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ABSTRACT

PURPOSE OF THE STUDY
The aim of the present study was to determine the potential effects of single nucleotide polymorphisms (SNPs) of TGFB1

and IL-6 on the development and severity of the disease in patients with DDH and investigate the relationship of these two
gene polymorphisms. 

MATERIAL AND METHODS
This case control study was conducted on 105 patients diagnosed with DDH and 119 healthy control subjects of any age.

The DDH patients were classified according to the Hartofilakidis and IHDI classifications for adult and pediatric patients, re-
spectively. Genomic DNA was isolated from peripheral blood samples using the Salting-out method. TGFB1 gene p.Pro10Leu
(c.29C>T) (rs1800470) and IL-6 572G>C (rs1800796) polymorphisms were analyzed using Sanger DNA sequencing.

RESULTS
There was no statistically significant relationship of TGFB1 and IL-6 SNPs for DDH. When the rs1800470 and rs1800796

polymorphisms were compared according to family history, the homozygous mutation rate of TGFB1 gene was found to be
significantly higher in patients with a positive family history than in patients with a negative family history. No significant re-
lationship was found between rs1800796 polymorphisms and family history. TGFB1 homozygous mutation rate was deter-
mined to be statistically higher in the positive family history group than control group. No similar relationship was found
between the negative family history group and the control group. No statistically significant relationship was determined be-
tween rs1800470 and rs1800796 and the severity of DDH. 

CONCLUSIONS
rs1800796 and rs1800470 polymorphisms do not appear to be major responsible genetic factors for DDH. However, the

determination of a correlation between a positive family history and homozygous mutation rate of the TGFB1 gene indicates
that this gene may have a greater effect on DDH development.

Key words: developmental dysplasia of the hip, interleukin-6, transforming growth factor beta 1, case control study.

INTRODUCTION 

Developmental dysplasia of the hip (DDH) is a con-
genital or developmental deformation or incompatibility
of the hip joint (10). The incidence of DDH ranges from
1.5-20 per 1000 live births and is more common in
females at a rate of 4–10:1 (5). In a previous study con-
ducted in Turkey, the prevalence of untreated hip dislo-
cation or subluxation was calculated as 5.9‰ (18). In-
volvement of the left hip is 2-fold more frequent than
the right hip, and bilateral involvement constitutes 35%
of the total DDH frequency (4). The form of DDH can

range from mild acetabular dysplasia to moderate sub-
luxation or severe hip dislocation (10). DDH is one of
the most common musculoskeletal diseases in childhood,
which can lead to disability if not diagnosed early or if
left untreated. It remains of great importance in pediatric
orthopedics practice and studies are ongoing.

Both genetic and environmental factors are known
to have a role in the pathogenesis. Many risk factors
such as female gender, breech presentation, first-born
child, accompanying musculoskeletal conditions and
high birthweight have been defined for DDH (16).
Family history is also a well-known risk factor (7), and
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0.5 mM EDTA (AppliChem, Germany)]. Then, after
centrifugation (Hettich, Germany) of the samples at
+4 °C at 13,000 rpm for 5 minutes, the supernatant was
removed and RBC Lysis solution was again added to
the pellet. Proteinase K enzyme (MBI Fermentas, Lithua-
nia) of 20 mg / ml, 10% Sodium Dodecyl Sulfate
(Merck, Germany) with a final concentration of 0.5%,
and nuclease solution [10 mM Trischloride (Amresco,
USA) pH: 8; 100 mM Sodium Chloride (Merck, Ger-
many), 1 mM EDTA (AppliChem, Germany) pH: 8]
with 2.5 times the leukocyte volume was added to the
bottom pellet and kept at +56 °C. 200 µl NaCl was
added to the samples taken from the oven (+56 °C for 3
hours) and the samples were vortexed until a homogeneous
mixture was obtained. A further centrifugation at +4 °C
13000 rpm for 20 minutes was applied. The upper part
of the mixture, which was divided into two phases, was
taken into another Eppendorf tube and 95% alcohol
was added which is double the total volume. After the
DNA was made visible by turning the Eppendorf tube
upside down, the DNA was precipitated by centrifuging
at +4 °C 13,000 rpm for 5 minutes. After pouring away
the supernatant part, 500 ml of 70% alcohol was added
to the tube and centrifuged at +4 °C 13,000 rpm for 5
minutes. The alcohol was poured away at the end of the
centrifugation and the tube was left to dry. Tris-EDTA
(10 mM TrisHCl, 1 mM EDTA) solution was added to
the tube and DNA was dissolved by standing overnight
at +37 °C. The isolated DNA was stored at -20 °C. The
quality and quantity of DNA was measured with spec-
trophotometer. OD260/OD280 with 1.6–1.8 was accepted.
Otherwise isolation was repeated.

TGFB1 Gene p.Pro10Leu (c.29C>T) (rs1800470)
and IL6 572G>C (rs1800796) SNP Genotyping

TGFB1 gene p.Pro10Leu (c.29C>T) (rs1800470)
and IL-6 572G>C (rs1800796) polymorphisms were
analyzed using Sanger DNA sequencing. Single-nucleotid

autosomal dominant inheritance has been previously
reported (3). For the past two decades, several studies
have focused on genetic predisposition to DDH.

Several genes have been associated with DDH
through case-control studies (7). Two of these genes are
TGFB1 and IL-6. TGFB1 gene encodes transforming
growth factor beta 1 (TGF-β1) cytokine, which is
involved in the development of cartilage and controls
cell growth, proliferation, differentiation and apoptosis
(20). Interleukin-6 (IL-6) gene has a role in locomotor
system development and encodes IL-6 acting as a pro-
inflammatory cytokine and anti-inflammatory myokine
(22). Both TGF-β1 and IL-6 are involved in bone re-
modeling and both have been associated with DDH or
DDH-related osteoarthritis (8, 13). As a result of poly-
morphism studies of TGFB1 and IL6 conducted in Eu-
ropean Caucasians, it has been suggested that there is
a significant relationship between DDH-associated hip
osteoarthritis and TGFB1 and IL6 (2, 11). Another study
of IL6 and TGFB1 polymorphisms in a Han Chinese
population reported a potential relationship between
DDH and TGFB1 and IL6 gene polymorphisms (14).

The aim of the present study was to determine the
potential effects of single nucleotide polymorphisms
(SNPs) of TGFB1 and IL-6 on the development and
severity of disease in patients with DDH and to investigate
the relationship of these two gene polymorphisms with
DDH.

MATERIAL AND METHODS 

Approval for this case-control study (level 3) was
granted by the institutional Ethics Committee (protocol
number: 09.2018.578 dated: 07.09.2018). Informed con-
sent was provided by all patients, or by the parents/legal
guardian if aged <18 years. The study was conducted in
accordance with the principles of the Helsinki Declara-
tion.

The study included a total of 105 patients of any age
diagnosed with DDH or DDH-related osteoarthritis
(Group A) and 119 healthy control group subjects of
any age with no known disorder (Group B).

A detailed physical and radiological examination
was performed for all patients. The patients diagnosed
with DDH were classified according to the Hartofilakidis
and International Hip Dysplasia Institute classifications
for adult and pediatric patients, respectively (15). The
type of DDH was classified as dysplasia, subluxated or
dislocated.

The demographic data and clinical features of the
patient group and control group are summarized in
Table 1.

Genomic DNA isolation
2 ml venous blood samples were taken into a 0.5 M

Ethylenediaminetetraacetic acid (EDTA) (Sigma, USA)
tube from the cases included in the study group. The
blood samples were mixed with Red Blood Cell (RBC)
lysis solution [155 mM Ammonium Chloride (AppliChem,
Germany); 10 mM sodium bicarbonate (Merck, Germany);
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Table 1. Demographic data of patient group and control group

Characteristic Patient Group Control Group

   number 105 119

   age (min-max) * 32 (1 m–70 y) 13 (3 m–86 y)

   male/female 11/94 29/90

   family history (+/-) 34/71 NA

Acetabular dysplasia 43 NA

   unilateral 31 NA

   bilateral 12 NA

Acetabular subluxation 15 NA

   unilateral 6 NA

   bilateral 9 NA

Hip dislocation 47 NA

   unilateral 24 NA

   bilateral 23 NA

*median value NA – not available, m – month, y – year
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polymorphisms (SNPs) were amplified with a polymerase
chain reaction using 

5’ _AGGACCTCAGCTTTCCCTC_3’
5’_TCTTCTGCCAGTCACTTCCT_3’ 
and 
5’_GCACAGAGAGCAAAGTCCTC_3’  
5’_AGCTGAAGTCATGCACGAAG_3’primers for

TGFB1 and IL-6, respectively. 
The PCR products were purified using ExoSAP fol-

lowing the manufacturer’s protocol for sequencing. Se-
quence reactions were run on an ABI Prism 3130xl
DNA Sequencer and analyzed using sequencing analysis
software, version 5.4 (Applied Biosystems, Foster City,
CA, USA). 

Statistical analysis 
Statistical analyses were performed using IBM SPSS

Statistics vn. 20 (SPSS Inc., Chicago, Ill., USA) software.
Results were stated with descriptive statistical methods
(mean, standard deviation, median, frequency, ratio,
minimum and maximum values). The Kolmogorov-
Smirnov test was used for the comparison of two groups
with normally distributed quantitative parameters, and
the Mann-Whitney U-test and Kruskal-Wallis test for
the comparison of two groups with non-normally dis-
tributed quantitative parameters. The Pearson χ2 test
and Fisher’s exact test were applied in the comparisons
of qualitative data. A value of p<0.05 was accepted as
statistically significant. In the selected sample, power
was 90%, and alpha was 0.05. 

RESULTS 

No statistically significant relationship was determined
between TGFB1 and IL-6 SNPs and DDH (Table 2).

When TGFB1 and IL-6 polymorphisms were com-
pared according to bilateral or unilateral involvement
and type of DDH, no statistically significant difference
was found between the groups (Table 3, Table 4). 

In the comparison of TGFB1 and IL-6 polymorphisms
according to family history, the homozygous mutation
rate of the TGFB1 gene was found to be significantly
higher in patients with a positive family history than in
patients with a negative family history. No significant
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relationship was determined between IL-6 polymorphisms
and family history (Table 5). 

No statistically significant relationship was found
between DDH and TGFB1 and IL-6 gene polymorphisms
when the female patient group was compared with the
female control group and the male patient group compared
with the male control group. (p=0.389, p=0.842, p=0.658,
p=0.864). 

The TGFB1 homozygous mutation rate was deter-
mined to be statistically significantly higher in the
positive family history group than in the control group.
No significant difference was determined between the
negative family history group and the control group. No
significant relationship was determined between IL-6

Table 2. Comparison of TGFB1 and IL6 gene polymorphisms 
according to study groups

Patient Control
p

n (%) n (%)

TGFB1

C/C 28 (26.7) 30 (25.2)

0.970 aC/T 38 (36.2) 44 (37.0)

T/T 39 (37.1) 45 (37.8)

IL6

G/G 91 (86.7) 98 (82.4)

0.440 bG/C 12 (11.4) 20 (16.8)

C/C  2  (1.9)  1  (0.8)

a Chi-square test, b Fisher test

C – cytosine, G – guanine, T – thymine

Table 3. Comparison of TGFB1 and IL6 gene polymorphisms 
according to unilateral or bilateral involvement of DDH

Unilateral Bilateral
p

n (%) n (%)

TGFB1

C/C 18 (29.5) 10 (22.7)

0.737 aC/T 21 (34.4) 17 (38.6)

T/T 22 (36.1) 17 (38.6)

IL6

G/G 51 (83.6) 40 (90.9)

0.464 bG/C  9 (14.8)  3 (6.8)

C/C  1  (1.6)  1  (2.3)

a Chi-Square test, b Fisher test

Table 4. Comparison of TGFB1 and IL6 gene polymorphisms 
according to type of hip involvement

Dysplasia Subluxation Dislocation
p

n (%) n (%) n (%)

TGFB1

C/C 16 (37.2)  1  (6.7) 11 (23.4)

0.081aC/T 14 (32.6)  9 (60.0) 15 (31.9)

T/T 13 (30.2)  5 (33.3) 21 (44.7)

IL6

G/G 37 (86.0) 14 (93.3) 40 (85.1)

0.750 bG/C  6 (14.0)  1  (6.7)  5 (10.6)

C/C  0  (0.0)  0  (0.0)  2  (4.3)

a Chi-Square test, b Fisher test

Table 5. Comparison of TGFB1 ve IL6 gene polymorphisms ac-
cording to family history

Family History (+) Family History (-)
p

n (%) n (%)

TGFB1

C/C 12 (35.3) 16 (22.5)

0.007aC/T  5 (14.7) 33 (46.5)

T/T 17 (50.0) 22 (31.0)

IL6

G/G 28 (82.4) 63 (88.7)

0.190 bG/C  4 (11.8)  8 (11.3)

C/C  2  (5.9)  0  (0.0)

a Chi-Square test b Fisher test 

Post-Hoc p values: C/C-C/T p:0.062, C/C-T/T p:0.952, C/T-T/T p: 0.003.
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polymorphisms and control group and patient group ac-
cording to family history (Table 6 and Table 7). 

No statistically significant correlation was determined
between TGFB1 and IL-6 gene polymorphisms and the
severity of DDH when dysplasia, subluxated and dislo-
cated groups were compared to the control group sepa-
rately (p=0.207, p=0.583).

DISCUSSION 

Early diagnosis and treatment are of great importance
in the prognosis of DDH. Female gender, breech presen-
tation, first-born child and large birth size are well-
known risk factors. The presence of musculoskeletal
anomalies including torticollis, foot deformities and con-
genital knee dislocation have been thought to be associated
with DDH (12). The investigation of these accompanying
factors may be helpful for early diagnosis of DDH.

The number of studies on the genetic etiology of DDH
has increased during the past two decades, and these have
shown that genetic factors are influential in the pathogenesis.
The relationship between DDH and various genes such as
TGFB1, IL-6, TbX4, WISP3, PAPPA2, GDF5, HOXB9,
HOXD9, ASPN, UQCC, COL1A1 and CX3CR1, has
been determined in genetic association studies. These
genes have also been shown to play a role in chondrogenesis
and joint formation (1, 7, 9, 21). In a study of a Han
Chinese population, it was suggested that TGFB1 and 
IL-6 have an important role in the onset and development
of DDH. (14). That study supported two previous studies
conducted in Croatia by Kolundžić and Čengić, both of
which reported interactions of TGFB1 and IL-6 with
DDH. Those two studies were conducted on populations
of the same ethnicity and both studies used limited
sampling, including only adult patients with severe DDH
(2, 11). However, the results of the current study showed
no statistically significant relationship of TGFB1 and 
IL-6 SNPs with DDH, which could be explained by
ethnicity differences. Unlike other studies, the relationship
between bilateral or unilateral disease and both gene poly-
morphisms was investigated in the current study but no
statistically significant relationship was found. The family
history of patients was also questioned in the current
study and the patients were grouped as those with and
without a diagnosis of DDH in first-degree relatives.

Familial predisposition was reported by Stevenson
et al. and it was suggested that the genetic contribution
leads to a 12-fold increased risk of DDH for first-
degree relatives (19). A previous study in Turkey reported
autosomal dominant inheritance in 16 members of
a Turkish family (7). In the present study, when TGFB1
and IL-6 polymorphisms in the DDH group were exam-
ined according to family history, there was seen to be
a significantly higher homozygous mutation rate in the
TGFB1 gene in patients with a positive family history
than in patients with a negative family history, which
has not been previously described in the literature. No
significant relationship was found between IL-6 poly-
morphisms and family history. It can be assumed that
this difference between the two genes may show that
TGFB 1 has more importance in the genetic etiology of
DDH.

TGFB1 and IL-6 have been shown to have a role in
the pathogenesis of hip osteoarthritis (6, 13). In the
study by Kolundžić et al., there was reported to be
a strong association of combined TGFB1 and IL-6 with
severe adult OA secondary to DDH (11). The CC
genotype of IL-6 has been associated with a decreased
risk of osteoarthritis (17). In another study, it was
suggested that TGFB1 and IL-6 cannot serve as an indi-
cator of DDH severity, despite a role in the onset and
development of DDH (14). The results of the present
study did not show any relationship of TGFB1 and IL-6
with the severity of DDH. 

One of the shortcomings of this study was the limited
number of patients. In addition, the study focused only
on TGFB1 and IL-6 gene polymorphisms. Further more
extensive studies investigating other genes in larger
patient samples will be able to provide more data.
Another limitation of this study was the gender difference
between the groups, as there was a higher female gender
ratio in the patient group than in the control group. Al-
though the age distributions were similar, the median
age of the two groups was quite different. The effect of
these differences on the results is debatable because as
the disease is developmental, age does not have an
effect on etiology and genetic factors and although
DDH is more common in females, gender was not seen
to have any effect on the genetic factors of disease in
the current study results.

Table 6. Comparison of TGFB1 gene polymorphisms between 
control group and patient group according to family history

TGFB1

p aC/C C/T T/T

n (%) n (%) n (%)

Family 

history

Control 30 (25.2) 44 (37.0) 45 (37.8)

0.039Positive 12 (35.3)  5 (14.7) 17 (50.0)

Negative 16 (22.5) 33 (46.5) 22 (31.0)

a Chi-square test

Table 7. Comparison of IL6 gene polymorphisms between con-
trol group and patient group according to family history

IL6

p aGG GC CC

n (%) n (%) n (%)

Family 

history

Control 98 (82.4) 20 (16.8) 1 (0.8)

0.186Positive 28 (82.4)  4 (11.8) 2 (5.9)

Negative 63 (88.7)  8 (11.3) 0 (0.0)

a Fisher test
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CONCLUSIONS

IL-6 and TGFB1 polymorphisms do not appear to
be major responsible genetic factors for DDH, despite
previous reports to the contrary. Nevertheless, the cor-
relation found between positive family history and the
homozygous mutation rate in the TGFB1 gene indicates
that this gene may have a greater effect on DDH devel-
opment.

Highlights
– The association between genes and DDH could differ

according to ethnicity. 
– TGFB1 gene homozygous mutation rate is higher in

patients with a positive family history than in patients
with a negative family history.

– Region examined in IL-6 has less importance in the
genetic etiology of DDH.
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