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ABSTRACT
Objective: The imbalance between pro-inflammatory and anti-inflammatory cytokines is a feature of rheumatoid arthritis
(RA). The role of transforming growth factor beta-1 (TGF- B1) and its receptor in the pathogenesis of RA is conflicting. We
aim to investigate the role of polymorphisms in the gene in susceptibility and severity of RA and osteoporaosis.
Methods: Eighty-six RA patients and eighty-four control were enrolled in the study.
Genotyping of TGF- 1 T/C869 and TGF- p1 G/A800 was determined by restriction fragment length polymorphism-
polymerase chain reaction (PCR-RFLP).
Results: Subjects carrying T allele of TGF- B1 T/C869 genotype were significantly more likely to have osteoporosis than
subjects carrying C allele (OR:6.95, 95% CI: 2.7-15.7, P: 0.001).Also, Subjects with A allele of TGF- B1 G/A800 genotype
were significantly more likely to have osteoporosis (OR: 1.13, 95% CI: 1.05-1.2, P: 0.001).
Conclusion: T/C869 genotype and G/A800 genotype of TGF-B1 gene affecting on severity of RA and have the ability to
develop the risk to osteoporosis in patients carrying T allele and A allele of T/C869 and G/A800 gene polymorphism
respectively
Keywords: Transforming growth factor beta-1 (TGF-B1), Rheumatoid arthritis, Polymorphism, Osteoporosis

INTRODUCTION connective-tissue cells, produces TGF- and has
heumatoid arthritis (RA) is one of the most receptors for it. Elevation or decrease in the
common human  systemic  autoimmune production of TGF B has been lied to numerous

diseases. It is characterized by synovial infiltrates disease states [7].
and a progressive cell-mediated destruction of the The human TGF-B1 gene is located on
joints, which results in substantial disability [1]. chromosome 19913 and contains seven exons [8].

Evidence suggests that both genetic and Transforming growth factor beta 1 (TGF-B1) is
environmental factors contribute to susceptibility to produced by osteoblasts as an inactive propeptide
RA [2].RA is a complex heterogeneous chronic and is incorporated into newly formed bone matrix.
autoimmune disease, whereby both environmental During bone resorption, the propeptide is activated
and genetic factors contribute to the etiology and/or by the acid milieu in the resorptive zone under the
clinical severity that affect approximately 1% of the osteoclast. TGF-B1 inhibits further activity of the
world’s population, with significantly higher osteoclasts and stimulates proliferation and
prevalence in women than in men (in a 3:1 ratio) differentiation of preosteoblasts. The overall effect
[3]. on bone remodeling of TGF-B1 is therefore favoring

A central feature of RA is a relative imbalance bone formation [9].
in  pro-inflammatory  and  anti-inflammatory Because of this important role in bone turnover,
cytokines, cytokines play an important role in RA the TGF-B1 gene is a candidate for mediating
pathogenesis [4]. genetic influence on bone mass and risk of fracture

Analyses of the cytokine mMRNA and proteins in [9].Among the genes that has been associated with
the RA synovial tissue revealed that Tumor necrosis change in Bone mineral density (BMD) is TGF beta
factor-oc (TNF-oc), Interlukin-1 (IL-1), Interluekin-6 1 therefore, that the TGF-B1 locus has emerged as a
(IL-6), and Transforming growth factor- 3 (TGF- B) strong candidate gene in the study of osteoporosis
were expressed at high levels in RA patients [5]. genetics [10].

Transforming growth factor beta (TGF-B) is a Several polymorphisms in TGF-f1 gene have
member of a family of growth factors that regulate been reported. One polymorphism has been reported
cellular  proliferation, cellular differentiation, in promoter region at position G/A800 and the other
embryonic development, wound healing, and in the coding sequence at T/C869 [8] and these
angiogenesis in a cell-specific manner [6].Virtually restriction fragment length polymorphisms (RFLPs)
every cell in the body, including epithelial, are detected by the restriction endonucleases
endothelial, ~ hematopoietic,  neuronal,  and enzymes TSP 451 and MSP A11 respectively [11].
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Polymorphic variations of the cytokine genes or
their receptors have received attention as potential
markers of susceptibility, severity, and/or protection
in RA [12]. In the present study, we evaluated the
role of two polymorphisms in the TGF-B1 gene in
RA susceptibility and severity.

2 Methods
2.1. Participants
The study included 86 women (age 27-65
years, mean 47.75+9.3) with RA diagnosed
according to the criteria of American College of
Rheumatology [13]. Characteristics of the RA
patients are presented in Table 1.

Table 1
Clinical characteristics of patients group
. RA group
Variables (n=86)
Age (yrs) 47.5+9.4
TGF(Transforming growth factor beta-1) 35.8+16.5
Number of patients with erosions (%0) 30(34.8)
Number of patients with positive rheumatoid factor (%) 59(68.6)
Diagnosis
Number of Normal patients (%) 18(20.9)
Number of Osteopenia patients (%) 38(44.2)
Number of Osteoporotic patients (%) 30(34.9)

Patients were recruited from the outpatients and
inpatients population of the Department of
Rheumatology.

Subjects enrolled in the study underwent routine
biochemical blood analysis. X-rays of the hands and
feet were obtained in all patients. The evaluation of
subjects included physical examination, with
particular focus on the pattern of joint involvement,
the presence of nodules and other extra-articular
features (such as vasculitis, anemia, subcutaneous
nodules, vasculitis manifestation, organ
involvement), and laboratory features such as
rheumatoid factor (RF). Disease activity was
determined on the basis of defined parameters (The
number of swollen and tender joints, ESR, and C-
reactive protein (CRP)) and a global physician’s
assessment.

Disease severity was determined on the basis of
defined parameters (RF and X-ray erosion). Patients
were deemed to have an erosive arthropathy if one
or more definitive erosions were apparent in any of
the peripheral joints that have been identified to be
predictive of disease progression [14]. Patients were
then stratified according to the radiographic findings
into two groups: those with erosive RA and those
with non-erosive RA.84 healthy women matched to

age (30-62 years, mean 43.949.6), and ethnic origin
were used as a healthy control group.
2.2. Biochemical analysis

Blood samples were drawn from all subjects
after an overnight fast. Sera were separated
immediately and stored at —20 °C. Serum TGF-p1
and CRP were measured using high-sensitivity
enzyme-linked immunosorbent assay (ELISA) for
TGF-B1 and CRP respectively, developed in-house
and performed in sandwich format [15]. IgM RF
was measured by latex agglutination. RF was
considered positive above 20 1U/ml.
2.2.1. Isolation of DNA

Genomic DNA was extracted from EDTA
whole blood using a spin column method according
to the protocol (QlAamp Blood Kit; Qiagen GmbH,
Hilden, Germany).
2.2.1.1. Amplification of two TGF-B1 polymorphic
sites
The subjects were genotyped for TGF-B1 T/C869
and TGF-1 G/A800 polymorphisms by PCR-RFLP
as described previously [8,11]. For TGF-$1 T/C869
polymorphism the region surrounding the
polymorphism was amplified with following
forward primers 5' —
TTCCCTCGAGGCCCTCCTA-3' and the reverse
primer 5- GCCGCAGCTTGGACAGGATC- 3.
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PCR was performed at initial denaturation at 95 °C
for 5 min, followed by 35 cycles of denaturation at
95 °C for 1min, annealing at 60 °C for 1min,
extension at 72 °C for 30 s, and final extension at 72
°C for 12 min. The PCR products for (T/C869) were
digested at 37 °C overnight by restriction enzymes
(MspA11). The MspA11l restriction polymorphism
revealed two possible alleles, allele C and T. The
digestion products (161, 67, 40 and 26 bp for T
allele and 149, 67, 40 and 12 bp for C allele).While
for TGF-B1 G/A800 polymorphism the region
surrounding the polymorphism was amplified with
following forward primers 5' -
GTTGGCGAGAACAGTTGGC-3' and the reverse
primer 5 -GAAAGGACAGAAGCGGTGC-3'
.PCR was performed at initial denaturation at 94 °C
for 5 min, followed by35 cycles of denaturation at
94 °C for 1min, annealing at 64 °C for 30s,
extension at 72 °C for 1min, and then a final
extension at 72 °C for 8 min. The PCR products for
TGF-B1 were digested at 37 °C overnight by
restriction enzymes (TSP 451). TSP 451 produces
DNA fragments with fragment sizes 300/161
and139 bp as 1 band at 300 bp in the abnormal
homozygous GG. The heterozygous AG should
appear as 3 bands at 300, 161, and 139 bp. The
normal homozygous AA should appear as 2 bands
at 161, 139 bp. The digest products of both
genotypes were analysed by electrophoresis on a
2.5% agarose gel then stained with ethidium bromide
and the genotypes were determined.

2.2.2. Statistical analysis

The results for continuous variables were
expressed as meanst SD. The means of the three
genotype groups were compared in a one- way
analysis of variance (ANOVA). Genotype
frequencies in RA cases and control were tested for
Hardy-Weinberg equilibrium, and any deviation
between the observed and expected frequencies was
tested for significance using Chi-square test. The
statistical significance of differences in frequencies
of variants between groups were tested using Chi-
square test. In addition, the odds ratio (ORs) and
95% Confidence interval (Cls) were calculated as a
measure of the two polymorphic sites of TGF-p1
with RA and osteoporosis. A difference was
considered significant at P < 0.05.All data were
evaluated using SPSS version 10.0 of Windows.

3 RESULTS

3.1 TGF-B1 polymorphisms genotypes and alleles
distribution in RA and control

The genotypes frequencies of TGF-p1 T/C869
and TGF-B1 G/A800 were in agreement with
Hardy-Weinberg equilibrium in all groups. In RA
patients, the frequencies of TGF-f1 T/C869 and
TGF-B1 G/A800 genotypes were not significantly
different compared to control group respectively.
Also,the allele frequencies of both genotypes
weren’t significantly differenet between control and
patients group (Table 2).

Table 2
Distribution of TGF-B1 T/C869 and TGF-B1 G/A800 genotypes in RA patients and control group
RA patients
N=86. N Control P
=86, _ o
(%) N=84, N (%)
CC 12(21.4) 18(21.4)
T/C869 genotype TC 35 (42.9) 36 (42.9) 0.3
TT 39(35.7) 30 (35.7)
C Allele 59(34.3) 72(42.9) 0.13
T Allele 113(65.7) 96(57.1) '
AA 2(2.3) 0(0.0)
G/A800 genotype GA 8(9.3) 12(14.3) 0.2
GG 76(88.4) 72 (85.7)
G Allele 160 (93.1) 156(92.9) 0.87
A Allele 12 (6.9) 12(7.1) '

P value of >0.05 indicates non-significant results
*P value of <0.05 indicates a significant results

TGF-B1: Transforming growth factor- B1, RA: rheumatoid arthritis
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3.2 Association of TGF-B1 (T/C869 and G/A800)
genotypes with osteoporosis

In RA patients with osteoporosis, the
frequencies of TT genotypes of TGF-$1 T/C869
were significantly increased compared to patients
without osteoporosis (76.7 % versus 28.6%). The
frequencies of GG genotype of TGF-B1 G/A800
were significantly increased in RA patients with

Table 3

osteoporosis compared with RA patients without
osteoporosis (100% versus 82.1%) (Table 3).

Subjects with T allele of TGF-p1 T/C869
genotype were significantly more likely to develop
osteoporosis (OR=6.95, 95% CIl= 2.7-15.7, P
=0.001). And for TGF-B1 G/A800 genotype,
subjects with G allele were significantly more likely
to develop osteoporosis (OR=1.13, 95% Cl= 1.05-
1.2, P =0.003) (Table 4).

Association of TGF-p1 (T/C869 and G/A800) genotypes with osteoporosis in rheumatoid arthritis patients

RA with osteoporosis

RA without osteoporosis

N=30 N=56
Genotype
% N %
CcC 0 0.0 12 214
TC 7 23.3 28 50.0
TT 23 76.7 16 28.6
X2 19.81
P 0.001*
AA 0 0.00 2 3.6
AG 0 0.00 8 14.3
GG 30 100.0 46 82.1
X2 6.06
P 0.048*

P value of >0.05 indicates non-significant results

*P value of <0.05 indicates a significant results

TGF-B1: Transforming growth factor- B1, RA: rheumatoid arthritis

Table 4

Association of TGF-p1 (T/C869 and G/A800) allele with osteoporosis in rheumatoid arthritis patients

Alleles RA with OP RA without OP
N % N %
C allele 7 11.7 52 46.4
T allele 53 88.3 60 53.6
X2 19.28
P 0.001*
OR (95%CI) 6.95(2.7-15.7)
G allele 60 100 100 89.3
A allele 0 0.0 12 10.7
X2 7.47
P 0.003*

OR (95%CI)

1.13(1.05-1.2)

P value of >0.05 indicates non-significant results

*P value of <0.05 indicates a significant results

OD: Odds ratio, CI: Confidence interval, TGF-B1: Transforming growth factor- 1, RA: rheumatoid arthritis




Z2.U.M.J.Vol.20; N.1; Jan; 2014

Gene polymorphism of transforming ..........

4 DISCUSSION

Rheumatoid arthritis (RA) is a common,
chronic, inflammatory, autoimmune disease of
unknown etiology affecting approximately 1% of
the world population. The hallmark swelling, bony
erosions and synovial thickening reflect the
underlying  inflammatory and  autoimmune
processes. The interaction of environmental factors
and genetic susceptibility leads to altered post-
transcriptional regulation and  self-protein
citrullination early in the disease process [16].

The role of genetic factors in the pathogenesis
of RA is well established. Numerous cytokines
which are expressed and functionally active in
synovial tissues are directly implicated in many of
the immune processes that are associated with the
pathogenesis of RA [17].

Transforming growth factor TGF-f1 is a
multifunctional cytokine that regulates cell growth,
adhesion, and differentiation in a wide variety of
cell types. Among the activities of TGF-B1 are those
associated with growth modulation,
immunosuppression, and pro-inflammation. TGF-$1
is produced in the synovial fluid of patients with RA
and acts as an important regulator in the course of
the disease. TGF-B1 was reported to increase the
expression of pro-inflammatory cytokines and
metalloproteinase-1 by synovial fibroblasts .These
results suggest that TGF-B1 contributes to the
progression of inflammation and joint destruction in
RA [18].

Transforming growth factor (TGF) B1 (TGF-B1;
19g13.1) was one of the first suggested candidate
genes to contribute to genetic risk for osteoporosis
for several reasons. TGFBl is expressed by
osteoblasts, is present in high concentrations in
bone tissue and involved in the control of bone
resorption and formation [19].

The present study had analyzed two selected
single nucleotide polymorphisms (SNPs) of the
TGF-B1 gene one in the promoter region G/A800
and the other located in the codon at position
T/C869 in RA patients and healthy controls and
their relationship to markers of synovial
inflammation as susceptible factors for development
of osteoporosis and rheumatoid arthritis.

The higher prevalence of autoimmunity in
women suggests that sex hormones might play a
role in susceptibility. Estrogen is thought to exert a
biphasic dose effect lower levels enhance while
high levels inhibit specific immune activities
whereas progesterone promotes the development of
T-helper2 (Th2) cells which inhibits the

proliferation of the T-helperl (Thl) cells [20].
Pregnancy is associated with a marked increase of
estrogen, progesterone and cortisol in the plasma
and brings about remission in autoimmune disorders
such as RA and multiple sclerosis which are both
driven by Th1l cytokines [21].

In our study regarding the level of TGF-p1
showed to be raised in plasma level of RA patients
which indicate its effect on incidence of RA.

These results are in agreement with Alayli et
al. , kim et al. ,Mattey et al. , Mieliauskaité et al.
,Rico et al. ,Hinke et al. ,and Arkwright et al.
[6,11,22-26]

TGF-B1 is one of the cytokines which exerts
both pro- and anti-inflammatory effects. TGF-B1
mediates an array of biologic processes, including
growth and development, inflammation, and host
defense, as well as tissue repair TGF-B1 is
generated by inflammatory cells as part of the
cytokine network. In its defensive role, TGF-1
facilitates resolution of inflammation and promotes
tissue repair. However, as for the cytokine network,
a critical balance of this growth factor is required
for its defensive properties to take place in an
orchestrated fashion.

The literature indicates that a local or systemic
excess of this growth factor is associated with
unresolved inflammation; indeed, TGF-B1 plasma

levels are increased in RA patients and
constitutively up-regulated in RA synoviocytes
[24].

These observations are in agreement with the
current study, and they represent an opportunity to
explore the interface of the cytokine network of
TGF-1.

In the present study, TGF-Bl gene
polymorphism of T/C869 genotype reveled non-
significant difference in genotype either allele
compared with that of healthy controls and RA
patients. Reports on the association of this gene
polymorphism with RA have been inconsistent.

This may be due to ethnic population studied
since Suguira et al. ,Wang YP et al. and Zhu Y et al.
[27-29] reported that TGF-B1 T/C869 T allele was
related to RA whereas Pokorny et al.[30] , Alayli et
al. [6] and Panoulas et al. [31] didn’t observe any
relation.

Our results are consistent with Pokorny et al. ,
Alayli et al. and Panoulas et al. [30,6,31].

Conflicting results have been reported regarding
the influence of T/C869 genotype polymorphism on
TGF-B1 production. In the present study the T allele
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of T/C869 gene polymorphism is associated with
higher production of TGF-f1.

These results in agreement with Alayli et al. ,
Hinke et al. and Arkwright et al. [6,25,26]

But that was in converse with Yamada Y et al.
[32] and Mattey et al. [22] as their results suggest
that rheumatoid patients carrying a T allele may
have increased inflammatory activity over the long
term. The poor outcome and earlier mortality in
these patients may possibly be explained by reduced
production of TGF-p1 leading to worse control of
inflammation. Such an effect would be cumulative
so may only become evident in long term outcome
studies.

In the present study, subjects carrying T allele
of T/C869 genotype have 6.9 folds increase the risk
to develop osteoporosis than subjects carrying C
allele.

These results in agreement with Yamada Y et al.
[32] and Dick et al. [33]. An association with
osteoporosis has been found in Japanese women
Yamada Y et al.[32] and in elderly white Australian
women Dick et al. [33]. However, in the Japanese
population the T allele was associated with lower
bone mineral density (BMD) and increased
vertebral fractures, while in the Australian patients
the C allele was associated with lower BMD and an
increase in prevalent fractures. In another study of
German postmenopausal women the CC genotype
was associated with lower BMD and greater bone
loss [25].

In contrast to these reports, studies in a Chinese
population, and on white women in the USA, failed
to find an association lau et al. and Ziv et al. [34-35]
respectively. Also, studies in postmenopausal
Turkish women found that TGF-B1 gene not
associated with development of osteoporosis in
single form but found in association in combined
form with Interleukin-10 (IL-10) [19]. While Mattey
et al.[22] found no association of T/C869 TGF-B1
gene polymorphism with the severity of RA. Since
patients were examined only up to two years of
disease duration, so it is possible that the effect of
this polymorphism becomes evident at a later stage
of disease.

In the Japanese population the CC genotype was
associated  with  elevated serum  TGF-f1
concentration [32], and the German population the
TT genotype was associated with elevated serum
TGF-B1 concentration [25]. This may be due to
ethnic differences in the population studied. The
association of TGF-f1 T/C869 polymorphism
observed with increase bone turnover rate and

fragility fractures is compatible with the proposed
mechanism of TGF-B1, which is believed to be a
mediator of coupling between bone resorption and
formation [34].

However the present study demonstrated that
the difference in serum TGF-B1 concentration with
TT genotype indicating the association of TGF-p1
T/C869 with ability to develop the risk with
osteoporosis.

The current study showed that TGF-f1 G/A800
gene polymorphism and revealed no significant
difference either genotype or allele in RA patients
with healthy control which explained that G/A800
genotype not gene of risk of RA.

These results are in agreement with Tzakas et
al.[10] ,Cambien et al.[36] and Jeffrizal et al.
[37]and who examined French , Irish and UK
populations.

On the other hand Kim et al. [11] show low
frequency in G/A800 genotype in the Asian Korean
population which reflects the difference in genotype
distribution among study populations with a distinct
racial background.

Early identification of reliable predictors of
severity of the disease is important as the erosions
are correlated with clinical outcome, such as
disability [38-39]. Moreover, O’Dell reported that
early treatment may retard bone destruction [40].
Therefore, the potential to early predict the
individual who will require more aggressive
treatment would be especially valuable.

The present study demonstrated an increase in
the risk to develop osteoporosis in subjects carrying
G allele by 1.13 folds than subjects with G allele.

The association of G allele with bone erosions
in RA patients suggests the potential role of these
polymorphisms to be used as a predictive marker. In
fact, the estimated predictive value of TGF-B1
G/A800 the polymorphism revealed the powerful
capacity of the G allele to identify individuals with
a high risk of early bone erosion. Identification of
patients homozygous for the G allele permitted the
prediction of a rapidly erosive disease course.

Disclosure of interest
This work was funded by support of academic
research in Zagazig University Projects, Zagazig
University Postgraduate & Research Affairs.

5 CONCLUSION

T/C869 genotype and G/A800 genotype of
TGF-B1 gene affecting on severity of RA and have
the ability to develop the risk to osteoporosis in
patients carrying T allele and A allele of T/C869
and G/A800 gene polymorphism respectively.
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