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Abstract
Background: Legg-Calve-Perthes disease (LCPD) is one of the most common causes of
paediatric femoral head osteonecrosis. Besides the other known etiological aspects, till now
genetic aspect has not been studied extensively. The present study was aimed to find the
association of genetic polymorphism of CYR61 and MTHFR gene with the LCPD.
Materials and Methods: Single Nucleotide Polymorphisms (SNPs) analysis of the CYR61
and MTHFR genes in 41LCPDpatients and 110 healthy controls were genotyped in this
hospital-based study by polymerase chain reaction and restriction fragment length
polymorphism (PCR-RFLP).
Results: The frequency of CYR61gene homozygous mutant GG polymorphism was not
significant in LCPD patients when compared with controls.MTHFRC677T homozygous
mutant TT polymorphism was significant in LCPD patients as compared to controls.
Conclusions: The present study showed a significant association of T allele of MTHFR
C677T polymorphism with LCPD and may be regarded as a risk factor to develop the LCPD
in North Indian patients.
Keywords: Perthes disease, CYR61, MTHFR, Etiology of Perthes disease, Risk factors of
Perthes disease

Introduction
Legg-Calve-Perthes disease (LCPD) is the clinical manifestation of vascular compromise
of femoral capital epiphysis having unknown etiology, primarily affecting children between
4-12 years of age. This most often happens when the lateral epiphyseal vessels the primary
source vascular supply of the femoral capital epiphyseal region are involved[1].The annual
incidence of LCPD in children below 15 yrs of age ranges from 0.2 to 19.1 per 100 000 [2].
LCPD has usually an asymmetric presentation with only 15% of cases having bilateral
involvement. Incidence of LCPD is3-4 times more in boys than girls and is mainly occurs in
children exposed to maternal smoking during pregnancy, low birth weight neonates, low
socioeconomic groups, and children of white ethnicity [2-5].The affected children are
relatively short stature and have delayed osseous growth [6]. Exact pathogenetic mechanism
of LCPD is still unknown and it may probably cause a multifactorial etiology which still
remains a question [7].
Most of the cases of LCPD not require any specific treatment as most of them are selflimiting and resolving in nature [8]. Moreover, among many children primary complaint is a
painless limp {but all cases with limp (painful/painless) in children of this age group are not
LCPD} [9]. Further, according to literature, only half of the cases of LCPD are diagnosed in
their advanced stages, despite having complained of pain or a limping gait. Thus it is not
surprise that a huge number of LCPD patients in their initial stages are missed due to which
the actual incidence revealed in literature is probably just a tip of an iceberg.
The cysteine-rich protein 61 (CYR61) regulated by 1 alpha, 25-dihydroxyvitamin D(3)
(1,25-(OH)(2)D(3)), belongs to the growing CCN (CYR61/CTGF/NOV) family of immediate
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early genes, which modulate angiogenesis process, cell growth as well as cell proliferation
and differentiation. The CYR61 gene acts as a growth factor in fetal human osteoblasts,
identified as an extracellular matrix-associated protein that modulates basic fibroblast growth
factor signalling, angiogenesis, and binds to integrin alpha(v)beta(3). CYR61 is secreted in
primary osteoblasts and suggests that CYR61 gene might function as an extracellular
signalling molecule in human bone [10].
Folate is a methyl donor during DNA methylation, as it provides substrate for MTHFR to
convert 5, 10 MTHF to 5-MTHF and subsequently metabolise it to methionine [11]. MTHFR
is involved in DNA methylation and the availability of uridylates and thymidylates for DNA
synthesis and repair [12].In humans, under such circumstances, allele T of C677T associated
with greater enzyme sensitivity to reduce availability of 5-MTHF, would maintain the
required supply of 5, 10-MTHFR for nucleotide synthesis. Previously, it has been reported
that MTHFR gene polymorphism genotype was involved in LCPD[13].
Till date despite having detailed characterization of clinical and radiological features of
LCPD, its etiology still remains essentially unknown [14,15].Although, it may be thought that
both environmental and genetic factors have a role to play in development as well as its
progression of LCPD [16]. It has been also been shown in experimental models that disrupted
blood supply and infarction of the femoral head cause changes similar is seen in MRI/HPE of
head femur of LCPD patients [17].
Previous studies have reported that apoptosis of osteoblasts and osteoclasts is a strictly
regulated process and plays vital role in physiological bone turnover and in the development
of pathological conditions in skeleton [18], but none of the studies have questioned this
mechanism as an etiopathogenesis in LCPD patients so far. Alter inosteogenesis/bone
remodelling is the one of the most important factor in the pathophysiology of LCPD, which
leads to development of severe deformity in the affected hip[19].
CYR61 gene has a major contribution role in the process of osteogenesis as well as
angiogenesis, which are the major factors that involved in the pathogenesis of LCPD. As it is
well known that MTHFR polymorphism genotype associated with LCPD [13].So we planned
this study to find the association if any, of genetic polymorphism of CYR61 and MTHFR
gene with the LCPD.
The role of this single nucleotide polymorphism (SNP) involving CYR61 gene in LCPD, if
proved, may open new horizons for innovations in this field with an addition to our
armamentarium to deal with complications associated with LCPD, and to diagnose LCPD in
initial stage which might reveal exact burden of this disease and standardize and improved
treatment protocols.

Materials and methods
In this case-control study, we enrolled 41 cases of LCPD and 110 healthy controls. The
study was carried out in the Department of Orthopaedic Surgery and Department of
Biochemistry, King George’s Medical University, Lucknow. The Institutional Review Board
and Ethics Committee approved this study and it was carried out during January 2012 to
July2015. Before enrolment, each parent/guardian’s written informed consent was obtained in
response to a fully written and verbal explanation of the nature of study.
All the patients with age between 4- 14 years with clinic-radiologically proven LCPD of
either sex reporting within first year of onset of symptoms were enrolled as cases. However,
patient with age less than 4 or more than 14 years, having known or symptomatic
cardiovascular disease, active or chronic infection or malignancy, history of drug
consumption e.g: anticancer, steroid, cases of known congenital dysplasias or sickle cell
anaemia, history of direct injury of the hip, immune-compromised patients as well as known
case of chronic disease like kidney malfunction, liver disorders, hypothyroidism etc. were
excluded from case enrolment.
The diagnosis of LCPD in cases was established according to standard clinical criteria:
onset of groin pain, disturbed stance on the affected leg and waddling gait, limitation of hip
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joint movements, especially abduction and internal rotation and absence of clinical signs
suggesting trauma or infection. The radiographic signs considered for establishing diagnosis
of LCPD include condensation or fragmentation of the epiphyseal ossification center with or
without loss of femoral head sphericity.

Isolation of genomic DNA
Whole venous blood (2ml) was collected in 0.5M EDTA vial and stored -80˚C from all
cases. Genomic DNA extraction for molecular genetic studies was performed using the
commercially available extraction kit (Bangalore Genei, India) and was stored at -80°C. The
DNA concentration was measured with a Nanodrop ND-100 Spectrophotometer (Thermo
Fisher Scientific Inc., Wilmington, DE).

Analysis of the CYR61and MTHFR gene polymorphism
The CYR61 and MTHFR gene polymorphism was analysed by the polymerase chain
reaction (PCR) followed by restriction fragment length polymorphism (RFLP). Genomic
DNA was amplified by (PCR Thermocycler (Applied Biosystems, Germany) using following
PCR conditions: 95°C for 5 minutes, 39 cycles at 95°C for 40 seconds, 50°C (CYR61 gene)
for 50 seconds and (MTHFR gene) 56°C for 40 seconds, 72°C for 50 seconds, and finally
72°C for 10 minutes. The primers used for amplification of the CYR61gene polymorphisms
were as follows: forward primer 5′ -CTTGCCTCTCACCTTCGCTGTTAA- 3′ and
reverse primer 5′ -GTCGTTTTGTTTGGTGATGCGA- 3′ [20] and MTHFR gene
polymorphism are as follows: forward primer 5′-TGA AGG AGA AGG TGT CTG CGG
GA-3′ and reverse primer 5′-AGG ACGGTGCGGTGAGAGTG- 3′ [21]. Amplification
was performed with 25 µl PCR reaction mixture containing 100 ng template DNA, 10 pmol
of each primer and 2X PCR master mixes (Fermentas, Germany). Amplification success of
samples was monitored by2% agarose gel electrophoresis. Thereafter the PCR products were
subjected to digestion by KspAI enzyme (Fermentas, Germany) for CYR61 gene
polymorphism and Hinf1 enzyme (NEB, UK)) for MTHGR gene polymorphism. The
enzymatic mixture contained 0.8 µL restriction enzyme 2 µL 10X buffer, 10 µL PCR
products and 7 µL distilled water and incubated overnight at 37°C for digestion. The digested
product was run on 3% agarose gel, electrophoresis at 70 volts for 1 hour. In cases with
CYR61 gene polymorphism, an undigested 104 bp band showed wild-type TT genotype,
while two bands of 80 and 24 bp confirmed mutant GG genotype and three bands of 104, 80
and 24 bp were detected in the heterozygous TG genotype [20] (Figure 1). Whereas in
MTHFR gene polymorphism, an undigested 198bp band showed wild type CC genotype,
while two bands of 175 and 23bp confirmed mutant TT genotype and three bands of 198, 175
and 23bp were detected in a heterozygous CT genotype [21] (Figure 2).

Statistical analysis
The significance of this study was evaluated by Chi-square test. Odds ratio (OR) was
calculated as an estimate of relative risk of having disease according to the relative frequency
of different genotypes among the cases as well as the controls. The association between the
polymorphisms and fracture non-union was estimated by odds ratios (ORs) and their 95%
confidence intervals (CIs), which were calculated by unconditional logistic regression. Pvalue was considered significant at <0.05. The value was expressed in mean ± SD (Standard
Deviation).

Results
In our study we included 41cases with LCPD out of which 29 were males and 12 were
females. The calculated mean age of cases was 10.5± 4.94 years and that of 110 controls was
11.5 ± 4.21 years. All demographic characteristics of cases and controls were summarized in
Table 1.All the cases and controls were successfully genotyped by PCR- RFLP. The results
of the molecular analysis are showed in Table 2. The average CYR61 gene genotype
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frequencies of TT, TG and GG were calculated to be 36.6%, 51.2%, 12.2% in cases and
32.7%, 55.5%, 11.8% in controls respectively. The MTHFR gene genotype frequencies of
CC, CT and TT were calculated to be 58.5%, 34.2%, 7.3% in cases and 30.0%, 51.0%, 19.0%
in controls respectively. In comparisons to controls, the CYR61 gene polymorphisms of
genotype homozygous GG, heterozygous TG and TG+GG were not significant in cases. We
also observed that the frequency of CYR61 gene polymorphism of mutant allele G in cases
was not significant in comparison to controls (Table 2).Similarly in MTHFR gene
polymorphism, T allele frequency in cases was significant in comparison to controls (p =
0.0022). We examined, significant TT homozygous (p = 0.0202), heterozygous genotype (p
= 0.0120) and a slight rise of CT+TT genotypes (p = 0.0025) in cases as compared to the
controls.

Discussion
Legg-Calve-Perthes disease (LCPD) is a self-limiting disease of children mainly
characterized by interrupted blood supply to the capital femoral epiphysis that may further
leads to necrosis of the epiphysis [22].LCPD is the juvenile form of ischemic osteonecrosis of
the femoral head that mainly affects the children between 2-12, causing the femoral head
deformity and premature osteoarthritis [23].The study was done by comparing the genotypes
of cases with healthy controls of matched age, gender, haemoglobin and other characteristic
risk. The present observational study was designed to examine the impact of CYR61 and
MTHFR genes polymorphisms on LCPD.
The analysis of data obtained revealed that MTHFR gene T allele is significantly
associated with the development of LCPD (OR = 2.49, 95% CI = 1.40- 4.40, p = 0.0022).
However, the CYR61 gene polymorphism of genotype is not associated with cases as
compared to controls. Similar observation has been reported in study by Sanja et al., (2015),
who concluded that MTHFR gene polymorphism of genotype is associated with LCPD [13].
In our study, C677Tvariant in the MTHFR gene polymorphism was associated with LCPD.
It is interesting to note that the frequency of T allele of the MTHFR gene was rather high in
our patient than the controls, pointing to the population specificity of frequency of this allele.
Thisallele frequency in our population was similar with other Caucasian subjects [24], while
the studies from Asia reported much lower frequency of these allele in their populations [2527].
In conclusion, we provide the first evidence supporting the genetic effect of a MTHFR
gene polymorphism as a potential risk factor in cases with LCPD in north Indian population.
The involvement of a high MTHFR T allele frequency observed in cases with LCPD in our
subset of population (North Indian), it opens new horizons for further workup in this
direction for prospective investigators, as the genetic pattern may affect the bone physiology
and consequently lead to LCPD. The exact etiology for LCPD still remains a mystery, and so
as a result we are still unable to determine the specific risk factors which are responsible for
its occurrence and therefore we lack proper screening test at genetic level to predict the same.
In our study we have found genetic association of a particular gene and identified allele with
LCPD. As the sample size in our study is not large enough, so we insist further studies with
large sample size to establish the statistical significance of this association which will further
validate our conclusion. This can help in opening new horizons in the diagnosis as well as
management of LCPD and will definitely help us to know the exact burden of this disease.
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Table 1. Demographic details of cases and controls.

Characteristics

Cases (n=41)

Controls (n=110)

p-value

Age
Male
Female
Haemoglobin (Hb)
Lower limb (Right)
Lower limb (Left)
Bilateral lower limbs

10.5 ± 4.94
70.7% (n=29)
29.3% (n=12)
12.25 ± 3.25
23 (56.1%)
13 (31.7%)
05 (12.2%)

11.5 ± 4.21
55.5% (n=61)
44.5% (n=49)
13.15 ± 3.10
-

0.2254
0.0820
0.0931
0.0616
-

Table 2: Frequencies of alleles and genotypes of CYR61 and MTHFR genes polymorphism in cases and
controls.

Polymorphism

TT
TG
GG
TG + GG
T allele
G allele

Cases
(n=41)
15
(36.6%)
21
(51.2%)
05
(12.2%)
26
(63.4%)
51
(62.2%)
31
(37.8%)

* = Significant value.

CYR61
(T→G)
Controls
(n=110)
36
(32.7%)
61
(55.5%)
13
(11.8%)
74
(11.8%)
133
(60.5%)
87
(39.5%)

Polymorp
hism
P- value
-

CC

0.0780

CT

0.0895

TT

0.0800

CT+TT

-

C allele

0.0886

T allele

6

Cases
(n=41)
24
(58.5%)
14
(34.2%)
03
(7.3%)
17
(41.5%)
62
(75.6%)
20
(24.4%)

MTHFR
(C→T)
Controls
(n=110)
33
(30.0%)
56
(51.0%)
21
(19.0%)
77
(70.0%)
122
(55.5%)
98
(44.5%)

P- value
0.0120*
0.0202*
0.0025*
0.0022*
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Figure 1. 3% Agarose gel analysis of CYR61 (T→G) polymorphism. Lane 1 50 bp Ladder, Lane 2, 6 TT
genotype 104bp, Lane 3,4 TG genotype 104, 80, 24 bp, Lane 5 GG genotype 80, 24 bp.

200 bp

198bp

100 bp

175bp

Figure 2.3% Agarosegel electrophoresis analysis of MTHFR C677T polymorphism. Lane 2, 5, 7,8CC genotype
(198 bp), Lane 3, 4 CTgenotype (198, 175, 23 bp), Lane 6 TT genotype (175, 23 bp) and Lane 1 Ladder 100bp
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