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Abstract: Objectives: This work aims to investigate the expression of miRNA-186 in patients with colorectal cancer
tissues, blood and feces and its roles in regulating the infiltration and invasion in colorectal cancer. Methods: Totally
39 patients with surgical resection were included from August 2012 to February 2015 in Jilin Province People’s
Hospital as the Colorectal Neuroendocrine tumor (CNET). Peripheral blood, stool, and resected tumor tissues with
adjacent normal of each patient was collected. In the same period, the blood and stool from 25 patients with hemor-
rhoids or other non-neoplastic diseases were collected and these samples used as clinical control group. MiR-186
expression and PTTG1 (pituitary tumor-transforming 1) expression were detected by quantitative Real-Time PCR
(qRT-PCR). The PTTG1 protein expression in tumor samples were detected by Western Blot, while its expression in
blood and stool were detected by Elisa. Results: Compared with the control group, the expression of PTTG1 mRNA
and protein was significantly up-regulated in tumor samples, blood, and stool of patients with CNET, while the ex-
pression of miR-186 was down-regulated (P < 0.05). Conclusion: PTTG1 expression was significantly up-regulated in
patients with CNET, which was induced by the down-regulated miR-186. MiR-186 may participate in the regulation

of infiltration and invasion in CNET patients through targeting PTTG1 expression.
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Introduction

Gastroenteropancreatic Neuroendocrine tum-
ors (GEP-NETs) are mainly located in the gastro-
intestinal mucosa and submucosa, which origi-
nate from gastrointestinal and pancreatic neu-
roendocrine cells that can secrete a variety of
hormones. In recent years, the morbidity of
GEP-NETs increased year by year in the world,
which has become the second largest common
gastrointestinal tumors [1]. Based on the pri-
mary sites, neuroendocrine tumors can be
divided into foregut (thymus, esophagus, lung,
stomach, pancreas, duodenum), the intestine
(ileum, appendix, cecum, ascending colon), and
hindgut (far end of the large intestine and rec-
tum). In alimentary system, the top three parts
that easily prone to neuroendocrine tumors are
the ileum, colon, and rectum [2]. Among them,
the Colorectal Neuroendocrine tumor (CNET) is
difficult to diagnosis in early stage because of
its inertia, no typical clinical symptoms, and

lack of specificity. Most patients are diagnosed
when surgery for other diseases, and more than
75% of patients have occurred liver metastasis
when were diagnosed. The best time will be lost
for treatment. It is urgently necessary to identi-
fy biomarkers of clinical stage, treatment and
prognosis in neuroendocrine tumors [3, 4].

The development and progression of CNET is
caused by the interaction of different pathways,
in which many mRNA and miRNA is involved. It
was found that the expression of many miRNA
were significantly different in CNET compared
with colon adenocarcinoma [5]. Neurotensin
can promote the proliferation of neuroendo-
crine tumors [6]. PTTG1 (pituitary tumor-trans-
forming 1) in our study was firstly cloned by Pei
et al. as an oncogene in late 1990s, which can
promote occurrence, growth, and metastasis of
tumor cells. PTTG1 have five exons and 4
introns that located on chromosome 5q33.
Without the collaboration of auxiliary genes, the
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encoded product of PTTG1 can activate a vari-
ety of cancer-related genes and pathways to
induce tumor occurrence and development [7].
PTTG1 has been reported to be up-regulated in
several endocrine-related tumors, especially
pituitary, thyroid, breast, ovary and uterus can-
cer as well as some non-endocrine-related
tumors, such as nervous system, respiratory
system and digestive system tumors [8-14].
PTTG1 are closely related to colorectal cancer,
and several papers mentioned that PTTG1 par-
ticipated in the development and metastasis of
colorectal cancer [15]. Actually in CNET, the
regulated roles of PTTG1 is few reported until
now.

In this study, gRT-PCR, Western Blot, bioinfor-
matics prediction and Elisa was applied to
detect the mRNA and protein expression of
PTTG1 in tumor tissue, stool and blood of CNET
patients. The relationship between PTTG1 and
miR-186 was predicted and validated in this
study, which help to explore the mechanism of
how miR-186 regulates the CNET through tar-
geting PTTG1.

Materials and methods
Clinical data of patients

This study included 39 patients with CNET
admitted in Jilin Province People’s Hospital
from August 2012 to February 2015. Among
them, there were 18 males and 21 females
with age from 27 to 65 years old (the median
age of patients was 46 years old). For the con-
trol group, 25 patients with hemorrhoids, volvu-
lus and other non-neoplastic diseases from
same period were used. Among this group,
there were 15 males and 10 females with age
from 25-72 years old, and the median age was
51. All the patients were first onset, and no hor-
mone, traditional Chinese medicine (TCM),
radiotherapy and chemotherapy treated before
surgery. According to clinical grading standard
of CNET, there were 5 patients with carcinoids,
11 patients with gland carcinoid, 9 patients
with adenocarcinoma, 8 patients with small cell
carcinoma, and 6 patients with large cell neuro-
endocrine carcinoma. All the clinical informa-
tion was given by pathological professors in
Jilin Province People’s Hospital.

The specimen of each patients was included
three parts: excision of tumor tissues with adja-
cent normal, stored in liquid nitrogen; periph-
eral blood by fasting collecting in morning,
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stored in -20°C with EDTA anticoagulant; and
stools before 2-3 days for surgery, stored in
-80°C after collection less than 2 hours. All the
stools were collected before drug treatment or
enema. Prior written and informed consent
were obtained from every patient and the study
was approved by the ethics review board of Jilin
Province People’s Hospital.

Stool RNA extraction and reverse transcription

Total RNA in stool specimens were extracted
based on the following procedure. After thaw-
ing and grinding, the specimens were washed
by PBS, then centrifuged at 100 rpm for 5 min.
The sediment was added into 1 ml Trizol
(Invitrogen, California, USA) for 5 min in room
temperature, then transferred to 0.2 ml chloro-
form. The re-suspended was centrifuged at
12000 rpm for 15 min in 4°C after violent oscil-
lation. The upper aqueous phase was removed
to another EP tube and added with 0.5 ml iso-
propanol, mixed well and placed in 10 min.
Centrifugation at 12000 rpm for 15 min in 4°C
was applied to discard the supernatant. And 1
ml 75% cold ethanol-DEPC was used to wash
the sediment by centrifugation at 12000 rpm
for 10 min in 4°C. After discarding the superna-
tant, the ethanol was volatilized to get the RNA.
Total RNA was added with 40 ul DEPC-
processed water and stored in -80°C. Total
RNA from tumor tissues and peripheral blood
were also extracted by Trizol method. The purity
of RNA was detected by Spectrophotometer
260/280. The cDNA was synthesized from total
RNA by the reverse transcription with
TIANScriptIIcDNA kit (Tiangen, Beijing, CHINA).

Protein isolation in stools

After collecting and precision weighing, each
0.19 g fresh stool was dissolved by 0.4 ml RIPA
lysate and oscillated until no visible fecal parti-
cles. The yellow suspension was lysed for 60
min with ice bath, then centrifuged at 10000
rpm for 30 min in 4°C. The supernatant was
centrifuged at same condition as above, then
stored in -70°C. The UV irradiation was required
before and after all the above operation. The
proteins in tumor samples were extracted by
the similar methods.

Fluorescence quantitative real-time PCR (qRT-
PCR)

The SYBR Green qRT-PCR of Super Real Pre Mix
(Tiangen, Beijing, CHINA) was used to detect
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Figure 1. The sequence of 3'UTR in PTTG1 mRNA and binding site of miR-186.

the expression of PTTG1 in different specimen.
TheB-actin was used as internal reference. The
primers for PTTG1 were 5-TGATCCTTG ACG
AGGGAG-3' and 5-GGTGGCAATTCAACATCCA-
GG-3'. The primers for B-actin were 5-CCT-
CGCCTTTGCCGATCC-3' and 5-GGATCTTCATG-
AGGTAGTCAGTC-3'. The cycle conditions were
the following: 95°C for 5 min, and followed by
25 cycles at 95°Cfor 45 s, 60°Cfor45s, 72°C
for 30s. The relative expression was calculated
by the 224" method. And the relative expression
was calculated by the ratio of PTTG1/B-actin.

Western blot analysis

Total proteins were isolated from specimen by
the standard protocol of protein lysate and the
protein concentration were detected using the
BCA assay Kit. After boiled 5 min, each 20 g
isolated proteins was separated by 10% SDS-
PAGE and then transferred to PVDF membrane.
The primary antibody was rabbit anti-human
PTTG1 (ZSGB-BIO, Beijing, China, 1:1000) and
rabbit anti-human pB-actin antibody (Abcam,
Massachusetts, USA, 1:5000). The secondary
antibody was HRP-conjugated goat anti-rabbit
IgG (Abcam, Massachusetts, USA, 1:3000).
Finally, the membrane was developed by
enhanced chemiluminescence (ECM) plus
reagent. The image lab 3.0 software was
applied to analyze the image and intensity of
the bands.

Elisa

The peripheral blood was centrifuged at 3000
rom for 10 min to separate serum and red
blood cells. The serum and the protein lysate of
stool were used as samples to do Elisa accord-
ing to Elisa Kit (Bangyi Biotechnology, Shanghai,
Chian). Each 50 ul standard samples of differ-
ent concentration were added into different
wells on the Elisa plate, and 10 ul sample was
added into each well (40 ul diluted sample was
added into different well too). Except for blank
well, each well was added by 100 ul HRP
labeled antibody and covered with microplate
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sealers, then incubated 1
h. After washed 5 times, 50
ul substrate A and 50 ul
substrate B were added
into each well. After incu-
bated in 37°C for 15 min,
50 ul stop solution was
added into each well. The OD value was mea-
sured at a wavelength of 450 nm within 15
min.

Bioinformatics prediction

To infer which miRNA directly regulates PTTG1
to play important roles in the progression of
CNET, we applied bioinformatics algorithms to
predict candidate miRNAs that can directly
complementary binding to 3'UTR of PTTG1.
Combined with the miRanda, TargetScan,
PicTar, MiRanda and BibiServ software, we pre-
dicted miR-186 was one of the miRNAs that
directly regulating PTTG1. The 3’'UTR of PTTG1
mRNA and the target site of miR-186 was
shown in Figure 1. It was reported that miR-
186 participated in the invasion and metasta-
sis of human non-small cell lung cancer through
regulating PTTG1 [16]. Finally we selected miR-
186 for further study in CNET.

MiRNA gRT-PCR

Total miRNAs were isolated from tumor sam-
ples, peripheral bloods, and stools based on
the manufacture’s protocol of miRcute miRNA
Isolation kit (Tiangen, Beijing, China). The cDNA
was reverse transcript by miRcute miRNA cDNA
kit (Tiangen, Beijing, China). The miR-186 was
detected by the miRNA luciferase quantitative
kit(Tiangen, Beijing, China). The U6 was used
as internal reference. The primers for miR-186
was 5-CCCGATAAAGCTAGATAACC-3’ and 5'-
CAGTGCGTGTCGTGGAGT-3'. The primers for U6
were 5-GCTTCGGCAGCACATATACTAAAAT-3’
and 5-CAGTGCGTGTCGTGGAGT-3'. The cycle
conditions were the following: 95°C for 5 min,
and followed by 40 cycles at 95°C for 10 s,
60°C for 20 s, 72°C for 20 s. The relative
expression was calculated by the 224" method.
And the relative expression was calculated by
the ratio of miR-186/U6.

Statistics analysis

All the data were shown as the mean + SD, and
difference were determined by two-tailed
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Figure 2. The expression of PTTG1 mRNA in CNET tissues, blood and stools by qRT-PCR. A. PTTG1 mRNA was
increased in CNET tissues compared with control tissues by qRT-PCR (P < 0.01). B. PTTG1 mRNA was increased
in CNET blood compared with control blood by qRT-PCR (P < 0.05). C. PTTG1 mRNA was increased in CNET stools
compared with control stools by gRT-PCR (P < 0.01).
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Figure 3. The expression of PTTG1 pro-
tein in CNET tissues by western blot. A.
Western blot to detect the expression
of PTTG1 protein in CNET tissues. B.
The expression of PTTG1 protein was
increased by western blot.Compared
with control tissues, *P< 0.05. C. The
expression of PTTG1 protein in CNET
tissue and associated control tissue for
another 10 patients.
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Figure 4. The expression of PTTG1 protein in CNET blood and stools by Elisa assay. A. The expression of PTTG1 pro-
tein was increased in CNET blood compared with control blood by Elisa assay (P < 0.05). B. Elisa assay to detect the
expression of PTTG1 protein was increased in CNET stools compared with control stoolsby Elisa assay (P < 0.01).

Student’s t-test of SPSS. For comparison in
multiple groups, one-way ANOVA was applied.
The LSD and SNK methods were used when
homogeneity of variance, while Tamhane’s T2
or Dunnett’s T3 method was considered when
heteroskedasticity. P < 0.05 was considered as
statistically significant, and P < 0.01 was
regarded as strong significant.

Results

The expression of PTTG1 mRNA in different
samples

To detect the change of PTTG1 mRNA among
different samples, qRT-PCR was applied. As
shown in Figure 2, PTTG1 mRNA was up-regu-
lated in CNET tumor tissues (Figure 2A), blood
(Figure 2B) and stools (Figure 2C), compared
with adjacent normal, normal blood and stools
from non-tumor patients respectively (P <
0.05). The results indicated that PTTG1 might
play regulatory roles in CNET.

The expression of PTTG1 protein in tumor
samples

To examine the expression of PTTG1 protein in
CNET tumor tissues, Western Blot was per-
formed. Compared with adjacent control,
PTTG1 protein expression in CNET was signifi-
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cantly up-regulated in CNET tissues (P < 0.05),
as shown in Figure 3. The results showed that
the increase of PTTG1 protein was consistent
with mRNA level, which indicated that over-
expression of PTTG1 played regulatory roles in
CNET.

The expression of PTTG1 protein in blood and
stool

To examine PTTG1 protein in peripheral blood
and stool of CNET patients, Elisa assay was
performed. Compared with associated con-
trols, PTTG1 protein expression in blood and
stool of CNET was significantly increased (P <
0.05), as shown in Figure 4. The results showed
that the increase of PTTG1 protein was consis-
tent with mRNA level not only in tumor samples,
but in blood and stools. Because blood is a
common channel for tumor metastasis,
increased PTTG1 protein in blood indicated
that PTTG1 might influenced the metastasis of
CNET. The up-regulation of PTTG1 in feces
might be resulted by the high expression of
PTTG1 from shedding tumor cells.

MiR-186 expression in different samples

To detect miR-186 expression among different
samples, qRT-PCR was performed. Compared
with control group, miR-186 was significantly

Int J Clin Exp Med 2015;8(12):22149-22157
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Figure 5. The expression of miR-186 inCNET tissues, blood and stools by qRT-PCR. A. MiR-186 mRNA was de-
creased in CNET tissues compared with control tissues by qRT-PCR (P < 0.05). B. MiR-186 mRNA was decreased in
CNET blood compared with control blood by gRT-PCR (P < 0.01). C. MiR-186 mRNA was decreased in CNET stools

compared with control stools by gRT-PCR (P < 0.01).

down-regulated in CNET patients (P < 0.05),
shown in Figure 5A-C. Combined with the bioin-
formatics prediction that miR-186 directly regu-
lating PTTG1, it can be inferred that miR-186
played important roles in pathological process-
es of CNET. MiR-186 exerted its function
through regulating PTTG1 mRNA then inducing
the PTTG1 protein expression.

Discussion

In this study, we observed PTTG1 expression
from mRNA level and protein level in tumor tis-
sues, stools, and blood of CNET patients. The
expression of miR-186 was also explored in all
types of specimens. We discussed the mecha-
nisms of how miR-186 influenced CNET through
regulating PTTG1.

CNET is a common cancer in digestive system,
which is classified by WHO in 2010 into 3
grades [17]: Grade |, neuro endocrine tumor
(NETGI), Grade I, neuroendocrine carcinoma
(NEC), and Grade Ill, mixed adno endocrine car-
cinoma (MANEC) [18]. Tumors in Grade | have
relatively well differentiated, while tumors in
Grade Il and Grade Il have become a malignant
tumors with strong migration capability and
lethality. However, there is no perfect methods
to screen CNET and no clear mechanisms of
carcinogenesis. It will be valuable to identify
the biomarkers for early diagnosis of CNET.

The main prevention strategy for CNET is
screening tumor in vulnerable populations. In
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addition to the currently used tools like intesti-
nal peep, the hot spot is screening populations
in non-invasive manner. As the particular site,
colorectum, the commonly used non-invasive
screening includes gene test in blood, as well
as fecal genetic test. Gene test in feces has
prominent advantages: no aggressive or only
minor invasive, no special preparation, test site
involving the entire gastrointestinal tract. It was
reported by Japanese scholars that the expres-
sion of COX-2 mRNA had high sensitivity and
specificity in diagnosis of colorectal cancer
[19]. In this study, we also used both blood and
stool samples to find out more reliable
biomarkers.

Furthermore, we investigated PTTG1, a neuro-
endocrine-related factors in colorectal cancer.
PTTG1 was highly expressed not only in pitu-
itary tumor cells, but also in normal tissue cells
with high proliferative activity: such as the thy-
mus, testis and other tissues. In most of nor-
mal adult tissues as colon, brain, liver, pancre-
as, kidney, ovary, and peripheral blood leuko-
cytes, PTTG1 was weakly expressed even unde-
tectable, while it was highly expressed in tumor
cell lines [20-25]. Heaney et al found that highly
expressed PTTG1 was associated with the infil-
tration of surrounding lymph nodes [26]. It was
shown that PTTG1 expression was positively
correlated with expression of VEGF protein
[27]. Ishikawa, et al. found that high expression
of PTTG1 was related to the invasion and angjo-
genesis of colorectal cancer and ovarian can-
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cer through mediating bFGF [28]. Solbach
found that overexpressed PTTG1 mRNA in
tumors was associated with lymph node inva-
sion and tumor recurrence, and confirmed that
PTTG1 expression was invasion biomarker in
early stage of breast cancer [9]. Other studies
validated that PTTG1 was abnormally over-
expressed in tumor, which was related to the
staging and metastasis of tumor. In this study,
we found that PTTG1 was significantly up-regu-
lated in tumor tissues of CNET patients, which
was consistent with our expectation. As to the
mechanisms of PTTG1 in tumor, our results
indicated that PTTG1 may play as an oncogene
that regulate the proliferation, infiltration and
invasion of CNET. We also found that PTTG1
was highly expressed in blood and stool of
CNET patients. In blood, the up-regulation of
PTTG1 may play a “transporter” roles in CNET
is metastasis, which is another important way
besides of local infiltration. The over-expres-
sion of PTTG1 in blood and stool indicated that
it may be regarded as a potential candidate of
CNET biomarker.

For further studying the mechanisms of PTTG1,
we applied bioinformatics methods to predict
the up-stream genes of PTTG1. We found that
miRNA, one class of endogenous and small
non-coding RNA, might degrade PTTG1 mRNA
to repress translation [29]. Through degrada-
tion to up or down regulate mRNA level, miRNAs
played important roles in tumorigenesis [30,
31]. Based on prediction, we found that miR-
186 might be an upstream regulator to interact
with PTTG1. Combined with other publications,
we noticed that miR-186 was involved in the
invasion and metastasis of human non-small
cell lung cancer through regulating PTTG1 [16].
As to the roles of miR-186 in cancers, it is
shown that miR-186 may be a novel target of
prevention, diagnosis, and treatment in can-
cers. Zhang, et al. demonstrated that miR-186
was used as diagnosis predictors of pancreatic
cancer, and also affected tumor cell prolifera-
tion and invasion [32]. Lee, et al. showed that
over-expression of miR-186 was highly related
to the proliferation recession of human lung
fibroblasts [33]. Sun, et al. found that miR-186
can control the formation of tumor-associated
fibroblasts [34]. Cui, et al. indicated that miR-
186 can repress the proliferation and metasta-
sis of NSCLC cells through targeting Rockl
[35].
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The results in our study showed that miR-186
was down-regulated in tumor tissue, blood, and
stool of CNET patients, which indicated that
miR-186 was related to the proliferation, infil-
tration and metastasis of CNET. The down-reg-
ulation of miR-186 will decrease the degrada-
tion of target mRNAs, then influence the trans-
lation of target genes, which promotes cell
tumorigenesis. Considering the expression of
PTTG1 mRNA and protein we detected in CNET,
the over-expression of PTTG1 may be caused
by the down-regulation of miR-186. The devel-
opment and progression of CNET may be
induced by the broken balance between the
expression of miR-186 and PTTG1 expression.

In this study, we included feces sample of CNET
patients besides of tumor tissue and blood. As
the position located in colorectum, the detec-
tion of miR-186 and PTTG1 in feces, from non-
invasive samples, had relative high sensitivity
and specificity. The easier collection character
determines the application prospect in clinic
which can be a good auxiliary besides of blood
test, the intestine endoscopic, and PET-CT in
diagnosis of CNET [36]. We need to find more
direct evidences about how miR-186 regulate
CNET through target PTTG1, which can help us
to understand the roles of miR-186 in the devel-
opment and progression of tumor. The findings
in this study can provide theoretical basis for
the tumor prevention, diagnosis, and treat-
ment.
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