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Nestin is considered to be a cancer stem cell marker. Nestin expression in neuroen-
docrine tumours might be useful to predict prognosis and facilitate treatment plan-
ning. 88 patients with neuroendocrine lung tumours operated in the Department 
of Thoracic Surgery from 2007 to 2015 were included into the study. Immuno-
histochemical staining for nestin was performed. Clinicopathological and survival 
data were retrospectively analyzed. Nestin expression was detected in 15 (17%) 
specimens. Multivariate analysis showed that lymph node metastases (p = 0.0001; 
hazard ratio (HR) = 3.93; confidence interval (CI) 95%: 1.96-7.87), nestin expres-
sion (p = 0.034; HR = 2.30; CI 95%: 1.06-4.99) and patient’s age (p = 0.024; 
HR = 1.04; CI 95%: 1.00-1.09) were independent negative prognostic factors. 
Nestin expression was significantly higher in large cell neuroendocrine carcinoma 
when compared with carcinoids (p = 0.001). Collected data support the thesis 
that nestin can be regarded as a biomarker in patients with neuroendocrine lung 
tumours. 
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Introduction

Nestin is an intermediate filament class VI, a neural 
stem cell marker. During development, it is present in 
mammalian nervous system [1], also in skeletal mus-
cles, hepatic cells and umbilical cord blood. After mat-
uration, nestin is replaced by other proteins. In adults 
it might appear after nervous system injury, in Leydig 
or corticotroph cells [2]. In general, after embryogene-
sis, nestin expression is characteristic for immature cells 
of high plasticity or pathologic conditions [3]. Cancer 
stem cells (CSC) represent a small, multipotent popu-
lation within tumour mass, with an increased prolifer-

ative capacity. They play major role in growth, migra-
tion and invasion of a neoplasm. CSC are identified by 
presence of specific markers [4]. Nestin was found to 
be co-expressed with typical CSC markers in several 
types of tumours [5]. Moreover, nestin expression oc-
curs in various human malignancies. As anticipated, it 
was commonly observed in neuroectodermal neuroep-
ithelial tumours [6]. This protein was also recognized 
in other types of solid neoplasms e.g. osteosarcoma [7], 
germinoma [8] or those originating from epithelial tis-
sues, like pancreatic adenocarcinoma [9]. Additionally, 
recent research proved that nestin expression is associ-
ated with clinical course of malignant disease. Zhong 
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et al. disclosed poorer outcome among nestin-positive 
patients with esophageal squamous cell carcinoma [10]. 
In mucosal melanoma nestin expression was connect-
ed with worse prognosis, especially in advanced stages 
[11]. Meta-analysis concerning relationship between 
nestin and neoplasm stage revealed that expression of 
this protein is associated with higher stages of tumour, 
thus possibly with adverse outcome. Author especially 
emphasized this relation in lung tumours [12]. 

The group of pulmonary neuroendocrine tumours 
comprises entities varying from typical carcinoid 
(TC), atypical carcinoid (AC) to small cell lung can-
cer (SCLC) and large cell neuroendocrine carcinoma 
(LCNEC). Non-specific symptoms such as cough 
and dyspnea are very common. Carcinoid syndrome, 
Cushing syndrome or acromegaly occur rarely [13]. 
Although LCNEC and SCLC are clinically more ag-
gressive and characterized by higher Ki-67 rate, they 
share common neuroendocrine features with carci-
noids, such as morphology and expression of specific 
markers [14]. Moreover, the same pulmonary neuro-
endocrine cells probably give rise to all of these tu-
mour types [15]. In the light of increasing incidence 
of neuroendocrine neoplasms [16], there is a  great 
need for marker identification, which would be use-
ful to predict prognosis and facilitate treatment. 
We hypothesized that nestin, due to its role in car-
cinogenesis, could be a potential biomarker in lung 
neuroendocrine tumours. In this study we analyzed 
association between nestin expression and survival in 
patients with lung neuroendocrine tumours. 

Material and methods

We have performed retrospective chart review of 
all patients with neuroendocrine lung tumours, who 
were operated on in the Department of Thoracic Sur-
gery in Poznań, Poland in the years 2007-2015. The 
diagnosis was established according to the 4th WHO 
classification [17]. For the study purpose all available 
specimens were re-analyzed to confirm previous di-
agnoses.

Patients were assessed according to 7th TNM clas-
sification [18]. We retrospectively evaluated multiple 
parameters, namely nodal involvement, nestin ex-
pression, and tumour vessel invasion. We also per-
formed survival analysis. Overall survival time was 
determined as a time from operation to death or end 
of the follow-up. 

Formalin-fixed tissue specimens were paraffin 
wax embedded and cut into 4-μm sections. Then we 
placed them on SuperFrost®Plus adhesive micro-
scope slides (Menzel Gläser). Next steps were: heat-
ing for 50 minutes at 97°C in a water bath in low 
pH Dako EnVision FLEX Target Retrieval Solution 
(Glostrup, Denmark) to achieve paraffin, water re-
moval, and heat-induced epitope retrieval. We ceased 

endogenous peroxidase action with Dako EnVision 
FLEX Peroxidase-Blocking Reagent (Glostrup, Den-
mark). Then, the tissues were kept in Leica Biosys-
tems Novocastra Protein Block (Wetzlar, Germany) 
for 10 min. For the night, sections were left in humid 
chamber at 4oC with mouse monoclonal nestin Anti-
body (10c2) (Santa Cruz Biotechnology) (dilution 1 : 
150) and monoclonal mouse Anti-Human Ki-67 An-
tigen antibody (Dako) (dilution 1 : 500). We diluted 
primary antibody in Dako EnVision FLEX Antibody 
Diluent (Glostrup, Denmark). Then, we conducted 
immunodetection with Novolink Polymer Detection 
System (Leica Biosystems), followed by visualization 
with 3,3`-diaminobenzidine tetrachloride (DAB, 
Leica Microsystems). As the last step, we counter-
stained tissues with Mayer’s haematoxylin, removed 
water, cleared and placed them in DPX mountant.

Two experienced pathologists assessed specimens 
after immunohistochemical staining. The cytoplas-
mic nestin expression was considered positive when 
at least 5% of cells were stained. We evaluated nestin 
expression in comparison to vascular endothelial cells 
staining, as in previous studies [19, 20]. If reaction 
was negative, the score was 0, if it was present but 
weaker than in endothelial cells – 1. If the staining 
was similar to that of the endothelial cells, the score 
was 2, in case of more intensive reaction – score 3. 
We considered scores 2 and 3 as positive reaction.

Statistical analysis was performed by MedCalc Sta-
tistical Software version 16.4.3 (MedCalc Software 
bvba, Ostend, Belgium). Continuous variables were 
presented as median, minimal and maximal values, 
while categorical as numbers (%). p value less than 
0.05 was considered significant. Cumulative survival 
was assessed by Kaplan-Meier method. To compare 
survival times between groups we used log-rank test. 
Cox proportional hazards regression model was per-
formed to evaluate effects of chosen variables on sur-
vival. Into the final analysis following variables were 
included: nestin expression, nodal involvement and 
patient’s age at the time of operation (entry level p 
< 0.05). Comparison between nestin expression in 
carcinoids and high grade neuroendocrine tumours 
was performed with c2 test. 

The research protocol was approved by the local 
bioethical committee. All procedures performed were 
in accordance with the 1964 Helsinki declaration and 
its later amendments.

Results 

Clinicopathological data are presented in Table I.
Nestin expression was positive in 15 (17%) cas-

es including: 14 patients with LCNEC and one with 
typical carcinoid. Mean surveillance time for the 
entire group was 37 months. During the study 30 
patients died due to neuroendocrine lung tumour. 

We registered 3 deaths due to other reasons. Nes-
tin-negative patients were observed for 39 months on 
average, positive ones for 25 months. At the end of 
the study 9 nestin-positive patients (60.0%) died (all 
cancer-related deaths), while from nestin-negative 

group – 24 (32.9%) died. Survival was significant-
ly shorter in nestin-positive patients when compared 
with negative ones (p = 0.041) (Fig. 1). In separate 
analysis of LCNEC, nestin expression did not affect 
survival length (p = 0.698), whereas lymph node 
metastases worsened prognosis (p = 0.0042) . 

Patients with lymph node metastases were charac-
terized by poorer outcome, than those without this fea-
ture (p = 0.001) (Fig. 2). Moreover, multivariate anal-
ysis showed that lymph node metastasis (p = 0.0001; 
HR = 3.93; confidence interval (CI) 95%: 1.96-7.87), 
nestin expression (p = 0.034; HR =2.30; CI 95%: 
1.06-4.99) and patient’s age at the time of surgery 
(p = 0.024; HR =1.04; CI 95%:1.00-1.09) were in-
dependent negative prognostic factors (Table II).

Nestin expression was significantly higher in 
LCNEC when compared with carcinoids (p = 
0.0010). Figures 3 and 4 depict nestin expression. 

Discussion 

LCNEC is a  highly malignant neoplasm, consti-
tuting 3% of operated primary lung cancers. Five-
year survival rate is very low and varies from 20 to 
55%. LCNEC is characterized by high mitotic rates 
and large areas of necrosis [21]. On the contrary, car-
cinoids are located in the opposite side of lung neu-
roendocrine tumours spectrum. TC comprise 1-2%, 
while AC 0.1-0.2 % of lung tumours. Their mitotic 
rate is low, necrosis is present focally (AC) or absent 
(TC). Also, prognosis is much better with 5-year sur-
vival rates for TC about 90% and AC: 44-78%. Still, 
in the 4th edition of the World Health Organization 
(WHO) classification of tumours of the lungs, pleura, 
thymus and heart they are presented as a single group 
[22]. Taking into account, their common origin we 
chose to assess nestin expression in the whole group. 
Additionally, data concerning nestin and its possible 
role in neuroendocrine lung tumours are scarce.

We found that nestin expression was present in 15 
cases. In our study nestin expression was associated 
with a 2-fold increase of the hazard of death. To our 

Table I. Characteristics of patients with lung neuroendo-
crine tumours

LCNEC

TC

AC

48 (55%)

32 (36%)

8 (9%)

Female

Male

46 (52%)

42 (48%)

Mean observation period 37 months (0.6-100)

Mean age 59 years (28-78)

TNM stage

Ia

Ib

IIa

IIb

IIIa

IV

27 (31%)

18 (20%)

24 (27%)

6 (7%)

11 (12.5%)

2 (2.5%)

Surgical procedure

Pneumonectomy

Lobectomy

Segmentectomy

Wedge resection

7 (8%)

77 (87.5%)

1 (1%)

3 (3.5%)

Nestin

Positive

Negative

15 (17%)

73 (83%)

Lymph node metastases 

Yes

No

30 (34%)

58 (66%)

Visceral Pleura involvement

Yes 

No

12 (14%)

76 (86%)

Parietal Pleura involvement

Yes

No

3 (3.5%)

85 (96.5%)

Neoplastic clots in vessels 

Yes

No

14 (16%)

74 (84%)

Alive

Cancer-related death

Death due to other reasons

55 (62.5%)

30 (34%)

3 (3.5%)
LCNEC – large cell neuroendocrine carcinoma; TC – typical carcinoid; AC – 
atypical carcinoid; TNM – TNM Classification of Malignant Tumours

Table II. Evaluation of chosen variables on survival. Cox 
proportional hazards regression model

P HR 95% CI

Nestin 
Positive vs.  
negative

0.0342 2.3058 1.0643-4.9957

Patient’s age at 
operation time

0.0242 1.0477 1.0061-1.0911

Nodal  
involvement 
Positive vs.  
negative

0.0001 3.9347 1.9661-7.8743
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knowledge, there was only one study evaluating this 
protein and survival in LCNEC. Nestin was detected 
in 8/30 patients and it posed an independent prog-
nostic factor, increasing three times the hazard of 
death [19]. The limitations of the study were: small 
sample size and short follow-up time [19]. In the 
whole group we found nestin expression to be a nega-
tive prognostic factor shortening the survival length, 
though in a  separate analysis of LCNEC, lymph 
node involvement had much stronger impact on the 
prognosis. So, nestin seems to have a limited role as 
a prognostic marker in LCNEC, but its increased ex-
pression rather simply reflects the high proliferative 
activity of LCNEC cells. On the other hand, from the 
spectrum of lung tumours, nestin expression in SCLC 
was examined by Takakuwo et al. They showed ex-
pression of this protein in 9/10 examined cell lines 
[23]. Additionally, when nestin was down-regulated, 
the cells exhibited lower proliferation and invasive 
potential [23]. When it comes to nestin and other 
lung malignancies, it was identified as CSC marker 
in non-small cell lung cancer (NSCLC) [24]. Narita 
et al. found nestin on immunohistochemical analy-
sis performed on surgical specimens of NSCLC [25]. 

They also investigated several cell lines represent-
ing lung adenocarcinoma. Nestin expression in tu-
mour samples positively correlated with tumour size, 
lymph node metastasis and there was negative asso-
ciation with survival. On cell lines, it corresponded 
with increased proliferation, migration and invasion 
capacities [25]. Basing on our results and presented 
studies, nestin detection may serve in the future, as 
a biomarker used to predict prognosis and facilitate 
patient-oriented approach to treatment. 

With regard to carcinoids, in our study, nestin was 
positive in just one out of 40 cases. At the end of the 
observation the nestin-positive patient was alive. In 
a single published study, Ehrman et al. investigated 
only 9 carcinoid specimens, using different method, 
the histoscore. Nestin staining was weak and hetero-
geneous, thus confirming our results and pointing to 
a conclusion that it is of little use in carcinoids [26]. 
In our study, the nestin expression in LCNEC was 
significantly higher than in the carcinoid cells. As 
mentioned before, LCNEC is much more aggressive 
than carcinoids. Nestin is usually detected in more 

advanced tumour stages and in very malignant neo-
plasms [27, 28]. Thus, presence of this protein in LC-
NEC might be associated with properties of nestin 
positive cells: high plasticity and increased prolifer-
ative potential. Confirmation of LCNEC diagnosis 
from small biopsy specimens prior to operation, is 
hard to obtain [29]. Nestin detection may assist to 
support diagnostic accuracy.

Additionally, we found that lymph node involve-
ment and patient’s age at the time of operation were 
additional independent prognostic factors. How-
ever, Yi Chen Yeh et al. did not disclose correlation 
between nodal status, TNM classification stage and 
survival in LCNEC and SCLC, it probably resulted 
from study limitations [30]. Adversely, Filloso et al. 
confirmed our findings, that lymph node metastases 
and older age are independent negative prognostic 
markers [31]. 

Nestin expression might be useful as a  negative 
survival biomarker in a spectrum of neuroendocrine 
lung tumours. However, some authors suggested 
that low and high-grade neuroendocrine tumours 
do not represent the continuum of the same lesion 
[32]. In our study, in LCNEC patients lymph node 
status, but not nestin expression, was associated with 
shorter survival. On the other hand, we found signifi-
cant nestin overexpression in LCNEC as compared to 
carcinoids. Thus, nestin expression might be helpful 
in certain cases to differentiate between LCNEC and 
carcinoids, in pathological examination. 

The main limitation is that our study was conduct-
ed at a single institution on a relatively small sample. 
Nevertheless, it must be mentioned, that collect-
ing a larger cohort is difficult since the incidence of 
these tumours is relatively low (lung tumours include 
1-2.0% carcinoids and 3.0% LCNEC) [22]. 

To summarize, nestin potential role as a  prog-
nostic factor in neuroendocrine lung tumors needs 
further multi-institutional investigation as for any 
potential biomarker to be included into the routine 
usage. At present, nestin might be regarded as one 
of the markers helpful in pathological examination 
of bronchopulmonary neuroendocrine lung tumors. 
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cal support.

The authors declare no conflict of interest.

References
1.	Park D, Xiang AP, Mao FF, et al. Nestin is required for the 

proper self-renewal of neural stem cells. Stem Cells 2010; 28: 
2162-2171.

2.	Jiang MH, Cai B, Tuo Y, et al. Characterization of Nestin-positive 
stem Leydig cells as a potential source for the treatment of testic-
ular Leydig cell dysfunction. Cell Res 2014; 24: 1466-1485.

3.	Wiese C, Rolletschek A, Kania G, et al. Nestin expression – 
a property of multi-lineage progenitor cells? Cell Mol Life Sci 
2004; 61: 2510-2522.

4.	Clarke MF, Dick JE, Dirks PB, et al. Cancer stem cells – per-
spectives on current status and future directions: AACR Work-
shop on cancer stem cells. Cancer Res 2006; 66: 9339-9344.

5.	Tirino V, Desiderio V, Paino F, et al. Human primary bone 
sarcomas contain CD133+ cancer stem cells displaying high 
tumorigenicity in vivo. Faseb J 2011; 25: 2022-2030.

6.	You H, Kim YI, Im SY, et al. Immunohistochemical study of 
central neurocytoma, subependymoma, and subependymal gi-
ant cell astrocytoma. J Neurooncol 2005; 74: 1-8.

7.	Zambo I, Hermanova M, Adamkova Krakorova D, et al. Nes-
tin expression in high-grade osteosarcomas and its clinical sig-
nificance. Oncol Rep 2012; 27: 1592-1598.

8.	Yang XH, Wu QL, Yu XB, et al. Nestin expression in different 
tumours and its relevance to malignant grade. J Clin Pathol 
2008; 61: 467-473.

9.	Matsuda Y, Kure S, Ishiwata T. Nestin and other putative can-
cer stem cell markers in pancreatic cancer. Med Mol Morphol 
2012; 45: 59-65.

10.	Zhong B, Wang T, Lun X, et al. Contribution of nestin positive 
esophageal squamous cancer cells on malignant proliferation, 
apoptosis, and poor prognosis. Cancer Cell Int 2014; 14: 57.

11.	Zambo I, Hermanova M, Zapletalova D, et al. Expression of 
nestin, CD133 and ABCG2 in relation to the clinical outcome 
in pediatric sarcomas. Cancer Biomark 2016; 17: 107-116.

12.	Zhong B, Wang T, Zou J, et al. Association of the intermedi-
ate filament nestin with cancer stage: a meta-analysis based on 
223 positive/high nestin cases and 460 negative/low case-free 
controls. Oncotarget 2015; 6: 22970-22977.

13.	Ghazi AA, Abbasi Dezfooli A, Amirbaigloo A, et al. Ectopic 
Cushing’s syndrome secondary to lung and mediastinal tu-
mours – report from a tertiary care centre in Iran. Endokrynol 
Pol 2015; 66: 2-9.

14.	Travis WD, Brambilla E, Burke AP, et al. Introduction to The 
2015 World Health Organization Classification of Tumors of 
the Lung, Pleura, Thymus, and Heart. J Thorac Oncol 2015; 
10: 1240-1242.

15.	Swarts DR, Ramaekers FC, Speel EJ. Molecular and cellular bi-
ology of neuroendocrine lung tumors: evidence for separate bi-
ological entities. Biochim Biophys Acta 2012; 1826: 255-271.

16.	Hallet J, Law CH, Cukier M, et al. Exploring the rising inci-
dence of neuroendocrine tumors: a population-based analysis 
of epidemiology, metastatic presentation, and outcomes. Can-
cer 2015; 121: 589-597.

17.	Beasley MB, Brambilla E, Travis WD.The 2004 World Health 
Organization classification of lung tumors. Semin Roentgenol 
2005; 40: 90-97.

18.	Mirsadraee S, Oswal D, Alizadeh Y, et al. The 7th lung cancer 
TNM classification and staging system: Review of the changes 
and implications. World J Radiol 2012; 4: 128-134.

19.	Ryuge S, Sato Y, Jiang SX, et al. Prognostic impact of nestin 
expression in resected large cell neuroendocrine carcinoma of 
the lung. Lung Cancer 2012; 77: 415-420.

20.	Ryuge S, Sato Y, Wang GQ, et al. Prognostic significance of 
nestin expression in resected non-small cell lung cancer. Chest 
2011; 139: 862-869.

21.	Filosso PL, Ferolla P, Guerrera F, et al. Multidisciplinary man-
agement of advanced lung neuroendocrine tumors. J Thorac 
Dis 2015; 7: S163-S171.

22.	Schnabel PA, Junker K. Pulmonary neuroendocrine tumors 
in the new WHO 2015 classification: Start of breaking new 
grounds? Pathologe 2015; 36: 283-292.

23.	Takakuwa O, Maeno K, Kunii E, et al. Involvement of inter-
mediate filament nestin in cell growth of small-cell lung can-
cer. Lung Cancer 2013; 81: 174-179.

Fig. 4. Negative reaction in a  case of typical carcinoid. 
Magnification 400×

Fig. 1. Survival rates in nestin negative and positive groups. 
Kaplan-Meier plot

Fig. 2. Comparison of survival in patients with and without 
nodal metastases. Kaplan-Meier graph
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