
Contents lists available at ScienceDirect

Pathology - Research and Practice

journal homepage: www.elsevier.com/locate/prp

PD-L1 expression in pancreatic adenosquamous carcinoma: PD-L1
expression is limited to the squamous component

Masahiko Tanigawaa, Yoshiki Naitoa,b,⁎, Jun Akibab, Akihiko Kawaharab, Yoshinobu Okabec,
Yusuke Ishidac, Hiroto Ishikawad, Toru Hisakad, Fumihiko Fujitad, Masafumi Yasunagad,
Takahiro Shigakid, Tomoya Sudod, Yutaro Miharaa, Masamichi Nakayamaa, Reiichiro Kondoa,
Hironori Kusanoa, Kazuhide Shimamatsue, Koji Okudad, Yoshito Akagid, Hirohisa Yanoa

a Department of Pathology, Kurume University School of Medicine, Kurume, Japan
bDepartment of Diagnostic Pathology, Kurume University Hospital, Kurume, Japan
c Division of Gastroenterology, Department of Medicine, Kurume University School of Medicine, Kurume, Japan
d Department of Surgery, Kurume University School of Medicine, Kurume, Japan
e Department of Pathology, Omuta City Hospital, Omuta, Japan

A R T I C L E I N F O

Keywords:
Keyword
Pancreas
Pancreatic cancer
Pancreatic adenosquamous carcinoma
PD-L1, EUS-FNA
Immunohistochemistry

A B S T R A C T

Aim: We examined the programmed death-ligand 1 (PD-L1) expression in surgically resected pancreatic ade-
nosquamous carcinoma (PASC) samples. Furthermore, the detection rate was also assessed using biopsy cases
obtained from endoscopic ultrasound-guided fine needle aspiration (EUS-FNA).
Methods: Fifteen cases of PASC (six resected and nine EUS-FNA biopsied) from the Kurume University Hospital
between 2009 and 2016 were used for the evaluation of PD-L1 expression. As a control group, 34 cases of
pancreatic ductal adenocarcinomas (PDACs) were selected. To compare　the positivity and intensity of PD-L1,
two types of clones (SP263, E1L3N) were examined for immunostaining. Only the membrane expression of PD-
L1 was regarded as positive. The PD-L1 expressions in the squamous cell carcinoma component (SCc), adeno-
carcinoma component (ACc), and immune cells were assessed separately. The ratio of PD-L1 expression was
calculated by counting the positive tumor cells, and tumor proportion score (TPS) was applied (TPS; Null < 1%,
low expression; 1≤ TPS ≤ 49% and high expression; ≥ 50%).
Results: PD-L1 expression was observed in five surgical PASC samples (83%). This shows that SCc presented a
high expression in these cases. However, the overall TPS indicated a low expression. In contrast, only one case
(3%) was positive for PD-L1 in PDACs, and the TPS indicated a low expression. No differences in PD-L1 ex-
pression were observed between the two clones, SP263 and E1L3N. High PD-L1 expression in the EUS-FNA
sample was found in only one case (11%).
Discussion: Although assessment using the tumor cells of PASC samples obtained from EUS-FNA was difficult,
this study suggests the selective expression of PD-L1 in the SCc of PASC. Furthermore, it was considered that
immune checkpoint inhibitors could provide therapeutic effects selectively on the SCc for the entire range of
TPSs, though the PD-L1 expression was low.

1. Introduction

Pancreatic cancer is a malignant tumor with poor prognosis. As
many cases are inoperable, the five-year survival rates are generally
below 30% [1–4]. Pancreatic ductal adenocarcinoma (PDAC) is a pre-
dominant histological type of pancreatic cancer [5], with a malignant
potential higher than that of other pancreatic cancers such as pan-
creatic neuroendocrine tumor and acinar cell carcinoma [6,7]. Among

these diseases, mixed-type PDAC has a particularly poor prognosis;
histological features are thought to have a significant impact on this
type of PDAC [7–11].

Pancreatic adenosquamous carcinoma (PASC) was classified as a
PDAC subtype, according to the 2010 WHO classification [12]; histo-
logically, PDAC is defined as a mixture of the adenocarcinoma com-
ponent (ACc) and squamous cell carcinoma component (SCc)
[4,5,13,14]. Like the case for PDAC, driver gene mutations, such as
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those in KRAS, p53, p16 and smad4, are characteristic genetic dis-
orders; thus, PASC is classified as a subtype of PDAC [14]. From the
histological point of view, PASC is considered as a metaplastic cancer
represented by the transition between the ACc and SCc [15,16]. In
general, squamous metaplasia is a histological change reflected as an
inflammatory response and is commonly seen in the respiratory and
gynecological organs [17–21]. With regards to the pancreas, patho-
genesis of squamous metaplasia is related to chronic pancreatitis [13],
so inflammation could influence the oncogenesis of PASC.

Recent studies have found that tumor cells proliferate by avoiding
immune responses [22].　After antigen presentation by dendritic cells,
which recognize tumor cell surface antigens, activated cytotoxic T cells
cause the apoptosis of tumor cells. Tumor-associated antigens released
from apoptotic cells instigate further immune responses and enhance
additional antitumor effects. During these immune responses, pro-
grammed cell death 1 (PD-1) and programmed death-ligand 1 (PD-L1)
suppress the T cell response, and the binding action of these two factors
decreases cytokine production by T cells. Tumor cells expressing PD-L1
are thought to evade the T cell immune response.

In this study, we conducted pathomorphologic analysis by evalu-
ating the expression of two different PD-L1 clones over the ACc and SCc
of PASC; this may clarify the role of the PD-1 pathway associated with
tumor formation. In addition, using tissue samples obtained from en-
doscopic ultrasound-guided fine need aspiration (EUS-FNA), PD-L1
expression was examined to explore the capability of PD-1 ligand
pathway-inhibitory drugs for treating inoperable PASCs.

2. Methods

2.1. Patients

We examined 6 resected PASCs and 9 EUS-FNA biopsied cases from
the Kurume University Hospital during the period between 2009 and
2016. As a control, 34 cases of conventional PDAC that did not receive
preoperative neoadjuvant therapy from 2009 to 2014 were selected
(Table 1). Histologically, EUS-FNA cases were PDAC cases with squa-
mous differentiation, which is highly suggestive of PASC; all these cases
were inoperable. Cases of resected PASCs consisted of four men and two
women, with an average age of 64.7 ± 9.7 years (range 50–80 years).
EUS-FNA cases consisted of seven men and two women, with an

average age of 66.4 ± 6.2 years. These specimens were fixed using
10% buffered formalin and cut into 4 μm-thick sections, followed by
hematoxylin and eosin staining. Final diagnoses were performed ac-
cording to the WHO classification of the Digestive system [12]. Histo-
pathological evaluations were performed by two pathologists (M.T. and
Y.N). This study was approved by the ethics committee of Kurume
University (No. 18116).

2.2. Immunohistochemistry

Paraffin-embedded tissue samples, which were 4-μm thick, were
placed on a coated glass slide and treated with PD-L1, DPC4, p40, MLH-
1, MSH-2, PMS-2, MSH-6 antibodies using BenchMark ULTRA (Ventana
Automated Systems, Inc., Tucson, AZ, USA), Bond-III autostainer (Leica
Microsystems, Newcastle, UK), or Autostainer Link 48 (Agilent
Technologies, Santa Clara, CA). The former was used for PD-L1 (Code
07494190001, ready to use, clone SP263, Ventana Automated Systems,
Inc.), and the latter, for PD-L1 (Code #13684, 1:200, clone E1L3N, Cell
Signaling Technology, Inc., Danvers, MA, USA) immunostaining.
Briefly, for clone SP263 and p40 (clone BC28, Ventana Automated
Systems, Inc., Tucson, AZ, USA), each slide was heat-treated using
Ventana’s ULTRA cell conditioning 1 for 64min and incubated with
each antibody for 16min. Consecutively, the chromogenic reaction was
performed automatically by the Ventana OptiVIEW DAB detection kit
(catalog no. 760-700; Ventana Automated Systems, Inc.). Similarly,
immunostaining for cloneE1L3N and DPC4 (clone B-8, Santa Cruz
Biotechnology Inc. CA, USA) was performed using the fully automated
Bond-III system (Leica Microsystems), using onboard heat-induced an-
tigen retrieval with epitope retrieval solution 2 (ER2, EDTA-based
buffer, pH 9.0, Leica Microsystems) for 30min and a Refine polymer
detection kit (catalog no. TA9145; Leica Microsystems).

Analysis using a four-antibody panel of mismatch repair proteins
including MLH1 (clone ES05), MSH2 (clone FE11), MSH6 (clone EP49),
and PMS2 (clone EP51) was performed by the DAKO EnVision method
(DakoCytomation, Glostrup, Denmark). The tissue samples were pre-
treated with heat-induced epitope retrieval (HIER) at 97 °C for 20min
at high pH (50×). The slides were then incubated with the following
antibodies: MLH1, MSH2, MSH6, and PMS2. Immunohistochemistry
was performed manually. All immunohistochemical analyses were
evaluated by two experienced pathologists (M.T. and Y.N.). Only the
membrane expressions of each PD-L1 clone were considered as positive.

We used the tumor proportion score (TPS) for the staining evalua-
tion of the tumor areas, in accordance with previous reports [23–26].
We classified PD-L1 expression into 3 ranks, and set the following cri-
teria for the staining evaluation: TPS≥ 1% as positive, null; TPS <
1%, low expression; TPS 1–49%, and high expression; TPS≥ 50%.　
The scores of PD-L1-positive immune cells including lymphocytes and
macrophages were evaluated as the percentage of the tumor:
IC3≥ 10%, IC2≥ 5% and<10%, IC1≥ 1% and<5%, and IC0 <
1%.

2.3. Statistical analysis

PD-L1 expression was examined statistically according to the TPS
values (resected groups and EUS-FNA samples). The analysis was per-
formed using a chi-squared test, and P values< 0.05 were determined
to be statistically significant for all analyses. The entire analysis was
performed using JMP Pro version 13.0.0 (SAS Institute, Inc. Cary, North
Carolina).

3. Results

3.1. Pathological findings in the resected PASC samples

A typical gross image of PASC exhibited a hemorrhagic area with an
unclear border (Fig. 1a). Histologically, PASC comprised more than

Table 1
Clinicopathological findings in the PASC and PDAC samples.

PASC (n = 15) PDAC (n =
34)

Resection (n =
6)

EUS-FNA (n
= 9)

Age 64.0± 11.5 66.4± 6.2 65.9±10.4
Gender Male 4 7 25

Female 2 2 9
Location Head 3 1 32

Body/Tail 3 8 2
Tumor size

(mm)
45±15 27±8

T 1 3 0 3
2 0 0 0
3 6 4 31
4 0 5 0

N 0 1 3 11
1 5 6 23

M 0 5 2 34
1 1 7 0

ly 6 28
v 6 24
ne 6 32

ASC; pancreatic adenosquamous carcinoma, PDAC; pancreatic ductal adeno-
carcinoma, EUS-FNA; endoscopic ultrasound-guided fine needle aspiration, ly;
lymphatic invasion, v; venous invasion, ne; nerve invasion.

M. Tanigawa et al. Pathology - Research and Practice 214 (2018) 2069–2074

2070



30% of the SCc, some of which showed infiltration into the adjacent
ACc or a transition between the two components (Fig. 1b). The ex-
pression of p40 was found in five (83%) cases (Fig.1c). With regards to
the grade of the SCc, four cases (67%) were of the well-differentiated

type and two cases (33%) were of the poorly differentiated type. Con-
versely, the ACc in all cases was of the moderately to poorly differ-
entiated type.

Fig. 1. Pathological findings and PD-L1 expression in the resected PASC samples.
Grossly, tumor showed hemorrhage and necrosis, with an unclear border (a).
Histologically, the SCc and ACc were mixed, with the former occupying more than 30% of the tumor. (b) The SCc was confirmed by p40 staining (c).
PD-L1 expression was observed on the membrane of the SCc (d).
Conversely, PD-L1 expression was not identified in the ACc (f,★).

Table 2
Comparison of PD-L1 expression in the adenocarcinoma and squamous cell carcinoma components of the resected PASC samples.

Case No. PD-L1 p40 Smad4 MSH2 MSH6 MLH1 PMS2

TPS ACc SCc IC

1 Low Null High 3 N.Da loss + + + +
2 Low Null High 3 + loss + + + +
3 Null Null Null 0 + loss + + + +
4 Low Null High 3 + loss + + + +
5 Low Null High 1 + intact + + + +
6 Low Null High 1 + loss + + + +

PASC; pancreatic adenosquamous cell carcinoma, TPS; tumor proportion score, ACc; adenocarcinoma component, SCc; squamous cell carcinoma component, IC;
immune cells, TPS score; high ≥ 50%, low 1–49%, null< 1%, Immune cell score; IC3≥ 10%, IC2≥ 5% and<10%, IC1≥ 1% and<5%, and IC 0 < 1%.

a There were abundant cancer pearls observed in the morphopathological analysis.

Fig. 2. 　PD-L1 expression in the resected PDAC samples.
PD-L1 membrane expression was observed in only one case of PDAC.
The figure shows a positive (TPS= 24%) and negative case (a, b).
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3.2. PD-L1 expression and immunohistochemical findings in the resected
PASC and PDAC samples

PD-L1 expressions of the resected PASC and PDAC samples are
displayed in Table 2. Positive PD-L1 expression at the invasive front of
the tumor and in the center of the tumor was observed in five patients
(83%) with PASC. Furthermore, PD-L1 expression was observed only in
the SCc (Fig. 1c); there was no expression of PD-L1 in the ACc. (Fig. 1d).
Limited to the SCc, the TPS indicated a high expression, but showed a
low expression for the entire tumor. In contrast, PD-L1 expression was
observed in one PDAC (2.9%) case (Fig. 2a, b), and the TPS was 24%.

For the PD-L1-positive immune cells, IC3 was observed in three cases
(50%). MLH-1, MSH-2, PMS-2, and MSH-6 were expressed in all cases
(Fig. 3c–f) (Table 2). On the contrary, five of six cases (83%) showed
loss of DPC4 expression (Table 2) (Fig. 3g). With regards to the im-
munostaining for each PD-L1 clone, no significant difference was ob-
served in the PD-L1 expression (Fig. 3a, b) (Table 3).

3.3. PD-L1 expression in the EUS-FNA tissue samples

Nine EUS-FNA biopsied cases are shown in Table 4. PD-L1 expres-
sion was found in one case (11%), and the TPS was 35% (Fig. 4a, b).

Fig. 3. Comparison of PD-L1 expression between the two clones, and immunohistological findings in the PASC samples.
No difference was observed between Clone E1L3N (a) and Clone SP263 (b).
A normal pancreatic duct was partially positive for PD-L1.
Loss of mismatch repair gene (MMR) associated proteins, MLH1, MSH2, MSH6, and PSM6 (c–f, respectively) was not observed in both SC and AC components.
Deletion of DPC4 was confirmed in five cases (g).
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PD-L1 expression was identified only in the SCc with p40 expression,
but not in the ACc.

4. Discussion

PD-L1 expression has been studied across various fields; it has been
confirmed in squamous cell carcinoma of the lung, esophagus, and
thymus. Pathways contributing to the evasion of T cell immune re-
sponses by PD-1 or PD-L1 expression have been identified [27–29]. By
inhibiting such pathways, immune-based antitumor effects can be es-
tablished and used as treatment options [30]. In colorectal and gastric
cancers, PD-L1 expression is observed at frequencies of around 30–40%
[31–33]; however, PD-L1 expression for PDAC is extremely low, com-
pared to the case for other adenocarcinomas [34]. This study presented
interesting results, that is, while PD-L1 expression was rarely found in
the PDAC control group, high PD-L1 expression was found selectively in
the SCc, but not in the ACc, of PASC cases.

In the past, few studies have investigated PD-1 pathway mechan-
isms with regards to pancreatic disease. Considering the role of in-
flammation on PD-1 pathway, we can speculate the mechanisms of
PASC. One of the features of the pathogenesis of PASC is squamous
metaplasia [13,35]. A report using bile duct cell lines proved that the
histologic change of adenocarcinoma into squamous cell carcinoma

occurs under the influence of inflammatory cytokines [35]. Expression
of selective PD-L1 in the SCc has also been observed in adenosquamous
cell carcinoma in the lung, but the mechanism of its expression has not
yet been elucidated [36,37]. Moreover, some reports have stated that
roughly 4% of adenocarcinomas with chronic pancreatitis showed
squamous metaplasia in the pancreatic duct epithelium [13]. From
these results, it is hypothesized that the PD-1-mediated “cancer immune
escape mechanism” may arise in cases of squamous metaplasia and
cause tissue change through inflammation. This study confirmed that
PD-L1 expression was observed in the SCc but not in the ACc; ad-
ditionally, low PD-L1 expression was observed in cases of PDAC. PD-L1
expression in the SCc, which is induced by chemical mediators related
to adenocarcinoma invasion, may play a role in the evasion of immune
checkpoints. From a clinical point of view, we can attribute poor
prognosis of PASC to invasion and metastasis of cancer cells that evade
immune checkpoints by PD-L1 expression.

For cases of unresectable PDAC, evaluation of PD-L1 expression
using EUS-FNA samples will be necessary in the future [38]. However,
in this study, only a few EUS-FNA cases exhibited PD-L1 expression,
although PD-L1 expression was seen in the SCc in the resected PDAC
samples. An advantage of EUS-FNA is high diagnostic accuracy [39];
however, limited sample number is a drawback, especially in case of a
mixed tumor, which requires sample tissue for immunohistochemistry.
In the future, while evaluating PD-1 pathway inhibitors for patients
with unresectable PASC, we will encounter EUS-FNA cases with no PD-
L1 expression in the SCc. Nevertheless, PD-L1 inhibitors will be actively
introduced into the treatment strategy, considering the high rates of
PD-L1 expression in the resected PASCs.

Currently, pembrolizumab is used as a new immune checkpoint
inhibitor treatment strategy [30,40–44]. Immune checkpoint inhibitor
treatment has been introduced as a strategy for treating MMR-deficient
pancreatic cancer; it has actually achieved several successful outcomes.
Although TPS evaluation is required at the time of use [26], this study
has demonstrated that there were no differences in the PD-L1 expres-
sion of the two clones. As PASC cases with the TPS indicating a high
expression of PD-L1 were not observed, it is unlikely that PD-L1/PD-1
pathway-mediated immune checkpoint inhibitors will be effective
against all tumor cells. In addition, there were no cases of MMR-defi-
cient PASC in this study. Unfortunately, the correlation of PD-L1 posi-
tivity with the MMR gene protein status of PASC is not definite. This
study suggests the selective expression of PD-L1 in the SCc of PASC, and
the use of immune checkpoint inhibitors providing therapeutic effects
selectively on the SCc were considered with regards to the entire TPS,
though the PD-L1 expression was low.

Table 3
Comparison of the PD-L1 expression of the clones E1L3N and SP263 in the
resected PASC samples.

Clone TPS PASC (n= 6) PDAC (n= 34) P-value

E1L3N High 0 0 < 0.001
Low 5 1
Null 1 33

SP263 High 0 0 < 0.001
Low 5 1
Null 1 33

PASC; Pancreatic adenosquamous, PDAC; pancreatic ductal adenocarcinoma,
TPS score; high ≥ 50%, low 1–49%, null< 1%.

Table 4
PD-L1 expression in the EUS-FNA samples of PASC.

Clone TPS SCc ACc P-value

E1L3N High 0 0 N.S
Low 1 0
Null 8 0

TPS; tumor proportion score, SCc; squamous cell carcinoma component, ACc;
adenocarcinoma component, TPS score; high ≥ 50%, low 1–49%, null< 1%.

Fig. 4. PD-L1 expression in the EUS-FNA samples.
The only positive case of PASC obtained by EUS-FNA (a).
PD-L1 expression was observed in the SCc (b).
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5. Conclusion

PASC represents a group of diseases with poor prognosis and their
TPSs represent a low PD-L1 expression. Furthermore, as PD-L1 ex-
pression is restricted to the SCc, immune checkpoint inhibitors may be
an effective strategy for treating PASC, as they exert therapeutic effects
selectively on the SCc.
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