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expression of INSM1 was found in all PanNET pure type 
cases. However, expression of INSM1 was negative in PDAC, 
ACC, and SPN in all cases, whereas faint expression was seen 
in the cytoplasm from SPN. MANEC comprises of two com-
ponents: neuroendocrine carcinoma and adenocarcinoma 
components. The NET component was positive for INSM1 
expression, whereas the PDAC component does not express 
INSM1, which aids in distinguishing these components. Our 
results suggest that INSM1 is a useful immunohistochemical 
marker for diagnosing pancreatic neuroendocrine tumor.
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Introduction

Pancreatic neuroendocrine tumors (PanNET) are pancreatic 
solid tumors that have neuroendocrine differentiation and 
express chromogranin A (CGA), synaptophysin (SYP), and 
neural cell adhesion molecule (NCAM), which are known neu-
roendocrine markers [1–3]. From histological findings, it is 
possible to easily diagnose PanNET in many cases because of 
characteristic chromatin patterns (salt and pepper appearance) 
and other histological structures (for example, microtrabecu-
lar–gyriform) [1, 2]. In contrast, it is difficult to morphologi-
cally distinguish between duct formation and pseudopapillary 
like structures in histological specimens [4, 5], and immuno-
histochemical (IHC) studies demonstrated that solid-pseudo-
papillary neoplasm (SPN) was positive for SYN and NCAM, 
and that acinar cell carcinoma (ACC) is occasionally partially 
positive for neuroendocrine markers [6, 7]. Thus, distinguish-
ing such tumors is difficult using existing markers, and markers 
with higher specificity are required.

Abstract Insulinoma-associated protein 1 (INSM1) is an 
important biomarker of Achaete-scute homolog-like 1-driven 
pathways. For diagnosis of pancreatic neuroendocrine tumors 
(PanNET), chromogranin A (CGA), synaptophysin (SYP), 
and neural cell adhesion molecule (NCAM) were also consid-
ered as potential biomarkers. However, it is often difficult to 
diagnose it immunohistochemically. Hence, we examined the 
expression pattern of INSM1 in pancreatic solid tumors. We 
detected INSM1, CGA, SYP, and NCAM immunohistochemi-
cally, in 27 cases of NET [pure type: 25 cases, mixed adenon-
euroendocrine carcinoma (MANEC): 2 cases]. We included 
5 cases of solid-pseudopapillary neoplasm (SPN), 7 cases 
of acinar cell carcinoma (ACC), and 15 cases of pancreatic 
ductal adenocarcinoma (PDAC) as the control group. Nuclear 
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Insulinoma-associated protein 1 (INSM1) is used as a 
biomarker for human small cell lung carcinoma and it is an 
important factor in ASCL1-driven pathways [8]. INSM1 is 
inhibited by Notch-Hes 1 signaling pathway, which is asso-
ciated with tumor growth and development, and it has been 
confirmed to promote expression of SYP, CGA, and NCAM 
[8]. Therefore, INSM1 has recently started to gain atten-
tion as an important indicator in small cell lung carcinoma. 
INSM1 may play an important role as a modulator for Pan-
NET, which is thought to be linked to Notch-Hes 1 signaling 
pathway [9, 10]. However, there are no reports related to 
INSM1 expression in pancreatic solid tumors.

In this study, we have used pancreatic solid tumors to 
compare and evaluate the expression pattern of CGA, SYP, 
NCAM, and INSM1, which are widely recognized as impor-
tant biomarkers of PanNET, and we have evaluated the effi-
cacy of using INSM1 as a biomarker of PanNET.

Materials and methods

Patients

For the study, excision biopsies of pancreatic tail and 
head were acquired from 27 NET cases at the Kurume 
University Hospital during the period from 1994 to 2016 

(Fig. 1). The control subjects consisted of 15 pancreatic 
ductal adenocarcinoma (PDAC) cases, 7 ACC cases, and 
5 SPN cases in which the patients underwent surgical 
removal of the pancreas at the Kurume University Hos-
pital. The excised tissues were fixed using 10% buffered 
formalin and sectioned at 4-µm thickness, followed by 
hematoxylin–eosin staining. Next, a histopathological 
evaluation was performed by three pathologists (M.T., 
M.N., and Y.N.). The expression behavior of CGA, SYP, 
and NCAM was evaluated in NET, SPN, ACC, and PDAC 
cases using IHC staining (Fig. 1). The NET grade clas-
sification was carried out in accordance with the 2010 
World Health Organization (WHO) classification fol-
lowed by Ki-67 staining and mitotic count [2]. Each NET 
was classified into either grade 1 (mitotic count <2/10 
high power field (HPF), MIB-1: ≤2%), grade 2 (mitotic 
count: 2–20/10HPF, K-67 LI: 3–20%), or neuroendocrine 
carcinoma (mitotic count >20/10HPF, MIB-1: >20%). We 
referred to two tumor-node-metastasis (TNM) systems in 
the American Joint Committee on Cancer (AJCC) Stag-
ing Manual and the European Neuroendocrine Tumor 
Society (ENETS) for information concerning the T fac-
tor and stages of progression [1]. All procedures were 
approved by the Ethics Review Committee for Animal 
Experimentation of Kurume University School of Medi-
cine (no. 16072).

Fig. 1  Pathological findings of PanNET. a Solid tumors with clear 
boundaries and a membrane with a yellow–white tone accompanied 
by internal hemorrhaging were confirmed visually. b H.E. staining 
of solid tumors with membranes. c Tumor proliferated in an alveolar 
and funicular manner and small blood vessels were seen to be inter-

positioned between alveolars. The tumor cells were between small 
and medium sizes. The nucleus varied in size, and was oval-shaped 
and irregular. The tumor cells were positive for d CGA, e SYP, and 
f NCAM
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Immunohistochemical analysis

Staining slides were prepared using the primary pancreatic 
lesion from 27 NET cases [pure type: 25 cases, mixed ade-
noendocrine carcinoma (MANEC): 2 cases], 5 SPN cases, 
7 ACC cases, and 15 PDAC cases. We used 4-µm-thick 
sections of formalin-fixed, paraffin-embedded tissues. The 
sections were mounted on coated glass slides and incubated 
with anti-rat monoclonal antibody against Ki-67 (1:100, 
clone MIB-5) (DAKO Cytomation, code no. M7249) for IHC 
analysis with the use of BenchMark ULTRA (Ventana Auto-
mated Systems, Inc., Tucson, AZ, USA). In brief, each slide 
was heat-treated for 64 min using Ventana’s CC1 retrieval 
solution, and incubated for 32 min with Ki-67 antibody. This 
automated system used the ultraVIEW DAB Detection Kit 
(Ventana Automated Systems) with 3,3ʹ diaminobenzidine 
(DAB) as the chromogen. IHC staining for INSM1 (1:400, 
clone A-8) (Santa Cruz Biotechnology, Inc, Santa Cruz, CA, 

USA), chromogranin A (1:400, clone DAK-A3) (DAKO 
Corporation, Carpinteria, CA, USA), synaptophysin (1:1, 
clone 27G12) (Nichirei, Tokyo Japan), and CD56 (1:200, 
clone 1B6) (Leica Microsystems, Newcastle-upon-Tyne, 
UK) was performed on the same fully automated Bond-III 
System (Leica Microsystems) using onboard heat-induced 
antigen retrieval with epitope retrieval solution 2 for 20 min 
at 99 °C, and incubated with the antibody for 30 min at room 
temperature for INSM1 or 15 min for other antibodies. This 
automated system uses a Bond Polymer Refine Detection Kit 
with DAB and horseradish peroxidase-polymer as a second-
ary antibody; incubation with the secondary antibody was 
performed for 30 min at room temperature. All IHC analy-
ses were evaluated by two experienced observers who were 
unaware of the patients’ conditions.

From the INSM1 expression, we determined that only the 
results for nuclear expression were positive (Fig. 2a, b). We 
used an Allred score system to evaluate staining by obtaining 

Fig. 2  INSM1 staining for PanNET. H.E. staining of tumor cells 
around the existing pancreatic tissue. a Expression of INSM1 nuclei 
was apparent in the tumor cells. b Nuclear expression of INSM1 was 

seen in tumor cells. There were no signs of normal acinar cells. All-
red scores for INSM1. c Intensity score (IS) 3, d IS 2, and e IS 1
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a total score (TS) that is calculated from a population score 
(PS) and an intensity score (IS) (Fig. 2c–e) [11]. The scores 
for INSM1, SYP, CGA, and NCAM were determined to be: 
0 = no staining, 1+ = 1–10% positive cells, 2+ = 11–30% 
positive cells, and 3+ = over 50% positive cells. Here, 0 and 
1+ were determined to be negative, and 2+ and 3+ were 
determined to be positive. β-Catenin staining was performed 
for the SPN cases which were confirmed for nuclear expres-
sion (data not shown).

Statistical analysis

For NCAM, CGA, SYP, and INSM1, the sensitivity, defined 
as the probability of a positive score in NET patients, was 
calculated with the Pearson–Cropper 95% two tailed confi-
dence intervals, and was compared using the McNemar test. 
Similar analysis was conducted for the specificity, which 
was defined as the probability of a negative score in non-
NET patients for SPN, ACC, and PDAC. The two-sided 
significance level of 5% was employed and no multiplicity 
adjustment was used owing to the exploratory nature of the 
present study.

Results

Clinicopathological findings of the pancreatic 
neuroendocrine tumors

The patient backgrounds are shown in Table 1. The average 
age was 56.7 ± 14.8 years. There were 13 males (includ-
ing 2 MANEC cases) and 14 females. Lesions occurred on 
the pancreatic head (8 cases) and tail (19 cases), and the 
average tumor size was 26.1 ± 18.8 mm. The grade clas-
sification was determined to be G1 in 20 cases (74%), G2 
in 4 cases (15%), NEC in 1 case (4%), and MANEC in 2 
cases (7%). There were 10 cases (37%) that were found to 
have a tumor infiltrating the lymph ducts and veins. A T fac-
tor evaluation for the AJCC and ENETS showed that they 
comprised 21 cases (78%) and 6 cases (22%) of pT1/T2, 
respectively, and 20 cases (74%) and 7 cases (26%) of T3/
T4, respectively. Five cases (19%) exhibited metastasis to the 
lymph nodes, whereas one case (4%) exhibited metastasis 
outside the regional lymph nodes. With respect to distant 
metastasis, there were 4 cases (15%) that exhibited metas-
tasis to the liver and the regional lymph nodes and 3 cases 
(11%) that exhibited metastasis to the liver only. The stage 

Table 1  Clinicopathological findings of 27 pancreatic neuroendo-
crine tumors

Case (n = 27) %

Age (average ± SD) 56.7 ± 14.8
Gender (M:F) 13:14
Location
 Head 8 30
 Body/tail 19 70

Tumor size (mm, average ± SD) 26.1 ± 18.8
Grade
 G1 20 74
 G2 4 15
 NEC (small cell type) 1 4
 MANEC 2 7

Lymphovascular invasion
 Present 10 37
 Absent 17 63

T factor by AJCC
 Tl/T2 21 78
 T3/T4 6 22

T factor by ENETS
 Tl/T2 20 74
 T3/T4 7 26

pN
 Present 5 19
 Absent 22 81

Liver metastasis
 Present 3 11
 Absent 24 89

Stage by AJCC
 Stage 1/II 23 85
 Stage III/IV 4 15

Stage by ENETS
 Stage 1/II 20 74
 Stage III/IV 7 26

Status (end of follow up)
 Live 25 93
 Dead 2 7
 Recurence 3 11

Table 2  Results of INSM1 
immunohistochemical staining 
for neuroendocrine tumor, pure 
type

PS proportion score, IS intensity 
score

Case (n = 25) %

PS
 1, 2 0 0
 3 2 8
 4 3 12
 5 20 80

IS
 1, 2 4 16
 3 21 84
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of progression for the AJCC and ENETS was Stage I/II for 
21 cases (78%) and 20 cases (74%), respectively, and Stage 
III/IV for 6 cases (22%) and 7 cases (26%), respectively. In 
our follow-up, we found that 25 patients (93%) survived and 
2 (2%) did not. There were 3 patients (11%) that experienced 
a relapse.

INSM1 expression for solid pancreatic tumors

The expression results for INSM1 in pure type NET cases 
(n = 25) are shown in Table 2. The pure type NET cases 
comprised PS4/5 in 23 cases (92%) and IS3 in 21 cases 
(81%). Twenty cases (77%) were found to have PS5+IS3. 
In contrast, there were no PS1/2 cases observed and 2 cases 
(8%) were found to have PS3. There were 4 cases (16%) 
with IS1/2. Table 3 shows the results from a comparison 
of the IHC staining of the solid pancreatic tumors by his-
tological type. The INSM1 in pure type NET was found to 
be positive in all pure type cases (25 cases). There were 4 
cases (80%) with SPN, in which we found expression of 
INSM1. However, there were cases where faint expression 
was seen in the cytoplasm (Fig. 3). In contrast, the results 
were negative for INSM1 in all the ACC and PDAC cases. 
Among the pure type NET cases, CGA and SYP expres-
sions were found to be positive in 22 cases (88%) and 25 
cases (96%) and negative in 3 cases (12%) and 1 case (4%), 
respectively. Among the SPN cases, CGA expression was 
negative in all 5 cases and the SYP was positive in 2 of the 
5 cases and negative in the remaining 3 cases. The results 
for CGA and SYP were negative in all the ACC and PDAC 
cases. There were 18 pure type cases (72%) that were 

positive for NCAM, and all the SPN cases were positive 
for NCAM. However, the NCAM was negative in all the 
ACC and PDAC cases. Among the MANEC, the two cases 
showed the expression of INSM1. There was no expression 
of INSM1 in the PDAC cases (Fig. 4). The NET in the 2 
MANEC cases showed that 1 case was positive for CGA 
and both cases were positive for SYP. In contrast, the PDAC 
component showed that the two cases were negative for 
both CGA and SYP. NCAM was positive in the MANEC 
NET component.

Sensitivity and specificity of INSM1 for pancreatic solid 
tumors

Table 4 shows the evaluation of sensitivity and specificity 
associated with PanNET. The trends showed that INSM1 
sensitivity in NET was significantly higher compared with 
that of NCAM and higher than that of CGA. In contrast, 
there were no statistically significant differences found in 
SYP. INSM1 specificity in pancreatic solid tumors was high 
in SPN, there was a significant difference with NCAM, and 
there was no expression of INSM1 in any of the ACC or 
PDAC cases. In SYP, there were no significant differences 
seen in INSM1 and specificity.

Discussion

The INSM1 which we evaluated here is a zinc finger 
transcription factor that was extracted from the human 

Table 3  Comparison of 
immunohistochemical staining 
of solid pancreatic tumors

NET neuroendocrine tumor, SPN solid pseudopapillary neoplasm, ACC acinar cell carcinoma, IDC inva-
sive ductal carcinoma, CGA chromogranin A, SYP synaptophysin
a Faint staining (cytoplasm): 4 cases (80%)

PanNET (n = 27) SPN (n = 5) ACC (n = 7) IDC (n = 15)

Pure type 
(n = 25)

MANEC (n = 2)

NET component IDC component

INSMl
 + 25 2 0 0 0 0
 − 0 0 2 5a 7 15

CGA
 + 22 1 0 0 0 0
 − 3 1 2 5 7 15

SYP
 + 24 2 0 2 0 0
 − 1 0 2 3 7 15

NCAM
 + 18 2 0 5 0 0
 − 7 0 2 0 7 15
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insulinoma subtraction library [12]. INSM1 has been 
reported to be a useful marker in neuroendocrine tumors, 
parathyroid tumors, phenochromacytoma, medullary thy-
roid carcinoma, neuroblastoma, and retinoblastoma [8, 10, 
12–14]. In small cell lung carcinoma research, the expres-
sion of INSM1 and INSM1 genes has been confirmed to 
be important factors for modulating neuroendocrine fac-
tors, and reports state that IHC staining has shown INSM1 
nuclear expression in all cases of small cell lung carcinoma 
[8]. Fujino et al. reported an investigation to see if differ-
entiation of the Notch-Hes 1 pathway is related to the neu-
roendocrine system, and assumed the possibility that INSM1 
may also be an important factor in PanNET, which is said to 
develop from cells secreted from within the pancreas [8, 10].

Types of pancreatic tumors include PanNET, SPN, ACC, 
and PDAC. PanNET is a rare disease even among pancreatic 
tumors [2]. The variability in tissue form (gland formation, 

gyriform, etc.), and cell morphology make PanNET difficult 
to diagnose definitively [15]. SYP, CGA, and NCAM have 
been considered to be useful markers with high sensitivity 
and specificity for the pathological diagnosis for PanNET. 
However, NET might be difficult to accurately distinguish 
from ACC or SPN using IHC staining [16]. In fact, we found 
that 3 cases were negative for CGA and 1 case was nega-
tive for SYP in PanNET, as shown in Table 3. In contrast, 
INSM1 was positive for nuclear expression in all PanNET 
cases. Therefore, we suggest that INSM1 is a useful marker 
for diagnosis for PanNET, and its sensitivity might be 
greater than CGA and SYP.

PDAC has the worst prognosis of all pancreatic tumors, 
and accurate diagnosis of PDAC is important. However, 
MANEC has both components, NET and PDAC, with each 
component comprising at least 30% of the tumor, mak-
ing diagnosis complicated [17, 18]. In this study, INSM1 

Fig. 3  INSM1 staining for SPN. H.E. staining showed a pseudoro-
sette structures and pseudopapillary shapes and exhibited tissue 
images that were similar to NET. b Although INSM1 was observed 
in the cytoplasm of the SPN, only faint nuclear expression was 

observed. The results from staining with CGA, SYP, and NCAM in 
SPN showed that c CGA was negative, and d SYP and e NCAM were 
positive
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expression was negative in all PDAC, which has been 
confirmed to be a useful IHC marker. Conversely, INSM1 
expression was positive in MANEC, suggesting that the 
tumors contained a neuroendocrine component. We clearly 
verified the difference in expression between the adenocar-
cinoma and neuroendocrine components. Thus, INSM1 is 

a more efficient marker that can also be used to confirm 
the presence of neuroendocrine components. Moreover, we 
propose that INSM1 plays the role of a marker that is useful 
to exclude PDAC.

SPN has an unclear differentiation, low-grade malignancy 
potential, and the initial diagnosis for SPN is important 

Fig. 4  INSM1 staining for 
mixed adenoneuroendocrine 
carcinoma. a H.E. staining 
confirmed the presence of 
NET and PDAC components. 
b Although there was nuclear 
expression observed in the NET 
component based on the INSM1 
staining specificity, there was no 
nuclear expression observed in 
the PDAC component

Table 4  Sensitivity and spesitivity for immunohistochemistry of pancreatic solid tumors

NET neuroendocrine tumor, ACC acinar cell carcinoma, SPN solid pseudopapillary neoplasm, PDAC pancreatic ductal adenocarci noma, CGA 
chromogranin A, SYN synaptophysin

NET Sensitivity (95% CI) P value (McNemar test)

NCAM 0.7200 (0.5061, 0.8793) 0.00815
CGA 0.8800 (0.6878, 0.9745) 0.08326
SYN 0.9600 (0.7965, 0.9990) 0.31731
INSMl 1.0000 (0.8628, 1.0000) Reference

Tumor IHC Specificity (95% CI) P value 
(McNemar 
test)

ACC NCAM 1.0000 (0.5407, 1.0000) NS
CGA 1.0000 (0.5407, 1.0000) NS
SYN 1.0000 (0.5407, 1.0000) NS
INSMl 1.0000 (0.5407, 1.0000) Reference

SPN NCAM 0.0000 (0.0000, 0.5218) 0.02535
CGA 1.0000 (0.4782, 1.0000) NS
SYN 0.6000 (0.1466, 0.9473) 0.1573
INSMl 1.0000 (0.4782, 1.0000) Reference

PDAC NCAM 1.0000 (0.7820, 1.0000) NS
CGA 1.0000 (0.7820, 1.0000) NS
SYN 1.0000 (0.7820, 1.0000) NS
INSMl 1.0000 (0.7820, 1.0000) Reference
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using immunohistochemistry [2, 19, 20]. However, SPN 
sometimes demonstrates SYP and NCAM expression. In 
fact, NCAM appeared in all cases and SYP appeared in 2 
cases among the SPN cases that we evaluated, which made 
it difficult to determine PanNET and other pancreatic solid 
tumor. In our study, INSM1 appeared negative in all SPN 
cases and it is useful to make critical diagnosis for pancre-
atic solid tumors. On the other hand, 4 cases of SPN were 
positive for cytoplasmic expression based on the stainability 
of INSM1, although INSM1 acts as a regulator and con-
trolling factor in SYP, CGA, and NCAM. We suggest that 
INSM1 is useful in diagnoses in comparison to SYP, CGA, 
and NCAM. However, we anticipate that future studies will 
involve evaluation of cases with faint INSM1 expression in 
SPN.

Although NEC is an extremely rare tissue type, it is 
known to be highly malignant, and value can be obtained 
from diagnosing NEC [21, 22]. In our study, NEC was found 
in 1 case with INSM1 expression. However, no significant 
differences were found between NET and NEC, and it is 
unclear if immunostaining can be used to detect malignancy. 
This result may indicate that it is critical that malignancy 
evaluations be performed using Ki-67 staining and mitotic 
counts while simultaneously proceeding with INSM1-based 
diagnoses.

In this study, we used INSM1 in addition to chromogra-
nin A and synaptophysin, which are useful in immunohisto-
chemically staining of PanNET. Our data lead us to conclude 
that INSM1 can improve the efficiency in diagnosing pancre-
atic solid tumors and can be applied to small samples such 
as pancreatic biopsy tissue and cytopathology.
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