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ABSTRACT

The actin-binding protein Girdin is involved in a variety of cellular processes, including pancreatic cancer. The
objective of this study is to explore the role and the mechanism of Girdin in pancreatic cancer by quantitative
acetylome and phosphorylome analysis. We firstly found that Girdin was overexpressed in pancreatic cancer
tissue and increased expression of Girdin was associated with tumor size and stage of patients with pancreatic
cancer. We established the shRNA knockdown of Girdin in PANC-1 and Aspc-1 cells, and we found that shGirdin
inhibited proliferation, migration and invasion, and promoted apoptosis. Subsequently, we identified and
quantified 5,338 phosphorylated sites in 2,263 proteins that changed in response to Girdin knockdown, and
identified a similar set of Girdin-responsive acetylome data as well. Additional data revealed that down-
regulation of Girdin affected Cortactin phosphorylation and acetylation, suggesting Cortactin as an important
regulatory target of Girdin. Moreover, we found that overexpression of Cortactin could rescue the effect of
shGirdin on proliferation, apoptosism, migration and invasion of pancreatic cancer cells. In general, our results
provided new insights into the mechanisms of Girdin function including cell proliferation, migration and
invasion, and offer biomarker candidates for clinical evaluation of Girdin.

INTRODUCTION

Pancreatic cancer (PC) is a digestive tract malignant
tumor with an extremely poor prognosis [1], and the
median survival in terminal patients is less than 6
months [2]. In recent years, gemcitabine was the first
choice of chemotherapy drugs for treating advanced
pancreatic cancer [3]. But clinically, it is not ideal and
does not inhibit pancreatic cancer metastasis [4].
Previous studies reported that the malignant degree of
pancreatic cancer was associated with cancer stem cell
(CSC) properties [5] and with abnormal expressions of a
series of genes that are frequently mutated or highly up-
regulated, and are correlated with drug resistance and
cancer relapse [6, 7], such as aldehyde dehydrogenases
(ALDHSs) [8].

The ubiquitously expressed actin-binding protein Girdin/
APE (Akt-phosphorylation enhancer) plays a crucial role
in cytoskeleton remodeling, cell migration, and tumor
metastasis. Girdin is also essential for vessel remodeling
during angiogenesis [9]. It is phosphorylated and
activated by the serine/threonine kinase Akt, which is a
downstream target of PI3K regulation of cell polarization
and migration [10]. In a variety of malignant tumor
tissues, Girdin was highly expressed and was correlated
with postoperative recurrence and tumor metastasis [11].
In patients with luminal-type breast cancer, Girdin
expression was significantly associated with the
incidence of breast cancer and lymph node metastasis
[12]. Furthermore, Girdin was overexpressed in hepato-
cellular carcinoma (HCC) tissues and was a target gene
of the tumor suppressor miR-101. In addition, Girdin
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down-regulation has been shown to markedly suppress
cell proliferation and migration [13]. However, the
relationship between Girdin and pancreatic cancer
remains unclear.

Previous studies of Girdin up- and down-regulation in
cancer cells showed that Girdin was an oncogene-like
protein [14, 15]. However, the proteomic response to
Girdin up- and down-regulation [16, 17], including the
post-translational modification (PTM) spectrogram
[18, 19], remains to be investigated. During the
tumorigenesis process, PTMs including phosphorylation,
acetylation, or ubiquitination are dramatically changed
and can play a crucial role in tumor migration or
invasion. Enzymes or co-factors of PTM have important
roles in modulating of transcription regulation and
chromatin structure.

In this study, we explored the expression of Girdin in
pancreatic cancer clinical samples and the effect of
Girdin on cell proliferation, migration, invasion and
apoptosis of pancreatic cancer cells. Subsequently
we identified acetylome and phosphorylome changes
in pancreatic cancer cell lines in response to Girdin
down-regulation. We found that although Girdin is
not a known nuclear protein, many of the acetylome
alterations involved nuclear and mitochondria proteins.
Furthermore, by bioinformatic analysis, the related Kyoto
Encyclopedia of Genes and Genomes (KEGG) and
Gene Ontology (GO) pathways were reported. Finally,
additional data revealed that down-regulation of Girdin
affected Cortactin phosphorylation and acetylation,
suggesting Cortactin as an important regulatory target
of Girdin.

RESULTS

Girdin was over-expressed in pancreatic cancer tissues
and cells

To explore the role of Girdin in the progression of
pancreatic cancer, the mMRNA expression of Girdin was
examined in pancreatic cancer tissues and adjacent non-
tumor normal tissues. As shown in Figure 1A, the
MRNA expression of Girdin was increased significant-
ly in pancreatic cancer tissues as compared to the
normal tissues (P<0.01). The protein expression of
Girdin in pancreatic cancer was also identified by IHC
analysis. The Figure 1B, 1C showed that Girdin was
over-expressed in pancreatic cancer tissues. We
subsequently identified the correlation of Girdin
expression and clinicopathological characteristics of
pancreatic cancer patients. As displayed in Table 1,
high expression of Girdin exerted a correlation with
tumor size and tumor node metastasis (TNM) stage
(P<0.05).

The expression of Girdin in pancreatic cancer cell lines
(AsPC-1, BxPC-3, CFPAC-1 and PANC-1) was
identified by western blot and RT-PCR analysis. As
shown in Figure 1D, the AsPC-1 and PANC-1 cell lines
exerted higher expression of Girdin, and they were
carried out for further studies. To investigate the role of
Girdin in the pancreatic carcinoma cell lines, we
knocked down Girdin expression with 5 shRNAs and
shRNA-3 exhibited better efficiency (Figure 1E). An
oligo targeting Girdin was inserted into a pLKO.1
vector, and PANC-1 and AsPC-1 cells were infected
following puromycin stress screening. Our analyses of
mRNA and protein expression levels with real-time
guantitative PCR and western blotting, respectively,
showed that Girdin was knocked down efficiently
(Figure 1F).

Girdin down-regulation regulated cell proliferation,
apoptosis, migration and invasion of pancreatic
cancer cells

Having confirmed effective knockdown of Girdin in
pancreatic cancer cells, we asked whether we could
identify any functional associations between Girdin
expression and cancer cell phenotypes. First, we
examined cell proliferation by CCK8 assay. Both control
pancreatic cancer cells (shCtrl) and Girdin knockdown
pancreatic cancer cells (shGirdin) were seeded, and cell
viability was tested after 2 days (d) and again after 4 d.
At the 48-h time point, both cell lines grew at the same
rate. However, after 4 d, the shGirdin cells showed
significantly decreased monolayer growth compared to
that of the controls (P<0.001, Figure 2A). To further
investigate the biological significance of Girdin in
pancreatic cancer cells, we performed an APC/PI
apoptosis assay. Apoptosis rates in the shGirdin group
were significantly increased compared with those of the
shCtrl group (P<0.001, Figure 2B). These data indicated
that Girdin down-regulation promoted cell apoptosis.
We then evaluated the migratory and invasive
capabilities of shGirdin cells with a wound-healing test
and a transwell assay. In comparison to shCtrl cells,
shGirdin cells exhibited both noticeably decreased
migration (P<0.001, Figure 2C) and reduced invasion
(P<0.001, Figure 2D). Together, these results suggest
that Girdin regulates the metastatic capacity of
pancreatic cancer, cells.

Effects of Girdin knockdown on pancreatic tumor
growth in vivo

The biological effects of Girdin on pancreatic cancer
development were evaluated in a xenograft mouse
model. PANC-1 cells transfected with shCtrl or
shGirdin were implanted subcutaneously into nude
mice. Then tumor growth was evaluated every 5 days.
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Girdin knockdown significantly delayed tumor growth
in vivo (P<0.01, Figure 2E, 2F). At 5 weeks post-
implantation, the nude mice were sacrificed, and tumors
were harvested and weighed. Girdin knockdown
significantly decreased the tumor size and weight
(P<0.01, Figure 2G, 2H).

Acetylome quantification

Next, we sought to identify the mechanism(s) by which
Girdin regulates cell proliferation, migration, and
invasion. Both acetylation and phosphorylation were
performed to qualify the proteome acetylation changes
in shGirdin knockdown PANC-1 cells LC-MS/MS. For

acetylome quantification, 2,927 lysine acetylation sites
in 1,196 protein groups were identified, among which
2,873 sites in 1,183 proteins were quantified
(Supplementary Table 1). When setting quantification
ratio of >1.5 as up-regulated threshold and <0.67 as
down-regulated threshold, 93 lysine acetylation sites in
80 proteins were quantified as up-regulated targets and
266 lysine acetylation sites in 196 proteins were
guantified as down-regulated targets.

Biological analysis of acetylome

To elucidate the cellular functions regulated by Girdin,
we examined the acetylome data enriched for GO
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Figure 1. Expression of Girdin in pancreatic cancer tissues and cell lines. (A) The mRNA expression of Girdin in pancreatic cancer
tissues and adjacent normal tissues was identified by RT-PCR analysis (n=41). (B, C) The protein expression of Girdin in pancreatic cancer
tissues and adjacent normal tissues was examined by IHC analysis. (D) Girdin expression in pancreatic cancer cell lines (AsPC-1, BxPC-3,
CFPAC-1 and PANC-1) was identified by western blot analysis and RT-PCR. (E) Girdin expression was knockdown by 5 shRNAs and Girdin
expression was identified by western blot analysis. (F) AsPC-1 and PANC-1 cells were transfected with shGirdin plasmid, the transfection
efficiency was examined by RT-PCR and western blot analysis. Data was shown as mean + SD. ***P<0.001. The experiments were repeated

3 times.
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Table 1. The correlation of Girdin expression and clinicopathological characteristics of pancreatic cancer patients.

Girdin expression

Features n High (n=13) Low (n=28) P value
Gender

Male 22 6 16

Female 19 7 12
Age (years)

>60 25 8 17

<60 16 5 11
Tumor size (cm)

>3 18 9 9

<3 23 4 19
Differentiation

Poorly differentiated 20 5 15

Moderately and well differentiated 21 8 13
TNM stage

1+11 22 4 18

Hi+v 19 9 10
Lymph node metastasis

Yes 15 6 9

No 26 7 19
Distant metastasis

Yes 21 9 12

No 20 4 16

TNM, tumor node metastasis.
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Figure 2. Girdin down-regulation regulates pancreatic cancer progression in vitro and in vivo. (A) Cell proliferation rates of both
shCtrl and shGirdin cells were tested by CCK-8 assay. (B) APC/PI staining analysis to measure apoptosis levels of both shCtrl and shGirdin cells.
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Apoptosis levels were significantly higher in shGirdin cells. (C) Wound-healing assay was performed to examine the migration in PANC-1 and
AsPC-1 cells with shCtrl or shGirdin transfection. (D) Transwell invasion assay was carried out in PANC-1 and AsPC-1 cells with shCtrl or
shGirdin transfection. (E, F) Tumor growth curves were established by measuring tumor volume every 5 for 35 days after injection. Tumor
weights isolated from nude mice in each treatment group were determined on day 28 after injection. Data was shown as mean + SD.

***P<0.001. The experiments were repeated 3 times.

categories and KEGG pathway. As shown in Figure 3A,
3B for GO enrichment, the upregulated proteins
were highly enriched in nucleoplasm, DNA binding
and nucleic acid metabolic process (Figure 3A), and
the downregulated proteins were highly enriched in
mitochondrial part, cofactor binding, and oxoacid
metabolic process (Figure 3B). As displayed in
Figure 3C, 3D for KEGG pathway enrichment, the
upregulated proteins were highly enriched in hsa05322
Systemic lupus erythematosus-Homo sapiens (human)
(Figure 3C), and the downregulated proteins were
highly enriched in hsa01100 Metabolic pathways-Homo
sapiens (human) (Figure 3D).

Quantification of phosphorylation

Using SILAC labeling and affinity enrichment followed
by high-resolution LC-MS/MS analysis, quantitative
phosphorylome analysis was performed in pair of
PANC-1 lines. Altogether, 5,468 phosphorylation sites
in 2,317 protein groups were identified, among which
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5,338 sites in 2,263 proteins were quantified
(Supplementary Table 2). When setting quantification
ratio of >1.5 as up-regulated threshold and <0.67 as
down-regulated threshold, 657 phosphorylation sites in
474 proteins were quantified as up-regulated targets and
404 phosphorylation sites in 307 proteins were
guantified as down-regulated targets.

Biological analysis of phosphorylation

An enrichment-based clustering analysis was carried out
to compare the function of corresponding proteins with
up- and down- regulated phosphorylation level. As
shown in Figure 4A, 4B for GO enrichment, the
upregulated proteins were highly enriched in cell-cell
junction, enzyme binding and transmembrane receptor
protein tyrosine kinase signaling pathway (Figure 4A),
and the downregulated proteins were highly enriched
in cell periphery, cytoskeletal protein binding, and
cytoskeleton organization (Figure 4B). As displayed
in Figure 4C for KEGG pathway enrichment, the

B ~log LO(Fidier” exact test pvaue)
[ W 30 40 50 6D
mitochondrial part e I
B . : — 27 61
E- anitechondrion — |73
= & —l
= organelle inner membrane — 44
O ) ) - 536
o mitochondrial envelope - 512
. S - 560
cofactorbinding == £ 24
= o o - 512
=8 coemzyme binding = 473
5E ) i . 255
7: = oxidoreductazeactivaty, acting on the CH-.. = f!;;-
= : a2 3
- transferase activity, transferring acyl groups = 234
. . = 232
oxoacud metabolic process — |05
. . — ]33
3 organic acid metab olic process — ] 59
4 . . 1
& sigle-orgamismmetabolic process — 4
[ . —r
= enerzy denvation by oxadation of organic, | . 475
g - 33
& coenzyme metab olic process o 2?4
= . - 5%
= monocarbozxylic acid metabolic process e 524
-‘9 . ]
organonitrogen compound biosynthetic process = 521
- 5.17
D -log L0(Fisher” exact test p value)

0 1 2 3 4 5 G
hsa01100 Metabolic pathways - Homo sapiens
lsaf0280 Valine, leucine and izoleucine. .

h=a00020 Citrate cyele (TCA cyele) - Homo

lisa0500 6 Hiumtizton's disease « Homo sapiens T Y
T
heat0640 Fropanoate metabolizm - Homo. 07
206
hsa00630 Butanoate metabolism - Homo .62
] .57
h=a01 212 Fatty acid metabolism - Home |45

Figure 3. Bioinformatic analysis of acetylome quantification. (A, B) The enrichment of up- and down-regulated proteins in GO
including cellular component analysis, biological process analysis, and molecular function analysis. (C, D) The enrichment of up-

and down-regulated proteins in KEGG pathways.
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down-regulated proteins were highly enriched in
hsa04670 Leukocyte transendothelial migration-Homo
sapiens (human) (Figure 4C), and the up-regulated
proteins were highly enriched in hsa05200 Pathways in
cancer-Homo sapiens (human) (Figure 4C).

Crosstalk between quantitative phosphorylome and
acetylome

Several proteins were phosphorylated and acetylated at
different sites and at different conditions; knocking
down of Girdin affected a series of protein
phosphorylation and acetylation simultaneously. By
comparing the acetylome and phosphorylome data, we
identified more than 300 proteins that undergo
acetylation and phosphorylation by the same protein at
different sites. To reveal the crosstalk between these
two PTM in detail, the protein-protein interaction
network was established as shown in Figure 5. The
global overview of protein-protein interaction networks
was obtained (Figure 5A); then, these two groups of
data were classified into multiple biological processes.
Thus, it realized that ribosome and RNA spliceosome
participated in Girdin-regulated biological functions
(Figure 5B, 5C), in which some essential proteins
including HNRNPA1, DXH9, and HNRNPA3 were
identified and whose phosphorylation and acetylation
level were adjusted by Girdin protein expression.
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Girdin knockdown affects Cortactin phosphorylation
and acetylation

We confirmed that knocking down Girdin affected cell
proliferation, migration and invasion, and further
confirmed that the acetylation and phosphorylation of
numerous proteins were changed in this gene control
process. We further discovered the phosphorylation and
acetylation of one protein, Cortactin, which contributes
to the organization of the actin cytoskeleton and cell
shape and plays a role in cell migration was
dramatically affected by knocking down Girdin. To be
guantitatively identified, 11 phosphorylation sites and
seven acetylation sites were downregulated by
decreasing the expression of Girdin protein. As shown
in Figure 6A, 6B, S47 and K161 was phosphorylated
and acetylated respectively, both modifications were
decreased when Girdin was knocked down. As proteins’
phosphorylation and acetylation exchange were able to
affect its stability and degradation, we assumed that
knocking down Girdin could affect multiple cellular
functions through regulating Cortactin expression.

We then tested Cortactin mRNA levels in Girdin
knockdown PANC-1 cells by RT-PCR and western blot
analysis. The mRNA expression of Cortactin did not
change (Figure 6C). As shown in Figure 6D, Cortactin
protein was decreased significantly when Girdin was
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Figure 4. Bioinformatic analysis of the quantified phosphorylome. (A, B) The enrichment of up- and down-regulated proteins in GO
including cellular component analysis, biological process analysis, and molecular function analysis. (C) The enrichment of up- and down-

regulated proteins in KEGG pathways.
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knocked down using shRNA. These results suggested
that Girdin may regulate cell proliferation, migration,
and invasion by regulating Cortactin expression.

Cortactin overexpression reversed the effect of
shGirdin on PANC-1 cells.

To further identify the mechanism by which Girdin
regulated the proliferation and invasion of pancreatic
cancer cells, PANC-1 cells were transfected with ShNC,
shGirdin+oeNC, and shGirdin+oeCortactin. RT-PCR
and western blot analysis were employed to detect the
expressions of Girdin and Cortactin, and the results
showed that Cortactin overexpression showed no effect
on Girdin expression (Figure 7A). Cell proliferation,
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O Both Acetylation and phosphorylation regulated protein

- Up-regulated . Down-regulated Regulated

apoptosis, migration and invasion were identified by
CCKa8, APC/PI staining, wound healing, and transwell
assays, respectively. As shown in Figure 7B-7E,
shGirdin inhibited cell proliferation, induced cell
apoptosis and suppressed cell migration and invasion
(P<0.001), while overexpression of Cortactin reversed
the anti-tumor effect of shGirdin on PANC-1 cells
(P<0.05).

DISCUSSION

Girdin is involved in a variety of cellular processes
including correct neuron positioning, dendritic
development, and cell migration [20]. It is also essential
in tube formation and VEGF-dependent migration of
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Figure 5. Crosstalk between quantitative phosphorylome and acetylome. (A) The protein-protein interaction network of
phosphorylated and acetylated proteins. (B) The protein-protein interaction network clustered in the RNA spliceosome. (C) The protein-

protein interaction network clustered in ribosome.

WWW.aging-us.com 7685

AGING



endothelial cells [9]. Girdin is phosphorylated by the
serine/threonine protein kinase Akt; however, down-
stream regulatory role(s) for Girdin remains unknown
[21]. The goal of this study was to characterize the
effect and the underlying mechanism of Girdin on the
proliferation, migration, and invasion of pancreatic
cancer cells, which could eventually provide a model
for developing targeted therapies for pancreatic cancer.
From collecting and analysis of the clinical data of
pancreatic cancer patients, we found that Girdin was
overexpressed in pancreatic cancer and higher
expression of Girdin was associated with tumor size and
TNM stage. Previous studies revealed that Girdin
regulated cell activities in lung cancer and breast cancer
[22, 23]. By a series of functional experiments in vitro
and in vivo, we also found that down-regulation of
Girdin suppressed cell proliferation, migration and
invasion, while promoted cell apoptosis. Over-
expression of Girdin facilitated tumor growth in vivo.
The results raised the possibility that Girdin inhibitors
could be candidates of pancreatic cancer drugs.

We subsequently performed the quantitative acetylome
and phosphorylome analysis by using SILAC labeling
and affinity enrichment followed by high-resolution
LC-MS/MS analysis, because these are two important
mechanisms of protein regulation [24, 25]. We
identified 2,927 acetylated lysine sites in 1,196 proteins,
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of which we quantified 2,873 acetylated lysine sites in
1,183 proteins. Enrichment analysis of differentially
expressed proteins revealed that upregulated proteins
were highly enriched in nucleoplasm, DNA binding,
nucleic acid metabolic process and hsa05322 systemic
lupus erythematosus, while upregulated proteins were
highly enriched in mitochondrial part, cofactor binding,
oxoacid metabolic process, and hsa01100 Metabolic
pathway. These pathways are closely related cell
phenotype of malignant tumors [26, 27]. By quantitative
phosphorylome analysis, 5,468 phosphorylation sites in
2,317 protein groups were identified, among which
5,338 sites in 2,263 proteins were quantified. the
upregulated proteins were highly enriched in cell-cell
junction, enzyme binding, transmembrane receptor
protein tyrosine kinase signaling pathway and hsa04670
leukocyte transendothelial migration pathway, and
the downregulated proteins were highly enriched in
cell periphery, cytoskeletal protein binding, and
cytoskeleton organization and hsa05200 pathways in
cancer pathways. A lot of studies report that cell-cell
junction [28], tyrosine kinase signaling pathway [29],
cytoskeletal protein binding [30], and cytoskeleton
organization pathways are involved in the regulation of
cancer cell growth and invasion [31]. These results
indirectly showed that Girdin regulated cell activities of
pancreatic cancer cell through regulating these
pathways.
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Figure 6. Cortactin protein level is decreased when knocking down Girdin. (A, B) Cortactin phosphorylation and acetylation.
Cortactin was phosphorylated at S47 (A) and acetylated at K161 (B). (C) Expression of Girdin and Cortactin transcripts following shRNA
knockdown of Girdin in PANC-1 cells was assessed by qPCR. (D) Western blotting results showed Girdin and Cortactin protein expression
levels in shCtrl cells and shGirdin cells, with GAPDH loading control. Data was shown as mean + SD. ***P<0.001. The experiments were

repeated 3 times.
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Crosstalk between quantitative phosphorylome and
acetylome revealed that ribosome and RNA spliceosome
participated in Girdin-regulated biological functions,
and some essential proteins including HNRNPAL,
DXH9, and HNRNPA3 were identified and whose
phosphorylation and acetylation level were adjusted by
shGirdin. We further discovered the phosphorylation and
acetylation of Cortactin, which contributed to the
organization of the actin cytoskeleton and cell shape [32],
and 11 phosphorylation sites and 7 acetylation sites of
Cortactin were downregulated by decreasing the
expression of Girdin protein. Several studies show that
Cortactin plays a role in cell migration and invasion in

colorectal cancer, gastric cancer, lung cancer and
pancreatic cancer [33]. Subsequently, the expression of
Cortaction in pancreatic cancer cells with shGirdin
transfection was examined, and the results showed that
protein expression of Cortactin was decreased while the
mRNA expression of Cortaction showed no significant
change. Finally the rescue experiments were carried out,
the results displayed that overexpression of Cortactin
significantly abolished the anti-tumor effect of shGirdin
on pancreatic cancer cells. The results revealed that
Girdin affected the cell proliferation, migration, invasion
and apoptosis through regulating the acetylation and
phosphorylation of Cortactin.
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Figure 7. Cortactin over-expression reversed the effect of shGirdin on PANC-1 cells. PANC-1 cells were transfected with shNC,
shGirdin+oeNC, and shGirdin+oeCortactin. (A) RT-PCR and western blot analysis were employed to detect the expressions of Girdin
and Cortactin. (B—E) Cell proliferation, apoptosis, migration and invasion was identified by CCK8, APC/PI staining, wound healing, and

+

transwell assays, respectively. Data was shown as mean
3 times.

SD. *P<0.05, **P<0.01, ***P<0.001. The experiments were repeated
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Overall, our results investigates the acetylation and
phosphorylation regulated by Girdin, which provides new
insights into the molecular mechanism of Girdin function
in pancreatic cancer cells including cell proliferation,
migration and invasion, and offers potential biomarker
candidates for the clinical evaluation of Girdin and
Cortactin.

MATERIALS AND METHODS
Patient and tissue samples

Paired pancreatic cancer tissues (n=41) and matched
peritumor samples were obtained from a tissue bank of
samples collected from patients (age range, 41-79 years;
mean age, 58 years; male:female ratio, 22:19) that
underwent surgical treatment between January 2010 and
December 2016 at the Second Affiliated Hospital of
Nanjing Medical University. This study did not include
patients that had received radiotherapy and/or
immunotherapy prior to or following surgical treatment.
Tissue samples were snap frozen in liquid nitrogen
immediately following surgical resection and stored at -
80°C. Written informed consent was obtained from all
patients. The study protocol conformed to the ethical
guidelines of the 1975 Declaration of Helsinki, and was
approved by the Second Affiliated Hospital of Nanjing
Medical University.

Cell culture

AsPC-1, BxPC-3, CFPAC-1 and PANC-1 cell lines were
purchased from the Chinese Academy of Sciences. Cells
were cultured in RPMI-1640 medium supplemented with
10% fetal bovine serum (FBS) and 1% penicillin/
streptomycin. Cells were cultured in a humidified tissue
culture incubator with 5% carbon dioxide (CO.) at 37°C.

Adenoviral infection

The adenovirus vector expressing shGirdin and the
control blank adenovirus were purchased from Jikai
(Shanghai). We found that a multiplicity of infection
(MOI) of 50 was an optimal infection dose for
adenovirus-mediated gene transfer in PANC-1 and
AsPC-1 cells. Thus, PANC-1 and AsPC-1 cells were
infected with AdV-shGirdin (shGirdin) or AdV-shCtrl
(shCtrl) at an MOI of 50 throughout the study.

PANC-1 and AsPC-1 cells were plated in 6-well plates
at 6 x 10° cells per well and subsequently infected with
eithershGirdin or shCtrl in culture medium (RPMI-
1640 medium supplemented with 10% fetal bovine
serum). After 24 hours (h) of infection, the shGirdin-
or shCtrl-infected cells were collected for subsequent
experiments.

Proteomic quantification of phosphorylation

Using SILAC labeling and affinity enrichment followed
by high-resolution LC-MS/MS analysis, quantitative
phosphorylome analysis was performed in pair of human
cell lines. Altogether, 5,468 phosphorylation sites in
2,317 protein groups were identified, among which 5,338
sites in 2,263 proteins were quantified. When setting
quantification ratio of >1.5 as up-regulated threshold and
<0.67 as down-regulated threshold, 657 phosphorylation
sites in 474 proteins were quantified as up-regulated
targets and 404 phosphorylation sites in 307 proteins
were quantified as down-regulated targets. Intensive
bioinformatic analysis was then carried out to annotate
those quantifiable targets, including protein annotation,
functional  classification,  functional  enrichment,
functional enrichment-based cluster analysis, etc (Sup-
plementary File 1). Based on the results, further studies
following the quantitative proteome analysis were
suggested.

Proteomic quantification of lysine acetylation
analysis

Using SILAC labeling and affinity enrichment followed
by high-resolution LC-MS/MS analysis, quantitative
lysine acetylome analysis was performed in pair of
human cell lines. Altogether, 2,927 lysine acetylation
sites in 1,196 protein groups were identified, among
which 2,873 sites in 1,183 proteins were quantified.
When setting quantification ratio of >1.5 as up-regulated
threshold and <0.67 as down-regulated threshold, 93
lysine acetylation sites in 80 proteins were quantified as
up-regulated targets and 266 lysine acetylation sites in
196 proteins were quantified as down-regulated targets.
Intensive bioinformatic analysis was then carried out to
annotate those quantifiable targets, including protein
annotation,  functional  classification,  functional
enrichment, functional enrichment-based cluster analysis,
etc (Supplementary File 2). Based on the results, further
studies following the quantitative proteome analysis
were suggested.

RNA extraction

After 24 h of infection, the shGirdin- or shCtrl-
infected cells were harvested into 1.5 ml tubes and
were spun down at 1,000 revolutions per minute (rpm)
for 3 minutes (min). The pellet was resuspended and
washed with 1ml PBS. Cells were spun down at 1,000
rpm for 3 min, then lysed in 1 ml of Trizol and
homogenized. The homogenized solution was incubated
at room temperature for five min. Next, 200ul
chloroform was added to the homogenate, vortexed for
15 seconds (sec), and incubated at room temperature for
5 min. Samples were centrifuged at 12,000 rpm for 15
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min at 4°C. Following centrifugation, the supernatant
(agueous phase) was transferred to a fresh tube and
incubated with 500 pl isopropanol for 10 min at room
temperature. Samples were centrifuged at 12,000 rpm
for 15 min at 4°C. Following centrifugation, the
supernatant was removed and the RNA pellet was
washed with 1 ml of 75% ethanol (12,000 g for 5 min at
4°C). The supernatant was removed, and the pellet was
air dried for 10-15 min. The RNA pellet was then re-
dissolved in 20-50 pl of DEPC water.

Reverse transcription PCR

Total RNA was extracted with Trizol reagent followed
by a standard phenol-chloroform extraction protocol.
First-strand complementary DNA (cDNA) was
synthesized from the extracted total RNA. Total RNA
(500 ng) was ftranscribed with 5X PrimeScript
MasterMix. 2 ul 5X PrimeScript Master Mix was added
to the tube and RNase-free water was added, up to 10 pl.
After gently mixing the reaction solution, the reverse-
transcription reaction was carried out according to the
manufacturer’s protocol. The PCR conditions were:
37°C for 15 min (reverse transcription), 85°C for 5 sec
(heat inactivation of reverse transcriptase), and 4°C. The
resulting cONA was used for quantitative real-time RT-
PCR (qRT-PCR).

Quantitative real time PCR

The primer sequences used for the amplification were as
follows.

Girdin Forward Primer: 5'-
AGGCTTCAGATCCAAGCAGT -3,
Girdin Reverse Primer: 5'-
TGTTCTGCCACTATCAAGGC -3
Cortactin Forward Primer: 5'-
AAAGCTTCAGCAGGCCAC -3,
Cortactin Reverse Primer: 5'-
TTGGTCCTGTTTCAAGTTCC -3
GAPDH Forward Primer: 5'-
AAGGTGGTGAAGCAGGCGTCG-3', and
GAPDH Reverse Primer: 5'-
AATGCCAGCCCCAGCGTCAAAG-3.

GAPDH was used as an internal control to normalize
for differences in the amount of total RNA in each
sample. The cDNA was used as a template in real-time
PCR (RT-PCR) reactions. PCR reactions were prepared
according the SYBR green supermix protocol. RT-PCR
reactions were run on real-time PCR detection systems
(Bio-Rad). PCR amplification cycles were preceded by
a 10-min denaturation step at 95°C followed by 40
cycles of 95°C for 15 sec, 60°C for 60 sec respectively,
and 95°C for 15 sec, 60°C for 1 min, 95°C for 15 sec.

Melt curves were generated after PCR amplification.
The threshold cycles were used to calculate relative
expression levels according to the 222°t method.
Relative mRNA expression levels were normalized to
the level of GAPDH.

Western blotting

PANC-1 and AsPC-1 cells were plated in 6-well plates
at 6 x 10° cells per well, and were subsequently treated
with either shGirdin (50 MOI) or shCtrl (50 MOI) in
culture medium. Culture medium was replaced after 48
h. After another 48 h of treatment, the shGirdin or
shCtrl treated PANC-1 cells were harvested in 1.5 ml
tubes. Then cells were washed with PBS and the pellet
was resuspended with 100 pl IP lysis (2.5 mM Tris, 150
mM NacCl, 1% Triton X-100, 1 mM EDTA, cocktail).
Cells were lysed by vortexing vigorously and left on ice
for 30 min. After centrifugation at 12,000 rpm for 30
min, the supernatant was transferred to a fresh tube and
stored at -80°C. The total cellular lysates were
then separated by 12% SDS-polyacrylamide gel
electrophoresis (SDS-PAGE) and transferred onto
polyvinylidene  difluoride  (PVDF)  membranes.
Membranes were blocked with 5% non-fat milk for 30
min at room temperature and incubated with primary
antibodies at 1:200. Antibodies against Girdin,
Cortactin, and actin (used as a loading control) were
incubated overnight at 4°C, and HRP-conjugated
secondary antibodies at 1:1000 dilution were incubated
for 1 h at room temperature. The antigen-antibody
complex was detected with the SuperEnhanced
chemiluminescence (ECL) method according to
the manufacturer’s recommendations. The relative
quantities of proteins were determined by densitometer
and expressed in absorbance units (AU). The cropped
images for western blots are shown in the main figures.
The experiments were repeated at least three times.

CCKB8 assay

Cell numbers were assayed with a cell counting kit-8
(CCKS8). After PANC-1 and AsPC-1 cells were treated
with either shGirdin (50 MOI) or shCtrl (50 MOI) for
24 h, were harvested and plated at 4000 cells per well
with 100 pl RPMI-1640 medium in 96-well plate. After
48 h, 72 h, and 96 h incubation, 10uL CCKS reaction
solution was added into cultured medium in each well
for 1 h at 37°C. Optical density was measured at 450
nm by a microplate reader.

Apoptosis analysis by flow cytometry
Forty-eight hours after infecting the cells, the medium

was replaced with fresh complete medium for another
48 h. Cells were harvested using trypsin free of EDTA,
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and collected in 1.5 ml Eppendorf tubes. Cells were
washed with PBS twice. The pellet was re-suspended
in 500 pl binding buffer, mixed gently. Cells were
counted and adjusted to 2 x 10° per ml. Cell suspension
(100 pl) was transferred to test tubes, and 5 pl Annexin
V-APC was added and mixed gently. Then, 5 pl
propidium iodide (Pl) was added and incubated for 10
min at room temperature avoid of light. 400 ul binding
buffer was added to each tube and mixed. Samples were
analyzed using a flow cytometer. Data analysis was
performed using FlowJo software. All experiments were
conducted three times.

Wound-healing assay

The effect of Girdin on cell migration in vitro was
analyzed with a wound-healing assay. Briefly, the outer
bottom of 6-well culture plates was marked with a
reference point for image acquisition. PANC-1 and AsPC-
1 cells were plated to 70% confluence as a monolayer in
the marked 6-well plates and treated with shGirdin
(50 MOI), or shCtrl (50 MOI) in culture medium for 24 h.
Scratches were then created in the monolayer with a
pipette tip, and the wells were gently washed to remove
the debris. RPMI1640 medium containing 2% fetal
bovine serum was then added during to eliminate the
effect of cell proliferation on cell migration. Progression
of cell migration was observed and photographed under
microscopy immediately after wounding and at 24 h after
wounding. The gap distances were then quantitatively
calculated using ImageJ software.

Transwell invasion assay

The effect of Girdin on cell invasion in vitro was
assessed with a transwell invasion assay. Briefly, 12.5ul
Matrigel (50mg/1) was diluted in 87.5ul serum-free
RPMI-1640 medium. The 100ul Matrigel-diluted
solution was added to a 24-well transwell chamber,
dried in a laminar hood for 20 min and reconstituted in
100ul serum-free RPMI1640 medium for 2 h. The 50
MOI shGirdin or shCtrl infected cells (2 x 10* cells per
100ul serum-free RPMI-1640 medium) were added to
the upper chamber. The lower chamber was filled with
600ul of culture medium. After 24 h of incubation, cells
on the upper surface of filter were removed, and cells
invading the bottom side of insert were fixed in absolute
methanol for 10 min, stained with 600ul DAPI for 30
min, photographed, and quantified by counting five
randomly selected 200X high-power fields of view. The
invasive ability of tumor cells was then analyzed.

In vivo xenograft experiments

Male BALB/c nude mice (6-week-old; n=6/group) were
purchased from Beijing HFK Bioscience Co. Ltd.

(Beijing, China) and maintained under pathogen-free
conditions with approval by the Committee of the
Second Affiliated Hospital of Nanjing Medical
University. For tumor propagation analysis, 1x10’
PANC-1 tumor cells were subcutaneously injected into
BALB/c nude mice. Tumor volume was calculated
using the formula: volume = nab?/6 (a, tumor length; b,
tumor width) at indicative time points. Tumor weight
was measured at day 28 post-injection. Animal
experiments were performed in accordance with
relevant guidelines and regulations of the Animal Care
and Use Committees at the Second Affiliated Hospital
of Nanjing Medical University.

Statistical analysis

Data from at least three independent experiments
are expressed as the mean * standard deviation.
Statistical analysis was performed using IBM SPSS
19.0 statistical software. Statistical analysis was
performed using Student’s t-test or ANOVA. Pearson’s
y2 tests were used for analysis of the correlation
between clinicopathological features and Girdin
expression in pancreatic cancer patients. P<0.05
was considered to indicate a statistically significant
difference.
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SUPPLEMENTARY MATERIALS
Supplementary Tables
Please browse Full Text version to see the data of Supplementary Tables 1, 2.

Supplementary Table 1. Summary of identified and quantified sites and protein of acetylome analysis.

Supplementary Table 2. Summary of identified and quantified sites and proteins of phosphorylation analysis.

Supplementary Files
Please browse Full Text version to see the data of Supplementary Files 1, 2.

Supplementary File 1. Proteomic quantification of lysine acetylation analysis in human cell line.

Supplementary File 2. Proteomic quantification of phosphorylation in human cell line.
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