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Abstract

Background: Hepatocyte growth factor (HGF) protein regulates cell growth, motility, and morphogenesis in a variety of cells and
tissues by binding to the HGF receptor. The rs5745687 SNPs in the introns of the HGF gene could affect the splicing and expression
of HGF mRNA.
Objectives: In this study, the genotype frequency of rs5745687 in breast cancer (BC) and gastric cancer (GC) (positive helicobacter)
patients has been investigated and compared with the healthy controls in the Isfahan population.
Methods: Firstly, initial bioinformatics studies were done. Then, according to the results, bioinformatics high-resolution melt
(HRM) and real-time PCR were recruited to determine genotypes rs5745678 for 432 participants in the case-control analysis (84 GC
with 126 healthy control samples, as well as 111 BC cases with 111 normal controls). The conditional logistic regression model was used
to measure odds ratios (OR) and 95% confidence intervals (CI) to produce these cancers based on genotype frequency.
Results: The homozygote genotype of the mutant (G) allele of rs5745678 has a significant association with the lower risk of gastric
cancer (P-value < 0.0001) and this allele can increase the risk of GC in a co-dominant model (OR: 5.541, P-value < 0.0001). Also, the
rs5745678 SNP had a significant association with the clinicopathological features (age, smoking, Helicobacter Pylori infection) in GC
patients.
Conclusions: The presence of a single G allele in rs5745678 heterozygote (AG/AA) and co-dominant (AG/AA+GG) models could sig-
nificantly impact GC pathogenicity in different ways. There was no significant correlation between the rs5745678 polymorphism
and BC (P-value: 0.671) in the studied sample size.
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1. Background

Despite developments in systemic chemotherapy, the
most prominent cause of cancer-related deaths in gastric
adenocarcinoma (GC) and breast cancer (BC) occur in poor
prognosis. The heterogeneity of these cancers suggests
that novel biomarkers should be developed to identify tu-
mors and improve individually tailored treatments (1).

Genome-wide association studies (GWAS) have linked
3800 SNPs to 427 diseases and characteristics, which is 7%
of SNPs found in protein-coding regions (2), but 93% in the
non-coding areas (1, 3, 4). SNPs’ role in cancer has been
demonstrated in several studies, among which miRNA-
related studies have recently gained greater interest (2, 5-
9).

The rs5745678 SNP located at the Hepatocyte growth fac-

tor (HGF) gene can cause illness by influencing promoter
activity of the HGF (gene expression) gene, HGF mRNA
structure (stability), and subcellular localization of HGF
mRNA or protein (10).

Over the last 2 decades, the functional role of c-Met
signaling in the HGF receptor (c-Met) pathway has been
demonstrated by high-quality preclinical and clinical stud-
ies (11, 12).

TheHGFgene on chromosome 7, also known as the scat-
ter factor, has 17 introns and 18 exons (13). First HGF synthe-
sizes and secrete as an inactive precursor (pro-HGF), then
convert into an active 90 KD heterodimer consisting of an
alpha chain and a beta chain. HGF receptors can be ob-
served in the surface of gastric (14) and breast (15) tissue.
Binding HGF to c-Met triggers tyrosine kinase (16) residue
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phosphorylation within c-Met and leads to carcinogenesis
by sequential c-Met signaling pathways.

Clinical studies have verified the importance of HGF in-
volvement in cancer growth and progression. Also, the de-
gree of expression of HGF and c-Met has been shown to as-
sociate with disease progression and poor patient progno-
sis (17).

This research aimed at assessing the association of var-
ious genotypes of rs5745678 polymorphism with the devel-
opment of GC and BC in patients in comparison with stable
control specimens.

2. Objectives

The current study aimed at assessing the association of
HGF rs5745687 polymorphism with the risk of BC and GC
(positive helicobacter) in the Isfahan population.

3. Methods

This research was a case-control study and ethi-
cally approved by the Ethics Committee of Sanan-
daj Branch, Islamic Azad University, Sanandaj, Iran
(IR.IAU.SDJ.REC.1401.008). Also, all protocols affecting
human subjects are compliant with the requirements
of the Declaration of Helsinki of the Iranian Ministry of
Health and Medical Education.

3.1. Silico Analysis

Firstly, initial bioinformatics studies were done. The re-
sults revealed that specific miRNAs’ binding might be im-
paired by the rs5745678 locus replacement of various alle-
les. Across the potential miRNAs, hsa-miR-320e seemed to
be more relevant as allele G’s existence enhanced the bind-
ing affinity (∆G = -18.91 kcal/mol). This indicates that al-
lele G could facilitate the down-regulation of the miR-320e-
mediated HGF.

3.2. Inclusion Criteria

A two-stage case-control analysis was performed in a
joint dataset of 432 people (111 BC cases and 111 controls, 84
GC and 126 healthy control).

Diagnosis of the stage of the disease and histological
examinations of BC patients were carried out at AL Zahra
Cancer Institute and Specialized Hospital (S). Also, the con-
trol groups (genetically unrelated to the patients) were
without a personal history of malignant tumors and be-
longed to the local population of Isfahan, and were age
range-matched with the same cases.

The age range of patients (BC & GC) was 25 to 75 years.
The number of BC patients in stages 1, 2, 3, and 4 were 21,

25, 12, and 53, respectively, and 81% of them had tumor
sizes over 5 cm. Also, the ratio of menopausal and non-
menopausal BC patients was almost equal. The number of
patients in terms of estrogen, progesterone, and Her2 re-
ceptors were for all 3 receptors, respectively: 47 positive,
36 negative and 28 unconfirmed, 58 positive, 15 negative
and 38 unconfirmed, 47 positive and 46 negative, and 18
people not approved. In GC patients, the tumor site was
from all parts of the stomach. The ratio of smokers to non-
smokers was almost equal and all blood types were found
in patients. Also, 25 patients were positive Helicobacter py-
lori, 37 were negative, and 22 were not confirmed. In addi-
tion, the ratio of metastatic to non-metastatic individuals
was almost equal and 42% of patients were in disease stage
2.

3.3. Exclusion Criteria

The exclusion criteria were that none of the patients
were undergone radiotherapy and chemotherapy.

3.4. SNP Genotyping

Firstly, 5 mL blood sample was taken from each par-
ticipant (patient and control). Then, DNA extraction was
done, using Kit (Ex geneTM Clinic SV [Gene All C., Ko-
rea]) according to the manufacturer’s company instruc-
tions and the quality of Dna extracts was determined by
a NanoDrop ND-1000 Spectrophotometer (Thermos Fisher
Scientific, Inc., Waltham, MA). Using unique primers of
rs5745678 that were designed by oligo 7 software (Fwd:
5’GTCTTTTAGCAGTCCATACAATC3’, Rwd: 5’GAGGAGAGGAC-
CAAGTTCACA3’), PCR was performed in the final volume of
25 µL, using Sinagene PCR kit. According to the brochure,
12.5 µL Mastermix, 8.5 µL ddH2O, 1 µL forward primer, and
1 µL reverse primer were combined and 23 µL were re-
moved from the combined materials and placed in micro-
tubes. Then, 2 µL of DNA were added to each microtube
and pipetted slowly. A control sample was also prepared;
then, the samples were shrunk, using a microspin machine
and placed inside the PCR machine. The thermocycler pro-
gram included the initial denaturation in 94°C for 4 min-
utes, 35 cycles of denaturation in 94°C for 45 seconds, the
annealing in 58°C for 45 seconds, and extension in 72°C for
45 seconds, and, then, MICPCR software was used to de-
termine the samples’ genotype and analyze the diagram
based on the HRM technique or high-temperature melting
curve analysis.

3.5. Statistical Analysis

A Chi-square test was performed to compare the geno-
type frequency in control and tumor samples. The dif-
ferent genotype models were estimated by the logistic re-
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gression test by computing odd ratio (OR), confidence in-
terval (CI), and P-value. All mentioned statistical analyses
were performed by the IBM SPSS software. The significance
level of the statistical analyses is 0.05. Pearson’s χ2, Log-
likelihood ratio (Llr) χ2, and exact tests were used to look
into the consistency of the Hardy-Weinberg equilibrium.
In addition, theχ2 test was used to analyze the association
test.

4. Results

4.1. Statistical Analysis

Generally, 432 samples were genotyped at position
rs5745678, including 84 patients with gastric cancer and
126 healthy controls, depending on the patients’ patholog-
ical status. Table 1 displays the frequency of AA, AG, and GG
genotypes located at the rs5745678 position. The Hardy-
Weinberg test revealed that the population evaluated in
this analysis was in balance, following the equilibrium re-
quirements of Hardy-Weinberg (P < 0.0001). On the other
hand, as indicated in Table 2, no significant difference was
observed between 111 breast cancer patients and 111 control
subjects for rs5745678 SNP (P = 0.671).

Table 3 displays the frequency of AA, AG, and GG geno-
types of rs5745678 loci in GC patients and healthy con-
trols. The prevalence of AA, AG, and GG genotypes were 34
(40.5%), 10 (11.9%), 40 (47.6%) and 87 (69.0%), 3 (2.4%) and 36
(28.6%) in GC patients and controls, respectively. Also, the G
allele had a higher percentage in the cancer group (61.9%)
than the A allele; so, the A allele had a higher rate in the
control group (63.1%) than the G allele.

Table 4 displays the frequency of CC, TC, and TT geno-
types of rs5745678 loci in BC and healthy controls. The
prevalence of CC, TC, and TT genotypes were 48 (43.2%), 12
(10.8%), 51 (46%) and 87 (69.0%), 15 (13.5%), and 45 (40.5%) in
controls and BC patients, respectively. There was no signif-
icant difference in the frequency of genotypes in this SNP
in the breast cancer samples, compared to the control.

The AA/GG, AG/GG, and even the dominant, recessive,
and co-dominant variants were examined; The AA geno-
type had a higher occurrence in the control group than in
the case group; so, it could be further concluded that the
AA genotype may have been associated with a reduced as-
sociation of cancer.

To investigate the effect of different genotypes on gas-
tric cancer occurrence, we examined GG / AA models and
Recessive, Dominant, co-dominant, and Allelic models and
calculated OR, CI, and P-values for each model. The co-
dominant model with the highest OR rate was selected as
the signature model (OR = 5.541, P-value = 0.005). This
means that the AG genotype as a co-dominant model

increases gastric cancer phenotype probability by 5.541
times. The AG genotype’s frequency table was shown as a
co-dominant model compared to the AA + GG genotype.
The frequency of AG in the CASE group was higher than in
the control group and the frequency of GG + AA in the nor-
mal group was higher than in the tumor group (Table 5).

4.2. Clinicopathological Result

There was a significant association between age and
smoking status in various circumstances and H. Pylori sta-
tus with genotype in the sample population. In patients
under 45 years of age, the GG genotype prevalence was
higher than in patients over 45 years of age with cancer.

The prevalence of the AG genotype in people with can-
cer was more remarkable in people over 45 years of age
than in people under 45. The prevalence of the AA geno-
type, on the other hand, was higher in people over 45 years
of age; besides, compared to non-smokers with gastric can-
cer, the frequency of the AG genotype was higher in smok-
ers with cancer. On the other hand, the frequency of AA
in cancer smokers was more elevated than in non-smokers
(Table 1).

ForHelicobacter pylori status, the frequency of GG geno-
type in positive cases was less than negative. AG genotype
frequency was higher in positive individuals than nega-
tive individuals in the tumor group and AA frequency was
higher in the negative pylori group in the case group. On
the other side, differences in the frequency of genotypes
in all 3 different pathological conditions showed a signif-
icant relationship with cancer risk (Table 1). There was
no significant difference between the genotype frequency
of rs5745678 and the different clinicopathological statuses
(Age, ER receptor, PR receptor, and HER2 receptor) of the
normal and tumor breast cancer patients (Table 2).

5. Discussion

Initial bioinformatics studies revealed that specific
miRNAs’ binding might be impaired by the rs5745678 lo-
cus replacement of various alleles. Across the potential
miRNAs, hsa-miR-320e seemed to be more relevant as al-
lele G’s existence enhanced the binding affinity (∆G =-18.91
kcal/mol). This indicates that allele G could facilitate the
down-regulation of the miR-320-mediated HGF.

The c-Met pathway is an RTK that stimulates several dif-
ferent molecular signaling pathways after binding its lig-
and with HGF. Also, this pathway is involved in the regula-
tion of cell proliferation, invasion, and angiogenesis of cel-
lular products (18). The c-Met pathway, as observed in tu-
mor biopsies in a range of malignancies, is aberrantly ac-
tivated or overexpressed. C-Met deregulation is highly as-
sociated with poor prognosis and metastatic progression.
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Table 1. The Relationship Between rs5745678 Genotypes, Smoking, Helicobacter pylori Infection, and Age in Gastric Cancer Patients

Clinical Data, Status, Genotypes Controls, No. (%) Cases, No. (%) P-Value

Age 0.000

< 45

AA 63 (70.0) 13 (37.1)

AG 3 (3.3) 4 (11.4)

GG 24 (26.7) 18 (51.4)

> 45

AA 24 (66.7) 21 (42.9)

AG 0 (0.0) 6 (12.2)

GG 12 (33.3) 22 (44.9)

Smoking 0.000

No

AA 31 (70.5) 13 (40.6)

AG 1 (2.3) 3 (9.4)

GG 12 (27.3) 16 (50.0)

Yes

AA 18 (78.3) 8 (47.1)

AG 1 (4.3) 3 (17.6)

GG 4 (17.4) 6 (35.3)

H. pilory 0.000

No

AA 12 (92.3) 17 (40.5)

AG 1 (7.7) 5 (11.9)

GG 0 (0.0) 20 (47.6)

Yes

AA 75 (66.4) 6 (40.0)

AG 2 (1.8) 2 (13.3)

GG 36 (31.9) 7 (46.7)

Therefore, it can typically occur through various molecular
functions, including gene expression and stimulation me-
diated by increased autocrine or paracrine ligand. C-Met
overexpression has been correlated with tumor progres-
sion, including lung, ovary, breast, kidney, liver, thyroid,
colon, and gastric carcinomas in recent studies. More im-
portantly, MET is a necessary oncogene as well as a subor-
dinate gene responsible for the malignancies’ metastatic
actions. C-Met has been identified as an independent prog-
nostic factor for bad results for all of these cancer types (2,
7, 8, 19, 20). Both these results reinforce the theory that the
HGF/c-Met pathway is a crucial cancer regulator and offers
an interesting explanation for the rigorous study of c-Met
targeting in patients with gastric cancer (2, 21).

HGF is a pleiotropic cytokine secreted by mesenchymal

cells, which is the c-Met ligand with the greatest affinity.
When secreted, it is inactivated and its extracellular het-
erodimer compartment is activated automatically by a va-
riety of proteases. HGF binds and stimulates c-Met on ep-
ithelial cells in a paracrine manner afterward (22). SRC
homology-2 domain (SH2)-mediated interactions are in-
volved in the activation of signaling pathways (23-26).

Previous studies revealed that HGF had a significant as-
sociation with the survival rate of gastric cancer patients
(27-30). However, there was no previous study about the
role of different SNPs of HGF in the increasing or decreas-
ing of the GC risk. Although, previous studies revealed that
the different SNPs on the different regions of HGF play a
significant role in cancer development. According to the
study by Choi et al. in 2014, rs2074724 in the HGF gene
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Table 2. The Genotype Frequency of rs5745678 in the Different Clinicopathological Statuses of Breast Cancer Patients

Clinical Data, Status, Genotypes Controls, No. (%) Cases, No. (%) P-Value

Age > 0.05

< 45

AA 45 (40.54) 42 (37.84)

AG 9 (8.11) 7 (6.31)

GG 38 (34.23) 43 (38.74)

> 45

AA 9 (8.11) 11 (9.91)

AG 2 (1.80) 4 (3.60)

GG 8 (7.21) 4 (3.60)

ER receptor > 0.05

Positive

AA 12 (10.81) 16 (19.28)

AG 6 (5.41) 6 (7.23)

GG 13 (11.71) 19 (22.89)

Negative

AA 25 (22.52) 28 (33.73)

AG 13 (11.71) 5 (6.02)

GG 42 (37.84) 9 (10.84%)

PR receptor > 0.05

Positive

AA 15 (13.51) 13 (22.41)

AG 11 (9.91) 5 (8.62)

GG 15 (13.51) 10 (17.24)

Negative

AA 22 (19.82) 19 (32.76)

AG 8 (7.21) 5 (8.62)

GG 38 (34.23) 6 (10.34)

HER2/neu receptor > 0.05

Positive

AA 23 (20.72) 17 (18.28)

AG 20 (18.02) 2 (2.15)

GG 25 (22.52) 17 (18.28)

Negative

AA 14 (12.61) 26 (27.96)

AG 10 (9.01) 15 (16.13)

GG 19 (17.12) 16 (17.20)

is a significant SNP in the breast cancer disease-free sur-
vival rate (31). Sui73 and H28 cells both have the single-
nucleotide polymorphism (SNP) rs72525097 in intron 1.
Together, it was discovered that poly (dA) defects in the

HGF promoter were prevalent in several cancers, includ-
ing mesothelioma, colorectal, pancreatic, and lung cancer
(32). Carriers of the rare allele (T-allele) of SNP rs975263
had a worse prognosis for developing cancer (HR = 2.17; P
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Table 3. Frequency of Genotypes and Alleles in GC and Control Groups

rs5745678 Control, No. (%) GC, No. (%) P-Value

Subject 126 (100) 84 (100)

Genotype < 0.0001

AA 87 (69.0) 34 (40.5)

AG 3 (2.4) 10 (11.9)

GG 36 (28.6) 40 (47.6)

Allele 0.805

A 159 (63.1) 104 (61.9)

G 93 (36.9) 64 (38.1)

Table 4. The Genotype Frequency of rs5745678 in the BC Samples

rs5745678 Control, No. (%) GC, No. (%) P-Value

Subject 111 (100) 111 (100)

Genotype 0.671

CC 48 (43.2) 51 (46)

TC 12 (10.8) 15 (13.5)

TT 51 (46) 45 (40.5)

Allele 0.115

C 108 (48.65) 117 (52.07)

T 114 (51.35) 105 (47.29)

Table 5. Association Between Allele Frequency and Gastric Cancer Risk in 6 Different Models

Models OR
CI (95% Confidence Interval)

P-Value
Lower Upper

GG/AA 2.843 1.560 5.180 0.001

AG/AA 8.529 2.212 32.893 < 0.0001

GG/AG+AA a 2.273 1.277 4.046 0.005

AG+GG/AA b 3.281 1.843 5.839 0.000

AG/AA+GG c 5.541 1.477 20.783 0.005

G/A d 0.950 0.635 1.422 0.805

a Recessive.
b Dominant.
c Codominant.
d Allelic.

= 0.007 and HR = 2.80; P = 0.003 for event-free survival and
overall survival, respectively). Both event-free survival and
overall survival were significantly improved by the rare al-
lele (C-allele) of SNP rs3735615 (HR = 0.25; P = 0.001 and HR
= 0.16; P = 0.001, respectively) (33).

In this study, for the first time, we demonstrated that
there was a significant association between the genotype
frequency of rs5745678 in the HGF gene and the risk of
GC. There was no previous study about the possible role
of rs5745678 in the risk of GC. However, it is highly recom-

mended that the expression pattern of HGF and the other
relevant factors such as has-miR-320e be performed on a
larger amount sample in breast and gastric cancers, which
could represent valuable information about the effect of
this mRNA and other biological factors on breast and gas-
tric cancers.

All in all, we represented that the frequency of G allele
and GG genotype in the rs5745678 region of HGF has a sig-
nificant increase in gastric cancer patients, as compared to
healthy persons. As a predictive model for the best effect
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on gastric cancer, we reported that the presence of a single
G allele in the rs5745678 region of HGF could significantly
affect the association risk of gastric cancer.

5.1. Conclusions

It is highly recommended that the expression pattern
of HGF and the other relevant factors such as has-miR-320e
be performed on a larger amount sample in breast and gas-
tric cancers, which could represent valuable information
about the effect of this mRNA and other biological factors
on breast and gastric cancers. All in all, we represented that
the frequency of G allele and GG genotype in the rs5745678
region of HGF has a significant increase in gastric cancer
patients, as compared to healthy persons. As a predictive
model for the best effect on gastric cancer, we reported that
the presence of a single G allele in the rs5745678 region of
HGF could significantly affect the association risk of gastric
cancer.
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