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ABSTRACT

BACKGROUND: Colorectal cancer (CRC), is the third most common cancer type. MicroRNAs and their
roles in cancer progression have gained considerable attention in the scientific community. miR-485-3p has
been identified to be abnormally expressed in different types of cancer, but its expression level, biological
function, and underlying pathways are still unclear in CRC. Targeting Protein for Xenopus kinesin-like protein
2 (TPX2) is a nuclear protein which plays vital roles in cancer progression and mitotic spindle assembly.
TPX2 is overexpressed in various malignancies and has been predicted as an indirect target of miR-485-3p.
This study aims to investigate the miR-485-3p and TPX2 expression level, their potential correlation, and
underlying molecules like P53 and P21 in forty-one pairs of colorectal cancer tissues compared to matched

non-cancerous ones.

MATERIALS AND METHODS: We used forty-one pairs of CRC fresh tissue samples and their adjacent
normal ones for RNA extraction. After cDNA synthesis, the expression level of miR-485-3p, TPX2, P53 and

P21 were determined by Real-time PCR.

RESULTS AND CONCLUSIONS: The results revealed that miR-485-3p was significantly downregulated
and TPX2 was highly upregulated in CRC tissues. Moreover, miR-485-3p was negatively correlated with
TPX2 expression and positively correlated with P21 expression. We present miR-485-3p as a suppressor for

colorectal cancer (Tab. 2, Fig. 8, Ref. 44). Text in PDF www.elis.sk.
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Introduction

Colorectal cancer (CRC) is the third most prevalent cancer
and the second cause of cancer-related deaths around the world
(1). It is a common malignancy in patients between the ages of
65 and 74, and the incidence rate is increasing rapidly especially
in low-income countries (2). Several risk factors are involved in
CRC carcinogenesis, for instance: increased age, male sex, inheri-
tance, colon inflammatory disease, the presence of polyps, intake
large of amounts of meat and processed food, smoking, obesity,
sedentary life and so on (1, 3—6). Currently, despite excessive ad-
vances throughout the years, the fundamental helpful strategy for
treating CRC patients is still surgery pursued by chemotherapy and
radiotherapy depending on patient state, although the survival rate
is still low (7). Since colorectal cancer has a long preclinical-stage
and there is not any obvious early symptom for this malignancy,
the better understanding of unclear molecular CRC carcinogenesis
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pathways will be helpful for finding putative biomarkers, which can
be used for diagnosis and prognosis of patients with this disease.

microRNAs (miRNAs) are small, single-stranded and evolu-
tionary highly conserved non-coding RNAs with 19 to 25 nucleo-
tides length (8-10). miRNAs can negatively regulate expression of
their target mRNAs at the post-transcriptional level by partially spe-
cific binding to their 3’ untranslated region (3’-UTR) which leads to
mRNA degradation or translational inhibition. Furthermore, miR-
NAs play crucial roles in physiological and pathological processes
such as proliferation, differentiation, apoptosis, angiogenesis, in-
flammation, and carcinogenesis (11-14). miRNAs can act as onco-
genes or tumor-suppressors in progression of different cancers (15).

miR-485-3p is located at 101055419-101055491(+) gene re-
gion on chromosome 14q32.31. Emerging evidences demonstrate
that miR-485-3p can act as an oncogene in gastric cancer (16),
hepatocellular carcinoma (17, 18), prostate cancer (19, 20), and
lymphoma (21). In contrast, studies showed that miR-485-3p can
act as a tumor-suppressor in osteosarcoma (22), NSCLC lung
cancer (23, 24), glioblastoma (25) and breast cancer (26). How-
ever, its role in initiation and progression of colorectal cancer has
remained disputed. Previous researches suggested that miR-485-
3p could probably regulate TPX2 at the post-transcriptional level
indirectly but the correlation has not been yet investigated in any
types of cancer (20, 21, 27, 28).

The Targeting Protein for Xenopus Kinesin-like Protein2
(TPX2) is a microtubule nucleation factor which is encoded by a
gene located on chromosome 20q11.2. TPX2 plays a critical role

Indexed and abstracted in Science Citation Index Expanded and in Journal Citation Reports/Science Edition



Taherdangkoo K et al. miR-485-3p suppresses colorectal cancer via targeting TPX2

Tab. 1.The sequence of used primers.

Materials and methods

PCR product length

Name Primer Sequence ( 5’ to 3") e ) Bioinformatic analysis
SNORD47  Stem-loop GTCGTATCCAGTGCAGGG We applied bioinformatic tools to detect
(for cDNA synthesis) TCCGAGGTATTCGCACT the putative miRNA in colorectal cancer
GGATACGACAACCTC progression and its underlying molecules.
Forward ATCACTGTAAAACCGTTCCA 63 We selected miR-485-3p via using miRNA
Reverse GTGCAGGGTCCGAGGT Pathway Dictionary Database (miR PathDB)
miR-485-3p  Stem-loop - GTCGTATCCAGTGCAGGG (https://mpd.bioinf.uni-sb.de/). For detect-
(for cDNA synthesis) TCCGAGGTATTCGCACTG ine probable tareet senes of miR-485-3
GATACGACAGAGAGGA Ep . £ 8 P
we used various databases such as: Tar-
Forward CAGTCATACACGGCTCTCCTC 61 getScan (www.targetscan.org), miRWalk
Reverse CCAGTGCAGGGTCCGAGGT . o .
(mirwalk.umm.uniheidelberg.de), miRTar
GAPDH Forward GTGAACCATGAGAAGTATGA 123 . .
Reverse CATGAGTCCTTCCACGATAC (mirtar.mbc.nctu.edu.tw) and miRTarBase
TPX2 Forward CCACCAAGAAGATGAGGA 101 (mirtarbase.mbc.nctu.edu.tw) and available
Reverse TTCTTGCCTCTGGGATTTGGG literatures (20, 21, 27, 28). Afterwards, we
P53 Forward TAACAGTTCCTGCATGGGCGGC 121 checked miR-485-3p expression profile in
Reverse AGGACAGGCACAAACACGCACC CRC tissues by using YM500v3 (http://
P21 Forward TGGAGACTCTCAGGGTCGAAA 66 driverdb.tms.cmu.edu.tw/ym500v3) and da-
Reverse CGGCGTTTGGAGTGGTAGAA

in spindle assembly by having an interaction with Aurora-A in a
RAN-GTP dependent pathway (29, 30). In addition, TPX2 is recog-
nized as an amplification marker and acts as an oncogene. Its aber-
rant expression contributes to cell cycle-distraction, apoptosis, an-
euploidy, polyploidy and cancer progression (31). Recent studies
indicated that TPX2 is involved in different types of cancer such
as pancreatic cancer (29), bladder cancer (30), cervical cancer
(32), hepatocellular carcinoma (33), thyroid cancer (34), gastric
cancer (35), prostate cancer (36), kidney cancer (37), and breast
cancer (38). A recent research clarified that TPX2 silencing would
decrease PI3K and AKT phosphorylation leading to the increase
of P53 and P21 expression level (39).

In this study, we investigate miR-485-3p and TPX2 expres-
sion level in colorectal cancer tissues compared to adjacent non-
cancerous ones. To the best of our knowledge, this is the first study
reporting the potential tumor suppressor role of miR-485-3p in
colorectal cancer and its correlation with TPX2 and its downstream
genes including P21 and P53 expression level.
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Fig. 1. miR-485-3p is low expressed in CRC tissues. Real-time PCR
was performed in 41 pairs of CRC fresh tissue samples and their ad-
jacent normal ones (p < 0.0001).

tabase of Differentially Expressed MiRNAs
in human Cancers (dbDEMC2.0) (www.
picb.ac.cn/dbDEMC).

Human tissue samples collection and preparation

Forty-one pairs of CRC fresh tissue samples and their adja-
cent normal ones were obtained from Iran National Tumor Bank,
examined and confirmed by pathologists. All tissue samples were
stored under -80°C before using for RNA extraction. The experi-
ments were approved by the Medical Ethics Committee of Shahid
Chamran University of Ahvaz.

RNA extraction

Total RNA was extracted from tissue samples based on acid
guanidinium phenol chloroform process via using RNX-PLUS
solution (CinnaGen, Tehran, Iran) according to the manufacturer’s

hsa-miR-485-3p

1000 .
c 750
Qo
@
e ™
o
¥a 500
0%
E L]
& L]

250 — .
0
Primary Sample type Solid
solid tumor tissue normal

Fig. 2. miR-485-3p downregulation graph in colorectal cancer tissues
from YMS00v3.
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Tab. 2. Clinicopathological features and their correlation with miR-
485-3p expression in 41 CRC patients.

Variables Number of cases p
Age(years)
<62 20 0.3026
>62 16
Unknown 5
Gender
Male 24 0.5215
Female 16
Unknown 1
Tumor size(cm)
>5 18 0.7139
<5 23
Tumor location
Colon 24 0.2769
Rectum 17
Tumor grade
I-1I 33 0.2089
-1V 8
Tumor stage
T1-T2 10 0.6968
T3-T4 31
Lymph invasion
Yes 23 0.6311
No 17
Unknown 1
Weight loss
Yes 20 0.2462
No 5
Unknown 16

* p <0.05 statistically significant

instructions. Total RNA purity and quantity were measured by
Nanodrop Spectrophotometry (Thermo Fisher Scientific, USA).

Complementary DNA (cDNA) synthesis

Total RNA was served as the template in reverse transcription
reaction to make cDNA by using PrimeScript™ RT Reagent Kit
(Takara Holdings, Kyoto, Japan). We used specific stem-loop RT
primers (Macrogene Inc.Seoul, South Korea) for miR-485-3p and
SNORD47 cDNA synthesis according to the following protocol: 16
°C for 30 minutes, 42 °C for 30 minutes and 85 °C for 5 minutes.
Oligo dT and random hexamer were used for TPX2, P53, P21 and
GAPDH cDNA synthesis based on to the following protocol: 37
°C for 15 minutes and 85 °C for 5 minutes.

Quantitative Real-Time Reverse Transcription Polymerase Chain
Reaction (RT-PCR)

Synthesized cDNA was applied for Real-time PCR by using
ABI Step One (Applied Biosystems, USA) with SYBER Green ®
Premix Ex Taq™ II master mix (Takara Holding, Kyoto, Japan)
according to manufacturer’s instructions. The Real-time PCR reac-
tions were performed by 40 cycles as follows: an initial hot-start
for activating Taq polymerase enzyme at 95 °C for 30 seconds,
denaturation at 95 °C for 5 seconds, annealing and elongation at
60 °C for 34 seconds (for miR-485-3p and SNORDA47 at 62 °C for
34 seconds). The primers for SNORD47, GAPDH, and P21 were
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used from literature (40, 41). The primers for miR-485-3p, TPX2
and P53 are presented in Table 1. SNORD47 and GAPDH genes
were used as reference internal control. Specificities of the PCR
products were assessed by the sizes of the Real-time PCR pro-
ducts via agarose gel electrophoresis, as well as by the uniqueness
of the melt curves of products.

Data analysis

We used 224 method for analyzing the Real-time PCR results.
The relative expression of miR-485-3p was assessed in compari-
son to SNORD47 expression and the relative expression of TPX2,
P53 and P21 were assessed in comparison to GAPDH expres-
sion. All statistical analyses were performed by GraphPad Prism8
(GraphPad Prism software, USA). All results were expressed as
the mean + standard deviation (SD). Two-tailed paired student’s
t-test was used for comparing different groups. The relationship
between miR-485-3p and clinicopathological factors was analyzed
by unpaired student’s t-test. Spearman correlation was used for
analyzing the correlation between miR-485-3p, TPX2, P53 and
P21 mRNA expression. p < 0.05 was considered to be statisti-
cally significant. In addition, Receiving Operating Characteristic
curve (ROC Curve) analysis, with a calculation of both the area
under the curve and the corresponding 95 % confidence intervals
(CI), was used to assess the specificity and sensitivity with which
the expression level of miR-485-3p could discriminate between
colorectal cancer tissues and adjacent normal ones.

Results

miR-485-3p is extensively downregulated in colorectal cancer
tissues

We collected 41 pairs of fresh tissue samples to evaluate the
expression alteration of miR-485-3p in colorectal cancer tissues
compared to adjacent non-cancerous ones. The data from RT-PCR
showed that the RNA expression level of miR-485-3p is signifi-
cantly lower in CRC tissues (Fig. 1) which validates the obtained
results from YMS500v3 (Fig. 2) and dbDEMC2.0 (logf®=—-0.63).
We also assessed the relationship between miR-485-3p RNA ex-
pression level and clinicopathological features from which no as-
sociation was observed (Tab. 2).

Relative expression

N

Normal tissues CRC tissues

Fig. 3. TPX2 is overexpressed in CRC tissues. Real-time PCR was
performed in 41 pairs of CRC tissues and adjacent normal ones (p
<0.0001).
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Fig. 4. miR-485-3p RNA expression level negatively correlated with
TPX2 expression. Spearman correlation analysis showed negative cor-
relation between miR-485-3p and TPX2 expression (r =-0.2620, p =
0.0490).
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Fig. 5. P21 is downregulated and positively correlated with miR-485-
3p in CRC tissues. A) Real-time PCR results were applied for Wil-
coxon test and showed low expression of P21 in 41 CRC tissue samples
(p < 0.0019). B) Spearman test showed positive correlation between
miR-485-3p and P21 mRNA expression level (r = 0.2799, p = 0.0382).

TPX2 is upregulated in CRC tissues and negatively correlated
with miR-485-3p expression

Recent researches manifested that TPX2 was upregulated in
colorectal cancer and involved in CRC progression (42, 43). Our
results from Real-time PCR showed that TPX2 mRNA expression
level was increased in CRC tissues (Fig. 3). A negative correla-
tion was found between miR-485-3p and TPX2 mRNA expression
level by Spearman correlation test (r =-0.2620, *P-value: 0.0490)
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Fig. 6. P53 is downregulated in CRC tissues. Real-time PCR results
were applied for Wilcoxon test and showed P53 low expression in
CRC tissue (p = 0.0001).
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Fig. 7. Roc curve of miR-485-3p. Roc cure analysis was applied for
discriminating colorectal cancer tissues from adjacent normal ones.

(Fig. 4). The results confirmed that downregulation of miR-485-3p
in colorectal cancer can lead to TPX2 upregulation.

miR-485-3p potentially represses AKT pathway via targeting
TPX2

TPX2 plays a vital role in AKT pathway by regulating P53
and P21 mRNA expression level (39). To elucidate whether miR-
485-3p can suppress AKT pathway by targeting TPX2, we mea-
sured P53 and P21 mRNA expression level and analyzed their
correlation with miR-485-3p mRNA expression. We found that
downregulation of miR-485-3p can suppress AKT pathway via
upregulating TPX2 which leads to downregulation of P21 (Figs
5a and 5b). Although P53 was down regulated in CRC tissues, no
association was observed between miR-485-3p and P53 mRNA
expression level (Fig. 6).

miR-485-3p potential role in discriminating between colorectal
cancer tissues and their adjacent normal ones

We used the ROC curve analysis to survey miR-485-3p mRNA
expression level effect on discriminating between CRC tissues and
their adjacent non-cancerous ones. ROC curve analysis yielded
an AUC (the areas under the curve) of 0.9512 (95% CI: 0.8853 to
1.000) to discriminate CRC tissues and adjacent non-cancerous
tissues (Fig. 7). An AUC > 0.9 indicates excellent ability of a
marker to discriminate two groups of samples.
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Fig. 8. Schematic plot of miR-485-3p signaling pathway and its un-
derlying molecules.

Discussion

Colorectal cancer is one of the main causes of cancer-related
deaths globally. It is a heterogeneous disease which arises from
a constant multistep process that takes at least 10 years and can
be detectable at an early stage (1-6). CRC is a suitable option for
screening because of its poor prognosis, low survival rate, and
high incidence rate (1). In disease screening, biomarkers such as
DNA, RNA, microRNA, protein, and antibody are used to as-
sess the disease progression (44). Recent studies illustrated that
miRNAs can be recognized as putative biomarkers for their in-
volvement in cancer progression via alteration in their expression
profiles (11-14). Currently, emerging evidences proved that dys-
regulation of miR-485-3p is significantly related to cancer progres-
sion and invasion and can be a potential target in cancer therapy.
miR-485-3p functions as a tumor-suppressor in different types of
cancers and signaling pathways. For example, low expression of
miR-485-3p was observed in osteosarcoma that negatively regu-
late CtBP1, a transcription co-repressor, which can associate with
epigenetic enzymes for regulating downstream genes like Bax,
Bim, E-cadherin, PUMA, p16, p21, and PTEN (22). Decreased
expression of miR-485-3p was clarified to be age-dependent in
lung adenocarcinoma (24). In breast cancer, downregulation of
miR-485-3p could directly upregulate PGC-1a, transcription co-
activator, which contributes to the enhancement of oxidative phos-
phorylation, mitochondrial biogenesis, and oxygen consumption
and as a result provides enough energy for migration and invasion
of cancer cells (26). In contrast, miR-485-3p could also exert an
effect as oncogene in various cancers. For instance, overexpression
of miR-485-3p is determined as a non-invasive biomarker in the
peripheral serum of gastric cardia adenocarcinoma patients (16).
High expression of miR-485-3p in hepatocellular carcinoma can
directly target MAT 1A, differentiation marker in liver, and reduce
its expression resulting in tumor growth (18). In another study
focusing on HCC, miR-485-3p was shown to be upregulated and
directly bind to 3’-UTR of NTRK3 which contributed to enhance
cell proliferation and invasion (17). Moreover, miR-485-3p could
induce EMT via targeting NF-YB at mRNA and protein level in
prostate cancer (19, 20).

In the present study, we showed that the expression level of
miR-485-3p is significantly downregulated in colorectal cancer
tissues. We chose TPX2 as an indirect target of miR-485-3p in
CRC. TPX2 is a 100-kDa microtubule-associated protein and
plays an important role in mitotic spindle assembly. TPX2 ex-
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pression is highly controlled during cell-cycle progression and ap-
pears in G1-S transition and disappears after cytokinesis comple-
tion (29, 32). Previously, upregulation of TPX2 was illustrated in
various cancers such as bladder cancer (30), cervical cancer (32)
and hepatocellular carcinoma (33). TPX2 is also overexpressed
in CRC (44) which is confirmed in our study. Moreover, we sur-
veyed P53 and P21 expression as TPX2 downstream genes and
observed a positive correlation between miR-485-3p and P21ex-
pression level. No association between P53 and miR-485-3p ex-
pression was found. This can be due to P53 mutation at the late
stage of CRC multistep process. P21 correlation with miR-485-
3p expression showed a potential effect of miR-485-3p on AKT
signaling pathway.

In conclusion, we demonstrated that low expression of miR-
485-3p could contribute to TPX2 overexpression and suppress
AKT signaling pathway via downregulating P21 in colorectal
cancer tissues (Fig. 8). Our study provides novel evidence about
miR-485-3p expression and its correlation with TPX2 and P21
expression and recommends miR-485-3p/ TPX2/ P21 signaling
pathway in CRC for further studies and therapy target target for
CRC treatment.
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