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Aberrant expression of CDK5 infers poor outcomes for
hasopharyngeal carcinoma patients

Xin Zhang®, Tengfei Zhong", Yiwu Dang, Zuyun Li, Ping Li, Gang Chen

Department of Pathology, First Affiliated Hospital of Guangxi Medical University, No. 6 Shuangyong Road, Nanning
530021, Guangxi Zhuang Autonomous Region, P. R. China. "Equal contributors.

Received May 16, 2015; Accepted June 26, 2015; Epub July 1, 2015; Published July 15, 2015

Abstract: Purpose: Aberrant expression of CDK5 involved in epithelial-to-mesenchymal transition had been reported
in various types of cancers, but its functions in nasopharyngeal carcinoma have not been fully clarified yet. The prin-
cipal purpose of this research was to investigate the clinicopathological significance of CDK5 and its potential effect
on NPC carcinogenesis. Methods: Pre-treated formalin-fixed paraffin-embedded biopsy samples of 393 patients
between January 2011 and December 2013 were collected for tissue microarrays (TMAs). Immunohistochemistry
was performed on sequential TMA sections stained with antibodies against CDK5, EGFR and P53. Results: The
expression of CDK5 in NPC tissues was significantly higher than that in normal nasopharyngeal tissues. Among
squamous carcinomas, the expression of CDK5 in undifferentiated tissues was noticeably increased compared with
that in differentiated tissues. NPC patients in advanced T category showed a perceptibly higher level of CDK5 than
those in early T category. The relative level of CDK5 in NPC sufferers with lymph node metastasis was obviously
higher than that of patients without. Compared with patients in early TNM stages, the relative expression level of
CDK5 of those in advanced TNM stages was notably up-regulated. Moreover, the CDK5 expression was positively
correlated with EGFR and P53 expression. Nevertheless, no significant association was observed between CDK5
and gender, age or histological type. Conclusion: Overexpression of CDK5 might be considered as a warning signal
for NPC. Consequently, CDK5 could serve as a potential target for diagnosis and gene therapy for NPC patients.
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Introduction tant metastasis, resulting in a low survival rate
[5, 6]. It still remains mysterious when it comes
to the exact molecular and morphological
changes responsible for its potential behavior

of high aggressiveness. Since a growing num-

Nasopharyngeal carcinoma, or NPC for short, is
one of the most frequent head and neck can-
cers and claims higher morbidity in Asia than

any other continents and even higher in China
than any other countries in Asia. The
International Agency for Research on Cancer
(IARC) estimated that there were 86,691 inci-
dences of NPC worldwide in 2012, and 38.3%
of these cases took place in China [1, 2]. Three
subtypes of NPC are now recognized in the
World Health Organization (WHO) classification:
keratinizing squamous cell carcinoma (WHO 1),
non-keratinizing differentiated carcinoma (W-
HO II) and non-keratinizing undifferentiated
carcinoma (WHO Ill). Despite the recent
improvements in diagnostic technology and
clinical strategies, distant metastasis remains
an issue [3, 4]. The majority of patients are ini-
tially diagnosed at advanced stages with dis-

ber of methods for early diagnosis and more
individualized therapeutic strategies are being
introduced, it has become extremely necessary
to explore novel biomarkers that can predict the
carcinogenesis as effectively and efficiently as
possible.

Cyclin-dependent kinase 5 (CDK5), a protein
coding gene, is located in chromosome 7q36,
and includes 12 exons. CDKD5, i.e. PSSALRE,
discovered by Meyerson et al [7] in the first
place, is best known for its functions in neuro-
nal development and postmitotic neuronal
activities, which has been proved to be increas-
ingly crucial in the process of tumor invasion
and metastases. To date, aberrant expressions
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Table 1. Relationship between CDK5 expression and clinicopathological
features

Expression of CDK5 n (%
Parameters Total & (%) X2 P

(n)  Negative Positive
Tissue
Normal tissue 54 36 (66.7%) 18 (33.3%) -6.217 <0.001
NPC 393 99 (25.2%) 294 (74.8%)
Histological type
Adenocarcinoma 4 0 4 (100%) -1.165 0.244

Squamous carcinoma 389 99 (25.4%) 290 (74.6%)
Squamous differentiation

Differentiated 250 76(30.4%) 174 (69.6%) -3.002 0.003
Undifferentiated 139 23(16.5%) 116 (83.5%)

Gender
Female 121 28(23.1%) 93 (76.9%) -0.624 0.533
Male 272 71(26.1%) 201 (73.9%)

Age
<50 208 56 (26.9%) 152 (73.1%) -0.838 0.402
>50 185 43 (23.2%) 142 (76.8%)

T category
T1 30 17 (56.7%) 13(43.3%) H=22.069* <0.001
T2 32 12(37.5%) 20 (62.5%)
T3 27 2(7.4%) 25 (92.6%)
T4 22 2(9.1%) 20 (90.9%)

N category
NO 6 4(66.7%) 2(33.3%) H=14.189® 0.003
N1 22 12 (54.5%) 10 (45.5%)
N2 62 14 (22.6%) 48 (77.4%)
N3 21 3(14.3%) 18(85.7%)

TNM stage
I 6 4(66.7%) 2(33.3%) H=17.750* <0.001
Il 22 12 (54.5%) 10 (45.5%)
I 48 14 (29.2%) 34 (70.8%)
% 35 3(8.6%) 32(91.4%)

a. Kruskal-Wallis H test was performed to analyze the difference. Chi-square test was used
in the rest of statistics.

scientific studies and
gets mutated or delet-
ed with a considerably
sizable frequency in the
majority of cancer types
and these mutations or
deletions are related to
malignant transforma-
tion as well as tumor
progression [11, 15]. In
this retrospective study,
we aimed to elucidate
the abnormal expres-
sion of CDK5 in NPC
patients, and evaluate
the diagnostic value of
CDK5 in combination
with EGFR and P53.

Materials and methods
Tissue samples

A total of 393 cases
NPC tissues collected
from January 2011 to
December 2013 were
identified as retrievable
biopsy samples, either
from primary sites or
from metastatic nodes.
Additionally, 54 cases
of normal nasopharyn-
geal tissue samples
were collected from
individuals diagnosed
with chronic nasophar-
yngitis or rhinopolyp, or
from fresh autopsy. The
study cohort included
142 females and 305

of CDK5 have been reported in various malig-
nances, such as non-small cell lung cancer,
gastric cancer, prostate cancer and so on
[8-10]. However, as stated by the current
reports, the data regarding CDK5 in NPC are
still scarce. The epidermal growth factor recep-
tor (EGFR), one of the members of the ErbB
family of protein tyrosine kinase receptors, is
encoded by the c-erbB-1 proto-oncogene and
involved in the regulation and modulation of
cell metabolism, development, migration and
differentiation [11-14]. The P53 tumor suppres-
sor gene is among the most attractive genes in

8067

males, aged from 18 to 85 with a mean of 59.6.
Furthermore, all 111 cases of NPC patients
without distant metastasis were further
restaged by the seventh edition of UICC Staging
System for NPC. After pathological examination
process of primary tumors along with regional
lymph nodes, 6 patients were classified as
stage | (5.4%), 22 as stage Il (19.8%), 48 as
stage lll (43.2%) and 35 as stage IV (31.5%). All
tissue samples preserved in paraffin blocks
were assembled for tissue microarrays (TMASs).
The clinicopathological features of these NPC
patients were obtained from medical records
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Table 2. The relationship between CDK5 expression and other

biochemical indicators

cells/total number of the cells
x100%) by counting at least 10

Expression of CDK5 n (%)

Parameters Total (n)

random representative fields dis-
P tant from necrotic areas at high

Negative Positive
EGFR
- 14 8 (57.1%) 6 (42.9%) 15.093°
+ 40 10 (25.0%) 30 (75.0%)
++ 19 10 (52.6%) 9 (47.4%)
+++ 38 5(13.2%) 33 (86.8%)
P53
- 12 7(58.3%) 5(41.7%) 13.263°
+ 36 14 (38.9%) 22 (61.1%)
++ 34 10 (29.4%) 24 (70.6%)
+++ 29 2(6.9%) 27 (93.1%)

magnification(40x40) and the res-
ults were noted as negative stain-

.002
0.00 ing (-), weak staining (+), moderate
staining (++) and strong staining
(+++) [15].
Statistical analysis
0.004

Statistical Package for the Social
Sciences 20.0 (SPSS20.0) was
used for statistical analyses.

a. Kruskal-Wallis H test was performed to analyze the difference.

and summarized in Table 1. The current study
was approved by The Ethical Committee of Fi-
rst Affiliated Hospital of Guangxi Medical
University, China, and written informed con-
sents had been obtained from all involved
patients.

Immunohistochemistry

The immunohistochemical staining method
was performed on the formalin-fixed, paraffin
embedded, 4-Im-thick tissue sections for
expression studies of CDK5. In brief, deparaf-
finization of all sections was conducted through
a range of xylene baths, and rehydration was
performed with a series of alcohol solutions
with graded concentrations. As to immune-
staining, the primary antibodies used are as
follows: mouse monoclonal anti-CDK5 (Abcam,
Clone ID: EP715Y); mouse monoclonal anti-
EGFR (Beijing Jingiao Biological Co. LTD.);
mouse monoclonal anti-P53 (Beijing Jingiao
Biological Co. LTD). A standard avidin-biotin
immunoperoxidase complexes detection sys-
tem was performed as previously described
[16-19], according to the guideline of the manu-
facturer. After the immunodetection, all sam-
ples were reviewed and diagnosed by two
pathologists (GC and YD), who discussed each
case until they would reach an agreement.
Immunoreactivities for CDK5 expression were
defined by the presence of cytoplasm staining
and it would be considered as CDK5-positive if
25% of the tumor cells showed immunoreactivi-
ties. The number of EGFR and P53 was calcu-
lated with the formula (number of positive
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Categorical variables were pre-
sented in frequency and percent-
age. Chi-square test was selected
to compare the differences of CDK5 expression
in two corresponding groups of different clinico-
pathological features. Concerning the clinico-
pathological parameters with more than two
groups, Kruskal-Wallis H test was used for anal-
yses. The correlations between the biomarkers
were assessed by the Spearman rank correla-
tion coefficient. Moreover, the receiver operat-
ing characteristic (ROC) analysis was conduct-
ed to find out the diagnostic values of CDK5,
EGFR and P53. Among all statistics, P values
are two sided, and it was considered statisti-
cally significant when P<0.05.

Results
The expression of CDK5 in NPC tissues

The images presented in Figure 1 were repre-
sentative ones of immunohistochemical stain-
ing of CDK5 in 393 cases of NPC tissues and
54 cases of normal nasopharyngeal tissues.
CDK5-positive staining was predominantly
observed in the cytoplasm of the NPC cells, but
there was weaker or even no expression of
CDK5 in the normal nasopharyngeal tissues.
By statistical analysis, the expression of CDK5
in NPC tissues (74.8%, 294/393) was signifi-
cantly higher than that in normal nasopharyn-
geal tissues (33.3%, 18/54, P<0.001, Figure
2A). In addition, ROC curve was performed to
prove its diagnostic value in nasopharyngeal
tissues, and the AUC of CDK5 was 0.707 (95%
Cl: 0.630-0.784, P<0.001).

The entire cohort of NPC cases included both
adenocarcinoma and squamous carcinoma,
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Figure 1. The representative photomicrographs of staining in nasopharyngeal tissues. No positive staining of CDK5
was found in normal nasopharyngeal tissues (A, x100; B, x400). Brown CDK5 immunostaining was observed in t

NPC cells (C, x100; D, x400).

but as to the difference of CDK5 expression,
there emerged no statistical significance
(P=0.244). With respect to the association
between CDK5 expression and differentiation
degree of squamous cell carcinoma, the expres-
sion of CDK5 in the undifferentiated tissues
(83.5%, 116/139) was significantly increased
compared with that in differentiated tissues
(69.6%, 174/250, P=0.003, Figure 2B). Due to
the limited sample scale of adenocarcinoma,
which included only 4 cases, and the lack of
statistical significance, the further subgroup
analysis for adenocarcinoma was omitted.

Relationship between CDK5 expression and
clinicopathological characteristics

Several potential features in clinical practice
were selected to investigate the relationship
between the aberrant expression of CDK5 and

8069

clinical outcomes for NPC patients. As is illus-
trated in Table 1, CDK5 expression did not vary
significantly with gender or age. The CDK5-
positive rate was remarkably increased with
the aggravation of tumor infiltration degree
(H=22.069, P<0.001). NPC patients in T3 and
T4 (91.8%, 45/49) showed a perceptibly higher
level of CDK5 than those in T1 and T2 (53.2%,
33/62, P<0.001, Figure 3A). The development
of lymphatic metastasis stage was correlated
with the positive rate of CDK5 (H=14.189,
P=0.003), and with regard to N category, a con-
siderably higher level of CDK5 expression
emerged among patients in N2 and N3 (79.5%,
66/83) than that in NO and N1 (42.9%, 12/28,
P=0.03, Figure 3B). Meanwhile, the relative
level of CDK5 in NPC patients with lymph node
metastasis (72.4%, 76/105) was obviously
higher than that of patients without (33.3%,
2/6, P=0.043). Among NPC in more advanced
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Figure 2. The expression of CDK5 in nasopharyngeal tissues. The CDK5 ex-
pression in NPC tissues (74.8%, 294/393) was significantly increased com-
pared with that in normal nasopharyngeal tissues (33.3%, 18/54, P<0.001)
(A). As for the correlation between CDK5 expression and squamous carci-
noma differentiating degree, the expression of CDK5 in the undifferentiated
tissues (83.5%, 116/139) was significantly higher than that in differentiated

tissues (69.6%, 174/250, P=0.003) (B).

clinical stages, CDK5 demonstrated stronger
expression (H=17.750, P<0.001). Compared
with patients in early stages (I and Il, 42.9%,
12/28), the relative expression level of CDK5 of
those in advanced stages (lll and IV, 79.5%,
66/83, P<0.001) was notably up-regulated
(Figure 3C). ROC curve showed an AUC of 0.693
(95% CI: 0.595-0.791, P<0.001) to predict the
status of tumor infiltration. The AUC of ROC
curve was 0.683 (95% Cl: 0.562-0.804,
P=0.004) to evaluate the clinical TNM stages of
NPC. Moreover, it was inferred by the spearman
analysis that CDK5 was correlated with tumor
infiltration (r=0.429, P<0.001), lymph node
metastasis (r=0.333, P<0.001), clinical TNM
stage (r=0.398, P<0.001), squamous cell carci-
noma differentiated (r=-0.152, P=0.003), EGFR
(r=0.258, P=0.002) and P53 expression
(r=0.441, P<0.001).
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1
Undifferentiated

Relationships between CDK5
expression and other bio-

Negative
— g chemical indicators

B Positive

The positive ratio of CDK5
expression was 74.2% (72/
97) in the positive group of
EGFR, significantly higher
than that in EGFR-negative
group (42.9%, 6/14, P=
0.017). Comparing four gr-
oups sequentially, patients
with high EGFR expression
exhibited significantly stron-
ger positive rates of CDK5
than those with low EGFR
expression (H=15.093, P=
0.002, Figure 4A) and CDK5
expression was significantly
higher in the P53-positive
group (73.7%, 73/99) than
that in the P53-negative
group (41.71%, 5/12, P=
0.022). The positive rate of
CDK5 was consistent with
the trend of P53 and exp-
erienced a rise in relatively
high-level group of P53
(H=13.263, P=0.004, Figure
4B, Table 2). In addition,
Spearman analysis showed a
positive correlation between
the expressions of EGFR and
P53 (r=0.780, P<0.001).

[ Negative
@ Positive

Discussion

CDK5 is considered as a member of the CDK
family of serine/threonine kinases and activat-
ed by its upstream regulators p35 or p39 [8].
Mao et al [20] illustrated that the induction of
senescent phenotype by p35 required the acti-
vation of CDK5, and that CDK5 was mobilized
in the process of cellular senescence, which
might provide insights into the cancer cell pro-
liferation. Thus, we hypothesized that CDK5
might play an important role in carcinogenesis
and development of malignancies. Moreover,
CDK5 expression profiles in various classes of
tumors in vitro and in vivo had been investigat-
ed previously [8-10], but no publications were
available with regard to the expression or the
possible mechanisms of CDK5 in nasopharyn-
geal carcinoma. Therefore, the purpose of the
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Figure 3. Relationship between CDK5 expression and clinicopathological
parameters. As is illustrated, NPC patients in T3 and T4 (91.8%, 45/49) ex-
pressed a noticeably higher level of CDK5 than those in T1 and T2 (53.2%,
33/62, P<0.001) (A). A considerably higher level of NPC expression regarding
N category emerged among patients in N2 and N3 (79.5%, 66/83) than that
in NO and N1 (42.9%, 12/28, P=0.03) (B). Meantime, NPC patients in more
advanced clinical stages demonstrated relatively stronger CDK5 expression
(I and 1V, 79.5%, 66/83, P<0.001) when compared with patients in early
stages (I and Il, 42.9%, 12/28) (C).

demonstrate the relation-
ship between CDK5 and the
prognosis of NPC.

With respect to existing liter-
ature, results by Alaine et al
[21] identified a possible
role of CDK5 in mediating
apoptosis in human glioblas-
toma multiforme cells, sug-
gesting that CDK5 might
function as an oncogenic
factor in NPC to some
degree. Furthermore, CDK5
was found positive in 66
(69.5%) of the 95 lung carci-
noma tissue specimens by
Liu et al [8], whereas no or
weak expression of CDK5 in
non-cancer lung tissues.
According to our results, an
increased expression  of
CDK5 was observed in NPC
tissues, but there was no
noticeable expression of
CDK5 in the control group
with tissues of benign naso-
pharyngeal diseases. Afore-
mentioned data indicated
the role of CDK5 as a tumor
promoter in NPC, consistent
with our initial expectations.
Additionally, Huang et al.
found that the major patho-
logical type of NPC in south-
ern China is non-keratinizing
undifferentiated carcinoma
[22]. The sample of current
study also came from south-
ern China, and demonstrat-
ed an overexpression of
CDK5 in undifferentiated
group, which backed the the-
ory that CDK5 might be a
risk factor for Chinese
ethnics.

As for clinicopathological
characteristics, in spite of no
obvious correlation between
CDK5 expression and gend-
er, age, or histological type,
we still found significant va-

current research was to scrutinize the expres- riances of CDK5 expression between different
sion condition of CDK5 in NPC patients and to statuses of tumor infiltration, lymph node

8071 Int J Clin Exp Pathol 2015;8(7):8066-8074
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Figure 4. The relationships between CDK5 expression and other biochemi-
cal indicators. Patients expressing high levels of EGFR presented significantly
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stronger expression, which
indicated that CDK5 was
closely related to the pro-
liferation of NPC cells.
Furthermore, P53 is widely
accepted as a tumor sup-
pressive gene. Previous in
vivo researches uncovered
that wild type P53 activated
the promoter of EGFR [24].
It was common for a
Malaysian research team to
observe P53 high-intensity
staining in their series of
NPC tissue samples when
using immunohistochemis-
[ Negative try [25]. In the current
Bl Positive research, high-level P53
expression was found in the
positive group of CDK5. The
carcinogenesis and deterio-
ration of malignancies usu-
ally result from the dise-
quilibrium between proto-
oncogenes and anti-onco-
genes. Thus, we suppose
CDK5 as a tumor promoter,
which is likely to locate on a
crucial node among the
complex tumor mediation
network for NPC patents.

] Negative
Bl Positive

higher positive rates of CDK5 than those with low expression levels of EGFR

(P=0.002) (A). It was obvious that the CDK5-positive rate was consistent with
the inclination of P53 and experienced an upturn in relatively high-level group

of P53 (P=0.004) (B).

metastasis, as well as clinical TNM stage. Upon
the study by Liu et al [8], positive CDK5/p35
expression was related to the degrees of dif-
ferentiation, lymph node metastasis, pathologi-
cal stage, and survival time in patients with
non-small-cell lung cancer. The features
showed in the previous report by Liu et al [8],
were consistent with the current study and fur-
ther supported our hypothesis.

EGFR expresses in 88 to 100 percent of head
and neck squamous cell carcinomas, and is
crucial in tumor cell growing, repairing and sur-
viving [23]. With regard to our cohort, the over-
expression of CDK5 in NPC was consistently
associated with a high accumulation of EGFR.
That is, in the more actively proliferating NPC
cells, the positive expression of CDK5 showed
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To summarize, the current
research confirmed a rela-
tively higher level of CDK5
in NPC tissues and its asso-
ciations with various clinicopathological char-
acteristics. Aforementioned data revealed that
the overexpression of CDK5 might be a novel
molecular alteration involved in NPC progres-
sion and that CDK5 might serve as a valuable
biomarker to diagnose NPC and to monitor its
clinical courses. Future prospective studies are
needed to identify the clinical significance of
CDK5 and its potential mechanisms in tumor
invasiveness and metastasis are warranted.
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