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BACKGROUND AND PURPOSE
Dipeptidyl peptidase 4 (DPP4) is an aminopeptidase that is widely expressed in different cell types. Recent studies suggested that
DPP4 plays an important role in tumour progression in several human malignancies. Here we have examined the mechanisms by
which up-regulation of DPP4 expression causes epithelial transformation and mammary tumourigenesis.

EXPERIMENTAL APPROACH
Expression of DPP4 and the peptidylprolyl cis/trans isomerase, NIMA-interacting 1 (PIN1), and the cytotoxic effects of combined
treatment with sitagliptin and juglone were investigated by immunohistochemistry, immunoblotting, real-time PCR, TUNEL and
soft agar assays, using MCF7 cells. The effects of sitagliptin on tumour development in vivo were studied in the syngeneic 4T1
metastatic breast cancer model.

KEY RESULTS
Activity of the transcription factor E2F1 induced by EGF was enhanced by DPP4, thus increasing PIN1 expression. Furthermore,
DPP4 enhanced MEK/ERK and JNK/c-Jun signalling induced by EGF, inducing AP-1 activity and epithelial cell transformation. In
contrast, DPP4 silencing or DPP4 inhibition in MCF7 cells inhibited PIN1 expression via E2F1 activity induced by EGF, decreasing
colony formation and inducing DNA fragmentation. In the syngeneic 4T1 metastatic breast cancer model, DPP4 overexpression
increased tumour development, whereas treatment with sitagliptin and/or juglone suppressed it. Consistent with these obser-
vations, DPP4 levels were positively correlated with PIN1 expression in human breast cancer.

CONCLUSIONS AND IMPLICATIONS
DPP4 promoted EGF-induced epithelial cell transformation and mammary tumourigenesis via induction of PIN1 expression,
suggesting that sitagliptin targeting of DPP4 could be a treatment strategy in patients with breast cancer.
Abbreviations
AP-1, activator protein-1; DPP-4, dipeptidyl peptidase 4; GLP-1, glucagon-like peptide-1; MTT, 3-(4,5-dimethylthiazol-2-yl)-
2,5-diphenyltetrazolium bromide; T-LBL, Tcell lymphoblastic leukaemia; T-ALL, Tcell acute lymphoblastic leukaemia;
T2DM, type 2 diabetes mellitus
© 2015 The British Pharmacological Society
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DPP4, dipeptidyl peptidase 4 ERK EGF

DPP8, dipeptidyl peptidase 8 JNK GLP-1
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Introduction
Type 2 diabetes mellitus (T2DM) is associated with a mod-
estly increased risk of postmenopausal breast cancer (Larsson
et al., 2007; Onitilo et al., 2014). T2DM is characterized by in-
sulin resistance and hyperinsulinaemia (Weyer et al., 2001).
Apart from its metabolic effects, insulin has mitogenic effects
that are mediated through the insulin-like growth factor-1
and insulin receptors (Frasca et al., 2008). Epidemiological
studies have demonstrated that insulin resistance and
hyperinsulinaemia are related to an increased risk of epithe-
lial malignancy, including cancer of the breast, prostate, co-
lon and kidney (Lipscombe et al., 2006; Frasca et al., 2008).
Furthermore, diabetes is associated with markedly increased
mortality in women with breast cancer (Lipscombe et al.,
2008). Therefore, there is considerable interest in strategies
that reduce both the risk of developing breast cancer and
the mortality in diabetic subjects.

Dipeptidyl peptidase 4 (DPP4) is a cell surface aminopep-
tidase, which was originally characterized as a Tcell differen-
tiation antigen, CD26 (Fleischer, 1994), and it has been
reported to be present on epithelial cells of various organs,
including the lung, liver, kidney, intestine, prostate and
placenta (Mizutani et al., 1985; Heike et al., 1988; Nemoto
et al., 1999). As DPP4 cleaves the first two amino acids from
peptides with penultimate L-proline or L-alanine residues,
this enzyme is capable of degrading several bioactive pep-
tides, cytokines and several chemokines, such as CXCL12
(SDF-1α) and CCL5 (RANTES) (Oravecz et al., 1997; Mentlein,
1999; Nemoto et al., 1999). DPP4 inhibitors, such as
sitagliptin, vildagliptin and saxagliptin, have been devel-
oped for their ability to inhibit degradation of glucagon-like
peptide-1 (GLP-1), one of the incretin hormones; GLP-1 is
critical for glucose homeostasis and represents a therapeutic
target in T2DM (Aschner et al., 2006; Drucker and Nauck,
2006; Deacon and Holst, 2009). Furthermore, DPP4 plays
key roles in the control of growth, differentiation and signal
transduction in many cellular systems by modulating the
activity of peptide factors (Hanski et al., 1985; Loster et al.,
1995). Abnormalities in the expression pattern and/or
catalytic function of peptidases result in altered peptide
activation or inactivation, contributing to the disruption of
normal cellular homeostasis, neoplastic transformation or
tumour progression (Varona et al., 2010).
A novel phosphorylation signalling regulator, the
peptidylprolyl cis/trans isomerase, PIN1, sits at the crossroads
of many signalling pathways that control cell proliferation
and transformation (Lu and Zhou, 2007). PIN1 is the only
mammalian enzyme known to specifically catalyse the
cis/trans isomerization of Ser–Pro or Thr–Pro peptide bonds
(Lu and Zhou, 2007). The effects of PIN1-induced isomeriza-
tion on target proteins are diverse and include altering their
stability and localization, as well as modifying their interac-
tions with other proteins (Lu and Zhou, 2007; Liou et al.,
2011). PIN1-induced conformational changes can have
profound effects on the function of many substrates, includ-
ing p53, cyclin D1, c-Jun, MAPK kinase 1 (MEK1), NF-κB
and STAT3. These actions result in PIN1 playing important
roles in many cellular processes, such as cell cycle progression
and differentiation (Wulf et al., 2001; Zheng et al., 2002; Ryo
et al., 2003; Fukuchi et al., 2006; Khanal et al., 2010; Kim
et al., 2014). Significantly, PIN1 is a target gene for the tran-
scription factor E2F1 which is strongly overexpressed in
breast cancer, and its expression is closely correlated with
tumour grade and cyclin D1 expression level in tumours
(Wulf et al., 2001; Ryo et al., 2002). Importantly, up-regulation
of PIN1 elevated cyclin D1 expression by activating the c-jun/
activator protein-1 (AP-1) and β-catenin/T cell factor tran-
scription factors (Ryo et al., 2001; Wulf et al., 2001). Although
many details of PIN1 overexpression in breast cancer have
been elucidated, the influence of DPP4 on PIN1 overexpres-
sion and its significance in oncogenesis remain largely
unknown.

The aim of this study was to investigate the role of DPP4
in the transformation of epithelial cells and in breast epi-
thelial tumourigenesis and to define the molecular mecha-
nism by which DPP4 governs PIN1 overexpression. We
demonstrated that DPP4 regulated PIN1 expression by en-
hancing EGF-induced activation of the transcription factor
E2F1, up-regulating MEK/ERK and JNK/c-Jun signalling
and of AP-1 activity. More importantly, PIN1 overexpression
induced by DPP4 leads not only to moderate cell transfor-
mation in epithelial cells but also to enhance breast epithe-
lial tumourigenicity. In contrast, the inhibition of DPP4 by
pharmacological means, specifically by sitagliptin treat-
ment, suppressed EGF-induced epithelial cell transforma-
tion and mammary epithelial tumourigenesis via
inhibition of PIN1 expression. These results indicate that
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DPP4 acts upstream of PIN1 signalling and plays an essen-
tial role in mammary tumourigenesis through activation
of AP-1.
Methods

Cell culture and small interfering RNAs
(siRNAs)
MCF7 human breast cancer cells were cultured in DMEM
supplemented with 10% FBS. Murine 4T1 metastatic breast
cancer cells were maintained in RPMI supplemented with
10% FBS. Murine JB6 Cl41 normal epithelial cells were
cultured in MEM supplemented with 5% FBS. All cell lines
were cultured and maintained at 37°C in humidified air con-
taining 5% CO2. The DNA transfection of cells was
performed using the jetPEI cationic polymer transfection
reagent. The human genes, DPP4 (GenBank accession num-
ber: NM_001935) and PIN1 (GenBank accession number:
NM_006221), were silenced by transfecting cells with the
ON-TARGETplus SMART siRNA pool-specific or nonspecific-
control pool double-stranded RNA oligonucleotides
(Dharmacon, Chicago, IL, USA), using Lipofectamine®
2000 reagent (Invitrogen).

Immunoblot analysis
Cells were lysed in RIPA buffer. The proteins were resolved by
SDS-PAGE and transferred onto PVDF membrane. For detect-
ing chemiluminescence, an ImageQuant™ LAS 4000 imag-
ing system (GE Healthcare Biosciences, Pittsburgh, PA, USA)
was used.

MTT assay
The MTT assay was used to check cell viability. In brief, cells
(1 × 104) were seeded in 96-well plates with 100 μL of cell
suspension in each well and incubated at 37°C in humidified
air containing 5% CO2. After 24 h in culture, cells were incu-
bated with different concentrations of sitagliptin for various
periods. The cells were then treated with 5mg mL�1 MTT
solution (10 μL per well) and incubated for 4 h, the purple
formazan formed by the live cells was dissolved in 0.04N
HCl in isopropanol (100 μL per well), and the absorbance
was measured at 450 nm.

Anchorage-independent cell transformation
(soft agar) assay
Briefly, cells (8 × l03) were treated with different concentra-
tions of sitagliptin, juglone and/or EGF in 1mL of 0.3% basal
medium Eagle agar containing 10% FBS. Cultures were incu-
bated at 37°C in humidified air containing 5% CO2 for
14 days, and the cell colonies were scored using an Axiovert
200M fluorescence microscope and AXIOVISION software
(Carl Zeiss, Thornwood, NY, USA).

Reporter gene promoter assay
In order to analyse promoter transcriptional activity, the fire-
fly luciferase reporter gene assay was performed using lysates
from MCF7 cells transfected with FOS-luc, JUN-luc, AP-1-
responsive-luc, PIN1-luc or E2F1-luc promoter-reporter gene
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constructs. The Renilla luciferase control reporter vector,
pRL-TK (Promega), was cotransfected into each cell line, and
the Renilla luciferase activity generated by this vector was
used to normalize the results with respect to transfection effi-
ciency. Cell lysates were mixed with luciferase assay II re-
agent, and firefly luciferase light emission was measured
using the GloMax®-Multi Detection System (Promega);
Renilla luciferase substrate was then added to enable normal-
ization of the firefly luciferase data.
Detection of apoptosis
The induction of apoptosis was assessed by TUNEL staining
and detected with an In Situ Cell Death Detection Kit (Roche
Life Science, Indianapolis, IN, USA), according to the manu-
facturer’s instructions. Briefly, 2 × 105 cells were cultured for
24 h in six-well plates. The cells were then starved for 24 h
and treated with sitagliptin for 6 h. Treated cells were washed
with PBS and fixed with Cytofix/Cytoperm™ (BD Biosciences,
San Diego, CA, USA) at 4°C for 20min. Cells were stained
with 50 μLTUNEL solution at 37°C for 1 h, then washed twice
with PBS and fixed. DNA fragmentation was detected using
an Axiovert 200M fluorescence microscope and quantified
using the AXIOVISION software (Carl Zeiss).
Animals and experimental design
All animal care and experimental procedures complied with
local guidelines and were approved by the Animal Experi-
ments Committee of Chosun University. All studies are
reported in accordance with the ARRIVE guidelines for
reporting experiments involving animals (Kilkenny et al.,
2010; McGrath et al., 2010). A total of 50 mice were used
in the experiments described here. Six-week-old female
BALB/c mice (18–20 g body weight) were obtained from
Samtako Co (Osan, Gyeonggi-do, South Korea), acclimatized
for 1 week and kept in a clean room with a cycle of 12 h
light/12 h darkness; the temperature was 22°C, and the
humidity was 40–60%. A standard diet of rodent pellets
and tap water (membrane filter-purified and autoclaved)
was provided ad libitum. Mice were anaesthetized via intra-
muscular injection of Zoletil (30 mg kg�1; Virbac, Carros,
France). Mice were randomly divided into two or four
groups of 10 animals each; murine 4T1 metastatic breast
cancer cells were injected into the mammary gland of the
mice with or without 10mM sitagliptin and/or 100 μM
juglone and allowed to grow until tumours formed. The tu-
mour volume was calculated using the formula: V = (ab2)/2,
in which ‘a’ is the longest dimension and ‘b’ the shortest di-
mension of the tumour.
Tumour samples
Informed consent was obtained from all the patients, and
research protocols were approved by the ethics committee
of Chosun University Hospital. The breast tissues that were
selected for immunohistochemical staining were collected
from a group of 60 patients with breast cancer (age range:
42–72 years). The normal breast group included patients
with mammary infiltrating duct carcinoma who had under-
gone mastectomy with adjuvant hormone therapy and had
no subsequent local recurrence or metastasis within 5 years,
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and the breast cancer group included patients with mam-
mary infiltrating duct carcinoma who had undergone mas-
tectomy with adjuvant hormone therapy and subsequently
developed bone metastases.
Immunohistochemical analysis
All tumours investigated in the study were tested using anti-
DPP4 and anti-PIN1 antibodies. Immunolocalization for each
antibody was performed using a Polink-2 Plus HRP mouse
3,3′-diaminobenzidine detection system (GBI Labs, Bothell,
WA, USA), according to the supplier’s protocol. Slides were
incubated for 1 h with anti-DPP4 or anti-PIN1 antibodies in
a moist chamber at 37°C. In place of the primary antibody,
normal goat serum was used as the negative control. Distinct
cytoplasmic staining for DPP4 or PIN1 was considered to
indicate positive immunoreactivity.

Chromatin immunoprecipitation
The crosslinking of proteins to DNA was accomplished by
the addition of 1% formaldehyde for 10min to cultured
cells (1 × 107 cells) at 37°C. After sonication, the chromatin
was immunoprecipitated with 1 μg of anti-E2F1 antibody
or control mouse IgG for 16 h at 4°C. After elution and
reversal of cross links, DNA was isolated and analysed
by PCR. PCR products were visualized on a 1.5%
agarose gel with SYBR® Gold nucleic acid gel stain. The
following primers were used for PCR: human PIN1,
sense: 5′-GGTTAGCTTTGGACATCT GTGG-3′ and antisense:
5′-GCCTTCTATTGGGTAGAAGAAAGG-3′.

Data analysis
Results are expressed as the mean± SEM of triplicate
measurements from three independent experiments. Fisher’s
exact test with two-sided P values (P< 0.001) was used to
analyse correlations between expression of DPP4 and PIN1 in
breast cancer patients. Data from the MTT assay, the reporter
gene promoter assay and the soft agar assay were analysed
using unpaired Student’s t-tests; values of P< 0.05 were
considered significant. Statistical calculations were carried out
using the PRISM software for Macintosh, version 5.0
(GraphPad Software, La Jolla, CA, USA).

Materials
DMEM, Eagle’s minimal essential medium (MEM), RPMI and
FBS were purchased from Invitrogen (Carlsbad, CA, USA).
Sitagliptin phosphate monohydrate, juglone and 3-(4,5-di-
methylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT)
were procured from Sigma-Aldrich (St Louis, MO, USA). 1G244
was purchased from AK Scientific (Union City, CA, USA). The
Dual-Luciferase® Reporter Assay kit was purchased from
Promega (Madison, WI, USA). Ez-Chip kit, PVDF membrane,
anti-E2F1 antibody and anti-His antibody were from EMD
Millipore (Bedford, MA, USA). EGF was from Calbiochem-
Novabiochem (San Diego, CA, USA). Antibodies against
MEK1/2, ERK1/2, JNK1/2, cyclin D1 and cleaved PARP and
against phosphorylated MEK1/2, ERK1/2, JNK1/2 and c-Jun
(Ser 63) were purchased from Cell Signaling Technology
(Beverly, MA, USA); antibodies against DPP4, PIN1 and c-Jun
and goat anti-mouse IgG and HRP-conjugated goat anti-rabbit
IgG were from Santa Cruz Biotechnology (Santa Cruz, CA,
USA). The jetPEI® cationic polymer transfection reagent was
from Polyplus-transfection (New York, NY, USA).
Results

Sitagliptin suppresses EGF-induced epithelial
transformation and mammary tumourigenesis
In order to understand the effect of DPP4 overexpression on
cell transformation, we established normal murine
epithelial cells (JB6 Cl41 cells) stably overexpressing
DPP4 (DPP4-JB6) and mock-transfected cells (mock-JB6)
(Figure 1A). Using these cell lines, we examined differences
in EGF-promoted cell transformation in a soft agar matrix.
The mock-JB6 and DPP4-JB6 cells were treated separately
with 10 ng mL�1 EGF in soft agar matrix and incubated at
37°C in a 5% CO2 incubator for 14 days. As a result,
DPP4-JB6 cells showed significantly enhanced formation
of EGF-promoted colonies compared with mock-JB6 cells
(Figure 1B). An increase was evident not only in colony
number but also in colony size (Figure 1C), which sug-
gested that DPP4 could be involved in neoplastic cell trans-
formation as a positive regulator. Given that DPP9 and its
homologue DPP8, the proteases of the DPP4 gene family,
associate with H-Ras, a key signal molecule of the EGF
receptor signalling pathway (Yao et al., 2011), we further
examined whether DPP8 and DPP9 might regulate neo-
plastic transformation of JB6 Cl41 cells. We found that
overexpression of DPP8 or DPP9 in JB6 Cl41 cells had no
significant effects on the cell transformation compared with
mock-JB6 cells in soft agar matrix (Supporting Information
Fig. S1). Given the ability of DPP4 to enhance cell trans-
formation promoted by EGF, we examined whether
inhibition of DPP4 contributed to suppression of breast
tumourigenesis. We first assessed the inhibition of DPP4
activity using sitagliptin, a DPP4 inhibitor. The intracellular
DPP4 activity was significantly and concentration-
dependently inhibited by treatment of sitagliptin for 24 h
in MCF7 cells (IC50 = 1.33mM, Supporting Information Fig.
S2). Furthermore, treatment with sitagliptin significantly
and concentration-dependently inhibited proliferation of
MCF7 cells (Figure 1D). In addition, sitagliptin treatment
concentration-dependently inhibited colony numbers as well
as colony size of MCF7 cells in soft agar (Figure 1E and 1F). We
further examined the role of DPP8 and DPP9 in breast
tumourigenesis and found that overexpression of DPP8 or
DPP9 did not enhance cell proliferation and colony forma-
tion in MCF7 cells (Supporting Information Fig. S3). Consis-
tent with these results, treatment with a specific inhibitor of
DPP8 and DPP9, 1G244 (IC50 = 0.16 μM, Supporting Informa-
tion Fig. S4A), had no significant inhibitory effect on the
cell proliferation and colony formation of MCF7 cells
(Supporting Information Fig. S4B–4D). Next, the effects of
sitagliptin on tumour development in vivo were studied in a
syngeneic murine 4T1 metastatic breast cancer model.
We found that sitagliptin treatment significantly and
concentration-dependently inhibited proliferation of 4T1
cells (Figure 1G). In addition, representative tumour images
British Journal of Pharmacology (2015) 172 5096–5109 5099



Figure 1
Effects of sitagliptin on EGF-induced neoplastic cell transformation and epithelial breast tumourigenesis. (A) Mock-transfected (mock-JB6) or
DPP4-overexpressing (DPP4-JB6) JB6 cells were harvested, and proteins in whole cell lysates were separated by SDS-PAGE and immunoblotted
in order to detect DPP4. (B and C) Mock-JB6 or DPP4-JB6 cells were treated with or without 10 ng∙mL�1 EGF in a soft agar matrix and incubated
at 37°C in a 5% CO2 atmosphere for 14 days. The colonies from three separate experiments are photographed (B). The average number of
colonies was calculated, and colony size was measured under a microscope (C). Columns represent the means ± SD of triplicate samples.
* P< 0.05, significantly different from control cells. (D) MCF7 cells were seeded and cultured for 24 h at 37°C in a 5% CO2 atmosphere. Then,
the cells were treated with various concentrations of sitagliptin (SITG), as indicated. Cell viability was measured by the MTT assay. Data shown
are the means ± SD, from triplicate experiments. * P <0.05, significantly different from control cells. (E and F) MCF7 cells were exposed to various
concentrations of sitagliptin in a soft agar matrix and incubated at 37°C in a 5% CO2 atmosphere for 14 days. The colonies from three separate
experiments are photographed (E). The average number of colonies was calculated (F). Columns represent the means ± SD of triplicate samples.
* P< 0.05, significantly different from control cells. (G) 4T1 cells were seeded and cultured for 24 h at 37°C in a 5% CO2 atmosphere. Then, the cells
were treated with various concentrations of sitagliptin, as indicated. Cell viability was measured by the MTT assay, as described in Methods. Data
shown are the means ± SD, from triplicate experiments. * P<0.05, significantly different from control cells. (H and I) 4T1 cells were treated or not with
10mM sitagliptin. Treated cells were injected into themammary glands of BALB/cmice (n = 20) and allowed to grow until tumours formed (14 days).
Representative pictures of tumours (H) and tumour volume and weight (I) are shown. Columns represent the means ± SD of triplicate samples.
* P< 0.05, significantly different from controls (injected with cells mock treated with PBS only).
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demonstrated that sitagliptin significantly suppressed mam-
mary gland tumour development (Figure 1H and 1I).
DPP4 induces AP-1 activity via up-regulation
of MEK/ERK and JNK/c-Jun signalling
stimulated by EGF
Given the role of DPP4 as a positive regulator of EGF-induced
cell transformation, we examined whether DPP4 might regu-
late the MEK/ERK and JNK/c-Jun signalling pathways. The
results showed that DPP4 overexpression in MCF7 cells in-
creased the phosphorylation of MEK1/2 and ERK1/2
(Figure 2A), as well as JNK1/2 and c-Jun (Figure 2B), compared
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with control cells. In contrast, the phosphorylation of
MEK1/2 and ERK1/2 (Figure 2C), as well as JNK1/2 and c-Jun
(Figure 2D), was decreased by DPP4 silencing in MCF7 cells
compared with control cells. Consistent with these results, we
observed that the EGF-induced phosphorylation of MEK1/2,
ERK1/2, JNK1/2 and c-Jun was enhanced by DPP4 overexpres-
sion in MCF7 cells (Figure 2E), whereas it was inhibited by
DPP4 silencing (Figure 2F), suggesting that DPP4 might play an
important role in EGF-induced breast cell proliferation and
mammary tumourigenesis via the activation of MEK/ERK and
JNK/c-Jun signalling pathways. The AP-1 transcription factor
is a dimeric complex of homodimers or heterodimers of Jun,
Fos, activating transcription factor and musculoaponeurotic



Figure 2
DPP4 enhances MEK/ERK and JNK/c-Jun signalling stimulated by EGF in MCF7 cells. (A and B) Cells were transfected with a construct expressing
histidine-tagged DPP4 (His-DPP4) or mock transfected with empty vector (mock plasmid). At 48 h after transfection, the cells were harvested and
lysed. Proteins in whole cell lysates were separated by SDS-PAGE and immunoblotted. (C and D) Constructs expressing control (siRNA-control) or
DPP4-specific (siRNA-DPP4) siRNAs were transfected into MCF7 cells. At 48 h after transfection, the cells were harvested and lysed. Proteins in
whole cell lysates were separated by SDS-PAGE and immunoblotted. (E) Cells were transfected with His-DPP4 or mock plasmid. At 24 h after trans-
fection, the cells were serum starved, exposed to the indicated concentration of EGF for 30min, harvested and lysed. Proteins in whole cell lysates
were separated by SDS-PAGE and immunoblotted. (F) siRNA-control or siRNA-DPP4 constructs were transfected into MCF7 cells. At 24 h after
transfection, the cells were serum starved, exposed to the indicated concentration of EGF for 30min, harvested and lysed. Proteins in whole cell
lysates were separated by SDS-PAGE and immunoblotted. (G and H) His-DPP4 or mock plasmid were co-transfected with the luciferase promoter-
reporter constructs, FOS-luc (G) or JUN-luc (F), and the pRL-TK (Renilla luciferase control reporter) vector into host cells. At 24 h after transfection,
the cells were serum starved and then exposed or not exposed to 1 ng∙mL�1 EGF for 24 h. The firefly luciferase activity was determined in cell
lysates and normalized to the Renilla luciferase activity. Columns represent the means ± SD of triplicate samples. * P< 0.05, significantly different
from control (mock) cells. (I) Cells were co-transfected with an AP-1-responsive luciferase promoter-reporter plasmid and the pRL-TK vector. At
24 h after transfection, the cells were serum starved, treated with the indicated concentration of sitagliptin (SITG) for 24 h and then exposed or
not exposed to 1 ng∙mL�1 EGF for 24 h. The firefly luciferase activity was determined in cell lysates, normalized to the Renilla luciferase activity
and is expressed relative to control cells. Columns represent the means ± SD of triplicate measurements from two experiments. *P< 0.05, signif-
icantly different from cells treated with EGF only.
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fibrosarcoma protein family members that are activated by
MAPK signalling pathways (Karin, 1995; Eferl and Wagner,
2003). In order to determine the effects of DPP4 on AP-1
activity, we first examined the effects of DPP4 on the c-fos
and c-jun promoters. The EGF-induced transcriptional activity
of the c-fos and c-jun promoters was significantly enhanced
by DPP4 overexpression in MCF7 cells in a concentration-
dependent manner (Figure 2G and 2H). To further confirm
that DPP4 regulated the AP-1-responsive transcriptional
activity induced by EGF, we assessed EGF-induced AP-1 activity
British Journal of Pharmacology (2015) 172 5096–5109 5101



Figure 3
DPP4 regulates PIN1 expression via activation of E2F1 inMCF7 cells. (A and B) The PIN1-luc luciferase promoter-reporter construct and the pRL-TK
(Renilla luciferase control reporter) vector were cotransfected with constructs expressing histidine-tagged DPP4 (His-DPP4) (A) or DPP4-specific
siRNA (siRNA-DPP4) (B). After 48 h, the firefly luciferase activity was determined in cell lysates and normalized to Renilla luciferase activity. Columns
represent the means ± SD of triplicate samples.*P< 0.05, significantly different from control cells. (C and D) Cells were transfected with His-DPP4
(C) or siRNA-DPP4 (D). Levels of PIN1 mRNA were assessed by real-time PCR analysis. The signal intensity corresponding to each mRNA was
densitometrically determined and normalized to GAPDH mRNA. Columns represent the means ± SD of triplicate measurements from two
experiments. *P< 0.05, significantly different from mock-transfected (C) or siRNA-control-transfected (D) cells. (E and F) Cells were transfected
with His-DPP4 (E) or siRNA-DPP4 (F). At 48 h after transfection, the cells were harvested and lysed. Proteins in whole cell lysates were separated
by SDS-PAGE and immunoblotted. (G) Cells were transfected with His-DPP4 or mock transfected, serum starved, treated with 1 ng∙mL�1 EGF
for the indicated times, harvested and lysed. Proteins in whole cell lysates were separated by SDS-PAGE and immunoblotted. (H) siRNA-control
or siRNA-DPP4 constructs were transfected into MCF7 cells. At 48 h after transfection, the cells were serum starved, treated with 1 ng∙mL�1

EGF for the indicated time, harvested and lysed. Proteins in whole cell lysates were separated by SDS-PAGE and immunoblotted. (I) Cells were
serum starved, treated with the indicated concentration of sitagliptin (SITG) for 24 h, then exposed or not exposed to 1 ng∙mL�1 EGF for 8 h,
harvested and lysed. Proteins in whole cell lysates were separated by SDS-PAGE and immunoblotted.
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in the presence or absence of sitagliptin in MCF7 cells. As
expected, sitagliptin treatment inhibited EGF-induced AP-1 ac-
tivity in MCF7 cells (Figure 2I), which suggests that EGF-
induced AP-1-responsive transcriptional activity was regulated
by DPP4 signalling.
DPP4 enhances PIN1 and cyclin D1 expression
stimulated by EGF
Given that PIN1, which specifically recognizes phospho-Ser/
Thr–Pro motifs on its target proteins, interacts with MEK1
(Namgoong et al., 2010), JNK1 (Park et al., 2012) and c-Jun
(Wulf et al., 2001), we next examined whether DPP4 might
5102 British Journal of Pharmacology (2015) 172 5096–5109
regulate MEK/ERK and JNK/c-Jun signalling via PIN1.
Reporter gene assays using the human PIN1 promoter dem-
onstrated an important role for DPP4 in PIN1 expression.
PIN1 promoter activity was increased by DPP4 overexpres-
sion (Figure 3A), whereas DPP4 silencing inhibited PIN1
promoter activity (Figure 3B) in MCF7 cells, indicating that
endogenous DPP4 may affect PIN1 expression. We then
analysed PIN1 mRNA levels following overexpression or
knockdown of DPP4 in MCF7 cells. Real-time PCR analysis
showed that the PIN1 mRNA level was significantly
increased by DPP4 overexpression (Figure 3C) but was
decreased by DPP4 silencing in MCF7 cells (Figure 3D). Con-
sistent with these results, overexpression of DPP4 in MCF7



Figure 4
DPP4 regulates E2F1 activity to enhance binding of E2F1 in the PIN1 promoter in MCF7 cells. (A and B) The E2F1-luc luciferase promoter-reporter
plasmid and the pRL-TK vector were cotransfected with His-DPP4 (A) or siRNA-DPP4 (B). After 48 h, the firefly luciferase activity was determined in
cell lysates and normalized to Renilla luciferase activity. Columns represent the means ± SD of triplicate samples. *P< 0.05, significantly different
from control cells. (C) Cells were cotransfected with an E2F1-luc luciferase promoter-reporter plasmid and the pRL-TK vector. At 24 h after trans-
fection, cells were serum starved, treated with 1mM sitagliptin (SITG) for 24 h and then exposed or not exposed to 1 ng∙mL�1 EGF for 24 h. The
firefly luciferase activity was determined in cell lysates, normalized to Renilla luciferase activity and is expressed relative to control cells. Columns
represent the means ± SD of triplicate measurements from two experiments. *P< 0.05, significantly different as indicated. (D) Human PIN1 pro-
moter sequence with putative E2F1-binding site. (E and F) Cell lysates from His-DPP4 (E) or si-DPP4 (F) transfected MCF7 cells were subjected to
chromatin IP using anti-E2F1 or IgG antibodies, and the recovered DNA was PCR amplified with primers specific for E2F1-binding sites in the PIN1
promoter as shown in Figure 2D.
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cells resulted in up-regulation of PIN1 expression, together
with an increase in cyclin D1 levels (Figure 3E). However,
knockdown of DPP4 in MCF7 cells decreased the expression
of PIN1 and cyclin D1 (Figure 3F). Therefore, we further
examined the effect of DPP4 on EGF-induced PIN1 and
cyclin D1 levels. The results showed that overexpression of
DPP4 enhanced PIN1 as well as cyclin D1 expression
induced by EGF in MCF7 cells (Figure 3G). In contrast,
knockdown of DPP4 and sitagliptin treatment inhibited
PIN1 and cyclin D1 expression induced by EGF respectively
(Figure 3H and 3I).
DPP4 induces PIN1 expression via increased
association of E2F1 in the PIN1 promoter
Given that PIN1 expression is mediated by the transcription
factor E2F1 and enhanced by the Neu and Ras oncogenic
proteins (Ryo et al., 2002), we next examined the effects of
DPP4 on the E2F1 promoter. The E2F1 promoter activity
was increased by DPP4 overexpression (Figure 4A), whereas
DPP4 silencing inhibited E2F1 promoter activity (Figure 4B)
in MCF7 cells. To further confirm that DPP4 regulated E2F1
transcriptional activity stimulated by EGF, we assessed EGF-
stimulated E2F1 promoter activity in the presence or
absence of sitagliptin in MCF7 cells. The results showed that
sitagliptin treatment inhibited EGF-stimulated E2F1
promoter activity in MCF7 cells (Figure 4C). To examine
whether DPP4 might regulate binding of E2F1 to the PIN1
promoter, we next performed chromatin immunoprecipita-
tion assays in MCF7 cells. DPP4-overexpressing or DPP4-
silenced MCF7 cells were immunoprecipitated with an
anti-E2F1 antibody. DNA from the immunoprecipitates was
PCR amplified using primers flanking the three E2F1-
binding sites in the PIN1 promoter region shown in
Figure 4D. Our data showed that DPP4 overexpression
increased binding of E2F1 in the PIN1 promoter (Figure 4E).
In contrast, knockdown of DPP4 in MCF7 cells decreased the
E2F1 binding in the PIN1 promoter (Figure 4F). These results
indicate that DPP4 regulates PIN1 gene expression through
association of the E2F1 in the PIN1 promoter.
PIN1 affects sitagliptin-induced apoptotic
signalling in MCF7 cells
As DPP4 induced PIN1 expression, we next assessed the
effect of sitagliptin on the viability of PIN1-overexpressing
MCF7 (PIN1-MCF7) cells. The results showed that PIN1-
MCF7 cells were more resistant to sitagliptin than GFP vector
mock-transfected MCF7 (GFP-MCF7) cells (Figure 5A). We
further examined whether knockdown of PIN1 could poten-
tiate sitagliptin sensitivity in MCF7 cells. Treatment with
sitagliptin reduced the viability of MCF7 cells by 72%,
whereas PIN1 silencing increased the sensitivity of MCF7
cells to sitagliptin by 87% (Figure 5B). We examined the
effects of PIN1 overexpression on sitagliptin-induced cell
death via PARP cleavage. Treatment of GFP-MCF7 cells with
sitagliptin concentration-dependently induced cleavage of
PARP, whereas sitagliptin-induced cleavage of PARP was
attenuated in PIN1-MCF7 cells (Figure 5C). In contrast,
sitagliptin induced increased cleavage of PARP following
PIN1 silencing in MCF7 cells, compared with untreated
MCF7 cells (Figure 5D). Consistent with these results,
sitagliptin-induced DNA fragmentation was also increased
British Journal of Pharmacology (2015) 172 5096–5109 5103



Figure 5
Inhibitory effects of sitagliptin on PIN1-induced cell viability in MCF7 cells. (A) MCF7 cells, mock transfected (GFP-MCF7) or overexpressing PIN1
(PIN1-MCF7), were seeded and cultured for 24 h at 37°C in a 5% CO2 atmosphere. Then, the cells were treated with 1mM sitagliptin (SITG) for
24 h. Cell viability was measured by the MTT assay, as described in Methods. Data shown are the means ± SD, from triplicate experiments.
* P<0.05, significantly different as indicated. (B) MCF7 cells were transfected with constructs expressing control (siRNA-control) or PIN1-specific
(siRNA-PIN1) siRNAs. At 24 h after transfection, the cells were treated with 1mM sitagliptin for 24 h. Cell viability was measured by the MTT
assay, as described in Methods. Data are represented as the mean ± SD, as determined from triplicate experiments. (C) GFP-MCF7 or PIN1-MCF7
cells were seeded and cultured for 24 h at 37°C in a 5% CO2 atmosphere. Then, the cells were serum starved for 24 h, exposed to the indicated
concentration of sitagliptin for 48 h, harvested and lysed, and the lysate was immunoblotted. (D) siRNA-control or siRNA-PIN1 constructs were
transfected into MCF7 cells. At 24 h after transfection, the cells were serum starved for 12 h, exposed to the indicated concentration of sitagliptin
for 48 h, harvested and lysed, and the lysate was immunoblotted. (E) siRNA-control or siRNA-PIN1 constructs were transfected into MCF7 cells.
After 30 h, the cells were serum starved for 12 h and then exposed or not exposed to 1mM sitagliptin for 24 h, and DNA fragmentation induced
by sitagliptin was measured.
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in PIN1-specific siRNA-transfected MCF7 cells compared
with non-specific control siRNA-transfected cells, as mea-
sured by the TUNEL assay (Figure 5E).
DPP4 abundance is positively correlated with
PIN1 expression in human breast cancer tissues
and promotes epithelial cell transformation
To understand the pathological relevance of DPP4 in breast
tumourigenesis, immunohistochemistry was performed on
human normal and breast cancer tissues using an anti-DPP4
antibody. Of the 20 normal breast samples, 16 had a low
amount of DPP4, whereas 11 of the 20 breast cancer samples
contained a high amount of DPP4 (Figure 6A), indicating that
5104 British Journal of Pharmacology (2015) 172 5096–5109
DPP4 expression was significantly increased in breast cancer.
To further investigate the relationship between DPP4 and
PIN1 in human breast cancer, we performed immunohisto-
chemistry using specific antibodies against DPP4 and PIN1
on human breast cancer tissues. Of the six breast cancer
samples that had a low amount of DPP4, four also showed
lower expression of PIN1, whereas all the 11 breast cancer
samples that contained a high amount of DPP4 correspond-
ingly had higher expression of PIN1 (Figure 6B). Given the
ability of DPP4 to induce epithelial cell transformation via
the induction of PIN1 expression, we examined whether in-
hibition of DPP4 contributes to the suppression of breast
tumourigenesis induced by PIN1. The results showed that
PIN1 overexpression significantly increased the number of
MCF7 cell colonies formed in a soft agar matrix (Figure 6C).



Figure 6
PIN1 overexpression induced by DPP4 is associated with human breast tumourigenesis. (A) Representative samples showing the results of immu-
nohistochemical analysis of human normal breast tissue (Nor) and infiltrating ductal carcinoma of the breast (Tum), performed using an
anti-DPP4 antibody. Correlation was analysed using Fisher’s exact test. (B) Representative samples showing the results of immunohistochemical
analysis of infiltrating ductal carcinoma of the breast, performed using anti-DPP4 and anti-PIN1 antibodies on adjacent sections of samples.
Correlations were analysed using Fisher’s exact test. (C) MCF7 cells, mock transfected (GFP-MCF7) or overexpressing PIN1 (PIN1-MCF7), were
treated with 1mM sitagliptin (SITG) in a soft agar matrix and incubated at 37°C in a 5% CO2 atmosphere for 14 days. The colonies from three
separate experiments are photographed, and the average number of colonies was calculated. Columns represent the means ± SD of triplicate
samples. P< 0.05, significantly different from control cells. (D) MCF7 cells were treated with 1mM sitagliptin with/without additional treatment
with juglone (JUG), dose dependently in soft agar matrix, and incubated at 37°C in a 5% CO2 atmosphere for 14 days. The colonies from three
separate experiments are photographed, and the average number of colonies was calculated. Columns represent the means ± SD of triplicate
samples. P< 0.05, significantly different from control cells. . (E and F) 4T1 cells were treated or not treated with 10mM sitagliptin, alone (SITG)
or in combination with 100 μM juglone (SITG/JUG). Treated cells were injected into the mammary glands of BALB/c mice (n = 30) and allowed to
grow until tumours formed (14 days). Representative pictures of tumours (E) and tumour volumes and weights (F) are shown. Columns represent
the means ± SD of triplicate samples. *P< 0.05, significantly different from control group (injected with cells mock-treated with PBS only).
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However, treatment with sitagliptin significantly attenuated
the number of colonies in PIN1-overexpressing as well as
mock-transfected MCF7 cells (Figure 6C). The increased
PIN1 and DPP4 expression (Figure 6B) in breast cancer tissues
supports our hypothesis that breast tumourigenesis pro-
moted by DPP4 may occur as a result of activation of MAPK
signalling through PIN1. Therefore, we examined whether
combined treatment with sitagliptin and the PIN1 inhibitor,
juglone, increased the anti-umourigenic effect of sitagliptin.
Co-treatment of MCF7 cells, with sitagliptin and juglone,
significantly and concentration-dependently inhibited the
number of colonies formed in soft agar compared with treat-
ment with sitagliptin alone (Figure 6D). Subsequently, the ef-
fects of co-treatment with sitagliptin and juglone on tumour
development in vivowere studied in the syngeneic mouse 4T1
metastatic breast cancer model. Representative tumour im-
ages demonstrated that a profound reduction in the weight
and volume of tumours was mediated by co-treatment with
sitagliptin and juglone, compared with sitagliptin alone or
the PBS control (Figure 6E and 6F).
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Discussion and conclusions
In this study, we have demonstrated that DPP4 regulates
PIN1expression via induction of the transcription factor,
E2F1. Furthermore, overexpression of DPP4 alone is suffi-
cient to induce normal epithelial cells to display transformed
properties and to enhance the transformed phenotype of
epithelial cells that is induced by EGF. In contrast, inhibition
of DPP4 by sitagliptin suppresses the EGF-induced trans-
formed phenotype, and combined treatment with sitagliptin
and juglone, the latter a PIN1 inhibitor, significantly en-
hances sensitivity to sitagliptin with respect to inhibition
of the colony formation of breast cancer cells and mammary
gland tumour development. This is the first study to demon-
strate that DPP4 up-regulates PIN1 expression via E2F1 and
thereby plays an essential role in EGF-induced mammary
tumourigenesis via PIN1.

The enzyme DPP4 is a well-characterized glycoprotein,
which regulates the activities of mitogenic growth factors
and neuropeptides (Boonacker and Van Noorden, 2003).
Studies have examined DPP4 expression across a wide spec-
trum of malignancies in an attempt to elucidate its potential
role in tumour development (Iwata and Morimoto, 1999).
In addition to the fact that DPP4 status may be altered in
certain malignancies, DPP4 can affect growth, development
and aggressive behaviour in a range of human malignancies
(Havre et al., 2008). Several studies have observed loss or alter-
ation of DPP4 in hepatocellular carcinoma (Stecca et al., 1997),
melanoma (Roesch et al., 2006), epithelial ovarian carcinoma
(Kajiyama et al., 2002) and non small cell lung cancer
(Dimitrova et al., 2012). Furthermore, overexpression of DPP4
reduced invasive and metastatic potential through the up-
regulation of other important enzymes, such as E-cadherin
and tissue inhibitors of matrix metalloproteinases (Kajiyama
et al., 2002; Kajiyama et al., 2003). In contrast, DPP4 also appears
to have an important role in the development of selected
haematological malignancies (Farag et al., 2013). Higher levels
of DPP4 are expressed in chronic lymphocytic leukaemia B cells
compared with their normal resting B cell counterparts
(de Andrade et al., 2009). In addition, DPP4 expression ismainly
found in aggressive subtypes of non-Hodgkin lymphoma, such
as Tcell lymphoblastic lymphoma (T-LBL)/Tcell acute lympho-
blastic leukaemia (T-ALL) and Tcell CD30+ anaplastic large cell
lymphoma (Ribatti et al., 2013). Furthermore, the expression
of DPP4 in T-LBL/T-ALL was found to be associated with signifi-
cantly worse survival (Carbone et al., 1995). Similarly, in T cell
large granular lymphocytic leukaemia, the presence of DPP4 is
associated with a more aggressive clinical course (Havre et al.,
2009). Apart from its expression on the tumour cell surface,
DPP4 can also be found in the serum, and its levels are correlated
with disease status and tumour behaviour in colorectal cancer
(Cordero et al., 2000). While DPP4 expression seems to be
associated with decreased progression in certain cancers,
up-regulation ofDPP4 in others is associatedwith amore aggres-
sive clinical course. This seemingly contrasting effect of DPP4 in
different tumour types is probably explained in part by the
multifunctional nature of this enzyme.

We report here, for the first time, that overexpression of
DPP4 can play an important role in the transformation of
mammary epithelial cells and in breast tumourigenesis. We
showed that DPP4 overexpression in MCF7 cells strongly
5106 British Journal of Pharmacology (2015) 172 5096–5109
induced PIN1 expression via E2F1 activation and that this re-
sulted in the activation of MEK/ERK and JNK/c-Jun signalling
pathways. In addition, knockdown of DPP4 in MCF7 cells
lowered the PIN1 expression induced by EGF, indicating that
PIN1 expression depends on DPP4 signalling via the E2F1
transcription factor. Moreover, treatment with sitagliptin, a
DPP4 inhibitor, strongly suppressed MEK/ERK and JNK/c-
Jun signalling induced by EGF, via inhibition of PIN1 expres-
sion. Finally, in vivo results using the syngeneic murine 4T1
metastatic breast cancer model showed that DPP4 overex-
pression induced mammary tumourigenesis, whereas inhibi-
tion of DPP4 activity significantly reduced it. Although the
role of DPP4 in tumourigenesis has been demonstrated, the
physiological significance of DPP4 in breast cancer is not yet
elucidated. To further understand the role of DPP4 in breast
tumourigenesis, immunohistochemical analysis was per-
formed on human breast cancer tissues, using anti-DPP4
and anti-PIN1 antibodies. We found that DPP4 levels were
positively correlated with PIN1 expression in breast cancer
tissues, which indicates that DPP4 functions as an important
mediator of breast tumourigenesis via induction of PIN1
expression.

Phosphorylation of proteins on Ser/Thr–Pro is a key regu-
latory mechanism in controlling cell proliferation and trans-
formation (Hunter, 1998; Zhou et al., 1999; Alt et al., 2000).
The conformation and function of many phosphorylated
proteins are regulated by the phosphorylation-specific prolyl
isomerase, PIN1 (Lu and Zhou, 2007). Interestingly, PIN1 is
highly overexpressed in cancers of many human tissues and
cells, including breast cancer cells (Ryo et al., 2001). It was
known that PIN1 expression is regulated by the transcription
factor E2F through its binding in the PIN1 promoter, which is
enhanced by Neu or Ras (Ryo et al., 2002). Besides, E2F1 has
been found to be a good prognostic or predictive marker of
breast cancer because E2F1 significantly correlates with
histological grade, stage, and metastatic status of breast
tumour. (Zhang et al., 2000). We have shown that DPP4 is able
to enhance binding of E2F1 in the PIN1 promoter for
up-regulation of PIN1 protein levels, suggesting that DPP4
signalling could have an important role in breast
tumourigenesis, together with E2F1-activated PIN1 overex-
pression. In addition, PIN1 regulates MAPK and STAT3 signal-
ling pathways in breast tumour development through its
interaction with MEK1 (Khanal et al., 2010), JNK1 (Park
et al., 2012), c-Jun (Wulf et al., 2001) and STAT3 (Lufei et al.,
2007). These reports support our hypothesis that high levels
of DPP4 regulate MAPK signalling pathways via PIN1, leading
to tumour progression in breast cancer. Therefore, we exam-
ined the molecular events that are mediated by PIN1 in
DPP4-overexpressing or DPP4-silenced MCF7 cells. Our pres-
ent data provided the first evidence that DPP4 regulated
PIN1-induced signalling in such a way as to increase the
phosphorylation of MEK1/2 and JNK1/2, thus resulting in
increased AP-1-responsive promoter activity and neoplastic
cellular transformation.

In conclusion, our studies have demonstrated that DPP4
signalling can activate expression of PIN1 and that overex-
pression of PIN1 in epithelial cells enhances their trans-
formed phenotype. In contrast, inhibition of DPP4, by
treatment of cells with sitagliptin, dramatically reduced both
the cell proliferation and the transformed cellular phenotype.
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Importantly, the direct inhibition of PIN1 by juglone en-
hanced the inhibitory effect of sitagliptin on PIN1 via DPP4.
Sitagliptin treatment is currently being used clinically in pa-
tients with T2DM (Aschner et al., 2006; Deacon and Holst,
2009) and can improve glucose homeostasis due to its ability
to inhibit GLP-1 degradation and enhance insulin secretion.
These results suggest a model in which DPP4 signalling can
activate expression of PIN1, which in turn enhances the
phosphorylation of MEKs and JNKs, leading to cell prolifera-
tion and transformation. These findings raise the possibility
that sitagliptin could offer a strategy for the treatment of
mammary epithelial tumours in patients with T2DM.
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Figure S1 Comparison of neoplastic transformation of JB6
Cl41 cells with overexpression of DPP4, DPP8 and DPP9. (A)
Mock-transfected (mock), DPP8-overexpressing (His-DPP8)
and DPP9-overexpressing (His-DPP9) JB6 Cl41 cells were
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harvested, and proteins in whole-cell lysates were separated
by SDS-PAGE and immunoblotted with anti-His antibody
against His-DPP8 and His-DPP9, respectively. (B) Mock,
DPP4-overexpressing (His-DPP4), His-DPP8, or His-DPP9 JB6
Cl41 cells were seeded in a soft agar matrix and incubated at
37°C in a 5% CO2 atmosphere for 14 d. The colonies from
three separate experiments are photographed (left), and then
the average number of colonies was calculated (right). Col-
umns represent the mean of triplicate samples; bars show S.
D. P < 0.05, compared to mock cells.
Figure S2 Inhibition of intracellular DPP4 activity after treat-
ment of sitagliptin inMCF7 cells. MCF7 cells were seeded and
cultured for 24 h at 37°C in a 5% CO2 atmosphere. Then, the
cells were treated with various concentrations of sitagliptin,
as indicated, for 24 h. DPP4 activities measured by a fluo-
rometric assay using Gly-Pro-AMC, as described in Methods.
Columns represent the mean of triplicate samples; bars show
standard deviation of the mean (S.D.). P < 0.05, compared to
control cells.
Figure S3 Effects of overexpressing of DPP8 and DPP9 on the
proliferation and colony formation of MCF7 cells. (A) Mock-
transfected (mock), DPP8-overexpressing (His-DPP8) or
DPP9-overexpressing (His-DPP9) MCF7 cells were harvested,
and proteins in whole-cell lysates were separated by SDS-
PAGE and immunoblotted with anti-His antibody against
His-DPP8 and His-DPP9, respectively. (B) Mock, His-DPP8 or
His-DPP9 MCF7 cells were seeded and maintained at 37°C
in a 5% CO2 atmosphere for 72 d. Cell proliferation was
estimated using a 5-bromo-2-deoxyuridine (BrdU) assay. (C
and D) Mock, His-DPP8, or His-DPP9 MCF7 cells were seeded
in a soft agar matrix and incubated at 37°C in a 5% CO2 at-
mosphere for 14 d. The colonies from three separate experi-
ments are photographed (C), and then the average number
of colonies was calculated (D). Columns represent the mean
of triplicate samples; bars show S.D.
Figure S4 Effects of 1G244 on the proliferation and colony
formation of MCF7 cells. (A) Inhibition of intracellular
DPP8 activity after treatment of 1G244 in MCF7 cells. MCF7
cells were seeded and cultured for 24 h at 37°C in a 5% CO2
atmosphere. Then, the cells were treated with various con-
centrations of 1G244, as indicated, for 24 h. DPP8 activities
measured by a Ala-Pro-AMC, as described in Methods. Col-
umns represent the mean of triplicate samples; bars show S.
D. P < 0.05, compared to control cells. (B) MCF7 cells were
seeded and cultured for 24 h at 37°C in a 5% CO2 atmo-
sphere. Then, the cells were treated with various concentra-
tions of 1G244, as indicated. Cell viability was estimated
using a MTTassay. Columns represent the mean of triplicate
samples; bars show S.D. P < 0.05, compared to control.
(C and D) MCF7 cells were exposed to various concentrations
of 1G244 in a soft agar matrix and incubated at 37°C in a 5%
CO2 atmosphere for 14 d. The colonies from three separate
experiments are photographed (C), and then average number
of colonies was calculated (D). Columns represent the mean
of triplicate samples; bars show S.D.
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