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Abstract

Aim of the study: Bone morphogenic proteins (BMPs) have both inhibitory and stimulatory effects on growth of
a tumor that depend on the type of cells, the dosage and the tumor microenvironment. We aimed to investigate
the impact of the bone morphogenic protein-7 (BMP-7) single nucleotide polymorphism (SNP) rs230205 [A/G]
on susceptibility to hepatocellular carcinoma (HCC) progression from liver cirrhosis after viral hepatitis infection
in Egyptian patients.

Material and methods: The amplification-refractory mutation system (ARMS)-polymerase chain reaction (PCR)
method was used to genotype the 1230205 [A/G] SNP in 150 subjects (50 patients with post-hepatitis C or B
cirrhosis, 50 HCC patients, and 50 controls). Expression level of BMP-7 protein was assessed using enzyme-linked
immunosorbent assay (ELISA).

Results: The results revealed insignificant changes in distribution of all genotypes/alleles of the BMP-7 rs230205
[A/G] SNP between cirrhotic patients, HCC patients and controls. The AA genotype and A allele could be con-
sidered risk factors for cirrhosis (OR = 1.75, 1.50) and HCC (OR = 2.19, 1.74), respectively. The AA genotype
(95% Cl: 0.45-6.79) and A allele (OR = 1.50, 95% Cl: 0.77-2.93) may be viewed as cirrhosis risk factors
based on group segregation. Additionally, the A allele, AG and AA genotypes and their combined ORs of 2.19
(95% Cl: 0.58-8.23), 1.74 (95% Cl: 0.90-3.37), and 1.70 (95% Cl: 0.68-4.29) could all be risk factors for
HCC. No genotype or allele could be regarded as a risk factor for progression of cirrhosis to HCC, according to
OR values.

Conclusions: The results showed no correlation between BMP-7 rs230205 [A/G] SNP and progression of cirrhosis
to HCC. To confirm our findings, additional prospective large-scale research is required.

Key words: bone morphogenic protein (BMP)-7, single nucleotide polymorphism (SNP), liver cirrhosis, hepato-
cellular carcinoma (HCC).
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Introduction

Chronic liver diseases are regarded as a significant
worldwide health burden causing high morbidity and
mortality [1, 2]. Chronic liver damage without proper
treatment eventually progresses to advanced liver fi-
brosis or cirrhosis, which are significant risk factors
for hepatocellular carcinoma (HCC), a condition that
affects millions of individuals worldwide [2]. Cirrho-
sis and fibrosis of the liver are chronic inflammatory
illnesses where excessive wound healing is associated
with several causes, including alcohol addiction, viral
infections, metabolic disorders, immune disease and
some genetic factors [3-6].

The transforming growth factor (TGF) family of
growth factors includes the multifunctional growth fac-
tors known as bone morphogenetic proteins (BMPs),
which control cell proliferation, apoptosis, and dif-
ferentiation [7]. They play pleiotropic roles in diverse
biological functions in the digestive tract, brain, heart,
gonads, skin, and liver [4]. The abnormal expression
of bone morphogenetic protein (BMP)-4, BMP-7, and
BMP-9 is demonstrated to be associated with HCC
development [8]. BMP-7 is an approximately 35 kDa
glycoprotein expressed by several tissues, including
the reproductive system, muscle and bone, heart, liv-
er, kidney, brain, etc. [9]. It plays a significant role in
renal development and stimulates the production of
ectopic bone and cartilage [10]. BMP-7 is a vital pro-
tein in organogenesis and liver development [11]. It
has also been demonstrated to have anti-tumorigenic
potential in numerous human cancers, such as breast
cancer and glioblastoma [12]. BMP-7 serum levels were
elevated in patients with chronic liver disease, and they
were significantly higher in patients with liver cirrhosis
compared to chronic hepatitis C and HCC cases [13].
Furthermore, BMP-7 has been shown to inhibit liver
fibrosis, which is a known major risk factor for devel-
oping into HCC [1]. The studies on renal fibrosis have
provided most of the information on the function of
BMP-7, which shows a protective anti-fibrotic impact
by inhibiting TGF-P induced epithelial-mesenchymal
transition [2, 14]. Additionally, it was discovered that
blocking BMP-7 signaling promoted the invasive de-
velopment of HCC cells [15]. Better understanding of
the single gene mutations in the genes that stimulate
tumor cell proliferation, angiogenesis, invasion, and
metastasis has resulted in the identification of prospec-
tive treatment targets. Hence single nucleotide poly-
morphisms (SNPs) may affect a persons susceptibility
to particular diseases and infections [16, 17].

This study was designed to explore the relationship
between the BMP-7 (rs230205 A/G) SNP and suscep-

tibility to HCC development from liver cirrhosis in the
Egyptian population. Moreover, we evaluated the im-
pact of the BMP-7 rs230205 (A/G) SNP on the BMP-7
expression level in both cirrhotic and HCC patients
and its possible correlation with HCC progress. To the
best of our knowledge, this study is the first one inves-
tigating the rs230205 [A/G] SNP in cirrhosis and HCC
patients.

Material and methods

Subjects

Our study was conducted on 150 participants
categorized into 100 patients vs. 50 age- and gen-
der-matched healthy individuals with no previous his-
tory of viral infection or any other diseases enrolled as
controls. The patient group was divided into 50 cirr-
hotic post-hepatitis C or B viral infection patients
without HCC development (cirrhosis group) and
50 cirrhotic posthepatitis C or B viral infection pa-
tients who developed HCC (HCC group). All partic-
ipants were subjected to complete clinical and labo-
ratory investigations. Patients’ histories were taken
including age, sex, full medical history, therapy and
any previous HCV therapy or HBV therapy. According
to established diagnostic criteria, HCC patients were
identified by the characteristic vascular enhancement
pattern detected by triphasic computed tomography
(CT) scanning. All subjects with immunosuppression,
human immunodeficiency virus infection, receiving
chemotherapy and antiviral medication or any other
form of cancer were excluded. The study was conduct-
ed according to the guidelines of the Declaration of
Helsinki, and approved by the Ethics Committee of
Menoufia University. Institutional Review Board (IRB)
number: 00411/2022.

Genotyping of BMP-7 rs230205 (A/G) SNP

Blood sampling

Peripheral venous blood was collected from all
enrolled subjects and withdrawn into 2 sterile tubes.
One containing ethylene-diamine-tetra-acetic acid
(EDTA) was used for complete blood count (CBC)
including total leucocytic count (TLC), hemoglobin
and platelet count using an automated cell counter
(Sysmix KX-21, Japan) and for deoxyribonucleic acid
(DNA) extraction. The other tube was a plain sterile
collection tube in which the blood was allowed to clot
then centrifuged and serum was separated, aliquoted
for biochemical investigations and stored at —80°C
for evaluation of the serum levels of BMP-7 protein.
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Table 1. Oligonucleotide primers used in rs230205 genotyping

Primer Sequences

5"-GTTGACACTTGGCCTCTGTCATGCT-3'
5'-TGGACATAAGAGGGATCCTCCAGCT-3'
5'-TCAGTGGGTCAGAGAAAGTTCCACG-3

5"-TCCCCTATGTGGGAGCTCGGT-3'

Outer forward

Quter reverse

Inner forward

Inner reverse

Biochemical investigations including the assessment
of liver functions, namely, alanine aminotransferase
(ALT), aspartate aminotransferase (AST), albumin,
total and direct bilirubin and the tumor marker a-feto-
protein (AFP) using EIA (COBAS-Amplicore, Germa-
ny), HCV Ab and HBsAg were done by third gener-
ation enzyme-linked immunosorbent assay (ELISA).

DNA extraction

Using whole blood samples, the extraction of DNA
was done using the salting out extraction method [18].
The integrity of extracted genomic DNA was verified
by performing 1.5% agarose gel electrophoresis, while
DNA concentration was verified by a Nanodrop 2000c
(Thermo Scientific, USA).

Genotyping

The tetra-primer ARMS-PCR method was used
to assess the SNP (rs230205) polymorphism in the
BMP-7 gene. The selection of the SNP was according
to PubMed published data (SNP database). A Master-
cycler Gradient thermocycler (Eppendorf, Germany)
was used for all amplifications. DNA samples were
initially denatured at 94°C for 10 min, followed by 35
cycles of denaturation at 94°C, annealing at 62°C and
extension at 72°C for one min. Primers were designed
using PRIMERT1 online software (http://primerl.soton.
ac.uk/primerl.html, 10 January 2021) and the sequenc-
es are shown in Table 1. The A allele product appeared
at 547 bp, the G allele at 305 bp and the control band
at 712 bp. The four primers were used in the simul-
taneous amplification processes in one reaction tube.
Following the separation on 1.5% agarose gels (Sigma-

Table 2. Demographic data among the studied participants

Aldrich, Germany), the ethidium bromide-stained PCR
products were visualized on a UV trans-illuminator.

Assessment of BMP-7 expression levels

The ELISA method was used for the BMP-7 quan-
titative assessment in serum of studied subjects.
The method was carried out using a human BMP-7
ELISA Kit (Sunred Biological Technology, China) ac-
cording to the manufacturers protocol. At 450 nm,
the absorbance was read using a microplate reader
(Biotech, Inc., USA).

Statistical analysis

SPSS version 25.0 (SPSS Inc., Chicago, IL, USA) was
used for data analyses. To determine the normality of the
distribution, the Shapiro-Wilk test, one of the normali-
ty tests, was carried out. One-way ANOVA and Krus-
kal-Wallis tests followed by suitable post hoc tests were
used to compare the studied groups. The qualitative vari-
ables were analyzed by the y* test. The Jonckheere-Terps-
tra test was applied to detect the increasing or decreasing
trend among the ordered groups. The Mann-Kendall (M-
K) test was applied for detection of the presence of lin-
ear or non-linear trends (steadily increasing/decreasing
or unchanging) in data series by assessing the effect size
following the Jonckheere-Terpstra (J-T) test. Pearson and
Spearman correlation with 95% CI were applied to assess
the strength and direction between the studied markers.
For the estimation of sensitivity, specificity, accuracy,
positive and negative predictive values, receiver operat-
ing characteristic (ROC) curve analysis was performed.
P-values are statistically significant if less than 0.05.

Results

Patients’ features

In the current study, the demographic data of all
subjects are presented in Table 2. Age and sex of pa-
tients and controls showed no significant difference.

Data Controls Patients Test of sig. P-value
(n=50) Cirrhosis (n = 50) HCC (n = 50)
Mean +SD Mean £SD Mean £SD
Age (years) 57.96 £7.03 57.44 £8.54 60.28 +6.67 2.05 NS
Sex, n (%)
Male 30 (60) 33 (66) 38 (76) 2.97 NS
Female 20 (40) 17 (34) 12 (24) 2.97 NS

NS - not significant, SD - standard deviation, HCC - hepatocellular carcinoma
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Table 3. Laboratory investigations of the studied groups

Parameters Controls Patients P-value Effect size (95% Cl) Post hoc test
(n=50) Cirrhosis HCC forJ-T
(n=50) (n=50)
Mean £SD  Mean +SD Mean +SD

Hb (g/dl) 129 1.2 11.8 1.1 119410 <0.001*  -0.24 [(-0.38)-(-0.08)] P1, P2 < 0.001, P3 = 0.905
Platelets (10°/pl) 2479 £59.6  147.8 £39.3 123.9 £39.6 <0.001*  -0.57 [(-0.68)-(-0.45)] P1, P2 < 0.001, P3 = 0.033
TLC (10%/ul) 6.6 £2.1 48 £1.7 51419 <0.001*  -0.23 [(-0.38)-(-0.07)] P1, P2 <0.001, P3 = 0.477
Albumin (g/dI) 44104 35106 33105 <0.001*  -0.49 [(-0.60)-(-0.35)] P1, P2 < 0.001, P3 = 0.303
Total bilirubin (mg/dl) 0.50.1 1.2 £0.7 1.5 0.7 <0.001* 0.52[0.39-0.63] P1, P2 < 0.001, 3 = 0.028
Direct bilirubin (mg/dl)  0.18 +0.1 0.5 +0.4 0.7 £0.5 <0.001* 0.55 [0.42-0.66] P1, P2 < 0.001, P3 = 0.003
ALT (IU/1) 282498 5174179 59.8 £27.1 <0.001* 0.47 [0.33-0.59] P1, P2 <0.001, P3 = 0.090
AST (1U/1) 26486  47.2+190 59.3 +25.4 <0.001* 0.49 [0.35-0.61] P1, P2 <0.001, 3 = 0.018
AFP (ng/ml) 3410 1524336 4769 +1025.6  <0.001* 0.611[0.48-0.71] P1, P2, P3 < 0.001

Hb - hemoglobin, TLC - total leucocyte count, ALT - alanine aminotransferase, AST - aspartate aminotransferase, AFP - aL-fetoprotein, * significant, P1 - difference between controls
and cirrhosis, P2 - difference between controls and HCC, P3 - difference between HCC and cirrhosis

The hematological and biochemical investigations of
all enrolled subjects are described in Table 3. It was
found that hemoglobin (Hb), platelets, albumin and
TLC revealed a significant decrease across the groups
(p <0.001). HCC patients showed a significant increase
in total bilirubin levels (p < 0.05), direct bilirubin
(p < 0.01), AST (p < 0.05) and AFP (p < 0.001). A sig-
nificant decline (p < 0.05) in platelet count was noted
in HCC patients compared to cirrhotic ones.

Genotypes and allelic distribution

The allelic frequency of BMP-7 rs230205 (A/G) was
evaluated using ARMS-PCR, and the PCR amplicons
were separated using agarose gel (Fig. 1). Genotyping
for patients and healthy controls are displayed in Table 4.
Our results indicated that the frequency of BMP-7
rs230205 (A/G) genotypes was within Hardy-Wein-
berg equilibrium in control [25, 11 and 4 (observed)
vs. 23.3, 14.5 and 2.3 (predicted), p > 0.05], cirrhosis
[30, 14 and 6 (observed) vs. 27.4, 19.2 and 3.4 (ex-
pected), p = 0.054] and HCC [28, 15 and 7 (observed)
vs. 25.2,20.6 and 4.2 (expected), p > 0.05] groups.

Analysis of the BMP-7 rs230205 (A/G) SNP re-
vealed that the GG genotype and G allele were the most
frequent genotype/allele in the three studied groups,
whereas the AA genotype and A allele were the least
frequent genotype/allele. No significant difference was
recorded in the distribution of all genotypes and al-
leles in rs23020 (A/G) SNP between cirrhotic patients,
HCC patients and controls. Thus, there was no signif-
icant association between polymorphism in rs230205
(A/G) of the BMP-7 gene and the development of cir-
rhosis or progression to HCC.

By groups’ segregation, the AA genotype (OR=1.75,
95% CI: 0.45-6.79) and A allele (OR = 1.50, 95% CI:
0.77-2.93) might be considered a risk factor for cirrho-
sis. Furthermore, the AG and AA genotypes and A al-
lele could be risk factors for HCC [OR = 1.70 (95% CI:
0.68-4.29), OR = 2.19 (95% CI: 0.58-8.23), OR = 1.74
(95% CI: 0.90-3.37), respectively]. Looking at the OR
values, no genotype or allele could be considered a risk
factor for the development of cirrhosis to HCC.

Association between BMP-7 SNP
and laboratory investigations

The AG genotype carriers showed a significant re-
duction in albumin level compared to carriers of GG
genotype (p < 0.05) (Table 5).

Cont. -ve GG M

(bp)

= 1000
700
. 500
300
100

Fig. 1. Representative digital photograph of ARMS-PCR amplified products
separated on 1.5% agarose gel electrophoresis showing the BMP-7 (rs230205)
genotyping against Gene Ruler 1 kb DNA ladders (Thermo Scientific, 0'Gene
Ruler, USA)
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Table 4. Genotype and allele distribution of BMP-7 rs230205[A/G] SNP among different groups

Genotype/allele Controls (n = 50) Cirrhosis (n = 50) P-value OR [95% ClI]

n % n %
GG 35 70.0 30 60.0 - 1.0
AG 11 22.0 14 280 NS 1.48[0.59-3.76]
AA 4 8.0 6 120 NS 1.75 [0.45-6.79]
G 81 81.0 74 74.0 - 1.0

19 19.0 26 26.0 NS 1.50[0.77-2.93]

Controls (n = 50) HCC (n = 50)

GG 35 70.0 28 56.0 -
AG 11 220 15 30.0 NS 1.70[0.68-4.29]
AA 4 8.0 7 14.0 NS 2.19[0.58-8.23]
G 81 81.0 71 71.0 - 1.0

19 19.0 29 290 NS 1.74[0.903.37]

Cirrhosis (n = 50) HCC (n = 50)
GG 30 60.0 28 56.0 - 1.0
AG 14 280 15 30.0 NS 1.15[0.47-2.80]
AA 6 120 7 14.0 NS 1.25[0.37-4.17]
G 74 74.0 71 71.0 - 1.0
A 26 26.0 29 29.0 NS 1.16[0.62-2.16]
NS - not significant
Table 5. Association between laboratory investigations and BMP-7 rs230205 [A/G] genotypes
15230205 [A/G] of BMP-7 gene Test of sig.  P-value Post hoc test
GG (n = 58) AG (n = 29) AA (n=13)
Mean +SD Mean +SD Mean +SD

Hb (g/dl) 120 £1.0 116 £1.1 11.7 £0.7 1.58 0.210 P1 =0.243, P2 = 0.502, P3 = 0.997
Platelets (10°/pl) 135.4 £36.0 133.6 £48.0 142.9 £483 0.11 0.943 P1=0918, 2 =0.732, 3 =0.796
TLC (10°/ul) 51418 51419 39+11 445 0.108 P1 =0.868, P2 = 0.034, P3 = 0.089
Albumin (g/dl) 35405 3.2106 3.1405 4.45 0.014* P1=0.045, P2 = 0.062, P3 = 0.982
Total bilirubin (mg/dI) 1.2 £0.7 1.5 +0.8 14 £0.8 3.56 0.168 P1 =0.072, P2 = 0.363, /3 = 0.531
Direct bilirubin (mg/dl) 0.5 £0.4 0.7 £0.6 0.6 £0.5 212 0.346 P1=0.143, P2 = 0.680, /3 = 0.585
ALT (IU1) 56.2 +24.2 56.0 £17.5 53.4 +30.4 0.67 0.714 P1=0.861, 2 =0.577, 3 = 0.295
AST (1U/1) 53.3£23.6 5114219 57.8 +24.6 0.78 0.677 P1=0.719, P2 = 0.462, P3 = 0.414
AFP (ng/ml) 216.2 £701.7 224.0 +821.1 4285 +889.0 2.03 0.361 P1 =0.347, P2 = 0.368, /3 = 0.201

Hb - hemoglobin, TLC - total leucocyte count, ALT - alanine aminotransferase, AST - aspartate aminotransferase, AFP - o-fetoprotein, * significant, P1 - difference between GG

and AG, P2 - difference between GG and AA, P3 - difference between AG and AA

Plasma levels of BMP-7 in patients and controls

BMP-7 protein showed a significant elevation
among the studied groups where a p value for the J-T
test 0£ 0.022, 0.19 (0.03-0.34) was found. Post hoc anal-
ysis revealed that both cirrhosis (152.9 +52.2 pg/ml)
and HCC (126.3 £34.2) had a significant level of

BMP-7 compared to controls (107.6 £18.3) (p < 0.001)
while cirrhosis was significantly higher than HCC
(p < 0.01) (Fig. 2).

The different area under curve (AUC) values and
parameters of validity of BMP-7 protein including sen-
sitivity, specificity, accuracy, positive predictive value
(PPV) and negative predictive value (NPV) are dis-
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played in Table 6. The highest AUC was reported be-
tween cirrhosis and controls (AUC = 0.843, sensitivity
= 82% and specificity = 70%) (Fig. 3A-D).

Association between BMP-7 SNP
and expression level

As displayed in Figure 4, compared to controls,
cirrhotic patients showed an elevation of BMP-7 levels
with all genotypes. GG and AG carriers had a signifi-
cant rise in BMP-7 level (p < 0.001, p < 0.001) (Fig. 4A).
The same results were observed in HCC patients com-
pared to control subjects. The GG and AG carriers
had a significantly increased level of BMP-7 protein
(p < 0.05, p < 0.001) (Fig. 4B). Thus, the presence of
the G allele could be responsible for the elevation
of BMP-7 protein.

Regarding the development of the disease, HCC
patients recorded a reduction in the protein levels in
all genotypes compared to cirrhotic ones. A signifi-
cant diminution in BMP-7 protein was found in HCC
patients carrying the GG genotype compared to cir-
rhotic ones who were GG carriers (p < 0.01) (Fig. 4C).
Consequently, the GG genotype might be responsible
for BMP-7 reduction with disease development.

Correlation between BMP-7 levels
and biochemical data

BMP-7 showed a significant positive correlation
with platelets (r = 0.208, p < 0.05) (Fig. 5A) and a nega-
tive correlation with AFP (r =-0.294, p < 0.01) (Fig. 5B).

Discussion

Bone morphogenic proteins are multipurpose cy-
tokines that control different cell types development,
differentiation, and apoptosis [8]. The abnormal expres-
sion of BMP-7 is reported to be associated with HCC

Table 6. Validity of BMP-7 between studied groups

300
| p < 0.002 |
p <000l p=0001
E
£ 200
-
2
£
2
=S T
™~ 100+
o.
=
[-=]
0 T
Control Cirrhosis HCC

Fig. 2. Expression level of BMP-7 protein in different studied groups
(mean £SD)

progress [19]. In this study, we aimed to evaluate the im-
pact of genetic polymorphism of BMP-7 (rs230205) on
the expression of BMP protein and its correlation with
cirrhosis progress into HCC. Our results indicated that
the BMP-7 15230205 GG genotype and G allele were the
most frequent genotype/allele in our groups. The cur-
rent study data reveal no significant differences in the
distribution of all genotypes and alleles in the rs230205
(A/G) SNP between cirrhotic patients, HCC patients
and controls. On the other hand, the results indicate that
the AA genotype and A allele might be considered as
risk factors for cirrhosis. Furthermore, the AG and AA
genotypes and A allele could be risk factors for HCC.
In contrast, no genotype or allele could be deemed to
be a risk factor for the development of cirrhosis to HCC.
To our knowledge, only one study has evaluated the im-
pact of this SNP on postmenopausal Chinese women.
It suggested that BMP-7 (rs230205) is not associated
with osteoporotic fractures or bone mineral density [20].
BMP-7 is a pleiotropic growth factor that is essential
for the growth of a variety of tissues and organs [9]. It
is considered to be a regulator of endogenous control
of liver homeostasis and hepatocyte proliferation [21].

Parameter All patients Cirrhosis vs. controls HCC vs. controls HCC vs. cirrhosis
Value 95% CI Value 95% Cl Value 95% CI Value 95% ClI
AUC 0.774 0.698-0.851 0.843 0.767-0.92 0.705 0.605-0.806 0.696 0.593-0.798
Cut-off point > 114 > 114 > 106.25 <129
Sensitivity (%) 71.0 58.0-74.0 82.0 68.0-91.0 74.0 59.0-85.0 720 57.0-83.0
Specificity (%) 70.0 61.0-79.0 70.0 55.0-82.0 520 38.0-66.0 58.0 43.0-72.0
Accuracy (%) 71.0 63.0-78.0 76.0 66.0-84.0 63.0 53.0-72.0 65.0 55.0-74.0
PPV (%) 83.0 73.0-90.0 73.0 59.0-84.0 61.0 47.0-73.0 63.0 49.0-75.0
NPV (%) 55.0 42.0-67.0 80.0 64.0-90.0 67.0 50.0-80.0 67.0 51.0-80.0
PPV - positive predictive value, NPV - negative predictive value
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Fig. 3. ROC curve of BMP-7 in different groups. A) Total patients vs. controls, B) Cirrhosis vs. controls, C) HCC vs. controls and D) HCC vs. cirrhosis

For the BMP7 gene SNP rs162316, El-Shahat et al.
found that the A allele (AG genotype) was significantly
associated with progression of HCC. However, AG gen-
otype of rs162316 may be considered as a predictor for
HCC development in Egyptian cirrhosis patients [21].
BMP-7 levels were detected to be correlated with HCC
[13]. Overexpression of BMP-7 reduced liver fibrosis,
which may develop into HCC, and the inhibition of its
signal facilitated HCC invasiveness [1, 15].

In this study, we observed a significantly high ex-
pression level of BMP-7 protein in cirrhosis and HCC
patients compared to healthy subjects. Moreover,
BMP-7 was significantly higher in the cirrhotic group
compared to the HCC group. Li et al. [19] noted a high

expression level of BMP-7 in HCC cells compared to
normal liver cells and reported it as an oncogene with
prognostic significance in HCC, which was speculat-
ed to be a potential target of anti-angiogenic therapy
for HCC. A higher level of BMP-7 in HCC cases com-
pared to adjacent non-cancerous counterparts was re-
ported [7]. Tacke et al. found an elevated serum level
of BMP-7 in patients with cirrhosis as compared to
non-cirrhotic patients [22]. Our data imply a correla-
tion of increased liver damage with overexpression of
BMP-7 in hepatocytes, as has also been reported pre-
viously [23, 24]. BMP-7 levels were also reported to
be increased in animal models of liver cirrhosis [25].
Zoheiry et al. [13] observed elevations in BMP-7 levels
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with progression of fibrosis. BMP-7 serum levels were  or another antagonist or inhibitor of the BMP-7
elevated in patients with chronic liver disease, and they = modulatory pathway. It was discovered that blocking
were significantly higher in patients with liver cirrho- BMP-7 signaling promoted invasive development of
sis compared to chronic hepatitis C (CHC) and HCC  HCC cells [15]. Regarding the impact of the BMP-7
cases [13]. Overexpression of BMP-7 was reported to  (rs230205) SNP on gene expression, it was observed
suppress liver fibrosis in rats [26]. On the other hand, that cirrhotic and HCC patients showed a significant
the expression of BMP7 was found to be significantly  elevation of BMP-7 levels with GG and AG carriers.
down-regulated in HCC tissues compared with para- Consequently, we supposed that overexpression of
carcinoma tissues [27]. A possible explanation might =~ BMP-7 might be associated with the presence of the G
lie in the modulatory balance of BMP-7 and TGF-p  allele. Concerning the progress of the disease, HCC pa-
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tients showed a significant reduction in BMP-7 levels
in HCC patients carrying the GG genotype compared
to cirrhotic GG carrying patients. Therefore, the GG
genotype might be correlated with the BMP-7 decline
with disease development. Nevertheless, the current
study should be viewed in the light of some limitations.
The number of patients enrolled was relatively small.
Further studies with a larger sample size are needed
to confirm our results. In addition, we only examined
the BMP-7 (rs230205) SNP. More SNPs in BMP-7 are
needed to clarify the possible molecular mechanisms
underlying progression of the disease.

Conclusions

Our pilot study explored the potential role of the
BMP-7 (rs230205) gene polymorphisms in susceptibil-
ity to HCC in Egyptian patients. We found no signifi-
cant difference in the distribution of all genotypes and
alleles in the rs230205 (A/G) SNP between cirrhotic
patients, HCC patients and controls. Collectively, this
SNP might be considered a risk factor for cirrhosis and
HCC with no significant association between the SNP
and the progression of HCC from cirrhosis. We rec-
ommend additional prospective large-scale research to
further confirm our findings.
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