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Strzelczyk, J.; Wągrowska-Danilewicz,

M.; Danilewicz, M.;

Małecka-Wojcieszko, E. Alpha

Smooth Muscle Actin (αSMA)

Immunohistochemistry Use in the

Differentiation of Pancreatic Cancer

from Chronic Pancreatitis. J. Clin.

Med. 2021, 10, 5804. https://doi.org/

10.3390/jcm10245804

Academic Editor: Cosimo Sperti

Received: 1 November 2021

Accepted: 7 December 2021

Published: 11 December 2021

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2021 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

1 Clinical Department of General and Oncological Gastroenterology, University Clinical Hospital No. 1,
90-153 Lodz, Poland; ewuncia@poczta.onet.pl

2 Sykehuset Innlandet HF, 2618 Lillehammer, Norway; m.dzienieck2@gmail.com
3 Department of General and Transplant Surgery, Medical University of Lodz, 90-153 Lodz, Poland;

janusz.strzelczyk@umed.lodz.pl
4 Department of Nephropathology, Division of Morphometry, Medical University of Lodz, 90-153 Lodz, Poland;

malgorzata.wagrowska-danilewicz@umed.lodz.pl (M.W.-D.); marian.danilewicz@umed.lodz.pl (M.D.)
5 Department of Digestive Tract Diseases, Medical University of Lodz, 90-153 Lodz, Poland
* Correspondence: katarzyna.winter@vp.pl; Tel.: +48-500-275-615; +48-4267-76-664; Fax: +48-678-6480

Abstract: Aim: Fibrosis is observed both in pancreatic cancer (PDAC) and chronic pancreatitis (CP).
The main cells involved in fibrosis are pancreatic stellate cells (PSCs), which activate alpha smooth
muscle actin (αSMA), which is considered to be the best-known fibrosis marker. The aim of the study
was to evaluate the expression of the αSMA in patients with PDAC and CP as the possible differentia-
tion marker. Methods: We enrolled 114 patients undergoing pancreatic resection: 83 with PDAC and
31 with CP. Normal fragments of resected specimen from 21 patients represented the control tissue.
The immunoexpressions of αSMA were detected in tissue specimens with immunohistochemistry
(Abcam antibodies, GB). Results: Mean cytoplasmatic expression of αSMA protein in PDAC stromal
cells was significantly higher compared to CP: 2.42 ± 0.37 vs 1.95 ± 0.45 (p < 0.01) and control group
0.61 ± 0.45 (p < 0.01). Strong immunoexpression of the αSMA protein was found in the vast majority
(80.7%) of patients with PDAC, in about half (58%) of patients with CP, and not at all in healthy tissue.
The expression of αSMA of different intensity was found in all patients with PDAC and CP, while in
healthy tissue was minimal or absent. In PDAC patients, αSMA expression was significantly higher
in tumors of diameter higher than 3 cm compared to smaller ones (p = 0.017). Conclusions: Presented
findings confirm the significant role of fibrosis in both PDAC and CP; however, they do not confirm
the role of αSMA as a marker of differentiation.

Keywords: chronic pancreatitis; pancreatic ductal adenocarcinoma; pancreatic fibrosis; pancreatic
stellate cells; αSMA

1. Introduction

Chronic pancreatitis is a long-term inflammatory process that leads to irreversible
morphological changes in the pancreatic parenchyma, its gradual fibrosis, and calcifica-
tion [1–4]. A similarly characteristic feature of the pancreatic cancer is the fibrous stroma,
which is the main ingredient of the tumor [5–8]. Long-term CP is an important risk factor for
the development of pancreatic cancer, although the mechanisms leading to cancer transfor-
mation are still poorly understood [9,10]. It is believed that chronic inflammatory process
underlies malignant transformation [9–12]. Pancreatic chronic inflammatory process leads
to the activation of stellate cells. Activated stellate cells can proliferate and migrate, are a
source of extracellular matrix (ECM) proteins, pro-inflammatory cytokines (IL-1, IL-6, IL-8,
IL-18, IL-33, TNFα), chemokines and growth factors (incl. IGF-1, PDGF, TGF-β1) [6–8].
As a result of activation, stellate cells acquire a muscle cell phenotype, which express alpha
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smooth muscle actin (αSMA), considered the best-known fibrosis marker [6–8]. Fibrous
stroma of the pancreatic tumor represents the source of numerous factors responsible for
the extraordinary aggressiveness of this tumor, plays an important role in the progression
and metastasis formation as well as prevents the access of chemotherapeutics to the cancer
cells [13–17].

The differentiation of focal lesions arising from chronic pancreatitis and PDAC re-
mains a diagnostic challenge [18]. At the present time, endoscopic ultrasound (EUS) is a
well-established tool for the evaluation of pancreatic lesions, which offers a high sensitivity
for detection of small pancreatic mass and is the preferred modality for obtaining tissue
for diagnosis of pancreatic mass [19]. Fine-needle biopsy (FNB) was recently developed
to obtain a core tissue, providing samples with preserved architecture for histological,
immunohistochemical profiling [20,21]. Immunohistochemistry is an integral technique for
tissue-based diagnostics and biomarker detection with broad worldwide adoption. Ad-
vances in core chemistries, antibody design, and automation have ushered unprecedented
sensitivity, specificity, and reproducibility in immunohistochemistry assays [22].

Numerous studies have been conducted for many years, focusing on the search for a
specific, sensitive diagnostic and prognostic marker for pancreatic cancer, but their results
are still unsatisfactory. The aim of the study was to evaluate the expression of the αSMA in
patients with PDAC and CP as the possible differentiation marker.

2. Material and Methods

The study included 114 patients hospitalized and diagnosed in the Department of
Gastrointestinal Diseases at the Medical University of Lodz and then operated at the
Department of General and Transplant Surgery at the Medical University of Lodz—83 pa-
tients with ductal pancreatic adenocarcinoma and 31 patients with chronic pancreatitis.
The control represents the fragments of normal pancreas in preparations obtained from
21 patients from the study group.

Initial diagnosis was based on the clinical evaluation and additional biochemical and
imaging tests (abdominal ultrasound, CT scans, magnetic resonance, EUS). The general
indication for surgery was the presence of a focal lesion in the pancreas. In the case of
pancreatic cancer, the resectability criteria included: no distant metastases and no signs of
infiltration of the superior mesenteric vein and/or portal vein in imaging or infiltration
enabling safe resection and vascular reconstruction [23]. The final diagnosis of the disease
was based on the histopathological examination of the postoperative material.

In patients with PDAC, tumor size, location, histological grade and tumor stage ac-
cording TNM classification were assessed [24]. Survival was determined in days, calculated
from the date of surgery to the date of death.

For immunohistochemistry anti actin (Smooth Muscle) (Dako nr kat.M0851) was used.
The αSMA expression has been reported in the cytoplasm of pancreatic stromal cells.

The degree of immunoexpression of αSMA was determined based on the intensity of
the color and the number of stained cells. The degree of immunoreactivity was assessed
by semi-quantitative method assigning from 0 to 3 points depending on the intensity of
the reaction: 0 in the absence of an immunohistochemical reaction, 1 in the case of a weak,
2 moderate and 3 a strong immunohistochemical reaction. The percentage of stained cells
was also assessed on a three-point scale, assigning 1: for less than 30%, 2: for 31 to 65% and
a value of 3 when more than 66% of the cells were stained. In each of the preparations,
ten fields of view were evaluated at 400× magnification and the average score calculated
for each sample. Then, the average value was calculated from both obtained values and
subjected to statistical analysis.

The following tests were used during the statistical analysis of the collected data:
to check the normal distribution Shapiro–Wilk test; for comparisons of measurable features
between groups Mann–Whitney U test; for all comparisons of immeasurable features test of
independence. For all statistical tests used, the level of statistical significance was assumed
at p < 0.05. Statistical analysis was performed using the Statistica 12 program.
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The study was approved by the Bioethics Committee of the Medical University of
Lodz (approval No. RNN/202/12/EC of 20 November 2012).

3. Results

In the group with PDAC were 46 men and 37 women, aged 34–76 (mean age: 59.6 ±
8.74 years). Among patients with chronic pancreatitis, there were 22 men and 9 women,
aged 23–64 (mean age: 49.7 ± 9.65 years). When analyzing the clinical symptoms, jaundice
was significantly more frequent in patients with PDAC (p < 0.02) than in CP patients.
Additionally, mean fasting glucose (p = 0.05) and BMI index (p < 0.05) were statistically
significantly higher in PDAC patients compared to patients with CP. There was no statisti-
cally significant difference between PDAC and CP regarding the mean serum CA 19-9 level
(p = 0.1383). Based on imaging tests, intraoperative assessment and histopathological exam-
ination results, PDAC staging was assessed according to TNM classification. The baseline
characteristic of the subjects involved in the study are presented in Table 1.

Table 1. Baseline Characteristics of the Study Group.

Baseline Characteristics of the Study Group

Number of Patients
PDAC

Patients CP Patients

83 31

Age 59.6 ± 8.74
(34–76)

49.7 ± 9.65
(23–64)

Sex
Female 37 (45%) 9 (29%)
Male 46 (55%) 22 (71%)

Symptoms Jaundice 37 (45%) 5 (16%)

BMI 25.15 ± 3.73 22.84 ± 4.72

Blood tests
Fasting glucose 118.44 ± 34.02 103.26 ± 20.05

CA 19-9 serum level 217.3 ± 348.7 68.3 ± 135.8

Comorbidities DM 29 (47%) 11 (35.5%)
DM newly diagnosed 12 (14.5%) 3 (9.6%)

TNM
Classification

IA 5 (6%) n/a
IB 21 (25%) n/a

IIA 19 (23%) n/a
IIB 32 (38.5%) n/a
III 3 (3.6%) n/a
IV 3 (3.6%) n/a

Tumor
Grading

G-1 16 (19.3%) n/a
G-2 60 (72.3%) n/a
G-3 7 (8.4%) n/a

Localization
Head of the pancreas 68 (82%) 27 (87%)
Body of the pancreas 8 (9.6%) 0
Tail of the pancreas 7 (8.4%) 4 (13%)

Tumor
Dimension

[cm]
3.45 (0.5–6.0) n/a

Type of
operations

Whipple’s operation 63 (76%) 25 (81%)
Resection of the body and tail of pancreas 8 (9.6%) 0

Resection of the tail of the pancreas 3 (3.6%) 4 (13%)
Beger operation 0 2 (6%)

Total pancreatectomy 9 (10.8%) 0
PDAC—pancreatic ductal adenocarcinoma; CP—chronic pancreatitis; BMI—body mass index; DM—diabetes
mellitus; n/a—not applicable.
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The average survival time for patients with PDAC was 1.4 years. Seven pancreatic
cancer patients (8.4%) survived until the end of follow-up. The average survival time in
these 7 PDAC patients was 5.24 years (min. 3.3 years, max. 7.6 years). In the group of CP
patients, 10 people (32%) died by the end of follow-up. The maximum follow-up period
was 10.17 years.

Immunohistochemical analysis showed cytoplasmic expression of the αSMA protein
in pancreatic stromal cells (Figure 1). Significantly higher mean expression of the αSMA
protein in PDAC was demonstrated in comparison to CP: 2.42 ± 0.37 vs. 1.95 ± 0.45
(p < 0.01). The expression of αSMA in the control group was 0.61 ± 0.45, which was 4 times
lower than in PDAC and 3 times lower than in CP. The differences between all groups were
statistically significant (p < 0.01) (Figure 2).
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Figure 2. Comparison of αSMA expression in pancreatic ductal adenocarcinoma (PDAC), chronic
pancreatitis (CP) and in healthy tissue (CONTROL).
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Strong immunoexpression of the αSMA protein was found in 67 (80.7%) of pancreatic
cancer patients and in 16 (58%) of CP patients, and not at all in healthy tissue. In patients
with PDAC moderate expression was revealed in 15 patients (18.1%) and weak in 1 patient
(1.2%). αSMA of different intensity was expressed in all patients with PDAC and CP.
In healthy tissue, in all cases, this expression was only residual (11 patients 52.4%) or
absent (10 patients 47.6%). It may be suggested that moderate or strong αSMA expression
clearly differentiates CP and PDAC from healthy tissue. The results are shown in Figure 3.
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Figure 3. Comparison of intensity of αSMA immunoexpression in pancreatic ductal adenocarcinoma
(PDAC), chronic pancreatitis (CP) and in healthy tissue (CONTROL).

In the studied group, we have found no correlation between αSMA immonoexpression
and age, sex, jaundice, serum CA19-9 level, diabetes mellitus, including newly diagnosed,
and tumor location.

We also analyzed relationship between fibrosis and the advancement of the neo-
plastic process according to TNM classification. The mean expression of αSMA was in:
T1 2.36 ± 0.59, T2 2.52 ± 0.29, T3 2.33 ± 0.37 and in T4 2.55 ± 0.23. The differences in
αSMA expression between those subgroups were not statistically significant and are shown
in Figure 4.
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Furthermore, we analyzed αSMA expression according to the degree of histologi-
cal differentiation. We revealed the highest expression of αSMA protein in G-3 tumors
2.54 ± 0.32 vs G-1 tumors 2.49 ± 0.34 and G-2 tumors 2.39 ± 0.38. However, the differences
between all those subgroups were not statistically significant (G-1 vs. G-2 p = 0.2181; G-1
vs. G-3 p = 0.9196 and G-2 vs. G-3 p = 0.3245). Results are shown in Figure 5.
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Significantly higher expression of αSMA was found in tumors above 3 cm 2.54 ± 0.31
compared to tumors ≤3cm 2.29 ± 0.40 (p = 0.0177) Figure 6.
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Figure 6. Comparison of αSMA expression in tumors > and ≤ 3 cm.

To assess the possibility of differentiating PDAC and CP based on the determined
αSMA expression, ROC curves and graphs of sensitivity and specificity were prepared.
At cut-off point 2.45 the sensitivity was 30.1%, specificity 35.5%, PPV 55.6%, NPV 15.9%.

We did not find any correlation between the expression of the αSMA protein and the
survival time of PDAC patients (r = 0.09867) (Figure 7).
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4. Discussion

To assess fibrosis in the analyzed group of patients, we assessed the immunoexpres-
sion of αSMA protein, which is considered to be one of the best-known fibrosis marker.
We confirmed the expression of αSMA in the cytoplasm of pancreatic stromal cells in
both cancer and CP. In PDAC patients, this expression was significantly higher than in
patients with CP. Strong expression of αSMA protein was seen in vast majority (81%) of
PDAC patients and in about half (58%) of CP patients. In turn, in normal pancreas, the
expression of αSMA was significantly lower compared to PDAC patients and was residual
or absent. Similar results were obtained by Cyriac et al., in human postoperative specimen,
where significantly higher immunoexpression of the αSMA protein in PDAC compared
to the alcoholic CP (p = 0.02) and normal pancreas (p < 0.001) was found [25]. They also
showed a significantly lower expression of the αSMA protein in the normal pancreas than
in alcohol-related CP (p = 0.003). On the other hand, Sinn et al., in 162 patients after radical
pancreatic cancer surgery, found strong αSMA protein expression in 46 (29%), moderate in
87 (54%) and weak in 25 (16%) patients [26]. Similar results were obtained by Wang et al.,
in 142 PDAC patients after radical surgery [27]. They confirmed the strong and moderate
αSMA expression in 36 patients (24.88%) and 77 patients (53.1%), respectively, and low
or none in 32 patients (22.1%). These results confirm a significant activation of fibrosis in
both CP and PDAC. Data from our study as well from the others suggest that strong and
moderate αSMA expression clearly differentiates CP and PDAC from healthy tissue.

To assess the possibility of differentiating PDAC and CP based on αSMA expression,
ROC curves and graphs of sensitivity and specificity were prepared. At cut-off point of
2.45, the sensitivity was 30.1%, specificity 35.5%, PPV 55.6%, NPV 15.9%. These results
indicate that αSMA is not suitable for the differential diagnosis between PDAC and CP.

Analyzing the difference between fibrosis in PDAC and CP, Drifka et al., confirmed
in human material, the unique collagen topology in the periductal stroma of pancreatic
ductal adenocarcinoma [28]. It was found that the collagen fibers around cancer cells are
longer and wider compared to the normal pancreas and CP. Perhaps further examination
of the collagen fibers may help in more detailed differentiation of benign and malignant
pancreatic tumors. In our study, as well as in the others, PDAC was characterized with a
higher degree of fibrosis, expressed as the degree of αSMA expression, compared to CP
and normal tissue. We assume that EUS-FNB histological biopsy with αSMA evaluation
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in the obtained material in addition to EUS elastography may enhance the possibilities of
PDAC and CP differentiation.

We did not find a relationship between the expression of the αSMA protein and
the PDAC stage, differentiation degree and patients’ survival. However, we showed
the highest αSMA protein expression in poorly differentiated tumors, suggesting greater
fibrosis in more aggressive tumors. Similarly, Sinn et al., analyzing the expression of αSMA
in 162 patients with resectable PDAC, showed no correlation between αSMA expression
and the cancer stage in the TNM classification, the degree of histological differentiation,
lymph node metastases and R0 resection [26]. However, Erkan et al., showed that the
combination of high αSMA and low collagen expression, defined as an activated stromal
index, was associated with a worse prognosis, but expression of αSMA itself did not have
the prognostic significance [29]. Wang et al., found in a multivariate analysis that the high
density of fibrous tissue assessed by H&E staining in PDAC patients is an independent
prognostic factor for shorter overall survival (p = 0.001), shorter progression-free survival
(p = 0.007) shorter local progression-free survival (p = 0.001) and shorter distant metastatic
free survival (p = 0.002) [27]. On the other hand, in the multivariate analysis, the researchers
did not confirm the prognostic significance of αSMA protein immunoexpression in PDAC.
They also found a significant positive correlation between low αSMA expression and G1
tumor differentiation and negative with G2–G3 differentiation. Those data indicate that
although the role of αSMA in PDAC-associated fibrosis is recognized, its role in the tumor
progression is not clearly elucidated yet and needs further studies.

In our study, we confirmed the relationship between αSMA expression and the size
of the pancreatic tumor. We found significantly higher expression of αSMA in tumors
over 3 cm compared to tumors <3 cm (p = 0.0177). It could be assumed that locally ad-
vanced tumors are characterized by a greater amount of fibrous tissue, which affects their
aggressiveness and worse prognosis. In a study by Hwang et al., stellate cells were isolated
from postoperative pancreatic cancer material, identified with immunohistochemistry e.g.,
for αSMA and injected into the mouse PDAC model [16]. The administration of stellate
cells increased the tumor size and the ability to metastasize, which confirms the important
role of fibrosis in pancreatic carcinogenesis as well as tumor progression. Wantanabe et al.,
analyzing the postoperative PDAC material confirmed that increased fibrosis was associ-
ated with a shorter survival [30]. Similarly, Fujita et al., analyzing the expression of αSMA
RNA in 109 patients after pancreatic cancer surgery, confirmed a significant correlation
between high αSMA expression and shorter survival time, the association with increased
invasiveness and tumor cell proliferation [31]. In a randomized phase III trial with the
use of gemcitabine as an adjuvant treatment in resected PDAC, it was confirmed that high
αSMA expression was associated with shorter disease-free time and survival [26]. In a
study by Marechal et al., a high stromal index, expressed as the amount of stromal tissue
in relation to neoplastic cells was also associated with a worse prognosis [32]. Those data
correspond with our findings on high αSMA expression in large tumors and indicate on
the possible prognostic role of this protein in PDAC.

The relationship between the degree of fibrosis in pancreatic tumors and the prognosis
suggests the possibility for the elaborating the treatment aiming at fibrosis inhibition,
allowing the penetration of chemotherapeutic agents into the cancer cells, thus providing
a chance for longer survival of the PDAC patients. Froeling et al., by inducing the dor-
mant state of stellate cells with trans-retinoic acid, achieved the reduction in cancer cell
proliferation, induction of apoptosis, as well tumor growth and invasiveness reduction
in a transgenic PDAC mouse model [33]. In a study by Alvarez et al., the use of nab-
paclitaxel and gemcitabine in advanced PDAC reduced the content of tumor-associated
fibroblasts [34]. In another study, performed in mouse PDAC models, inhibition of the
stromal reaction in tumor, by adding nab-paclitaxel to gemcitabine increased intra-tumor
concentrations of gemcitabine 2.8-fold, compared to gemicitabine alone [35]. In a study by
Miyashita et al., the effects of neoadjuvant chemotherapy on cancer-associated fibroblasts
(CAFs) in pancreatic cancer stroma were investigated. αSMA expression was reduced in
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the gemcitabine plus nab-paclitaxel group, as revealed by markedly disorganized collagen
and a low density of αSMA-positive fibroblasts [36]. The effects of nab-paclitaxel on PDAC
stroma are not fully understood. It is suggested that they include stromal modelling with
marked changes in collagen architecture and elimination of CAFs [34].

Immunohistochemistry is an integral technique for tissue-based diagnostics and
biomarker detection that has been widely adopted around the world. Advances in core
chemistries, antibody design, and automation have resulted in unprecedented sensitivity,
specificity, and reproducibility in immunohistochemistry assays [22,37]. Clinical immuno-
histochemistry assays that use mutation-specific antibodies provide novel tools in clinical
diagnostics. Multiplex and mutation-specific immunohistochemistry assays represent im-
portant innovations that provide improved utility in the context of personalized medicine
and targeted therapy [23].

For the time being, our findings have very limited practical clinical application. How-
ever, EUS-guided fine-needle biopsy (EUS-FNB) is the best way for obtaining a histological
material, which may be used for immunohistochemistry [38,39]. Fibrosis assessment
using less invasive methods, i.e., EUS-FNB with αSMA immunohistochemistry, could
identify patients, who would be more resistant to chemotherapy due to greater stromal
fibrosis, and would require fibrosis-inhibiting treatment in addition to standard chemio-
therapy. These data may be also helpful in elaborating future cancer treatments timing at
specific molecules.

5. Conclusions

Presented findings support the data of the significant role of fibrosis in PDAC and
CP and confirm that the moderate or high expression of αSMA differentiates CP and
PDAC from healthy tissue. However, they do not confirm the role of αSMA as a marker
of pancreatic cancer differentiation from chronic pancreatitis. Since αSMA is expressed
in almost all PDAC specimen and not in the healthy tissue it may be probably used as an
additional tool, together with other biomarkers in PDAC diagnosis.
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