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Identifying new hepatocellular carcinoma (HCC)-driven signaling molecules and discovering their 
molecular mechanisms are crucial for efficient and better outcomes. Recently, OMA1 and YME1L, the 
inner mitochondrial proteases, were displayed to be associated with tumor progression in various cancers; 
however, their role in HCC has not yet been studied. Therefore, we evaluated the possible role of OMA1/
YME1L in HCC staging and discussed their potential role in cellular apoptosis and proliferation. Our 
study was performed using four groups of male albino rats: a normal control and three diethyl nitrosamine-
treated groups for 8, 16, and 24 weeks. The OMA1 and YME1L, matrix-metalloproteinase-9 (MMP-9), 
and cyclin D1 content were measured in liver tissues, while alpha-fetoprotein (AFP) level was assessed 
in serum. Additionally, Ki-67 expression was evaluated by immunohistochemistry. The relative hepatic 
expression of Bax, and tissue inhibitor matrix metalloproteinase (TIMP-3) was measured. Herein, we 
confirmed for the first time that OMA1 is down-regulated while YME1L is up-regulated in HCC in the 
three studied stages with subsequent inhibition of apoptosis and cell cycle progression. Furthermore, these 
proteases have a possible role in metastasis. These newly recognized results suggested OMA1 and YME1L 
as possible diagnostic tools and therapeutic targets for HCC management.
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INTRODUCTION

Hepatocellular carcinoma (HCC) is considered 
the leading cause of mortality in cirrhosis and the main 
cause of cancer-related death globally [1]. Patients with 
advanced HCC have poor overall survival. On the other 

hand, the survival of early-diagnosed patients is marked-
ly improved due to curative interventions such as ablative 
therapies, surgical resection, or liver transplantation [2]. 
Until now, the standard surveillance of HCC involves 
serum alpha-fetoprotein (AFP) and abdominal ultrasound 
with a combined sensitivity of approximately 60%. Sev-
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eral conditions contribute to the reliability of AFP, in-
cluding liver disease and inflammation, which negatively 
affect its specificity [3]. Additionally, the abdominal ul-
trasound is operator-dependent and its performance may 
be affected by body habitus [4]. Due to the suboptimal 
performance of the current surveillance strategies, there 
is an urgent need to develop new biomarkers with more 
effective performance that may help in early HCC diag-
nosis, especially in high-risk patients, and eventually en-
dorse timely diagnosis and receiving potentially curative 
therapy.

Mitochondria are important signaling and metabolic 
organelles that drive cells into apoptosis and they can also 
induce cellular proliferation. These biological functions 
are manipulated and processed by numerous proteins that 
are encoded in nuclear and mitochondrial genomes [5]. 
These proteins include mitofusin 1 and 2, which play a 
pivotal role in mitochondrial outer membrane fusion, and 
optic atrophy 1 (OPA1) which control the fusion of the 
inner mitochondrial membrane [6]. OPA1 is a large dy-
namin-like GTPase that promotes the fusion of mitochon-
dria. OPA1 exists in two forms: long OPA1 (L-OPA1) and 
short OPA1 (S-OPA1). Two important proteases namely 
OMA1 and YME1 like 1 ATPase (YME1L) are involved 
in OPA-1 processing during cell cycle progression. 
OMA1 together with YME1L contributes to the hydroly-
sis of L-OPA1 into S-OPA1 [7]. Numerous mitochondrial 
proteins were found to be involved in proliferation and 
apoptosis in HCC. For example, downregulation of Opa1 
mediated cell apoptosis by promoting mitochondrial 
fragmentation and mediating the release of cytochrome 

[8]. Moreover, mitofusin 1 inhibited the proliferation and 
migration of HCC cells both in vitro and in vivo [9].

Disturbed mitochondrial proteases or mitochondrial 
respiratory deficiencies can provoke versatile signaling 
pathways that maintain the functional integrity of mito-
chondria [10]. OMA1 is present in the mitochondrial in-
ner membrane. Proteolysis of OPA1 by OMA1 regulates 
both pro-survival and pro-apoptotic pathways [11]. The 
overexpression of OMA1 was reported in various cancers, 
including gastric cancer [12] and squamous cell lung car-
cinoma [13]. On the other hand, OMA1 overexpression 
enhances the overall survival of breast carcinoma [14].  
The mitochondrial protein YME1L is also located in the 
inner mitochondrial membrane [15]. YME1L up-regula-
tion is observed in different tumor cells, including non-
small cell lung cancer (NSCLC) cells [16]. Previous stud-
ies illustrated that YME1L1 requires ATP for its activity 
while OMA1 is ATP-independent [17]. Therefore, it was 
suggested that both proteases degrade one another in a 
reciprocal process based on ATP levels [13]. Accordingly, 
OMA1 contribution to cancer progression is controver-
sial. Moreover, the balance between the two proteases in 
different HCC stages is quite unclear. We therefore inves-
tigated the balance between OMA1/YME1L as a possible 
molecular target in HCC stages.

MATERIALS AND METHODS

Materials
Diethyl nitrosamine (DENA) with 99% purity was 

Figure 1. Schematic diagram of the experimental design. DENA: diethyl nitrosamine; PB: sodium phenobarbital; 
AFP: alpha feto-protein.
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obtained from Toronto Chemicals Co. (Canada) and phe-
nobarbital sodium (PB) was purchased from Alpha-Che-
mika (India). Other used chemicals are of high quality 
and grade.

Animals
In the present study, 20 male albino rats (6 weeks) 

weighing 120 ± 20 grams were utilized. The sample size 
was calculated according to resource equation method 
[18], using the following formula: E = Total number of 
animals − Total number of groups, where the value of E 
should be in the range between 10 and 20 that considered 
as an adequate.

Animals were kept under standard conditions, 
including a temperature of (25 ± 2°C), 12 h light/dark 
cycle, and allowed free access to water and diet. The an-
imal protocol was approved by the Ethical Committee in 
Kafrelsheikh University, Kafrelsheikh, Egypt, (approval 
code: KFS-IACUC/140/2023). All experiment was done 
at the animal house of Faculty of Pharmacy, Kafrelsheikh 
University, Kafrelsheikh, Egypt.

Experimental Design
Rats were acclimatized for 7 days and then were 

sorted randomly into four groups as the following:
Normal control group: Rats were intraperitoneally 

injected with saline (0.5-0.7 ml) and three DENA-treated 
groups: Rats received intraperitoneal injection of freshly 
prepared DENA (200 mg/kg, single dose). After 2 weeks 
from DENA administration, 0.05% of Pb was applied to 
their drinking water daily till the end of the experiment. 
Rats were then euthanized by inhalation with diethyl 
ether (sigma, USA) after 8, 16, and 24 weeks from DENA 
injection [19] (Figure 1) to obtain three stages of HCC.

Sample Collection
By the end of the experiment, blood samples were 

gathered from rats by puncturing the retroorbital venous 
plexus. The sera were then collected after blood centrif-
ugation and kept frozen at -80°C for further biochemical 
investigation. Rats were then fasted for 12 hours to re-
duce variability in investigatory parameters and facilitat-
ing dissection of rats. They were then euthanized under 
anesthesia using diethyl ether (Sigma Aldrich, USA). The 
whole liver was then removed and divided into three por-
tions. The first portion was immersed in phosphate-buff-
ered formalin (pH 7.2, 10%) for histopathology and 
immunohistochemical investigation. The second one that 
was used for RT-PCR was immediately dipped in RNA 
later solution and then stored at -80°C. The third part was 
used to obtain liver homogenate in ice cold phosphate-
buffered saline (PBS, pH 7.4). The liver homogenate 
samples were then stored at -80°C for western blot and 

other biochemical analyses.

Histopathology of Liver Tissue
A neutral formalin solution (10%, pH=7.4) was used 

for liver specimen fixation. Ascending grades of ethanol 
were used for the dehydration of these specimens, which 
after that were embedded in paraffin wax to be sliced into 
sections of 5-7 μm thickness. Liver sections were then 
stained using hematoxylin and eosin (H&E) and were 
photographed and examined under a light microscope. 
Scoring of hepatic neoplastic lesion was done on the ba-
sis of the following criteria: nucleomegaly which graded 
from (0-4), necrosis graded from (0-4), mitosis which 
assessed as No/mm2 and No and diameter of the preneo-
plastic foci.

Immunohistochemistry of Liver Specimens
Liver sections about 5μm thick were deparaffinized 

using two xylene washes and rehydrated. Three percent 
Hydrogen peroxide and 1% bovine serum albumin were 
used for blocking endogenous peroxidase non-specific 
binding sites. After that, liver sections were incubated 
with anti-rat ki67 monoclonal antibody (1:200 dilution, 
Abcam Inc. Cat No. ab16667). They were also incubated 
with horseradish peroxidase conjugate anti-Rabbit anti-
body (Abcam Inc. Cat No. ab6721); 2% of 3,3 diamino-
benzidine solution was utilized as a chromogen. Slides 
were counterstained using H&E. The percent of positive 
cells/1000 hepatocytes was then calculated.

Terminal Deoxynucleotidyl Transferase (TdT) dUT-
PNick-End Labeling (TUNEL) Assay

TUNEL assay was used for staining the apoptotic 
cells performing DNA fragmentation [20]. Liver sections 
are deparaffinized using two xylene washes, rinsing with 
descending concentrations of ethanol, and blocked. The 
slides were fixed by immersing them in freshly prepared 
4% formaldehyde/PBS and washed in PBS solution. The 
slides were then covered with Proteinase K Solution, 
transferred into 4% formaldehyde/PBS, and washed in 
PBS. The slides were then stained with TUNEL accord-
ing to the manufacturer’s guidelines (BioVision, Milpi-
tas, CA, USA). The positive apoptotic cells were counted 
per group in at least 10 fields.

Biochemical Analysis
Oxidative stress and lipid peroxidation were assessed 

in liver homogenate samples (each gram of liver tissue 
was homogenized in 10ml 50mM potassium phosphate, 
pH 7.5) by determining hepatic reduced glutathione 
(GSH) [21] and malondialdehyde (MDA) [22] contents 
(Biodiagnostic Co., Giza, Egypt).
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horseradish peroxidase (HRP)– a conjugated secondary 
antibody (dilution: 1:2000, Abcam Inc., USA, Cat No. 
ab6721) at room temperature for 1.5 h. Western Bright 
enhanced chemiluminescence (ECL) HRP Substrate (Cat 
No. ab99697) was used for band detection. The intensi-
ty of the protein band was then detected using ImageJ 
software and normalized to β-actin (the housekeeping 
protein).

Real-time Polymerase Chain Reaction Analysis
RNA from tissues was isolated using TRIzol (Life 

Technologies, USA). The cDNA was then made accord-
ing to the manufacturer’s instructions of the RevertAid 
Synthesis Kit (Life Technologies). Quantitative real‐time 
quantitative PCR analysis was then performed using A 
Maxima SYBR Green/Fluorescein master mix (Fermen-
tas, USA) and cDNA samples as templates. 2−ΔΔ C T 
method was used to determine the fold change of target 
mRNA expression. The housekeeping gene (β‐actin) was 
used for normalization. The used primers were:

Bax forward:5′ CGGCGAATTGGAGATGAACT-
GG3′ and reverse:5′ CTAGCAAAGTAGAAGAGGG-
CAACC3′

TIMP-3 forward: 5’-GCCTTCTGCAACTCCGA-
CATC-3′ and reverse: 5’-CGTGTACATCTTGCCATCA-
TA-3’

β-actin forward:5′ -GATGGTGGGTATGGGT-

Serum alpha-fetoprotein (AFP) was measured using 
the ELISA (enzyme-linked immunosorbent assay) tech-
nique (MyBioSource Co., USA, Cat no. MBS267612) 
[23] with a detection range of 0.312–20 ng/ml. Matrix 
metalloproteinase 9 (MMP 9) and cyclin D1 hepatic 
content were also detected in liver homogenate samples 
using the ELISA technique (MyBioSource Co., USA, 
Cat no. MBS722532, and LSF11068, respectively). The 
minimum limit of detection was up to 0.312–20 ng/ml for 
cyclin D1 and up to 0.1 ng/ml for MMP-9.

Western Blotting
RIPA lysis buffer (Himedia laboratories company, 

India) pretreated with phosphatase and proteinase in-
hibitor cocktail (Sigma-Aldrich, USA) was used for the 
preparation of liver homogenate samples (5 mg of the liv-
er tissue from each sample was homogenized on ice with 
300 μl of RIBA). Liver homogenate samples were then 
mixed with SDS-PAGE protein loading Buffer and boiled 
at 95°C. After that, protein samples were loaded onto 
SDS-PAGE gel (12%) and transferred to nitrocellulose 
membranes. After blocking with bovine serum albumin 
(3%), nitrocellulose membranes were incubated with 
primary antibodies (YME1L, TIMP-3 (dilution 1:1000, 
ABclonal company, USA) and OMA1 (dilution 1:1000, 
Thermo Fisher Scientific Inc, USA)) at 4°C overnight. 
Membranes were then washed and incubated with 

Figure 2. A. Representative micrographs of thin sections from liver samples of different studied rat groups 
showed normal hepatic architecture in the normal control group and dysplastic changes in the DENA treated 
groups. Bar=50 µM, H&E, X200. B. The serum alpha feto-protein (AFP) level in different studied rat groups. 
Data were expressed as mean±SD. * #, and $ represent significant difference against normal control, DENA 8 W, and 
DENA 16 W, respectively.
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tecting a molecular subclass of HCC as its concentration 
increased in different HCC groups that stratified based 
different parameters including tumor size and degree of 
cellular differentiation [25]. Other study also demonstrat-
ed that the DENA-treated groups displayed a significant 
increase (p < 0.001) in AFP at the end of 6, 9, 12,15, 18, 
21, 24, and 27 weeks, compared with their corresponding 
values in the control groups [26]. Here, the current study 
revealed a significant elevation in the serum AFP level in 
DENA 8 W group compared to the normal control one. 
The serum AFP level also exhibited a significant increase 
in the DENA 16 W compared to the DENA 8 W group 
and much increase in the DENA 24 W Figure 2B.

The Hepatic Expression of Mitochondrial Proteins 
OMA1 and YME1L

The hepatic expression of two inner mitochondri-
al proteins (YME1L and OMA1) was assessed using 
the western blot technique. Our results showed that the 
hepatic expression of OMA1 protein was significantly 
decreased in the DENA-treated groups, compared to the 
normal one. Its expression was significantly decreased 
in the DENA 16 W and much decreased in the DENA 
24 W group (Figure 3A). On the other hand, the hepatic 
expression of YME1L protein was significantly increased 
in the DENA-treated groups, compared to the normal 
one, and its expression was significantly increased in the 
DENA 16 W and much elevated in the DENA 24 W group 
(Figure 3B).

The Assessment of the Hepatic Apoptosis
Bax is a main regulator of cell death and is an import-

ant gateway to mitochondrial dysfunction. It is a chief 
pro-apoptotic protein of the Bcl-2 family and controls 
apoptosis in normal and tumor cells. One of the main 
mechanisms of tumorigenesis is apoptosis dysfunction 
[27]. To evaluate the role of the mitochondrial proteins 
OMA1 and YME1L on apoptosis, the hepatic expression 
of the apoptotic marker Bax mRNA was assessed using 
RT-PCR, and the percent of apoptotic cells was also 
calculated in different groups using TUNEL assay (Fig-

CAGAAGGAC-3′ and reverse:5′ -GCTCATTGCCGA-
TAGTGATGACT-3′

Statistical Analysis
All data are expressed as mean values ± standard de-

viation (SD). ANOVA was used for multiple comparisons 
followed by Tukey posttest. Statistically significant was 
considered at p < 0.05. GraphPad Prism 8.0 (La Jolla, 
CA, USA) was used to perform the statistical analysis.

RESULTS

Histopathological Examination
As illustrated in Figure 2, the control animal showed 

normal hepatic parenchyma consisted of normal he-
patocytes, normal arteriovenous, and sinusoidal blood 
vessels, and with normal biliary tissues. The induction of 
HCC demonstrated time-dependent manner of increase 
the neoplastic features within the hepatic tissues. The 
early neoplastic (DENA 8-week group) changes were 
demonstrated by presence of centrolobular hypertrophy 
of the hepatocytes, with small pandistributed foci of clear 
altered hepatic type. The liver of DENA 16-week group 
showed increase the size and number of preneoplastic 
foci with marked increase the eosinophilic and mixed 
type. The hepatocytes within the foci showed marked nu-
cleomegaly, increases mitotic figures, central necrosis as 
well as marked thickening of the hepatic plates and oval 
cells hyperplasia. The DENA 24-week group showed 
marked increase of these hepatic dysplastic features with 
cytoplasmic inclusions and remarkable increase the size 
and number of the preneoplastic foci. The neoplastic cri-
teria were graded in a quantitative score and mentioned 
in Table 1.

Serum AFP Level
Serum AFP is routinely used as an HCC tumor mark-

er for diagnosis, screening, and follow-up treatment. HCC 
is usually associated with elevated serum AFP levels [24]. 
Previous study also reported that AFP was useful for de-

Table 1. Histopathological Scoring of Hepatic Neoplastic Features within the Different Examined 
Groups
Groups Nucleomegaly 

Grade (0-4)
Mitosis
No/mm2

Necrosis
Grade (0-4)

Preneoplastic foci
No/mm2

Diameter (µm)

Control ND ND ND ND ND
DENA 8 W group 2.20±0.45 5.20±0.84 0.60±0.55 8.00±1.41 130.36±14.46
DENA 16 W group 3.20±0.45* 10.20±1.30* 1.40±0.55* 13.60±1.52* 278.98±18.70*

DENA 24 W group 3.80±0.45*# 16.80±1.30*# 2.20±0.45*# 23.40±1.14*# 711.49±47.73*#

Data are expressed as mean±SD, ND means non detectable lesion. * & # represent the significance against DENA 8-Week and 
DENA 16-Week groups respectively.
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Figure 3. The relative hepatic protein expression of (A) OMA1 and (B) YME1L/β-actin in different studied rat 
groups. Data were expressed as mean±SD. * #, and $ represent significant difference against normal control, DENA 
8 W, and DENA 16 W, respectively.

Figure 4. A. The relative hepatic Bax/β-actin mRNA expression in different studied rat groups. B. The percent 
of apoptotic cells in hepatic tissues of different groups that were measured using TUNEL assay. Data were 
expressed as mean±SD. * #, and $ represent significant difference against normal control, DENA 8 W, and DENA 16 
W, respectively. bar 50 μm.
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vious metastatic parameters in the DENA 24 W group, 
compared to the DENA 8 W and 16 W groups (Figure 
6A-C).

Variations in Oxidative Stress in Hepatic Tissue 
Homogenate of Different Rat Groups

To assess the oxidative stress variations in the hepat-
ic tissue of different rat groups, malondialdehyde (MDA), 
and reduced glutathione (GSH) were measured spectro-
photometry. MDA mediates carcinogenesis by inducing 
alterations of DNA [32]. On the other hand, GSH protects 
against reactive oxygen species (ROS) so its concentra-
tion decreased in cancer tissues [33]. The current study 
exhibited a marked increase in the hepatic content of 
MDA and a significant decline in the GSH level in the 
DENA treated groups, in contrast to the normal control 
one. Additionally, these variations showed a significant 
increase as the stage of HCC increased (Figure 7 A-B).

Correlations between OMA1, YME1L, and AFP
Lastly, we also assessed possible correlations be-

tween the hepatic expression of (OMA1 and YME11) 
and the liver tumor marker AFP and between the hepatic 
expression of OMA1 and YME1L. It can be observed in 
Figure 8 A-C that OMA1 was inversely correlated with 
AFP (r = -0.9272; p = 0.023) and YME1L (r = - 0.9748; p 
= 0.0048). There was also a positive correlation between 
YME1L and AFP (r = 0.8058; p = 0.0387).

DISCUSSION

HCC is considered the fifth most frequent cancer 
globally and is characterized by poor prognosis due to the 
late diagnosis at advanced stages of tumor development. 
Accordingly, the identification of novel early-stage bio-
markers for HCC results in significant benefits including 
early screening and treatment [34]. Facts about molecular 
mechanisms of HCC development and progression re-
main unclear. Therefore, there is an urgent need for more 
in-depth understanding of these mechanisms, which also 
help in identifying novel biomarkers for HCC diagnosis 
[35]. One of these mechanisms that contribute to HCC 
development is mitochondrial dysfunction.

Mitochondria are vital organelles that can mediate 
cancer development in numerous biological aspects, 
involving bioenergetics metabolism, biosynthetic, sig-
naling, oxidative stress, and regulation of cell death [36]. 
OMA1 and YME1L, the mitochondrial inner membrane 
proteases, are important regulators of crucial mitochon-
drial functions including mitochondrial dynamics and 
proteases maintenance of the mitochondrial inner mem-
brane [37]. In the present study, we illustrated that the 
role of OMA1 and YME1L in hepatocarcinogenesis in 

ure 4). The present study displayed that DENA-treated 
groups showed a significant decrease in apoptosis, which 
appeared in a marked reduction in the relative expression 
of the pro-apoptotic marker Bax (Figure 4A) and a de-
crease in the percent of apoptotic cells (Figure 4B), com-
pared to the normal control group. These static apoptotic 
variations increased in the DENA 16 W group and much 
increased in the DENA 24 W group, compared to the nor-
mal control group (Figure 4).

The Evaluation of the Hepatic Cell Cycle Arrest and 
Cellular Proliferation

Cell cycle arrest was assessed by measuring the 
concentration of cyclin D1, which is considered the main 
cell cycle regulator. Cyclin D1 contributes to cancer 
pathogenesis as it causes uncontrolled cellular prolifera-
tion. The expression of cyclin D1 is strictly regulated in 
normal cells. Conversely, its activity is markedly elevated 
in cancer [28]. Our study revealed that the level of cyclin 
D1 is markedly elevated in all DENA-treated groups, in 
comparison to the normal control one. Additionally, its 
level is significantly increased in DENA 24 W compared 
to DENA 8 W and 16 W groups. However, no significant 
difference was observed between DENA 8 W and 16 W 
groups (Figure 5A).

Antigen Ki-67, a nuclear protein, is expressed in 
proliferating cells of mammalian and commonly used as 
proliferating marker in cancer histopathology [29]. Our 
study revealed that negative staining of the Ki-67 was 
noticed in the normal control group. However, the Ki-67 
was observed as a positive brown nuclear expression in 
hepatocytes in DENA 8 W group that elevated in DENA 
16 W group and much more increased in DENA 24 W 
group (Figure 5B).

The Assessment of the Hepatic Metastatic Markers
Matrix metalloproteinases (MMPs) are a family of 

zinc-dependent endopeptidases. They play a vital role 
in the remodeling of extracellular matrix in cancer de-
velopment and progression. One member of this family 
is MMP9, which acts as a chief mediator in metastatic 
progression [30]. Members of the MMP family are in-
hibited by tissue inhibitors of matrix metalloproteinases 
(TIMPs). The invasiveness of cancer cells depends on the 
balance between MMPs and TIMPs. The major tissue in-
hibitor of MMP-9 is TIMP-3, which controls the invasion 
[31].

The current study revealed that all DENA-treated 
groups showed a significant increase in the hepatic con-
centration of MMP-9 and in parallel, a marked decrease 
in the hepatic expression of its inhibitor TIMP-3 mRNA 
and protein, compared with the normal control group. It 
was also noticed a more significant variation in the pre-
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Figure 5. The relative hepatic expression of (A) cyclin D1 protein (pg/mg protein) and (B) Ki-67 in various rat 
groups. Data were expressed as mean±SD. * #, and $ represent significant difference against normal control, DENA 
8W, and DENA 16 W, respectively. X:400 bar 50 μm.

Figure 6. The relative hepatic expression of (A) the hepatic expression of tissue inhibitor matrix metallopro-
teinase-3 (TIMP-3) mRNA (B) TIMP-3 protein expression and (C) hepatic matrix metalloproteinase 9 (mmp9) 
content in different rat groups. Data were expressed as mean±SD. * #, and $ represent significant difference 
against normal control, DENA 8 W, and DENA 16 W, respectively.
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Figure 7. The hepatic content of (A) MDA and (B) GSH in liver homogenate of different groups. DENA: diethyl 
nitrosamine, GSH: reduced glutathione, MDA; malonedialdehyde. Data were expressed as mean±SD. * #, and $ 
represent significant difference against normal control, DENA 8 W, and DENA 16 W, respectively.

Figure 8. Correlation between the serum level of AFP versus (A) OMA1 (B) YME1L hepatic expression and 
between the hepatic expression of YME1L and OMA1. Graphs show the Pearson correlation coefficient and prob-
abilities.

the experimental rat model.
Two mitochondrial proteases, OMA1 and YME1L, 

exist in in the inner mitochondrial membrane (IMM) and 
play an important role in several mitochondrial processes, 
including maintaining mitochondrial morphology, plas-
ticity, as well as function [38]. Accordingly, imbalances 
in the activity of OMA1 and YME1L may contribute to 
carcinogenesis. To investigate their role in hepatocarcino-
genesis, their protein expression was assessed in different 
stages of chemically-induced HCC in rats. HCC induc-
tion was confirmed by histopathological examination of 
liver tissue and via measuring serum AFP in different rat 
group samples. Our findings revealed for the first time 
that OMA1 protein expression is down-regulated in the 

hepatic tissues of HCC groups, while YME1L is up-reg-
ulated in HCC. More interestingly, the expression of both 
molecules was significantly different among HCC stages. 
However, the study of the gene level of these proteins and 
other genes that may change protein expression should be 
considered.

It has been reported that OMA1 was down-regulated 
in breast cancer and this downregulated expression was 
associated with disturbed proliferative properties of can-
cer cells [14]. Conversely, OMA1 was overexpressed in 
colorectal cancer by the metabolic reprogramming under 
hypoxia [39]. Oma1 gene expression was also significant-
ly increased in gastric cancer tissue compared to healthy 
adjacent tissue [12]. These may refer to the differential 
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tissues. In supporting of these results, a previous study 
reported that the expression of Ki-67 was higher in in 
vitro breast cancer cells with OMA1 silencing, compared 
to normal cells [14]. Furthermore, the proliferative effect 
of YME1L1 was previously discussed in ovarian cancer. 
Liao and colleagues pointed out that YME1L1 is up-reg-
ulated in ovarian cancer tissues compared to normal tis-
sues [5]. Of note, this high expression was reported in 
ovarian cancer patients with advanced stages and it was 
associated with tumor progression [16].

These results evoke a question about the YME1L/
OMA1 expression and disease progression. So, we eval-
uated the expression of metastatic markers in hepatic 
tissues. The metastatic marker MMP-9 was significantly 
elevated in the tumor tissues with low OMA1 and high 
YME1L expression compared to the normal ones. On 
the other hand, HCC tissues in different stages displayed 
a significant decrease in the hepatic TIMP-3 (a MMP-9 
inhibitor) gene expression, compared to normal cells. 
This agreed with previous studies reported that deletion 
of OMA1 promotes the malignant progression of breast 
cancer cells [14] and YME1L expression was highly ex-
pressed in late stage ovarian cancer patients [5].

Hence, the main finding of this study is the up-regu-
lation of YME1L and down-regulation of OMA1 in HCC, 
compared to normal tissues. The reported expression of 
these proteases was associated with anti-apoptotic activity 
as evidenced by Bax expression and TUNEL assay. These 
molecules were also associated with cell proliferation as 
reflected from Ki-67 expression and histopathological 
examination of hepatic tissues. More interestingly, these 
molecular events appeared in early stages of HCC and 
increase significantly with various HCC stages. There is 
a paucity of data about the role of this panel in different 
neoplastic stages whether in animal model or clinical 
studies. Our results recommend YME1L/OMA1 panel as 
possible diagnostic tool that may have some benefits in 
early diagnosis; however, more studies are needed to con-
firm these finding in human tissues and assess modulator 
of these proteases as a possible therapeutic agent in HCC.
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