Am J Transl Res 2016;8(3):1551-1559
www.ajtr.org /ISSN:1943-8141/AJTR0025808

Original Article

Deregulation of MicroRNA-375 inhibits cancer
proliferation migration and chemosensitivity in
pancreatic cancer through the association of HOXB3
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Abstract: Background: The expression pattern and regulatory effect of microRNA-375 (miR-375) in human pan-
creatic cancer was explored. Methods: Gene expression of miR-375 was compared between pancreatic tumors
and non-tumorous pancreatic tissues, as well as pancreatic cancer cell lines and normal epithelial cells. MiR-375
was downregulated in pancreatic cancer cell lines, Capan-1 and PANC-1 cells, to assess possible tumor suppres-
sive effects on cancer proliferation, migration, cisplatin chemosensitivity and in vivo growth of tumor explant. The
regulation of miR-375 on its target gene, homeobox B3 (HOXB3) gene, was assessed though luciferase activity as-
say and gRT-PCR. HOXB3 was also downregulated in Capan-1 and PANC-1 cells to assess its functional correlation
with miR-375 on cancer regulation. Results: MiR-375 was upregulated in pancreatic tumors and pancreatic cancer
cell lines. MiR-375 downregulation had tumor suppressive effects in Capan-1 and PANC-1 cells by reducing cancer
proliferation & migration, increasing cisplatin sensitivity and inhibiting in vivo tumor explant growth. HOXB3 was
directly bound by miR-375, and was negatively regulated by miR-375 in pancreatic cancer cells. Subsequent HOXB3
downregulation reversed the suppression of miR-375 downregulation on cancer proliferation, migration and cispla-
tin chemosensitivity in pancreatic cancer. Conclusion: MiR-375 is an oncogene in pancreatic cancer. Deregulation
of miR-375 is inhibitory to the development of pancreatic cancer, and reversely regulated by HOXB3.
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Introduction regions (3’-UTRs) of targeted genes to suppress
gene and protein production, thus exerting
various regulatory functions on tissue and
organ development in both animal and humans
[6, 7]. In pancreatic cancer, miRNAs have been
found to be aberrantly expressed in tumor tis-
sues, and subsequently play critical roles in car-
cinogenesis, cancer development and metasta-
sis through multiple signaling pathways [8-10].
Among many of the tumor-associated miRNAs,
microRNA-375 (miR-375) has been mostly iden-
tified as a tumor suppressor. In cervical cancer,
hepatocellular carcinoma, liver cancer or gas-
tric cancer, miR-375 was found to be downre-
gulated in human tumors or tumor cell lines,
and upregulation of miR-375 exerted inhibitory

Pancreatic ductal adenocarcinoma, or pancre-
atic cancer is one of the most malignant tu-
mors for both men and women worldwide [1, 2].
Due to the heterogeneous nature of carcino-
genesis and pathology, early diagnosis and
prevention of pancreatic cancer are very diffi-
cult [3, 4]. For patients diagnosed with pancre-
atic cancer, postoperative tumor reoccurrence
is often the case and 5-year survival rate is
below 10% [1, 3]. During past decades, though
many signaling pathways have been identified
to play important roles in pancreatic cancer
development and progression, little progress
has made on the clinical side to identify effi-
cient biomarkers and targeted genes for pan-

creatic cancer diagnosis and therapy [4, 5]. effects on tumor development, progression,
metastasis and apoptosis [11-14]. Interestingly,
MicroRNAs (miRNAs) are groups of small non- a recent microarray study showed an opposite

coding RNAs that bind the 3’-untranslated expression pattern of miR-375 in pancreatic
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cancer, as miR-375 was upregulated in human
pancreatic tumors than in normal pancreatic
tissues [15]. This suggests that miR-375 may
have distinctly different functional roles in pan-
creatic cancer than in other cancers.

In this study, we decided to follow up on miR-
375 to elucidate its expression and functions
in pancreatic cancer. We firstly used quantita-
tive method, qRT-PCR, to assess the expres-
sion level of miR-375 in both in vivo pancreatic
tumors and in vitro pancreatic cancer cell lines.
We then downregulated endogenous miR-375
in pancreatic cancer cell lines to investigate
its effect on cancer proliferation, migration, cis-
platin chemosensitivity and in vivo growth of
tumor explant. We then took further steps to
explore the downstream target gene of miR-
375 in pancreatic cancer, using the methods
including luciferase activity assay and siRNA-
mediated gene downregulation. The results of
this study would undoubtedly further our under-
standings on the molecular mechanisms of
microRNA regulation pancreatic cancer.

Materials and methods
Pancreatic tumor samples and cell lines

Paired pancreatic tumor samples (T), and their
adjacent non-tumorous pancreatic epithelial
tissues (ANT) were extracted from 22 patients
at Changzheng and Changhai Hospitals be-
tween Jun 2014 to December 2015. All patients
signed consent forms. All procedures were ap-
proved by the Ethic Committees at Chang-
zheng and Changhai Hospitals in Shanghai,
China, and conducted in accordance with the
regulations of Declaration of Helsinki. All clini-
cal samples, upon retrieval, were immediately
snap-frozen in liquid nitrogen and started at
-80°C until further processed.

Ten pancreatic cancer cell lines were used in
this study. HS-766T, Capan-1, PANC-1, Mia
PaCa-2 were obtained from ATCC (American
Type Culture Collection, USA). HPAC, AsPC-1
BxPC-3, Capan-2, CFPAC-1 and SW1990 were
obtained from Cell bank of Type Culture
Collection of Chinese Academy of Sciences
(Shanghai, China). A control human pancreatic
duct epithelial-like cell line, hTERT-HPNE was
obtained from ATCC. All cells were cultured in
RPMI-1640 medium (ThermoFisher Scientific,
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USA) supplemented with 10% fetal calf serum
(FCS, Sigma Aldrich, USA), and maintained in
an atmosphere of 95/5% 0,/CO, at 37°C.

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

Total RNA of pancreatic tumors samples or
cell lines was extracted using a mirVana
miRNA Isolation Kit (Ambion, USA) according
to the manufacture’s recommendation. RNA
quality was determined by A Nano-Drop
ND-3000UV-spectrophotometer(ThermoFisher
Scientific, USA) according to manufacturer’s
recommendation. Quantitative real-time PCR
(gRT-PCR) was performed on an ABI Prism
7300 Sequence Detector System (Applied
Biosystems, USA) to determine the gene
expression levels of hsa-miR-375 and HOXB3.
For hsa-miR-375, a Tagman MicroRNA Assays
(Applied Biosystems, USA) was carried out
using U6 snRNA as loading standard. For
HOXB3, a miScript SYBR Green PCR Kit (Qiagen,
USA) was carried out using 18s as loading stan-
dard. Fold changes of gene expression was
determined by 24t method, where Ct stands
for the cycle number and ACt was calculated by
subtracting the Ct of loading standards (U6 or
18s) from the Ct of genes of interest (hsa-
miR-375 or HOXB3).

MIiR-375 downregulation assay

Endogenous miR-375 expressions were down-
regulated in two pancreatic cell lines, Capan-1
and PANC-1 cells through lentiviral transduc-
tion. Lentiviruses containing the synthetic oligo-
nucleotides of hsa-miR-375 inhibitor (L-miR375-
In), and non-specific control miRNA (L-miR-C)
were purchased from RiboBio (RiboBio Biotech,
China). Capan-1 and PANC-1 cells were trans-
duced with L-miR375-In or L-miR-C, and 8 ug/
mL polybrene, at multiplicity of infection (MOI)
of 15~20 for 12 h. After that, cells were cul-
tured with freshly prepared medium without
lentiviruses for another 72 h. Transduction effi-
ciency was then checked by qRT-PCR.

Proliferation assay
Capan-1 and PANC-1 cells were seeded in
96-well plate (5 x 102 cells/well). Cancer prolif-

eration was determined by a Vybrant® Cell MTT
(3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyl-tet-
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Figure 1. Expression of miR-375 in pancreatic tumors and cell lines. A. In clinical samples retrieved from 22 patients
with pancreatic cancer, qRT-PCR was performed to compare endogenous miR-375 expression between pancreatic
tumors (T) and their adjacent non-tumorous pancreatic epithelial tissues (ANT) (*P < 0.05, Student’s t-test). B. En-
dogenous miR-375 expression was also compared between a human pancreatic duct epithelial-like cell line hTERT-
HPNE, and ten pancreatic cancer cell lines, HS-766T, Capan-1, PANC-1, Mia PaCa-2, HPAC, AsPC-1 BxPC-3, Capan-2,

CFPAC-1 and SW1990 (*P < 0.05, Student’s t-test).

razoliumbromide) Proliferation Assay (Thermo-
Fisher Scientific, USA) at 1, 2, 3, 4 and 5 days
after seeding. The absorbance was measured
by a spectrophotometer reader (Bio-Tek, USA)
at 490 nm.

Migration assay

In a transwell migration assay (ThermoFisher
Scientific, USA), Capan-1 and PANC-1 cells were
seeded in matrigel pre-coated inserts (5 x 10*
cells/insert) in RPMI-1640 medium with 2%
FCS. The lower chambers were filled with RPMI-
1640 medium with 10% FCS as chemoattrac-
tant. 24 h after seeding, the inserts were
removed. Cells invaded into lower chambers
were fixed by methanol, stained with crystal
violet, and visualized under a Zeiss inverted
light microscope (LSM700, Zeiss, Germany). In
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each well, cells within five random fields were
counted. The average number of migrated cells
under each experimental condition was then
calculated, and normalized to the averaged
numbers under control conditions to assess
relative migration capability.

Cisplatin assay

Capan-1 and PANC-1 cells were seeded in
96-well plate (5 x 102 cells/well). When cells
reached ~80% confluence, cisplatin (0.01~100
uM) was added into wells for 24 h, followed by
MTT assay. For each experimental condition,
relative percentage of viable cells was deter-
mined by normalizing the MTT assay absor-
bances to the absorbance of 0.01 uM cisplatin
treatment under control condition.

Am J Transl Res 2016;8(3):1551-1559
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were sacrificed and tumor
explants were retrieved for
inspection.

Luciferase activity assay

Human HOXB3 3-UTR, includ-
ing the complimentary bind-
ing site of hsa-miR-375, was
inserted downstream of the
firefly cassette of pmirGLO
dual-luciferase miRNA target
expression vector (Promega,
USA) to make HOXB3-3UTR
luciferase plasmid. The bind-
ing site on HOXB3 3’-UTR was
then mutated by a site-direct-

ed gene mutagenesis Kkit
P<0.01

1 2 3 4 5 1
Proliferation duration (day)
PANC-1 D

.

C Capan-1

120 1
00 |

-
2]
[=]

L

Migration (%)
)
=)

L-miR375-n .=

Figure 2. Effect of miR-365 downregulation on pancreatic cancer prolifera-
tion and migration (A) Two pancreatic cancer cell lines, Capan-1 and PANC-1
cells were transduced with miR-375 inhibitor lentivirus (L-miR375-In), or a
non-specific control miRNA lentivirus (L-miR-C). After transduction was stab-
alized, transduction efficiency was examined by qRT-PCR on endogenous
expressions of miR-375 in Capan-1 and PANC-1 cells (*P < 0.05, Student’s
t-test). (B) In lentivirus-transduced Capan-1 and PANC-1 cells, an MTT as-
say was performed for 5 days. Absorbances at 490 nm were measured and
compared between pancreatic cancer cells transduced with L-miR375-In and
cells transduced with L-miR-C (P < 0.01, one-way ANOVA). (C) In lentivirus-
transduced Capan-1 and PANC-1 cells, a transwell migration assay was
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(Beyotime, China). The mutat-
ed HOXB3 3-UTR was also
cloned into pmirGLO firefly
cassette to make HOXB3-
3UTR (Mu) luciferase plasmid.
Synthetic oligonucleotides of
miR-375 mimics (MiR375-
mimics) and scramble-miRNA
(miR-S) were purchased from
SunBio (SunBio Tech, Guang-
zhou, China). In HEK293T
cells, co-transfection of HO-
XB3-3UTR, HOXB3-3UTR (Mu)
or Renilla luciferase plasmid,
and miR375-mimics or miR-S,
was performed using Dhar-
maFECT 4 transfection re-
agent (Dharmacon, USA). 48
h after co-transfection, a lucif-
erase activity assay (Promega,
USA) was performed. Firefly
luciferase activities were nor-
malized to Renilla luciferase
activities.
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performed. Light images were shown for migrating cells transduced with L-

miR375-In and cells transduced with L-miR-C. (D) Relative migrations were
quantified and compared between cells transduced with LmiR375-In and

HOXB3 downregulation assay

cells transduced with L-miR-C (*P < 0.05, Student’s t-test).

In vivo tumor explant assay

With lentiviral transfection, Capan-1 cells were
subcutaneously inoculated into left flanks of
athymic female nude mice (1 x 10° cells/
mouse). The weekly growth-curve of the size of
in vivo tumor explants was plotted as by mea-
suring the lengths (L, mm) and widths (W, mm)
of explants and using the equation, L*W*W/2
(mm?3). Five weeks after the in vivo assay, mice

1554

HOXB3 specific siRNA (siRNA-

HOXB3) and a non-specific
siRNA (siRNA-C) were purchased from SunBio
(SunBio Tech, Guangzhou, China). Capan-1 and
PANC-1 cells were transfected with 100 nM
siRNA-HOXB3 or siRNA-C for 24 h. Transfection
efficiency was checked by gRT-PCR.

Statistical analysis

All experiments were performed by at least
three independent repeats. Data were present-

Am J Transl Res 2016;8(3):1551-1559
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Figure 3. Effect of miR-375 downregulation on pancreatic cancer chemosen-
sitivity and in vivo tumor explants. A. In lentivirus-transduced Capan-1 and
PANC-1 cells, cisplatin, at concentrations of 0.01, 0.1, 1, 10, 50 and 100 uM,
were added into culture for 24 h. Cell viability was assessed using MTT assay
and compared between cells transduced with L-miR375-In and cells trans-
duced with LLmiR-C (P < 0.01, one-way ANOVA). B. Capan-1 cells, transduced
with L-miR375-In or L-miR-C, were injected into left flanks of adult null mice.
The lengths (L, mm) and widths (W, mm) of explants were measured weekly
and explant sizes were calculated using the equation, L¥XW*W/2 (mm?). The
in vivo tumor explant assay was carried out for 5 weeks (P < 0.01, one-way
ANOVA). C. At the end in vivo assay, mice were sacrificed. Tumor explants
transduced with L-miR375-In and tumor explants transduced with L-miR-C
were showed.

ed as means + SEM. Statistical analysis was
done using SPSS 11.0 software (SPSS, USA).
Unpaired two-tail student’s t-test was used to
analyze differences between two groups of
data. One-way ANOVA with post-hoc test was
used to analyze differences between three or
more groups of data. P values of <0.05 were
considered as significantly different.

Results

ed from 22 patients diag-
nosed with pancreatic cancer.
Analysis showed that in all
patients, miR-375 was signifi-
cantly upregulated in tumors
than in non-tumorous pancre-
atic epithelial tissues (Figure
1A, *P < 0.05). In addition,
miR-375 expression was com-
pared between a human pan-
creatic duct epithelial-like cell
line hTERT-HPNE and 10 well-
defined in vitro pancreatic
cancer cell lines, HS-766T,
Capan-1, PANC-1, Mia PaCa-
2, HPAC, AsPC-1 BxPC-3,
Capan-2, CFPAC-1 and SW-
1990. Analysis of gRT-PCR
demonstrated that, similar to
the expression pattern in pan-
creatic tumors, miR-375 were
also significantly upregulated
in all pancreatic cancer cell
lines (Figure 1B, *P < 0.05).

MIR-375 downregulation
reduced pancreatic cancer
proliferation and migration

In order to understand the
underlying mechanism of miR-
375 in pancreatic cancer, we
transduced lentivirus of miR-
375 inhibitor (L-miR375-In)
into pancreatic cell lines
Capan-1 and PANC-1 to cre-
ate pancreatic cancer cells

with stable miR-375 inhibition. Analysis of qRT-
PCR confirmed that, Capan-1 or PANC-1 cells
transduced with L-miR375-In had significant
low level of endogenous miR-375 expressions
than cells transduced with a control miRNA len-
tivirus, L-miR-C (Figure 2A, *P < 0.05).

We then explored the cancer-related effects of
miR-375 downregulation in lentivirus-trans-
duced Capan-1 and PANC-1 cells. Firstly, an

MTT-assay was performed. After 5 days, it

MIiR-375 was upregulated in pancreatic tu-
mors and pancreatic cancer cell lines

showed miR-375 downregulation significantly
reduced cancer proliferation in both Capan-1

and PANC-1 cells (Figure 2B, P < 0.01, one-way

We used qRT-PCR to examine miR-375 expres-
sion in both clinical samples of pancreatic
tumors and in vitro pancreatic cancer cell lines.
Paired tumor tissues (T) and adjacent non-
tumorous epithelial tissues (ANT) were obtain-
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ANOVA). Secondly, a transwell migration assay
was performed. The light images showed that,
significantly less cells migrated into lower
chambers while miR-375 was downregulated in
Capan-1 or PANC-1 cells (Figure 2C). Using

Am J Transl Res 2016;8(3):1551-1559
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Figure 4. Association of miR-375 with HOXB3 gene in
pancreatic cancer. A. Diagrams were shown for hu-
man HOXB3 gene 3’-UTR with binding sites of miR-
375 (Upper panel), and a mutated (Mu) OXB3 3’-UTR
without binding site of miR-375 (Lower panel). B. In
HEK293T cells, HOXB3-3UTR, HOXB3-3UTR (Mu) or a
Renilla luciferase plasmid, were co-transfected with
miR375-mimics or scrambled miRNA (miR-S). 48 h
after co-transfection, a luciferase activity assay (Pro-
mega, USA) was performed (*P < 0.05, AP > 0.05,
Student’s t-test). C. In lentivirus-transduced Capan-1
and PANC-1 cells, qRT-PCR was used to compare
HOXB3 expression between cells transduced with L-
miR375-In and cells transduced with L-miR-C (*P <
0.05, Student’s t-test).

quantitative assessment, we confirmed that
pancreatic cancer migration capabilities were
significantly reduced by miR-375 downregula-
tion (Figure 2D, *P < 0.05).

MiR-375 downregulation increased pancreatic
cancer cisplatin sensitivity and inhibited in vivo
growth of tumor explant

We also explored the effect of miR-375 down-
regulation on chemosensitivity in pancreatic
cancer cells. After lentivirus transduction,
Capan-1 and PANC-1 cells were incubated with
cisplatin at concentrations of 0.01, 0.1, 1, 10,
50 and 100 uM for 24 h. The viable cells were
then measured by MTT assay and compared
between cells transduced with L-miR375-In
and cells transduced with L-miR-C. It showed
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that miR-375 downregulation significantly
increased cisplatin sensitivity in Capan-1 and
PANC-1 cells (Figure 3A, P < 0.01, one-way
ANOVA).

We then investigated the effect of miR-375
downregulation on in vivo growth of pancreatic
tumor explant. Lentivirus-transduced Capan-1
cells, either with L-miR375-In or L-miR-C, were
subcutaneously inoculated into left flanks of
athymic female nude mice. The in vivo trans-
plantation was carried out for 5 weeks. Every
week, explant sizes were compared between
tumors transduced with L-miR375-In and
tumors transduced with L-miR-C. It demonstrat-
ed that miR-375 downregulation significantly
inhibited the in vivo growth of pancreatic tumor
explants (Figure 3B, P < 0.01, one-way ANOVA).
The tumor explants were extracted at the end
of in vivo assay. It showed that tumors trans-
duced with L-miR375-In were significantly
smaller than tumors transduced with L-miR-C
(Figure 3C).

HOXB3 is targeted by miR-375 in pancreatic
cancer

We then studied several online algorithms,
including TargetScan (www.targetscan.org) and
PicTar (pictar.mdc-berlin.de) to search the
downstream target gene of miR-375 in pancre-
atic cancer. It brought to our attention that,
HOXB3 gene contained a gene sequence at
3-UTR that complimentarily binds miR-375
(Figure 4A, upper panel). We thus generated
two HOXB3 3’-UTR specific luciferase plasmids,
with one containing the miR-375 binding
sequence (HOXB3-3UTR) and the other con-
taining the mutated miR-375 binding sequence
(HOXB3-3UTR (Mu) (Figure 4A, lower panel).
We then performed a luciferase activity assay
by co-transfecting HEK273T cells with HOXB3-
3UTR, HOXB3-3UTR (Mu) or a Renilla luciferase
plasmid, and miR-375 mimics or a scrambled
miRNA (miR-S), 48 h after co-transfection, the
measurement of luciferase assay showed that
miR-375-mimics associated relative luciferase
activities were significantly suppressed by co-
transfection of HOXB3-3UTR (Figure 4B, *P <
0.05), but not by HOXB3-3UTR (Mu) (Figure 4B,
AP > 0.05), indicating that HOXB3 gene was
directly targeted by miR-375.

To verify the direct targeting of miR-375 on
HOXB3 in pancreatic cancer, we assessed the

Am J Transl Res 2016;8(3):1551-1559
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Figure 5. Effect of HOXB3 downregulation on miR-375 downregulated pan-
creatic cancer cells. A. Capan-1 and PANC-1 cells, after transduction of L-
miR375-In, were transfected with HOXB3 specific siRNA (siRNA-HOXB3, 100
nM) or a scrambled siRNA (siRNA-C, 100 nM) for 24 h. After that, gRT-PCR
was performed to assess the transfection efficiency (*P < 0.05, Student’s
t-test). B. After siRNA transfection, an MTT assay was performed for 5 days.
Absorbances at 490 nm were measured and compared between pancre-
atic cancer cells transfected with siRNA-HOXB3 and cells transfected with
SiRNA-C (P < 0.01, one-way ANOVA). C. A transwell migration assay was also
performed. Light images were shown for migrating cells transfected with
siRNA-HOXB3 and cells transfected with siRNA-C. D. Relative migrations
were quantified and compared between cells transfected with siRNA-HOXB3
and cells transfected with siRNA-C (*P < 0.05, Student’s t-test). E. Also after
siRNA transfection, Capan-1 and PANC-1 cells were treated with cisplatin, at
concentrations of 0.01, 0.1, 1, 10, 50 and 100 pM, for 24 h. Cell viability was
assessed using MTT assay and compared between cells transfected with
siRNA-HOXB3 and cells transfected with siRNA-C (P < 0.01, one-way ANOVA).

gene expressions of HOXB3 in Capan-1 cells or
PANC-1 cells with miR-375 downregulation. It
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showed that HOXB3 was sig-
nificantly upregulated in cells
transduced with L-miR375-In
than in cells transduced with
L-miR-C, indicating that HO-
XB3 was inversely regulated
by miR-375 downregulation in
pancreatic cancer (Figure 4C,
*P < 0.05).

HOXB3 inversely correlated
miR-375 mediation on cancer
proliferation migration and
chemosensitivity in pancre-
atic cancer

In miR-375 downregulated
Capan-1 and PANC-1 cells, we
used HOXB3-specific siRNA
(siRNA-HOXB3) to downregu-
late endogenous HOXB3 ge-
ne. In parallel control trans-
fection, a non-specific siRNA
(SiRNA-C) was used. 24 h
after transfection, qRT-PCR
confirmed that HOXB3 mRNA
levels were significantly down-
regulated in cells transfected
with siRNA-HOXB3 than in
cells transfected with siRNA-C
(Figure 5A, *P < 0.05).

Then, those cells were re-
seeded, and the effects of
HOXB3 downregulation on
miR-375 mediated pancreatic
cancer cell modulation were
re-examined through func-
tional assays. Firstly, 5-day
MTT assay demonstrated
that, in miR-375 downregulat-
ed Capan-1 and PANC-1 cells,
HOXB3 downregulation in-
duced significant pancreatic
cancer proliferations (Figure
5B, P < 0.01. one-way ANOVA).
Secondly, transwell assay sh-
owed that HOXB3 downregu-
lation significantly increased
pancreatic cancer migrations
(Figure 5C, 5D, *P < 0.05).
Thirdly, cisplatin assay dem-

onstrated HOXB3 downregulation dramatically
reduced pancreatic cancer cisplatin chemo-

Am J Transl Res 2016;8(3):1551-1559
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sensitivity (Figure 5E, P < 0.01. one-way
ANOVA). Therefore, the results of proliferation,
migration and cisplatin assays all indicated
that HOXB3 downregulation reversed miR-375
downregulation induced cancer inhibition in
pancreatic cancer.

Discussions

In many of the human cancers, microRNA-375
was found to be aberrantly downregulated, and
acting as a tumor suppressor by inhibiting can-
cer proliferation and metastasis [11-14].
However, in this study, we discovered that miR-
375 expression was much different in pancre-
atic cancer than in other cancers. The analysis
of qRT-PCR on clinical samples from 22-pancre-
atic cancer patients and 10 pancreatic cancer
cell lines demonstrated miR-375 was signifi-
cantly upregulated in pancreatic cancer. These
results are in line with a previous microarray
study [15], not only confirming the overexpress-
ing pattern of miR-375, but also suggesting a
much different role of miR-375 in regulating
pancreatic cancer development.

This hypothesis was then examined by down-
regulating endogenous miR-375 in two pancre-
atic cancer cell lines, Capan-1 and PANC-1
cells, through lentiviral transduction. Our data
on MTT assay, transwell assay, chemosensitiv-
ity assay and in vivo explant assay demonstrat-
ed that miR-375 downregulation significantly
inhibited pancreatic cancer proliferation, migra-
tion, cisplatin chemoresistance and in vivo
explant growth. Thus, it is very clear that miR-
375 is acting as a tumor oncogene, rather a
tumor suppressor, in pancreatic cancer.

Also in this study, we identified that HOXB3 is
acting as a downstream target gene of miR-375
in pancreatic cancer. We demonstrated,
through a luciferase activity assay, that miR-
375 could bind the complimentary site on
3’-UTR of human HOXB3 gene. We then showed
that gene expression of HOXB3 was significant-
ly upregulated while miR-375 was downregu-
lated in pancreatic cancer Capan-1 and PANC-1
cells. Most importantly, after using siRNA
technology to knock down endogenous HOXB3
in miR-375-downregulated pancreatic cancer
cells, we found the HOXB3 downregulation
reversely impacted pancreatic cancer prolifera-
tion, migration and cisplatin sensitivity, than
miR-375 downregulation. In a previous study,
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HOXB3, along with HOXB1, was shown to be the
target of miR-10a, as well as regulated by reti-
noic acid receptor signaling pathway in regulat-
ing metastasis pancreatic cancer [16]. It is not
clear whether miR-10a or by retinoic acid recep-
tor signaling pathway has cross-link effect on
miR-375 regulation in pancreatic cancer. Future
experiment would certainly help to elucidate
the intricate correlation of different molecular
pathways in regulating cancer development in
pancreatic cancer.

Overall, this study provided solid evidence of
miR-375 acting as a tumor oncogenic regulator,
very likely through the inverse association with
tumor suppressor gene HOXB3, in human pan-
creatic cancer. The discovery of miR-375 and
HOXB3 signaling pathway in regulating cancer
development may potentially be used as a ther-
apeutic approach to treat patients with pancre-
atic cancer.
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