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Abstract: P21 activated kinase 2 (PAK2) is a member of Group | PAKs family and highly expressed in various can-
cers. Current studies have demonstrated that PAK2 played a pivotal role in tumor progression. However, the role of
PAK2 in salivary adenoid cystic carcinoma is still unclear. This study aims to explore the expression and the function
of PAK2 in AdCC. Human salivary gland tissue microarray, including 18 normal salivary glands (NSG), 12 pleomor-
phic adenoma (PMA) and 72 AdCC, and immunohistochemistry were used to evaluate the expression of PAK2. The
result showed that PAK2 was significantly increased in ADCC compared with NSG and PMA. Then the Pearson cor-
relation analysis using serial tissue sections showed a close correlation of PAK2 with Cyclin D1, Phospho-STAT3 at
Tyrosine 705 (p-STAT3) and Ki-67. Further in vitro study utilizing PAK2 knockdown via siRNA transfection revealed
significantly reduced migration and proliferation of AdCC cell lines compared with control group. Knockdown of PAK2
decreased the expression of Cyclin D1 in AdCC cell lines. In addition, the inhibition of STAT3 reduced the expression
of PAK2 in AdCC cell lines. These findings suggested that PAK2 promotes AdCC cell migration and proliferation and

may be a potential therapeutic target.
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Introduction

Adenoid cystic carcinoma (AdCC) is one of the
most common salivary gland tumors, which
arises in the salivary gland with predominant
location of parotid, sublingual and minor sali-
vary glands [1]. Based on the morphologically
heterogeneous of AdCC tumor, three major his-
tology types are distinguished including: tubu-
lar, cribriform and solid [2]. Currently, the treat-
ment choices are limited to surgery with or
without postoperative radiotherapy, consistent
with the limited insight into the molecular
mechanism and the inconspicuous clinical
responses of chemotherapy [3]. Therefore, the
study of molecular mechanism in AACC may
offer an enable treatment with novel targeted
agents.

P21 activated kinases (PAKs), which are a fam-
ily of serine/threonine-specific intracellular pro-

tein kinases comprised of six isoforms (PAK1-
6), can be activated by Rac and Cdc42 [4].
Based on sequence and structure, the six iso-
forms of PAKs categorized into two subgroups:
group | (PAK 1-3) and group Il (PAK 4-6) [5].
PAKs isoforms frequently were overexpressed
or aberrantly activated in various cancers and
PAKs have been identified as drivers of tumor
growth, proliferation and invasion [6].

P21 activated kinase 2 (PAK2) is one of iso-
forms which belongs to Group | (PAK1-3). Cur-
rent studies have demonstrated that PAK2 is
overexpressed in different types of human
tumors, such as gastric cancer, ovarian cancer
and head neck cancer [7-9]. PAK2 is activated
not only by binding with Cdc42/Rac but also by
caspase-3 and similar proteases [10]. Fun-
ctional studies have also implicated PAK2 con-
tribute to a number of processes involving
tumor cell survival, mobility, proliferation and
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invasion [6]. PAK2 has both anti-apoptotic and
pro-apoptotic functions based on the in vitro
study [10, 11]. In head neck cancer, the migra-
tion and invasion were reduced in PAK2 siRNA-
treated cells [9]. However, the mechanism of
PAK2 in AdCC remains mainly obscure. The aim
of this study was to evaluate the expression of
PAK2 and its function in AdCC.

In this study, we take advantage of AdCC tissue
microarray to show the expression of PAK2 in
AdCC. In addition, we analyzed the associated
molecules with PAK2 using serial sections.
Moreover, we applied PAK2 siRNA to identify
the function of PAK2 in ACC cell lines.

Materials and methods
Cell culture and siRNA knockdown assay

SACC-LM and SACC-83 were cultured in RPMI
1640 medium (Hyclone) containing 10% FBS
(fetal bovine serum) as previously described
[12]. And the cell lines of human salivary AdCC
(SACC-LM and SACC-83) were obtained from
the China Center for Type Culture Collection.
PAK2 siRNAs were purchased from Gene-
Pharma and transfected with a final concentra-
tion of 100 nM. The procedures were followed
as previous described [13]. S31-201 was pur-
chased from Selleck Chemicals (Houston, TX,
USA) and used at a final concentration of 100
uM.

Wound healing assay

SACC-LM and SACC-83 cells were plated in
6-well plates at a density of approximately
1.0x10° cells per well and grown to confluence.
Then, the monolayer of cells was scratched
with a sterile pipette tip to generate a constant
gap and washed extensively to remove cellular
debris. Next, the cells were incubated with
medium with no FBS and documented by pho-
tograph at 12 hours.

Cell proliferation assay

Cell Counting Kit-8 (CCK-8, Dojindo, Japan) was
used to test the cell proliferation. After 48 h of
transfection, SACC-LM were seeded at density
of 2x10° cells in 100 pl medium per well in a
96-well plate and cultured at 37°C in an atmo-
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sphere containing 5% CO,. 24 hours later and
grew overnight. CCK-8 (10 ul per well in 100 ul
medium) was added to each well at 0, 24, 48,
72 and 96 hours and incubated at 37°C for 2
hours. Then the absorbance at 450 nm was
measured.

Clinical tissue samples and Ethics statement

Tissue samples were retrieved from the
Department of Oral and Maxillofacial-Head and
Neck Oncology, School of Hospital of Sto-
matology, Wuhan University. The patients have
written informed consent and this study was
approved by Medical Ethics Committee of
Hospital of Stomatology, Wuhan University. The
tissues were fixed with paraformaldehyde and
embedded with paraffin. The tissue microarray
was constructed in collaboration with Shanghai
Biochip Company, Ltd, Shanghai, China and
contained 72 adenoid cystic carcinoma (AdCC,
24 tubular pattern, 28 cribriform pattern, 20
solid pattern), 12 pleomorphic adenoma (PMAs)
and 18 normal salivary gland (NSGs) as previ-
ous described [12].

Immunohistochemistry and immunofluores-
cence

A rabbit monoclonal antibody against PAK2
(Abcam) was used for immunohistochemistry in
our study. The sections were rehydrated and
antigen retrieved with sodium citrate in a pres-
sure cooker. The endogenous peroxidase was
blocked with 3% hydrogen peroxide. The non-
specific binding was blocked with goat serum at
37°C for 1 hour. Antibody for PAK2 (Abcam),
p-STAT3, Cyclin D1 and Ki-67 (Cell Signaling
Technology) were diluted in Dako and the sec-
tions were incubated with them at 4°C over-
night. Secondary biotin-labeled antibody and
an avidin-biotin-peroxidase reagent were incu-
bated consequently and DAB kit was applied to
stain. The procedure of immunofluorescence
was followed as previously described [12].
Antibody for PAK2 (Abcam, 1:200), p-STAT3
(Cell Signaling Technology, 1:200), Cyclin D1
(Cell Signaling Technology, 1:200) and Ki-67
(Cell Signaling Technology, 1:400) were used.

Western blot

The cells collected and lysed with RIPA lysis
Buffer (Beyotime) and the concentrations were
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Figure 1. The expression of PAK2 is up-regulated in adenoid cystic carcinoma (AdCC). A. Serial sections of paraffin-
embedded AdCC tissue microarray were stained with HE (upper panel) for orientation and immunohistochemistry
for PAK2 (lower panel). Image from representative samples, including normal salivary glands (NSG), polymorphic
adenoma (PMA), tubular AdCC (Patient #1), cribriform AdCC (Patient #2) and solid AdCC (Patient #3), were captured
at the same low and high manification. Scale bar =100 pm. B. Quantification of histoscore of PAK2 in NSG (n=18),
PMA (n=12) and AdCC (n=72). Data are shown as mean + SEM. ***P<(0.001. C. Quantification of histoscore of
PAK2 in tubular AdCC (n=24), cribriform AdCC (n=28) and solid AdCC (n=20) show no significance.

detected by BCA kit (Beyotime). The protein, 10% SDS-polyacrylamide gel electrophoresis,
denatured in loading buffer, was separated by transferred to polyvinylidene difluoride (PVDF)
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Figure 2. The expression of PAK2 is correlated with Ki-67, Cyclin D1 and p-STAT3. A. The typical immunohistochemi-
cal staining for Ki-67, Cyclin D1 and p-STAT3 in tubular AdCC (Patient #1), cribriform AdCC (Patient #2) and solid
AdCC (Patient #3). Scale bar =100 pm. B. The PAK2 expression in NSG, PMA and AdCC correlated with Ki-67, Cyclin
D1 and p-STAT3. A Pearson correlation was used to analyze the linear correlation between two variables. Data pre-
sented as dot plot of each specimen, statistic including NSG (n=18), PMA (n=12) and AdCC (n=72). C. The P value
and correlation coefficient between PAK2 and Ki-67, Cyclin D1, p-STAT3 by the Pearson correlation analyses and
linear tendency test. D. Hierarchical clustering of histoscore of PAK2, Ki-67, Cyclin D1 and p-STAT3 in NSG, PMA and

AdCC (total n=102).

membranes (Millipore) and probed with primary
antibody against PAK2 (Abcam), Cyclin D1 (Cell
Signaling Technology), p-STAT3 (Cell Signaling
Technology). Proteins were detected by horse-
radish peroxidase conjugated secondary anti-
body and revealed using the ECL system
(Advansta).
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Scoring system and Hierarchical clustering

The immunohistochemical staining of whole
slice was scanned using an Aperio ScanScope
CS scanner (Vista, CA, USA) with background
subtraction. The positive result was quantified
using Aperio Quantification software (Version
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Figure 3. The direct target effect of PAK2 siRNA in SACC-LM and SACC-83
cells. A. Specific knockdown of PAK2 was monitored by Western blot with
the PAK2 antibody in SACC-LM and SACC-83 cells. Control (Con), Negative
Control (NC). B. The densitometric values were qualified with Image J soft-
ware and the relative density (compared with control group) of the Western
blot of PAK2 in SACC-LM and SACC-83 cells was calculated. The result was
analyzed with One-way ANOVA by Graphpad 6.0 and the data are shown as
mean + SEM of three independent experiments. *P<0.05; ***P<0.001; ns,

no significance.

9.1) for membrane, nuclear, or pixel quantifica-
tion and histoscore were calculated using for-
mula (3+)x3+(2+)x2+(1+)x1 as previous de-
scribed [14]. The histoscore were converted
into -3 to 3 and the cluster data were displayed
with markers on the vertical axis and tissue
samples on the horizontal axis, then hierarchi-
cal cluster 3.0 and Treeview 1.1.3 were per-
formed as previously described [15].

Statistical analysis

GraphPad Prism software (6.0.1) was used to
analyze the result. P value was considered sta-
tistically significant. Data were analyzed using
One-way ANOVA followed post Turkey test.
Pearson statistics were used to analyze the
correlation of histioscore.

Results

The overexpression of PAK2 in AdCC tissues
and its correlation with pathological features

To investigate the expression of PAK2 in human
adenoid cystic carcinoma, immunohistochem-
istry was performed on a human AdCC tissue
microarray containing 72 AdCC (24 tubular pat-
tern, 28 cribriform pattern, 20 solid pattern),
12 common salivary glands benign tumor poly-
morphic adenoma (PMA) and 18 normal sali-
vary gland (NSG). As shown in Figure 1A, the
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1 Control
C—INC mainly located in cytoplasm
== siRNA-1
. siRNA-2

SIRNA-1 siRNA-2 chemistry using specific PA-
K2 antibody were displayed in
NSG, PMA, cribriform pattern
AdCC, tubular pattern AdCC
and solid pattern AdCC. The

positive expression of PAK2

and highly expressed in AdCC,
including cribriform pattern
(patient #1), tubular pattern
(patient #2) and solid pattern
(patient #3, Figure 1A). In

SACC-83 contrast, PAK2 is almost neg-

ative in NSG and PMA, which
indicated that the overexpres-
sion of PAK2 may represent a
malignant status in salivary
tumor (Figure 1A). And the
statistical analysis showed
the expression of PAK2 sig-
nificantly increased in AdCC
compared with NSG and PMA
(Figure 1B). Moreover, we
analyzed the expression of PAK2 in cribriform,
tubular and solid pattern of AdCC. And there is
no significant correlation between PAK2 and
histopathological pattern (Figure 1C).

PAK2, Ki-67, Cyclin D1 and p-STAT3 expression
are positively correlated in human AdCC

To determine the potential associated mole-
cule of PAK2 in AdCC, we analyzed serial sec-
tions of AdCC tissue microarray (Figure 2A) by
the Spearman rank correlation coefficient test
and linear tendency test. Elevated expression
of Ki-67, Cyclin D1, Phospho-STAT3 at Tyrosine
705 (p-STAT3) have been reported in our previ-
ous study [12]. Of interest, the expression of
PAK2 is positively associated with Ki-67, Cyclin
D1 and p-STAT3 (Figure 2B). Precise P value
and correlation coefficient are displayed in
Figure 2C. Hierarchical clustering shows the
expression of PAK2 is closer with Cyclin D1 and
p-STAT3 compared with Ki-67 (Figure 2D).
These results indicated that PAK2 may be cor-
related with Ki-67, Cyclin D1 and p-STAT3.

Knockdown of PAK2 inhibits cells migration
and proliferation in SACC-LM and SACC-83
cells

To investigate the role of PAK2 in AdCC, PAK2
siRNAs (siRNA-1 and siRNA-2) were used to
knockdown PAK2. The direct target effect of

Am J Transl Res 2016;8(8):3387-3397
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pared with control and nega-
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SiRNA-1 tive control in SACC-LM and
: SACC-83 (Figure 4C). These
data indicate that PAK2
affects the AdCC cells migra-
tion and proliferation.

Knockdown of PAK2 down-
regulates Cyclin D1 in AdCC
cell lines

To further define whether
knockdown of PAK2 influence

B 100 4 Nt the expression of Cyclin D1 in
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SACC-LM SACC-83 that PAK2 may promote the

Figure 4. PAK2 knockdown inhibits SACC-LM and SACC-83 cells migration
and proliferation. A. Wound healing assay in PAK2 siRNA-1 transfected SACC-

AdCC cells proliferation via
Cyclin D1.

LM and SACC-83 cells. B. Quantification of cell numbers indicate the statisti-

cal significance between PAK2 siRNA-1 and control. The cell number was
calculated with Image J “Cell Counter” module. Mean + SD. Unpaired t test
with GraphPad 6.0. ***P<0.001. C. CCK8 proliferation assays with SACC-LM

Inhibition of STAT3 suppress-
es the expression of PAK2 in
AdCC cell lines

and SACC-83 cells transfected with PAK2 siRNAZ1, PAK2 siRNA2 and negative

control compared with control. The absorption of 0D450 was measured at O,

24,48, 72 and 96 hours. ***P<0.001.

PAK2 siRNA was confirmed by Western blot in
SACC-LM and SACC-83 (Figure 3A). The qualifi-
cation of Western blot shows the protein level
of PAK2 is significantly reduced in SACC-LM
and SACC-83 cells transfected with PAK2
siRNA (Figure 3B). To identify whether knock-
down of PAK2 could contribute to the inhibitory
effect on tumor cells, wound healing assay and
CCK8 cell proliferation assay were performed
with SACC-LM and SACC-83 cells that was
transfected with PAK2 siRNA. Based on the
results shown in Figure 4A and 4B, when PAK2
was knocked down, the migration of AdCC cells
was significantly reduced compared with
untreated cells. In addition, the proliferation
assay showed knockdown of PAK2 significantly
inhibits the proliferation of tumor cells com-
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Our previous data have dem-
onstrated that STAT3 inhibitor
(S31-201) could decrease the
level of Cyclin D1 in SACC-LM and SACC-83 cell
lines [12]. Based on previous study and the
relationship of PAK2 with Cyclin D1 and
p-STAT3, we tested the expression of PAK2 in
AdCC cell lines after 100 uM S3I-201 treat-
ment. As indicated by Western blot, the inhibi-
tion of STAT3 could downregulate the expres-
sion of PAK2 in SACC-LM and SACC-83 (Figure
6A and 6B). Similar results were observed by
immunofluorescence in SACC-LM and SACC-83
(Figure 6C and 6D). These data suggested
PAK2 may be the downstream of STAT3.

Discussion

In the study, we showed that the expression of
PAK2 is significantly upregulated in AdCC com-

Am J Transl Res 2016;8(8):3387-3397
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Figure 5. PAK2 knockdown reduces the expression of Cyclin D1 in SACC-LM
and SACC-83 cells. A. Western blot shows the alternation of the protein level
of Cyclin D1 in SACC-LM and SACC-83 cells. Control (Con), Negative Control
(NC). B. The densitometric values were qualified with Image J software and
the relative density (compared with control group) of the Western blot of Cy-
clin D1 in SACC-LM and SACC-83 cells was calculated. The result was ana-
lyzed with One-way ANOVA by Graphpad 6.0 and the data are shown as mean
+ SEM of three independent experiments. *P<0.05; ***P<0.001; ns, no
significance. C. Immunofluorescence shows knockdown of PAK2 with PAK2
siRNA1 decreases the expression of PAK2 and Cyclin D1 in SACC-LM and
SACC-83 cell line. Scale bar =25 ym. D. The mean integrated optical density
(IOD) of immunofluorescence of SACC-LM and SACC-83 cells was qualified
with Image J software and analyzed with unpaired t test by Graphpad 6.0.
*P<0.05; **P<0.01.

pared with PMA and NSG. In addition, the
expression of PAK2 is positively correlated with

migration of AdCC cells is
decreased after the PAK2
knockdown. Based on previ-
ous study and the correlation
between PAK2 and p-STAT3,
we speculate that PAK2 and
p-STAT3 are potential associ-
ated molecules. And this rela-
tionship was verified in vitro
study, which suggested PAK2
may be the downstream of
p-STAT3. In conclusion, these
results indicate that PAK2 is a
potential therapeutic target in
AdCC.

PAKs are overexpressed or
amplified but not mutated in
many types of cancer [16, 17].
Based on the positive expr-
ession of PAK2 and its role in
carcinogenesis in various can-
cers, we detected PAK2 in
AdCC tissue microarray and
firstly reported that PAK2 was
highly expressed in AdCC.
Because the effectiveness of
current molecular targets for
AdCC is not satisfactory, this
study may offer possibility for
new target and the molecular
mechanisms of further rese-
arch.

PAK2 appears to play a vital
role in tumor cells migration,
which is associated with gen-
erating new focal adhesions
as well as limiting the sizes of
focal adhesions [18]. PAK2
affected the ovarian cancer
cells migration speed and
PAK2 knockdown via siRNA
transfection reduced migra-
tion of ovarian cancer cells
affected by collagen type |,

increasing the migratory ability of ovarian can-
cer cells [8, 19]. In addition, suppression of

Ki-67 and Cyclin D1 by analyzing the AdCC tis-
sue microarray, which suggested that PAK2
may promote tumor proliferation. And the result
is supported by PAK2 siRNA knockdown study
and proliferation assay in vitro. Meanwhile, the
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PAK2 by siRNA repressed hepatoma cells
migration in the presence of TGF-3, which could
induce cell migration [20]. Our previous data
reported that TGF-B1 is elevated in human
AdCC and cell lines and involved in the tumor
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PAK2 promotes migration and proliferation in AdCC

A SACC-LM SACC-83
Con  S3I-201 Con S3I-201

W
&

C—Control 1.5 C——Control
—S31-201 = — S31-201
[72]
Z10 510 =
5 [m]
e o . 2 P
g 0.5 i % 05
5 x
]
X Q T T T 0 T
STAT3 p-STAT3 PAK2 STAT3 p-STAT3 PAK2
SACC-LM SACC-83
C PerCP/Cy5.5 DAPI Merge PerCP/Cy5.5 DAPI Merge
g s
€ €
2|3 2|8
< <
= =
» |« 0|«
Bt - - - I3
o &
) »
: - - - :
€ b=
3 S
i - - - B
q “.‘
] ©
o »
SACC-LM SACC-83
D 20 —Control C—Control
— S31-201 —S31-201
a 15 fa)
o o
c 10 c
3 3
s - [ -
0 g T 0 -_
p-STAT3 PAK2 —STAT3 PAK2
SACC-LM SACC-83

Figure 6. The inhibition of STAT3 reduced the protein level of PAK2 in SACC-
LM and SACC-83 cells. A. Western blot shows that SACC-LM and SACC-83
cells treated with S3I-201 (100 uM) reduced the expression of p-STAT3 and
PAK2. B. Qualification of the result of Western blot with Image J shows the
protein level of p-STAT3 and PAK2 significantly decreased in SACC-LM and
SACC-83 cells treated with S31-201 compared with control group. The data
were analyzed with One-way ANOVA by Graphpad 6.0 and shown as mean *
SEM of three independent experiments. **P<0.01. C. Representative immu-
nofluorescence shows p-STAT3 and PAK2 were decreased in SACC-LM and
SACC-83 cells after treatment with S3I-201. Scale bar =25 uym. D. Quan-
tification of immunofluorescence with Image J software and analyzed with
unpaired t test in SACC-LM and SACC-83 cells. Data are shown as mean +
SEM. ***P<0.001.

migration and invasion [21]. Here, in order to
specifically assess the role of PAK2 in AdCC
cells migration, knockdown of PAK2 with spe-
cific siRNA was performed and resulted in a sig-
nificant decreasing of tumor cells migration.

down of PAK2 inhibits tumor
cell proliferation and decreas-
es colony formation in mela-
noma [22, 23]. And various
microRNA, including miR-134,
miR-137 and miR-224, could
affect tumor cells prolifera-
tion by targeting or regulating
PAK2 [22, 24, 25]. In addition,
genetic alternation of Cyclin
D1 is essential for tumor
development and uncontro-
lled cell proliferation [26, 27].
Meanwhile, the activity of
Ki-67, a nuclear antigen, is
identified as an effective
molecular marker of tumor
cell proliferation index and
highly expressed in various
cancers [28, 29]. The overex-
pression of Cyclin D1 and
Ki-67 has been observed in
AdCC in our previous study
[12]. In the present study, we
found PAK2 is significantly
associated with the expres-
sion of Ki-67 and Cyclin D1,
which indicated that the func-
tion of PAK2 may be correlat-
ed with proliferation in AdCC.
Additional study with PAK2
siRNA and CCKS8 detection
kit showed the knockdown
of PAK2 significantly sup-
pressed the cell proliferation
of AdCC cells and downregu-
lated the protein level of
Cyclin D1, suggesting PAK2
may promote tumor cell prolif-
eration by regulating Cyclin
D1. This conclusion is consis-
tent with the study, in which
the expression of PAK2 abun-
dantly elevated in meningio-
ma cells [30]. And knockdown
of PAK2 suppresses the acti-

vation of proliferation signals by inhibiting he
activity of Cyclin D1, C-myc and B-catenin in
schwannoma cells [30].

Recent study demonstrated that Group | PAKs

could promote tumor cell survival and prolifera-

PAK2 has been also reported to influence
tumor cell proliferation. For example, knock-
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tion through the AKT1 and Raf/MAPK pathways
[31]. MAPK Erk3 was identified as the substrate

Am J Transl Res 2016;8(8):3387-3397
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of PAK2 and could regulate cell growth in
Kidney cancer [32]. STAT3 has been identified
as a critical mediator of oncogenic signaling
involving in encoding apoptosis inhibitor and
cell cycle regulator [33]. Our previous study has
indicated that p-STAT3 is essential for the pro-
liferation of AdCC and STAT3 signaling blockade
with STAT3 inhibitor SI-301 could suppress the
expression of Cyclin D1 and induce apoptosis
[12]. Otherwise, the expression of STAT3 is con-
sistent with the deregulation of miR-134, which
indicated it may be the target of miR-134 [34].
And in this study we found that PAK2 is signifi-
cantly correlated with p-STAT3 in serial tissue
sections and inhibiting STAT3 could downregu-
late the expression of PAK2. Although Cyclin D1
was directly activated by STAT3, we indicated
that STAT3 may mediate the Cyclin D1 through
PAK2 and proposed another possible mecha-
nism in AdCC cell proliferation [35].

In conclusion, this study identified the expres-
sion of PAK2 was elevated in AdCC compared
with PMA and NSG. And PAK2 was involved in
the migration and proliferation of AdCC cells
and the proliferation may be related with Cyclin
D1 and Ki-67. Moreover, we revealed PAK2 may
be the downstream of STAT3. The possibility of
PAK2 as a therapeutic target need to be further
investigated in future study for AdCC.
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