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Abstract

Recent investigations indicate that f2-adrenergic receptor (f2-AR) signaling may facilitate the progression of various tumors,
whose underlying mechanisms remain largely elusive. In the present study, we showed that 2-AR recruited Cdc42 in
response to isoproterenol (ISO, a B-AR selective agonist) exposure in pancreatic ductal adenocarcinoma (PDAC) cells. The
association of f2-AR and Cdc42 promoted the activation of Cdc42, as revealed by increased levels of Cdc42-GTP, and co-
incubation with f2-AR antagonist abrogated ISO-induced activation of Cdc42. f2-AR-mediated Cdc42 activation further
led to the phosphorylation of downstream PAK1, LIMK1 and Merlin. Furthermore, we showed that the activation of f2-AR/
Cdc42 signaling facilitated the migration and invasion of PDAC cells. In addition, f2-AR and Cdc42 were overexpressed in
PDAC specimens, compared with adjacent non-tumor tissues. High expression of $2-AR and Cdc42 were correlated with
lymph node metastasis and TNM stage in PDAC patients. Finally, we showed that overexpression of $2-AR and Cdc42 were
indicative of unfavorable prognosis in PDAC patients. Taken together, our findings suggested that f2-AR might facilitate
Cdc42 signaling to drive the migration and invasion of PDAC cells, consequently resulting in the metastasis and dismal
prognosis of PDAC. These studies highlight targeting $2-AR/Cdc42 signaling as a therapeutic strategy against PDAC.
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Introduction

Pancreatic ductal adenocarcinoma (PDAC) ranks one of the
most common cancer types worldwide, especially in devel-
oped countries. In the United States, PDAC is the 9th and
10th most frequently-diagnosed cancer in female and male,
respectively (Rawla et al. 2019). PDAC has been widely
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viewed as one of the most deadly cancer type, with a 5-year
overall survival of approximate 9%. PDAC represents the 4th
leading cause of cancer-related death in the United States.
One of the most important factors leading to unfavorable
prognosis of PDAC is the lack of effective therapies for
patients diagnosed at advanced stages. The development of
PDAC involves complex genetic and environmental deter-
minants (Goral 2015). The clarification of these factors and
molecular mechanisms underlying their roles in the progres-
sion of PDAC may provide novel therapeutic strategies for
the prevention and management of PDAC.

Studies in recent years have revealed that psychological
disorders, including depression, anxiety and stress, played
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vital roles in the initiation and progression of PDAC (Huang
et al. 2013; Kennedy et al. 2014; Sugimoto et al. 2016). It
is assumed that psychological factors may affect the devel-
opment of multiple cancers, especially PDAC, through the
secretion of stress-related hormones and neurotransmit-
ters (Shin et al. 2016). In agreement, multiple studies have
explicitly shown that neurotransmitter pathways, particularly
B-adrenergic pathways, play critical roles in stress-induced
PDAC development in animal models (Eng et al. 2015; Kim-
Fuchs et al. 2014). Experimental chronic stress may facili-
tate PDAC development and worsened prognosis in tumor-
bearing animals, and these effects can be ameliorated by the
treatment of beta-adrenergic receptor blocker propranolol
(Partecke et al. 2016). These findings drew attention to an
integral role of B-adrenergic signaling in the development
of PDAC.

Beta-adrenergic signaling pathways may contribute to
PDAC progression through various mechanisms. Catecho-
lamines, include norepinephrine and adrenaline, may modu-
late cancer immune microenvironments, resulting in immune
suppression and tumor immune evasion (Huan et al. 2017,
Repasky et al. 2015). Apart from a role in immune regula-
tion, norepinephrine and adrenaline can directly promote
the proliferation, invasion and chemoresistance of PDAC
cells through the activation of beta-adrenergic receptors that
reside on tumor cells. f2-AR may upregulate the expres-
sion of HIF-1a to promote the proliferation and invasion of
pancreatic cancer cells (Zhang et al. 2016). p2-AR forms
a positive feedback loop with NGF/Trk pathways to drive
PDAC progression and poor prognosis (Renz et al. 2018).
Many investigations have indicated that the sympathetic
nervous system played an integral role in PDAC devel-
opment (Demir et al. 2012). Hara MR et al. reported that
B2-AR and p-arrestin-1 facilitated the activation of MDM?2
through direct interaction, leading to the degradation of p53
and DNA damage (Hara et al. 2011). Our previous study also
indicated that f2-AR promoted PDAC proliferation through
facilitating PCBP2-initiated c-myc expression (Wan et al.
2016). These findings implicated a complex mechanism by
which f2-AR signaling drives PDAC development.

Because recent investigations revealed a variety of
novel molecular mechanisms underlying the tumor-pro-
moting role of $2-AR signaling in cancer development, we
explored novel downstream signaling of f2-AR in PDAC.
Using immunoprecipitation-mass spectrometry analysis,
we identified Cdc42 as a novel binding protein of f2-AR.
Given that Cdc42 was typically recruited following G-pro-
tein-coupled receptors (GPCRs) activation, we speculated
that f2-AR could modulate Cdc42 pathway activation. In
the present study, we showed that 2-AR activated Cdc42
pathway through direct recruitment in PDAC cells. Fur-
thermore, we showed that PAK1, LIMK1 and Merlin, three
of downstream effectors of Cdc42, were phosphorylated
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following isoproterenol (ISO, a B-AR selective agonist)
exposure. ISO-mediated f2-AR/Cdc42 signaling promoted
the migration and invasion of PDAC cells. High expres-
sion of f2-AR and Cdc4?2 predicted significantly worsened
prognosis in patients with PDAC. These findings implicate
that f2-AR signaling may drive the metastasis and inva-
sion of PDAC via activating Cdc42.

Material and methods
Cell culture and treatment

PANC-1 and BxPC-3 cells were obtained from the Cell
Bank of Culture Collection of Chinese Academy of Sci-
ences (Shanghai, China). The cells were cultured in
DMEM glutaMAX™ medium or RPMI 1640 medium
(Gibco, Thermo Fisher, Carlsbad, CA) supplemented
with 10% fetal bovine serum (FBS; Hyclone, Logan, UT)
and 1% penicillin—streptomycin (Gibco) at 37 °C in a
humidified 5% CO, incubator. ISO and ICI 118 551 were
purchased from Sigma-Aldrich (St. Louis, MO, USA).
Lentivirus vectors containing the small hairpin RNA
(shRNA) against Cdc42 (NM_001039802.2) and the small
hairpin negative control (shNC) were constructed and
generated by Vigene Biosciences Company (Shandong,
China). The target sequences for Cdc42 were as follows:
shRNA#1, 5'-CAG ATG TAT TTC TAG TCT GTT TCA
AGA GAA CAG ACT AGA AAT ACA TCT GTT TTT
T-3'; shRNA#2, 5'-CGG AAT ATG TAC CGA CTG TTT
CAA GAA AAC AGT CGG TAC ATA TTC CGT TTT
TT-3'; shRNA#3, 5'-CGG AAT ATG TAC CGA CTG TTT
CAA GAA AAC AGT CGG TAC ATA TTC CGT TTT
TT-3'. The sequence of control shRNA was 5'-TTC TCC
GAA CGT GTC ACG TTT CAA GAG AAC GTG ACA
CGT TCG GAG AAT TTT TT-3’, which was the random
sequence that was not related to the above mRNA.

Mass spectrometry analysis

Mass spectrometry analysis was performed as described
previously (Wan et al. 2016). Briefly, after preprocess-
ing, the fresh-frozen PDAC tissue was immunoprecipi-
tated with anti-p2-AR antibody (ab182136, Abcam, Cam-
bridge, UK). The immune complexes were separated by
10% SDS-PAGE and stained with coomassie brilliant blue.
The proteins were detected using an LTQ mass spectrom-
eter (Thermo, San Jose, CA). Protein identifications were
accepted if they could be established at 95.0% probability
and contained at least two unique identified peptides.
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Immunoprecipitation (IP) and Western blot analysis

PDAC cells were lysed using an IP lysis buffer (50 mM
Tris—Cl pH 7.4, 150 mM NaCl, 1% NP-40, 1 mM EDTA,
1x Protease inhibitor cocktail (Roche, Basel, Switzerland)
and 1x phosphatase inhibitor cocktail (Roche)). After cen-
trifugation at 13,000 rpm, 4 °C for 15 min, the samples were
transferred and pre-cleaned using 40 pL protein G sepha-
rose. The samples were incubated with 4 pg anti-p2-AR anti-
body (ab182136, Abcam, Cambridge, UK) or control IgG
(Bioworld) over night. Thereafter, 30pL protein G sepharose
was added into each sample and incubated for an additional
2 h. The immunocomplexes were washed using IP lysis
buffer for 5 times. The resulting samples were loaded for
10% SDS-PAGE separation. The Western blot experimental
procedures were conducted as reported (Wan et al. 2016).
The primary antibodies were as follows: anti-f2-AR anti-
body (ab182136, Abcam), anti-Cdc42 (ab64533, Abcam),
anti-PAK1 (ab223849, Abcam), anti-PAK1 (phospho T212)
(ab75599, Abcam), anti-Merlin (ab88957, Abcam), anti-
Merlin (phospho S518) (ab2478, Abcam), anti-LIMK1
(ab108507, Abcam), anti-LIMK1 (phospho T508) (ab38508,
Abcam).

Cdc42 activation detection assay

After ISO stimulation, the cells were washed with cold
PBS and lysed using the lysis buffer for 5 min on ice. Then,
active form of Cdc42 in the cell lysates was detected using
an active Cdc42 Detection Kit (#8819, Cell Signaling Tech-
nology) in accordance with the manufacturer's protocol.

Immunofluorescence assay

Following ISO exposure, cells were washed with cold PBS
and fixed using 4% paraformaldehyde in PBS for 30 min.
Next, cells were permeabilized with 1% Triton X-100 in PBS
for 15 min and blocked using 1% BSA in PBS for 1 h. Sub-
sequently, cells were incubated with anti-B2-AR antibody
(sc-271322, Santa Cruz Biotechnology) and anti-Cdc42 anti-
body (ab64533, Abcam) over night at 4 °C. After washing
with PBS for 3 times, cells were incubated with Alexa Fluor
568-conjugated goat anti-rabbit or Alexa Fluor 488-conju-
gated goat anti-mouse IgG (Thermo Fisher) for 2 h. The
slides were washed and stained with 10 pg/ ml DAPI for
5 min. Finally, the slides were mounted and observed under
a Nikon confocal microscope (Nikon, NY, USA).

Wound healing, transwell migration assay
and matrigel invasion assay

For the wound healing assay, the Panc-1 and BxPC-3 cells
were seeded into 6-well culture plates. Cells progressed to

confluency of 80%, and wounds were subsequently scratched
in the monoculture using a 10-ul pipette tip. Three refer-
ence marks were made on the wells, and light-phase images
were captured at O and 24 h post-wounding. The healing per-
centages were calculated based on the amount of decreased
wound area using the ImageJ program. For the invasion
assay, the cells were cultured in 24-well plates, which were
exposed to 10 pM ISO or 100 uM ICI 118 551. The cells
suspended in 600 pl serum-free medium were seeded into
an insert chamber pre-coated with Matrigel matrix (BD Bio-
sciences, San Jose, CA, USA), and 0.5 ml 10% FBS medium
was added to the matched lower chamber. In an atmosphere
containing 5% CO2, the chambers were incubated for 36 h at
37°C. Invasive cells on the lower surface of the membrane,
which had invaded the Matrigel and migrated through the
polycarbonate membrane, were fixed in 4% formaldehyde for
1 h and stained with 0.05% crystal violet for 10 min. Five
microscopic fields were randomly chosen to count the inva-
sive cells. A similar procedure was utilized for the migration
assay with no Matrigel used.

Patients and tissue specimens

The tissue microarray of 71 matched pairs of primary PDAC
samples and adjacent normal tissues and 28 primary PDAC
specimens was obtained from Shanghai Zuocheng Biotech-
nology Co., Ltd. All of the human tissues were collected
using protocols that had been approved by the Ethics Com-
mittee of Soochow University. The study population con-
sisted of 63 males and 36 females, and the age ranged from
34 to 85 years. The main clinical and pathologic variables
were summarized in Table 2.

Immunohistochemical analysis

The tissue microarray was deparaffinized using a graded eth-
anol series, and then the endogenous peroxidase activity was
blocked by soaking in 0.3% hydrogen peroxide for 30 min.
After heating to 120 °C in an autoclave for 30 min to retrieve
the antigen, the sections were rinsing in 10% goat serum
(Gibco, Thermo Fisher, Carlsbad, CA) for 40 min at room
temperature to block any nonspecific reactions. Thenceforth,
the slides were incubated with 2-AR antibody (sc-271322,
Santa Cruz Biotechnology) and Cdc4?2 antibody (ab187643,
Abcam) at 4 °C overnight. The negative control slides using
a nonspecific immunoglobulin IgG (Sigma Chemical Co., St.
Louis, USA) as primary antibody were included in all assays.
After incubating with diaminobenzidine (DAB) solution, the
sections were stained with hematoxylin, and dehydrated with
graded alcohol and cover slipped. For analyses, at least five
high-power fields were randomly chosen and at least 500
cells were counted. The expression index was determined by
staining intensity and immunoreactive cell percentage. For
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intensity evaluation, a score of 0 was for no staining, 1 was
for weak staining, 2 was for moderate staining, and 3 was for
strong staining. Also, the extent of staining was recorded:
1,<10%; 2, 10-40%; 3, 40-70% and 4, > 70%. The scores
from the two scales were combined, and each section was
classified as low/no expression (0 to 4) or high expression
(>4) based on the final score. All immunostained sections
were randomly examined by two independent pathologists
using a Leica fluorescence microscope (Germany).

Statistical analysis

The data of all detections were performed from three inde-
pendent experiments and presented as mean+ SEM. All
of the statistical analyses were performed using the SPSS
21.0 software package. For analysis of the survival data,
Kaplan—Meier curves were constructed, and the log-rank
test was performed. The association between p2-AR and
Cdc42 and the clinicopathological factors was analyzed
using the Chi-square (Xz) test. Multivariate analysis was
performed by Cox proportional hazards model and the 95%
CI was recorded for every marker. The quantification for
the colocalization was analyzed using Fiji software, and the
Pearson correlation coefficient test was performed. For all
statistical analyses, P <0.05 was considered to be statisti-
cally significant.

Results

Cdc42 was identified as a binding protein of $2-AR
in PDAC

To decipher the molecular mechanism underpinning f2-AR-
mediated PDAC progression, we performed 2-AR immuno-
precipitation (IP) using PDAC tissues, and sent the samples
for mass spectroscopy, as described (Wan et al. 2016). Using
this strategy, we identified multiple novel potential binding
proteins of f2-AR and subsequently conducted immunopre-
cipitation to validate their interactions. As such, we identi-
fied GTPase Cdc42 as a novel binding protein of f2-AR.
Cdc42 was detectable in f2-AR-immunoprecipitated sam-
ples in both PANC-1 and BxPC-3 PDAC cells (Fig. 1A). To
further validate this interaction, we performed immunofluo-
rescence analysis to determine the co-localization between
B2-AR and Cdc4?2 in PDAC cells. As shown in Fig. 1B,
partial co-localization of f2-AR and Cdc42 was observed
in ISO-treated PDAC cells, as indicated by appearance of
yellow color, and the Pearson correlation coefficient analy-
sis confirmed the co-localization (Fig. 1C). These findings
suggested that f2-AR might recruit Cdc42 to transmit its
downstream signaling following ISO treatment.
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Fig.1 P2-AR associated with Cdc42 in response to ISO treatment. a
Immunoprecipitation of f2-AR and Cdc42 in the absence or presence
of 10 pM ISO. PANC-1 and BxPC-3 cells were treated with vehicle
(ethanol) or 10 pM ISO for 30 min and subjected to immunoprecipi-
tation using an anti-f2-AR antibody. 10% for Input. b Immunofluo-
rescence analysis shows the co-localization of f2-AR and Cdc42 in
ISO-treated PDAC cells. PANC-1 and BxPC-3 cells were exposed to
10 pM ISO for 30 min, and then subjected to immunofluorescence
assay. DAPI was used to stain the nuclei. The yellow color in merged
images indicates the co-localization between (2-AR and Cdc42. ¢
Graphic representation of the relationship between p2-AR and Cdc42
localization. Statistical analyses were carried out using Pearson cor-
relation coefficient test. Pearson's R value for PANC-1 cells was 0.68,
and for BxPC-3 cells was 0.70

1SO-induced B2-AR activation facilitated Cdc42
signaling in PDAC cells

Cdc42 is a Rho-GTPase that plays a central role in the
beginning of variety of cellular responses including cel-
lular transformation, cell division, cell invasion, migra-
tion and cell polarity in cells(Arias-Romero and Cher-
noff 2013; Qadir et al. 2015). Like other GTPases, Cdc42
cycles between an inactive, GDP-bound state and an active,
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GTP-bound state. Once activated, Cdc42 can interact with
a variety of downstream effectors leading to their activa-
tion, including p21-activated kinase 1 (PAKI1), LIMKI1
and Merlin(Szczepanowska 2009). Thus, we determined
whether ISO treatment could activate Cdc4?2 in a f2-AR-
dependent manner. To this end, PANC-1 and BxPC-3 cells
were exposed to ISO and subjected to Western blot analy-
sis to examine the levels of Cdc42-GTP. The result showed
that Cdc42-GTP was increased dramatically following ISO
exposure (Fig. 2A), whereas the total levels of Cdc42 were
unchanged. Importantly, co-treatment with 2-AR selective
antagonist ICI 118 551 abrogated ISO-induced Cdc4?2 acti-
vation. The results suggested that the binding between the
two proteins could be induced by the activation of f2-AR
signaling.

Subsequently, to further verify the impact of f2-AR on
Cdc42 signaling pathway, we detected the expression of
Cdc42 downstream effectors. To this end, the expression

of Cdc42 was knocked down in Panc-1 and BxPC-3 cells
using three different chemically synthesized shRNAs. The
knockdown efficiencies were examined using Western
blot analysis, and shRNA#3 exhibited the best efficacy in
silencing Cdc42 expression, compared with the negative
control (Fig. 2B). As such, shRNA#3 was employed in
the following study. As shown in Fig. 2C, ISO treatment
significantly increased the expression of phosphorylated
PAKI1 (p-PAK1), phosphorylated LIMK1 (p-LIMK1) and
phosphorylated Merlin (p-Merlin) in Panc-1 and Bxpc3
cells. In addition, treatment with f2-AR selective antago-
nist ICI 118 551, or knockdown of Cdc42 could reverse the
phosphorylation of Cdc42 downstream effectors caused
by ISO exposure, suggesting that the effect of ISO was
mediated by B2-AR and Cdc42. Meanwhile, we discov-
ered that the p2-AR/Cdc42 signaling was correlated with
the expression of E-cadherin and Vimentin, two marker
proteins of cell metastasis and invasion. These results
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Fig.2 p2-AR activated Cdc42 signaling pathway. a PANC-1 and
BxPC-3 cells were treated with ISO and p2-AR antagonist ICI 118
551 for 6 h. The cells samples were subjected to Western blot analysis
to determine the expression of the indicated proteins. The bar chart
showed the quantitative analysis of the expression of Cdc42-GTP/
total Cdc42 in the groups. Mean + SEM of three independent experi-
ments. *P<0.05. b Western blot analysis of Cdc42 and GAPDH
(loading control) in wide-type, control shRNA and Cdc42 shRNAs in
Panc-1 and BxPC-3 cells. The bar chart showed the quantitative anal-

ysis of the expression of Cdc42 /GAPDH in the groups. Mean+ SEM
of three independent experiments. *P <0.05.c PANC-1 and BxPC-3
cells were treated with ISO and p2-AR antagonist ICI 118 551 for
6 h. The cells samples were subjected to Western blot analysis to
determine the expression of the indicated proteins. Quantitative anal-
ysis of the expression of p-PAK1/PAKI1, p-LIMKI1/LIMKI1, p-Merlin/
Merlin, E-cadherin and Vimentin in the groups. Mean + SEM of three
independent experiments. *P <0.05
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indicated that f2-AR might activate Cdc42 signaling cas-
cade in PDAC cells.

B2-AR/Cdc42 signaling induced the migration
and invasion of PDAC cells

Based on the fact that Cdc42/PAK1/LIMKI1 and Cdc42/
PAK1/Merlin signaling both play a profound role in regu-
lating cell mobility (Dummler et al. 2009), and our find-
ings that f2-AR-mediated Cdc42 activation was correlated
with the expression of E-cadherin and Vimentin, we specu-
lated that p2-AR/Cdc42 signaling might have an influence
on PDAC cell migration and invasion. Therefore, PANC-1
and BxPC-3 cells were subjected to wound healing assay
and transwell migration assay in the absence or presence of
ISO. As revealed in Fig. 3A-B, treatment with ISO led to
significantly enhanced migration of PANC-1 and BxPC-3
cells compared with the control groups. Of note, co-incuba-
tion with ICI 118 551 or knockdown of Cdc42 with shRNA
diminished ISO-induced migration of PDAC cells. We fur-
ther assessed the impact of ISO on PDAC cell invasion using
matrigel invasion assay. As predicted, ISO treatment facili-
tated apparent invasion of PDAC cells, whereas co-treatment
with ICI 118 551 or knockdown of Cdc42 abrogated the
invasion of PDAC cells (Fig. 3C). These data supported the
assumption that f2-AR/Cdc42 signaling might contribute to
the migration and invasion of PDAC cells.

B2-AR and Cdc42 expression were correlated
with invasive phenotype and unfavorable prognosis
in PDAC patients

Our aforementioned data indicated that f2-AR might trigger
PDAC cells migration and invasion via Cdc42 signaling. To
address whether this molecular mechanism may contribute
to the metastasis of PDAC in clinical setting, we performed
immunohistochemistry analysis to determine the expression
profiles of f2-AR and Cdc42 in PDAC patients. Immuno-
histochemistry results indicated that f2-AR and Cdc42 were
both highly expressed in PDAC specimens, as compared
with adjacent non-tumor tissues and normal pancreatic tis-
sues (Fig. 4). The expression of f2-AR in PDAC tissues was
positively correlated with that of Cdc42 (Table 1). Next, the
correlations among B2-AR and Cdc42 expression and clin-
icopathological parameters were analyzed. Both of p2-AR
and Cdc42 expression were associated with lymph node
metastasis and TNM stage in PDAC patients (Table 2). In
addition, we performed univariate and multivariate analy-
ses using a proportional Cox regression hazard model to
determine which parameters might serve as independent
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prognostic factors in predicting the survival of PDAC
patients. As shown in Table 3, univariate Cox regression
analysis indicated that histological differentiation, lymph
node metastasis, TNM stage, p2-AR and Cdc42 expression
might be prognosis-related. Further study using multivari-
ate Cox regression analyses showed that histological differ-
entiation and p2-AR might serve as independent prognos-
tic factors in PDAC patients. Furthermore, Kaplan—Meier
analysis indicated that high expression of f2-AR and Cdc42
both were associated with unfavorable prognosis in PDAC
patients (Fig. 5A-B). Of note, high expression level of both
p2-AR and Cdc42 indicated a poor outcome of patients with
PDAC (Fig. 5C). These findings implicated that p2-AR/
Cdc42 signaling might be a crucial pathway leading to dis-
mal prognosis in PDAC patients.

Discussion

Mounting studies in recent years implicated a critical
involvement of the peripheral nervous system and neuro-
transmitter-mediated signaling in tumor progression. In the
present study, we investigated the potential mechanisms
underlying 2-AR signaling in PDAC cells and its involve-
ment in PDAC progression. We for the first time showed
that active p2-AR might recruit Cdc42, leading to conse-
quent activation of Cdc42 and its downstream effectors. This
molecular pathway may result in the migration and inva-
sion of PDAC cells. We further showed that both f2-AR
and Cdc42 were highly expressed in PDAC tissues and asso-
ciated with worsened prognosis of PDAC patients. These
findings together point to a pivotal role of f2-AR-mediated
Cdc42 activation in PDAC metastasis and progression, shed-
ding new light on the involvement of neurotransmitter sign-
aling in PDAC development.

The neurotransmitter such as catecholamines are widely
documented to be implicated in various physiological and
pathological conditions, especially cancer development. For
instance, social isolation may increase the level of tumor
norepinephrine in patients with ovarian carcinoma (Lut-
gendorf et al. 2011). Thus, these neurotransmitters may
be linked to cancer development caused by emotional and
behavioral disorders. Because catecholamines are widely
regarded as stress-associated hormones, elevated concentra-
tions of catecholamines may directly contribute to the initia-
tion and progression of tumors via catecholamine receptors,
especially 2-AR. Multiple studies demonstrated that f2-AR
activated a variety of tumor-promoting signaling pathways,
such as AP-1, STAT3, HIF-1a, Her2 and CREB, to drive
malignant phenotypes, such as uncontrolled proliferation,
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A Pancreatic cancer tissue Adjacent normal tissue Table1 The level of B2-AR expression in PDAC tissues positively
1 correlated with Cdc42 expression level
/ B2-AR expres-  Cdc42 expression X2 P value
sion -
B2-AR Low High
Low 29 13 17.883 0.000%*
High 15 42
Statistical analyses were carried out using Pearson 2 test. *P <0.05
was considered significant
Cdc42
. that $2-AR signaling might also drive PDAC progression via
200X 55 a mechanism that is largely independent from gene expres-
B P<0.01 P<0.01 sion. These studies infer that f2-AR may mediate cancer
§12- =71 paired cases §12-  N=71paired cases development through assorted mechanisms.
2 . 2 " Cdc42 has been reported to be involved in multiple kinds
%o.s- °:° %o.s- of cancer, such as hepatocellular carcinoma, esophageal can-
[ o
e °°g° .. % oo . cer and neuroblastoma (Lee et al. 2014; Tseng et al. 2015;
Soad oo Soal  gos Wang et al. 2014). In this study, we discovered that f2-AR
00 . . . oy .
2 =2 2 090 ) activated Cdc42 signaling pathway to facilitate the migra-
© © o . . . aye .
'© 0.0 © 0.0 5 tion and invasion ability of PDAC cells. A variety of stud-
Cancer  Adjacent Cancer Adjacent

tissue normal tissue tissue normal tissue

Fig.4 p2-AR and Cdc42 were overexpressed in PDAC specimens. a
Representative images of f2-AR and Cdc42 immunohistochemistry
in PDAC and adjacent normal tissues. b The chart showed the expres-
sion profiles of f2-AR and Cdc42 in PDAC and non-tumor tissues.
Statistical analyses were carried out using Pearson 2 test

invasion and chemoresistance (Liu et al. 2020; Shan et al.
2013; Shi et al. 2010; Zhang et al. 2019, 2020). Our pre-
vious study also suggested that p2-AR signaling promoted
c-myc expression in PDAC cells via PCBP2-dependent RNA
translation (Wan et al. 2016). Intriguingly, previous reports
mostly focused on the role of f2-AR signaling in transcrip-
tional and translational regulation. Our present study implied

@ Springer

ies suggested that Cdc42 might be recruited by a variety of
neuronal receptors to facilitate cell motility. For instance,
ligand-bound serotonin receptor subtype 7 (5-HT7R) may
promote Cdc4?2 activation to induce actin filaments dynam-
ics and neurite elongation (Speranza et al. 2015). EphB
receptors may activate Cdc42 to regulate spine morphogen-
esis (Irie and Yamaguchi 2002). Neurotrophin receptors may
regulate the migration of Schwann cells via the activation of
Cdc42 (Yamauchi et al. 2004). Further studies to clarify the
mechanisms underpinning f2-AR-mediated Cdc42 recruit-
ment and the binding motif of each protein are beneficial to
the understanding of $2-AR signaling in cancer cells.

In conclusion, we reported that liganded 2-AR recruited
Cdc42 to facilitate the migration and invasion ability of
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Table2 Relationship between Parameters Total  p2-AR P Cdc42 P
B2-AR, Cdc42 expression and —
clinicopathological parameters Low High Low High n=55
in 99 PDAC specimens n=42 n=57 n=44
Age(year) 0.123 0.369
<60 50 25 25 20 30
>60 49 17 32 24 25
Gender 0.337 0.674
Male 63 29 34 29 34
Female 36 13 23 15 21
Location 0.345 0.003*
Head—neck 68 31 37 37 31
Body-tail 31 11 20 7 24
Tumor size 0.105 0.380
<4cm 61 22 39 25 36
>4 cm 38 20 18 19 19
Histological differentiation 0.666 0.317
Well-moderate 66 27 39 27 39
Poor 33 15 18 17 16
Lymph node metastasis 0.025% 0.027*
Yes 46 14 32 15 31
No 53 28 25 29 24
Nerve invasion 0.960 0.963
Yes 38 16 22 17 21
No 61 26 35 27 34
TNM stage 0.010* 0.031*
IA-TIA 51 28 23 28 23
11B-1V 48 14 34 16 32
*Statistical analyses were performed by the Pearson test. P <0.05 was considered significant
Tablg 3 Univariate analysi§ and Characteristic Univariate Cox regression Multivariate Cox regression
multivariate analyses showing
the overall survival rate for HR 95% CI P value HR 95% CI P value
patients with PDAC
Age 1.233 0.781-1.948 0.369
Gender 0.872 0.540-1.406 0.573 0.541
Location 1.162 0.717-1.882 0.541 2.680 1.598-4.495 0.000*
Size 0.861 0.534-1.388 0.539 2.492 0.563-11.02 0.229
Histological differentiation 1.880 1.170-3.021 0.009*
Lymph node metastasis 1.877 1.178-2.990 0.008*
Nerve invasion 1.304 0.820-2.073 0.261
TNM stage 1.964 1.228-3.139 0.005* 0.939 0.215-4.098 0.934
p2-AR 2.153 1.320-3.512 0.002* 1.837 1.035-3.258 0.038*
Cdc42 1.782 1.097-2.895 0.020* 1.236 0.700-2.184 0.465

Statistical analyses were performed by Cox proportional hazards regression

*P <0.05 was considered significant

@ Springer
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A B C
= 1.0 B2-AR expression - 1.0 Cdc42 expression = 1.0 1 Others .
2 1 Low o 1 Low 2 —r1 High expression of
g 0.8 _ High g 0.8 1 High g 0.8 B2-AR and Cdc42
] ? »
0.6 : 0.6
2 3 2
S04 S 04 S04
£ £ £
302 302 302
0.0 P=0.001 < 001 P=0.015 00 P=0.023

0.0 20.0 40.0 60.0 80.0 100.0
Survival time (M)

Fig.5 Cumulative survival curves according to f2-AR and Cdc42
expression in 99 PDAC patients. a Overall survival curves of
low P2-AR expression patients (score<4) vs high p2-AR expres-
sion patients (score>4). b Overall survival curves of low Cdc42

PDAC cells. f2-AR-mediated Cdc4?2 signaling may contrib-
ute to the metastasis and worsened prognosis in patients with
PDAC. These findings indicate that 2-AR and its down-
stream Cdc42 pathways may serve as therapeutic targets in
PDAC treatment. Further studies are required to dissect the
regulatory roles of f2-AR in PDAC development.
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