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(p = 0.015).  Conclusion:  The high prevalence of PTEN loss 
and its association with aggressive tumor behavior and poor 
patient outcome in AC suggest that loss of PTEN expression 
is involved in AC progression and serves as a prognostic 
marker for patients with AC. 
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 Introduction 

 Lung cancer is one of the most common causes of can-
cer death worldwide with consistently higher mortal-
ity than breast, colon and prostate cancers combined 
 [1, 2] . Non-small cell lung carcinoma (NSCLC) comprises 
about 80% of all diagnosed lung cancers. Despite recent 
advances in diagnosis and therapy, the prognosis for pa-
tients with NSCLC remains very poor with a 5-year cu-
mulative survival rate of only 15%. Improving the sur-
vival rate of patients with NSCLC will require a better 
understanding of tumor biology and the development of 
novel therapeutic strategies.

  Mammalian target of rapamycin (mTOR) is an intra-
cellular serine/threonine kinase that controls protein 
synthesis and cell cycle progression. As shown in  fig-
ure 1 , mTOR is activated by phosphatidylinositol 3-kinase 
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 Abstract 

  Objective:  We investigated whether the expression of mam-
malian target of rapamycin (mTOR) pathway components is 
associated with clinicopathologic characteristics and patient 
outcome in lung adenocarcinoma (AC) and squamous cell 
carcinoma (SCC).  Methods:  We used immunohistochemistry 
to evaluate the expression of phosphorylated Akt (pAkt), 
mTOR, p70 ribosomal protein S6 kinase (p70S6K) and phos-
phatase and tensin homolog deleted on chromosome 10 
(PTEN) in 91 cases of AC and 154 cases of SCC.  Results:  pAkt 
expression was positively correlated with the expression of 
mTOR (p  !  0.001) and p70S6K (p  !  0.001), and mTOR expres-
sion was positively correlated with p70S6K expression (p  !  
0.001). PTEN expression was inversely correlated with the ex-
pression of pAkt (p = 0.001), mTOR (p  !  0.001) and p70S6K 
(p = 0.012). In addition, loss of PTEN expression, observed in 
37.4% (34/91) of AC patients, was significantly associated 
with a higher histologic grade (p = 0.013), pathologic T stage 
(p = 0.016) and N stage (p  !  0.001) and advanced TNM stage 
(p = 0.001), as well as a shorter overall survival of AC patients 
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(PI3K) and the serine/threonine kinase Akt, and activated 
mTOR phosphorylates p70 ribosomal protein S6 kinase 
(p70S6K) and eukaryotic initiation factor 4E-binding pro-
tein 1 (4E-BP1), both regulators of mRNA translation and 
cell proliferation. Rapamycin inhibits mTOR by binding 
to the intracellular receptor FK506-binding protein 12. 
The inhibition of mTOR decreases the phosphorylation of 
p70S6K and 4E-BP1, and this inhibits the translation of 
critical mRNA sequences that are involved in cell cycle 
progression and cell proliferation, which are the hallmarks 
of carcinogenesis  [3] . Clinically, rapamycin and its more 
stable analogues are well tolerated by patients in phase I or 
II trials, and have shown promising antitumor activity in 
several types of human cancers, including NSCLC  [4–6] .

  However, only a minority of patients appear to respond 
to rapamycin analogues. Of 14 patients with advanced 
NSCLC treated with the rapamycin analogue, everolimus, 
in two phase I trials, disease stabilization was observed in 
only 4, with 1 patient showing partial response  [5, 6] . Fur-
thermore, the clinical parameters and/or molecular path-
ways that predict which patients will derive the greatest 
benefit from rapamycin analogues is unclear. These agents 
might have antitumor activity only in selected patients 
with mTOR pathway-driven disease. Antitumor therapies 
may therefore be improved by the use of molecular mark-
ers to select who would benefit most from treatment. In 
this study, we assessed the immunohistochemical expres-
sion of mTOR and its upstream and downstream mole-
cules, including phosphorylated Akt (pAkt), p70S6K and 
phosphatase and tensin homologue deleted on chromo-
some 10 (PTEN). In addition, we investigated whether our 
findings are associated with clinicopathologic character-
istics and patient outcome of NSCLC.

  Patients and Methods 

 Patients and Materials 
 This study included 91 patients with lung adenocarcinoma 

(AC) and 154 patients with lung squamous cell carcinoma (SCC), 
who underwent surgery at our institution. The patients did not 
receive radiotherapy or chemotherapy before surgery. No distant 
metastases were identified at the time of surgery. Two independent 
pathologists (H.-S.K. and G.Y.K.) reviewed all hematoxylin-eosin-
stained slides to confirm the histologic diagnosis. Clinicopatho-
logic data, including age, sex, histologic grade, histologic subtype 
of AC, tumor size, pathologic T stage (pT), pathologic N stage 
(pN), TNM stage and postoperative follow-up, were assessed. All 
tumors were assessed for histologic grade according to the World 
Health Organization classification  [1] . All cases of AC were sub-
classified into lepidic predominant (formerly nonmucinous bron-
chioloalveolar carcinoma pattern, with  1 5 mm invasion), acinar 
predominant, papillary predominant, micropapillary predomi-

nant, solid predominant with mucin production and invasive mu-
cinous (formerly mucinous bronchioloalveolar carcinoma pat-
tern), according to the International Association for the Study of 
Lung Cancer/American Thoracic Society/European Respiratory 
Society classification of lung AC in resection specimens  [7] . TNM 
stage was postoperatively determined according to the 7th edition 
of the American Joint Committee on Cancer staging system  [8] .

  Tissue Microarray Construction 
 We used formalin-fixed, paraffin-embedded tissues from 91 

human ACs and 154 human SCCs. The most representative tu-
mor area without necrosis was carefully selected and marked on 
the hematoxylin-eosin-stained slide. The formalin-fixed, paraf-
fin-embedded tissues corresponding to the histologic sections 
were sampled using a commercially available tissue microarray 
(TMA) instrument (AccuMax TM  Arrayer, ISU ABXIS Co. Ltd., 
Seoul, Republic of Korea) consisting of thin-walled stainless steel 
punches and stylets used to empty and transfer the needle con-
tent. The assembly was held in an X-Y position guide equipped 
with semiautomatic micrometers, with a 1-mm increment be-
tween individual samples and a 3-mm punch depth stop device. 
The instrument was used to create holes in a recipient block with 
defined array cores. A solid stylet that closely fitted the needle was 
used to transfer the tissue cores into the recipient block. To ac-
count for the limitations of the representative tumor areas, we 
used triplicate 2-mm diameter tissue cores from each donor 
block. Multiple 4- � m sections were cut with a Leica RM2255 ro-
tary microtome (Leica Microsystems, Bannockburn, Ill., USA), 
and sections were transferred to adhesive-coated slides using rou-
tine histology procedures.

  Immunohistochemical Staining 
 Immunohistochemical staining was performed using the 

Bond Polymer Intense Detection System (Vision BioSystems, 
Mount Waverley, Vic., Australia) according to the manufacturer’s 

Growth factor

RapamycinFKBP12

PI3K

Akt

mTOR

PTEN

p70S6K

Messenger RNA translation

4E-BP1

  Fig. 1.  PI3K-Akt-mTOR pathway. Activation of mTOR by PI3K 
and Akt leads to phosphorylation and activation of p70S6K and 
phosphorylation and inhibition of 4E-BP1. Rapamycin inhibits 
mTOR by binding to the FK506-binding protein 12 (FKBP12). 
Inhibition of mTOR decreases the phosphorylation of p70S6K 
and 4E-BP1. PTEN acts as a negative regulator of this pathway. 
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instructions. In brief, the sections were deparaffinized using 
Bond Dewax Solution (Vision BioSystems), and antigen retrieval 
was performed using Bond ER Solution (Vision BioSystems) for 
30 min at 100   °   C. Endogenous peroxidase activity was quenched 
by incubation with hydrogen peroxide for 5 min. Sections were 
incubated for 15 min at ambient temperature with a rabbit poly-
clonal anti-pAkt (Ser473) antibody (1:   250; GeneTex, Irvine, Calif., 
USA), a rabbit monoclonal anti-mTOR antibody (1:   100; clone 
Y391; Epitomics, Inc., Burlingame, Calif., USA), a rabbit mono-
clonal anti-p70S6K antibody (1:   50; clone E175; Epitomics) or a 
rabbit monoclonal anti-PTEN antibody (1:   100; clone Y184; Epito-
mics). The biotin-free polymeric horseradish peroxidase-linker 
antibody conjugate system was used in the Bond-maX TM  auto-
matic slide stainer (Vision BioSystems) and visualization was per-
formed by 3.3 � -diaminobenzidine (DAB) solution [1 m M  DAB, 50 
m M  Tris-HCl buffer (pH 7.6) and 0.006% H 2 O 2 ]. Nuclei were 
counterstained with hematoxylin. Slides were subsequently dehy-
drated following a standard procedure and sealed with coverslips. 
Positive control samples were normal placental tissue for pAkt, 
mTOR and p70S6K, and normal lung tissue for PTEN. Negative 
control was prepared by substituting non-immune serum for an-
tibody.

  Evaluation of Immunohistochemical Staining 
 Two experienced independent pathologists (H.-S.K. and 

G.Y.K.), who were blinded to the clinicopathologic data and pa-
tient outcomes, examined pAkt, mTOR, p70S6K and PTEN im-
munostaining in TMAs and whole sections. The scores of the two 
pathologists were compared and discrepancies resolved through 
re-examination by both pathologists to achieve a consensus score. 
Immunoreactivity was evaluated semiquantitatively based on 
staining intensity and proportion, as previously described  [9] . 
Staining intensity was scored as: absent (0); weak (1); moderate (2), 
or strong staining (3). Staining proportion was scored as: none (0); 
less than 1/3 (1); 1/3 to 2/3 (2), or more than 2/3 of tumor cells (3). 
The overall score was calculated as the sum of the intensity score 
and the proportion score, yielding a score between 0 and 6. An 
overall score of 0–2 was regarded as negative while the other 
scores were regarded as positive in statistical analysis. In cases of 
different overall scores among cores taken from the same tumor, 
the average score was considered the final overall score. A sample 
was considered positive if at least one of the three cores stained 
positively. A core was considered insufficient for evaluation if 
 ! 10% of the core area contained tumor tissue. If two cores were 
missed or were considered insufficient, the score of the remaining 
core was considered the final score.

  Statistical Analysis 
 To determine whether the components of the mTOR pathway 

are co-expressed in tumor tissues, the relationships between each 
pair of proteins were assessed using the  �  2  test, as were the rela-
tionships between each protein and clinicopathologic character-
istics. Univariate and multivariate survival analyses were used to 
determine the prognostic significance of the expression of pAkt, 
mTOR, p70S6K and PTEN in patients with NSCLC. Overall sur-
vival was defined as the interval from surgery to the death of the 
patient. Loss to follow-up, death from a cause other than NSCLC 
and survival until the end of the follow-up period were regarded 
as censoring events. Overall survival curves were drawn accord-
ing to the Kaplan-Meier method and differences were analyzed by 

applying the log-rank test for univariate survival analysis. Multi-
variate survival analysis was performed using the Cox propor-
tional hazard models (95% confidence interval) with a backward 
stepwise elimination method. All significant variables in univar-
iate analysis were entered into the multivariate analysis. The least 
significant variables were removed from the model by backward 
stepwise elimination. Statistical analyses were performed using 
SPSS version 15.0 (SPSS Inc., Chicago, Ill., USA). Statistical sig-
nificance was defined as p  !  0.05.

  Results 

 Demographic and Clinicopathologic Characteristics 
 Of 245 cases of NSCLC, 194 (79.2%) were men, and 51 

were (20.8%) women. The median age of patients was 64 
years (range, 35–81), and 46.9% (115/245) were aged  6 64 
years. Nodal metastases were detected in 106 (43.3%) pa-
tients. The TNM stage was I in 89 (36.3%) patients, II in 
78 (31.8%) and III in 78 (31.8%). Selected operative proce-
dures were lobectomy in 201 patients, pneumonectomy 
in 23 patients, bilobectomy in 19 patients and sleeve lo-
bectomy in 2 patients. Follow-up information was avail-
able for all 245 NSCLC patients for periods ranging from 
1 to 280 months (median, 39 months). A total of 32 of 91 
(35.2%) AC patients and 83 of 154 (53.9%) SCC patients 
had died at the time of the last follow-up. Other baseline 
clinicopathologic characteristics of 91 AC patients and 
154 SCC patients are given in  table 1 .

  Validation of the TMA Method and Comparison of 
TMA and Whole-Section Immunostaining 
 No core was considered insufficient for evaluation. No 

case was excluded from analysis, although out of 245 cas-
es of NSCLC, one of three cores was lost in 7 (2.9%) cases, 
and two of three were lost in 3 (1.2%) cases during block 
processing, sectioning and immunostaining. Immuno-
histochemistry for four proteins was performed on whole 
sections of randomly selected original tumor tissue 
blocks (10 ACs and 10 SCCs) to compare the results of 
immunostained TMAs with those of whole sections. The 
expression of all four proteins was homogeneous through-
out the tumor, and showed complete concordance be-
tween TMAs and whole sections in all selected cases.

  Immunohistochemical Expression of pAkt, mTOR, 
p70S6K and PTEN and Their Correlations 
 Representative immunostaining for each protein in 

AC and SCC is illustrated in  figures 2  and  3 . pAkt expres-
sion was observed in 200 (81.6%) patients in both the cy-
toplasm and the nucleus ( fig. 2 a,  3 a). mTOR was detected 
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in 161 (65.7%) patients and was exclusively cytoplasmic 
( fig. 2 b,  3 b). p70S6K was also expressed in both the cyto-
plasm and the nucleus in 179 (73.1%) patients ( fig. 2 c,  3 c). 
Normal lung tissue showed no immunoreactivity to 
pAkt, mTOR or p70S6K. PTEN was expressed in normal 
pneumocytes and located in the cytoplasmic cellular 

component. In contrast, in tumor tissues, PTEN expres-
sion was lost; 135 (55.1%) cases were positive for PTEN 
( fig. 2 d) and 110 (44.9%) cases were negative for PTEN 
( fig. 3 d). As shown in  table 2 , in NSCLC, pAkt expression 
was positively associated with the expression of mTOR 
(p  !  0.001) and p70S6K (p  !  0.001). mTOR expression was 
also positively associated with p70S6K expression (p  !  
0.001). PTEN expression was inversely correlated with 
the expression of pAkt (p = 0.001), mTOR (p  !  0.001) and 
p70S6K (p = 0.012). Likewise, in both AC and SCC, the 
relationships between each pair of proteins were also sta-
tistically significant.

  Associations of the Expression of pAkt, mTOR, p70S6K 
and PTEN with Clinicopathologic Characteristics 
 For AC ( table 3 ), loss of PTEN expression, observed in 

37.4% (34/91) of cases, was significantly associated with 
aggressive tumor features, including a higher histologic 
grade (p = 0.013), pT (p = 0.016) and pN (p  !  0.001), as 
well as an advanced TNM stage (p = 0.001). In contrast, 
we found no association between the expression of pAkt, 
mTOR or p70S6K and clinicopathologic characteristics 
of AC. For SCC ( table 4 ), none of the clinicopathologic 
characteristics showed a significant relationship with the 
expression of pAkt, mTOR, p70S6K or PTEN.

  Prognostic Significance of the Expression of pAkt, 
mTOR, p70S6K and PTEN 
 For AC ( table 5 ), univariate analysis revealed that an 

advanced TNM stage (p = 0.014) and loss of PTEN ex-
pression (p = 0.015) were significant predictors for a 
shorter overall survival. The median survival of AC pa-
tients with negative PTEN expression was 45 months. 
The median survival of the patients whose AC was pos-
itive for PTEN could not be calculated because the sur-
vival curve never decreased below 50%. The 1-, 3-, 5- 
and 10-year survival rates were 84.5, 67.9, 49.5 and 33.4% 
for patients with PTEN-negative AC and 100.0, 80.1, 
75.0 and 60.4% for patients with PTEN-positive AC 
( fig. 4 a). On multivariate analysis, neither TNM stage 
nor PTEN expression independently predicted patient 
outcome.

  For SCC ( table 5 ), univariate analysis showed that an 
older age (p = 0.017), a higher pT (p  !  0.001) and pN (p = 
0.001) and an advanced TNM stage (p  !  0.001) were sig-
nificant predictors of shorter overall survival. Negative 
PTEN expression in SCC correlated with a shortened me-
dian survival of 64 months, compared with  1 10 years 
(121 months) in patients with PTEN-positive SCC, but 
the difference between the survival curves was not sig-

Table 1.  Baseline clinicopathologic characteristics of 91 patients 
with AC and 154 patients with SCC

Characteristics C ases, n (%)

AC SCC

Age
≥64 years
<64 years

Sex
Male
Female

Histologic grade
1 (well differentiated)
2 (moderately differentiated)
3 (poorly differentiated)

Histologic subtype
Lepidic predominant
Acinar predominant
Papillary predominant
Micropapillary predominant
Solid predominant with 

mucin production
Invasive mucinous

Tumor size
<4.5 cm
≥4.5 cm

Pathologic tumor stage
pT1
pT2
pT3
pT4

Pathologic node stage 
pN0
pN1
pN2
pN3

TNM stage
IA
IB
IIA
IIB
IIIA
IIIB

41 (45.1)
50 (54.9)

55 (60.4)
36 (39.6)

9 (20.9)
63 (69.2)
19 (20.9)

17 (6.9)
65 (26.5)

4 (1.6)
0 

3 (1.2)
2 (0.8)

27 (29.7)
64 (70.3)

25 (27.5)
47 (51.6)
15 (16.5)

4 (4.4)

28 (30.8)
16 (17.6)

8 (30.8)
0

18 (19.8)
18 (19.8)
10 (11.0)
11 (12.1)
31 (34.1)

3 (3.3)

74 (48.1)
80 (51.9)

139 (90.3)
15 (9.7)

8 (5.2)
126 (81.8)

20 (13.0)

not applicable

70 (45.5)
84 (54.5)

24 (15.6)
83 (53.9)
35 (22.7)
12 (7.8)

92 (59.7)
38 (24.7)
24 (15.6)

0

17 (11.0)
36 (23.4)
26 (16.9)
31 (20.1)
42 (27.3)

2 (1.3)

His tologic subtypes were according to IASLC/ATS/ERS. Clas-
sification of lung AC in resection specimens [7].
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nificant (p = 0.141;  fig. 4 b). Multivariate analysis showed 
age (p = 0.020), pT (p  !  0.001) and pN (p  !  0.001) to be 
independent prognostic factors predicting patient out-
come. For both AC and SCC, the expression of pAkt, 
mTOR or p70S6K had no impact on overall survival.

  Discussion 

 The tumor suppressor PTEN is located on chromo-
some 10q23 and functions as a lipid phosphatase that 
dephosphorylates phosphatidylinositol (3,4,5)-triphos-

a b

c d

  Fig. 2.  Representative positive immunore-
activity for pAkt ( a ), mTOR ( b ), p70S6K ( c ) 
and PTEN ( d ) in lung AC. Polymer meth-
od; original magnification,  ! 200. 
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  Fig. 3.  Representative positive immunore-
activity for pAkt ( a ), mTOR ( b ), p70S6K ( c ) 
and negative immunoreactivity for PTEN 
( d ) in lung SCC. Polymer method; original 
magnification,  ! 400. 
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Table 2.  Correlations between the expression of pAkt, mTOR, p70S6K and PTEN in 245 cases with NSCLC

Markers pAkt mTOR p70S6K P TEN

+ (%) – (%) p value + (%) – (%) p value + (%) – (%) p value + (%) – (%) p value

pAkt
+
–

NA 144 (89.4)
17 (37.8)

56 (28.0)
28 (33.3)

<0.001 136 (84.5)
43 (51.2)

25 (15.5)
41 (48.8)

<0.001 72 (44.7)
63 (75.0)

89 (55.3)
21 (25.0)

<0.001

TOR
+
–

144 (72.0)
56 (66.7)

17 (10.6)
28 (33.3)

<0.001 NA 164 (82.0)
15 (33.3)

36 (18.0)
30 (66.7)

<0.001 100 (50.0)
35 (77.8)

100 (50.0)
10 (22.2)

0.001

p70S6K
+
–

164 (91.6)
36 (54.5)

15 (8.4)
30 (45.5)

<0.001 136 (76.0)
25 (37.9)

43 (24.0)
41 (62.1)

<0.001 NA 90 (50.3)
45 (31.8)

89 (49.7)
21 (68.2)

0.012

PTEN
+
–

100 (74.1)
100 (90.9)

35 (25.9)
10 (9.1)

 0.001 72 (53.3)
89 (80.9)

63 (46.7)
21 (19.1)

<0.001 90 (66.7)
89 (80.9)

45 (33.3)
21 (19.1)

0.012 NA

NA = Not applicable.

Table 3.  Associations of pAkt, mTOR, p70S6K and PTEN expression with clinicopathologic characteristics of 91 patients with AC

Characteristics pAkt mTOR p70S6K P TEN

+ (%) – (%) p value + (%) – (%) p value + (%) – (%) p value + (%) – (%) p value

Age
≥64 years
<64 years

35 (85.4)
43 (86.0)

6 (14.6)
7 (14.0)

0.931 27 (65.9)
26 (52.0)

14 (34.1)
24 (48.0)

0.182 33 (76.7)
35 (70.0)

8 (19.5)
15 (30.0)

0.252 28 (68.3)
29 (58.0)

13 (31.7)
21 (42.0)

0.313

Sex
Male
Female

45 (81.8)
33 (91.7)

10 (18.2)
3 (8.3)

0.233 31 (56.4)
22 (61.1)

24 (43.6)
14 (38.9)

0.653 42 (76.4)
26 (72.2)

13 (23.6)
10 (27.8)

0.657 36 (65.5)
21 (58.3)

19 (34.5)
15 (41.7)

0.492

Histologic grade
Well
Moderate
Poor

9 (100.0)
52 (82.5)
17 (89.5)

0
11  (17.5)

2 (10.5)

0.754 4 (44.4)
37 (58.7)
12 (63.2)

5(55.6)
26 (41.3)

7 (36.8)

0.398 8 (88.9)
46 (73.0)
14 (73.7)

1 (11.1)
17 (27.0)

5 (26.3)

0.516 8 (88.9)
41 (65.1)

8 (42.1)

1 (11.1)
22 (34.9)
11 (57.9)

0.013

Histologic subtype
LP
AP
PP
MP
SP
IM

14 (82.4)
57 (87.7)

3 (75.0)
0
2 (66.7)
2 (100.0)

3 (17.6)
8 (12.3)
1 (25.0)
0
1 (33.3)
0 

0.892 11 (64.7)
36 (55.4)

3 (75.0)
0
2 (66.7)
1 (50.0)

6 (35.3)
29 (44.6)

1 (25.0)
0
1 (33.3)
1 (50.0)

0.941 12 (70.6)
48 (73.8)

4 (100.0)
0
2 (66.7)
2 (100.0)

5 (29.4)
17 (26.2)

0
0
1 (33.3)
0

0.441 12 (70.6)
40 (61.5)

2 (50.0)
0
1 (33.3)
2 (100.0)

5 (29.4)
25 (38.5)

2 (50.0)
0
2 (66.7)
0 

0.729

Tumor size
<4.5 cm
≥4.5 cm

22 (81.5)
56 (87.5)

5 (18.5)
8 (12.5)

0.454 13 (48.1)
40 (62.5)

14 (51.9)
24 (37.5)

0.205 17 (63.0)
51 (79.7)

10  37.0)
13  20.3)

0.094 16 (59.3)
41 (64.1)

11 (40.7)
23 (35.9)

0.665

pT
pT1
pT2
pT3
pT4

23 (92.0)
40 (85.1)
12 (80.0)

3 (75.0)

2 (8.0)
7 (14.9)
3 (20.0)
1 (25.0)

0.212 15 (60.0)
30 (63.8)

6 (40.0)
2 (50.0)

10 (40.0)
17 (36.2)

9 (60.0)
2 (50.0)

0.301 21 (84.0)
34 (72.3)
11 (73.3)

2 (50.0)

4 (16.0)
13 (27.7)

4 (26.7)
2 (50.0)

0.168 20 (80.0)
27 (57.4)
10 (66.7)

0

5 (20.0)
20 (42.6)

5 (33.3)
4 (100.0)

0.016

pN
pN0
pN1
pN2

40 (92.9)
12 (75.0)
26 (92.9)

7 (14.9)
4 (25.0)
2 (7.1)

0.441 27 (57.4)
6  (37.5)

20 (71.4)

20 (42.6)
10 (62.5)

8 (28.6)

0.331 38 (80.9)
9 (56.3)

21 (75.0)

9 (19.1)
7 (43.8)
7 (25.0)

0.447 36 (76.6)
12 (75.0)

9 (32.1)

11 (23.4)
4 (25.0)

19 (67.9)

0.001

TNM stage
I
II
III

32 (88.9)
15 (71.4)
31 (91.2)

4 (11.1)
6 (28.6)
3 (8.8)

0.808 23 (63.9)
9 (42.9)

21 (61.8)

13 (36.1)
12 (57.1)
13 (38.2)

0.840 29 (80.6)
15 (71.4)
24 (70.6)

7 (19.4)
6 (28.6)

10 (29.4)

0.338 27 (75.0)
18 (85.7)
12 (35.3)

9 (25.0)
3 (14.3)

22 (64.7)

0.001

LP = Lepidic predominant; AP = acinar predominant; PP = papillary predominant; MPP = micropapillary predominant; SP = solid predominant with 
mucin production; IM = invasive mucinous.
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Table 4.  Associations of pAkt, mTOR, p70S6K and PTEN expression with clinicopathologic characteristics of 154 patients with SCC

Characteristics pAkt mTOR p70S6K P TEN

+ (%) – (%) p value + (%) – (%) p value + (%) – (%) p value + (%) – (%) p value

Age
≥64 years
<64 years

Sex
Male
Female

Histologic grade
Well
Moderate
Poor

Tumor size
<4.5 cm
≥4.5 cm

pT
pT1
pT2
pT3
pT4

pN
pN0
pN1
pN2

TNM stage
I
II
III

57 (77.0)
65 (81.3)

108    (77.7)
14 (93.3)

7 (87.5)
98 (77.8)
17 (85.0)

53 (75.7)
69 (82.1)

24 (100.0)
58 (69.9)
28 (80.0)
12 (100.0)

74 (80.4)
30 (78.9)
18 (75.0)

43 (81.1)
43 (75.4)
36 (81.8)

17 (23.0)
15 (18.8)

31 (22.3)
1  (6.7)

1  (12.5)
28 (22.2)

3 (15.0)

17 (24.3)
15 (17.9)

0
25 (30.1)

7  (20.0)
0

18 (19.6)
8  (21.1)
6  (25.0)

10 (18.9)
14 (24.6)

8  (18.2)

0.519

0.198

0.816

0.328

0.946

0.573

0.974

48 (64.9)
60 (75.0)

97 (69.8)
11 (73.3)

6 (75.0)
90 (71.4)
12 (60.0)

46 (65.7)
62 (73.8)

18 (75.0)
54 (65.1)
25 (71.4)
11 (91.7)

66 (71.7)
27 (71.1)
15 (62.5)

39 (73.6)
36 (63.2)
33 (75.0)

26 (35.1)
20 (25.0)

42 (30.2)
4  (26.7)

2  (25.0)
36 (28.6)

8  (40.0)

24 (34.3)
22 (26.2)

6  (25.0)
29 (34.9)
10 (28.6)

1  (8.3)

26 (28.3)
11 (28.9)

9  (37.5)

14 (26.4)
21 (36.8)
11 (25.0)

0.170

0.775

0.312

0.274

0.330

0.437

0.945

51 (68.9)
60 (75.0)

100  (71.9)
11 (73.3)

8  (100.0)
88 (69.8)
15 (75.0)

48 (68.6)
63 (75.0)

20 (83.3)
57 (68.7)
26 (74.3)

8  (66.7)

63 (68.5)
30 (78.9)
18 (75.0)

40 (75.5)
38 (66.7)
33 (75.0)

23 (31.1)
20 (25.0)

39 (28.1)
4 (26.7)

0 
38 (30.2)

5 (25.0)

22 (31.4)
21 (25.0)

4 (16.7)
26 (31.3)

9 (25.7)
4 (33.3)

29 (31.5)
8 (21.1)
6 (25.0)

13 (24.5)
19 (33.3)
11 (25.0)

0.401

1.000

0.481

0.376

0.471

0.336

0.908

42 (56.8)
36 (45.0)

68 (48.9)
10 (66.7)

5 (62.5)
63 (50.0)
10 (50.0)

38 (54.3)
40 (47.6)

13 (54.2)
42 (50.6)
22 (62.9)

1 (8.3)

45 (48.9)
23 (60.5)
10 (41.7)

26 (49.1)
35 (61.4)
17 (38.6)

32 (43.2)
44 (55.0)

71 (51.1)
5 (33.3)

3 (37.5)
63 (50.0)
10 (50.0)

32 (45.7)
44 (52.4)

11 (45.8)
41 (49.4)
13 (37.1)
11 (91.7)

47 (51.1)
15 (39.5)
14 (58.3)

27 (50.9)
22 (38.6)
27 (61.4)

0.145

0.192

0.680

0.410

0.178

0.904

0.367

Table 5.  Factors predicting worse outcome of 91 patients with AC and 154 patients with SCC (univariate and multivariate survival 
analyses)

Characteristics AC SCC

univariate multivariate u nivariate multivariate

p value HR (95% CI) p value p value HR (95% CI) p value

Age, ≥64 vs. <64 years
Sex, males vs. females
Histologic grade, moderate-poor vs. well
Histologic subtype, LP vs. non-LP
Tumor size, ≥4.5 vs. <4.5 cm
Pathologic T stage, pT3–4 vs. pT1–2
Pathologic N stage, pN1–2 vs. pN0
TNM stage group, III vs. I–II
pAkt expression, positive vs. negative
mTOR expression, positive vs. negative
p706SK expression, positive vs. negative
PTEN expression, negative vs. positive

0.750
0.773
0.557
0.693
0.845
0.116
0.203
0.014
0.591
0.528
0.451
0.015

NA
NA
NA
NA
NA
NA
NA
1.917 (0.904–4.065)
NA
NA
NA
1.914 (0.912–4.016)

0.090

0.086

0.017
0.065
0.477
NA
0.314

<0.001
<0.001
<0.001

0.519
0.749
0.767
0.141

1.677 (1.085–2.593)
NA
NA

NA
2.355 (1.494–3.715)
2.192 (1.411–3.403)
1.499 (0.796–2.824)
NA
NA
NA
NA

0.020

<0.001
<0.001

0.210

HR  = Hazard ratio; CI = confidence interval; NA = not applicable; LP = lepidic predominant. 
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phates, a product of PI3K, thereby negatively regulating 
the PI3K/Akt/mTOR pathway  [10] . The PTEN gene is 
thought to function in apoptosis, cell cycle arrest and cell 
migration, and is frequently mutated and homozygously 
deleted in human neoplasms  [11, 12] . Loss of PTEN re-
sults in increased Akt activity and continued cell surviv-
al and cell proliferation. In this study, we observed loss of 
PTEN expression in 37.4% of ACs. In addition, we found 
a significant association between loss of PTEN expres-
sion and a higher histologic grade, pT and pN and an ad-
vanced TNM stage, as well as shorter overall survival. 
These results were consistent with those of Tang et al.  [13]  
and Yoo et al.  [14]  who demonstrated an association be-
tween loss of PTEN expression and the presence of nodal 
metastasis, an advanced TNM stage and poor patient out-
come in NSCLC. Furthermore, in addition to NSCLC  [13, 
15] , reduction and loss of PTEN expression has been re-
ported in primary malignancies including glioblastomas, 
endometrial carcinomas and breast carcinomas  [16–18] . 
The high prevalence of PTEN loss and its association 
with aggressive tumor behavior in AC suggests that 
PTEN is an underlying molecular abnormality involved 
in AC progression and that PTEN can be a promising 
therapeutic target for AC. In addition, a significant asso-
ciation between loss of PTEN expression and poor patient 
outcome in patients with AC suggests that PTEN expres-
sion could serve as a prognostic marker for AC.

  We demonstrated that pAkt expression was positively 
correlated with the expression of mTOR and p70S6K, and 
mTOR expression was positively correlated with p70S6K 
expression. These results are in accordance with pAkt ac-
tivating mTOR, and mTOR and pAkt being positive reg-
ulators of p70S6K  [9, 19] . We further observed that PTEN 

expression was inversely correlated with the expression 
of pAkt, mTOR and p70S6K. Previous studies suggested 
that the status of the mTOR pathway components is an 
important determinant for tumor response to mTOR in-
hibitors. In a preclinical breast cancer model, cancer cells 
that lost PTEN were found to be more sensitive to the ra-
pamycin analogue CCI-779, and rapamycin-sensitive cell 
lines contained higher levels of the activated form of Akt 
and p70S6K  [20] . A study using mouse and human cancer 
cell lines showed that PTEN-deficient cells are sensitive 
to growth inhibition caused by pharmacologic mTOR 
blockade by CCI-779, and that loss of PTEN is associated 
with increased p70S6K activity  [21] . A recent study also 
demonstrated that overexpression of p70S6K and phos-
phorylation of Akt are associated with rapamycin sensi-
tivity, supporting the proposal that p70S6K overexpres-
sion and pAkt status should be evaluated as predictors of 
rapamycin sensitivity  [22] . These studies suggested that 
since an increase in the level and phosphorylation state of 
Akt and p70S6K is accompanied by the loss of PTEN, 
pAkt and p70S6K provide other determinants to predict 
the tumor response to mTOR inhibition. Additionally, 
Noh et al.  [9]  found that high pAkt expression, high 
p70S6K expression and low PTEN expression render tu-
mors sensitive to mTOR inhibition. In this study, when 
positive pAkt expression, positive p70S6K expression and 
negative PTEN expression were applied as the criteria to 
select candidates for rapamycin treatment, 80 of 245 
(32.7%) NSCLCs, including 22 of 91 (24.2%) ACs and 58 
of 154 (37.7%) SCCs, were found to be potential candi-
dates. Further studies of this issue in larger cohorts are 
needed to provide a reliable estimate of the proportion of 
rapamycin-sensitive NSCLCs.
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  Fig. 4.  Kaplan-Meier curves for the rela-
tionship between overall survival and 
PTEN expression in AC ( a ) and SCC ( b ). 
p = 0.015, p = 0.141.       
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  The serine/threonine kinase Akt plays an essential 
role in various cellular processes, including cell growth 
and proliferation, metabolism and cell survival. Immu-
nohistochemical analyses have shown that Akt is acti-
vated in many types of carcinoma and preneoplas-
tic lesions, and Akt activation is associated with tumor 
progression and poor prognosis in various human malig-
nancies  [23–27] . However, in NSCLCs, the results so far 
are conflicting. Dobashi et al.  [28]  demonstrated that 
pAkt expression was associated with the presence of nod-
al metastasis in NSCLCs. Hiramatsu et al.  [29]  also 
showed that pAkt expression was associated with the 
presence of nodal metastasis, a higher stage and poor 
prognosis in lung ACs. In contrast, in a study by Balsara 
et al.  [30] , pAkt expression did not correlate with histo-
logic grade, stage or patient survival in NSCLCs. Consis-
tent with this result, we observed that pAkt expression 
was not associated with histologic grade, histologic sub-
type, tumor size, pT, pN or stage in ACs or SCCs. Further-
more, the positive rates for pAkt were inconsistent. In the 
present study, pAkt expression was positive in 85.7 and 
79.2% of AC and SCC cases, respectively. In previous 
studies, the positive rate for pAkt were 36.2 and 49.1% of 
AC and SCC cases, respectively  [28] . Concerning NSCLC 
cases, the positive rates ranged from 50.9 to 81.6%  [29, 30] . 
The following reasons might underlie such a discrepancy: 
differences in sample size, intrinsic tumor heterogeneity, 
antibodies used, use of antigen retrieval and staining pro-
cedures with varying degrees of sensitivity and lack of a 
standard evaluation method for immunohistochemical 
staining. Our results should be confirmed in a larger co-
hort of patients using a constant evaluation method.

  Despite results in model systems, the clinical antitu-
mor activity of rapamycin analogues in patients has been 
modest  [31] , and only a fraction of patients appear to re-
spond  [32] . The treatment of multiple NSCLC cell lines 
with everolimus and rapamycin leads to down-regulation 

of p70S6K, but paradoxically can lead to up-regulation of 
Akt phosphorylation  [33, 34] . This has been attributed to 
the unanticipated ability of rapamycin to increase Akt 
activity via release of feedback inhibition. An increase in 
pAkt promotes tumor survival and clearly limits the po-
tential antitumor activity of single-agent treatment with 
rapamycin. Preclinical evidence suggests that additive or 
synergistic interactions in NSCLC may be obtained with 
a combination of epidermal growth factor receptor-tyro-
sine kinase inhibitor (EGFR-TKI) and mTOR inhibitor. 
Buck et al.  [33]  observed that a combination of the EGFR-
TKI erlotinib and rapamycin down-regulates rapamycin-
stimulated pAkt activity. Similarly, O’Reilly et al.  [35]  
demonstrated that insulin-like growth factor-I receptor 
inhibition prevents rapamycin-induced Akt activation 
and sensitizes tumor cells to inhibition by mTOR, sug-
gesting that combination therapy can abrogate Akt in-
duction and enhance the antitumor effects of rapamycin. 
Further clinical evaluations are underway for everolimus 
in combination with erlotinib as chemotherapeutic agents 
for advanced NSCLC.

  In conclusion, we observed that overexpression of 
pAkt, mTOR and p70S6K and loss of PTEN expression oc-
cur frequently in NSCLCs. The high prevalence of PTEN 
loss and its association with aggressive tumor behavior in 
AC suggest that PTEN inactivation is involved in AC pro-
gression and PTEN could be a promising therapeutic tar-
get for AC treatment. In addition, a significant association 
between loss of PTEN expression and poor patient out-
come in patients with AC suggests that loss of PTEN ex-
pression could serve as a prognostic marker for AC.
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