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The effect of overexpression of the HOXD10 gene on the malignant
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Background: To determine the role of HOXD10 in pancreatic cancer.

Methods: A stable HOXD10-expressing PANC-1 cell line was established. Proliferation rates were
detected by 5-Ethynyl-2'-deoxyuridine (Edu) staining while invasion was evaluated by Transwell assay.
The expression levels of different proteins were analyzed by Western blotting. A subcutaneous xenograft of
pancreatic cancer was established in nude mice, and the tumor weight and body weight were monitored. The
in-situ expression of relevant markers in the tumor tissues was detected by immunohistochemistry.

Results: HOXD10 overexpression significantly decreased the proliferation rates of PANC-1 cells, and
down-regulated Ki67 and Survivin (P<0.05). In addition, the invasive capacity (P<0.05) and the levels of
vascular endothelial growth factor (VEGF) and MMP-14 were also significantly decreased (P<0.05) in
the cells overexpressing HOXD10. Consistent with this, high levels of HOXD10 were associated with
an increase in E-cadherin (P<0.05) and a decrease in N-cadherin (P<0.05) expression. Furthermore, the
HOXD10-overexpressing xenografts were significantly smaller (P<0.05) and had fewer Ki67, VEGE, and
N-cadherin-positive cells (P<0.05).

Conclusions: HOXD10 acts as a tumor suppressor in pancreatic cancer, and inhibits the proliferation,

invasion, and epithelial-mesenchymal transition of the tumor cells.
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Introduction function as oncogenes or tumor suppressors across different

cancer types (3). Among these, HOXD10 is an inhibitor of

Pancreatic cancer is a malignancy of the digestive system, s S )
tumor metastasis (4), and is significantly down-regulated in

with steadily increasing global incidence and a dismal 5-year

survival rate (1). The outcomes of immunotherapy, surgery breast cancer, glioma, gastric cancer and liver cancer (5-8).

and radiation therapy have so far been unsatisfactory due to However, its expression levels and pathological relevance in

the considerable side effects (2). Therefore, it is necessary pancreatic cancer have thus far not been reported. The aim

to identify novel therapeutic targets in order to improve
patient prognosis. The homeobox (Hox) family members
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of this study was to determine the influence of HOXD10 on
the proliferation, invasion, and tumor forming capacity of
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pancreatic cancer cells.

Methods
Experimental reagents

Dulbecco’s modified Eagle’s medium (DMEM; 12100-046),
fetal bovine serum (FBS; 10082-147), trypsin (25200-056),
and penicillin-streptomycin (15140-122) were purchased
from Gibco, USA. The bicinchoninic acid assay (BCA)
kit (P0012S) was purchased from Shanghai Beyotime
Biotechnology Institute, and Transwell inserts (3374) were
acquired from Corning, USA.

Cell culture and transfection

Human pancreatic cancer tumor cell line PANC-1 was
obtained from the Cell Bank of the Typical Culture
Preservation Committee of the Chinese Academy of
Sciences. The cells were cultured in a high-glucose
DMEM supplemented with 10% FBS and 1% penicillin-
streptomycin at 37 °C under 5% CO,. The medium was
changed every 2-3 days, and the cells were harvested with
0.25% trypsin at the logarithmic growth phase for various
assays. The cells were seeded into a 6-well plate at the
density of 5x10°/well, and cultured for 24 h until they
reached 80% confluency. They were then, transfected with
the HOXD10 construct or the empty pcDNA plasmid
using LipofecamineTM2000 as per the manufacturer’s
instructions (9).

Reverse transcription polymerase chain reaction (RT-PCR)

Total RNA was extracted from PANC-1 cells using Trizol,
and the A260/A280 was measured with a NanoDrop
spectrophotometer. Reverse transcription and polymerase
chain reaction (PCR) were conducted according to the
kit instructions. The reaction conditions included pre-
denaturation at 94 °C for 5 min, 35 cycles of denaturation
at 94 °C for 30 s, annealing at 55 °C for 30s, extension at
72 °C for 30 s, and final extension at 72 °C for 10 min.
The amplified products were analyzed by 2% agarose gel
electrophoresis.

5S-Ethynyl-2'-deoxyuridine (Edu) staining

The PANC-1 cells were seeded into a 96-well plate at the
density of 1x10°/well, and cultured overnight. The medium
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was replaced with 100 pL fresh medium supplemented
with 50 p 5-Edu per well, and the cells were incubated for
2 h. After washing twice with PBS, the cells were fixed and
stained, and observed under a fluorescence microscope.

Transwell assay

The Transwell inserts were coated with Matrigelin serum-
free medium at 37 °C for 5 h. The suitably treated PANC-
1 cells were seeded into the upper chambers in 100 pL
serum-free medium per well, and the lower chambers were
filled with 600 pL. medium supplemented with 20% FBS.
After a 24 h culture, the Transwell inserts were removed
and washed twice with PBS, fixed with 5% glutaraldehyde,
stained with 0.1% crystal violet for 30 min, and observed
under a fluorescence microscope.

Establisbment of xenograft model

Nude mice were anesthetized by intraperitoneal injection
of 1% sodium pentobarbital, and inoculated subcutaneously
with 1x10° control or HOXD10-overexpressing PANC-1
cells in 100 pLL medium (5 per group). The tumor nodules
were measured every day, and the mice were weighed
every 5 days. Thirty days after inoculation, the mice were
sacrificed, and the tumors were harvested and weighed.

Immunobistochemistry

Tumor tissues were embedded in paraffin and cut into
thin sections. After routine de-waxing, the sections were
heated in citrate buffer solution at 95 °C for 10 min, cooled
to room temperature, and incubated with 3% hydrogen
peroxide for 10 min. The sections were then washed 3
times with PBS, blocked with 5% BSA at 37 °C for 30 min,
and incubated with primary antibodies against HOXD10
(ab172865), Ki67 (ab15580), Survivin (ab76424), vascular
endothelial growth factor(VEGF) (ab2350), MMP-14
(ab3644), E-cadherin (ab15148), N-cadherin (ab18203),
and actin (ab8227) (all from Abcam, USA) at 37 °C for 1 h.
After washing 3 times with phosphate-buffered saline (PBS),
the sections were incubated with biotin-labeled secondary
antibody at 37 °C for 30 min, washed again as described,
and incubated with the SABC reagent at 37 °C for 30 min.
Following the final washing step, color was developed
using 3, 3'-Diaminobenzidine (DAB), and the sections were
counter-stained with hematoxylin, dehydrated, cleared,
and sealed with neutral gum. The percentage of immuno-
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positive cells was analyzed by Image J.

Statistical analysis

All data were analyzed by the SPSS17.0 software and
expressed as mean + SD. The groups were compared by
analysis of variance, and P<0.05 was considered statistically
significant.

Results

HOXD10 overexpression inhibited the growth and
invasion of PANC-1 in vitro

The biological role of HOXD10 in pancreatic cancer
cells was determined by ectopically expressing the gene
in PANC-1 cells (Figure I). As shown in Figure 24,
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Figure 1 Validation of pcDNA-HOXDI0 transfection in PANC-
1 cells. HOXD10 mRNA (A) and protein (B) levels in the control
and HOXD10-overexpressing cells were tested. *, P<0.05 with

t-test, data are shown as mean + SEM of at least 3 replicates.
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the percentage of EDU-positive proliferating cells was
significantly lower in the HOXD10 group compared
to the control group (P<0.05), which correlated to a
marked decline in the levels of Ki67 and Survivin (P<0.05;
Figure 24,B). Furthermore, HOXD10 overexpression
significantly decreased the proportion of invasive cells
(P<0.05; Figure 3A4), in addition to down-regulation of
VEGF and MMP-14 (P<0.05; Figure 3B,C). Consistent
with this, E-cadherin levels were significantly increased in
the HOXD10-overexpressing cells (P<0.05, Figure 4), while
that of N-cadherin was significantly decreased (P<0.05,
Figure 4), indicating epithelial-to-mesenchymal transition
(EMT) inhibition.

HOXD10 overexpression inhibited the growth of PANC-1
xenografis

Compared to the control group, the HOXD10-
overexpressing tumors were significantly smaller (P<0.05;
Figure 5A,B), whereas the body weight of the tumor-bearing
mice were similar in both groups (Figure 5C). Consistent
with this, the number of Ki67, VEGF, and N-cadherin
positive cells were significantly greater in the HOXD10
versus control tumor tissues (P<0.05; Figure 5D).

Discussion

The Hox gene superfamily encodes transcription factors
regulating differentiation and morphogenesis-related
genes (10) and is frequently dysregulated during
tumorigenesis and metastasis (11). HOXD10 is an
established tumor suppressor, although its role in
pancreatic cancer has not been reported previously. We
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Figure 2 Cell proliferation in HOXD10 transectd PANC-1 cells. (A) Percentage of proliferating PANC-1 cells in the indicated groups.
Ki67 and Survivin levels in the control and HOXD10 cells were tested with western blotting (B) and semi-quantified (C). *, P<0.05 with

t-test, data are shown as mean + SEM of at least 3 replicates.
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Figure 3 Cell invasion in HOXD10 transectd PANC-1 cells. (A) The proportion of invading cells in the control and HOXD10 groups
tested with transwell assay. (B,C) VEGF and MMP-14 expression levels in the indicated groups. ¥, P<0.05 with z-test, data are shown as

mean = SEM of at least 3 replicates. VEGE, vascular endothelial growth factor.
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Figure 4 E-cadherin and N-cadherin levels in the control and HOXD10-overexpressing PANC-1 cells. *, P<0.05 with #-test, data are shown

as mean = SEM of at least 3 replicates.

found that HOXD10 expression significantly decreased
the proliferation rates and invasiveness of pancreatic
cells in vitro and in vivo, indicating that it acts as a tumor
Suppressor.

Uncontrolled cell proliferation is a hallmark of cancer, and
is accompanied by a surge in the expression of Ki67, which
is in fact a prognostic indicator for pancreatic cancer (12).
Survivin, an anti-apoptotic protein that enhances tumor
cell proliferation and infiltration, is also highly expressed
in pancreatic cancer tissues (13). We found that both
survival-related factors were up-regulated in the PANC-
1 cells, and decreased significantly upon ectopic expression
of HOXD10. Therefore, unsurprisingly, the PANC-1 cells
overexpressing HOXD10 also formed smaller tumors in
vivo. This is consistent with the finding of Yang er al. (14)
in whichHOXD10 overexpression significantly reduced
the colony forming ability of bile duct cancer cells. In
addition, high levels of HOXD10 significantly inhibited the
proliferation of the human hepatobiliary carcinoma RBE
and HCCC-9810 cell lines (15).

© Gland Surgery. All rights reserved.

Metastasis is a critical factor determining cancer-
related mortality (16), and depends on multiple factors.
For instance, high levels of VEGF induce angiogenesis and
improve tumor vascular permeability, thereby facilitating
tumor cell entry into circulation and eventual metastasis (17).
VEGTF is frequently overexpressed in pancreatic cancer
tissues compared to the normal adjacent tissues (18).
MMP-14, a member of the matrix metalloproteinase
family, is also aberrantly expressed in cancer and promotes
tumor cell metastasis (19). In pancreatic cancer, MMP-
14 further activates MMP-2 and MMP-9, which correlate
to greater invasion and metastasis (20). Xi ez 4/ (21) found
that HOXD10overexpression in colorectal cancer cells
significantly decreased VEGF levels and retarded tumor
growth. Consistent with this, Jin er /. (22) found that
overexpression of HOXD10 significantly inhibited the
invasiveness of nasopharyngeal carcinoma cells. We found
that HOXD10 significantly down-regulated VEGF and
MMP-14 in PANC-1 cells, and decreased the number
of VEGF-positive cells in the xenografts, indicating that
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Figure 5 Effects of HOXDI10 overexpression in PANC-1 xenograft mice. (A,B) Tumor weight and volume in the control and HOXD10
groups. (C) Body weight of the mice in different groups. (D) Ki67, VEGE, and N-cadherin expression levels in the control and HOXD10

xenografts. ¥, P<0.05 with ¢ test, data are shown as mean = SEM of at least 3 replicates. VEGE, vascular endothelial growth factor.

HOXD10 can inhibit the invasion of pancreatic cancer
cells.

EMT, or the transformation of epithelial cells into
mesenchymal cells, is a key driver of metastasis since
it endows the tumor cells with greater motility and
invasiveness. Therefore, increased EMT of tumor cells is
indicative of poor prognosis (23). At the molecular level,
EMT is characterized by the down-regulation of E-cadherin
and a concomitant increase in N-cadherin levels (24).
HOXD10 significantly up-regulated E-cadherin and down-
regulated N-cadherin in the PANC-1 cells, indicating that
it likely inhibits the EMT and metastasis of pancreatic
cancer cells.

In summary, HOXD10 overexpression inhibited the
proliferation, invasion, EMT, and in vive expansion of

© Gland Surgery. All rights reserved.

PANC-1 cells, indicating its potential as a therapeutic target
in pancreatic cancer.
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