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ABSTRACT

Background: Molecular targeted drugs are the first line of treatment of advanced hepatocellular carcinoma (HCC)
due to its chemo- and radioresistant nature. HCC has several well-documented etiologic factors that drive hepa-
tocarcinogenesis through different molecular pathways. Currently, hepatitis C virus (HCV) is a leading cause of
HCC. Therefore, we included a unified cohort of HCV genotype 4-related HCCs to study the expression levels of
genes involved in the insulin-like growth factor 1 receptor (IGF1R) pathway, which is known to be involved in all
aspects of cancer growth and progression.

Aim: Determine the gene expression patterns of IGF1R pathway genes in a cohort of Egyptian HCV-related HCCs.
Correlate them with different patient/tumor characteristics. Determine the activity status of involved pathways.
Methods: Total ribonucleic acid (RNA) was extracted from 32 formalin-fixed paraffin-embedded tissues of human
HCV-related HCCs and 6 healthy liver donors as controls. Quantitative reverse transcription polymerase chain
reaction (qRT-PCR) using RT? Profiler PCR Array for Human Insulin Signaling Pathway was done to determine
significantly up- and downregulated genes with identification of most frequently coregulated genes, followed by
correlation of gene expression with different patient/tumor characteristics. Finally, canonical pathway analysis
was performed using the Ingenuity Pathway Analysis software.

Results: Six genes — AEBP1, AKT2, C-FOS, PIK3R1, PRKCI, SHC1 — were significantly overexpressed. Thirteen
genes — ADRB3, CEBPA, DUSP14, ERCC1, FRS3, IGF2, INS, IRS1, JUN, MTOR, PIK3R2, PPP1CA, RPS6KA1 — were
significantly underexpressed. Several differentially expressed genes were related to different tumor/patient char-
acteristics. Nitric oxide and reactive oxygen species production pathway was significantly activated in the present
cohort, while the growth hormone signaling pathway was inactive.

Conclusions: The gene expression patterns identified in this study may serve as possible therapeutic targets in
HCV-related HCCs. The most frequently coregulated genes may serve to guide combined molecular targeted
therapies. The IGF1R pathway showed evidence of inactivity in the present cohort of HCV-related HCCs, so target-
ing this pathway in therapy may not be effective.
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women and the third leading cause of cancer-related deaths.
Distinct geographical variations in the incidence exist. In
Egypt, HCC has the highest age-standardized incidence and

University of Alexandria mortality rates (ASR) from cancer in males and ranks second
Alexandria, Egypt in females (1). Most of the burden is in developing countries
nada_mabrouk@hotmail.com, nada.mabrouk@alexmed.edu.eg where 83% of cases (and deaths) occur (2). HCC has several
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2 Possible therapeutic targets in IGF1R Pathway in Egyptian HCV related HCC

well-documented etiologic factors that drive hepatocarcino-
genesis through different molecular pathways. Currently,
hepatitis C virus (HCV) is a leading cause of HCC. The multi-
plicity of etiologies of HCC and the existence of substantial
molecular heterogeneity might limit the benefits of targeted
approaches to HCC treatment. Therefore, therapeutic vul-
nerabilities should be studied in homogeneous groups of
HCCs sharing similar drivers of the disease (3). In Egypt, the
estimated national prevalence of HCV is 14.7%, which is the
highest in the world (4), and HCCs attributable to HCV ac-
count for around 50% of cases (5). Studies of the HCV ge-
nome confirmed that over 90% of Egyptian HCV isolates be-
long to genotype 4 (6).

The present study was conducted to characterize the mo-
lecular alterations in the insulin-like growth factor 1 receptor
(IGF1R) pathway in a unified cohort of Egyptian HCCs compli-
cating chronic HCV genotype 4. The IGF1R pathway was cho-
sen as its activation plays an important role in almost every
aspect of cancer development, including cell proliferation,
neoplastic transformation, cancer cell survival, epithelial to
mesenchymal transition (EMT), and metastasis (7) and that
IGF1R overexpression correlated with aggressive phenotype in
cancer, poor clinical outcome, and therapy resistance (8-10).

Aim

The present work aimed to identify the gene expres-
sion of the different subcellular components of the IGF1R
pathway in Egyptian HCCs complicating chronic HCV geno-
type 4, followed by identification of the most frequently
coregulated genes, correlation of gene expression with the
different clinical and pathological patient and tumor charac-
teristics, and determination of the activity status of involved
pathways.

Materials

Two groups were included in the present study; the study
group comprised 32 formalin-fixed, paraffin-embedded
(FFPE) blocks from 32 Egyptian HCCs complicating chronic
HCV genotype 4 etiology (shown as positive by HCV DNA PCR
using Inno-LiPA | and Il). Twenty-four out of 32 were segmen-
tectomy specimens, while 8 out of 32 were liver explants, and
the control group comprised six core biopsies from normal
liver donors.

Inclusion criteria were HCV genotype 4 etiology and good
quantity and quality of extracted ribonucleic acid (RNA) as
measured by NanoDrop spectrophotometer (A260:A280 ra-
tio 1.9:2.0 indicated pure RNA). Exclusion criteria included
positive serology for anti-hepatitis B virus surface antibody
and any HCC patient who has received previous neoadjuvant
chemotherapy (including transarterial chemoembolization).

To accurately define our study population, further iden-
tification of other known hepatocarcinogens in the Egyptian
environment was performed, including:

1) Hepatitis B core antigen (HBcAg) positivity by immuno-
histochemistry (IHC) (denoting occult hepatitis B virus
[HBV] infection) was found in 7/29 of our HCC cases as
evidenced by cytoplasmic positivity to the antibody.

A

2) Aflatoxin B1-DNA (AFB1-DNA) adduct positivity by IHC
was found to be present in 16/29 of our cases as evi-
denced by nuclear positivity to the antibody.

Methods

The protocol of this study was approved by the Ethics
committee of the Faculty of Medicine, University of Alexan-
dria. Paraffin blocks of liver biopsies were obtained from the
archives of the Pathology Department at the Faculty of Medi-
cine, Alexandria University.

Clinical data were collected from the patients’ files includ-
ing gender, age, comorbidities (diabetes mellitus and obe-
sity), alfa-fetoprotein (AFP) levels, liver function tests (alanine
aminotransferase [ALT], aspartate transaminase [AST], biliru-
bin, and albumin), hemoglobin concentration, and complete
blood picture.

Gross pathologic examination of HCC tumors specifically
addressed tumor size, multifocality, gross capsulation, gross
necrosis, satellites, and bile production.

Histopathologic study using 5-um-thick sections assessed
pathologic tumor grade (was performed according to the
Edmondson and Steiner grading system for HCC), histologic
pattern, cell type (including giant cells and clear cells), and
vascular invasion. The presence of dysplastic nodules outside
HCC and pathological tumor-node-metastasis (pTNM) staging
(according to the pTNM staging system of the American Joint
Committee on Cancer 8th edition [AJCC]) was also noted.

Real-time quantitative reverse transcription PCR

Preparation of the paraffin blocks and obtaining tissue
sections

1) By trimming off the excess paraffin from the edges of the
specimen to facilitate deparaffinization.

2) Then two sections, 5 um thick each, were cut from each
block and placed in a 2 mL nuclease-free microfuge
tube.

Total RNA was extracted from FFPE tumor sections using
the RNeasy® FFPE kit for purification of total RNA from FFPE
tissue sections (QIAGEN, Hilden, Germany, cat. no.: 73504)
according to the manufacturer’s instructions. Its main prin-
ciple is to remove all the paraffin, reverse formalin-induced
cross-linking in the nucleic acid, and prevent any further
degradation in the RNA that is known to be induced by for-
malin and finally to eliminate all genomic DNA. The concen-
tration and purity of extracted RNA were determined using
a NanoDrop ND-1000 spectrophotometer. Samples were ac-
cepted when the A260/A280 ratio (nucleic acid/protein ab-
sorbance) was >1.9. Reverse transcription of extracted RNA
(0.5 pg [500 ng] of RNA was used for all experimental runs) to
complementary DNA (cDNA) was done using RT? First Strand
Kit (QIAGEN, Hilden, Germany, cat. no.: 330401) according to
the manufacturer’s instructions. RT? SYBR Green ROX gqPCR
Mastermix (QIAGEN, Hilden, Germany, cat. no.: 330523) was
added to the cDNA. The mixture was aliquoted into the 96
wells of the commercially available RT? Profiler™ PCR Array
Human Insulin Signaling Pathway (PAHS-030ZA) (QIAGEN,
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Hilden, Germany, cat. no.: 330231) containing primer assays
for 84 genes concerning the human insulin signaling pathway,
including genes of the phosphatidylinositol-3-kinase (PI13K)
and the mitogen-activated protein kinase (MAPK) signal-
ing pathways that are the two major downstream signaling
pathways for IGF1R signaling (11) and also genes involved in
carbohydrate, lipid, and protein metabolism; transcription
factors and transcription regulators; genes involved in cell
proliferation, growth and differentiation (12); and five house-
keeping genes (HKGs). In addition, there were one genomic
DNA control, three reverse transcription controls, and three
positive PCR controls (the full list of genes can be found in the
supplementary file). PCR is then performed using the Applied
Biosystems® 7500 Real-Time PCR system (ThermoFisher Sci-
entific, Foster City, CA, USA). Finally, relative expression is de-
termined using the AACT method using the RT2 Profiler PCR
Array Data Analysis Webportal (at www.SABiosciences.com/
pcrarraydataanalysis.php). Two HKGs with the lowest stan-
dard deviations and most stable expression across replicates
were selected for data normalization: Beta-2-microglobulin
(B2M) (H2) and hypoxanthine phosphoribosyl transferase 1
(HPRT1) (H4).

Fold regulation values for each of the 84 genes in HCC
cases was determined by the Qiagen online data analysis
Webportal (at www.SABiosciences.com/pcrarraydataanalysis.
php). Then for each gene the percentages of cases showing
upregulation, normal expression, and downregulation were
determined. Determination of the significantly up- and down-
regulated genes in HCC cases using SPSS statistics software
version 20.0 was carried out using nonparametric Mann-
Whitney test. The most frequently coregulated genes were
identified. Identification of genes significantly correlated with
the different patient/tumor characteristics carried out using
the Mann-Whitney test. Finally, active and inactive pathways
in HCC from the present dataset were identified; an Excel file
containing the gene symbols, fold regulation values, and the
p values for all 84 tested genes was uploaded to the Ingenuity
Pathway Analysis (IPA) software.

Results

The demographic data of the cases included are pre-
sented in Table I.

Gross pathological examination of HCC tumors

Tumor size ranged from 1.75 to 16.0 cm, with a median
of 4.8 cm and a mean of 5.38 + 3.46 cm standard deviation
(SD; Tab. II).

Microscopic examination of HCC tumors

The most frequently encountered histologic patterns are
displayed in Table Il1.

Twenty-six out of 32 cases showed combined histological
patterns in the following frequencies (Tab. IV).

Frequency of different histopathological features of HCC
tumors including Edmonson and Steiner tumor grades is
shown in Tables V and VI, respectively.

Frequency of pTNM tumor stages is shown in Table VII.

© 2020 The Authors. Published by AboutScience

TABLE | - Distribution of the studied cases according to demo-
graphic data (n = 32)

Number %
Gender
Male 24 75.0
Female 8 25.0
Age (years)
<60 22 68.8
>60 10 31.3
Min.—Max. 47.0-67.0
Mean * Standard deviation 56.06 £ 5.49
Median 56.0
Comorbidities 17/25 53.1
Alfa-fetoprotein (2200 ng/mL) 8/25 25.0

TABLE Il - The frequency of the gross characteristics of the tumors
included in the present study

Gross findings Number %
Gross capsulation (n = 32)

Absent 6 18.8
Present 26 81.3
Gross necrosis (n = 32)

Absent 21 65.6
Present 11 34.4
Multifocality (n = 32)

Absent 4 12.5
Present 28 87.5
Satellites (n = 32)

Absent 6 18.8
Present 26 81.3
Bile production (n = 32)

Absent 15 46.9
Present 17 53.1

TABLE 1l - The frequency of the different histologic patterns of the
HCC cases included in the present study

Histologic pattern of HCC (n = 32) Number %
Trabecular

Absent 3 9.4
Present 29 90.6
Pseudoglandular

Absent 12 375
Present 20 62.5
Compact

Absent 20 62.5
Present 12 375

HCC = hepatocellular carcinoma.
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TABLE IV - The frequency of different combinations of patterns in
the tumors included in the present study

TABLE VII - Distribution of the studied cases according to pTNM
stage (AJCC 8th Edition) (n = 32)

HCCs with combined histologic pattern Number (%) Stage Number %

Trabecular and pseudoglandular 15 Early stage (1 and 2) 12 37.5
Trabecular and compact 6 Stage | 5 15.6
Trabecular, pseudoglandular, and compact Stage I 7 21.9
Glandular and compact Advanced stage (3) 20 62.5
Total 26 Stage Ill 20 62.5
HCC = hepatocellular carcinoma. Stage IV 0 0.0

TABLE V - The frequency of giant cells, clear cells, vascular invasion,
and dysplastic nodules in the HCC cases included in the
present study

Histologic feature Number %
Giant cells (n = 32)

Absent 17 53.1
Present 15 46.9
Clear cells (n = 32)

Absent 17 531
Present 15 46.9
Vascular invasion (n = 32)

Absent 11 34.4
Present 21 65.6
Dysplastic nodules outside HCC (n= 32)

Absent 13 40.6
Present 19 59.4

HCC = hepatocellular carcinoma.

TABLE VI - Distribution of the studied cases according to Edmond-
son and Steiner grading system (n = 32)

Grade Number %

Low grade (1 +2) 14 43.8
Grade | 1 3.1
Grade Il 13 40.6
High grade (3 + 4) 18 56.3
Grade Il 3 9.4
Grade IV 15 46.9

Significantly up- and downregulated genes

A total of 51 deregulated genes were found in the present
cohort of HCCs. Fourteen genes were upregulated while 37
genes were downregulated. Statistically significant upregula-
tion was observed in HCC patients, in comparison to the con-
trol group, in six genes, namely AEBP1, AKT2, FOS, PIK3R1,
PRKCI, SHC1, where SHC1 was the most significantly overex-
pressed gene (p value: 0.001) (Tab. VIII, Fig. 1). SHC1, AEBP1,
AKT2, and PKCI were the most frequently coregulated genes
among the significantly upregulated genes.

A

AJCC = American Joint Committee on Cancer; TNM = tumor-node-metastasis.

TABLE VIII - The six significantly upregulated genes’ fold regulation,
p values, and percentage of cases showing upregula-
tion of these genes

Position Gene Fold p Number %
symbol regulation

AO04 AEBP1 6.694 0.045* 29 90.6
AO6 AKT2 6.0287 0.013* 26 81.3
Co1 FOS 3.9608 0.045* 25 78.1
E11 PIK3R1 4.1363 0.020* 25 78.1
FO5 PRKCI 7.7467 0.006* 28 87.5
G04 SHC1 11.8326 0.001* 30 93.8

p = p values for Mann-Whitney test for comparing between the two groups.
*Statistically significant at p < 0.05.

Significantly up and downregulated genes
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Fig. 1 - Bar chart representing the 6 significantly upregulated and
the 13 significantly downregulated genes in the hepatocellular car-
cinoma group

On the other hand, the frequency and magnitude of
the downregulation events were greater than that of up-
regulation events (Tabs. VIl and IX). Thirteen genes, namely
ADRB3, CEBPA, DUSP14, ERCC1, FRS3, IGF2, INS, IRS1, JUN,
MTOR, PIK3R2, PPP1CA, and RPS6KA1, were significantly un-
derexpressed in HCC patients relative to the control group,
where PPP1CA and INS were the two most significantly un-
derexpressed genes (p value: 0.002) (Tab. IX, Fig. 1). INS and
PPP1CA were the most frequently coregulated genes among
the significantly downregulated genes.
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TABLE IX - The 13 significantly downregulated genes’ fold regula-
tion, p values, and percentage of cases showing down-

regulation of these genes

Position Gene Fold p Number %
symbol regulation

AO03 ADRB3 -11.3685  0.010* 23 719
BO2 CEBPA -5.3981 0.041* 22 68.8
BO7 DUSP14 -6.5717 0.016* 23 71.9
B10 ERCC1 -8.7853 0.037* 22 68.8
Cco3 FRS3 -35.5177 0.006* 27 84.4
D02 IGF2 -8.6788  0.013* 25 78.1
D04 INS -31.7678 0.002* 30 93.8
D07 IRS1 -8.0248  0.037* 22 68.8
D10 JUN -13.0027  0.020* 23 71.9
E04 MTOR -9.0478  0.045* 26 81.3
E12 PIK3R2 -2.8856  0.037* 23 71.9
FO3 PPP1CA -46.4755  0.002* 29 90.6
F12 RPS6KA1 -5.653 0.025* 24 75.0

p = p values for Mann-Whitney test for comparing between the two groups.
*Statistically significant at p < 0.05.

VEGFA was downregulated (fold regulation of -3.2345) in
71.9% (23/32) of cases in the present study, although this did
not reach statistical significance.

A scatter plot and a heat map were generated on the on-
line data analysis web portal representing the distribution of
average gene expression levels (Figs. 1 and 2 respectively).

Nonsupervised hierarchical clustering of all cases and
controls according to their gene expression profile by the
data analysis web portal

The included cases were a homogeneous population with
no outstanding clustering as evidenced by the dendrograms.
This further supports the study design as it included a spe-
cific cohort of HCCs: Egyptian ethnicity and HCV genotype
4 etiology.

Correlations between the gene expression levels and
demographic data in HCC patients

Age: There were significant differences in three gene
expression levels as regards age; AEBP1, AKT1, and FBP1
genes were significantly overexpressed in HCC patients
<60 years of age compared to HCC patients >60 years of age
(Tab. X).

Gender: DOK1 was significantly overexpressed in female
patients (p = 0.037).

Stage: There were no statistically significant differences
detected in the gene expression levels between early pTNM
stage (pT1,2) and late stage (pT3,4) HCC tumors.

Grade: GSK3A was significantly overexpressed in low-
grade tumors as compared to high-grade ones where it was
normally expressed (p = 0.002)

© 2020 The Authors. Published by AboutScience
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Fig. 2 - Scatter plot representing the normalized expression of
each gene on the polymerase chain reaction array between the
two groups. Log base 10 of 27T value of each gene in the control
group is plotted on the x-axis against the corresponding value
in the hepatocellular carcinoma (HCC) group, which is plotted
on the y-axis to visualize gene expression changes. The central
boundary line indicates unchanged gene expression. The upper
left section of the scatter plot (above the fold-change boundary
lines) contains genes upregulated in the HCC group as compared
to the control group. The lower right section of the scatter plot
(below the fold-change boundary lines) contains genes down-
regulated in the HCC group as compared to the control group.
It shows the upregulated genes in red and the downregulated
genes in green.
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Fig. 3 - Heat map is a color-coded representation of fold regulation
expression data between HCC and control groups overlaid onto the
polymerase chain reaction array plate layout. The black color re-
presents the average magnitude of gene expression. The brightest
green represents the most downregulated genes, the brightest red
represents the most upregulated genes in the HCC cases compared
to the normal controls.
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TABLE X - Differentially expressed genes between HCC cases whose
age is <60 years and those who are >60 years of age as
regards human insulin signaling pathway gene expres-

TABLE XII - Differentially expressed genes between HCC cases
having multifocal tumor masses and those with unifo-
cal masses as regards human insulin signaling pathway
gene expression levels

sion levels
Gene symbol Group 1 Group 1 o]
Age <60 years Age >60 years
Fold regulation Fold regulation
AEBP1 9.6655 2.9833 0.040*
AKT1 2.3142 -1.394 0.024*
FBP1 2.1679 -2.1895 0.007*

HCC = hepatocellular carcinoma.
p = p values for Mann-Whitney test for comparing between the two categories.
*Statistically significant at p < 0.05.

Tumor size: Both CEBPB (p = 0.027) and GPD1 (p = 0.002)
were significantly downregulated in tumors >5 cm.

Dysplastic nodules: No statistically significant difference
was detected in the gene expression levels of any genes be-
tween cases who had dysplastic nodules outside tumor mass
and those who did not have any (none were <0.05).

Satellite nodules: AEBP1 and FOS genes were upregu-
lated in the absence of satellite nodules more than double
their expression level in the cases which showed satellite
nodules. MAPK1 gene was overexpressed in the presence
of satellite nodules and normally expressed in their absence.
PRKCZ and UCP1 genes were downregulated in the absence
of satellite nodules and normally expressed in their presence
(Tab. XI).

Multifocality: AEBP1 and FOS genes were upregulated
in the absence of multifocal masses more than double
their expression level in the cases which showed multifocal
masses.

LDLR gene was overexpressed in the absence of multifocal
masses and normally expressed in their presence (Tab. XIl).

Gross capsulation: Both INSL3 (p = 0.043) and IRS1 (p =
0.030) genes were downregulated in the presence of gross
capsulation.

Gross tumor necrosis: CAP1 (p =0.041), GRB2 (p = 0.047),
PRL (p = 0.024), and TG (p = 0.025) were downregulated in

TABLE XI - Differentially expressed genes between HCC cases hav-
ing satellite nodules around the tumor mass and those
without, as regards human insulin signaling pathway
gene expression levels

Satellite nodules 4]
Absent (n = 6) Present (n = 26)
AEBP1 17.44 5.37 0.004*
FOS 13.21 3.00 0.007*
MAPK1 -1.97 2.05 0.012*
PRKCZ -2.63 1.42 0.026*
UCP1 -9.60 -1.98 0.014*

HCC = hepatocellular carcinoma.
p = p values for Mann-Whitney test for comparing between the two categories.
*Statistically significant at p < 0.05.

A

Multifocality p
Absent (n = 4) Present (n = 28)
AEBP1 26.30 5.51 0.004*
FOS 19.81 3.15 0.003*
LDLR 7.12 1.88 0.035*

HCC = hepatocellular carcinoma.
p = p values for Mann-Whitney test for comparing between the two categories.
*Statistically significant at p < 0.05.

the presence of gross necrosis. PIK3R1 (p = 0.016) was up-
regulated in the absence of gross tumor necrosis.

Giant cells: Both GSK3A (p = 0.015) and PCK2 (p = 0.030)
were upregulated in the absence of giant cells. UCP1 (p =
0.033) was downregulated in tumors that showed giant cells.

Clear cells: CEBPB, HK2, GPD1, IGFBP1 and PIK3R2 were
downregulated in all the studied cases, more so in tumors
that showed clear cells than in tumors which had no clear
cells (Tab. Xil).

Vascular invasion: NOS2 showed more significant down-
regulation in the absence of vascular invasion (p = 0.035).

HBcAg: RPS6KA1 was more significantly underexpressed
in the presence of HBcAg (p = 0.034).

AFB1-DNA adduct positivity: AKT1 and MAPK1 were
more significantly upregulated in the presence of aflatoxin as
compared to negative cases (p = 0.019, 0.017 respectively).
On the other hand, RPS6KA1 was more significantly under-
expressed in the presence of AFB1 (p = 0.046).

Correlations between the gene expression levels and
the different clinical characteristics of the tumors in
HCC patients

Thrombocytopenia: In patients with a low platelet count,
AKT1 was significantly upregulated (p = 0.038) while BCL2L1

TABLE XIII - Differentially expressed genes between HCC tumors
with clear cells and those without as regards human
insulin signaling pathway gene expression levels

Clear cells p

Absent (n = 17) Present (n = 15)

CEBPB -2.34 -12.28 0.010*
GPD1 -1.29 -2.64 0.040*
HK2 -6.14 -18.17 0.050*
IGFBP1 1.22 -3.46 0.041*
PIK3R2 -1.41 -6.52 0.021*

HCC = hepatocellular carcinoma.
p = p values for Mann-Whitney test for comparing between the two categories.
*Statistically significant at p < 0.05.
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was significantly downregulated (p = 0.045). VEGFA was more
significantly underexpressed in the presence of normal plate-
let numbers (p = 0.038).

Comorbidities: There was no statistically significant dif-
ference in the gene expression levels between patients who
have comorbidities and those who do not have any.

Canonical pathway analysis predicted by IPA database

Nitric oxide and reactive oxygen species production path-
way was significantly activated in the present cohort, while
the growth hormone signaling pathway was significantly in-
activated (Fig. 4).

Discussion

Different etiologic factors result in very diverse HCC
molecular profiles between different regions of the world
(13,14). Understanding the heterogeneity of HCC is condu-
cive to developing personalized therapy and identifying mo-
lecular biomarkers.

Most published work on molecular profiling of HCC was
conducted on heterogeneous groups of tumors including dif-
ferent etiologies and ethnic backgrounds (15—-19). Once HCC
heterogeneity is accepted (20), studies have to be conducted
on homogeneous samples to identify characteristic genetic
alterations, if personalized management is the target.
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Fig. 4 - Analysis of canonical pathways involved in hepatitis C virus-related hepatocellular carcinoma pathogenesis with the Ingenuity
Pathway Analysis (IPA) database using the present dataset (the 84 tested genes). The IGF pathway was found to be inactive. On the
other hand, the nitric oxide and reactive oxygen species production pathway were significantly activated. Description: The white bars
mean that half the molecules suggest an activation and half suggest inhibition, so an overall z-score of 0 (Ingenuity Systems). The blue
bar indicates that there is evidence that the pathway is inhibited and a negative z-score. The orange bar means that there is a positive
z-score indicating that there is evidence for activation of this pathway. The horizontal threshold line indicates the threshold for the over-
representation analysis and was set at p = 0.05. Only bars that are more significant than p < 0.05 are shown. The ratio line represents the
ratio of the number of molecules in the present dataset that map into the pathway relative to the whole size of the pathway (Ingenuity
Systems). The pathway analysis was generated through the use of IPA (QIAGEN Inc., https://www.giagenbioinformatics.com/products/
ingenuity-pathway-analysis

HCC is known to be chemo- and radioresistant (21); there-
fore, identifying therapeutic vulnerabilities for molecular
targeted drugs is in dire need. The present study measured
levels of messenger RNA (mRNA) expression of 84 insulin
signaling-related genes, including genes of the PI3K and the
MAPK signaling pathways (11). Also included are genes in-
volved in carbohydrate, lipid and protein metabolism, tran-
scription factors and transcription regulators, genes involved
in cell proliferation, growth, and differentiation (12).

Of the 84-cancer pathway-focused genes in this array,
upregulation was observed in 14 genes, while 37 genes ap-
peared to be downregulated in the tumor samples, for a total
of 51 differentially regulated genes. These upregulated genes

© 2020 The Authors. Published by AboutScience

may be therapeutic targets for future trials, especially those
for which molecularly targeted agents are available.

Among the significantly upregulated genes was c-FOS,
a proto-oncogene which is a major nuclear target for signal
transduction pathways, including MAPK pathway, and is in-
volved in the regulation of cell growth, differentiation, and
transformation (22,23). A novel selective C-FOS/AP-1 inhibi-
tor T-5224 was found to inhibit the invasion and migration
of head and neck squamous cell carcinoma cells in vitro and
prevented lymph node metastasis in head and neck cancer in
an animal model (24).

Most of the significantly upregulated genes found in the
present work were also found in common with prior HCC
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molecular studies; AKT2, C-FOS, PIK3R1, PRKCt, SHC1 were all
found to be similarly significantly upregulated (25—-30). AEBP1
is an exception; to the best of our knowledge, this is the first
report to find this gene to be significantly and consistently
(>90% of HCCs) upregulated in HCC. It is a transcriptional re-
pressor that has been studied in great detail for its role in
regulating adipogenesis (31). It has also been found to be a
proinflammatory mediator (32). Finally, it has been shown
that AEBP1 induces massive obesity in mice with targeted
overexpression of AEBP1 in adipose tissue (33). Although its
exact role in tumorigenesis is not clear (34), AEBP1 was found
to be upregulated in many different cancers such as cervi-
cal cancer (35,36), primary glioblastoma multiforme (37),
and human breast cancer cell lines (38). Ladha et al found
that silencing AEBP1 expression and loss of its function lead
to apoptosis in glioma cell lines, meaning that AEBP1 has an
antiapoptotic function and is an important survival factor for
tumor cells (34).

Two studies found that directly targeting AKT2 by miR-
302b in human HCC cells suppresses cell proliferation, inva-
sion, and metastasis in vitro and also inhibited HCC tumor
growth in vivo (25,39). A recent preclinical in vitro and in
vivo trial using a highly selective allosteric pan-AKT inhibi-
tor in combination with sorafenib found that this combina-
tion yielded better outcomes and with minimal toxicity than
sorafenib alone. The combination significantly reduced tumor
growth, proliferation, and angiogenesis and increased apop-
tosis (40).

The PKCt blocking agent aurothiomalate (ATM) was found
to negatively regulate EMT and invasion of HCC in immortal-
ized murine hepatocytes and was found to inhibit prolifera-
tion and induce apoptosis in HepG2 cells (41). Also, a recent
patent has been published on a novel drug targeting PKCL. It
has been found to be effective at treating colon cancer cells
having high level of expression of at least one aPKC (42). These
can potentially be tested in preclinical trials as a method for
treating HCCs overexpressing atypical PKCs.

Similarly, PKCL was upregulated in HCC in several studies
involving different ethnic groups; two Chinese studies (Wang
et al (43), Du et al (44)) and an American and Spanish study
(Chiang et al (45)). Boyault et al in a French study attempted
to classify HCC by unsupervised hierarchical clustering ac-
cording to the tumors’ gene expression profiles by microar-
ray; all three generated subgroups had upregulated PKCt (the
HBV and non-HBV-related HCCs) (46).

In line with our findings, PIK3R1 was found to be upregu-
lated in HCV-related HCC subgroups (45) and in HCC patients
of Chinese ethnicity as well (47). In a recent study by He et al,
PIK3R1 transfection by small interfering RNA significantly inhib-
ited HCC cell migration and invasion (48). There are several PI3K
inhibitors including both pan-PI3K and isoform-specific PI3K in-
hibitors that are still in early phase clinical trials (49).

The strongest associations between upregulated genes
in the present study were between AEBP1, SHC1, AKT2, and
PRKCi. Possibly, these associations can serve as a guide to
molecularly targeted therapy combinations to cotarget the
genes that were most frequently coregulated to maximize the
benefits in HCC therapy. These potential therapeutic targets
and combinations open several pipelines for future preclinical
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and clinical trials to be conducted for agents targeting those
upregulated genes to test their efficacy and their potential
use in HCV-related HCC treatment.

The 13 significantly downregulated genes included genes
involved in carbohydrate, protein, and lipid metabolism, PI3K
signaling target genes, MAPK signaling target genes, insulin re-
ceptor-associated proteins, genes involved in cell cycle, cell pro-
liferation, growth factors and receptors, insulin gene and insulin
receptor-associated proteins, primary insulin signaling target
genes, transcription factors, and transcription regulators (12).

Two of those were tumor suppressor genes. CEBPA has
been described as a tumor suppressor, leading to mitotic
arrest through activation of p21 and repression of E2Fs and
cyclin-dependent kinases (50). Its expression is downregu-
lated in a number of cancers including lung (51), breast can-
cers (52), head and neck squamous cell carcinoma (53), and
HCC. Its downregulation was associated with advanced HCC
stages and poor survival (54,55).

Recently, a modified small activating RNA (saRNA) re-
tained activation of CEBPA mRNA and downstream targets
and inhibited growth of liver cancer cell lines in vitro (56).
This novel drug has been encapsulated in a liposomal formu-
lation for liver delivery in humans and is currently in a phase
I clinical trial for patients with liver cancer and represents the
first human study of a saRNA therapeutic (57).

FRS3 was significantly downregulated in our patient co-
hort. This is the first report of its significant downregulation in
HCCs. Similar to our findings, FRS3 expression level has been
found to be downregulated in brain and lung cancer cell lines.
It constitutively binds to EGFR regardless of EGF stimulation
and inhibits EGF-induced cell transformation and prolifera-
tion (58). It serves as a tumor suppressor in non-small cell
lung cancer (NSCLC) (59).

In our work, excision repair cross-complementing rodent
repair deficiency, complementation group 1 (ERCC1) was sig-
nificantly downregulated. It was also found to be downregu-
lated in Chinese (47) and Turkish (60) HCC cohorts as well.
Loss of ERCC1 expression in hepatocytes may be one of the
leading factors for genetic instability, and thus of tumorigen-
esis (61). Impaired nucleotide excision repair pathway, in
which ERCC1 plays a major role, leads to reduced DNA repair
capability and increases DNA adduct levels and genomic in-
stability that in turn could lead to a more malignant pheno-
type (62). This is not limited to HCCs, but also is a finding in
other types of cancer including head and neck squamous cell
carcinoma (63).

Gene expression patterns can be used to define the suit-
able chemotherapeutic agent employed in any given case.
ERCC1 overexpression could be associated with resistance to
cisplatin-based therapy in HCC, similar to what is observed in
NSCLC (64,65).

VEGFA was found to be downregulated in the present
study in 71.9% of cases. Several retrospective studies sug-
gested that tumors with a VEGFA amplification respond
better to sorafenib, the only approved first-line treatment
of advanced HCC (66), suggesting that further studies of
currently used molecularly targeted therapies in Egyptian
HCV-related HCC patients are needed, and search for mo-
lecular biomarkers of response to therapy with prospective
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validation of the role of VEGFA expression level to predict
response to therapy.

One of the points of strength in our study is that we in-
cluded HCC samples resulting from a single etiologic agent
only (HCV genotype 4-related HCC). Also, the present study
unified the controls used in the analysis as we used healthy
liver donors as the control group. On the other hand, in the
vast majority of studies paired adjacent cirrhotic liver tissues
to the HCC tumor masses were used as controls (30,45,67—
69). This complicates the interpretation of results since the
gene expression patterns in the nontumor cirrhotic liver
samples from different patients can vary significantly, af-
fected by the viral infection and degree of fibrosis. Thus, the
tumor-specific variation in the expression patterns could not
be distinguished from variation due to differences in the cor-
responding nontumor liver samples (70).

In our cohort, two HKGs — B2M and HPRT1 — were used
for data normalization. In a study performed to search for
appropriate HKGs to be used for data normalization in HCV-
induced HCC specifically. Two of the most commonly used
HKGs, which were also included in the standard catalogued
5 HKGs set in the present study’s array, namely glyceralde-
hyde-3-phosphate dehydrogenase (GAPDH) and beta-actin
(ACTB), were found to be deregulated in HCV-induced HCC
(71). Thus, using them for normalization would have strong
effects on the extent of differential expression of genes, lead-
ing to misinterpretation of results. This was the exact same
case in our study for ACTB and GAPDH, which were found to
be unstable and had a wide SD across samples.

A few weaknesses of this study that we recognize are,
firstly, the fact that we were studying patients who already
had developed disease at a single point in time. Also, as in
most studies on HCC, tumor samples have been collected dur-
ing resection. It could be expected that in a more clinically ad-
vanced context with tumor progression, increased crosstalk
among pathways and chromosomal instability would con-
tribute to additional signaling deregulation. These samples
do not represent the tumors of patients with advanced stage
disease, who do not undergo surgery. However, as HCC diag-
nosis at present is not tissue based, obtaining tissue samples
from late cases is not feasible at present.

Conclusions

The significantly up- and downregulated genes identified
in the present study can serve as potential therapeutic tar-
gets for HCV-related HCCs.

In the present study, the insulin pathway genes including
IGF1R, IGF2, INS, INSR, and IRS1 were found to be downregu-
lated and the IGF pathway was found to be significantly inac-
tive, in the present work, which is in concordance with the
findings of Zucman-Rossi et al (72). Therefore, drugs targeting
the IGF1R pathway may not be suitable for this specific sub-
set of HCV-related HCCs.

Although NOS2 gene expression was unchanged in our
cohort, IPA revealed that nitric oxide pathway and reactive
oxygen species production in HCV-related HCCs were signifi-
cantly activated.

The gene expression pattern of each HCC tumor seems
to provide a distinctive molecular portrait of that tumor, as

© 2020 The Authors. Published by AboutScience

no gene was 100% up- or downregulated in the present co-
hort. Personalized medicine mandates the knowledge of the
specific genetic profile of each HCC tumor, which is currently
not feasible due to costs associated especially in developing
countries where most of the HCC burden lies. Therefore, the
present study fills a void in this respect — identifying specific
morphologic and clinical patient/tumor characteristics, which
significantly correlate with underlying molecular alterations.
This may be used as a guide for tailoring molecularly targeted
therapies.

We confirm the findings of a previous study that was per-
formed to search for appropriate HKGs to be used for data
normalization in HCV-induced HCC specifically. Two of the
most commonly used HKGs — ACTB and GAPDH — were found
to be unstable and had a wide SD in our study and theirs;
therefore these shouldn’t be used for normalization. We sug-
gest B2M and HPRT1 to be used instead, as they had more
stable levels of expression.
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