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Abstract: MiR-216b is implicated in the development of multiple types of cancers, however, a role for miR-216b in 
colorectal cancer (CRC) remains elusive. The present study aimed to investigate the function and underlying mecha-
nism of miR-216b in human CRC. In this study, we found miR-216b in CRC tissues and cell lines was markedly de-
creased compared with corresponding adjacent normal tissues (ANTs) and colonic mucosal epithelial cell line (FHC), 
and was obviously associated with the TNM stage, lymph node metastases, differentiation and poor overall survival 
(OS) (P<0.05). Furthermore, we demonstrated that miR-216b inhibited cell proliferation, migration, invasion and an-
giogenesis by targeting HMGB1 which was highly expressed in CRC. Additionally, we proved that miR-216b promoted 
the development and progression of CRC, at least partially through HMGB1-mediated JAK2/STAT3 pathway. Lastly, 
we showed that plasma miR-216b expression was reduced in CRC when compared to healthy controls and might be 
a potential diagnostic biomarker for CRC. The findings indicated that miR-216b might function as a suppressor in 
CRC and could serve as a promising diagnostic and prognostic biomarker for CRC.
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Introduction

Colorectal cancer (CRC) is the third most com-
mon cancer, which accounts for approximately 
10% of all cancer cases with more than 1 mil-
lion new cases diagnosed worldwide annually 
[1]. Surgery is the main treatment for colorectal 
cancer and chemotherapy and molecular tar-
geted therapy is supplementary treatments [2, 
3]. Accumulating evidence showed that approx-
imate 90% of the CRC patients who detected at 
an early stage could be cured by surgery, unfor-
tunately, most patients are diagnosed at an 
advanced stage, leading to a poor prognosis 
[4]. Therefore, to find a new diagnostic and 
prognostic markers are in urgent demand. 

MicroRNAs (MiRs) are a group of a small non-
coding RNAs which interact with their target 
gene mRNAs by binding to the 3’-untranslated 
regions (UTRs). Many miRNAs have been re- 
ported to regulate a variety of biological pro-

cess, such as proliferation, differentiation, mi- 
gration and apoptosis [5-7]. Moreover, emerg-
ing evidences indicate that miRNAs are promis-
ing biomarkers for cancer diagnosis and prog-
nosis [8, 9].

miR-216b is located at chromosome 2p16.1, 
having been reported to act as a tumor sup-
pressor in many cancers. Min Deng et al. report-
ed that miR-216b is downregulated and inhibit 
tumor growth and invasion by targeting KRAS in 
nasopharyngeal carcinoma (NPC) [10]. Our pre-
vious study have shown that miR-216b is low 
expression and suppresses cell proliferation, 
colony formation, cell migration and induce 
cycle arrest in HCC cells [11].

High mobility group box 1 (HMGB1) is a 25 to 30 
kDa protein, belonging to HMGB family mem-
bers, which has been reported to act as an 
extracellular signaling molecule in a diversity of 
biological processes, including inflammation, 
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cell migration and tumor metastasis [12, 13]. 
Mounting evidence has shown that HMGB1 
plays a critical role in many kinds of cancers, 
including breast cancer, lung cancer, gastric 
cancer and colorectal cancer [14-17]. Yao X et 
al. reported that overexpression of HMGB1 is 
associated with poor overall survival in patients 
with CRC [18].

In our study, we aimed to explore the role of 
miR-216b on development and progression of 
CRC and its value of prognosis and diagnosis in 
CRC.

resection. All clinicopathologic features of 
these patients were listed in Table 1. 

Cell culture

Colonic mucosal epithelial cell line (FHC) and 
CRC cell lines (HCT116, HCT8 and HT29) were 
obtained from the Chinese Academy Medical 
Science (China), Cell lines were cultured in 
Dulbecco’s modified Eagle medium (DMEM, 
HyClone, USA) containing 10% fetal bovine 
serum (FBS, HyClone, USA) in a humidified incu-
bator under 5% CO2 at 37°C.

Table 1. Correlation between miR-216b expression and different 
clinical characteristics

Characteristics
No. of 

Patients (%) 
(n=84)

MiR-216b expression
p valueLow (%) 

(n=42)
High (%) 
(n=42)

Age (years) 0.500
    <60 31 (36.9%) 17 (40.5%) 14 (33.3%)
    ≥60 53 (63.1%)  25 (59.5%) 28 (66.7%)
Sex 0.278
    Female 41 (49.4%) 18 (42.9%) 23 (54.8%)
    Male 43 (50.6%) 24 (57.1%) 19 (45.2%)
Tumor location 0.828
    Colon 45 (53.6%) 23 (54.8%) 22 (52.4%)
    Rectum 39 (46.4%) 19 (45.2%) 20 (47.6%)
Tumor size (cm) 0.327
    <5 33 (39.3%) 15 (35.8%) 18 (42.9%)
    ≥5 51 (60.7%) 27 (64.2%) 24 (57.1%)
Differentiation <0.01
    Well 8 (9.5%) 4 (9.5%) 4 (9.5%)
    Moderate 53 (63.1%) 20 (47.6%) 33 (78.6%)
    Poor 23 (27.4%) 18 (42.9%) 5 (11.9%)
Serum CEA level (ng/mL) 0.509
    <10 35 (41.7%) 19 (45.2%) 16 (38.1%)
    ≥10 49 (58.3%) 23 (54.8%) 26 (61.9%)
Local invasion 0.581
    T1-T2 16 (19.0%) 7 (16.7%) 9 (19.0%)
    T3-T4 68 (81.0%) 35 (83.3%) 33 (81.0%)
Lymph node metastasis   0.014
    N0 46 (54.8%) 21 (50.0%) 25 (59.5%)
    N1 27 (32.1%) 11 (26.2%) 16 (38.1%)
    N2 11 (13.1%) 10 (23.8%) 1 (2.4%)
TNM stage <0.01
    I 6 (7.1%) 1 (15.4%) 5 (2.2%)
    II 38 (45.2%) 11 (46.2%) 27 (44.4%)
    III 40 (47.7%) 30 (38.4%) 10 (53.4%)

Materials and methods

Patients and participants

Colorectal cancer and ma- 
tched adjacent normal tis-
sues (ANTs) were obtained 
from 84 CRC patients who 
underwent primary surgery 
resection at Nanjing First 
Hospital with written con-
sent. All tissue specimens 
were immediately stored in 
liquid nitrogen after surgery 
and stored in -80°C until 
RNA extraction, moreover, 
all these tissue specimens 
were also made into Paraffin 
sections (4 μm in thickness) 
stored at pathological de- 
partment. Plasma samples 
were collected from these 
CRC patients and 60 healthy 
volunteers. Blood were col-
lected in ethylene diamine 
tetraacetic acid (EDTA) anti-
coagulation tubes and cen-
trifuged at 3000 g for 5  
minutes. The plasma was 
separated into a 1.5 mL 
RNase-free centrifuge tube 
(Axygen, Union, Calif) and 
stored at -80°C until RNA 
isolation. This study was 
also approved by the ethics 
committees of Nanjing First 
Hospital. None of patients in 
this study underwent che-
motherapy or radiation ther-
apy before radical surgical 
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Cell transfection

The miR-216b mimic, mimic negative control 
(NC), pcDNA3.1-HMGB1 and blank vector were 
purchased from Applied Biologic Materials,  
Inc (Canada). The corresponding sequences 
were as follows: miR-216b mimic: sense: 5’- 
AAAUCUCUGCAGGCAAAUGUGA-3’ antisense: 
5’-ACAUUUGCCUCCAGAGAUUUUU-3’; and mi- 
mic NC: sense: 5’-UUCUCCGAACGUGUCACG- 
UTT-3’ antisense: ACGUGACACGUUCGGAGAA- 
TT-3’; After HCT116 and HT29 cells (5×105 
cells/well) were cultured in 6-well plates for 24 
h, miR-216b-mimic, pcDNA3.1-HMGB1 or cor-
responding controls were transfected into 
HCT116 and HT29 cells by Lipofectamine 2000 
reagent (Invitrogen, USA) in accordance with 
manufacturer’s protocol, respectively. 

Bioinformatics methods 

The potential target genes of miR-216b were 
predicted using miRanda (http://www.micror-
na.org/) and Starbase(http://starbase.sysu.
edu.cn/).

Plasmid constructs and luciferase reporter 
assay

The wild-type (WT) and mutant (MT) HMGB1 3’- 
untranslated regions (UTRs) were amplified by 
PCR and cloned into the pMIR-Report Luciferase 
vector (Ambion, USA). For luciferase assay, 
HT29 cells were seeded in 24 well plates, and 
transfected with WT or MT HMGB1 plasmid 
along with miR-216b mimic or miR-NC, respec-
tively. Transfection was carried out using 
Lipofectamine 2000 in accordance with the 
manufacturer’s procedure (Invitrogen, USA). 
Luciferase activities were analyzed 48 h after 
transfection using a Dual-luciferase Reporter 
Assay system (Promega, USA) and renilla lucif-
erase was used for normalization.

RNA extraction and quantitative real-time PCR 
(qRT-PCR)

Total RNA from tissue, cell and plasma samp- 
les using TRIzol reagent (Invitrogen, USA) and 
miRcute Serum/plasma miRNA isolation kit 
(TIANGEN, China) in accordance with the manu-
facturers’ instructions. miRNA cDNAs Synthesis 
Kit (Applied Biologic Materials, Inc, Canada) 
was performed to synthesize cDNA by reverse 
transcription reaction. EvaGreen miRNA qRNA 

MasteMix kits (Applied Biologic Materials, Inc, 
Canada) was performed to detect the expres-
sion of miR-216b. U6 was used as internal con-
trol for tissue samples and cells, and cae-
norhabditis elegans miR-39 (cel-miR-39) was 
used as internal control for plasma samples. 
For mRNA, the cDNA were reverse transcribed 
from total RNA using PrimeScript RT-PCR Kit 
(Takara, Dalian, China). RT-PCR for detecting 
HMGB1 mRNA expression levels in tissues and 
cells were performed with HMGB1 specific 
primes using SYBR Premix Ex TagTM II (Takara, 
Dalian, China) by ABI 7500 System (Applied 
Biosystem, Foster city, CA, USA), β-actin was 
used as internal control. The relative expres-
sion was calculated using 2-ΔΔCT. 

Western blot

Cells were harvested and lysed after 48 h 
transfection. Protein were separated by 10% 
SDS-PAGE, transferred to PVDF membranes 
(Millipore, USA). The membranes were blocked 
with Tris buffered saline with Tween 20 (ΤBST) 
containing 5% non-fat milk overnight at 4°C, 
then were blotted with primary antibodies 
against HMGB1, Janus kinase 2 (JAK2), phos-
phorylated JAK2 (p-JAK2, Tyr1007/1008), sig-
nal transducer and activator of transcription  
3 (STAT3), phosphorylated STAT3 (p-STAT3, 
Try705) and β-actin (Cell Signaling Technology, 
USA) at a concentration of 1:1000 at 4°C over-
night. After being washed, the membranes 
were incubated with secondary antibodies at 
room temperature for 1 h. Signal detection was 
carried out with the enhanced chemilumines-
cence system (ECL) reagent (KeyGEN BioTECH, 
China).

Immunohistochemistry 

Paraffin sections from pathological department 
were deparaffinised in xylene, followed by rehy-
dration in graduated alcohol, and incubated 
with 3% hydrogen peroxide for 10 min to block 
endogenous peroxidase. Epitope retrieval was 
performed by microwaving the slides in 0.01 M 
citrate buffer (pH 6.0). The sections were incu-
bated with 10% normal goat serum for 15min 
at room temperature. Thereafter, the slides 
were incubated with anti-HMGB1 (1:500, Cell 
Signaling Technology, USA) overnight at 4°C 
and then washed with TBST (3×10 min) before 
incubation with secondary antibody (Dako 
Cytomation) for 30 min at room temperature. 
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Figure 1. A. Expression levels of miR-216b in 
HCT116, HCT8, HT29 and FHC were analyzed by 
qRT-PCR. B. The relative expression of miR-216b in 
CRC tissues as compared with that in ANTs. U6 was 
used as a control, the results were obtained from 
three independent experiments, mean ± SD. C, D. 
Effects of miR-216b on overall survival of CRC pa-
tients. C. The prognostic value of miR-216b was as-
sessed in a public microarray databases of CRC from 
361 patients. D. Survival analysis indicated that the 
CRC patients with low miR-216b levels had shorter 
OS time compared with those with high miR-216 lev-
els in our study, *P<0.05, **P<0.01, ***P<0.001.
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For visualization, slides were incubated in the 
3,3’-diaminobenzedine solution until desired 
staining was approached. Finally, the sections 
were stained by hematoxylin and observed 
under a microscope and images were taken by 
a digital camera. The intensity of staining was 
scored by two independent pathologist in the 
following four categories: no staining =0, weak 
staining =1, moderate staining =2 and strong 
staining =3. Tumor cells in 4-8 fields were 
selected at random, and scored based on the 
percentage of positively stained cells (0-100%). 
The finally ICH score was calculated by multiply-
ing the percentage of positive cells with the 
intensity score. 

Cell proliferation assay

Cells at a concentration of 5×103 per well were 
seeded in the 96-well plate and incubated for 
12 h, 24 h, 48 h and 72 h. Cell viability was 
measured with a Cell Counting Kit-8 (CCK-8) 
KeyGEN BioTECH, China), following the manu-
facturer’s instructions. The absorbance (450 
nm) was assessed on a microplate reader (Bio-
Tek Instruments Inc., Winooski, VT, USA).

Wound-healing assay

Wound-healing assay was used to evaluate cell 
migration activity. Cells were wounded by scrap-
ing of four parallel lines with a 200 μl pipette 
tip, then washed with PBS and incubated in 
serum-free DMEM. Theses wounds were photo-
graphed at 0 h and 48 h after wounding under 
a microscope (Olympus, Japan).

Cell invasion assay

Cell invasion assay was performed using the 
24-well transwell chambers, pre-coating with 

Matrigel (BD Biosciences, USA). 100 μl serum-
free medium, containing 2×105 cells, were 
added into upper chamber. Then, 500 μl DMEM 
containing 15% FBS were added into the lower 
chamber. The cells were fixed with Methanol 
and stained by 0.05% crystal violet, then count-
ed under an inverted microscope (Olympus, 
Japan).

Tube formation assays

HVVECs cells (7×105) were suspended by the 
mixture of tumor-conditioned medium (TCM, 
300 µl) and DMEM containing 10% FBS (300 
µl), and then plated into a 24-well plate pre-
coated with matrigel (200 µl per well, BD 
Biosciences, USA). tube formation was obse- 
rved after 6 h incubation at 37°C and was 
imaged with a computer-assisted inverted 
microscope (Olympus, Japan), the number of 
tube branches was counted by image J 
software. 

Statistical analysis

All experiments were performed in triplicate.
The data are expressed as mean ± SD, and 
analyzed by SPSS 22.0 software. The Stu- 
dent’s t-test, one-way analysis of variance 
(ANOVA) were used to estimated the differenc-
es between groups. Pearson’s Mann-Whitney U 
test or χ2 test was performed to analyze the 
relationship between expression of miR-216b 
and clinicopathological features. Kaplan-Meier 
method was applied to assess overall survival 
(OS). The survival curves were compared with 
log-rank test. Follow-up time was censored if 
the patient was lost to follow-up. Cox propor-
tional hazards model was used to perform mul-
tivariate analysis and calculate the 95% confi-

Table 2. univariate and multivariate analysis for OS in patients with CRC 

Characteristics
Multivariate analysis for OS Univariate analysis for OS 

HR (95% CI) p HR (95% CI) p
Age (<60/≥60) - - 1.107 (0.705-1.739) 0.651
Gender (Female/Male) - - 0.851 (0.543-1.333) 0.481
Tumor location (colon/rectum) - - 0.808 (0.515-1.268) 0.353
Tumor size (<5/≥5) - - 0.923 (0.678-1.529) 0.134
Differentiation (well/moderate/poor) 1.938 (1.200-3.132) 0.017 3.848 (2.520-5.879) 0.012
CEA (<10/≥10) - - 0.954 (0.607-1.501) 0.840
Location invasion (T1+T2/T3+T4) - - 0.966 (0.496-1.883) 0.616
Lymph node metastasis (N0/N1/N2) 2.216 (1.557-3.153) 0.011 3.611 (2.506-4.604) 0.008
TNM stage (I/II/II) 1.742 (0.965-3.145) 0.01 3.506 (2.331-5.275) <0.001
miR-216b (low/high) 0.479 (0.245-0.939) 0.032 0.257 (0.156-0.424) 0.002
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dence interval (95% CI). The area under the 
receiver operating characteristic (ROC) curve 
was performed to assess the feasibility of plas-

ma miR-216b as a potential diagnostic bio-
marker for CRC. P<0.05 was considered to be 
statistically significant.

Figure 2. (A) Relative miR-216b levels were assessed 
in HCT116 and HT29 cells after transfection with 
miR-216b mimic or mimic-NC. miR-216b inhibits pro-
liferation, migration, invasion and angiogenesis in 
CRC cells. (B-E) Overexpression of miR-216b signifi-
cantly reduced proliferation (B), migration (C), inva-
sion (D) and angiogenesis (E) in HCT116 and HT29 
cells. **P<0.01, ***P<0.001.
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Results

The expression of miR-216b is downregulated 
in CRC tissues

To evaluate the expression of miR-216b in  
CRC cell lines, qRT-PCR was performed in 
HCT116, HCT8, HT29 and FHC. We found miR-
216b was significantly downregulated in CRC 
cell lines compared with FHC (Figure 1A). To 
confirm the association between miR-216b and 
CRC, we detected the expression of miR-216b 
in 84 paired CRC and adjacent normal tissues. 
Compared with ANTs, the tumor tissues exhib-
ited generally lower miR-216b levels (Figure 
1B).

Low expression of miR-216b in CRC tissues 
is associated with poor clinicopathological 
features and prognosis in CRC

To evaluate the clinical significance of miR-
216b expression in CRC tissues, we divided the 
84 CRC patients in our study into two groups 
(high and low miR-216b expression) with the 
median miR-216b expression levels serving as 
the cutoff point between the two groups. As 
shown in Table 1, lower levels of miR-216b was 
significantly correlated with differentiation, 
Lymph node metastasis and TNM stage (P< 
0.05). Taken together, these findings indicated 
that downregulated miR-216b expression was 
correlated with the development and progres-
sion of CRC.

results indicated that downregulated miR-216b 
levels were significantly associated with short-
er OS time (Figure 1D) and the median OS time 
was 54.8 months. Moreover, a univariate analy-
sis showed that differentiation, lymph node 
metastasis, TNM stage and miR-216b were sig-
nificantly associated with OS in CRC patients 
(Table 2). A multivariate analysis also showed 
that miR-216b was an independent prognostic 
indicator for OS (Table 2).

miR-216b suppresses growth, migratory and 
invasive activity of CRC cells 

To further study the regulatory role of miR-216b 
in CRC, HCT116 and HT29 were transfected 
with miR-216b mimic to upregulate its expres-
sion, qRT-PCR was used to confirm the efficien-
cy of transfection (Figure 2A). We found that 
overexpressed miR-216b reduced CRC cell  
proliferation (Figure 2B). To exam the effect of 
miR-216b on the metastasis of CRC cells, we 
upregulated miR-216b in HCT116 and HT29. 
Wound-healing assay showed a significantly 
decrease of cell migration in miR-mimic group 
compared with miR-NC group (Figure 2C). 
Moreover, Transwell assay showed that the 
number of invasive cells in the miR-mimic group 
was significantly reduced compared with that in 
the miR-NC group (Figure 2D).

miR-216b inhibits angiogenesis in vitro

HUVEC tube formation assays was performed 
to explore whether miR-216b could inhibit 

Figure 3. (A, B) HMGB1 protein 
(A) and mRNA (B) expression 
levels were analyzed in HCT116, 
HCT8, HT29 and FHC by qRT-
PCR, *P<0.05, **P<0.01.

Kaplan-Meier survival analy-
sis was then used to evalu-
ate the relationship between 
the expression of miR-216b 
and survival time. Firstly, we 
examined the effect of miR-
216b on overall survival (OS) 
in patients with CRC using 
online KMPLOT site, PROG 
gene V2. CRC patients were 
divided into two subgroups, 
high miR-216b and low miR-
216b, based on their median 
expression. As shown in Fig- 
ure 1C, compared with pati- 
ents with a high miR-216b 
expression, the patients with 
a low miR-216b expression 
has poorer overall survival 
(P<0.05). In our study, The 
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angiogenesis in CRC. HUVECs were suspended 
in TCM from CRC cells and cultured wells coat-
ed by 200 µl matrigel for 6 h at 37°C. The 
results showed that compared with TCM from 

CRC cells transfected with mimic-NC, TCM from 
CRC cells transfected with mimic resulted in 
decreased tube formation of HUVECs (Figure 
2E).

Figure 4. (A) Predicted miR-216b target sequence in 
HMGB1 3’-UTR was shown. (B) The predicted bind-
ing sites for miR-216b in the 3’-UTR of HMGB1 and 
the mutations in the binding sites are shown. (C) 
HT29 cells were cotransfected with miR-216b mim-
ic or mimic-NC and wild-type (WT) or mutant-type 
(MT) HMGB1 3’-UTR reporter plasmid. Luciferase 
activity was measured 48 h after transfection. (D, 
E) HMGB1 mRNA (D) and protein (E) expression lev-
els were measured in HCT116 and HT29 cells after 
transfection with miR-216b mimic or mimic-NC by 
qRT-PCR and western blot, respectively. β-actin was 
used as internal control, **P<0.01.
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The expression of HMGB1 is upregulated in 
CRC cell lines

To evaluate HMGB1 protein expression, west-
ern blot analysis was conducted on protein 
samples extracted from HCT116, HCT8, HT29 
and FHC. Compared with FHC, the expression 
of HMGB1 protein was significantly higher in 
HCT116, HCT8 and HT29 (Figure 3A). qRT-PCR 
was used to determine the expression of 

HMGB1 mRNA in HCT116, HCT8, HT29 and 
FHC, we found that HCT116, HCT8 and HT29 
revealed higher HMGB1 mRNA compared with 
those in FHC (Figure 3B). 

HMGB1 is a direct target of miR-216b in HT29 
cells

To identify the potential molecular mechanisms 
underlying miR-216b-induced inhibition of CRC 

Figure 5. The relationship between miR-216b and HMGB1 in CRC tissues. A. Representative immunohistochemical 
staining (×200) for HMGB1 from CRC tissues and corresponding ANTs. B. IHC scores of HMGB1 in low miR-216b 
CRC tissues were significantly higher than that of high miR-216b CRC tissues. C. The correlation analysis were per-
formed between the levels of miR-216b expression and ICH scores of HMGB1 in CRC tissues. D. HMGB1 mRNA in 
84 CRC specimens and corresponding ANTs were assessed by qRT-PCR. E. The correlation analysis was performed 
between HMGB1 mRNA and miR-216b expression levels. **P<0.01.
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Figure 6. Upregulation of HMGB1 reversed 
the tumor suppressive effect of miR-216b 
in CRC. (A) HMGB1 protein expression was 
assessed in HCT116 and HT29 cells trans-
fected with mimic and pcDNA3.1-HMGB1 or 
blank vector. (B-D) Cell proliferation, migra-
tion, invasion and angiogenesis were de-
tected in HCT116 and HT29 cells transfected 
with mimic and pcDNA3.1-HMGB1 or blank 
vector by CCK-8 (B), wound healing (C), tran-
swell invasion (D) and tube formation (E) as-
says. *P<0.05, **P<0.01, ***P<0.001.
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biology, miRanda and Starbase were performed 
to analyze the potential targets of miR-216b. As 
shown in Figure 4A, HMGB1 might be a poten-
tial target gene of miR-216b, which was testi-
fied by luciferase reporter assay. The WT or MT 
3’-UTR of HMGB1 was created (Figure 4B), 
each renilla luciferase vector or firefly lucifer-
ase vector was cotransfected with miR-216b 
mimic or mimic-NC into HT29. As shown in 
Figure 4C, the luciferase activity of HMGB1 
3’-UTR-WT but not HMGB1 3’-UTR-MT was 
decreased approximately 50% by miR-216b 
mimic compared to the miR-NC, indicating that 
miR-216b could directly bind to the 3’-UTR of 
HMGB1. Subsequent experiments demonstrat-
ed that miR-216b overexpression markedly 
inhibited both HMGB1 mRNA and HMGB1 pro-
tein expression (Figure 4D, 4E). Based on these 
findings, we concluded that HMGB1 is a direct 
target gene of miR-216b in CRC.

The relationship between miR-216b and 
HMGB1 in CRC tissues

To investigate whether HMGB1 up-regulation in 
CRC tissues compared with those in ANTs, qRT-
PCR and IHC analysis were done in 84 matched 
CRC tissues and ANTs. protein levels of HMGB1 
were found to be significantly over-expressed in 
CRC tissues compared with ANTs (Figure 5A). 
We also analyzed HMGB1 protein expression in 
CRC tissues with different miR-216b levels, the 
low versus high miR-216b expression was 
defined as the median value of miR-216b level 
according to the cohort of tested patients. As 
show in Figure 5B, the levels of HMGB1 protein 
expression in low-miR-216b CRC tissues were 
significantly higher than that of high-miR-216b 
CRC tissues, P<0.01. Meanwhile, a significant 
reverse correlation was found between HMGB1 
protein levels and miR-216b expression levels 
in CRC tissues (Figure 5C). In addition, the 
expression of HMGB1 mRNA was also increased 
in CRC tissues than that in ANTs and a negative 
correlation was found between HMGB1 mRNA 
and miR-216b expression levels in CRC tissues 
(Figure 5D, 5E).

miR-216b inhibited cell proliferation, migra-
tion, invasion and angiogenesis by targeting 
HMGB1

As HMGB1 has been reported to be an impor-
tant oncogene in CRC [18], we speculated that 
HMGB1 might be involved in miR-216b-mediat-
ed inhibition of the malignant phenotypes of 

CRC cells. To verify our speculation, miR-
216b-overexpression HCT116 and HT29 cells 
were further transfected with pcDNA3.1-
HMGB1 plasmid to restore its expression, after 
transfection, western blot data showed the 
decreased HMGB1 level was markedly upregu-
lated (Figure 6A).

CCK-8 assay, wound healing assay, transwell 
and tube formations assays were further used 
to assess the cell proliferation, migration, inva-
sion and angiogenesis, respectively. As shown 
in Figure 6B, compared with mimic + vector 
group, the cell proliferation was significantly 
increased in the mimic + HMGB1 group. More- 
over, the migratory and invasive ability of CRC 
cells were also higher in the mimic + HMGB1 
group, when compared to those in mimic + vec-
tor group, respectively (Figure 6C, 6D). Lastly, 
restoration of the expression of HMGB1 could 
also increase tube-formation ability in CRC 
(Figure 6E).

Downregulation of miR-216b activates JAK2/
STAT3 signaling way through HMGB1

To investigate whether the JAK2/STAT3 signal-
ing pathway is involved in the downregulation of 
miR-216b observed in HCT116 and HT29 cells, 
the expression levels of JAK2, p-JAK2, STAT3, 
p-STAT3 were measured by western blot. We 
found overexpression of miR-216b significantly 
decreased the expression of p-JAK2 and p- 
STAT3 protein in HCT116 and HT-29 cells 
(Figure 7A). These data showed that miR-216b 
upregulation might inhibit the malignant pro-
gression of CRC by inactivating the JAK2/STAT3 
signaling pathway.

To further demonstrated whether miR-216b 
promoted the progression of CRC through 
HMGB1-mediated JAK2/STAT3 signaling way. 
HCT116 and HT29 cells were transfected with 
mimic along with pcDNA3.1-HMGB1 or blank 
vector, the results indicated that the expres-
sion of p-JAK2 and p-STAT3 were obviously 
increased in mimic + HMGB1 group, when com-
pared to mimic + vector group (Figure 7B). 
Taken together, these findings implied that 
downregulated miR-216b activates JAK2/
STAT3 signaling way through HMGB1.

miR-216b might be a potential prognostic 
biomarker in CRC

To determine whether plasma miR-216b could 
be a screening biomarker for CRC, we com-
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Figure 7. miR-216b promoted CRC malignant progression through JAK2/STAT3 signaling pathway. A. Representative western blotting results for JAK2, p-JAK2, STAT3 
and p-STAT3 from HCT116 and HT29 cells transfected with mimic or mimic-NC, respectively. B. Representative western blotting results for JAK2, p-JAK2, STAT3 and 
p-STAT3 from HCT116 and HT29 cells transfected with mimic and pcDNA3.1-HMGB1 or blank vector, respectively. **P<0.01.
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pared plasma miR-216b level between healthy 
volunteers and patients with CRC. The results 
showed that plasma miR-216b level in CRC 
patients group was markedly lower than the lev-
els in the healthy controls group (Figure 8A). An 
ROC curve curve was constructed for distin-
guishing healthy controls from CRC patients. 
The results indicated that the AUC was up to 
0.642 (95% CI, 0.541-0.744; p<0.1) (Figure 
8B). On the cutoff values from ROC curves, 
when the cutoff value of plasma miR-216b was 
-0.155, sensitivity was 66.0%, and specificity 
was 63.1%.

Discussion

In recent years, increasing studies have been 
showed that dysregulation of miRNAs, acting as 
tumor suppressor or oncogene, played a key 
role in the occurrence and development of 
many cancers [19-23]. Moreover, the biological 
functions of miRNAs in CRC are becoming rec-
ognized and increasing researches have shown 
dysregulated expression of miRNAs play an 
important role in tumorigenesis and the devel-
opment of CRC [24-27].

miR-216b is a member of miR-216 family which 
consists of miR-216a and miR-216b, miR-216 
family has been found to be altered expression 
in many kinds of cancers and be involved in bio-
logical process including cell proliferation, dif-
ferentiation and metastasis, including pancre-

atic cancer [28, 29], liver cancer [11, 30], 
breast cancer [31], colorectal cancer [32], gas-
tric cancer [33] and nasopharyngeal carcinoma 
[10]. However, the function of miR-216b in CRC 
is largely unknown.

In the present study, we firstly observed that 
miR-216b was downregulated in both human 
CRC tissue samples and CRC cells compared 
with that in ANTs or colonic mucosal epithelial 
cell line (FHC) by qRT-PCR. Moreover, low miR-
216b was markedly associated with the TNM 
stage, lymph node metastases, differentiation 
and poor OS. Kaplan-Meier survival analysis 
and log-rank tests were also performed to 
investigate the correlation between miR-216b 
expression and prognosis of CRC patients, we 
found that patients with lower miR-216b 
expression had a obviously poorer prognosis 
than those with higher miR-216b expression. In 
addition, after up-regulating the expression of 
miR-216b by transfecting with mimic in HCT-
116 and HT-29 cells, we found overexpression 
of miR-216b could not only inhibit CRC cell pro-
liferation by CCK-8 assay, but reduce the migra-
tory and invasive ability of CRC cells using 
wound-healing assay and transwell assay. 
Lastly, our results verified that upregulation 
miR-216b could suppress angiogenesis by tube 
formation assay.

HMGB1, normally located in the nucleus, can 
be released by tumor cells and inflammatory 

Figure 8. Plasma levels of miR-216b were downregulated in patients with CRC. A. The relative levels of miR-216b in 
patients with CRC and healthy controls. All data were normalized to cel-miR-39 and shown as log10. B. ROC curves 
for miR-216b in 84 patients with CRC and 50 healthy controls. **P<0.01.
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cells [34]. Recently, increasing studies have 
demonstrated that HMGB1 expression in CRC 
tissues was significantly up-regulated com-
pared with that in corresponding non-cancer-
ous mucosa [35], which was consistent with 
our data. In addition, overexpression of HMGB1 
has also been correlated with invasion, metas-
tasis and poor prognosis in CRC [18]. These 
studies suggested that HMGB1 functioned as 
an oncogene in CRC.

It is well known that miRNAs perform their func-
tion by regulating their target genes. HMGB1 
has been reported to a target gene of many 
miRNAs, including miR320a [36], miR-193a-3p 
[37], miR-142 [38] and miR-218 [39]. Here, bio-
informatics analysis indicated HMGB1 might be 
the functional target gene for miR-216b. Next, a 
luciferase reporter assay was performed to 
demonstrate that HMGB1 is a direct target of 
miR-216b as showed that ectopic expression of 
miR-216b decreased luciferase activity of the 
WT HMGB1-3’UTR and miR-216b downregulat-
ed HMGB1 expression both on mRNA and pro-
tein level. What’s more, we found that HMGB1 
mRNA and protein expression in CRC was obvi-
ously increased compared with that in FHC or 
ANTs, which was inversely correlated with miR-
216b in CRC tissues. Besides, we also verified 
that HMGB1 upregulation could reverse the 
effects on cell proliferation, migration and inva-
sion mediated by miR-216b overexpression in 
CRC cells. Furthermore, increasing studies 
have reported that HMGB1 could contribute 
tumor angiogenesis in various cancers, includ-
ing colorectal cancer [40, 41], and our results 
showed miR-216b in CRC involved in regulation 
of HUVECs angiogenesis at least partially 
depended on the regulation of HMGB1. These 
results indicated that miR-216b functioned  
as a tumor suppressor by inhibiting HMGB1 
expression.

Previous research showed that HMGB1 was 
engaged in JAK/STAT/NF-κB signaling pathway 
[42-44], and JAK2/STAT3/NF-κB signaling are 
critical for the progression and development of 
various cancers, making them focal points of 
cancer research [45-49]. In this study, we found 
that p-JAK2 and p-STAT3 protein levels were 
decreased by miR-216b overexpression. To fur-
ther explore the mechanism that might be 
involved in the miR-216b associated malignant 
progression of CRC, we examined the effect of 

miR-216b-mediated HMGB1 regulation on 
JAK2/STAT3 activation. Our study showed that 
the expression of p-JAK2 and p-STAT3 were 
markedly upregulated in mimic + HMGB1 
group, when compared to mimic + vector group. 
These results indicated that downregulated 
miR-216b promoted the development and pro-
gression of CRC, at least partially by targeting 
HMGB1-mediated JAK2/STAT3 pathway.

Lastly, we tested the diagnostic value of plas-
ma miR-216b in differentiating people without 
CRC from CRC patients. We observed that plas-
ma miR-216b levels from CRC patients were 
significantly lower than the levels from healthy 
controls. This result suggested that plasma 
miR-216b had a potential diagnostic value in 
CRC.

Conclusion

In summary, our study showed that miR-216b 
was downregulated in CRC tissue samples and 
cell lines. Moreover, the expression of miR-
216b was reversely associated with the TNM 
stage, lymph node metastases, differentiation 
and poor OS. Mechanistically, we demonstrat-
ed that miR-216b inhibited proliferation, migra-
tion, invasion and angiogenesis of CRC by tar-
geting HMGB1. Additionally, we showed that 
downregulated miR-216b might promote the 
development and progression of CRC at least 
partially through JAK2/STAT3 signaling way. 
Lastly, we found the expression of plasma miR-
216b was decreased in CRC patients com-
pared with that in healthy controls. These find-
ings may provide a new insight into the 
molecular mechanism of CRC, and implied that 
miR-216b might be a potential biomarker and 
therapeutic target for CRC.
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