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Negative nuclear expression of CDKL2 correlates with
disease progression and poor prognosis of glioma
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Abstract: Aims: This study aimed to investigate the nuclear expression status of cyclin dependent kinase like
2 (CDKL2) in glioma and its correlation with the characteristics of clinical pathology, including patient survival.
Methods and results: In the present study, the expression of CDKL2 mRNA was detected by real-time QPCR in fresh-
ly collected glioma and para-carcinoma tissues. Moreover, immunohistochemistry was used to identified nuclear
expression of CDKL2, and the characteristics of clinical pathology from glioma cases (n = 144) and non-cancerous
brain tissues (n = 32) were counted. Low mRNA and nuclear protein expression of CDKL2 was observed in glioma
tissues compared to non-cancerous tissues. Glioma patients with negative nuclear expression of CDKL2 were cor-
related with histologic type, clinical World Health Organization (WHO) grade, tumor location, and KI-67 expression
status. Negative nuclear expression of CDKL2 in glioma patients predicted an observably shorter overall survival
time than did positive expression. However, as demonstrated by multivariate analysis, nuclear expression of CDKL2
was not an independent prognostic biomarker for the survival of patients with glioma. Conclusions: Our study indi-
cated that negative nuclear expression of CDKL2 may represent a potential unfavorable marker for progression and
poor prognostic in glioma.
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precise molecular events underlying glioma ini-
tiation, progression, and prognosis. Glioma pa-
thogenesis is clearly complex and may involve
ionizing radiation, environmental factors, genet-
ic susceptibility and alerted molecular expres-
sion. The latter may result in inhibition or dereg-
ulation of a series of genes such as EGFR, RTK
and mTOR [1, 6-10].

Introduction

Glioma is the most common solid tumor of the
central nervous system, comprising around one
quarter of all newly diagnosed primary brain
tumors annually. It is characterized by a diffuse-
ly infiltrating clinical phenotype [1]. According to
the latest WHO classification of CNS tumors,
gliomas are divided into noninvasive, lowly pro-

liferative astrocytomas (grade I-1l), anaplastic
astrocytomas (grade lll), and necrosis-prone,
highly infiltrative, and mitotically active glioblas-
toma (grade IV) [2]. Despite intensive multi-
modal management involving surgery resec-
tion, adjuvant radiotherapy, and chemotherapy
with temozolomide, prognosis is very poor [3].
For example, glioblastoma (WHO grade IV) is
the most aggressive malignant glioma, with a
median survival time of merely 12 to 15 months
[4, 5]. Further work is required to identify the

Cyclin-dependent kinase-like 2 (CDKL2), also
known as protein kinase P56 KKIAMRE, has
been molecularly cloned from human fetal
brain. CDKL2 contains a conserved cdc2-relat-
ed serine/threonine kinase domain in the N-
terminus [11, 12]. It belongs to the cyclin-
dependent kinase-like (CDKL) family, which are
considered to be more distant members of the
cyclin-dependent kinase (CDK) family and are
similar to the mitogen-activated protein kinase
(MAPK) family [11-13]. Corresponding to the
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Table 1. Nuclear expression of CDKL2 between glioma

and non-cancerous brain tissues

Negative CDKL2 nuclear expression in glioma

ed regulation in signal transduction
could be distinct from those of MAPK

Nuclear expression

or cdc2 family members [14].

Group Cases  Positive Negative ~ Pvalue In recent years, CDKL2 has been dem-

expression _ expression onstrated to be highly expressed in
Glioma 144 68 (47.2) 76 (52.8) kidneys, testis, and lungs. It is also
Non-cancerous 32 27 (84.4) 5(15.6) <0.001" highly expressed in various regions of

“P < 0.05 was considered significant.

Table 2. Correlation between the clinicopathologic char-
acteristics and nuclear expression of CDKL2 protein in

glioma

the brain from the forebrain to the spi-
nal cord and including entorhinal cor-
tex, cerebral cortex, amygdala, dorsal
thalamus, hippocampus, and the deep
cerebellar nuclei [14, 15]. CDKL2 func-
tions principally in mature neurons and

CDKL2 (%)

may play an important function in main-
P tenance of the normal adult brain [14].
A role for CDKL2 had been observed

Characteristics n Positive Negative
expression expression

Gender

Male 85 39(45.9) 46 (54.1)

Female 59 29(49.2) 30 (50.8)
Age

>50 34 13(38.2) 21(61.8)

<50 110 55 (50.0) 55 (50.0)
Histologic Type

Astrocytic tumors 98 39(39.8) 59(60.2)

Oligodendrogial tumors 16 11 (68.8) 5 (31.2)

Other 30 18(60.0) 12(40.0)
WHO Grade

I+11 63 36(57.1) 27 (42.9)

H+1V 81 32(39.5) 49(60.5)
Tumor Location

Frontal 44 19 (43.2) 25(56.8)

Temporal 26 8(30.8) 18(69.2)

Parietal 18 12(66.7) 6(33.3)

Occipital 9 1(11.1) 8 (88.9)

Cerebellum 9 6 (66.7) 3(33.3)

Other 38 22(579) 16 (42.1)
Necrosis

Absent 55 28(50.9) 27 (49.1)

Present 89 40(44.9) 49 (55.1)
KI-67 expression

Positive 87 35(40.2) 52(59.8)

Negative 57 33(57.9) 24(42.1)

0.699

0.230

0.029"

0.035"

0.018"

0.486

0.038"

in a number of tumor types including
breast and prostate cancer, and hepa-
tocellular carcinoma [16-19]. However,
the part played by CDKL2 nuclear
expression in human gliomas has not
been elucidated.

In this work, we investigated the invol-
vement of CDKL2 in gliomas by exam-
ining CDKL2 mRNA and nuclear pro-
tein expression in glioma specimens
and in non-cancerous brain samples.
We then analyzed the potential corre-
lation between nuclear expression of
CDKL2 and clinicopathologic charac-
teristics including patient survival (n =
144). We discovered that CDKL2
mRNA and nuclear protein expression
were lower in glioma specimens than
in  non-cancerous brain specimens.
Furthermore, the comparably negative
nuclear protein expression of CDKL2
was related to glioma progression and
poor prognosis. Our findings support
the concept that negative nuclear ex-
pression of CDKL2 is potentially an un-
favorable prognostic factor for patients
with glioma.

Materials and methods

“P < 0.05 was considered significant.

dual phosphorylation motif (Thr-Xaa-Tyr) of the
MAPK family, CDKL2 has a similar amino acid
sequence (Thr-Asp-Tyr). Previous studies sug-
gested that the Thr and Tyr residues of CDKL2
are activated by MEK1. However, mutational
removal of Thr or Tyr had no effect on epider-
mal growth factor stimulated kinase activity in
this motif [11]. Thus, the role of CDKL2 activat-
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Sample collection

Eleven fresh non-cancerous brain tissues and
48 fresh human primary glioma tissues were
collected from the Southern Medical University/
Nanfang Hospital (Guangzhou, China) between
2016 and 2017. The glioma samples were ob-
tained at diagnosis and prior to treatment initi-
ation. All fresh tissue samples were stored in
liquid nitrogen immediately.
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Figure 1. Scatter plots showed that expression of
CDKL2 mRNA was decreased in glioma tissues com-
pared with non-cancerous brain (NB) tissues and de-
creased CDKL2 mRNA levels significantly correlated
with clinical WHO grades of human gliomas.

A further 144 glioma tissues and 32 non-can-
cerous brain tissues, collected between 2005
and 2009, were also obtained from Nanfang
Hospital (Guangzhou, China). Clinical and prog-
nostic details were available for the 85 male
and 59 female glioma patients who ranged in
age from 3 to 70 years (37 + 17.39) (Table 2).
All samples had confirmed pathological diagno-
sis of glioma. The hospital ethics committee
approved the study, and prior consent was
obtained from the patients for use of the clini-
cal materials for research.

Real-time fluorescence quantitative PCR

Total RNA was isolated from the tissue samples
using Trizol (Takara, Shiga, Japan) and reverse
transcription was undertaken using the reverse
transcription reagents (Thermo Scientific, Wal-
tham, MA, USA). According to the manufactur-
er’s instructions, real-time QPCR was conduct-
ed on a BIO-RAD CFX 96 detection system
using a SYBR Premix Ex TagTM Il kit (TaKaRa
Bio, Inc., Shiga, Japan). The specific sequence
for the sense/antisense primer was (sense:
5-TCTCCCAGTCTGGCGTTGT-3’, and antisense:
5-ACCATCGGGTTGCCACATAAT-3’). ARF5, used
as an inner control, had the primer sequen-
ce of (sense: 5-ATCTGTTTCACAGTCTGGGAC-3’,
and antisense: 5-CCTGCTTGTTGGCAAATACC-
3’) [20].

Immunohistochemistry

Paraffin sections (3 um thick) from the 144
stored glioma and 32 stored non-cancerous
brain tissues were deparaffinized in 100%
xylene and rehydrated with a descending etha-
nol series (100%, 90%, 80% and 70%). The sec-
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tions were then washed in water according to a
standard protocol, and citrate 10 mM buffer
was used for heat-induced antigen retrieval (2
min at 100°C). Endogenous peroxidase activity
was inactivated with peroxidase blocking re-
agent (hydrogen peroxide 3%) and non-specific
antigen was blocked with serum. The sections
were then incubated with Primary antibodies
(anti-human CDKL2 antibody, 1/100, Novus,
Littleton, USA; anti-human KI-67 antibody, 1/
200, Abcam, Cambridge, UK) at 4°C overnight.
After washing three times with PBS to remove
unbound antibody, the sections were incubated
with biotin-labeled goat anti-mouse antibody at
room temperature for 30 min. After further
washing, streptavidin-conjugated horseradish
peroxidase (HRP) (Maixin Inc, China) was added
to the sections and incubated. The peroxidase
reaction was proved using 3,3-diaminobenzi-
dine (DAB) chromogen solution in DAB buffer
substrate. Sections were visualized with DAB
developer and counterstained with hematoxy-
lin. Finally, the sections were mounted in neu-
tral gum and analyzed under a bright field
microscope.

Evaluation of staining

The immunohistochemically stained sections
of CDKL2 or KI-67 in nuclei were reviewed and
scored by two pathologists blinded to the clini-
cal parameters. Sections with 10% or more
nuclear stained cells were considered positive
for nuclear expression, whereas less than 10%
was regarded as negative [20, 21].

Statistical analyses

All statistical analyses were undertaken with
SPSS 20.0 software. Data were expressed as
mean + SD. The relationship between CDKL2
nuclear expression levels and clinicopathologic
characteristics were analyzed using the x? test.
The Kaplan-Meier method was used to plot sur-
vival curves, which were compared using the
log-rank test. The statistical significances of
univariate and multivariate variables for surviv-
al were conducted using the Cox proportional
hazards model. A p-value of less than 0.05 was
considered statistically significant.

Results

CDKL2 mRNA expression is low in human
glioma

To clarify the role of CDKL2 in human glioma,
CDKL2 mRNA expression was assessed using
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Figure 2. Decreased CDKL2 protein nuclear expression was examined in glioma tissues compared to non-cancerous
brain samples (original magnifications are: x200). A: Positive nuclear expression of CDKL2 in non-cancerous brain
tissues. B: CDKL2 positive nuclear expression in the glioma tissues. C: High CDKL2 expression in cytoplasm of
glioma tissues, but low expression in nuclei. D: Negative expression of CDKL2 in glioma tissues. (insets displaying
cdkl2 expression under high magnification x400).
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Figure 3. Kaplan-Meier survival analysis of overall
survival duration in 144 glioma patients according
to CDKL2 nuclear expression level. Patients with
CDKL2 positive nuclear expression had better sur-
vival than those with negative nuclear expression of
CDKL2 (P =0.0312).

real-time QPCR in freshly collected glioma and
non-cancerous brain tissues. CDKL2 mRNA
expression was significantly lower in low-grade
glioma (WHO grade I+Il) compared to non-
tumor samples (P = 0.0009). Furthermore, CD-
KL2 mRNA expression was significantly lower in
high-grade glioma (WHO grade llI+IV) versus
low-grade glioma samples (P < 0.0001) (Figure
1).

Immunohistochemical analysis of CDKL2
protein nuclear expression in glioma and non-
cancerous brain tissues

To determine whether the subcellular location
and nuclear expression of CDKL2 was different
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in glioma, we measured nuclear expression of
CDKL2 in 144 archived paraffin-embedded gli-
oma and 32 non-cancerous tissue samples.
CDKL2 was mainly expressed in the nucleus
and partially in the cytoplasm of both non-can-
cerous brain cells (Figure 2A) and in malignant
glioma cells (Figure 2B, 2C), but was signifi-
cantly lower in the glioma cells (P < 0.001)
(Table 1).

Analysis of the relationship between clinico-
pathological characteristics and CDKL2 nucle-
ar expression in glioma patients

Table 2 outlines the associations between
CDKL2 nuclear expression and clinicopatho-
logical characteristics in patients with glioma.
We found that nuclear expression of CDKL2
was inversely correlated with histologic type (P
= 0.029), clinical WHO stage (I-Il vs. llI-IV) (P =
0.035), tumor location (P = 0.018), and KI-67
expression status (P = 0.038), but not with
patient age or gender.

Association of CDKL2 nuclear expression with
overall survival of glioma patients

To examine the prognostic value of CDKL2 nu-
clear expression for glioma, Kaplan-Meier anal-
ysis with the log-rank test was performed to
examine the relationship between the nuclear
expression of CDKL2 and patient survival (n =
144). We observed a significant correlation wi-
th overall survival, with positive nuclear expres-
sion of CDKL2 correlating with better survival

Int J Clin Exp Pathol 2018;11(2):712-719
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Figure 4. Kaplan-Meier survival analysis of overall survival duration in 144 glio-
ma patients according to WHO grade classification, necrosis status, and KI-67
expression status in glioma. A, B: Correlation of CDKL2 protein nuclear expres-
sion with glioma patients’ survival time in strata analysis in WHO grade (I+Il and
I1+1V). C, D: Correlation of CDKL2 protein nuclear expression with glioma pa-
tients’ survival time in strata analysis in necrosis status. Patients in the CDKL2
positive nuclear expression group had longer overall survival in the necrosis
present group (P = 0.0068). E, F: The correlation of CDKL2 protein nuclear
expression with glioma patients’ survival time in strata analysis in KI-67 expres-
sion status, and patients with CDKL2 positive nuclear expression had longer
survival time (P = 0.0026). The log-rank test was used to calculate P values.

than negative expression (P = 0.0312) (Figure
3), and patients in the CDKL2 positive nuclear
expression group having longer overall survival
in the necrosis present group (P = 0.0068) and
KI-67 positive expression group (P = 0.0026)
(Figure 4D, 4F). Furthermore, we found that
survival was also significantly correlated with
clinical WHO grade, tumor location, KI-67 ex-
pression status, necrosis status, and nuclear
expression status of CDKL2 in univariate analy-
ses (P < 0.001, P = 0.039, P < 0.001, P =
0.001, and P = 0.032 respectively) (Table 3).

Subsequently, to determine whether CDKL2
nuclear expression is an independent prognos-
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20
Survival time(months)

40 6 pression of CDKL2 mRNA

is lower in glioma samples
than in non-cancerous bra-
in tissue. Consistent with
this, CDKL2 nuclear protein
expression was significant-
ly decreased in glioma tis-
sue compared to non-can-
cerous brain tissue. Our
data support the concept
that CDKL2 is downregu-
lated in a subset of patients
with glioma and this sug-
gests that CDKL2 may be an important regula-
tor of glioma.

CDKL2 has been shown to have high expres-
sion in various adult brain regions including the
entorhinal cortex, cerebral cortex, amygdala,
hippocampus, and the deep cerebellar nuclei
[14, 15], CDKL2 functions principally in mature
neurons, and the regulatory mechanisms of
CDKL2 expression in mature neurons differs
from those of immediate-early genes [14].
Recent studies have discovered that CDKL2
has a positive role in cognition, emotion, and
learning, with mutations in the CDKL family
kinases potentially causing neurodevelopmen-

Int J Clin Exp Pathol 2018;11(2):712-719
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Table 3. Summary of univariate and multivariate Cox regression analysis of

overall survival duration

RFLP analysis and
observed that CDKL2

Univariate analysis

Multivariate analysis

had higher promotor

P RR 95% Cl

RR 95% CI region methylation in

Age

<50vs.>50years 0.216 1.412 0.818-2.438
Gender

Male vs. female 0.466 0.833 0.510-1.360

Histologic Type

AT+0T vs. other” 0.067 1.937 0.956-3.924
Tumor Location 0.039 2.173 1.039-4.545
Necrosis

Absent vs. present  0.001 0.371 0.209-0.657
KI-67 expression

Positive vs. negative 0.000 0.295 0.154-0.568
CDKL2 nuclear expression

Negative vs. positive 0.032 1.744 1.050-2.896
WHO Grade

Ivs.Ilvs. lllvs. IV 0.000 0.275 0.155-0.488 0.017 0.280 0.098-0.800

breast cancer sam-
ples and a correspo-
nding decrease in
MRNA levels in the
patients (P = 0.019)
[19].

Our study of glioma ti-
ssues had consistent
findings, in terms of
CDKL2 mRNA expres-
sion, to studies on
other tumors. In addi-
tion, we demonstrat-
ed that CDKL2 nucle-
ar expression was sig-
nificantly decreased

1.818 0.846-3.908

1.182 0.459-3.042

0.431 0.211-0.883

1.322 0.778-2.247

Abbreviation: AT: Astrocytic tumors, OT: Oligodendrogial tumors. “P < 0.05 was considered

significant.

tal and neuropsychiatric disorders [22, 23].
Collectively, these studies suggest that CDKL2
may play an important function in normal adult
brain maintenance.

CDKL2 has been reported to play dual roles
and to be differentially expressed in several
types of tumors. In hepatocellular carcinoma,
Yongchang Zheng et al. collected three genome-
wide DNA methylation datasets with 800 clini-
cal samples and the corresponding gene ex-
pression datasets by analyzing the DNA meth-
ylation patterns in cancer across multiple data-
sets. They observed that CDKL2 was a candi-
date molecular marker of hepatocellular carci-
noma [16]. Interestingly, paradoxical findings
were observed in a recent prostate cancer
study. Rohina Rubicz et al. determined that the
CDKL2 gene with higher promotor region meth-
ylation and a corresponding decrease in mRNA
level occurred in patients with more aggressive
prostate cancer [17]. In breast cancer, Linna Li
et al. reported high expression of CDKL2 in
mesenchymal subtypes of breast cancer cells,
human mesenchymal stem cells, and fibro-
blasts compared to epithelial subtypes of
breast cancer cells. Their results suggested
that CDKL2 might be an unfavorable prognos-
tic factor and a potential therapeutic target for
human malignant breast cancers [18]. How-
ever, Lindqvist et al. used methylation-sensitive
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in glioma tissue com-
pared to non-cancer-
ous brain tissue. This
result further supports the role of CDKL2 as a
candidate suppressor in glioma. Moreover, we
analyzed the relationship between the nuclear
protein expression of CDKL2 and clinical fea-
tures of patients with glioma. Although nuclear
expression of CDKL2 was not related to patient
age or gender, it was correlated with histologic
type, clinical WHO stage (I-ll vs. llI-1V), tumor
location, and KI-67 expression status of glio-
ma. Ki-67 positive expression is associated
with cellular growth and proliferation in glioma
[24]. Evidence was also provided that nuclear
expression of CDKL2 negatively correlates with
overall survival time. Overall, our study indi-
cates that CDKL2 protein nuclear expression is
a tumor suppressor that represses the patho-
genesis and progression of glioma.

Finally, to further determine whether CDKL2
nuclear expression is an independent prognos-
tic factor for glioma, univariate analyses were
undertaken. We found that survival was posi-
tively correlated with CDKL2 nuclear expres-
sion, but correlated negatively with KI-67 exp-
ression status, necrosis status, and WHO grade
classification in glioma. Multivariate analyses
showed that nuclear expression of CDKL2 was
not an independent predictor of prognosis for
glioma patients regardless of KI-67 expression
status and WHO grade classification.

Int J Clin Exp Pathol 2018;11(2):712-719
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In summary, our research shows that negative
CDKL2 nuclear expression may be involved in
progression and poor prognosis, but was not
an independent prognostic factor for patients
with glioma.
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