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Sex comb on midleg like-2 is a novel specific marker for the
diagnosis of gastroenteropancreatic neuroendocrine tumors
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Abstract. Sex comb on midleg like-2 (SCML2) is a
polycomb-group protein that encodes transcriptional repres-
sors essential for appropriate development in the fly and in
mammals. On the basis of previous findings, the present
study aimed to explore the possibility of developing SCML?2
into a new diagnostic marker for gastroenteropancreatic
neuroendocrine tumors (GEP-NETs). A total of 64 paired
GEP-NET tissues and adjacent non-tumorous tissues were
obtained from patients who had undergone surgical resec-
tion between January 2009 and January 2014, and the
expression of SCML2 and two neuroendocrine markers,
namely synaptophysin (Syn) and chromogranin A (CgA), in
the tissues was assessed by immunohistochemistry. Strong
SCML2 staining was observed predominantly in the cell
nuclei of GEP-NET tissues, and the overall expression rate
and staining intensity of SCML2 were higher than those
of Syn or CgA, respectively. Spearman rank correlation
analysis demonstrated that SCML2 was not correlated with
either Syn or CgA, while the combined detection of SCML2
with Syn or with CgA increased the diagnostic sensitivity
to 100%. SCML2 expression in GEP-NETs was associated
with several clinicopathological parameters, such as histo-
logical type, tumor grade, depth of invasion and clinical
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stage. Kaplan-Meier survival curves revealed that patients
with higher SCML2 expression had lower survival rates than
those with lower expression levels, while Cox proportional
hazards regression analysis revealed that SCML2 was not
an independent prognostic factor for GEP-NET patients.
Therefore, SCML2 may have potential as a specific marker
for joint use with other markers to improve the diagnostic
efficiency of GEP-NETs.

Introduction

Polycomb group (PcG) genes are required for maintenance
of the correct spatial and temporal expression of homeotic
genes during development (1). They were originally identi-
fied in Drosophila as transcriptional repressor genes, and
subsequently have been detected in numerous vertebrates and
invertebrates (1). Sex comb on midleg (SCM) is a PcG gene,
and encodes transcriptional repressors required for appropriate
development in flies and mammals (1-3). SCM is required for
the recruitment and repressive function of polycomb repressive
complex 1 (PRCI1) and PRC2 (1), and contains two malignant
brain tumor (MBT) repeats, a domain of unknown function
(DUF3588), an SPM [also known as sterile o motif (SAM)]
domain and two zinc fingers (2,3). SCM exerts a repressive
effect on target genes through the actions of MBT and SPM
domains, as do other PcG proteins (4,5). Notably, abnormal
SCM function may be involved in tissue growth and certain
cancers (0).

The sex comb on midleg like-2 (SCML2) gene is one
of the four homologs of Scm (the others being SCMLI,
SCM homolog 1 and SCM-like with four MBT domains)
in mammals (7-11). SCML2 has been identified as a human
gene in the Xp22 region that encodes a protein of 700 amino
acids (7). In previous proteomic studies in which possible
markers of pancreatic cancer were investigated (12-14), it was
incidentally observed, by immunohistology, that the SCML2
protein was specifically expressed in human polypeptide
hormone-producing tissues (pancreatic islet cells and islet-cell
carcinoma), but was not expressed in other pancreatic epithe-
lial cells. As a group, neuroendocrine tumors (NETSs) secrete
various different peptide hormones, and the aforementioned
observation suggests that SCML2 could be a useful histologic
marker for NETSs.
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NETs are a heterogeneous group of tumors associated with
a wide variety of biological changes occurring in the cells of
the endocrine system (15). The molecular genetic mechanism
by which NETs develop is complex and remains largely
unknown (16). The majority of NETs were once considered
carcinoid tumors, but recently the term ‘neuroendocrine’ has
been accepted for use instead of ‘carcinoid’ to more appro-
priately describe the malignant potential of these tumors (17).
Although NETs may develop in almost any organ of the body,
they predominate within the pancreas and the gastrointestinal
tract. Gastroenteropancreatic (GEP)-NETs are considered to
be rare, with an incidence of 1 per 100,000 individuals for
pancreatic tumors and 1.95-2.5 per 100,000 individuals for
gastrointestinal tumors (15). During the last three decades,
however, the reported incidence of GEP-NETs has increased
worldwide due to improvements in diagnostic tools and clinical
awareness of them (15). According to the latest 2010 World
Health Organization (WHO) classification (18), GEP-NETs
are divided into three types, namely well-differentiated NET,
poorly differentiated neuroendocrine carcinoma and mixed
adenoneuroendocrine carcinoma, and their pathology can be
further graded as Gl [<2 mitoses/10 high power fields (HPFs)
and/or Ki-67 index <2%], G2 (2-20 mitoses/10 HPFs and/or
Ki-67 index between 3 and 20%) and G3 (=21 mitoses/10 HPFs
and Ki-67 index >20%) (18-22).

Despite recent advances in the diagnosis and treatment of
GEP-NETs, their early diagnosis remains challenging as the
majority of patients lack typical symptoms (23). It is crucial
to develop new markers that are comparable with and even
better than currently available neuroendocrine markers, such
as synaptophysin (Syn) and chromogranin A (CgA), for use in
the diagnosis and prognosis of GEP-NETs. To contribute to the
achievement of this goal, in the present study, SCLM2 expres-
sion in GEP-NETs was detected using immunohistochemistry,
the diagnostic value of SCLM2 was compared with that of Syn
or CgA, and the correlations of SCLM?2 with clinicopatho-
logical variables and with the prognosis of GEP-NETs were
further investigated.

Patients and methods

Patients and tissue samples. A total of 64 paired tumor
tissues and adjacent non-tumorous tissues were obtained from
paraffin-embedded tissues of patients with GEP-NET (gastric,
colorectal or pancreatic NET) who had undergone surgical
resection at the Affiliated Hospital of Nantong University
(Nantong, China) between January 2009 and January 2014
and had been evaluated and classified according to the WHO
2010 classification (18). The tumor grading of these cases
was based on proliferation and mitotic count. Representative
1.5-2 mm tissue cores from each specimen were selected for
immunohistochemistry. Personal information and clinico-
pathological data of the patients were obtained from electronic
hospital records and pathology reports. Patients with a history
of other cancers or who had received chemotherapy or radio-
therapy prior to surgery were excluded from the present study.
Follow-up information was collected by telephone interview
or mail survey, and used for patient survival analysis. For
all patients analyzed, the male/female ratio was 36:28, and
the ages ranged from 17 to 86 years (median, 48 years). The
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personal information, clinical variables and pathological find-
ings of the patients are summarized in Table I. In addition, the
tissue samples of 10 gastric adenocarcinoma, 10 colorectal
adenocarcinoma and 10 pancreatic adenocarcinoma cases,
which had been histologically documented according to
the WHO histological classifications of tumors, were used
as controls. The present study was approved by the Ethics
Committee of the Affiliated Hospital of Nantong University.
Informed consent was obtained from all individual partici-
pants included in the study.

Immunohistochemistry. All paraffin-embedded tissue samples
were fixed in 4% paraformaldehyde solution for 24 h at room
temperature and embedded in paraffin, including 64 matched
pairs of GEP-NET tissues and adjacent non-tumorous tissues,
10 gastric adenocarcinoma tissues, 10 colorectal adenocarci-
noma tissues and 10 pancreatic adenocarcinoma tissues, were
sectioned to 4-um thickness and mounted on clean, charged
microscope slides and then heated in a tissue-drying oven for
45 min at 60°C. The sections were deparaffinized in xylene,
rehydrated through graded alcohol, and then rinsed with deion-
ized water. Endogenous peroxidase activity was quenched with
0.3% hydrogen peroxide for 10 min at room temperature and
blocked with 5% bovine serum albumin (BSA; Sigma-Aldrich;
Merck KGaA, Darmstadt, Germany) in PBS for 20 min at
room temperature. For antigen retrieval, the sections were
heated for 30 min in a microwave oven in a preheated 0.01 M
citrate buffer (pH 6.0, C(H;0,, H,O 0.378 g, Na;C,H;0,,
2H,0 2.412 g, and ddH,O to 1 1). The sections were incubated
overnight at 4°C with mouse monoclonal antibodies against
SCML2 (sc-271228), Syn (5¢-398017) and CgA (sc-393941;
all 1:200; Santa Cruz Biotechnology, Inc., Dallas, TX, USA)
respectively. Afterwards, sections were further reacted with
mouse IgGk binding protein-HRP (sc-516102; 1:25; Santa
Cruz Biotechnology, Inc.) for 30 min at room temperature.
Slides were stained with diaminobenzidine and counterstained
with hematoxylin as described previously (13,14). Sections
were observed under a light microscope. The evaluation
criteria of immunohistochemistry were as follows: Staining
intensity was scored as 0, negative; 1, weak; 2, medium; and
3, strong; and staining extent was scored as 0, 0; 1, 1-25; 2,
26-50; 3, 51-75; and 4, 76-100% according to the percentage of
the positive staining areas in relation to the entire carcinoma
area. The final result was expressed as the sum of the intensity
score and the extent score, which was graded as: -, score 0-2;
+, score 3 or 4; ++, score 5 or 6; and +++, score 7. Tumors
with a final staining score of =3 were considered positive. The
immunohistochemical results were evaluated independently
by two pathologists who were blinded to the patients' clinical
and pathological data.

Statistical analysis. SPSS v15.0 software (SPSS Inc., Chicago,
IL, USA) was used for statistical analysis. Materials with
ranked data were tested with the rank sum test. The correla-
tions between SCML2, Syn and CgA were tested by Spearman
rank correlation. y? test or Fisher's exact test was used for
any 2x2 tables. The association between clinical parameters
and SCML2 expression was analyzed with a rank sum test.
Survival analysis was performed using Kaplan-Meier survival
plots, and comparisons between groups were made with the
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Table I. Associations of sex comb on midleg like-2 expression with clinicopathological parameters.

Grading

Parameters n Positive (%) - + ++ +++ Z P-value

Gender 1.263 0.207
Male 36 32 (88.9) 4 16 12 4
Female 28 26 (92.9) 2 12 4 10

Age (years) 0.551 0.582
<60 38 34 (89.5) 4 16 12 6
>60 26 22 (84.6) 2 12 4 8

Tumor location 0.400 0.690
Esophagus/stomach 10 10 (100.0) 0 4 0 6
Intestine 40 34 (85.0) 6 18 12 4
Pancreas 14 14 (100.0) 0 6 4 4

Tumor diameter (cm) 0.501 0.616
<3 50 44 (88.0) 6 20 14 10
>3 14 14 (100.0) 0 8 2 4

Pathological type 2.370 0.020
NET 36 30 (83.3) 6 18 8 4 3.254* 0.001*
NEC 26 26 (100.0) 0 8 8 10
MANEC 2 2 (100.0) 0 2 0 0

Pathological grade 4.320 <0.001
Gl 24 18 (75.0) 6 14 4 0 3.103° 0.002°
G2 14 14 (100.0) 0 6 4 4 4.277¢ <0.001¢
G3 26 26 (100.0) 0 8 8 10

Depth of invasion 2.205 0.027
T1-T2 24 20 (83.3) 4 12 6 2
T3-T4 40 38 (95.0) 2 16 10 12

Lymph node metastasis 1.798 0.072
Absent 42 36 (85.7) 6 18 12 6
Present 22 22 (100.0) 0 10 4 8

Distant metastasis 0.684 0.494
Absent 58 52 (89.7) 6 24 14 14
Present 6 6 (100.0) 0 4 2 0

TNM stage 2.698 0.007
LI 28 22 (78.6) 6 12 8 2
1L, IV 36 36 (100.0) 0 16 8 12

INET vs. NEC; °G1 vs. G2; °G1 vs. G3. Z and P-values were calculated by rank sum test. NET, neuroendocrine tumor; NEC, neuroendocrine

carcinoma; MANEC, mixed adenoneuroendocrine carcinoma.

log-rank test. Multivariate analysis was performed using Cox's
proportional hazards model, and the risk ratio and its 95%
confidence interval were recorded for each marker. P<0.05
was considered to indicate a statistically significant result in
all analyses.

Results

Expression of SCML2, Syn and CgA in paired GEP-NET
tissues and adjacent non-tumorous tissues. Using

immunohistochemistry (Fig. 1), strong SCML2 staining was
observed predominantly in the cell nuclei of gastric, colorectal
or pancreatic NET tissues (Fig. 1Aa-1, Aa-2, Ba-1, Ba-2, Ca-1
and Ba-2). By contrast, SCML2 staining was negative in the
adjacent non-tumorous tissues of gastric- and colorectal-NET
patients (Fig. 1Ab and Bb), and in gastric or colorectal
adenocarcinoma tissues (Fig. 1Ac and Bc). Although SCML2
expression was low in islet cells, the final staining scores
of SCML2 expression were negative (scores <3) in the
adjacent non-tumorous tissues of patients with pancreatic
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Table II. Expression of SCML2, Syn and CgA in GEP-NETs (n=64), adjacent non-tumorous tissues (n=64) and adenocarcinoma
tissues (n=30).

Adjacent non-tumorous

GEP-NETs tissues Adenocarcinoma
Marker Positive - + ++ +++ - + ++ +++ - + ++ +++
SCML2 58/64 6 28 16 14 64 0 0 0 30 0 0 0
Syn 54/64 10 48 4 2 64 0 0 0 30 0 0 0
CgA 46/64 18 44 2 0 64 0 0 0 30 0 0 0

In the GEP-NETSs group: Z=4.179, P<0.001 for SCML2 vs. Syn; Z=5.449, P<0.001 for SCML2 vs. CgA; Z=2.073, P=0.038 for Syn vs. CgA.
Z and P-values were calculated by rank sum test. SCML2, sex comb on midleg like-2; Syn, synaptophysin; CgA, chromogranin A; GEP-NETs,
gastroenteropancreatic neuroendocrine tumors; SCML?2, sex comb on midleg like-2.

u’;."vi >
v

-

il
o ®
o 'ﬂe.‘-'-"

L

\\‘e
S

i
¢ vh-'\

Figure 1. Immunohistochemical staining of SCML2 in gastroenteropancreatic neuroendocrine tumors, adjacent non-tumorous tissues and adenocarcinoma
tissues. (A) Gastric tissues: Gastric neuroendocrine tumor tissue at (a-1) magnification, x200 and (a-2) magnification, x400, (b) adjacent non-tumorous tissue
and (c) gastric carcinoma (both magnification, x200). (B) Colorectal tissues: Colorectal neuroendocrine tumor tissue at (a-1) magnification, x200 and (a-2)
magnification, x400, (b) adjacent non-tumorous tissue and (c) colorectal carcinoma (both magnification, x200). (C) Pancreatic tissues: Pancreatic neuro-
endocrine tumor tissue at (a-1) magnification, x200 and (a-2) magnification, x400, (b) adjacent non-tumorous tissue and (c) pancreatic carcinoma (both
magnification, x200). High expression of SCML2 detected in gastric, colorectal and pancreatic neuroendocrine tumors. No expression of SCML2 in the
adjacent non-tumorous tissues of gastric and colorectal neuroendocrine tumors and in gastric and colorectal adenocarcinomas. Low expression of SCML2 in
islet cells was detected; however, the final staining scores of SCML2 were negative (<3) in the adjacent non-tumorous tissues of pancreatic neuroendocrine
tumors and in pancreatic adenocarcinomas. SCML2, sex comb on midleg like-2.

NET (Fig. 1Cb) or pancreatic adenocarcinoma (Fig. 1Cc).  the positive rate or the staining intensity of SCML2 [90.6%
Furthermore, staining of Syn and CgA was detected within  (58/64), more than half of which were graded ++ and +++] was
the cytoplasm of NET cells (data not shown). Following a  higher compared with that of Syn [84.4% (54/64), the majority
comparison of the staining results, it was noted that either  of which were graded +] or than that of CgA [71.9% (46/64),



Table III. Complementary value of SCML2, Syn and CgA
in the diagnosis of gastroenteropancreatic neuroendocrine
tumors.

Sensitivity*  Specificity Accuracy
Marker (%) (%) (%)
SCML2 58/64 (90.6)° 94/94 (100) 152/158 (96.2)°
Syn 54/64 (84.4)° 94/94 (100) 148/158 (93.7)°
CgA 46/64 (71.9) 94/94 (100) 140/158 (88.6)°
SCML2 + Syn  64/64 (100)  94/94 (100) 158/158 (100)

SCML2 + CgA  64/64 (100)  94/94 (100) 158/158 (100)

“Final score 23."P<0.05 for SCML2, Syn and CgA vs. (SCML2 + Syn)
and (SCML2 + CgA). Statistical analyses were performed by > test
or Fisher's exact test. SCML2, sex comb on midleg like-2; Syn,
synaptophysin; CgA, chromogranin A.

the majority of which were graded +] in 64 GEP-NET samples
(Z=4.179, P<0.001 and Z=5.449, P<0.001, respectively;
Table II).

Complementary value of SCML2, Syn and CgA for diag-
nosis of GEP-NETs. Spearman rank correlation analysis was
performed on the expression of SCML2, Syn and CgA. The
results demonstrated that SCML2 was not correlated with
either Syn (r=0.2132, P=0.091) or CgA (r=0.0429, P=0.736),
suggesting that these three markers are complementary in
the diagnosis of GEP-NETs. The sensitivity and accuracy of
GEP-NET diagnosis significantly increased due to the combi-
nation of information on SCML2 and Syn or on SCML2 and
CgA (Table III). The sensitivity and accuracy of each marker
alone for the diagnosis of GEP-NETs was not high, but the
combination of SCML2 with Syn or with CgA increased the
sensitivity and accuracy to 100%.

Associations of SCML2 expression with clinicopathological
parameters in GEP-NETs. Correlation analysis between
SCML2 expression and clinicopathological parameters
(Table I) indicated that SCML2 expression was independent of
patient gender, age, tumor location, tumor diameter, lymphatic
or distant metastasis (P=0.207, 0.582, 0.690, 0.616, 0.072 and
0.494, respectively), but was significantly related to patho-
logical type (P=0.020), pathological grade (P<0.001), depth of
invasion (P=0.027) and TNM stage (P=0.007).

Survival analysis. At the end of follow-up, survival infor-
mation was available for all patients. The overall survival
time was a median of 1.42 years (range, 0.16-3.60 years),
and 16 patients succumbed to tumor progression during
follow-up (25.0%). Univariate analysis for overall survival
using the log-rank test revealed that age (P=0.003), patho-
logical type (P<0.001), pathological grade (P<0.001), depth
of invasion (P=0.014), lymph node metastasis (P<0.001), Syn
expression (P<0.001), CgA expression (P<0.001) or SCML2
expression (P=0.001) may serve as significant prognostic
predictors. Kaplan-Meier survival curves demonstrated that
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Figure 2. Kaplan-Meier survival curves showing the association between
overall survival and SCML2 expression grading in 64 gastroenteropancreatic
neuroendocrine tumor patients. SCML2, sex comb on midleg like-2.

SCML2 expression was associated with prognosis (Fig. 2).
Multivariate analysis with the Cox proportional hazards
model revealed that with the exception of age (P=0.006)
and pathological grade (P=0.015), SCML2 (P=0.628) and
other prognostic markers tested by univariate analysis were
not independent predictors of the survival of patients with
GET-NET (Table IV).

Discussion

SCML2 is a gene with homologies to the Drosophila Scm
gene, and located in close proximity to SCMLI, forming a
gene cluster in Xp22;in primates, this gene cluster may have
originated prior to primate divergence (9). SCML2 is specifi-
cally expressed in germ cells of mice, and loss of SCML2
reduces sperm production. SCML2 also regulates the epigen-
etic state of sex chromosomes during male meiosis (24-26).
Human SCML2 gene encodes two protein isoforms: SCML2A
(chromatin-bound) and SCML2B (nucleoplasmic). The former
interacts with PRCI and binds to non-coding RNAs in
cultured immortal or cancer cells (27,28), whereas the latter
regulates the cell cycle by binding to cyclin-dependent kinase
2 (29). Accordingly, SCML2 plays a role in modulating the
cell-cycle machinery and impacts the cellular activity when it
is ectopically expressed in transformed or cancer cells (28,29).
In addition, there is evidence suggesting that SCML2 may
be involved in human tumors, including malignant pediatric
brain tumors, acute myeloid leukemia and human hepatocel-
lular carcinoma (30-36). The above knowledge about SCML2,
together with previous findings on SCML2 expression in
islet-cell carcinoma (12-14), inspired the investigation of
a more explicit linkage between SCML2 and GEP-NETs, a
tumor with an increasing incidence worldwide, in the present
study.

SCML2 expression was detected in GEP-NET tissues
using immunohistochemical staining in the present study, and
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Table I'V. Univariate and multivariate analyses of prognostic variables.

Univariate® Multivariate®
Variables x> P-value Risk ratio 95% CI Z P-value
Gender, male/female 0.642 0423 - - - -
Tumor location, 5.970 0.051 - - - -
stomach/intestine/pancreas
Tumor diameter, <3/>3 cm 3457 0.063 - - - -
Distant metastasis, absent/present 0.239 0.566 - - - -
TNM stage, LII/IITIV 3.760 0.053 - - - -
Age, <60/>60 years 8.733 0.003 13.976 2.128-91.786 7.542 0.006
Pathological type, NET/NEC + MANEC 15.678 <0.001 0.216 0.024-1.974 1.844 0.175
Pathological grade, G1/G2/G3 15.648 <0.001 20.591 1.814-233.712 5.956 0.015
Depth of invasion, T1,1T2/T3,T4 6.040 0.014 0.393 0.035-4.395 0.574 0.449
Lymph node metastasis, absent/present 12.275 <0.001 1.564 0.264-9.284 0.243 0.622
Syn, -/+/++/+++ 47.565 <0.001 1.681 0.469-6.025 0.637 0.425
CgA, -/+/++/+++ 20.991 <0.001 0.402 0.137-1.184 2.731 0.098
SCML2, -/+/++/+++ 16271 0.001 0.824 0.378-1.799 0.235 0.628

aStatistical analyses were performed using the log-rank test; "statistical analyses were performed using the Cox regression model. CI, confidence
interval; NET, neuroendocrine tumor; NEC, neuroendocrine carcinoma; MANEC, mixed adenoendocrine carcinoma; Syn, synaptophysin;

CgA, chromogranin A; SCML2, sex comb on midleg like-2.

then SCML2 was compared with existing markers in terms
of diagnostic value. At present, GEP-NETs are commonly
diagnosed by the immunostaining of Syn and CgA, which are
widely accepted as classic NET markers (37). In the present
study, the positivity rates of Syn and CgA in GEP-NETs were
calculated to be 84.4 and 71.9%, respectively, and GEP-NET
tissues exhibited weak positive staining with the majority of
them being rated +. The results were essentially consistent
with previously reported 76.19 and 72.62% positivity rates for
Syn and CgA, respectively, in 168 cases of GEP-NET (23,38).
By contrast, it was noted in the present study that the posi-
tive rate of SCML2 in GEP-NETs was 90.6% and more
than half of the staining intensity was graded ++ or +++.
Therefore, it could be suggested that SCML2 was at least
comparable to Syn or CgA and even somewhat better than
either of them for the diagnosis of GEP-NETs. Furthermore,
Spearman rank correlation analysis indicated that SCML?2
was not correlated with either Syn or CgA, implying the three
markers are complementary to one another for the diagnosis
of GEP-NETs. The combined use of SCML2 with Syn or
with CgA increased the diagnostic sensitivity and accuracy
to 100%. Therefore, the simultaneous detection of SCML2,
Syn and CgA may be considered a preferred method for the
diagnosis of GEP-NETs.

The present study also investigated the association
between clinicopathological variables and the survival of
patients. The results demonstrated that SCML2 expression
was significantly correlated with pathological type, patho-
logical grade, depth of invasion and TNM stage. Although
Cox regression analysis revealed that age, pathological type,

pathological grade, depth of invasion, lymph node metastasis,
Syn expression, CgA expression and SCML2 expression were
not independent unfavorable prognostic factors in GEP-NETs,
they were consistently associated with survival time in
GEP-NET cases, suggesting that SCML2 may play a role
in the pathogenesis and development of GEP-NETs and its
effect on survival time may be synergistic with that of other
clinicopathological variables.

In summary, the present study provided original findings
suggesting the potential of SCML2 as a valuable marker for
GEP-NETs; however, the prognostic value of SCML2 may be
poor because it is ubiquitously expressed in the majority of
GEP-NETs. The joint use of SCML2 with Syn or CgA would
clearly improve the diagnostic efficiency for GEP-NETs.
Therefore, simultaneous measurement of SCML2 with Syn or
CgA is recommended. Due to the limited number of tumor
samples examined in the present study, the discriminating
ability of markers was not validated, and further large-scale
studies are required to gain an improved understanding of the
role of SCML2 in GEP-NETs.
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