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Diverse Prognostic Roles of Akt Isoforms,
PTEN and PI3K in Tumor Epithelial Cells and
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Abstract. Aim: By tissue microarray methodology, the
expression of altered Akt isoforms, PTEN and PI3K and their
prognostic significance in 335 non-small cell lung cancer
(NSCLC) tumors were investigated. Patients and Methods:
Tumor tissue was sampled and immunohistochemicaly
quantified in 335 tumors from stage I to IlIA NSCLC patients
both from tumor epithelial cells and surrounding stromal
tissue in resected specimens. Correlations were made with
clinicopathological variables. In addition, the expression of
these markers was compared to 20 lung tissue cores from
patients without any history of malignancy. Results: A
significantly higher PTEN expression was observed in
control tissue when compared with tumor (p=0.001). There
was a significantly negative correlation between PI3K
expression in control versus tumor tissue (p=0.001, r=—0.2).
In univariate analyses, high tumor epithelial cell expression
of non-phosphorylated Akt2 (p=0.014) was a positive
prognostic indicator for disease-specific survival (DSS),
while high tumor epithelial cell expression of p-Akt Thr3%8
(p=0.045) was a negative prognosticator. High stromal
expression of total Akt3 (p=0.0008) and total PI3K
(p=0.0003) correlated with a good prognosis. In the
multivariate analysis, tumor epithelial cell expression of
p-Akt Thi?% (p=0.0009) and Aki2 (p=0.004) and the stromal
cell expression of Akt3 (p=0.0008) and PI3K (p=0.012) were
independent prognostic factors for DSS. Conclusion: High
expression of non-phosphorylated Akt2 and low expression
of p-Akt Thr?% in tumor epithelial cells are independent
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predictors of improved survival in patients with primary
NSCLC. In stromal cells, high expression of total Akt3 and
total PI3K are both favourable independent prognostic
indicators.

Today, lung cancer leads to more deaths than any other
malignancy. An annual incidence worldwide of more than 1.3
million lung cancer cases and more than 1.1 million lung
cancer deaths per year are estimated (15, 23). Due to
diagnosis at late stages of the disease and the poor treatment
efficacy in metastatic disease, overall survival is less than 15%
and has not improved substantially for the last 30 years (27).

As a result of the research focus on molecular cancer
biology, biochemical alterations such as activation of signal
transduction pathways during tumorigenesis are being
increasingly elucidated. Dysregulation of these pathways has
been linked to alterations in cellular proliferation and
survival and are proposed to confer a poor prognosis (8).
One of these pivotal pathways is the phosphoinositide-3-
kinase/protein kinase B (Akt) signaling pathway.

The Akt family consists of three serine/threonine protein
kinase isoforms Akt1/PKB o, Akt2/PKB 3 and Akt3/PKB v,
which function as key regulators for cell growth, survival and
proliferation. Other processes regulated by Akt isoforms include
cell size, cell response to nutrient availability, intermediary
metabolism, angiogenesis and tissue invasion (13).

Deregulations of these kinases have been described in
human malignancies (22). In order to be activated, Aktl is
recruited to the cellular membrane by binding of its amino
terminal pleckstrin homology (PH) domain to membrane-
bound phosphatidylinositol 3,4,5 triphosphate (PIP3) (31),
which is followed by the phosphorylation of two key amino
acids: i) threonine 308 (Thr308) in the P-loop of the protein
kinase domain and ii) serine 473 (Ser473) in the carboxy-tail
region (2). In a former study (2), these two amino acids
were shown to be phosphorylated in the activated Akt3
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isoform (p-Akt3). For activation of the Akt2 isoform,
phosphorylation has been described to occur on the amino
acids Thr3% and Ser*’* (19).

Phosphatidylinositol-3-kinase (PI3K) activates Akt by
catalyzing the production of its dependent kinases
phosphoinositide-dependent kinase and integrin-linked
kinase (3, 11, 24). The tumor suppressor phosphatase and
tensin homolog deleted on chromosome ten (PTEN) is a
phospholipid phosphatase which negatively regulates
phosphatidylinositol triphosphate levels thus antagonizing
PI3K (7). Frequent inactivation and loss of function
mutations have been described for PTEN in different
malignancies (16, 32).

Being disrupted in many human malignancies with wide-
ranging biological consequences, the PI3K/Akt signaling
pathway is considered a key determinant of tumor
aggressiveness and an essential target for therapeutic
intervention (12). A recent study by Tsurutani and colleagues
(29) proposed that the evaluation of two phosphorylation sites
improves the prognostic significance of Akt activation NSCLC.

Herein, we sought to determine the prognostic significance
of all three known Akt isoforms (Aktl phosphorylated on
either or both sites, non-phosphorylated Akt2 and
phosphorylated and non-phosphorylated Akt3) as well as
PTEN and PI3K, upstream members of the PI3K/Akt
signaling pathway.

Patients and Methods

Patients and clinical samples. Primary tumor tissues from
anonymized patients diagnosed with NSCLC pathological stage I to
IITA (21) at the University Hospital of North Norway (UNN) and
Nordland Central Hospital (NLSH) from 1990 through 2004 were
used in this study. In total, 371 patients were registered from the
hospital database. Of these, 36 patients were excluded from the
study due to: (i) radiotherapy or chemotherapy prior to surgery
(n=10); (ii) other malignancy within five years prior to the NSCLC
diagnosis (n=13); (iii) inadequate paraffin-embedded fixed tissue
blocks (n=13). Thus, 335 patients with complete medical records
and adequate paraffin-embedded tissue blocks were eligible. This
report includes follow-up data as of September 30, 2005. The
median follow-up was 96 (range 10-179) months. Complete
demographic and clinical data were collected retrospectively.
Formalin-fixed and paraffin-embedded tumor specimens were
obtained from the archives of the Departments of Pathology at UNN
and NLSH. The tumors were staged according to the International
Union Against Cancer’s TNM classification and histologically
subtyped and graded according to the World Health Organization
(33). Staging and classification of tumors were performed by two
independent pathologists at the time of diagnosis, according to in-
house regulations at the UNN. An additional review of stage and
classification was performed by an independent pathologist while
selecting representative tumor areas for microarray construction.
Regarding N-status, ipsilateral peribronchial or hilar nodes and
intrapulmonary nodes are defined as NI, while N2 includes
ipsilateral mediastinal or subcarinal nodes.
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Tissue microarray (TMA) construction. All cases were
histologically reviewed by two pathologists (S.A.S and K. A.S)
and the most representative areas of viable invasive carcinoma
tissue (epithelial cells) and surrounding tumor stroma from central
parts within the tumor were carefully selected and marked on the
hematoxylin and eosin (H/E) slides and sampled for the TMA
blocks. The TMAs were assembled using a tissue-arraying
instrument (Beecher Instruments, Silver Springs, MD, USA). The
detailed methodology has been reported previously (5). Briefly,
we used a 0.6 mm diameter stylet and the study specimens were
routinely sampled in duplicate from epithelial cancer cells and
from tumor-surrounding stroma intervening malignant epithelial
areas. Normal lung tissue localized distant from the primary tumor
and from non-cancer patients was used as negative controls. To
include all core samples, eight tissue array blocks were
constructed. Multiple 5-pum sections were cut with a Micron
microtome (HM355S) and stained by specific antibodies for
immunohistochemistry (IHC) analysis.

Immunohistochemistry (IHC). The applied antibodies had been
subjected to in-house validation by the manufacturer for IHC analysis
on paraffin-embedded material. The antibodies used in the study were
as follows: Phospho-Akt (Ser473) (1:5; rabbit monoclonal, clone
736E11; #3787; Cell Signaling Technology, Danvers, USA), which
detects Aktl only when phosphorylated at serine 473, and Akt2 and
Akt3 only when phosphorylated at equivalent sites; Phospho-Akt
(Thr308) (1:50; rabbit monoclonal, clone 244F9; #4056; Cell
Signaling Technology), which recognizes all three Akt isoforms when
phosphorylated at threonine 308; Akt2 (1:18; rabbit monoclonal,
clone 54G8; #4057; Cell Signaling Technology), which preferentially
binds to non-phosphorylated endogenous levels of Akt2 and does not
cross-react with recombinant Aktl or Akt3; Akt3 (1:8; rabbit
polyclonal, #4059; Cell Signaling Technology), which detects
endogenous levels of total Akt3, but does not recognize the truncated
form of rat Akt3 nor does it cross-react with recombinant Aktl or
Akt2; PTEN (1:10; rabbit monoclonal; #9559; Cell Signaling
Technology), which detects endogenous levels of total PTEN protein;
PI3K (1:25; rabbit polyclonal; #4254; Cell Signaling Technology),
which detects endogenous levels of total PI3K.

Sections were deparaffinized with xylene and rehydrated with
ethanol. Antigen retrieval was performed by placing the specimen in
0.1 mol/I citrate buffer at pH 6.0 and exposing it to two repeated
microwave heating of 10 minutes at 450 W. The DAKO EnVision+
System-HRP (DAB) kit (Glostrup, Denmark) was used to block
endogenous peroxidase. Primary antibodies were incubated overnight
at 4°C (except PI3K, for 32 minutes at room temperature). The
DAKO EnVision+ System-HRP (DAB) kit was used to visualize the
antigens for all stains. This yielded a brown reaction product at the
site of the target antigen. As negative staining controls, the primary
antibodies were replaced with the primary antibody diluent. Finally,
all slides were counterstained with hematoxylin to visualize the
nuclei. For each antibody, including negative controls, all TMA
stainings were performed in one single experiment.

Scoring of IHC. By light microscopy, representative viable tissue
sections were scored semiquantitatively for cytoplasmic staining
(Figure 1). The dominant staining intensity in both tumor
epithelial cells and stromal cells was scored as: O=negative;
1=weak; 2=intermediate; 3=strong. The cell density of the stroma
was scored as: I=low density; 2=intermediate density; 3=high
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Table 1. Prognostic clinicopathological variables as predictors for
disease-specific survival in 335 NSCLC patients (univariate analysis;
log-rank test).

Characteristic Patients Median  5-Year p-value
n (%) survival survival
(months) (%)

Age
<65 years 156 47 104 57 0.62
>065 years 179 53 NR 58

Gender
Female 82 25 127 65 0.19
Male 253 75 84 55

Smoking
Never 15 5 19 43 0.13
Present 215 64 NR 60
Previous 105 31 84 54

Performance status
Normal 197 59 NR 62 0.04
Slightly reduced 120 36 61 52
In bed >50% 18 5 36 40

Weight loss
<10% 303 90 127 57 0.92
>10% 32 10 NR 57

Histology
SCC 191 57 NR 65 0.30
Adenocarcinoma 95 28 52 44
BAC 18 5 NR 67
LCC 31 9 84 54

Differentiation
Poor 138 41 48 48 0.001
Moderate 144 43 NR 64
Well 53 16 NR 65

Surgical procedure
Lobectomy + wedge* 243 73 NR 61 0.0009
Pneumonectomy 92 27 35 46

Stage
1 212 63 NR 68 <0.0001
11 91 27 41 46
1Ia 32 10 18 22

Tumor status
1 90 27 NR 75 0.002
2 218 65 84 52
3 27 8 42 43

Nodal status
0 232 69 NR 66 <0.0001
1 76 23 37 43
2 27 8 18 20

Surgical margins
Free 307 92 127 58 0.34
Not free 28 8 64 51

Vascular infiltration
No 284 85 NR 61 0.0005
Yes 51 15 25 35

Figure 1. Immunohistochemical analysis of PI3K/Akt signaling pathway Postoperative radiotherapy
markers in NSCLC representing high expression of p-Akt Thr308 in No 276 82 NR 61 0.002

Yes 59 18 41 42

tumor epithelial cells (A), low expression of non-phosphorylated Akt2
in tumor epithelial cells (B), low expression of total Akt3 in the stromal
compartment (C) and high expression of total PI3K in the stromal ~ NR,Not reached; *wedge, n=10; SCC; squamous cell carcinoma; BAC,
compartment (D). (Magnification x200.) bronchioalveolar carcinoma; LCC, large-cell carcinoma.
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density. All samples were anonymized and independently scored
by two pathologists (S.A.S and K.A.S). In case of disagreement,
the slides were re-examined and a consensus was reached by the
observers. When assessing one variable for a given core, the
observers were blinded to the scores of the other variables and to
outcome. To evaluate the interobserver agreement with respect to
IHC scoring, 100 consecutive tumor epithelial cell cores and tumor
stroma cores stained for two rabbit polyclonal markers, vascular
endothelial growth factor (VEGF)-C and VEGF receptor-3, were
examined (10). The mean correlation coefficient (r) between them
was 0.95 (range 0.93-0.98) and was assessed for both antibodies
in tumor epithelial and stromal areas. The mean score for duplicate
cores from each individual was calculated separately in tumor
epithelial cells and stroma, and high expression in tumor epithelial
cells was defined as a score 2. Stromal expression was calculated
by summing density score (1-3) and intensity score (0-3) and the
mean score was used prior to categorizing into low and high
expression. High expression in the stroma was defined as score
>2. Evaluation of both phosphorylation sites of activated Akt (p-
Akt Ser#73 and p-Akt Thr308) was performed by summing their
intensity scores (0-3) and mean score was used prior to
categorizing into low and high expression. High expression was
defined as score =2. The same procedure was performed for
stromal expression, taking the mean score for both intensity and
density of stromal cells.

Statistical methods. Statistical analyses were carried out using the
SPSS statistical package (Chicago, IL, USA), version 14. The Chi-
square test and Fisher’s exact test were used to examine the
association between molecular marker expression and various
clinicopathological parameters. Univariate analyses were made by
using the Kaplan-Meier method, and statistical significance between
survival curves was assessed by the log-rank test. Disease-specific
survival (DSS) was determined from the date of surgery to the time
of death from lung cancer. To assess the independent value of
different pretreatment variables on survival in the presence of other
variables, multivariate analysis was carried out using the Cox
proportional hazards model. Only variables of statistical significance
from the univariate analyses were entered into the Cox regression
analysis. Probability for stepwise entry and removal was set at 0.05
and 0.1, respectively. Prevalence assessment of markers in tumor
tissue and normal lung tissue and their correlation was carried out
using Spearman’s test.

Ethics clearance. The National Data Inspection Board and The
Regional Committee for Research Ethics approved the study.

Results

Patient data. Demographic, clinical and histopathological
variables are shown in Table I: the median age was 67 years
(range, 28-85 years) and 75% of the patients were males.
The patient population of 335 cases represented the four
major subtypes of NSCLC with 191 squamous cell
carcinomas (SCCs), 95 adenocarcinomas (ACs), 31 large-
cell carcinomas (LCCs) and 18 bronchioalveolar carcinomas
(BACs). Due to nodal metastases or non-radical surgical
margins, 18% (59) of patients received postoperative
radiotherapy.
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Expression pattern and correlations with clinicopathological
variables. Our IHC analyses included the three isoforms of
Akt including both phosphorylation sites of Aktl, serine 473
(p-Akt Ser473) and threonine (p-Akt Thr308), non-
phosphorylated Akt2 and total (phosphorylated and non-
phosphorylated) Akt3. Additionally we analyzed total PI3K
and total PTEN.

All the investigated Akt markers were expressed in the
cytoplasm of the tumor epithelial cells. A weak positive
nuclear staining was observed in some cores. Nuclear
staining was seen to be related to cytoplasmic staining, with
more pronounced nuclear staining in cores with high
cytoplasmic expression of the investigated markers. Based
on morphological criteria, pneumocytes in control cores from
normal lung tissue, distant from the primary tumor, generally
showed weak positive immunostaining. In tumor stroma and
in control cores, inflammatory cells (macrophages,
lymphocytes, granulocytes and plasma cells) and endothelial
cells frequently showed positive staining, while fibroblast-
like cells only occasionally presented positive staining.

Expression of the investigated markers in tumor epithelial
cells and stroma did not correlate with age, gender, smoking,
clinical performance status, vascular infiltration, tumor
differentiation or histological type.

To compare the prevalence of our markers in tumor tissue
against normal lung tissue (control cores), we immuno-
histochemically examined epithelial cell expression in 20
cores of lung tissue from 20 patients without any history of
malignancy. Data are presented in Figure 2. While there was
no significant difference in the expressions of Akt isoforms,
there was a significantly higher PTEN expression in control
cores (p=0.0001). All control cores showed weak to strong
PTEN staining, while 42% of tumor cores did not express
PTEN, resulting in an almost inverse expression between
tumor epithelial and control cores. Moreover, there was a
significant negative correlation between PI3K expression in
control tissue and tumor tissue (p=0.001).

Univariate analysis. Marker expression in tumor epithelial
cells and stroma are presented in Table II. In addition to the
statistically significant clinical variables (Table I), tumor
epithelial cell expression of p-Akt Thr3% (p=0.045) and
non-phosphorylated Akt2 (p=0.014, Figure 3), as well as
stromal cell expression of total Akt3 (p=0.0008) and total
PI3K (p=0.0003, Figure 4), were prognostic indicators for
DSS in univariate analyses. It has to be noted that while high
tumor expression of p-Akt Thr308 indicated a worse
prognosis, high tumor expression of Akt2 appeared to be
favourable. High stromal expression of both Akt3 and PI3K
indicated better survival. Stromal cell expression of PTEN
tended towards statistical significance (p=0.051). Tumor
epithelial cell expression of p-Akt Thr’%® had an even
stronger prognostic significance among patients with
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Figure 2. PI3K/Akt signaling pathway marker expression with comparison of prevalence between tumor epithelial tissue and epithelial tissue from

control patients without any history of malignancy.

moderately differentiated tumors (p=0.008), patients in N1
nodal status (p=0.026) and patients with squamous cell
carcinoma (p=0.038). There was no significant correlation
between DSS and tumor epithelial cell expression of p-Akt

er*’? (p=0.4), total Akt3 (p=0.9), total PI3K (p=0.4) and
total PTEN (p=0.08) or stromal cell expression of p-Akt

er*”3 (p=0.8), p-Akt Thr’*® (p=0.3) and non-phosphorylated
Akt2 (p=0.3). Prognostic relevance of the concomitant
phosphorylation of both sites of activated Akt1 (p-Akt Ser*3
and p-Akt Thr3*®) was evaluated. Ninty-eight percent of the
tumors were phosphorylated at both sites. There was no
significant association between DSS and the concomitant

expression of phosphorylated Akt (Ser*’3 and Akt Thr38) in
tumor epithelial (p=0.2) or stromal cells (p=0.09).

Multivariate Cox proportional hazards analysis. All significant
clinicopathological and molecular variables from the univariate
analyses were entered into the multivariate analysis. Data are
presented in Table III. Tumor epithelial cell expression of p-
Akt Thr308 (p=0.0009) and non-phosphorylated Akt2
(p=0.004) were independent unfavourable and favourable
prognostic indicators, respectively. Stromal cell expression of
total Akt3 (p=0.0008) and PI3K (p=0.01) were both
independent favourable prognostic factors.
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Figure 3. Disease-specific survival curves for patients according to tumor epithelial cell p-Akt Thr308 and non-phosphorylated Akt2 expression.
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Figure 4. Disease-specific survival curves for patients according to stromal total Akt3 and total PI3K expression.

Discussion

To further unveil the role of Akt isoforms in lung
tumorigenesis, we immunohistochemically analyzed the
expression of phosphorylated Aktl isoforms on either or both
phosphorylation sites (Ser*’? and Thr3%8), unphosphorylated
Akt2, total Akt3, total PTEN and total PI3K in 335 NSCLCs.
Our investigation considered alterations of expression in both
tumor epithelial cells and in the stromal tumor compartment.
High tumor epithelial cell expression of p-Akt Thr308
showed an independent negative correlation with DSS. In
contrast, high tumor epithelial cell expression of non-
phosphorylated Akt2 as well as high stromal expression of
total Akt3 and total PI3K were independent positive
prognosticators for DSS. In accordance with results
published by other groups (26, 28, 29), we found high
prevalence of Aktl activation in all NSCLC subtypes.
Regarding Aktl and Akt3 activation, there was no significant
difference between expression in tumor cores and control
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cores, whereas for PTEN and PI3K a significant difference
in expression was observed. All of the control cores showed
positive staining for PTEN, while 42% of all tumor cores
did not. In addition, high expression of PI3K was observed
in 29% of all tumor cores, while this was observed in only
4% of control cores. Several studies have reported increased
expression of p-Akt Ser*’3 in NSCLC (6, 18, 20) but there
are inconsistent results concerning the prognostic impact of
p-Akt in NSCLC tumors. Several recent studies (17, 28, 30)
have reported a lack of association between activated Akt
and survival or clinicopathological variables such as
histology, stage of disease and metastasis. At the same time,
other research groups (9, 25, 26) indicated an association
between expression of p-Akt and NSCLC prognosis. David
et al. (9), in an investigation of various NSCLC tumors from
61 patients followed up for 10 years, concluded that
overexpression of p-Akt is an independent poor prognostic
factor. In 102 NSCLC cases, Tang et al. (26) found that
patients with concomitant p-Akt Ser*’? expression and loss
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Table II. Tumor epithelial cell and stromal cell expression of PI3K/Akt
signaling pathway markers as predictor for disease-specific survival in
335 NSCLC patients (univariate analysis; log-rank test).

Marker expression Patients Median  5-Year p-value
n (%) survival survival
(months) (%)
p-Akt Thr308
Tumor 0.045
Low 191 57 NR 62
High 141 42 64 52
Missing 3 1
Stroma 03
Low 255 76 84 54
High 78 23 NR 69
Missing 2 1
p-Akt Serd73
Tumor 04
Low 270 81 127 57
High 63 18 NR 59
Missing 2 1
Stroma 0.8
Low 312 93 127 58
High 22 6 NR 60
Missing 1 1
Akt2 0.014
Tumor
Low 287 13 84 55
High 44 86 NR 80
Missing 4 1
Stroma 0.31
Low 138 41 127 57
High 195 58 NR 59
Missing 2 1
Akt3
Tumor 0.9
Low 233 70 104 56
High 94 28 NR 66
Missing 8 2
Stroma 0.0008
Low 255 76 71 52
High 74 22 NR 81
Missing 6 2
PI3K
Tumor 0.4
Low 233 70 NR 57
High 95 28 127 62
Missing 7 2
Stroma 0.0003
Low 224 67 63 50
High 107 32 NR 75
Missing 4 1
PTEN
Tumor 0.08
Low 231 69 84 54
High 98 29 NR 68
Missing 6 2
Stroma 0.051
Low 222 66 83 54
High 108 32 NR 68
Missing 5 2

NR, Not reached; missing, refers to both lack of staining of samples or
lack of the sample itself.

Table III. Results of Cox regression analysis summarizing significant
independent prognostic factors.

Factor Hazard ratio 95% Cl1 p-value
Tumor status 0.0002*
1 1.000
2 2.344 1.410-3.898 0.001
3 4.040 1.995-8.181 0.0001
Nodal status 0.0004*
0 1.000
1 2.002 1.293-3.100 0.002
2 2.438 1.395-4.260 0.002
Performance status 0.007*
Normal 1.000
Slightly reduced 1.948 1.287-2.949 0.002
In bed >50% 1.454 0.611-3.458 0.398
Differentiation 0.005*
Well 1.000
Moderate 1.951 1.045-3.644 0.036
Poor 1.001 0.525-1.909 0.998
Vascular infiltration 0.003*
No 1.000
Yes 2.126 1.294-3.495
p-Akt Thr398 Tumor 0.0009*
High 1.000
Low 0412 0.279- 0.610
Akt2 Tumor 0.004*
High 1.000
Low 2912 1.395-6.078
Akt3 Stroma 0.0008*
High 1.000
Low 3.823 1.963-7.446
PI3K Stroma 0.012*
High 1.000
Low 1.841 1.146-2.956

*Qverall significance as a prognostic factor. CI, Confidence interval.

of PTEN had a significantly reduced 5-year survival rate.
Whereas Shah et al. (25) made observations in 82 NSCLC
stage I-IIIA patients suggesting p-Akt Ser*’3 expression to
be a favourable prognostic factor in NSCLC. Inconsistent
results between previous studies may be associated with
tissue specificity, technical differences, and/or the use of
immunohistochemical antibodies obtained from different
providers. In addition, different scoring methods, the study
size and the number of statistical variables entered in the
multivariate analysis may also contribute to the discordance.
We present the first large-scale study to investigate the
prevalence of the three known Akt isoforms in NSCLC. We
found a high prevalence of all Akt isoforms in the NSCLC
tissues. High epithelial tumor p-Akt Thr3'8 expression
correlated with a worse prognosis in accordance with the
accumulating evidence indicating Akt as a driver of
tumorigenesis and an inhibitor of apoptosis (4, 14). But
whereas tumor cell expression of activated p-Akt Thr308
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indicated an adverse prognosis, no prognostic correlation
was observed for tumor epithelial cell expression of p-Akt
Ser*73. Moreover, phosphorylation at both p-Akt sites
(Ser*3+Thr308) did not improve the prognostic significance
of Akt in NSCLC as previously reported (29). Several
research groups have studied the prevalence of
phosphorylated Akt and its relevance to prognosis in NSCLC
(25, 26, 29). Through PubMed searches, we could not
identify any studies investigating the prognostic significance
of the non-phosphorylated Akt-isoform expression in
resected primary NSCLC tissues. In the present study, we
found high non-phosphorylated Akt2 expression in tumor
epithelial cells to be a positive prognosticator. Whether the
observed overexpression of non-phosphorylated Akt2
indicates a lower presence of phosphorylated (active) Akt2
or whether these findings represent opposing prognostic roles
of phosphorylated (active) and non-phosphorylated Akt
isoforms deserves further investigation. An apparent
limitation for such an investigation is to find a sufficiently
specific antibody for phosphorylated Akt2 on paraffin-
embedded material. Immunohistochemistry as a method for
detecting protein expression in paraffin-embedded tissue is
both highly sensitive and specific (34), but the specificity of
an immunohistochemical test will never exceed the
specificity of the antibody provided.

Stromal epithelial interactions are considered critical for
regulating tissue development and for the maintenance of
tissue homeostasis. Consequently, it seems essential to study
the tumor stroma and its expression of different molecular
markers for a better understanding of tumorigenesis. In the
present study, the term ‘stroma’ comprises all groups of non-
epithelial cells and structures intervening between islands of
tumor epithelial cells, i.e. mesenchymal cells (fibroblasts and
fibroblast-like cells), leukocytes, macrophages, endothelial
cells and extracellular matrix (ECM) including collagen.
Investigating the stromal compartment can, however, be
complicated as the stroma is not static. Cellular and ECM
compositions evolve over time, adapting to changes related
to the surrounding epithelial cells.

Studying the expression of our markers in stroma, we
found high expression of total PI3K and total Akt3 to
correlate with a favourable prognosis. In an attempt to
explain this finding, we propose the hypothesis that
overexpression of a protein kinase in different compartments
can have different effects on tumorigenesis. This implies that
stromal overexpression of the antiapoptotic proteins Akt3
and PI3K enhances stromal cell function by preventing
tumor cell proliferation in concert with the assumed function
of the immune system. Similar stromal findings for other
antiapoptotic markers have been reported in previous papers
from our group (1, 10).

These unexpected, and apparently opposing, prognostic
roles of Akt isoforms in epithelial tumor cells versus stroma

4182

could have important implications in the therapeutic
development of anticancer agents targeting Akt. This is in
keeping with the observed, almost inverse prevalence of
PTEN and PI3K expression in lung tumor versus normal
cells. Further studies within this field should contribute to a
wider understanding of this extremely complex pathway,
hence establishing the foundation for more effective
therapeutic strategies.

Conflict of interest

There are no financial or ethical conflicts of interest.

References

1 Al-Saad S, Al Shibli K, Donnem T, Persson M, Bremnes RM,
and Busund LT: The prognostic impact of NF-KB pl05,
vimentin, E-cadherin and Par6 expression in epithelial and
stromal compartment in non-small cell lung cancer. Br J Cancer
2008.

2 Alessi DR, Andjelkovic M, Caudwell B, Cron P, Morrice N,
Cohen P and Hemmings BA: Mechanism of activation of protein
kinase B by insulin and IGF-1. EMBO J 15: 6541-6551, 1996.

3 Alessi DR, James SR, Downes CP, Holmes AB, Gaffney PR,
Reese CB and Cohen P: Characterization of a 3-phospho-
inositide-dependent protein kinase which phosphorylates and
activates protein kinase B alpha. Curr Biol 7: 261-269, 1997.

4 Balsara BR, Pei J, Mitsuuchi Y, Page R, Klein-Szanto A, Wang
H, Unger M and Testa JR: Frequent activation of AKT in non-
small cell lung carcinomas and preneoplastic bronchial lesions.
Carcinogenesis 25: 2053-2059, 2004.

5 Bremnes RM, Veve R, Gabrielson E, Hirsch FR, Baron A, Bemis
L, Gemmill RM, Drabkin HA and Franklin WA: High-
throughput tissue microarray analysis used to evaluate biology
and prognostic significance of the E-cadherin pathway in non-
small cell lung cancer. J Clin Oncol 20: 2417-2428, 2002.

6 Brognard J, Clark AS, Ni'Y and 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 67: 3986-3997, 2001.

7 Cantley LC and Neel BG: New insights into tumor suppression:
PTEN suppresses tumor formation by restraining the
phosphoinositide 3-kinase/AKT pathway. Proc Natl Acad Sci
USA 96: 4240-4245, 1999.

8 Cicenas J, Urban P, Vuaroqueaux V, Labuhn M, Kung W, Wight
E, Mayhew M, Eppenberger U and Eppenberger-Castori S:
Increased level of phosphorylated akt measured by
chemiluminescence-linked immunosorbent assay is a predictor
of poor prognosis in primary breast cancer overexpressing
ErbB-2. Breast Cancer Res 7: R394-R401, 2005.

9 David O, Jett J, LeBeau H, Dy G, Hughes J, Friedman M and
Brody AR: Phospho-Akt overexpression in non-small cell lung
cancer confers significant stage-independent survival
disadvantage. Clin Cancer Res /0: 6865-6871, 2004.

10 Donnem T, Al Saad S, Al Shibli K, Delghandi MP, Persson M,
Nilsen MN, Busund LT and Bremnes RM: Inverse prognostic
impact of angiogenic marker expression in tumor cells versus
stromal cells in non-small cell lung cancer. Clin Cancer Res /3:
6649-6657, 2007.



Al-Saad et al: Akt, PTEN and PI3K in NSCLC

11 Goberdhan DC and Wilson C: PTEN: tumour suppressor,
multifunctional growth regulator and more. Hum Mol Genet 12
Spec No 2: R239-R248, 2003.

12 Hideshima T, Catley L, Raje N, Chauhan D, Podar K, Mitsiades
C, Tai YT, Vallet S, Kiziltepe T, Ocio E, Ikeda H, Okawa Y,
Hideshima H, Munshi NC, Yasui H, Richardson PG and
Anderson KC: Inhibition of Akt induces significant
downregulation of survivin and cytotoxicity in human multiple
myeloma cells. Br ] Haematol /38: 783-791, 2007.

13 Hutchinson J, Jin J, Cardiff RD, Woodgett JR and Muller WJ:
Activation of Akt (protein kinase B) in mammary epithelium
provides a critical cell survival signal required for tumor
progression. Mol Cell Biol 27: 2203-2212, 2001.

14 Itoh N, Semba S, Ito M, Takeda H, Kawata S and Yamakawa M:
Phosphorylation of Akt/PKB is required for suppression of
cancer cell apoptosis and tumor progression in human colorectal
carcinoma. Cancer 94: 3127-3134, 2002.

15 Jemal A, Siegel R, Ward E, Hao Y, Xu J, Murray T and Thun
MI: Cancer statistics, 2008. CA Cancer J Clin 58: 71-96, 2008.

16 Kim RH, Peters M, Jang Y, Shi W, Pintilie M, Fletcher GC,
DeLuca C, Liepa J, Zhou L, Snow B, Binari RC, Manoukian AS,
Bray MR, Liu FF, Tsao MS and Mak TW: DJ-1, a novel
regulator of the tumor suppressor PTEN. Cancer Cell 7: 263-
273, 2005.

17 Lee SH, Kim HS, Park WS, Kim SY, Lee KY, Kim SH, Lee JY
and Yoo NJ: Non-small cell lung cancers frequently express
phosphorylated Akt; an immunohistochemical study. APMIS
110: 587-592, 2002.

18 Lin X, Bohle AS, Dohrmann P, Leuschner I, Schulz A, Kremer
B and Fandrich F: Overexpression of phosphatidylinositol 3-
kinase in human lung cancer. Langenbecks Arch Surg 386: 293-
301, 2001.

19 Meier R, Alessi DR, Cron P, Andjelkovic M and Hemmings BA:
Mitogenic activation, phosphorylation, and nuclear translocation
of protein kinase B beta. J Biol Chem 272: 30491-30497, 1997.

20 Moore SM, Rintoul RC, Walker TR, Chilvers ER, Haslett C, and
Sethi T: The presence of a constitutively active phosphoinositide
3-kinase in small cell lung cancer cells mediates anchorage-
independent proliferation via a protein kinase B and p70s6k-
dependent pathway. Cancer Res 58: 5239-5247, 1998.

21 Mountain CF: The international system for staging lung cancer.
Semin Surg Oncol /8: 106-115, 2000.

22 Nicholson KM and Anderson NG: The protein kinase B/Akt
signalling pathway in human malignancy. Cell Signal /4: 381-
395, 2002.

23 Parkin DM, Bray F, Ferlay J and Pisani P: Global cancer
statistics, 2002. CA Cancer J Clin 55: 74-108, 2005.

24 Persad S, Attwell S, Gray V, Delcommenne M, Troussard A,
Sanghera J and Dedhar S: Inhibition of integrin-linked kinase
(ILK) suppresses activation of protein kinase B/Akt and induces
cell cycle arrest and apoptosis of PTEN-mutant prostate cancer
cells. Proc Natl Acad Sci USA 97: 3207-3212, 2000.

25 Shah A, Swain WA, Richardson D, Edwards J, Stewart DJ,
Richardson CM, Swinson DE, Patel D, Jones JL and O’Byrne
KJ: Phospho-akt expression is associated with a favorable
outcome in non-small cell lung cancer. Clin Cancer Res /1/:
2930-2936, 2005.

26 Tang JM, He QY, Guo RX and Chang XJ: Phosphorylated Akt
overexpression and loss of PTEN expression in non-small cell
lung cancer confers poor prognosis. Lung Cancer 5/: 181-191,
2006.

27 Toloza EM and D’Amico TA: Targeted therapy for non-small
cell lung cancer. Semin Thorac Cardiovasc Surg /7: 199-204,
2005.

28 Tsao AS, McDonnell T, Lam S, Putnam JB, Bekele N, Hong
WK, and Kurie JM: Increased phospho-AKT (Ser(473))
expression in bronchial dysplasia: implications for lung cancer
prevention studies. Cancer Epidemiol Biomarkers Prev /2: 660-
664, 2003.

29 Tsurutani J, Fukuoka J, Tsurutani H, Shih JH, Hewitt SM, Travis
WD, Jen J and Dennis PA: 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.

30 Tsurutani J, Steinberg SM, Ballas M, Robertson M, LoPiccolo
J, Soda H, Kohno S, Egilsson V and Dennis PA: Prognostic
significance of clinical factors and Akt activation in patients with
bronchioloalveolar carcinoma. Lung Cancer 55: 115-121, 2007.

31 Vanhaesebroeck B and Alessi DR: The PI3K-PDK1 connection:
more than just a road to PKB. Biochem J 346 Pt 3: 561-576,
2000.

32 Wang X, Trotman LC, Koppie T, Alimonti A, Chen Z, Gao Z,
Wang J, Erdjument-Bromage H, Tempst P, Cordon-Cardo C,
Pandolfi PP and Jiang X: NEDD4-1 is a proto-oncogenic
ubiquitin ligase for PTEN. Cell /28: 129-139, 2007.

33 Travis William D, Brambilla E, Miiller-Hermelink HK and
Harris C: Pathology and Genetics of Tumours of the Lung,
Pleura, Thymus and Heart. Lyon, IARC Press, 2004.

34 Zafrani B, Aubriot MH, Mouret E, De Cremoux P, De Rycke Y,
Nicolas A, Boudou E, Vincent-Salomon A, Magdelenat H and
Sastre-Garau X: High sensitivity and specificity of immunohisto-
chemistry for the detection of hormone receptors in breast
carcinoma: comparison with biochemical determination in a
prospective study of 793 cases. Histopathology 37: 536-545,
2000.

Received April 30, 2009
Revised July 22, 2009
Accepted August 26, 2009

4183




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (None)
  /CalCMYKProfile (Japan Color 2001 Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 793.701]
>> setpagedevice


