Int J Clin Exp Pathol 2017;10(5):5393-5405
www.ijcep.com /ISSN:1936-2625/1JCEP0049690

Original Article

INSM1 is the best marker for the diagnosis
of neuroendocrine tumors: comparison
with CGA, SYP and CD56

Kosuke Fujino'?, Kazuhiro Yasufuku?, Shinji Kudoh?, Yamato Motooka?, Yonosuke Sato?, Joeji Wakimoto3,
Ichiro Kubota®, Makoto Suzuki4, Takaaki Ito*

Departments of Pathology and Experimental Medicine, “Thoracic Surgery, Graduate School of Medical Sciences,
Kumamoto University, Kumamoto, Japan; Division of Thoracic Surgery, Toronto General Hospital, University
Health Network, Ontario, Canada; *Department of Pathology and Thoracic Surgery, National Hospital Organization
Minami Kyushu Hospital, Kagoshima, Japan

Received January 25, 2017; Accepted March 22, 2017; Epub May 1, 2017; Published May 15, 2017

Abstract: Immunohistochemical staining is a powerful diagnostic tool for pathological diagnosis. Neuroendocrine
tumors (NETs) consist of heterogeneous groups of neoplasm and range from benign to malignant tumors, a com-
mon panel of neuroendocrine (NE) immunohistochemical markers, such as chromogranin A (CGA), synaptophysin
(SYP) and CD56 is widely used and often useful for diagnostic distinction from non-NETs. However, it is known that
several NETs do not express a common set of NE markers and have metastasized when the tumor is first found.
The diagnosis of NETs can be challenging on small biopsy samples. Insulinoma-associated protein 1 (INSM1) is a
zinc-finger transcriptional factor expressed in fetal neuroendocrine tissues. INSM1 is a relatively unknown immuno-
histochemical marker that is expressed in several NETs exclusively. Here we evaluated INSM1 as a novel NE marker
in normal NE tissues and in 102 NETs, then compared INSM1 with conventional NE markers. Stain intensity (O to
3 +) and extent (0 to 100%) were scored via H-score (range, O to 300). INSM1 expression was restricted in normal
NE tissues and cells, and NETs exclusively. INSM1 was expressed in 100 out of 102 NETs (98%). The distinct nuclear
expression of INSM1 enabled us to distinguish NETs from non-NETs clearly. The immunoreactivity for INSM1 was
greater than conventional cytoplasmic NE markers as measured by the mean percentage of reactive cells and the
mean H-score (INSM/CGA/SYP/CD56, 85%/66%/84%/64%, 211/122/191/117). In addition, INSM1 gene knock-
down experiments revealed that INSM1 is a critical modulator of the NE differentiation in several NET cell lines.
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Introduction Poorly differentiated NETs often spread to the
lymph nodes or distant sites before final diag-
nosis is achieved [1, 6-8]. In such cases, NETs
can easily be mistaken for a poorly differentiat-
ed non-NET as diagnosis is performed on a
small biopsy or cytological sample. Numerous
studies have demonstrated the utility of several
neuroendocrine (NE) biomarkers, such as chro-
mogranin A (CGA), synaptophysin (SYP), and
CD56 to give a definitive diagnosis. It has been
found, however, that several NETs do not

Neuroendocrine tumors (NETs) are neoplasms
which show neuroendocrine differentiation and
originate from neuroendorine or non-neuroen-
docrine organs or tissues. While NETs are het-
erogeneous groups and are wide-ranging from
benign to malignant tumors, there are several
common pathological features and clinical be-
haviors [1, 2]. Pathological and biological find-
ings of NETs have been thus far identified and
leveraged to diagnostic field and management

of patients. Although the diagnosis of most
cases of histologically typical NETs may not
require immunohistological assessment, it is a
useful tool in distinguishing between NETs and
non-NETs in cases where it may be difficult to
discern a definitive diagnosis [1-7].

express these NE biomarkers even though their
histopathological findings present NE-type fea-
tures [7]. Thus, there is an urgent need to iden-
tify new molecules that can provide patholo-
gists with a highly reliable, sensitive, and spe-
cific test.
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Insulinoma-associated protein 1 (INSM1) is a
zinc-finger transcriptional factor originally iso-
lated from a human insulinoma-glucagonoma
subtraction library [9]. INSM1 mRNA is abun-
dantly expressed in fetal NE developmental tis-
sues, however there is also a high occurrence
of INSM1 found in NE tumors, such as small
cell lung cancer (SCLC), pituitary tumor, medul-
lary thyroid carcinoma, and pheochromocyto-
ma [9-16]. Understanding of INSM1 has been
limited and clinical use as a biomarker has not
been attempted thus far. We recently reported
that INSM1 expresses exclusively in SCLC spec-
imens using immunohistochemistry, and first
elucidated that INSM1 regulates the NE differ-
entiation pathway in lung cancer. In addition,
we demonstrated the increased sensitivity and
specificity compared to other NE biomarkers
(CGA, SYP, and CD56) in lung cancer specimens
[16].

Despite the understanding of INSM1 in basic
research, the clinical utility of INSM1 as a new
diagnostic marker and the relevance between
INSM1 and the other NE biomarkers in NETs
remains largely unclear. To extend previous
findings of the significance of INSM1 in NETs,
we conducted the following experiments. First,
we examined INSM1 protein expression using
immunohistochemical (IHC) staining in 102
paraffin-embedded tissue of NETs and 25 non-
NETs, and found that the expression of INSM1
was exclusive to NETs. We examined three dif-
ferent commercial monoclonal antibodies
against INSM1 and then developed the stan-
dard protocol to detect the expression of INSM1
with minimal non-specific background staining.
To confirm reproducibility of the IHC method we
used, we performed the same protocol in three
different pathology laboratories. Second, we
conducted a quantitative comparison of IHC
staining with INSM1 and the other NE markers
(CGA, SYP, and CD56) using the H-score sys-
tem. INSM1 was superior to the other NE mark-
ers in all NETs except pheochromocytomas.
Furthermore, to add to our understanding of
the roles of INSM1 on the neuroendocrine diife-
rentiation, we used RNA interference technolo-
gy on 6 NET cell lines (TT, human thyroid medul-
lary carcinoma, PC-12; rat pheocromocytoma,
ECC4; human small cell gastrointestinal carci-
noma, RIN-5F; rat islet cell tumor, MtT/SM; rat
pituitary tumor, H69; human small cell lung
cancer) to elucidate the biological effects of
INSM1 in the NE differentiation pathway. The
results of western blotting indicated that INSM1
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is a critical regulator in the NE differentiation in
several cell lines, except rectal NET cell line,
ECC4, originating from various organs. From
our findings, INSM1 is considered as a critical
regulator of the NE differentiation pathway in
various types of NETs, and is superior to the
other NE markers widely used thus far. This cur-
rent and novel understanding of INSM1 will
advance diagnosis and the management strat-
egy of NETSs.

Materials and methods
Tissue samples

Tissue samples of 102 neuroendocrine tumors
(NETs) (7 pituitary adenomas, 7 medullary thy-
roid cancers, 7 merkel cell carcinomas, 7 pheo-
chromocytomas, 11 NETs of pancreas, 31 NETs
of gastrointestinal, 5 lung typical carcinoids, 4
large cell neuroendocrine carcinomas, and 19
SCLCs), 25 Non-NETs (5 colon adenocarcino-
mas, 5 skin carcinomas, 5 hepatocellular carci-
nomas, 5 lung adenocarcinomas, and 5 lung
squamous cell carcinomas), and 25 normal tis-
sues (5 thyroid tissues, 10 intestinal tissues, 5
pancreatic tissues, and 5 lung tissues), resect-
ed at Kumamoto University Hospital (Kumamo-
to, Japan) and National Minami-Kyushu Hospital
(Kagoshima, Japan) were obtained from 127
patients for this study. A histopathological diag-
nosis of the samples was made according to
the criteria of the World Health Organization.
Additional sections were used for IHC staining.
The study followed the guidelines of the Ethics
committee of Kumamoto University and Natio-
nal Minami-Kyushu Hospital.

Immunohistochemical staining and evaluation
using H-score

INSM1, CGA, SYP and CD56 were detected by
IHC on 4-um-thick sections. The primary anti-
bodies were: CGA (H-300; Santa Cruz, Santa
Cruz, CA; 1:100 dilution); SYP (NCL-SYNAP-299;
Novocastra laboratories Ltd., Newcastle upon
Tyne, UK; 1:50 dilution); CD56 (NCL-CD56-1B6;
Novocastra Laboratories Ltd.; 1:50 dilution).
Although CGA, SYP, and CD56 were the anti-
bodies widely used in the clinical settings, IHC
staining with INSM1 has not been used as a
standard diagnostic tool. Before staining of the
study material, the protocol for the IHC staining
with INSM1 (A-8; Santa Cruz), INSM1 (C-1;
Santa Cruz), and INSM1 (ab170876; Abcam,
Cambridge, UK) were examined using control
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tissues (pancreatic islets) and tumor tissues.
IHC with INSM1 (A-8; Santa Cruz) was deter-
mined as the following standard protocol. An-
tigen retrieval with 0.01 mol/L citrate buffer
(pH 6) for 15 minutes using an autoclave was
performed and slides were stained manually
overnight at 1:100 dilution. To confirm the stan-
dardization of staining protocol, they were test-
ed at three different pathology laboratories
(The Department of Pathology and Experimen-
tal Medicine, Kumamoto Japan, The Pathology
Core of the Centre for Modeling Human Dise-
ase, Toronto Centre for Phenogenomics, ON,
Canada, and The Pathology Research Program
(PRP) Laboratory at the Department of Path-
ology, Toronto General Hospital, University Heal-
th Network, ON, Canada). H.E. and IHC-stained
slides were scanned using the 40x magnifica-
tion on a ScanScope CS slide scanner (Aperio
ePathology, Leica Microsystems Inc., ON, Cana-
da). For all markers, both the percentage cells
and intensity (0, 1 +, 2 +, 3 +) of immunoreactiv-
ity were examined under pathologist supervi-
sion. Nuclear immunoreactivity for INSM1,
cytoplasms for CGA and CD56, and cell mem-
branes for CD56 were considered positive.
Histological scores (H-scores) were obtained by
the formula: 1 x (% of 1 + cells) + 2 x (% of 2 +
cells) + 3 x (% of 3 + cells). The P-value for the
comparison of H-score were determined by
Wilcoxon signed-rank test using SPSS version
18 (SPSS Inc., Chicago, IL).

Cell lines

Six NET cell lines (TT; human thyroid medullary
carcinoma, PC-12; rat pheocromocytoma, ECC-
4; human small cell rectal carcinoma, RIN-5F;
rat islet cell tumor, MtT/SM; rat pituitary tumor,
HB9; human small cell lung cancer) were used
for this study. TT and RIN-5F were purchased
from ECACC (Salisbury, UK), H69 from ATCC
(Manassas, VA), PC-12, ECC4 and MtT/SM from
Japan Collection of Research Bioresources Cell
Bank (Osaka, Japan).

INSM1 gene silencing experiments

Small interfering RNA (siRNA) targeted at INS-
M1 and negative control (scrambled random
siRNA) were purchased from Santa Cruz Bio-
technology and transfected into cells by using
an electroporator (NEPA21 pulse generator;
Nepa Gene, Chiba, Japan), as described in the
manufacturer’s instruction. The cells were har-
vested at 48 hours after transfection for each
experiment.
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Western blotting

Whole cell extracts were fractionated by poly-
acrylamide gels containing 0.1% SDS and
transferred to a PVDF membranes (Millipore,
Hamburg, Germany) according to the manufac-
turer’s protocol (Bio-Rad). The membrane was
blocked with 5% non-fat milk for one hour and
incubated with primary antibodies against ei-
ther ASCL1 (556604; BD Biosciences Pharmin-
gen, San Jose, CA; 1:1000), CD56 (NCL-CD56-
1B6; Novocastra Laboratories Ltd.; 1:1000),
CGA (H-300; Santa Cruz; 1:1000), SYP (NCL-
SYNAP-299; Novocastra Laboratories Ltd,;
1:1000), INSM1 (C-1; Santa Cruz; 1:5000), and
B-actin (A-5441, Sigma Aldrich, Ontario, Cana-
da; 1:10,000) overnight at 4°C. The membrane
was then washed and incubated with the re-
spective secondary antibodies conjugated with
horseradish peroxidase (Amersham Pharmacia
Biotech, Buckinghamshire, UK) for 90 minutes.
Blots were washed and developed with the
electrochemiluminescence system (Santa Cruz
Biotechnology, Santa Cruz, CA) according to the
manufacturer’s protocols.

Results

Selection and optimization of primary antibody
against INSM1 using normal NE tissues and
cells

To develop reproducible IHC protocol to detect
the expression of INSM1, we examined three
different commercial antibodies (INSM1 (A-8;
Santa Cruz), INSM1 (C-1; Santa Cruz), and INS-
M1 (ab170876; Abcam)) using the samples of
pancreatic islets. We then developed three use-
ful IHC methods with A-8 antibody, staining
manually overnight at 1:100 dilution, staining
by using the Ventana Benchmark automated
staining system (Ventana Medical System, Tuc-
son, AZ, USA) at 1:200 dilution, or staining by
using the Leica Bond Max autostainer (Leica,
Bannockburn, IL) at 1:200 dilution, to obtain
similar expression patterns. In the present stu-
dy, to confirm highly-reproducibility of the IHC
method we developed, manually stained slides
by conducting the same protocol at three differ-
ent pathology laboratories were evaluated. The
expression of INSM1 was restricted in NE tis-
sues and NE cells, such as NE cells in normal
bowel tissues and pancreatic islets (Figure 1).
The expression pattern of INSM1 was nuclear,
and background staining was minimal.
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Figure 1. Selection and optimization of primary antibody against INSM1 using normal NE tissues and cells. Immu-
nohistochemical staining for insulinoma-associated protein 1 (INSM1) in serial sections revealed that INSM1 was
expressed exclusively in intestinal neuroendocrine (NE) cells and an islet of pancreas consistent with the expression
pattern of traditional NE markers (chromogranin A and synaptophysin).

Table 1. Results of immunohistochemical staining of human NETs surgically resected samples

Tumor type Ab Positive cases 0% 1-5% 6-20% 21-50% >50% :;)“ssltz\é/oe) H score
Pituitary Adenoma INSM1 77 0 0 0 0 7 96 262
CGA /7 0 0 0 0 7 89 221
SYP 77 0 0 0 0 7 97 253
CD56 6/7 1 0 0 2 4 63 82
Medullary Thyroid Carcinoma INSM1 77 0 0 0 0 7 96 257
CGA 6/7 1 0 0 2 4 70 119
SYP /7 0 0 0 0 7 96 260
CD56 6/7 1 0 0 0 6 77 171
Merkel Cell Carcinoma INSM1 /7 0 0 0 0 7 91 223
CGA /7 0 0 1 1 5 46 53
SYP 5/7 2 0 0 0 5 67 128
CD56 5/7 2 0 0 0 5 64 118
Pheochromocytoma INSM1 5/7 2 0 1 4 0 26 31
CGA 5/7 2 0 0 0 5 67 175
SYP /7 0 0 0 0 7 93 239
CD56 /7 0 0 0 2 5 80 147
NET (Pancreas) INSM1 13/13 0 0 0 0 13 92 253
CGA 10/13 3 1 2 0 7 49 88
SYP 13/13 0 0 0 2 11 92 232
CD56 10/13 3 2 2 1 5 47 67
NET (Gastrointestinal) INSM1 31/31 0 0 0 2 29 90 235
CGA 26/31 5 1 1 7 17 57 96
SYP 27/31 4 0 0 4 23 77 142
CD56 25/31 6 6 0 1 18 51 72
Lung Carcinoid INSM1 5/5 0 0 0 0 5 82 158
CGA 5/5 0 0 0 0 5 78 56
SYP 5/5 0 0 0 1 4 80.6 149
CD56 5/5 2 0 0 0 3 54 63
LCNEC INSM1 4/4 0 0 0 0 4 96 235
CGA 2/4 2 0 0 0 2 57 72
SYP 4/4 0 0 0] 0 4 93 193
CD56 4/4 0 0 0 0 4 79 162
SCLC INSM1 19/19 0 0 0 1 18 94 246
CGA 14/19 5 2 0 0 12 58 87
SYP 11/19 8 0 0 0 11 54 84
CD56 13/19 6 1 4 0 8 39 38
Small Cell Carcinoma (Uterus) INSM1 2/2 0] 0 0] 0 2 89 218
CGA 2/2 0 0 0 0 2 91 252
SYP 2/2 0 0 0 0 2 94 228
CD56 2/2 0 0 0 0 2 88 258
Total INSM1  100/102 (98%) 2 0 1 7 92 85 211
CGA  84/102 (82.3%) 18 4 4 10 66 66 122
SYP 88/102 (86.2%) 14 0 0 7 81 84 191

CD56 81/102(79.4%) 21 9 6 6 60 64 117

Abbreviations: Ab, Antibody; CGA, chromogranin A; INSM1, insulinoma-associated protein 1; LCNEC, large Cell Neuroendocrine Carcinoma of the
lung; SCLC, small-cell lung carcinoma; SYP, synaptophysin. 85%/66%/84%/64%, 211/122/191/117.
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INSM1 is the best IHC marker in various NETs
compared to conventional NE markers

As shown in Table 1 and Figure 2, to determine
the sensitivity and specificity of IHC for INSM1,
we examined that 102 various types of NETs
and compared with conventional NE markers,
CGA, SYP, and CD56 using H-score. INSM1 was
positive in 100 out of 102 NETs (98%), and was
not detected in non-NE normal tissues as well
as 25 non-NETs. INSM1 had consistently strong
and diffuse reactivity in all NETs except pheo-
chromocytomas, the mean reactivity of INSM1/
CGA/SYP/CD56 in NETs was 85%/66%,/84%/
64% (Table 1 and Figure 2). The mean H-score
was superior or more than equivalent in the
majority of NETs (INSM1/CGA/SYP/CD56, 211/
122/191/117, P<0.0001) (Figure 3). In cases
with low level of expression of traditional cyto-
plasmic NE markers, INSM1 was expressed dif-
fusely. Furthermore, nuclear expression pat-
tern of INSM1 was much more distinct and
clear when compared to conventional cytoplas-
mic NE markers. Two cases of SCLCs, two cases
of rectal NET and one case of pancreatic NET,
which did not have any positive staining for the
conventional NE markers, showed distinct ex-
pression of INSM1. Although in vast majority
NETs had 80-100% of tumor cells strongly label-
ing for INSM1, the mean H-score of convention-
al NE markers were superior to INSM1 (H-score:
CGA/SYP/CD56 vs INSM1; 175, 239, 147 vs
31) in pheocromocytomas.

Effect of INSM1 in NE differentiation pathway
of NET cell lines

To investigate the biological significance of
INSM1 in NET cell lines, we conducted INSM1
knockdown experiments using siRNA in TT,
PC-12, ECC4, RIN-5F, MtT/SM, and H69 cells.
Knockdown of INSM1 expression in TT, PC-12,
RIN-5F, MtT/SM, and H69 resulted in significant
reduction of the expression of CGA and SYP
(Figure 4A). The reduction of those expressions
was not observed in ECC4.

In addition, we examined the impact of the sup-
pression of INSM1 on the expression of ASCL1,
which is reported as critical for the proper
development of neuronal and NE populations in
various organs. Suppression of INSM1 resulted
in the significant reduction of ASCL1 expres-
sion in TT, HB9, and RIN-5F, while a slight
decrease of ASCL1 expression was observed in
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ECC4 (Figure 4B). On the other hand, increased
ASCL1 expression was observed in PC-12 and
MtT/SM. Neurogenin-3, a master regulator of
pancreatic NE development, was increased by
the suppression of INSM1 expression (Figure
4C). As a result it is found that the suppression
of INSM1 modulates the expression of master
genes in several cell lineages, suggesting that
INSM1 has an important effect on NE differen-
tiation pathways in various types of NETSs.

Discussion

The present study extends previous under-
standings of INSM1 in NETs. NETs are a hetero-
geneous group of neoplasms regarding mor-
phological features and clinical characteristics.
In some cases, patients with NETs present with
metastatic disease at diagnosis, therefore the
diagnosis is often performed on a small biopsy
or cytological sample [6-8]. However, these
small samples present a challenge in the dif-
ferential diagnosis due to scant tumor cells,
crush artifacts, and/or necrosis. Immunohisto-
chemical NE markers (CGA, SYP, and CD56) are
used as important complementary tools for the
diagnosis of NETs, however in several NETSs, all
of them are not positive and the diagnosis
could still be challenge [1-6].

The key findings of this study is that INSM1
appears greatly superior to other conventional
NE markers (CGA, SYP, and CD56) as an immu-
nohistochemical biomarker. We demonstrated
that INSM1 expresses strongly in various NETSs;
the reactivity and intensity for INSM1 were con-
sistently high and strong. Notably, 5 cases (2
SCLCs, 2 NETs of rectums, 1 NET of pancreas)
which were negative for all the other NE mark-
ers showed the expression of INSM1, suggest-
ing a higher utility of INSM1. As we previously
reported, INSM1 could be one of the factors
which contribute to initiate NE differentiation in
lung cancer cell lines. Therefore, we speculate
that we can detect a very early phase of NE dif-
ferentiation using the INSM1 marker. Further-
more, INSM1 is a nuclear protein, which is less
prone to potential non-specific reactivity and
difficulties in evaluation as could happen with
cytoplasmic and cell membrane NE markers
such as CGA, SYP, and CD56. In addition, we
confirmed high reproducibility of IHC staining
using INSM1 by examining in three different
pathology laboratories. Although the present
comparative study was achieved using manu-
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Figure 2. Examples of INSM1 versus traditional neuroendocrine (NE) markers in various neuroendocrine tumors
(NETs). Hematoxylin and eosin (H.E.) staining, and IHC staining for INSM1, CGA, SYP, and CD56 were examined in
102 cases of various NETs. Representative images of pituitary adenomas (A), medullary thyroid carcinomas (B),
Merkel cell carcinomas (C), pheochromocytomas (D), NETs of stomach (E), NETs of Rectum (F), NETs of pancreas
(G), and small cell lung carcinomas (SCLC) (H) were shown. INSM1 expressions are strongly and diffusely positive in
NET cell nuclei, except pheochromocytomas. INSM1 expression does not always co-exist with traditional NE markers

(CGA, SYP, and CD56).

ally stained slides with a monoclonal antibody
against INSM1 (A-8; Santa Cruz), we have
established two other protocols using automat-
ed IHC instruments (the Ventana Benchmark
automated staining system and the Leica Bond
Max autostainer) to obtain the similar expres-
sion patterns. The highly- sensitivity, highly-
specificity, and reproducibility of INSM1 IHC
staining will result in the improvement of accu-
racy in diagnosing NETs. Additional validation
studies are needed in order to examine the util-
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ity of IHC with INSM1 in NETs. We experienced
that several NETs, such as pheocromocytoma,
did not show INSM1 expression as strongly as
the other NE markers, but 5 of 7 cases were
positive for INSM1, thus we need further analy-
sis using various types of NETs to extend the
understanding of the significance of INSM1 in
NETs.

The second key finding is that INSM1 has a role
of regulator in the neuroendocrine pathway of

Int J Clin Exp Pathol 2017;10(5):5393-5405
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Figure 3. Comparison of INSM1 with CGA, SYP, and CD56 in various neuroendocrine tumors (NETs). Histological
score (H-score) of INSM1, chromogranin A (CGA), synaptophysin (SYP), and CD56 were evaluated on 102 neuroen-
docrine tumors, including pituitary adenomas, medullary thyroid carcinomas, merkel cell carcinomas, pheochromo-
cytomas, neuroendocrine tumors (NETs) of pancreas, gastrointestinal NETs, lung carcinoids, large cell neuroendo-
crine tumors of the lungs (LCNEC), small cell lung carcinomas (SCLCs), small cell carcinomas of the uterus. H scores
were obtained by the formula: 1 x (% of 1 + cells) + 2 x (% of 2 + cells) + 3 x (% of 3 + cells). INSM1 is superior to
conventional neuroendocrine tumors for the diagnosis of neuroendocrine tumors. The P-value for the comparison of
H-score were determined by Wilcoxon signed-rank test using SPSS version 18 (SPSS Inc., Chicago, IL) *P<0.0001.

several cell lines of NETs. In the present study, moting regulator in NETs, with the exception
all NET cell lines had the expression of INSM1, that a rectal NET cell line did not decrease NE
and INSM1 knockdown study suggested that markers after INSM1 gene knockdown. NE dif-
INSM1 could work as a NE differentiation-pro- ferentiation is regulated by overlapping sets of

5402 Int J Clin Exp Pathol 2017;10(5):5393-5405
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Figure 4. Insulinoma-associated protein 1 (INSM1) is a regulator of
Rin5F neuroendocrine (NE) differentiation and is involved in the expression of
achaete scute homolog-like 1 (ASCL1) and neurogenin-3. A. Western blot
analysis reveals that INSM1-siRNA treatment in cell lines including hu-
PC-12 _ man thyroid medullary carcinoma (TT), rat pheochromocytoma (PC-12),
rat islet cell tumor (RIN-5F), rat pituitary tumor (MtT/SM), human small
cell lung cancer (H69) significantly reduces the expression of chromo-
MtT/SM granin A (CGA), and synaptophysin (SYP), but does not affect those ex-

pression in human small cell gastrointestinal carcinoma cell line (ECC4).
B. ASCL1 decreased significantly in TT, H69 and RIN-5F treated with
siINSM1, slightly decreased in ECC4, but increased in PC-12 and MtT/
SM. C. Knockdown of INSM1 increased the expression of neurogenin-3
RIN-5F. All analysis was performed in triplicate. B-actin was used as an
internal control.

various transcription factors; for example, Ma-
thl in enterocyte, neurogenin 3 in pancreatic
islet cells, Pit-1 in pituitary cells, Math1 in skin
neuroendocrine cells, and Hand2 in adrenal
medulla cells, and the sets and their regulatory
systems seem to be diverse in each neuroen-
docrine tissues and cells [7, 17-22]. We previ-
ously reported that the INSM1-ASCL1 axis is
crucial in determination of neuroendocrine dif-
ferentiation in the lung NE cells and neoplasms
[16]. In the present study, we confirmed that
this regulatory system for NE differentiation did
not always consistently work in determining NE
fate in the other organs, while knockdown of
INSM1 expression modulated the expression of
NE molecules, ASCL1, and neurogenin-3 in all
the cell lines examined.

The first identification of INSM1 was conducted
by Goto et al. in 1993 using a human insulino-
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ma-glucagonoma subtraction library [9]. INSM1
is a zinc-finger transcription factor, and is ex-
pressed exclusively in embryonic developing
NE tissues, has been reported that INSM1 has
a critical role in the development of several NE
tissues [9-14]. The uniqueness of this molecule
is that the expression of INSM1 is exclusive in
developing NE tissues in an embryonic phase,
the expression of INSM1 is confined in normal
NE cells after birth, but a marked INSM1 ex-
pression occurs in NETs, such as SCLCs, pitu-
itary tumors, and medullary thyroid carcinomas
[9-15]. Lan, M et al. reported that 30 of 31
SCLC cell lines and four NSCLC cell lines with
NE phenotype expressed INSM1 mRNA and a
high concordance with CGA and L-dopa decar-
boxylase using the Northern blotting method in
1993 [23]. Several microarray gene expression
studies also reported that INSM1 is a promi-
nent diagnostic marker for SCLC [24, 25]. How-
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ever, the validation of utility in clinical practice
as a diagnostic marker has remained dormant
until recently because of the lack of a proper
antibody. Recently, we reported that INSM1 is a
superior immunohistochemical diagnostic mar-
ker for SCLC compare to NE markers (CGA, SYP,
and CD56) used in the clinical pathological
diagnosis field [16]. Also recently, Rosen-
baum et al. examined 129 neuroendocrine ne-
oplasm specimens and found that INSM1 was
positive in 88.3% of cases using IHC staining
(15). Although these two studies presented the
highly-specificity of INSM1 compared with the
other NE markers, the main contribution of the
current study is that we evaluated the utility of
IHC staining with INSM1 compared to CGA, SYP,
and CD56 using the H-score method to estab-
lish the objective evidence for clinical use.
Although H-scores vary on each type of NET,
INSM1 is a superior immunohistochemical NE
marker to conventional NE markers. Our results
show that a combination INSM1 and SYP could
increase the diagnostic yield for NETs.

We recently reported that INSM1 is involved in
cell proliferation and apoptosis in lung cancer.
Knockdown of INSM1 in SCLC cell lines sup-
pressed cell proliferation and increased the
apoptosis pathway [16]. Therefore, we specu-
late that INSM1 has an impact on malignancy,
and are conducting a prospective study to clar-
ify whether INSM1 has relevance in regards to
the prognosis of lung cancer patients. In the
present study, 3 cases of grade 3 gastrointesti-
nal NETs and 2 cases of the pancreas were
examined. Grade3 NET is classified as malig-
nant or poorly differentiated, and had a propen-
sity for lower INSM1 expression compared to
grade 1 and grade 2 NETs in the present study.
Our hypothesis stated that high expression lev-
els of INSM1 should have poor prognostic out-
comes for patients; however, for grade 3 NETs
it was found that INSM1 was expressed at low
levels. This may be due to the fact that this was
a small pilot study in which our analysis includ-
ed only a small number of cases. There are a lot
of genes known as either tumor suppressors or
oncogenes. More samples of NETs are needed
in order to continue with additional experiments
which will provide a better understanding of the
significance of patient prognosis using INSM1
marker.

In conclusion, we found that INSM1 is a supe-
rior immunohistochemical biomarker when
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compared to the traditional NE markers (CGA,
SYP, and CD56). In addition, we showed that
INSM1 is involved in NE differentiation in med-
ullary thyroid carcinoma, pheochromocytoma,
intestinal NE carcinoma, islet cell tumor, pitu-
itary tumor, and SCLC cell lines. Further study
of INSM1 in NETs may provide the significance
of INSM1 as a NE diagnostic marker and the
biological meaningfulness. The present study
hopefully improves the diagnostic yield of NETs
and promotes our understandings of INSM1.

Acknowledgements

This study was partially supported by a Grant-
in-Aid for Scientific Research (C; No. 23220010)
from the Ministry of Education, Culture, Sports,
Science and Technology of Japan.

Disclosure of conflict of interest
None.

Address correspondence to: Dr. Takaaki Ito, Depart-
ment of Pathology and Experimental Medicine,
Graduate School of Medical Sciences, Kumamoto
University, Honjo 1-1-1, Kumamoto 860-8556, Chuo-
ku, Japan. Tel: +81-96-373-5086; Fax: +81-96-373-
5087; E-mail: takaito@kumamoto-u.ac.jp

References

[1] Helpap B and Kollermann J. Immunohisto-
chemical analysis of the proliferative activity of
neuroendocrine tumors from various organs.
Are there indications for a neuroendocrine tu-
mor-carcinoma sequence? Virchows Arch
2001; 438: 86-91.

[21 Kunz PL. Carcinoid and neuroendocrine tu-
mors: building on success. J Clin Oncol 2015;
33: 1855-1863.

[3] Rekhtman N. Neuroendocrine tumors of the
lung: an update. Arch Pathol Lab Med 2010;
134: 1628-1638.

[4] Gut P, Czarnywojtek A, Fischbach J, Baczyk M,
Ziemnicka K, Wrotkowska E, Gryczynska M and
Ruchala M. Chromogranin A-unspecific neuro-
endocrine marker. Clinical utility and potential
diagnostic pitfalls. Arch Med Sci 2016; 12: 1-9.

[5] Modlin IM, Oberg K, Taylor A, Drozdov |, Bodei
L and Kidd M. Neuroendocrine tumor biomark-
ers: current status and perspectives. Neuroen-
docrinology 2014; 100: 265-277.

[6] Network. GNCC. National Comprehensive Can-
cer Network. NCCN Clinical Practice Guidelines
in Oncology: Neuroendocrine Tumors, Version
1.2015. NCCN. Available at http://www.nccn.
org/professionals/physician_gls/pdf/neuro-
endocrine.pdf.

Int J Clin Exp Pathol 2017;10(5):5393-5405



(7]

(8]

(9]

[10]

(11]

(12]

[13]

(14]

[15]

[16]

A new marker for neuroendocrine tumors

Washington MK, Tang LH, Berlin J, Branton PA,
Burgart LJ, Carter DK, Compton CC, Fitzgib-
bons PL, Frankel WL, Jessup JM, Kakar S, Min-
sky B and Nakhleh RE. Protocol for the exami-
nation of specimens from patients with
neuroendocrine tumors (carcinoid tumors) of
the small intestine and ampulla. Arch Pathol
Lab Med 2010; 134: 181-186.

Tang LH, Basturk O, Sue JJ and Klimstra DS. A
Practical approach to the classification of WHO
Grade 3 (G3) Well-differentiated neuroendo-
crine tumor (WD-NET) and poorly differentiated
neuroendocrine carcinoma (PD-NEC) of the
Pancreas. Am J Surg Pathol 2016; 40: 1192-
1202.

Goto Y, De Silva MG, Toscani A, Prabhakar BS,
Notkins AL and Lan MS. A novel human insuli-
noma-associated cDNA, IA-1, encodes a pro-
tein with “zinc-finger” DNA-binding motifs. J
Biol Chem 1992; 267: 15252-15257.

Breslin MB, Zhu M and Lan MS. NeuroD1/E47
regulates the E-box element of a novel zinc fin-
ger transcription factor, 1A-1, in developing ner-
vous system. J Biol Chem 2003; 278: 38991-
38997.

Zhu M, Breslin MB and Lan MS. Expression of
a novel zinc-finger cDNA, IA-1, is associated
with rat AR42]J cells differentiation into insulin-
positive cells. Pancreas 2002; 24: 139-145.
Xie J, Cai T, Zhang H, Lan MS and Notkins AL.
The zinc-finger transcription factor INSM1 is
expressed during embryo development and in-
teracts with the Cbl-associated protein. Ge-
nomics 2002; 80: 54-61.

Breslin MB, Zhu M, Notkins AL and Lan MS.
Neuroendocrine differentiation factor, IA-1, is a
transcriptional repressor and contains a spe-
cific DNA-binding domain: identification of con-
sensus IA-1 binding sequence. Nucleic Acids
Res 2002; 30: 1038-1045.

Lan MS and Breslin MB. Structure, expression,
and biological function of INSM1 transcrip-
tion factor in neuroendocrine differentiation.
FASEB J 2009; 23: 2024-2033.

Rosenbaum JN, Guo Z, Baus RM, Werner H,
Rehrauer WM and Lloyd RV. INSM1: a novel im-
munohistochemical and molecular marker for
neuroendocrine and neuroepithelial neo-
plasms. Am J Clin Pathol 2015; 144: 579-591.
Fujino K, Motooka Y, Hassan WA, Ali Abdalla
MO, Sato Y, Kudoh S, Hasegawa K, Niimori-Kita
K, Kobayashi H, Kubota I, Wakimoto J, Suzuki
M and Ito T. Insulinoma-associated protein 1 is
a crucial regulator of neuroendocrine differen-
tiation in lung cancer. Am J Pathol 2015; 185:
3164-3177.

5405

[17]

(18]

(19]

[20]

[22]

(23]

[24]

[25]

Stubbusch J, Narasimhan P, Hennchen M, Hu-
ber K, Unsicker K, Ernsberger U and Rohrer H.
Lineage and stage specific requirement for
Dicerl in sympathetic ganglia and adrenal me-
dulla formation and maintenance. Dev Biol
2015; 400: 210-223.

Gestblom C, Grynfeld A, Ora |, Ortoft E, Larsson
C, Axelson H, Sandstedt B, Cserjesi P, Olson EN
and Pahlman S. The basic helix-loop-helix tran-
scription factor dHAND, a marker gene for the
developing human sympathetic nervous sys-
tem, is expressed in both high- and low-stage
neuroblastomas. Lab Invest 1999; 79: 67-79.
Leonard JH, Cook AL, Van Gele M, Boyle GM,
Inglis KJ, Speleman F and Sturm RA. Proneural
and proneuroendocrine transcription factor
expression in cutaneous mechanoreceptor
(Merkel) cells and Merkel cell carcinoma. Int J
Cancer 2002; 101: 103-110.
Pellegrini-Bouiller 1, Morange-Ramos |, Barlier
A, Gunz G, Enjalbert A and Jaquet P. Pit-1 gene
expression in human pituitary adenomas.
Horm Res 1997; 47: 251-258.

Schwitzgebel VM, Scheel DW, Conners JR,
Kalamaras J, Lee JE, Anderson DJ, Sussel L,
Johnson JD and German MS. Expression of
neurogenin3 reveals an islet cell precursor
population in the pancreas. Development
2000; 127: 3533-3542.

Yang Q, Bermingham NA, Finegold MJ and
Zoghbi HY. Requirement of Math1 for secretory
cell lineage commitment in the mouse intes-
tine. Science 2001; 294: 2155-2158.

Lan MS, Russell EK, Lu J, Johnson BE and Not-
kins AL. IA-1, a new marker for neuroendocrine
differentiation in human lung cancer cell lines.
Cancer Res 1993; 53: 4169-4171.

Taniwaki M, Daigo Y, Ishikawa N, Takano A,
Tsunoda T, Yasui W, Inai K, Kohno N and Naka-
mura Y. Gene expression profiles of small-cell
lung cancers: molecular signatures of lung
cancer. Int J Oncol 2006; 29: 567-575.
Pedersen N, Mortensen S, Sorensen SB, Ped-
ersen MW, Rieneck K, Bovin LF and Poulsen
HS. Transcriptional gene expression profiling of
small cell lung cancer cells. Cancer Res 2003;
63: 1943-1953.

Int J Clin Exp Pathol 2017;10(5):5393-5405



