role of genetics in the dis-
ease may be attenuated by many factors,
thus making it difficult to confirm the
hypothesis (10). Secondly, considering
the prevalence of VNTR3/3 in our pa-
tient population and the low percentage
of the VNTR2/3 genotype — analogous
to what has been reported for Caucasians
— we speculate that despite its function-
al significance, this polymorphism may
not be an important contributing factor
to the risk of developing LN.

In conclusion, our study represents the
first investigation of the distribution
of FCGRT promoter VNTR polymor-
phisms in Chinese subjects. This was
found to be different from the distri-
bution in Caucasians. We show for
the first time an association of FCGRT
polymorphism with LN in a case-con-
trol study, and demonstrate that it is not
associated with susceptibility to SLE
in the Chinese Han population. Future
efforts directed at examining other FC-
GRT gene polymorphisms such as copy
number variants and single nucleotide
polymorphisms (SNPs), or other candi-
date genes may provide further insight
into the genetic mechanisms underlying
the pathogenesis of this disease.
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