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ABSTRACT
Akt/PKB is a protooncogen while PTEN is a tumor suppressor gene. Their expressions are of immense importance in the
development of lung cancer. However, little is known about their relations to anti-cancer treatments. Therefore, we aimed
to elucidate how are these parameters affected by the treatment.
Expression of phosphorylated Akt (pAkt) and PTEN have been analysed on tissues of 32 patients (stage III and IV) with lung
cancer. In addition, the expression of these variables in 14 out of 32 patients have furtherly been analysed in terms of their
response to cisplatin-based chemotherapy in vivo. Prior to and 24 h after the treatment, tumor tissues were obtained via
broncoscopy and then evaluated immunohistochemically by indirect streptavidin-biotin peroxidase method.
Immunoreactivity for pAkt was detected in 29 of 32 cases (91%). pAkt was observed to localize in the nucleus of positively
stained cells. However, PTEN expression was found in 27 of 32 cases (84%). In contrast to the localization of pAkt that is
nucleus, PTEN was however localized in the cytoplasm of positively stained cells. pAkt and PTEN expression levels of 14
post-chemotherapy patients were compared to those before chemotherapy. There was no statistically significant differences (p>0.05).
Although these results do not imply any possible roles of pAkt or PTEN in the late stage lung cancer patients as a biomarker for the prediction of early response to treatment in vivo, this conclusion needs to be analyzed further at later time points
in a larger cohort.
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ÖZET
Akci¤er Kanserli Hastalarda Sisplatin-Bazl› Tedaviden 24 Saat Sonra pAkt ve PTEN Ekspresyonlar›: Prospektif
Pilot Çal›ﬂma
Akt/PKB bir protoonkojen iken PTEN bir tumor bask›lay›c› gendir. Bu genlerin ekspresyonlar› akci¤er kanseri geliﬂiminde
önemli rol oynar. Fakat, bu genlerin kanser tedavisi ile iliﬂkileri konusunda az bilgi bulunmaktad›r. Bu yüzden, bu çal›ﬂmada
bu genlerin tedaviden nas›l etkilendiklerini araﬂt›rd›k.
Fosforile Akt (pAkt) ve PTEN ekspresyonlar› evreleri III ve IV olan 32 akci¤er kanseri hastas›n›n dokular›nda incelendi. Ayr›ca,
32 hastan›n 14’ünde bu genlerin sisplatin-bazl› tedaviye in vivo yan›tlar› araﬂt›r›ld›. Tedavi öncesi ve tedaviden 24 saat sonra,
tumor dokular› bronkoskopi ile al›nd› ve indirect streptavidin-biotin peroksidaz yöntemi ile immünohistokimyasal olarak ekspresyon dereceleri araﬂt›r›ld›.
pAkt immunoreaktivitesi 32 hastan›n 29’unda (%91) saptand›. pAkt’nin pozitif olarak boyanan hücrelerin çekirdeklerinde yer
ald›¤› gözlendi. PTEN ekspresyonu 32 hastan›n 27’sinde (%84) saptand›. PTEN’in, pAkt’nin tersine, pozitif boyanan hücrelerin sitoplazmas›nda yer ald›¤› bulundu. pAkt ve PTEN ekspresyonlar› 14 hastada tedavi öncesi ve sonras› de¤erler aç›s›ndan k›yasland›. ‹statistiksel olarak anlaml› bir fark gözlenmedi (p>0.05).
Bu sonuçlar, pAkt ve PTEN’in geç dönem akci¤er hastalar›nda tedaviye yan›t› tahmin etmede belirteç olarak kullan›lmalar›n›n
uygun olmad›¤›n› düﬂündürmesine ra¤men, çal›ﬂman›n daha geç dönemlerde ve daha geniﬂ bir olgu grubunda yap›lmas›na
gerek oldu¤unu göstermektedir.
Anahtar Kelimeler: Akci¤er Kanseri, pAkt, PTEN, Sisplatin, Kemoterapi

INTRODUCTION

Cancer cells are known to escape normal growth
control mechanisms as a consequence of activating
mutations and increased expression of one or more
cellular protooncogenes and inactivating mutations
and decreased expression of one or more tumor
suppressor genes. Most oncogene and tumor suppressor gene products are components of signal
transduction pathway that control cell cycle entry
or exit, promote differentiation, sense DNA damage and initiate repair mechanisms, and regulate cell
death programs. Several oncogenes and tumor
suppressor genes belong to the same signaling pathway.1 The understanding of the signaling pathway
involved may help us find predictive factors for tumor aggressiveness and therapy resistance. The
growth factor receptors utilize several signaling
pathways, such as the ras/mitogen-activated protein kinase pathway that is important for mitogenic
stimulation. Other receptor signals are transmitted
by the PI3K/Akt pathway.2
Akt, known as protein kinase B, represent a subfamily of the serine/threonine protein kinases. By a
variety of stimuli, Akt is activated by phosphorylation at Thr-308/309 in the kinase activation loop
and Ser-473/474 in the carboxyl-terminal tail.3 Recent studies have shown the roles of Akt implicated
in tumoriogenesis.4 Activated Akt induces survival
and suppresses apoptosis induced by a variety of
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stimuli, including growth factor withdrawal and
anoikis in numerous cell types.3 Akt inhibits apoptosis by phosphorylating the Bcl-2 family member
pro-apoptotic BAD and by preventing the release of
cytochrome c from mitochondria.5 The activation
of this pathway has proven important for cell survival, and inhibitors have been shown to facilitate
apoptosis and to sensitize cells to cytotoxic drugs in
experimental studies.2 Proteins that participate in
this signaling might therefore be good candidates
for predicting the result of therapy. Overexpression
of Akt therefore may contribute to tumor development and progression.
PTEN (phosphatase and tensin homolog deleted on
chromosome ten) tumor suppressor gene plays an
important role in the modulation of the PI3K
(phosphatidylinositol 3-kinase), which is involved
in cell proliferation and survival.6 PTEN antagonizes PI3K activity and negatively regulates its
downstream-target, Akt7 and frequently mutated or
deleted in a large number of human cancer.8 An earlier report documented that Akt is constitutively active in the cell lines arising form NSCLC and the
Akt activation promotes cancer survival and resistance to chemotherapy and radiation.9
A rational approach to understanding cancer pathogenesis and developing novel, mechanism-based
therapies requires identifying the components of
these signaling pathways and determining how mu27

tations in oncogenes and tumor suppressor genes
disrupt them.10 Akt and PTEN expressions are of
immense importance in lung cancer. However, little is known about their relation to anti-cancer treatments. In fact, there is no information at all about
how their expressions are changed in vivo after the
treatment.
In this study, we therefore investigated the expressions of pAkt and PTEN in lung cancer patients before and after the treatment with cisplatin-based
chemotherapy and then prospectively analyzed their relations to the response to treatment in vivo. To
our knowledge, this is the first report implying that
cisplatin-based chemotherapy increases the levels
of PTEN in vivo although it did not reach the statistically significant level. However, a larger sample size is required to analyze it better.
MATERIAL AND METHODS
Patient selection and treatment
Patients with previously untreated lung carcinomas
were included in the study. All patients involved
were in the inoperative stage (stage IIIB, IV) and
had bronchial vegetative lesions. The study population consisted of 32 patients with lung cancer. The
patients who had additional malignancy, pneumonia, severe dispnea, infection, interstitial lung disease were not included in the study. Performance status of patients was determined according to the
Eastern Cooperative Oncology Group (ECOG) criteria. Patients had an ECOG performance status ≤
2; had an adequate marrow, renal and hepatic function (WBC count ≥ 4x103/L, platelet count ≥
100x103/L, and bilirubin, serum creatinine, and
transaminase levels within the normal range); had
no previous history or electrocardiographic evidence of abnormal cardiac function and comorbidity
contraindicating the administration of the chemotherapeutic agents. The patients were treated with
cisplatin-based chemotherapy (cisplatin and vinorelbine/gemcitabine for non small cell lung cancer,
cisplatin and etoposide for small cell lung cancer).
Cisplatin was applied at the dose of 70 mg/m2 on
1st day only. Vinorelbine (30 mg/m2) or gemcitabine (1250 mg/m2) was applied on both 1st day and
7th day. Etoposide (120 mg/m2) was applied on 1st,
2nd, and 3rd days.
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The response to treatment was evaluated according
to the criteria of the Lung Diseases and Tuberculosis Department of Uludag University Medical
School by referring to the computorised tomography (CT) scan after the application of 3 cycles of
chemotherapy. According to the CT scan results:
responses were classified as progressive disease if
the tumor volume increased by more than 25% or
patient died; as regression if the tumor volume decreases by more than 50%; as stable disease if the tumor volume remains the same. The ethical committee of Uludag University approved the study. An informed consent was obtained from all the subjects.
Assessment of pAkt and PTEN expressions
The analyses have been performed on tumor tissues obtained prior to and 24 h after the treatment.
Tumor tissues were fixed in PBS-buffered 10% formalin and paraffin embedded for immunohistochemical processing. For immunohistochemical staining, the usual indirect streptavidin-biotin peroxidase method was employed as follows. Formalinfixed paraffin-embedded tissue sections (5 µm) were deparaffinized in xylene and rehydrated in a graded series of ethanol. For staining of pAkt and
PTEN, the sections were placed in a citrate buffer
solution and then microwawed at 400 W for the antigen retrieval for 25 minutes. The sections were allowed to cool in the solution for 20 minutes at room temperature, rinsed in distilled water, and transferred to a bath of phoshate-buffered saline (PBS).
Endogenous peroxidase activity was blocked with
10 min incubation in 3 % H2O2 in distilled water.
Then, tissues were incubated at 370C for 45 min in
a moist chamber with primary antibodies (dilution:
1:500). Sections were incubated with biotinylated
goat anti-rabbit IgG secondary antibody (Dako
ABC kit) for 25 minutes, and they were incubated
with streptavidin-horseradish peroxidase for 25
minutes, following this step, sections were incubated in the 3-3 diaminobenzidin (DAB) chromogen
until the specific regions were stained brown, and
the sections were counterstained for 30 s with hematoxylin. The primary antibodies used rabbit
polyclonal phospho-Akt [ser473] antibody (Santa
Cruz Biotech, Santa Cruz, CA) at a dilution of
1:500 and rabbit polyclonal PTEN (Santa Cruz Biotech, Santa Cruz, CA) at a dilution of 1:300. For
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positive control for each of the antibodies, sections
previously validated by us to be strongly positive
were used. Negative controls for each of the antibodies were performed using PBS instead of primary
antibodies to exclude nonspecific staining.
Semi-quantitative scoring of protein expressions
Scoring has been made by taking into account both
the intensity of staining and the distribution (extent)
of positively staining cells. Therefore, the expression of the proteins was evaluated by a semi-quantitative scoring system, according to a recently-published report by Xu.11 The intensity of staining was
scored as 0 (negative), 1 (weak), 2 (moderate), and
3 (strong). The extent of staining was scored as 0
(0%), 1 (1-25%), 2 (26-50%), 3 (51-75%), and 4
(76-100%) according to the percentage of cells staining positive for each protein. The sum of the intensity and extent scores was calculated to estimate
the final staining score (0-7). Tissues having a final
staining score >2 were considered to be positive for
each protein. Final staining score of 2-3 was considered + (weak expression), 4-5 was ++ (moderate
expression), and 6-7 was +++ (strong expression).
Tissues having a final staining score <2 were considered to be negative. In the text and the tables; the
final scores of negative, +, ++, and +++ stainings
were shown as 0, 1, 2, and 3, respectively. All slides were coded so that two independent investigators were blinded to staining for each slide.
Statistical analysis: The statistical analysis was
performed using SPSS 11.0 version for windows
program (SPSS Inc., Chicago, IL, USA). MannWhitney U test was used for the comparison of the
distributions of continuous variables between groups. Within-group analysis was evaluated with Wilcoxon Signed Rank’s test. Correlations of the
analytic variables were investigated with Spearman’s correlation analysis. A value of p<0.05 was
considered statistically significant.

Figure 1. pAkt positively-stained cells displayed nuclear
staining. Immunohistochemistry was performed as explained
in the Materials and Methods. (Mag. X200)

analyzed in terms of their response to cisplatin–based anti-cancer treatments.
In the lung cancer samples analyzed, immunoreactivity for pAkt was detected in 29 of 32 cases
(91%). pAkt was observed to localize in the nucleus of positively stained cells as shown in Figure 1.
Regarding the semi-quantitative values of the immunostaining, the strong, moderate, weak, and negative expressions were observed in 12 (38%), 15
(47%), 2 (6%), and 3 (9%) of lung cancer patients,
respectively. The relevant descriptive statistics are
shown in Table 1A and 1B. The majority of tumors
(85%) expressed moderate to strong expressions of
pAkt.

RESULTS
In this study, expressions of pAkt and PTEN have
been analyzed on tumor tissues of 32 patients with
lung cancer. In addition, the expression of these variables in 14 out of 32 patients have further been
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Figure 2. PTEN-positively-stained cells displayed cytoplasmic staining. Immunohistochemistry was performed as
explained in the Materials and Methods. (Mag. X200)
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Table 1A. The descriptive data of final staining scores (expression levels) of pAkt and PTEN, according to the diagnosis.
NSCLC
pAkt

SCLC
pAkt

NSCLC
PTEN

SCLC
PTEN

Mean (±S.D.)

2.1 (±0.97)

2.2 (±0.44)

1.85 (±1.02)

1.6 (±1.14)

(min-max)

0-3

0-3

0-3

0-3

Median

2

2

2

2

NSCLC: nonsmall cell lung cancer, SCLC: small cell lung cancer

Table 1B. The descriptive data of final staining scores (expression levels) of pAkt and PTEN,
according to the stage of the disease
Stage III
pAkt

Stage IV
pAkt

Stage III
PTEN

Stage IV
PTEN

Mean (±S.D.)

2.1 (±1.06)

2.07 (±0.64)

1.73 (±1.06)

1.92 (±0.95)

(min-max)

0-3

0-3

0-3

0-3

Median

2

2

2

2

PTEN expression was found in 27 of 32 cases
(84%). In contrast to the localization of pAkt that is
nucleus, PTEN was however localized in the cytoplasm of positively stained cells (Figure 2).

of PTEN was found to be strong, moderate, weak,
and negative in 4 (28%), 4 (28%), and 2 (14%), and
4 (28%), respectively. The relevant descriptive statistics are shown in Table 2.

According to the evaluation of positively stained
cancer cells for PTEN, the final scores were found
to be strong, moderate, weak, and negative expressions in 9 (28%), 13 (40%), 5 (16%), and 5 (16%)
of lung cancer patients, respectively. For the PTEN,
the majority of tumors (68%) expressed moderate
to strong expressions, quite similar to those in observed for the pAkt. There was a statistically significant correlation between pAkt and PTEN levels
before the chemotherapy (Spearman’s correlation,
r= 0.718, p= 0.000).

Taking into account the pre- and post-chemotherapy values of PTEN in 14 patients, the strong expression was present in 14% (n= 2) of the patients
before the chemotherapy. However, it has doubled
to 28% (n= 4) after the chemotherapy. In parallel
with this change, the expression levels of 6 patients
were in the trend of increase after the chemotherapy
as appeared in Table 2.

Patients were also evaluated in terms of the expressions of pAkt and PTEN after the chemotherapy. 14
post-chemotherapy patients were available in order
to evaluate the difference between the levels before
and after the chemotherapy. In the evaluation, the
expression levels of pAkt were found to be strong,
moderate, and negative in 4 (28%), 7 (50%), and 3
(21%) of the post-chemotherapy patients, respectively. In the same 14 patients, the expression levels
30

In addition, in these 14 evaluable patients, the correlation between pAkt and PTEN levels was found
to be weaker after the chemotherapy (Spearman’s
correlation, r= 0.616, p= 0.019), compared to that
prior to the chemotherapy (Spearman’s correlation
r= 0.850, p= 0.000). Thus, this correlation has, to
some extent, been disturbed after the chemotherapy
although it remained statistically significant.
pAkt and PTEN values of 14 post-chemotherapy
patients were compared to those values before chemotherapy. There was no statistically significant
differences (Wilcoxon Sign Rank’s, z= 0.317,
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Table 2. The descriptive data of final staining scores (expression levels) of pAkt and PTEN before and after the chemotherapy
Before treatment
pAkt

After treatment
pAkt

Before treatment
PTEN

After treatment
PTEN

Mean (±S.D.)

1.71 (±1.13)

1.85 (±1.09)

1.42 (±1.08)

1.57 (±1.22)

(min-max)

0-3

0-3

0-3

0-3

Median

2

2

2

2

p>0.05). Out of 32 patients, 11 were progressive,
17 regressive, and 4 stable disease. The progressive
and regressive patients were compared in terms of
their pAkt and PTEN values. It was found that there were no differences between these two groups
(Mann-Whitney U, z= 0.295, p>0.05). Out of 32
patients, 11 were alive, and 21 were dead at the time of evaluation. The relevant descriptive statistics
of alive and dead patients are shown in Table 3. It
has been found no significant difference in terms of
pAkt and PTEN expressions between the dead and
alive groups (Mann-Whitney U test, z= 0.573,
p>0.05). In 11 alive patients, there was statistically
significant correlation between pAkt and PTEN values (Spearman’s correlation, r= 0.736, p= 0.010).
There was similar correlation between the same variables in 21 dead patients (Spearman’s correlation,
r= 0.739, p= 0.000).
DISCUSSION
Most chemotherapeutic agents activate apoptotic
cell death pathways.12 Preclinical and clinical studies have shown that apoptosis significantly increases 24 h after chemotherapy administration.13,14
Therefore, the evaluation of apoptosis pathways-related proteins (e.g. pAkt and PTEN) might be a rational approach to elucidate the efficacy of specific

or novel therapies as early as 24 h after the chemotherapy. The present study therefore had there aims:
to determine the expressions of pAkt and PTEN before cisplatin-based chemotherapy in late stage
lung cancer patients, to determine whether there is
any correlation between the expressions of pAkt
and PTEN before and after the therapy, and to
analyse their possible relations to both the early response to therapy and the overall survival.
In our study, consider-able numbers of lung cancer
patients (91%) cases showed pAkt immunoreactivity in tumor cells. This result was in accordance
with the study (in press) by Tsurutani et al15 in
which they found that 95% of all the lung cancer
patients had Akt expression. The pAkt expression
was reported to be observed both in cytoplasm and
nu-cleus according to the previous reports16,17 but
we observed in nucleus only. This could be due to
the fact that different antibodies or cells might cause different stainings depending on the cross reactivities with other proteins in the cells.
There is accumulating evidence that deregulation of
apoptosis may be directly involved in the development and progression of human cancers.18 Also,
apoptosis is the predominant mechanism by which
cancer cells die following chemotherapy and radiation therapy.19 Activated Akt is a well-established

Table 3. The descriptive data of alive and dead patients
pAkt, Alive (n= 11)

pAkt, Dead (n= 21)

PTEN, Alive (n= 11)

PTEN, Dead (n= 21)

Mean (±S.D.)

143.6 (±63.44)

127.6 (±89.7)

100.9 (±58.8)

89.2 (±72.18)

(min-max)

60-240

0-270

0-180

0-270

Median

130

140

110

80
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survival factor, exerting anti-apoptotic activity by
preventing release of cytochrome c from mi-tochondria and inactivating forkhead transcription factors known to induce expression of pro-apoptotic
factors such as Fas ligand. Moreover, Akt acti-vates
IκB kinase, a positive regulator of NF-κB, which
results in transcription of anti-apoptotic genes.20
Thus, it is conceivable that inhibition of the Akt
pathway could prevent cancer cells from surviving
after therapy. Therefore, targeting Akt pathway by
any means (e.g. siRNAs in combination with cytotoxic regimens) could be a rational approach for the
better treatment of lung cancer patients. For this
aim, patients should be sub-grouped according to
their Akt expressions otherwise there is a risk of
getting disappointing results. In fact, targeted therapies resulted in some failures in advanced lung cancer patients and the reasons underlying these failures were thought to be, not always fully understood,
the lack of careful patient selection (sub-grouping).21 However, we do not think the sub-grouping of patients in terms of their expression levels
of Akt could be much useful in order to achieve
better response rates or overall survival rates. The
reason for this is the fact that a significant portion
(85%) of the patients has moderate to strong levels
of expressions, according to our study. In fact, it
was recently reported that there was not found any
association with Akt and the survival.15
In our study, we found a positive correlation between pAkt and PTEN expressions although a negative
correlation was also reported.22 In contrast to these
two different findings, it was also reported that there was no correlation between Akt and PTEN.11 It
seems that there is no proper consensus on this debate. In fact, there are more debates on the role of
Akt in lung cancer (e.g. its impact on survival or its
role as a prognostic factor). One recent study suggests that pAkt was a significant independent favorable prognostic factor (p= 0.004) in NSCLC23,
while another recent study reported that pAkt was a
poor prognostic factor for all stages of NSCLC.24 In
the latter study, it was reported that these conflicting results were due to the fact that only one site of
phosphorylation of Akt had so far been evaluated in
clinical non-small cell lung cancer specimens although two different sites together were of importance in the activation. Moreover, the immunolocalization of pAkt also seems to have an impact on
32

the prognosis.23 Therefore, the different findings on
the correlations as well as on survival/prognosis
might be explained by these matters (two site-activation and immunolocalization) as well as by the
characteristics of our patients whom of all were
only at the late stage (stage III or IV). In our study,
the initial (before chemotherapy) correlation was
found to retain even after the chemotherapy although it was disturbed to some extent. This disturbance is highly possible due to the effect of chemotherapy on the expressions of both proteins. We would
even expect higher levels of disturbances.
In our study, the finding of no statistically significant change in the expression levels of either pAkt
or PTEN after the chemotherapy could also be due
to the fact that only the patients with advanced stage were involved in the study. Therefore, we are
currently in preparation of recruiting early stage of
patients to test this hypothesis as another project.
The other important point is that we evaluated the
cancer tissues 24 h after the chemotherapy in order
to look at the relatively early effects of the chemotherapy. However, it might also be interesting to observe the late effects of the chemotherapy (after the
3 cycles of the chemotherapy, for example).
In conclusion, although there has not been a statistically significant change in the expression levels of
pAkt and PTEN 24 h after the chemotherapy, the
results tend to imply that PTEN is induced by the
chemotherapy in vivo. The unique property of this
study is to be performed on cancer tissues removed
from patients followed by chemotherapy. However,
recruitment of the patients into the study just following the chemotherapy was a hard task, which limited the number of the patients involved. With regard to this limitation, our results should therefore
be confirmed by a larger sample size at later time
points in order to better elucidate the roles of pAkt
and PTEN in the response to treatment in lung cancer patients.
Acknowledgement
We would especially like to thank to the staff of the
Department of Lung Diseases and Tuberculosis of
Medical School of Uludag University for their
great efforts to assist us in completing this demanding study with a success.

UHOD

Number: 1

Volume: 21 Year: 2011

REFERENCES
1.

Weinberg RA. The retinoblastoma protein and cell
cycle control. Cell 81: 323-330, 1995.

2.

Brognard J, Clark AS, Ni Y, Dennis PA. Akt/protein kinase B is constitutively active in non-small cell lung
cancer cells and promotes cellular survival and resistance to chemotherapy and radiation. Cancer Res 61:
3986-3997, 2001.

3.

4.

Testa JR, Bellacosa A. AKT plays a central role in tumorigenesis. Proc Natl Acad Sci USA 98:1098310985, 2001.
Barnett SF, Bilodeau MT, Lindsley CW. The Akt/PKB
family of protein kinases A: A review of small molecule
inhibitors and progress towards target validation. Curr
Top Med Chem 5: 109-125, 2005.

5.

Kennedy SG, Kandel ES, Cross TK, Hay N. Akt/Protein kinase B inhibits cell death by preventing the release
of cytochrome c from mitochondria. Mol Cell Biol 19:
5800-5810, 1999.

6.

Weng LP, Smith WM, Dahia PLM, et al. PTEN suppresses breast cancer cell growth by phosphatase activity-dependent G1 arrest followed by cell death. Cancer Res 59: 5808-5814, 1999.

16.

Kurose K, Zhou XP, Araki T, et al. Frequent loss of
PTEN expression is linked to elevated phosphorylated
Akt levels, but not associated with p27 and cyclin Dl
expression, in primary epithelial ovarian carcinomas.
Am J Pathol 158: 2097-2106, 2001.

17.

Sun M, Wang G, Paciga JE, et al. AKTl/PKBalpha kinase is frequently elevated in human cancers and its
constitutive activation is required for oncogenic transformation in NIH3T3 cells. Am J Pathol 159: 431-437,
2001.

18. Lee SH, Shin MS, Park WS, et al. Alterations of Fas
(Apo-1/CD95) gene in non-small cell lung cancer. Oncogene 18: 3754-3760, 1999.
19.

Reed JC. Mechanisms of apoptosis. Am J Pathol 157:
1415-1430, 2000.

20.

Cross DA, Alessi DR, Cohen P, et al. Inhibition of
glycogen synthase kinase-3 by insulin mediated by
protein kinase B. Nature 378: 785-789, 1995.

21.

Johnson DH. Targeted therapies in combination with
chemotherapy in non-small cell lung cancer. Clin Cancer Res 12: 4451-4457, 2006.

22.

Tang JM, He QY, Guo RX, Chang XJ. Phosphorylated
Akt overexpression and loss of PTEN expression in
non-small cell lung cancer confers poor prognosis.
Lung Cancer 51: 181-191, 2006.

7.

Stambolic V, Suzuki A, de la Pompa JL, et al. Negative regulation of PKB/Akt-dependent cell survival by
the tumor suppressor PTEN. Cell 95: 29-39, 1998.

23.

8.

Stambolic V, Tsao MS, MacPherson D, et al. High incidence of breast and endometrial neoplasia resembling human Cowden syndrome in pten+/- mice. Cancer Res 60: 3605-3611, 2000.

Shah A, Swain WA, Richardson D, et al. Phospho-Akt
expression is associated with a favorable outcome in
non-small cell lung cancer. Clin Cancer Res 11: 29302936, 2005.

24.

Tsurutani J, Fukuoka J, Tsurutani H, et al. Evaluation
of two phosphorylation sites improves the prognostic
significance of Akt activation in non-small-cell lung
cancer tumors. J Clin Oncol 24: 306-314, 2006.

9.

Ozes ON, Mayo LD, Gustin JA, et al. NF-kappaB activation by tumour necrosis factor requires the Akt serine-threonine kinase. Nature 401: 82-85, 1999.

10.

Li J, Yen C, Liaw D, et al. PTEN, a putative protein
tyrosine phosphatase gene mutated in human brain,
breast, and prostate cancer. Science 275: 19431947, 1997.

11.

Xu G, Zhang W, Bertram P, et al. Pharmacogenomic
profiling of the PI3K/PTEN-AKT-mTOR pathway in
common human tumors. Int J Oncology 24: 893-900,
2004.

12.

13.

Hickman JA, Beere HM, Wood AC, Waters CM. Mechanisms of cytotoxicity caused by antitumour drugs.
Toxicol Lett 65: 553-561, 1992.
Meyn RE, Stephens LC, Hunter NR, Milas L. Apoptosis in murine tumors treated with chemotherapy
agents. Anticancer Drugs 6: 443-450, 1995.

14.

Ellis PA, Smith IE, McCarthy K, et al. Preoperative chemotherapy induces apoptosis in early breast cancer.
Lancet 349: 849, 1997.

15.

Tsurutani J, Steinberg SM, Ballas M, et al. Prognostic
significance of clinical factors and Akt activation in patients with bronchioloalveolar carcinoma. Lung Cancer
55: 115-121, 2007.

UHOD

Number: 1

Volume: 21 Year: 2011

Correspondence
Dr. Engin ULUKAYA
Uluda¤ Üniversitesi T›p Fakültesi
Biyokimya Anabilim Dal›
16059 Görukle
Bursa / TURKEY
Tel: (+90.224) 442 82 45
e-mail: eulukaya@uludag.edu.tr

33

