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Abstract
AKT, a downstream mediator of phosphatidylinositol 3ⴕkinase, is activated in non-small cell lung cancer
(NSCLC), but we have not yet defined the stage of
malignant transformation at which AKT is activated in
the bronchial epithelium. We performed
immunohistochemical analysis of activated AKT
[phosphorylated (p)-AKT Ser473] in tissue specimens of
normal bronchial epithelium, bronchial hyperplasia and
squamous metaplasia (“reactive” epithelium), bronchial
dysplasia, and NSCLC. Among NSCLC specimens,
immunohistochemical findings were correlated with
patient demographics, tumor stage, histology, and
survival. We observed p-AKT expression in 12 of 44
(27.3%) normal bronchial biopsy specimens, 4 of 9
(44.4%) reactive epithelium specimens, 22 of 25 (88%)
dysplastic specimens, and 25 of 76 (33%) NSCLC
specimens. Among patients with resected early-stage or
locally advanced NSCLC, p-AKT expression had no
effect on tumor stage, histology, or survival. Of the
histological groups examined, bronchial dysplasia
specimens expressed p-AKT most frequently, supporting
AKT activation as an early event in lung cancer
progression. Given its role as a mediator of malignant
transformation, p-AKT should be investigated as a
potential target in future lung cancer prevention studies.
Introduction
NSCLC3 is the leading cause of cancer-related death in the
United States (1). Approximately 80% of patients present with
inoperable locally advanced or metastatic disease at diagnosis.
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The overall 5-year survival rate is approximately 12% (2).
Given the poor outcome in patients with advanced disease,
recent efforts have focused on the reversal of bronchial premalignancy. However, interventions made thus far in individuals
at increased risk of developing lung cancer have revealed no
benefit (3). Effectively reversing bronchial premalignancy will
require that we identify the critical genetic and biochemical
events that cause malignant progression in the bronchial epithelium.
Activation of the PI3K pathway causes malignant transformation in vitro and is sufficient to induce a variety of solid
tumors in mouse models of human cancer (4 – 8). Factors contributing to PI3K pathway activation in cancer include alterations in the PI3K p85 regulatory subunit or the p110 catalytic
subunit, PTEN, and AKT (also known as protein kinase B),
which is a downstream effector molecule of the PI3K pathway.
AKT is activated by the PI3K phospholipids PI-3,4,5-P3 and
PI-3,4-P2, which bind to the pleckstrin homology domains of
AKT and anchor it to the plasma membrane. In addition, the
PI3K-dependent kinases phosphoinositide-dependent kinase
and integrin-linked kinase activate AKT by phosphorylating it
at Thr308 and Ser473, respectively (9, 10). AKT activation is
required for the transforming effects of PI3K (11).
Previous studies have reported increased expression of
p-AKT (Ser473) in NSCLC (12–17), providing evidence of
AKT activation in fully transformed bronchial epithelium.
However, it is not clear when AKT is activated during the
process of malignant progression. Here we examined p-AKT
(Ser473) expression in normal bronchial epithelium, “reactive”
epithelium (bronchial hyperplasia and squamous metaplasia),
early bronchial neoplasia (bronchial dysplasia), and NSCLC.
We found p-AKT (Ser473) expression in a strikingly high percentage of bronchial dysplasia specimens, supporting PI3K
pathway activation as an early event in lung tumorigenesis.
Materials and Methods
Tissue Specimens. We evaluated 44 normal bronchoscopic
biopsy specimens and 9 specimens considered to have reactive
histology (hyperplasia or squamous metaplasia) obtained at
baseline from 20 former smokers who had at least a 20-packyear smoking history and no evidence of cancer at the time of
bronchoscopic examination.4 We also evaluated 25 bronchoscopic biopsy specimens with dysplastic features obtained from
25 smokers who had at least a 30-pack-year smoking history
and morphometric evidence of dysplasia in sputum samples
(18) and 76 NSCLC specimens resected from 76 patients.
Pathological staging of NSCLC specimens was based on op-
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erative and pathological reports from clinical records at The
University of Texas M. D. Anderson Cancer Center. Histological diagnosis of all specimens was confirmed by light microscopic analysis of formalin-fixed sections stained with H&E.
Immunohistochemical Staining. Immunohistochemical analysis of p-AKT was performed with a phosphospecific antibody
(Ser473) from Cell Signaling Technologies (Beverly, MA). Positive and negative controls for immunohistochemical staining
were established with PTEN-null MDA-MD-468 and PTEN
wild-type MCF-7 breast cancer cell lines, respectively. Preincubation of the phosphospecific antibody with phosphopeptides
to Ser473 blocked immunohistochemical staining, as did deletion of the primary antibody from the staining procedure (data
not shown), verifying the specificity of the antibody for p-AKT
(Ser473). Western blot analysis with the phosphospecific antibody also generated a single band of Mr 60,000 (data not
shown), which is the expected size of p-AKT.
All tissue samples were fixed in formalin and embedded in
paraffin. Bronchial biopsy tissue sections from each patient
were placed on a single glass slide. NSCLC specimens were
placed in a tissue microarray that included three core biopsies
from each tumor block. The tissue samples were deparaffinized
and rehydrated in three changes of xylene, three changes of
100% ethanol, and two changes of 80% ethanol. Antigen retrieval was performed with Dako Target Retrieval Solution
(citrate buffer), and steam-heated for 25 min. The samples were
then blocked for endogenous peroxidase with 3% solution
hydrogen peroxide in 1⫻ PBS with 0.1% sodium azide for 5
min, with Zymed avidin blocking solution for 15 min, with
Zymed biotin blocking solution for 15 min, and then with Dako
serum-free Protein Blocking Solution for 5 min. The slides
were rinsed after each blocking procedure with 50 mM Trisbuffered saline containing 0.05% Tween 20 solution. Slides
were incubated with anti-p-AKT (Ser473) antibody (diluted
1:500) for 18 h at 4°C. Dako prediluted biotinylated universal
secondary antibody from the LSAB⫹ kit was then applied for
15 min. After being rinsed with Tris-buffered saline, the slides
were incubated for 15 min with Dako prediluted horseradish
peroxidase-labeled streptavidin from the LSAB⫹ kit and then
incubated for another 15 min with Biogenex diaminobenzidine
solution. Dehydration in 95% ethanol and then in 100% ethanol
was performed before the slides were cleared with xylene.
Bronchial biopsy specimens were examined by light microscopy and scored as positive for p-AKT expression if at least
10% of the epithelial cells had detectable staining. For the
NSCLC tissue microarray specimens, BLISS slide scanner images of each core specimen were obtained and then scored.
Biopsy samples were scored as positive if the specimen had
focal or diffuse staining in the epithelial layer and detectable
staining in at least 10% of the tumor cells. If any of the three
core tumor block specimens stained positive, the tumor was
considered to have positive p-AKT expression. The scores were
then entered into Microsoft SQL database housed in the Department of Biostatistics and linked to patient medical record
numbers via Active X (Bacus Laboratories). All data were
encrypted to ensure patient confidentiality. Histology, tumor
stage, and clinical outcomes were compared with biomarker
staining.
Statistical Methods. Clinical and biological characteristics
were analyzed for possible association with survival and recurrence by using univariate and multivariate Cox proportional
hazard models. These characteristics included p-AKT expression, sex, smoking status and number of pack-years, prior
cancer status, and tumor stage and histological type. Estimates

Table 1 Characteristics of patients who underwent bronchoscopic biopsies
and tumor resection
Normala
(n ⫽ 20)
Age (yrs)
Mean (⫾SD)
Median (range)
Gender
Male
Female
Ethnicity
Caucasian
Hispanic
African-American
Oriental
Native American
Unknown
Smoker or former smoker
Nonsmoker
Pack-years
Mean (⫾SD)
Median (range)

Dysplasia
(n ⫽ 15)

NSCLC
(n ⫽ 76)

56.8 (9.3)
57.1 (38–72)

62 (6.7)
60 (49–72)

64.1 (9.1)
64 (42–88)

11 (55%)b
9 (45%)

18 (72%)b
7 (28%)

36 (47.4%)b
40 (52.6%)

19 (95%)
0 (0%)
1 (5%)
0 (0%)
0 (0%)
0 (0%)
20 (100%)
0 (0%)

22 (86.7%)
0 (0%)
0 (0%)
1 (4%)
1 (4%)
1 (4%)
25 (100%)
0 (0%)

65 (84.2%)
6 (7.9%)
6 (7.9%)
0 (0%)
0 (0%)
0 (0%)
59 (77.6%)
18 (22.4%)

46.7 (26.1)
56.6 (21.4)
39.0 (20–120) 51 (30–111)

48.4 (38.8)
45.0 (0–140)

a
This includes 44 normal specimens and 9 specimens considered to be hyperplasia or squamous metaplasia.
b
Percentiles calculated within each histological group.

of survival curves were derived from the Kaplan-Meier product-limit method and calculated from the time of surgery.
Survival time comparisons between p-AKT-positive and pAKT-negative groups were assessed by means of the log-rank
test. Associations between categorical variables were evaluated
by cross-tabulation and the 2 test. For continuous variables,
mean differences between groups were assessed with the t test.
All computations were carried out on a Dell PC with the
Windows NT operating system in SAS with standard SAS
procedures.
Results
Patient Characteristics. Table 1 summarizes the characteristics of patients who underwent bronchoscopic biopsies and
NSCLC resection. The tissues analyzed from these patients
included 44 normal specimens, 9 specimens with epithelial
hyperplasia or squamous metaplasia, 25 dysplastic specimens,
and 76 NSCLC specimens. Because hyperplasia and squamous
metaplasia are considered reactive and potentially reversible
histological abnormalities, we combined normal, hyperplasia,
and squamous metaplasia into a single group (normal histology). The three histological groups (normal, dysplasia, and
NSCLC) were well balanced for age, ethnicity, and smoking
history, but not gender. Males accounted for 55%, 72%, and
47% of the normal, dysplasia, and NSCLC specimens, respectively. Table 2 summarizes the characteristics of the 76 resected
NSCLCs, which included 29 adenocarcinomas, 33 squamous
cell carcinomas, and 14 bronchoalveolar carcinomas. The majority of the tumors (96%) were early stage (I or II) by pathological staging; three others (one adenocarcinoma and two
squamous cell carcinomas) had evidence of local invasion (T4).
When analyzed by histological groups, the tumors were well
balanced for clinical stage.
p-AKT Expression in Normal, Premalignant, and Malignant Lung Tissues. We detected p-AKT expression in 12 of
44 (27.3%) normal specimens, 4 of 9 (44.4%) reactive specimens, 22 of 25 (88%) dysplastic specimens, and 25 of 76 (33%)
NSCLC specimens (Fig. 1). The increased frequency of p-AKT
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Table 2

Tumor characteristics
Totala
(n ⫽ 76)

Adenocarcinoma
(n ⫽ 29)

Squamous cell
(n ⫽ 33)

Bronchoalveolar
(n ⫽ 14)

1
2
3
4

13 (44.8%)b
15 (51.7%)
0 (0%)
1 (3.5%)

10 (30.3%)b
20 (60.6%)
1 (3.0%)
2 (6.1%)

6 (42.9%)b
8 (57.1%)
0 (0%)
0 (0%)

0
1
2
3

28 (96.6%)
1 (3.4%)
0 (0%)
0 (0%)

32 (96.9%)
1 (3.1%)
0 (0%)
0 (0%)

14 (100%)
0 (0%)
0 (0%)
0 (0%)

74 (97.4%)
2 (2.6%)
0 (0%)
0 (0%)

0
1
Stage
IA
IB
IIA
IIB
IIIA
IIIB
IV

29 (100%)
0 (0%)

33 (100%)
0 (0%)

14 (100%)
0 (0%)

76 (100%)
0 (0%)

13 (44.8%)
14 (48.2%)
0 (0%)
1 (3.5%)
0 (0%)
1 (3.5%)
0 (0%)

9 (27.4%)
20 (60.6%)
1 (3.0%)
1 (3.0%)
0 (0%)
2 (6.0%)
0 (0%)

6 (42.9%)
8 (57.1%)
0 (0%)
0 (0%)
0 (0%)
0 (0%)
0 (0%)

28 (36.9%)
42 (55.3%)
1 (1.3%)
2 (2.6%)
0 (0%)
3 (3.9%)
0 (0%)

T
29 (38.2%)
43 (56.6%)
1 (1.3%)
3 (3.9%)

N

M

a
b

Represents the sum of all histological subtypes.
Percentiles calculated within each histological subtype.

expression in bronchial dysplasia specimens was statistically
significant (P ⬍ 0.001, 2 test). Representative examples of
p-AKT staining in normal epithelium, bronchial dysplasia, and
NSCLC tissues are illustrated in Fig. 2. In the dysplastic bronchial epithelium and NSCLC cells, p-AKT was primarily cytoplasmic and, less frequently, nuclear (Fig. 3), which is consistent with the pattern of AKT expression reported in other
tissues (19).
Among the patients with NSCLC, p-AKT expression was
not associated with age (P ⫽ 0.14), gender (P ⫽ 0.57), race
(P ⫽ 0.43), smoking status (P ⫽ 0.81), or number of pack-years
of smoking (P ⫽ 0.80). With regard to tumor characteristics,
p-AKT expression was not associated with tumor stage (P ⫽
0.27), histological type (P ⫽ 0.29), or prior malignancy (P ⫽
0.94). Therefore, we found no patient or tumor prognostic
features that correlated with p-AKT expression in NSCLC.
Correlation of p-AKT Expression with Clinical Outcome.
For the 76 patients with NSCLC, median follow-up after surgical resection was 104.9 months. Overall median survival was
96.5 months. p-AKT expression did not correlate with overall
survival (P ⫽ 0.40) or time to recurrence (P ⫽ 0.64) in the 76
patients with NSCLC (univariate Cox proportional hazard model). Histological subset analysis showed no significant differences in survival between patients with p-AKT-positive versus
p-AKT-negative tumors (P ⫽ 0.29, log-rank test). After adjusting for the effects of tumor stage and histology, p-AKT expression had no correlation with survival (P ⫽ 0.54) or time to
recurrence (P ⫽ 0.64; multivariate Cox proportional hazard
model).
Discussion
We found p-AKT (Ser473) expression in a strikingly high percentage of bronchial dysplasia specimens. This is the first
evidence, to our knowledge, of AKT activation in bronchial
premalignancy. A growing body of evidence implicates the
PI3K pathway in the development of human malignancies,
including lung cancer (12–17). Findings from in vitro models

Fig. 1. Percentages of biopsy specimens that express p-AKT. Immunohistochemical analysis of p-AKT expression was performed on 44 bronchial biopsy
specimens with normal histology, 9 specimens with reactive changes (hyperplasia
or squamous metaplasia), 25 bronchial dysplasia specimens, and 76 NSCLC
specimens. The percentages of specimens staining positively for p-AKT are
illustrated.

indicate that activation of the PI3K pathway is sufficient to
induce malignant transformation of human cells (4, 5). However, to date, studies on human tissues have not validated a role
for the PI3K pathway in lung tumorigenesis. The increased
expression of p-AKT we observed in bronchial dysplasia supports the hypothesis that the PI3K pathway is activated early in
the process of lung tumorigenesis and may play a role in lung
cancer progression. Moreover, our findings support evidence
from colon adenomas showing that PI3K activation is an early
event in sporadic colon carcinogenesis (20). However, we
found no association of p-AKT expression with survival outcome in patients with NSCLC, a finding that stands in contrast
to the adverse effect of p-AKT expression in gliomas (21).
These findings suggest that the role of AKT in tumorigenesis is
tissue specific.
Interestingly, we found that p-AKT (Ser473) was expressed
less frequently in NSCLC than in bronchial dysplasia. We
propose several hypotheses to explain this finding. First, bronchial dysplasias are the malignant precursors of only a subset of
histological subtypes of NSCLC, and premalignant lesions that
lead to the remaining subtypes of NSCLC may not express
p-AKT. Arguing against this hypothesis is our finding that
p-AKT expression was not associated with a specific NSCLC
histology. A second hypothesis is that AKT activation is required for the early stages of malignant transformation (to
bronchial dysplasia) but not for progression to frank neoplasia.
Implicit in this hypothesis is the assumption that clones of
premalignant bronchial epithelial cells evolve during the process of malignant transformation, undergoing additional oncogenic events that render their survival independent of AKT. As
one example of this process, breast cancer cells that initially
express the estrogen receptor and depend on estrogen for survival can lose expression of that receptor, presumably becoming dependent on other growth factors for survival (22).
The genetic or biochemical events that contributed to the
increase in p-AKT expression in bronchial dysplasia specimens
have not yet been defined. As one potential candidate, recent
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Fig. 2. p-AKT expression in (A) epithelial hyperplasia, (B) normal epithelium, (C) mild dysplasia, (D) moderate dysplasia, (E) adenocarcinoma, and (F) squamous cell
carcinoma. Sections of each specimen were stained with H&E (left panel), immunostained for p-AKT (right panel), and photographed at ⫻20 magnification. The illustrated
sections were interpreted as positive (A, C, D, and E) or negative (B and F) for p-AKT expression.

Fig. 3. p-AKT expression is primarily cytoplasmic and, less frequently, nuclear. A bronchial dysplasia specimen was subjected to
immunohistochemical staining for
p-AKT. A nucleus staining positively for p-AKT is indicated (arrowhead). The photograph was
taken at ⫻20 magnification.
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findings in NSCLC cells demonstrated amplification of a region of chromosome 3q that includes the p110 catalytic subunit
of PI3K (17). Alternatively, AKT is activated through receptor
tyrosine kinases, including epidermal growth factor receptor,
which is important in lung cancer progression (23, 24). Agents
that inhibit integrin-linked kinase and epidermal growth factor
receptor are currently under development for the treatment of
cancer (10, 25). Given the role of AKT in malignant transformation and the evidence presented here that AKT is activated
in bronchial dysplasia, these agents should be considered in
future lung cancer prevention studies.
References
1. Jemal, A. Cancer statistics, 2002. CA Cancer J. Clin., 52: 181–182, 2002.
2. Non-small Cell Lung Cancer Collaborative Group. Chemotherapy in nonsmall cell lung cancer: a meta-analysis using updated data on individual patients
from 52 randomised clinical trials. Non-small Cell Lung Cancer Collaborative
Group. Br. Med. J., 3111: 899 –909, 1995.
3. Hong, W. K., and Sporn, M. B. Recent advances in chemoprevention of
cancer. Science (Wash. DC), 278: 1073–1077, 1997.
4. Bellacosa, A., Testa, J. R., Staal, S. P., and Tsichlis, P. N. A retroviral
oncogene, akt, encoding a serine-threonine kinase containing an SH2-like region.
Science (Wash. DC), 254: 274 –277, 1991.
5. Chang, H. W., Aoki, M., Fruman, D., Auger, K. R., Bellacosa, A., Tsichlis,
P. N., Cantley, L. C., Roberts, T. M., and Vogt, P. K. Transformation of chicken
cells by the gene encoding the catalytic subunit of PI 3-kinase. Science (Wash.
DC), 276: 1848 –1850, 1997.
6. Hutchinson, J., Jin, J., Cardiff, R. D., Woodgett, J. R., and Mueller, W. J.
Activation of AKT (protein kinase B) in mammary epithelium provides a critical
cell survival signal required for tumor progression. Mol. Cell. Biol., 21: 2203–
2212, 2001.
7. DiCristofano, A., Pesce, B., Cordon-Cardo, C., and Pandolfi, P. P. PTEN is
essential for embryonic development and tumor suppression. Nat. Genet., 19:
348 –355, 1998.
8. Podsypanina, K., Ellenson, L. H., Nemes, A., Gu, J., Tamura, M., Yamada,
K. M., Cordon-Cardo, C., Catoretti, G., Fisher, P. E., and Parsons, R. Mutation of
Pten/MMAC1 in mice causes neoplasia in multiple organs. Proc. Natl. Acad. Sci.
USA, 96: 1563–1568, 1999.
9. Alessi, D. R., James, S. R., Downes, C. P., Holmes, A. B., Gaffney, P. R. J.,
Reese, C. B., and Cohen, P. Characterization of a 3-phosphoinositide-dependent
kinase which phosphorylates and activates protein kinase B. Curr. Biol., 7:
261–269, 1997.
10. 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 PTENmutant prostate cancer cells. Proc. Natl. Acad. Sci. USA, 97: 3207–3212, 2000.
11. Franke, T. F., Kaplan, D. R., and Cantley, L. C. PI3K: downstream AKTion
blocks apoptosis. Cell, 88: 435– 437, 1997.

12. Lin, X., Bohle, A. S., Dohrmann, P., Leuschner, I., Schulz, A., Kremer, B.,
and Fandrich, F. Overexpression of phosphatidylinositol 3-kinase in human lung
cancer. Langenbecks Archiv. Surg., 386: 293–301, 2001.
13. Brognard, J., Clark, A. S., Ni, Y., and Dennis, P. A. 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.
14. Moore, S. M., Rintoul, R. C., Walker, T. R., Chilvers, E. R., Haslett, C., and
Sethi, T. The presence of a constitutively active phosphatidylinositol 3-kinase in
small cell lung cancer cells mediates anchorage-independent proliferation via a
protein kinase B and p70S6K pathway. Cancer Res., 58: 5239 –5247, 1998.
15. Yokomizo, A., Tindall, D. J., Drabkin, H., Gemmill, R., Franklin, W., Yang,
P., Sugio, K., Smith, D. I., and Liu, W. PTEN/MMAC1 mutations identified in
small cell but not in non-small cell lung cancer. Oncogene, 17: 475– 479, 1998.
16. Forgacs, E., Biesterveld, E. J., Sekido, Y., Fong, K., Muneer, S., Wistuba,
I. I., Milchgrub, S., Brezinschek, R., Virmani, A., Gazdar, A., and Minna, J. D.
Mutation analysis of the PTEN/MMAC1 gene in lung cancer. Oncogene, 17:
1557–1565, 1998.
17. Massion, P. P., Kuo, W. L., Stokoe, D., Olshen, A. B., Treseler, P. A., Chin,
K., Chen, C., Polikoff, D., Jain, A. N., Pinkel, D., Albertson, D. G., Jablons,
D. M., and Gray, J. W. Genomic copy number analysis of non-small cell lung
cancer using array comparative genomic hybridization: implications of the phosphatidylinositol 3-kinase pathway. Cancer Res., 62: 3636 –3640, 2002.
18. Lam, S., Kennedy, T., Unger, M., Miller, Y. E., Gelmont, D., Rusch, V.,
Gipe, B., Howard, D., LeRiche, J. C., Coldman, A., and Gazdar, A. F. Localization of bronchial intraepithelial neoplastic lesions by fluorescence bronchoscopy.
Chest, 113: 696 –702, 1998.
19. Maier, R., Alessi, D. R., Cron, P., Andjelkovic, M., and Hemmings, B. A.
Mitogenic activation, phosphorylation, and nuclear translocation of protein kinase
B. J. Biol. Chem., 272: 30491–30497, 1997.
20. Roy, H. K., Olusola, B. F., Clemens, D. L., Karolski, W. J., Ratashak, A.,
Lynch, H. T., and Smyrk, T. C. AKT proto-oncogene overexpression is an early
event during sporadic colon carcinogenesis. Carcinogenesis (Lond.), 23: 201–
205, 2002.
21. Ermoian, R. P., Furniss, C. S., Lamborn, K. R., Basila, D., Berger, M. S.,
Gottschalk, A. R., Nicholas, M. K., Stokoe, D., and Haas-Kogan, D. A. Dysregulation of PTEN and protein kinase B is associated with glioma histology and
patient survival. Clin. Cancer Res., 8: 1100 –1106, 2002.
22. Lapidus, R. G., Nass, S. J., and Davidson, N. E. The loss of estrogen and
progesterone receptor gene expression in human breast cancer. J. Mammary
Gland Biol. Neoplasia, 3: 85–94, 1998.
23. Fernandes, A. M., Hamburger, A. W., and Gerwin, B. I. Dominance of ErbB1
heterodimers in lung epithelial cells over-expressing ErbB2. Both ErbB1 and 2
contribute significantly to tumorigenicity. Am. J. Respir. Cell Mol. Biol., 21:
701–709, 1999.
24. Rusch, V., Klimstra, D., Linkov, I., and Dmitrovsky, E. Aberrant expression
of p53 or the epidermal growth factor receptor is frequent in early bronchial
neoplasia and coexpression precedes squamous cell carcinoma development.
Cancer Res., 55: 1365–1372, 1995.
25. Herbst, R. S., Khuri, F. R., Fossella, F. V., Glisson, B. S., Kies, M. S., Pisters,
K. M., Riddle, J. R., Terry, K. A., and Lee, J. S. ZD1839 (Iressa™) in non-small
cell lung cancer. Clin. Lung Cancer, 3: 27–32, 2001.

Downloaded from cebp.aacrjournals.org on January 19, 2018. © 2003 American Association for Cancer
Research.

Increased Phospho-AKT (Ser473) Expression in Bronchial
Dysplasia: Implications for Lung Cancer Prevention Studies
Anne S. Tsao, Timothy McDonnell, Stephen Lam, et al.
Cancer Epidemiol Biomarkers Prev 2003;12:660-664.

Updated version

Cited articles
Citing articles

E-mail alerts
Reprints and
Subscriptions
Permissions

Access the most recent version of this article at:
http://cebp.aacrjournals.org/content/12/7/660

This article cites 24 articles, 12 of which you can access for free at:
http://cebp.aacrjournals.org/content/12/7/660.full#ref-list-1
This article has been cited by 26 HighWire-hosted articles. Access the articles at:
http://cebp.aacrjournals.org/content/12/7/660.full#related-urls

Sign up to receive free email-alerts related to this article or journal.
To order reprints of this article or to subscribe to the journal, contact the AACR Publications
Department at pubs@aacr.org.
To request permission to re-use all or part of this article, use this link
http://cebp.aacrjournals.org/content/12/7/660.
Click on "Request Permissions" which will take you to the Copyright Clearance Center's
(CCC)
Rightslink site.

Downloaded from cebp.aacrjournals.org on January 19, 2018. © 2003 American Association for Cancer
Research.

