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SOX11 is a sensitive and specific marker for
pulmonary high-grade neuroendocrine
tumors
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Abstract

Background: Synaptophysin (SYN), chromogranin A (CGA), CD56 and insulinoma-associated protein 1 (INSM1) are
proposed neuroendocrine (NE) markers used for diagnosis of pulmonary NE tumors. These NE markers have been
identified in subsets of non-NE tumors requiring differential diagnosis, thus we sought to explore new NE markers.

Methods: We evaluated the immunohistochemical expression of SOX11, a transcription factor involved in
neurogenesis, in pulmonary NE tumors and large cell carcinomas (LCCs).

Results: We found that SOX11 showed a sensitivity similar to INSM1 and CGA, and less than SYN and CD56 in small
cell lung carcinomas (SCLCs) and large cell neuroendocrine carcinomas (LCNECs). While SOX11 is more specific than
the other four markers for diagnosis of high-grade neuroendocrine carcinomas (HG-NECs) because 1) None of LCCs
(0/63), the most challenging non-NE tumor type for differential diagnosis due to overlapped morphology with
LCNECs displayed SOX11 positivity. While expression of at least one of SYN, CGA, CD56 or INSM1 was identified in
approximately 60% (18/30) of LCCs. 2) SOX11 was only expressed in 1 of 37 carcinoid tumors in contrast to diffuse
expression of SYN, CGA, CD56 and INSM1. In HG-NECs, we noticed that SOX11 was a good complementary marker
for SCLC diagnosis as it was positive in 7 of 18 SYN−/CGA−/CD56− SCLCs and 3 of 8 SYN−/CGA−/CD56−/INSM1−

SCLCs, and SOX11 positivity in 4 of 6 SYN−/CGA−/CD56− cases previously diagnosed as LCCs with NE morphology
provides additional evidence of NE differentiation for reclassification into LCNECs, which was further confirmed by
electromicroscopical identification of neurosecretory granules. We also found SOX11 expression cannot predict the
prognosis in patients with HG-NECs.

Conclusions: Therefore, SOX11 is a useful complementary transcriptional NE marker for diagnosis and differential
diagnosis of SCLC and LCNEC.
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Background
Neuroendocrine (NE) tumors encompass a spectrum of
tumors, from low-grade typical carcinoid, intermediate-
grade atypical carcinoid to high-grade neuroendocrine
carcinoma (HG-NEC), including small cell lung carcin-
oma (SCLC) and large cell neuroendocrine carcinoma
(LCNEC) [1]. Accurate diagnosis of HG-NECs is import-
ant as LCNEC and SCLC are clinicopathologically and
genetically different from other pulmonary carcinomas
with poor survival and limited therapeutic options [1].
Currently the diagnosis is based on the combination of
NE morphology and differentiation assessed by immuno-
histochemistry (IHC) and/or electron microscopy.
Synaptophysin (SYN), chromogranin A (CGA) and
CD56 are traditionally World Health Organization
(WHO) proposed IHC markers used for evaluation in
NE differentiation. However, in routine surgical practice
some non-NE lung carcinomas, particularly adenocar-
cinoma and large cell carcinoma (LCC) may show NE
differentiation by exhibiting positive staining of NE
markers, [2] and a small proportion of SCLCs may not
express those markers. Recent years, quite a few other
markers have been proposed to indicate NE differenti-
ation including phenotype markers (neuron-specific eno-
lase, NSE [3]; microtubule associated proteins − 2, MAP-
2 [4]; histidine decarboxylase, HDC [5]) and NE lineage
markers (achaete-scute homolog 1, ASCL1 [6]; and
insulinoma-associated protein 1, INSM1 [7]). Only
INSM1 shows better sensitivity or/and specificity than
SYN, CGA or CD56 [8–10].
The transcription factor SOX11, mapping to chromo-

some 2p25.3, is a member of the SRY box-containing
(SOX) family, which comprises a group of transcription
factors that accomplish important tasks during the de-
termination of cell fate [11]. As a member of the C-
group of the SOX gene family, SOX11 has been found to
operate downstream of proneural bHLH proteins (such
as NGN2 and ASCL1), which commit progenitor cells to
a neurogenic program to establish a neuronal phenotype.
Identification of SOX11 expression in medulloblastoma
further confirmed its functional relevance to neurogen-
esis [12]. In addition, SOX11 has been found to be aber-
rantly expressed in mantle cell lymphoma, subsets of
Burkitt lymphomas, lymphoblastic leukemias and hairy
cell leukemias, [13–16] though its role in lymphopoiesis
remains unknown yet. Similar to neurogenesis, pulmon-
ary NE cell fate specification during lung development is
suggested to be controlled by interplay between bHLH
proteins (ASCL1) and Notch target protein HES1 [17].
Using mouse genetics differentiation of pulmonary neu-
roendocrine cells are found to be depend on INSM1 as
mutation of INSM1 blocks terminal differentiation and
expression of phenotype markers by upregulating HES1
protein and interferes with maintenance of ASCL1

expression [18]. While the expression and functional
role of SOX11 in pulmonary NE cell differentiation and
tumorogenesis are not well studied yet. One recent study
revealed that SOX11 mRNA expression is significantly
upregulated in SCLC and LCNEC and absent expression
of SOX11 is correlated with prolonged survival [19]. In
our recent publication we have already found that a high
percentage of HG-NECs, particularly SCLCs, were
immunopositive for SOX11 [20]. However, no extensive
study comparing the expression of SOX11 with other
common NE markers in pulmonary tumors has been re-
ported so far.
Therefore, we immunohistochemically examined

SOX11 expression in different types of pulmonary car-
cinomas. The high and more specific expression of
SOX11 observed in SCLC and LCNEC indicates its
strong diagnostic value as a complement to the present
IHC panel for HG-NECs.

Materials and methods
Tumor specimens
This retrospective study included 547 formalin-fixed
paraffin embedded (FFPE) samples of pulmonary carcin-
omas. These cases all achieved the same confidential
diagnosis by two pathologists independently according
to the 2021 WHO Classification of Tumors of the Lung,
Pleura, Thymus and Heart, [1] which included 109
adenocarcinomas, 76 squamous cell carcinomas, 67
LCCs including 61 typical LCCs and 6 SYN−/CGA−/
CD56− LCCs with NE morphology (LCC-NEMs), 25 typ-
ical carcinoids, 12 atypical carcinoids, 199 SCLCs and 59
LCNECs (Table 1). For SCLC samples, around 41% (81/
199) are small biopsies.

Immunohistochemistry
Tissue sections including whole slide of the representa-
tive block and tissue microarrays were deparaffinized
and hydrated, and endogenous peroxidase activity was
blocked. Antigen retrieval was achieved using Dako Tar-
get Retrieval Solution, High PH (Dako, Produktionsvej,
DK; 50×) in a PT Link set at 98 °C for 25 min. After-
wards the tissue sections were incubated with an anti-
SOX11 mouse monoclonal antibody (MRQ-58, Cell
MARQU, USA), anti-INSM1 (A-8, Santa Cruz Biotech-
nology, USA), SYN (MRQ-40, Cell MARQU, USA),
CGA (DAK-A3, DAKO, USA), CD56 (123C3D5, Cell
MARQU, USA) for 30 min at room temperature, and de-
tection was achieved using an enzyme-conjugated poly-
mer complex adapted for automatic stainers from
DAKO (Dako, Dako Autostainer, Produktionsvej, DK).
Tumor cells of mantle cell lymphoma were used as a
positive control. Paratumoral mature mesenchymal or
epithelial cells served as negative controls. All immunos-
tains were recorded for intensity of reactivity (0, none;
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1+, weak; 2+, moderate; 3+ strong) and percentage of
positive neoplastic cells. Positive immunostaining for
CD56, SYN and CGA required 10% or more cells with
an intensity of at least 2+ on cytoplasmic or membran-
ous localization [21]. For SOX11 and INSM1, at least 1+
nuclear staining in > 10% of tumor cells was considered
positive [10].

Electron microscopy
FFPE sections were deparaffinized and dehydrated with
xylene and acetone, then washed in phosphate buffer
0.1M and post-fixed with 1% osmium tetroxide at 4 °C
for 2 h. Subsequently, the sections were dehydrated
through a graded ethanol series (70–100%) and propyl-
ene oxide before semisaturated in 50% acetone plus 50%
epoxy-resin and embedded in neat resin. Ultrathin sec-
tions of 50 nm thickness were collected onto 200 mesh
copper grids and examined with a transmission electron
microscope (HT7800, HITACHI, Japan) after stained
with uranyl acetate and lead citrate. Pictures were ac-
quired using a Slow Scan CCD-camera and iTEM soft-
ware (Olympus, panasonic, Japan).

Results
Comparison of sensitivity and specificity of SOX11 with
other NE markers in different types of lung carcinomas
As a positive control, SOX11 nuclear staining was iden-
tified in 85% (46/54) of mantle cell lymphomas, which is
consistent with previous reports [15]. Next we examined
the expression of SOX11 in normal lung tissue and dif-
ferent types of lung cancers, which is compared with the
expression of INSM1, SYN, CGA and CD56. In paraneo-
plastic lung tissue, SOX11 expression was not observed
in any mature cells, while INSM1, SYN, CGA and CD56
is positive in pulmonary mature NE cells. In lung can-
cers, SOX11 was almost not observed in adenocarcin-
omas (1/109) and squamous cell carcinomas (0/76),
while INSM1 was observed in 16% (11/69) adenocarcin-
omas and 18% (4/22) squamous cell carcinomas (not
shown in Table 1).
Among pulmonary non-NE carcinomas, due to lack of

specific lineage markers, and demonstration of over-
lapped cellular morphology with LCNEC and/or NE dif-
ferentiation by expression NE markers, LCC becomes
the most challenging non-NE tumor for differential diag-
nosis with HG-NEC, particularly LCNEC. In addition, as
a temporary subtype of LCC, LCC-NEM is readily
regrouped into LCNEC with the usage of new NE
markers or other technologies for evaluation of NE dif-
ferentiation in surgical practice. Considering all above,
LCCs including typical LCCs and LCC-NEMs are the
non-NE carcinomas included in this study.
As demonstrated in Fig. 1 and Table 1, the positivity

of SOX11 in SCLCs and LCNECsupdate (4 SOX11+ LCC-

NEMs were regrouped into LCNECs) were 64% (127/
199) and 43% (27/63), that were similar to INSM1
(SCLC: 75%, 59/79, p > 0.05; LCNEC: 53%, 21/40, p >
0.05) and CGA (SCLC: 70%, 136/193, p > 0.05; LCNEC:
57%, 36/63, p > 0.05), and less than SYN (SCLC: 82%,
158/193, p < 0.0001; LCNEC: 76%, 48/63, p < 0.001) and
CD56 (SCLC: 88%, 169/191, p < 0.0001; LCNEC: 73%,
44/60, p < 0.001). For carcinoids, in contrast to diffuse
expression of INSM1, SYN, CGA and CD56 in most of
the cases, positivity staining of SOX11 was observed in
none of typical carcinoids (0/25) and only 1/12 of atyp-
ical carcinoids (Table 1). For typical LCCs, INSM1, SYN,
CGA and CD56 were identified in 32% (9/28), 9% (5/53),
4% (2/52) and 27% (13/49) of typical LCCs, respectively,
and there was 64% of typical LCC cases demonstrating
expression of at least 1 of the 4 NE markers. However,
different from those markers, SOX11 was not identified
in any cases of typical LCCs (0/61).
Based on above findings, among these NE markers,

SOX11 shows a good sensitivity comparable with
INSM1 and CGA and is more specific for differentiating
HG-NECs from LCCs and carinoids (Table 2).

SOX11 is a useful complement for diagnosis of HG-NEC
negative for traditional NE markers
Expression of SOX11 as well as INSM1, SYN, CGA and
CD56, was further carefully analyzed in SCLC and
LCNEC cases. In Table 3, we summarize the frequency
of reactivity of 5 markers in SCLCs. Approximately 6%
(5/79) of cases were negative for all 5 markers, including
SOX11. Among 18 SYN−/CGA−/CD56− SCLCs diag-
nosed by typical morphological characteristics, 39% (7/
18) cases were positive for SOX11 and 53% (9/17) for
INSM1. It is known that SCLC has distinctive morph-
ology and evidence of NE immunophenotype is not ne-
cessary for diagnosis. However, when SYN−/CGA−/
CD56− specimens exhibit ambiguous NE structures and
cytological features due to crush artifacts, both SOX11
and INSM1 could be useful complement to assistant the
diagnosis of SCLC.
Different from SCLC, diagnosis of LCNEC requires

the evidence of NE differentiation based on IHC or elec-
tron microscope. Thus, exploration of new NE markers
would result in reclassification of previously diagnosed
LCC-NEM into LCNEC. Interestingly we found that
SOX11 was identified in 4/6 (67%) of LCC-NEMs in our
daily practice due to the absence of SYN, CGA and
CD56 expression. Only two cases of 4 SOX11+ LCC-
NEM were available for INSM1 test and were all positive
for INSM1. These four SOX11+ LCC-NEM samples
were then taken for electron microscopic examination,
by which NE granules were observed in two well-
preserved FFPE samples (Fig. 2), but failed in another
two poorly-preserved samples due to long-term storage.
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With the further confirmation NE differentiation by the
electron microscope, we regrouped these SOX11+ LCC-
NEMs as LCNECs. Therefore, statistically 13, 26, 16, 21
and 24% of LCNECupdate cases showed positive staining
for 1, 2, 3, 4 and 5 NE markers, respectively (Table 4).

Taken together, we propose that SOX11 is an useful
complementary NE marker for diagnosis of HG-NECs,
particularly when they are absence of NE immunophe-
notype with the traditional NE markers (SYN, CGA and
CD56).

Fig. 1 Expression of SOX11, Insulinoma-associated protein 1(INSM1), and synaptophysin (SYN) in small cell lung carcinoma (SCLC), large cell
neuroendocrine carcinoma (LCNEC), large cell carcinoma with neuroendocrine morphology (LCC-NEM), atypical carcinoid and typical carcinoid.
A-D, SCLC. Small densely packed tumor cells exhibit a sheet-like diffuse growth pattern (A). Tumor cells demonstrate strong nuclear staining of
SOX11 and INSM1(B, C), negative staining of SYN (D) and other traditional neuroendocrine markers. E-H, LCNEC. Rosette-like structures and large
zones of necrosis are observed in a LCNEC (G). Positive immunohistochemical staining was observed for SOX11, INSM1 and SYN (F, G, H). I-L,
LCC-NEM. Large cell carcinoma demonstrating an organoid growth pattern (I). Tumor cells are positive for SOX11 and INSM1 (J, K), negative for
SYN (L) and other traditional neuroendocrine markers. M- T, typical and atypical carcinoid. Organoid and rosette structure was observed in an
atypical carcinoid (M) and typical carcinoid (Q). SOX11 expression is not found in the atypical carcinoid (N) and typical carcinoid (R). INSM1 and
SYN reactivity are present in tumour cells of atypical carcinoid (O, P) and typical carcinoid (S, T). Magnification (A-I): 200x

Table 1 Expression of neuroendocrine markers in pulmonary neuroendocrine tumors and large cell carcinoma

Tumor Types Positive/Total, n/N (%)

SOX11 INSM1 CD56 SYN CGA

SCLC 127/199 (64) 59/79 (75) NS 169/191 (88) **** 158/193 (82) **** 136/193 (70) NS

LCNEC original 23/59 (39) 19/38 (50) NS 44/56 (79) **** 48/59 (81) **** 36/59 (61) *

LCNEC update 27/63 (43) 21/40 (53) NS 44/60 (73) *** 48/63 (76) *** 36/63 (57) NS

Typical carcinoid 0/25 (0) 16/22 (73) **** 25/25 (100) **** 25/25 (100) **** 25/25 (100) ****

Atypical carcinoid 1/12 (8) 6/11 (55) * 10/10 (100) **** 12/12 (100) **** 11/11 (100) ****

Typical LCC 0/61 (0) 9/28 (32) **** 13/49 (27) **** 5/53 (9) * 2/52 (4) NS

LCC-NEM 4/6 (67) 2/4 (50) NS 0/6 (0) 0/6 (0) 0/6 (0)

Abbreviations: SCLC, small cell lung carcinoma; LCNEC, large cell neuroendocrine carcinoma; LCC, large cell carcinoma; LCC-NEM, large cell carcinoma with NE
morphology; INSM1, Insulinoma-associated protein 1; SYN, synaptophysin; CGA, chromogranin A
NS, *, **, ***, ****refers to the P-value of comparing the percentage of different kinds of tumors stained positive between SOX11 and INSM1, CD56, SYN, and CGA
using the Fisher exact tests was > 0.05, < 0.05, < 0.01, < 0.001 and < 0.0001, respectively. P < 0.05 was considered statistically significant
Note: LCNEC original refer to the original categorization before SOX11 immunostaining and electron microscope were performed. While LCNEC update refer to the
updated categorization when SOX11+ LCC-NEM was regrouped into LCNEC
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Influence of the SOX11 expression on overall survival in
SCLCs and LCNECs
In addition to diagnosis, we also evaluated the prognos-
tic role of SOX11 in SCLCs, LCNECs and all HG-NECs.
Overall survival (OS) rates were estimated by Kaplan-
Meier survival curves, and we found that there is no sig-
nificantly difference of OS between SOX11 positive and
negative cases in SCLCs, LCNECs or HG-NECs (p =
0.2961, 0.6399 and 0.3968, respectively, Fig. 3).

Discussion
Currently, the WHO classification of NE tumors is based
on morphological features in combination with the evi-
dence of NE differentiation from IHC and/or electron
microscope. Past studies have shown that SYN, CGA,
CD56 and INSM1 are reliable NE markers to detect NE
differentiation, and widely applied in daily surgical

practice. However, some non-NE lung cancers show
equivocal immunoreactivity for these markers, [22] and
some HG-NECs may not express them [23]. Thus, con-
tinued studies are needed to identify additional NE bio-
markers. Our previous publication revealed that
transcriptional factor SOX11 downstream of ASCL1 is
expressed in high percentages of HG-NECs, particularly
SCLCs [20]. In this study, we further compared SOX11
expression with other NE markers in different kinds of
pulmonary carcinomas to access its diagnostic value, and
found that SOX11 is a sensitive and more specific NE
marker and can be a complement for diagnosis of HG-
NECs.
SYN, CGA and CD56 are traditional NE phenotype

markers first used for diagnosis of SCLC and LCNEC.
Later researchers have developed a few other NE
markers that include phenotype markers NSE, MAP-2

Table 3 Immunoreactivity for Neuroendocrine Markers in SCLC

Markers No. of Cases Positive markers % of Cases

All negative 5 6

1 positive 9 1: CD56+ 11

3: SOX11+

5: INSM1+

2 positive 6 1: CD56+, SYN+ 8

1: SOX11+, CD56+

4: SOX11+, INSM1+

3 positive 10 1: SOX11+, SYN+, CGA+ 13

1: SOX11+, CD56+, SYN+

2: CD56+, SYN+, INSM1+

6: CD56+, SYN+, CGA+

4 positive 20 1: SOX11+, CD56+, SYN+, CGA+ 25

5: SOX11+, CD56+, SYN+, INSM1+

14: CD56+, SYN+, CGA+, INSM1+

All positive 29 37

Total no. 79a

Abbreviations: SCLC, small cell lung carcinoma; INSM1, Insulinoma-associated protein 1; SYN, synaptophysin; CGA, chromogranin A
aOne hundred and twenty cases were excluded from the 199 cases of SCLC because immunohistochemical staining was not performed for all markers

Table 2 Sensitivity and Specificity of SOX11 and INSM1

HG-NEC update vs. LCC update HG-NEC update vs. Carcinoid tumour

SOX11 (%) INSM1 (%) SOX11 (%) INSM1 (%)

Sensitivity 59 67 59 67

Specificity 100 70 97 0

Positive Predictive Value 100 90 99 100

Negative Predictive Value 37 35 25 0

Abbreviations: HG-NEC, high-grade neuroendocrine carcinoma; LCC, large cell carcinoma; INSM1, insulinoma-associated protein 1
NOTE: HG-NEC update and LCC update refer to the updated categorization when SOX11+ LCC with neuroendocrine morphology was regrouped into large cell
neuroendocrine carcinoma
Sensitivity = true-positive/(true-positive + false-negative); Specificity = true-negative/(true-negative + false-positive); Positive predictive value = true-positive/(true-
positive + false-positive); Negative predictive value = true-negative/(true-negative + false-negative)
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and HDC and the transcriptional lineage-determining
marker ASCL1 and INSM1. NSE is an enolase present
in neurons and neuroendocrine cells indicating tumors
derived from these cell types. NSE is not used in clinical
practice as it cannot differentiate between different sub-
types of NETs and is significantly elevated in poorly dif-
ferentiated tumors, which offers no particular benefit
over CgA [24]. MAP-2 and HDC are NE markers dis-
covered in the last 10 years. They show similar sensitivity
and specificity with SYN and CD56 for pulmonary NE

tumors. However, as phenotype markers similar to SYN,
CGA and CD56, they cannot provide good additive value
on the basis of present NE panel [4].
In recent years, transcriptional factors regulating NE

cell differentiation are well studied. It is known that in
the mouse lung, reduced NOTCH pathway activity via
INSM1 induced suppression of HES1 promotes NE dif-
ferentiation by upregulating ASCL1 in ASCL1+ NE-
Clara cell progenitors [18, 25]. However, different from
stable transcriptional expression of INSM1 during NE

Table 4 Immunoreactivity for Neuroendocrine Markers in LCNEC update

Markers No. of Cases Positive markers % of Cases

All negative 0 0

1 positive 5 1: SYN+ 13

4: CD56+

2 positive 10 2: SOX11+, INSM1+ 26

2: CD56+, SYN+

3: SOX11+, CD56+

3: SYN+, CGA+

3 positive 6 1: SOX11+, SYN+, CGA+ 16

1: CD56+, SYN+, INSM1+

4: CD56+, SYN+, CGA+

4 positive 8 1: SOX11+, CD56+, SYN+, INSM1+ 21

7: CD56+, SYN+, CGA+, INSM1+

All positive 9 24

Total no. 38a

Abbreviations: LCNEC, large cell neuroendocrine carcinoma; SYN, synaptophysin; INSM1, Insulinoma-associated protein 1; CGA, chromogranin A
aTwenty-five cases were excluded from the 63 cases of LCNECupdate because immunohistochemical staining was not performed for all markers
Note: LCNECupdate refer to the updated categorization when SOX11+ large cell carcinoma with neuroendocrine morphology was regrouped into LCNEC

Fig. 2 Electron photomicrograph of SOX11+ large cell carcinoma with neuroendocrine morphology. A, The tumor cell is rich in euchromatin and
has distinct nucleolus with large nuclei (uranyl acetate and lead citrate, × 5000). B, Cytoplasmic dense-core (neurosecretory) granules surrounded
by a transparent envelope (synaptic protein) within the cytoplasm are observed (As indicated by the white arrow) (uranyl acetate and lead
citrate, × 15,000)
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cell differentiation of embryonic development, ASCL1
play an important role at early stage of differentiation
[6]. Correspondingly in NE tumor studies, ASCL1 and
INSM1 exhibit different expression patterns. ASCL1 is
preferentially observed in pulmonary HG-NECs, less fre-
quently in carcinoid tumors, [7] while INSM1 is con-
stantly expressed in all pulmonary NE tumors with even
higher sensitivity in carcinoid. For diagnosis of HG-
NECs, INSM1 seems to show better performance as
ASCL1 shows less sensitivity (92 and 68% in SCLCs and
LCNECs for INSM1; 63 and 59% in SCLCs and LCNECs
for ASCL1), and similar specificity as compared with
INSM1 (1–17% in NSCLCs for INSM1 and around 10%
in NSCLCs for ASCL1) [6–10, 25].
During neurogenesis, SOX11 functions downstream of

proneural bHLH proteins (ASCL1 et al) as a critical acti-
vator that promotes precursor cells to further differenti-
ate and adopt a neuronal phenotype [26]. Though up to
now SOX11 has not been found to be the downstream
of ASCL1 in pulmonary NE cell differentiation, NE dif-
ferentiation of prostate cancer cells is suggested to be
partially mediated by SOX11, [27] and a recent paper
shows that SOX11 mRNA is upregulated in pulmonary
HG-NECs [19]. Therefore we compared the sensitivity
and specificity of SOX11 with SYN, CGA, CD56 and
INSM1 in pulmonary NE and non-NE tumors. As refer-
ence markers, SYN, CGA and CD56 showed similar sen-
sitivities and specificities with the other reports [21, 28–
30]. While INSM1 showed a relatively lower sensitivity
and specificity than the other reports, [7–10] which
might be due to different experiment conditions. In this
study SOX11 is identified in 64% of SCLCs and 43% of
LCNECs demonstrating sensitivities similar to INSM1
and CGA (Fig. 1, Table 1). Beneficially, SOX11 hardly
detected in NSCLCs, particularly LCCs, and carcinoids,
exhibiting a significantly better specificity than all the
other 4 markers in the diagnosis of HG-NECs (Table 2).
The high specificity of SOX11 helps in distinguishing
SCLCs and LCNECs from NSCLCs with NE

differentiation and carcinoid tumors. Such differential
diagnosis is important as majority of the studies indicate
that NE differentiation of NSCLCs has no impact on the
patient survival and are not prognostic factors, and sup-
port that NSCLCs with NE feature follow the same
therapeutic strategy of NSCLCs without NE feature, [31]
though controversial opinion has been reported [22, 32].
For SCLCs, the diagnosis is primarily based on histo-

logical features characterized by sheets/organoid /nests
pattern, scant cytoplasm, a small nucleus, fine granular
nuclear chromatin and inconspicuous nucleoli [1]. Im-
munohistochemical demonstration of NE differentiation
is not necessary. In fact, around 10% of SCLC cases lack
SYN, CGA and CD56 expression [23]. However, in prac-
tice, ambiguous morphology due to crush artifacts is not
rare and positivity of SOX11 in 7 of 18 SYN−/CGA−/
CD56− SCLCs and 3 of 8 SYN−/CGA−/CD56−/INSM1−

SCLCs provide evidence on the confidential diagnosis of
SCLC. For LCNECs, NE differentiation demonstrated by
SOX11 positivity in 4 out of 6 LCC-NEMs and neurose-
cretory granules by electron microscope make us reclas-
sify the SOX11+ LCC-NEM into LCNECs. Such
reclassification is reasonable because LCC-NEMs based
on the absence of SYN, CGA and CD56 expression has
an associated poor prognosis similar to LCNECs [33]. In
summary, SOX11 is a useful complementary NE marker
for diagnosis of both SCLCs and LCNECs, especially
SYN−/CGA−/CD56−/INSM1− SCLCs and LCNECs.
The prognostic value of SOX11 expression has been

studied in many different kinds of tumors. Literatures
revealed the ambiguous role of SOX11 in predicting tu-
mours prognosis, which is particularly dependent on
cancer types. In MCLs, several studies discussed the
prognostic role of SOX11, while the conclusion was still
controversial yet. In gastric cancer, [34] astrocytic gli-
omas [35] and high-grade epithelial ovarian cancers, [36]
increased expression of SOX11 is associated with better
prognosis, while in breast cancer [37] and cutaneous ma-
lignant melanoma, [38] with poor prognosis. Recently a

Fig. 3 The overall survival of small cell lung carcinomas (SCLCs), large cell neuroendocrine carcinomas (LCNECs) and high-grade neuroendocrine
carcinomas (HG-NECs) between SOX11 positive and negative cases. Kaplan-Meier survival curve showing that SOX11 exhibit no impact on SCLCs,
LCNECs and HG-NECs patient survival (A, B and C, p = 0.2961, 0.6399 and 0.3968, respectively)
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study of 15 SCLC patients showed that elevated SOX11
mRNA expression is correlated with poor outcome [19].
However our larger cohort study showed that there is no
significant difference of overall survival between SOX11+

and SOX11− cases in 199 SCLCs or 63 LCNECs or all
HG-NECs (Fig. 3).

Conclusions
In conclusion, SOX11, a transcriptional factor related to
neurogenesis, is a sensitive and more specific NE marker
than SYN, CGA, CD56 and INSM1 for the diagnosis of
pulmonary HG-NECs. SOX11 constitutes an important
complement to the present panel of NE markers to dis-
tinguish HG-NECs from carcinoid and non-NE cancers,
especially LCCs. The functional relevance between
SOX11 and ASCL1 in NE differentiation remains to be
further studied.

Abbreviations
NE: neuroendocrine; HG-NEC: high-grade neuroendocrine carcinoma;
SCLC: small cell lung carcinoma; LCNEC: large cell neuroendocrine
carcinoma; IHC: immunohistochemistry; SYN: synaptophysin;
CGA: chromogranin A; WHO: World Health Organization; LCC: large cell
carcinoma; NSE: neuron-specific enolase; MAP-2: microtubule associated
proteins − 2; HDC: histidine decarboxylase; ASCL1: achaete-scute homolog 1;
INSM1: Insulinoma-associated protein 1; SOX: SRY box containing;
FFPE: formalin-fixed paraffin embedded; LCC-NEM: large cell carcinoma with
NE morphology; OS: Overall survival

Acknowledgements
Not applicable.

Authors’ contributions
We thank all patients, investigators, and coordinators who participated in the
study. YQD and GPW designed the study and drafted the manuscript. Dong
Kuang performed immunohistochemical assay of INSM1, statistical analysis
and was responsible for the revision of the manuscript. LY and YTD
contributed to the analysis and interpretation of the data. SPX and JX carried
out the immunoassays of SOX11 et al. All authors read and approved the
final manuscript.

Funding
This project was supported by grants from the Natural Science Foundation
of China (31271040). The funder had no role in study design, data collection
and analysis, decision to publish, or preparation of the manuscript.

Availability of data and materials
All data generated or analysed during this study are included in this
published article.

Declarations

Ethics approval and consent to participate
This study was approved by the Medical Ethics Committee of Tongji
Hospital, Tongji Medical College, Huazhong University of Science and
Technology. Approval number: TJ-IRB20191217. Approval time: 6 December,
2019. In this approval, written informed consent was waived because of the
anonymous and retrospective nature of this study.

Consent for publication
Not required.

Competing interests
The authors have no conflicts of interest to declare.

Author details
1Department of Pathology, Zhongnan Hospital of Wuhan University, Wuhan
430071, People’s Republic of China. 2Institute of Pathology, Tongji Hospital,
Tongji Medical College, Huazhong University of Science and Technology,
1095 Jiefang Avenue, Wuhan 430030, People’s Republic of China.
3Department of Pathology, School of Basic Medical Science, Tongji Medical
College, Huazhong University of Science and Technology, Wuhan 430030,
People’s Republic of China.

Received: 16 May 2021 Accepted: 3 December 2021

References
1. The WHO Classification of Thoracic Tumours Editorial Board. WHO

Classification of Tumours of the Lung, Pleura, Thymus and Heart. 5th ed.
Lyon: IARC Press; 2021.

2. Petrović M, Tomić I, Ilić S. Neuroendocrine differentiation as a survival
prognostic factor in advanced non-small cell lung cancer. Vojnosanit Pregl.
2007;64(8):525–9. https://doi.org/10.2298/VSP0708525P.

3. Kasprzak A, Zabel M, Biczysko W. Selected markers (chromogranin a,
neuron-specific enolase, synaptophysin, protein gene product 9.5) in
diagnosis and prognosis of neuroendocrine pulmonary tumours. Pol J
Pathol. 2007;58:23–33.

4. Liu Y, Sturgis CD, Grzybicki DM, Jasnosz KM, Olson PR, Tong M, et al.
Microtubule-associated protein-2: a new sensitive and specific marker for
pulmonary carcinoid tumor and small cell carcinoma. Mod Pathol. 2001;
14(9):880–5. https://doi.org/10.1038/modpathol.3880406.

5. Matsuki Y, Tanimoto A, Hamada T, Sasaguri Y. Histidine decarboxylase
expression as a new sensitive and specific marker for small cell lung
carcinoma. Mod Pathol. 2003;16(1):72–8. https://doi.org/10.1097/01.MP.
0000044485.14910.3A.

6. Augustyn A, Borromeo M, Wang T, Fujimoto J, Shao C, Dospoy PD, et al.
ASCL1 is a lineage oncogene providing therapeutic targets for high-grade
neuroendocrine lung cancers. Proc Natl Acad Sci U S A. 2014;111(41):14788–
93. https://doi.org/10.1073/pnas.1410419111.

7. Sakakibara R, Kobayashi M, Takahashi N, Inamura K, Ninomiya H, Wakejima R,
et al. Insulinoma-associated protein 1 (INSM1) is a better marker for the
diagnosis and prognosis estimation of small cell lung carcinoma than
neuroendocrine phenotype markers such as chromogranin a,
Synaptophysin, and CD56. Am J Surg Pathol. 2020;44(6):757–64. https://doi.
org/10.1097/PAS.0000000000001444.

8. Doxtader EE, Mukhopadhyay S. Insulinoma-associated protein 1 is a
sensitive and specific marker of neuroendocrine lung neoplasms in cytology
specimens. Cancer Cytopathol. 2018;126(4):243–52. https://doi.org/10.1002/
cncy.21972.

9. Viswanathan K, Siddiqui MT, Borczuk AC. Insulinoma-associated protein 1 is
a sensitive and specific marker for lung neuroendocrine tumors in cytologic
and surgical specimens. J Am Soc Cytopathol. 2019;8(6):299–308. https://doi.
org/10.1016/j.jasc.2019.06.002.

10. Staaf J, Tran L, Söderlund L, Nodin B, Jirström K, Vidarsdottir H, et al.
Diagnostic value of Insulinoma-associated protein 1 (INSM1) and
comparison with established neuroendocrine markers in pulmonary
cancers. Arch Pathol Lab Med. 2020;144(9):1075–85. https://doi.org/10.
5858/arpa.2019-0250-OA.

11. Lefebvre V, Dumitriu B, Penzo-Méndez A, Han Y, Pallavi B. Control of cell
fate and differentiation by Sry-related high-mobility-group box (sox)
transcription factors. Int J Biochem Cell Biol. 2007;39(12):2195–214. https://
doi.org/10.1016/j.biocel.2007.05.019.

12. de Bont JM, Kros JM, Passier MMCJ, Reddingius RE, Sillevis Smitt PAE, Luider
TM, et al. Differential expression and prognostic significance of SOX genes
in pediatric medulloblastoma and ependymoma identified by microarray
analysis. Neuro-Oncology. 2008;10(5):648–60. https://doi.org/10.1215/1522
8517-2008-032.

13. Chen Y-H, Gao J, Fan G, Peterson LC. Nuclear expression of sox11 is highly
associated with mantle cell lymphoma but is independent of t(11;14)(q13;
q32) in non-mantle cell B-cell neoplasms. Mod Pathol. 2010;23(1):105–12.
https://doi.org/10.1038/modpathol.2009.140.

14. Ek S, Dictor M, Jerkeman M, Jirström K, Borrebaeck CAK. Nuclear expression
of the non B-cell lineage Sox11 transcription factor identifies mantle cell
lymphoma. Blood. 2008;111(2):800–5. https://doi.org/10.1182/blood-2007-06-
093401.

Yu et al. Diagnostic Pathology            (2022) 17:2 Page 8 of 9

https://doi.org/10.2298/VSP0708525P
https://doi.org/10.1038/modpathol.3880406
https://doi.org/10.1097/01.MP.0000044485.14910.3A
https://doi.org/10.1097/01.MP.0000044485.14910.3A
https://doi.org/10.1073/pnas.1410419111
https://doi.org/10.1097/PAS.0000000000001444
https://doi.org/10.1097/PAS.0000000000001444
https://doi.org/10.1002/cncy.21972
https://doi.org/10.1002/cncy.21972
https://doi.org/10.1016/j.jasc.2019.06.002
https://doi.org/10.1016/j.jasc.2019.06.002
https://doi.org/10.5858/arpa.2019-0250-OA
https://doi.org/10.5858/arpa.2019-0250-OA
https://doi.org/10.1016/j.biocel.2007.05.019
https://doi.org/10.1016/j.biocel.2007.05.019
https://doi.org/10.1215/15228517-2008-032
https://doi.org/10.1215/15228517-2008-032
https://doi.org/10.1038/modpathol.2009.140
https://doi.org/10.1182/blood-2007-06-093401
https://doi.org/10.1182/blood-2007-06-093401


15. Beekman R, Amador V, Campo E. SOX11, a key oncogenic factor in mantle
cell lymphoma. Curr Opin Hematol. 2018;25(4):299–306. https://doi.org/10.1
097/MOH.0000000000000434.

16. Dictor M, Ek S, Sundberg M, Warenholt J, György C, Sernbo S, et al. Strong
lymphoid nuclear expression of SOX11 transcription factor defines
lymphoblastic neoplasms, mantle cell lymphoma and Burkitt’s lymphoma.
Haematologica. 2009;94(11):1563–8. https://doi.org/10.3324/haematol.2009.
008474.

17. Ito T, Udaka N, Yazawa T, Okudela K, Hayashi H, Sudo T, et al. Basic helix-
loop-helix transcription factors regulate the neuroendocrine differentiation
of fetal mouse pulmonary epithelium. Development. 2000;127(18):3913–21.
https://doi.org/10.1242/dev.127.18.3913.

18. Jia S, Wildner H, Birchmeier C. Insm1 controls the differentiation of
pulmonary neuroendocrine cells by repressing Hes1. Dev Biol. 2015;408(1):
90–8. https://doi.org/10.1016/j.ydbio.2015.10.009.

19. Walter RFH, Mairinger FD, Werner R, Ting S, Vollbrecht C, Theegarten D,
et al. SOX4, SOX11 and PAX6 mRNA expression was identified as a
(prognostic) marker for the aggressiveness of neuroendocrine tumors of the
lung by using next-generation expression analysis (NanoString). Future
Oncol. 2015;11(7):1027–36. https://doi.org/10.2217/fon.15.18.

20. Xu S, Dong Y, Huo Z, Yu L, Xue J, Wang G, et al. SOX11: a potentially useful
marker in surgical pathology: a systematic analysis of SOX11 expression in
epithelial and non-epithelial tumours. Histopathology. 2019;74(3):391–405.
https://doi.org/10.1111/his.13757.

21. Rossi G, Mengoli MC, Cavazza A, Nicoli D, Barbareschi M, Cantaloni C, et al.
Large cell carcinoma of the lung: clinically oriented classification integrating
immunohistochemistry and molecular biology. Virchows Arch. 2014;464(1):
61–8. https://doi.org/10.1007/s00428-013-1501-6.

22. Howe MC, Chapman A, Kerr K, Dougal M, Anderson H, Hasleton PS.
Neuroendocrine differentiation in non-small cell lung cancer and its relation
to prognosis and therapy. Histopathology. 2005;46(2):195–201. https://doi.
org/10.1111/j.1365-2559.2005.02047.x.

23. Cameselle-Teijeiro JM, Mato Mato JA, Fernández Calvo O, García MJ.
Neuroendocrine pulmonary tumors of low, intermediate and high grade:
Anatomopathological diagnosis-prognostic and predictive factors. Mol
Diagn Ther. 2018;22(2):169–77. https://doi.org/10.1007/s40291-018-0315-2.

24. Baudin E, Gigliotti A, Ducreux M, Ropers J, Comoy E, Sabourin JC, et al.
Neuron-specific enolase and chromogranin a as markers of neuroendocrine
tumours. Br J Cancer. 1998;78(8):1102–7. https://doi.org/10.1038/bjc.1998.63
5.

25. Ball DW. Achaete-scute homolog-1 and Notch in lung neuroendocrine
development and cancer. Cancer Lett. 2004;204(2):159–69. https://doi.org/1
0.1016/S0304-3835(03)00452-X.

26. Bergsland M, Werme M, Malewicz M, Perlmann T, Muhr J. The establishment
of neuronal properties is controlled by Sox4 and Sox11. Genes Dev. 2006;
20(24):3475–86. https://doi.org/10.1101/gad.403406.

27. Zou M, Toivanen R, Mitrofanova A, Floch N, Hayati S, Sun Y, et al.
Transdifferentiation as a mechanism of treatment resistance in a mouse
model of castration-resistant prostate Cancer. Cancer Discov. 2017;7(7):736–
49. https://doi.org/10.1158/2159-8290.CD-16-1174.

28. Travis WD. Advances in neuroendocrine lung tumors. Ann Oncol. 2010;
21(Suppl 7):vii65–71.

29. Jafarian AH, Gharib M, Mohammadian Roshan N, Sherafatnia S, Omidi AA,
Bagheri S. The diagnostic value of TTF-1, P63, HMWK, CK7, and CD56
immunostaining in the classification of lung carcinoma. Iran J Pathol. 2017;
12(3):195–201. https://doi.org/10.30699/ijp.2017.25041.

30. Chen Y, Zhang J, Huang C, Tian Z, Zhou X, Guo C, et al. Survival outcomes
of surgery in patients with pulmonary large-cell neuroendocrine carcinoma:
a retrospective single-institution analysis and literature review. Orphanet J
Rare Dis. 2021;16(1):82. https://doi.org/10.1186/s13023-021-01730-7.

31. Ionescu DN, Treaba D, Gilks CB, Leung S, Renouf D, Laskin J, et al. Nonsmall
cell lung carcinoma with neuroendocrine differentiation--an entity of no
clinical or prognostic significance. Am J Surg Pathol. 2007;31(1):26–32.
https://doi.org/10.1097/01.pas.0000213319.04919.97.

32. Petrović M, Baskić D, Banković D, Ilić N. Neuroendocrine differentiation as an
indicator of chemosensitivity and prognosis in nonsmall cell lung cancer.
Biomarkers. 2011;16(4):311–20. https://doi.org/10.3109/1354750X.2011.5602
81.

33. Iyoda A, Hiroshima K, Toyozaki T, Haga Y, Fujisawa T, Ohwada H. Clinical
characterization of pulmonary large cell neuroendocrine carcinoma and
large cell carcinoma with neuroendocrine morphology. Cancer. 2001;91(11):

1992–2000. https://doi.org/10.1002/1097-0142(20010601)91:11<1992::AID-
CNCR1224>3.0.CO;2-5.

34. Qu Y, Zhou C, Zhang J, Cai Q, Li J, Du T, et al. The metastasis suppressor
SOX11 is an independent prognostic factor for improved survival in gastric
cancer. Int J Oncol. 2014;44(5):1512–20. https://doi.org/10.3892/ijo.2014.2328.

35. Korkolopoulou P, Levidou G, El-Habr EA, Adamopoulos C, Fragkou P,
Boviatsis E, et al. Sox11 expression in astrocytic gliomas: correlation with
nestin/c-met/IDH1-R132H expression phenotypes, p-Stat-3 and survival. Br J
Cancer. 2013;108(10):2142–52. https://doi.org/10.1038/bjc.2013.176.

36. Sernbo S, Gustavsson E, Brennan DJ, Gallagher WM, Rexhepaj E, Rydnert F,
et al. The tumour suppressor SOX11 is associated with improved survival
among high grade epithelial ovarian cancers and is regulated by reversible
promoter methylation. BMC Cancer. 2011;11(1):405. https://doi.org/10.11
86/1471-2407-11-405.

37. Shepherd JH, Uray IP, Mazumdar A, Tsimelzon A, Savage M, Hilsenbeck SG,
et al. The SOX11 transcription factor is a critical regulator of basal-like breast
cancer growth, invasion, and basal-like gene expression. Oncotarget. 2016;
7(11):13106–21. https://doi.org/10.18632/oncotarget.7437.

38. Jian J, Guoying W, Jing Z. Increased expression of sex determining region Y-
box 11 (SOX11) in cutaneous malignant melanoma. J Int Med Res. 2013;
41(4):1221–7. https://doi.org/10.1177/0300060513476592.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Yu et al. Diagnostic Pathology            (2022) 17:2 Page 9 of 9

https://doi.org/10.1097/MOH.0000000000000434
https://doi.org/10.1097/MOH.0000000000000434
https://doi.org/10.3324/haematol.2009.008474
https://doi.org/10.3324/haematol.2009.008474
https://doi.org/10.1242/dev.127.18.3913
https://doi.org/10.1016/j.ydbio.2015.10.009
https://doi.org/10.2217/fon.15.18
https://doi.org/10.1111/his.13757
https://doi.org/10.1007/s00428-013-1501-6
https://doi.org/10.1111/j.1365-2559.2005.02047.x
https://doi.org/10.1111/j.1365-2559.2005.02047.x
https://doi.org/10.1007/s40291-018-0315-2
https://doi.org/10.1038/bjc.1998.635
https://doi.org/10.1038/bjc.1998.635
https://doi.org/10.1016/S0304-3835(03)00452-X
https://doi.org/10.1016/S0304-3835(03)00452-X
https://doi.org/10.1101/gad.403406
https://doi.org/10.1158/2159-8290.CD-16-1174
https://doi.org/10.30699/ijp.2017.25041
https://doi.org/10.1186/s13023-021-01730-7
https://doi.org/10.1097/01.pas.0000213319.04919.97
https://doi.org/10.3109/1354750X.2011.560281
https://doi.org/10.3109/1354750X.2011.560281
https://doi.org/10.1002/1097-0142(20010601)91:11<1992::AID-CNCR1224>3.0.CO;2-5
https://doi.org/10.1002/1097-0142(20010601)91:11<1992::AID-CNCR1224>3.0.CO;2-5
https://doi.org/10.3892/ijo.2014.2328
https://doi.org/10.1038/bjc.2013.176
https://doi.org/10.1186/1471-2407-11-405
https://doi.org/10.1186/1471-2407-11-405
https://doi.org/10.18632/oncotarget.7437
https://doi.org/10.1177/0300060513476592

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Materials and methods
	Tumor specimens
	Immunohistochemistry
	Electron microscopy

	Results
	Comparison of sensitivity and specificity of SOX11 with other NE markers in different types of lung carcinomas
	SOX11 is a useful complement for diagnosis of HG-NEC negative for traditional NE markers
	Influence of the SOX11 expression on overall survival in SCLCs and LCNECs

	Discussion
	Conclusions
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Declarations
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

