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Expression of SATB2 in neuroendocrine carcinomas of the lung: frequent immunopositivity of large cell 

neuroendocrine carcinoma with a diagnostic pitfall 

 

Introduction 

According to the histological classification of the World Health Organization (WHO),1 lung cancer has 

different histological types, such as adenocarcinoma and squamous cell carcinoma, neuroendocrine 

neoplasms, and metastatic tumors, for which various treatment options, including surgical resection and 

radiation therapy as well as anticancer agents, thymidine kinase inhibitors, and immune checkpoint 

inhibitors, are available. Because therapeutic choices and results differ greatly depending on the histological 

type and the related genotype, making accurate histopathological diagnosis is of primary importance, for 

which immunohistochemical marker studies are often useful and considered to be essential. 

Neuroendocrine neoplasms of the lung are classified into small cell lung carcinoma (SCLC), large cell 

neuroendocrine carcinoma (LCNEC), carcinoid tumor, and diffuse idiopathic pulmonary neuroendocrine 

cell hyperplasia.1 SCLC and LCNEC are collectively referred to as neuroendocrine carcinoma (NEC), and 

noted for the poor prognosis of affected patients, with the positivity of some immunohistochemical 

neuroendocrine markers being a hallmark for their histopathological diagnosis.  

Recent studies have found that some neuroendocrine neoplasms of various organs, including the lung, 

are immunohistochemically positive for special AT-rich sequence-binding protein 2 (SATB2) and caudal-

type homeobox 2 (CDX2), both of which are known as positive markers for colorectal cancer.2-4 

Considering that the most frequent type of metastatic cancer of the lung is of colorectal origin,5 the 

expression of STAB2 and/or CDX2 can be a misleading factor for histopathological differential diagnosis 

between pulmonary NEC and metastatic colorectal cancer. However, their expression in NEC of the lung 

has not been sufficiently elucidated, and there is no known previous report showing any differences in the 

positive rate of SATB2 between SCLC and LCNEC, nor any studies that examined the relationship between 

CDX2 and SATB2 expression in pulmonary NEC. In an attempt to clarify these points, the present 

investigation was conducted to evaluate the expression of SATB2 and CDX2 in a series of SCLC and 

LCNEC cases, also with some related immunohistochemical marker studies and some attention to the 

relationship to demographic and clinical factors of the patients. 

 

 

Materials and Methods 

Patients 

The records of 47 cases of pure SCLC treated from January 1, 2016 to July 31, 2019 were obtained 

from the database of our university’s branch hospital. All pathologic specimens associated with those were 

obtained by transbronchial biopsy. We reviewed all available histologic slides according to the WHO 

diagnostic criteria.1 The samples in which the number of tumor cells was less than 100 or the cells were 
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significantly crushed were considered to be inappropriate for the analysis and excluded. As a result, 45 of 

those cases of SCLC were enrolled in this study.  

Nine cases of pure LCNEC treated from January 1, 2015 to July 31, 2019 were also obtained from the 

same database. After reviewing all available slides obtained for histology, three cases were excluded 

because a diagnosis of small cell carcinoma was favored. Additionally, four cases of pure LCNEC treated 

during the same period were obtained from the database of our university hospital, the histopathologic 

diagnosis of which was confirmed by reviewing all available histologic slides. Thus 10 LCNEC cases in 

total were enrolled finally. All LCNEC specimens in those cases were obtained by surgery. 

The demographic and clinical data were obtained from the medical record of each patient, including 

age, sex, smoking habit (Brinkman Index: BI), serum tumor marker values (CEA, carcinoembryonic 

antigen; CYFRA, cytokeratin fragment 19; NSE, neuron specific enolase; ProGRP, pro-gastrin releasing 

peptide), the number of times anticancer drugs was administered, ECOG Performance status, and UICC 

tumor stage. 

 

Immunohistochemistry 

All specimens were routinely fixed in 10% buffered formalin and embedded in paraffin. One 

representative slide was selected from each case, for which immunohistochemistry for SATB2, CDX2, 

thyroid transcription factor-1 (TTF-1), CD56, synaptophysin, chromogranin A, and cytokeratin 20 (CK20) 

was performed. The antibodies used were as follows: SATB2 (SANTA CRUZ, Dallas, TX, USA; clone 

SATBA4B10, 1:200 dilution), CDX2 (Dako, Santa Clara, CA, USA; clone DAK-CDX2, 1:50 dilution), 

CD56 (NICHIREI BIOSCIENCES INC., Tokyo, Japan; clone MRQ-42, ready to use), TTF-1 (Dako; clone 

8G7G3/1, 1:100 dilution), Chromogranin A (Dako; clone DAK-A3, 1:200 dilution), Synaptophysin 

(JAPAN TANNER CORPORATION, Osaka, Japan; clone SP11, ready to use), and CK20 (Dako; clone 

Ks20.8, ready to use). Immunohistochemistry for CK20 was performed using Omnis (Dako), while 

Autostainer Link 48 (Dako) was utilized for the other antibodies, according to the instructions of each 

manufacturer. 

Immunohistochemistry results were evaluated and the proportion of the positive extent was scored 

(proportion score) as 0 (negative), 1 (1-9%), 2 (10-49%), or 3 (>50%). Proportion scores of 2 and 3 were 

regarded as positive. The staining intensity was not considered because there existed no ambiguous intensity 

cases to evaluate.  

 

Statistical analysis  

For the immunohistochemistry with each antibody, the difference of the positivity based on the 

proportion score between SCLC and LCNEC was tested by Fisher's exact test on 2×2 tables.  

For the demographic and clinical data of the SCLC cases, each variable was divided into two categories as 

shown in the following each parenthesis: age (< 65, ≥ 65), sex (male, female), BI (< 600, ≥ 600), CEA (≤
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5 ng/ml, >5 ng/ml), CYFRA (≤3.5 ng/ml, >3.5 ng/ml), NSE (≤16.3 ng/ml, >16.3 ng/ml), ProGRP (≤81 

pg/ml, >81 pg/ml), the number of times anticancer drugs was administered (≥ 4, < 4), ECOG Performance 

status (0~1, 2~4), and UICC tumor stage (I~III, IV). The relationship between each variable divided into 

two categories and the SATB2 positivity based on the proportion score was also tested by Fisher’s exact 

test on 2×2 tables for the SCLC cases. The comparison of overall survival between SATB2 positive-cases 

and negative cases in small cell carcinoma was evaluated by the Kaplan-Meier method with the log-rank 

test. 

A P-value < 0.05 was considered to indicate the statistical significance. SPSS for Windows version 26 

(IBM, Armonk, NY) was used for all statistical analyses. 

 

 

Results 

Demographics of the patients 

The average age of the 45 SCLC patients at the time of diagnosis was 70.3 years (range 48-84 years), of 

whom 36 (80%) were male and nine (20%) were female. The 10 LCNEC patients, nine males and one 

female, had an average age of 73.5 years (range 65-84 years) at the time of diagnosis.  

All SCLC patients were smokers with BI ≥ 600 in 37 out of 45 patients (82%). As for LCNEC, all patients 

were smokers with BI ≥ 600. 

 

Histopathologic findings 

   The tumor cells of SCLC showed scant cytoplasm and finely granular and hyperchromatic nuclei, which 

formed irregular-shaped sheetlike nests (Fig. 1A). Those of LCNEC had abundant eosinophilic cytoplasm 

and vesicular nuclei with prominent nucleoli, which formed sheetlike nests characterized by the cell 

arrangement of rosette-like and/or peripheral palisading patterns (Fig. 1B). 

 

Immunohistochemical profiles 

Immunohistochemistry results with each antibody are summarized in Table 1. In the SCLC cases, the 

positive rate of TTF-1, CD56, synaptophysin, and chromogranin A was 64.4%, 95.6%, 71.1%, and 46.7%, 

respectively, while in the LCNEC cases, it was 50%, 100%, 47.9% and 100%, respectively. All except for 

two SCLC cases were positive for at least one of the three neuroendocrine markers (Fig. 1C, D). 

17 out of 45 (37.8%) SCLC cases (Fig. 2A) and seven out of 10 (70%) LCNEC ones (Fig. 2B) were 

positive for SATB2. Although the positive rate seemed to be higher in the LCNEC cases than in the SCLC 

ones, no significant difference was achieved between them statistically (P = 0.084).  

All SCLC cases were negative for CDX2 (Fig. 2C), whereas two LCNEC cases (20%) were CDX2 

positive (Fig. 2D), the difference of which was statistically significant (P = 0.025). Furthermore, one 

LCNEC case was positive for CDX2 as well as SATB2 (Fig. 2B, D).  
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CK20 was negative in all SCLC and LCNEC cases. 

 

Relationship between demographic/clinical variables and SATB2 expression 

For the SCLC cases, the relationship between the demographic/clinical data and the SATB2 expression 

is shown in Table 2. Of the demographic and clinical variables examined, only high-BI (≥ 600) was 

significantly related to the positivity of SATB2 (P = 0.017), in which the SATB2 positivity was noticed 

more frequently in the high-BI cases (17 out of 37, 45.9%) then in the low-BI ones (0 out of 8, 0%).  

As for the comparison of overall survival between SATB2-positive cases and SATB2-negative cases in 

SCLC, no statistical difference was found (p=0.558, Fig.3). 

 

 

Discussion 

The present results confirmed the SATB2 expression in some pulmonary NECs, as noted in 17 out of 45 

(37.8%) SCLC cases and seven out of 10 (70%) LCNEC ones. Although the difference was not statistically 

significant (P = 0.084), the LCNEC cases tended to have a higher positive rate compared with the SCLC 

cases. As for CDX2, two LCNEC cases were positive, while all SCLC cases were negative, and the 

difference of the two was statistically significant (P = 0.025) though the sensitivity of CDX2 as a positive 

marker in the LCNEC cases was low. Thus, the present results suggest that in pulmonary NECs, LCNECs 

express colorectal markers such as SATB2 and CDX2 more frequently as compared to SCLCs. The positive 

rates of immunohistochemical markers other than SATB2 and CDX2 in the present study were similar to 

those noted in previous reports,6,7 which was considered to demonstrate that the specimens in this study 

were not extremely biased. 

Along with the understanding of the molecular biological mechanism of the lung carcinogenesis in 

recent years, treatment strategies have become subdivided according to the histopathological diagnosis and 

the related genetic mutation status, making accurate histopathological diagnosis primarily important. In 

addition, the lungs represent the most frequent target of metastasis. Of 82,193 cases of chest surgery 

performed in 2016 in Japan, surgery for metastatic lung tumors accounted for 8,497 (10.3%), including 

colorectal cancer (47.7%), renal cancer (8.5%), and lung cancer metastasis (2.6%), in descending order of 

frequency.5 Therefore, it is not an uncommon situation that histopathological differential diagnosis between 

primary pulmonary cancer and metastatic colorectal cancer is required, especially when the patient have a 

past history of colorectal cancer. This is also the case for patients with pulmonary NECs. 

In general, a pulmonary NEC can be distinguished from a metastatic colorectal adenocarcinoma based 

on the morphological findings. However, the discrimination could be difficult when typical morphological 

features of neuroendocrine neoplasms, such as rosette-like and/or nuclear palisading patterns, cannot be 

recognized. Furthermore, cases with a past history of poorly differentiated colorectal adenocarcinoma 

present additional challenges. For these confusing situations, the examination of immunohistochemical 
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markers is mandatory. However, the positive staining of SATB2 and CDX2 in pulmonary NEC specimens 

can lead to a misdiagnosis that the tumor is of metastatic colorectal adenocarcinoma. Therefore, it is 

important to recognize that some pulmonary NECs, especially LCNECs, are frequently positive for SATB2 

and less frequently CDX2, and to understand that the expression of neuroendocrine markers should be 

concurrently checked. The sufficient positivity of neuroendocrine markers will favor a diagnosis of NEC 

in spite of the expression of SATB2 and/or CDX2. 

SATB2, a protein comprised of 733 amino acids and encoded by the SATB2 gene located on 

chromosome 2q33.1, binds to DNA, and transcription factors regulate its expression in the nucleus, which 

have important roles in the developmental process such as facial development, neocortical differentiation, 

skeletal development, and osteoblast differentiation.8-11 In normal tissues, the protein is strongly expressed 

in the epithelium of the lower gastrointestinal tract, cerebral cortex, and hippocampus.12 With regard to the 

expression in neoplasms, it was initially focused that SATB2 was immunohistochemically positive in a 

large majority of adenocarcinomas of the lower gastrointestinal tract (86-97%).12-14 However, high positive 

rates of SATB2 have also been reported in rectosigmoid neuroendocrine tumor (NET) (96-100%), 

appendiceal NET (79-100%), and Merkel cell carcinoma (79%) recently.2-4 Other studies analyzing 

pulmonary SCLC or pulmonary NEC (details not shown) have shown the positive rate of SATB2 ranging 

from 21 to 33%.2,4 Besides, a most recent study has reported the expression of SATB2 in pulmonary and 

thymic neuroendocrine tumors (carcinoid tumor and NEC), with a higher percentage of expression in SCLC 

comparing to the previous reports.15 In the present study, the positive rate of SATB2 in SCLC cases was 

similar to some previous studies,2,4 while the present study has also revealed that LCNEC tends to have a 

higher positive rate of SATB2 than SCLC. Considering that SATB2 is expressed in the cerebral cortex and 

hippocampus tissues, it may be plausible that the SATB2 expression is involved in the neural or 

neuroendocrine differentiation of tumors derived from various organs, which, however, is to be elucidated 

by further studies. 

CDX2 is a protein encoded by the CDX2 gene in chromosome 13q12.2, a homeobox gene that plays a 

role in differentiation of normal intestinal epithelium and neural tube closure in vertebrates.15-17 In normal 

tissues, CDX2 is expressed in the pancreatic duct and pancreatic centroacinar cells, as well as the digestive 

tract, but not in other organs including the lungs,18 while another role of CXD2, the suppression of tumor 

growth, has also been noted.19 As for pulmonary NEC, previous studies have reported that the positive rates 

of CDX2 are 0-15% in SCLC and 31% in LCNEC,20-23 with the same tendency observed in our results.  

Although both SATB2 and CDX2 have been regarded as markers for colorectal cancers, the expression 

of SATB2 and/or CDX2 in pulmonary NEC does not seem to indicate simple intestinal differentiation as 

discussed above as well as because all cases in the present study were negative for CK20 that is a well-

known intestinal epithelial marker.24 Here, an interesting point to consider is that SATB2 and CDX2 

expressions have been observed even in conventional pulmonary adenocarcinomas, with the reported 

frequency of 3-7.2% for SATB2,12,13,25 and 0-11% for CDX2,21,23,25 respectively. On the other hand, the 
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positive rates in pulmonary adenocarcinomas with an enteric morphology such as pulmonary enteric 

adenocarcinoma have been shown to be higher, that is, 13-15.4% for SATB2,26,27 and 61.5-71.3% for 

CDX2,26-29 respectively. These results imply divergent roles of SATB2 and CDX2 in regard to 

differentiation of pulmonary tumors. 

It has been well known that lung carcinogenesis is strongly related to the habit of tabaco smoking, and 

that is especially the case for SCLC.31-32 Interestingly, in the present study, all SATB2-positive SCLC cases 

had a history of heavy smoking (BI ≥ 600), which was significantly more frequent compared to SATB2-

negative SCLC cases. Recently, the biological heterogeneity of SCLC has emergently been noted, and four 

subtypes of SCLC have been proposed based on the expression of transcription factors and co-transcription 

factors in the mRNA level (ASCL1, NEUROD1, YAP1, and POU2F3), which has also been evaluated in 

the protein level.33-35 Of these factors, ASCL1 and NEUROD1 are related to the regulation of 

neuroendocrine differentiation. Considering the possibility that the expression of SATB2 is involved in the 

neuroendocrine differentiation, further investigation of SATB2 as a factor reflecting a subtype of SCLC in 

relation to smoking may be needed, although the expression of SATB2 does not seem to be directly related 

to the prognosis of patients.15  

 

 

Conclusion 

A limitation of the present study is the relatively small number of LCNEC cases, thus additional analysis 

with a larger cohort will be necessary. Nevertheless, our results showed that some pulmonary NECs, 

especially LCNEC, are positive for SATB2 in immunohistochemistry findings, which should be kept in 

mind when SATB2 is used as a marker for diagnosis of metastatic colorectal cancer. Besides, further 

investigation of the additional expected clinical significance of SATB2 expression in pulmonary NECs 

might be needed. 
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