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A B S T R A C T

Pancreatic cancer (PC) is one of the common malignant tumors in digestive tract with a high fatality rate. The
oncogenic role of lysine-specific demethylase1 (LSD1/KDM1 A) has been well recognized in PC. While, the role
of its homolog LSD2 (KDM1B) in regulating PC progression is poorly understood. In this study, we attempted to
evaluate the functional role of KDM1B in PC cells. The expression of KDM1B was detected by im-
munohistochemistry and immunoblotting in PC tissues and cells. Lentivirus-mediated shRNA was applied to
silence KDM1B in PANC-1 and SW1990 cells. Cell proliferation was measured by MTT and Celigo assay. Cell
apoptosis was determined by both Caspase-Glo®3/7 assay and Flow cytometry. Intracellular signaling molecules
were detected using a PathScan intracellular signaling array kit. In this study, we found KDM1B was highly
expressed in PC tissues compared to paracancerous tissues. Moreover, elevated expression of KDM1B was de-
tected in PC cell lines (BxPC-3, CFPAC-1, PANC-1 and SW1990) as compared with a normal human pancreatic
duct epithelial cell line (HPDE6-C7). Further investigations revealed that KDM1B knockdown significantly in-
hibited PC cell proliferation. Furthermore, the apoptosis of PANC-1 and SW1990 cells was significantly increased
after KDM1B knockdown. Notably, the activations of p-ERK1/2, p-Smad2, p-p53, cleaved PARP, cleaved
Caspase-3, cleaved Caspase-7, p-eIF2a and Survivin were promoted by KDM1B knockdown, while IkBa was
suppressed. Taken together, our findings provided new insights into the critical and multifaceted roles of KDM1B
in the regulation of cell proliferation and apoptosis, and offered a potentially novel target in preventing the
progression of PC.

1. Introduction

Pancreatic cancer (PC) is one of the common malignant tumors in
digestive tract with a high fatality rate, which is difficult to diagnose
and treat [1]. The operative mortality is high and the prognosis is ex-
tremely poor because of the high recurrence rate [2,3]. Therefore, an
increasing understanding of the complex molecular basis of PC and
exploring novel therapeutic targets may contribute to the clinical
treatment of this aggressive malignancy.

In the recent years, more and more evidence support that dysre-
gulated epigenetic regulatory processes play a central role in cancer
onset and progression [4–6]. Reversible histone methylation is an im-
portant process within epigenetic regulation, and the investigations of
its role in cancer have led to the identification of lysine methyl-
transferases and demethylases as promising targets for cancer therapy

[7–9]. Histone demethylases (KDMs) are a family of enzymes that
catalyze the removal of methyl groups not only from histones but other
proteins as well, playing a pivotal role in dynamic regulation of nu-
merous chromatin functions such as gene transcription, chromatin
stability, DNA replication and repair [10–12]. The first histone de-
methylase to be discovered was lysine-specific demethylase 1 (LSD1),
which are homologues of the flavin-containing amine oxidases [13,14].
Further researches identified an additional family of histone demethy-
lases, which can be divided into five subfamilies (KDM2/7, KDM3,
KDM4, KDM5, and KDM6 subfamilies), belonging to the Fe2+ and α-
ketoglutarate-dependent Jumonji C-terminal domain family (JMJD)
[15–17]. As a deeper understanding of their involvement in transcrip-
tional regulation is gained, KDMs are becoming increasingly interesting
targets for drug development.

KDM1 family includes KDM1 A (LSD1) and KDM1B (LSD2), which
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scores an overall 33% identity in the SWIRM domain, the FAD coen-
zyme-binding motif and the C-terminal amine oxidase domains [13,18].
In contrast to LSD1, LSD2 lacks the “tower domain”, which is instru-
mental to the tight LSD1-CoREST association [18–20]. However, LSD2
possesses a zinc finger domain in the N-terminal region, which may
confer biochemical and biological properties distinct from those of
LSD1. KDM1 A is involved in a wide array of biological processes in-
cluding cell proliferation, chromosome segregation and embryonic de-
velopment. Recently, KDM1 A has been identified as a potential target
for cancer therapeutics. Although KDM1B shares similar substrate
specificity with KDM1A, it is evident that instead of functioning as a
transcriptional repressor, KDM1B is important for transcriptional
elongation factors and phosphorylated RNA polymerase II [21,22].
KDM1B tends to associates predominantly with the gene bodies of ac-
tively transcribed genes, but does not assemble the promoter as
KDM1 A [20]. These findings suggest that KDM1 A and KDM1B likely
interact with different protein domain and show quite distinct genomic
distribution profiles. According to the discoveries from the high-
throughput sequencing projects of primary human tumor samples,
mRNA expression levels of both KDM1A and KDM1B were greatly in-
creased in several different types of tumors, including multiple mye-
loma, esophageal squamous cell carcinomas, renal cell carcinomas,
breast and colorectal cancer and glioblastoma [23,24]. KDM1B has

been linked to numerous important biological function including
genomic imprinting, transcription regulation, regulation of somatic cell
reprogramming, DNA methyltransferases and growth factor signaling
[25–28]. However, it is still not clear whether KDM1B is also involved
in the development of PC.

The purpose of this study is to investigate KDM1B expression and its
functional significance in PC. We used lentivirus-mediated shRNA to
down-regulate KDM1B expression in PC cell lines in vitro and detected
the changes of cell proliferation and apoptosis. These studies provided a
novel insight into the functional role of KDM1B in PC progression.

2. Materials and methods

2.1. Tissue specimens

Twenty pairs of PC tissues and matched paracancerous tissues were
obtained from 1st Affiliated Hospital of Xi’an Jiaotong University. The
use of human tissues was approved by This study was reviewed and
approved by the Ethic Committee of 1 st Affiliated Hospital of Xi’an
Jiaotong University in accordance with the guidelines outlined in the
Declaration of Helsinki. All patients signed an informed consent.

Fig. 1. The expression of KDM1B in PC. (A) The representative immunohistochemical staining of KDM1B in PC and paracancerous tissues. Scale bar: 20 μm. (B) The
expressions of KDM1B among HPDE6-C7, BxPC-3, CFPAC-1, PANC-1 and SW1990 cell lines. n= three independent repeats, *P < 0.05 by ANOVA.
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2.2. Cell lines

Human pancreatic cancer cell lines (BxPC-3, CFPAC-1, PANC-1,
SW1990) and a normal human pancreatic duct epithelial cell line
HPDE6-C7 were purchased from the Shanghai Cell Bank of the Chinese
Academy of Science (Shanghai, China). Cell lines were maintained in
Dulbecco's modified Eagle's medium (DMEM; Corning, Shanghai,
China) supplemented with 10% fetal bovine serum (FBS; Ausbian,
Australia) at 37 °C in a 5% CO2 incubator.

2.3. Immunohistochemistry (IHC)

IHC was performed using the SP kit (SP-9000, ZSGB-BIO, Beijing,
China) according to the manufacturer’s protocols. After dewaxing and
hydration, sections were heated in citrate buffer (pH 6.0, Sigma
Aldrich, USA) in a microwave oven for 16min for antigen retrieval. The
sections were incubated in 3% hydrogen peroxide for 10min at room
temperature, and blocked with 5% goat serum (Bioss Biotechnology)
for 20min at 37 °C. Rabbit anti-KDM1B polyclonal antibody
(HPA031269; Sigma Aldrich) was added and sections were incubated
overnight at 4 °C. Horseradish peroxidase-conjugated secondary anti-
body (Bioss Biotechnology) were added. The proteins were visualized
by diaminobenzidine. Staining intensity was graded: 0 (absence of
staining), 1 (weakly stained), 2 (moderately stained), and 3 (strongly

stained). The percentage of positive tumor cells was scored: 0 (0–5%), 1
(6–25%), 2 (26–50%) and 3 (50–100%). The sum scores ≥3 points
were considered as positive [29].

2.4. Recombinant lentiviral vector production and cell infection

To create the shRNA target site, the complementary DNA sequence (
ACTGGCTTTACTACAGAAA) of KDM1B was designed by Shanghai
GeneChem Co., Ltd. (Shanghai, China) using the full-length human
sequence (GenBank no. NM_153042). The KDM1B hairpin oligonu-
cleotides were synthesized and inserted into the pGV112-GFP
(GeneChem Co. Ltd.) lentiviral vector. Lentivirus particles were pre-
pared as previously described [30]. For lentiviral infection, PANC-1 and
SW1990 cells were cultured in 6-well plates. The KDM1B-siRNA lenti-
virus (shKDM1B) or negative control lentivirus (shCtrl) was added ac-
cording to a multiplicity of infection (MOI 1:15). At 3 days post-infec-
tion, the cells were observed for presence of the GFP marker with a
fluorescence microscope (MicroPublisher 3.3RTV; Olympus, Tokyo,
Japan). Then, the cells were harvested and the knockdown efficiency
was analyzed by western blot analysis.

2.5. Western blot analysis

While on ice, cell lysates were incubated for 10–15min in ice-cold

Fig. 2. KDM1B knockdown suppresses PC cell proliferation. (A) PANC-1 and SW1990 cells that were infected with lenti-viruses mediated shCtrl or shKDM1B were
detected by immunoblotting for KDM1B expression. n= three independent repeats, *P < 0.05 by t-test (B) MTT assays indicated that KDM1B knockdown sig-
nificantly restrained PC cell viability. n= three independent repeats, *P < 0.05 by ANOVA. (C) The number of PANC-1 and SW1990 cells were obviously reduced
after KDM1B knockdown. Scale bar: 100 μm, n= three independent repeats, *P < 0.05 by ANOVA.
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lysis buffer (100mM Tris, pH 6.8, 2% β-mercaptoethanol, 20% gly-
cerol, 4% SDS). The lysates were centrifuged at 12,000 x g for 15min at
4 °C, and the supernatants were collected. Protein concentration was
determined using a BCA protein assay kit (Beyotime, Beijing, China).
An equal amount of total protein from each sample was partially se-
parated in a 10% SDS-PAGE gel and blotted onto PVDF membranes.
Membranes were incubated with KDM1B (ab193080; Abcam,
Cambridge, MA, USA), cleaved PARP (ab32064; Abcam), Caspase-3
(ab32351; Abcam), Caspase-7 (ab32522; Abcam) or GAPDH primary
antibodies (sc-32233; Santa Cruz Biotechnology, Santa Cruz, CA, USA)
at 4 °C overnight, followed by horseradish peroxidase (HRP)-conjugated
bovine anti-mouse/rabbit IgG (sc-2371 and sc-2370; Santa Cruz
Biotechnology) secondary antibody at room temperature. Enhanced
chemiluminescence (ECL) reagent (ECL-Plus/kit; Amersham,
Piscataway, NJ, USA) was used for detection. The amount of GAPDH
detected was used as the protein loading internal control.

2.6. Cell proliferation assay

After being infected with the shCtrl lentivirus or shKDM1B lenti-
virus, PANC-1 and SW1990 cells were seeded in 96-well plates at a
concentration of 2500 cells/well and incubated for 5 days at 37 °C with
5% CO2. The cells were counted each day using the Celigo® Image
Cytometer (Nexcelom, USA).At 1, 2, 3, 4, or 5 days post-infection, the
cells were incubated with 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenylte-
trazolium bromide (MTT, 5mg/ml; Promega, Shanghai, China) at a
final concentration of 0.5mg/ml for 4 h. After discarding the super-
natants, 150 μl of dimethyl sulfoxide (DMSO; Sigma-Aldrich Co., LLC,
St. Louis, MO, USA) was added to each well. The plates were read at
490 nm using an ELISA reader (Tecan Infinite, Männedorf,

Switzerland). All experiments were performed in triplicate.

2.7. Analysis of apoptosis

Flow cytometry (FCM) was used to measure apoptosis and was
performed as previously described [31]. After lentivirus infection for 3
days, PANC-1 and SW1990 cell were seeded in a volume of 2ml at a
density of 5×105 cells/well in 6-cm dishes, respectively. The cells
were collected and washed twice with ice-cold D-Hanks and 1X binding
buffer. Cell suspension (200 μl) and Annexin V-APC (10 μl, eBioscience,
San Diego, CA, USA) were thoroughly mixed and incubated in darkness
at room temperature for 10–15min. All rates of apoptosis were mea-
sured by FCM within 1 h. Each experiment was performed in triplicate.

2.8. Assessment of caspase-3 and caspase-7 activities

The caspase-3 and caspase-7 activities of PANC-1 and SW1990 cells
were evaluated using the Caspase-Glo® 3/7 assay (Promega, Madison,
WI, USA), according to the manufacturer's instructions. The PANC-1
and SW1990 cells (1.5× 104 cells/well) were seeded in 96-well plates.
At 72 h post-transfection, the Caspase-Glo® 3/7 reagent was added to
each well, the plates were shaken gently at 300–500 rpm for 30 s and
incubated for 2 h at room temperature. Then the luminescence was
measured using plate-reading luminometer. The data analyzed were of
triplicate samples.

2.9. Intracellular signaling array

Cell lysates were prepared as mentioned above. Intracellular sig-
naling molecules were detected using a PathScan® Antibody Array Kit

Fig. 3. KDM1B knockdown induces the apoptosis of PC cells. (A) Flow cytometry analysis indicated that KDM1B knockdown significantly induced PC cell apoptosis.
n= three independent repeats, *P < 0.05 by t-test (B) The activity of Caspase3/7 was obviously increased after KDM1B knockdown in PANC-1 and SW1990 cells.
n= three independent repeats, *P < 0.05 by t-test (C) KDM1B knockdown increased the levels of cleaved PARP, cleaved caspase3 and cleaved caspase7 in PANC-1
and SW1990 cells.
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(Cell Signaling Technology) according to the manufacturer’s procedure.

2.10. Statistical analyses

Data for each group are presented as the mean ± SD from at least
three independent experiments. Statistical analyses were performed
using GraphPad Prism version 5. Value of *p＜0.05 was deemed sta-
tistically significant.

3. Results

3.1. KDM1B was highly expressed in PC

The expression KDM1B between PC tissues and paracancerous tis-
sues was detected by IHC. KDM1B was located at both cytoplasm and
nuclear. Our results indicated that 13 of 20 PC tissues showed KDM1B
positive expression whereas KDM1B positive signal was detected in
only 6 of 20 paracancerous tissues (65.0% versus 30.0%, P=0.027,
Fig. 1A). Next, KDM1B expressions were measured in HPDE6-C7, BxPC-
3, CFPAC-1, PANC-1 and SW1990 cell lines by immunoblotting. As a

Fig. 4. KDM1B knockdown modulates multiple signaling molecules in PANC-1 cells. (A) The distribution and detailed information for Intracellular signaling array.
(B) The activations of p-ERK1/2, p-Smad2, p-p53, cleaved PARP, cleaved Caspase-3, cleaved Caspase-7, p-eIF2a and Survivin were promoted by KDM1B knockdown,
while IkBa was suppressed. n= three independent repeats, *P < 0.05 by t-test.
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result, the levels of KDM1B in PC cell lines were markedly higher than
that in HPED6-C7 cells (P < 0.05, Fig. 1B). Next, analysis of TCGA
data from starBase V3.0 [32] revealed that there was no significant
difference of KDM1B mRNA expression between PC and normal pan-
creatic tissues (Supplementary Fig. 1A). While, the expression of
KDM1B mRNA in PC tissues was markedly higher than that in normal
pancreatic tissues based on GEO dataset (GSE62165; P < 0.0001,
Supplementary Fig. 1B). Furthermore, TCGA data indicated that PC
patients with high KDM1B level had an obvious but not significant
shorter overall survival compared to KDM1B low-expressing patients
(Supplementary Fig. 1C).

3.2. KDM1B knockdown suppresses PC cell proliferation

We chose PANC-1 and SW1990 cells as the typical PC cell lines for
further experiments, in which KDM1B is relatively high abundant. To
examine the effect of KDM1B on cell growth, KDM1B knockdown was
performed in PANC-1 and SW1990 cells (P < 0.05. Fig. 2A and Sup-
plementary Fig. 2). shCtrl- and shKDM1B-infected PANC-1 and SW1990
cells were reseeded in 96-well plates and analyzed at 1, 2, 3, 4, and 5
days post-infection. As illustrated in Fig. 2B, although shCtrl and
shKDM1B cells had similar in vitro growth on days 1, 2, and 3, the
shKDM1B cells had significantly reduced in vitro growth on days 4 and 5
(P < 0.05). The effect of KDM1B protein reduction on PC cell pro-
liferation was also determined by Celigo assay. shCtrl cells exhibited
extensive proliferation at 5 days post-infection, while the number of
shKDM1B cells slightly decreased (P < 0.05, Fig. 2C). These results
revealed that KDM1B knockdown significantly inhibited the prolifera-
tion of PANC-1 and SW1990 cells.

3.3. KDM1B knockdown increases PC cell apoptosis

To test whether KDM1B expression affects PC cell death, we
knocked down KDM1B and measured apoptosis. Annexin V staining
followed by FCM was used to determine cell apoptosis. As shown in
Fig. 3A, apoptosis was significantly increased in the shKDM1B group
compared to the shCtrl group (P < 0.05). The effects of KDM1B ex-
pression on apoptosis in PANC-1 and SW1990 cells was also assessed by
evaluating caspase-3 and caspase-7 activities. As shown in Fig. 3B,
PANC-1 and SW1990 cells with shKDM1B infected became significantly
high activity of caspase3/7 compared to that of shCtrl (P < 0.05).
Moreover, KDM1B knockdown increased the levels of cleaved PARP,
cleaved caspase3 and cleaved caspase7 in PC cells (Fig. 3C). These re-
sults indicated that KDM1B expression is an important determinant of
apoptosis in PANC-1 and SW1990 cells.

3.4. KDM1B knockdown affects multiple signaling molecules

To further illuminate the molecular mechanisms by which
shKDM1B affects PC cell growth, a PathScan® Antibody Array Kit was
used to detect the changes of signaling molecules in PANC-1 cells after
shKDM1B knockdown. As shown in Fig. 4, the phosphorylation of
ERK1/2, Smad2, p53, cleaved PARP, cleaved Caspase-3, cleaved Cas-
pase-7, eIF2a and Survivin were up-regulated in shKDM1B-treated cells,
while IkBa was down-regulated in shKDM1B-treated cells, respectively
(P < 0.05). The data indicated that shKDM1B knockdown could sig-
nificantly inhibit growth of PC cells via activations of ERK1/2, Smad2,
p53, cleaved PARP, cleaved Caspase-3, cleaved Caspase-7, eIF2a and
Survivin, and blockade of IkBa.

4. Disscusion

The Multidisciplinary Pancreatic Cancer Clinic developed a pan-
creatic cancer treatment plan based on the unique needs of the patient,
only approximately 20% of the tumors were found to be operable or
resectable. Therefore, it is necessary for us to look for the specific

indicator and diagnosis of pancreatic cancer in the early stage. Previous
studies have proven that epigenetic modifications play an important
role in pancreatic cancer [33,34]. In the present study, we evaluated the
functional significance of KDM1B in PC and its potential as a ther-
apeutic target or a biomarker. We demonstrated that overexpression of
KDM1B was a frequent event in PC. Next, we used lentivirus-mediated
shRNA to silence KDM1B expression in PC cells. Knockdown of KDM1B
significantly reduced cell proliferation in PANC-1 and SW1990 cells as
suggested by both MTT and Celigo tests. Moreover, KDM1B knockdown
increased the activity of Caspase3/7, indicating that KDM1B may de-
crease the apoptosis trend of PC cells. Flow cytometry also identified
the inhibition effect of KDM1B on apoptosis of PANC-1 and SW1990
cells. These results suggested that KDM1B might play a critical role in
promoting PC cell proliferation. Our data were in accordance with a
previous report showing the knockdown of KDM1B in breast cancer
cells, which led to a significant reduction in cell proliferation [35].

Furthermore, to illuminate the molecular mechanisms by which
KDM1B affects PC cell growth, we detected modifications of some
molecules associated with cell apoptosis, growth and survival control in
PANC-1 cells after KDM1B knockdown. It may be logical to consider
that higher levels of apoptosis in a tumor could lead to a better prog-
nosis. Apoptosis mediated by either the intrinsic or extrinsic pathways
results in cleavage of Caspase-3, Caspase-7. Caspase-3 is rarely mutated
in pancreatic cancer and is therefore an ideal marker for measuring
apoptosis in these tumors [36]. Our studies have validated the use of
active caspase-3 staining as a marker for apoptosis. To further validate
apoptosis within the tumor, cleavage of the poly (ADP-ribose) poly-
merase (PARP) catalyzed by caspase-3 was also measured. The activa-
tions of all these three apoptosis-related molecules were increased by
KDM1B knockdown, which strongly confirmed that KDM1B plays a key
role in PC apoptosis in vitro. To the best of our knowledge, this is the
first in vitro study concerning the effects of KDM1B against PC cell
growth.

Previous studies reviewed the anti-apoptotic effect of NF-κB [37]. In
the present study, when shKDM1B was used to interfere with the ex-
pression of KDM1B, the IkBa was greatly down-regulated. These results
suggested that the inhibition of NF-κB signaling served a critical role in
the inhibitory effect of KDM1B against apoptosis in PANC-1 cells.
Previous studies demonstrated that survivin was a small molecular,
acting as a genuine apoptosis inhibitor [38], which contradicted our
results in the antibody chip. In our studies, the expression of survivin
was up-regulated, accompanying the activation of p-ERK/eIF2a sig-
naling pathway, whereas the apoptosis was increased. On the contrary,
high level of p-ERK/eIF2a contributes to the occurrence and develop-
ment of hepatocyte cell apoptosis in alcoholic liver injury rats [39].
Therefore, further verification of p-ERK/eIF2a signaling pathway
should be taken.

The antibody chip brought up another hint that KDM1B knockdown
induced up-regulation of p-p53 and p-Smad2. The p53 pathway is tar-
geted for inactivation in most human cancers either directly or in-
directly, highlighting its critical function as a tumor suppressor gene.
Upon activation, p53 mediates a growth-suppressive effect on cells by
blocking the cell cycle or it can lead cells to undergo programmed cell
death primarily by binding to particular DNA sequences and activating
transcription of specific genes. Furthermore, previous study has de-
monstrated that TGF-β/Smad signaling is operational in PC [40]. We
for the first time found that KDM1B suppressed apoptosis in PC cells
probably via p53/Smad signaling.

In summary, we elucidated the in vitro activities of KDM1B in reg-
ulation of PC cell proliferation and apoptosis. These studies provided a
novel insight into the previously unrecognized roles of KDM1B in
human PC cells. We showed for the first time that KDM1B knockdown
attenuated proliferation and induced apoptosis of PC cells. In the fu-
ture, better understanding of epigenetic downstream target genes and
pathways controlled by KDM1B would aid in developing novel small
molecule inhibitors which might confer selective effects against PC.
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5. Conclusions

To conclude, we investigated the expression of KDM1B between PC
and matched paracancerous tissues, and elucidated the functional role
of KDM1B and its underlying molecular mechanisms in PC cells. Our
study revealed that overexpression of KDM1B was a frequent event in
PC tissues. Functionally, KDM1B knockdown exerted a tumor suppres-
sive role by inhibition of PC cell proliferation and inducing apoptosis.
Alterations of p-ERK1/2, p-Smad2, p-p53, cleaved PARP, cleaved
Caspase-3, cleaved Caspase-7, p-eIF2a, Survivin and IkBa were detected
after KDM1B knockdown in PANC-1 cells. Our results may provide a
novel theoretical and experimental basis for the pathogenesis of PC, and
identify novel treatment targets.
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