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Abstract

Liver cancer is a global health concern with high morbidity and mortality. It remains the sixth most common cancer
worldwide despite the preventable nature of its risk factors. Mouse double minute-2 (MDM2) is one of the candidate
genes associated with liver cancer and an over expression of the gene may lead to liver cancer. This research was aimed
at investigating the prevalence and frequency of risk factors in the MDM2 gene among liver cancer patients in the
University of Calabar Teaching Hospital, Calabar. Forty five liver cancer patients and fifty controls were recruited for the
study. Demographic information was collected from all the subjects using questionnaires and analyzed while blood
samples were collected for molecular analysis. The result revealed a significant difference in the distribution of
demographic variables in cases and controls (P<0.05). The overall frequency of mutations in MDM2 gene in the studied
population in Calabar was 40%, odd ratio 1.25 and sex ratio 2.2:0.5.The major risk factors of liver cancer are hepatitis B
virus (HBV) or hepatitis C virus (HCV) infection, heavy alcohol consumption, aflatoxin B1 ingestion, tobacco smoking
and non-alcoholic fatty liver disease caused by obesity and insulin resistance. The risk factors associated with liver cancer
cases revealed that Hepatitis C virus infection was detected in 11 patients (24.4%), Hepatitis B virus surface antigen
positive (HBsAg™") was found in 27 patients (60%), co-infection was found in 11 patients (24.4%), 19(42.2%) were
involved in alcoholism and chain smoking, alcoholic consumption was 41(91%), consumption of moldy groundnut soup
was 43 (95.6%) and family history of the disease was 10 (22.2%).The results revealed that out of the 45 patients recruited
for the study, 15.1% were HIV positive, 17.7% were diabetic, 31.1% had melanin stool 24.4% had ascitis and 17.7% had
hepatic encephalopathy as shown in Table 3. The liver function test carried out on the patients revealed that the albumin
was 43.58+9.42 g/dl, creatinine was 136.62+177.98umol/l, urea was 4.20+1.88mmol/l, the platelet was 180.74+104.70
x10? I/cells, the haemoglobin was 11.01+3.36g/dl, the alpha-fetoprotein (AFP) present was 398.8+103.2ng/ml, the
aspartate aminotransferase (AST) was 45.65+66.01umol/l, alanine transaminase was 31.67+33.37umol/l and the
international normalized ratio (INR) was 6.4+23.04.The alpha-feto protein among patients was 398.8+103.2ng/ml and
this showed a strong indicator of hepatocellular cancer.The study therefore recommends that people in the area should
avoid predisposing and risk factors such as alcoholism, smoking and unhealthy lifestyle which promotes the spreading of
liver cancer among genetically (MDM?2) susceptible liver cancer patients in Calabar The findings serve as baseline
information for further studies on the genetic etiology and therapeutic initiative for the disease.
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1. INTRODUCTION

Liver cancer is a global public health concern
with mortality and morbidity on the rise (Okeke et al.,
2019; Ndom et al., 2019). It remains the sixth most
common cancer worldwide despite the preventable
nature of its risk factors in Africa (Okekeet al., 2019).
Hepatocellular carcinoma (HCC) is commonly known
as cancer of the liver (Nwokediuko et al., 2011; Chen et
al., 2018;Mak et al., 2018) and the most common form

of liver malignancy among humans globally (Chia et
al., 2019). Hepatocellular carcinoma is a major cause of
cancer mortality and morbidity in numerous parts of the
world (Rasheed et al., 2020). The etiology and
pathogenesis of liver cancer is multifactorial and multi-
step suggesting that its origin is as a result of different
factors including genetic and environmental factor
which is similar to other cancers (Roshani et al., 2017,
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Kulik and EI-Serag, 2019; Lombardo et al., 2020; Malu
etal., 2020).

The major risk factors of HCC are hepatitis B
virus (HBV) or hepatitis C virus (HCV) infection,
heavy alcohol consumption, aflatoxin B1 ingestion,
tobacco smoking and non-alcoholic fatty liver disease
caused by obesity and insulin resistance (Lovet et al.,
2021). Hepatitis C virus (HCV) infection varies from
asymptomatic infection to cirrhosis and hepatocellular
carcinoma (ltskowitz, 2007; Mohd et al., 2013; Forbi et
al., 2015). Most HCV infections remain asymptomatic
for years (Koff, 2014; Sulkowski et al., 2014). In
Nigeria, chronic hepatitis C virus infection may
progress to chronic hepatitis and cirrhosis; if not
properly treated, leading to severe complications
including HCC and death (Laraba et al., 2010;
Kooffreh-Ada et al., 2016).

The complex multistep process of liver
carcinogenesis or HCC tumorigenesis includes
inflammation, hepatic damage, cirrhosis, increased liver
fibrosis and finally  hepatocellular  carcinoma
(Arzumanyan et al., 2013; Tornesello et al., 2016).
Hepatocellular carcinoma (HCC) development are
triggered by somatic and sporadic mutations occurring
within an individual cell after conception and may not
be present in the previous generation (Rice and
Hernandez, 2019; Jiao et al., 2018; Lombardo et al.,
2020). Triggered mutations directly promote tumor
growth; with variations between different types of
cancers, but tend to occur early in the disease
development (Roshani et al., 2017; Gomez et al., 2018;
Casuscelli et al., 2019). The pathogenesis from healthy
liver to hepatocellular carcinoma can be caused by
different etiologic agents (chronic hepatitis B or C virus
infections, diet containing aflatoxins, metabolic
diseases among others) (Forbi et al., 2015; Kooffreh-
Ada et al., 2016). These etiologic agents can promote
chronic hepatitis, which can progress to cirrhosis (Forbi
et al, 2015; Kooffreh-Ada et al., 2016). This
progression is associated with genetic instability.
Cirrhosis precedes hepatocellular carcinoma in around
90% of patients and contains areas of abnormal
hepatocytes known as dysplastic foci (<1mm) (Rice and
Hernandez, 2019). Thus, this paper seeks to reveal the
prevalence and frequency of risk factors associated with
MDM?2 gene causing liver cancer among patients in
University of Calabar Teaching Hospital in Calabar,
Nigeria.

2. MATERIALS AND METHODS
2.1 The Study Location

The study was carried out at the Department of
Internal Medicine, Gastroenterology and Hepatology
Unit, University of Calabar Teaching Hospital, Calabar,
Nigeria from 2020 to 2021.

2.2 Ethical Approval
Ethical approval was obtained from the
University of Calabar Teaching Hospital Ethical

Review Committee before the commencement of this
study.

2.3 The Study Population

A total of 55 participants were recruited for the
study; comprising 45 cases from clinically diagnosed
liver cancer patients and 10 aged-matched controls who
were all Nigerians.

2.4 Inclusion Criteria

The 45 liver cancer patients (hepatocellular
carcinoma, liver cirrhosis) were diagnosed by the
clinician based on either triphasic CT scans, positive
histologic findings of focal lesions or an elevated alpha
feto-protein (AFP) level (greater or equal to 400 ng/ml),
combined with at least one positive image on
sonography, and/or high-resolution contrast computed
tomography. Hepatocellular carcinoma cases that were
newly diagnosed, previously untreated (neither
chemotherapy nor radiotherapy) and free from any
other cancer were included in this study. The absence of
hepatocellular carcinoma was established by the
absence of focal lesions on the triphasic CT scan and by
an elevated alpha-fetoprotein level (400ng/ml).

2.5 Exclusion Criteria

In the control, any possible history of
hepatocellular carcinoma was excluded and subjects of
non-African descendant were not recruited in the study.

2.6 Subject Enrolment and Sample Collection

Informed consent was obtained from the
patients, guardian or parent before data collection and
sample collection was initiated. Detailed medical
history, age, race or ethnicity, social history/risk factors
like alcohol intake, multiple sex partners/unprotected
sex, dietary habits and family history of liver cancer
case(s) was collected from the subjects recruited for this
study. 2-3ml of whole blood was collected from both
patients and controls, put into EDTA bottle and labeled
properly. Blood samples was stored in deep freezer (-
20%) before onward transportation to the virology and
molecular diagnostic units, International Institute for
Tropical Agriculture (IITA), Ibadan, Oyo State, Nigeria
for molecular analysis.

2.7 Statistical Analysis

The socio-demographic variables and clinical
data were computed and analyzed using Statistical
Package for Social Sciences (SPSS) version 20.0.
Continuous variables were compared between liver
cancer patients and controls using student t-test.

3. RESULTS

Prevalence and socio-demographic studies on
liver cancer patients (hepatocellular carcinoma and liver
Cirrhosis) in University of Calabar Teaching Hospital
(UCTH) was carried out using 35 HCC cases, 10 liver
cirrhosis patients with or without hepatitis viral
infections, and 50 controls. The patients consisted of 31
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(68.9%) males and 14(31.1%) females with mean age of
cases being 41.51+2.13 years as shown in Table 1. In
the HCC cases, the sex ratio was 2.2:0.5 and the odds
ratio was 1.25. The male and female patients were
25(55.5%) and 10(22.2%) for the HCC, 7(15.6%) and
3(6.7%) for the liver cirrhosis. The healthy controls
consisted of 6(60%) males and 4(40%) females with the
mean age of 39.16.28+2.11 (Table 1).

The patients were found to be predominantly
from the Northern and Central part of Cross River with
66.4% comprising of Yakurr (22.2%), Boki and Ogoja

(13.3%) each, Obubra (4.4%) and Yala (2.2%). Efik
was (20%), Annang (8.8%), lbibio (2.2%) and Igho
(2.2%) from southern part of Cross River, Akwalbom
and Abia State (Table 1). The educational status of
patients for tertiary, secondary and primary school were
66.7%, 26.7% and 6.7% respectively while the marital
status of patients were 33(73.3%), 10(22.2%) and
2(4.4%) for married patients, single and widowed
respectively (Table 1). There was a significant
difference P< 0.05 in the distribution of demographic
variables in cases and control (Table 1).

Table 1: Prevalence and Socio-demographic characteristics of subjects

Variables Distribution in cases (%) (n=45) | Controls (%) (n=10) | Odd ratio P-value Cal | P-value Tab
Sex 3.79 0.37
Male 31(68.9) 6(60) 1.25

Female 14(31.1) 18(40) (0.30-2.20)

Age (years)

Mean age 41.51+2.13 39.16+2.11

Type of liverdisease 4.72 1.91
HCC 35(77.8) 0

LC 10(22.2) 0

Ethnicity 2.01 131
Yakurr 10(22.2) 2(20)

Boki 6(13.3) 1(10)

Yala 1(2.2) 1(10)

Ogoja 6(13.3) 1(10)

Obubra 2(4.4) =66.4% 1(10)

Obudu 2(4.4) 0(0)

Biase 1(2.2) 1(10)

Akamkpa 2(4.4) 0(0)

Efik 9(20.0) 1(10)

Anang 4(8.8) 0(0)

Ibibio 1(2.2) 1(10)

Igho 1(2.2) 1(10)

Educational status 1.12 0.52
Tertiary 30(66.7) 3(30)

Secondary 12(26.7) 5(50)

Primary 3(6.7) 2 (20)

Marital Status 221 0.90
Married 33(73.3) 3(30)

Single 10(22.2) 6(60)

Widowed 2(4.4) 1(10)

The risk factors associated with liver cancer

cases are presented in Table 2. Hepatitis C virus
infection was detected in 11 patients (24.4%), Hepatitis
B virus surface antigen positive (HBsAg") was found in
27 patients (60%), co-infection was found in 11 patients

(24.4%), 19(42.2%) were involved in alcoholism and
chain smoking, alcoholic consumption was 41(91%),
consumption of moldy groundnut soup was 43 (95.6%)
and family history of the disease was 10 (22.2%).

Table 2: The risk factors for liver diseases in UCTH, Calabar

Variables

Total (%) n=45

HCV

11 (24.4)

HBsAg"

27 (60)

HCV/HBsAg"

11 (24.9)

HBeAg"

7 (15.6)

Alcoholism and smoking

19 (42.2)

Alcoholic consumption

41 (91)

Smoking

16 (35.6)

Consumptionsof mouldy groundnuts | 43 (95.6)

Family history

10 (22.2)

Use of sharp objects

32 (71.1)

The results revealed that out of the 45 patients
recruited for the study, 15.1% were HIV positive,

17.7% were diabetic, 31.1% had melanin stool 24.4%
had ascitis and 17.7% had hepatic encephalopathy as
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shown in Table 3. The liver function test carried out on
the patients revealed that the albumin was 43.58+9.42
g/dl, creatinine was 136.62+177.98umol/l, urea was
4.201.88mmol/l, the platelet was 180.74+104.70 x10°
I/cells, the haemoglobin was 11.01+3.36g/dl, the alpha-

fetoprotein (AFP) present was 398.8+103.2ng/ml, the
aspartate aminotransferase (AST) was
45.65+66.01umol/l,  alanine  transaminase  was
31.674£33.37umol/l and the international normalized
ratio (INR) was 6.4+23.04.

Table 3: Clinical and liver function test of patients

Variable

Total (n=45)

HIV positive

7 (15.1)

Diabetic cases

8 (17.7)

Melena stool

14(31.1)

Ascitis

11 (24.4)

Hepatic encephalopathy

8 (17.7)

Albumin (g/dl)

43.58+9.42

Creatinine (umol/l)

136.62+177.98

Urea (mmol/l)

4.20+1.88

Platelet (x10° I/cells)

180.74+104.70

Hb (g/dl)

11.01+3.36

AFP (ng/ml)

398.8+103.2

AST (umol/l)

45.65+66.01

ALT (umol/l)

31.67+33.37

INR

6.4+23.04

AFP: Alpha-feto protein; ALT: Alanine
aminotransferase; AST: Aspartate aminotransferase;
INR: International normalized ratio; HIV: Human
immuno-deficiency virus; Hb: Haemoglobin, Normal
range for liver function test:

AFP — 10ng/mL - 20ng/mL, AST - 8umol/L -
33umol/L, ALT- 7umol/L -56umol/L

DISCUSSION

The frequency of 40% for MDM2 gene
mutations was observed in this study among liver
cancer patients in Calabar which is similar to the
frequency of SNP309 G allele of MDM2 reported as
33% in European Caucasian but in contrast with the
African American population with a frequency of 11%
(Bond et al., 2004). Similarly in Egypt, the frequency of
the mutant allele of MDM2 was 32.5 (Zaky et al.,
2020), in Korea, the frequency of MDM2 was 40.8%
(Yoon et al., 2008), in Japan, the frequency was 33%
(Dharel et al., 2006) and was 35.63% in china (Su et al.,
2014) which were similar to the frequency in our
present study. In contrast, there was a higher frequency
of 52.5% in Italy (Di Vuolo et al., 2011).The frequency
of 40% of the MDM2 gene mutations in liver cancer
patient in Calabar may be associated with consumption
of food heavily contaminated by aflatoxin B1 and
HBV/HCV co-infections endemic in Northern and
Central Cross River State. Groundnut has been reported
to be the most heavily contaminated food by aflatoxin
(Atawodi et al., 1993). Consumption of mouldy
groundnut is one of the local delicacies of the natives of
Northern/Central Cross River State, and these may be
attributed to the cause of HCC among the studied
population in Calabar. Researchers have associated the
amount of groundnut ingested daily with significant

levels of serum aflatoxins to the etiology of HCC (Kirk
et al., 2005).

The odds ratio of 1.25 was recorded in this
study in Calabar and similar odds ratio of 1.36 which
was documented in Egyptian population (Zaky et al.,
2020), but higher odds ratio of 2.0 reported in Ibadan in
the molecular study of p53 which is another candidate
gene in the etiology of liver cancer (Igetei et al., 2008)
and 2.461 documented in Mansoura city in another
Egyptian population (Neamatallah et al., 2014). The
reason for differences in the prevalence of the disease in
different studied population may be due to the sample
size, differences in the patients exposure to risk factors
and age/or gender characteristics of participants
enrolled in the study. These reasons are similar to those
reported in previous studies (lgetei et al., 2008;
Neamatallah et al., 2014; AbdElhameed et al., 2018).

The risk factors that may be associated with
liver cancer in present study in Calabar are HBV, HCV,
alcoholism, smoking and consumption of diets
contaminated with aflatoxins. Risk factors are
documented in USA (Sun et al., 2021), African
Populations (Yang et al., 2016; Mak et al., 2018;
Petrick et al., 2020), also in Zaria, Nigeria (Bello and
Borodo, 2019), Enugu (Nwokediuko et al., 2013;
Nwokediuko et al., 2011), Bayelsa state (Ochei et al.,
2016; Buseri et al., 2010), Rivers State (Seleye-Fubara
and Jebbin, 2007), in Calabar and Lafia(Uchenna et al.,
2016). Hepatitis B and hepatitis C coinfections was
previously reported as a risk factors in Calabar by
researchers (Kooffreh-Ada et al., 2016) among chronic
liver disease subjects which are similar to the results of
this present research in Calabar. The main risk factors
for disease presentation in this research were HBV,
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HCV and diets which agrees with other studies in Italy
(Tornersello et al., 2013; Di-Vuolo et al., 2011;
Lombardo et al., 2020), Turkey (Ozdemir et al., 2010),
Egyptian populations (Elsamanoudy et al., 2012;
Neamatallah et al., 2014; AbdElhameed et al., 2018;
Zaky et al, 2020). The same risk factors
mentionedabove are also reported in Morocco
(Ezzikouri et al., 2011), Kenyan Population (Ochwoto
et al., 2019; Oduma et al., 2020) and Ibadan (lgetei et
al., 2008) all among liver cancer patients.

In Naples, Italy, MDM2 polymorphism and
risk of HCC was assessed using 61 cases of HCC and
122 controls. The findings revealed 47.5% and 52.5%
for A alleles and G alleles respectively with an odd ratio
of 1.89 (Di Vuolo et al., 2011).The TT, TG, GG and
GG+TG genotype frequency were 21.3%, 52.5%,
26.2% and 78.7% respectively (Di Vuolo et al., 2011).

The result revealed that the frequency of TT,
GT and GG genotypes were 21.52%, 49.95% and
28.45% respectively (Qiu et al., 2016). In Xiamen,
China, the association between polymorphism in
tumour suppressor gene and oncogene and risk of HCC
was assessed using 160 cases and 160 aged controls.
The result revealed that the frequency for TT genotype
was 50% and GG genotype was 35.63% (Su et al.,
2014). Similarly, Wang et al., 2013 carried out a study
on the association of MDM2 with the risk of
hepatocellular carcinoma using 286 cases and 375
controls. The result showed that the frequencies of TT,
GT and GG genotypes were 19.93%, 46.15% and
33.92%. In another study carried out in Shanghai, china.
The influence of the combined effect of p53 and MDM2
polymorphisms on the risk of developing HCC was
investigated using 350 cases and 326 controls. The
result showed that the frequency of TT genotype was
25.4%, GT genotype was 50.3% and TT genotype was
24.3%. The G/G genotype of MDM2 was associated
with increased risk of developing HCC (Yang et al.,
2013). In Nanjing, China, the association between
single nucleotide polymorphism in MDM2 and the
susceptibility of hepatocellular carcinoma was
investigated using 166 cases. The findings revealed that
the frequency of TT, TG, GG, TG+GG and TT+TG
were 19%, 63.8%, 17.2%, 81% and 82.8% in cases
respectively (Leu et al., 2009).

In Tokyo Japan, a study was conducted by
Dharel et al., (2006) to show that MDM2 SNP309
polymorphism is associated with hepatocellular
carcinoma and 48 healthy subjects was used for the
study. The result revealed that the frequency of TT, GT
and GG were 16.6%, 50.8% and 33% respectively. The
proportion of G/G genotype of the SNP309 in patient
with HCC (33%) was significantly higher than that in
patient without HCC (23%) with an odd ratio of 2.28.

CONCLUSION

With recent genetic and molecular advances, it
has become pertinent for medical practitioners to
diagnosed disorders and diseases at the molecular level
to aid in proper clinical diagnosis. Following the
various analyses performed in this study, Findings
revealed that there was high prevalence with high
frequencies of risk factors inducing liver cancer in the
area. The study therefore recommends that people in the
area should avoid predisposing and risk factors such as
alcoholism, smoking and unhealthy lifestyle which
promotes the spreading of liver cancer among
genetically (MDM2) susceptible liver cancer patients in
Calabar and this serve as baseline information for
further studies on the genetic etiology of the disease.
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