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Abstract 

Background: Alterations in the PTEN-AKT pathway play important roles indifferent solid 

carcinomas, e. g. of the breast, prostate and GI-tract. Since contradictory results have been 

reported for lung cancer mostly studying only one of the two proteins, we aim to elucidate 

the biological effects of alterations in this pathway in a large and well characterized cohort of 

non-small cell lung cancer. 

Material and Methods: We established an immunohistochemical double stain for PTEN and 

p-AKT in non-small cell lung carcinomas (NSCLC). This was applied to tissue-microarrays (TMA) 

including 44 patients. 

Results: Our results indicate, that not only alterations in one marker are of biological 

significance but rather the combination of PTEN-loss and p-AKT overexpression, as well as the 

intracellular localization of the protein staining. Patients with low-grade histological 

differentiation, negative lymphonodal status and PTEN-expression showed a significant better 

overall survival. 

Conclusion: We conclude, that PTEN-(over-)expression leads to p-AKT downregulation with 

better overall survival in nodal negative NSCLC patients. 

Keywords: PTEN-AKT pathway; non-small cell lung carcinoma; immunohistochemical double 

stain; survival. 
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Introduction 

For decades researchers have been trying to understand molecular signaling pathways which 

may lead to cell growth and tumorigenesis. One of these pathways with which cells control 

their proliferation and growth includes the oncogene AKT (also named proteinkinase B) and 

the tumor suppressor gene PTEN (Phosphatase and tensin homolog). AKT and PTEN have long 

been studied and their effects on biochemical pathways investigated. The aim of this study 

was to better understand the interaction between these two proteins and their influence in 

the tumorigenesis of non-small cell lung cancer (NSCLC). 

Cells depend on growth signals percepted by its receptors on their outer cell membrane. This 

signal then gets transduced into the cell via one of its many receptor tyrosine kinases (TKI) e.g. 

EGFR (epidermal growth factor receptor) or HER2 (human epidermal growth factor receptor 

2; Fig. 1). The TKI subsequently usually activates two different pathways. One promotes the 

cells’ proliferation via RAS and RAF which leads to an activation of the MAP kinase signaling 

pathway. The other activates the PI3K (phosphatidylinositide 3-kinase) which ensures the 

cell’s survival by phosphorylating AKT and setting off the mTOR signaling pathway (1-3). 

 

Fig. 1: PI3K Signaling pathway  

 

1.1. The PI3K signaling pathway 

The activated PI3K phosphorylates PIP2 (phosphatidylinositol 4,5-bisphosphate) forming PIP3 

(Phosphatidylinositol-3,4,5-triphosphate). PIP3 binds AKT which then is able to get 
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phosphorylated. Various studies suggest that AKT needs to be phosphorylated in a variety of 

sites in order to be fully activated. A primary activation might be reached by the 

phosphorylation of AKT at serine 124 and threonine 450, while full activation requires 

additional phosphorylation at serine 473 and threonine 308 (4). Activated AKT then 

simultaneously initiates the mTOR (mammalian target of rapamycine) pathway that leads to 

cell proliferation and inhibits apoptosis by influencing other proteins’ functions e.g. activation 

of NF-κB and inhibition of BAD (BCL2 Associated Agonist Of Cell Death) (5). 

In order for a physiological regulation and stabilization of proliferation, tumor suppressors like 

PTEN can interfere with these signaling pathways. PTEN breaks PIP3 down into its two 

components of PIP2 and phosphate and thereby inhibits AKT from being activated. This de-

phosphorylation plays an important role in inhibiting the cell from undergoing unhindered 

growth and can even support apoptosis. A loss of PTEN can therefore result in an unstoppable 

signal transduction via AKT and uncontrollable cell proliferation (3). 

PTEN has already been discovered in the 1990’s, firstly investigated under the name of 

MMAC1 (mutated in multiple advanced and epithelial-cell-enriched phosphatase 1) und TEP1 

(TGF-β regulated and epithelial-cell-enriched phosphatase 1). It is located on chromosome 

10q23 on which deletions in the genome often lead to tumor diseases like breast and prostate 

cancer (6-8). In various tumor entities, e.g. gliomas, breast cancer and kidney tumors, a loss 

of PTEN could be observed (3). 

PTEN not only influences the PI3K signaling pathway, but also interacts with the tumor 

suppressor p53. p53 inhibits the cell cycle, strengthens apoptotic signals and is capable of 

increasing PTEN expression. At the same time PTEN influences p53 by elongating its half-life 

and stabilizing its DNA binding. Even though it is relatively common to have mutations in either 

one of these two proteins during tumorigenesis, they rarely exist simultaneously. Presumably, 

their strong interaction renders it unnecessary to have mutations in both of them (9, 10). 
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1.2. The sub-cellular localization is important 

Furthermore, the location of the proteins within the cell appears to play an important role. 

PTEN in the cytoplasm mainly inhibits the PI3K signaling pathway using its characteristics as a 

phosphatase while the same protein in the cell’s nucleus seems to coordinate the cell cycle 

arrest independently of its phosphorylation abilities (11). 

AKT mostly gets activated in the cytoplasm and then migrates into the nucleus. Within the 

nucleus it hinders the cell from undergoing apoptosis and therefore ensures the cell’s survival 

(12). Studies on cardiomyocytes were able to show a positive correlation between AKT 

activation and estrogens (13). Especially in breast cancer AKT activations could be detected in 

many cases. Drugs used in this type of cancer like Paclitaxel and Doxorubicin can influence the 

expression of AKT. This results in a change of sensitivity for other drugs and can even create 

resistances (14). 

Another study was able to show the interaction between pAKT (Thr308) in the nucleus and 

PTEN in cell cultures. Atorvastatin could induce a rapid migration of PTEN into the nucleus. 

Simultaneously, pAKT levels dropped significantly. Using immunofluorescence and 

immunoprecipitation, it could be shown that PTEN migrates to the exact spots in the nucleus 

where pAKT is found. Here, it binds pAKT and forms a complex (15). 

 

 

Materials and Methods 

In our study we investigated the expression levels of PTEN and pAKT (Thr450) in NSCLC using 

immunohistochemistry. The stained tissues were microscopically analyzed and rated 

according to the established H-Score. A special emphasis was placed on the sub cellular 

localization of the proteins. We then correlated the expression levels to the grading of the 

tumor, the histological subtype, the overall survival rate and additional patient characteristics. 

Included in the study were 444 patients, 332 men and 112 women, with a histologically 

determined NSCLC. Ages ranged from 31 up to 83 years. 
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Results 

The quality of the investigated TMAs is exemplarily shown in the acquired virtual slides  

 

 

 

The intra-cellular – localization and intensity of the applied markers can faultlessly be 

investigated. 

PTEN expression was mainly found in the cytoplasm while pAKT was predominantly found in 

the nucleus. Both proteins were significantly higher expressed in tumor cells in comparison to 

non-neoplastic lung tissue (p>0.001). Correlating the protein expression with the grading of 

the tumor especially cytoplasmic PTEN is found to show first an upregulation towards poorer 

differentiated tumors, but then decreases significantly in un-differentiated large cell lung 

cancer samples (p=0.003; Fig. 2). pAKT expression was found to be more pronounced with 

dedifferentiation (p=0.009; Fig. 3). Especially pAKT in the cytoplasm showed a steady increase 

towards un-differentiation and was significantly higher expressed in high grade tumors 

(p=0.018). 

 

 

 

 

 

 

 

 

 

 

Fig. 2: PTEN expression according to the grading: Cytoplasmic PTEN expression shows upregulation 

towards poorer differentiated tumours and loss of expression in undifferentiated tumours (p=0.003). 
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Fig.3: pAKT expression according to the grading: Cytoplasmic pAKT increases with the degree of 

dedifferentiation (p=0.009) while the pAKT expression in the nucleus doesn‘t show a difference. 

 

Analyzing the correlation between the protein expression and the histological subtype PTEN 

is significantly higher expressed in adenocarcinoma than in any other histological subtype 

(p=0.001; Fig. 4). Interestingly, pAKT expression was more intense not only in 

adenocarcinoma, but also in large cell neuroendocrine cancer (LCNEC) compared to other 

NSCLC subtypes (p=0.001). Moreover a co-expression of PTEN and pAKT - only in the 

combination of cytoplasmic PTEN with nuclear pAKT - in the same cell occurred prevalently in 

adenocarcinoma (p=0.001; Fig. 5). 
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Fig. 4: Cytoplasmic PTEN and nuclear pAKT expression in the histological subtypes of NSCLC. 
While the cytoplasmic PTEN expression decreases, the nuclear pAKT expression increases. 

 

Fig.5: Co-expression of PTEN and pAKT in the histological subtypes of NSCLC. Co-expression is 
significantly higher in adenocarcinoma than in any other subtype (p=0.001). 
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Correlating the proteins expression with other patient characteristics PTEN shows a 

greater expression in the elderly (>66 yrs.; p=0.035) while pAKT is more pronounced in 

the younger patients (</= 66 yrs.; p=0.001). Both proteins show a greater nuclear 

expression in women (PTEN p<0.001; AKT p=0.047) but no significant correlation was 

found with pT, pN, pM and UICC state in either one of the cell’s compartments. In order 

to correlate patients’ survival for up to 10 years with the expression of pAKT and PTEN 

Kaplan Meyer curves were used. pAKT shows no correlation between its expression and 

patient overall survival rate. PTEN on the other hand, shows a positive relation for 

patients with a low grade, nodal negative tumor that expresses PTEN and a longer 

survival compared to all other combinations (p=0.031; Fig.6). 

 
 
Fig. 6: Kaplan-Meyer curve for the survival of patients with low grade (G1/2), nodal negative 
tumours in correlation with PTEN expression. 0 = no PTEN expression, all other values = PTEN 
expression (p = 0.031). 
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Discussion 

 

1.3. Sub-cellular localization 

Many studies have investigated PTEN and pAKT in different types of cancer for their 

influence in cell proliferation, tumorigenesis and survival rates with varying results. Our 

study emphasized on the specific location of the proteins PTEN and pAKT within the 

different cell compartments. While a lot of studies describe a predominant expression 

of PTEN in the cytoplasm, this differentiation of the sub-cellular localization is 

disregarded in further analyses (8, 16, 17). The importance of the localization of pAKT, 

especially in the nucleus, however has been described in various tumors e.g. NSCLC, 

endometrium and breast cancer. In these tumors the nuclear pAKT expression showed 

a higher prognostic value than the cytoplasmic expression (16, 18-20). 

 

1.4. Grading 

PTEN expression in our study showed an up-regulation towards poorer differentiated 

tumors and a significant decline in undifferentiated tumors. This loss of PTEN in high 

grade tumors compared to low grade tumors has also been described in other studies 

(8, 12, 17, 21). Cytoplasmic pAKT expression increased significantly with 

dedifferentiation and showed highest expression levels in undifferentiated tumors, 

while there was no significant correlation with nuclear expression. Reversely, in the 

study of endometrium carcinoma conducted by Shen et al. a correlation of nuclear pAKT 

expression with a dedifferentiation of the tumor was described (20). Studies concerning 

NSCLC and nuclear pAKT expression in relation to tumor grading have not been 

reported. 
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1.5. Histology 

Our study showed high PTEN and pAKT expression in adenocarcinoma. EGFR-mutation 

rates in adenocarcinoma of up to 36% (22) might be responsible for the activation of the 

signaling pathway leading to high expression of both proteins. If PIK3CA amplification 

and mutation found in squamous cell carcinoma lead to an upregulation of pAKT and 

PTEN remains a controversy (23-25). In the poorly differentiated LCNEC, a low PTEN but 

the highest pAKT expression was found. The high pAKT expression could be due to pAKT 

activation in LCNEC (26). High mutation rates of TP53 in this tumor type (27) may lead 

to low PTEN and following high pAKT expression. 

 

1.6. Patients’ Survival 

Our study could not find a general correlation between the expression of PTEN and pAKT 

and overall survival rates. Merely patients with a low grade and nodal negative tumors 

expressing PTEN showed a better overall survival. Studies investigating this relation 

present varying results. Some studies show a general correlation of PTEN expression 

with better survival in NSCLC (8, 21). Others describe a correlation only for 

adenocarcinoma or squamous cell carcinoma (16, 28). Further studies combine a 

positive PTEN expression with a negative pAKT expression and report a better outcome 

for those patients (16, 21). Similar analyses for our study population were not significant. 

In agreement with our findings no correlation was also found in the studies conducted 

by Yoshizawa et al. and Marsit et al. (29, 30). In all these studies the observation period 

varies between 5, 6 and up to 10 years which makes comparability difficult. 

 

Conclusion 

In conclusion, the expression of PTEN and pAKT found in our study support their close 

relationship within the PI3K signaling pathway. High expression of PTEN can lead to a 
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downregulation of pAKT. This influence on a molecular level seems to correlate closely 

with the different histological subtypes, their varying mutations and differentiation in 

NSCLC. Also the distinction between nuclear and cytoplasmic localization plays an 

important role and needs to be further investigated in studies concerning 

tumorigenesis.  

 

 

References 

1. Hay N, Sonenberg N. Upstream and downstream of mTOR. Genes & development. 
2004;18(16):1926–45. PMCID: 15314020. 

 
2. Heukamp LC, Büttner R. Molekulardiagnostik des Lungenkarzinoms zur 

Therapiestratifizierung. Der Pathologe. 2010;31(1):22–8. PMCID: 19997736. 
 
3. Maehama T, Dixon JE. PTEN tumor suppressor: functions as a lipid p hosphatase. 

Tanpakushitsu kakusan koso Protein, nucleic acid, enzyme. 2000;45(14):2405–14. PMCID: 
11051842. 

 
4. Liao Y, Hung M-C. Physiological regulation of Akt activity and stability. American journal of 

translational research. 2010;2(1):19–42. PMCID: 20182580. 
 
5. Cantley LC. The phosphoinositide 3-kinase pathway. Science (New York, NY). 

2002;296(5573):1655–7. PMCID: 12040186. 
 
6. Ibeawuchi C, Schmidt H, Voss R, Titze U, Abbas M, Neumann J, et al. Exploring prostate 

cancer genome reveals simultaneous losses of PTEN, FAS and PAPSS2 in patients with PSA 
recurrence after radical prostatectomy. International journal of molecular sciences. 
2015;16(2):3856–69. PMCID: 25679447. 

 
7. Li DM, Sun H. TEP1, encoded by a candidate tumor suppressor locus, is a novel protein 

tyrosine phosphatase regulated by transforming growth factor beta. Cancer research. 
1997;57(11):2124–9. PMCID: 9187108. 

 
8. Wang J, Chen H, Liao Y, Chen N, Liu T, Zhang H, et al. Expression and clinical evidence of 

miR-494 and PTEN in non-small cell lung cancer. Tumour biology : the journal of the 
International Society for Oncodevelopmental Biology and Medicine. 2015;36(9):6965–72. 
PMCID: 25861022. 

http://dx.doi.org/10.17629/www.diagnosticpathology.eu-2018-4:275
http://dx.doi.org/10.17629/www.diagnosticpathology.eu-2018-4:275
https://www.ncbi.nlm.nih.gov/pubmed/15314020
https://www.ncbi.nlm.nih.gov/pubmed/15314020
https://link.springer.com/article/10.1007/s00292-009-1241-1
https://link.springer.com/article/10.1007/s00292-009-1241-1
https://www.ncbi.nlm.nih.gov/pubmed/11051842
https://www.ncbi.nlm.nih.gov/pubmed/11051842
https://www.ncbi.nlm.nih.gov/pubmed/11051842
https://www.ncbi.nlm.nih.gov/pubmed/20182580
https://www.ncbi.nlm.nih.gov/pubmed/20182580
https://www.ncbi.nlm.nih.gov/pubmed/12040186
https://www.ncbi.nlm.nih.gov/pubmed/12040186
https://www.ncbi.nlm.nih.gov/pubmed/25679447
https://www.ncbi.nlm.nih.gov/pubmed/25679447
https://www.ncbi.nlm.nih.gov/pubmed/25679447
https://www.ncbi.nlm.nih.gov/pubmed/25679447
https://www.ncbi.nlm.nih.gov/pubmed/9187108
https://www.ncbi.nlm.nih.gov/pubmed/9187108
https://www.ncbi.nlm.nih.gov/pubmed/9187108
https://www.ncbi.nlm.nih.gov/pubmed/25861022
https://www.ncbi.nlm.nih.gov/pubmed/25861022
https://www.ncbi.nlm.nih.gov/pubmed/25861022
https://www.ncbi.nlm.nih.gov/pubmed/25861022


       Carina Antfang, Agnes Csanadi, Gian Kayser 

        diagnostic pathology 2019, 5:272 

ISSN 2364-4893 

DOI: http://dx.doi.org/10.17629/www.diagnosticpathology.eu-2018-4:275 

 

 

12 
 
 

9. Freeman DJ, Li AG, Wei G, Li H-H, Kertesz N, Lesche R, et al. PTEN tumor suppressor 
regulates p53 protein levels and activity through phosphatase-dependent and -
independent mechanisms. Cancer cell. 2003;3(2):117–30. PMCID: 12620407. 

 
10. Stambolic V, MacPherson D, Sas D, Lin Y, Snow B, Jang Y, et al. Regulation of PTEN 

transcription by p53. Molecular cell. 2001;8(2):317–25. PMCID: 11545734. 
 
11. Martelli AM, Faenza I, Billi AM, Manzoli L, Evangelisti C, Falà F, et al. Intranuclear 3'-

phosphoinositide metabolism and Akt signaling: new mechanisms for tumorigenesis and 
protection against apoptosis? Cellular signalling. 2006;18(8):1101–7. PMCID: 16516442. 

 
12. Hu Y, Yao J, Liu Z, Liu X, Fu H, Ye K. Akt phosphorylates acinus and inhibits its proteolytic 

cleavage, preventing chromatin condensation. The EMBO journal. 2005;24(20):3543–54. 
PMCID: 16177823. 

 
13. Camper-Kirby D, Welch S, Walker A, Shiraishi I, Setchell KD, Schaefer E, et al. Myocardial Akt 

activation and gender: increased nuclear activity in females versus males. Circulation 
research. 2001;88(10):1020–7. PMCID: 11375271. 

 
14. Yang SX, Costantino JP, Kim C, Mamounas EP, Nguyen D, Jeong J-H, et al. Akt 

phosphorylation at Ser473 predicts benefit of paclitaxel chemotherapy in node-positive 
breast cancer. Journal of clinical oncology : official journal of the American Society of 
Clinical Oncology. 2010;28(18):2974–81. PMCID: 20479407. 

 
15. Mistafa O, Ghalali A, Kadekar S, Högberg J, Stenius U. Purinergic receptor-mediated rapid 

depletion of nuclear phosphorylated Akt depends on pleckstrin homology domain leucine-
rich repeat phosphatase, calcineurin, protein phosphatase 2A, and PTEN phosphatases. The 
Journal of biological chemistry. 2010;285(36):27900–10. PMCID: 20605778. 

 
16. Shin E, Choi CM, Kim HR, Jang SJ, Park YS. Immunohistochemical characterization of the 

mTOR pathway in stage-I non-small-cell lung carcinoma. Lung cancer (Amsterdam, 
Netherlands). 2015;89(1):13–8. PMCID: 25936472. 

 
17. Yun F, Jia Y, Li X, Yuan L, Sun Q, Yu H, et al. Clinicopathological significance of PTEN and 

PI3K/AKT signal transduction pathway in non-small cell lung cancer. International journal of 
clinical and experimental pathology. 2013;6(10):2112–20. PMCID: 24133589. 

 
18. Badve S, Collins NR, Bhat-Nakshatri P, Turbin D, Leung S, Thorat M, et al. Subcellular 

localization of activated AKT in estrogen receptor- and progesterone receptor-expressing 
breast cancers: potential clinical implications. The American journal of pathology. 
2010;176(5):2139–49. PMCID: 20228224. 

 

http://dx.doi.org/10.17629/www.diagnosticpathology.eu-2018-4:275
http://dx.doi.org/10.17629/www.diagnosticpathology.eu-2018-4:275
https://www.ncbi.nlm.nih.gov/pubmed/12620407
https://www.ncbi.nlm.nih.gov/pubmed/12620407
https://www.ncbi.nlm.nih.gov/pubmed/12620407
https://www.ncbi.nlm.nih.gov/pubmed/11545734
https://www.ncbi.nlm.nih.gov/pubmed/11545734
https://www.ncbi.nlm.nih.gov/pubmed/16516442
https://www.ncbi.nlm.nih.gov/pubmed/16516442
https://www.ncbi.nlm.nih.gov/pubmed/16516442
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1276706/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1276706/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1276706/
https://www.ncbi.nlm.nih.gov/pubmed/11375271
https://www.ncbi.nlm.nih.gov/pubmed/11375271
https://www.ncbi.nlm.nih.gov/pubmed/11375271
https://ascopubs.org/doi/full/10.1200/JCO.2009.26.1602
https://ascopubs.org/doi/full/10.1200/JCO.2009.26.1602
https://ascopubs.org/doi/full/10.1200/JCO.2009.26.1602
https://ascopubs.org/doi/full/10.1200/JCO.2009.26.1602
https://www.ncbi.nlm.nih.gov/pubmed/20605778
https://www.ncbi.nlm.nih.gov/pubmed/20605778
https://www.ncbi.nlm.nih.gov/pubmed/20605778
https://www.ncbi.nlm.nih.gov/pubmed/20605778
https://www.ncbi.nlm.nih.gov/pubmed/25936472
https://www.ncbi.nlm.nih.gov/pubmed/25936472
https://www.ncbi.nlm.nih.gov/pubmed/25936472
https://www.ncbi.nlm.nih.gov/pubmed/25936472
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3796233/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3796233/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3796233/
https://www.ncbi.nlm.nih.gov/pubmed/20228224
https://www.ncbi.nlm.nih.gov/pubmed/20228224
https://www.ncbi.nlm.nih.gov/pubmed/20228224
https://www.ncbi.nlm.nih.gov/pubmed/20228224


       Carina Antfang, Agnes Csanadi, Gian Kayser 

        diagnostic pathology 2019, 5:272 

ISSN 2364-4893 

DOI: http://dx.doi.org/10.17629/www.diagnosticpathology.eu-2018-4:275 

 

 

13 
 
 

19. He X, Saji M, Radhakrishnan D, Romigh T, Ngeow J, Yu Q, et al. PTEN lipid phosphatase 
activity and proper subcellular localization are necessary and sufficient for down-regulating 
AKT phosphorylation in the nucleus in Cowden syndrome. The Journal of clinical 
endocrinology and metabolism. 2012;97(11):E2179-87. PMCID: 22962422. 

 
20. Shen Q, Stanton ML, Feng W, Rodriguez ME, Ramondetta L, Chen L, et al. Morphoproteomic 

analysis reveals an overexpressed and constitutively activated phospholipase D1-mTORC2 
pathway in endometrial carcinoma. International journal of clinical and experimental 
pathology. 2010;4(1):13–21. PMCID: 21228924. 

 
21. Hu J, Liu Y-L, Piao S-l, Yang D-d, Yang Y-M, Cai L. Expression patterns of USP22 and potential 

targets BMI-1, PTEN, p-AKT in non-small-cell lung cancer. Lung cancer (Amsterdam, 
Netherlands). 2012;77(3):593–9. PMCID: 22717106. 

 
22. Forbes SA, Beare D, Gunasekaran P, Leung K, Bindal N, Boutselakis H, et al. COSMIC: 

exploring the world's knowledge of somatic mutations in human cancer. Nucleic acids 
research. 2015;43(Database issue):D805-11. PMCID: 25355519. 

 
23. Lou H, Villagran G, Boland JF, Im KM, Polo S, Zhou W, et al. Genome Analysis of Latin 

American Cervical Cancer: Frequent Activation of the PIK3CA Pathway. Clinical cancer 
research : an official journal of the American Association for Cancer Research. 
2015;21(23):5360–70. PMCID: 26080840. 

 
24. Sukawa Y, Yamamoto H, Nosho K, Kunimoto H, Suzuki H, Adachi Y, et al. Alterations in the 

human epidermal growth factor receptor 2-phosphatidylinositol 3-kinase-v-Akt pathway in 
gastric cancer. World journal of gastroenterology. 2012;18(45):6577–86. PMCID: 23236232. 

 
25. Yip WK, He PY, Abdullah MA, Yusoff S, Seow HF. Increased Expression of 

Phosphatidylinositol 3-Kinase p110α and Gene Amplification of PIK3CA in Nasopharyngeal 
Carcinoma. Pathology oncology research : POR. 2016;22(2):413–9. PMCID: 26581613. 

 
26. Bago-Horvath Z, Sieghart W, Grusch M, Lackner A, Hayden H, Pirker C, et al. Synergistic 

effects of erlotinib and everolimus on bronchial carcinoids and large-cell neuroendocrine 
carcinomas with activated EGFR/AKT/mTOR pathway. Neuroendocrinology. 
2012;96(3):228–37. PMCID: 22378048. 

 
27. Rekhtman N, Pietanza MC, Hellmann MD, Naidoo J, Arora A, Won H, et al. Next-Generation 

Sequencing of Pulmonary Large Cell Neuroendocrine Carcinoma Reveals Small Cell 
Carcinoma-like and Non-Small Cell Carcinoma-like Subsets. Clinical cancer research : an 
official journal of the American Association for Cancer Research. 2016;22(14):3618–29. 
PMCID: 26960398. 

 

http://dx.doi.org/10.17629/www.diagnosticpathology.eu-2018-4:275
http://dx.doi.org/10.17629/www.diagnosticpathology.eu-2018-4:275
https://www.ncbi.nlm.nih.gov/pubmed/22962422
https://www.ncbi.nlm.nih.gov/pubmed/22962422
https://www.ncbi.nlm.nih.gov/pubmed/22962422
https://www.ncbi.nlm.nih.gov/pubmed/22962422
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3016100/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3016100/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3016100/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3016100/
https://www.ncbi.nlm.nih.gov/pubmed/22717106
https://www.ncbi.nlm.nih.gov/pubmed/22717106
https://www.ncbi.nlm.nih.gov/pubmed/22717106
https://www.ncbi.nlm.nih.gov/pubmed/25355519
https://www.ncbi.nlm.nih.gov/pubmed/25355519
https://www.ncbi.nlm.nih.gov/pubmed/25355519
https://www.ncbi.nlm.nih.gov/pubmed/26080840
https://www.ncbi.nlm.nih.gov/pubmed/26080840
https://www.ncbi.nlm.nih.gov/pubmed/26080840
https://www.ncbi.nlm.nih.gov/pubmed/26080840
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3516204/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3516204/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3516204/
https://www.ncbi.nlm.nih.gov/pubmed/26581613
https://www.ncbi.nlm.nih.gov/pubmed/26581613
https://www.ncbi.nlm.nih.gov/pubmed/26581613
https://www.ncbi.nlm.nih.gov/pubmed/22378048
https://www.ncbi.nlm.nih.gov/pubmed/22378048
https://www.ncbi.nlm.nih.gov/pubmed/22378048
https://www.ncbi.nlm.nih.gov/pubmed/22378048
https://www.ncbi.nlm.nih.gov/pubmed/26960398
https://www.ncbi.nlm.nih.gov/pubmed/26960398
https://www.ncbi.nlm.nih.gov/pubmed/26960398
https://www.ncbi.nlm.nih.gov/pubmed/26960398
https://www.ncbi.nlm.nih.gov/pubmed/26960398


       Carina Antfang, Agnes Csanadi, Gian Kayser 

        diagnostic pathology 2019, 5:272 

ISSN 2364-4893 

DOI: http://dx.doi.org/10.17629/www.diagnosticpathology.eu-2018-4:275 

 

 

14 
 
 

28. Yanagawa N, Leduc C, Kohler D, Saieg MA, John T, Sykes J, et al. Loss of phosphatase and 
tensin homolog protein expression is an independent poor prognostic marker in lung 
adenocarcinoma. Journal of thoracic oncology : official publication of the International 
Association for the Study of Lung Cancer. 2012;7(10):1513–21. PMCID: 22982652. 

29. Marsit CJ, Zheng S, Aldape K, Hinds PW, Nelson HH, Wiencke JK, et al. PTEN expression in 
non-small-cell lung cancer: evaluating its relation to tumor characteristics, allelic loss, and 
epigenetic alteration. Human pathology. 2005;36(7):768–76. PMCID: 16084946. 

 
30. Yoshizawa A, Fukuoka J, Shimizu S, Shilo K, Franks TJ, Hewitt SM, et al. Overexpression of 

phospho-eIF4E is associated with survival through AKT pathway in non-small cell lung 
cancer. Clinical cancer research : an official journal of the American Association for Cancer 
Research. 2010;16(1):240–8. PMCID: 20008839. 

 

http://dx.doi.org/10.17629/www.diagnosticpathology.eu-2018-4:275
http://dx.doi.org/10.17629/www.diagnosticpathology.eu-2018-4:275
https://www.jto.org/article/S1556-0864(15)32591-0/abstract
https://www.jto.org/article/S1556-0864(15)32591-0/abstract
https://www.jto.org/article/S1556-0864(15)32591-0/abstract
https://www.jto.org/article/S1556-0864(15)32591-0/abstract
https://www.ncbi.nlm.nih.gov/pubmed/16084946
https://www.ncbi.nlm.nih.gov/pubmed/16084946
https://www.ncbi.nlm.nih.gov/pubmed/16084946
https://www.ncbi.nlm.nih.gov/pubmed/20008839
https://www.ncbi.nlm.nih.gov/pubmed/20008839
https://www.ncbi.nlm.nih.gov/pubmed/20008839
https://www.ncbi.nlm.nih.gov/pubmed/20008839

