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Abstract

Morphine as an analgesic drug is used frequently in cancer patients. Contradictory results have been
achieved from previous studies related to morphine effects in different concentrations. In current study, we
examined the effect of clinical concentrations of morphine on A2780Cp cell line related to ovarian cancer.
Moreover, its effect on the cytotoxicity of cisplatin was investigated. A2780CP cells were cultured in RPMI11640
medium and treated with clinical doses of morphine alone or in combination with cisplatin. The rate of cell
proliferation was measured using MTT assay, morphological changes of nuclei were revealed by 4’,6-diamidino-2-
phenylindole (DAPI) staining, and expression of B-cell lymphoma 2 (Bcl-2) was measured using flowcytometry.
MTT assay results showed clinical concentration of morphine had no effect on viability of A2780CP cells and
toxicity of cisplatin. DAPI staining revealed no chromatin condensation in presence of morphine, and
flowcytometry analysis showed that the expression of Bcl-2 in treated cells did not differ from control cells. In
accordance with findings in other kinds of cancer, our results demonstrated that morphine did not interact with the

function of cispatin in ovarian cancer. This finding can be considered in clinical applications of morphine.

Keywords: morphine, ovarian cancer, apoptosis, cytotoxicity, cisplatin

Introduction

Ovarian cancer is the fifth leading cause of
cancer death in the world. This type of cancer
develops in one of 70 women in their lifetime.
DNA-damaging agents such as Cis-diammine
dichloroplatinum Il (cisplatin) are used for the
treatment of those who suffer from ovarian cancer
(Gonzalez et al., 2001). Actually pain occurs in
more than 80% of cancer patients which can take
place as a result of cancer or chemotherapeutic
drugs. Morphine is the most analgesic drug which
is used to relieve pain resulted from such conditions
(Hatsukari et al., 2007). It is usually injected to
patients about 50-100 mg/day for a 70kg human
(Gupta et al., 2002). The most part of injected
morphine is metabolized into active glucuronide
metabolites in the liver. Plasma concentration of
free morphine was reported about 1 pg/ml and
moreover about 96 pg/ml in a dead cancerous
patient (Sarah et al., 2004).

Previous studies demonstrated that the effects of
morphine on growth of cancer cells depends on

*Corresponding author’s E-mail:
devbiokharazmi@gmail.com

morphine concentration or type of the cells (Gach
et al., 2011). Investigations which used extremely
high concentrations have revealed that morphine
reduces the growth of cancer cells in vitro
(Maneckjee et al., 1990, Naoko et al., 1996) or
tumor weight in vivo (Harimaya et al., 2002).
However, there are some reports which show that
low concentration of morphine produces early
apoptotic markers in HL-60 and A549 tumor cell
lines (Hatsukari et al., 2007), reduces the growth of
HT-29 cancer cells (Tegeder et al.,, 2003), and
arrests cell cycle progress in MCF-7 cells (Chen et
al., 2017). In addition, other studies have shown
that plasma concentration of morphine stimulates
microvascular endothelial cell proliferation and
angiogenesis in vivo or in vitro (Gupta et al., 2002)
and promotes the tumor growth in breast cancer
(Bimonte et al., 2015). Concerning the interaction
of morphine with chemotherapy drugs, it may cause
drug interference with chemotherapy agents
routinely used to treat cancers such as cisplatin or
naloxon and may affect drug cytotoxicity
depending on its dosage (Cao et al., 2016, Chen et
al., 2017). In 2016, Cao et al. showed that
morphine affects the antitumor activity of cisplatin
on tumor growth in nasopharyngeal carcinoma
CNE-2 xenografts in nude mice (Cao et al., 2016).

Licensed as Open Access CC-BY
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With respect to broad usage of morphine to relieve
pain in patients with ovarian cancer, it is important
to determine its exact mechanism of function,
especially its effect on cancer cell viability and/or
death and also its interference with chemotherapy
drugs. Continuing the previous work, which
examined the effect of high concentrations of
morphine on ovarian cancer cells (Nabiuni et al.
,2015), in the current study we investigated the
effect of clinical concentrations of morphine on
ovarian cancer cell line A2780CP, and also studied
its effect on the cytotoxicity of cisplatin. This is the
first time that the effect of the plasma dose of
morphine is being studied on an ovarian cancer cell
line.

Materials and Methods

Cell culture and growth conditions

All experiments were performed on human
ovarian cancer cell line A2780CP. Cells were
purchased from NCBI (National Cell Bank of Iran,
Pasteur Institute) and were cultured in RPMI-1640
(Gibco-Invitrogen, US) with 10% (v/v) Fetal
Bovine Serum (FBS, Gibco-Invitrogen, US) and
1% antibiotics (100 U/ml penicillin and 100 mg/ml
streptomycin) at 37°C in a 5% (v/v) CO and 95%
humidified incubator. The medium was changed
every 48 hours.

Chemicals

Morphine  sulfate was purchased from
Daroupakhsh Co. (Iran), cisplatin from Naprod
(India), Dimethyl Sulfoxide (DMSQO) from Gibco
(US) and triton from Merck (US), 3-[4,5-
dimethylthiazole-2-yl]-2,5 diphenyltetrazolium
bromide (MTT) and 4',6-diamidino-2-phenylindole
(DAPI) from Sigma (US), and antibodies from
Abcam (UK).

MTT assay

In this study, 1-50 pg/ml of morphine was
regarded as clinical or plasma concentrations. To
determine the percentage of viable cells and the
proliferation rate, MTT assay was performed.
Briefly, cells were cultured in 24-well plates,
treated with morphine (0.1, 1, 10, 20 and 50 pg/ml)
or cisplatin (1-40 pg/ml) or combination of them (2
pg/ml of cisplatin; 2 and 20 pg/ml of morphine).
After completion of the treatment time, 100ul of
MTT was added to each well and incubated for 4
hours in darkness at 37°C; then, the medium was
removed and formazan crystals were dissolved in
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DMSO. Finally, the optical density was read by
spectrophotometer at 570nm wavelength.

DAPI staining

To observe the morphological changes of the
nucleus, DAPI staining was performed. Briefly,
A2780CP cells were cultured in 24 well plates,
treated with 1 pg/ml of morphine, washed with
PBS and fixed in formalin 4% for 20 minutes at
4°C. The cells were washed with PBS and
permeabilized with Triton X-100 for 20 minutes at
room temperature. After washing with PBS, DAPI
(1%) was added to each well for 30 seconds in
darkness and room temperature. The additional
staining was removed and wells were washed with
PBS carefully. Finally, 0.5 ml of PBS was added to
each well and cells were observed with a
fluorescent microscope.

Measuring the
flowcytometry

In order to detect the apoptotic or anti-apoptotic
effect of morphine, the expression of Bcl-2, as an
anti-apoptotic protein, was measured. To do so, the
cells were treated with 1 pg/ml of morphine up to
120 hours. Then, they were trypsinized and washed
with PBS and centrifuged for 5 minutes in 2000
rpm and then were fixed with formalin 4% for 15
minutes at room temperature. After washing, the
cells were permeabilized to antibodies with triton
X-100 (0.4% v/v) for 20 minutes at room
temperature, washed with PBS and centrifuged,
then blocked with bovine serum albumin (BSA)
2.5% w/v in tween-PBS 0.1% v/v (TPBS) for 30
minutes at room temperature. In the next step, cells
were treated with 50 pl primary antibody diluted
1:100 in diluting buffer (BSA 0.25% in TPBS 0.1%
v/v) for 2 hours at room temperature, washed with
PBS and centrifuged. Then, cells were incubated
with 50 pl fluorescein-labeled goat antibody against
rabbit 1gG diluted 1:30 with diluting buffer for 30
minutes at 37°C in darkness. The
additional antibody was washed and finally, the
expression of Bcl-2 was measured by Partec PAS
instrument and the data were analyzed by flow max
software (Partec, Germany).

expression of Bcl-2 by

Statistical analysis

All experiments were repeated three times.
Results were analyzed using one-way ANOVA
with InStat-3 software. Values were expressed as
Mean£S.E.M and p-value of <0.05 was considered
significant.
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Results

Plasma concentrations of morphine did not
change the viability of A2780CP cells.

The A2780CP cells were grown for 3 and 5 days
with plasma concentrations of morphine (1-50
pg/ml). Investigation of cell viability showed that
the cells which treated with plasma concentrations
of morphine, proliferated as same as cells in the
control group. Although cells which treated with 1
and 20 pg/ml of morphine proliferated more than
untreated cells, statistical analysis showed that
differences were not significant at P-value of 0.05
(Figure 1).

105
100
95
90
85
80

control

viability %

Morphlne concentrations (ug/ml)

the effect of morphine on the function of cisplatin,
cells were treated with morphine and cisplatin. Co-
treatment of the cells with 2 pg/ml of cisplatin in
combination with 1 or 20 pg/ml of morphine
showed that 20 pg/ml of morphine enhanced
cytotoxicity of cisplatin slightly but not statically
significant. The rate of cell viability in presence of
1 pg/ml of morphine and 2 pg/ml of cisplatin did
not change compared to the cells which treated with
2 pg/ml of cisplatin (Figure 3).

Plasma concentration of morphine did not harm
the nuclei of A2780CP cells.

DAPI staining was performed after 48 hours
treatment of A2780CP cells with 1 pg/ml of

B
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80
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40
20
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Morphlne concentrations (pg/ml

Figure 1. Percentage of viable cells under treatment with plasma concentrations of morphine compare to untreated cells
after 3 days (A) and 5 days (B). The results are as Mean+ SEM from three or more independent experiments.

viability %

Cisplatin Concentration (ug/ml)

Figure 2. Percentage of viable cells under treatment with
cisplatin. The results are as Mean+ SEM from three
independent experiments (* p<0.05, ** p<0.01,
***n<0.001).

The toxicity of cisplatin on A2780CP cells was
not affected by morphine.

The effect of cisplatin (1-40 pg/ml) was
examined by MTT assay after 1, 2, 3 or 5 days. As
shown in Figure 2, cell viability was decreased after
treatment with cisplatin in a dose and time-
dependent manner. There was no viable cell after
two days in doses more than 15 pg/ml. To evaluate
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morphine. Observation showed that the total
number of nuclei in morphine treated cells was
comparable with untreated cells and no fragmented
nuclei were found in the presence of 1 pg/ml of
morphine (Figure 4). These results were in
accordance with MTT assay results.

120
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=

b=
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Figure 3. Percentage of viable cells under co-treatment
with 2 pg/ml of cisplatin and 1 or 20 pg/ml of
morphine. The results are as Meant SEM from three
independent experiments.
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A2

Figure 4. DAPI stained nuclei under light (part 1) and
florescent (part 2) microscope. A: untreated (control),
B: 1 pg/ml of morphine (x 100).

Anti-apoptotic Bcl-2 protein was expressed as
control state

To investigate the effect of morphine on the
function of apoptotic factors in A2780CP cells, the
expression of Bcl-2 protein, as an anti-apoptotic
protein, was evaluated. Briefly, cells were treated
with  predominant plasma concentration of
morphine (1pg/ml) for 5 days. The results are
shown in Figures 5. 1pg/ml of morphine enhanced
the expression of Bcl-2 in the amount of 6.5%, so
that the expression of Bcl-2 in control cells was
72.86% compared to 79.36% in morphine treated
cells. The difference was not significant at P-value
of 0.05.

Discussion

Several studies have shown that morphine
administration can affect cancer cells growth (Bhat
et al., 2004, Bimonte et al., 2013, Donahue et al.,
2009); and there is some information about the
mechanisms by which morphine acts through
(Crawford and Bowen 2002, Diao et al., 2000,
Donahue et al., 2009, Gach et al., 2011, Hsiao et
al., 2009, Iglesias, 2003, Koodie et al., 2010).
Morphine effects may be depend not only on the
cell type and the system of investigation
(in vitro or in vivo) but also on its doses.
Investigation of high doses of morphine has been
shown apoptotic cell death induction in a dose and
time-dependent manner, however, these
concentrations are not tolerable in animal bodies.

http://jcmr.um.ac.ir
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Figure 5. Measurement of Bcl-2 protein expression in
the cells which treated with plasma concentration of
morphine. A) Unstained, B) negative control, C)
untreated (normal), D) cells treated with 1 pg/ml
Morphine. The RN1 region shows the percentage of
BCI-2 expression.

Herein, we studied the effect of clinical
concentrations of morphine. Our findings showed
that morphine did not increase the proliferation of
A2780CP cells significantly in the range of 0.1-50
pg/ml, which was in agreement with Cao et al.
findings which showed 0.1-100 ug/ml of morphine
did not change the cell viability of human
nasopharyngeal carcinoma CNE-2 cells
significantly (Cao et al., 2016). Investigation of
clinically relevant doses of morphine on human
glioblastoma T98G cells (Lazarczyk et al., 2010)
and human breast carcinoma cells (Bimonte et al.,
2015) and bladder cancer cells (Harper et al., 2018)
indicated that morphine increased proliferation of
cancerous cells, that can be explained with
differences in morphine concentration, duration of
treatment and the type of cancer cells.

In the course of this study, we also examined the
combined effect of morphine and cisplatin on
A2780CP cell line. Cisplatin is a well-known
DNA-damaging factor and is a common
chemotherapeutic agent. It is used widely for head
and neck, ovarian and non-small cell lung cancers.
Previous studies have been demonstrated that
cisplatin induces cell death through apoptosis and
cell cycle regulating pathways (Agrez et al., 2011,
Tanida et al., 2012). In previous study by Cao et al.,
it was indicated that morphine (1 ug/ml) abolished
the 4 pg/ml cisplatin-induced loss of cell viability
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only at 72h, but not at 48 h; also, morphine
(0.1 pg/ml, 10 ug/ml or 100 pug/ml) did not show
any effect on the cisplatin-induced decrease in cell
viability of CNE-2 cells at 24 h, 48 h and 72 h (Cao
et al., 2016). In compare, our results showed that
co-treatment of 1 and 20 pg/ml of morphine and 2
pag/ml of cisplatin did not lead to obvious increase
in cell proliferation. From these findings, it can be
concluded that the effects of morphine might be
different based on cellular sensitivity or cisplatin
dose.

Several investigations reported that high
concentrations of morphine, induce apoptosis in
cancer cells that are along with a decrease in Bcl-2
expression; which means morphine acts through an
intrinsic pathway and promotes apoptosis (Cheng et
al., 2006, Kapasi et al., 2004). On the other hand,
studies in low doses of morphine have shown that
morphine inhibits cell death with the inhibitory
effect on the expression of p53 in MDA.MB231
cells (breast cancer cell line) (Bimonte et al., 2015)
or through declining the expression of Bcl-2 in
nasopharyngeal carcinoma (Cao et al., 2016).
Although the combined treatment of morphine
(1 pg/ml) and cisplatin (4 pug/ml) increased the
expression of Bcl-2 in nasopharyngeal carcinoma
cells (Cao et al., 2016), our finding indicated that in
ovarian cancer cells, morphine did not have
obvious effect on Bcl-2 expression in usual plasma
concentration.

Conclusion

In  conclusion, the present study
demonstrated that plasma concentrations of
morphine, in range of clinical doses, could not alter
the proliferation of ovarian cancer cells and the
cytotoxicity of cisplatin as well. In terms of its
effect on the molecular pathway of apoptosis,
morphine also did not affect the expression of anti-
apoptotic factor, Bcl-2. These results can be
considered for the potential effects of this drug in
ovarian cancer patients.
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Abstract

OCT4 is the major regulator of pluripotency in embryonic stem cells and its association with
tumorigenesis, cellular stress response, and homeostatic multifactorial diseases have been recently reported. To
serve the versatility in its function, OCT4 generates several transcript variants which their expression levels are
tightly regulated through different mechanisms. PSORS1C3 is a long non-coding RNA with overlapping genomic
location with OCT4 gene. Here, we investigated the effect of PSORS1C3 overexpression on OCT4 expression in
different cell lines. Our data revealed that ectopic expression of PSORS1C3 did not affect OCT4 transcripts
abundance in NT2 cells, as a model of pluripotent cells. However, in HEK293T cells, PSORS1C3 overexpression
led to an increase in OCT4B as a homeostatic isoform and a decrease in OCT4A transcript level. We also observed
that manipulating PSORS1C3 in HeLa cells, as a model of epithelial carcinoma line, caused an upregulation in
OCT4A, OCT4C which could regulate stemness and proliferation and OCT4B transcripts at different time points.
Our findings indicated that PSORS1C3 could affect the expression level of OCT4 spliced variants, according to
their functions and the cells molecular context as well as genetic background. Considering these diverse regulatory
effects and co-expression of OCT4 and PSORS1C3 in some cell lines, it is safe to consider PSORS1C3 as a
modulator of OCT4 expression in non-pluripotent cells and in association with homeostatic pathways.

Keywords: OCT4, PSORS1C3, expression regulation, INcCRNA

Introduction

Oct4 is an octamer-binding transcription
factor that regulates stemness, pluripotency and
development (Campbell et al., 2007). As many
stemness regulators play additional roles in
tumorigenesis, OCT4 is also associated with
cellular transformation, tumor invasion and drug
resistance, and its expression alterations have been
reported in many cancers (Atlasi et al., 2007; Du et
al., 2009). Aside from its association with cancer,
OCT4 is also linked with multifactorial diseases
like psoriasis (Chang et al., 2007), inflammatory
bowel diseases (Maragkoudaki et al., 2015),
cardiovascular disorders (Lin et al., 2015) and
major depressive disorder (Murphy et al., 2017)
that share a common ground of deregulation in
homeostatic pathways.

OCT4 has multiple spliced variants that each serves
different functions at both RNA and protein levels
(Gao et al., 2010; Li et al., 2015). OCT4A functions
as a transcription factor and regulates stemness,
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cellular transformation and cell cycle. OCT4B and
B1 show anti-apoptotic functions and are related to
stress response and survival pathways (Asadi et al.,
2011; Farashahi Yazd et al., 2011). The expression
pattern of OCT4 transcripts varies in different cells,
as well as during different biological events, where
their expression levels are precisely regulated
through different mechanisms (Wang and Dai,
2010; Rijlaarsdam et al., 2011).

Long non-coding RNAs (IncRNAs) are known as
major regulatory factors capable of controlling gene
expression at both transcriptional and post-
transcriptional stages (Bhat et al., 2016). LncRNAs
orchestrate the expression of their target genes
through interactions with transcription machinery,
chromatin remodelers and by acting as a guide,
decoy or distributor of regulatory proteins or
microRNAs (Engreitz et al., 2016). There are
several reports on OCT4 expression regulation by
IncRNAs in stem cells (Wang et al., 2013; Bai et
al., 2015), however, the non-coding regulatory
circuits that orchestrate OCT4 splicing in non-stem
cells is not clearly identified.

PSORS1C3 is a IncRNA located upstream of OCT4
in the HLA-C locus which was first discovered in a
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Figure 1. Schematic view of PSORS1C3-OCT4 locus and localization of primers which were used for cloning and

gene expression quantification.

linkage analysis study on psoriasis (Holm et al.,
2005). In our previous work, we reported a co-
expression  between  PSORS1C3  canonical
transcripts and OCT4 in different cells lines. By
identifying a novel starting exon (exon 0) for both
PSORS1C3 and OCT4, we demonstrated that these
neighboring genes were physically entangled
(Figure 1) (Malakootian et al., 2017). However, the
expression screening indicated that PSORS1C3
longer variants which contained the transposon
derived exon 0 had a fair co-expression with
OCT4A  mostly in  non-pluripotent  cells.
Considering the significance of exonised
transposon elements in biological pathways, we
decided to investigate a possible regulatory effect
of ectopic expression of PSORS1C3 long variants
on OCT4 transcript level.

Materials and Methods

Constructing PSORS1C3 expressing vectors

PSORS1C3 long variants expressing vectors were
constructed by cloning 3 of PSORS1C3 transcripts
(LC050986, LC050987 and LC027945 (Figurel))
in pTracer-SV40 vector (Invitrogen, USA). Briefly,
HepG2 and AGS cells (PSORS1C3 positive cell
lines) were cultured to 70% confluency, as
described before (Malakootian et al., 2017) and
were lysed for RNA extraction with TRIzol reagent
(Thermo Fisher Scientific, USA). Total RNA (2
Hg) was treated with DNase | (Thermo Fisher
Scientific, USA), then reversely transcribed using
PrimeScript 1st Strand cDNA Synthesis Kit
(TaKaRa, Japan), according to the manufacturer’s
protocol. PSORS1C3 long transcripts were
amplified using FP1 and RP1 primers (Figurel,
Table 1) by Pfu polymerase (GeneAll, South
Korea) following the company’s suggested
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protocol. Amplicons were purified using ExpinTM
Combo GP kit (GeneAll, South Korea) and were
directly cloned into pTracer-SV40 vector
(Invitrogen, USA). The accuracy of the cloning and
the identity of transcripts were confirmed by DNA
sequencing (Macrogen, South Korea).

Cell transfection and targets expression analysis

HEK293T and HeLa cell lines were obtained
from the Iranian biological resource center (IBRC,
Iran). NTERA2c.D1 (NT2) cells were gifted by Dr.
Peter Andrews. Cells were cultured in specific
media as described before (Malakootian et al.,
2017). Cells were seeded at 70% confluency and
then transfection was done using Lipofectamine
LTX (Thermo Fisher Scientific, USA) according to
the manufacturer’s instruction. In order to mimic
PSORS1C3 natural expression, vectors containing
3 different variants were mixed for transfection. To
determine the efficacy of transfection, cells were
monitored for GFP signal emission, by fluorescent
microscopy. Transfected cells were then lysed for
RNA extraction 24 and 48 hours after transfection.
After DNase | treatment and cDNA synthesis, real-
time PCR was performed using target-specific
primers (Table 1, Figure 1) and BioFACT™ 2X
Real-Time PCR Master Mix (BioFACT, South
Korea) to evaluate expression alterations in
OCT4A, B, B1 and C transcript variants.

Results

PSORS1C3 was successfully overexpressed in
different cell lines

24 hours after transfecting different cell lines with
recombinant vectors containing three different
isoforms of PSORSI1C3, transfected cells were
inspected by a fluorescent microscope and the
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Table 1. Sequence of primers which were used in this study

Target Application Primer Sequence
name name
OCT4A Real time FA F:TCGCAAGCCCTCATTTC
PCR RA R:CCATCACCTCCACCACCT
OCTB Real time FB F:AGACTATTCCTTGGGGCCACAC
PCR RB5 | R:GGCTGAATACCTTCCCAAATAGA
OCT4B1 Real time FB F:AGACTATTCCTTGGGGCCACAC
PCR RB4 | R:ICTTAGAGGGGAGATGCGGTCA
OCT4C Real time FC F:-TGAGCGAGAAGCACGATCC
PCR RC R:GGAACGAACCGTCGC C
PSORS1C3 Real time FP2 F:CCAGAGCAGCACGTAGCAG
PCR RP2 | R:CCCTCCTTGCAGCATCATAAG
PSORS1C3 Trans_cript FP1 F:GTTTTGTCTGGGGCTCGTC
cloning RP1 | R: CTTCACACACACCTTTATTATTAC

observed GFP signal indicated the efficacy of
transfection (Figure 2A). Furthermore, we used
gPCR (primers: FP2 and RP2) to evaluate the scale
of overexpression in each cell line. Our analysis
confirmed that PSORS1C3 was successfully
overexpressed in transfected cells (Figure 2B).

PSORS1C3 ectopic expression had cell type
specific effects on OCT4 transcripts

Ectopic expression of PSORS1C3 differentially
affected each of the used cell lines. Accordingly,
PSORS1C3 overexpression in NT2 cells did not
affect OCT4 expression level significantly (Figure
3A), but the manipulation in HEK293T cells caused
a downregulation in OCT4A expression (p
value=0.008) and upregulation in OCT4B transcript
(p value=0.042) since 24 hours post transfection
(Figure 3B). In Hela cells, however, OCT4B level
was increased only 48 hours after transfection (p
value=0.023). The expression level of OCT4A and
OCT4C were also significantly elevated (p
value=0.041 and 0.02, respectively) after
PSORS1C3 overexpression in Hela cells (Figure
3C).

Discussion
Cell type-specific expression of a gene is
necessary  for  accurate  functioning  of

signaling/homeostatic pathways and is commonly
preserved by regulation at transcription level
(Arvey et al., 2012). In particular, genes with
several transcript variants show distinct patterns of
expression for their variants in diverse cell types as
well as during various biological events (Shi et al.,
2017). The complex network of molecular
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regulators that manage the specificity of expression
is different for each cell (Arvey et al., 2012), thus
manipulating one of them could skew the network
and differentially affect the target genes expression
in each cell. According to our data PSORS1C3
ectopic expression could affect OCT4 expression,
but the manifestation of the change in each OCT4
transcript variant was different in each tested cell
line.

A)  NT2cells

Hela cells

HEK293T cells

B) 800

3 Mock
B 24h
Em 48h

Fold of expression
n &
8 8

ICsmmm Csmem Clspmm

NT2 HelLa HEK293T

o=

Figure 2. The efficacy and accuracy of transfection.
A) The success of transfection was evaluated by
visualizing GFP signal using a fluorescent
microscopy, 24 h post transfection. B) Real-time PCR
data confirmed the over expression of PSORS1C3
transcripts at 24 and 48 h post transfection.

As a teratocarcinoma cell line, NT2 needs and
expresses high levels of OCT4A, B1(Atlasi et al.,
2008) and C (Malakootian et al., 2017) that are
needed for maintaining stemness state. The
stemness-related regulatory pathways are strictly
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regulated (Kelly and Gatie, 2017) and according to
our findings,
NT2

25
3 Mock

mm 24h 5
= 48h 8 30
5 20
=
@ 10

= = g
o w o

Fold of expression
=]
o

HEK293T

expression level gradually increased during
transformation and carcinogenesis (Wang et al.,
HelLa
3 Mock :s . 3 Mock
W 24n W 24n
. 4eh 8 l - 4ah

Fold of expression

Figure 3. The effect of PSORS1C3 overexpression on OCT4 transcripts in different cells. A) Our gPCR data
indicated that none of OCT4 spliced variants were affected by PSORS1C3 overexpression in NT2 cells. B) In
HEK293T cells, OCT4A expression level was declined 24 h post-transfection (p value=0.008) and OCT4B transcript
level was upregulated (p value=0.042) since 24 hours post transfection. OCT4B1 and OCT4C were not affected by
PSORS1C3 manipulation in HEK293T cells. C) PSORS1C3 over-expression dynamically affected OCT4 transcripts
in HeLa cells. OCT4B level was increased 48 h after transfection (p value: 0.023). The expression level of OCT4A
and OCT4C were significantly elevated (p value=0.041 and 0.02, respectively) 24 h after PSORS1C3 over-
expression. OCT4B1 was not significantly affected by the manipulation.

PSORS1C3 could not cross-talk with these
pathways entry, as its over-expression did not affect
OCT4 expression pattern in NT2 cells.

According to its transcriptome signature, HEK293T
cell line is more close to a neuroendocrine lineage
which does not express high levels of stemness
markers (Stepanenko and Dmitrenko, 2015). Our
data indicated that overexpressing PSORS1C3
could not affect the level of OCT4B1 and C
transcripts that are commonly detected in stem
cells. However, ectopic expression of PSORS1C3
caused a decline in already low level of expression
of OCT4A transcript at 24 hours post transfection.
We also observed that 24 hours after transfection,
the expression of OCT4B sored significantly and
remained elevated. Previous research found that
OCT4B had cytoplasmic localization and could
promote cell survival in cancer cell lines, as its
knock-down using RNAI led to a down-regulation
in anti-apoptotic factor Bcl2 and upregulation of
pro-apoptotic factor Bax (Meng et al., 2018).
Moreover, OCT4B also functions in stress
management pathways since it could mediate cell
response to hypoxia (Lin et al., 2019) , genotoxic
stress (Gao et al, 2012) and chemical shock
(Cortes-Dericks et al., 2013). These findings
supported the idea that OCT4B performed a
homeostatic role and its functional portrait fitted
our data owing to the fact that it was the only
transcript variant to be altered after PSORS1C3
manipulation in a non-pluripotent non-cancerous
cell line.

Former researches demonstrated that OCT4 was
weakly expressed in normal cervix and its
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2013). In our study, over-expression of PSORS1C3
caused an up-regulation in OCT4A and C
transcripts 24 after transfection. However, their
expression declined to the baseline expression 24
hours later, that indicated the persistence of cells to
retain their normal transcription pattern despite the
manipulation. This observation might be due to a
non-canonical function of OCT4 in controlling
mitotic entry in HelLa cells (Zhao et al., 2014).
Zhao et al. reported that ectopic expression of
OCT4 could delay cell cycle progression in HelLa
cells. Hence, the observed resistance in OCT4A and
C expression alterations in our study could be due
to the activation of other regulatory circuits that
fine-tune OCT4 expression to suit the cell
homeostatic needs.

Our gPCR data also indicated that OCT4B
transcript was increased 48 hours after transfection
of HeLa cells with PSORS1C3 expressing vectors.
The fact that there was a gap between expression
responses of OCT4 different transcripts (OCT4A/C
and OCT4B) after manipulation supported their
different roles in cells and consequently diverse
regulation on their expression level. It also
proposed the idea that PSORS1C3 could modulate
the expression level of different OCT4 variants in a
dynamic manner and in accordance with cells
regulatory network and genetic background.
Majority of IncRNAs function as modulators of
other genes expression or effectors in cell
regulatory pathways (Schor et al., 2018). Their
expressions are cell- and state- specific and
although their functions are not mostly vital for
cells, but affect cell viability under stressed
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conditions.  IncRNAs are also necessary for
optimum  functioning of different signaling
pathways (Nakagawa, 2016; Schor et al., 2018). As
a transposon-derived OCT4 overlapping IncRNA,
PSORS1C3 was not expressed in stem cells but
showed a relative co-expression with its entangled
gene in somatic carcinoma cell lines. Our presented
data implied that PSORS1C3 could affect OCT4
expression level, according to the cells molecular
context. However, uncovering the exact molecular
mechanism behind this observation needs further
investigations.
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Abstract

Bovine leukemia virus (BLV) is the etiologic agent of enzootic bovine leucosis (EBL) for the bovine host.
In this study to examine gene expression changes in the manifestation of the EBL malignancy, four pooled RNA
samples (three RNAs in each sample) were applied for transcriptome sequencing using RNA-seq technique.
Differential expression analysis was done to compare the infected bovine group with the healthy bovine group using
DESeq?2 package in R software. Furthermore, functional gene ontology (GO) term and KEGG pathway enrichment
analysis were stablished using the DAVID online database to identify involved GO terms and pathways in the host
response to BLV infection. Our results suggested that 371 up- and 72 downregulated genes were involved in EBL
with statistically significant threshold log2foldchange (LFC) = 1 and false discovery rate (FDR) <0.05 that were
enriched in 74 biological processes and 20 KEGG pathways. Most of identified genes were associated with cancer,
especially B-cell malignancies. The glycolysis/glycogenesis metabolic process is activated in B cells that confers
growth and survival advantages in tumor and dysregulated CXCL10, IL17R, BTK, CDK4 and SYK genes known as
valid biomarkers to increase the proliferation of malignant cell. The outcomes can provide a list of involved genes in
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the malignancy and help to screen candidate genes for cancer therapy in the future.

Keywords: BLV, EBL, transcriptome, RNA-Seq, Gene Ontology

Introduction

Bovine leukemia virus, a deltaretrovirus
related to human T-cell leukemia virus types 1 and 2
(HTLV-1 and HTLV-2), causes a lethal lymphoma
or lymphosarcoma, enzootic bovine leucosis, which
has been defined as a prolonged course that often
involves persistent lymphocytosis (PL) and ends in
B-cell lymphoma (Burny et al., 1988; Juliarena et al .,
2017). EBL happens in a small portion (< 5-10%) of
infected adult bovine, while the majority of infected
animals (~70%) remain asymptomatic carriers. The
prevalence of BLV infection and inducing of EBL in
carriers cause economic losses for the livestock
industry in the worldwide (Polat et al., 2017) and this
infection is as high as 25.4% in the northeast of Iran
(Mousavi et al., 2014).
The BLV virus carries two single-strand RNA
(ssRNA), which can be reverse transcribed into
DNA and integrated into the host genome as a
proviral DNA (Moratorio et al., 2013). It encodes a
trans-activator protein Tax, which plays a leading
role in viral replication and activates dysregulation
of cellular genes including cytokines, adhesion
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molecules and growth factors at the initial steps of
oncogenesis to affect viral spreading and disease
progression (Arainga et al., 2012). Furthermore, Tax
gene can transcriptionally change the expression
level of cellular genes involved in the cell cycle,
DNA repair and programmed cell death processes
(Aidaetal., 2013; Arainga et al., 2012; Kouznetsova
et al., 2019) to provide the basis of cell
transformation. Despite the activation of Tax
protein, the expression of antisense transcripts AS1
and AS2 from 3’LTR side of provirus have pivotal
roles in the maintenance of malignancy and escaping
from host immune responses, mainly at the latent
stage of malignancy (Durkin et al., 2016).

The viral infection and tax-responsive genes might
not be unique supplier for the cell transformation
while other additional events are required such as
gene polymorphisms, chromosomal aberrations,
genome instability and accumulation of mutations in
cellular DNA (Klener et al., 2006) for progression of
this multistep tumor in the bovine host. The
existence of polymorphism in the enhancer region of
TNF-a (Konnai et al., 2006) and mutation in
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oncogenes such as P53 (Dequiedt et al., 1995) is
confirmed to contribute in the progression of BLV-
induced lymphoma. Therefore, the virus-host
interaction manner apart from viral factors would
have a principal role to induce malignancy.

The objective of this study was to investigate the
gene expression changes in the host-virus interaction
manner using RNA-seq technique. It is known a little
about the transcriptional changes associated with
abnormal B-cell growth in EBL malignancy. We
compared gene expression profiles of EBL and the
healthy bovine groups to identify differentially
expressed genes (DEGs). Subsequently, the
identified DEGs were enriched to determine
functional GO terms and KEGG pathways that
participate in the B-cell transformation and EBL
oncogenicity.

Materials and Methods

Sample collection and EBL diagnostics

This study was approved and supervised by the
ethics committee of Ferdowsi University of
Mashhad, Mashhad, Iran (No. 42333). Six infected
lymphoid tumors at the acute stage of the EBL
disease, and six healthy lymph nodes without BLV
viral infection collected from cows (3.5-4 years old),
at the slaughterhouse of Mashhad, Iran, and
immediately transferred to a liquid nitrogen tank. At
first, the EBL disease approved by two veterinarians
based on the existence of clinical symptoms. Then, a
qualitative method was optimized using the Pol gene
expression in Rotor-gene 6000 (Qiagen, Germany)
machine. Reaction ingredients were composed of 10
ul commercial Real-time master mix (Thermo
Fisher, USA), 0.5 w of primers (Fw, 5’-
CCTCAATTCCCTTTAAACTA-3’; Ry, 5-
GTACCGGGAAGACTGGATTA-3’), 1 uL of
TagMan probe (FAM-
GAACGCCTCCAGGCCCTTCA-BHQ1) (Rola-
Luszczak et al., 2013), 2.5 pl of deionized water and
5 wul of template DNA. DNAs were extracted with
high quality by using the High Pure PCR template
Kit (Qiagen, Germany), according to the
manufacturer’s instruction.

RNA extraction and sequencing

Total RNAs were isolated using the RNeasy Mini
Kit (Qiagen, Germany), according to the
manufacturer’s instructions. The pooled RNAs per
group (infected and uninfected) were prepared by
mixing equal concentrations of three biological
replicates (RNAs) to generate four pooled RNA
samples. The single-strand DNA (ssDNA) templates
were synthesized using oligo-dT primers and reverse
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transcriptase, according to the manufacturer’s
instructions (Thermo Fisher, USA). The purity,
integrity and quantity of RNAs and cDNAs with
amplification of the GAPDH gene (as a reference
gene) were examined on 1.5% agarose gel and
NanoDrop device. The type of poly-A capturing
library was used for sequencing with Illumina HiSeq
4000 platform to generate 2-100 bp paired-end
reads, and 2-30 million raw paired-end read files, by
the BGI Company.

Differential expression analysis

Raw reads were preprocessed using FastQC
(Andrews, 2016) and Trimmomatic (Bolger et al.,
2014) software; then clean reads were acquired for
subsequent analyses. The clean raw paired-end read
profiles from each sample were mapped to the host-
provirus reference genome individually, using
STAR software (v2.5.4) (Dobin et al., 2013). Host-
provirus reference genome was built by merging
bovine reference genome UMD3.1 with proviral
genome sequence BLV-YR2 (GenBank: KT122858)
before alignment. Sorting and indexing of STAR
outputs were performed by SAMtools software
(v1.9) (Li et al., 2009). Annotation of GTF files
(v74) for bovine, was downloaded from Ensemble
database, and custom BLV virus annotation was
built by HTLV-1/BLV genomics lab in Medical
Genomics/Unit of Animal Genomics (UAG), Liege,
Belgium. The FeacureCounts package was used for
reads quantification (Liao et al., 2013). Finally,
differential expression analysis was performed
based on statistically significant FDR < 0.05 in R
software (v.3.5), using DESeq2 package (v.1.20)
(Love et al., 2014).

Gene ontology (GO) and pathway analysis

Gene ontology analysis was performed on the list
of significant (DEGs) based on biological process
(BP), molecular function (MF), cellular component
(CC) terms and the KEGG (The Kyoto Encyclopedia
of Genes and Genomes) pathway, using DAVID 6.8
web tools (https://david.ncifcrf.gov/) (Huang et al.,
2009). For identification of related GO terms to our
samples, the GO profiles of significant DEGs were
compared to the GO profile of bovine genome
annotation as a reference set. The FDR < 0.05 and P-
value < 0.01 were considered as a cutoff threshold
for statistical significance in detection of GO terms
and the KEGG pathways, respectively. The
identified GO terms were classified using
CateGOrizer “GO term classification counter”
online tools based on GO slim method (Hu et al.,
2008).
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Results

EBL diagnostics

The Enzootic bovine leucosis can be characterized
by developing tumor masses, tumor masses which
are composed of monomorphic lymphocytic cells,
and variable clinical signs including cardiac
lymphosarcoma, enlarged lymph nodes and discrete
nodular masses or a diffuse tissue infiltrate in EBL
samples that were shown in Figure 1. The
amplification of Pol gene by real-time PCR
technique confirmed the infection of EBL samples,
while the healthy subjects were not seropositive for
BLYV infection (Figure 2).

Figure 1. The clinical signs of EBL samples. a) Retro-
ocular lymph node b) Cardiac lymphosarcoma, c)
Enlarged mediastinal lymph node and d) Nodular
masses.
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Figure 2. RT-qPCR amplification curves of Pol gene
in healthy and infected samples.

RNA extraction and preprocessing of raw reads
The appearance of 28S and 18S ribosomal RNA and
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amplification of GAPDH gene as a reference on a
1.5% agarose gel, had proven the quality of RNA
and cDNA products (Figure 3). Pooled samples (2
samples per group) were sequenced based on high
throughput sequencing and by using of Illumia Hiseq
4000 platform. Almost 2-30 million paired-end raw
read profiles were obtained per sample from the
company. All reads passed the preprocessing cutoff
thresholds using FastQC software and only the
adaptor contaminations were trimmed off by using
Trimmomatic software.

Figure 3. The integrity of RNA and complementary
DNA amplification (¢cDNA). A) The RNA quality of
samples based on 28S and 18S ribosomal RNA. B)
cDNA quality with amplification of the GAPDH gene.
Lane M shows 100 bp plus DNA marker.

Differential expression analysis

Read mapping was carried out using STAR
aligner, a splice junction aware software. Most of the
reads (60.7-79.5%) were mapped to the reference
genome. The result of the DE analysis suggested 443
unique genes that were differentially expressed in
the infected group, compared to the healthy group.
The identification of significant genes was based on
the FDR <0.05. Around 371 genes were over-
expressed with positive Log2—fold change more than
2, and 72 genes were under-expressed with negative
Log2 fold change less than 2, in infected samples
versus control samples. The detailed information of
the discovered genes is presented in Supplementary
data file sheetl.
Functional GO terms and pathway analysis

The Gene Ontology enrichment analysis

was accomplished for better understanding of the
biological processes and involved pathways of
identified DEGs in EBL malignancy. There were
112 significant improved GO terms based on FDR <
0.05 (30, 8 and 74 for CC, MF and BP categories,
respectively) (see supplementary data file sheet 2).
Because of redundancy and overlapping among
identified GO term results, they were classified
using GO slim method in CateGOrizer online tool to
describe the basic terms and relationships between
terms within the context of biology (Table 1). Aterm



Journal of Cell and Molecular Research (2019) 11 (1), 14-22

Table 1. The classified Gene Ontology (GO) terms of DEGs, using CateGOrizer online tool.

Parent GO ID | GO Definitions GO terms | Counts Fractions
GO0:0008150 | biological-process BP 74 36.63%
G0:0008152 | metabolism BP 64 14.36%
G0:0009058 | biosynthesis BP 29 11.39%
GO:0006139 nuclepbas_e, nucleosi_de, nucleotide and BP 23 1.49%
nucleic acid metabolism

G0:0016043 | cell organization and biogenesis BP 3 1.49%
G0:0006259 | DNA metabolism BP 3 0.99%
G0:0006996 | organelle organization and biogenesis | BP 2 0.99%
G0:0007049 | cell cycle BP 2 0.50%
G0:0007165 | signal transduction BP 1 0.50%
G0:0007154 | cell communication BP 1 14.36%
G0:0005575 | cellular_component CcC 29 41.43%
G0:0005623 | cell CC 16 22.86%
G0:0005622 | intracellular CcC 13 18.57%
G0:0005576 | extracellular region CcC 5 7.14%
G0:0005634 | nucleus CcC 4 5.71%
G0:0005856 | cytoskeleton CcC 1 1.43%
G0:0005737 | cytoplasm CcC 1 1.43%
G0:0005730 | nucleolus CcC 1 1.43%
G0:0003674 | molecular_function MF 8 36.36%
G0:0005488 | binding MF 8 36.36%
G0:0003676 | nucleic acid binding MF 3 13.64%
G0:0003723 | RNA binding MF 2 9.09%
G0:0000166 | nucleotide binding MF 1 4.55%

Only the basic (parent) GO terms are presented. BP, biological process; CC, cellular component; MF, molecular
function; Counts are the number of identified GO terms in each class term; Fractions are the percentage of identified

GO terms that grouped in each class term.

6020006139

Biological Process

Cellular Component

Molecular Function

Figure 4. The classified basic Gene Ontology (GO) terms in pie graphs.

may classify in a subset of different terms. The
presented percentage in the fraction column of Table
1, express the importance of the identified basic
(parent) terms that consisted of child terms. The two
top basic terms were metabolism and biosynthesis in
BP category, cell and intracellular in CC category,
binding and nucleic acid binding in MF category
(Figure 4). Our result suggested 20 significant
KEGG pathways based on statistically significant P-
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value < 0.01 (Dahiru, 2008) (Table 2). The five top
significant KEGG pathways were PI3K-Akt
signaling pathway, pathway in cancer, biosynthesis
of antibiotics, proteoglycans in cancer, cardiac
muscle contraction and B cell receptor (BCR)
signaling pathway, in EBL group.


http://amigo.geneontology.org/cgi-bin/amigo/go.cgi?action=query&view=details&search_constraint=terms&query=GO:0008152
javascript:ReverseDisplay('GO:0008152')
http://amigo.geneontology.org/cgi-bin/amigo/go.cgi?action=query&view=details&search_constraint=terms&query=GO:0009058
javascript:ReverseDisplay('GO:0009058')
http://amigo.geneontology.org/cgi-bin/amigo/go.cgi?action=query&view=details&search_constraint=terms&query=GO:0006139
javascript:ReverseDisplay('GO:0006139')
http://amigo.geneontology.org/cgi-bin/amigo/go.cgi?action=query&view=details&search_constraint=terms&query=GO:0016043
javascript:ReverseDisplay('GO:0016043')
http://amigo.geneontology.org/cgi-bin/amigo/go.cgi?action=query&view=details&search_constraint=terms&query=GO:0006259
javascript:ReverseDisplay('GO:0006259')
http://amigo.geneontology.org/cgi-bin/amigo/go.cgi?action=query&view=details&search_constraint=terms&query=GO:0006996
javascript:ReverseDisplay('GO:0006996')
http://amigo.geneontology.org/cgi-bin/amigo/go.cgi?action=query&view=details&search_constraint=terms&query=GO:0007049
javascript:ReverseDisplay('GO:0007049')
http://amigo.geneontology.org/cgi-bin/amigo/go.cgi?action=query&view=details&search_constraint=terms&query=GO:0007165
javascript:ReverseDisplay('GO:0007165')
http://amigo.geneontology.org/cgi-bin/amigo/go.cgi?action=query&view=details&search_constraint=terms&query=GO:0007154
javascript:ReverseDisplay('GO:0007154')
http://amigo.geneontology.org/cgi-bin/amigo/go.cgi?action=query&view=details&search_constraint=terms&query=GO:0005575
javascript:ReverseDisplay('GO:0005575')
http://amigo.geneontology.org/cgi-bin/amigo/go.cgi?action=query&view=details&search_constraint=terms&query=GO:0005623
javascript:ReverseDisplay('GO:0005623')
http://amigo.geneontology.org/cgi-bin/amigo/go.cgi?action=query&view=details&search_constraint=terms&query=GO:0005622
javascript:ReverseDisplay('GO:0005622')
http://amigo.geneontology.org/cgi-bin/amigo/go.cgi?action=query&view=details&search_constraint=terms&query=GO:0005576
javascript:ReverseDisplay('GO:0005576')
http://amigo.geneontology.org/cgi-bin/amigo/go.cgi?action=query&view=details&search_constraint=terms&query=GO:0005634
javascript:ReverseDisplay('GO:0005634')
http://amigo.geneontology.org/cgi-bin/amigo/go.cgi?action=query&view=details&search_constraint=terms&query=GO:0005856
javascript:ReverseDisplay('GO:0005856')
http://amigo.geneontology.org/cgi-bin/amigo/go.cgi?action=query&view=details&search_constraint=terms&query=GO:0005737
javascript:ReverseDisplay('GO:0005737')
http://amigo.geneontology.org/cgi-bin/amigo/go.cgi?action=query&view=details&search_constraint=terms&query=GO:0005730
javascript:ReverseDisplay('GO:0005730')
http://amigo.geneontology.org/cgi-bin/amigo/go.cgi?action=query&view=details&search_constraint=terms&query=GO:0003674
javascript:ReverseDisplay('GO:0003674')
http://amigo.geneontology.org/cgi-bin/amigo/go.cgi?action=query&view=details&search_constraint=terms&query=GO:0005488
javascript:ReverseDisplay('GO:0005488')
http://amigo.geneontology.org/cgi-bin/amigo/go.cgi?action=query&view=details&search_constraint=terms&query=GO:0003676
javascript:ReverseDisplay('GO:0003676')
http://amigo.geneontology.org/cgi-bin/amigo/go.cgi?action=query&view=details&search_constraint=terms&query=GO:0003723
javascript:ReverseDisplay('GO:0003723')
http://amigo.geneontology.org/cgi-bin/amigo/go.cgi?action=query&view=details&search_constraint=terms&query=GO:0000166
javascript:ReverseDisplay('GO:0000166')

Journal of Cell and Molecular Research (2019) 11 (1), 14-22

Table 2. The enriched KEGG pathways of DEGs by using DAVID online tool

KEGG ID Pathway Counts % Pop hits P-value
bta04151 | PI3K-Akt signaling pathway 28 6.378 347 1.33E-05
bta05200 | Pathways in cancer 30 6.833 398 2.18E-05
bta01130 | Biosynthesis of antibiotics 20 4,555 206 2.74E-05
bta05205 | Proteoglycans in cancer 19 4.328 203 7.49E-05
bta04260 | Cardiac muscle contraction 11 2.505 80 2.04E-04
bta04662 | B cell receptor signaling pathway 10 2.277 70 3.42E-04
bta04916 | Melanogenesis 11 2.505 99 0.001
bta04310 | Whnt signaling pathway 13 2.961 137 0.001
bta05166 | HTLV-I infection 19 4.328 267 0.002
bta04912 | GnRH signaling pathway 9 2.050 86 0.005
bta04512 | ECM-receptor interaction 9 2.050 87 0.006
bta04020 | Calcium signaling pathway 14 3.189 189 0.007
bta05217 | Basal cell carcinoma 7 1.594 55 0.007
bta05219 | Bladder cancer 6 1.366 40 0.008
bta04915 | Estrogen signaling pathway 9 2.050 98 0.01
bta00010 | Glycolysis / Gluconeogenesis 7 1.594 63 0.01
bta04510 | Focal adhesion 14 3.189 208 0.01
bta04660 | T cell receptor signaling pathway 9 2.05 105 0.01
bta05414 | Dilated cardiomyopathy 8 1.82 86 0.01
bta04611 | Platelet activation 10 2.27 127 0.01

Only the significantly enriched KEGG pathways (P < 0.01) are presented. Counts are the number of unique DAVID
gene symbol corresponding to our input gene list; Pop hits, the number of genes that belong to the specific gene

category.

Discussion

The development and progression of
leukemogenesis induced by BLV, depend on the
level of viral factors such as Tax gene expression at
the early stage of infection, while some recent
studies have been reported that besides of infection,
the immune deterioration, growth factor production
and activation of cancer driver genes can induce cell
transformation and malignancy to form acute phase
of infection (Durkin et al., 2016; Gillet et al., 2007).
Hence, the study of bovine’s transcriptome at the
acute phase is helpful for a better understanding of
involved genes and pathways in the manifestation of
the EBL.

In this study, we produced high throughput
transcriptome data using RNA-seq technique from 4
pooled RNA samples to examine gene expression
changes in lymph node cells of two EBL samples in
the counterpart of two sera-negative samples in
response to BLV infection and progression to the
lymphocytic stage. The expression of 443 unique
DEGs was changed through BLV infection, 371
were up- and 72 were downregulated. Of note,
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previous studies were applied microarray technique
(Brym and Kaminski, 2017; Everts et al., 2005;
Klener et al., 2006) for investigation of gene
expression changes, while we used RNA-seq
technique for the first time. There are only a few
DEGs in common between our result and the DEG
lists of some microarray studies (e.g ADORA2B,
CD19, APEX1, HIF1A, CCT5, LMO2, HADH,
DYNLL1, C1QBP, BCL11A, SYK, PHGDH,
WDFY4, NMI, CXXC5, SOX5, CYB5R3, RHNO1,
YWHAG, LYN, Src, PEBP1, GNL3, CXXC5, ERH,
AVEN, CMTM7, NACA, HSPA14, ENOPH1, LCN2,
HMGB1, CXCL10, DYNLL1, CXHXorf57, ZBTB32,
TUBB4B, and PKM) and a few DEGs with invert
expression (e.g. HSPA4, IL17R, CDK4, RNASES,
SDCBP, GAPDH, RGS2, MKI67, TOP2A, and
CD79A) (Brym and Kaminski, 2017; Everts et al.,
2005; Klener et al., 2006). It is interesting that genes
associated with several human malignancies,
especially B-cell tumor, were represented among the
differentially expressed genes. Some genes were
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new and had no recognized role in tumor
development.
The upregulated CXCL10 was significantly

associated with tumor cell migration and progression
in diffuse large B-cell lymphoma (DLBCL) (Burny
et al., 1988) and is a valid biomarker in progress of
heart failure (Greenwood et al., 2018). In the EBL
samples, the pathway of cardiac muscle contraction
was significant, and heart failure might be a sign of
clinical symptom of EBL malignancy. The
upregulation of TOP2A and MKI67 in prostate
cancer (Malhotra et al., 2011) and CDK4 in B cell
lymphoma (Brym and Kaminski, 2017) are resulted
to increase the proliferation of malignant cell and
they might be good candidates for targeted cancer
therapy.

B cells are the main arm of humoral immunity,
which is targeted by BLV, thus BCR and three
membranes of B cell antigen receptors complex,
CD79A, CD19, and CD70A, as most pivotal
activators were upregulated in infected BLV cells
(Brym and Kaminski, 2017). This strategy of BLV
for B cell survival via BCR signaling (Burny et al.,
1988) is the homolog of the activation of TCR
signaling in HTLV-1 infection (Ghezeldasht et al.,
2013) to induce cell cycle promoting proteins,
provides growth factors in cell survival to inhibit
apoptosis, and activates transforming pathways for
malignancy. Activation of the BCR complex leads to
the phosphorylation of proto-oncogenes tyrosine
kinases family, including BTK and SYK in
hematopoietic cells (Gauld and Cambier, 2004).
High expression of BTK and SYK genes increase the
activation, proliferation, and survival of DLBCL
(Gauld and Cambier, 2004; Tolar et al., 2005).
Further, the identified differentially expressed
genes were used in the gene enrichment analysis by
using the online DAVID database to screen
functional patterns associated with the expression
differences observed. In general, our result
suggested 74 BP, 30 CC and 8 MF. Because of the
existence of more similarity and redundancy among
obtained Go terms, we categorized GO terms in
terms of basic GO classes using CateGorizer online
tool based on GO slim method to reveal the main
basic ‘parent’” GO terms and the relationships
between ‘child’ terms (Hu et al., 2008). Finally,
whole expressed genes were localized in 7 cellular
component term including cell, intracellular or
extracellular ~ region, nucleus, cytoskeleton,
cytoplasm and nucleus; and were involved in 9
biological processes including  metabolism;
biosynthesis; nucleobase, nucleoside, nucleotide and
nucleic acid metabolism; cell organization and
biogenesis; DNA metabolism; organelle
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organization and biogenesis; cell cycle; signal
transduction and cell communication which they
mediated four molecular functions including
binding; nucleic acid binding; RNA binding and
nucleotide-binding. These enrichment results
provided further supports to previously published
results about the invasion of BLV infected cells
(Brym and Kaminski, 2017; Everts et al., 2005; van
den Heuvel et al., 2005).

Furthermore, our study suggests the expression
changes in genes from 20 distinct KEGG pathways,
including PI3K-Akt signaling pathway; pathway in
cancer; biosynthesis of antibiotics; proteoglycans in
cancer; cardiac muscle contraction; B cell receptor
signaling pathway; melanogenesis; Wnt signaling
pathway; HTLV-1 infection; GnRH signaling
pathway; ECM-receptor interaction; calcium
signaling pathway; Basal cell carcinoma; Bladder
cancer; estrogen signaling pathway;
glycolysis/gluconeogenesis; focal adhesion; T-cell
receptor signaling pathway; dilated cardiomyopathy
and platelet activation. The dysregulation and
activation of mentioned KEGG pathways, leading to
the disruption of B-cell survival and growth control.
Interestingly, these activated processes were
reported previously with HTLV-1, a T-cell-tropic
oncoretrovirus, as well as non-virus-associated
human B-cell malignancies (Liu et al., 2018;
Mozhgani et al., 2018).

The activation of cellular adhesion molecules
(CAMs) and focal adhesion process play central
roles in transferring and localization of leukemic
cells in different tissues that finally affect cancer cell
growth and metastasis (Brym and Kaminski, 2017,
Burny et al., 1988). More studies are needed to
explain the impact of the adhesion process in BLV
infiltration to host cells. The
glycolysis/gluconeogenesis pathway happens inside
the cells to produce adenosine triphosphate (ATP),
as a cell energy, to drive many processes in cells.
Recent studies have reported the high activation of
glycolysis/gluconeogenesis, PI3K-AKT signaling
pathway, B cell and T cell receptor signaling
pathway in cancer cells, including colorectal cancer,
adult T cell leukemia (ATLL), and diffuse large B
cell lymphoma (DLBCL) compared to normal cells
(Caro et al., 2012; Liu et al., 2018; Mozhgani et al.,
2018). Our results indicated that the glycolysis
metabolic process was activated in B cells that
confers growth and survival advantages in the tumor.

In conclusion, a wide range of effective, up- and
downregulated genes involved in EBL pathogenicity
and malignancy were introduced by the present
study. More identified processes including ECM-
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receptor interaction, focal adhesion, BCR signaling,
TCR signaling, glycolysis/gluconeogenesis, PI3K-
Akt pathway and the dysregulated genes including
CXCL10, BTK, SYK, IL17R and CDK4 were
associated with the disruption of natural DNA
replication and cell proliferation which induce the
repression of DNA damage responses and apoptosis
in B-cells to make malignancy. Moreover, the over-
activation of glycolysis/gluconeogenesis pathway
along with immune cells is required to support the
metabolic reprogramming of B cells. As regards
EBL malignancy is a life-threatening disease for
farm animals, more researches on transcriptome
level are necessary to accelerate our findings of the
EBL diseases.
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Abstract

Previous studies in human leptin receptor protein (LEPR) signaling are important in the establishment of fetal
growth. Idiopathic recurrent miscarriage (IRM) may be the result of abnormal placental and fetal development. Thus
single nucleotide polymorphisms (SNPs) of LEPR might be associated with IRM. In our case-control study, which
conducted from 2017 to 2018 at the Milad Sari Genetic Detection Center and Razi Hospital (Ghaemshahr, Iran), 140
samples, including 70 cases with history of three or more IRM as before the 22" week of gestation, and 70 controls
with at least two live births and no history of pathologic pregnancies during reproductive period were studied.
Polymorphisms of maternal LEPR 853A>G and 511A>G were assessed by PCR-RFLP and SSCP, respectively.
Results showed that 853A>G SNP, contained frequent genotype AG (p= 0.002; OR= 0.391; 95% CIl=0.154-0.664)
and G allele (p=0.003; OR= 0.125; 95% Cl= 0.032-0.489), revealed a significant protective association with IRM.
Primary screening of 511A>G showed that 63 case-samples were AG genotype. PCR directed sequence showed this
SNP contained frequent genotype for AG (p= 0.001; OR= 0.57; 95% CI= 0.22-0.147) and G allele (p= 0.006; OR=
0.34; 95% CIl= 0.008-0.149), revealed a significant protective association with IRM. Based on our findings, LEPR
(853A>G and 511A>G) gene transitions not only might enhance IRM but also could be useful genetic markers in
susceptibility and severity of recurrent miscarriage.

Keywords: LEPR gene, obesity, recurrent miscarriage

Introduction choromosom1p31.3 with 24 exons (Bartha et al.,
2005). Leptins, which secreted by the adipose tissue,

Idiopathic recurrent miscarriage is a common attached to the receptors which are located in the
problem that affects 10 to 15% of known clinical hypothalamus and follicular-ovarian cells. These
pregnancies (Yan et al., 2012). It has been reported peptide hormones regulate homeostasis of energy

that 0.5 to 1% of couples suffer from idiopathic ~ (Considine et al., 1996). The LEPR protein

recurrent miscarriage, and in 40 to 50% of them, the categorized as interleukin-6 from the family of type
reason is unknown (Chin et al., 2013). Idiopathic 1 cytokines with six isoforms: LEPR-a, b, c, d, &, and

recurrent miscarriage (IRM) or idiopathic recurrent f (Zhou et al., 2015). Isoforms of LEPR-a, ¢, d, and
spontaneous abortion (IRSA) is determined as the f are short but LEPR-b isoform is long. The LEPR
loss of gestation before 20 weeks (Matthiesen et al., gene involves in some diseases including: type2
2012), that defined by two or three continuous diabetes mellitus (Wang et al., 2017), breast cancer

miscarriage (Kolte et al., 2015; Silver et al., 2011). (Cleveland et al., 2010), prostate cancer (Alshaker et
The factors involved can be referred to infections al., 2015), lung cancer (Unsal et al., 2014) and

(Nigroetal., 2011), antiphospholipid syndromes (Da idiopathic recurrent miscarriage (Muller et al.,

et al., 2017), maternal disease (Yang et al., 2017), 2016). Previous studies have reported that the role of
thrombophilias (Kar et al., 2017), genetic disorder LEPR in_idiopathic recurrent miscarri_age could vary
(AlShaikh et al., 2011). Some of the genes involved among different populations. Expression of LEPR-b

in miscarriage including: Zpi (Pang et al., 2013), and LEPR-a are effective in stimulation of LH in the
Vegf (Messaoudi et al., 2013), Stat3 (Su et al., 2011), rat ovaries (Ramirez et al., 2017). Leptin receptor
Progen (Shin et al., 2013), Nos3 (Fraga et al., 2014), has been known in the vascular endothelial cells of a
P53 (Shahsavari et al., 2015), Kdr (Muller et al., fetal vessel of chorionic villi during the early

2013), and LEPR (Dias et al., 2012). The leptin pregnancy (Muhlhauser et al., 1996). Researchers
receptor protein (LEPR), which known as OB-R, and have also suggested that single nucleotide

CD295 (Baumann et al., 1996), is located on the polymorphisms (SNPs) of the LEPR 853A>G (as

*
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Table 1. Oligomers used as primers and PCR conditions.

SNP PI\II’;%?;S Oligomers (5'— 3') Cycles and thermal conditions pfoC(::iEct
853A>G LEPR1-f 5-TCCTGCTTTAAAAGCCTATCC 35 cycles of 94°C for 5 min, 94°C 417 bp
(rs1137101)  LEPR1-r 5-GTAGATGTAGTACTGGGGGTA for 30s, 58°C for 30s, and 72°C
for 30s; final extension at 72°C for 5 min
511A>G LEPR2-f 5-CTTTTGCCTGCTGGACTCTC 35 cycles of 94°C for5 min, 94°C 217 bp
(rs1137100)  LEPR2-r  5- AAACTAAAGAATTTACTGTTGAAACAAATGTC for 30s, 58°C for 30s, and 72°C
for 30s; final extension at 72°C for 5 min
known:  GIn223Arg; Al77266G; 853Q>R; All participants were from Milad Sari Genetic

rs1137101) in the exon 7 (Figure 1A) and LEPR
511A>G (as known as: Lys109Arg; A155194G;
511A>G; rs1137100) in exon 5 (Figure 1A) can be
related to idiopathic recurrent miscarriage (Muller et
al.,, 2016; Riestra et al.,, 2011). SNPs in the
translation process can cause different structural
changes in the mRNA (Ng and Henikoff et al.,
2006). The nonsynonymous single nucleotide
polymorphism (nsSNP) is as a gene variation which
can affect in the structure and stability, ligand
binding specifications, catalysis and post-
translational modification (PTM), protein-protein
interaction (PPI) and hydrophobicity content of
proteins (Aftabi et al., 2016; David et al., 2012). In
biomedical sciences, the current significance and
effectiveness of bioinformatics and silica tools have
recently been studied (Mehmood et al., 2014; Chou
et al., 2015). In the present study, the association of
853A>G and 511A>G with idiopathic recurrent
miscarriage and in silico analysis were investigated.

Materials and Methods

Blood sample collection

In a case-control trial for a total of 140 women,
citrate blood samples were collected from 70 cases
with 20-45 years old, with history of > 3 successive
miscarriages; and 70 controls, with 19-50 years old,
with history of > 3 successful gestations. In the case
group, patients with a known cause of pregnancy
loss (chromosomal impairment, chronic disease,
infection, hormonal defect, antiphospholipid
antibodies, thromboembolic disease, cervical
inadequacy, or other obstetric complications that
could cause abortion fetus (such as hypertension,
preeclampsia, eclampsia, gestational diabetes
mellitus) were excluded (Ramirez et al., 2017). In
the control group, all women with a history of
abortion fetus, thrombotic changes associated with
other obstetric complications, preterm placental
ablation, intrauterine fetal death, and chronic
diseases were also excluded (Ramirez et al., 2017).

http://jecmr.um.ac.ir

Detection Center and Razi Hospital (Ghaemshahr,
Iran), between 2016 up to Aug. 2018. These study
approved by the ethics committees of the University
of Mazandaran (#IR.UMZ.REC.1397.028) and
informed consent was obtained from each subject
before participation.

Amplification of SNPs flanking fragments

The genomic DNA was isolated from all blood
samples by a commercial DNA extraction kit
(Cinnagen Co, Iran). For amplification of LEPR-
SNPs flanking fragments, 4 oligomers were
designed by Oligo7 software and fragments
amplified by PCR program at Mastercycler EP
Gradient thermal cycler conditions (Table 1). All of
the PCR reactions were performed at a final volume
of 25 pl, which consisted of 10 pM of each primer,
0.75 mM of MgClI2, 0.2 mM of mix-dNTPs and 0.06
U of Tag DNA polymerase.

PCR-RFLP and SNP genotyping

LEPR 853A>G polymorphism was analyzed by
polymerase chain reaction-restriction fragment
length polymorphism (PCR-RFLP) method using
primers and restriction enzyme. 2.5 pl of PCR
products digested with 0.3 U of Mspl restriction
enzyme (Fermentas Co, Germany) and 1X buffer at
37 °C for 16 h. Digested fragments electrophoresed
in 1.5% agarose gel and stained by 1pg/ml ethidium
bromide stock solution. Agarose gel electrophoresis
and gel staining were performed through Green and
Sambrook (2012) methods. At least three PCR
direct-sequences  products  were  evaluated
(Takapouzist Co., Iran) for verification of PCR-
RFLP results.

Statistical analysis

For various alleles and genotypes in case and
control groups, odds ratio (OR) with 95%
confidence interval (95% CI) was calculated. The
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Figure 1. LEPR gene map, PCR-RFLP, and DNA seq

uencing results: (A) Human LEPR gene map, from NCBI

database, the SNPs of rs1137101 and rs1137100 located in exon7 (position 177266) and exon5 (position 155194),
respectively; (B) Mspl restriction diagrammatic map of PCR products; (C) Mspl restriction map of PCR products in
the 1.5% agarose gel electrophorese, which stained by Ethidium bromide, AA, AG and GG lanes indicate genotypes,
P= PCR products without Mspl restriction enzyme, M= Marker DNA ladder100bp; (D) Electropherogram results of

PCR direct sequence which showed genotypes.

Chi-square test was applied to compare the allele and
genotype frequencies in the case and control groups.
Moreover, Hardy-Weinberg equilibrium (HWE) in
both of the case and control groups was tested. The
p-value of less than 0.05 was considered as
statistically significant. These statistical calculations
were performed by SPSS statistical package version
16.

PAGE conditions

Exon 7 PCR fragments were dissected by 12%
polyacrylamide gel electrophoresis (PAGE;
containing 40 mL polyacrylamide (30%) (29 g,
acrylamide:1 g, bis-acrylamide); 5mL of TBE
(10X), 350 mL of ammonium persulfate (APS)
(10%) and 10 mL of 10% tetramethyl
ethylenediamine (TEMED) madeupto100mLwith

http://jemr.um.ac.ir
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double-distilled water in 90V for 4h at 48°C with
TBE buffer (0.5X). Then, the polyacrylamide gel
(12%) was stained with AgNOs. Gel electrophoresis
and gel staining were performed according to the
methods of Green and Sambrook (2012).

SSCP conditions

For single-strand conformation polymorphism
(SSCP) analysis of the 511A>G, PCR products were
loaded on 10% polyacrylamide gel and after
electrophoresis at 120V for 6 h at 4°C in 1X TBE
buffer, visualized by silver nitrate staining based on
Green and Sambrook (2012) manual. Preparation of
samples for SSCP was performed by 2.5 pl of PCR
product which mixed with 7 pl SSCP dye
(containing: 9.5 mL Formamide; 400 mL of 20 mM
EDTANa2 (pH 8.0) and 100 ml of bromophenol blue
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(1%) dissolved in absolute ethanol). This mixture
was incubated in the Mastercycler EP for 10 min at
94°C. The samples were then located on a freezer -
21°C for 20 min before being loaded in 10%
polyacrylamide gel. At least three PCR direct-
sequences products were evaluated (Takapouzist
Co., Iran) for verification of SSCP results.

In silico analysis

The in silico servers were used to describe the
possible effects of LEPR (853A>G and LEPR
511A>G) polymorphisms, including the following
items: Polyphen?2
(http://genetics.bwh.harvard.edu/pph2/): which
predicts the probable effects of nsSNPs amino acid
on the stability and function of human proteins.
HumDiv (human mutation/divergency) and HumVar
(human polymorphic variants) are two models on
this server (Aftabi et al., 2016); PROVEAN
(http://provean.jcvi.org/seq_submit.php): which
predicts the effect of replacing the desired amino
acid on the biological function of a protein; SNAP
(https://www.rostlab.org/services/SNAP/): which is
useable  for screening of  non-acceptable
polymorphisms, and predicting the function of
mutated protein (Bromberg and Rost, 2007);
RNAsnp (http://rth.dk/resources/rnasnp/):  which
predicts the effect of SNPs on the local RNA
secondary structure; dpPTM
(http://dbptm.mbc.nctu.edu.tw/index.php): to
reports the solvent availability of substrate, protein
secondary and tertiary structures, domains and
variations (Minguez et al., 2012); Cfssp
(http://www.biogem.org/tool/chou-fasman/): for
determination of protein secondary structures
according to Chou and Fasman algorithm (Chou and
Fasman, 1974); ProtParam
(https://web.expasy.org/protparam/): to predict the
effect of the changes of polymorphism on the
primary physicochemical property and the local
secondary structure of the protein (Khosronezhad et
al.,, 2015; Aftabi et al, 2016); MUpro
(https://www.ics.uci.edu/~baldig/mutation.html):
that predicts value and energy change using SVM
and sequence information (Cheng et al., 2006);
SNPeffect 4.0 (www.snpeffect.switchlab.org):
which usually focuses on the molecular
specifications and polymorphism types in human
proteins  (Aftabi et al., 2016); BioGRID
(http://thebiogrid.org/): that is a public database
which archives and disseminates genetic and protein
interplay data from model organisms and human

(Chatr-Aryamontri et al., 2014); UbPred
(http://www.ubpred.org/help.html): which
predicts  ubiquitination  sites  of  protein
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(Radivojac et al., 2010); SUMOplot™
(http://www.abgent.com/sumoplot): that predicts the
possibility of the sumo consensus sequence and its
score system is according to two standard of the
direct amino acid, in compliance with sumo
consensus sequence, and substitution of the
consensus residues with amino acids exhibiting
similar hydrophobicity (Aftabi et al., 2016).

Results

Genotyping of LEPR-853A>G

The LEPR-853A>G flanking fragments of samples

were amplified by PCR. These 417 base pairs (bp)
fragments were run in 1.5% agarose gel. The Mspl
restriction pattern of PCR products showed three
fragments: 417, 243 and 174bp were AG; without
cut fragment was AA, and two fragments (243 and
174 bp) were GG genotypes (Figure 1B & 1C). The
PCR-RFLP was verified by PCR direct sequencing
of DNA sequences (Figure 1D).
Statistical analysis for 853A>G showed that the
frequencies of homozygous (GG) and heterozygous
(AG) genotypes in the case group were 51.4% and
17.1%, respectively. These frequencies in the control
group were 32.8% and 4.28%, respectively.
Therefore, there was a statistically significant
difference between the control and case groups. The
frequencies of genotypes and alleles of the 853A>G
polymorphism in the case and control groups are
shown in Table 2.

Genotyping of LEPR- 511A>G

For genotyping of LEPR- 511A>G transition,
at first all samples screened and analyzed by
SSCP on the PAGE (Figure 2A). Our results
showed that 63 samples were hybrid, which
were probably AG carriers. Then PCR products
with polymorphic phenotypes were sent for
DNA sequencing, which known as PCR
directed sequencing and were sequenced by
Tcaposis Co., Iran (Figure 2C).
Statistical analysis for 511A>G showed that the
frequencies of homozygous (GG) and heterozygous
(AG) genotypes in the case group were 70% and
28.57%, respectively. These frequencies in the
control group were 30% and 24.28%, respectively.
Therefore, there was a statistically significant
difference between the control and case groups. The
frequencies of genotypes and alleles of the 511A>G
polymorphism in the case and control groups are
shown in table 2.
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Table 2. Genotype and allele frequencies of LEPR 853A>G and 511 A>G in case and control samples

Genotype No. and percentage
Case (n =70) Control (n =70) p-value [OR (95% CI)]
A: LEPR 853A>G
AA 22 (30) 44 (62.8) -
AG 36(51.4) 23 (32.8) 0.002 [0.319 (0.154-0.664)]
GG 12 (17.1) 3 (4.28) 0.003 [0.125 (0.032-0.489)]
AG+GG 64 (91.42) 183 (261.42) 0.003 [0.391 (0.209-0.732)]
A 84 (60) 40 (57.14) 0.000 [.0338 (0.197-0.578)]
G 54 (38.57) 38 (27.14) -
B: LEPR 511A>G
AA 8(11.4) 32(45.71) -
AG 42(70) 21(30) 0.001 [0.57(0.22-0.147)]
GG 20(28.57) 17(24.28) 0.006 [0.34(0.008-0.149)]
AG+GG 60(85.71) 68(61.81) 0.001 [0.32(0.012-0.019)]
A 72(79.28) 81(88.57) 0.009 [0.44(0.054-0.079)]
G 52(37.14) 29(20.71)
A M1 2 3 €

(bP)

1020
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Figure 2. PCR, SSCP, and DNA sequencing results: (A) 217 bp PCR product is shown in 1% agarose gel, M= 100 bp
DNA marker; (B) SSCP result shows polymorphic form in polyacrylamide gel; (D) Electropherogram results of PCR

direct sequence.

In silico analysis

Polyphen-2 predicted two SNPs, LEPR 853A>G
and LEPR 511A>G transition to be benign in both
HumDiv and HumVar models analyzing (Figure 3)
HumDiv and HumVar scores for 853A>G which are
respectively 0.404 and 0.109, and for the 511A>G
are 0.077 and 0.021 (Table 3).
The PROVEAN indicated two SNPs, 853A>G and
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511A>G substitution as neutral. Variants with a
score below -2.5 are considered deleterious and
above -2.5 are considered neutral (Choi and Chan et
al., 2015). The SNAP server predicted 853A>G and
511A>G mutations are effects (Table 3). The
summary of RNAsnp results for LEPR 853A>G and
LEPR 511A>G are presented in Table 3. In addition,
base pair possibilities of the local region were
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Table 3. The result of in silico analysis for 853A>G and 511A>G SNPs

Server Scores Prediction
& Polyphen-2:
853A>G HumVar model: 0.001 (sensitivity: 0.89; specificity: 0.90) Prediction: Benign
HumDiv model: 0.000 (sensitivity: 0.91, specificity: 0.69) Prediction: Benign
511A>G HumVar model: 0.001 (sensitivity: 0.93; specificity: 0.85) Prediction: Benign
HumDiv model: 0.000 (sensitivity: 0.95, specificity: 0.56) Prediction: Benign
® PROVEAN
853A>G Score: -1.404, Prediction Cutoff: 2.5 Neutral
511A>G Score: -0.478, Prediction Cutoff: 2.5 Neutral
¢ SNAP
853A>G Score: 65, Expected Accuracy:80% Prediction: effect
511A>G Score: 38, Expected Accuracy:66% Prediction: effect
4 RNAsnp Folding Window Local region Distance p-value
853A>G 653-1053 806-855 0.0093 0.8132
511A>G 311-711 492-709 0.1532 0.1174

2Polyphen-2: predicts the possible impact of nsSNPs derived amino acid substitutions on the stability and function of human proteins employing
machine learning classification; PPROVEAN: predicts whether an amino acid substitution or indel has an impact on the biological function of a
protein; °SNAP: is a neural-network based method that uses in silico derived protein information in order to make predictions regarding the
functionality of mutated proteins; “RNAsnp: is a server to predict the effect of SNPs on local RNA secondary structure based on the RNA folding

algorithms.

determined with extreme differences located
between base pairs 1655 and 1705 (Figure 2A). The
p-value more than 0.2, represents a black color
region that does not show significant structural
changes. Given that amount, the p-value of 0.8132 is
for the 853A> G, which does not show a structural
change, but p-value equal to 0.1174 for 511A>G, as
it is less than 0.2, shows a significant structural
change (Figure 2B-C), wild sequences and global
mutations (Figure 4D-E).

Dbptm for LEPR-k109 variant predicts the
secondary structure of the sequence from the amino
acid to the position 109 as a coil and the subsequent
sequence from residue 111 to position 119 as a helix
that is a normal secondary structure with addition
SNP carrying sequence in this position. Also, in
LEPR-Q223 predicts secondary structure at position
223 as a sheet and positions 224 to 241 like a coil
that is normal. Then, to investigate the effects of
SNPs on the secondary structure of the protein,
Cfssp was used. Cfssp did not show any difference
in the secondary structure in the LEPR K109R as
well as in the LEPR Q223R.

ProtParam predictions for the physicochemical
properties of the 511A>G and 853A>G are
summarized in Table 4. The obtained results are
similar for LEPR-K109 and LEPR-Q223, but
different for LEPR-R109 in the instability index and
gravy and LEPR-R223 in Gravy.

MUpro reported that the K109R and Q223R reduced
the stability of the LEPR protein structure with a
confidence score which is equal to -0.2 and 0.1,
respectively. Also, MUpro prediction of the sign
(direction) of energy changes using SVM and NN,
decreases the stability of the LEPR protein structure
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with a confidence score which was equal to -0.1 and
-0.5. SNPeffect three predict the effects of nsSSNPs
on a specification that has important roles in protein
folding. TANGO algorithm shows the regional
protein sequence. The WALTZ is an algorithm that
accurately and specifically predicts amyloid-
forming regions in protein sequences. LIMBO
algorithm shows chaperone binding site for the
Hsp70 chaperones, trained from peptide binding data
and structural modeling. The results of the SNP
effect for the two polymorphisms 853A>G and
511A>G indicated that dTANGO were equal to -4
and 0, respectively, which meant no change, and
dWALTZ was equal to -253, which indicated a
decrease and 0 which meant no change. dLIMBO
was also for both polymorphisms equal to zero.
Moreover, the BioGRID was used to check the
network of human LEPR interactions, that defined
by physical or genetic experiments. The results of
BioGRID is shown in figure 5.

Ubpred predicted the probability of generating
proper sumoylation sites after the presentation of K
at position 511 and 410. UbPred predicted 10 low
configurations, 5 medium confidence and 2 high
confidence ubiquitination sites for two SNPs LEPR-
K109 and LEPR-Q223. Also, for LEPR-R109 and
LEPR-R223, UbPred showed new patterns of
ubiquitination, 10 low confidence, 4 medium
confidences, and 2 high confidence sites. The
SUMOplot ™ analysis predicted 7 low and 7 high
probability identical motifs for LEPR-K109 and
LEPR-Q223 variants. Furthermore, a different
pattern predicted 3 low and 6 highs for LEPR-R109
and LEPR-R223.
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HumDiv
A This mutation is predictedtobe BENIGN with a score of 0.404 (sensitivity: 0.89; specificity: 0.90)
0.00 0,20 0.60 0.80 1,00
HumVar
B This mutation is predicted tobe  BENIGN  with a score of 0.109 (sensitivity: 0.91; specificity. 0.69)
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A This mutation is predicted tobe  BENIGN  with a score of 0,077 (sensitivity: 0.93, specificity: 0.85)
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|

0,00 0,20

0,40 0.60 0.80 1,00

Figure 3. POLYPHEN.2 shows in LEPR-Q223R: HumDiv is sensitivity of 0.89 and in the 0.90 is specificity (A);
HumVar is sensitivity of 0.91 and in the 0.69 is specificity and LEPR-K109R (B); HumDiv is sensitivity of 0.93 and
in the 0.85 is specificity (A"); HumVar is sensitivity of 0.95 and in the 0.56 is specificity (B").

Discussion

One of the risk factors for pregnancy that
causes idiopathic recurrent miscarriage is obesity
(Lashen et al., 2004; Jannat Alipoor et al., 2017).
Studies by Boots and Stephenson including 24,738
women from four studies, demonstrated that obesity
may increase the risk of idiopathic recurrent
miscarriage. The percentage of women with one or
more miscarriages rose from 10.7% in women with
a normal body mass index (BMI) to 11.8% in
overweight women and 13.6% in obese women
(Bhandari et al., 2016). Leptin is an adipocyte-
derived hormone that influences the intake of food
and energy consumptions by connecting to specific
receptors in the hypothalamus LEPR that is
expressed in the brain and hypothalamus, but it is
expressed in peripheral tissues such as adipose
tissue, liver, kidneys, pancreas, and gonads (Chung
etal., 1997; Cohenetal., 2004). LEPR expression in
several maternal tissues such as placenta, and fetal
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tissues indicates  the physiologic  and
pathophysiologic importance of leptin and leptin
receptors in normal pregnancy (Sagawa et al., 2002).
LEPR gene is one of the major genes on the
biological pathway of obesity. In 2002, it was shown
that expression of LEPR-a and LEPR-b were
effective in stimulating LH in rat ovaries (Sagawa et
al.,, 2002). On the other hand, there are some
transcription factors that regulate LEPR expression
in ovulating granulosa, including nuclear receptor
5a, (Duggavathi et al., 2008), progesterone receptor
(Lydon et al., 1995) and CCAAT/enhancer-binding
protein (Sterneck et al., 1997). The expression of
leptin and leptin receptor in trophoblastic cells
indicate that it may increase the activity or synthesis
of molecules that regulate trophoblast invasion
(Gaus et al., 1997). Placental villi fragments have
functional leptin receptors, which stimulate the
system A of placental amino acid transport through
Janus kinase, signal transporter and activator of
transcription proteins signaling pathway.
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Figure 4. The G1661A and G155194G transitions effects on LEPR-mRNA, analyzed by RNAsnp: RNAsnp analysis
of LEPR-853A>G showed from A-D and RNAsnp analysis of LEPR- G155194G showed from A'-D’, in local region
with maximum differences in wild-type and mutant LEPR-mRNA. Base pair probabilities of the local region (653-
1053bp for 853A>G, and 492-709 bp for 511A>G) were detected with maximum differences depicted. The upper and
lower triangle of the matrix represents the base pair probabilities of wild-type and mutant sequences, respectively. The
mutated nucleotide is shown in yellow (A, A"); Graphic summary of the analysis. The SNP-affected region is colored
in black since the p-value greater than 0.2, which means not very significant change occurred in mRNA structure for
853A>G , and fewer than 0.2, which means very significant change occurred in mRNA structure for 511A>G (B, B);
p-value color direction (C, C"); The optimal secondary structure of global wild-type sequence (653-1053) depicted in
green with the minimum free energy of -94.40 kcal/mol for 853A>G , and of -76.40 kcal/mol for 511A>G (D, D";
The optimal secondary structure of global mutant sequence, 653-1053, and 492-709, are shown in red with the
minimum free energy equals to -93.30 kcal/mol for 853A>G , and -78.50 kcal/mol for 511A>G (E, E').

Placental amino acids transport is decreased in women, lower than in those with a successful

gestation with fetal growth retardation (Jansson et
al., 2002). LEPR might have a function in embryo-
maternal cross-talk in the implantation window; as
in patients with implantation damage role
endometrial LEPR expression was lower. Before
studies showed, the leptin level in miscarriage
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pregnancy, significantly (Lea et al., 2000; Unkila et
al., 2001). Cebpo/p deletions in the granulosa cells
restricted human chorionic gonadotropin (hCG), and
stimulate to the expression of LEPR (Fan et al.,
2011). Leptin stimulates the
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Table 4. ProtParam-computed physicochemical properties of LEPR-variants.

Variants  Theoretical pl Extinction coefficients® Instability index® Aliphatic index  Gravy
K109 7.45 4198975 Abs 0.1% (=1 g/l) 1.941 and 43.53 89.64 0107
€197100 Abs 0.1% (=1 g/l) 1.923 '
R109 7.45 4198975 Abs 0.1% (=1 g/l) 1.941 and 43.62 89.64 -0.108
€197100 Abs 0.1% (=1 g/l) 1.923 '
Q223 7.45 4198975 Abs 0.1% (=1 g/l) 1.941 and 43.53 89.64 -0.107
€197100 Abs 0.1% (=1 g/) 1.923 :
R223 7.45 4198975 Abs 0.1% (=1 g/l) 1.941 and 43.53 89.64 -0.108

€197100 Abs 0.1% (=1 g/l) 1.923

2Extinction co-efficients are in units of M-1 cm-1, at 280 nm measured in water; °The calculated scores classifies both variants as unstable; ¢ Grand
average of hydropathicity; ¢ Assuming all pairs of Cys residues form cystines; ¢ Assuming all Cys residues are reduced.

A A S N " A' -~ S— | A—A\ f . BN AN\
Acanioe ) - 4 Accessible
A r.vunsn nqurlmx'nrnunl nnomu:ussrnvrl novq-rx SNGHYLTRVE ru NSSGTHP sulsn " uccl RSE nclucucuouusurv
20 x P o0 20 Surface Ares o, %0 110
o ASA)
CCEEECCEEEEEEEEEECCOOCECEEREECCCCErErEEECeCtCCEEEEEEEDs CCCOCCEEEECCCOCCCCEEECCCCEEEEEEECCCCOCCCCCECCCCCCCEES
b reed
Secondary pral y
Real Real
e Secomdacy
Dhorder o0 Disocder
eSues ¢ Prediction
B DULEY . WCLKLTIIVLESS FOPPLALIOEITCORLII ISP ILVIIPLANST B Lmery s s L TS TR SRS L AT L I TV T 00 AN GCKLISE
Nelix oo x DO X ONUOCE ™ O M A M OO L M M MM MM MO K WY M

14421 LTEELELIZE

[488400ddasd EIXXIIIXEIEEIZXLLIE tdasaanrand

TSNS TINCCNISEQUISCSLLAINIZONT Y oL
MOMMOODOMMNN
771!!!"!!

Flgure 5 The dbPTM and Cfssp predlctlons of LEPR- varlants structure The dbPTM predlctlon of the aC|d|c
subdomain structure of LEPR (A, A"); Cfssp predicts a secondary structure for the LEPR-Q223 and LEPR-R109
positions that do not carry the SNP (B, B'); Cfssp predicts a secondary structure for the LEPR-R223 and LEPR-R109
positions that carry the sequence SNP (C, C).
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Figure 6. The Q223R and K109R substitutions effects on LEPR-protein folding, analyzed by SNPeffect: In bar
representations of the predictions, wild type located on the top and mutant protein in the bottom. The dashed vertical
line in the mutant, indicates the positions of the variants residue R223 and R109. The positions of the aggregating
stretches visualized in red, blue and pink and it is clear that the variants residue could not disarrange the aggregating
stretches; TANGO prediction of aggregation-prone regions (A, A"); WALTZ prediction of amyloid-forming regions
(B, BY); LIMBO prediction of chaperone binding sites (C, C").
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transport of nutrients to the placenta, which is for
fetal growth regulation (Unkila et al., 2001). Some
researchers reported that 853A>G LEPR gene
transition associated with idiopathic recurrent
miscarriage (Muller et al., 2016; Riestra et al., 2011),
while that this

association in Utah (of USA) population not
observed (Chin et al., 2013). Since no study on
511A>G LEPR gene variants, this SNP as an
adjacent SNP with 853A>G LEPR gene transition
was selected. In this case-control study, we indicated
that the AG genotype and G allele were significantly
associated with increased risk of idiopathic recurrent
miscarriage. We investigated the correlation of
853A>G and 511A>G SNPs in LEPR gene with
idiopathic recurrent miscarriage in a case-control in
silico analysis studies to obtain more precise results.
Moreover, we performed an in silico analysis to
demonstrate our findings more accurate. It seems
that some single-gene diseases are dependent on
missense mutations, especially on non-synonymous
single nucleotide polymorphisms (nsSNPs). The

effects of nsSNPs on diseases and experimental tests
to determine their effects on the structure of related
mRNA and protein are usually challenging and
difficult. For this purpose, we used in silico tools to
determine the effects of nsSNPs on protein and
MRNA features which may be beneficial in solving
these problems (Nouri et al., 2014). To predict the
effect of nsSNPs on the protein structure and
function, three software (Polyphen-2, PROVEN,
SNAP) were used. The results revealed that the
853A>G and 511A>G transitions were benign
substitutions without significant effects on the
protein structure (Adzhubei et al.,, 2013). We
predicted the secondary structure of mRNA by the
RNAsnp server for 853A>G and 511A>G
transitions. The data showed that the substitution
511A>G reduced the minimum free energy of the
MRNA. Therefore, conferring more stability to
LEPR mRNA, may alter the LEPR gene expression.
However, substitution 853A>G does not reduce the
minimum free energy of MRNA (Sabarinathan et al.,
2013). Also, the ProtParam server was used to
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Figure 7. Human LEPR-interactions network obtained from BioGRID: Yellow and purple links demonstrate
interactions discovered by physical and genetic experiments respectively; blue links also indicate LEPR-interacted
chemicals as well; Proteins: LEP=Leptin; CDCP1= CUB domain-containing protein 1; XRN1= 5'-3' exoribonuclease
1; FAM19A2= Family with sequence similarity 19 member A2; NDN= Named data networking; PIN1= Peptidyl-
prolyl cis-trans isomerase NIMA-interacting 1; CSNK2K= Casein kinase; RNF41=E3 ubiquitin-protein ligase
NRDP1; SNX4= Sorting nexin-4; FBXO6= F-box only protein 6; SCGB1D1= Segretoglobin family 1D member 1;
FAM19A4= Family with sequence similarity 19 Member A4; JAK= Janus kinase 3; SOCS3= Suppressor of cytokine
signaling 4; BTNL8= Butyrophilin like8; SNX1= Sorting nexin-1; SNX2= Sorting nexin-2; SNX6= Sorting nexin-6.
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determine the physicochemical properties of the
LEPR protein. The data indicated that the 853A>G
and 511A>G transitions have no effect on the
physicochemical features (Gasteiger et al., 2005).
We used the dpPTM server to represent the
secondary structure of the protein (Lu et al., 2013),
and then the CFSSP server to show the effect of
SNPs on the secondary structure. The Mupro, reports
stability of the LEPR protein, which for both SNPs
showed reduced stability (Cheng et al., 2006). Also,
BioGRID showed 21 genes involved in LEPR
protein (Chatr-Aryamontri et al., 2014). Ubpred
predicted changes of ubiquitination sites for two
SNPs LEPR-K109 and LEPR-Q223 (Radivojac et
al., 2010) and also, for LEPR-R109 and LEPR-R223
as well. The SUMOplot ™ server was used to do
sumo sequence analysis for LEPR-K109 and LEPR-
Q223.

Conclusions

Based on our findings, LEPR (853A>G and
511A>G) gene transitions may enhance IRM. This
notion came about because this loci, as a
susceptibility locus, could be used for further case-
control studies of IRM. So, these gene transitions
might be a useful genetic marker for susceptibility
and severity of recurrent miscarriage.
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Abstract

Many genetic, epigenetic, and cellular studies on cancer are underway today, and the completion of the
genetic and epigenetic library of cancer could be the way to treat the disease in the future. In this study, we have
investigated the parallel gene expression changes of EZH2 and miR-155. So far no study has examined the role of
these two factors simultaneously and the results of this study could be useful for further studies. For this purpose,
using specific ShRNA, the EZH2 gene of HCT116 cells was downregulated and then the changes in expression of
the miR-155 were investigated. For gene expression study, Real-time PCR as a standard quantitative method was
used. The findings of this study showed that in HCT116 human colon cancer cells, downregulation of miR-155
using shRNA can reduce EZH2 expression and also can promote a significant increase in the expression of
TP53INP1 gene. Based on the results, we can emphasize the interaction between these two genes. Importantly,
EZH2 downregulation has been able to decrease the amount of miR-155 that has also increased expression in many
types of cancers. It may be of interest in epigenetic treatments of colon cancer, because miR-155 can control a very
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important tumor suppressor gene, TP53INP1.

Keywords: colorectal cancer, EZH2, miR-155, epigenetic, HCT116 cell line

Introduction

Cancer is the cause of many human deaths in

all countries of the world, and most types of cancer
have a uniform distribution throughout the world
(Farnia Ghafouri Sabzevari, Madjid Momeni-
Moghaddam. 2014). In all types of cancer, genetic
and epigenetic differences can be detected
compared to normal cells of the body. Due to
changing dietary habits as well as changes in
human lifestyle today, colon cancer is one of the
most common cancers worldwide and it kills many
people every year (Kuipers et al. 2015). For this
reason, it is important undoubtedly to fully identify
the molecular and cellular processes of colon
cancer, and in fact to identify genetic and
epigenetic relationships.
Colorectal cancer (CRC), also known as the large
intestine cancer, develops in the colon or the rectum
(Ragusa et al. 2015). CRC is the third most
commonly diagnosed cancer worldwide and the
third leading cause of cancer death in both men and
women in the US. Based on reported statistics,
colorectal cancer accounts for about 10 percent of
all cancer deaths in developed countries (Kuipers et
al. 2015).

* - -
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EZH2 (enhancer of zeste homolog 2) is one of the
most important genes in colon cancer and increased
expression of this gene in several types of cancer
including colon cancer (Z. Chen et al. 2018; Jiang
et al. 2019). This gene actually produces a product
that is the catalytic subunit of the polycomb
repressive complex 2 (J.-F. Chen et al. 2016; Z.
Chen et al. 2018). Overexpression of EZH2 has
been noticed in many types of cancers, including
breast, prostate, colon, gastric, lung, and glioma
cancers.

MicroRNA (miRNA) is a type of RNA molecule
that does not produce a protein product (non-coding
RNA), but by having complementary sequences
during a specific process it can inhibit mRNA
either through ribosomal inhibition or complete
RNA degradation (Teymoori and Momeni-
moghaddam 2017). Nowadays, it has been found
that any alterations in various types of microRNAs
are associated with physiological malfunction or
cancers (Shojania et al. 2019; Momeni-
Moghaddam, Yossefi, and Oladi 2017). There is
some evidence that explain the reduced expression
of miR-155 in some types of cancers (Yu et al.
2018; N. Li et al. 2019; Y. Li et al. 2018; Zhang,
Zhao, and Deng 2013). Physiological roles of miR-
155 are including hematopoiesis by directly
targeting SOCS1(Bouamar et al. 2015), a negative
regulator for IL-2 signaling (Das et al. 2013),
immune system miR-155-5p displays a similar
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responsiveness to pathogen stimuli and triggering
immune system responses (Etna et al. 2018),
inflammation, and reduction of 1gG1(Qiu et al.
2018).

MiR-155 today is known as oncomiR and both
overexpression and downregulation are detectable
based on cell dynamic, so every change of miR-155
can control the expression of its target tumor
protein 53-induced nuclear protein 1 (TP53INP1).
The purpose of this study was to investigate the
changes in miR-155 and TP53INP1 expression
after the suppression of EZH2 expression in cancer
cells.

Materials and Methods

Cell culture

HCT116 cells (Pasteur Institute of lIran) were
cultured in Dulbecco's Modified Eagle Medium
(DMEM), containing 10% fetal bovine serum
(FBS) and 1% penicillin-streptomycin. Cells were
incubated in a cell culture incubator (Memmert
Incubator Oven INB200) with a humidified
atmosphere and 5% CO; at 37° C. Culture medium
was changed every other day.

Gene Expression Knockdown

EZH2-specific shRNA was redesigned (origin:
PSIREN-retroQ-EZH2, Dr.Yutaka
Kondo,AICHI,Japan) by Academic Center for
Education, Culture and Research (Mashhad, Iran)
and synthesized by Macrogen (South Korea). Co-
transfections of shRNA vectors, GP and VSV-G
plasmids were performed in HEK293T cell line
using calcium phosphate-based protocol, and
retroviral  particles were enriched using
ultracentrifugation (beckman centrifuge) for 120
min at 70,000 g, at 4 °C. The HCT116 cells were
plated in six-well plates (Nunc™) at a density of 2
x 105 cells per well and were grown overnight until
50-80% confluency to obtain  maximum
transfection yield. Then lentivirus was added to the
wells. The medium was changed 24h after
transfection, and the subsequent experiments were
performed 72h after transfection. Puromycin
(Invitrogen Corporation, Carlsbad, CA) was applied
to select infected cells.

Investigation of gene expression

The specific primers for microRNA used in this
study were purchased from Exigon Company
(Exigon, a leading supplier of flexible solutions for
RNA research, is now part of QIAGEN), other
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primers were designed using provided sequence in
NCBI and synthesized by Macrogen Company
(South Korea). All primers and sequences are listed
in Table 1. RNA extraction (Trizol) as well as
cDNA synthesis (Bioneer, south korea) were
carried out according to the company's protocols. In
this study, Trizol (Thermo Fisher Scientific)
reagent used for RNA extraction and Cyber-Green
Il (Amplicon) was used to perform real-time in a
thermal cycler (Corbett Research RG 3000).

Table 1. Primers sequences used for real-time PCR

Primer NCBI
Sequences Reference
name
Sequence
5’-CCA
TP53INP1F | CGTACAATGACT NM7—39392135
CTTCT-3° '
5’-
TP53INP1IR | TTCTTGGTTGGA NM;&?%BS
GGAAGAAC-3’ '
5’-
EZH2E TTGTTGGCGGAA | NM_004456.
GCGTGTAAAAT 5
C-3°
5’-
EZH2R | TCCCTAGTCCCG | V-0
CGCAATGAGC-3’
5’-
GAPDHF GGAAGGTGAAG NM—0702046'
GTCGGAGTCA-3’
5’-
GTCATTGATGGC | NM_002046.
GAPDHR AACAATATCCA 7
C-3’T
Results

Downregulation of EZH2 Expression

The expression level of EZH2 gene was
examined using real-time PCR method. In Figure 1
it has been shown that the level of EZH2 expression
was significantly reduced by shRNA compared to
non-treated control group (P<0.05). Moreover,
there is a significant difference in gene expression
between 24 and 48 hours post transfection.

MTT assay

This colorimetric assay was used to determine the
proliferation rate of HCT116 cells after
downregulation of EZH2 expression. The results
confirmed that the number of viable cells in the
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treatment groups were significantly decreased at 24,
48, 72 post transfection (P < 0.05, Figure-2). These
results suggested that the expression level of EZH2
could regulate the rates of cell proliferation and
growth (Figure 2).
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0.1254 = o=
0.0625 T T T
NS
s ,}GS‘ \u“
XV XV
& &

Figure 1. Downregulation of EZH2 expression using
its specific shRNA, significant decrease of EZH2
expressions have shown after 24 hours and 48 hours
compared to control group.
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0-0 T T
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Figure 2. Downregulation of EZH2 expression inhibits
the proliferation of HCT116 cells (P <0.05). Curves
show the growth of HCT116 cells at 24, 48 and 72 h in
control and treatment groups by MTT assay. As shown
in the figure, inhibition of EZH2 considerably reduced
cell growth.

Molecular findings

RNA extraction was performed for the control
and treatment groups and expression of EZH2,
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miR-155 and TP53INP1 were assessed. As shown
in figure-3, a decrease in expression of EZH2 and
miR-155 and an increase in expression of
TP53INP1 were observed in treatment group
(Figure 3).

Figure 3. miR-155, EZH2 and TP53INP1 expression in
treated and control groups. Level of miR-155 and EZH2
were significantly decreased after 24 h in comparison
with control group, but the expression of TP53INP1
compared to control group was significantly increased
(P<0.05).

Discussion

In this study, first the EZH2 was
downregulated using specific ShRNA and then the
expression changes of miR-155 and also TP53INP1
were investigated. Although many scientific papers
have investigated the role of EZH2 and miR-155 in
cancer (Lui et al. 2018; N. Li et al. 2019; Lin et al.
2016; J.-F. Chen et al. 2016), so far, the
relationship between these two genes has not been
investigated. Hence, finding new information in
this area can be important.

The main question was, could we find a synergistic
effect between the EZH2 and the miR-155? Did
this mean that if we can artificially reduce the
EZH2 expression by molecular methods using
specific sShRNA, will there be a decrease in the
second gene?

Given the effect of the EZH2 on the process of cell
proliferation, it is clear that any decrease in this
gene can lead to a decrease in cell proliferation,
which was also tested in this study and confirmed
by the MTT assay method. Some articles have
clearly mentioned the role of EZH2 on inhibition of
apoptosis (Liu et al. 2017).

Researchers have found that any decrease or
increase in the expression of miR-155 can have a
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completely adverse effect on TP53INP1, indicating
that TP53INP1 is regulated by miR-155. In
molecular experiments by real-time PCR, these
findings were fully confirmed (Seillier et al. 2012;
Zhou et al. 2016).

TP53INP1 is a known tumor suppressor, which its
expression is downregulated in many types of
cancers (Seillier et al. 2012). So, EZH2 not only is
a well-known factor in cancer, it can also affect
other factors such as TP53INP1 by mediating
factors like miR-155.

In conclusion, given that the highly sensitive role of
EZH2 and its reduction can lead to decreased gene
expression of miR-155 and increased gene
expression of tumor suppressor TP53INP1, it could
serve as a basis for designing and developing an
epigenetic drug to control colon cancer and even
other cancers.
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