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ABSTRACT

Background: hepatocellular carcinoma (HCC) is the most common type of primary liver cancers with high incidence
and mortality rates. The major risk factor for HCC is cirrhosis, which occurs usually due to HBV and HCV infection.
Exosomes thought that have a major role on the promotion and spread of HCC, which can be uased as therapeutic and
diagnostic marker. Objectives: we aimed to use evaluate their role in HCC assessment and their use as potential
selected diagnostic biomarkers, and to characterize the efficacy of Hesperidin on modulating exosomal production
and exosomal non-coding RNA related HCC expression using animal models.

Materials and Methods: the study included 30 Rats devised to 5 groups 6 on each, controle and DiethyleNitros amine
(DEN) and Acetamidofluorene (2-AAF) to iduce HCC group and Hispiridine treated groups with three different dosos
50 mg, 100 mg and 200 mg respectively for three groups. infants with neonatal cholestasis in three groups. Results:
improvement of all of them, regarding liver histopathology wich the HCC focus regressed , regarding exosomal
abundance in the serumand tissues while the evaluation of exosomal RAB11A-mRNA in rats' samples was performed
by real time PCR, then the results were statistically analyzed by the SPSS software. Finally regarding to liver function
test which the ALT, bilirubin and AFP reduced in the treated groups.

Conclusion: exosomal RAB11A-mRNA as biomarkers for HCC inducedrats and target these exosomal markers
using Hesperidin in animal model and hence we can uses as thrapuetic bases in HCC in the future.
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INTRODUCTION regulate cellular processes by ‘trafficking” molecules
Liver cancer is a leading cause of cancer deaths from cells of one tissue to another ©.
worldwide, accounting for more than 700,000 deaths Exosomes originate when endocytic vesicles on the
each year The American Cancer Society’s estimates - plasma membrane are fused to form early endosomes,
of primary liver cancer and intrahepatic bile duct and mature into late endosomes which undergo inward
cancer in the United States for 2017 are about 40,710 budding, in which vesicles form on the membrane of
of newly diagnosed cases and 28,920 died people of the endosome and are internalized ; At this point, the
these cancers. In Egypt; liver cancer is a serious if not endosome contains multivesicular bodies (MVBs),
the most serious cancer problem. It is ranked the first while the vesicles within the MVB are called
among cancers in males (33.6%) and the third among intraluminal endosomal vesicles (ILVS) . Rather than
females based upon results of National Cancer Registry fusing with the lysosome, the MVBs fuse with the
Program (NCRP 2008-2011)®. The rising rates of plasma membrane, releasing their internalized 1LVs
hepatocellular carcinoma (HCC) in Egypt are due to the within extracellular space. Once the ILVs are released
high prevalence of hepatitis B virus (HBV) and into extracellular space, they are considered
hepatitis C virus infection (HCV) among Egyptian exosome®. Exosomes carry a variety of contents,
population®. Therefore; we need effective strategies including various proteins, DNA, mRNA, microRNA
for early detection and better management of HCC, (miRNA), long non-coding RNA (IncRNA), and even
which will be of great value in developing countries viruses. According to the ExoCarta database
with limited resources and high incidence rates of (http://www.exocarta.org/), the presence of 41,860
HCC, such as Egypt. It has been well known that tumor proteins, more than 7540 RNA molecules and 1116
development is a multistage process to accumulate lipid molecules has been confirmed in exosomes in
alterations at the genetic and/or epigenetic level which more than 286 studies ©.
ultimately reprogrammed a cell to undergo Exosomes are excreted by nearly all cells and
uncontrolled proliferation and metastasis . The contain genetic materials and various molecular
expression of initial mutations depends not only on the signatures. they may be regarded as suitable
internal interaction between oncogenes but also on biomarkers for cancer diagnosis, allowing for diagnosis
external factors such as exosome, which could change and prognosis via a minimal invasive procedure. The
the patterns of specific gene expression temporarily ©. transfer of exosomes between cells allows for
Exosomes are cell-derived vesicles that convey key intercellular communication an essential component
elements with the potential to modulate intercellular for biological and pathobiological functions. Based on
communication. They are known to be secreted from their functions, exosomes are considered molecular
all types of cells, and are crucial messengers that can cargo ‘9. Exosomes promote invasive phenotypes,
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angiogenesis and metastatic growth to the distant
organs and, as a result, aid in therapeutics by acting as
biomarkers and vehicles for genetic therapy; they can
be potentially beneficial since exosomes are non-
invasive bioavailable vehicles 9.

On the other hand, the destruction/inactivation of
cancer-derived exosomes itself may lead to inhibition
of angiogenesis and metastasis, thus controlling the
tumor. As a result, exosomes can be beneficial or
destructive depending upon their environment. Their
multi-faceted and dynamic role in cancer initiation,
progression and metastasis offers a fertile ground to
determine the cause, effect and treatment of various
cancers. Ultimately, as research continues to decode
the regulatory languages of exosomes’ signals, this will
pave the way for new strategies for cancer therapies 2.

AIM OF THE WORK

1. To validate the expression of HCC-specific exosomal
coding and non-coding RNAs after retrieving them
from public microarray databases.

2. To characterize the efficacy of Hesperidin on
modulating exosomal production and exosomal RNA
related HCC expression using animal models.

MATERIALS AND METHODS
A. Chemicals:
Diethylnitrosamine (DEN), Acetamidofluorene (2-AAF),
and urethane were purchased from Sigma Aldrich.

B. Animals:

This study included thirty male Wistar rats
weighing 200-250g were used. All animal procedures
were carried out in accordance with the National
Institute of Health guide for the care and use of
Laboratory animals (NIH Publication No. 85-23,
revised 1996). Animals were housed in an animal room
with temperature (22-24°C) and lighting (12 h light-
dark cycles). Rats received standard rat chow and tap
water. An adaptation period of one week was allowed.
The study was approved by the Ethics Board of Al-
Azhar University.

Experiments on animals were performed in Animal
House of Faculty of Medicine, Ain-Shams University,
according to the standard guidelines of care of
laboratory animals. The animals were randomly
selected and divided into the following:

Thirty rats were randomly divided into 5 groups (6
rats/each):

1. Control naive group; rats were injected with 0.9%
NaCl.

2. DEN + 2-AAF group; rats were injected
intraperitoneally with 100 mg/kg once weekly for 3
consecutive weeks followed by 1-week rest period
then 2AAF was injected once intraperitoneally in a
dose of 300mg/kg for induction of hepatic
precancerous lesion.

3. Hesperidin 50mg group; rats were received DEN and
2AAF as mentioned above and treated with
50mg/kg Hesperidin orally 4 times weekly, for 10
weeks (Mild-dose).

4. Hesperidin 100mg group; rats were received DEN
and 2AAF as mentioned above and treated with
100mg/kg Hesperidin orally 4 times weekly, for 10
weeks (moderate-dose).

5. Hesperidin 200mg group; rats were received DEN
and 2AAF as mentioned above and treated with
Hesperidin 200mg orally 4 times weekly, for 10
weeks (high- dose).

C. Blood sample and liver tissue collection:

At the end of the 10™ week rats were anesthetized
with urethane (1.2g/kg; i.p.) dissolved in distilled
water. Retro orbital blood samples were taken, then rats
were sacrificed and liver sample were collected. For
each animal, parts of the liver were kept in -80 °C until
analysis and other parts were kept in formaldehyde
10% for histopathology and immunohistochemistry
staining examination.

D. Validation of the chosen biomarkers in animal

model:

1. Exosomal RNA extraction.

2. Exosomes characterization.

3. Reverse transcription polymerase chain reaction

(RT-PCR).

4. Quantitative Real Time Polymerase Chain Reaction

(gPCR):

a. (PCR for detection of MRNA RAB11A.

b. gPCR for detection of Has-miRNA-1262.

c. (QPCR for detection of LncRNA RP11-513115.6

5. Set up amplification efficacy through standard curve,

sensitivity and specificity of the assay.

6. Data collected and analysed.

RESULTS

The rats of the second group showed diffuse early
and dysplastic nodule of HCC the normal hepatic
architectures are distorted in some areas associated
with fibrous tissue around foci, In some area
appearance of lymphocytic infiltrations and congestion
of portal and central veins as well as abnormality at the
level of the cells (Figure 1). Masson trichrome stain
show abundant of greenish color of fibrous tissue
around the cancerous areas (figure 2).

Glutathione S Transferase placental form (GSTP)
-Immuno-histochemical stain- revealed reaction of
cancer cells in particular included wide range area of
the affected tissues. (Figure 3). In the treated group the
liver tissue regains nearly normal (Figure 4), and lower
reaction of GSTP which stain cancer liver cell only
(figure 5). On the TEM the exosomes were more
abundant on the tissue with numerus mitochondria
(Figure 6). There was a highly significant difference
among the studied groups as regards fold change (RQ)
of serum mMRNA RAB11A, While comparing
Hesperidin treated group and HCC group significant
difference as regards fold change (RQ) of serum
MRNA RAB11A in animal model tissues and serum.

In the luiver function it was observed that reduction
off the liver function values in the treated group
gradually to nearly normal specially on the high dose
of hespiridine group.
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Figure (2): A photomicrograph showing green color of fibrous tissues surrounding the foci of HCC. X100
(Masson Trichrome stain)

Figure (4): A micrograph of liver tissue showing no focus of HCC with more restoration of hepatic architecture nearly
normal X200 H&E
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Figure (5): A micrograph of liver tissue showing no focus of HCC with more restoration of hepatic architecture
nearly normal X40 (GSTP)

Table (1): Comparison between groups regarding to distribution of GSTP reaction of cancer cells area affected:

Stander Area Affected Area %
Induced 1920000 70.432
ttt mild dose 1920000 52.251
ttt mod. Dose 1920000 7.765
ttt high dose 1920000 0.131

Figure (6): Electron micrographs of liver cancer cells showing numerus exosomes scattered with numerus
mitochondria.
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Figure (7): A graph showing the comparison between studied group regarding Log RQ of exosomal CERNA
Network in animal model serum.

The results also showed that marked improvement on the liver tissues on the treated group and regression of the
tumor affected area by using GSTP immunohistochemical stain. As well as the liver function (ALT, bilirubin & AFP)
improved markedly which observed reduced to nearly normal in treated groups.
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Figure (8): The graph shows differences between studied groups regarding ALT level which was high in HCC group
and gradually reduced gradually in the treated groups contributing to the doses.
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Figure (9): The graph shows differences between studied groups regarding bilirubin level which was high in HCC group
and gradually reduced gradually in the treated groups regarding to the doses.
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Figure (10): The graph shows differences between studied groups regarding AFP level which was very high in HCC
group and gradually reduced in the treated groups regarding to the doses.

DISCUSSION

In our study we used Hesperidin as novel
therapeutic strategy for cancer, it is a part of
flavonoids which are not only important natural
antioxidants in the nature but also have a potent
anticancer effects under both in vitro and in vivo
conditions ®3),

As regarding to histology, noticed that the effect
of Hesperidin administration on the tissue was
abundant on the treated groups as regarding to the
number and size of cells and affected area
respectively, this was evident when we used in our
study the GSTP immunohistochemical stain to
measure the affected cancer-area, this reinforces that
role of potential therapeutic effect of Hesperidin on
the cancer®14),

Noteworthy the exosomes not only were
abundance in circulation and exosomal related
CERNA network but also were having a broader
spread and more huge number on the EM images of
affected tissue groups than treated one which
informing that exosomes have a major role of spread
of cancer ¥, thereby this point was the idea of our
research, we found that exosomes not only enable to
transfer genetic material to enhancing the cancer
spread but also can be used as the therapeutic tole to
suppress the effect of cancer activity.
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While, newly discoveries identified the distinct
non-coding RNAs were enriched in HCC exosomes,
which strongly encouraged the idea of using these
molecules as novel HCC biomarkers®®),

Bioinformatics is applied for the exploration of
cancer-related biomarkers, such as predisposition
markers, diagnostics markers, prognostics markers,
and therapeutics markers. Bioinformatics provides a
sample base with access to clinical data for discovery,
validation and evaluation of new biomarkers and drug
targets 47,

In light of these findings, we used integrative
approach based on computational methods together
with clinical validation to provide great insights into
the molecular mechanisms of HCC. For the first time,
we assessed a network of competing endogenous
RNA (CERNA) involved in exosomal secretion which
consists of RAB11A gene, retrieved from public
databases. Afterwards, we investigated the chosen
markers expression and diagnostic significance in
HCC rats and control naive groups. Then explore the
effect of Hesperidin on this exosomal derived CERNA
network.

In this study we analyzed RAB11A gene
expression which is important for exosomal secretion.

LncRNAs which are longer than 200 nucleotides
are now known to have many functions, acting as
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scaffolds or guides to regulate interactions between
protein and genes, as decoys to bind proteins or
mMiRNAsS, and as enhancers to modulate transcription
of their targets ®®. Moreover, INcRNAs possess
significant regulatory effects on carcinogenesis and
the development of cancer, demonstrating their
potential roles in both oncogenic and tumor-
suppressive pathways @9, Also some recent studies
report a brand-new IncRNAs regulatory circuitry in
which IncRNAs may function as competing
endogenous RNAs (ceRNAs) and crosstalk with
MRNAs by competitively binding their common
mMiRNAs(0),

The results of this study revealed that RAB11A
gene expression was up regulated in the liver tissues
of HCC rat (median RQ 6.8) when compared to
normal control rat (median RQ 0.71) and (mild,
moderate and high dose) treated groups (median RQ
0.85, 1.76 and 0.42). there was significant difference
among the studied groups as regards fold change (RQ)
of RAB11A gene expression in liver tissues (P< 0.01).

The results of this study revealed that RAB11A
gene expression was up regulated in the serum of HCC
rat (median RQ 8.7) when compared to normal control
rat (median RQ 1.57) and (mild, moderate and high
dose) treated groups (median RQ 2.41, 5.85 and 0.25).
there was significant difference among the studied
groups as regards fold change (RQ) of serum RAB11A
gene expression (P< 0.01).

We presented a novel approach that enables a
reliable integration of exosomal competing
endogenous RNA network for HCC diagnosis. It is
promising as a general strategy for future panel
biomarker development in the serum of HCC patients
and HCV patients. This can overcome the lower
reliability of single-gene biomarker experiments and
maintaining high accuracy by combining signals from
multiple genetic levels. These findings expand the
existing knowledge of RNA-RNA crosstalk
characteristics and provide new tools to elucidate
disease processes. Exosomes targeting by using
Hesperidin to alter tumor microenvironment could
offer new targets for HCC therapy.

Also, Previous reports done on tissue levels
and cell lines indicate that RAB11A serves as a cancer
biomarker in pancreatic cancer ?Y, Also, RAB11A
contributes to the malignant progression of non-small
cell lung cancer NSCLC @2,

It be thought that the exosomes execrated
extensively from the cancer cells ?®, noted that on our
research the exosomes not only expressed
substantially on the tissue of the affected HCC group
by TEM, but also significantly diminished on the
treated groups 3,4 and 5, which strongly supported the
idea of use exosomes based therapeutic notion.

As regarding to liver functions it was observed
improvement on the different values (ALT, Bilirubin
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& AFP) on the treated group while the improvement
was highly detected on the high dose group (5), and
this supported with @9.while he used the Hesperidin
in the liver disease.

CONCLUSION

The exosomal RAB11A-mRNA can be
considered as a marker for HCC as these markers
showed marked differentiate between naive, HCC and
treated rats. Administration of Hesperidin alleviate
these markers in HCC rats.

To the best of our knowledge this study is the
first to measure the serum exosomal level of RAB11A-
mRNAIn rats' serum and liver tissues of control, HCC
and treated rats. Serum exosomal RAB11A-mRNA
levels in serum sample is a potentially useful
biomarker for early diagnosis and prediction of
progression of HCC, Hesperidin could has benefit for
HCC patients.
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