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Hepatocellular carcinoma (HCC) is a significant health concern, ranking as the fourth most

common cancer in Egypt and the sixth globally. Research has identified over 300 single

nucleotide polymorphisms (SNPs) in the ghrelin gene, with four of these SNPs being associated

with pathogenicity. The current work is a pioneer attempt to evaluate the role of Ghrelin gene
polymorphism as a risk factor for progression of chronic viral hepatitis to cirrhosis and hepatocellular
carcinoma in Egyptian patients. This study was carried out on 80 cases and were allocated into four
groups: Group I: apparently healthy individuals, Group II: patients with chronic viral hepatitis, Group Ill:
patients with post-hepatitic cirrhosis, and Group IV: patients with viral hepatitis-related HCC. Serum
Ghrelin was measured by ELISA Kit. Molecular detection of Ghrelin rs34911341 and rs696217 were
assessed using DNA sequencing. Outcomes showed that in terms of ghrelin gene polymorphism, every
group under study had a GG rs34911341. The frequency of rs696217 genotype CA was statistically
significantly higher in controls than in cirrhotic and HCC cases. When cirrhosis and HCC cases were
compared to controls and chronic active hepatitis cases, the serum ghrelin level decreased statistically
significantly. Taken together, there was no relation of ghrelin gene polymorphism in rs34911341

with progression of chronic active hepatitis. Moreover, the frequency of rs696217 genotype CA was
increased in controls compared to patients with chronic viral hepatitis and patients with viral hepatitis-
related HCC. Compared to controls, liver disease patients had lower serum Ghrelin levels.

Keywords Cirrhosis, Ghrelin, HCV, HCC, polymorphism

An estimated 8-10 million people in Egypt suffer from viral hepatitis, and millions more are at risk of contracting
the illness, making it one of the country’s biggest public health issues!. In the globe, Egypt has the fifth-highest
rate of viral hepatitis. Liver cirrhosis and cancer are more common in persons with viral hepatitis, with an
expected rise in cases in Egypt in the coming years. Egypt’s leading cause of death is liver disease, which has a
substantial negative impact on the nation’s health and economy?.

Globally, hepatocellular carcinoma (HCC) ranks third in terms of cancer-related fatalities. According
to reports, HCC has an unfavorable prognosis in the end and progresses quickly. It also exhibits aggressive
biological behavior. In the context of cirrhosis and chronic liver disease, HCC is developing. With a fast-rising
trend, HCC ranks sixth in terms of malignancy and third in terms of cancer-related deaths®. The majority of
HCC cases in Africa are found in Egypt, and these cases are mostly the result of chronic viral hepatitis*.

Ghrelin is a gastrointestinal peptide hormone that was initially discovered to be a distinct ligand for the
growth hormone secretagogue receptor in the stomachs of rats and humans. In addition to stimulating stomach
acid secretion and controlling gastrointestinal motility, ghrelin also regulates energy homeostasis®. Ghrelin’s
hepatoprotective properties against liver damage and its ability to mitigate the fibrogenic response in chronically
injured tissues suggest its potential as a therapeutic agent in liver diseases. Moreover, the hormone’s involvement
in key cancer-related processes such as angiogenesis, apoptosis, cell migration, invasion, and proliferation
highlight its potential role in tumor biology and cancer progression®.
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The ghrelin gene comprises four introns and five exons and is found on chromosome 3p25-26. According
to the SNP database, there are a minimum of 263 single nucleotide polymorphisms (SNPs) in ghrelin®. The
Ghrelin gene has four SNPs that have been thoroughly investigated: 1s26311, rs27647, rs696217, and rs34911341.
Furthermore, the expression and functionality of the Ghrelin protein may be impacted by these genetic
changes in the Ghrelin gene, which could modify the risk of disease’. The objective of this study is to evaluate
the influence of polymorphisms in the Ghrelin gene on the progression of chronic viral hepatitis to cirrhosis
and hepatocellular carcinoma in Egyptian patients. Specifically, we aim to investigate whether certain genetic
variations in the Ghrelin gene are associated with an increased risk of disease progression in these patients. By
analyzing the genetic profiles of individuals with chronic viral hepatitis, we hope to identify potential biomarkers
that could help in predicting disease outcomes.

Subjects and methods

Study design

This study was carried out in Zagazig University’s Faculty of Medicine’s Clinical Pathology and Tropical Medicine
departments, used a case-control approach. This study was done between April 2022 and August 2024. Every
patient read and signed the study consent form before being enrolled.

Subjects

The participants were categorized into four groups: Group I included 20 individuals who seemed to be in good
health, Group II included 20 patients with chronic viral hepatitis, Group III consisted of 20 patients diagnosed
with post-hepatitic cirrhosis, and Group IV comprised 20 patients with hepatocellular carcinoma associated
with viral hepatitis.

This study comprised Egyptian individuals with chronic viral hepatitis B or C (diagnosed by positive viral
markers and PCR), post-hepatitic cirrhosis (diagnosed by a combination of clinical, radiographic, and laboratory
evidence), and viral hepatitis-related HCC (confirmed by triphasic CT). They will be chosen at random from
among the patients that attend Zagazig University Hospital.

Patients under the age of 18 and those who refused to provide informed consent for participation in the trial
were excluded. Patients with other types of liver disease, such as cardiac cirrhosis, excessive alcohol consumption,
drug-induced liver disease, non-alcoholic steatohepatitis, autoimmune hepatitis, metabolic, and congenital liver
illnesses, were also excluded.

Every patient underwent the following procedures: full History taking through interview, thorough clinical
examination, abdominal ultrasonography. and laboratory investigations. Routine investigations included
complete blood count, liver and kidney function tests, alpha fetoprotein (AFP), coagulation profile, viral markers
for HCV and HBV. And special investigations that included Ghrelin serum level by ELISA, and ghrelin gene
rs34911341 and rs696217 by DNA sequencing. Group III and IV patients were categorized using Child-Pugh
score'® and Model for End-stage Liver Disease (MELD)score!!. Barcelona Clinical Liver Cancer staging system
(BCLC) classification schedule was performed for group IV only!2.

Sampling

Ten milliliters of venous blood were aseptically taken from each patient via venipuncture and divided as follows:
two milliliters of the blood sample were placed in a sterile tube containing EDTA for CBC evaluation and DNA
extraction. For Prothrombin time (PT) analysis, two milliliters were put into a vacutainer tube with trisodium
citrate, and six milliliters were delivered into three sterile plain vacutainer tubes with stoppers (each with two
milliliters), which were left to coagulate at 37 °C for 10 min before being centrifuged for 10 min at 1200 xg.
Serum from one tube was then utilized to test liver and kidney function, as well as AFP. Serum from the second
tube was utilized to detect viral markers and the third tube was utilized for polymerase chain reaction (PCR)
detection of HCV and HBV.

Methods

Routine laboratory tests

The automated cell counter, model XS 500i (Sysmex, Japan), was used to perform the complete blood count
(CBC). The automated CA1500 blood coagulation analyzer (Sysmex, Japan) was used to evaluate the PT. Liver
and kidney functions tests were done by German company Roche Diagnostics’ Cobas 8000 C702 module. Viral
markers and AFP were evaluated by Cobas 8000 e602 module (Roche diagnostics, Germany). AmpliPrep/
COBAS' TagMan PCR analyzer (Roche diagnostics, Germany) was utilized to quantify viral loads.

Measurement of Ghrelin serum level
Ghrelin was measured in serum samples by Human GHRL(Ghrelin) ELISA Kit (Fine Biotech Co., Ltd., China)
(Catalogue number: EH0355). This kit was based on the competitive-ELISA.

Molecular detection of Ghrelin rs34911341 and rs696217 mutations

Both SNPs were assessed by DNA sequencing. The white blood cells’ DNA was extracted out using DNA blood
minikit (QIAGEN-Germany). Then, amplification of the extracted DNA by PCR using specific primers. Primers
sequences were as follow: forward; 5 GCTGGGCTCCTACCTGAGC-3’, and reverse; 5GGACCCTGTTCAC
TGCCAC-3'. Primers were purchased as lyophilized agents (Synbio, USA). Twelve and a half pL of one-step
PCR mixture from Bio-Basic Inc. (Ontario, Canada), 2 pL of DNA template, 1 pL of each primer, and 8.5 ul of
nuclease-free water were used in a 25 pl volume for the PCRs. The Gene Amp, PCR system 2400 (Perkin Elmer,
AB applied biosystem, USA) thermocycler was used to do PCR, 35 cycles of 95 °C for 30 s, 60 °C for 1 min,
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and 72 °C for 1 min are performed after a first denaturation step at 95 °C for 1 min. The last extension was
then carried out for 10 min at 72 °C. Product was detected on 2% agarose gels using ethidium bromide staining
beneath a UV transilluminator. The amplified PCR products were seen at the band 618 bp. Primary purification
for amplified gene by quick PCR Purification Kit (QIAGEN-Germany). After purification of PCR product, the
concentration of PCR product was measured by Qubit 3.0 Fluorometer (Invitrogen, life technology, Malaysia).

Applied Biosystem’s V3.1 big dye terminator ready reaction cycle sequencing kit was used for the cycle
sequencing. Secondary purification for the cycle sequencing product by US-made Applied Biosystem big dye x
terminator purification kit. The Ghrelin gene mutation identification using Applied Biosystems DNA sequencers
(AB 3500 genetic analyzer). In order to identify regions of similarity between sequences, the Basic Local
Alignment Search Tool (BLAST) was used to analyze the sequencing results.

Statistical analysis

The distribution pattern of the research parameters was examined using the Shapiro-Wilk test. The Kruskal-
Wallis H test and posthoc test (Dunns test) or one-way ANOVA and posthoc test (LSD) were employed to
compare several parameters. When relevant, the Chi-squared test was used. The cutoff value was determined
through the use of receiver operating characteristic (ROC) analysis. The correlation coefficient method was
utilized to determine the association between the examined indicators and illness characteristics. The statistical
program SPSS 20.0 (Chicago, IL, USA) was employed in this investigation, with a p-value<0.05 indicating
significance.

Results

The laboratory, clinical, and demographic data of the participants are displayed in Tables 1 and 2. The frequency
of splenomegaly and MELD score increased statistically significantly among Group III compared to Group IV.
Also, there was a statistically significant increase in frequency of child A among Group IV compared to Group
III. According to BCLC classification, 20% of the cases were stage D and 10% were intermediate. Table 2 shows
that every liver function test showed a statistically significant difference between the groups under study.

Regarding Ghrelin gene polymorphism among the studied groups, all studied groups were GG in rs34911341.
Group I had statistical significance increase in frequency of rs696217genotype CA compared to Group II & IV
(Table 3).

Serum Ghrelin levels in the groups under study differed statistically significantly, as seen in Fig. 1. The Post
hoc test revealed that Group III & IV showed statistical significance decrease in Ghrelin level compared to Group
I& II. Also, Group IT had a statistical decrease in Ghrelin compared to Group I.

Table 4 demonstrates that among the examined case groups, there was a statistically significant negative
association between Ghrelin and tumor size, PT, PTT, INR, total, and direct bilirubin. Also, there was a

Group I Group II Group III Group IV
Variable (n=20) (n=20) (n=20) (n=20) P
Age (years) 56.6+4.76 66.4+5.05 67.05+4.02 | 65.8+6.44 0.21
IS\ZZIS/ Female 16/4 (80/20) | 11/9 (55/45) | 18/2(90/10) | 13/7 (65/35%) | 0.06
HCV Abs 0(0) 18 (90) 20 (100) 20 (100) <0.001*
HBVs Ag 0(0) 6 (30) 4(20) 0(0) 0.04*
PCR HCV 0 (0) 18 (90) 0 (0) 0 (0) <0.001*
PCR HBV 0(0) 6 (30) 4(20) 0(0) 0.04*
Hepatomegaly - - 0(0) 0(0) 1
Splenomegaly - - 15 (75) 0(0) <0.001*
Ascites: - - 5(25) 4(20) 0.71
Coma: - - 2 (10) 2 (10) 1
Child-Pugh score:
A - - 4(20) 12 (60)
B - - 11 (55) 4(20) 0.03*
C - - 5(25) 4(20)
MELD - - 18.5[7-27] | 9[8-23] 0.02*
BCLC
Very early - - - 6 (30)
Early - - - 8 (40) -
Intermediate - - - 2(10)
Stage D - - - 4 (20)
Tumor size (mm) | - - - 12.44 [4.8-130] | -

Table 1. Demographic and clinical characteristics of the studied groups. Data are presented as No. (%)
or median [range] or mean + SD. HCV: Hepatitis C virus; HBV: Hepatitis B virus; PCR: Polymerase chain
reaction; MELD: Model for end-stage liver disease; BCLC: Barcelona clinic liver cancer. * Significant.
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Group IT Group III Group IV
Variable (n=20) (n=20) (n=20) P Post hoc
TLC (x103/mm?) 6.45 [4-13] 4.85[2.4-12.2] 55([2.5-29.8] | 0.12 |-
<0.001"!
Hemoglobin(g/dL) 13.19+0.80 9.86+1.12 10.31+2.24 <0.001* | <0.001"2
0.613
0.002"!
Platelets(x103/mm?) 180 [150-250] | 77.5 [39-428] | 171.5[108-230] | 0.002* | 0.07 2
0.173
0.09'!
PT (Sec) 11.49+0.81 15.6+3.63 18.41+6.95 0.003* | 0.002"2
0.333
0.66 !
PTT(Sec) 34.2+1.99 37.1+3.48 43.25+17.83 0.03* | 0.022
0.173
0.16!
INR 0.98+0.06 1.32+0.32 1.56+£0.91 0.008* | 0.005™
0.353
BUN (mg/dL) 12 [6.9-25] 26.5[6.8-133] | 25.5(7.9-97] 0.06 |-
Creatinine (mg/dL) 0.95[0.8-1.1] | 0.88 [0.46-2.6] 0.97[0.6-7.2] | 073 |-
<0.001"!
Total bilirubin (mg/dL) | 0.6 [0.4-1.1] | 2[0.7-7.5] 0.95 [0.3-25.5] | <0.001* | 0.006™
0.153
03 <0.001"!
Direct bilirubin (mg/dL) | 0.2 [0.1-0.3] | 1.06 [0.3-5.6] g <0.001* | 0.012
0.12-23.2 0.01%
0.001"!
ALT (U/L) 56 [12-133] 23 [12-47] 24.5 [13-413] 0.02* |0.122
0.823
0.02"!
AST (U/L) 75 [14-145] 41 [22-68] 27.5 [16-901] 0.02* | 0.04
0.06°3
<0.001"!
Total protein (g/dL) 7.05+0.30 6.16+0.53 6.44+0.49 <0.001* | <0.001"2
0.143
<0.001"!
Albumin(g/dL) 4.06+0.17 2.6+0.23 3.37+0.75 <0.001* | <0.001"2
<0.001"
0.001"!
AFP (ng/ml) 5[1-10] 16.6[6-40] 71.5[6-530] <0.001* | <0.001"2
0.04"

Table 2. Laboratory characteristics of the studied patients. Data are presented as median [range] or mean + SD.
TLC total leucocyte count, PT, prothrombin time, PTT partial thromboplastin time, INR international
normalizing ratio, BUN blood urea nitrogen, ALT alanine aminotransferase, AST aspartateaminotransferase. *
Significant. P': Group II versus III; P2 Group II versus IV; P?: Group III versus IV.

Group | Group | Group

GroupI | II 111 v
(n=20) | (n=20) |(n=20) | (n=20)
SNPs N|% |[N|% |[N|% N |% |p

rs34911341 | GG | 20 | 100 | 20 | 100 | 20 | 100 |20 | 100 | -

CC |14 | 70 {20 | 100 | 18 | 90 |20 | 100
CA| 6| 30| 0 0| 2| 10| 0 0

rs696217 0.004*

Table 3. Ghrelin gene polymorphism among the studied groups. *Significant.

statistically significant positive correlation between Ghrelin and total protein and albumin among the studied
cases. There was no relation between clinical data and Ghrelin level in Group III. However, compared to other
cases, there was a statistically significant drop in Ghrelin levels in Group IV among cases with ascites, coma, and
child score C. There was a statistically significant decrease in Ghrelin level among cases with stage D in BCLC
classification compared to other cases.

Furthermore, an examination of the ROC curve was done. The serum Ghrelin areas under the ROC curves
(AUCQ) in differentiation of healthy controls from all cases was 0.97 (95% CI: 0.93-1) (Fig. 2A). The AUC of
serum Ghrelin in differentiation between cases with cirrhosis and cases without 0.88 (95% CI: 0.79-0.97)
(Fig. 2B). Serum Ghrelin at cut off <28.5 pg/mL had sensitivity 98.3%, specificity 94.1% and accuracy 93.8%
in differentiation between cases and healthy control. Serum Ghrelin at cut off <21.9pg/ml had sensitivity 90%,
specificity 75% and accuracy 85% in differentiation between cases with and without cirrhosis.
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Fig. 1. Bar plot illustrating the serum Ghrelin levels across different subject groups. *Significant.

Discussion

Liver disease represents a significant health challenge in Egypt, contributing to high mortality rates and an
extensive medical and economic burden?. Although the prevalence of chronic viral hepatitis has declined
following a nationwide control initiative between 2014 and 2018, it continues to pose a serious public health
threat, with Egypt accounting for the majority of HCC cases in Africa!®!%. Our study focuses on examining the
role of polymorphisms in the ghrelin gene, where at least 300 single nucleotide polymorphisms (SNPs) exist,
four of which have been implicated in potential pathogenic effects’. We aim to evaluate how these ghrelin gene
variations contribute to the development of cirrhosis and HCC among Egyptians with chronic viral hepatitis.

The current study revealed a higher range of MELD score and a higher Child score in the cirrhotic group than
in the HCC group, Moreover, the cirrhotic group had more patients with splenomegaly and a greater degree of
ascites than the HCC group, that may be related to the prevalence of patients in the HCC group without liver
cirrhosis; Deasai et al.l> stated that 20% of HCC can occur without liver cirrhosis. Different adipokines affect
hepatic function as presented by Buechler et al.!® In contrast to our findings, Ataseven et al.!” studied ghrelin
and leptin levels in cirrhosis and HCC driven on by the hepatitis B and D viruses and found that the groups with
liver cirrhosis and those with HCC did not differ in terms of Child score. The majority of the individuals in their
study had early-stage cancer, which could be the cause of this.

Liver enzymes were significantly higher in group II than group III and group 1V, Zhang et al.? agreed with
our results, as they found that patients with chronic viral hepatitis had considerably higher levels of ALT and
AST than those with liver cirrhosis and HCC. Also, chronic viral hepatitis patients with high ALT levels have an
increased risk of HCC'®.

As regard to the serum Ghrelin level among studied groups, we found that cirrhotic and HCC showed
statistically significant decrease in serum Gherlin level compared to Group I and II. Our results were consistent
with Elaghori et al.!” whose study showed that when they examined the plasma ghrelin levels of patients with
liver cirrhosis (both compensated and decompensated), they discovered that the levels of cirrhosis patients were
lower than those of normal control participants. Our findings supported those of Zhang et al.3, who revealed
that, in comparison to the control group, the blood ghrelin level was significantly less in patients with HCC and
liver cirrhosis. Moreover, when compared to control, Kawaguchi et al.?* showed that plasma active ghrelin was
reduced in liver disease associated with HCV and HBV. However, they reported that in both HCV and HBV-
related cirrhosis, ghrelin levels were substantially reduced in relation to the severity of liver disease. However,
Ataseven et al.'” contradicted with our results and revealed that the cirrhosis and HCC groups had significantly
greater serum ghrelin levels than the control group. The lack of global standards for measuring ghrelin may be
the cause of these contradictory findings, which can also vary significantly amongst assays, populations, sample
sizes, and laboratories. Furthermore, ethnic variations in genetic background might also be relevant.
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Serum Ghrelin

Total cases

(n=60)
Variable R P
Age 0.01 | 0.96
MELD score -0.11 | 0.50
Tumor size -0.48 | 0.03*
TLC -0.03 | 0.98
Hemoglobin 0.14 |0.30
Platelets 0.24 | 0.07
PT -0.58 | <0.001*
PTT -0.31 | 0.02*
INR -0.59 | <0.001*
BUN 0.08 |0.54
Creatinine -0.23 | 0.08
Total bilirubin | -0.49 | <0.001*
Direct bilirubin | -0.46 | <0.001*
ALT 0.18 |0.17
AST 0.22 | 0.09
Total protein 0.58 | <0.001*
Albumin 0.35 | 0.007*

Table 4. Correlation between serum Ghrelin and different parameters among the studied cases. TLC total
leucocyte count, PT prothrombin time, PTT partial thromboplastin time, INR international normalizing ratio;
BUN blood urea nitrogen, ALT alanine aminotransferase, AST aspartate aminotransferase. * Significant.
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Fig. 2. Receiver Operating Characteristic (ROC) Curve Analysis for Serum Ghrelin Levels (A) ROC curve
illustrating the differentiation between healthy controls and patients, (B) ROC curve demonstrating the ability
of serum ghrelin levels to differentiate between patients with cirrhosis and those without cirrhosis.

Regarding the Ghrelin gene polymorphism, our study revealed that all of the tested groups had the GG
genotype in rs34911341. In contrast to our findings, Motawi et al.?! investigated the relationship between
Ghrelin gene variants and HCC progress in Hepatitis C Egyptian patients. It included three groups of patients
in his study, one for those with HCV without HCC, one for HCV patients with HCC, and a control group. In
rs34911341, they found each of GG, GA, and AA genotypes in his studied groups, and a notable variation was
seen in the total number of patients with the GG genotype among studied group.
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The present perspective revealed that group I had statistically significance increase in the frequency of
1s696217 genotype CA compared to Group II & IV. In discordant to our results was Zhang et al.® who included
in his study three groups, group with chronic viral hepatitis, group with liver cirrhosis and group with HCC,
the frequency of the genotype and allele of rs696217 did not differ significantly between the groups he studied.
Also, in discordant to our results was Motawi et al.>! who found no significant difference between the number of
patients with genotype CA among his studied group. These differences may be related to his higher sample size.

Correlations between Ghrelin level and other parameters showed that there was a statistical significance
negative correlation between Ghrelin and PT, PTT, INR, total & direct bilirubin among the studied cases groups.
Also, there was a statistical significance positive correlation between Ghrelin and protein and albumin among
the studied cases. In group IV correlation between ghrelin and CT findings showed there was a statistical
significance decrease in Ghrelin level among cases with thrombosed Portal vein and cases with Stage D in BCLC
classification compared to other cases, also there was significant negative correlation between ghrelin level and
tumor size. There was also a statistically significant decrease in Ghrelin level among cases with ascites, coma
and child score C in group IV compared to other cases. Elaghori et al.'” found no correlation between plasma
ghrelin level and different studied laboratory parameters of cirrhotic patients except for negative correlation with
serum bilirubin level. In contrast to our findings, Tacke et al.?? found that ghrelin plasma levels were positively
associated with child classification, with high levels being associated with Child C and serious consequences such
hepatic encephalopathy, ascites, and GIT hemorrhage. According to their findings, the risk of decompensation
and complications rises with higher stages. Ghrelin may be able to mitigate these issues in Child C cirrhosis
through a variety of metabolic processes other than GH release, such as inducing hyperglycemia, regulating
energy balance, and stimulating appetite and consumption of food?.

Our study showed that Ghrelin at cut off <21.9pg/ml had sensitivity 90%, specificity 75% and accuracy
85% in differentiation between cases with and without cirrhosis. Elaghori et al." ROC analysis to study plasma
Ghrelin level ability for the diagnosis of cirrhosis, Ghrelin at a cutoff value less than 850 pg/mL had a sensitivity
of 87.50%; specificity of 66.7%. The difference in the value of cutoft is related to the Ghrelin sample, as we
estimated active Ghrelin in our study, while Elaghori et al.'® estimated the total Ghrelin. It is recommended to
measure the active to total ghrelin ratio®*.

Although our study found encouraging outcomes for risk factors such viral hepatitis, there are still limitations.
First, we don’t have data on additional risk factors including alcohol consumption, smoking, and aflatoxin B1
exposure. Second, the current study focused only on two SNPs in the Ghrelin gene. It is advised that further SNP
variations in the Ghrelin gene be identified and investigated for their connection with viral hepatitis-related
illnesses. Lastly, our study’s participants were drawn from a single hospital, which might not be representative
of the Egyptian population as a whole. Therefore, additional research is required for verification of the findings.

Conclusions

Base on the study outcomes, there was no relation of ghrelin gene polymorphism in rs34911341 with progression
of chronic active hepatitis. Moreover, compared to patients with viral hepatitis-related HCC and those with
chronic viral hepatitis, controls had higher frequency of rs696217 genotype CA were increased in controls
compared to patients with chronic viral hepatitis and patients with viral hepatitis-related HCC. Compared to
controls, liver disease patients had lower serum Ghrelin levels.
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