Int J Clin Exp Pathol 2018;11(8):3961-3968

www.ijcep.com /ISSN:1936-2625/1JCEP0010619

Original Article

Intermedin promotes hepatic carcinoma
cell proliferation through upregulation of miR-155
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Abstract: Objective: MicroRNAs (miRNAs) plays an important role in the development of malignant carcinoma. The
small peptide intermedin (IMD) can promote hepatic carcinoma cell proliferation. The aim of the present study is
to examine the effect of miR-155 on IMD-stimulated hepatic carcinoma cell proliferation. Methods: Proliferation of
hepatic carcinoma SMMC7721 cells was detected by CCK-8, expression of proliferating cell nuclear antigen (PCNA)
and miR-155 was detected by real-time PCR. Results: We found that IMD promotes the proliferation of SMMC7721
cells in a time and dose-dependent manner. IMD can upregulate the expression of miR-155, and blocking of miR-
155 can inhibit the IMD-induced SMMCT7721 cell proliferation to some extent. Conclusion: This study demonstrated
that IMD can promote the proliferation of human hepatic carcinoma cell line SMMC7721 cells through upregulation
of miR-155. This study may contribute to hepatic cancer prevention and therapy.
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Introduction

MicroRNAs (miRNAs) is a recently discovered
single-stranded non-coding small molecules
RNA with length of about 22 nucleotide, which
constitute a large class of widely found gene
regulator in plant and animal cells, and it can
regulate post-transcriptional gene expression
through completely or incompletely binding
with target gene [1-3]. The abnormal miRNAs
expression is associate with variety of tumors,
and different kinds of miRNAs have two differ-
ent roles of carcinogenic and tumor inhibition
[4, 5]. Recent studies have found that miR-155
expression was upregulated in breast cancer,
pancreatic cancer, lung cancer and other malig-
nant tumors, and plays an important regulatory
role in terms of its biological behavior [6-8].

Primary hepatocellular carcinoma is the most
common malignant tumors worldwide, and its
incidence ranked No. 3 in malignant tumors
with high degree of malignancy and low five-
year survival rate of about 30%, and there is no
effective treatment yet. Study on the mecha-
nism of hepatocellular carcinoma occurrence,
development and metastasis, and to explore
the effective therapeutic methods is a hot topic

in hepatocellular carcinoma study, and the pro-
liferative activity of hepatic carcinoma cell is
directly related with tumor occurrence, invasion
and metastasis. Intermedin (intermedin, IMD)
is a peptide found in 2004 [9, 10], it belongs to
calcitonin gene related peptide (CGRP) super-
family and widely distributed in the body, and
CGRP superfamily members play an important
regulation effect in ion balance, nerve trans-
mission, glucose metabolism and cardiovascu-
lar and endocrine homeostasis, and other phys-
iological processes, thus get more and more
attention in tumor development. Studies found
that the IMD expression in adrenocortical
tumors [11] and colorectal cancer [12] was
higher than that in the normal control tissues,
and IMD can promote angiogenesis [13], sug-
gesting that IMD may participate in the develop-
ment and progression of tumors. This paper
explored whether IMD plays a role in the occur-
rence and development of hepatic carcinoma
through regulating miRNAs.

Materials and methods

Recombinant human intermedin (IMD1-53) was
purchased from America Phoenix Pharmaceuti-
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cals Company. CCK-8 cell proliferation assay kit
was purchased from the Dojindo Molecular
Technologies, Inc.; RNA extraction and reverse
transcription kits and Luciferase reporter gene
assay kit were purchased from Promega Com-
pany, USA; Taq enzyme was purchased from
Tiangen Biotech (Beijing) Co. Ltd.; Evergreen
fluorescent dye was purchased from American
Biotium Company; miR155 antisense oligonu-
cleotide ASO-miR-155 was purchased from
Gene Pharma Company; Lipofectmine 2000
transfection reagents were purchased from
Invitrogen Company, USA.

Cell proliferation detected with CCK-8

SMMC7721 cells in the logarithmic growth
phase were inoculated in flat-bottomed 96-well
plates with 1x10%/100 ul, after 12 hours,
replaced with the culture medium with different
concentrations of IMD1-53 and RPMI 1640, or
added with ASO-miR-155, and the complete
culture medium without IMD and RPMI1640
was used as control, taken the plate at 48
hours and added with 10 uL CCK-8 in each well,
then placed in the incubator for 1-4 hours, and
microplate reader was used to measure the
absorbance value of 450 nm wavelength [14].

RNA extraction

Trizol reagents of Promega Company was used:
the cells were aspirated from the culture medi-
um and washed with PBS, then added 1 ml
RNAtrip reagent and repeatedly triturated for
30 times; transferred into the EP tube and
placed at room temperature for 10 minutes;
added 0.2 ml chloroform and dramatic reversal
mixing for 15 seconds, placed at room temper-
ature for 5 minutes; centrifuged at 12000 g
x15 min with the temperature of 4°C; carefully
aspirate the upper aqueous phase and trans-
ferred to a new EP tube, then added the equal
volume of isopropanol and mix well, precipita-
tion for 2 hours at -70°C; centrifuged at 12000
g x10 min with the temperature of 4°C. The
supernatant was discarded, precipitated and
washed with 1ml ice-cold ethanol with the con-
centration of 75%, centrifuged at 12000 g x10
min with the temperature of 4°C; abandoned
the supernatant, and washed the droplet
attached to the wall with pipette. After trans-
parent appeared around the precipitation and
whitish in the center, added RNA enzyme and
dissolved with water and quantitative.
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Stem-loop primer real-time quantitative PCR

Reverse transcription reaction was 20 ml reac-
tion system, 2 mg RNA starting, reverse tran-
scription kit of Promega Company was used for
first strand cDNA synthesis. Real-time quantita-
tive PCR was 25 ml reaction system; 1 ml
reverse transcription reaction mixture was
used as template. Amplification conditions
were as follows: pre-degeneration for 1 min-
utes at 94°C, degeneration for 5 seconds at
94°C, annealing for 30 seconds at 58°C, exten-
sion for 30 seconds at 72°C, then extension for
5 minutes at 72°C, a total of 40 circulation.
Stratagene Mx3000 software was used for
analysis. The reverse transcription and PCR
primers are as follows:

Primers Sequence (5'-3’)
miR-155 RT CTCAACTGGTGTCGTGGAGTCGGCAATTCAGTT-
GAGACCCCTAT

Forward ACACTCCAGCTGGGTTAATGCTAATCGTGAT
Reverse GTGCAGGGTCCGAGGT

ue RT GTCGTATCCAGTGCAGGGTCCGAGGTATTCG-
CACTGGATACGACAAAATA

Forward CTCGCTTCGGCAGCACATA
Reverse GTGCAGGGTCCGAGGT
PCNA Forward TGTTGGAGGCACTCAAGGAC
Reverse TCATTGCCGGCGCATTTTAG
B-actin  Forward ATCTGGCACCACACCTTC
Reverse AGCCAGGTCCAGACGCA

Statistical analysis

All results were presented as mean + standard
error (mean + SD); Prism software was used for
analysis and graphing. One way analysis of vari-
ance was conducted for multi-group compari-
son, Student-Newman-Keuls was used for fur-
ther analysis and comparison between groups.
T-test was used to compare the results between
groups, and P<0.05 was considered significant-
ly different.

Results
IMD can promote SMMC7721 cell proliferation

We firstly explored the effect of IMD on
SMMC7721 cell proliferation. CCK-8 test
showed that intervention with IMD (5-100 nM)
for 48 hours could significantly promote
SMMC7721 cell proliferation (*P<0.05, Figure
1). IMD also can significantly upregulate the
expression of proliferating cell nuclear antigen
(PCNA) (Figure 2).
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Figure 1. Intermedin (IMD) promotes SMMC7721 cell proliferation. SMMC7721 cells were treated with indicating
dosages of IMD for 48 h and cell viability was detected with CCK-8 assay. Data are means + SEM from 3 separate

experiments. *P<0.05 versus IMD-untreated cells.

IMD can upregulate the expression of miR55
of AMMCT7721 cells

We further explored the possible mechanism of
IMD in promoting SMMC7721 cell proliferation.
A variety of factors involved in tumor cells
migration and invasion, and the endogenous
non-coding small molecule RNA (microRNA),
the research focus in recent years, plays an
important role in regulating gene transcription
and protein translation, and miR-155 can pro-
mote tumor proliferation. We examined the
impact of IMD on the expression of miR-155,
and found that IMD (50 nM) could significantly
upregulate the expression of miR-155 (Figure
3).

Inhibition of miR-155 can inhibit IMD-induced
SMMC7721 cell proliferation to some extent

The miR155 antisense oligonucleotide ASO-
miR-155 (100 nM) transfected with SMMC7721
cells for 48 hours can significantly inhibit IMD
(50 nM)-induced SMMC7721 cell proliferation
(Figure 4) and PCNA expression (Figure 5), so
IMD could promote SMMC7721 cell prolifera-
tion through upregulating miR155.
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Discussion

This study firstly confirmed that human IMD
could promote hepatic carcinoma SMMC7721
cell proliferation by upregulating the expression
of miR155. The basses are as follows: (1) IMD-
induced hepatic carcinoma SMMC7721 cells
can directly cause cell proliferation and upregu-
late the level of PCNA expression; (2) IMD can
upregulate the expression of miR-155 in
SMMC7721 cells; (3) Blocking miR155 with
miR155 antisense oligonucleotide ASO-
miR-155 can inhibit IMD-induced SMMC7721
cell proliferation and the increasing of PCNA
expression to some extent.

IMD belongs to CGRP superfamily, the mem-
bers of this family are small peptides, including
adrenomedullin (AM), CGRP and islet amyloid
polypeptide. IMD is recently discovered CGRP
superfamily polypeptide, it was firstly discov-
ered in 2004 in teleost fish [10], and then this
active peptide has been found in mammals and
human cDNA clones [9]. Both lower animals,
mammals and humans IMD has highly con-
served sequences. Human IMD gene is located

Int J Clin Exp Pathol 2018;11(8):3961-3968
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on human chromosome 22, and the IMD pre-
cursor protein (prepro-IMD) is encoded 148
amino acid residues, and there is N-terminal
intramolecular cyclization, and connected with
S-S bond. Prepro-IMD has multiple protease
cleavage sites, and can be cut into different
active fragments in the body [15, 16]: IMD, .,
IMD, ,, and IMD, _,. IMD is widely distributed
and mainly distributed in the submandibular
gland, kidney, stomach and mesentery, fol-
lowed by lung, pancreas, pituitary, intestine,
spleen, thyroid and ovarian [9]; as an new pro-
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Figure 2. IMD upregulates the expression
of PCNA in SMMC7721 cells. Expression
of PCNA in SMMC7721 cells treated by
IMD was detected by real-time quantita-
tive PCR. A. Representative amplification
plots. B. Relative mRNA levels were nor-
malized to that of untreated cells. Data
are means + SEM from 3 separate exper-
iments. **P<0.01 versus IMD-untreated
cells.

tective factor of endogenous cardiovascular
and kidney, IMD has important physiological
and pathological role in homeostatic regulation
and central nervous regulation, as well as the
hypertension, myocardial ischemia, heart fail-
ure and renal failure process. Although, the
effect of the same family member AM in tumor
occurrence is widely researched, the effect of
IMD in tumor, especially in the occurrence and
development of hepatocellular carcinoma, is
still unclear. The study found that the expres-
sions of IMD in adrenocortical tumor, colorectal

Int J Clin Exp Pathol 2018;11(8):3961-3968
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Figure 4. Blockage of miR-155 attenuates IMD-in-
duced SMMC7721 cell proliferation. Cells were pre-
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Figure 3. IMD upregulates the expres-
sion of miR-155 in SMMC7721 cells.Ex-
pression of miR-155 in SMMC7721 cells
treated by IMD was detected by stem-loop
real-time quantitative PCR. A. Represen-
tative amplification plots. B. Relative
mRNA levels were normalized to that of
untreated cells. Data are means + SEM
from 3 separate experiments. **P<0.01
versus IMD-untreated cells.

treated with or without a miR-155-specific antisense
oligonucleotide (ASO-miR-155) and then incubated
in the presence of IMD. Cell viability was detected
with CCK-8 assay. Data are means + SEM from 3
separate experiments. *P<0.05 versus IMD-untreat-
ed cells, #P<0.05 versus IMD treatment alone.

cancer, breast cancer and pancreatic cancer
were higher than that in the normal control
group. Our study showed that IMD can directly
promote SMMC7721 cell proliferation (Figure
1), meanwhile, it can upregulate the expression
level of the important marker PCNA in G1/S
phase (Figure 2), and this result is consistent
with the research results of Guo et al [17].
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miRNA is same with protein coding genes which
has important biological functions, many
miRNA exhibited strong tumorigenicity and
tumor suppression effect. For the function,
cancer miRNAs has the effect in promote cell
proliferation, inhibiting apoptosis and immune
cell development, and controling cell cycle, and
tumor suppressor miRNAs has the effect in
inhibiting cell growth and apoptosis, and and
promoting invasion. MiR-155 is located on
chromosome 21921, and conserved regional
encoding with highly conserved region of the
third exon gene of B cells integration cluster
[18]. The expression level of miR-155 was
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Figure 5. Blockage of miR-155 attenu-
ates IMD-stimulated PCNA expression in
SMMC7721 cells. Cells were pretreated with
or without ASO-miR-155 and then incubated
in the presence of IMD. A. Representative am-
plification plots. B. Relative mRNA levels were
normalized to that of untreated cells. Data
are means + SEM from 3 separate experi-
ments. **P<0.01 versus IMD-untreated cells,
#P<0.01 versus IMD treatment alone.

increased in Hodgkin’s lymphoma, non-Hodg-
kin lymphoma and breast cancer cells [6, 19],
and the over expression of miR-155 in breast
cancer can promote survival and proliferation
of breast cancer and reduce sensitivity of
breast cancer to chemotherapy drug through
inhibiting forkhead box protein 03 (FOX03)
expression [20], indicating that miR-155 is
closely related with the occurrence and devel-
opment of tumor, and it can be considered as
tumor miR. In this study, IMD can significantly
upregualte miR-155 expression, thus miR-155
may be involved in the regulation of IMD on pro-
liferation of hepatocellular carcinoma cells.

Int J Clin Exp Pathol 2018;11(8):3961-3968
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Further study showed that after blocking the
miR-155 action by antisense oligonucleotides,
the effect of IMD in promoting cell proliferation
and upregulating PCNA was masked significant-
ly, indicating that IMD can promote hepatoma
carcinoma cell proliferation and migration
through stimulating tumor miRNA-miR-155.
However, the upregulation mechanism of IMD
on mMiR-155 need to be further researched.

In conclusion, this study found that as a mem-
ber of CGRP superfamily, IMD, can promote
hepatoma carcinoma cell proliferation through
upregulating miR-155, which provides a new
idea for the treatment of liver cancer. IMD
antagonists may be used as one of anti cancer
treatment methods.
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