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Abstract: Objective: The purpose of this study was to investigate the expression of A-kinase anchor protein 95
(AKAP95), cell cycle protein E1 (cyclinE1l) and D1 (cyclinD1), and gap junction protein connexin 43 (Cx43) in ovar-
ian cancer tissues, the relationship between four proteins and clinicopathologic parameters, and the correlation
between these proteins. Methods: The expression of proteins in 54 cases of ovarian cancer tissues was detected by
immunohistochemical method. Results: The positive expression rates of AKAP95, cyclinD1 and cyclinE1 in ovarian
cancer tissues were 72.22%, 66.67% and 79.63%, respectively, which were higher than that of ovarian pericarcino-
ma tissues expressing as 33.33%, 25% and 8.30% (P<0.05). The positive expression rate of Cx43 in ovarian cancer
tissues was 40.74%, which was lower than that of ovarian pericarcinoma tissues expressing as 75%; respectively,
and the difference was statistically significant between groups (P<0.05). The expression of cyclinD1 in ovarian can-
cer tissues was related to the histologic type (P<0.05) while it showed no correlation with the degree of differentia-
tion (P>0.05). Additionally, the expression of AKAP95, Cx43 and cyclinE1 in ovarian cancer tissues showed no cor-
relation with the degree of differentiation or the histologic type (P>0.05). Protein expressions of AKAP95, Cx43 and
cyclinE1 were correlated with each other (P<0.05), and the expressions of cyclinD1, cyclinE1l and Cx43 were also
correlated with each other (P<0.05). However, AKAP95 and cyclinD1 showed no correlation (P>0.05). Conclusion:
AKAP95, cyclinD1 and cyclinE1 play an important role in promoting the process of ovarian cancer formation. The
tumor inhibitory effects of Cx43 protein on the pathogenesis of ovarian cancer were weakened. The expression of
cyclinD1 in ovarian cancer tissues is related to the histologic type while it shows no correlation with the degree of
differentiation. Additionally, the expression of AKAP95, Cx43 and cyclinE1 in ovarian cancer tissues shows no cor-
relation with the degree of differentiation or the histologic type. AKAP95 expression is correlated with Cx43 and
cyclinE1 expression; Cx43 expression is correlated with AKAP95, cyclinD1 and cyclinE1 expression; cyclinE1 expres-
sion is correlated with AKAP95, Cx43, cyclinD1 expression; cyclinD1 expression is correlated with Cx43 and cyclinE1l
expression, while AKAP95 and cyclinD1 show no correlation.
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Introduction [1]. The combination of cyclinE with CDK2 pro-
mots cell G1/S stage transition [2]. AKAP95
can combine with cyclinD/E through the sub-

units of PKA R Il [3, 4]. Cx43 inhibits tumor

The transition disorder of G1 stage into S stage
is one of the important reasons for tumor for-

mation, and cyclinE and cyclinD are important
members of cyclin family which are responsible
for G1/S stage transition. cyclinD combining
with CDK4/6 and activating CDK4/6 is essen-
tial for the entry of GO stage into G1 stage,
which is prepared for cell G1/S stage transition

growth by increasing the degradation of skp2
[5]. Skp2, a member of the F-BOX family, can
adjust the activity of cyclinE-CDK2 by the ubig-
uitin proteasome system, and further affect the
cell cycle progression [6]. However, no findings
in AKAP95 protein expression of ovarian cancer
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Table 1. Expression of AKAP95, cyclinD1, cyclinE1l and Cx43 in ovarian cancer tissues

Protein Characteristics Ovarian cancer tissues  Ovarian pericarcinoma tissues X2 P

AKAP95 Positive 39 4 6.540 0.011
Negative 15 8

cyclinEl Positive 43 1 22.458 <0.001
Negative 11 11

cyclinD1 Positive 36 3 7.051 0.008
Negative 18 9

Cx43 Positive 22 9 4.626 0.031
Negative 32 3
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Figure 1. Expression of AKAP95 in ovarian cancer tissues, x400. A: AKAP95 was expressed in the nuclei of ovarian
pericarcinoma tissues; B: AKAP95 was expressed weakly in the cytoplasm, and highly in some nuclei of ovarian se-
rous adenocarcinoma tissues; C: AKAP95 was highly expressed in the nuclei of ovarian clear cell adenocarcinoma
tissues; D: AKAP95 was weakly expressed in the nuclei of ovarian clear cell adenocarcinoma tissues; E: AKAP95
was highly expressed in the nuclei of ovarian endometrioid adenocarcinoma tissues; F: AKAP95 was negatively
expressed in the nuclei of ovarian endometrioid adenocarcinoma tissues.

tissues have been reported. Therefore, in the
present study, the expressions of AKAP95,
Cx43, cyclinD1 and cyclinE1 protein in ovarian
cancer tissues were analyzed, and the correc-
tion between these proteins was further
explored.

Materials and methods
Source of tumor

Ovarian cancer tissue samples of 54 cases
with definite pathologic diagnosis were collect-
ed from ovarian carcinoma surgical specimens
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in the First Affiliated Hospital of Liaoning
Medical University between 2010 and 2011.
The mean age of patients was 50.13 + 11.92.
A total of 7 cases were well differentiated, 31
cases were moderately differentiated and 16
cases were poorly differentiated. 20 cases
were serous adenocarcinoma, 11 cases were
mucinous adenocarcinoma, 15 cases were
endometrioid adenocarcinoma, and 8 cases
were clear cell carcinoma. Samples of some
patients (n = 12) in the control group were col-
lected from the tissues near to ovarian cancer
tissues above 2 cm, which were all through

Int J Clin Exp Pathol 2015;8(11):14315-14324
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Figure 2. Expression of cyclinD1 in ovarian cancer tissues, x400. A and B: CyclinD1 protein was weakly expressed
in the cytoplasm and a few nuclei of ovarian serous adenocarcinomatissues; C and D: CyclinD1 protein was moder-
ately expressed in the nucleus and cytoplasm of ovarian clear cell carcinoma tissues; E: CyclinD1 protein was highly
expressed in the cytoplasm of ovarian mucinous adenocarcinoma tissues; F: CyclinD1 protein was highly expressed
in the nuclei of ovarian mucinous adenocarcinoma tissues; G: CyclinD1 protein was moderately expressed in the
nuclei of ovarian mucinous adenocarcinoma tissues; H: CyclinD1 protein was moderately expressed in the nuclei of
ovarian endometrioid carcinoma tissues; I: CyclinD1 protein was moderately expressed in the cytoplasm of ovarian
endometrial adenoid cancer tissues; J: CyclinD1 protein was negatively expressed in ovarian endometrioid adeno-

carcinoma tissues.

pathological identification and found no can-
cer cells. All patients had signed informed
consent.

Reagents and methods

Anti-AKAP8 monoclonal antibody (ab72196)
and anti-cyclinE1l monoclonal antibody (ab-
33911) were purchased from Abcam (Bur-
lingame, California, USA), anti-connexin43
(C-20) polyclonal antibody and anti-cyclinD1
(DSC-6) monoclonal antibody were purchased
from Santa Cruz, Inc. (Dallas, Texas, USA), and
UltraSensitiveTM SP (Mouse/Rabbit) IHC Kit
was purchased from MAIXINBiotech. Co., Ltd.
(FuZhou, Fulian, China). All samples were fixed
in formalin, embedded in paraffin, and serially
sectioned for about 4 ym. The sections were
then undertaken immunohistochemical detec-
tion using S-P method, colorationed with DAB
and counterstained with hematoxylin.

Criteria for judgment of positive expression

Brown yellow indicated positive expression of
protein and no brown yellow indicated negative
expression of protein. Each section was ran-
domly selected from 10 different points of view,
and 200 tumor cells in each view were counted.
The percentage of the number of positive cells
to the total cells was used as criteria for judg-
ment which was shown as follows: no brown
staining to lower than 10% brown staining was
recorded as “-”, more than or equal to 10% and
lower than 25% brown staining was recorded as
“+-". more than or equal to 25% and lower than
50% brown staining was recorded as “+”, more
than or equal to 50% and lower than 75% brown
staining was recorded as “++”, and brown stain-
ing more than or equal to 75% brown staining
was recorded as “+++”. When the data were
statistically processed, “+-” and “-” were regard-
ed as negative expression, and “+”, “++”, and
“+++” were regarded as positive expression.

Statistical analysis

SPSS13.0 software package (SPSS Inc.,
Chicago, IL, USA) was used to analyze the data
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for X? test, Fishers exact test and Spearman
rank correlation analysis. Test level was o =
0.05.

The experiment was approved by the Medical
Ethics Committee of School of Public Health in
Xiamen University.

Results

Expression of AKAP95, Cx43, cyclinD1 and
cyclinE1 in ovarian cancer tissues

As shown in Table 1, positive expression rates
of AKAP95 (Figure 1), cyclin D1 (Figure 2) and
cyclinE1l (Figure 3) protein in ovarian cancer
tissues were 72.22%, 66.67% and 79.63%,
respectively, which were statistically significant
higher than that of ovarian pericarcinoma tis-
sues expressing as 33.33%, 25.00% and 8.3%
(P<0.05). The positive rate of Cx43 protein
(Figure 4) in ovarian cancer was 75%, which
was statistically significant lower than that
of ovarian pericarcinoma tissues (P<0.05).
Statistical analysis was performed by X2 test or
Fishers exact test.

Relationship between protein expression and
clinicopathological parameters

The results in Table 2 showed that cyclinD1
protein expression was related to the types of
ovarian cancer tissues (P<0.05) while had no
correlation with the degree of tissue differenti-
ation (P>0.05). AKAP95, Cx43 and cyclinEl
protein expression had no correlation with
the degree of tissue differentiation and the
Histologic types of ovarian cancer (P>0.05).
Statistical analysis was performed by X? test
or Fishers exact test.

Correlation analysis of the expression of four
proteins

The relationships between the expressions of
four proteins in ovarian cancer tissues are
shown in Tables 3-8. Results suggested that
AKAP95 was correlated with Cx43 and cyclinEl

Int J Clin Exp Pathol 2015;8(11):14315-14324
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Figure 3. Expression of cyclinEl in ovarian cancer tissues, x400. A and B: CyclinE1 was highly expressed in the nu-
clei of ovarian serous adenocarcinoma tissues; C: CyclinE1l was negatively expressed in the nuclei of ovarian serous
adenocarcinoma tissues; D: CyclinE1 was highly expressed in the nuclei of in ovarian clear cell carcinoma tissues;
E: CyclinE1l was weakly expressed in the cytoplasm of ovarian clear cell carcinoma tissues; F: CyclinE1 was weakly
expressed in the cytoplasm of ovarian mucinous adenocarcinoma tissues; G and H: CyclinE1 was highly expressed
in the nuclei of ovarian endometrioid adenocarcinoma tissues; I: cyclinE1 was weakly expressed in the cytoplasm of
ovarian endometrial adenocarcinoma tissues.
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Figure 4. Expression of Cx43 in ovarian cancer tissues, x400. A: Cx43 was highly expressed in the cytoplasm of
ovarian serous adenocarcinoma tissues; B: Cx43 was negatively expressed in the cytoplasm of ovarian serous ad-
enocarcinoma tissues; C: Cx43 was weakly expressed in the cytoplasm of ovarian clear cell carcinoma tissues; D
and E: Cx43 was highly expressed in the cytoplasm of ovarian endometrial adenocarcinoma cancer tissues; F: Cx43
was negatively expressed in the cytoplasm of ovarian endometrial adenocarcinoma cancer tissues.

Table 2. Relationship between the expression of four proteins and
clinicopathological parameters

Pathological parameters Number of AKAPSS
cases Positive Negative X2 P
Degree of differentiation
High 7 4 3 2.618 0.340
Moderate 31 25 6
Low 16 10 6
Histologic type
Endom-etrioid 15 14 1 6.536 0.122
Serous property 20 12 9
Mucinous 11 8 3
Clear cell 8 6 2
Pathological parameters Number of " cy<.:I|nD1
cases  Positive Negative X2 P
Degree of differentiation
High 7 3 4 4135 0.156
Moderate 31 24 7
Low 16 9 7
Histologic type
Endom-etrioid 15 14 1 8.732 0.047
Serous property 20 12 8
Mucinous 11 5 6
Clear cell 8 5 3
) Number of cyclinEl
Pathological parameters cases  Positive Negative X2 P
Degree of differentiation
High 7 4 3 5.446 0.077
Moderate 31 28 3
Low 16 11 5
Histologic type
Endome-etrioid 15 14 1 2.864 0.475
Serous property 20 15 5
Mucinous 11 8 3
Clear cell 8 6 2
Pathological parameters Number of — (_:X43
cases Positive Negative X2 P
Degree of differentiation
High 7 1 6 3.143 0.224
Moderate 31 15 16
Low 16 6 10
Histologic type
Endom-etrioid 15 7 8 3.091 0.395
Serous property 20 8 12
Mucinous 11 4 7
Clear cell 8 1 7
14321

(P<0.05); Cx43 was correlat-
ed with AKAP95, CyclinD1,
and cyclinEl (P<0.05); cyc-
linEl was correlated with
AKAP95, Cx43 and cyclinD1
(P<0.05); CyclinD1 was corre-
lated with cyclinEl and Cx-
43 (P<0.05). Moreover, there
was no association between
AKAP95 and cyclinD1 pro-
tein (P>0.05). The correlation
between four proteins was
performed by Spearman rank
correlation analysis.

Discussion

Ovarian cancer (OC) is one of
the most common malignant
tumors in the female geni-
tal system. Ovarian cancer
comes on secretly and has no
typical symptom at the early
stage of the development,
resulting in the highest mor-
tality rate in all gynecologic
cancers [7]. Losing control
of G1/S stage transition is
the key step of the cancer. In
this study, the expression of
AKAP95, Cx43, and G1/S
phase transition related pro-
teins including cyclinD1 and
cyclinEl in 54 cases of ovari-
an cancer, and the correla-
tion between these proteins
were investigated.

AKAP95 has the function of
anchoring the protein kinase
A (PKA) in the nuclear [16].
The expression of AKAP95
protein in rectal cancer tis-
sues was higher than that of
nearby tissues [22], indicat-
ing that the expression of
AKAP95 might be associated
with the occurrence of rectal
cancer. This study showed

Int J Clin Exp Pathol 2015;8(11):14315-14324
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Table 3. Relationship between AKAP95 pro-
tein expression and cyclinE1 protein expres-
sion in ovarian cancer tissues

cyclinE1l
AKAP95 r P
R S = s

- 2 1 1 2 7 0.284 0.013
+- 3 1 1 1 0

+ 2 2 4 1 3

++ 0O 0 5 2 4

+++ 0O 0 1 5 10

Note: r_ is Spearman rank correlation coefficient.

Table 4. Relationship between AKAP95 pro-
tein expression and cyclinD1 protein expres-
sion in ovarian cancer tissues

cyclinD1
AKAP95 r P
B T s
- 1 2 2 1 1 0.21 0.128
+- 2 1 1 4 0
+ 3 2 3 3 1
++ 2 1 3 1 4

+++ 2 2 3 4 5

Note: r_is Spearman rank correlation coefficient.

Table 5. Relationship between AKAP95 pro-
tein expression and Cx43 protein expression
in ovarian cancer tissues

Cx43
AKAP95 r P
L s

- 3 2 0 2 0 0381 0004
+- 5 2 1 0 0

+ 4 5 1 1 1

++ 1 4 6 0 0

+++ 2 4 4 6 0

Note: r_is Spearman rank correlation coefficient.

Table 6. Relationship between cyclinE1 pro-
tein expression and cyclinD1 protein expres-
sion in ovarian cancer tissues

. cyclinD1
cyclinEl r P
B L S = S S
- 4 1 1 O 1 0.288 0.035
+- 2 2 0 O 0
+ 0 1 5 4 4
++ 2 3 2 1 3

+++ 2 1 4 8 3

Note: r_is Spearman rank correlation coefficient.
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Table 7. Relationship between cyclinE1 pro-
tein expression and Cx43 protein expression
in ovarian cancer tissues

. Cx43
cyclinEl r, P
A e = e

- 4 3 0 O 0 0.484 <0.001
+- 310 O 0

+ 3 56 0 0

++ 3 3 2 3 0

+++ 2 5 4 6 1

Note: r_is Spearman rank correlation coefficient.

Table 8. Relationship between cyclinD1 pro-
tein expression and Cx43 protein expression
in ovarian cancer tissues

. Cx43
cyclinD1 r, P
P T S

- 6 3 1 0 0 0550 <0.001
+- 16 1 0 O

+ 6 2 3 1 0

++ 2 4 2 4 1

+++ 0 2 5 4 0

Note: r_is Spearman rank correlation coefficient.

that the expression of AKAP95 protein in ovari-
an cancer tissues was also higher than that of
ovarian pericarcinoma tissues, and associated
with the expression of cyclinE1l protein. cyclin
D/E combined with RIl subunit of PKA throng
AKAP95 and produced two kinds of complexes
cyclin-CDKs and cyclinD/E-AKAP95-PKA [3, 4].
CyclinD/E-CDK2/4/6 played a key role in pro-
moting G1 phase process and G1/S stage tran-
sition. AKAP95 protein was highly expressed,
and associated with cyclinEl protein expres-
sion, demonstrating that AKAP95 protein might
play a role in the process of G1 phase and G1/S
phase transition. In the present study, it was
not detected the correlation between AKAP95
and CyclinD1 due to two reasons. One reason is
that CyclinD mainly exerts its functions in the
early and middle G1 stage [1], cyclinE mainly
plays a role in the mid and late G1 stage [2].
Therefore, it is inferred that AKAP95 protein
might be more likely functional in the G1/S
transition stage but not in the early and mid G1
stage. Another reason is that cyclinD1 protein
has tissue specificity.

Three subtypes, cyclinD1, D2 and D3 have tis-
sue specificity, but at least one subtype is

Int J Clin Exp Pathol 2015;8(11):14315-14324
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expressed in each tissue, which primarily plays
a role in the early and mid G1 stage [8]. CyclinE
has two subtypes E1 and E2 which mainly play
arole in G1/S transition stage [12]. The expres-
sion of cyclinD1 [9-11] and cyclinE1l [10, 13]
was increased in various tumor tissues, and
high expression of cyclinD1 and cyclinEl was
found in this study, which was consistent with
relevant reported literature [9-11, 13]. CyclinD
combined with CDK4/6 and formed the com-
plex which could phosphorylate pRb to make
the pRb-E2F complex detached and the binding
site of E2F1-3 exposed for activating gene tran-
scription required for G1/S stage transition
[14]. Furthermore, E2F1-3 could induce the
expression of cyclinE which could form cycling/
CDK2 complexes with CDK2 and further phos-
phorylated pRb, leading to the formation of a
positive feedback loop signal [15]. Therefore,
the correlation between cyclinD1 expression
and cyclinE1l expression in ovarian carcinoma
tissues further provided the evidence for above
studies, indicating that cyclinD1 and cyclinE1l
might play a synergistic effect in tumor
formation.

Cx43 protein exerted anti-cancer effects main-
ly through the formation of gap junction (GJ)
[17]. Expression of Cx43 protein in a variety of
tumor tissues including gastrointestinal stro-
mal tumor tissues and human brain glioma
tumor tissues was decreased [18, 19], which
was consistent with this study. Previous studies
showed that Cx43 increased Skp2 degradation
through up-regulation of Skp2 self ubiquitina-
tion, thereby reducing the degradation of p27
(CDKI) [5, 20] which had inhibitory effects on
cyclin/CDK [241, 23, 24] and further promoted
Cx43 to inhibit G1/S stage transition. This
study showed that Cx43 was related to AKAP95,
cyclin D1 and E1, which was consistent with the
reported literatures. It was suggested that
Cx43 protein affected cyclin/CDK activity
through different pathways, thus affecting the
G1/S stage transition.

In addition, the previous findings expressed
that cyclinD1 expression had no correlation
with pathological types in bladder carcinoma
[9] while was not consistent with pathological
types in gastric cancer [10]. This study also
showed that cyclinD1 expression in ovarian
cancer tissue had relevance to the histologic
type. The difference might be associated with
tissue-specificity of cyclin D1.
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