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Abstract
Background Pyroptosis is a type of programmed cell death mediated by the gasdermin family. Gasdermin B 
(GSDMB), as a member of gasdermin family, can promote the occurrence of cell pyroptosis. However, the correlations 
of the GSDMB expression in colorectal cancer with clinicopathological predictors, immune microenvironment, and 
prognosis are unclear.

Methods Specimens from 267 colorectal cancer cases were analyzed by immunohistochemistry to determine 
GSDMB expression, CD3+, CD4+, and CD8+ T lymphocytes, CD20+ B lymphocytes, CD68+ macrophages, and S100A8+ 
immune cells. GSDMB expression in cancer cells was scored in the membrane, cytoplasm, and nucleus respectively. 
GSDMB+ immune cell density was calculated. Univariate and multivariate survival analyses were performed. The 
association of GSDMB expression with other clinicopathological variables and immune cells were also analyzed. 
Double immunofluorescence was used to identify the nature of GSDMB+ immune cells. Cytotoxicity assays and 
sensitivity assays were performed to detect the sensitivity of cells to 5-fluorouracil.

Results Multivariate survival analysis showed that cytoplasmic GSDMB expression was an independent favorable 
prognostic indicator. Patients with positive cytoplasmic or nuclear GSDMB expression would benefit from 
5-fluorouracil based chemotherapy. The assays in vitro showed that high GSDMB expression enhanced the sensitivity 
of colorectal cancer cells to 5-fluorouracil. Patients with positive membranous or nuclear GSDMB expression had 
more abundant S100A8+ immune cells in the tumor invasive front. Positive nuclear GSDMB expression indicated 
more CD68+ macrophages in the tumor microenvironment. Moreover, GSDMB+ immune cell density in the stroma 
was associated with a higher neutrophil percentage but a lower lymphocyte counts and monocyte percentage in 
peripheral blood. Furthermore, the results of double immunofluorescence showed that GSDMB co-expressed with 
CD68 or S100A8 in stroma cells.

Conclusion The GSDMB staining patterns are linked to its role in cancer progression, the immune microenvironment, 
systemic inflammatory response, chemotherapeutic efficacy, and prognosis. Colorectal cancer cells with high GSDMB 
expression are more sensitive to 5-fluorouracil. However, GSDMB expression in immune cells has different effects on 
cancer progression from that in cancer cells.
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Introduction
Cancer is a leading cause of death worldwide. Although 
the incidence and mortality of colorectal cancer (CRC) 
is declining in some countries owing to widespread 
colonoscopy screening and improved treatment, CRC 
still ranks third globally in morbidity (10.0%) and sec-
ond in mortality (9.4%) [1]. Remarkable recent progress 
has been made in the field of cancer–microenvironment 
interaction, which has made a profound impact on the 
prognostic evaluation and treatment of cancer. Hence, 
gaining an in-depth understanding of the development of 
the great heterogeneity within cell types and their distri-
bution in the tumor immune microenvironment (TIM) is 
urgently needed.

Pyroptosis was initially regarded as caspase-1-medi-
ated cell death. However, recent studies have found that 
pyroptosis is executed by the gasdermin (GSDM) pro-
tein family, which can be cleaved in the linker between 
the amino-terminal GSDM-N and carboxy-terminal 
GSDM-C domains by caspase-1/3/7/8 and granzymes, 
etc [2–6]. . Pyroptosis has thus been redefined as GSDM-
mediated programmed cell death in 2015 [7]. Generally, 
C-terminal domain of GSDMs is an inhibitory domain 
that prevents the N-terminal domain from transferring 
to the cell membrane and forming pores. Once liberated, 
the N-terminal domain oligomerizes and perforates the 
cell membrane to release the cellular contents and induce 
cell lysis [8]. The GSDM family consists of GSDMA, 
GSDMB, GSDMC, GSDMD, GSDME (or deafness, auto-
somal dominant 5, DFNA5), and DFNB59 (or pejvakin). 
All members have strong sequence similarities in their N- 
terminal regions.

GSDMB is distinct among all members of the GSDM 
family because it is the only one absent in the mouse and 
rat genomes [9]. Chao et al. [10] reported that both the 
full-length and N-terminal domain of GSDMB (GSDMB-
N) could bind to the major lipid species (phosphoinosit-
ide [PI], and sulfatide) in the mammalian cell membrane. 
However, Hansen et al. [11] found that neither the full-
length GSDMB nor GSDMB-N bound to PI and sul-
fatide, but the GSDMB-N interacted with cardiolipin, 
phosphatidylglycerol, and lipid A to induce pore forma-
tion. Furthermore, GSDMB could be cleaved by cas-
pase-1/3/4/6/7/8/9 and granzyme A, among others [4, 
12–14].

Intriguingly, as an executor of pyroptosis, many stud-
ies have reported that GSDMB expression is upregulated 
in cancer tissues [15–17]. In human epidermal growth 
factor receptor 2-positive breast cancer, GSDMB pro-
motes metastasis, and indicates a poor prognosis and 
weaker therapeutic response [15, 18, 19]. In CRC, how 

is GSDMB expression correlated with various clinico-
pathological parameters? Does GSDMB expression affect 
the prognosis and efficacy of 5-fluorouracil (5-Fu) based 
chemotherapy?

Pyroptosis can be avoided by repairing damage in 
the plasma membrane [20]. Nonetheless, pores or pre-
pores created by GSDM family mediate the release of 
pro-inflammatory factors, which induce strong immune 
reactions around the cell [21]. Contrary to many stud-
ies that suggesting that GSDMB forms pores in the cell 
membrane and causes pyroptosis [4, 11, 13, 22], two pre-
vious studies have shown that the overexpression of the 
GSDMB-N subunit failed to induce pore formation [14, 
23].

In a study on the 4T1 mammary tumor graft, 
GSDMA3-mediated pyroptosis in less than 15% of 
tumor cells was sufficient to eliminate the entire tumor 
by inducing effective antitumor immunity [24]. Growing 
evidence has shown that innate immunocytes (macro-
phages, neutrophils, etc.) and adaptive immune cells (T 
and B cells) found in the tumor microenvironment con-
tribute to tumor progression. Our previous study found 
that the density of S100A8+ cells in the tumor invasive-
front (TIF) was an indicator of a good prognosis in CRC 
[25]. S100A8+ cells are mainly composed of the myeloid 
lineage including granulocytes and monocytes. GSDMB 
is involved in some immune diseases, such as asthma and 
inflammatory bowel disease [10], and is also expressed in 
immune cells [11, 14]. However, the relationship between 
GSDMB and the cancer immune microenvironment is 
unclear.

The release of pro-inflammatory intracellular contents 
during pyroptosis may initiate systemic inflammation. 
The association between GSDMB expression and sys-
temic inflammation is still unknown. The amount and 
proportion of different immune cells in peripheral blood, 
the lymphocyte-to-monocyte ratio (LMR), neutrophil-
to-lymphocyte ratio (NLR), platelet-to-lymphocyte ratio 
(PLR) and prognostic nutritional index (PNI, sum of 
albumin and lymphocyte counts) were considered repre-
sentative of the systemic immune response in our study.

GSDMB is expressed broadly in gastrointestinal epithe-
lia, and is located in membrane, cytoplasm, and nucleus 
[4, 17]. However, the clinical significance and function of 
GSDMB expression in different subcellular locations are 
still unclear. In this study, we evaluated the expression 
of GSDMB in the membrane, cytoplasm, and nucleus of 
cancer cells, as well as in the TIM, and assessed the dis-
tribution and density of some types of immune cells in 
267 CRC samples with follow-up information. We fur-
ther explored the association of GSDMB expression in 
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different subcellular localizations with tumor progres-
sion, TIM, systemic inflammation, chemotherapeutic 
efficacy and overall survival.

Methods
Case materials
In all 267 cases with sporadic CRC that did not undergo 
preoperative chemotherapy or radiotherapy, 215 patients 
survived, whereas 52 were deceased at the end of follow-
up. The follow-up period ranged from 1 to 153 months, 
with a median of 27 months and a mean of 40.6 months. 
One patient who died within 1 month after surgery was 
excluded from subsequent survival analyses. Of the 267 
cases, 144 patients underwent regular chemotherapy 
based on 5-Fu after radical surgery, 121 never received 
chemotherapy, and 2 had unavailable data. This study 
was approved by the Ethics Committee of Zhejiang Uni-
versity School of Medicine.

Clinicopathological parameters
Tumor location, age at diagnosis, and sex were retrieved 
from medical records. All archival slides stained with 
hematoxylin and eosin were reviewed. Two hundred 
specimens were adenocarcinoma not otherwise speci-
fied (NOS), whereas 67 were of other histological types, 
including mucinous adenocarcinoma, signet ring cell 
carcinoma, and undifferentiated carcinoma. Histo-
logical differentiation was graded into low grade (gland 
formation ≥ 50%, n = 188) and high grade (gland forma-
tion < 50%, n = 79). Vascular infiltration, perineural infil-
tration, infiltration depth, lymph node metastasis, distant 
metastasis, and TNM stage were also assessed.

Systemic inflammatory indicators
Data on preoperative peripheral blood indicators were 
obtained from patient records. Data were also obtained 
on plasma albumin concentration, platelet count, total 
white blood cell count, neutrophil count, lymphocyte 
count, monocyte count, neutrophil percentage, lympho-
cyte percentage, monocyte percentage, and eosinophil 
percentage were involved in our study. PNI, LMR, PLR, 
and NLR were calculated. PNI was calculated as serum 
albumin (g/L) + 5 × total lymphocyte count × 109/L. LMR 
was deemed as the ratio of the lymphocyte count to the 
monocyte count, PLR as that of the peripheral platelet 
count to the lymphocyte count, and NLR as that of the 
peripheral neutrophil count to the lymphocyte count.

Tissue microarray
Tissue microarrays of the 267 colorectal cancer samples 
were constructed using archival formalin-fixed, paraffin-
embedded blocks. Each case had three tissue perfora-
tions, namely, from normal mucosa, tumor center (TC), 
and TIF. The TC area was identified as at least a length 

of 20× field from the border of normal mucosa. The TIF 
area was identified as a length of 20× field within the far-
thest tumor cell. The 1 cm diameter punches were trans-
ferred to recipient paraffin blocks (6 × 7 punches). Finally, 
the recipient paraffin blocks were cut into 4-µm-thick 
slices for subsequent staining.

Immunohistochemistry and double immunofluorescence 
staining
GSDMB antibody (ab215729, Abcam, Hangzhou, China) 
was a gift from Dr. F. Shao (National Institute of Biologi-
cal Sciences, Beijing, China). CD3, CD4, CD8, CD20, 
CD68, and S100A8 antibodies were used to mark CD3+, 
CD4+, and CD8+ T lymphocytes, CD20+ B lymphocytes, 
macrophages, and S100A8+ immunocytes, respectively. 
CD3, CD4, CD8, CD20, and GSDMB were detected using 
tissue microarray, whereas CD68 and S100A8 were iden-
tified by staining whole-tissue slides. GSDMB expression 
was also evaluated in immune cells. Data on the primary 
antibodies and staining patterns are presented in Supple-
mentary Table 1.

Briefly, sections were dewaxed and dehydrated, after 
which they underwent antigen repair, and finally, immu-
nohistochemistry (IHC) or double immunofluorescene. 
Antigen retrieval was performed by microwave heat-
ing, and a two-step method (PV-9000 Polymer Detec-
tion System, Jinqiao, Zhongshan, Beijing, China) was 
used for IHC. 3, 3-diaminobenzidine (DAB) solution was 
used for color rendering followed by hematoxylin stain-
ing. As a negative staining control, slides were treated 
with 100mM pH 7.4 phosphate-buffered saline (PBS) 
solution instead of a primary antibody. If the tissues dis-
integrated during IHC, no data could be obtained. The 
NanoZoomer 2.0 HT (Hamamatsu, Japan) was used to 
digitally scan of all slides for IHC. GSDMB expression in 
cancer cells was assessed in the cytoplasm, membrane, 
and nucleus, respectively. Less than 1% of cancer cells 
with definitely brown staining were defined as negative, 
otherwise they were positive. A computer-automated 
method (Image-Pro Plus 6.0, Media Cybernetics Inc.) 
was used to count the number of immune cells in four 
hotspots respectively. Except for GSDMB+ immune cells 
which were counted under 40× high-power field (HPF), 
the other immune cells were counted under 20× HPF. 
The density of immune cells was calculated as average 
counts per HPF.

Double immunofluorescence staining was performed 
to detect the co-expression of GSDMB and other immune 
cell markers. After secondary antibody incubation, Opal 
520 and Opal 570 (Akoya, MA, USA) were used for dou-
ble immunofluorescence. GSDMB was stained in green 
fluorescence, whereas CD3, CD4, CD8, CD20, CD68, and 
S100A8 were visualized in red fluorescence. The images 
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were captured with a fluorescence microscope (BX63 
Olympus microscope, Olympus, Tokyo, Japan).

Immunofluorescence assay
After discarding the culture medium, cells were fixed 
in 4% paraformaldehyde for 20  min and permeabilized 
with 0.5% Triton X-100 for 10 min at room temperature. 
Then, cells were blocked with 10% BSA in PBS for 1 h and 
incubated with primary antibody against GSDMB (1:500, 
ab215729, Abcam, Hangzhou, China) at 4  °C overnight, 
incubated with Alexa Fluor 546 AffiniPure Goat anti-rab-
bit secondary antibodies (1:500, A-11010, ThermoFisher, 
Shanghai, China) for 1  h at room temperature. Subse-
quently, the nuclei were stained with 4,6-diamidino-2- 
phenylindole (DAPI, 1:5000, Beyotime, Shanghai, China) 
for 20  min. The images were captured with a confocal 
microscope (OLYMPUS IX83-FV3000-OSR) at a magni-
fication of 60×.

Cell culture and reagents
HCT8 and SW480 cells were purchased from the Ameri-
can Type Culture Collection (VA, USA). HCT 8 and 
SW480 were cultured in RPMI 1640 supplemented with 
10% fetal bovine serum. All cell lines had no mycoplasma 
contamination, and were identified using short tandem 
repeat-based methods. Cells were treated with 500µM 
of 5-Fu (Sigma-Aldrich, St. Louis, MO, USA) for 48 h for 
cytotoxicity assays.

Plasmids, siRNA and transfection
The GSDMB overexpression pLVX-IRES-Zsgreen1 lenti-
virus plasmids were kindly provided by Dr. F. Shao. siGS-
DMB was used to knockdown GSDMB. The siGSDMB 
sequences were 5′- G C C U U G U U G A U G C U G A U A G A U 
T T-3′ for siGSDMB-1, and 5′- G C U G U A U G U U G U U G 
U C U C U A U T T-3′ for siGSDMB-2. Lipofectamine 2000 
transfection reagent (Invitrogen, Carlsbad, CA, USA) 
was used for the plasmid transfection of eukaryotic cells. 
GenMute (SignaGen, Frederick, MD, USA) transfection 
reagent was used for siRNA knockdown.

Western blotting
In vitro cultured cells were lysed in radioimmunopre-
cipitation assay lysis buffer (Beyotime, Shanghai, China) 
containing protease inhibitor mixture PMSF (Beyotime, 
Shanghai, China) and phosphatase inhibitor cocktail 
(MCE, NJ, USA). The GSDMB expression levels were 
detected by western blotting with GSDMB antibody 
(1:1000, ab215729, Abcam, Hangzhou, China). Tubulin 
(1:5000, T5201, Sigma-Aldrich, St. Louis, MO, USA) was 
used as control. Blots were then incubated with IR-dye 
secondary antibodies and visualized by Odyssey Imager 
(LI-COR, NE, USA).

Cytotoxicity assays
Cell cytotoxicity was tested by the LDH assay using 
Cyto Tox 96 Non-Radioactive Cytotoxicity Assay kit 
(Promega).

Sensitivity assays
5 × 103 Cells were grown in 96-well plates and treated 
for 48  h with 5-Fu at concentrations of 0, 6.4, 32, 160, 
800 and 4000 µM. After 48  h, the viability of cells was 
measured by CCK8 Assay. Curves were calculated on 
the basis of the absorbance readings collected from the 
CCK8 assay relative to drug concentrations. Absorbance 
was normalized to the vehicle controls, and drug concen-
trations were converted to logarithms by using GraphPad 
Prism (GraphPad Software, San Diego, CA). The half-
inhibitory concentration (IC50) was determined as a 50% 
loss of viability occurring at this concentration compared 
to untreated cells.

Statistical analysis
IBM SPSS Statistics 26.0 (IBM SPSS, Armonk, NY, USA) 
and GraphPad Prism (GraphPad Software, San Diego, 
CA) were used to perform statistical analyses. McNe-
mar’s test was performed to test the differences in the 
proportions of GSDMB expression in the different loca-
tions. GSDMB expression was compared with other 
clinicopathological variables using chi-square or Fisher’s 
exact test. We used the t-test to analyze the differences 
in the means between two groups. Univariate survival 
analyses were performed with the “Survfit” function in R, 
and survival curves were drawn using the Kaplan-Meier 
method with a log-rank test. The life-table method was 
used to calculate the 5-year survival rate. The Cox pro-
portional hazards model was used in multivariate sur-
vival analysis. A P value < 0.05 was defined as a significant 
difference. A statistical trend was identified if 0.05 < P 
value < 0.1.

Results
Expression profile of GSDMB in cancer cells
GSDMB was expressed in the cytoplasm, membrane, 
and nucleus in both normal epithelial cells and can-
cer cells (Fig.  1A-1E). Positive GSDMB expression was 
defined as score > 0, whereas negative GSDMB expres-
sion was score = 0. The positive GSDMB expression 
rates in the cell membrane, cytoplasm and nucleus were 
27.3% (73/267), 79.8% (213/267), and 67.8% (181/267), 
respectively, in cancer cells. In normal epithelial cells, 
the positive expression rates were 26.6% (50/188), 80.9% 
(152/188), and 86.7% (163/188), respectively (Supple-
mentary Table 2). The rate of positive nuclear GSDMB 
expression in normal epithelial cells was higher than that 
in cancer cells.
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GSDMB expression in cancer cells and clinicopathological 
parameters
The results showed that positive membranous GSDMB 
expression was more common in cases with lower TNM 
stage and without lymph node metastasis (Table 1). The 
rate of positive cytoplasmic GSDMB expression was rela-
tively higher in adenocarcinoma NOS than in other his-
tological types. Those cases with cytoplasmic GSDMB 
expression were more likely to have a lower histological 
grade and less likely to present with vessel infiltration. No 
correlations were found between cytoplasmic GSDMB 
expression and age, sex, location, perineural infiltration, 
infiltration depth, lymph node metastasis, distant metas-
tasis, or TNM stage. A positive nuclear GSDMB expres-
sion indicated a lower histological grade and a lower 
likelihood of lymph node metastasis. No significant dif-
ferences were found between nuclear GSDMB expres-
sion and other clinicopathological indicators. We also 
analyzed the relationship between clinical pathologi-
cal indicators and total GSDMB expression, regardless 
of subcellular localization, and the results showed that 
total GSDMB expression was correlated with lower his-
tological grade (Supplementary Table 3). In summary, 
the expression of GSDMB is associated with low tumor 
invasiveness.

GSDMB expression in cancer cells and systemic 
inflammatory indicators
Compared with the negative membranous GSDMB 
group, the positive membranous GSDMB group 
had a higher percentage of eosinophils in peripheral 
blood (Table  2). Moreover, a positive nuclear GSDMB 

expression indicated a higher lymphocyte percentage and 
tended to be associated with a higher albumin concentra-
tion, lower platelet count, and higher PNI. No relation-
ship was found between cytoplasmic GSDMB expression 
and any systemic inflammatory indicators. The GSDMB 
expression in cancer cells is associated with systemic 
inflammatory response.

Correlation between GSDMB expression in cancer cells and 
TIM
CD3+ lymphocytes, CD4+ lymphocytes, CD8+ lympho-
cytes, CD20+ lymphocytes, CD68+ macrophages, and 
S100A8+ immune cells were determined by IHC (Fig. 2). 
The density of each type of immune cells infiltrating the 
TIM was calculated in the TC and TIF separately. The 
distribution of S100A8+ immune cells in the TIF was 
more abundant in the positive membrane and nuclear 
GSDMB expression groups than in the respective nega-
tive groups (Table  3). Positive nuclear GSDMB expres-
sion was also correlated with a higher number of CD68+ 
macrophages in the TIM. However, cytoplasmic GSDMB 
expression was not correlated with either CD68+ mac-
rophages or S100A8+ immune cells. Furthermore, no 
correlations were found between GSDMB expression in 
any subcellular localization with CD3+/CD4+/CD8+ T 
lymphocytes or CD20+ B lymphocytes. The expression 
of GSDMB in cancer cells is related to myeloid derived 
inflammatory cells rather than lymphocytes in TIM.

Univariate survival analyses of GSDMB in cancer cells
At the end of follow-up, 14 out of 54 patients died in 
the negative cytoplasmic GSDMB group and 37 out of 

Fig. 1 IHC images of GSDMB in normal epithelial cells (A); and in cytoplasm (B), membrane (C) and nucleus (D) of cancer cells; as well as in tumor invasive 
front (E). The representative cells are indicated with arrows. 400× magnification
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212 patients in the positive group died. Survival analy-
ses for the different subcellular localizations of GSDMB 
expression showed that patients with positive cytoplas-
mic GSDMB expression had a better prognosis (Fig. 3A). 
The 5-year overall survival rate of the group with a posi-
tive cytoplasmic GSDMB expression was 78%, which was 
higher than the 63% of the group with negative cytoplas-
mic GSDMB expression. However, positive membranous 
or nuclear GSDMB expression had no correlation with 
overall survival (Fig. 3B and C).

The patients were further divided into two groups 
according to whether they underwent postoperative 
5-Fu based chemotherapy. In the group that underwent 

chemotherapy, both cytoplasmic and nuclear GSDMB 
expression were favorable predictors of overall survival 
(Fig.  3D and E), whereas membranous GSDMB expres-
sion was not correlated with overall survival (Fig.  3F). 
GSDMB expression in any subcellular localization had no 
effect on overall survival in the cases without chemother-
apy (Supplementary Fig. 1A–C).

To clarify the association between GSDMB expression 
and 5-Fu sensitivity, sensitivity assays and cytotoxicity 
assays were performed. GSDMB was overexpressed in the 
SW480 CRC cell line (Fig.  4A, Supplementary Fig.  2A). 
Sensitivity assays showed that the IC50 of 5-Fu in 
GSDMB overexpression cells and control were 126.9µM 

Table 1 Association between GSDMB expression in cancer cells and clinicopathological indicators
Clinicopathological 
indicators

Number Membranous 
GSDMB expression 
(%)

P 
value

Cytoplasmic GSDMB 
expression (%) 

P value Nuclear GSDMB expres-
sion (%) 

P 
value

Negative Positive Negative Positive Negative Positive
Age 0.625 0.526 0.843
≤ 60 years old 94 70(36.1) 24(32.9) 21(38.90) 73(34.3) 31(36.0) 63(34.8)
> 60 years old 173 124(63.9) 49(67.1) 33(61.1) 140(65.7) 55(64.0) 118(65.2)
Sex 0.654 0.516 0.717
Male 144 103(53.1) 41(56.2) 27(50.0) 117(54.9) 45(52.3) 99(54.7)
Female 123 91(46.9) 32(43.8) 27(50.0) 96(45.1) 41(47.7) 82(45.3)
Location 0.980 0.483 0.515
Colon 135 98(50.5) 37(50.7) 25(46.3) 110(51.6) 41(47.7) 94(51.9)
Rectum 132 96(49.5) 36(49.3) 29(53.7) 103(48.4) 45(52.3) 87(48.1)
Histologic type 0.594 0.009* 0.465
Adenocarcinoma NOS 200 147(75.8) 53(72.6) 33(61.1) 167(78.4) 62(72.1) 138(76.2)
Others 67 47(24.2) 20(27.4) 21(38.9) 46(21.6) 24(27.9) 43(23.8)
Histological grade 0.630 0.007* 0.006*
Low 188 135(69.6) 53(72.6) 30(55.6) 158(74.2) 51(59.3) 137(75.7)
High 79 59(30.4) 20(27.4) 24(44.4) 55(25.8) 35(40.7) 44(24.3)
Perineural infiltration 0.616 0.556 0.720
Absent 184 132(68.0) 52(71.2) 39(72.2) 145(68.1) 58(67.4) 126(69.6)
Present 83 62(32.0) 21(28.8) 15(27.8) 68(31.9) 28(32.6) 55(30.4)
Vessel infiltration 0.183 0.060 0.509
Absent 229 163(84.0) 66(90.4) 42(77.8) 187(87.8) 72(83.7) 157(86.7)
Present 38 31(16.0) 7(9.6) 12(22.2) 26(12.2) 14(16.3) 24(13.3)
Infiltration depth 0.487 0.797 0.784
Within serosa 90 63(32.5) 27(37.0) 19(35.2) 71(33.3) 28(32.6) 62(34.3)
Outside serosa or muscle 177 131(67.5) 46(63.0) 35(64.8) 142(66.7) 58(67.4) 119(65.7)
Lymph node metastasis 0.076 0.643 0.092
Absent 141 96(49.5) 45(61.6) 27(50.0) 114(53.5) 39(45.3) 102(56.4)
Present 126 98(50.5) 28(38.4) 27(50.0) 99(46.5) 47(54.7) 79(43.6)
Distant metastasis 0.381 0.894 0.782
Absent 241 177(91.2) 64(87.7) 49(90.7) 192(90.1) 77(89.5) 164(90.6)
Present 26 17(8.8) 9(12.3) 5(9.3) 21(9.9) 9(10.5) 17(9.4)
TNM stage 0.079 0.991 0.387
I 57 40(20.6) 17(23.3) 12(22.2) 45(21.1) 15(17.4) 42(23.2)
II 78 51(26.3) 27(37.0) 15(27.8) 63(29.6) 22(25.6) 56(30.9)
III 106 86(44.3) 20(27.4) 22(40.7) 84(39.4) 40(46.5) 66(36.5)
IV 26 17(8.8) 9(12.3) 5(9.3) 21(9.9) 9(10.5) 17(9.4)
Significant P values are indicated with asterisks
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and 151.6µM respectively (Fig.  4B). Cytotoxicity assays 
showed that GSDMB overexpression upregulated LDH 
release and promoted lytic cell death (Fig.  4C). More-
over, GSDMB was knocked down in the HCT8 cell line, 
which has relatively high expression of GSDMB (Fig. 4D, 
Supplementary Fig.  2B). The IC50 results showed that 

knockdown of GSDMB significantly decreased the 5-Fu 
sensitivity of CRC cells (Fig.  4E). GSDMB knockdown 
repressed lytic cell death induced by 5-Fu (Fig.  4F). In 
general, the CRC patients with GSDMB expression are 
more likely to benefit from 5-Fu treatment.

Table 2 Association between GSDMB expression and systemic inflammatory indicators
Peripheral blood 
indicators

Membranous GSDMB P 
value

Cytoplasmic GSDMB P 
value

Nuclear GSDMB P 
valueNegative Positive Negative Positive Negative Positive

Albumin (g/L) 37.46 ± 0.47 36.6 ± 0.87 0.381 37.12 ± 0.82 37.29 ± 0.47 0.865 36.1 ± 0.83 37.69 ± 0.47 0.085
Platelet
(×109/L)

232.75 ± 7.39 238.33 ± 11.61 0.705 242.16 ± 15.93 231.87 ± 6.69 0.500 255.21 ± 14.31 226.09 ± 6.64 0.069

White blood cell (×109/L) 6.66 ± 0.21 6.73 ± 0.36 0.867 6.75 ± 0.34 6.66 ± 0.21 0.836 6.74 ± 0.38 6.66 ± 0.20 0.852
Neutrophil
(×109/L)

4.56 ± 0.20 4.54 ± 0.39 0.972 4.64 ± 0.35 4.53 ± 0.21 0.803 4.65 ± 0.37 4.51 ± 0.21 0.729

Lymphocyte (×109/L) 1.45 ± 0.05 1.53 ± 0.08 0.413 1.41 ± 0.08 1.49 ± 0.05 0.450 1.36 ± 0.08 1.51 ± 0.05 0.100
Monocyte
(×109/L)

0.45 ± 0.02 0.50 ± 0.04 0.179 0.45 ± 0.03 0.46 ± 0.02 0.801 0.46 ± 0.03 0.46 ± 0.02 0.813

Eosinophil
(×109/L)

0.16 ± 0.01 0.20 ± 0.03 0.106 0.22 ± 0.03 0.15 ± 0.01 0.100 0.21 ± 0.03 0.15 ± 0.01 0.128

Neutrophil percentage 0.66 ± 0.01 0.65 ± 0.01 0.513 0.67 ± 0.01 0.66 ± 0.01 0.445 0.67 ± 0.01 0.65 ± 0.01 0.352
Lymphocyte percentage 0.24 ± 0.01 0.24 ± 0.01 0.887 0.23 ± 0.01 0.24 ± 0.01 0.446 0.22 ± 0.01 0.25 ± 0.01 0.048*
Monocyte percentage 0.068 ± 0.002 0.071 ± 0.004 0.554 0.065 ± 0.003 0.070 ± 0.002 0.280 0.067 ± 0.003 0.070 ± 0.002 0.510
Eosinophil percentage 0.026 ± 0.002 0.036 ± 0.005 0.022* 0.032 ± 0.004 0.027 ± 0.002 0.280 0.032 ± 0.005 0.026 ± 0.002 0.173
PLR 202.70 ± 16.40 183.78 ± 18.26 0.549 191.22 ± 16.39 200.26 ± 16.35 0.780 226.14 ± 21.10 187.42 ± 16.47 0.191
NLR 4.07 ± 0.41 3.52 ± 0.53 0.490 3.68 ± 0.38 4.01 ± 0.42 0.691 3.95 ± 0.46 3.94 ± 0.43 0.991
LMR 3.86 ± 0.19 3.67 ± 0.34 0.645 3.71 ± 0.34 3.84 ± 0.19 0.744 3.80 ± 0.39 3.82 ± 0.18 0.946
PNI 44.74 ± 0.62 44.53 ± 1.02 0.867 44.48 ± 1.04 44.75 ± 0.62 0.838 43.05 ± 0.99 45.32 ± 0.62 0.056
The number in table is Mean of peripheral blood indicators ± SE

Significant P values are indicated with asterisks

Fig. 2 IHC images of CD3+ lymphocytes (A), CD4+ lymphocytes (B), CD8+ lymphocytes (C), CD20+ lymphocytes (D), CD68+ macrophages (E), and 
S100A8+ immune cells (F). The representative cells are indicated with arrows. 400× magnification
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Cytoplasmic GSDMB is an independent favorable 
prognostic factor
Multivariate survival analysis was performed using the 
Cox proportional hazards model using age, sex, histologi-
cal type, histological grade, vessel infiltration, perineural 
infiltration, TNM stage, chemotherapy, and cytoplas-
mic GSDMB expression. The results showed that TNM 
stage and cytoplasmic GSDMB expression were indepen-
dent prognostic factors (Table  4). Cytoplasmic GSDMB 
expression indicated improved overall survival.

GSDMB+ immune cells in the TIF
In addition to tumor cells, we found that some immune 
cells also expressed GSDMB (Fig. 5). Therefore, the den-
sities of GSDMB+ immune cells in TIF were calculated, 
which ranged from 0 to 120 (median: 10; mean: 18.01). 
GSDMB+ immune cell densities were divided into two 
groups (low and high) based on the mean. Men and 
patients aged < 60 years showed more GSDMB+ immune 
cells in the TIF (Supplementary Table 4). Among the 
parameters of systemic inflammatory indicators, high 
GSDMB+ immune cell density was linked to low lympho-
cyte count/percentage, low monocyte count/percentage, 
and high neutrophil percentage (Table 5). Univariate sur-
vival analysis showed that GSDMB+ immune cell density 
in the TIF was not correlated with overall survival. At 
the end of follow-up, 12/84 (14.3%) patients died in the 
group with high GSDMB+ immune cell density, whereas 
24/140 (17.1%) patients died in the low-density group 
(Supplementary Fig. 1D).

To explore GSDMB expression in immune cell sub-
types, double immunofluorescence staining was 
performed. The results suggested that GSDMB was co-
expressed with CD68 or S100A8, but not with CD3, CD4, 
CD8, or CD20 (Supplementary Fig.  3). Therefore, we 
speculated that GSDMB+ immune cells may be derived 
from macrophages and neutrophils, and the GSDMB+ 
immune cell density correlate to the systemic inflamma-
tory response.

Discussion
Pyroptosis initiated by the GSDM protein family is a 
response to the primary immune reaction after pro-
inflammatory stimulation. GSDMB is distinguished 
from other members of the GSDM family by its absence 
in rodents and its ability to bind to phospholipids as a 
full-length protein [10, 26]. These features indicate that 
GSDMB probably evolved exclusively in humans with 
some unknown function. In our study, we found that 
the different subcellular localization of GSDMB were 
associated with diverse cancer progression and immune 
response.

Zhou et al. [4] reported GSDMB expression in 75 hos-
pital CRC samples and 155 commercial CRC samples. In 
the hospital samples, the positive rates of total GSDMB 
expression in cancer and adjacent normal tissue were 
90.7% (68/75) and 96.0% (72/75) respectively, which 
is similar to ours (84.6% and 91.5%, respectively, data 
not shown). However, in commercial samples, the posi-
tive rates of GSDMB expression were 63.2% (98/155) in 

Table 3 Distribution and density of immune cells in TIM based on GSDMB expression in different subcellular localizations
Immune cells in TIM Membranous GSDMB P value Cytoplasmic GSDMB P value Nuclear GSDMB P value

Negative Positive Negative Positive Negative Positive
CD68+ macrophages (TIM ) 64.08 ± 2.66 66.27 ± 4.63 0.670 64.57 ± 5.44 64.72 ± 2.55 0.979 57.05 ± 4.10 68.34 ± 2.76 0.022*
CD68+ macrophages (TC) 25.81 ± 1.10 26.65 ± 2.03 0.700 26.33 ± 2.15 25.97 ± 1.09 0.879 24.64 ± 1.66 26.72 ± 1.19 0.316
CD68+ macrophages (TIF) 43.31 ± 5.46 39.62 ± 3.12 0.681 55.88 ± 18.51 38.82 ± 1.82 0.363 43.52 ± 11.71 41.68 ± 1.97 0.831
CD3+ T-lymphocytes (TIM ) 48.34 ± 3.60 48.23 ± 5.50 0.987 50.53 ± 7.05 47.84 ± 3.34 0.734 53.36 ± 5.42 46.09 ± 3.61 0.267
CD3+ T lymphocytes (TC) 17.50 ± 1.57 21.61 ± 2.91 0.185 18.77 ± 3.45 18.65 ± 1.53 0.974 19.34 ± 2.64 18.37 ± 1.65 0.749
CD3+ T lymphocytes (TIF) 29.94 ± 2.72 26.31 ± 3.81 0.472 29.51 ± 5.34 28.82 ± 2.47 0.904 32.05 ± 4.13 27.56 ± 2.66 0.354
CD4+ T lymphocytes (TIM) 4.54 ± 0.60 3.77 ± 0.73 0.488 4.67 ± 1.14 4.25 ± 0.54 0.725 4.50 ± 0.88 4.27 ± 0.59 0.826
CD4+ T lymphocytes (TC) 1.93 ± 0.29 1.84 ± 0.33 0.871 1.89 ± 0.59 1.91 ± 0.25 0.968 1.98 ± 0.48 1.87 ± 0.27 0.820
CD4+ T lymphocytes (TIF) 2.45 ± 0.38 1.91 ± 0.53 0.450 2.69 ± 0.68 4.84 ± 0.35 0.534 2.45 ± 0.53 2.25 ± 0.38 0.760
CD20+ B lymphocytes 
(TIM )

11.67 ± 1.35 11.42 ± 1.82 0.921 10.99 ± 1.43 11.77 ± 1.35 0.776 11.98 ± 2.60 11.44 ± 1.09 0.821

CD20+ B lymphocytes (TC) 3.07 ± 0.38 3.76 ± 0.89 0.408 4.28 ± 0.87 2.99 ± 0.40 0.156 3.38 ± 0.66 3.19 ± 0.44 0.803
CD20+ B lymphocytes (TIF) 11.67 ± 1.35 7.68 ± 1.56 0.825 6.47 ± 1.11 8.46 ± 1.18 0.403 8.23 ± 2.34 7.97 ± 0.92 0.898
CD8+ T lymphocytes (TIM ) 24.33 ± 1.34 21.94 ± 2.00 0.340 26.37 ± 2.72 23.01 ± 1.22 0.233 25.34 ± 2.03 22.87 ± 1.34 0.303
CD8+ T lymphocytes (TC) 8.82 ± 0.78 8.63 ± 1.12 0.895 9.98 ± 1.50 8.46 ± 0.71 0.343 9.16 ± 1.12 8.58 ± 0.78 0.671
CD8+ T lymphocytes (TIF) 14.89 ± 0.87 12.96 ± 1.45 0.254 15.05 ± 1.80 14.21 ± 0.82 0.654 15.81 ± 1.42 13.72 ± 0.87 0.193
S100A8+immune cells
(TIF)

55.31 ± 4.22 75.77 ± 8.53 0.019* 49.97 ± 6.61 63.33 ± 4.52 0.172 49.70 ± 5.68 66.03 ± 5.00 0.032*

The number in table is Mean of immune cell density ± SE

TIM: tumor immune microenvironment, TC: tumor center, TIF: tumor invasive front

Significant P values are indicated with asterisks
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cancer and 52.9% (82/155) in adjacent normal tissue, 
which were much lower than those for their hospi-
tal samples and our samples. Moreover, Sun et al. [17] 
demonstrated by IHC a 72.7% (16/22) positive nuclear 
GSDMB expression rate in uterine cervix cancer samples 
and 33.3% (5/15) in normal samples, showing a similar 
positive rate of nuclear GSDMB expression in cancer tis-
sues to ours (67.8%) but a lower positive rate in normal 
tissues. GSDMB mRNA expression was upregulated in 
gastric and breast cancers; however, no significant differ-
ence was found between cancer and stromal cells [15, 16].

Carl-McGrath et al. [27] found that GSDMB was 
expressed in the apical and luminal surfaces of nor-
mal colonic mucosa and crypt epithelial cells, as well as 
in apically oriented CRC. Saeki et al. [28] reported that 

GSDMB was expressed in the esophageal basal cell layer 
and in the isthmus/neck of the stomach. In our study, we 
found that GSDMB was expressed in whole cells, includ-
ing the cytoplasm, membrane, and nucleus. Furthermore, 
the location of GSDMB was correlated with prognosis, 
but only cytoplasmic GSDMB expression is an indepen-
dent favorable prognostic factor in CRC.

Intriguingly, many studies have suggested that GSDMB 
is an unfavorable prognostic indicator, but our research 
showed that cytoplasmic GSDMB expression indicates an 
improved prognosis in CRC. GSDMB expression is corre-
lated with a shorter survival time and increased metasta-
sis in breast cancer [15]. In HER-2–positive breast cancer, 
about 65% cases show GSDMB gene overexpression, 
which is linked to poor clinical outcomes, including poor 

Fig. 3 Survival curves of GSDMB expression in cytoplasm (A), membrane (B), and nucleus (C). Next, in group with chemotherapy after surgery, survival 
curves are plotted according to cytoplasmic GSDMB expression (D), nuclear GSDMB expression (E), and membranous GSDMB expression (F)
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therapeutic response and lower survival. Anti-GSDMB 
antibody treatment can inhibit the growth, migration, 
and metastasis of breast cancer cells and enhance their 
sensitivity to trastuzumab [19]. GSDMB also promotes 
bladder carcinoma progression by activating the STAT3 
pathway [29]. Rana et al. [30] found that in the CRC cell 
line HT29, full-length GSDMB could translocate to the 
membrane but did not induce cytotoxicity but instead 
promoted migration and proliferation. Conversely, our 
data showed that membranous GSDMB expression was 
somewhat correlated with lesser lymph node metastasis. 

Particularly, cytoplasmic GSDMB expression was related 
to a lower histological grade and reduced vessel infiltra-
tion, whereas nuclear GSDMB expression was associated 
with a lower histological grade. Unfortunately, IHC can 
only detect GSDMB expression at a certain time point 
but cannot reflect its dynamic expression. GSDMB in 

Table 4 The results of multivariate Cox proportional hazards 
model
Variable RR (95%CI) P value
Cytoplas-
mic GSDMB 
expression

Negative

Positive 0.476(0.250–0.909) 0.024*
TNM stage < 0.001*

I
II 1.546(0.517–4.618) 0.435
III 2.613(0.989–6.902) 0.053
IV 10.727(3.830-30.038) < 0.001*

Significant P values are indicated with asterisks

Fig. 5 IHC images of GSDMB in immune cells. The representative cells are 
indicated with arrows. 400× magnification

 

Fig. 4 GSDMB regulates 5-Fu-induced lytic cell death. GSDMB was overexpressed in SW480 cells (A). Under 5-Fu treatment, GSDMB overexpression en-
hanced the SW480 sensitivity to 5-Fu (B) and induced cell death (C). GSDMB was knockdown in HCT8 cells (D). Under 5-Fu treatment, GSDMB knockdown 
represses HCT8 sensitivity to 5-Fu (E) and decreased cell death (F). For GSDMB and Tubulin bonds from different part of the same blot and different blots 
were combined. Molecular weight of analyzed proteins: GSDMB—50 kDa, Tubulin—55 kDa. Full-length blots are presented in Supplementary Fig. 4. Data 
are means ± s.d. *P < 0.05, **P < 0.01, ***P < 0.001, **** P < 0.0001, ns: no significant
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full-length or in cleavage may have different effects on 
cancer progression. Further investigations should be per-
formed to reveal the mechanism behind these results on 
GSDMB expression.

Furthermore, we found that patients with cytoplas-
mic or nuclear GSDMB expression in cancer cells more 
often benefited from 5-Fu based chemotherapy. However, 
in cases that did not undergo chemotherapy, GSDMB 
expression did not affect prognosis, regardless of its 
location. In vitro assays in our study have indicated that 
GSDMB expression promoted 5-Fu–induced lytic cell 
death. A previous study also reported that 5-Fu–induced 
GSDME-mediated pyroptosis via caspase-3 activation in 
gastric cancer cells [31]. GSDMB has nuclear localization 
signals, and when it enters the nucleus, it can act either 
as a transcriptional coactivator or enhancer, but not as a 
transcription factor, to regulate the expression of many 
genes, such as TGF-β, ALOX5, and MMP9 [32]. Whether 
the relationship between nuclear GSDMB expression and 
chemotherapeutic efficacy is related to the downstream 
genes regulated by GSDMB remains unclear. The link 
between GSDMB and chemotherapeutic efficacy needs 
to be elucidated in further studies.

GSDM-mediated pore or pre-pore formation releases 
damage-related molecular patterns and cytokines, which 
directly modulate innate immune responses, increase 
antigen presentation and TLR activation, and lead to 
more extensive immune activation [33]. A low level of 
tumor cell pyroptosis caused by GSDMA3 induces effec-
tive antitumor immunity, including increased CD3+, 
CD4+, and CD8+ cell populations [24]. GSDME also 
mediates antitumor immunity depending on CD8+ 

lymphocytes and macrophages [34]. In patients with high 
GSDMB expression, the inhibitory effects on tumor are 
not only the direct killing of tumor by chemotherapy 
drugs, but also the further killing effect of immune cells 
on tumor. Through chemotherapy and various anti-
tumor effects by immune cell, the prognosis of patients 
is ultimately improved. Our analyses of the correlations 
of membranous/cytoplasmic/nuclear GSDMB expression 
with CD3+/CD4+/CD8+ T lymphocytes, CD20+ B lym-
phocytes, CD68+ macrophages, and S100A8+ immune 
cells showed that membranous or nuclear GSDMB 
expression was positively correlated with S100A8+ 
immune cells in the TIF, whereas nuclear GSDMB was 
linked to a higher number of CD68+ macrophages in 
the entire tumor. S100A8 is expressed in myeloid lineage 
cells, including neutrophils and macrophages. Myeloid 
lineage cells are primary components of the innate 
immune system and play key roles in linking innate 
and adaptive immunity. Membranous GSDMB expres-
sion indicates pore formation and pyroptosis, inducing 
immune cell infiltration. The effects of nuclear GSDMB 
expression on the immune response may be related to its 
regulation of other genes, such as TGF-β, which regulates 
T cells, myeloid cells, and macrophages [32, 35]. Our pre-
vious studies have found that S100A8+ immune cells and 
CD68+ macrophages are favorable prognostic indicators 
in CRC [25, 36]. A limitation of our study is that we did 
not determine the different subtypes of macrophages.

In another study on GSDMB expression in CRC, Lu et 
al. [37] clustered TCGA-colon adenocarcinoma based 
on 12 pyroptosis-related regulators. The cluster with 
the highest GSDMB expression—which was linked to a 
higher number of activated CD8+ T cells, dendritic cells, 
macrophages, NK cells, and helper T cells—showed a bet-
ter prognosis than the other cluster, which was related to 
advanced N stage. Of the 12 genes identified in that study, 
two were GSDMB and GSDMC, whereas the other genes 
were key regulators or markers of pyroptosis (such as 
GZMA, CASP3, IL1β). In our study, GSDMB expression 
was evaluated by IHC, which revealed a detailed staining 
pattern for identifying GSDMB expression in tumor and 
stromal cells, as well as to determine GSDMB expression 
in the tumor cell membrane, cytoplasm, and nucleus.

GSDMB has intricate relationships with many inflam-
matory diseases. GSDMB expression is increased in sepsis 
and Crohn’s disease [14], whereas GSDMB polymorphism 
is associated with asthma. A splice variant (rs11078928) 
in GSDMB skips an essential exon from the transcript, 
affects the induction of pyroptosis, and reduces the risk 
of asthma [13]. However, Das et al. [32] reported that 
GSDMB increased the risk of asthma in a murine model 
by regulating airway hyperresponsiveness and smooth 
muscle function without airway inflammation. In inflam-
matory bowel disease (IBD), GSDMB expression is 

Table 5 Association between the GSDMB+ immune cell density 
in TIF and Peripheral blood indicators
Peripheral blood 
indicators

GSDMB+ immune cells in TIF P value
Low High

Albumin (g/L) 37.28 ± 0.55 37.15 ± 0.70 0.888
Platelet (×109/L) 234.12 ± 8.67 238.10 ± 9.69 0.767
White blood cell (×109/L) 6.85 ± 0.27 6.43 ± 0.25 0.293
Neutrophil (×109/L) 4.56 ± 0.25 4.52 ± 0.26 0.914
Lymphocyte (×109/L) 1.54 ± 0,05 1.36 ± 0.06 0.027*
Monocyte (×109/L) 0.49 ± 0.02 0.43 ± 0.02 0.090
Eosinophil (×109/L) 0.16 ± 0.02 0.17 ± 0.02 0.657
Neutrophil percentage 0.64 ± 0.01 0.68 ± 0.01 0.046*
Lymphocyte percentage 0.25 ± 0.01 0.23 ± 0.01 0.096
Monocyte percentage 0.074 ± 0.003 0.065 ± 0.003 0.031*
Eosinophil percentage 0.027 ± 0.002 0.027 ± 0.003 0.974
PLR 179.83 ± 12,42 207.40 ± 17.20 0.191
NLR 3.67 ± 0.38 4.11 ± 0.62 0.528
LMR 3.84 ± 0.21 3.65 ± 0.24 0.571
PNI 45.11 ± 0.68 43.93 ± 0.90 0.299
The number in table is Mean of peripheral blood indicators ± SE

PLR: platelet-to-lymphocyte ratio, NLR: neutrophil-to-lymphocyte ratio, LMR: 
lymphocyte-to-monocyte ratio, PNI: prognostic nutritional index
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upregulated to promote effective epithelial restitution 
and repair. However, the authors also pointed out that 
the GSDMB-dependent pyroptosis of intestinal epithe-
lial cells could not be ruled out as a potential pathogenic 
mechanism during IBD [30]. In fact, the release of intra-
cellular contents and pro-inflammatory mediators (e.g., 
IL-1β and IL-18) during pyroptosis can prompt systemic 
inflammation and a local immune reaction. Hence, we 
explored the association between GSDMB expression and 
systemic inflammatory parameters.

We found that membranous GSDMB expression was 
positively correlated with eosinophil count, whereas nuclear 
GSDMB expression was positively correlated with lym-
phocyte count and PNI. Conversely, cytoplasmic GSDMB 
expression was not correlated with any systemic inflamma-
tory parameters in our study. The PNI, which was coined 
by Onodera et al. [38], is a predictor of the immunonutri-
tional status of patients. Serum albumin is an important 
marker of nutritional status and non-specific inflammation, 
and peripheral lymphocyte count is a reflection of immune 
response. PNI is a prognostic factor in CRC [39]. More data 
are needed to establish the effect of GSDMB expression in 
cancer cells on systemic inflammation.

GSDM A to E are selectively expressed in different tis-
sues, but all are expressed in the gastrointestinal tract. 
GSDMB is expressed in epithelial and immune cells. 
GSDMB in THP-1 cells could promote the cleavage of 
GSDMD and enhance non-canonical pyroptosis [14]. 
Notably, NK cells that eliminate cytosolic bacteria are reg-
ulated by GSDMB expression [11]. As far as we know, no 
reports have described the clinical significance of GSDMB 
expression in stromal immune cells in cancer. We found 
that GSDMB+ immune cell density was higher in younger 
and male patients but was not correlated with postopera-
tive survival. Moreover, a high GSDMB+ immune cell den-
sity was linked to lower lymphocyte counts/percentage and 
monocyte counts/percentage, as well as to a higher neutro-
phil percentage in peripheral blood. Double immunofluo-
rescence staining showed that GSDMB+ immune cells in 
cancer stroma were mostly CD68+ cells and S100A8+ cells.

Conclusion
In conclusion, GSDMB is expressed in both cancer 
and immune cells, but its effects on cancer progression 
may be complex and possibly disparate. In cancer cells, 
GSDMB expression is linked to the systemic inflamma-
tory response, TIM, and decreased cancer progression. 
Cytoplasmic GSDMB expression is an independent 
favorable prognostic indicator, whereas both cytoplasmic 
and nuclear GSDMB expression indicate improved che-
motherapeutic efficacy in CRC. In immune cells, GSDMB 
expression is correlated with systemic inflammatory 
response. Our study provides evidence and insights for 
further research on GSDMB expression.

Abbreviations
GSDMB  Gasdermin B
CRC  Colorectal cancer
TIM  Tumor immune microenvironment
GSDM  Gasdermin
GSDMB-N  N-terminal domain of GSDMB
5-Fu  5-Fluorouracil
TIF  Tumor invasive front
TC  Tumor center
LMR  Lymphocyte-to-monocyte ratio
NLR  Neutrophil-to-lymphocyte ratio
PLR  Platelet-to-lymphocyte ratio
PNI  Prognostic nutritional index
NOS  Not otherwise specified
IHC  Immunohistochemistry
DAB  3, 3-Diaminobenzidine
PBS  Phosphate-buffered saline
HPF  High-power field

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s12885-024-12326-2.

Supplementary Material 1

Supplementary Material 2

Supplementary Material 3

Supplementary Material 4

Supplementary Material 5

Acknowledgements
We thank Huang Qiong from the core facility platform of Zhejiang University, 
School of Medicine for their technical support.

Author contributions
Conceptualization, design and funding acquisition: F.X. Investigation, analysis 
and data curation: L.S., J.W, Y.L., Y.K., Y.J., J.Z. Methodology and resources: F.X., 
J.Z. and S.Q. Drafting and review: F.X. and L.S.

Funding
This work was supported by Natural Science Foundation of Zhejiang Province 
(LY22H160047); the Open Projects of State Key Laboratory of Molecular 
Oncology (SKLMO-KF2021-17); and the grants of National Natural Science 
Foundation of China under Grant 81772570.

Data availability
The raw data are available on reasonable request from corresponding author.

Declarations

Ethical approval
This study was approved by the Ethics Committee of Zhejiang University 
School of Medicine. The study was performed in accordance with the 
Declaration of Helsinki. All samples were obtained with the patients’ informed 
consent.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details
1Department of Pathology and Pathophysiology, Department of 
Hepatobiliary and Pancreatic Surgery of the Second Affiliated Hospital, 
Zhejiang University School of Medicine, 866 Yuhangtang Road, 
Hangzhou, Zhejiang 310058, P. R. China

https://doi.org/10.1186/s12885-024-12326-2
https://doi.org/10.1186/s12885-024-12326-2


Page 13 of 13Sun et al. BMC Cancer          (2024) 24:567 

2Key Laboratory of Disease Proteomics of Zhejiang Province, Zhejiang 
University School of Medicine, 866 Yuhangtang Road, Hangzhou, 
Zhejiang 310058, P. R. China
3Department of Statistics, School of Mathematical Sciences, Anhui 
University, Hefei, Anhui, P.R. China

Received: 30 January 2023 / Accepted: 30 April 2024

References
1. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Jemal A, Bray 

F. Global Cancer statistics 2020: GLOBOCAN estimates of incidence and 
Mortality Worldwide for 36 cancers in 185 countries. CA Cancer J Clin. 
2021;71(3):209–49.

2. Shi J, Zhao Y, Wang K, Shi X, Wang Y, Huang H, Zhuang Y, Cai T, Wang F, Shao 
F. Cleavage of GSDMD by inflammatory caspases determines pyroptotic cell 
death. Nature. 2015;526(7575):660–5.

3. Deng W, Bai Y, Deng F, Pan Y, Mei S, Zheng Z, Min R, Wu Z, Li W, Miao R, et al. 
Streptococcal pyrogenic exotoxin B cleaves GSDMA and triggers pyroptosis. 
Nature. 2022;602(7897):496–502.

4. Zhou Z, He H, Wang K, Shi X, Wang Y, Su Y, Wang Y, Li D, Liu W, Zhang Y et al. 
Granzyme A from cytotoxic lymphocytes cleaves GSDMB to trigger pyropto-
sis in target cells. Science 2020, 368(6494).

5. Hou J, Zhao R, Xia W, Chang CW, You Y, Hsu JM, Nie L, Chen Y, Wang YC, 
Liu C, et al. PD-L1-mediated gasdermin C expression switches apoptosis 
to pyroptosis in cancer cells and facilitates tumour necrosis. Nat Cell Biol. 
2020;22(10):1264–75.

6. Wang Y, Gao W, Shi X, Ding J, Liu W, He H, Wang K, Shao F. Chemotherapy 
drugs induce pyroptosis through caspase-3 cleavage of a gasdermin. Nature. 
2017;547(7661):99–103.

7. Galluzzi L, Vitale I, Aaronson SA, Abrams JM, Adam D, Agostinis P, Alnemri ES, 
Altucci L, Amelio I, Andrews DW, et al. Molecular mechanisms of cell death: 
recommendations of the nomenclature Committee on Cell Death 2018. Cell 
Death Differ. 2018;25(3):486–541.

8. De Schutter E, Roelandt R, Riquet FB, Van Camp G, Wullaert A, Vandenabeele 
P. Punching holes in Cellular membranes: Biology and Evolution of Gasder-
mins. Trends Cell Biol. 2021;31(6):500–13.

9. Zou J, Zheng Y, Huang Y, Tang D, Kang R, Chen R. The versatile Gasdermin 
Family: their function and roles in diseases. Front Immunol. 2021;12:751533.

10. Chao KL, Kulakova L, Herzberg O. Gene polymorphism linked to increased 
asthma and IBD risk alters gasdermin-B structure, a sulfatide and phos-
phoinositide binding protein. Proc Natl Acad Sci U S A. 2017;114(7):E1128–37.

11. Hansen JM, de Jong MF, Wu Q, Zhang LS, Heisler DB, Alto LT, Alto NM. Patho-
genic ubiquitination of GSDMB inhibits NK cell bactericidal functions. Cell. 
2021;184(12):3178–e31913118.

12. Li L, Li Y, Bai Y. Role of GSDMB in Pyroptosis and Cancer. Cancer Manag Res. 
2020;12:3033–43.

13. Panganiban RA, Sun M, Dahlin A, Park HR, Kan M, Himes BE, Mitchel JA, 
Iribarren C, Jorgenson E, Randell SH, et al. A functional splice variant 
associated with decreased asthma risk abolishes the ability of gas-
dermin B to induce epithelial cell pyroptosis. J Allergy Clin Immunol. 
2018;142(5):1469–e14781462.

14. Chen Q, Shi P, Wang Y, Zou D, Wu X, Wang D, Hu Q, Zou Y, Huang Z, Ren J, 
et al. GSDMB promotes non-canonical pyroptosis by enhancing caspase-4 
activity. J Mol Cell Biol. 2019;11(6):496–508.

15. Hergueta-Redondo M, Sarrio D, Molina-Crespo A, Megias D, Mota A, Rojo-
Sebastian A, Garcia-Sanz P, Morales S, Abril S, Cano A, et al. Gasdermin-B 
promotes invasion and metastasis in breast cancer cells. PLoS ONE. 
2014;9(3):e90099.

16. Komiyama H, Aoki A, Tanaka S, Maekawa H, Kato Y, Wada R, Tamura M, Shiroi-
shi T. Alu-derived Cis-element regulates tumorigenesis-dependent gastric 
expression of GASDERMIN B (GSDMB). Genes Genet Syst. 2010;85(1):75–83.

17. Sun Q, Yang J, Xing G, Sun Q, Zhang L, He F. Expression of GSDML Associ-
ates with Tumor Progression in Uterine Cervix Cancer. Transl Oncol. 
2008;1(2):73–83.

18. Hergueta-Redondo M, Sarrio D, Molina-Crespo Á, Vicario R, Bernadó-Morales 
C, Martínez L, Rojo-Sebastián A, Serra-Musach J, Mota A, Martínez-Ramírez Á, 
et al. Gasdermin B expression predicts poor clinical outcome in HER2-Positive 
breast Cancer. Oncotarget. 2016;7(35):56295–308.

19. Molina-Crespo A, Cadete A, Sarrio D, Gamez-Chiachio M, Martinez L, Chao 
K, Olivera A, Gonella A, Diaz E, Palacios J, et al. Intracellular delivery of an 

antibody targeting Gasdermin-B reduces HER2 breast Cancer aggressiveness. 
Clin Cancer Res. 2019;25(15):4846–58.

20. Rühl S, Shkarina K, Demarco B, Heilig R, Santos JC, Broz P. ESCRT-Dependent 
membrane repair negatively regulates pyroptosis downstream of GSDMD 
activation. Science. 2018;362(6417):956–60.

21. Xia S, Zhang Z, Magupalli VG, Pablo JL, Dong Y, Vora SM, Wang L, Fu TM, 
Jacobson MP, Greka A, et al. Gasdermin D pore structure reveals preferential 
release of mature interleukin-1. Nature. 2021;593(7860):607–11.

22. Ding J, Wang K, Liu W, She Y, Sun Q, Shi J, Sun H, Wang DC, Shao F. Pore-
forming activity and structural autoinhibition of the gasdermin family. 
Nature. 2016;535(7610):111–6.

23. Shi P, Tang A, Xian L, Hou S, Zou D, Lv Y, Huang Z, Wang Q, Song A, Lin Z, et al. 
Loss of conserved Gsdma3 self-regulation causes autophagy and cell death. 
Biochem J. 2015;468(2):325–36.

24. Wang Q, Wang Y, Ding J, Wang C, Zhou X, Gao W, Huang H, Shao F, Liu Z. A 
bioorthogonal system reveals antitumour immune function of pyroptosis. 
Nature. 2020;579(7799):421–6.

25. Li S, Xu F, Li H, Zhang J, Zhong A, Huang B, Lai M. S100A8(+) stroma cells 
predict a good prognosis and inhibit aggressiveness in colorectal carcinoma. 
Oncoimmunology. 2017;6(1):e1260213.

26. Tamura M, Tanaka S, Fujii T, Aoki A, Komiyama H, Ezawa K, Sumiyama K, 
Sagai T, Shiroishi T. Members of a novel gene family, Gsdm, are expressed 
exclusively in the epithelium of the skin and gastrointestinal tract in a highly 
tissue-specific manner. Genomics. 2007;89(5):618–29.

27. Carl-McGrath S, Schneider-Stock R, Ebert M, Rocken C. Differential expression 
and localisation of gasdermin-like (GSDML), a novel member of the cancer-
associated GSDMDC protein family, in neoplastic and non-neoplastic gastric, 
hepatic, and colon tissues. Pathology. 2008;40(1):13–24.

28. Saeki N, Usui T, Aoyagi K, Kim DH, Sato M, Mabuchi T, Yanagihara K, Ogawa 
K, Sakamoto H, Yoshida T, et al. Distinctive expression and function of four 
GSDM family genes (GSDMA-D) in normal and malignant upper gastrointesti-
nal epithelium. Genes Chromosomes Cancer. 2009;48(3):261–71.

29. He H, Yi L, Zhang B, Yan B, Xiao M, Ren J, Zi D, Zhu L, Zhong Z, Zhao X, et al. 
USP24-GSDMB complex promotes bladder cancer proliferation via activation 
of the STAT3 pathway. Int J Biol Sci. 2021;17(10):2417–29.

30. Rana N, Privitera G, Kondolf HC, Bulek K, Lechuga S, De Salvo C, Corridoni D, 
Antanaviciute A, Maywald RL, Hurtado AM, et al. GSDMB is increased in IBD 
and regulates epithelial restitution/repair independent of pyroptosis. Cell. 
2022;185(2):283–e298217.

31. Wang Y, Yin B, Li D, Wang G, Han X, Sun X. GSDME mediates caspase-
3-dependent pyroptosis in gastric cancer. Biochem Biophys Res Commun. 
2018;495(1):1418–25.

32. Das S, Miller M, Beppu AK, Mueller J, McGeough MD, Vuong C, Karta MR, 
Rosenthal P, Chouiali F, Doherty TA, et al. GSDMB induces an asthma phe-
notype characterized by increased airway responsiveness and remodeling 
without lung inflammation. Proc Natl Acad Sci U S A. 2016;113(46):13132–7.

33. Liu X, Xia S, Zhang Z, Wu H, Lieberman J. Channelling inflammation: gasder-
mins in physiology and disease. Nat Rev Drug Discov. 2021;20(5):384–405.

34. Zhang Z, Zhang Y, Xia S, Kong Q, Li S, Liu X, Junqueira C, Meza-Sosa KF, Mok 
TMY, Ansara J, et al. Gasdermin E suppresses tumour growth by activating 
anti-tumour immunity. Nature. 2020;579(7799):415–20.

35. Batlle E, Massague J. Transforming growth factor-beta signaling in immunity 
and Cancer. Immunity. 2019;50(4):924–40.

36. Li S, Xu F, Zhang J, Wang L, Zheng Y, Wu X, Wang J, Huang Q, Lai M. Tumor-
associated macrophages remodeling EMT and predicting survival in colorec-
tal carcinoma. Oncoimmunology. 2018;7(2):e1380765.

37. Lu H, Sun Y, Zhu Z, Yao J, Xu H, Huang R, Huang B. Pyroptosis is related to 
immune infiltration and predictive for survival of colon adenocarcinoma 
patients. Sci Rep. 2022;12(1):9233.

38. Nihon Geka Gakkai Zasshi. Prognostic Nutritional Index in gastrointesti-
nal surgery of malnourished Cancer patients. Nihon Geka Gakkai Zasshi. 
1984;85(9):1001–5.

39. Sato R, Oikawa M, Kakita T, Okada T, Abe T, Yazawa T, Tsuchiya H, Akazawa 
N, Sato M, Ohira T, et al. The prognostic value of the prognostic nutritional 
index and inflammation-based markers in obstructive colorectal cancer. Surg 
Today. 2020;50(10):1272–81.

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


	Correlation of gasdermin B staining patterns with prognosis, progression, and immune response in colorectal cancer
	Abstract
	Introduction
	Methods
	Case materials
	Clinicopathological parameters
	Systemic inflammatory indicators
	Tissue microarray
	Immunohistochemistry and double immunofluorescence staining
	Immunofluorescence assay
	Cell culture and reagents
	Plasmids, siRNA and transfection
	Western blotting
	Cytotoxicity assays
	Sensitivity assays
	Statistical analysis

	Results
	Expression profile of GSDMB in cancer cells
	GSDMB expression in cancer cells and clinicopathological parameters
	GSDMB expression in cancer cells and systemic inflammatory indicators
	Correlation between GSDMB expression in cancer cells and TIM
	Univariate survival analyses of GSDMB in cancer cells
	Cytoplasmic GSDMB is an independent favorable prognostic factor
	GSDMB+ immune cells in the TIF

	Discussion
	Conclusion
	References


