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Figure 3. Silencing HOXA-AS2 expression induced PC cell apoptosis. A, B. BxPC-3 and PANC-1 cells were harvested
for cell apoptosis analysis by flow cytometry 48 h after transfection. The mean values and SD were calculated from

triplicates of a representative experiment, *P < 0.05.

pancreatic cancer tissues (fold change > 2.0,
P < 0.05). To validate the expression results
from microarray, we measured the expression
level of HOXA-AS2 both in 16 paired PC tissues
and adjacent normal tissues (Xiamen cohort)
and 12 paired PC tissues and adjacent normal
tissues (Nanjing cohort) by qRT-PCR. Notably,
consistently higher expression level of HOXA-
AS2 was found in both Xiamen and Nanjing
cohorts (P < 0.05, Figure 1B, 1C). Taken togeth-
er, it is indicated that overexpression of HOXA-
AS2 is a frequent event in human pancreatic
cancer.

HOXA-AS2 promotes PC cell proliferation and
induced apoptosis in vitro

To determine the role of HOXA-AS2 in pancre-
atic cancer, we silenced HOXA-AS2 in PC cells
(including AsPC-1, BxPC-3 and PANC-1 cell
lines) using special short interfering RNAs
(siRNAs). A knockdown effect was observed by
gRT-PCR, and we found that siHOXA-AS2 2#
and siHOXA-AS2 3# achieved more effective
knockdown efficiency both in BxPC-3 and PANC-
1 cell lines (Figure 2A). Therefore these two
cell lines were chosen to study the potential
biological functions of endogenous HOXA-AS2
through a loss-of-function approach. To eluci-
date the biological roles of HOXA-AS2 on pan-
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creatic cancer, the MTT assay was first used to
evaluate the effect of HOXA-AS2 on cell viabili-
ty. As depicted in Figure 2B and 2C, cell growth
was inhibited following knockdown of HOXA-
AS2 in si-HOXA-AS2-transfected PC cells com-
pared with respective controls. Additionally, the
results of colony-formation assays showed that
clonogenic survival was repressed following
the down-regulation of HOXA-AS2 in BxPC-3
and PANC-1 (Figure 2D and 2E). Next, to inves-
tigate the mechanism involved in growth sup-
pression, we performed the flow cytometry
analysis. However, the results showed that
siHOXA-AS2 decreased the proportion of cells
in S phase and increased of the proportion of
cells in G2/M phase in BxPC-3 cell, while in-
creased the percentage of cells in GO/G1 pha-
se and decreased the percentage of cells in S
phase in PANC-1 cell line (Figure 2F and 2G).
This difference indicates that the mechanism
of HOXA-AS2 in promoting PC cell proliferation
and survival is more complex than we imagine.
To further determine whether the effect of
HOXA-AS2 on PC cells proliferation reflected
cell apoptosis, we performed flow cytometry
assays. The results showed that BxPC-3 and
PANC-1 cells transfected with HOXA-AS2 siRNA
had higher apoptotic rate in comparison with
control cells (Figure 3A and 3B). These investi-
gations suggest that HOXA-AS2 could acceler-
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Figure 4. HOXA-AS2 promotes PC cell tumor growth in vivo. A. The stable HOXA-AS2 knockdown BxPC-3 cells were
used for the in vivo study. The nude mice carrying tumors from respective groups were shown and tumor growth
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sented. E. Ki-67 protein levels in tumor tissues formed from shHOXA-A2 or empty vector-transfected BxPC-3 cells
were determined by IHC staining. Left: H&E staining. Right: immunostaining, *P < 0.05.

ate the growth phenotype and suppress apop-
tosis of pancreatic cancer cells.

Stable downregulation of HOXA-AS2 inhibits
PC cells tumorigenesis in vivo

To determine whether HOXA-AS2 affects tumor
growth in vivo, we injected BxPC-3 cells trans-
fected with either empty vector or shHOXA-AS2
into male nude mice. At 16 days post-injection,
tumor growth in the shHOXA-AS2 group was
slower than in the empty vector group (Figure
4A). Consistently, the tumor volumes and tumor
weigh were remarkably decreased compared
with the controls (Figure 4B and 4C). As sh-
own in Figure 4D, gRT-PCR confirmed that the
level of HOXA-AS2 was lower in the tumor tis-
sues derived from the sh-HOXA-AS2-transfect-
ed cells. Furthermore, immunohistochemistry
(IHC) analysis confirmed that the tumors form-
ed from BxPC-3/shHOXA-AS2 cells showed
weaker Ki-67 staining than those formed from
the control cells (Figure 4E). These results indi-
cate that HOXA-AS2 is significantly associated
with PC cell proliferation in vivo.

HOXA-AS2 exert oncogene function via inter-
acting with LSD1 and EZH2

Recently, it has been reported that IncCRNAs
could exerted their biologic functions via inter-
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acting with specific RNA binding proteins [22-
24]. Thus, to further investigate the molecular
mechanisms by which HOXA-AS2 contributes
to the proliferation phenotype of PC cells, we
firstly predicted the interaction probabilities
of HOXA-AS2 and RNA binding proteins using
RNA-protein interaction prediction (http://pri-
db.gdcb.iastate.edu/RPISeq/), and found that
HOXA-AS2 potentially binds EZH2, LSD1 (Figure
5A). To further validate the prediction, we per-
formed RIP assays and the results showed th-
at HOXA-AS2 indeed binds with EZH2 and LS-
D1 in BxPC-3 cells (Figure 5B). Next, to validate
whether EZH2, LSD1 are involved in the HOXA-
AS2 promoted of PC cells proliferation, we per-
formed EDU (red)/DAPI (blue) immunostaining
assay. The results of siHOXA-AS2 2#, siEZH2,
siLSD1 or si-NC transfection for 48 h showed
that HOXA-AS2, EZH2 or LSD1 knockdown
could inhibit the PC cells ability to proliferate
comparing with cells transfected with siNC
(Figure 5C and 5D). Finally, we explored the
correlations between HOXA-AS2 expression le-
vels and EZH2 or LSD1 in GSE15471 pancre-
atic tissue samples. The results showed that
HOXA-AS2 had significantly positive correlation
with EZH2 and LSD1 gene expression (Figure
5E). These data suggest that IncRNA-HOXA-
AS2/EZH2/LSD1 complex promotes cell prolif-
eration in pancreatic cancer cell.
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Discussion biology roles in cancer development [25-27].

In the current study, we found that IncRNA
Great effort in the past has been made to iden- HOXA-AS2 which is upregulation in human pan-
tify cancer-related IncRNAs and elucidate their creatic cancer specimens; In addition, knock-
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down of HOXA-AS2 could suppress PC cells
proliferation and induce cell apoptosis. Fur-
thermore, mechanism study indicated that HO-
XA-AS2 could interact with EZH2 and LSD1,
then enhancing PC cell proliferation ability.

Compared with normal cells, tumor cells pos-
sess unique gene expression programs, en-
hancing cell cycle progression and cell proli-
feration, whereas resisting apoptosis [28, 29].
Recently, a number of IncRNAs have been id-
entified as having tumor suppressive or onco-
genic functions via affecting cancer cell grow-
th ability [30]. For example, Nie et al reported
that up-regulation of IncRNA ANRIL could pro-
moted non small cell lung cancer cells proli-
feration through silencing of KLF2 and P21
transcription [31]. Yu et al found that elevated
expression level of IncRNA CCAT1 is a tumor
promoter, which facilitates cell growth in pan-
creatic cancer [32]. Our results also showed
that silencing HOXA-AS2 could inhibit cell pro-
liferation and colony formation, promote cell
cycle arrest, induce cell apoptosis. These re-
sults provide an explanation for HOXA-AS2 up-
regulation both in GEO Datasets (GSE15471)
and two cohorts of pancreatic cancer samples,
which indicated that HOXA-AS2 exhibits onco-
genic activity in pancreatic cancer.

Typically, IncRNAs involve in regulation of can-
cer cells phenotype through activation of onco-
genes or inhibition of tumor suppressors via
interacting with specific RNA-binding proteins
[33, 34]. EZH2, the core subunit of polycomb
repressive complex 2 component, functions as
an oncogene in various cancer types, including
pancreatic cancer [35, 36]. LSD1, also known
as KDM1A, is well documented that is neces-
sary for various cancer development and par-
ticipates in many biological processes, such as
cell differentiation and cell cycle progression
[37, 38]. In our present study, we found that
EZH2 and LSD1 also function as oncogenes in
PC cells and HOXA-AS2 plays a crucial role in
the pancreatic cancer cell proliferation by bind-
ing to EZH2 and LSD1.

In summary, our current study revealed that
IncRNA HOXA-AS2 exhibits oncogenic activity
in pancreatic cancer. Shedding new light on
the understanding of the mechanistic actions
of pancreatic cancer progression. Our experi-
ments identified the INcRNA-HOXA-AS2/EZH2/
LSD1 oncogene complex that is implicated in
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PC cell proliferation, providing the pursuit of
these molecules as potential targets for pan-
creatic cancer intervention. However, one limi-
tation of the present study is that other possi-
ble mechanisms that with the regulatory be-
haviors of HOXA-AS2 were not investigated
in our study, and these remain incompletely
understood and warrant further investigation.
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