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Abstract

Dysregulation of Akt, PTEN, Drg-1, Cx-26, and L-plastin expression appear to be important in the 

progression of various cancers. Their expression in bladder cancer has not been well characterized. 

To assess the expression of these genes and their relationship to the outcome of bladder cancer, we 

used a bladder cancer tissue microarray (TMA) of 251 transitional cell carcinomas. We 

quantitated immunohistochemical staining of each protein using both automated and manual 

methods and correlated the expression levels with the clinicopathologic characteristics of the 

tumor and patient survival. Overall, the results from both automated and manual analyses were 

similar. We found a significant correlation between the expression of PTEN, Cx-26 and L-plastin 

with known clinically important pathologic features of bladder cancer (tumor grade, stage, and 

growth pattern). Aberrant localization patterns of Cx-26 and Drg-1 were observed in bladder 

tumors. There was also a significant correlation in expression among pAkt, PTEN, and L-plastin. 

Although the expression of these genes correlated with factors known to be associated with patient 

outcome, none of them was an independent predictor of progression-free or overall survival.
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INTRODUCTION

Recent data suggest that alterations in the expression of pAkt (phosphorylated Akt), PTEN 

(phosphatase and tensin homologue deleted on chromosome 10), Drg-1 (differentiation 
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related gene 1), Cx-26 (Connexin-26), and L-plastin genes contribute to the malignant 

phenotype observed in various cancers [1–5]. We determined the expression levels of this 

panel of genes in a bladder cancer tissue microarray and correlated gene expression with 

tumor pathological features and progression-free and overall survival.

The oncoprotein Akt, a serine/threonine kinase, is important in regulating key processes 

involved in tumor growth and progression. Immunohistochemical (IHC) studies of the 

phosphorylated active form, pAKT, demonstrated that the expression of pAkt is increased in 

advanced prostate, breast, and ovarian cancers [6–8]. We have found pAkt expression is 

upregulated in several human bladder cancer cell lines including UM-UC-3 and T24 [9]. 

Inhibition of Akt signaling can result in growth inhibition in vitro [10].

PTEN is a tumor-suppressor gene that encodes a phosphatase upstream of Akt in the 

phosphatidylinositol-3-kinase (PI3K) pathway [2]. PTEN is shown to be mutated or deleted 

in 14–23% of invasive bladder cancers [11]. This phenomenon is also seen in vitro with the 

loss of PTEN expression in some human bladder cancer cell lines [9,11,12]. Restoration of 

PTEN in these cell lines leads to apoptosis and growth inhibition. The loss of PTEN 

expression combined with the overexpression of pAkt can result in tumorigenesis [13].

Drg-1 (also known as Cap43) is associated with the pAkt and PTEN signaling pathways. 

Drg-1 has been found to have metastatic suppressor activity in breast, colon and prostate 

cancer cells and suppress tumorgenecity of bladder cancer cells in nude mice [14]. Inhibition 

of PTEN leads to downregulation of Drg-1, and treatment with an Akt inhibitor restores 

Drg-1 expression. This suggests Drg-1 is regulated by PTEN in a pAKT dependent manner. 

IHC analysis has shown that the expressions of PTEN and Drg-1 are correlated in prostate 

and breast cancers [1].

Cx-26 is a component of the gap junction intercellular communication (GJIC) network, 

which provides intercellular communication necessary for cell growth, proliferation, and 

differentiation. The loss of expression of connexins and gap junction assembly has been 

found in a variety of tumors [15,16]. Cx-26 has been shown to play a role in bladder cancer 

[17,18], and DNA microarray analysis of bladder cancer cell lines with Cx-26 exogenous 

expression documents changes in the Akt and PTEN signaling pathways (data not 

published).

L-plastin is an actin-bundling protein that is overexpressed in many malignant human solid 

tumors [3,4,19]. L-plastin is upregulated in prostate cancer and has been suggested to be a 

potential marker for metastasis in colorectal cancer [4,20]. We identified L-plastin as a 

potentially important gene in bladder cancer through gene expression profiling (data not 

published).

To assess the role of these markers in bladder cancer, we interrogated a bladder cancer tissue 

microarray (TMA) to determine their expression in this cancer and the association of their 

expression with tumor grade (grades 1–3), stage (carcinoma in situ [Tis], Ta, T1–T4), 

growth pattern (papillary vs. nonpapillary), and patient survival.
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MATERIALS AND METHODS

TMA assembly and IHC analyses

The bladder cancer TMA was assembled as previously described [21] and consisted of 251 

bladder cancer specimens. The tumor types examined were nonpapillary invasive G3 (121), 

papillary invasive G3 (19), papillary noninvasive G3 (26) and papillary noninvasive G2 

(85). IHC staining was performed using antibodies to pAkt (Ser473), clone 736E11 (Cell 

Signaling, Danvers, MA), PTEN, clone PN37 (Zymed Corp., South San Francisco, CA), 

Drg-1, clone Z44.WE (Zymed Corp.), Cx-26, clone CX-1E8 (Zymed Corp.), and L-plastin, 

clone LPL4A.1 (Neomarkers, Fremont, Ca). Conditions for each marker were optimized for 

use on the DAKO Autostainer (DAKO, Carpinteria, CA). Mouse IgG was used as a negative 

control. Normal ureters were used as positive controls for PTEN, Drg-1, and Cx-26. Breast 

carcinoma was used as a positive control for pAkt, and colon carcinoma was used as a 

positive control for L-plastin. The TMA slides were deparaffinized and rehydrated. Antigen 

retrieval was performed by incubation in citrate buffer (Biogenex, San Ramon, CA) in a 

steam bath for 20 minutes. Endogenous peroxidase activity was quenched with 0.3% 

hydrogen peroxide/methanol for 10 min at room temperature. The slides were blocked for 

30 minutes using serum blocking solution, 1.5% serum in phosphate-buffered saline (PBS). 

The slides were then stained for 60 minutes with primary antibody diluted in serum blocking 

solution [pAKT (1:100), PTEN (1:100), Drg-1 (1:100), Cx-26 (1:100), and L-plastin (1:50)]. 

The slides were then washed in PBS and incubated for 30 minutes with biotinylated 

secondary antibody in serum blocking solution at room temperature. The slides were washed 

again with PBS and incubated for 30 minutes with avidin-biotin-peroxidase complex using a 

DAKO LSAB+ kit (DAKO, Carpinteria, CA). Color was developed with diaminobenzidine, 

and the sections were then counterstained with hematoxylin, dehydrated, and mounted.

The TMA slides were scored using two methods: automated digital analysis (Ariol SL-50; 

Applied Imaging, San Jose, CA) and manually through visual assesssment. Automated 

imaging analysis utilized the Ariol algorithm which measures the total brown stain 

regardless of cellular localization. The total stained area was expressed in pixels. The total 

integrated optical density was expressed in arbitrary optical density units. For statistical 

analysis, all cases displaying total integrated optical density (mean ± Standard Error) were 

rated on a scale of 0–3: negative staining (the absence of stain) = 0, weak staining = 1, 

intermediate staining = 2, and strong staining = 3. Visual assessment was performed and 

correlated with the automated measurements. The counting criteria and software settings 

were identical for all slides [22]. The TMA slides were also manually scored by visual 

assessment with three independent researchers blinded to clinicopathologic information. 

Discrepancies were resolved by discussion. Overall staining was rated on a scale of 0–3: 

negative staining (the absence of stain) = 0, weak staining = 1, intermediate staining = 2, and 

strong staining = 3. Each tissue core was examined by a Pathologist to score the presence of 

tumor. Specimens in which less than 30% of the tissue contained cancer (~50 cores) were 

excluded from analysis.
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Statistical analysis

All statistical analyses were performed by our Biostatistics and Data Management group 

(Genitourinary SPORE Core Resources). Descriptive analyses, expressed in plots and tables, 

were generated for exploratory purposes. Spearman’s rank correlation coefficients were 

calculated to evaluate correlations between gene expressions. The Chi-square test was used 

to test the associations between markers and the clinicopathologic characteristics (tumor 

grade, stage, and growth pattern). Progression-free survival (PFS) and overall survival (OS) 

intervals were estimated using the Kaplan-Meier method and were calculated from the date 

of diagnosis of bladder cancer to the date of recurrence, death, or last follow-up. Patients in 

whom the disease did not recur after cystectomy and those in whom the tumor did not 

progress (i.e., no increase in disease stage) were censored for PFS. The log-rank test was 

performed to compare the survival distributions associated with clinicopathologic 

characteristics, the different levels of gene expression, or with different combinations of 

clinicopathologic characteristics and gene expression. The Cox proportional hazards model 

was fitted to determine the association of OS with clinicopathologic characteristics and gene 

expression. All statistical tests used a two-sided 0.05 level of significance. The analyses 

were performed using S-plus 2000 (Insightful, Inc., Seattle, WA) and Statistica software 

version 6.0 (StatSoft, Inc., Tulsa, OK).

RESULTS

Drg-1 and Cx-26 have aberrant staining patterns in bladder tumors

Figure 1 shows the staining patterns of pAkt, PTEN, Drg-1, Cx-26, and L-plastin in normal 

urothelium and the negative (0) and positive (1, 2, and 3) staining patterns of each marker in 

bladder cancer. With the exception of pAkt, all of the proteins decorated normal urothelium. 

In normal urothelium, PTEN localization was cytoplasmic. Bladder cancers exhibited 

mostly cytoplasmic PTEN expression along with some nuclear staining. pAkt expression 

was heterogeneous, with cytoplasmic and some nuclear staining noted in some cancers. The 

expression of Drg-1 was observed in the cytoplasm of normal urothelium and in tumors. In 

addition, membranous staining was observed in 20% of the tumors (data not shown). Cx-26 

expression in normal urothelium was homogeneous with some punctate staining, whereas in 

cancer tissue Cx-26 exhibited diffuse cytoplasmic staining with some heterogeneity. Figure 

2 illustrates the aberrant localizations of Cx-26 and Drg-1 among some of the bladder cancer 

specimens. L-plastin exhibited cytoplasmic localization in both normal and malignant 

tissues.

The expression of PTEN, Cx-26, and L-plastin is significantly associated with the 
clinicopathologic characteristics of bladder cancer

Both manual and automated analysis found the expression of PTEN, Cx-26, and L-plastin to 

be significantly associated with known clinically important pathologic features of bladder 

cancer (tumor grade, stage, and growth pattern). The associations of the clinicopathologic 

characteristics with the expressions of pAkt, PTEN, Drg-1, Cx-26, and L-plastin based on 

manual assessment are shown in Table 1. P values with statistical significance identified by 

automated analysis but not by manual enumeration is shown in brackets. The expression of 

pAkt was not significantly associated with tumor grade or stage in either analysis. However, 
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pAkt expression was found to be significant in growth pattern (P = .001) by automated 

assessment. PTEN expression was highest in low grade, superficial, and papillary tumors. 

The expression of PTEN was significantly associated with tumor grade (P = .0002), stage (P 

= .0003), and growth pattern (P = .0001). Neither manual analysis nor automated analysis 

found a statistically significant difference between the distributions of strong and weak 

Drg-1 staining among bladder tumors. Cx-26 expression was highest in high grade, invasive, 

and nonpapillary tumors (P = .0002, P = .008, and P = .001, respectively). L-plastin 

expression was found to be significant in tumor grade and growth pattern by both analyses 

and in stage (P = .001) by automated assessment. Its expression was significantly associated 

with tumor grade (P = .035) and growth pattern (P = .047).

The correlations of the expression of these markers based on manual analysis are illustrated 

in Table 2. P values with statistical significance identified by automated analysis but not by 

manual numeration is shown in bracketsr. We identified positive correlations in the 

expression of pAkt and L-plastin (Spearman’s correlation coefficient = .245, P = .002) and 

pAkt and PTEN (Spearman’s correlation coefficient = .380, P < .0001). We also identified 

positive correlations in the expression of PTEN and L-plastin (Spearman’s correlation 

coefficient = .395, P < .0001) and between Drg-1 and L-plastin (Spearman’s correlation 

coefficient = .158, P < .047). The only difference found between manual and automated 

analysis was among the correlation of Drg-1 with pAkt (P = .002). None of these markers 

were found to be independent predictors of Overall Survival or Progression-Free Survival by 

either analysis (data not shown).

DISCUSSION

While data suggest pAkt, PTEN, Cx-26, Drg-1, and L-plastin appear to be important in 

some cancers [1–5], there is limited information about their roles in bladder cancer. We 

found the associations between the expression of PTEN, Cx-26, and L-plastin with known 

clinically important pathologic features of bladder cancer (tumor grade, stage, and growth 

pattern) to be statistically significant both by automated and manual methods. There were 

correlations found among the expression of pAkt, PTEN and L-plastin. In addition, we 

observed aberrant localization patterns of Drg-1 and Cx-26 in some bladder tumors.

There were some differences between the automated and manual analysis of pAkt, PTEN, 

Drg-1, Cx-26, and L-plastin in bladder cancer. The automated assessment found significance 

between pAkt and growth pattern and L-plastin and stage not identified through manual 

analysis. There was also a positive correlation of pAkt and Drg-1 observed by automated but 

not manual analysis. The variations in data between the automated and manual analysis is 

due to differences in scoring criteria. Although the automated method reduced variability 

among scoring, it also obscured specimens with heterogeneous or weak nuclear staining. For 

example, in some tissues, pAkt expression was scored as negative (0) by automated analysis, 

but manually the same tissues were scored as weakly stained (1). Overall, the results from 

both analyses were similar.

The PI3K/Akt signaling pathway is important in several cancers. Immunohistochemical 

studies have shown that the expression of pAkt, an oncogene, is increased in advanced 
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human prostate, breast, and ovarian cancers [6–8]. Wu, et al. found high pAkt expression in 

about half of 20 bladder cancer specimens by western analysis [11]. In that study similar 

pAkt expression was found in both low grade and high grade tumors. Our IHC analysis also 

found the expression pattern of pAkt to be similar in both low and high grade tumors. 

However, the expression of pAkt was heterogeneous and sometimes nuclear in bladder 

cancer specimens. PTEN has been shown to be mutated or deleted in some invasive bladder 

cancers [11]. Furthermore, a decrease in PTEN expression has been found in approximately 

10% of superficial and invasive bladder carcinomas [23]. We found that PTEN expression 

was highest in low grade, superficial, and papillary tumors, supporting the role of PTEN as a 

tumor suppressor in bladder cancer. Our analysis of PTEN expression in normal urothelium 

was limited to the cytoplasm, but some bladder cancers exhibited both cytoplasmic and 

nuclear PTEN expression. A nuclear pattern of PTEN staining is thought to be related to 

carcinogenesis [24]. Recently data has shown that hyperplastic urothelium and papillary 

bladder tumors from mice exhibited both pAkt and PTEN expression [25]. Despite the 

expression of PTEN, protein function was inactivated by hyperphosphorylation. This finding 

provides a possible explanation for the positive correlation we identified between pAkt and 

PTEN.

Drg-1 is a downstream target of PTEN and is Akt-dependent [1]. Recent data suggest that 

Drg-1 may suppress metastasis in prostate cancer [1]. Neither analysis performed identified 

a significant correlation of decreased Drg-1 expression with high-grade or invasive bladder 

cancer. The expression of Drg-1 was mostly cytoplasmic with some membranous 

localization noted in 20% of the tumors. We did not observe membranous staining for Drg-1 

in the normal tissues. The significance of this finding remains a matter for future studies.

Loss of Cx-26 has been reported in breast cancer and other tumors [26–29] and is thought to 

play a role in tumorigenesis. In vitro, Cx-26 is expressed in normal urothelial cells but is lost 

in some human bladder cancer cell lines [18]. Gene expression analysis of melanoma cell 

lines found Cx-26 mRNA expression upregulated in metastatic and invasive cell lines [30]. 

In our IHC analysis, Cx-26 expression was highest in high grade, invasive, and nonpapillary 

tumors with an altered expression pattern. Kannczuga-Koda, et al. found aberrant expression 

of Cx-26 in colorectal cancers by IHC [31]. They found punctate staining of Cx-26 in 

normal colon mucosa and heterogeneous cytoplasmic staining in colon carcinomas. We 

observed homogeneous Cx-26 expression in normal urothelium with some punctate staining. 

Cx-26 exhibited diffuse cytoplasmic staining with some heterogeneity in bladder tumors. 

The aberrant localization of Cx-26 may contribute to tumorigenesis through the loss of 

intercellular communication via gap junctions. Our TMA analysis demonstrated that 

aberrant Cx-26 overexpression is significantly associated with adverse clinically important 

pathologic features.

L-plastin is an actin-binding protein that was initially found in mature normal leukocytes. 

Western blot and reverse transcription-polymerase chain reaction analyses have 

demonstrated L-plastin expression in more than 90% of epithelial neoplastic cells but not in 

normal epithelial cells [32]. This protein is also expressed in breast myoepithelial cells [3]. 

We found L-plastin expression in normal and malignant urothelium. L-plastin staining was 

significantly associated with tumor grade and tumor growth. However, similar to an 
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observation made with breast cancer tissues[3], we did not find L-plastin to be an 

independent predictor of Patient survival.

Our findings show that expression of PTEN, Cx-26, and L-plastin are significantly 

associated with the clinicopathologic characteristics of bladder cancer (tumor grade, stage, 

and growth pattern) but are not significantly related to patient survival. The expression of 

pAkt, PTEN and L-plastin positively correlate in bladder cancer. In addition, we observed 

aberrant localization patterns of Cx-26 and Drg-1 in bladder tumors. The roles of these 

proteins in bladder cancer biology remain to be elucidated.
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Abbreviations

GJIC gap junction intercellular communication

IHC immunohistochemical

Cx-26 Connexin-26

PBS phosphate-buffered saline

PI3K phosphatidylinositol-3-kinase

TMA tissue microarray

pAkt phosphorylated Akt

Drg-1 differentiation related gene 1

PTEN phosphatase and tensin homologue deleted on chromosome 10
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Figure 1. Immunhistochemical staining of human bladder cancer tissue microarray
Both the positive and negative staining patterns of pAkt, PTEN, Drg-1, Cx-26, and L-plastin 

are shown on bladder carcinomas. The staining of normal urothelium is also observed.

Harris et al. Page 10

Mol Carcinog. Author manuscript; available in PMC 2015 February 09.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



Figure 2. Immunhistochemical localization pattern of Cx-26 and Drg-1 of human bladder cancer 
tissue microarray
Cx-26 staining is punctate in normal urothelium (A) and diffuse and cytoplasmic in bladder 

cancer (B). Drg-1 is found in the cytoplasm of normal urothelium (C) and is membranous in 

bladder cancer tissues (D).
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Table 2

Spearman’s rank correlation between markers. P values with statistical significance in automated analysis but 

not by manual enumeration is shown in brackets.

pAkt PTEN L-plastin Drg-1

pAkt .380 (P < .0001) .245 (P = .002) .146 (P = .063) [P = .002]

Cx-26 .094 (P = .227) .011 (P = .884) −.003 (P = .967) −.029 (P = .710)

Drg-1 .111 (P = .160) .158 (P = .047)

PTEN .395 (P < .0001)

Mol Carcinog. Author manuscript; available in PMC 2015 February 09.


