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ABSTRACT
Introduction: Hepatitis C virus (HCV) infection frequently leads to liver complications, such as fi-
brosis, cirrhosis, and hepatocellular carcinoma. The incidence of HCV infection transmission among
drug abusers is concerning. Interleukin-1β (IL-1β ) is a pro-inflammatory cytokine secreted during
innate and adaptive immune responses and plays a pivotal role in chronic inflammatory diseases.
Functional single nucleotide polymorphisms in IL-1β cause it to play different roles in disease sus-
ceptibility and progression. This study aimed to investigate the association between genetic poly-
morphisms of pro-inflammatory cytokines (IL-1β ) and HCV infection susceptibility in Malay male
drug abusers. Methods: In total, 48 male Malay drug abusers were included in this retrospec-
tive case-control study. Genomic DNA was extracted from whole blood samples and analyzed
using polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP) for the IL-
1β rs16944 and rs1143634 polymorphisms. Results: Analysis of IL-1β rs1143634 revealed that the
C/C genotype was common in both the case and control groups; however, no statistical signifi-
cance was observed (p = 0.068, χ2= 3.755). Genotyping of IL-1β demonstrated that all samples
were of the homozygousmutant type (T/T). Conclusion: There was no association between IL-1β
polymorphism (rs1143634 and rs16944) and hepatitis C infection susceptibility among Malay male
drug abusers.
Key words: hepatitis C, interleukin-1β (IL-1β ), polymerase chain reaction-restriction fragment
length polymorphism (PCR-RFLP), Malay male, single nucleotide polymorphism (SNP)

INTRODUCTION
Hepatitis C virus (HCV) infection has been recog-
nized as a major global public health issue since 2015.
It is estimated that 71 million people have been di-
agnosed with HCV; currently, there are 58 million
chronically infected individuals1. Although the de-
crease in the number of chronic infections is cause for
optimism, it should not detract from the severity of
this infection. According to the World Health Orga-
nization (2022), approximately 290,000 HCV-related
deaths were in 2019. These deaths were primarily
due to chronic infections progressing to cirrhosis and
hepatocellular carcinoma (HCC), as 20% of persistent
HCV infection cases develop these conditions2,3. Up
to 80% of acute HCV infections are asymptomatic,
making it difficult to diagnose, which, in turn, in-
creases the risk of latent infection transmission and
progression to chronic infection4,5.
HCV is a bloodborne liver disease. Injecting haz-
ardous parenteral drugs, engaging in high-risk sex-
ual activity, and receiving blood transfusions are

the three most common modes of HCV transmis-
sion3,6–9. Therefore, healthcare patients, healthcare
workers, and drug abusers are at the highest risk of
contracting HCV. Due to this, drug abusers have been
the focus of recent studies10. Hazardous activities,
such as illicit drug use and the sharing of contami-
nated syringes, escalate HCV transmission11,12.
HCV infection is endemic globally; however, the
prevalence of the disease varies globally 6,13. Stud-
ies on the global distribution and prevalence of HCV
genotypes revealed the diverse prevalence of geno-
types 1, 2, 3, and 6 across Southeast Asian coun-
tries13,14. Southeast Asia has a particularly high
prevalence of genotype 6, with 94.6 million infected
individuals15. Studies on HCV genotype prevalence
inMalaysia reported that genotype 3 is themost com-
mon, followed by genotype 116,17. In 2017, HCV in-
fection had an incidence of 9.54 in 100,000 people,
while the mortality rate was 0.29 per 100,000 peo-
ple18.
Viral proteins and double-stranded RNA (dsRNA)
from HCV induce the production of pro-
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inflammatory cytokines19. During the early stages
of infection, the intricate cytokine network enables
the formation of coordinated and efficient innate and
adaptive immune responses20–23. A viral infection
outcome is determined by the interaction between
the host’s capacity to generate a powerful antiviral
response and the viral mechanisms that neutralize
such responses24. It is impossible to adequately
emphasize the significance of pro-inflammatory
cytokines, such as interleukin-1 (IL-1), in immune
response regulation. This is because many factors
influence immune system function, particularly when
it is affected by diseases such as HCV. Addressing the
genetic diversity of a host during a latent infection
is one way to ascertain the significant associations
between the behaviors of different cytokines.
Functional single nucleotide polymorphisms (SNPs)
of IL-1 have diverse distributions among major pop-
ulations in America, Europe, South Asia, East Asia,
and Africa. Studies have reported that different IL-
1 expression levels and polymorphisms may impart
different effects on disease conditions25–28. There-
fore, there is a growing need to understand the role
that SNPs play in the progression of chronic HCV
infection due to the growing body of evidence sug-
gesting a relationship between SNPs and disease pro-
gression, particularly in diseases involving inflamma-
tion. Genotyping and SNP analysis provide informa-
tion that can be used to build genome-based knowl-
edge regarding individual susceptibility to a variety of
common diseases, produce safer and more effective
personalized diets and treatments for patients, and
improve the understanding of the evolutionary pro-
cesses of diseases29. This study aimed to investigate
the association between the genetic polymorphisms
rs16944 and rs1143634 of pro-inflammatory cytokine
IL-1 and HCV infection susceptibility in male Malay
drug abusers.

MATERIALS ANDMETHODS
Subject recruitment and DNA extraction
A retrospective case-control study designwas used in-
volvingmaleMalay drug abusers. The sample size was
calculated using a web calculator and in reference to
a previous study 30,31. The sample size consisted of 29
maleMalay drug abusers with chronic HCV infection
(case group) and 19 male Malay drug abusers without
HCV (control group). The participants’ ages ranged
from 35–60 years old. Medical histories were ob-
tained, and physical examinations were performed for
each participant. Subject recruitment received ethi-
cal review and approval from the Medical Research

and Ethics Committee, Ministry of Health Malaysia
(NMRR-19-399-45866), and the USM Human Re-
search Ethics Committee (USM/JEPeM/18010012).
Several inclusion criteria were used: 1) participants
had to be third-generation Malay, 2) be at least 18
years old and have a history of drug abuse, and 3) for
the control group, have tested positive for HCV for
six months based on a structured clinical review us-
ing the DSM-V. Participants who met any of the ex-
clusion criteria were not included in the analysis: 1)
had non-HCV-related liver disease, 2) had a mental
disorder, and 3) refused or were unable to provide in-
formed consent.
A 10 mL blood sample was collected from each pa-
tient in a sterile tube containing heparin K2EDTA.
GenomicDNAwas extracted using theQIAampDNA
Blood Mini Kit (Qiagen, Hilden, Germany). Spec-
trophotometry was used to determine the purity and
concentration of the extractedDNA.DNAqualitywas
reflected by a consistent ratio of 1.8 – 2.0. The coded
genomic DNA solution was stored at 4◦C.

Genotyping with PCR-RFLP
Theextracted genomicDNA extracted was genotyped
using polymerase chain reaction-restriction fragment
length polymorphism (PCR-RFLP). The amplifica-
tion was performed in 25 µL of reaction solution con-
taining amixture of PCR buffer (1×), dNTPs (2mM),
MgCl2 (1.5 mM), forward and reverse primers (20
pmol) (Table 1), Taq polymerase (2.5 U), and suffi-
cient nuclease-free water. PCR amplification target-
ing IL-1β rs16944 was performed following several
steps: an initial denaturation at 95◦C for 5 minutes
followed by 35 cycles at 95◦C for 30 seconds, 57◦C for
30 seconds, 72◦C for 30 seconds, and a final exten-
sion at 95◦C for 5minutes. ThePCRproduct was then
mixed with 2 µL of AvaI (5 U) and incubated at 37◦C
for 2 hours. Genotypes of rs16944 were identified us-
ing their base pair size, where the wildtype (C/C) cor-
responded to two bands of 190 and 116 base pairs,
heterozygous (C/T) corresponded to three bands of
190, 116, and 306 base pairs, and mutant (T/T) cor-
responded to a single band of 306 base pairs. For
rs1143634, different PCR steps were followed: an ini-
tial denaturation at 94◦C for 5 minutes followed by
35 cycles at 94◦C for 30 seconds, 58◦C for 30 sec-
onds, 72◦C for 30 seconds, and a final extension at
94◦C for 5minutes. The PCR product was thenmixed
with 2 µL of TaqI (5 U) and incubated at 65◦C for 2
hours. Genotypes were identified according to their
base pair size, where wildtype (C/C) corresponded to
two bands of 126 and 104 base pairs, heterozygous
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(C/T) corresponded to three bands of 126, 104, and
230 base pairs, and mutant (T/T) corresponded to a
single band of 230 base pairs. Digestion fragments
were separated by electrophoresis on 2% agarose with
gel stain (Invitrogen SYBR Safe DNA, USA) using the
available size ladder for comparison.

Statistical analysis
The independent samples t-test and Mann–Whitney
test were used to compare continuous data. The
Hardy–Weinberg equilibrium (HWE) was used to as-
certain the quality of the genotypingmethod for geno-
type and allelic analysis. The HWE p-value was de-
termined by comparing the control group with a ref-
erence population in a 2×2 contingency table (CC vs.
CT+TT). Differences in allele and genotype frequen-
cies between the study groups were compared using
chi-squared tests. Statistical significance was defined
as p < 0.05. Fischer’s exact test was employed in place
of the chi-squared test whenmore than 20% of the ex-
pected counts were less than five in the 2×2 contin-
gency table.

RESULTS
Table 2 shows the demographic and clinical char-
acteristics of the study participants. Table 3 shows
the association between HCV infection and human
immunodeficiency virus (HIV) co-infection in male
Malay drug abusers. Figure 1 and Figure 2 present
the genotyped samples targeting IL-1β at positions
−511 (rs16944) and +3954 (rs1143634). The geno-
type and allele distributions of rs16944 and rs1143634
between the case and control groups are presented in
Table 4.
No significant differences were seen in age, weight,
height, body mass index (BMI), systolic blood pres-
sure, and diastolic blood pressure between the case
and control groups. In addition, liver test results
(bilirubin level, AST, ALP, ALT, and GGT) did
not significantly differ between the case and control
groups. However, there was a significant correla-
tion between HCV infection and HIV co-infection;
58.62% of case group participants were co-infected
with HIV, while the control subjects had a co-
infection rate of 21.05% (p = 0.01, χ2= 6.583).
For rs16944, the HWE value deviated from the ref-
erence population (p < 0.05). Allelic analysis re-
vealed similar findings. Genotyping of IL-1β rs16944
showed that all samples from the case and control
groups were of the homozygous mutant type (T/T).
Allelic frequency analysis indicated that the T allele
was dominant. Due to the non-varied frequencies of
alleles and genotypes, no analysis could be performed.

The chi-squared test results and p-values of the geno-
typic and allelic frequency for this gene were unde-
fined.
The HWE result for the genotyping of rs1143634 was
reliable (p = 0.581). The frequency of this genotype
in the control group was comparable to the reference
population. Allelic analysis demonstrated similar re-
sults (p = 0.593). Genotyping of IL-1β rs1143634 re-
vealed that 21 (72.41%) HCV-infected patients had
the homozygous wildtype (C/C), 7 (24.14%)were het-
erozygous (C/T), and 1 (3.45%) was mutant (T/T).
The frequencies between the reference population
and the control group demonstrated similar distribu-
tions. The genotypic frequency of the homozygous
wildtype was much higher in the control group than
in the case group; the observed frequency of the C/C
genotype in the control group was 94.74%. However,
the heterozygous genotype in the control group was
much lower than in the case group, with only one
(5.26%) group participant demonstrating this geno-
type. There were no homozygous mutant (T/T) geno-
types reported in the control group. The frequency
of the C allele in the control group (37; 97.37%) was
higher than in the case group (49; 84.48%), while
the frequency of the T allele was higher in the case
group (9; 15.52%) compared to the control group (1;
2.63%). Statistical evaluation of IL-1β rs1143634 re-
vealed no significant association between HCV infec-
tion and genotype distribution (p= 0.068, χ2 =3.755).
Furthermore, there was no significant association be-
tween the allelic distribution and HCV infection (p =
0.083).

DISCUSSION
Since its discovery, HCV infection has been a contin-
uous public health concern. The acute stage of the
infection is typically followed by the progression to
chronic disease if the infection is allowed to persist.
There are several factors that affect HCV progression
and an individual’s susceptibility to the transforma-
tion of an acute HCV infection into a chronic con-
dition. For instance, the illicit use of controlled sub-
stances disrupts livermetabolism. This disruption oc-
curs proportionally to the role of specific substances
as immunological mediators. Drugs are well-known
immune modulators, and excessive use of these sub-
stances can lead to elevated levels of inflammatory cy-
tokines and an increased risk of infection34.
In the general population, the rs16944 SNPwas found
to exhibit a heterogenous genotype (C/T). The fre-
quency of the T allele was found to be slightly higher
than the C allele. In the East Asian (EAS) popula-
tion, the most common genotype was the heteroge-
nous (C/T) genotype. Furthermore, the C allele was

5552



Biomedical Research and Therapy 2023, 10(2):5550-5557

Table 1: Primers and restriction enzymes used for PCR-RFLP

RE Forward Primers (5’-3’) Reverse Primers (5’-3’) Ref.

rs16944 AvaI TGGCATTGATCTGGTTCATC GTTTAGGAATCTTCCCACTT 32

rs1143634 TaqI GACTTTGACCGTATATGCTCAG ATGGACCAGACATCACCAAGC 33

Table 2: Demographic and clinical characteristics of all subjects

Characteristics Drug abuser P-value

Case Group (n = 29) Control Group (n = 19)

Age (year) 44.59 (6.23) 43.05 (7.48) 0.445a

Weight (kg) 164.76 (4.76) 164.37 (7.85) 0.847a

Height (m) 58.18 (7.33) 59.58 (9.08) 0.560a

BMI (kg/m2) 21.46 (2.67) 22.02 (2.86) 0.491a

Systolic BP (mm/Hg) 120.55 (16.94) 120.68 (10.68) 0.378b

Diastolic BP (mm/Hg) 82.37 (8.87) 79.26 (7.73) 0.221b

Bilirubin (µmol/L) 9.89 (9.84) 6.45 (2.8) 0.176b

ALT (U/L) 33.43 (18.91) 42.31 (38.8) 0.987b

AST (U/L) 49.48 (24.64) 48.15 (34.31) 0.429b

ALP (U/L) 103.39 (29.13) 96.23 (31.61) 0.497a

GGT (U/L) 65.35 (42.03) 79.85 (75.63) 0.908b
aIndependent-sample t-test, bMann-Whitney test; Data were presented in Mean (SD).
*Statistically significant at P < 0.05.
Abbreviations: ALT: Alanine aminotransferase,AST: Aspartate transaminase,ALP: Alkaline phosphatase,GGT: Gamma-glutamyl transpep-
tidase

Table 3: Association of HCV infection and HIV coinfection in Malaymale drug abusers

Characteristics Drug abuser P value

Case Group (n=29) Control Group (n=19)
N (%)

HIV co-infection 17 (58.62) 4 (21.05) 0.01c*
cPearson Chi-square test; *Statistically significant at P < 0.05.

Figure1: a) Successful PCRof IL-1β (rs16944) b)Agarosegel of IL-1β (rs16944) RFLP. Lane 1: GeneRuler 50bp,
Lane 2 -7: mutant, Lane 8: positive amplicon.
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Table 4: Statistical analysis of allelic and genotypic frequencies of IL-1β (rs16944 and rs1143634)

IL-1β Genotype
and allele

Control
group
(n=19),
N (%)

Case group
(n=29),
N (%)

EAS HWE
(n=504),

N (%)

HWE
P-valued
(<0.05)

χ2 (df) p-value

-511
(C>T)
rs16944

CC 0 0 145 (28.80) 0.006* - -

CT 0 0 245 (48.61)

TT 19 (100) 29 114 (22.62) 0.000* - -

C 0 0 535 (53.10)

T 38 (100) 58 (100) 473 (46.92)

+3954
(C>T)
rs1143634

CC 18 (94.74) 21 (72.41) 482 (95.63) 0.581 3.755
(1)

0.068

CT 1 (5.26) 7 (24.14) 21 (4.17)

TT 0 1 (3.45) 1 (0.20)

C 37 (97.37) 49 (84.48) 985 (97.72) 0.593 4.085
(1)

0.083

T 1 (2.63) 9 (15.52) 23 (2.28)

Abbreviations: EAS: East Asian,HWE: Hardy-Weinberg Equilibrium, Fisher exact,
*Statistically significant at p < 0.05.
Note: TheHWEp-value was determined by comparing the frequencies (CC vs. CT+TT) fromHN (control group) to the reference population,
East Asia (EAS). The normal p-value is evaluated by comparing the frequencies (CC vs. CT+TT) from control group to the case group.

Figure 2: a) Successful PCR of IL-1β (rs1143634) b) Agarose gel of IL-1β (rs1143634) RFLP. Lane 1: GeneRuler
50bp, Lane 2 -5: Not applicable, Lane 6 – 8: Wild type

slightly more prevalent in the EAS population. Com-
paring the allelic distribution in the control group and
the EAS population, a significant deviation in geno-
typic and allelic distribution was found. Regarding
the rs1143634 SNP, the C/C genotype was predom-
inant in the general population. Additionally, the C
allele frequency was increased in the general popula-
tion. TheC/C genotype was themost commonwithin
the EAS population, and the C allele had a higher fre-
quency than the A allele. The rs1143634 genotype in
the control group exhibited a similar trend to the ref-

erence population; the HWE values were in equilib-
rium and, therefore, did not deviate from the refer-
ence population.
In the absence of disrupting events, the HWE states
that genetic variation in a populationwill remain con-
stant from generation to generation. This principle is
based on several assumptions, including randommat-
ing, the absence of natural selection, a large popula-
tion size, no gene flow ormigration, nomutation, and
the autosomal nature of the locus35. The deviation
from the HWE observed in the control group may be
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indicative of significant issues, such as selection bias,
population stratification, and genotyping errors36,37.
The results of the current study indicated no rela-
tionship between the genotypic frequency of IL-1β
rs1143634 and HCV infection. Furthermore, the fre-
quency of homozygous C/C—which corresponds to
the G/G genotype—was higher in the control group.
The frequency of the C allele was not significantly cor-
related with chronic HCV illness. In a previous study,
no genotypes of IL-1β rs1143634 demonstrated a sig-
nificant association with the progression to chronic
HCV infection among Tunisian patients38. However,
the C/C genotype frequency in the G2 group (62.5%)
was higher than the frequency of heterozygous C/T
and homozygous mutant (T/T) genotypes. The G2
group was comprised of 24 participants who were
thought to have recovered from HCV infection with-
out medical intervention, as evidenced by two HCV-
PCR tests taken one year apart that were both nega-
tive39.
Previous studies have found that IL-1β rs1143634
genotypes have no significant influence on liver cir-
rhosis predisposition in patients with chronic HCV
infection40. The genotypic distribution of IL-1β
rs1143634 has also been shown to have no influence
on spontaneous HCV clearance among the European
population41. Another study on the genotypic fre-
quencies of the IL-1β rs1143634 gene andHCV treat-
ment inferred that the C/C genotype was strongly as-
sociated with interferon therapy 38. In addition, the
examination of allelic distribution revealed that the
T allele was associated with treatment non-response,
increased fibrosis, and increased hepatic activity. In
contrast, the C allele was significantly associated with
decreased fibrosis, lower hepatic activity, and persis-
tent viral response.
According to existing research32,33,39,42–45, polymor-
phisms of IL-1β at locus −511 are associated with
progression to chronic HCV infection. However, the
genotypes associated with HCV infection suscepti-
bility are diverse. While one study found that the
C/C genotype was predominant in HCV-positive pa-
tients42, another reported that the C/T genotype was
more prevalent inWang et al.’s study (2003)43. More-
over, other research has concluded that the T/T geno-
type was a significant risk factor for the progression
of chronic HCV infection to HCC44. In addition,
the mutant T/T allele has been frequently reported in
patients with chronic HCV and HCV-induced liver
cirrhosis42. An extensive inflammasome gene poly-
morphism study reported that the C allele of IL-1β
rs16944 was less likely to advance hepatitis C devel-
opment45. These differences in IL-1β rs16944 geno-
types are primarily caused by the ethnic background

of the population observed in each respective study,
namely, American, Asian, and European
In Malaysia, there is currently a lack of research re-
garding the effects of IL-1β gene polymorphisms (IL-
1β rs16944 and rs1143634) in drug abusers with
chronic HCV infection.

CONCLUSIONS
There was no association between IL-1β polymor-
phisms (rs1143634 and rs16944) and HCV infection
susceptibility among Malay male drug abusers. The
partial results of IL-1β genotype and allele frequency
analysis are in line with the findings of several previ-
ous studies; however, some previous studies contra-
dict the current findings.
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East Asian, GGT: Gamma-glutamyl transpeptidase,
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virus, HIV: Human Immunodeficiency Virus, HWE:
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