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ABSTRACT

Scientific efforts have been made for a better understanding of the pathogenesis of hepatocellular carci-
noma (HCC). We investigated the possible role of miR-192/nuclear factor-κB (NF-κB)/transforming
growth factor-β (TGF-β)/E-cadherin in hepatic tumorigenesis. We expected a modulatory impact of
thymoquinone. Thirty adult male rats were assigned into 3 groups (n 5 10); (1) Control group. Group (2):
Experimental HCC induced by intraperitoneal injection of diethylnitrosamine (DENA) followed by carbon
tetrachloride (CCl4). Group (3): Thymoquinone 20mg kg�1/oral supplementation starting from the model
induction to the end of the 8th week. The HCC (DENA-CCL4) model was confirmed by elevated serum
levels of alpha-fetoprotein and transaminases (ALT, AST) and by histopathological examination which

pCorresponding author. Department of Medical Physiology, Faculty of Medicine, Cairo University, Cairo, Egypt.
Tel.: þ20 966508133732. E-mail: hend.a.hassan@kasralainy.edu.eg; hiahmad@kku.edu.sa

†These authors contributed equally as first authors.

Physiology International 109 (2022) 3, 371–387
DOI: 10.1556/2060.2022.00163

Brought to you by MTA Titkárság - Secretariat of the Hungarian Academy of Sciences | Unauthenticated | Downloaded 11/07/22 11:47 AM UTC

https://orcid.org/0000-0002-5423-7228
mailto:hend.a.hassan@kasralainy.edu.eg
mailto:hiahmad@kku.edu.sa
https://doi.org/10.1556/2060.2022.00163


denoted marked cellular atypia and features of neoplasia. Suppressed hepatic miR-192 and E-cadherin
expression were detected in the HCC (DENA-CCL4) group accompanied by elevated tumor necrosis factor
(TNF-α), interleukin (IL6)/NF-κB & TGF-β1. Thymoquinone treatment protected the rat livers from
hepatic tumorigenesis. Thymoquinone diminished (P < 0.001) alpha-fetoprotein and improved ALT, AST.
It preserved hepatic miR-192 and normal E-cadherin expression. Thymoquinone-treated rats showed
abrogated TNF-α, IL6/NF-κB/TGF-β. Thymoquinone increased cell apoptosis markers Bax/Bcl2 and
diminished cellular atypia. Pearson’s correlations revealed positive association between miR-192 expression
and E-cadherin and Bax/Bcl2 as well, and it was negatively correlated to alpha-fetoprotein, NF-κB and
TGF-β and the cellular atypia score. In conclusion, thymoquinone protected the liver tissues through
preserving miR-192 and E-cadherin and aborting NF-κB & TGF-β signaling. The current results highlight a
new role for thymoquinone in preventing hepatic tumorigenesis.
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INTRODUCTION

Liver cancer-related mortality is rising globally, increasing the worldwide economic burden.
Therefore, understanding the pathogenesis of hepatocellular carcinoma (HCC) and searching
for traditional medicine deserves special scientific attention. HCC is closely associated with
chronic microenvironment inflammation and fibrosis, regulating tumor initiation and prolif-
eration, which is known as the hepatic inflammation-fibrosis-cancer axis [1]. The nuclear factor-
kappa-B (NF-κB) is the heart of the inflammatory process associated with HCC. Following
activation, it promotes the survival of pre-cancerous hepatocytes and accelerates cancer growth
[2]. Therefore, targeting the inflammatory process is important in the general anticancer
approach. The loss of physiological cellular adhesion contributes to the distortion of tissue
architecture and hence facilitates cancer progression. Epithelial cadherin (E-cadherin) is one of
the cell surface glycoproteins involved in cell-to-cell adhesion. E-cadherin has been defined as a
tumor suppressor factor, since its downregulation is documented in malignant epithelial tumors
[3]. The loss of E-cadherin contributes to the increased invasion capabilities and the poor
differentiation observed in HCC [4]. Meanwhile, overexpression of transforming growth factor
beta (TGF-β) is correlated with hepatocyte carcinogenesis and the progression of HCC [5]. The
activated hepatocytes release TGF-β during liver injury which acts as a crosstalk between pre-
malignant hepatocytes and modification of the microenvironment favoring cancer initiation.
Additionally, TGF-β mediates the epithelial to mesenchymal transition documented in HCC [6].

MicroRNAs (miRs) are a novel class of small non-coding single-stranded RNA molecules
involved in various biological processes. The miRs may influence post-transcriptional gene
regulation which affects mRNA stability and protein translation, apoptosis, development, pro-
liferation, and differentiation [7]. MicroRNAs are also involved in the regulation of the in-
flammatory microenvironment in cancer [8]. Therefore, miRs play a fundamental role in
tumorigenesis. Specifically, miR-192 is involved in tumor regulation, and its downregulation was
reported in tumors such as renal [9], lung [10], osteosarcoma [11], as well as liver [12] cancers.
Thereby, miR-192 may contribute to the pathogenesis of HCC. Recent evidence suggests an
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association between TGF-β-mediated EMT signaling and miRNAs, which provides new insight
into the microenvironmental disturbance of cancers [13], and it has been suggested that the
TGF-β pathway can stimulate or inhibit miRNA maturation [14]. However, the relation of miR-
192 to NF-κB and TGF-β/E-cadherin in HCC, in particular, is still unclear.

Thymoquinone, [TQ, 2-Isopropyl-5-methyl-1,4-benzoquinone] is the predominant bioactive
constituent found in black seeds of Nigella sativa, particularly used as a condiment in the Middle
East. Accumulating evidence has shown that TQ has anti-oxidant and anti-proliferative effects
in many types of cancers [15] including liver cancer [12]. Recent investigations documented a
valuable role of TQ in regulating the expression of several miRs in cancers [16], as it may have
epigenetic modification characteristics responsible for cancer regulation [17]. However, limited
variants of miRs were shown to be involved in the protective effect of thymoquinone against
HCC, including miR-16 and miR-375 [18]. Meanwhile, the role of thymoquinone in regulating
miR-192 in HCC is largely unknown.

Aim of the work

The current study was designed to investigate the role of miR-192 and TNF-α/IL6/NF-κB/TGF-
β/E-cadherin signaling in HCC pathogenesis in a rat model of hepatic tumorigenesis. We
suggested that thymoquinone could inhibit the initiation stage of hepatic carcinogenesis, and it
may regulate the expression of miR-192 and E-cadherin and the TNF-α/L6/NF-κB TGF-β
content in the liver tissue.

MATERIAL AND METHODS

Animals and ethical consideration

Thirty adult male Wistar albino rats (180–200 g) supplied by the animal care unit of the
Faculty of Medicine, Cairo University were used for conducting this experiment. All animal
procedures were approved by the Institutional Animal Care and Use Committee of Cairo
University (# CU/III/F/20/19).

Model of hepatocellular carcinogenesis

Rats were housed for 2 days to be acclimatized before starting the experiment. The experimental
model of HCC was induced as described in [19]. The rats received a single intraperitoneal in-
jection of diethylnitrosamine (DENA) (# N0258 Sigma-Aldrich) freshly prepared in 0.9% saline
in a dose of 200 mg kg�1 once, as an inducer for hepatocellular carcinoma. After two weeks, the
animals received 6 doses of carbon tetrachloride (CCl4) injections of 3 mL kg�1/ s.c. /weekly to
enhance the carcinogenic effect of DENA on HCC (DENA-CCl4). At the end of the 8th week, we
confirmed the model establishment by the elevated alpha-fetoprotein levels. Deaths were
recorded as 20%, and finally we obtained 20 rats of an established HCC model.

Experimental design

The included rats were allocated into three experimental groups (10 rats each): 1) The control
group received only saline as vehicle. 2) The experimental HCC model, HCC (DENA-CCl4).
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3) HCC-Thymoquinone group, in which the rats were treated with thymoquinone (TQ, Sigma-
Aldrich # 274666) in a dose of 20 mg.kg-1 orally [20] for 3 alternative days weekly starting from
the beginning of the model induction to the end of the 8th week to assess the preventive effect of
TQ on hepatic tumorigenesis.

Sample collection and preparation

At the end of the experimental study (8th week), rats were fasted overnight. Blood samples were
withdrawn from the rat tail veins under pentobarbital anesthesia 50 mg kg�1 i.p. for serum
preparation. A midline incision was made and the liver was harvested from each rat. Liver tissue
specimens were prepared for histopathology examinations. To prepare 10% tissue homogenate,
the liver specimens were placed in ice-cold saline. For every 5 mg tissue sample, 300 μL of ice-
cold lysis buffer was added, and the samples were homogenized and centrifuged at 5,000 rpm for
20 min at 4 8C in a Hettich universal 32A (Germany) apparatus. The supernatants were collected
in fresh tubes and preserved at �80 8C.

Biochemical analysis methods

Serum detection of α-fetoprotein (AFP). Quantitative detection of rat α-fetoprotein (AFP)
serum levels followed a double antibody sandwich technique in which the rat ELISA kit
(# MBS267612; MyBioSource, Egypt) was used. The procedures were conducted in accordance
with the manufacturer’s datasheet.

Estimation of the liver enzymes alanine transaminase (ALT) and aspartate transaminase
(AST). Instructions were followed using the manufacturer’s datasheets for serum ALT (Bio-
Med Diagnostic-GPT, Egy-Chem), and for serum AST enzyme activity determination (BioMed
Diagnostic-GOT, Egy-Chem).

Quantitative real-time PCR detection of E-cadherin and miR-192

RNA extraction and purification. Total RNA from each sample was extracted using the
mirVana� isolation Kit (Catalog number: AM1560; Thermoscientific, UK) according to
the manufacturer’s instructions. The primers used for E-cadherin and miR-192 are shown in
Table 1. Real-time PCR was carried out using an Invitrogen kit. Primers for miR-192 were
supplied by Applied Biosystems (TaqMan miRNA Assays ID # 002272, catalog # 4427975).

Table 1. Primers used in the PCR

Gene Primer sequences

E-cadherin Forward: 59 TCCCAATACATCTCCCTTCACA39

Reverse: 59ACCCACCTCTAAGGCCATCTTT39

β-Actin Forward: AGCCATGTACGTAGCCATCCA
Reverse: TCTCCGGAGTCCATCACAATG

miR-192 Mature miR Sequence: CUGCCAAUUCCAUAGGUCACAG
U6 CGTTCCAATTTTAGTATATGTGCTGCCGAAGCGA
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miR-192 expression values were normalized to small RNA U6, with high efficiency of miRs.
Approximately 2 μg of total RNA were used for preparing a single strand of cDNA using a
high-capacity cDNA reverse transcription kit (Superscript II; Gibco Life Technologies, Grand
Island, NY). Real‐time PCR amplification and analysis were performed using an Applied
Biosystem instrument using software version 3.1 (StepOne�, Applied Biosystems, Lincoln
Centre Drive, Foster City, CA). The reaction contained SYBR Green Master Mix supplied by
Applied Biosystems (Lincoln Centre Drive, Foster City, CA). The relative expression of the
target gene was determined with the help of the Applied Biosystem software using the 2–ΔΔCt

method.

Western blot detection of the protein levels of nuclear factor-kB (NF-κB), B cell
lymphoma factor (Bcl2), and Bcl-associated X protein (Bax)

The NF-κB protein level in the liver homogenates was determined according to the manufac-
turer’s recommendations. In short, proteins were extracted from the prepared tissue homoge-
nates through ice-cold radio-immunoprecipitation assay (RIPA). The proteins were then
transferred to polyvinylidene difluoride membranes (Pierce, Rockford, IL, USA). Membranes
were blocked with 5% (w/v) skimmed milk powder for 1 h at room temperature. The following
primary antibodies were used: NF-κB p65 rabbit polyclonal antibody (# Catalog # 51-0500,
RRID: AB_2533893, Invitrogen, Thermoscientific, Illinois, USA); for Bax detection, rabbit anti-
rat polyclonal antibody Catalogue # MA5-14003; and for Bcl-2, the rabbit anti-rat polyclonal
antibody Catalogue # PA5-27094. The primary antibodies were incubated overnight at 4oC,
followed by incubation for 1 h with the secondary antibody (Goat anti-rabbit IgG- HRP-1mg
Goat, Novus Biologicals). Next, ClarityTM Western ECL substrate Bio-Rad cat#170-5060 was
applied. Finally, band intensities were analyzed against the housekeeping protein beta actin on
the ChemiDoc MP imager. The ratio between Bax/Bcl2 was then calculated, which indicates the
degree of cellular deaths.

Determination of transforming growth factor (TGF-β1), tumour necrosis factor (TNF-α) and
interleukin 6 (IL6). Activated rat TGF-β1 was quantitatively determined in the liver tissue
homogenates using the sandwich ELISA technique. Following the manufacturer’s instructions,
the standard sandwich enzyme-linked immune-sorbent assay technology was applied using the
kit # MBS175833 for TGF-β1, # MBS2568059 for TNF-α, and #MBS8800160 for IL6, supplied
by MyBiosourse, Egypt.

Tissue preparation for histological analysis

The liver specimens from each group were immediately placed in 10% formol saline. The
specimens were then washed carefully and subjected to an ascending ethanol concentration
series for tissue dehydration. The specimens were cleared in xylene and embedded in paraffin-
forming blocks. Sections of about 5 μm thickness were cut and stained with hematoxylin and
eosin.

Histopathological scoring

Semi-quantitative scoring of cellular atypia was graded as mild (grades 1-2), moderate (grade 3)
or severe (grades 4-5) depending on the features of nuclear contour, hyperchromatism, and
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nuclear cytoplasmic ratio [21] where mild atypia is described as a minimal difference, severe
atypia characterized by prominent nuclear changes with marked pleomorphism and severe
hyperchromatism, and moderate atypia as intermediate changes. Score (0) is given when no
nuclear changes can be observed.

Statistical analysis

The data collected from the groups of this study were expressed as mean ± SD. Data were
entered into the Statistical Package for the Social Sciences (SPSS, version 20). The Analysis
of variance (ANOVA) test was applied to compare data of the different groups. Then,
Tukey’s post-hoc test was performed to determine the statistical difference amongst
the groups. The histology scoring for cellular atypia was analyzed by Kruskal–Wallis
and Mann–Whitney tests and was summarized as the median and interquartile range
(50; 25–75%) and Pearson’s correlation was applied to evaluate the relationship within the
model and the treated groups. The correlation test was applied to detect the relation between
miR-192 and other factors. Statistical significance was considered if the probability (p-value)
was < 0.05.

RESULTS

Model confirmation by elevation and reduction of alpha-fetoprotein level by
thymoquinone treatment

To confirm the establishment of the HCC model, we measured the serum alpha-fetoprotein
level as a marker of hepatocyte carcinogenesis. There was a significant (P < 0.001) elevation in
the alpha-fetoprotein level compared to the control group. Thymoquinone administration
starting from the model induction abolished (P < 0.001) the elevated alpha-fetoprotein marker
induced by HCC (DENA-CCl4) indicating the hepatoprotective effect of thymoquinone
(Fig. 1A).

Elevation and reduction of liver enzymes by thymoquinone

Liver cell injury was determined by the release of aminotransferase enzymes to the circulation.
The HCC group revealed elevated (P < 0.001) ALT & AST serum levels that are seen in Fig. 1B
and C. Hepatocyte protection (P < 0.001) from HCC (DENA-CCl4) injury was obtained by
thymoquinone administration. In the treated group HCC-thymoquinone, serum liver enzymes
were diminished as compared to normal control data.

Changes in miR-192 expression among groups

The expression of the small non-coding microRNA (miR-192) in liver tissue was suppressed
(P < 0.001) in the HCC (DENA-CCl4) rat group compared with the control. Effective
(P < 0.001) preservation of miR-192 expression by HCC-thymoquinone treatment was recorded
compared to the HCC (DENA-CCl4) rat values while it was still significant in the control group
(P 5 0.02) as shown by representative data in Fig. 1D.
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Fig. 1. Modulation of A) the marker of hepatic tumorigenesis alpha-fetoprotein (AFP), and the serum
levels of hepatic transaminases, B) Alanine transaminase (ALT), and C) Aspartate transaminase (AST).
D) Quantitative real-time PCR detection of the small noncoding microRNA-192 (miR-192). E) The
calculated B cell lymphoma-associated X protein (Bax)/B cell lymphoma (Bcl2) protein ratio. Hepato-
cellular carcinoma (HCC) induced by diethylnitrosamine (DENA) administration in association with
carbon tetrachloride (CCl4). The HCC (DENA-CCl4) group showed decreased Bax and increased Bcl2,
which denote cellular proliferation. Treatment with thymoquinone in the HCC-thymoquinone group
improved the markers for liver cell injury ALT, AST and the indicator for tumorigenesis AFP compared

to the HCC (DENA-CCl4) group. Thymoquinone preserved miR-192 and corrected the Bax/Bcl2
ratio. n 5 10 in each group. p: denotes statistical significance compared to the control group and

#: significant values when compared with the HCC (DENA-CCL4) group. Significance was considered
when (P < 0.05)
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Determination of apoptosis using the estimation of Bax and Bcl2 protein levels

As demonstrated in Fig. 1E and F, the HCC (DENA-CCl4) group showed decreased Bax and
increased Bcl2 levels (P < 0.001), which disturbed the balance between the apoptotic and anti-
apoptotic proteins (Bax/bcl-2 ratio) and denoted excessive HCC cellular proliferation. HCC-
thymoquinone treatment starting from the onset of the model induction prevented (P < 0.001)
the Bax/Bcl2 disturbance and maintained normal cellular growth as revealed by histological
examination.

Histological assessment of hepatic tissue architecture and cellular changes in the HCC
model and the effect of thymoquinone

As demonstrated in Fig. 2, disturbed hepatic architecture with subcapsular neoplastic hepato-
cytes was detected in the liver specimens of the HCC (DENA-CCl4) group. Examination of the
liver tissues revealed portal vein congestion with marked peri-portal inflammatory cell infil-
tration as well as nuclear pleomorphism and hyperchromatosis. The HCC-thymoquinone-
treated group showed improved hepatic architecture with minimal cellular alterations, limited
nuclear atypia, and mild portal vein congestion with very few peri-portal inflammatory cells.
The scoring of cellular atypia in the specimens revealed severe atypia characterized by promi-
nent nuclear changes (4; 3-4.25) in the HCC (DENA-CCl4) compared to the normal group score
(0). In the HCC-thymoquinone-treated group there was marked improvement in the cellular
atypia characteristics giving a score of (1.5; 1-2).

Analysis of the inflammatory markers tumour necrosis factor (TNF-α), interleukin 6
(IL6) and nuclear factor (NF-κB) in the liver samples

The pleiotropic transcription factor NF-κB and the inflammatory mediators TNF-α and IL6
were increased (P < 0.001) in the HCC (DENA-CCl4) rat model. However, the HCC-thymo-
quinone-treated rats revealed diminished (P < 0.001) hepatic NF-κB, TNF-α and IL6 levels as
shown in Fig. 3A–C.

Disturbance of the fibrosis marker TGF-β and the cell adhesion factor E-cadherin in the
HCC group and modulation by thymoquinone

The pro-fibrotic marker transforming growth factor (TGF-β) was increased (P < 0.001) in the
liver homogenates of HCC (DENA-CCl4) rats. Meanwhile, cell adhesion disruption was
detected (P < 0.001) by downregulation of E-cadherin expression. This facilitates hepatocyte
tumorigenesis and invasion. This disturbed molecular milieu was fixed by thymoquinone
treatment in the HCC-thymoquinone group. The treated group revealed diminished TGF-β
(P < 0.001) and normalized E-cadherin levels (P5 0.247 compared to control group), which was
accompanied by improved hepatic tissue architecture (Fig. 3D and F).

Correlation

Pearson’s correlation was performed for further assessment of the association between the miR-
192 expressed in the hepatic tissues and the disease progression, inflammation, and fibrosis
markers, cellular atypia and cell death. Data are summarized in Table 2.
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Fig. 2. Representative images of histopathological changes in the different study groups. a) The hepatocellular
carcinoma (HCC) group displays highly irregular hepatic architecture with a subcapsular sheet arrangement
of neoplastic hepatocytes beneath a markedly thickened capsule (C). Higher magnification of the HCC group
displays nuclear pleomorphism and hyperchromatosis (N). The portal area shows portal vein congestion (PV)

with marked periportal inflammatory cellular infiltration (I). The thymoquinone-treated group shows
improved hepatic architecture with minimal cellular alterations, limited nuclear atypia (N) and mild portal
vein congestion (PV) with very few periportal inflammatory cells (I). The control group shows the classical
hepatic architecture with healthy hepatocytes radiating from the central vein and separated by endothelial-
lined blood sinusoids (S), vesicular nuclei with prominent nucleoli (N). The portal area shows normal portal
vein (PV), hepatic artery (HA), and common bile duct (CBD). b) Box-and-whisker plots for the cellular atypia
score presented as the median and interquartile range (50; 25–75%). Score calculation and analysis of cellular
atypia in the specimens revealed obvious atypia changes with nuclear characteristics in the HCC (DENA-
CCl4) group compared to the normal control group. HCC-thymoquinone treatment denoted significant

(P < 0.001) improvement. n 5 10 in each group. p: denotes statistical significance compared to the control
group and #: significant values when compared with the HCC (DENA-CCL4) group. Scoring for cellular
atypia was analyzed by Kruskal–Wallis and Mann–Whitney tests. Significance was considered when (P < 0.05)
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Fig. 3. Representation of the ELISA assessment of protein levels. A) tumor necrosis factor (TNF-α),
B) interleukin 6 (IL6), C) the western blot protein levels of the nuclear factor (NF-κB) in the liver
homogenate. D) Western blot bands of NF-κB. E) Transforming growth factor (TGF-β) protein and
F) mRNA gene expression of endothelial adhesion molecule (E-cadherin) disturbance in the hepatic
tumor model, and their modulation by thymoquinone. Hepatocellular carcinoma (HCC) induced by

diethylnitrosamine (DENA) administration in association with carbon tetrachloride (CCl4). Thymoqui-
none prevented the elevation of TNF-α, IL6, NF-κB, TGF-β in the HCC group and reversed the diminished
the E-cadherin in the HCC group. n 5 10 in each group. p: denotes statistical significance compared to the
control group and #: significant values when compared with the HCC (DENA-CCL4) group. Significance

was considered when (P < 0.05)
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DISCUSSION

The present study presents miR-192 and NF-κB/TGF-β/E-cadherin signaling as a new target of
hepatic tumorigenesis in the induced HCC rat model. Thymoquinone supplementation inhibits
the initiation stage of hepatic carcinogenesis. The anti-proliferative effect of thymoquinone is
mediated through preserving the anti-tumor miR-192 to prevent HCC.

Our model of hepatic carcinogenesis was established by the widely used diethylnitrosamine
(DENA). The DENA-induced rat HCC model provides a reliable experimental histopathological
picture similar to human HCC. DENA-induced lipid peroxidation of hepatocyte membranes is
responsible for the leakage of liver transaminases [1]. Physiologically, the glycoprotein alpha-
fetoprotein (AFP) is synthesized during the early stages of fetal liver development and its
synthesis reduces after birth. AFP is a specific biomarker for HCC and assists the progression of
HCC [22]. Elevated AFP plays an important role in hepatocarcinogenesis. It regulates cell
proliferation, inhibits apoptosis and autophagy, and acts as an immunosuppressive agent [23].

The small non-coding RNA molecules (miRs) are functionally linked to normal stem cell
functions as well as hepatic carcinogenesis [7]. The base–base interaction between miRs and
mRNA play a critical role in the functional modification of RNA [16]. Specifically, miR-192 is
explored as a tumor suppressor molecule. It possesses a remarkable role in the pathogenesis and
regulation of HCCs [24]. Normally, miR-192 is abundant in liver tissues, and its down-regu-
lation is accompanied by a poor prognosis in HCC patients. miR-192 is significantly diminished
in HCC, which may represent a key event for HCC development [25]. On the other hand, miR-
192 expression suppressed the features of HCC in vitro and in vivo [26].

The underlying genetic alterations observed in HCC resulted in an imbalance in the
apoptotic machinery with enhanced anti-apoptotic Bcl and suppressed pro-apoptotic Bax [4].
This disturbance denotes excessive HCC cellular proliferation characterized by obvious atypia.
Once the cancer model has been established, the dysregulated microenvironment contributes to
the tumor behavior and progression [2]. The interaction between injured hepatocytes and the
inflammatory cells appears to be central for both early and late stages of carcinogenesis [27].
This inflammatory response is mediated by TNF-α and IL-6 in rats treated with DENA [28].
Under normal physiological conditions, NF-κB is trapped and inactivated in the cytoplasm by

Table 2. Assessment of the correlation coefficient between miR-19 and the measured factors using
Pearson’s correlation

HCC (DENA-CCl4) HCC-Thymoquinone

miR-192-Alpha-fetoprotein �0.718p �0.877pp

miR-192-NF-κB �0.944pp �0.839pp

miR-192-E-Cadherin 0.823pp 0.945pp

miR-192-TGF-β �0.857pp �0.725p

miR-192-Bax/BCL2 ratio 0.846pp 0.823pp

miR-192-cellular atypia score �0.696p �0.810pp

Hepatocellular carcinoma (HCC) induced by diethylnitrosamine (DENA) administration in association
with carbon tetrachloride (CCl4). Nuclear factor-κB (NF-κB), transforming growth factor (TGF-β1), B cell
lymphoma factor (Bcl2), and the Bcl-associated X protein (Bax) protein levels. p Significant correlation
when (r < 0.05), pp Data are significant when (r < 0.001).
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binding to its inhibitor IκB proteins. Meanwhile, in response to inflammatory mediators in
tumor cells, IκB disassociates from NF-κB and permits the nuclear translocation of NF-κB to
activate oncogenes and inactivate tumor suppressor genes resulting in the development of
cancer [29]. In the same context, a significant increase in the NF-κB levels in the liver of DENA/
CCl4-induced rats has been demonstrated [30].

TGF-β is an eminent profibrogenic cytokine regulating liver inflammation and fibrosis and
mediating the progression into hepatocellular carcinoma. Once a tumor has initiated, TGF-β exerts
a promoting effect on the tumor itself and stromal cells to enhance cell growth, invasion, and
metastasis [31]. TGF-β mediates hepatocyte destruction and hepatic stellate cell activation,
myofibroblast generation resulting in extracellular matrix deposition, architectural disruption,
aberrant hepatocyte regeneration [32]. Following treatment with DENA, increased TGF-β1
expression was demonstrated through immunohistochemical and western blot analysis of liver
tissues [1]. TGF-β1 promotes epithelial/mesenchymal transition (EMT). It induces loss of
epithelial cell markers, such as E-cadherin, in addition to the expression of mesenchymal cell
markers, which correlates with increased invasiveness and metastasis [4]. Since the transmembrane
glycoprotein E-cadherin is needed for the physiological cell to cell adhesion and contact inhibition
of cellular proliferation [3], its physiological level contributes to cancerous inhibition and sup-
pression of invasion [33]. Therefore, loss of E-cadherin is the hallmark of EMT: the junction
among tumor cells is disrupted, facilitating facilitates cell detachment and metastasis [3].

The comprehensive biological functions of E-cadherin have been partly attributed to the
interaction between E-cadherin and NF-κB signaling. In quiescent cells, E-cadherin mediates
the association of NFκB-p65 with β-catenin, and thus NF-κB transcriptional activity is inhibited
[34]. Meanwhile, NF-κB-p65 overexpression mediates degradation of E-cadherin, resulting in a
loss of intercellular junctions, increasing cellular proliferation and migration capabilities [35].
Furthermore, the upregulated TGF-β represses the transcription of E-cadherin by inhibiting the
promoter of the corresponding gene [36].

A direct relationship has been identified between miR-192 and the inflammation/fibrosis
axis. Low expression of miR-192 was correlated with fibrogenesis [37], where TGF-β inhibits
miR-192 expression in the renal cells. miR-192 seems to be associated with the maintenance of
E-cadherin expression [14]. This interplay explains the negative correlation reported in the
current study between miR-192 and TGF-β expression, and the positive relationship detected
between miR-192 and the E-cadherin data. These findings highlight the potential of preventing
miR-192 suppression to counteract the development of HCC [38].

Cancer development and progression are largely targeted through natural compounds, and
studying the role of miRs is a recent research interest. Specifically, our target miR-192 was
previously investigated in non-small cell lung cancer, in which it showed upregulation by
curcumin. Application of curcumin induced cancer cell apoptosis, which was mediated by miR-
192-5p/215 [39]. Here, our data demonstrate the preventive effect of thymoquinone on HCC
development through abrogating the microenvironmental disturbance associated with miR-192
downregulation. Thymoquinone supplementation prevented the increase in hepatic enzymes
and suppressed the elevated AFP shown in the model, together with improved liver histological
architecture, suggesting that thymoquinone may have potential protective effects against DENA-
induced liver damage [19]. A major concept is the anti-oxidative/anti-inflammatory potential of
TQ that preserves normal tissue functions and reduces hyperplasia. Several studies investigated
the role of thymoquinone in NF-κB/TGF-β/E-cadherin signaling in the prevention and
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treatment of a diversity of cancers. The anticancer property of thymoquinone could derive
initiated from the inhibition of NF-κB signaling. Several mechanisms have been proposed
starting from inhibition of TNF-α and IL6-induced NF-κB activation to the prevention of its
nuclear translocation and carcinogen production [40]. Scientific evidence suggests that the
anticancer characteristics of thymoquinone come from epigenetic modifications by suppressing
undesired epigenetic changes without DNA sequence alterations [17]. This may be achieved
through regulation of miRs to counteract cancerous cell development. This process may be
conducted depending on NF-κB signal suppression [16]. Thymoquinone upregulated miR-603
in breast cancer [41] and miR-29b in leukemia [42] by blocking NF-κB signaling and eventually
reducing the rate of tumor growth. Others investigated the anti-proliferative effects of thymo-
quinone on miRs without involving NF-κB. It mitigated breast cancer cells via miR-34a upre-
gulation [43] and diminished the proliferation of hepatic stellate cells by upregulating the tumor
suppressor miR-30a to prevent epithelial to mesenchymal transition [44]. However, we believe
this study is unique as it investigates the relation of thymoquinone to miR-192-related patho-
physiology in HCC management. As represented in Fig. 4, we identified a novel mechanism of

Fig. 4. Diagrammatic representation for the alterations in the levels of the liver microRNA-192 (miR-192),
nuclear factor (NF-κB), tumor necrosis factor (TNF-α) interleukin (IL6), transforming growth factor

(TGF-β), and the endothelial adhesion molecule (E-cadherin), furthermore the B cell lymphoma-associated
X protein (Bax)/B cell lymphoma (Bcl2) ratio in hepatocellular carcinogenesis and its modulation by

thymoquinone
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thymoquinone for the early prevention of hepatic tumorigenesis through maintenance of miR-
192/E-cadherin and aborting TNF-α, IL6/NF-κB//TGF-β1 levels in the hepatic tissue.

Limitation of the study

The relationship between miR-192 and NFκB in HCC is unclear, therefore we recommend
further studies investigating cellular signaling pathways to fill in this research gap.

Conclusion

The results of the current study support the association of miR-192 and the dysregulated NF-κB/
TGF-β1/E-cadherin in the pathogenesis of the HCC rat model. Thymoquinone was previously
known as an anti-proliferative agent through its anti-inflammatory and antioxidant properties.
Thymoquinone is believed to regulate several miRs variants. Here we emphasize its effect in
preserving the hepatic miR-192 to prevent HCC. The current results highlight a new insight
in which thymoquinone treatment prevents hepatic tumorigenesis.
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