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Abstract

Background Hepatocellular carcinoma (HCC) is one of the most common malignancies worldwide in terms of mortality,
and susceptibility is attributed to genetic, lifestyle, and environmental factors. Lymphotoxin alpha (LTA) has a crucial role in
communicating the lymphocytes with stromal cells and provoking cytotoxic effects on the cancer cells. There are no reports
on the contribution of the LTA (c.179 C>A; p.Thr60Asn; rs1041981) gene polymorphism to HCC susceptibility. The main
aim of this study is to investigate the association of LTA (c.179 C>A; p.Thr60Asn, rs1041981) variant with the HCC risk in
the Egyptian population.

Methods This case-control study included 317 participants (111 HCC patients, and 206 healthy controls). The LTA
(c.179 C>A; p.Thr60Asn, rs1041981) polymorphism was assessed by tetra-primer amplification refractory mutation system
polymerase chain reaction (T-ARMS-PCR) technique.

Results The frequencies of the dominant and recessive models (CA+AA; AA) of the LTA (c.179 C>A; p.Thr60A4sn;
rs1041981) variant were statistically significant among HCC patients in comparison to controls (p=0.01; p=0.007; respec-
tively). The A-allele of LTA (c.179 C>A; p.Thr60Asn; rs1041981) variant was statistically significant in HCC patients in
comparison to controls (p < 0.001).

Conclusion The LTA (c.179 C>A; p.Thr60A4sn; rs1041981) polymorphism was independently associated with an increased
risk for hepatocellular carcinoma in the Egyptian population.
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Lymphotoxin alpha (LTA), previously known as tumor
necrosis factor-beta (TNF—f), is a cytokine that belongs to
the TNF superfamily of proteins [5]. LTA is a protein of
171 amino acids which is secreted as a soluble homotrimer
made up of monomers with a molecular weight of 17 kDa
[6]. Although there are many similarities between LTA and
TNFa, there are some significant molecular and physiologic
differences [7]. LTA, like TNFa, binds to TNF receptors,
TNFR1 and TNFR2, with a high affinity to exert its bio-
logical activities [8]. LTA plays a crucial role in the immune
system’s development and function, primarily in the devel-
opment of the lymphoid organ, immunostimulatory, host
defense, and apoptosis [9]. LTA, a product of activated T
cells, can facilitate communication between lymphocytes
and stromal cells and hence promote cytotoxic effects on
cancer cells [10]. LTA induces cell death upon binding to
TNFRI, but it prompts inflammatory responses by activat-
ing nuclear protein kB (NF-kB) upon binding to TNFR2
[11]. Unlike TNFa, the N-terminal of LTA mimics a con-
ventional signal peptide, making its conversion to a soluble
form very effective. As a result, LTA is never found at the
cell surface, a unique characteristic among the TNF super-
family members. LTA is attached to the cell membrane only
in association with membrane-bound lymphotoxin-beta
(LTP), as LTap heterotrimers [12].

LTA is encoded by the L74 gene (OMIM#: 153,440)
which is located on the short arm of chromosome 6 (6p21.33)
and is nearby of the gene encoding major histocompatibility
complex (MHC) [13]. LTA gene is spanned about 13,775
bases (chr6:31,560,550-31,574,324) along the forward
strand and consists of four exons and 3 introns [14].

According to genome-wide association studies (GWAS),
genetic polymorphisms might play a critical role in HCC
susceptibility [15]. The presence of a single nucleotide
polymorphism (SNP) may influence the level of cytokine
expression, which could be a key cancer mediator [16]. Four
LTA polymorphisms (rs1041981: Thr26Asn; rs2239704;
rs2229094: Cysl3Arg, rs746868) have been identified as
potential cancer risk factors [17]. One of the most com-
mon variants identified within exon 3 in the L74 gene is
p-Thr60A4sn (c.179 C>A; rs1041981) that results from a
substitution of cytosine (C) with adenine (A) at nucleotide
179, causing the replacement of the amino acid threonine
(T) with asparagine (N) at amino acid position 60 (in codon
26), which may be associated with the transcriptional regu-
lation of LTA gene [18].

Considering the rarity of international reports about
the LTA (c.179 C>A; p.Thr60Asn; rs1041981) variant and
the advanced hepatocellular carcinoma risk, we assessed
the present study to evaluate the association of the LT4
(c.179 C>A; p.Thr60Asn, rs1041981) variant with the HCC
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susceptibility and the clinical and biochemical parameters
of HCC in the Egyptian patients.

Subjects and methods
Study participants

This preliminary case-control study included a total of 317
adults, 111 patients with HCC (86 males and 25 females),
and 206 healthy controls (176 males and 30 females) of the
same ethnicity that matched with age and gender. Cases
were recruited between February 2022 and April 2022 from
Oncology Center, Mansoura University, Egypt. The patho-
logical and histological screening together with medical
imaging including magnetic resonance imaging (MRI) or
computerized tomography (CT) was used for HCC diag-
nosis. Patients with any other malignancy, HIV infection,
diabetes mellitus, autoimmune diseases, or end-stage renal
failure were excluded. According to the International Asci-
tes Club, ascites are classified into mild (grade 1), moderate
(grade 2), and large (grade 3) [19]. The study was accepted
by the Institutional Review Board of Faculty of Medicine,
Mansoura University, Egypt (Code number: R.21.12.1547).
Informed permissions were obtained from all the study par-
ticipants with the data confidentiality declaration.

Collection of samples and analysis

From all study groups, five milliliters of peripheral venous
blood were taken using plastic one-use syringes under a
completely sterile procedure. Each sample was divided
into two tubes; 3 mL blood was collected without an anti-
coagulant and centrifuged for 15 min at 5000 RPM for the
biochemical assays, and 2 mL blood was retained in a test
tube containing ethylenediaminetetraacetic acid (EDTA) for
DNA extraction, and the complete blood count (CBC).

Biochemical measurements

The assessment of biochemical measurements includ-
ing serum alanine aminotransferase (ALT) (K752, BioVi-
sion, Inc., USA), aspartate aminotransferase (AST) (K753,
BioVision, Inc., USA), total bilirubin (K553, BioVision,
Inc., USA), albumin (K554, BioVision, Inc., USA), and
creatinine (ab65340, Abcam, USA) were completed by
colorimetric method kits using the bench colorimeter
(model 6051, Jenway, UK). Moreover, the serum alpha-
fetoprotein (AFP) concentration was assessed by the quan-
titative enzyme-linked immunosorbent assay (ELISA) kit
(ab108631, Abcam, USA). Serum hepatitis C virus anti-
bodies (HCV Abs) were identified by qualitative ELISA kit
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(MBS2800299, MyBioSource, Inc, CA). Hepatitis B virus
surface antigen (HBs Ag) was detected by qualitative ELISA
kit (MBS022875, MyBioSource, Inc, CA). Moreover, the
evaluation of the hematological measurement, including red
blood cells (RBCs), white blood cells (WBCs), hemoglo-
bin, and thrombocytes count was performed using a fully
hematological analyzer (Abbott Cell Dyn 3700 SL, Abbott
Diagnostics, USA).

DNA extraction

Genomic DNA extraction was carried out from 200 pL of
blood by the Generation DNA Purification capture column
kit (BioFlux, China) following the manufacturer’s instruc-
tions. The NanoDropTM 1000 Spectrophotometer (Thermo
Fisher Scientific, UK) was used to measure DNA concentra-
tion and purity.

Genotyping of the LTA (c.179 C>A;p.Thr60Asn;
rs1041981) polymorphism by T-ARMS-PCR method

The genotyping of the L7A polymorphism in exon 3 was
carried out by a tetra-primer amplification refractory muta-
tion system with polymerase chain reaction (T-ARMS-
PCR) technique previously described by Niwa et al. [20].
The amplification of both wild-type and mutant alleles in a
single PCR tube reaction with a control fragment is required
for this method. Primers were got through Applied Biosys-
tems’ Assays-by-Demand SNP genotyping service (Foster
City, California, United States). Oligonucleotide primers
had the following sequences: 5' ACC ACC TGA ACG TCT
CTT CCT (Forwardl) and 5" GTG AGC AGC AGG TTT
GAG GT (Reversel) for the A allele, and 5" GCA TCTTGC
CCA CAG CAC (Forward2) and 5’ GGC ACT GAA CAA
CTG AGT TCC (Reverse2) for the C allele; where the
bases affected by the polymorphism are underlined. Each
PCR reaction contained 25 pL of PCR mixture [0.5 units of
AmpliTaq Gold (Perkin-Elmer, Foster City, CA), with 2.5
pL of GeneAmp 10x PCR buffer with 15 mM MgCl,, 0.18
mM dNTPs, and 12.5 pmol of each primer]. Thermo-cycling
steps included 10 min of initial denaturation at 95 °C, fol-
lowed by 30 cycles of denaturation at 95 °C for 1 min, an
annealing step at 64 °C for 1 min, and extension at 72 °C for
1 min. A final extension was performed for five minutes at
72 °C. PCR products were electrophoresed on 2% agarose
gel and visualized using ethidium bromide under ultravio-
let illumination. The L74 C-allele was detected at 218 bp,
while LT4 A-allele was found at 279 bp, and a 460 bp is
a common band. Using a digital camera, these products
were photographed. For repeated genotyping, we randomly
selected more than 10% of the samples. The results were
completely consistent.

Inclusion and exclusion criteria for meta-analysis

The following inclusion criteria should be met when the
studies were included in the meta-analysis table: (1) stud-
ies should be case-control designed or cohort designed; (2)
studies should examine the association of L7A4 gene poly-
morphism with any type of cancer; and (3) studies should
provide enough data about alleles and genotypes frequen-
cies to calculate the odds ratios (ORs) and the correspond-
ing 95% confdence intervals (ClIs). We excluded the studies
that included abstract only or review studies.

Statistical analysis

Data of the LTA (c.179 C>A;p.Thr60Asn; rs1041981) vari-
ant was tabulated, arranged, and processed using the Statisti-
cal Package for Social Science (SPSS, version 26, Thousand
Oaks, CA). The study power calculation was calculated
using the G"power software version 3.1.9.4 (http:/www.
gpower.hhu.de/). With an alpha error probability of 0.05 and
a total sample size of 317 participants for two groups, this
case-control study could have a study power of 99.4% and
a medium effect size of 0.30. The categorical variables were
evaluated using the fisher’s exact method and expressed as
numbers and percentages. While the non-parametric data
was analysed using the Mann-Whitney test and presented
as the median and interquartile range (IQR) after testing
normality using the Kolmogorov-Smirnov test. In addition,
the genotypic and allelic frequencies for L74 (c.179 C>A;p.
Thr60Asn, rs1041981) variant were calculated and manipu-
lated using the online SNPstats tool (www.SNPstats.org).
Consistency and/or deviation from Hardy Weinberg equi-
librium (HWE) were evaluated in HCC patients and cancer-
free controls using the chi-square method. Several genetic
models were applied including dominant, recessive, hetero-
zygote, homozygote, and allelic comparisons to calculate
the odds ratio (OR) with their 95% confidence intervals (CI)
using the logistic regression method. R programming lan-
guage software version 4.1.3 and R studio version 1.4.1103
were used to run the multivariate analysis. The STATA pro-
gramme version 17.0 was used to carry out the meta-analy-
sis approach. The significance level was set at p <0.05.

Results

The basic characteristics of the studied groups

The main demographic, clinical, biochemical, and hemato-
logical measurements of the studied groups are summarized

in Table 1. There was no statistically significant difference
detected in age and gender between the HCC patients and
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Table 1 The main demographic, clinical, biochemical, and hematological measurements of the study population

Parameters HCC patients Controls p
(n=111) (n=206)

Demographic and clinical characteristics

ge (Years), Median (IQR) 59 (53-65) 58 (53-65) 0.47

Gender (M/F), n (%) 86 (77.5%) / 176 (85.4%) / 30 0.09
25(22.5%) (14.6%)

Positive smoking, n (%) 22 (19.8%) 12 (5.8%) <0.001**

Positive ascites, n (%) 78 (70.3%) - -

Ascites grades 25 (32.1%) - -

Grade 1 (mild), n (%) 25 (32.1%)

Grade 2 (moderate), n (%) 28 (35.8%)

Grade 3 (large), n (%)

Biochemical measurements

ALT (mU/mL), Median (IQR) 39 (28-85) 28 (19-33) <0.001**

AST (mU/mL), Median (IQR) 58 (33-134) 26.5 (18-32) <0.001%**

Total bilirubin (mg/dL), Median (IQR) 2.1(1.2-6) 0.5 (0.2-0.8) <0.001%**

Albumin (g/dL), Median (IQR) 2.8(2.1-3.3) 3.9(3.74.2) <0.001**

Creatinine (mg/dL), Median (IQR) 1(0.8-1.7) 0.75 (0.6-0.9) <0.001%**

AFP (ng/mL), Median (IQR) 71 (5.6-700) 3.9(2-5.03) <0.001%**

Positive Anti-HCV, n (%) 95 (85.6%) 0 (0%) <0.001%**

Positive HBs Ag, n (%) 11 (9.9%) 0 (0%) <0.001**

Hematological measurements

RBCs (million cells/mm3), Median (IQR) 3.8(3.144) 43 (4.1-5.1) <0.001%*

WBCs (x 10°/L), Median (IQR) 7.7 (5.1-11.1) 6.4 (6.0-7.6) 0.008*

Hemoglobin (g/dl), Median (IQR) 11.3(9.6-12.7) 11.5(10.8-12.4) 0.019*

Platelets (x 10%/L), Median (IQR) 139 (80-212) 254 (213-310) <0.001%**

HCC: Hepatocellular carcinoma; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; AFP: Alpha-fetoprotein, RBCs: Red
blood cells; WBCs: White blood cells; Anti-HCV: Hepatitis C virus antibodies; HBs Ag: Hepatitis-B virus surface antigen; IQR: Interquartile
range; n: number; p: Probability, *Probability value was considered significant at p < 0.05; and ** highly significant at p < 0.001.

controls (p=0.47, p=0.09; respectively). While it was shown
that there was a significant difference in smoking cigarettes
between the HCC patients and controls (p<0.001). It was
noticed that 78 cases (70.3%) had positive ascites, twenty-
five (32.1%) HCC patients had mild ascites, twenty-five
(32.1%) had moderate ascites, and twenty-eight (35.8%)
had large ascites. However, HCC patients had statistically
significant elevated levels of alanine aminotransferase
(ALT), aspartate aminotransferase (AST), total bilirubin,
creatinine, alpha-fetoprotein (AFP), and white blood cells
(WBCs), and significantly decreased albumin level, red
blood cells (RBCs), hemoglobin, and platelets compared
to cancer-free controls group. Nearly, most HCC patients
(85.6%) had positive antibodies against the hepatitis C virus
(anti-HCV). Conversely, limited HCC patients (9.9%) had
positive antigens of the hepatitis B virus (HBs Ag).

The genotypic and allelic frequencies of the LTA
(c.179 C>A;p.Thr60Asn; rs1041981) variant in the
studied groups

Aslikely, the Hardy—Weinberg equilibrium (HWE) was com-

patible with the predicted results among the HCC patients and
healthy controls (p-value>0.05). Testing for the dominant
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model (CA+AA vs. CC) of LTA (c.179 C>A;p.Thr60Asn;
rs1041981) variant, HCC patients revealed significantly
higher frequencies of (CA+AA) genotypes compared to
controls (65.8% vs. 51%, OR=1.8 and 95% CI=1.15-2.97,
p=0.01). Testing for the recessive model (AA vs. CC+CA)
of LTA (c.179 C>A;p.Thr60Asn; rs1041981) variant,
HCC patients revealed significantly higher frequencies of
AA homozygous genotype compared to controls (25.2%
vs. 12.6%, OR=2.3 and 95% CI=1.29-4.23, p=0.007).
Similarly, testing for the homozygous genotype (AA vs.
CC) of LTA (c.179 C>A;p.Thr60Asn, rs1041981) variant,
HCC patients showed significantly higher frequencies of
AA homozygous genotype compared to controls (25.2%
vs. 12.6%, OR=2.9 and 95% Cl=1.49-5.49, p=0.002).
Regarding the allelic frequencies, the HCC cases revealed a
significantly higher frequency of the minor allele (A-allele)
of the LTA (c.179 C>A,;p.Thr60Asn, rs1041981) variant
compared to healthy controls (45.5% vs. 31.8%, OR=3.2,
95% CI=2.22-4.65, p < 0.001) (Fig. 1A). These results
indicated that the minor A-allele of L74 gene was signifi-
cantly related to increased HCC risk in Egyptian population.
Contrarily, testing for the heterozygote genotype (CA vs.
CC) of LTA (c.179 C>A;p.Thr60Asn, rs1041981) variant
showed that the HCC patients had no significant difference
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Fig.1 (A) Genotypes and alleles frequencies of the L74 (c.179 C>A;p.
Thr60Asn; rs1041981) variant among HCC patients and healthy con-
trols. (B) Allelic frequencies of the LTA (c.179 C>A;p.Thr60Asn;
rs1041981) variant in the present study compared to different popula-
tions based on the 1000 Genome project phase 3 (https:/www.inter-
nationalgenome.org/) (AFR: Africa, AMR: America, EAS East: Asia,
EUR: Europe, SAS: South Asia). (C) Principal component analysis

compared to controls (40.6% vs. 38.4%, OR=1.5 and 95%
CI=0.89-2.55, p=0.14) (Table 2). The allelic frequencies
of the LTA (c.179 C>A,;p.Thr60Asn; rs1041981) variant
were equivalent with the America, Europe, and South Asia
populations (Fig. 1B).

The associations of the LTA (c.179 C>A;p.Thr60Asn;
rs1041981) variant with the main demographic,
clinical, biochemical, and hematological
measurements of the HCC patients

However, the HCC patients failed to observe signifi-
cant associations of the LTA (c.179 C>A,;p.Thr60Asn;
rs1041981) variant with all studied clinical and laboratory
parameters (p>0.05) (Table 3).

Groups
@ | Controls
[a] Hee

HBs Ag

3
Dim1 (25.9%)

(PCA) of the studied groups display distinct separation between HCC
patients and healthy controls. The main demographic, clinical, bio-
chemical, and hematological measurements were displayed by arrows,
with elongated arrows revealed more impact on separation. Visually,
the LTA (c.179 C>A;p.Thr60Asn; rs1041981) variant was associated
with an elevated risk of hepatocellular carcinoma.

Multivariate analysis

Multivariate analysis revealed that the principal compo-
nent analysis categorized the study participants into two
main groups with a distinct separation among HCC patients
and healthy controls. The main demographic, clinical, bio-
chemical, and hematological measurements were presented
by arrows, with elongated arrows showing more impact on
separation. As shown, the LTA (c.179 C>A;p.Thr60Asn;
rs1041981) variant was associated with an increased risk of
hepatocellular carcinoma (Fig. 1C).

In silico data analysis
The bioinformatics outlines of the lymphotoxin alpha

(LTA) gene are presented in Fig. 2. The LT7A gene
[ENSG00000226979] has some synonyms, including LT,
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Table 2 The genotypic and allelic frequencies of the LTA (c.179 C>A,;p.Thr60Asn; rs1041981) variant of the study participants

Genetic polymorphisms HCC patients  Controls Statistics OR (95% CI) P
(n=111) (n=206)
CcC 38 (34.2%) 101 (49%) Over-dominant CAvvs. 1.1(0.68-1.76)  0.72
CC+AA
CA 45 (40.6%) 79 (38.4%) Dominant CA+AA 1.8 (1.15-2.97)  0.01*
vs. CC
AA 28 (25.2%) 26 (12.6%) Recessive AAvs. 2.3(1.29-4.23)  0.007*
CC+CA
C 121 (54.5%) 281 (68.2%) Heterozygote CAvs.CC 1.5(0.89-2.55) 0.14
A 101 (45.5%) 131 (31.8%) Homozygote AAvs.CC 2.9 (1.49-5.49) 0.002*
HWE =3.69, ¥>=2.76, Allelic Avs. C 3.2(222-4.65) <
p=0.054 p=0.11 0.001%*

Data are presented as numbers with percentages; Chi-square test was applied; HCC: Hepatocellular carcinoma; OR: Odds Ratio; CI: Confi-
dence Intervals; HWE: Hardy-Weinberg equilibrium; p: Probability, *Probability value was considered significant at p < 0.05; and ** highly
significant at p < 0.001.

Table 3 Association of LTA (c.179 C>A,;p.Thr60Asn; rs1041981) variant with the main demographic, clinical, biochemical, and hematological
measurements of the HCC patients

Parameters HCC patients P HCC patients p
(n=111) (n=111)
Dominant CC Recessive CC+CA
CA+AA (n=38) AA (n=83)
(n=73) (n=28)
Demographic and clinical characteristics
Age (Years); 19 (26%) 16 (42.1%) 0.09 7 (25%) 28 (33.7%) 0.48
<55 (n=35) 54 (74%) 22 (57.9%) 21 (75%) 55 (66.3%)
255 (n=76)
Gender (M/F) 60/13 26/12 0.15 24/4 62/21 0.30
Smoking status (Yes/No) 14/59 8/30 0.81 7/21 15/68 0.42
Ascites status (Yes/No) 52/21 26/12 0.83 21/7 57/26 0.64
Ascites grade 35 (67.3%) 15(57.7%) 0.13 14 (66.7%) 36 (63.2%) 0.86
Mild + Moderate (n=50) 17 (32.7%) 11 (42.3%) 7 (33.3%) 21 (36.8%)

Large (n=28)
Biochemical measurements

ALT (mU/mL); Median (IQR) 44 (27.5-107) 37(28.8-55) 0.27 34.5(29.2-125) 41 (26-70) 0.57
AST (mU/mL); Median (IQR) 70 50.5 0.06 109.5 57 (32-110)  0.11
(35.5-166.5)  (31.8-77.5) (34.8-262.5)
Total bilirubin (mg/dL); Median (IQR) 2.7(1.4-69) 19(1.1-3.1) 0.08 1.9(0.98-6.4) 2.5(1.3-58) 036
Albumin (g/dL); Median (IQR) 2.7(2.0-3.1) 3.1(2.2-3.5) 0.06 2.7(2.2-3.0) 3.0(2.0-3.4) 0.29
Creatinine (mg/dL); Median (IQR) 1.0 (0.8-1.9) 0.9(0.8-1.2) 0.08 0.9(0.8-1.3) 1.0(0.8-1.9) 0.83
AFP (ng/mL); Median (IQR) 258 31 0.35 29(4.2-637.5) 83 0.29
(5.1-1000) (6.8-232.8) (7.0-1230.0)
Anti-HCYV, (Yes/No) 66/7 29/9 0.08 22/6 73/10 0.23
HBs Ag, (Yes/No) 4/69 7/31 0.05 3/25 8/75 1.0
Hematological measurements
RBCs (million cells/mm3); Median (IQR) 3.7(2943) 39(3.245) 029 392944 3.7(3.144) 099
WBCs (x 10°/L); Median (IQR) 82(5.3-11.7) 74(3.9-9.7) 021 8.2(59-12.9) 7.7(4.7-11.0) 0.51
Hemoglobin (g/dl); Median (IQR) 11.0 11.8 0.09 114 11.0 0.58
(9.2-12.2) (10.2-12.9) (10.5-12.7) (9.6-12.6)
Platelets (x 10%/L); Median (IQR) 124 163 0.17 140 124 0.44
(81.5-186) (76-269) (95.3-214.5) (77.0-212.0)

HCC: Hepatocellular carcinoma; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; AFP: Alpha-fetoprotein; RBCs: Red blood
cells; WBCs: White blood cells; Anti-HCV: Hepatitis C virus antibodies; HBs Ag: Hepatitis-B virus surface antigen; n: number; IQR: Inter-
quartile range; M/F: male/female; p: Probability, ¥*Probability value was considered significant at p <0.05; and ** highly significant at p <0.001.
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Fig. 2 Genomic structure of the human lymphotoxin alpha (LTA) gene.
(A) The LTA gene is located on chromosome 6 (6p21.33) and spanned
13,775 bases (chr6:31,560,550 — 31,574,324) along the forward strand.
(B) The genomic structure of the LTA transcripts. The L7A4 gene con-
sists of four splice variants, including LTA-213, LTA-214, LTA-215,
and LTA-216. The main transcript (LTA-213) within the L74 gene con-
tains 4 exons with 3 introns. (C) The molecular structure of amino acid
residues of lymphotoxin alpha (LTA) protein. The amino acid residues
of LTA protein showing 205 amino acids that produced with an excep-
tionally lengthy and atypical signal sequence that is not present in the

TNFB, and TNFSF1. L74 gene is located on the short
arm of chromosome number 6 (6p21.33) and transverses
13,775 bases (chr6:31,560,550-31,574,324) along the for-
ward strand. It is composed of four splice variants, includ-
ing LTA-213, LTA-214, LTA-215, and LTA-216. The main
transcript (LTA-213) within the L74 gene contains four
exons and three introns. The LTA (c.179 C>A,;p.Thr60Asn;
rs1041981) variant is positioned at the third exon of chro-
mosome 6:31573007 with the highest population MAF
equals to 0.50 [Data source: Ensembl.org; Human Genome
assembly GRCh38.p13]. The LTA4 gene encodes a signal-
ing protein nominated lymphotoxin alpha (LTA) that has a
major function in preventing tumor growth, and destroy-
ing cancerous cells, and comprises 205 amino acids with
a molecular mass of 22,297 Daltons [Data source: Uniprot
database (P01374)]. Protein interaction networks recom-
mended that the LTA has a vital role in the apoptotic pro-
cess, regulation of gene expression, positive regulation of
the cellular process, tumor necrosis factor receptor binding,
and cytokine receptor binding [Data source: STRING]. The
cellular LTA is located only within the extracellular space
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mature cytokine. (D) Secondary molecular structure of the LTA pro-
tein. It is composed of a molecular mass of 22297 Daltons and consists
of 2 helices, 2 turns, and 12 beta-strands. (E) Tertiary structure of the
LTA protein. (F) Protein-protein interaction using STRING database.
(G) Subcellular localization of the LTA protein, with darker colours
indicating more abundance. (H) Survival analysis in high and low LTA
expression. [Ensembl.org, NCBI database, Protter database, UniProt
database, STRING version 11.0, Compartment database, and Kaplan-
Meier plotter database].

and plasma membrane [Data source: Cellular compart-
ment database]. Upon applying the Kaplan—Meier plotter,
the liver cancer patients represented a non-significant asso-
ciation with the LTA expression over time (p-value=0.31)
[Data source: Kaplan—Meier Plotter database].

Discussion

Understanding the underlying causes of hepatocellular
carcinoma (HCC), which is now the main cause of cancer-
related death is urgent priority [21]. Growing evidence
suggested that cytokines had a role in liver cancer [22]. As
a result, several studies have been examined the associa-
tions between cytokines gene polymorphisms and the HCC
development and progression among patients of different
populations [23-25].

LTA is the most common member of the TNF ligand
family, which responds to immunological and inflammatory
responses and is involved in cancer etiology [26]. It was rec-
ommended that there was a strong association between LTA

@ Springer



4324 Molecular Biology Reports (2023) 50:4317-4327

gene polymorphisms and cancer [20, 27-31]. After careful 2 5
literature search for the articles that studied the association E o ; 8 twvuoa e o«
. N z239l<= nas S x® = )
between LTA4 (c.179 C>A; p.Thr60Asn; rs1041981) variant dlaz<0ls Sssss SsS S
and different cancer types, no data on the association of the 2 § 5):
LTA (c.179 C>A;p.Thr60Asn; rs1041981) polymorphism S E+ S| - mmema 9%
s . = ST 4l =2x=2S =22 o
and the HCC susceptibility has yet to be reported. So, this SlarU¥|ls ScsSs 3 S
is the first study that investigated the association of L7A 5 -~ & _ &L -~ >~
. . . . . T &= S IPC
(rs1041981) variant with the HCC in Egyptian patients. % © dSZx 2§ &
L IS\ — = = v N %)
The current study revealed a significant prevalence = T TSl T T
2 < © A~ O o v 0o =~
of (CA+AA), AA genotypes, and A-allele of the LT74 E < & —~ =9« o3 ¥
(c.179 C>A; p.Thr60Asn, rs1041981) variant among the 8 -~ a2 A~/ -~
. . « X2 2 R
Egyptian HCC patients compared to controls (p=0.01; S T S8ae xo A
. . b= S 0 - T - —_— [\l
p=0.007; p<0.001; respectively). The relatively long arrow g X IITITT 2 ¢
. . . . . o < - n o N <+ v [
of LTA variant in the direction of patients confirms the asso- 3| |O @ IS xx zZ¥¢ o
ciation of LTA (c.179 C>A; p.Thr60Asn; rs1041981) gene ; .
polymorphism with HCC susceptibility, within the PCA g S of S b3 [o\f e 3\: e
figure Fig. 1C. We compared studies that investigates the § 9 2 42 % o § a %
association between the LTA (c.179 C>A; p.Thr60Asn; % =19 = %3y 5 I
rs1041981) gene polymorphism and the different types of = T:. - arnarn mm
malignancies from 2004 to 2022 (Table 4) and Fig. 3. These £l g © 28988 oo
: . : : : 50|z & REZFE &G &
studies were inconclusive and contradictory, which could =
be attributed to the diversity of cancer kinds and races. %
Similar to our results, three reports were done among Ger- 3 e ON\° = § § @ < @
man and Japanese patients revealed a significant increase S " mzse 28 ¢
of dominant model of inheritance (CA+AA) genotypes of %D < Sj ol BN Y % i’ %
LTA (c.179 C>A; p.Thr60A4sn; rs1041981) variant among gl | “o T Tmes T T e
cases with cervical cancer [32], endometrial cancer [20], % < N § S < @
and breast cancer [33] compared to controls. Additionally, £ T T2 =& z2
. . . . . ° (=] < < - (S Al =
it was reported that there was a significant association of the El |« T Tz 22 3
recessive model of inheritance (AA) of LTA (c.179 C>A; 2zl |o $ ARy @3 =2
p.Thr60Asn; rs1041981) variant in Swedish patients with = e~ -
cervical cancer [34]. Contrarily, three studies showed no é" a\? % ? 2 g :\? g %
significant association of dominant and recessive models of I ¥ a3 % 4 gw 4
inheritance of LTA (c.179 C>A; p.Thr60Asn; rs1041981) i &:/ S © BHITT -g 2
gene polymorphism in Korean cases with gastric cancer, 2| %
. . < [
German cases with colorectal cancer, and American women © 5 - = 3 2 X § e s &
. -~ — -— N — on
with breast cancer compared to controls [27, 35, 36]. These :
contradicting results are difficult to interpret and may be due < 5 S
to ethnic and geographic disparities, environmental factors, 8 8 4 = 5 8 5
. — 51
as well as issues related to research methodology such as § §; % 5 2 - = B §
sample size, and proper selection procedures. I |5 222828, 88x 2
. .. . = Q S5 88858858 &
Hepatocarcinogenesis is widely recognized to be a com- 5 E S5 s 2bsg25¢g &
. . . . ° Q T omMUMOUOMOUSO
plex biological process that occurs during the malignant £
transformation of normal hepatocytes and involves several B > >
. . . . . . S £ § §
factors, including genetic and epigenetic alterations [37]. S g & < EET 55 B
LTA can enhance cell proliferation and adhesion, as well as —é S gL es8sx F&F S
promote some tumors formation. These differences may be zl |, N T ao o e o«
incompletely elucidated by the multi-functionality of LTA g |8 S 3558 88 ¢
[38]. LTA has a crucial role in communication between lym- 5
phocytes and stromal cells, so provoking cytotoxic effects g 5 = <
. =
on cancer cells [39]. It was well known that LTA stimu- < E 2 ==“ O
. . ) s b4 = N F s @
lates the expression of vascular cell-adhesion molecule 1 5| |B € SE£E£%2 =22 g
© = - - %)
= &3 = Cwn <0 z 7 -

@ Springer



Molecular Biology Reports (2023) 50:4317-4327

4325

A
) HCC Controls
Study CA+AA CC CA+AA CC

Odds ratio
with 95% CI

p-value

This study (2022) 73 38 105 101

i—-—155[1.15-2,9a] 0.01
Quan L (2014) 484 280 481 228 -

: 0.82[0.66-1.02] 0.07
Sainz J (2012) 729 833 933 794 E 0.74[0.65- 0.85] 0.43
Abbas'S (2010) 1649 1498 3006 2481 ™ 0.91[0.83-099] 0.03
Castro FA (2009) 610 341 1,150 557 —I% 0.87[0.73- 1.02] 0.09
Niwa Y (2007) 5 51 149 7T1—=—1 0.55[0.34 - 0.88] 0.015
Niwa Y (2005) 7 60 213 107 —@—1 0.59(0.39- 0.90) 0.018
Lee SG (2004) 219 109 179 74 — 0.83[0.58-1.18] 0.32
Overall <, 0.83[0.71-0.97)
Heterogeneity: 1 = 0.03, I = 76.22%, H' = 4.21 !
Test of 6, = 6; Q(7) = 22.21, p = 0.00 !
Testof 8 = 0:z=-2.29, p = 0.02 !

12 1 2
Dominant model (CA+AA vs. CC)

B
) HCC Controls
Study AA CC+CA AA CC+CA

Odds ratio p-value
with 95% CI

This study (2022) 28 83 26 180 i —®——234[1.29- 4.23] 0.007

QuanL(2014) 131 633 136 573 = N 0.87[067-1.14] 034
SainzJ(2012) 198 1562 173 1554 - 114[092-141] 025
Abbas S (2010) 332 2815 607 4,880 " 095[0.82-1.09] 047
Castro FA(2009) 154 797 337 1370 —.-i 0.79[0.64-097] 0.02
NiwaY(2007) 16 94 35 185 —— 090[047- 171 087
Niwa Y (2005) 12 19 48 272 ! 057(0.29- 1.11] 0.13
LeeSG(2004) 63 265 47 206 —a— 104[069-158] 092
Overall <$ 0.97[0.82- 1.15)
Heterogeneity: 1 = 0.03, I' = 59.91%, H’ = 2.49 !

Testof 8, = 8; Q(7) = 17.52,p = 0.01 i

Testof 8=0:2=-0.36, p=0.72 !

wm o1 2 4

Recessive model (AA vs. CC+CA)

Fig.3 Forest plots of the pooled data for the association between LTA (c.179 C>A; p.Thr60Asn; rs1041981) variant and different types of cancers
under the dominant and recessive models. (A) The dominant model (CA+AA vs. CC) (B) The recessive model (AA vs. CC+CA).

(VCAM 1) on vascular endothelial cells and attracts natural
killer (NK) cells to parenchymal organs and tumor lesions
[40]. Nonspecific host-defense mechanisms in NK cells
assist tumor rejection and metastasis protection [41]. Previ-
ous studies have demonstrated that LTA-deficient mice have
accelerated tumour growth and metastasis, which produce
NK cells with reduced antitumor potential. Thus, Targeted
LTA gene mutation in mice increased tumour growth and
melanoma cell metastasis because it impaired NK cell func-
tion [42]. Therefore, LTA signaling has a key role in anti-
tumor surveillance through the maturation and recruitment
of NK cells [43]. In vitro, it was found that the 26Asn-LTA,
a variant protein, increased the VCAM 1 expression in vas-
cular smooth muscle cells more than 26Thr-LTA [18]. The
variant protein was assessed to be 1.5-fold higher than wild-
type resulting in a twofold increase in the induction of sev-
eral cell adhesion molecules including VCAM 1 leading to
enhanced metastatic colonization [44].

The LTA gene is located on the 6p21.3 chromosome, in
the MHC class III region. Many additional genes are found
in this region, including TNF, a proinflammatory cytokine.
Genetic polymorphisms of inflammation-related genes are
shown to modify the inflammatory response regulation
[45]. It is well-known that this region shows high degrees of
linkage disequilibrium [46]. Additionally, previous studies
have suggested a strong linkage disequilibrium between the
(A252G) polymorphism in intron 1, which increases LTA at
both mRNA and protein levels, with C179A polymorphism
of LTA gene, resulting in threonine substitution with aspara-
gine at codon 60 in exon 3 [17, 18].

LTA has been related to the development of both acute
and chronic HCV infections [47, 48]. LTA is a key mediator
of hepatic fibrogenesis that is generated as an inflammatory
response by lymphocytes in chronic HCV patients [49]. LTA
activates TNF receptors 1 and 2, promoting the traditional
and alternative nuclear factor (NF)-kB signaling pathways,
resulting in hepatic fibrogenesis [50]. The current study

revealed that the LTA (c.179 C>A; p.Thr60Asn; rs1041981)
variant is neither associated with the HCV nor HBV infec-
tion in Egyptian HCC patients. Even though HCC patients
had a higher prevalence of the CA and AA genotypes and
A-allele of the LTA (c.179 C>A; p.Thr60Asn, rs1041981)
variant, these genotypes were not associated with HCC clin-
ical symptoms or biochemical presentation.

The limitations of the study originated due to this single-
center study with a relatively small sample size and the lack
of data concerning the L74 gene expression in the studied
cases. To generalize our findings, we recommend larger col-
laborative multi-center investigations.

Conclusion

In conclusion, our findings show that the LTA (c.179 C>A4;
p-Thr60Asn; rs1041981) variant may be associated with an
elevated risk of the HCC in Egyptian patients but not affect
the clinical and biochemical presentation of the disease.
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