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Introduction: Pyroptosis induced by lipopolysaccharide (LPS) is a dissolved form of cell
death. The molecular marker gasdermin D, specifically GSDMD-N, is critically required for
the induction of pyroptosis. Recently, there have been studies showing that LPS is closely
related to tumor biology.

Methods: Specimens from 40 patients with colorectal cancer (CRC) were collected. Eight- to
twelve-week-old C57BL6 male mice (n=30) were raised. Immunohistochemistry and Western
blot were performed to test the expression of GSDMD. Moreover, cytotoxicity assay, IL-18 and
IL-1p ELISA, Annexin V and PI stain, and wound healing assay were also made. Gene
Expression Profiling Interactive Analysis (GEPIA) was used to verify the expression of
GSDMD and overall survival of CRC patients with a high/low expression of GSDMD.
Results: In the research, we showed that the poor prognosis in CRC patients was signifi-
cantly related to the GSDMD expression and significantly down-regulated in human color-
ectal cancer (CRC) tissues. Treatment with LPS, but not TNF-a, induced pyroptosis via
promoting the expression of GSDMD and GSDMD-N membrane translocation and enhanced
chemosensitivity in response to L-OHP in HT29 cells. Furthermore, the enforced expression
of GSDMD in HT29 cells reduced cell survival and induced cell death.

Discussion: These results of studies suggest that the low expression of GSDMD correlates
with a poor CRC prognosis, and that pyroptosis induced by LPS may improve the anti-cancer
effect of L-OHP, inhibiting the tumorigenesis of CRC by activating GSDMD. Our findings
lay the foundation for further development of GSDMD serving as an important prognostic
biomarker and a valid CRC therapeutic target.
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Introduction
Colorectal cancer (CRC) is one of the most commonly diagnosed cancers and
causes of death from cancer across the world." In addition, the morbidity of CRC
all over the world has increased rapidly over the past decade.”? We have made many
efforts in order to improve treatment of patients with CRC. However, the resistance
to traditional drugs and postoperative recurrence still make most patients die from
this disease.> L-OHP, a third-generation platinum compound, which has been
developed as an alternative pharmacological compound to cisplatin, displays an
anti-tumor effect in CRC.*” But since intrinsic or acquired resistance to L-OHP has
affected its chemotherapeutic sensitivity, reversing the L-OHP resistance of the
CRC is a practical method for enhancing chemosensitivity.®’

The
Lipopolysaccharide (LPS).® The potential use of bacteria or endotoxins of the

outer membrane of gram-negative bacteria is made up of
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effects of anti-tumor has been widely researched for
decades.” Although now LPS is not used to treat cancer
due to its toxicities, the underlying theory was right has
been revealed by the accumulating evidence'®™'' One
experiment has verified that the cancer cell survival can
be inhibited by LPS.'* Functional studies show that LPS
reduces cancer survival, invasion, and proliferation via
various mechanisms, suggesting that LPS is an effective
cancer progression management strategy.13

Although the enjoyment in LPS which serves as a cancer
therapeutic drugs has diminished, whether LPS attacks can-
cer cells with the direct function remains controversial. The
lethality of LPS-induced is largely dependent on the acti-
vated caspase-1 encoded by Caspl."*'® GSDMD is cleaved
into pore-forming peptides by activating caspase-1 that sub-
sequently leads to pyroptosis, a dissolved form of cell death
releasing inflammatory cytokines like IL-1p and IL-18.'"""
Previous research has revealed that GSDMD expression
acted differently with upper gastrointestinal cancer and sup-
pressed gastric cancer development.”® However, the potential
roles of pyroptosis induced by LPS in CRC are still unclear.
Therefore, this study aims at exploring how LPS enhances
the chemosensitivity of oxaliplatin in CRC via GSDMD-
mediated pyroptosis.

Patients and Methods

Patients

Obtained human tissue samples include cancer tissues and
their paired adjacent normal mucosa from CRC patients who
had recovered surgery between November 2016 and
October 2017, at the Hebei Medical University Fourth
Hospital, Shijiazhuang, China. Specimens from 40 patients
were collected. The specimens, after being cut off during
surgery, were quickly stored in liquid nitrogen at —80°C. At
the same time, paraffin-embedded tissues from 244 colon
2012 to
October 2014) were screened based on the original pathologic

cancer patients (treated from November
diagnosis. The study was approved by the Ethics and the
of Hebei Medical

(Shijiazhuang, China). The informed written consent was

Academic Committees University

obtained from all the patients, and was also approved by the
Ethics and the Academic Committees of Hebei Medical
University.

Experimental Animals
Eight- to twelve-week-old C57BL6 male mice (n=30)
were raised at the Animal Resource Core Facility of

Hebei Medical University where have specific clean
conditions. The mice were fed with standard laboratory
chow, and kept on 12-hr light/dark cycles. All protocols
were approved by the Institutional Animal Care and Use
Committee of Hebei Medical University. And all the
procedure complied with Chinese Guidelines of ethical
review for the welfare of the laboratory animal. The
mice were randomly assigned to four different experi-
mental groups. The schematic experimental design is
represented in Figure 1A. The mice were executed and
dissected at day 70, and their colonies, from the ileoce-
cal junction to the anal verge, were removed. Six mice
selected randomly from the group of colitis-associated
colon cancer and divided into two groups. One group
was intraperitoneal injected L-OHP (10 mg/kg body
weight). Another group injected L-OHP (10 mg/kg)
and LPS (1 mg/kg). Cut open the colons along the
main axis, then washed these colons with phosphate-
buffered saline. One part was stored for biochemical
assays and another one was used for histology assays.
Histomorphology and grading of regression in CRC
treated with chemotherapy.?'

Cell Culture

Human colon cancer cell lines of HT29 were bought
from Shanghai Institute of Life Sciences, China. All
the cells were cultured as monolayer cultures in
a McCoy’s 5A (SH30200.01, HyClone) medium, sup-
plemented with 10% fetal bovine serum, double anti-
biotics in a condition of 5% CO,, all in a cell holder at
37°C.

Immunohistochemistry

Blocked sections with 0.3% H,O,, followed by preincu-
bation with 5% normal serum and incubation with pri-
mary anti-GSDMD (2.5 pg/mL, DF-12,275, Affinity,
USA), overnight at 4°C. The sections were incubated
with the biotinylated secondary antibody, and then the
sections were incubated with streptavidin-horseradish
peroxidase and diaminobenzidine, and stained with
hematoxylin. The staining intensities of GSDMD were
determined by measurement of MOD, using Image-Pro
Plus System.

Western Blot Analysis

Total protein extracts were prepared by a RIPA Buffer
plus protease inhibitors (Roche). Membrane protein
extracts were prepared by using a ProteoPrep®
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Figure | LPS improves anti-cancer effect of oxaliplatin in mice in vivo experiment. (A) Experimental protocol for acute colitis, chronic colitis and colitis-associated colon
carcinogenesis model (AOM [0 mg/kg 2.5% DSS). (B) Relative body weight curves of WT mice with chronic colitis, colitis-associated colon carcinogenesis and control group
(n=6). (C) On day 14 and 70, removing the colons and analyzing tumor lesions microscopically. Representative gross pathology of the descending colon and rectum at the
end of the AOM/DSS protocol on day 70. (D-F) Histopathology of colonials in different phases of model establishment. Western blot analyses and IHC of GSDMD and
GSDMD-N in each group (n=6). (G) The effects of GSDMD deletion on the tumor volumes. *P < 0.05, **P<0.01, ***P < 0.001 compared with control group.

Membrane Extraction Kit (p0033, Beyotime, China).
Separated the lysates containing equal amounts of pro-
tein by SDS-PAGE and electroblotted onto polyvinyli-
dene difluoride membranes by a semi-dry transfer
system (Bio-Rad). Blots were blocked with 5% normal
goat serum in TBST for 2 h at 25°C, then probed with
rabbit anti-GSDMD (1.5 pg/mL, DF-12,275, Affinity,
USA), rabbit anti-caspase-1/d (1.5 pg/mL, ab16329,
Abcam), and rabbit anti-GAPDH (1:800, sc-32,233,
Santa Cruz) at 4°C overnight. Then, the blots were
visualized on an Odyssey Infrared Imaging System (Li-
Cor Biosciences).

Cytotoxicity Assay, IL-18, and IL-13 ELISA
Measured the cell death with LDH assay using
a CytoTox 96 Non-Radioactive Cytotoxicity Assay kit
(Promega). The CellTiterGlo Luminescent Cell Viability
Assay (Promega) was used to determine the cell viabi-
lity. To measure IL-18 and IL-1P release, the primary
HT29 cells were primed with LPS (2.5, 5, 10 pg/mL) or
TNF-a (10ng/mL and 20ng/mL) at different points in
time (3, 6, 12, and 24h) and the released mature IL-18
and IL-1B levels were determined by using the IL-18
and IL-1f ELISA kit
Company).

(Neobioscience Technology
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MTT

HT29 cells were seeded into a 96-well plate and cul-
tured for 24h. The primary HT29 cells were primed with
L-OHP (20, 40, 60, 80 pug/mL), siGSDMD (20 uL) or
LPS (10 pg/mL) at different points in time (3, 6, 12, and
24h). 15 pL (5 mg/mL) MTT was added to each well for
4 h, after which the supernatants were removed care-
fully. Next, the MTT formazan was dissolved in 150 pL
DMSO and OD
a microplate reader at 492 nm. All assays were repeated

values were measured using

three times.

Annexin V and Pl Staining

The primary HT29 cells were primed with LPS (10 pg/
mL), L-OHP (20 pg/mL) or siRNA (20pg/mL). After
24 h of treatment, the HT29 cells were performed
using the Annexin V-FITC/PI Apoptosis Kit (BD
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Biosciences, USA) according to the manufacturer’s
protocol. In brief, cells were resuspended in binding
buffer. Cells were then incubated with Sul. Annexin
V-FITC reagent and SuL PI in the dark for 15 min. The
samples were analyzed by flow cytometry with BD
FACSCalibur.

Pl Staining

The HT29 cells were pretreated with LPS (10 pg/mL) for
different points in time (3, 6, 12, and 24h). LPS-primed
HT29 cells were pretreated with PI (5uL) for lh.

Wound Healing Assay

The cells were grown in 6 well plates. Serum starvation
for 24 h before use. An approximately 4-5 mm wound was
scratched and washed three times with PBS 2 mL of
McCoy’s 5A and with 2% FBS at LPS (10pg/mL), then

GS

DMD low expression
> X T

C GspmpD high expression
: X

®GSDMD
B GSDMD-N

LPS

Figure 2 The GSDMD expression is reduced in human colorectal cancer tissues and is significantly related to the overall survival of CRC patients. (A and B) The protein levels of
GSDMD in CRC patients and the tissue samples of the corresponding non-malignant adjacent were measured by Western blot analysis (n=40). (C) Imnmunohistochemical analysis of
GSDMD expression in human colorectal cancer tissues (n=244). (D) The Kaplan—Meier method was performed to compare the overall survival (OS) in 244 patients with CRC with
the low and high GSDMD protein expression level groups. (E and F) Using Western blot analysis to assess the GSDMD and GSDMD-N expression in colorectal cancer tissue
culture with LPS (10pg/mL) or normal saline for 24 h (n=6). Data are shown as the mean % SD. *P<0.05, ***P<0.00| compared with the control group.
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L-OHP (20pumol/L) and siGSDMD (20ug/mL) were
added. After 24 h of culture, the migration of cells in
each group was observed.

Verification of Expression of GSDMD
Using Gene Expression Profiling
Interactive Analysis (GEPIA)

The expression level of GSDMD in the normal and CRC
samples was ascertained using GEPIA (http://gepia.can

cer—]gku.cn/)22
for analyzing the gene expression data of large consortium

a newly developed interactive web server

projects such as The Cancer Genome Atlas and the
Genotype Tissue Expression project.

Overall Survival Analysis of the CRC
Patients with High/Low Expression of

GSDMD

The Kaplan—Meier Plotter (http://kmplot.com/analysis/
23,24

index.php?p=background) an online analysis tool, was

performed to evaluate the overall survival analysis of the
CRC patients with high/low expressions of GSDMD. The
primary purpose of the tool is a meta-analysis—based dis-
covery and validation of survival biomarkers. The group of
patients was obtained from the public database “Kaplan-
Meier Plotter” which includes gene chip and RNA-seq data-
sources for the databases include GEO, EGA, and TCGA.

The comparison of overall survival was made between

Table | Association Between GSDMD Expression and Clinic Pathological Factors

n The Expression of GSDMD x2 P
Negative Positive

Gender Male 146 96(39.34%) 50(20.49%) 0.066 0.7962
Female 98 66(27.05%) 32(13.11%)

Age (years) <60 13 81(33.20%) 32(13.11%) 2,638 0.1347
>60 131 81(33.20%) 50(20.49%)

Distant metastasis No 226 149(61.07%) 77(31.56%) 0.2959 0.5865
Yes 18 13(5.33%) 5 (2.05%)

Histological grade Well 12 6(2.46%) 6(2.46%) 6.587 0.0371
Moderately 181 115(47.13%) 66(27.05%)
Poorly 51 41(16.8%) 10(4.10%)

Tumour stage TI 14 6(2.46%) 8(3.28%) 9.749 0.0208
T2 42 24(9.84%) 18(7.38%)
T3 94 60(24.59%) 34(13.93%)
T4 94 72(29.51%) 22(9.02%)

Nodal stage NO 124 26(28.89%) 13(14.44%) 6.928 0.0313
NI 73 42(17.21%) 31(12.70%)
N2 47 28(11.48%) 19(7.79%)

Lymph nodes invasion No 124 54(22.13%) 70(28.69%) 58.97 <<0.001
Yes 120 108(44.26%) 12(4.92%)

Vascular invasion No 131 60(24.59%) 71(29.10%) 53.76 <<0.001
Yes 13 102(41.80%) 11(4.51%)

Clinical stage | 7 2(0.82%) 5(2.5%) 62.92 <<0.001
Il 96 38(15.57%) 58(23.77%)
11 123 109(44.67%) 14(5.74%)
v 18 13(5.33%) 5(2.05%)

Tumor location Left colon 8l 50(20.49%) 31(12.70%) 3.967 0.1376
Right colon 83 52(21.31%) 31(12.70%)
Rectum 80 60(24.59%) 20(8.20%)

Tumour size <5cm 191 122(50.0%) 69(28.28%) 2.501 0.1394
25cm 53 40(16.39%) 13(5.33%)

Notes: P-values were calculated by y2-test or independent t-testing for continuous data. Significant P-values are printed in bold.
Cancer Management and Research 2020:12 submit your manuscript 10401
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colon patients with high expressions of GSDMD and colon
patients with low expressions of GSDMD. Moreover, the
comparison of overall survival was also made between
rectal patients with high expressions of GSDMD and rectal
patients with low expressions of GSDMD.

Statistical Analysis

GraphPad software, version 5 was used for statistical
analysis. Forms of Data Presentation are mean + standard
deviation (SD). A Student’s ¢-test was applied to assess the
statistical significance, while a chi-square test was used to
assess the differences of relative GSDMD protein expres-
sion in human tissues. By using the Cox proportional
hazard model to evaluate the relationship between
GSDMD and patients’ overall survival (OS). P values
<0.05 were considered significant.

Results

The GSDMD Expression is Decreased in
Human Colorectal Cancer Tissues and
Significantly Associated with CRC

Patients’ Overall Survival

GSDMD expression was measured in colorectal cancer of
human and adjacent tissues. Meeting the selection criteria
in the TCGA database is 40 eligible CRC patients. First,
we studied the expression of GSDMD in these cases. As
expected, compared with the paired adjacent normal
mucosa, the GSDMD expression levels in cancer tissues
were significantly higher (***P<0.001, Figure 2A and B).
Additionally, IHC was used to examine the samples from
244 patients with CRC by Figure 2C. 66.39% (162/244)
showed high GSDMD expression, whereas 33.61% (82/
244) showed low GSDMD expression. Down-regulation of
GSDMD was significantly related to histological grade
(P=0.0371), (P=0.0208),
(P=0.0313), tumor lymph nodes invasion
(*¥***P<0.0001), vascular invasion (****P<0.0001), and
clinical stage (****P<0.0001) (Table 1). The five-year
overall survival (OS) rates of the high and low GSDMD
groups were 54.92% and 86.88%, respectively, and the
(***P<0.001,
Figure 2D). Table 2 summarized the Univariate Cox pro-

tumor stage nodal stage

difference was statistically significant
portional hazard analyses of OS. Univariate analysis
showed that distant metastasis, tumor stage, nodal stage,
lymph nodes invasion, vascular invasion, clinical stage,
and GSDMD were significantly related to shorter OS

(***P<0.001) (Table 2). With a standardized Cox

regression model, the whole factors with statistically sig-
nificant in the univariate were examined via multivariate
Cox regression analysis for relating to OS. Multivariate
analysis showed that GSDMD lowly expressed levels,
poor tumor stage, distant metastasis, and clinical stage
were independently related to OS (*P<0.05) (Table 3).
To further investigate if GSDMD can be activated in the
CRC, the GSDMD and GSDMD-N expression levels in
human colorectal cancer tissue culture with LPS were
analyzed. The GSDMD and GSDMD-N expression levels
were significantly higher than cultures with normal saline
was found. (***P<0.001, Figure 2E and F).

Cleavage of GSDMD is Involved in
LPS-Induced Pyroptosis in HT29 Cells

Further analysis explored whether LPS could induce
pyroptosis in HT29 cells. GSDMD, GSDMD-N, Casp-
1, and cleaved Casp-1 were expressed in HT29 cells
which were primed with LPS. As anticipated, the pro-
caspase-1 cleavage of GSDMD in HT29 cells was

Table 2 Univariate Regression Analysis for OS

Clinicopathological P HR (95% CI)
Characteristics

Gender 0.436 0.849(0.561-1.283)
Age 0.302 0.812(0.546—1.206)
Distant metastasis <0.0001 | 23.82(12.00-47.29)
Histological grade 0.267 1.249(0.843—1.850)
Tumor stage <0.0001 | 1.989(1.511-2.619)
Nodal stage <0.0001 | 2.682(2.108-3.412)
Lymph nodes invasion <0.0001 | 7.647(4.555-12.80)
Vascular invasion <0.0001 | 6.299(3.925-10.11)
Clinical stage <0.0001 | 10.37(6.504—16.55)
Tumor location 0.572 1.073(0.841-1.368)
Tumour size 0.160 0.687(0.407—1.160)
GSDMD <0.0001 | 0.208(0.116-0.375)

Table 3 Multivariate Cox Regression Analysis for OS

Clinicopathological P HR (95% CI)
Characteristics

Distant metastasis <0.0001 | 34.83(6.544-185.417)
Tumour stage 0.003 1.562(1.158-2.107)
Nodal stage 0.645 1.111(0.709-1.741)
Vascular invasion 0.026 2.274(1.103-4.691)
Lymph nodes invasion 0.426 1.625(0.492-5.371)
Clinical stage 0.156 1.912(0.780—4.686)
GSDMD 0.007 0.383(0.191-0.770)

Notes: At the end of the 5-year follow-up, the 5-year survival rate of 244 patients
with colorectal cancer was about 59.86.
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detected by us. (Figure 3A and B). There was increas-
ing release of IL-18, IL-1f8, and LDH after LPS stimu-
lation (*P<0.05, Figure 3C-E). We reasoned that the
different concentrations of LPS could induce pyropto-
sis in HT29 cells. Specifically, we found that the
GSDMD could cleave in HT29 cell which were treated
with higher concentrations of LPS (*P<0.05, Figure 3F
and G). In fact, after the morphological change of the

apoptosis in HT29 cells, we detected Pl-positive cells
(Figure 3H).

LPS Enhances the Chemosensitivity of
L-OHP in HT29 Cells via Inducing
Expression of GSDMD

We explored whether LPS enhanced the chemosensitiv-
ity of L-OHP in vivo. The influence of L-OHP dose on
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Figure 3 Cleavage of GSDMD is involved in LPS-induced pyroptosis in HT29 cells. (A and B) Western blot analyses were performed to examine the GSDMD expression
and pyroptosis-related protein in HT29 cell lines which were treated with LPS (10 ug/mL) at different points in time (3, 6, 12, and 24 h) (n=3). (C-E) IL-18, IL-1B, and LDH
secretion were measured by ELISA in HT29 cell lines treated with LPS (10 pg/mL) at different points in time (3, 6, 12, and 24 h) (n=6). (F and G) LPS (2.5, 5, 10 ng/mL) treat
the HT29 cell lines for 6 h, then the GSDMD and GSDMD-N expression in HT29 cell lines was detected by Western blot analysis (n=3). (H) Staining the HT29 cells with Pl
and analyzing the HT29 cells under a microscope. Results are shown as the mean * SD. *P < 0.05, **P<0.01, **P < 0.001, ****P < 0.0001 compared with control group.
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for HT29 cells viability based on an MTT assay. The final concentrations of L-OHP (20umol/L) were used here and in subsequent experiments unless otherwise stated. (B—
D) MTT, flow cytometry, and a wound healing assay showed that LPS could enhance the chemosensitivity of L-OHP in HT29 cells. (E) The expression of GSDMD in HT29
cells after transfection with NC (negative control); GSDMD siRNA was examined with Western blot analysis. (F-H) MTT, flow cytometry, and a wound healing assay
showed that siRNA-induced silencing of GSDMD could prevent the LPS-induced chemosensitivity of oxaliplatin in HT29 cells. Results shown are mean + SD. **p < 0.01,

##¥p< 0.001 compared with control group. n = 3 in each group.

HT29 cells viability is shown in Figure 4A. Treated the
HT29 cells with 10 pg/mL of LPS or 20 pumol/L of
L-OHP for 24 h. Then, using MTT, wound healing, and
a flow cytometry assay to analyze. As expected, the
percentage of cell death increased after LPS or L-OHP
treatments compared to the control group (Figure 4B—
D). Conversely, siRNAs were used to silence the
GSDMD expression in HT29 cell lines. siRNAs were
used to silence the expression of GSDMD in HT29 cell
lines, and Western blotting confirmed that siRNA
knocked down the expression of GSDMD (Figure
4E). Interestingly, these results of MTT, wound heal-
ing, and flow cytometry assay analysis demonstrate that

LPS did not enhance the chemosensitivity of L-OHP
(Figure 4F-H).

LPS Induces GSDMD-N Activation and

Membrane Translocation in HT29 Cells
Western blots were performed using membrane pro-
teins and total proteins isolated from the cultured
HT29 cells treated by LPS. Not surprisingly, LPS-
induced GSDMD-N and the membrane
translocation was most obvious at 6 h in the HT29
cells (*P<0.05, Figure 5A). Figure 5B shows PI-
positive cells after the apoptotic morphological change
of HT29 cells.

activation,
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Figure 5 LPS induces GSDMD-N activation and membrane translocation in HT29 cells. (A). Representative immunoblots of total human GSDMD expression and GSDMD-
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GSDMD and GSDMD-N, quantification of the expression of total and surface is shown in each fraction. Results shown are mean * SD. n = 3 in each group; *P < 0.05; ***P <
0.001; ¥**P < 0.0001 compared with control group. (B). Pyroptosis can be induced by LPS. Staining The HT29 cells with Pl and analyzing the HT29 cells under a microscope.

The Role of Pyroptosis in the Formation

of Colon Cancer

The induction procedures of different models by AOM/
DSS are shown in Figure 1A. Figure 1B shows that
treated the mice with DSS or AOM combined with
DSS in the experiment was significant weight loss than
the control mice. At the end of the experiment on day
70, the AOM/DSS treated mice was shown by micro-
scopic examination of colons (Figure 1C). IHC and
Western blot showed that the GSDMD/GSDMD-N
level was accelerated with inflammation, which dis-
played a higher expression level in acute/chronic colitis
mice and a lower expression in colitis-associated colon
carcinogenesis mice, while in normal control mice, it
ID-F). The
GSDMD expression had no significant relationship
with the tumor size (*P<0.05, Figure 1G).

remained very low (*P<0.05, Figure

TNF-a Does Not Induce Pyroptosis

We found that the expression of TNF-a was higher in
the acute/chronic colitis and colitis-related colon cancer
mouse models and lower in the normal control mice
(*P<0.05, Figure 6A and B). This clarifies whether
TNF-a could induce pyroptosis. GSDMD and
GSDMD-N were expressed in HT29 cells, which were
primed with different concentrations of TNF-a. The
release of IL-18, IL-1B, and LDH could result from
the cells (*P<0.05, Figure 6C-E). But we were

surprised to find that the expression of GSDMD,
GSDMD-N, Casp-1, and cleaved Casp-1 in the HT29
cell line treated with TNF-a showed no statistically
significant difference (Figure 6F and G). Ultimately,
we did not find Pl-positive cells after being primed
with different concentrations TNF-a (Figure 6H and I).

Successful Verification of the Expression

of GSDMD

Through the GEPIA, the results manifest that the GSDMD
is expressed lowly in patients with CRC compared with
the normal samples (¥*P<0.05, Figure 7).

Overall Survival Analysis

According to the analysis of the Kaplan-Meier Plotter,
the overall survival for colon cancer patients with
GSDMD expressed highly is better than for colon can-
cer patients with GSDMD expressed lowly (*P<0.05,
Figure 8A). Likewise, the overall survival for rectal
cancer patients expressing GSDMD highly is better
than in rectal cancer patients expressing GSDMD
lowly (*P<0.05, Figure 8B). The colon arises from
the midgut and the hindgut and the rectum from the
cloaca. Studies have shown that the colon and rectum
have different blood supply patterns. Therefore, it is
necessary to distinguish between colon and rectal can-
And in the “Kaplan-Meier Plotter”, the other
researchers also evaluated separately colon and rectal

Cers.

cancer.
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were measured by Western blot analysis (n=3). (C-E) IL-18, IL-1p, and LDH secretions were measured by ELISA in HT29 cell lines treated with TNF-a (10ng/mL and 20ng/
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Discussion
We collected CRC tumors and described a new role of
LPS in the therapy of CRC, as well as the relationship
between the expression of GSDMD and survival in
patients with CRC. Specifically, we found that LPS-
induced GSDMD GSDMD
sensitized HT29 to L-OHP by pyroptosis
induction both

expression,  while
cells

in vitro and in vivo. These results

demonstrate that LPS enhances the chemosensitivity of

oxaliplatin in HT29 cells via GSDMD-mediated
pyroptosis.

Previous studies from other researchers had impli-
cated GSDMD
suppressor gene.”’ However, the potential role of LPS
in CRC was not yet clear. Our results highlight GSDMD

as a characteristic molecule related to the prognosis in

as a potential gastric cancer

submit your manuscript

10406

Dove

Cancer Management and Research 2020:12


http://www.dovepress.com
http://www.dovepress.com

Dove

Wu et al

6
l

Relative expression of GSDMD
4
|

2
I

[
CRC
(num(T)=275; num(N)=349)

Figure 7 The comparison of expression of GSDMD between the CRC patients and
normal samples. T=tumor, N=normal. *P < 0.05.

patients with CRC. We found that CRC patients with
low GSDMD levels had significantly higher survival
rates and GSDMD was an independent prognostic fac-
tor. An in vitro assay suggested that LPS can enhance
the chemosensitivity of L-OHP in HT29 cells and
reverse the proliferation of CRC. Using siRNA to
knock down the GSDMD expression in HT29. The
study results show that silent GSDMD could inhibit
the role of LPS in promoting the chemical sensitivity
of L-OHP. However, the probable function and mechan-
ism of GSDMD in CRC are still unclear.

Our data reveal that the L-OHP anti-tumor activity is
increased by LPS. It may play a synergistic role in the
inhibition of growth and promotion of the pyroptosis in

HT29 cells.
N-terminal fragment by the activation of inflammatory cas-

GSDMD can be cleaved to release an

pase-1 may be one probable mechanism of pyroptosis
action.”> GSDMD-N binds to the cell membrane to form
a pore-like structure.'®?*?7 It is important for the develop-
ment of drug chemosensitivity to change the diffusion prop-
Cytotoxic
compounds, L-OHP included, must travel through their

ertiecs of membranes by these alterations.

membrane to reach their targets within cancer cells.
Therefore, GSDMD can increase the accumulation of
L-OHP which may make the inhibition of the growth and
promotion of the death in HT29 cells.

The azoxymethane (AOM)/dextran sulfate sodium
(DSS) carcinogenic model has been widely used in
colorectal cancer research.”®>° In follow-up studies,
we plan to use this model to investigate the function
of pyroptosis in the formation of colon cancer.
A protective role of GSDMD in AOM/DSS model for
carcinogenesis was suggested by these data. TNF-a was
highly expressed in the AOM/DSS model. Pyroptosis is
the maturity and excretion of proinflammatory cytokines
IL-1B/18 controlled by Inflammasomes and an inflam-
matory cell death mode induced by Inflammasomes.”’
Inflammasomes also act as an activation platform for
procaspase-1.>% Unlike LPS, TNF-o did not induce pyr-
optosis. Although TNF-a stimulated the release of
increased IL-18, IL-1B, and LDH in HT29 cells, the
expression of GSDMD, GSDMD-N, Casp-1,
cleaved Casp-1 in the HT29 cell line treated with
TNF-a showed no statistically significant difference.

and

We also found after morphological change of the apop-
tosis in HT29 cells, there are no Pl-positive cells. Our
findings showed that GSDMD could be activated by
LPS but not TNF-a.

Pyroptosis induced by LPS may be useful in com-
bination with conventional chemotherapeutic. In addi-
that LPS
chemosensitivity of oxaliplatin in HT29 cells via
GSDMD-mediated Nevertheless, the
mechanisms of GSDMD-mediated chemosensitization

tion, we also found enhances the

pyroptosis.

remain unclear. The molecular mechanisms about inhi-
biting cancer progression and increasing chemosensiti-
zation caused by pyroptosis need future studies to

explore.
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