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Expression of phosphorylated p21-activated
kinase 4 is associated with aggressive histologic
characteristics and poor prognosis in patients
with surgically treated renal cell carcinoma
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Purpose: P21-activated kinase 4 (PAK4), a serine/threonine kinase that regulates a number of fundamental cellular processes, has
been suggested as a prognostic factor for various human tumors. The aim of the present study was to evaluate the clinical implica-
tions of phospho-Ser474 PAK4 (pPAK4*"*), an activated form of PAK4, in surgically treated renal cell carcinoma (RCC).

Materials and Methods: Samples from 131 patients with surgically treated RCC were immunostained to detect PAK4 and pPAK4
Expression of PAK4 and pPAK4>*"* was compared with clinicopathological characteristics and survival after nephrectomy.

Results: PAK4 and pPAK4>* were expressed predominantly in the nucleus. Overall, 57.3% (75/131) and 24.4% (29/119) of speci-
mens exhibited high expression of pPAK4**"* and PAK4, respectively. High expression of pPAK4** was associated with adverse
pathologic characteristics, including advanced tumor stage and grade (p=0.036 and p=0.002, respectively), whereas this associa-
tion was not significant for PAK4 expression (each p>0.05). Kaplan-Meier estimates showed that high expression of pPAK4*”* was
associated with shorter recurrence-free survival in a subgroup with localized RCC and with cancer-specific survival in the total RCC
cohort (log-rank test: p=0.001 and p=0.005, respectively), whereas PAK4 expression was not. Multivariate Cox regression analysis
identified that high pPAK4>""* expression was an independent predictor of recurrence in the subgroup with localized RCC.
Conclusions: pPAK4**"* may be a more accurate prognostic factor than total PAK4 in RCC patients. This marker would be useful for
identifying patients with pathologically localized disease who may require further interventions.
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INTRODUCTION

Renal cell carcinoma (RCC) accounts for 2% to 3% of all
adult malignancies and for 85% of malignant neoplasms
arising from the kidney [1,2] Similar to other malignancies,
RCC presents with significant clinical heterogeneity, rang-
ing from indolent to highly aggressive [3] Several histologi-
cal factors, including the tumor, nodes, metastasis (TNM)
staging, nuclear grade, and histological type have been the
most reliable RCC prognostic factors [4] However, none of
the predictive tools based on conventional clinicopathological
parameters can determine the prognosis of RCC sufficiently
[6] To overcome these limitations, intensive efforts to identi-
fy molecular markers that identify patients actually at risk
of death and recurrence following surgery are needed. These
markers might not only be useful prognostic markers but
also potential therapeutic targets in the adjuvant setting [6]

The p2l-activated kinases (PAKSs) belonging to the ser-
ine/threonine protein kinases are well recognized as down-
stream effectors of the Rho family of GTPases [7-9] The
recent discovery of several novel isoforms means that PAKs
are now categorized into two subgroups based on archi-
tectural similarities [7,9} Group I PAKs (PAK1-3) and the
newly recognized Group II PAKs (PAK4-6). They regulate
a wide range of cellular processes, including cell prolifera-
tion, angiogenesis, tumorigenesis, and metastasis [7,10]. PAKs
are overexpressed and/or amplified in a variety of human
cancers, and their role in cell transformation makes them
attractive therapeutic targets [11-14] In RCC, PAK1 regulates
cell proliferation, invasion, anchorage-independent growth,
and apoptosis, as well as resistance to 5fluorouracil [15] Re-
cently, PAK4 was identified as an independent marker of
poor prognosis in patients with surgically treated non-meta-
static RCC [16] Evidence suggests that PAKSs play a crucial
role in the biology of RCC, studies indicate an association
between total PAKs expression and aggressiveness and poor
survival; however, no published study to date has examined
the effect of active phosphorylated PAK4 on RCC prognosis.
We hypothesized that PAK4 activity rather than expression
of total PAK4 reflects the real role of PAK4 in RCC. PAK4
activation involves autophosphorylation at serine 474 (S474)
[17.18] Therefore, in the present study, we used immunohis-
tochemical (IHC) staining to detect expression of phospho-
Ser474 PAK4 (pPAK4®™) in tissues from patients with sur-
gically-treated RCC to elucidate its prognostic implications.
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MATERIALS AND METHODS

1. Patients and tissue samples

The study was carried out in agreement with all appli-
cable laws and regulations, good clinical practices, and the
ethical principles described in the Declaration of Helsinki.
The Ethics Committee of Chungbuk National University
approved the protocol (IRB approval number: GR2010-12-010),
and all patients provided written informed consent. Sample
collection and analysis were approved by the Institutional

Table 1. Baseline characteristics of 131 patients with surgically-treated
renal cell carcinoma

Variable Value

Mean age (y) 59.5+12.8
Median follow-up (mo) 55.9(19.1-97.2)
BMI (kg/m?) 24.5+3.5
Sex

Male 98 (74.8)

Female 33(25.2)
Smoking

Never 71 (54.2)

Ex-smoker 35(26.7)

Current 25(19.1)
DM 23(17.6)
HTN 52(39.7)
Operative methods

Radical nephrectomy 107 (81.7)

Partial nephrectomy 24(18.3)
Operative technique

Laparoscopic approach 81(61.8)

Open approach 50(38.2)
Tumor laterality

Right 67 (51.1)

Left 64 (48.9)
Histology

Clear cell 114 (87.0)

Papillary 7(5.3)

Chromophobe 10(7.6)
Tumor size (mm) 54.9+37.8
TNM stage

pT1 90 (68.7)

pT2 7(5.3)

pT3-4 18(13.7)

Any pT, =2pN1, or cM1 16(12.2)
Fuhrman grade

1-2 80(61.1)

3-4 51(38.9)

Values are presented as meanzstandard deviation, median (interquar-
tile range), or number (%).

BMI, body mass index; DM, diabetes mellitus; HTN, hypertension; TNM,
tumor, nodes, metastasis.

https://doi.org/10.4111/icu.20200399



ICUROLOGY

Review Board of Chungbuk National University.

Tissue samples from 131 patients with primary RCC
who underwent radical or partial nephrectomy were col-
lected between May 2000 and December 2015. The pathology
samples were re-examined by a pathologist to confirm the
presence of tumor. All tumors were macrodissected within 15
minutes of surgical resection, fresh-frozen in liquid nitrogen,
and stored at -80°C until use. Regarding the fresh-frozen
sections from nephrectomy specimens, each cancer specimen
was confirmed as representative tumor tissue by analysis of
adjacent tissue. The 7th edition of the American Joint Com-
mittee on Cancer classification system was used for evalu-
ating pathological staging, and nuclear differentiation was
graded according to the Fuhrman nuclear grading system
[19.20] All patients were evaluated postoperatively every 3
months for the first 2 years, every 6 months for the next 2
years, and yearly thereafter.

These evaluations included physical examinations, and
radiologic investigations. Recurrence was defined as locore-
gional recurrence or newly identified distant metastasis
based on clinical and radiographic findings. Deaths were de-
termined by reviewing medical records and/or confirmed by
interview with the family of the patient.

Expression of phosphorylated PAK4 in RCC

2. Tissue microarray and immunohistochemistry
Paraffin blocks from 131 patients with primary RCC
who underwent radical or partial nephrectomy were used
for IHC analysis. Tissue microarray and IHC were per-
formed in accordance with the previous studies [18,21] The
anti-pPAK4*™ and total PAK4 antibodies were purchased
from Cell Signaling Technology (Boston, MA, USA). Staining
intensity and the proportion of positively stained epithelial
cells were evaluated. Staining intensity was classified as
follows: low expression (none or weak intensity) vs. high ex-
pression (moderate or strong intensity). Each specimen was
examined and scored separately by three investigators, and
discrepancies were discussed until agreement was reached.

3. Statistical analysis
Patients were categorized into two groups according to
staining intensity: low pPAK4*™ and none/weak total PAK4

expression, and high pPAK4*™

and moderate/strong total
PAK4 expression. Clinical and pathological characteristics
were compared between the two groups using the chi square
or Fisher’s exact test (categorical variables) or the Student’s
t-test (numerical variables). The survival distributions, in-
cluding tumor recurrence and cancer-specific death (CSD)
were estimated by the Kaplan—Meier method and compared

by a log-rank test. Univariate and multivariate survival
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Fig. 1. Representative images showing immunohistochemical staining for pPAK4*""* and PAK4 (magnification, x400). (A) Control image of

PPAK4*"* in tonsil tissue; (B) absent nuclear staining of pPAK4**"* in RCC tissue; (C) strong nuclear staining of pPAK4

7% in RCC tissue; (D) control

image of PAK4 in tonsil tissue; (E) absent nuclear staining of PAK4 in RCC tissue; and (F) strong nuclear staining of PAK4 in RCC tissue. PAK4, p21-
activated kinase 4; pPAK4*"*, phospho-Ser474 PAK4; RCC, renal cell carcinoma.

Investig Clin Urol 2021;62:399-407.
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analyses were performed using the Cox proportional hazard
regression model. Recurrence was assessed in 97 patients
with pathologically localized disease (T1-2NOMO), and cancer-
specific survival (CSS) was evaluated using the total study
cohort. Differences were considered significant at p<0.05,
and all reported p-values were two-sided. All analyses were
performed using IBM SPSS ver. 240 software (IBM Corp,,
Armonk, NY, USA).

RESULTS

The clinicopathologic data of 131 subjects are summarized
in Table 1. The mean age of the patients was 595 years and
74.8% were male. A radical and partial nephrectomy was
performed in 107 (81.7%) and 24 patients (18.3%), respectively
(Table 1).

Expression of PAK4 and pPAK4%™ was predominant in
cell nuclei in RCC specimens (Fig. 1). Overall, 57.3% (75/131)

ICUROLOGY

and 24.4% (29/119) of specimens exhibited high expression of
pPAK4*™ and PAK4, respectively. Cytoplasmic expression of
pPAK4™™ and PAK4 was weak in 183% (24/131) and 286%
(34/119) of specimens, respectively. Table 2 summarizes the
demographic and histologic features of PAK4 and pPAK4*™
expression in cell nuclei in 131 primary RCC samples. There
were no significant differences in demographic character-
istics (mean age, body mass index, sex distribution, smoking
history, or presence of diabetes or hypertension) between the
high and low PAK4 and pPAK4™™ expression groups (all
p>0.05) (Table 2). With respect to pathologic features, high
expression of pPAK4™" was associated with both advanced
tumor stage and grade (p=0.036 and p=0.002, respectively).
High pPAK4*™ expression was also significantly associated
with tumor size (p=0.038). By contrast, PAK4 expression was
not associated with tumor size, tumor stage, or grade (Table
2).

During a median 559 months (interquartile range, 191—

Table 2. Comparison of clinical and pathological variables according to expression of phosphorylated PAK4 (pPAK4) and PAK4 in patients with

surgically-treated renal cell carcinoma

. pPAK4 expression PAK4 expression
Variable : p-value = p-value
Low High Low High
Patients 56 (42.7) 75(57.3) 90 (75.6) 29 (24.4)
Mean age (y) 59.5+12.4 59.5£13.1 0.994 60.3+13.0 59.9+12.6 0.218
BMI (kg/mz) 24 £3.7 244134 0.713 24.6+3.5 24.6+3.6 0.955
Sex 0.839 1.000
Male 41(73.2) 57 (76.0) 66 (73.3) 21(72.4)
Female 15 (26.8) 18 (24.0) 24 (26.7) 8(27.6)
Smoking 0.950 0.374
Never 1(55.4) 0(53.3) 7(52.2) 16 (55.2)
Ex-smoker 5(26.8) 0(26.7) 6(28.9) 5(17.2)
Current 10(17.9) 5(20.0) 7(18.9) 8(27.6)
DM 2(21.4) 1(14.7) 0.358 8(20.0) 4(13.8) 0.587
HTN 3(41.1) 9(38.7) 0.857 8(42.2) 8(27.6) 0.192
Histology 0.274 0.206
Clear cell 50(89.3) 64 (85.3) 76 (84.4) 27 (93.1)
Papillary 1(1.8) 6 (8.0) 5(5.6) 2(6.9)
Chromophobe 5(8.9) 5(6.7) 9(10.0) 0(0.0)
Tumor size (mm) 47.3+31.4 60.6+41.2 0.038 54.2+35.8 52.3+36.1 0.803
TNM stage 0.036 0.964
pT1 46 (82.1) 44 (58.7) 64 (71.1) 20 (69.0)
pT2 2(3.6) 5(6.7) 5(5.6) 2(6.9)
pT3-4 5(8.9) 3(17.3) 10(11.1) 4(13.8)
Any pT, =pN1, or cM1 3(5.4) 3(17.3) 11(12.2) 3(10.3)
Fuhrman grade 0.002 0.271
1-2 43(76.8) 37 (49.3) 53(58.9) 21(72.4)
3-4 13(23.2) 38(50.7) 37 (41.1) 8(27.6)

Values are presented as number (%) or meanzstandard deviation.
p-values were obtained using the Student’s t-test and chi-square tests.

PAK4, p21-activated kinases; BMI, body mass index; DM, diabetes mellitus; HTN, hypertension; TNM, tumor, nodes, metastasis.
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972 months), 19 of the 97 patients (19.6%) with localized RCC
(T1-2NOMO) experienced recurrence and 22 of the total co-
hort (n=131) (168%) died of RCC. Patients with localized RCC
who experienced shorter RFS exhibited significantly higher
expression of pPAK4*™ than patients who did not (log-rank
test, p=0.001; Fig. 2A). High expression of pPAK4*™ was also
significantly associated with shorter CSS in the total RCC
cohort (log rank test, p=0.005; Fig. 3A). By contrast, PAK4
expression showed no significant association with time to
recurrence or CSD (log-rank test: p=0.211 and p=0.288, respec-
tively; Figs. 2B, 3B). Multivariate Cox regression analysis re-
vealed that high pPAK4™™ expression was an independent
predictor of recurrence in the subgroup with localized RCC
(T1-2NOMO) (hazard ratio: 5.729; 95% confidence interval,
1.780-18436; p=0.003) (Table 3). Univariate analysis identified

Investig Clin Urol 2021;62:399-407.

36 48 60 72 84 96 108 120 132 144 156 168 180 192 204 216 228 240 25

Fig. 2. Kaplan—Meier survival curves
predicting recurrence according to ex-
pression of (A) pPAK4*"* and (B) PAK4
in localized RCC (T1-2NOMO) patients.
PAK4, p21-activated kinase 4; pPAK4*"*,
phospho-Serd74 PAK4; RCC, renal cell
carcinoma.

high pPAK4*™ expression as a significant predictor of CSD,
but this was not significant in multivariate analysis (Table
4).

DISCUSSION

The present study evaluated the clinical implications
of pPAK4™™ expression (representing PAK4 activity) in
surgically-treated RCC. There was a significant associa-
tion between pPAK4*™ expression and RCC aggressiveness
and adverse survival of RCC patients. Notably, total PAK4
expression was not associated with survival and pathologi-
cal characteristics. Therefore, the data suggest that pPPAK4
levels are a more accurate prognostic factor than total
PAK4 levels in RCC patients. Moreover, we found that high

www.icurology.org 403
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pPAK4*™ expression was an independent predictor of re-
currence in a subgroup of patients with localized RCC. Thus,
pPAK4*™ may help clinically to identify patients diagnosed
at T1-2NOMO whose surgery only may not be curative.
Recent large scale whole genome sequencing studies of
clear cell RCC by the Cancer Genome Atlas Research Net-
work discovered novel and prevalent genomic alterations,
including frequent inactivation of chromatin remodeling
genes PBRM1, SETDZ2, and BAPI [22] However, PAK4 was
not identified as a top ranked gene in clear cell RCC, sug-
gesting that changes in its expression or activity may be
more relevant to tumorigenesis and progression of RCC [22]
This notion complements and is consistent with findings
by Park et al. [18], who demonstrated that the PAK4-Slug
axis promotes epithelial-mesenchymal transition and wors-
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Fig. 3. Kaplan—Meier survival curves
predicting cancer-specific death accord-
ing to expression of (A) pPAK4*”* and (B)
PAK4 in the total cohort of RCC patients.
PAK4, p21-activated kinase 4; pPAK4*"*,
phospho-Serd74 PAK4; RCC, renal cell
carcinoma.

ens prognosis of prostate cancer. They found that pPAK4
expression was significantly higher in prostate cancer tis-
sues with a high Gleason score (>8) than in those with a low
Gleason score (<7), although staining for cytoplasmic PAK4
did not correlate with Gleason scores [18] In prostate cancer
tissues, total PAK4 was detected in both the cell cytoplasm
and nucleus, whereas pPAK4 signals were predominant in
the nucleus [18] In the present study, IHC of RCC tissues
showed a similar result; pPAK4 was distributed mainly in
the cell nucleus (57.3% nuclear vs. 183% cytoplasmic), where-
as PAK4 expression was detected evenly in the nucleus
and the cytoplasm (24.4% nuclear vs. 286% cytoplasmic).
Considering that pPAK4 is mainly nuclear, identification of
its nuclear target(s) would be helpful to better understand
the underlying molecular mechanism. With this in mind, it

https://doi.org/10.4111/icu.20200399
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Expression of phosphorylated PAK4 in RCC

Table 3. Univariate and multivariate Cox regression models predicting tumor recurrence in a subgroup with localized RCC (T1-2NOMO) after sur-

gery
. Univariate analysis Multivariate analysis
Variable
HR (95% ClI) p-value HR (95% ClI) p-value

Age (continuous) 1.001 (0.964—1.039) 0.969 -
Sex (female vs. male) 0.721(0.238—-2.189) 0.564 -
HTN (yes vs. no) 1.365 (0.545-3.418) 0.506 -
DM (yes vs. no) 2.097 (0.796—-5.525) 0.134 -
BMI (continuous) 1.030(0.872—-1.217) 0.726 -
Smoking history (yes vs. no) 1.579(0.619-4.029) 0.339 -
OP methods (PN vs. RN) 0.041 (0.000—32.744) 0.349 -
TNM stage

pTla 1

pT1b 5.246 (1.660—16.580) 0.005 4.118(1.217-13.938) 0.023

pT2 7.464 (1.836—30.351) 0.005 6.475 (1.568—26.745) 0.010
Fuhrman grade (G3-4 vs. G1-2) 2.037 (0.813—5.105) 0.129 -
Tumor histology (non-ccRCC vs. ccRCC) 4.300 (1.608—11.496) 0.004 4117 (1.373-12.349) 0.012
PAK4 expression (high vs. low) 0.458 (0.131-1.600) 0.221 -
pPAK4**"* expression (high vs. low) 5.443 (1.729-17.129) 0.004 5.729 (1.780-18.436) 0.003

RCC, renal cell carcinoma; HR, hazard ratio; Cl, confidence interval; HTN, hypertension; DM, diabetes mellitus; BMI, body mass index; OP, operation;

474

PN, partial nephrectomy; RN, radical nephrectomy; TNM, tumor, nodes, metastasis; ccRCC, clear cell RCC; PAK4, p21-activated kinase 4; pPAK4™",

phospho-Ser474 PAK4.

Table 4. Univariate and multivariate Cox regression models predicting cancer-specific death in the total cohort after surgery

Univariate analysis

Multivariate analysis

Variable
HR (95% CI) p-value HR (95% Cl) p-value

Age (continuous) 1.007 (0.973-1.041) 0.700 -
Sex (female vs. male) 0.762 (0.279—2.080) 0.596 -
HTN (yes vs. no) 2.132(0.917—4.957) 0.079 -
DM (yes vs. no) 1.417 (0.522-3.850) 0.494 -
BMI (continuous) 0.786 (0.668—0.925) 0.004 0.817 (0.645—1.035) 0.094
Smoking history (yes vs. no) 0.759 (0.324-1.778) 0.525 -
OP methods (PN vs. RN) 0.042 (0.000—23.542) 0.327 -
TNM stage

pT1-2 1

pT3-4 11.146 (3.628—-34.239) <0.001 11.566 (2.277—-58.746) 0.003

Any pT, =pN1, or cM1 24.767 (8.001-76.670) <0.001 5.900 (0.789—-44.151) 0.084
Fuhrman grade (G3-4 vs. G1-2) 19.889 (4.623—-85.570) <0.001 9.011 (0.982—-82.666) 0.052
Tumor histology (non-ccRCC vs. ccRCC) 2.121(0.781-5.761) 0.140 -
PAK4 expression (high vs. low) 0.512(0.147-1.783) 0.293 -
pPAK4*"* expression (high vs. low) 4.282 (1.434-12.783) 0.009 1.307 (0.222-7.704) 0.767

HR, hazard ratio; Cl, confidence interval; HTN, hypertension; DM, diabetes mellitus; BMI, body mass index; OP, operation; PN, partial nephrectomy;

RN, radical nephrectomy; TNM, tumor, nodes, metastasis; ccRCC, clear cell renal cell carcinoma; PAK4, p21-activated kinase 4; pPAK4

Ser474 PAK4.

is notable that the Slug transcription factor was identified
as a nuclear target of PAK4 in prostate cancer. Park et al
[18] identified Slug as a PAK4-specific EMT-inducing fac-
tor. PAK4 regulated Slug in a phosphorylation (at S158 and
S254)-dependent manner; this phosphorylation increased the
transcriptional activity and stability of Slug. It is tempting

Investig Clin Urol 2021;62:399-407.

S474

, phospho-

to speculate that Slug also acts downstream of PAK4 in
RCC.

Liu et al. [16] investigated the role of PAK4 expression
in recurrence and survival of patients with non-metastatic
clear cell RCC following surgery, and demonstrated that
high PAK4 expression is associated with early recurrence

www.icurology.org 405
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and poor survival. However, our data did not show any as-
sociation between total PAK4 expression and pathological
characteristics and survival. At present, the reason for this
disparity is not clear. One possible explanation would be
the different study designs; we included diverse subtypes
of histology, clear cell RCC, papillary RCC, and the chromo-
phobe RCC. To accurately determine the prognostic role of
PAK4 and pPAK4*™ in RCC, additional large cohort studies
would be helpful. Liu et al. [16] also showed that high PAK4
expression is an adverse prognostic marker in a subgroup
of patients with low Fuhrman grade (grade 1-2) and in a
subgroup with early T stage (T1-2) disease. In a similar con-
text, we found that pPAK4*™ expression functions as an in-
dependent predictor of recurrence in a subgroup of patients
with localized RCC. Taken together, these findings suggest
that expression of PAK4 and pPAK4*™ are prognostic
markers for early phase RCC progression.

A possible limitation of the present study is the relative-
ly small sample size examined, which may reduce the statis-
tical power. Considering that diverse types of RCC histology
are included for evaluation, expanding the sample size is
recommended. To better understand the prognostic value of
pPAK4, other complementary omics approaches would be
worthwhile. Identification of a nuclear target(s) of PAK4 as
a potential prognostic marker(s) is also warranted.

CONCLUSIONS

S474 - :
is an adverse prognostic

High expression of pPAK4
factor in patients with surgically resected RCC. This marker
appears to be especially useful for identifying patients for
whom surgery is believed to be potentially curative, ie, pa-
tients with pathological T1-2NOMO disease. Compared with
total PAK4 expression, pPAK4™™ (which is representative
of PAK4 activity) may be a more accurate prognostic factor

in patients with surgically treated RCC.
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