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ABSTRACT

Higher levels of morbidity and mortality are due to malignant tumors and Hepatocellular carcinoma (HCC) is
considered of a great percentage. The liver-specific microRNA-122 (mir-122) is frequently down-regulated in HCC
and is a promising biomarker for the early HCC diagnosis. Restoration of mir-122 renders HCC cellsto be sensitive
to doxorubicin. The present study aims to investigate the effect of treatment of HCC cells with doxorubicin and/or
mir-122 mimics on AFP expression levels. Using HepG2 cells with different treatments, AFP mRNAs and proteins
were isolated and detected by real-time PCR and ELISA, respectively. Our data showed that there was a dynamic
change in mir-122 expression as compared to inhibitor negative control. Also, there were no significant differences
in AFP expression levels in cells treated with chronic doxorubicin dose then transfected with mir-122 mimics.
However, our findings demonstrated statistical significant increase in both molecular and protein expression levels
of AFP in cells treated with acute high doxorubicin dose and mir-122 mimics. This could be associated with
increasing doxorubicin sensitivity by mir-122 restoration in HepG2 cells. This distinct finding could be attributed to
a negative feedback increase in AFP levels to counteract the apoptosiS/reactive oxygen species triggered by miR-
122 restoration in doxorubicin-treated HepG2 cells.
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INTRODUCTION

Hepatocellular carcinoma (HCC) is considered thenntause for liver cancer. It represents the sdvendst
common cause of cancer in women, the fifth in neem the third most frequent mortality cancer causddwide

[1]. Nearly, 85% of new cases occur in developiegraries, with highest incidence was found in dar@eas
located in Africa, east and Southeast Asia; howeMerthern and Western Europe as well as North Acaenere
considered areas of lower-incidence [1, 2]. Thedasade has witnessed a significant rise in thielémce of HCC
with especially high incidence reported in Egyp}. [Bepatocellular carcinoma evolves through an bdistaed

background of chronic liver disease like cirrhodikese chronic diseases include hepatitis B viHB\{) and/or

HCV, non-alcoholic steatohepatitis, autoimmune kiépairon overload syndromes, obesity, diabetasphol

abuse, smoking, oral contraceptive use and aflatexposure[4-7]. Nevertheless, HCC clinical outcameery

poor, that can be explained on the basis of thie ¢dceliable markers for early diagnosis, resis&ato treatment,
tumor recurrence, and metastasis [8, 9].

Chemotherapy is an important therapeutic strategyréatment of cancers. Doxorubicin (Dox) is thestreffective
cytotoxic agent for HCC treatment. In particuldne drug molecule stabilizes the topoisomerase mipex after it
has broken the DNA chain for replication, prevegtitie DNA double helix from being resealed and gbgr
stopping the process of replication. Moreover,a$ lbeen suggested that doxorubicin activates p58-bBiNding,
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leading to induced apoptosis [10]. In another psggbmechanism; semiquinone - the oxidized formoabdubicin-
is an unstable metabolite, that releases freeabdpecies when converted back to doxorubicines€tspecies can
lead to peroxidation of lipid, damage to both ; rbeame and DNA damage, oxidative stress, triggecpiayic
pathways and finally leading to cell death [11].

Alpha-fetoprotein (AFP) was first described as akeafor HCC in 1964 by Tatarinov (1964). The figatantitative
serum assays for AFP were developed by RuoslabitiSappala (1971) [12]. Until now, the most commaoméed
approach to monitoring patients at high risk for G1@epends on alpha-fetoprotein (AFP) along withasthiunds
every 6-12 months. Numerous studies confirmed Ali® has complicated biological functions, such @Bsnwting
liver cancer cell proliferation, inhibition of apmsis, and immune evasion. Also, the American Aission for the
Study of Liver Diseases (AASLD) (July 2010) higlitgd AFP as both prognostic and diagnostic mar&ethe
surveillance or the diagnosis of HCC in the practicidelines [13-16]. In this context, the discgvef the central
role of microRNAs in human tumorigenesis has opemeéw field that may be relevant not only for ustending
cancer at the molecular level but also for the graent of new diagnostic and therapeutic toolg.[17

MicroRNAs (miRNAs) are a category of endogenous Ipignetically conserved small (22 nucleotides),hwit
singular-strand and unidentified RNA codons. PrimaiiRNAs, which possess stem-loop structures, avegssed
into mature miRNAs by Drosha and Dicer RNA polynserdll. These mature miRNAs then associate with the
RNA-induced silencing complex, and the resultingnptex directly binds to the’intranslated regions of target
messenger RNAs to act as suppressors of translatidrgene expression. Thus, depending on the tarB&AS,
mMiRNAs are responsible for the control of variousldical functions including cell proliferation,paptosis,
differentiation, metabolism, resistance/sensitivitfy tumor cells to chemotherapeutic agents, oncegjenand
oncogenic suppression. MicroRNAs have been revealdsk irregularly present in cancers either thioug- or
down-regulation in neoplastic cells compared withit normal counterparts and deregulated miRNAs Hasen
linked to molecular pathways involved in neopladtiansformation [17-21]. The mechanisms throughctvhi
mMiRNA expression is modulated during liver carciengsis include chromosomal rearrangements, promoter
methylation and control of transcription factorslsias c-myc [22]. Recent evidence suggests that defPalter
mir-29 expression and can induce changes in théyiezhe of liver cancer cells that are responsibletiie more
aggressive behavior of HCC [23]. It has been cordit that deregulation of miRNAs in cancer can besiciered as
prospective diagnostic biomarkers or as new thettap@pproaches in fighting cancer. The difficutty miRNA
target prediction and biological validation hasraemajor obstacle to microRNA research [24].

The liver-specific microRNA-122 (miR-122) is frequfy down-regulated in primary HCC, which is explad by
hypermethylation of mir-122 promoter region. A necstudy showed that mir-122 can distinguish HCQmifr
healthy, chronic hepatitis B and cirrhosis groupseyreover it is a favorable biomarker for the e&tl@C diagnosis
[25]. The biological significance of the down-regtibn of miR122 expression in HCC has not yet baély
elucidated. It has been shown that the absenceiRfl22 expression is closely related to poor praig@nd
metastasis of liver cancer [26]. On the other haestoration of mir-122 increases the chemothettipsansitivity
of HCC cells and minimizes the invasion, migrataond growth of metastatic liver cancer cells. Insiieg mir-122
levels in HCC with or without antitumor agents ni@e/a promising strategy for HCC treatment [27{ulictions as
a potential tumor suppressor in two ways: inhilgjitilepatic cell growth by targeting cyclin G1 anarpoting
apoptosis of hepatic cells by targeting BCL-w aridAM17 involved in metastasis [28].

To develop targeted cancer therapies, specificrabity regulated molecular pathways should be ifledtto this
cancer and useful biomarkers should be discovéraidviould reflect aberrations in molecular pathwdys to the
molecular mechanisms of their expression that sdgheir use in a clinical setting [29]. Targetitige liver with
microRNAs was reported to be safe and effectiihetapeutic doses. Moreover, the liver represanigeal organ
for oligonucleotide-based therapy [17].

In the present study, we explore the effect of @@rid chronic doxorubicin doses with/without thstoeation of
mir-122 on the AFP expression in HepG2 cells.

MATERIALS AND METHODS

1.1. Céll line and cell culture

Wild HepG2 cell line was purchased from ATCC (Ancan Type Culture Collection). These cells wereurel
and propagated in 75 értasks in DMEM (Dulbecco's Modified Eagle Mediumoihza, Belgium); supplemented
with 10% Fetal Bovine Serum (Biochrom, Berlin), 1Pgnicillin-streptomycin (Lonza, Belgium) and 4 mM L
glutamine (Lonza, Belgium) at 3T in 5% Cg incubator.
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1.2. Treatment grouping

In this study, the experimental cell line groupsewdivided into:
A) Wild HepG2 cells:

a;) Untreated control (V).

&) Transfected with inhibitor negative control (NC).

ag) Transfected with mir-122 mimics (mir-122).

B) HepG2 cells treated with doxorubicin doses:

« First dose-I

b,) Treated with chronic doxorubicin dose (Dox I).

b,) Treated with chronic doxorubicin dose then trantfd with inhibitor negative control (NC I).
bs) Treated with chronic doxorubicin dose then trantfd with mir-122 mimics (mir-122 1).

% Second dose- ||

b,) Treated with acute high doxorubicin dose (Dox II)

bs) Treated with acute high doxorubicin dose andsfected with mir-122 mimics (D+M II).

1.3. Acute and chronic doxorubicin doses

Wild HepG2 cells were cultured in the presence pM. DOX (Pfizer, USA) for 72 hourfAcute dose). At the end
of this period the cells were washed twice withrigeDulbecco's phosphate buffered saline (DPBSktnove the
DOX and fresh DOX-free growth medium was addedldvohg a 3-day recovery period, 100 nM DOX was atlde
to the cells for 2 week&hronic dose) with washes and media changes every 3 days.

1.4. Cell transfection with RNA oligonucleotides

HepG2 cells were transfected with100 nM of miscimpit-122 mimics or miScript Inhibitor Negative Couit
(Qiagen, Valencia, CA) using 1 uL of HiperFect sfattion reagent (Qiagen, Germany). At 24 h afeemdfection,
transfection media were replaced by fresh medidhésame time point, treated cells were harvesteshicroRNA
isolation and detection. Cell culture media andltd®®NA were isolated at 72 h after transfection forther
analyses.

1.5. Quantitative real-time PCR analysis for miRNA and mRNA expression

For microRNA, miSCript miRNA PCR system (miRneasyninkit for miRNA extraction, miSCript RT Il for
mMiRNA reverse transcription, 10x miR-122a-1 mi$ERrimer Assay and miSCript SYBR Green PCR kitH@R

amplification) (Qiagen, Valencia, CA, United Stgtegas used according to the manufacturer's prototoé

Cycling conditions for real-time PCR were as folldC for 15 min, 94C for 15 s, 5% for 30 s, and then 1@

for 30 s, the number of cycles were 40 cycles. lEscence measurements were performed with realBER

(MiniOpticon Real-Time PCR System, Bio-Rad, France)

Total RNA from cells was extracted using Triazolg@en, Germany) following the manufacturer's ingion. For
quantifying AFP gene by QuantiFast SYBR Green dap-&RT-PCR kit (Qiagen, Germany) using MiniOpticon
Real-Time PCR System, Bio-Rad, France; the manufactsteps were followed. Beta-actin mRNA levelgave
used for normalization with primer sequence of: (BYCCTTCCTGGGCATGGAGTCCT- 3, (R)5'-
GGAGCAATGATCTTGATCTTC- 3. AFP primer sequences) B~GAAACCCACTGGAGATGAACAGTC-3,
(R) 5-AAGTGGGATCGATGCAGGA-3.

The AFP gene copy numbers were normalized to 100¢@pies of housekeeping beta-actin gene. The RIT an
subsequent PCR cycling conditions were as follddviCfor 10 min, 95C for 5 min, 95C for 10 s, and then 6C

for 30 s, the number of cycles were 40 cycles. BibRViniOpticor™ Real-Time PCR cycler was used for
guantitative estimation.

1.6. Determination of AFP using Enzyme-linked immunosorbent assay

Cell-culture supernatants were collected aftetrfegation of media at 3000 rpm and 4°C for 10 nifP level in
the supernatants was examined using an AFP-spetifican ELISA kit supplied by Abcam (UK). Accorditgthe
kit instructions, standard curve was constructetiused to determine unknown AFP levels.

1.7. Satigtical analysis

Statistical calculations were executed using StedisPackage for Social Sciences (SPSS) versiof i€ data was
represented as the mean * standard error mean (SEM3tudent’st- test, in addition to one-way analysis of
variance (ANOVA), was used to compare individualadaoints among each group.pAvalue of < 0.05 was set as
the criterion for statistical significance.
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RESULTS

1.1 Level of mir-122 expression in HCC cells after treatment with mir-122 mimic and Inhibitor Negative Control

The dynamic expression of mir-122 after transfectio wild and doxorubicin treated HepG2 cells was
demonstrated by isolating the microRNA at 24 hratitensfection and the quantity of mir-122 was roead. Our
data showed that there was a dynamic change irl2@rexpression at 24 h after transfection as coadp&r
Inhibitor Negative Control, with a fold change df®as shown in (Fig. 1).

400,000,000 -+

350,000,000

300,000,000 -
250,000,000 -
200,000,000 -
150,000,000 -

100,000,000 -

Copy numbers of mir-122

50,000,000 -

0 .
NC mir-122

Fig. 1. Copy numbers of mir-122 in cells treated wh Inhibitor Negative Control (NC) and mir-122 mimic

1.2 AFP geneexpression levels

To test whether treatment of HepG2 cells with n#-Inimics and/or acute/chronic doxorubicin dosadctaffect
expression of AFP gene. Thus, AFP gene expressiai Was detected by real-time PCR. There weratianis in
gene expression levels among different groupsegftinent when compared to negative control. Thesatiems
showed a statistical increase in different treatsiénut it did not reach a significant level exceptHepG2 cells
treated with acute high dose of doxorubicin thangfected with mir-122 mimics (D+M II) as shown(ig.2).

AFP

100

80 A

40

TNt

20
Dox | mir-122 | Dox I mir- 122 D+M Il

Normalized copy numbers

Fig. 2. Statistical significance curve of AFP gen®ox I; cells treated with chronic doxorubicin dose NCI; cells treated with chronic
doxorubicin dose then transfected with inhibitor n@ative control, mir-122 I; cells treated with chroric doxorubicin dose then transfected
with mir-122 mimics, U; wild HepG2 cells, NC; Wild HepG2 cells transfected with inhibitor negative cotrol, Dox Il; HepG2 cells treated

with acute high doxorubicin dose, mir-122; HepG2 dés transfected with mir-122 mimics and D+M II; HepG2 cells treated with acute
high doxorubicin dose and transfected with mir-122nimics. Data was presented as means + SEMP X 0.05

1.3 AFP protein expression levels by ELISA

AFP gene expression levels were confirmed by etialwaAFP protein levels assayed Bl ISA. Similar to gene
expression, there were differences in the concemtraf protein level but without a statistical sificant level other
than the same group of treatment. Cells treatetl adute high doxorubicin dose and transfected with122
mimics (D+M Il) showed statistical significant increa&s; 0.05, as compared to inhibitor negative conthC) as
represented in (Fig. 3)
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DISCUSSION

Hepatocellular carcinoma (HCC) is the most commod ane of the leading aggressive of all human aance
Doxorubicin is the most effective cytotoxic agent HCC treatment through induction of oxidativeess, and
triggering apoptotic pathways [16]. It has beenidated that miRNAs, a class of small noncoding RNAat
regulate gene expression post-transcriptionaltheeithrough directly contribute to HCC by targgtimany critical
regulatory genes or participate in multiple intlader signaling pathways that modulate apoptosi] cycle
checkpoints, and growth-factor-stimulated responéésen defective, these pathways appear to rasuttalignant
transformation and finally HCC development [30].

Alpha-fetoprotein Concentration (ng/ml)
1.8 - %
1.6 -
1.4 -
1.2 A
1 -
B Alpha-fetoprotein
Concentration (ng/ml) 08 -
0.6 -
0.4 -
0.2 -
0 - U | NC  Doxll | mir122  D+#MIl  DoxI  NCI  mir-1221

Fig. 3. Alpha-fetoprotein expression levels. The na@ value of the triplicate readings for each treatrant was calculated. Unknown sample
concentration was determined from the standard cure. U; wild HepG2 cells, NC; Wild HepG2 cells transfcted with inhibitor negative
control, Dox II; HepG2 cells treated with acute hign doxorubicin dose, mir-122; HepG2 cells transfectewith mir-122 mimics, D+M II;

HepG2 cells treated with acute high doxorubicin dos and transfected with mir-122 mimics, Dox I; cellsreated with chronic doxorubicin
dose, NCI; cells treated with chronic doxorubicin @se then transfected with inhibitor negative contrband mir-122 I; cells treated with

chronic doxorubicin dose then transfected with mird22 mimics. Data was presented as means + SEMP £ 0.05

MiR-122 is a liver-specific miRNA representing aboi0% of the liver miRNA population, and it has bee
characterized for its multiple roles in liver phglsigy, metabolism and modulation of HCV replicatidiotably, its
loss or down-regulation has been associated witamuHCC development and progression [26].

Alpha-fetoprotein (AFP) has been considered asséulidiagnostic and prognostic tool for chemothgrixpatment
[31]. Early reports including studies on choriodaomas, revealed that serum or tissue AFP leves dog correlate
with tumour mass [32]. On the contrary, positivaretations concerning the same parameters have balsa
demonstrated by patient studies or model systerimg usice transfected with PLC/PRF/5 human hepaloleel
carcinoma cell line [33].

In the present study, the effect of acute/chromixodubicin dose on AFP expression levels in Hep&& das no
significant changes as compared to control celig. data was confirmed with another study that usedan well-
differentiated hepatocellular carcinoma HuH-7 dele treated with different concentrations of daxacin, in
which there was no change in AFP secreted as ttedte chemotherapy concentrations of therapeutisal [34].

Our investigation indicated that transfection ofpl@2 cells with mir-122 mimics doesn't affect thePAExpression
levels. Some reports were in line with our resulesjfying no statistically significant correlatidretween mir-122
levels of expression and AFP in HCC patients [14, 1

On the other hand, there was a study confirmed rfietl22-CUX1 pathway is responsible for regulatiA§P
expression in multiple HCC cell lines, where thadiional silencing or down-regulation of mir-122dks to higher

33
Scholar Research Library



Safinaz E. El-Toukhyet al Der Pharmacia Lettre, 2016, 8 (8):29-35

levels of CUX1 protein expression, as well ZBTB20ekpressed due to an increase in the expressionir<f14.
Repression of ZBTB 20 leads to an increase in AfRession [29].

Both mir-122 and mir-214 were found to be decreasedbout 70% of HCCs [24, 35-37]. So that further
explanations are required to discuss the unustrvi@ of mir-122/CUX1/mir-214/ZBTB 20/AFP pathway.

In our study, we noticed a statistical significamtrease in AFP expression levels in cells treaté#d high acute
dose of doxorubicin and mir-122 mimics. This resuduld be explained according some previous stuttias
indicated the role of mir-122 restoration in in@ieg doxorubicin sensitivity of HCC-derived celhdis [17, 38]. In
addition, as previously mentioned, doxorubicin ha®le in oxidative stress through releasing ottiga oxygen
species that can lead to peroxidation of lipidsndge to both membrane and DNA damage. These foecesdl to
trigger apoptotic pathways and finally cell death][ Moreover, AFP; purified from human HepG2 dile media;
is bifunctional protein acting in cellular defenagainst oxidative stress both as a copper tranegoaind as a
superoxide radical scavenger [39].

However, another study stated that AFP knockdowil@pG2 cells aids in inhibition of hepatoma celbwgth
through promoting apoptosis. Besides, this studgeddthat AFP down-regulation efficiently down reagab
intracellular survivin gene expression [40]. Alsm Egyptian study and other old studies demonsirtat AFP
exhibited stimulatory effects at low concentrationsoth normal liver and HCC; where intact AFPrsfigantly
decreased expression of cyclin-dependant kinadkeiiohp27, and increased expression of prolifegtell nuclear
antigen (PCNA). Stimulation of cell proliferatiom accompanied by inhibition of apoptosis [41-44].

While, other authors studied the proliferation bitory effect of AFP invitro and invivo of MCF-7 human breast
cancer and prostate cancer cell lines. They cordlldat AFP had antitumor activity through inhiditiof MCF-7
growth [45-48]. However, in case of metastatic harbaeast cancer cell line (MDA-MB-231) other reshars
didn't observe antitumor activity of human AFP B8k

Collectively, the present study revealed that AEfRls were significantly increased in HepG2 ceaktsatied with
acute high dose of doxorubicin with restoratiomuof-122. This could be attributed to the increasedsitivity to
doxorubicin which consequently, activated apopttsisugh releasing of reactive oxygen species. &/ieatment
of our cells with chronic or high acute doses okatobicin without mir-122 restoration didn't extibany
significant changes in AFP expression levels. Tdusld be explained on the basis that, the produeeel of
reactive oxygen species by doxorubicin alone issndficient to increase AFP expression. AccordimgnicroRNA
databases; AFP isn't predicted/validated as dieeget gene for mir-122 thus, it is accepted in study to record
no significant changes in AFP levels in cells tfaped with mir-122 mimics (mir-122 and mir-122 ).
Consequently, it is satisfied to find no signifitamanges in AFP levels in cells treated with clzatoxorubicin
dose then transfected with mir-122 mimics. Accogtlinour results indicate the impact role of mir2Zl2storation
in facilitating of doxorubicin entry that evokes REExpression.

In conclusion, this study shows that restorationndf-122 in doxorubicin treated HepG2 cells ince=asheir

expression of AFP, both at mMRNA and protein levElss distinct finding could be attributed to a atge feedback
increase in AFP levels to counteract the apoptesistive oxygen species triggered by miR-122orasibn in

Dox-treated HepG2 cells.

Further researches are recommended to define thiéicting dual regulatory cascades of AFP in pathsvaf
apoptosis and antioxidant process.
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