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Abstract

Background & Aims: Nestin is considered to be a marker
of stem/progenitor cells in different tissues. Nestin expression
was also described in various tumors. In pancreatic ductal
adenocarcinoma (PDAC), its role in cancer cell migration,
invasion, and metastases has been suggested. The study
aimed at examining the expression of nestin in PDAC, and to
evaluate its clinicopathological correlations. Methods: The
expression of nestin was immunohistochemically examined
in 117 PDAC resection specimens, analyzed, and correlated
with clinico-pathological parameters including perineural
invasion (PNI). Analysis of nestin expression in nerve fibers
in tissues of chronic pancreatitis (CP) was added. Results:
Immunohistochemical analysis of nestin expression showed
79 nestin negative (67.5 %) and 38 nestin positive (32.5 %)
PDAC:s. No significant correlations of nestin expression in
tumor cells with the analyzed clinicopathological parameters
were demonstrated. Tumor grade (p<0.001) and nodal status
(p=0.009) proved to represent independent prognostic
factors. PNI was identified in 94 PDAC (80.3 %), and did
not correlate with nestin expression. Nestin immunostaining
was displayed in nerve fibers of both CP and PDAC tissues.
Conclusion: An intimate link of nestin to a biological process
of pancreatic cancer was confirmed. The expression of
nestin did not prove to be a valuable prognostic factor and
an immunohistochemical assessment of nestin expression is
not superior to conventional prognostic factors in PDAC. A
correlation between nestin expression in tumor cells and PNI
was not confirmed and expression of nestin in nerve fibers
of both PDAC and CP tissues seems to reflect the process of
neural remodeling responsible for pancreatic neuropathy.
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Introduction

Pancreatic ductal adenocarcinoma (PDAC) accounts
for 90 % of all pancreatic tumors and represents a disease
with the poorest prognosis among malignancies of the
gastrointestinal tract with overall 5-year survival rate under
5%. The mean survival time for untreated patients is 3-5
months, while the mean survival after surgical resection
ranges from 10-20 months. Pancreatic cancer has no early
warning signs and symptoms, thus most patients present with
advanced disease. Only 10-20% of patients or fewer have
surgically resectable carcinomas at the time of diagnosis.
Pancreatic cancer as the fourth leading cause of cancer-
related-death in western countries represents a significant,
unresolved therapeutic challenge [1-5].

Nestin is the class VI intermediate filament protein that
was originally identified in stem cells and progenitor cells
in the mammalian central nervous system (CNS) during
development (nestin is the acronym for neuroepithelial stem
cell protein) [6, 7]. In the course of embryogenesis, this
protein is expressed in migrating and proliferating cells, and
during cell differentiation, its expression is down-regulated
and nestin is replaced by other types of tissue-specific
intermediate filaments [8, 9]. Currently, nestin is considered
to be a marker of stem/progenitor cells isolated from different
tissues. In adult tissues, nestin has been observed in situations
that mimic developmental phases, e.g. physiological renewal
of certain cell types, tissue regeneration and healing in
response to injury, revascularisation, etc. [9-11].

Expression of nestin has been demonstrated in many
kinds of neoplasias including pancreatic tumors (in PDAC,
acinar cell carcinomas, solid pseudopapillary neoplasms,
pancreatoblastoma, mucinous cystic neoplasm, and serous
cystadenoma) [12, 13]. Recently, on a mouse model, it
was demonstrated that K-ras oncogenic activation in nestin
positive pancreatic exocrine progenitors resulted in the
formation of pancreatic intraepithelial neoplasias (PanINs),
putative precursors of PDAC. Thus, the nestin progenitor
cell lineage was suggested to be the compartment of origin
of pancreatic intraepithelial neoplasia [14].

The roles of nestin in pancreatic cancer cells are not
fully understood; its role in cancer cell migration, invasion,
and metastases has been recently suggested, and nestin may
represent potential target for a biological therapy [15]. In
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some tumors, nestin was reported to correlate with a worse
clinical outcome [16, 17]. Furthermore, pancreatic cancer
belongs to solid tumors, in which the cancer stem cells
(CSCs) have been identified, and nestin is considered to be
one of the CSCs markers in some tumor types [18-22].

In our study, the expression of nestin in resectable
PDAC was immunohistochemically examined, analyzed and
correlated with clinicopathological parameters of the cohort.
Morevoer, analysis of perineural invasiveness of PDAC and
its relation with nestin expression was performed.

Materials and methods

Study group and tissue specimens

The study group (data summarized in Table I) consisted
of 117 patients: 58 males (49.6 %) and 59 females (50.4
%); mean age 60.9+9.2 years (range 47.0 — 74.0 years).
These patients underwent pancreatectomy in the University
Hospital Brno, Masaryk Memorial Cancer Institute or in St.
Anne’s University Hospital Brno between 2000-2009.

None of the patients received preoperative chemotherapy
or radiotherapy. One hundred and one patients underwent
hemipancreaticoduodenectomy, 13 patients distal
pancreatectomy, and 3 patients total pancreatectomy. Eighty
nine patients underwent RO surgery with examined resection
margins free of neoplastic infiltration; in 26 patients,
microscopic infiltration of resection margins was revealed
(R1 surgery). In 2 patients, reliable information about R
status was not available. No distant metastases were revealed
at initial diagnosis, only MO patients with resectable invasive
ductal adenocarcinoma were included into the study.

Histological examination confirmed diagnosis of PDAC
in all selected cases. Grading of tumor differentiation was
done according to World Health Organization criteria based
on the combined assessment of histological and cytological
features and mitotic activity [2]. The grade is assigned on
the basis of the features of highest grade. Tumor staging
was performed according to the International Union Against
Cancer TNM System (the 6th edition). The follow up was
available for all except 3 patients; 17 patients were alive at
the end of the study. The median follow up period was 20.4
months. Survival data were retrieved from the National
Oncological Register of the Czech Republic.

Routinely processed formalin fixed and paraffin embedded
tumor tissues were available for immunohistochemical
analysis in all cases. The tissue specimens, slides, and
histopathology reports including the information about the
presence of perineural invasion (PNI) were retrieved from
the files of involved departments of pathology. All resection
specimens were fixed in 10% neutral buffered formalin for
24 hours. Tissue sections stained with hematoxylin-eosin
were reviewed by two pathologists (JL and MH or KM
and MH) and representative samples with structures of
pancreatic invasive ductal adenocarcinoma were selected
for immunohistochemical analysis.

So as to evaluate the pattern of nestin expression
in nerve fibers in non-tumorous pancreatic tissue,
immunohistochemical analysis of nestin expression was
performed in tissues of 6 normal pancreata obtained from
healthy organ donors and 15 resection specimens with
sporadic chronic pancreatitis (CP).
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The study was approved by the Ethics Committees of the
involved hospitals. Patients were informed and they signed
written consent for the usage of their pancreatic tissues for
research purposes.

Immunohistochemistry

Immunohistochemical detection of nestin was performed
on 4 pum thick tissue sections applied to positively charged
slides. The sections were deparaffinized in xylene and
rehydrated through a graded alcohol series. Antigen retrieval
was performed in a Pascal calibrated pressure chamber
(DAKO, Glostrup, Denmark) by heating the sections in
Tris/EDTA buffer (DAKO) at pH 9.0 for 40 min at 97°C.
Endogenous peroxidase activity was quenched in 3%
hydrogen peroxide in methanol for 10 min, followed by
incubation at room temperature with a mouse monoclonal
antibody against nestin (clone 10C2, dilution 1:200,
Millipore, Billerica, MA, USA) for 90 min. A streptavidin-
biotin peroxidase detection system was used according
to the manufacturer’s instructions (Vectastain Ellite ABC
Kit, Vector Laboratories, Burlingame, CA, USA); 3,3'-
diaminobenzidine was used as a chromogen (DAB, DAKO).
Slides were counterstained with Gill's hematoxylin. Tissue
sections of glioblastoma multiforme served as external
positive controls for the anti-nestin antibody; nestin positive
endothelial cells in ductal adenocarcinoma tissue samples
were used as internal positive controls [9, 10]. Negative
controls were prepared by incubating samples without
primary antibody. Evaluation of immunohistochemical
results was performed using a uniform microscope and
camera setting (Olympus BX51 microscope and DP72
camera).

Evaluation of immunostaining

In tumor cells (TC), a cytoplasmic immunostaining for
nestin was regarded as positive (Fig. 1 a-d). The percentages
of positive TC were evaluated by two pathologists (JL
and MH) independently, using a light microscope at 200x
magnification. Discrepancies were resolved by a consensus.
At least five discrete foci of neoplastic infiltration were
analyzed and the percentage of nestin positive (Nes+) cells of
the covered area was determined (minimally 200 TC per each
inspected area was examined). For comparison of results
with previous study [23], tumors with nestin expression in
more than 10 % TC were evaluated as nestin positive. The
percentage of nestint TC was categorized into four levels:
0 (<10 % nestint TC), 1+ (10-25 % nestin+ TC), 2+ (25-50
% nestin+ TC), 3+ (>50 % nestin+ TC).

Statistical analysis

Standard descriptive statistics were adopted in the
analysis; categorical data are described by the number of
patients and percentages of categories, continuous parameters
were expressed as median and Sth — 95th percentile or as
average and standard deviation.

Statistical significance of relationship between categorical
variables was evaluated using the maximum likelihood Chi-
square test. Survival of patients was described using Kaplan-
Meier methodology, statistical significance of differences in
survival among patient groups was tested by log-rank test.
0=0.05 was used as the level of statistical significance in
all analyses.
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tissues of PDAC (a-e) and CP resection specimens (f), original
magnification 200x (a-g), 100x (h). Cytoplasmic, preferentially
supranucleary localized expression of nestin in structures of
moderately differentiated PDAC (a). Diffuse cytoplasmic nestin
expression in poorly differentiated PDAC (b). PNI of structures
of nestin negative (c) and nestin positive PDAC (d) with strong
nestin immunopositivity in nerve fibers with displayed PNI (c-d).
Strong nestin expression in nerve fibers of chronic pancreatitis-
like tissues adjacent to PDAC (e) and in nerve fibers of sporadic
chronic pancreatitis tissues (f). Strong nestin immunopositivity in
intratumoral nerve fibers without displayed PNI (g). Strong nestin
immunopositivity in nerve fiber with displayed PNI and also in
intratumoral nerve fibers without PNI (h).

Results

Descriptive statistics of the study cohort (Table I)

The PDAC was well differentiated in 8 patients (6.8 %),
moderately differentiated in 66 patients (56.4 %), and poorly
differentiated in 43 patients (36.8 %). Eighty three patients
(71.6 %) had lymph node metastases at the time of diagnosis
(N1), whereas 33 (28.4 %) patients did not display nodal
involvement (NO); in 1 patient, reliable information about
nodal status was not available. The T1 group consisted of
6 patients (5.1 %) vs 32 patients (27.4 %) in T2 group, and
79 patients (67.5 %) in T3 group. Fifty one patients were
known to have received adjuvant therapy (27 patients had
chemotherapy alone, 23 patients combined chemoradiation,
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and 1 patient radiotherapy alone). Forty seven patients did
not receive the adjuvant therapy; in 19 patients the reliable
information about adjuvant therapy was not available.

Analysis of survival rates

The median overall survival (OS) in the study population
was 16.8 months. There was no significant difference
between OS in males and females (median OS 20.8 months
in females vs 16.7 months in males; p=0.157). No significant
differences in survival among age groups (under 55, between
56-65, over 65 years) were revealed. A lower histological
grade showed a strong statistically significant correlation
with a longer OS (p<0.001) (Fig. 2). Median OS for patients
with G3 tumors was 10.2 months vs 22.7 months for patients
with G1 and G2 tumors (p<0.001). Lymph node involvement
(N1 status) was associated with significantly shorter OS
of patients (22.1 months in NO group vs 15.7 months in
N1 group; p=0.009). Patients with T3 tumors displayed a
shorter median OS, but differences did not reach statistical
significance (22.1 months in T1+T2 group vs 16.7 months in
T3 group; p=0.120). Differences in OS of patients with and

Table 1. Descriptive statistics of the study group.

Total N=117
Sex Female N=59 50.4 %
Male N=58 49.6 %
Age (years) Median 60.9 9.2)
(SD)
Median 60.0 (47.0 - 74.0)
(5-95%)
Score nestin 0 N=179 67.5%
1 N=10 8.5%
2 N=11 9.4 %
3 N=17 14.5%
Grade 1 N=8 6.8 %
2 N =66 56.4 %
3 N =43 36.8 %
T 1 N=6 5.1%
2 N=32 27.4 %
3 N=79 67.5 %
N 0 N=33 28.4 %
1 N=283 71.6 %
Surgical resection RO N =289 77.4 %
R1 N=26 22.6 %
Adjuvant therapy Yes N=51 43.6 %
No N =47 40.2 %
Not known N=19 16.2 %
Type of adjuvant C N=27 529 %
g;e:rasply CR N=23 45.1%
R N=1 2.0%
Follow up (months) Median 20.4 (0.9 -63.8)
(5-95%)
Deceased Yes N=97 82.9 %
PNI Yes N =94 80.3 %

C: chemotherapy; CR: chemoradiotherapy; R: radiotherapy alone;
PNI: perineural invasion
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Fig 2. Kaplan-Meier OS curves for patients with resectable
pancreatic cancer stratified by the grade of the tumour. The patients
with poorly differentiated (grade 3) tumors displayed significantly
lower survival curves than those with well (grade 1) and moderately
(grade 2) differentiated tumors (p<0.001).

without adjuvant therapy did not reach statistical significance

even if the stratification according to type of adjuvant therapy
was performed.

Analysis of nestin expression and its clinico-pathological
correlations

Immunohistochemical analysis of nestin expression in TC
(Fig. 1a-d) showed 79 nestin negative (67.5 %) and 38 nestin
positive PDACs (32.5 %); among the nestin positive tumors,
10 tumors (8.6 %) expressed nestin at 1+ level, 11 (9.4 %) at
2+ level, and 17 (14.5 %) at 3+ level (Table I). Intensity of
immunostaining was moderate to strong in all nestin positive
tumors, and low level of staining intensity heterogeneity was
displayed in some cases. Among 79 tumors, which were
evaluated as nestin negative (score 0), there were five PDACs
with cytoplasmic nestin expression in <5 % of TC; the
others did not display any nestin immunostaining in TC. No
statistically significant correlations were revealed between
the levels of nestin expression and grade, T, R, and nodal
status (Table II). In Kaplan-Meier analysis, no significant
correlations were revealed among nestin expression and
survival rates (Fig. 3).

Analysis of PNI

Foci of PNI were identified in tissue samples of 94 cases
(80.3 %). Within these 94 PDAC cases, which displayed
PNI, 68 cases (72.3 %) were evaluated as nestin negative
(score 0), and 26 (27.7 %) as nestin positive (score 1-3;
results summarized in Table IT). No statistically significant
correlation between PNI and levels of nestin expression
was revealed (p=0.124). In Kaplan-Meier analysis, patients
with demonstrated PNI showed shorter median survival,
but differences did not reach a statistical significance (16.7
months in cases with PNI vs 22.1 months in cases without
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Fig 3. Kaplan-Meier OS curves for patients with resectable
pancreatic cancer stratified by the level of nestin expression with
no significant differences in survival rates among patients with
different nestin expresion levels in PDAC (p=0.948).

PNI; p=0.760). All peripheral nerve fibers with demonstrated
perineural spreading of the carcinoma displayed a strong
nestin immunopositivity (Fig. 1 c-d). Strong expression
of nestin was also revealed in nerve fibers in chronic
pancreatitis— like tissues adjacent to structures of invasive
adenocarcinoma (Fig. le) and in intratumoral nerve fibers
without PNI (Fig. 1 g, h). As a control group, tissues of 15
pancreata with histopathologically confirmed diagnosis of
sporadic chronic pancreatitis with no neoplastic infiltration
in examined resection specimen were immunostained, and
the strong expression of nestin was also revealed in nerve
fibers (Fig. 1f). Additionally, the expression of nestin in
nerve fibers of normal pancreata was examined and no nestin
expression was revealed.

Discussion

Only a limited number of studies immunohistochemically
analyzed the nestin expression in tissues of PDAC with some
conflicting results [12, 23, 24]. Apart from the study of
Kawamoto et al., which included 60 PDAC cases [23], the
other authors reported the results of immunohistochemical
analysis of nestin expression in PDAC in a relatively low
number of tumors [12, 24]. The study of Ohike et al [12]
included 20 PDACSs and showed the nestin expression in
only a small area of dedifferentiation in one PDAC (1/20; 5
%), where the immunostaining was classified as wide (for
explanation, this study included more pancreatic tumor
types, did not use a clearly quantified scoring system and the
immunostaining was classified as wide, partial or negative).
The study of Yang et al [24] also evaluated the nestin
expression in more tumor types, namely in gastrointestinal
stromal tumors, angiosarcomas, cavernous angiomas, and
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Table II. Nestin score 0-3 in relation with grade, T, N, R, and PNI.

N=117 Grade P
1 2 3
Score nestin 0 6 7.6% 45 57.0% 28 354 %
1 0 0.0% 6 60.0 % 4 40.0% NS
2 I 91% 54.5% 4 364 %
3 1 59% 9 529% 7 412%
T
1 2 3
Score nestin 0 3 38% 22 27.8% 54 684 %
1 1 10.0% 3 30.0% 6 60.0% NS
2 0 0.0% 4 36.4% 7 63.9%
3 2 11.8% 3 17.6% 12 70.6 %
N
0 1
Score nestin 0 21 26.6% 58 73.4%
1 1 10.0% 9 90.0% NS
2 4 36.4% 7 63.6%
3 7 438% 9 563%
R
0 1
Score nestin 0 58 753% 19 247% NS
1 10 100.0 % 0 0.0%
2 7 63.6% 4 36.4%
3 14 82.4% 3 17.6%
PNI
Yes No
Score nestin 0 68 86.1 % 11 139%
1 8 80.0% 2 20.0% NS
2 6 54.5% 5 455%
3 12 70.6 % 5 294%

R: resection; PNI: perineural invasion

PDAC:S. The study included 22 PDACs, which were stratified
into poorly and well differentiated PDACs (or into high and
low malignant PDACs as it is synonymously stated in the
paper) with no further explanation of the grading system,
which is not in agreement with the conventionally used and
accepted three-tiered WHO histopathological grading system
of PDAC [2]. This study [24] reported nestin expression
predominantly in the cytoplasm of PDACs, evaluated the
nestin expression semi-quantitatively using the histoscores,
and correlated with the ,,malignant grade®. Nestin positive
TCs were identified in 10 of 22 PDAC (45.5%). Yang et
al showed no significant correlation of nestin expression
and ,,malignant grade” of PDACs [24]. In this aspect, the
interpretation and comparison of results is also limited
because of using the non standard grading system. Despite
existing methodological and interpretational limitations,
our study confirmed the absence of significant correlation
between the levels of nestin expression and the grade of
PDACs using the accepted three-tiered WHO grading
system.

The most relevant study of Kawamoto et al [23]
demonstrated the nestin expression in 20 of 60 analyzed
PDAC (33.3 %). Additionally, nearly complete concordance
between immunostaining and in situ hybridization signals
was displayed in serial sections from 5 of 5 tumor samples.
If compared to results of the presented study, which included
117 cases, we showed an almost equal ratio of nestin positive
(79 cases - 67.5 %) and nestin negative PDAC (38 cases
- 32.5 %) when the same cut off level of nestin positivity
was chosen.

Apart from the possible low number failure of
statistical analysis, methodological approaches may
play a role in differences among the studies. Our study
worked with mouse monoclonal antibody, which generally
shows a higher specificity if compared with polyclonal
antibodies against nestin [25]. Moreover, performing
immunohistochemistry, known technical and interpretative
pitfalls of this methodological approach were taken
into account and prevented. All immunohistochemical
analyses including antigen retrieval were done in one, for



394

immunohistochemistry specialized lab using standardized
protocols. To avoid misinterpretation of results, especially
unspecific immunostaining, the system of positive
(both internal and external) and negative controls was
used in each run. To statistically analyse the clinico-
pathological correlations of nestin expression as determined
immunohistochemically, the percentage of nestin positive
TCs was counted. Based on the results and suggestions of
methodologically focused analyses of semi-quantitative
scoring methods for immunohistochemical detection of
different tumor markers [26, 27], we avoided the inclusion
of an assessment of staining intensity into the statistical
analysis. The degree of staining intensity has been shown
to vary by tumor type, is partially influenced by the choice
of fixatives, is inversely corelated with storage time of the
unstained tissue sections, and the inter-observer agreement
of staining intensity assessed by multiple observers is in
many instances moderate to poor [26, 27]. It was suggested
that scoring methods based on percent positivity, rather
than on staining intensity, are reproducible and sufficient
for establishing of immunohistochemically assessed tumor
markers with most clinico-pathological features [26].

For completeness, our study evaluated also conventional
prognostic factors of PDAC. Higher grade of the tumor and
metastatic involvement of lymph nodes (N1 nodal status)
were strongly associated with worse clinical outcome.
Shorter survival was also demonstrated in T3 tumors and in
cases with identified PNI, but results did not reach statistical
significance. In agreement with the previous study [23], no
significant differences in survival rates of nestin positive and
nestin negative cases were revealed.

Within our study, great attention was paid to the analysis
of perineural invasiveness of PDAC in relationship with
nestin expression in cancer cells. Kawamoto et al among
others suggested that nestin expression in TCs correlates with
nerve invasion in pancreatic cancer [23]. In the study group,
which consisted of 60 PDACs, they reported 11 PDACs (18.3
%) with no detected PNI within the surgical specimens, all
of them nestin negative. In contrast, within the group of 49
PDACs (81.7 %) with demonstrated PNI, 20 (41 %) were
nestin positive, and significant correlation between nestin
expression and PNI was reported. Our study included 117
PDACs and PNI was demonstrated in surgical resection
specimens of 94 cases. Thus, the ratio of PNI positive and
negative cases was almost the same in our study (80.3 % with
PNI vs 19.7 % without PNI); however, we have not revealed
significant differences in perineural invasiveness of nestin
positive and nestin negative PDACs. Based on our results,
both groups of nestin positive and nestin negative carcinomas
display a similar tendency to perineural spreading, and our
results do not confirm a correlation between PNI and nestin
expression. Neurotropism to intra-pancreatic nerves and
continuous extension of TCs extrapancreatically along the
peripheral nerves are a hallmark of PDAC, representing
one of the major causes of the recurrence after curative
resection and are associated with shorter survival [28,
29]. It is estimated that up to 90 % of PDAC patients have
intrapancreatic nerves infiltrated by TCs and up to 70 %
display involvement of extrapancreatic nerves [30-32]. Some
authors have stated that up to 100 % of PDACs display
PNI if extensive examination of resection specimen is
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performed [28]. Even if just standard routine examinations
and sectioning of resection specimens have been performed
in our study, more than 80 % cases displayed PNI and almost
the same ratio was reported by Kawamoto et al [23]. Based
on the above cited data completed by our own results we
can confirm that PNI represents the very frequent event in
PDAC and occurs in almost all cases. On the contrary, larger
studies including our own showed the expression of nestin
in only one third of PDAC cases.

The finding of strong nestin immunopositivity in nerve
fibers of PDAC resection specimens resulted in a detailed
analysis of nestin expression not only in TCs but also in nerve
fibers of PDAC surgical specimens, in tissues of sporadic
chronic pancreatitis, and normal pancreata. In agreement
with Ceyhan et al [33], we observed the strong nestin
immunopositivity in intratumoral nerve fibers, and also in
nerve fibers identified within the chronic pancreatitis-like
tissue adjacent to the neoplastic infiltration. Moreover, the
strong nestin immunopositivity in nerve fibers of sporadic
chronic pancreatitis tissues with no neoplastic infiltration
within the examined resection specimens was demonstrated.
On the contrary, the control tissues of normal pancreata
displayed no nestin expression in structures of peripheral
nerve fibers. Based on our findings and supported by literature
data[9, 33], we suppose that nestin expression in nerve fibers
of both chronic pancreatitis and ductal adenocarcinoma
tissues reflects the process of “eural remodeling®, evidence
of which was given by the study of Ceyhan et al [33].
Intrapancreatic nerves in both chronic pancreatitis and PDAC
undergo remodeling that seems to represent an adaptive,
unified response of the nervous system to inflammation
or cancer in gastrointestinal tract, and intrapancreatic
Schwann cells in chronic pancreatitis and PDAC are in a
reactive/activated state, which seems to be reflected by nestin
expression [33]. Increased neural density and hypertrophy,
pancreatic neuritis and neural invasion by cancer cells in
PDAC characterise intrapancreatic neuropathic alterations
[34]. Increased neurite formations suggest that neurotropic
factors, growth factors and axonal guidance molecules can
represent key molecules in the crosstalk and interactions with
beneficial effects on the growth of both tumor cells and nerve
terminations [35-38]. Recently, the induction of “neuronal
plasticity” by a microenvironment in chronic pancreatitis and
PDAC was experimentally proven under in vitro conditions
[34]. The expression of nestin is developmentally regulated
in normal tissue and nestin is replaced by other intermediate
filament proteins in mature neurons; thus, the expression of
nestin during neural remodeling should be explained by the
“dedifferentiated phenotype® of the involved cells. Many
neurotrophic factors including nerve growth factor, and other
chemokines may play an important role in the induction of
dedifferentiation and neural remodeling [39].

Conclusion

The reported findings confirm the relationship of nestin
with biological processes of pancreatic cancer and the
nestin expression was demonstrated in 32.5% of PDACs.
No significant correlation of nestin expression with the
analyzed clinicopathological parameters including survival
rates was revealed. On the contrary, conventional markers
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such as tumor grade and nodal status proved to represent
valuable independent prognostic factors and, for this point
of view, they are superior to the immunohistochemical
assessment of nestin expression in PDAC. Shorter survival
was revealed in cases with displayed PNI, but significant
differences in perineural invasiveness of nestin positive and
nestin negative PDAC were not found. Based on our results,
nestin does not seem to represent a molecule, which drives
PNI. Furthermore, strong nestin immunopositivity revealed
in nerve fibers of both PDAC and CP resection specimens
seems to reflect the process of neural remodeling that plays
arole in the generation of pancreatic neuropathy.
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