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Abstract: Objective: To explore the expression of A-kinase anchor protein 95 (AKAP95), Cyclin D1, Cyclin E1, and
Connexind3 (Cx43) in rectal cancer tissues and assess the associations between each of the proteins and patho-
logical parameters, as well as their inter-relationships. Methods: AKAP95, Cyclin D1, Cyclin E1, and Cx43 protein
expression rates were evaluated by immunohistochemistry in 50 rectal cancer specimens and 16 pericarcinoma
tissues. Results: The positive rates of AKAP95, Cyclin E1, and Cyclin D1 proteins were 54.00 vs. 18.75%, 62.00
vs. 6.25%, and 72.00 vs. 31.25% in rectal cancer specimens and pericarcinoma tissues, respectively, representing
statistically significant differences (P < 0.05). The positive rate of Cx43 protein expression in rectal cancer tissues
was 44.00% and 62.50% in pericarcinoma tissues, and the difference between them was not significant (P > 0.05).
No significant associations were found between protein expression of AKAP95, Cyclin E1, Cyclin D1, and Cx43, and
the degree of differentiation, histological type, and lymph node metastasis of rectal cancer (P > 0.05). However,
significant correlations were obtained between the expression rates of AKAP95 and Cyclin E1, Cyclin E1 and Cyclin
D1, Cyclin E1 and Cx43 protein, and Cyclin D1 and Cx43, respectively (P < 0.05). Conclusion: AKAP95, Cyclin E1,
and Cyclin D1 protein expression rates were significantly higher in rectal cancer tissues compared with pericarci-
noma samples, suggesting an association between these proteins and the development and progression of rectal
cancer. In addition, the significant correlations between the proteins (AKAP95 and Cyclin E1, Cyclin E1 and Cyclin
D1, Cyclin E1 and Cx43 protein, and Cyclin D1 and Cx43) indicate the possible synergistic effects of these factors in
the development and progression of rectal cancer.
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Introduction

Cell cycle signaling pathway assessment has
provided new insights for understanding the
mechanisms involved in the development and
progression of rectal cancer, a common diges-
tive tract malignancy. AKAP95 was shown to
anchor to the RIl subunit of PKA; the anchored
PKA catalyzes the phosphorylation of target
proteins, thus ensuring signal transduction in
the cAMP pathway [1, 2]. Cyclin D and Cyclin E
are known to promote mitosis of mammalian
cells in the G1 phase. Previous studies have
demonstrated that the Cyclin D1 protein is
over-expressed in tissues from rectal and
esophageal cancers [3, 4]; meanwhile, Cyclin
E1 is also over-expressed in liver cancer and
serous cystadenocarcinoma of the ovary [5, 6].

The Cx43 protein was shown to affect cell
growth in the absence of gap junction [7]; in
addition, Cx43 protein levels decreased in
nasopharynx, gastric, and colorectal cancer
cells [8-10]. AKAP95 has been shown to medi-
ate the reaction of Cyclin D/E and the PKA’s RII
subunit to form Cyclin D/E-AKAP95- PKA com-
plex [11]; in turn, the PKA protein is able to
phosphorylate Cx43 [12]. In a study performed
by Yun et al., the cAMP/PKA pathway was found
to regulate the gap junctional intracellular com-
munication (GJIC) in mouse embryonic stem
cells [13]; Cx43 was also shown to participate
in cell cycle regulation [14, 15]. We previously
demonstrated that AKAP95 is associated with
the expression of Cyclin E1, Cyclin D1, and
Cx43 proteins in lung cancer tissues. In the
present study, we assessed the expression of
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Table 1. AKAP95, Cyclin E1, Cyclin D1, and Cx43 protein

expression in rectal cancer tissues

was performed to evaluate the ex-
pression of various proteins. In brief,

Rectal can- Pericarcino-

high pressure antigen retrieval was

Protein Result certissues  ma tissues P carried out.with citrate buffer (pH6.Q)
AKAPO5  Positive 27 3 6075 0014  for 1.5 min, followed by DAB stai-
) ning; cell nuclei were stained with

Negative 23 13 hematoxylin. The SP kit and DAB sub-

Cyclin E1  Positive 31 1 15.083 0.0001 strate were purchased from Maixin
Negative 19 15 biotechnology co., LTD (Fuzhou, Fujian,

Cyclin D1 Positive 36 5 8.554 0.003 China); mouse anti-human AKAP95,
Negative 14 11 Cyclin D1, and Cx43 monoclonal an-

Cx43 Positive 22 10 1661 0197 tibodies were purchased from Santa
Negative 28 6 Cruz (Dallas, Texas, USA); mouse an-

The positive rates for AKAP95, Cyclin E1, and Cyclin D1 protein expression
were significantly higher in rectal cancer tissues compared with pericar-
cinoma specimens; the positive rate of Cx43 protein expression was not
significantly different between rectal cancer and pericarcinoma tissues.

these 4 proteins in rectal cancer tissues and
their associations with pathological parame-
ters, as well as their inter-relationships.

Materials and methods
Tissue collection

Fifty rectal cancer tissues were obtained from
rectal cancer patients that received surgical
resection in the First Affiliated Hospital of
Liaoning Medical University. In all patients,
diagnosis was confirmed by pathological exami-
nation. The patients were 64+10 (ranging from
39 to 83) years old, including 32 males and 18
females. Forty-four patients had tubular or pap-
illary adenocarcinoma, while 4 presented with
mucinous adenocarcinoma and 2 had signet-
ring cell carcinoma. Cancer cells were highly
differentiated in 4 patients, moderately differ-
entiated in 42 individuals, and poorly differenti-
ated in 4 subjects. Twenty-six patients had
lymph node metastasis, 18 were free from
lymph node metastasis, and lymph node
metastasis status was unclear for the remain-
ing 6 individuals. In addition, pericarcinoma tis-
sues were obtained in normal rectal tissues at
least 3 cm away from cancerous tissues in 16
of the 50 patients. Pathological examination
was also performed with pericarcinoma tissues
to confirm the absence of cancer cells.

Reagents and methods

All specimens were fixed with 10% neutral for-
malin, embedded with paraffin, and sectioned
at 4 ym. The S-P immunohistochemical method
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ti-human Cyclin E1 antibody was pur-
chased from Epitomics (Burlingame,
California, USA). PBS was used in-
stead of primary antibody in negative
controls.

Data assessment

Brown-yellow staining was considered as posi-
tive protein expression. For each slice, 10 dif-
ferent visual fields were randomly chosen under
microscope (BA310 Digital, Motic China Group
Co., Ltd), and 200 rectal cancer cells were
counted in each visual field. The percentage of
positive cells in the field was used for result
determination. “-” indicated no brown-yellow
staining to <10%; “+-” indicated >10% but
<25%; “+” indicated =25% but <50%; “++” indi-
cated >50% but <75%; and “+++” indicated
>75%. “-" and “+-” were considered as negative
protein expression, while “+”, “++”, and “+++”
were considered to be positive protein expres-
sion [17].

Statistical analysis

The SPSS13.0 software (SPSS Inc., Chicago, IL,
USA) was used for statistical analysis. Chi-
square test was used for ratio comparisons.
Spearman rank correlation was used to assess
the associations among the proteins expres-
sion. P < 0.05 was considered statistically
significant.

Results

AKAP95, Cyclin E1, Cyclin D1, and Cx43 pro-
tein expression in rectal cancer and pericarci-
noma tissues

The positive rates of AKAP95 expression in rec-
tal cancer tissues and pericarcinoma speci-
mens were 54.00 and 18.75%, respectively
(Table 1). The AKAP95 protein in pericarcinoma
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Figure 1. Expression of the AKAP95 protein in pericarcinoma specimens and rectal cancer tissues (x400). A. No
expression of AKAP95 in pericarcinoma rectal tissues; B. Positive expression of AKAP95 in rectal cancer tissues.
The protein was mainly expressed in the nucleus, and a marginal proportion was found in the cytoplasm; C. Positive
expression in cytoplasm and cell nuclei in poorly differentiated rectal adenocarcinoma; D. High expression in cell
nuclei of moderately differentiated rectal adenocarcinoma tissues; E and J. Low expression in cell nuclei of poorly
differentiated rectal mucinous adenocarcinoma tissues; F. Low expression in the cell nuclei in poorly differentiated
rectum adenocarcinoma tissues; G. Low expression in the cell nuclei and cytoplasm in moderately differentiated
rectal mucinous adenocarcinoma tissue; H. Negative expression in highly differentiated rectal adenocarcinoma tis-
sues; |. High expression in cell nuclei in highly differentiated rectal adenocarcinoma tissues; K. Negative expression
in rectal signet-ring cell carcinoma tissues.
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Figure 2. Expression of Cyclin E1 in pericarcinoma and rectal cancer tissues (x 400). A. Low expression of Cyclin E1
in the cytoplasm in pericarcinoma rectal tissues; B. Negative expression in pericarcinoma rectal tissues; C and D.
Positive expression in the cytoplasm in poorly and moderately differentiated rectal adenocarcinoma tissues, respec-
tively; E. Positive expression in highly differentiated rectal adenocarcinoma tissue; the protein was mainly expressed
in the cytoplasm; a marginal proportion was found in the cell nucleus; F. Low expression the cytoplasm in highly
differentiated rectal adenocarcinoma tissues; G. Positive expression in the cytoplasm in poorly differentiated rectal
mucinous adenocarcinoma tissues; H. Negative expression in rectal signet-ring cell carcinoma tissues.
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Figure 3. Expression of the Cyclin D1 protein in pericarcinoma and rectal cancer tissues (x 400). A and B. Positive
and low cytoplasmic expression of Cyclin D1 in pericarcinoma rectal tissues; C. Negative expression in pericarci-
noma rectal tissues; D. High expression in the cytoplasm in poorly differentiated rectal adenocarcinoma tissues; E.
Positive expression in the cytoplasm in poorly differentiated rectal mucinous adenocarcinoma tissues; F. Positive
expression in the cytoplasm in moderately differentiated rectal adenocarcinoma tissues; G and H. Negative expres-

sion in moderately differentiated rectal adenocarcinoma and signet-ring cell carcinoma tissues.

and rectal cancer tissues was mainly located
in the cell nucleus, while a marginal portion
was located in the cytoplasm (Figure 1). The
positive rate of Cyclin E1 expression was
62.00% in rectal cancer tissues (31/50), but
only 6.25% in pericarcinoma specimens (1/16).
The Cyclin E1 protein in rectal cancer tissues
was mainly in the cytoplasm and less repre-
sented in the cell nucleus (Figure 2). The posi-
tive rates of Cyclin D1 expression were 72.00%
(36/50) and 31.25% (5/16) in rectal cancer tis-
sues and pericarcinoma tissues, respectively.
The Cyclin D1 protein in rectal cancer and peri-
carcinoma tissues was mainly confined to the
cytoplasm (Figure 3). The positive rates of
AKAP95, Cyclin E1, and Cyclin D1 protein
expression were all significantly higher in can-
cer tissues compared with pericarcinoma spec-
imens (P < 0.01 or 0.05); in contrast, Cx43 pro-
tein expression was lower in cancer tissues
compared with pericarcinoma samples, alth-
ough the difference was not statistically signifi-
cant (P > 0.05); the Cx43 protein was also
mainly located in the cytoplasm of rectal can-
cer cells (Figure 4).
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Correlations among the expression of the
AKAP95, Cyclin E1, Cyclin D1, and Cx43 pro-
teins in rectal cancer tissues

As shown in Tables 2-7, significant correla-
tions were obtained between the protein
expression rates of AKAP95 and Cyclin E1
(Table 2), Cyclin E1 and Cyclin D1 (Table 3),
Cyclin E1 and Cx43 (Table 4), and Cyclin D1 and
Cx43 (Table 5) (P < 0.05) in rectal cancer speci-
mens; no significant correlation was found
between the expression rates of AKAP95 and
Cyclin D1 (Table 6) as well as AKAP95 and
Cx43 (Table 7) (P > 0.05).

Correlations between pathological parameters
and protein expression rates of AKAP95, Cyclin
E1, Cyclin D1, and Cx43 in rectal cancer tis-
sues

No significant association was found be-
tween the protein expression rates of AKAP95,
Cyclin E1, Cyclin D1, and Cx43 and the degree
of differentiation, histological type, and lymph
node metastasis in rectal cancer tissues (P >
0.05).
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Figure 4. Expression of the Cx43 protein in pericarcinoma and rectal cancer tissues (x 400). A. Positive cytoplasmic
expression of Cx43 in pericarcinoma rectal tissues; B. Negative expression in pericarcinoma rectal tissues; C. Low
expression in the cytoplasm in poorly differentiated rectal adenocarcinoma tissues; D and E. Negative expression
in poorly and moderately differentiated rectal adenocarcinoma tissues, respectively; F. Low expression in the cyto-
plasm in poorly differentiated rectal mucinous adenocarcinoma tissues; G. Positive expression in the cytoplasm in
moderately differentiated rectal adenocarcinoma tissues; H and I. Negative expression in moderately differentiated
rectal adenocarcinoma and signet-ring cell carcinoma tissues.

Table 2. Correlation between the protein
expression rates of AKAP95 and Cyclin E1 in
rectal cancer tissues

Table 3. Correlation between the protein
expression rates of Cyclin E1 and Cyclin D1 in
rectal cancer tissues

Cyclin E1 . Cyclin D1
AKAP95 r P Cyclin E1 r P
-+t N B ST S o S 5o s

- 7 2 2 2 1 0353 0.012 - 3 2 2 3 0 0.421 0.002
+- 0 2 4 3 0 +- 0 3 4 2 0

+ 2 3 4 4 4 + 1 1 3 4 2

++ 11 1 2 3 ++ 1 3 2 4 2

+++ 0O 1 0 1 0 +++ 0O 0 1 4 3

r;: Spearman’s rank correlation coefficient.

Discussion

The AKAP95 protein is mainly expressed in the
cell nucleus; it participates in signal transduc-
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r.: Spearman’s rank correlation coefficient.

tion, specifically in the cAMP pathway by
anchoring the RIl subunit of PKA, which phos-
phorylates target proteins [1]; in addition,
AKAP59 also plays a role in chromosome con-
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Table 4. Correlation between the protein ex-
pression rates of Cyclin E1 and Cx43 in rectal
cancer tissues

) Cx43

Cyclin E1 r P
e T S s
8 0 1 1 O 0.288 0.043
3 1.5 0 O
2 2 5 2 0

++ 4 4 4 0 O

+++ 0 4 2 1 1

r;: Spearman’s rank correlation coefficient.

Table 5. Correlation between the protein ex-
pression rates of Cyclin D1 and Cx43 in rectal
cancer tissues

. Cx43

Cyclin D1 r P
A S = S s
4 0 1 O 0 0.481 0.0004
7 2 0 O 0
3 2 7 O 0

++ 2 4 7 3 1

+++ 1 3 2 1 0

r;: Spearman’s rank correlation coefficient.

densation and DNA replication during mitosis,
and cell apoptosis [16-18]. Cyclin D1 and Cyclin
E1 are two proteins that regulate the G1 to S
phase progression in mitotic cells; these two
proteins are mainly over-expressed in cancer
tissues [4-6]; in addition, over-expression of
Cyclin D1 [19] and Cyclin E1 [6] was shown to
predict poor prognosis. In a study performed by
Arsenijevic [11], the investigators found that
the AKAP95 protein could combine to Cyclin D
and Cyclin E to form a complex in CHO cells; in
addition, AKAP95 competitively combined with
Cyclin D3 instead of CKD4, or with Cyclin E1
instead of CKD2, suggesting that the AKAP95
protein could participate in cell cycle regulation
by affecting Cyclin D and Cyclin E. In the pres-
ent study, we found a significant correlation
between the expression of AKAP95 and Cyclin
E1 but not between AKAP95 and Cyclin D1
expression rates in rectal cancer tissues, which
was inconsistent with our previous findings in
lung cancer tissues (in which AKAP95 and
Cyclin D1 expression rates were significantly
correlated, as well as those of AKAP95 and
Cyclin E1 [20]), suggesting that the cell cycle
regulatory role of AKAP95 could differ with tis-
sue type. Lodén M et al. [21] found that in
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Table 6. Correlation between the protein
expression rates of AKAP95 and Cyclin D1 in
rectal cancer tissues

Cyclin D1

AKAP95 ——— —————— 1, P
3 26 2 1 0211 0141
121 3 2
12 4 7 3

++ 011 5 1

+++ 020 0 O

r;: Spearman’s rank correlation coefficient.

Table 7. Correlation between the protein ex-
pression rates of AKAP95 and Cx43 in rectal
cancer tissues

Cx43
AKAP95 r P
I s
7 2 5 0 0 0.071 0.623
1 3 4 1 O
4 5 6 2 0
++ 4 0 2 1 1

+++ 1 1 0 O 0
r;: Spearman’s rank correlation coefficient.

estrogen receptor (ER) positive breast cancer
tissues, over-expressed Cyclin D1 increased
the phosphorylation of the pRB protein, thus
elevating cell proliferation; while in ER negative
breast cancer tissues, over-expression of Cyclin
E was accompanied with a down-regulation of
the Cyclin D1 protein, which also increased cell
proliferation in the absence of regulatory
effects of pRB [21]. These findings suggested
that Cyclin D1 and Cyclin E promote cell prolif-
eration via different mechanisms or through
different pathways, which could vary in differ-
ent tissues. Harbour et al. [22] found that pRB
phosphorylation by Cyclin D is the precondition
for the transcription factor E2F to activate
Cyclin E transcription. In the present study, the
association between the expression rates of
Cyclin D1 and Cyclin E1 suggested that these
two proteins play synergistic roles in promoting
tumor development, providing histological evi-
dence to support Harbour’s findings.

Cx43 is known as a tumor suppressor; howev-
er, Cx43 protein expression is decreased in
many tumors [8-10]. In our previous work, we
found that AKAP95 and Cx43 protein expres-
sion rates were significantly associated in lung

Int J Clin Exp Pathol 2015;8(2):1666-1673



AKAP95, Cyclin D1, Cyclin E1, and Cx43 in rectal cancer

tissues [23]; cytological experiments in our
laboratory also showed the dynamic combina-
tion of AKAP95 and Cx43 in the whole cell cycle
(data not shown); however, no significant asso-
ciation between AKAP95 and Cx43 protein
expression rates was found in rectal cancer tis-
sues, suggesting that the mechanisms underly-
ing the interactions between AKAP95 and Cx4 3
that regulate the cell cycle could be different in
various tissues.

The PTEN protein is known to reduce Akt activ-
ity [24], thus regulating the phosphorylation of
the Cx43 protein [25]; in addition, PTEN pro-
motes p27“P* to combine with CyclinE-CDK,
and form a complex [26]. MAPKs (p38, p42/44,
and JNK) were shown to activate Cyclin D1 via
transcription factors, including NF-kB and AP-1
[27]; meanwhile, phosphorylated MAPKs (p38,
p42/44, and JNK) increased AP-1 and CREB
levels, thus enhancing Cx43 protein synthesis
[28]. Therefore, we speculated that Cx43 could
regulate the cell cycle through the complex
formed by AKAP95 and Cyclin D/E-CDKs; this
was supported by the present findings that
Cx43 expression is significantly associated
with that of Cyclin D1 and Cyclin E1.

Of note, no significant correlations were obtai-
ned between the protein expression of AKAP95,
Cyclin E1, Cyclin D1, and Cx43, and the degree
of differentiation, histological type, and lymph
node metastasis in rectal cancer tissues.
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