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Expression of phosphorylated Akt and hTERT is  
associated with prognosis of epithelial  
ovarian carcinoma
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Abstract: Activation of human telomere reverse transcriptase (hTERT) is associated with the tumorigenic role of Akt. 
We aimed to evaluate the significance of Akt phosphorylation and hTERT expression on the prognosis of epithelial 
ovarian cancer (EOC). Between 2005 and 2012, 92 EOC patients treated at the Seoul National University Hospital 
were included in this study. Paraffin-embedded sections from the tumors of EOC patients were stained with anti-
hTERT and anti-phosphorylated Akt (pAkt) antibodies. Correlations of pAkt and hTERT expression with the clinico-
pathological factors were analyzed using SPSS software, version 17.0 (IBM, Chicago, IL, USA). In 92 EOC tissues, 
pAkt and hTERT were not associated with any clinicopathological factors. However, the disease-free survival rate of 
patients exhibiting coexpression of pAkt and hTERT was poor compared with that of the other patients (P = 0.013). 
Coexpression of pAkt and hTERT is a poor prognostic marker for EOC.
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Introduction

Epithelial ovarian cancer (EOC) is the malignan-
cy with the highest mortality rate in women. 
Despite the low prevalence rate, most patients 
with advanced disease experience tumor recur-
rence and die eventually [1]. EOCs consist of a 
group of molecularly heterogeneous neoplasia 
with diverse sets of genetic and epigenetic 
changes, and can be classified into two groups, 
type I and II, proposed recently [2]. Despite en- 
ormous molecular diversity among EOC types, 
there is little information available on the me- 
chanism of ovarian carcinogenesis.

Normal human cells are characterized by a 
finite lifespan partly due to a progressive short-
ening of their telomeres. Meanwhile, carcino-
genesis can be triggered through activation of 
the enzyme responsible for lengthening telo-
meres, telomerase, which is present in approxi-
mately 90% of human cancers [3]. Human te- 
lomerase reverse transcriptase (hTERT) is the 
catalytic subunit of telomerase responsible for 
telomerase activity and telomere elongation, 

and increased activity of hTERT is observed in 
more than 90% of ovarian cancers [4, 5].

Akt, a serine/threonine protein kinase, is a 
major downstream effector of the phosphati-
dylinositide-3-kinase (PI3K) pathway that is ac- 
tivated through phosphorylation at key amino 
acid residues Thr-308 and Ser-473 [6]. Akt pl- 
ays a central role in the coordination of multiple 
signal transduction processes involved in tran-
scriptional regulation including glucose metab-
olism, angiogenesis modulation, cell survival, 
and cell cycle arrest. Because of this regulatory 
role, Akt is a key factor in many types of cancer 
[7, 8]. One of the substrates of Akt is hTERT, 
which contains two Akt consensus sites, phos-
phorylation of which by Akt leads to increased 
telomerase activity in cancer cells [9].

Expression of the activated forms of Akt and 
hTERT has been used as a prognostic factor in 
several types of cancer including EOC. However, 
the relationship between pAkt and hTERT in car-
cinogenesis is not fully understood, and the sig-
nificance of pAkt and hTERT expression has not 
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been thoroughly evaluated in EOC. In the cur-
rent study, we investigated the expression of 
pAkt and hTERT, evaluated their relationship 
with each other, and determined their prognos-
tic value in EOC.

Materials & methods

Patients

Patients who underwent standard treatment, 
debulking surgery followed by platinum-bas- 
ed chemotherapy, for EOC between 2005 and 
2012 at Seoul National University Hospital we- 
re selected for this retrospective study. Ninety-
two formalin-fixed, paraffin-embedded patient 
samples were retrieved. Available data includ-
ed the patients’ age, tumor stage, tumor grade, 
tumor histology, and clinical response (Table 
1).

Immunohistochemical analysis for pAkt and 
hTERT

Serial sections from paraffin-embedded EOC 
tissues were cut at 4 µm for hematoxylin and 
eosin staining and subsequent pAkt and hTERT 
immunohistochemical analyses. Samples were 
deparaffinized in xylene, rehydrated with grad-

ed ethanol, and washed in PBS. The sections 
were then placed in 10 mM citrate buffer (pH 
6.0) and boiled in a microwave for epitope 
retrieval. Endogenous peroxidase activity was 
quenched by incubating tissue sections in 3% 
H2O2 for 10 min. Prepared sections were incu-
bated with a primary rabbit anti-hTERT antibody 
(Rockland, Gilbertsville, PA, USA) at a dilution of 
1:200 and a primary rabbit anti-pAkt antibody 
(pSer/Thr, Cell Signaling, Danvers, MA, USA) at 
a dilution of 1:200 in a humidifying chamber at 
4°C overnight. Sections were then washed in 
PBS for 5 min at room temperature and subse-
quently stained by the labeled streptavidin bio-
tin (LSAB) method using a Dako LSAB kit (Da- 
ko) and visualized using 3,3’-diaminobenzidine. 
The sections were then counterstained with 
hematoxylin.

The negative controls were stained using the 
same method, except that the primary antibody 
incubation step was omitted. Microscopic fields 
from each stained section were randomly sam-
pled. For immunohistochemistry (IHC) scoring 
of hTERT, only nuclear staining for telomerase 
was considered positive. The IHC scores were 
determined as follows: 0 = no staining (nega-
tive), +1 = 1%-10% of the cells were positive, +2 
= 11%-30% of the cells were positive, and +3 = 
> 30% of the cells were positive. Cytoplasmic or 
cell membrane staining for pAkt was consid-
ered positive. Each case was interpreted as 
pAkt-positive by IHC if staining was observed in 
more than 10% of all neoplastic cells [10].

Statistical analysis

The relationships between categorical variab- 
les were assessed using χ2 tests and ANOVA, 
and continuous variables were evaluated using 
a Spearman test. Disease-free survival (DFS) 
and overall survival (OS) were estimated using 
the Kaplan-Meier method, and the differences 
in survival were compared using the log-rank 
test. Multivariate analysis was performed using 
the Cox regression method. A P-value < 0.05 
was considered statistically significant. The 
data were analyzed using SPSS software, ver-
sion 17.0 (IBM, Chicago, IL, USA).

Results

Patient characteristics

The mean age of the patients was 49.8 years, 
and more than half (n = 60, 65.2%) were diag-
nosed with advanced stage EOC (FIGO III and 

Table 1. Characteristics of the epithelial ovar-
ian cancer patients

Number of patients (%)
Mean age (year, range) 49.8 (15-79)
FIGO stage
    I 26 (28.3)
    II 6 (6.5)
    III 51 (55.4)
    IV 9 (9.8)
Histology
    Serous 52 (56.5)
    Mucinous 12 (13.0)
    Endometrioid 16 (17.4)
    Clear cell 8 (8.7)
    Others 4 (4.3)
Grade
    1 13 (14.1)
    2 20 (21.7)
    3 59 (64.1)
Clinical response
    Complete response 64 (69.6)
    Partial response 11 (12.0)
    Stable disease 9 (9.8)
    Progressive disease 8 (8.7)
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IV). The most common histology was serous 
type (56.5%). Although the majority of patients 
(n = 75, 81.6%) experienced a clinical response, 
50 patients (54%) experienced a relapse during 
a median follow-up period of 35 months (range, 
5-112 months). Detailed characteristics of the 
patients are described in Table 1.

Expression of pAkt and hTERT in EOC and 
clinicopathological significance

We evaluated 92 tumors with respect to pAkt 
and hTERT expression and patient clinical out-

come. In total, 73.9% (n = 68) and 56.5% (n = 
52) of tumors were considered positive for pAkt 
and hTERT expression, respectively (Figure 1). 
Although there was no significant association 
between the expression of pAkt and hTERT 
(Table 2), the expression of pAkt correlated 
with the histological tumor grade (P = 0.045). 
However, no significant correlation was identi-
fied between pAkt or hTERT expression and 
other clinicopathological parameters (Table 3).

Prognostic value of pAkt and hTERT expression 
in EOC patients

Expression of pAkt or hTERT was not signifi-
cantly associated with the DFS or OS of the 
patients after a median follow-up period of 35 
months. However, patients with coexpression 
of pAkt and hTERT exhibited a significantly 
shorter DFS (P = 0.013). By contrast, coexpres-
sion of pAkt and hTERT was not associated with 

Figure 1. Immunohistochemical negative (left) and positive (right) staining of (A) pAkt and (B) hTERT in epithelial 
ovarian cancer tissue. ×400 original magnification.

Table 2. Correlation between hTERT and 
pAkt expression in epithelial ovarian cancer 
patients

hTERT (+) hTERT (-) P-value
pAkt (+) 37 31 0.633
aAkt (-) 15 9
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OS (P = 0.448) (Figure 2). 
By univariate analysis, other 
clinicopathological parame-
ters were associated with 
patient survival including 
tumor stage, histology, and 
tumor grade. Subsequently, 
a multivariate Cox regres-
sion analysis indicated that 
the following factors signifi-
cantly and independently 

contributed to a decrease in DFS: coexpression 
of pAkt and hTERT (P = 0.002), advanced tumor 
stage (P < 0.001), and high tumor grade (P = 
0.044) (Table 4).

Discussion

In this study, expression of pAkt or hTERT sh- 
owed little association with clinicopathological 
parameters or survival; however, the coexpres-
sion of pAkt and hTERT significantly correlated 
with prognosis of EOC patients.

Overexpression of the PI3K/Akt/mTOR pathway 
proteins is well known in several cancers [11]. 
Although mutation of Akt is rare (< 5%) in serous 
EOC, immunohistochemical analyses have 
shown that the PI3K/Akt/mTOR pathway is acti-
vated in half of these tumors [12, 13]. In sup-
port of this, the current study demonstrated 
activation of Akt in over half of the EOC patient 
samples; however, it did not demonstrate a sig-
nificant association between pAkt expression 
and any clinicopathological parameter except 
for tumor grade. Although some studies have 
indicated the clinical value of pAkt in ovarian 
cancers, others, including the current study, 
have not [14]. The results of previous studies 
regarding the prognostic value of pAkt expres-
sion in EOC patients are conflicting. For exam-
ple, the expression of pAkt was found to nega-
tively correlate with the prognosis of EOC [15], 
which is in contrast to the results demonstrat-
ed by other researchers [14, 16]. This study 
demonstrated that pAkt expression was not 
associated with DFS or OS in EOC patients.

Table 3. Correlation between hTERT and pAkt expression, and the 
clinicopathological parameters in epithelial ovarian cancer patients

hTERT expression (%) pAkt expression (%)
(+) (-) P-value (+) (-) P-value

Age
    < 55 34 (37.0) 26 (28.3) 0.969 42 (45.7) 18 (19.6) 0.242
    ≥ 55 18 (19.6) 14 (15.2) 26 (28.3) 6 (6.5)
FIGO stage
    Early (I, II) 17 (18.5) 15 (16.3) 0.631 24 (26.1) 8 (8.7) 0.862
    Advanced (III, IV) 35 (38.0) 25 (27.2) 44 (47.8) 16 (17.4)
Histology
    Serous 30 (32.6) 19 (20.7) 0.331 37 (40.2) 12 (13.0) 0.710
    Non-serous 22 (23.9) 21 (22.8) 31 (33.7) 12 (13.0)
Grade
    1 8 (8.7) 5 (5.4) 0.694 2 (2.2) 11 (12.0) 0.045
    2 or 3 44 (47.8) 35 (38.0) 66 (71.7) 13 (14.1)

Figure 2. Kaplan-Meier analy-
ses for (A) disease-free survival 
(DFS) and (B) overall survival 
in epithelial ovarian cancer pa-
tients. High expression of both 
pAkt and hTERT was signifi-
cantly associated with shorter 
DFS (P = 0.013).
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Although telomerase is considered an impor-
tant factor in the carcinogenesis of EOC, the 
prognostic value of its expression is still un- 
clear. Overexpression of hTERT occurs in the 
majority of serous ovarian carcinomas, and is 
associated with a poor prognosis [17]. Howe- 
ver, the immunohistochemical detection of te- 
lomerase may not provide meaningful informa-
tion related to the typing of ovarian tumors [18]. 
Furthermore, Widschwendter et al. reported 
that quantitative hTERT expression was not as- 
sociated with EOC patient survival [19]. Alth- 
ough telomerase expression does not directly 
cause cancer, it contributes to the long life 
span of cancer cells and subsequently, increa- 
sed tumor formation [20].

Telomerase comprises hTERT, the human telo- 
merase RNA component (TERC), and the pro-
tein dyskerin. Among them, hTERT is consid-
ered the rate-limiting component, and is regu-
lated by both transcriptional and post-tran- 
scriptional factors [4]. Transcriptionally, hTERT 
is phosphorylated at various sites by different 
kinases, including Akt, phosphorylation by wh- 
ich can increase the activity of telomerase [9, 
21]. Therefore, interaction between Akt and 
hTERT could play an important role in cancer 
cell survival. Supporting this, the phosphoryla-
tion of Akt was reported to be a key event in the 
induction of telomerase activity in human ovar-
ian cancer cells [22].

The current study indicated that individual ex- 
pression of pAkt and hTERT did not significantly 
correlate with patient survival. However, coex-
pression of pAkt and hTERT positively correlat-
ed with an increased risk of tumor relapse. 
Similarly, coexpression of pAkt and hTERT is as- 
sociated with a poor prognosis in gastric can-
cer despite no association between clinicopa- 
thological parameters and the individual expre- 
ssion of these proteins [23]. To date, data re- 
garding the prognostic value of pAkt and hTERT 
in EOC are inconclusive. In our study, we found 

that coexpression of pAkt and hTERT was an 
independent prognostic factor of poor DFS for 
EOC patients. These data are the first to docu-
ment a prognostic role for coexpression of pAkt 
and hTERT in EOC.

In conclusion, we report the frequent expres-
sion of pAkt and hTERT in EOC on IHC. The coex-
pression of pAkt and hTERT is associated with 
poor prognosis, suggesting that Akt and hTERT 
could be potential therapeutic targets in EOC.
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