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Abstract 

Background:  The switch/sucrose nonfermentable (SWI/SNF) complex is an evolutionarily conserved chromatin 
remodeling complex that displays dysfunction in many tumors, especially undifferentiated carcinoma. Cancer stem 
cells (CSC), a special type of undifferentiated cancer cells with stem cell-like properties, play an essential role in tumor 
cell proliferation, invasion, and metastasis. In undifferentiated gastric carcinomas, the association of SWI/SNF com-
plexes with clinicopathological features, CSC phenotype, and the prognosis is not fully understood.

Methods:  We collected a cohort of 21 patients with undifferentiated/dedifferentiated gastric carcinoma. We next 
performed immunohistochemistry staining for the five subunits of the SWI/SNF complex (ARID1A, ARID1B, SMARCA2, 
SMARCA4, and SMARCB1), and four mismatch repair proteins (MLH1, PMS2, MSH2, and MSH6), as well as other mark-
ers such as p53, PD-L1, and cancer stem cell (CSC) markers (SOX2, SALL4). Then, we investigated the correlation of 
SWI/SNF complex subunits with clinicopathological characters and performed prognostic analysis.

Results:  We observed SMARCA2 loss in 12 cases (57.14%), followed by ARID1A (5 cases, 23.81%) and SMARCA4 
(3 cases, 14.29%). Fourteen cases (66.67%) lost any one of the SWI/SNF complex subunits, including 3 cases with 
SMARCA2 and ARID1A co-loss, and 3 cases with SMARCA2 and SMARCA4 co-loss. Correlation analysis revealed that 
the CSC phenotype occurred more frequently in the SWI/SNF complex deficient group (P = 0.0158). Survival analysis 
revealed that SWI/WNF complex deficiency, undifferentiated status, CSC phenotype, and the loss of SMARCA2 and 
SMARCA4 resulted in worse survival. Univariate and multivariate Cox regression analyses screened out three inde-
pendent factors associated with worse prognosis: undifferentiated status, SWI/SNF complex deficiency, and lymph 
node metastasis.

Conclusions:  The SWI/SNF complex deficiency was more likely to result in a CSC phenotype and worse survival and 
was an independent prognostic factor in undifferentiated/dedifferentiated gastric carcinoma.

Keywords:  SWI/SNF, SMARCA2, SMARCA4, Undifferentiated, Gastric carcinoma

Background
Undifferentiated gastric carcinoma is a histopathologi-
cally rare, highly aggressive malignancy composed of 
cells showing no specific cytologic or architectural dif-
ferentiation, including no gland formation or mucin 
production and no neuroendocrine, squamous, or sar-
comatoid differentiation [1]. It is called dedifferentiated 

*Correspondence:  zhangshukun0475@126.com

3 Department of Pathology, Weihai Municipal Hospital, Shandong University, 
Weihai 264200, Shandong, China
Full list of author information is available at the end of the article

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12957-022-02847-0&domain=pdf


Page 2 of 13Zhang et al. World Journal of Surgical Oncology          (2022) 20:383 

carcinoma if undifferentiated carcinoma contains a 
minor differentiated component. Pure undifferentiated 
carcinoma is often difficult to diagnose by morphol-
ogy, and immunohistochemistry shows focal keratin or 
epithelial membrane antigen expression with no other 
cellular differentiation, which can be used to support 
its diagnosis. Meanwhile, due to its rarity, the clinical 
behavior of undifferentiated/dedifferentiated gastric 
carcinoma has not been thoroughly analyzed.

The switch/sucrose nonfermentable (SWI/SNF) com-
plex is an evolutionarily conserved chromatin remod-
eling complex composed of more than 20 subunits, of 
which the five essential subunits are as follows: SWI/
SNF-related, matrix-associated, actin-dependent regu-
lator of chromatin, subfamily A, member (SMARCA4) 
and SMARCA2 are catalytic subunits that can cata-
lyze adenosine triphosphatase (ATPase) to gener-
ate the energy required for chromatin remodeling. 
SMARCB1 is a core subunit associated with undiffer-
entiated/rhabdoid carcinomas. AT-rich interaction 
domain 1A (ARID1A) and ARID1B are auxiliary regu-
latory subunits that form DNA binding domains [2]. 
SWI/SNF complex plays an important role in cellular 
processes, such as cell proliferation, lineage differen-
tiation, and DNA repair [3]. It has been demonstrated 
that loss of the SWI/SNF complex subunits is associ-
ated with undifferentiated histological morphology 
[4], further leading to a more aggressive clinical behav-
ior and worse outcome. Cancer stem cells (CSC) are a 
specialized subpopulation of undifferentiated tumor 
cells with stem cell-like properties that maintain tumor 
viability through self-renewal and unlimited prolifera-
tion [5], which can be identified by specific markers. 
In this study, we defined SRY-box transcription factor 
2 (SOX2) or Spalt-like transcription factor 4 (SALL4) 
positivity as the CSC phenotype [6, 7], which is char-
acterized by high self-renewal capacity, strong invasive-
ness, and resistance to chemotherapy and radiotherapy 
[5].

Many studies on the loss of SWI/SNF complex subu-
nits in conventional gastric adenocarcinoma have been 
reported [8, 9]. Conversely, in undifferentiated/dediffer-
entiated gastric carcinoma, studies related to SWI/SNF 
complex are limited due to the rarity of cases. Herein, we 
investigated the immunohistochemical expression of five 
subunits (ARID1A, ARID1B, SMARCA2, SMARCA4, 
and SMARCB1) of the SWI/SNF complex in 21 undif-
ferentiated/dedifferentiated gastric carcinomas, as well 
as other import immunohistochemical markers, includ-
ing P53, programmed cell death ligand 1(PD-L1), SOX2, 
SALL4, and mismatch repair proteins MutL homolog 1 
(MLH1), MutS homolog 2 (MSH2), MSH6, and PMS1 
homolog, mismatch repair system component 2 (PMS2). 

We performed correlation analysis and prognostic anal-
ysis to reveal the correlation of SWI/SNF complex with 
clinicopathological features and prognosis.

Methods
Cases collection
We retrospectively screened 1271 patients with gastric 
adenocarcinoma treated by surgical resection at Weihai 
Municipal Hospital between January 2014 and Decem-
ber 2020. We then carefully reviewed the hematoxylin 
and eosin (H&E)-stained tissue sections to determine 
the undifferentiated and dedifferentiated morpholo-
gies and performed CK-pan staining to determine the 
epithelial origin. In addition, we performed the immu-
nohistochemical staining of CD56, CgA, Syn, NSE, 
Vimentin, and Desmin, as well as the Epstein-Barr virus 
(EBV)-encoded small RNA in  situ hybridization (EBER-
ISH) to exclude neuroendocrine carcinoma, small cell 
carcinoma, sarcoma, carcinosarcoma, and EBV-positive 
gastric carcinoma. Finally, we identified 21 cases with 
undifferentiated/dedifferentiated gastric carcinoma, all of 
whom received 4–6 cycles of standard regimen chemo-
therapy after surgery. We obtained relevant information 
on patients’ demographics, tumor characteristics, and 
partial clinical outcomes from the electronic medical 
record system. We restaged the cases according to the 
current AJCC TNM staging system (8th edition, 2019). 
The median follow-up time was 35.20 months (range 
from 5.03 to 74.50 months). This study was approved by 
the Ethics Review Board of the Weihai Municipal Hospi-
tal (permission code: 2021053).

Immunohistochemistry
We performed immunohistochemistry staining on repre-
sentative slides derived from formalin-fixed and paraffin-
embedded (FFPE) tissue blocks for each of the 21 cases 
using an automated immunostaining machine (Bench-
mark ULTRA, Ventana) according to the manufacturer’s 
protocol and the instructions of the primary antibody. 
Details of primary antibodies are listed in Table 1.

The five subunits of the SWI/SNF complex (ARID1A, 
ARID1B, SMARCA2, SMARCA4, and SMARCB1) were 
defined as “lost” if nuclear staining was completely 
absent, “reduced” if the staining intensity of > 90% 
tumor cells was significantly weaker than that of nor-
mal cells, and “intact” if the staining intensity of > 90% 
tumor cells was similar to that of normal cells [10]. We 
integrate the reduced and intact patterns into a pre-
sent pattern according to previous studies [11]. As a 
positive control, intense homogeneous nuclear stain-
ing was seen in interstitial fibroblasts, inflammatory 
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cells, vascular endothelial cells, or normal epithelial 
cells. Loss of any of the five SWI/SNF complex subunits 
was defined as deficient, and the existence of all five 
subunits was defined as intact. The four MMR proteins 
(MLH1, PMS2, MSH2, and MSH6) were all located in 
the nucleus and were assessed as present (unequivocal 
nuclear staining) or lost (complete absence of nuclear 
staining). Loss of any one of MMR proteins was defined 
as MMR-deficient (dMMR), and the presence of all 
four MMR proteins was defined as MMR-proficient 
(pMMR). P53 was defined as mutant when > 90% of 
tumor cell nuclei were homogeneously strongly stained 
or with a complete absence of staining [12]. SALL4 
was defined as positive when any stained tumor cells 
were observed [7]. The positive criteria for PD-L1 [13] 
and SOX2 [6] were > 1% and > 10% of stained cells, 
respectively.

Statistical analysis
The correlation between SWI/SNF complex status and 
categorical variables was tested by Fisher’s exact test 
(n < 40), and the correlation between SWI/SNF com-
plex status and continuous variables (i.e., age, size) was 
assessed by t-test (normal distribution) or Mann Whit-
ney U test (non-normal distribution). Overall survival 
(OS) was defined as the time from diagnosis to death 
or the last follow-up for those still alive. The Kaplan-
Meier method was used to determine survival rates, 
and the log-rank test was used to evaluate the differ-
ences between groups. Statistical analyses were con-
ducted using R software (V 4.1.2), and differences were 

considered statistically significant when P-value < 0.05 
(two-sided tests).

Results
Clinicopathological features
Of the 21 patients, 17 were male, and 4 were female, 
with a median age of 68 years (range 33–80). The maxi-
mum size of the carcinomas ranged from 2.5 cm to 14 
cm, with a mean of 7.04 ± 2.89 cm. Histologically, 9 
cases showed pure undifferentiated carcinoma, and the 
remaining 12 cases presented dedifferentiated carcino-
mas with visible differentiated adenocarcinoma com-
ponents. Other significant findings included rhabdoid 
morphology in 8 cases, extensive necrosis in 7 cases, 
and vascular invasion in 13 cases. Microscopically, 
the undifferentiated carcinomas or undifferentiated 
components showed a sheet-like growth pattern with 
incohesive cells ranging from small round to large ple-
omorphic. Some carcinoma cells contained abundant 
eosinophilic cytoplasm showing rhabdoid morphol-
ogy, whereas others contained reduced cytoplasm and 
increased nuclear/cytoplasmic ratio showing an imma-
ture appearance. The main clinicopathological features 
of the 21 cases are summarized in Table 2.

Immunohistochemical findings
All 21 enrolled cases showed the focal or variable inten-
sity of CK-pan expression. We observed SMARCA2 loss 
in 12 cases (57.14%), ARID1A loss in 5 cases (23.81%), 
and SMARCA4 loss in 3 cases (14.29%); however, we 
did not find any case showing SMARCB1 or ARID1B 
loss. Taken together, 14 cases (66.67%) showed any one 
of the SWI/SNF complex subunits loss, including 3 cases 
with ARID1A and SMARCA2 co-loss and 3 cases with 
SMARCA4 and SMARCA2 co-loss (Fig. 1). Of note, the 
ARID1A and SMARCA2 co-loss group showed MMR 
protein deficiency and P53 wild type; conversely, the 
SMARCA4 and SMARCA2 co-loss group showed MMR 
protein proficiency and P53 mutation. MMR proteins 
deficiency was observed in 5 cases, of which all showed 
PMS2 loss, 3 showed MLH1 loss, 1 showed MSH6 loss, 
and none showed MSH2 loss. CSC phenotype was 
observed in 12 cases, including SOX2 positive expression 
in 11 cases and SALL4 positive expression in 5 cases. 11 
cases showed P53 mutations, and 9 cases showed PD-L1 
positive. Details of the immunohistochemical staining 
results are summarized in Table 3.

We found a typical dedifferentiated carcinoma (case 
17) and a typical rhabdoid undifferentiated carcinoma 
(case 8) in this study (Fig. 2). H&E image of case 17 (A, 
× 40) showed the coexistence of normal glands, well-
differentiated adenocarcinoma components, and undif-
ferentiated components in which SMARCA2 expression 

Table 1  Summary of antibody information

Antibody Clone Source Dilution Manufacturer

ARID1A EPR13501 Rabbit 1:1000 Abcam

ARID1B 2D2 Mouse 1:500 Abcam

SMARCA2 EPR23103-44 Rabbit 1:400 Abcam

SMARCA4 E8V5B Rabbit working solution Origene

SMARCB1 25 Mouse working solution Origene

MSH2 RED2 Rabbit working solution Origene

MSH6 EP49 Rabbit working solution Origene

MLH1 ES05 Rabbit working solution Origene

PMS2 EP51 Rabbit working solution Origene

P53 DO-7 Mouse working solution Origene

PD-L1 SP263 Rabbit working solution Ventana, Roche

SOX2 EP103 Rabbit working solution Origene

SALL4 6E3 Mouse working solution Origene

CK-pan AE1/AE3 Mouse working solution Origene
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was reduced (B, × 200), and ARID1A expression was 
intact (C, × 200). H&E image of the case 8 presented a 
non-cohesive sheet-like structure (D, ×100) and rhab-
doid cell morphology (G, ×400) with loss of expression of 
SMARCA2 and ARID1A (E, F, ×200), and intact expres-
sion of SMARCA4 and SMARCB1 (H, I, ×200).

We observed a heterogeneous expression of SMARCA2 
and PD-L1 in case 15 (Fig.  3). In the adenocarcinoma 
components, SMARCA2 was intact (B, × 200) and PD-L1 
was negative (C, × 200); conversely, in the undifferenti-
ated components, SMARCA2 showed lost (H, × 200) and 
PD-L1 showed positive (I, × 200).

We found two kinds of histological structures in case 
21 (Fig.  4): nested and sheet-like structures (D×20, A, 
G×100), composed of undifferentiated neoplastic cells 
with distinct immunohistochemical expression profiles. 
In sheet-like structures, SMARCA4 was intact (B, ×100) 
and SOX2 was negative (C, ×100), while in nested archi-
tectures, SMARCA4 was lost (H, ×100) and SOX2 was 
positive (I, ×100).

Correlation analysis
We performed correlation analyses between the expres-
sion status of SWI/SNF complex and clinicopathological 
characters and found that the CSC phenotype was more 
likely to appear in the SWI/SNF complex deficient group 
(P = 0.0158) (Table 4).

Prognostic analysis
Survival analysis revealed that SWI/SNF complex defi-
ciency, undifferentiated status, and CSC phenotype 

Fig. 1  The Venn diagram showed concurrent loss of ARID1A, 
SMARCA2, and SMARCA4. The loss of SARMCA2 occurred most 
frequently and was often accompanied by simultaneous loss of other 
subunits. The 3 cases with SMARCA4 loss all showed concomitant 
SMARCA2 loss (i.e., SMARCA4 and SMARCA2 co-loss). Three cases 
showed ARID1A and SMARCA2 co-loss

Table 3  Immunohistochemistry results of 21 cases with undifferentiated/dedifferentiated gastric carcinoma

n* nested, s* sheet-like

ID P53 PD-L1 ARID1A ARID1B SMARCA2 SMARCA4 SMARCB1 MSH2 MSH6 MLH1 PMS2 SOX2 SALL4

1 Mutate Negative Present Present Present Present Present Present Present Present Present Positive Positive

2 Mutate Negative Present Present Lost Present Present Present Present Present Present Negative Positive

3 Mutate Positive Present Present Present Present Present Present Present Present Present Negative Negative

4 Wild Positive Lost Present Present Present Present Present Present Present Present Positive Negative

5 Wild Positive Present Present Present Present Present Present Present Lost Lost Negative Negative

6 Mutate Positive Present Present Present Present Present Present Present Present Present Negative Negative

7 Wild Negative Present Present Lost Present Present Present Present Present Present Positive Negative

8 Wild Positive Lost Present Lost Present Present Present Present Lost Lost Negative Negative

9 Mutate Positive Present Present Present Present Present Present Present Present Present Negative Negative

10 Mutate Negative Present Present Lost Lost Present Present Present Present Present Positive Positive

11 Wild Negative Present Present Present Present Present Present Present Present Present Negative Negative

12 Mutate Negative Present Present Lost Present Present Present Present Present Present Positive Positive

13 Mutate Positive Present Present Lost Lost Present Present Present Present Present Positive Negative

14 Wild Negative Lost Present Lost Present Present Present Lost Present Lost Positive Negative

15 Mutate Positive Present Present Lost Present Present Present Present Present Present Negative Negative

16 Wild Negative Present Present Lost Present Present Present Present Present Present Positive Negative

17 Mutate Negative Present Present Present Present Present Present Present Present Present Negative Negative

18 Mutate Negative Present Present Lost Lost Present Present Present Present Present Positive Positive

19 Wild Positive Lost Reduced Present Present Present Present Present Lost Lost Negative Negative

20 Wild Negative Lost Intact Lost Present Present Present Present Present Lost Positive Negative

21 Wild Negative Present Intact Lost n*: Losts*: Present Present Present Present Present Present n*: 
Positives*: 
Negative

Negative
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were associated with worse survival (P = 0.00084, 
0.0062, and 0.038, respectively). For SWI/SNF com-
plex subunits, both SMARCA2 and SMARCA4 showed 
worse survival in the lost group (P = 0.00014, and 
0.039, respectively), whereas loss of ARID1A was not 
associated with survival (Fig. 5). We performed univari-
ate Cox regression analysis and screened four variables 
with P < 0.1, including differentiation type, SMARCA4, 
SWI/SNF complex, and CSC phenotype (Table S1). In 
the subsequent multivariate Cox regression analysis, 
we included not only the above four variables but also 
the T stage and N stage, which were acknowledged to 
have an essential influence on prognosis. Finally, we 
obtained three variables independently associated with 

prognosis: differentiation type, SWI/SNF complex, and 
N stage (Fig. 6).

Discussion
Currently, increasing evidence indicates that undiffer-
entiated/dedifferentiated carcinoma is derived from 
the dedifferentiation of normal tissue. For instance, the 
same molecular aberration was found in the undiffer-
entiated and corresponding endometrial components 
in dedifferentiated endometrial carcinoma [14]. Our 
current study also supports this notion, as we found a 
typical image (Fig. 2A) containing various components 
of normal glands, adenocarcinoma, and undifferenti-
ated carcinoma. In this study, SMARCA2 exhibited the 

Fig. 2  Representative images of dedifferentiated carcinoma and rhabdoid undifferentiated carcinoma. Case 17 was a typical dedifferentiated 
carcinoma and showed the coexistence of normal glands, well-differentiated adenocarcinoma components, and undifferentiated components at 
low magnification (A, arrows, × 40). The undifferentiated components showed reduced expression of SMARCA2 (B, × 200) and intact expression 
of ARID1A (C, × 200). Case 8 was a typical rhabdoid undifferentiated carcinoma and showed a non-cohesive sheet-like growth pattern at low 
magnification (D, × 100). The neoplastic cells presented polygonal or round with abundant eosinophilic cytoplasm, and the nuclei were large 
and vacuolated with prominent nucleoli at high magnification (G, ×400). SMARCA2 and ARID1A showed a complete loss, accompanied by strong 
staining of the surrounding lymphocytes (E, F, ×200), while SMARCA4 and SMARCB1 showed diffuse intense staining (H, I, ×200)
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highest loss ratio (12/21, 57.14%), followed by ARID1A 
(5/21, 23.81%) and SMARCA4 (3/21, 14.29%). The loss 
ratio of the above three subunits in undifferentiated/
dedifferentiated gastric carcinoma was significantly 
higher than that in ordinary gastric adenocarcinoma 
[8, 9], suggesting a correlation between the differentia-
tion status and the loss of SWI/SNF complex subunits. 
Our current study also showed the CSC phenotype 
appeared more frequently in the SWI/SNF complex 
deficient group (Table  4). SWI/SNF inactivation can 
interfere with cell lineage-specific differentiation, 
resulting in cell arrest at an undifferentiated stage and 
acquisition of self-renewal capacity, and even cause 
progenitor cells to reverse to stem cells [15]. We infer 
that the SWI/SNF complex subunits loss is involved 

in the dedifferentiation process of tumors and further 
induces the CSC phenotype.

In this study, neither SMARCB1 nor ARID1B exhib-
ited the lost expression pattern, and the loss of ARID1A 
did not correlate with survival. In contrast, the loss 
of SMARCA2 and SMARCA4 resulted in worse sur-
vival, implicating the essential role of the two subunits 
in undifferentiated/dedifferentiated gastric carcinoma. 
A pan-cancer study showed an opposing prognosis for 
SMARCA2 and SMARCA4 in several types of tumors 
[16]. We speculate that the two subunits do not function 
equally in different tumors despite their 75% structural 
homology [17].

The loss of SMARCA2 often underlies tumorigen-
esis caused by the loss of SMARCA4 [18]. In this study, 

Fig. 3  Heterogeneous expression pattern of SMARCA2 and PD-L1 in dedifferentiated carcinoma (case 15). Prominent adenocarcinoma 
components and undifferentiated components were observed in case 15 (D, arrows, ×40). The adenocarcinoma components showed a prominent 
glandular cavity (A, × 200), and the undifferentiated components showed neoplastic cells loosely arranged in a patchy pattern, a moderate amount 
of pale eosinophilic cytoplasm with a large nucleus; focal cytoplasm showed clear (G, ×200). In the adenocarcinoma components, SMARCA2 was 
intact (B, × 200), and PD-L1 was negative (C, × 200); while in the undifferentiated components, SMARCA2 showed complete loss (H, × 200), and 
PD-L1 showed diffused moderate positive expression (I, × 200)
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the three cases with SMARCA4 loss identified in this 
study all showed synchronous SMARCA2 loss (i.e., 
SMARCA4 and SMARCA2 co-loss group), and three of 
the five cases with ARID1A loss displayed concomitant 
SMARCA2 loss (i.e., ARID1A and SMARCA2 co-loss 
group). The immunohistochemical expression pat-
terns of MMR proteins and p53 differed between the 
two groups. ARID1A is involved in regulating MMR 
proteins [19], so the ARID1A and SMARCA2 co-loss 
group presented MMR protein deficiency, consistent 
with what has been reported in the literature [20]. The 
activity of p53 is dually regulated by SMARCA2 and 
SMARCA4 [21]; thus, p53 is mutated in SMARCA4 
and SMARCA2 co-loss group, whereas p53 appears 

wild-type in ARID1A and SMARCA2 co-loss group 
due to the presence of the compensatory subunit 
SMARCA4.

Concurrent loss of SMARCA4 and SMARCA2 was 
identified in another study of undifferentiated gastro-
intestinal tract carcinomas [11] and have also been 
described in SCCOHT [22] and thoracic SMARCA4-
DUT [23]. It is worth mentioning that thoracic 
SMARCA4-DUT shows strong expression of one or more 
stem cell markers, SOX2, CD34, or SALL4, in addition 
to the simultaneous loss of SMARCA4 and SMARCA2 
[23, 24], which is consistent with our results that three 
cases with SMARCA4 loss showed concomitant loss 
of SMARCA2 and also SOX2 or SALL4 expression. 

Fig. 4  Heterogeneous expression pattern of SMARCA4 and SOX2 in undifferentiated carcinoma (case 21). Two kinds of histological structures were 
observed in case 21: nested and sheet-like structures (D, arrows, ×20), both of which were composed of undifferentiated neoplastic cells. In the 
sheet-like structure, neoplastic cells showed a pleomorphic appearance with abundant eosinophilic cytoplasm, and multinucleated tumor giant 
cells were occasionally observed (A, arrows, ×100). The nested structure was composed of monotonous small round neoplastic cells with poor 
cohesion, scant cytoplasm, and large nuclei (G, ×100). In sheet-like structure, SMARCA4 was intact (B, ×100) and SOX2 was negative (C, ×100), 
while in nested architecture, SMARCA4 showed complete loss (H, ×100) and SOX2 showed diffused intense positive expression (I, ×100)
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Table 4  Correlations of the SWI/SNF complex with clinicopathological characters

IQR interquartile range, SD standard deviation, MMR mismatch repair proteins, dMMR MMR deficient, pMMR MMR proficient, CSC cancer stem cells

SWI/SNF complex

Variables Total (n = 21) Deficient (n = 14) Intact (n = 7) P value

Sex 1

  Female 4 (19.05) 3 (21.43) 1 (14.29)

  Male 17 (80.95) 11 (78.57) 6 (85.71)

Age 0.2941

  Median (IQR) 68 (61,70) 65.5 (58,70) 70 (66.5,72)

CellMorphology 1

  NonRhabdoid 13 (61.9) 9 (64.29) 4 (57.14)

  Rhabdoid 8 (38.1) 5 (35.71) 3 (42.86)

DifferentiationType 0.6424

  Dedifferentiation 12 (57.14) 7 (50) 5 (71.43)

  Undifferentiated 9 (42.86) 7 (50) 2 (28.57)

Site 1

  Gastric antrum 13 (61.9) 8 (57.14) 5 (71.43)

  Gastric body 7 (33.33) 5 (35.71) 2 (28.57)

  Gastric fundus 1 (4.76) 1 (7.14) 0 (0)

Size (cm) 0.9099

  Mean (SD) 7.04 (2.89) 6.99 (2.66) 7.14 (3.52)

T_Stage 0.6244

  T1&T2 5 (23.81) 4 (28.57) 1 (14.29)

  T3&T4 16 (76.19) 10 (71.43) 6 (85.71)

N_Stage 1

  N- 9 (42.86) 6 (42.86) 3 (42.86)

  N+ 12 (57.14) 8 (57.14) 4 (57.14)

M_Stage 1

  M0 20 (95.24) 13 (92.86) 7 (100)

  M1 1 (4.76) 1 (7.14) 0 (0)

TNM_Stage 1

  I&II 9 (42.86) 6 (42.86) 3 (42.86)

  III&IV 12 (57.14) 8 (57.14) 4 (57.14)

VascularInvasion 0.1736

  No 8 (38.1) 7 (50) 1 (14.29)

  Yes 13 (61.9) 7 (50) 6 (85.71)

Necrosis 0.3371

  No 14 (66.67) 8 (57.14) 6 (85.71)

  Yes 7 (33.33) 6 (42.86) 1 (14.29)

P53 0.3615

  Mutate 11 (52.38) 6 (42.86) 5 (71.43)

  Wild 10 (47.62) 8 (57.14) 2 (28.57)

PD-L1 0.3972

  Negative 12 (57.14) 9 (64.29) 3 (42.86)

  Positive 9 (42.86) 5 (35.71) 4 (57.14)

MMR 0.6244

  dMMR 5 (23.81) 4 (28.57) 1 (14.29)

  pMMR 16 (76.19) 10 (71.43) 6 (85.71)

CSCphenotype 0.0158

  Negative 9 (42.86) 3 (21.43) 6 (85.71)

  Positive 12 (57.14) 11 (78.57) 1 (14.29)
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Whether the new terminology “SMARCA4-DUT,” used 
by WHO in 2021 in thoracic tumors, applies equally to 
gastric carcinoma still needs more in-depth studies with 
larger samples. SCCOHT and thoracic SMARCA4-DUT 
share similarities in morphologic, immunophenotypic, 
and molecular features [22, 23], further demonstrating 
that SMARCA4-lost malignancies represent a unique 
subgroup of tumors with typical morphologic and immu-
nohistochemical features [25].

Immunohistochemical loss of SMARCA2 and SMARCA4 
can occur simultaneously or independently, and undif-
ferentiated carcinomas with SMARCA2 loss without 
SMARCA4 loss have also been reported [26], suggesting 
that SMARCA2 loss was also involved in the process of 
tumor dedifferentiation [24]. In this study, SMARCA2 was 
the most frequently lost subunit, while it was not thoroughly 
investigated in undifferentiated carcinomas compared with 
SMARCA4. Many studies have demonstrated that the defi-
ciency of SMARCA4 is closely associated with undiffer-
entiated lesions. For example, SMARCA4 deficiency was 
the most common driver in small cell carcinoma of the 
ovary hypercalcemic type (SCCOHT) [22] and thoracic 

SMARCA4-deficient undifferentiated tumor (SMARCA4-
DUT) [23], while the role of SMARCA2 in the development 
and progression of undifferentiated carcinomas has been 
neglected, and more studies are needed in the future.

SWI/SNF-deficient undifferentiated carcinoma is a 
rare type in histopathology that does not respond well 
to the therapeutic strategies used for ordinary gastric 
adenocarcinomas. Moreover, due to its rarity, large-scale 
clinical trials for a specific subunit are almost impossi-
ble, and there is no consensus regarding their effective 
treatment currently. The following options can be con-
sidered for the management of patients with SWI/SNF-
deficient malignancies. In tumors with SMARCA4 loss, 
SMARCA2 serves as a promising therapeutic target, 
namely a synthetic lethal therapy targeting the ATPase 
domain or bromodomain of SMARCA2 [27]. Enhancer 
of zeste homolog 2 (EZH2) is the enzymatic catalytic 
subunit of polycomb repressive complex 2 (PRC2), and 
in tumors with SMARCA2 loss mediated by PRC2, EZH2 
inhibitors show antitumor activity [28]. Studies have con-
firmed that the inactivation of the SWI/SNF complex can 
increase the sensitivity of tumors to immune checkpoint 

Fig. 5  Kaplan-Meier survival curves for the undifferentiated and dedifferentiated gastric carcinoma. SWI/SNF complex deficient, undifferentiated 
status, CSC phenotype, SAMRCA2 loss, and SAMRCA4 loss were detrimental to overall survival (A, B, C, D, E). While ARID1A expression status had no 
impact on overall survival (F). OS, overall survival; Dediff, dedifferentiated; Undiff, undifferentiated; CSC, cancer stem cell
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inhibitors (ICI), indicating ICI is also an important thera-
peutic option [29].

The limitations of this study were as follows. First, we 
enrolled only postoperative cases and excluded those 
who underwent needle biopsy since the latter’s tissue 
was too little to be eligible for this study. Second, we per-
formed univariate and multivariate Cox regression anal-
yses based on small sample size so that the conclusions 
may be biased. Finally, the reduced expression pattern of 
SWI/SNF complex subunits accounts for only a minor-
ity. We integrated them with the intact expression pat-
tern, so the biological significance of reduced expression 
is unclear.

Conclusion
In summary, we evaluated the expression of the SWI/
SNF complex subunits in undifferentiated/dedifferenti-
ated gastric carcinoma. We focused mainly on the cor-
relation of the SWI/SNF complex with CSC phenotype 
and prognosis. We finally determined that the SWI/
SNF complex deficiency was an independent prognos-
tic factor for undifferentiated/dedifferentiated gastric 

carcinoma. Meanwhile, considering the poor prognosis 
of undifferentiated/dedifferentiated gastric carcinoma, 
it is recommended to carry out immunohistochemical 
examinations of SWI/SNF complex subunits, especially 
SMARCA2 and SMARCA4, further to implement strati-
fication for precise and individualized treatment.

Abbreviations
SWI/SNF: Switch/sucrose nonfermentable; ATPase: Adenosine triphosphatase; 
SMARCA4: SWI/SNF-related, matrix-associated, actin-dependent regulator 
of chromatin, subfamily A, member 4; SMARCA2: SWI/SNF-related, matrix-
associated, actin-dependent regulator of chromatin, subfamily A, member 2; 
ARID1A: AT-rich interaction domain 1A; ARID1B: AT-rich interaction domain 
1B; SMARCB1: SWI/SNF-related, matrix-associated, actin-dependent regulator 
of chromatin, subfamily B, member 1; SOX2: SRY-box transcription factor 2; 
SALL4: Palt-like transcription factor 4; MLH1: MutL homolog 1; MSH2: MutS 
homolog 2; MSH6: MutS homolog 6; PMS2: PMS1 homolog, mismatch repair 
system component 2; EBER-ISH: Epstein-Barr virus (EBV)-encoded small RNA 
in situ hybridization; MMR: Mismatch repair; dMMR: MMR-deficient; pMMR: 
MMR-proficient; H&E: Hematoxylin and eosin; FFPE: Formalin-fixed and par-
affin-embedded; OS: Overall survival; CSC: Cancer stem cells; SCCOHT: Small 
cell carcinoma of the ovary hypercalcemic type; SMARCA4-DUT: SMARCA4-
deficient undifferentiated tumor; SDUS: SMARCA4-deficient uterine sarcomas; 
EZH2: Enhancer of zeste homolog 2; PRC2: Polycomb repressive complex 2; ICI: 
Immune checkpoint inhibitors.

Fig. 6  Forest plot of multivariate Cox regression analysis. Three variables independently associated with prognosis were screened: differentiation 
type, SWI/SNF complex, and N stage. HR, hazard ratio; CI, confidence interval; CSC, cancer stem cell



Page 12 of 13Zhang et al. World Journal of Surgical Oncology          (2022) 20:383 

Supplementary Information
The online version contains supplementary material available at https://​doi.​
org/​10.​1186/​s12957-​022-​02847-0.

Additional file 1: Table S1. Univariate and multivariate Cox regression 
analysis.

Acknowledgements
Not applicable.

Authors’ contributions
Study design: ZZ, SZ. Patient tissue collection: ZZ, SS, ZL, SX. Pathology review: 
SZ, ZZ, QJL. Supply of reagents: QL, YZ, MZ. Data analysis: ZZ, SS. Manuscript: ZZ. 
Manuscript review: SZ, ZGC. The authors read and approved the final manuscript.

Funding
None.

Availability of data and materials
The datasets for the current study are available from the corresponding 
author.

Declarations

Ethics approval and consent to participate
This study was approved by the Ethics Review Board of the Weihai Municipal 
Hospital (permission code: 2021053). The Ethics Review Board considered that 
informed consent was not required for this study due to its retrospective design.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Weihai Municipal Hospital, Shandong University, Weihai 264200, Shan-
dong, China. 2 Department of Oncology, Shouguang People’s Hospital, 
Weifang 262700, Shandong, China. 3 Department of Pathology, Weihai 
Municipal Hospital, Shandong University, Weihai 264200, Shandong, China. 
4 Department of Oncology, Weihai Municipal Hospital, Shandong University, 
Weihai 264200, Shandong, China. 5 Weifang Medical College, Weifang 261053, 
Shandong, China. 6 Department of Environmental Health, University of Fukui 
School of Medical Science, 23-3 Matsuoka Shimoaizuki, Eiheiji, Fukui 910‑1193, 
Japan. 7 Department of Pathology, Qinghai Provincial People’s Hospital, Xin-
ing 810000, Qinghai, China. 

Received: 21 May 2022   Accepted: 20 November 2022

References
	1.	 Nagtegaal ID, Odze RD, Klimstra D, Paradis V, Rugge M, Schirmacher P, 

et al. The 2019 WHO classification of tumours of the digestive system. 
Histopathology. 2020;76:182–8. https://​doi.​org/​10.​1111/​his.​13975.

	2.	 Centore RC, Sandoval GJ, Soares LMM, Kadoch C, Chan HM. mammalian 
SWI/SNF chromatin remodeling complexes: emerging mechanisms and 
therapeutic strategies. Trends Genet. 2020;36:936–50. https://​doi.​org/​10.​
1016/j.​tig.​2020.​07.​011.

	3.	 Clapier CR, Iwasa J, Cairns BR, Peterson CL. Mechanisms of action and 
regulation of ATP-dependent chromatin-remodelling complexes. Nat Rev 
Mol Cell Biol. 2017;18:407–22. https://​doi.​org/​10.​1038/​nrm.​2017.​26.

	4.	 Horton RK, Ahadi M, Gill AJ, Said S, Chen ZE, Bakhshwin A, et al. 
SMARCA4/SMARCA2-deficient carcinoma of the esophagus and gastroe-
sophageal junction. Am J Surg Pathol. 2021;45:414–20. https://​doi.​org/​10.​
1097/​PAS.​00000​00000​001599.

	5.	 Atashzar MR, Baharlou R, Karami J, Abdollahi H, Rezaei R, Pourramezan F, 
et al. Cancer stem cells: a review from origin to therapeutic implications. J 
Cell Physiol. 2020;235:790–803. https://​doi.​org/​10.​1002/​jcp.​29044.

	6.	 Zhang X, Hua R, Wang X, Huang M, Gan L, Wu Z, et al. Identification of 
stem-like cells and clinical significance of candidate stem cell markers 
in gastric cancer. Oncotarget. 2016;7:9815–31. https://​doi.​org/​10.​18632/​
oncot​arget.​6890.

	7.	 Zhang L, Xu Z, Xu X, Zhang B, Wu H, Wang M, et al. SALL4, a novel 
marker for human gastric carcinogenesis and metastasis. Oncogene. 
2014;33:5491–500. https://​doi.​org/​10.​1038/​onc.​2013.​495.

	8.	 Gluckstein MI, Dintner S, Arndt TT, Vlasenko D, Schenkirsch G, Agaimy 
A, et al. Comprehensive immunohistochemical study of the SWI/SNF 
complex expression status in gastric cancer reveals an adverse prognosis 
of SWI/SNF deficiency in genomically stable gastric carcinomas. Cancers 
(Basel). 2021:13. https://​doi.​org/​10.​3390/​cance​rs131​53894.

	9.	 Huang SC, Ng KF, Chang IY, Chang CJ, Chao YC, Chang SC, et al. The 
clinicopathological significance of SWI/SNF alterations in gastric cancer 
is associated with the molecular subtypes. PLoS One. 2021;16:e0245356. 
https://​doi.​org/​10.​1371/​journ​al.​pone.​02453​56.

	10.	 Kim YB, Ham IH, Hur H, Lee D. Various ARID1A expression patterns and 
their clinical significance in gastric cancers. Hum Pathol. 2016;49:61–70. 
https://​doi.​org/​10.​1016/j.​humpa​th.​2015.​10.​008.

	11.	 Chang B, Sheng W, Wang L, Zhu X, Tan C, Ni S, et al. SWI/SNF complex-
deficient undifferentiated carcinoma of the gastrointestinal tract: 
clinicopathologic study of 30 cases with an emphasis on variable mor-
phology, immune features, and the prognostic significance of different 
SMARCA4 and SMARCA2 subunit deficiencies. Am J Surg Pathol. 2021. 
https://​doi.​org/​10.​1097/​PAS.​00000​00000​001836.

	12.	 Bosch F, Todorova R, Link H, Westphalen CB, Boeck S, Heinemann V, et al. 
Molecular subtyping of gastric cancer with respect to the growth pattern 
of lymph-node metastases. J Cancer Res Clin Oncol. 2019;145:2689–97. 
https://​doi.​org/​10.​1007/​s00432-​019-​03029-4.

	13.	 Thompson ED, Zahurak M, Murphy A, Cornish T, Cuka N, Abdelfatah E, 
et al. Patterns of PD-L1 expression and CD8 T cell infiltration in gastric 
adenocarcinomas and associated immune stroma. Gut. 2017;66:794–801. 
https://​doi.​org/​10.​1136/​gutjnl-​2015-​310839.

	14.	 Karnezis AN, Hoang LN, Coatham M, Ravn S, Almadani N, Tessier-Cloutier 
B, et al. Loss of switch/sucrose non-fermenting complex protein expres-
sion is associated with dedifferentiation in endometrial carcinomas. Mod 
Pathol. 2016;29:302–14. https://​doi.​org/​10.​1038/​modpa​thol.​2015.​155.

	15.	 Alver BH, Kim KH, Lu P, Wang X, Manchester HE, Wang W, et al. The SWI/
SNF chromatin remodelling complex is required for maintenance of line-
age specific enhancers. Nat Commun. 2017;8:14648. https://​doi.​org/​10.​
1038/​ncomm​s14648.

	16.	 Guerrero-Martinez JA, Reyes JC. High expression of SMARCA4 or 
SMARCA2 is frequently associated with an opposite prognosis in cancer. 
Sci Rep. 2018;8:2043. https://​doi.​org/​10.​1038/​s41598-​018-​20217-3.

	17.	 Chiba H, Muramatsu M, Nomoto A, Kato H. Two human homologues 
of Saccharomyces cerevisiae SWI2/SNF2 and Drosophila brahma are 
transcriptional coactivators cooperating with the estrogen receptor 
and the retinoic acid receptor. Nucleic Acids Res. 1994;22:1815–20. 
https://​doi.​org/​10.​1093/​nar/​22.​10.​1815.

	18.	 Wilson BG, Helming KC, Wang X, Kim Y, Vazquez F, Jagani Z, et al. Resid-
ual complexes containing SMARCA2 (BRM) underlie the oncogenic 
drive of SMARCA4 (BRG1) mutation. Mol Cell Biol. 2014;34:1136–44. 
https://​doi.​org/​10.​1128/​MCB.​01372-​13.

	19.	 Shen J, Ju Z, Zhao W, Wang L, Peng Y, Ge Z, et al. ARID1A deficiency 
promotes mutability and potentiates therapeutic antitumor immunity 
unleashed by immune checkpoint blockade. Nat Med. 2018;24:556–62. 
https://​doi.​org/​10.​1038/​s41591-​018-​0012-z.

	20.	 Wang K, Kan J, Yuen ST, Shi ST, Chu KM, Law S, et al. Exome sequencing 
identifies frequent mutation of ARID1A in molecular subtypes of gastric 
cancer. Nat Genet. 2011;43:1219–23. https://​doi.​org/​10.​1038/​ng.​982.

	21.	 Xu Y, Zhang J, Chen X. The activity of p53 is differentially regulated by 
Brm- and Brg1-containing SWI/SNF chromatin remodeling complexes. J 
Biol Chem. 2007;282:37429–35. https://​doi.​org/​10.​1074/​jbc.​M7060​39200.

	22.	 Karnezis AN, Wang Y, Ramos P, Hendricks WP, Oliva E, D’Angelo E, et al. Dual 
loss of the SWI/SNF complex ATPases SMARCA4/BRG1 and SMARCA2/BRM 
is highly sensitive and specific for small cell carcinoma of the ovary, hypercal-
caemic type. J Pathol. 2016;238:389–400. https://​doi.​org/​10.​1002/​path.​4633.

https://doi.org/10.1186/s12957-022-02847-0
https://doi.org/10.1186/s12957-022-02847-0
https://doi.org/10.1111/his.13975
https://doi.org/10.1016/j.tig.2020.07.011
https://doi.org/10.1016/j.tig.2020.07.011
https://doi.org/10.1038/nrm.2017.26
https://doi.org/10.1097/PAS.0000000000001599
https://doi.org/10.1097/PAS.0000000000001599
https://doi.org/10.1002/jcp.29044
https://doi.org/10.18632/oncotarget.6890
https://doi.org/10.18632/oncotarget.6890
https://doi.org/10.1038/onc.2013.495
https://doi.org/10.3390/cancers13153894
https://doi.org/10.1371/journal.pone.0245356
https://doi.org/10.1016/j.humpath.2015.10.008
https://doi.org/10.1097/PAS.0000000000001836
https://doi.org/10.1007/s00432-019-03029-4
https://doi.org/10.1136/gutjnl-2015-310839
https://doi.org/10.1038/modpathol.2015.155
https://doi.org/10.1038/ncomms14648
https://doi.org/10.1038/ncomms14648
https://doi.org/10.1038/s41598-018-20217-3
https://doi.org/10.1093/nar/22.10.1815
https://doi.org/10.1128/MCB.01372-13
https://doi.org/10.1038/s41591-018-0012-z
https://doi.org/10.1038/ng.982
https://doi.org/10.1074/jbc.M706039200
https://doi.org/10.1002/path.4633


Page 13 of 13Zhang et al. World Journal of Surgical Oncology          (2022) 20:383 	

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

	23.	 Perret R, Chalabreysse L, Watson S, Serre I, Garcia S, Forest F, et al. 
SMARCA4-deficient thoracic sarcomas: clinicopathologic study of 30 
cases with an emphasis on their nosology and differential diagnoses. Am 
J Surg Pathol. 2019;43:455–65. https://​doi.​org/​10.​1097/​PAS.​00000​00000​
001188.

	24.	 Rekhtman N, Montecalvo J, Chang JC, Alex D, Ptashkin RN, Ai N, et al. 
SMARCA4-deficient thoracic sarcomatoid tumors represent primarily 
smoking-related undifferentiated carcinomas rather than primary tho-
racic sarcomas. J Thorac Oncol. 2020;15:231–47. https://​doi.​org/​10.​1016/j.​
jtho.​2019.​10.​023.

	25.	 Chetty R, Serra S. SMARCA family of genes. J Clin Pathol. 2020;73:257–60. 
https://​doi.​org/​10.​1136/​jclin​path-​2020-​206451.

	26.	 Iwakoshi A, Sasaki E, Sato M, Sugiyama K, Kogure Y, Kitagawa C, et al. 
Thoracic SMARCA2-deficient but SMARCA4-preserved tumors with undif-
ferentiated morphology combined with claudin-4 negativity. Am J Surg 
Pathol. 2022. https://​doi.​org/​10.​1097/​PAS.​00000​00000​001879.

	27.	 Hoffman GR, Rahal R, Buxton F, Xiang K, McAllister G, Frias E, et al. 
Functional epigenetics approach identifies BRM/SMARCA2 as a critical 
synthetic lethal target in BRG1-deficient cancers. Proc Natl Acad Sci U S A. 
2014;111:3128–33. https://​doi.​org/​10.​1073/​pnas.​13167​93111.

	28.	 Januario T, Ye X, Bainer R, Alicke B, Smith T, Haley B, et al. PRC2-medi-
ated repression of SMARCA2 predicts EZH2 inhibitor activity in SWI/
SNF mutant tumors. Proc Natl Acad Sci U S A. 2017;114:12249–54. 
https://​doi.​org/​10.​1073/​pnas.​17039​66114.

	29.	 Abou Alaiwi S, Nassar AH, Xie W, Bakouny Z, Berchuck JE, Braun DA, et al. 
Mammalian SWI/SNF complex genomic alterations and immune check-
point blockade in solid tumors. Cancer Immunol Res. 2020;8:1075–84. 
https://​doi.​org/​10.​1158/​2326-​6066.​CIR-​19-​0866.

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

https://doi.org/10.1097/PAS.0000000000001188
https://doi.org/10.1097/PAS.0000000000001188
https://doi.org/10.1016/j.jtho.2019.10.023
https://doi.org/10.1016/j.jtho.2019.10.023
https://doi.org/10.1136/jclinpath-2020-206451
https://doi.org/10.1097/PAS.0000000000001879
https://doi.org/10.1073/pnas.1316793111
https://doi.org/10.1073/pnas.1703966114
https://doi.org/10.1158/2326-6066.CIR-19-0866

	Clinicopathological and prognostic significance of SWISNF complex subunits in undifferentiated gastric carcinoma
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Cases collection
	Immunohistochemistry
	Statistical analysis

	Results
	Clinicopathological features
	Immunohistochemical findings
	Correlation analysis
	Prognostic analysis

	Discussion
	Conclusion
	Acknowledgements
	References


