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Overexpression of gasdermin D promotes invasion
of adenoid cystic carcinoma
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Abstract: Objective: To investigate the relationship between gasdermin D (GSDMD) expression and the invasion of
adenoid cystic carcinoma (ACC). Methods: Immunohistochemistry (IHC) was used to examine GSDMD expression
in tumours and adjacent non-cancerous (ANC) tissues from 33 patients with salivary ACC patients and in tumour
samples from 29 patients with pleomorphic adenoma (PA). Lentiviral infection was used to stably overexpress GS-
DMD in ACC-LM and ACC-83 cells (GSDMD-ov cells), which were subjected to transwell and scratch tests to assess
their invasive abilities compared to control cells. Cells overexpressing GSDMD were treated with siRNA targeting
GSDMD, and their invasive ability was subsequently examined. Results: GSDMD expression was significantly higher
in ACC tissues than in corresponding ANC tissues (P<0.001). After 24 hours, both the ACC-83 and ACC-LM GSDMD-
ov cell lines had more cells that moved through the membrane than did the control cells (P<0.05). For the wound
healing experiment, the diameter of the wound in the GSDMD-ov cell lines was smaller than that of the control cells
(P<0.001) after 24 hours. The ACC cell lines expressing high GSDMD showed stronger metastatic ability than did
the control. Conclusion: GSDMD was highly expressed in ACC tissues compared to ANC tissues, and high GSDMD
expression promoted the invasion of ACC cells. These findings suggest that GSDMD expression is related to the
invasion of ACC. Our data indicate that we may be able to use GSDMD as an indicator of the invasive or metastatic
potential of tumour cells in future research.
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Introduction

Salivary gland tumours account for 3% of all
cancer [1]. Epidemiological studies have indi-
cated that salivary adenoid cystic carcinoma
(ACC) is one of the most common types of sali-
vary gland cancer in China [2], accounting for
11% of epithelial tumours and 27% of malig-
nant salivary tumours [3, 4]. Surgery in conjunc-
tion with radiotherapy and chemotherapy has
been performed in the treatment of ACC over
the years, with positive outcomes [5, 6]. In-
vasion and metastasis are malignant process-
es of ACC [7], and ACC is highly prone to peri-
neural invasion and easily invades blood ves-
sels to cause metastasis [8]. However, the
outcome for ACC is not satisfactory [9, 10];
therefore, identifying specific markers that are
closely related to the biologic characteristics of
tumours is urgently needed to predict the out-
come of ACC and the performance of an anti-
gen-specific therapeutic targeting strategy.

Gasdermin D (GSDMD) is a member of the gas-
dermin family of proteins [11, 12]. GSDMD was
recently identified as a factor responsible for
the inflammatory form of lytic cell death, pyrop-
tosis, a critical innate antibacterial immune
defense mechanism [13-15]. As a newly identi-
fied form of programmed cell death, pyroptosis
is involved in various diseases and may affect
tumour patients [16, 17]. Previous studies gen-
erally focused on the pyroptosis process, which
has been reported to be involved in tumour pro-
gression, invasion, and metastasis in many dif-
ferent tumour types [18, 19]. However, whether
GSDMD, the key effector protein of pyroptosis,
is directly involved in promoting tumour inva-
sion remains unclear, as no related research
exists to date.

In this paper, we report that GSDMD expression
was higher in ACC than in adjacent non-cancer-
ous (ANC) tissues. However, whether GSDMD
affects invasion in ACC remains unknown;
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hence, the purpose of our study was to deter-
mine whether GSDMD affects the invasive abil-
ity of ACC.

Materials and methods
Immunohistochemistry and evaluation

Thirty-three matched pairs of ACC and ANC tis-
sues from patients as well as 29 samples of
pleomorphic adenoma (PA) tissues were col-
lected from 2011 to 2016 at the Department of
Oral and Maxillofacial Surgery, Sun Yat-Sen
Memorial Hospital. ANC tissue refers to an area
at least 2 cm away from the tumour lesion rep-
resenting the border of resection, which is
called the safe resection margin, and the ANC
tissues were pathologically verified [20]. The
specimen diagnosis was confirmed by a histo-
pathologic examination. No patient had re-
ceived any prior therapy, such as radio- or che-
motherapy. All tumours were histologically cl-
assified according to the World Health Or-
ganization classification and staged according
to the guidelines of the Union for International
Cancer Control [21, 22].

All tumours were fixed in 10% formalin buffer
and dehydrated before they were embedded in
paraffin. The blocks were sliced into 5-um sec-
tions. Sections for immunohistochemistry (IHC)
were retrieved by heating the samples in citrate
buffer in a microwave. Hydrogen peroxide (3%)
was used to block endogenous peroxidase
activity, and serum was used to block non-spe-
cific antigens. GSDMD polyclonal antibody (1:
800, Proteintech, USA) was incubated with the
samples for 60 minutes at 37°C. After incuba-
tion with streptavidin HRP (PV-6000, Zhongshan
Golden Bridge Biotechnology, Co., Ltd., Beijing,
China), the sections were developed with
3,3’-diaminobenzidine and counterstained with
haematoxylin.

Immunohistochemical staining was evaluated
by 2 experienced pathologists who were blind-
ed to the clinicopathologic data [23]. The
tumour was recorded as positive if more than
10% of the tumour cells showed positive stain-
ing. According to the staining intensity, tumours
were classified as negative, weakly positive and
positive. Oral mucosal squamous epithelium
was used as a positive control for GSDMD
expression, and normal salivary tissues were
used as a negative control.
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Cell line and cell culture

The human adenoid cystic carcinoma cell lines
ACC-LM and ACC-83 were obtained from the
Type Culture Collection of the Chinese Academy
of Sciences (Shanghai, China). We routinely cul-
tured the cells at 37°C in a humidified incuba-
tor containing 5% CO,. RPMI 1640 medium
containing 10% fetal bovine serum was used.

Transfection for stable expression

HEK293T cells were seeded into a 10-cm plate
and cultured with DMEM supplemented with
10% FBS in a 37°C humidified incubator con-
taining 5% CO,,. The cells were then transfected
with 6 pg of psPAX2, 3 pg of pMD2.G and 10 ug
of transfer vector using Lipofectamine 3000
reagent according to the manufacturer’'s in-
structions. At 48 hours after transfection, the
medium was collected and used to transfect
ACC cells for 48 hours. Puromycin-resistant
ACC cells were selected, and verification of the
stable cell lines was conducted using western
blot and RT-PCR. Cells transduced with empty
vector were used as a control.

Small interfering RNA (siRNA) transfection

siRNAs targeting GSDMD were used as follows:
Negative control siRNA was purchased from
Gemma Pharma Biotechnology (Suzhou, China).
Steps were taken to determine the efficiency of
the experiments. We performed siRNA trans-
fection with Lipofectamine 3000 (Invitrogen,
Carlsbad, USA) according to the manufacturer’s
instructions. The experimental group was trans-
fected with a siRNA sequence targeting
GSDMD, and the control group was transfected
with a non-targeting siRNA sequence.

RNA extraction and real-time quantitative RT-
PCR

At 24 hours after transfection was completed,
total RNA was extracted using TRIzol (TaKaRa,
Japan) according to the manufacturer’s instruc-
tions. The Bestar gPCR RT Kit (DBI Bestar®
SybrGreen) was used to transcribe the RNA into
cDNA according to the corresponding instruc-
tions. Then, GSDMD expression was detected
using the cDNA as a template.

In brief, 1 pl of cDNA was mixed into a 20 ul
reaction mixture according to the instructions
of the gPCR PrimeScript™ RT Master Mix
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(Takara) and three replicates per condition
were used. The reaction was then carried out
using the TB Green® Premix Ex Taq™ Il (Takara)
system with the following cycling conditions:
94°C for 2 minutes and 40 cycles of 94°C for
20 seconds, 58°C for 20 seconds and 72°C for
20 seconds. Each experiment was performed
three times with each experiment containing
three replicates; the average of the three repli-
cates was used as a single data replicate.
GAPDH expression was used as a reference to
standardize GSDMD expression. The relative
MRNA expression was detected using Light-
Cycler 480 Il Real-time PCR machine (Roche,
USA).

Protein extraction and western blotting analy-
Sis

Western blot analysis was used to confirm the
effects of the transfected plasmid on GSDMD
expression in the experimental and control
groups.

The cell culture medium was removed, the cells
washed twice with ice-cold phosphate-buffered
saline, and an appropriate amount of lysis buf-
fer (Pierce™, No. 23227) was added and incu-
bated with the adherent cells at 4°C for 30 min-
utes. Next, the cells were scraped, the lysate
was collected and centrifuged, and the super-
natant was collected. The protein concentra-
tion was determined using a BCA Protein Assay
Kit B according to the manufacturer’s instru-
ctions.

Western blotting was performed using 10%
sodium dodecyl sulfate polyacrylamide gel
electrophoresis (SDS-PAGE) (Beyotime, Shang-
hai, China) with 20 ul of protein solution (con-
centration: 1 pg/ul) loaded per lane. Upon com-
pletion, the proteins were transferred to
Immobilon-P Transfer Film (PVDF) (Beyotime,
Shanghai, China), which were blocked with 5%
skim milk in Tris-buffered saline containing
0.1% Tween-20 on a shaker at room tempera-
ture. Primary antibody (1:1000 in 5% bovine
serum albumin in Tris-buffered saline contain-
ing 0.1% Tween-20) against GSDMD (Abgent,
Suzhou, China) was added to the membrane
and incubated overnight on a shaker at 4°C.
The membranes were then washed with Tris-
buffered saline containing 0.1% Tween-20 and
probed with secondary antibody (anti-rabbit;
1:2000; Shanghai ExCell Biology, Inc., China).
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Primary antibody (1:1000) against GAPDH
(KangCheng-Biotech, Shanghai, China) was
used as a control for protein loading. The west-
ern blot analysis process was performed acc-
ording to standard protocols.

In vitro invasion assay and migration assay

We used a polycarbonate Transwell plate for
the invasion assay. Specifically, 2x10° cells in
RPMI 1640 medium containing 1% FBS were
seeded into the upper chamber of a polycar-
bonate Transwell plate (8 um pore size; Corning,
USA). The lower chamber contained RPMI-1640
medium with 15% FBS as the chemoattractant.
After the plates were incubated for 24 hours in
a 37°C incubator, they were removed. The
medium was removed, and cells on the surface
of the upper chamber that did not pass through
the membrane were removed a cotton swab.
Cells on the surface of the lower chamber were
fixed in methanol at 4°C for 20 minutes and
then stained with 0.1% crystal violet for 20 min-
utes. Random fields (50x maghnification) were
selected, and cells were counted and photo-
graphed.

Wound healing assay

Cells were seeded at a density of 5x10% into
6-well tissue culture plates and labelled on the
exterior of the culture dishes. After 24 hours of
growth, when they reached approximately 70-
80% confluency, the monolayer was scraped at
the centre of the well using a fresh 200 pl
pipette tip perpendicular to the plate and
scratched in a straight line in one direction. The
cells were then washed twice with phosphate-
buffered saline to remove non-adherent cells,
and serum-free RPMI 1640 medium was added
to the plates. The cells were incubated for 48
hours, at which point a photo of the monolayer
at the scratch site was taken under a micro-
scope (50x magnification).

Statistical analysis

Statistical analyses were performed using the
SPSS statistical software package (version
25.0), and all data are presented as the means
+ SEM (standard deviation) unless otherwise
specified. Comparisons were performed be-
tween two groups by Student’s t-test and
between multiple groups by one-way ANOVA.
Nonparametric tests were performed to com-
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Figure 1. IHC results show that GSDMD expression was significantly higher
in ACC than in ANC tissues. A. GSDMD is highly expressed in ACC (100x
maghnification). B. GSDMD is weakly expressed in ANC tissues (100x magni-
fication). C. Positive control of GSDMD expression in the nuclei of oral muco-
sal squamous epithelial cells (++) (100x magnification). D. Negative control

degree of malignancy is, the
higher the expression of
GSDMD.

High expression levels of
GSDMD are associated with
invasion in ACC cell lines

Whether GSDMD affects ACC
function remains unknown. To
address this issue, GSDMD-
overexpressing stable cell lines
were constructed in both ACC-
LM and ACC-83 cells by lentivi-
ral transfection, and RT-PCR
verified that GSDMD-overex-
pressing cells were success-
fully established (Figure 2). We
found that GSDMD was associ-
ated with ACC metastatic abili-
ty. Both transwell and wound
healing assays showed that
the GSDMD-overexpressing ce-

of GSDMD expression in normal salivary tissues (-) (100x magnification).

pare GSDMD expression between two indepen-
dent groups. The Mann-Whitney U test and chi-
square test were conducted to compare protein
expression and clinicopathologic characteris-
tics. The Mann-Whitney U test was performed
for the comparison of GSDMD expression be-
tween the tumour and ANC tissues, whereas
the chi-square test was used to assess differ-
ences in protein expression among three types
of tissue before the Mann-Whitney U test could
be applied for further comparison. All of the
statistical tests were 2-sided, and P<0.05 was
considered significant.

Results

GSDMD is more highly expressed in ACC than
in ANC tissues

We first investigated GSDMD expression in
patient samples. The results showed that
GSDMD expression in ACC was significantly
higher than that in either ANC tissues or PA tis-
sues (Figure 1). At the same time, the expres-
sion of GSDMD in the PA tissues was higher
than that in ANC tissues (Table 1). Oral muco-
sal squamous epithelium was used as a posi-
tive control for GSDMD expression, and normal
salivary tissues were used as the negative con-
trol. This result implied that the higher the
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Il lines displayed significantly
stronger metastatic ability th-
an the respective control cell lines. In the
scratch assays, smaller gaps in the wound of
both GSDMD-ov cell lines were observed after
24 hours (Figure 3A). Transwell assays showed
that more of the GSDMD-ov cells than control
cells passed though the membrane after 48
hours (Figure 3B). These results indicate that
GSDMD-overexpressing cells have higher inva-
sion activity than control cells.

Downregulation of high levels of GSDMD res-
cues the change in invasion in adenoid cystic
carcinoma

To confirm whether the observed changes are
caused by GSDMD, we downregulated the lev-
els of GSDMD expression in the GSDMD-ov cell
lines as a rescue. Two siRNAs (siRNA-1 and
siRNA-2) targeting GSDMD were transfected,
and GSDMD expression was detected by RT-
PCR (Figure 4). Next, we repeated the transwell
and wound healing experiments as described
above. The GSDMD-ov cell lines exhibited high-
er migration and invasion than the respective
control cells, but when GSDMD was knocked
down in the GSDMD-ov cells, their metastatic
abilities were weakened. Compared with
GSDMD-ov cell lines, the siRNA-treated
GSDMD-ov showed reduced migration and
invasion abilities closer to those of the control
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Table 1. Results of immunohistochemistry

Expression )
- — — — Xx? value P
Negative Weakly positive Positive Strong positive
adjacent non-cancerous tissues 9 24 0 0 22.285 P<0.001
pleomorphic adenoma 6 16 7 0
ACC 0 21 10 2
The x? value is calculated by Pearson’s chi-squared test.
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Figure 2. Verification of stable cell lines by western blot and gPCR. A. qPCR of the stable cell lines. The relative ex-
pression level of GSDMD in the stable cell line is dozens of times that in the control. B. Western blot of the stable
cell lines. The relative expression of GSDMD in the stable cell lines were significantly higher than that in the control
cells (Quantitative data are expressed as the means and standard deviation (S.D.) from three replicate experiments.
*P<0.05; **P<0.01; ***P<0.001 compared with the control).

A Oh 24h
2 : £ 150
L < * ok . oh
S 2 — e
on 0O E | |
QR 5 :
[
S o
< = | i
2| §
8 3 GSDMD-OV
s
&) g 1s0-
g ; - * . Oh
B 24h
i = -
g 8 {
@]
o s
< E %‘
3 5

1806 Int J Clin Exp Pathol 2020;13(7):1802-1811



GSDMD promotes invasion of adenoid cystic carcinoma

o ok ok

GSDMD-OV Control |
8 100;
o 5
' £ 501
S 5
O n
< GSDMD-OV Control

Number of cells

ACC-LM

Figure 3. GSDMD overexpression enhanced the metastatic abilities of two ACC cell lines. A. Wound healing re-
sults for the GSDMD-ov ACC-83 and ACC-LM cell lines. The GSDMD-ov cells recovered faster than the control cells
(50% maghnification). B. Cell migration assays for the GSDMD-ov ACC-83 & ACC-LM cell lines. The number of cells
that passed through the membrane in the GSDMD-ov group was greater than that in the control group (50x mag-
nification) (Quantitative data are expressed as the means and S.D. from three replicate experiments. *P<0.05;
**P<0.01; ***P<0.001 compared with the control).
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Figure 4. Verification of siRNA-mediated knockdown of GSDMD with siRNA-1 and siRNA-2 in stable GSDMD-ov cell
lines by western blot and qPCR. A. The relative expression of GSDMD in the stable cell lines was significantly higher
than that in the corresponding stable cell lines transfected with siRNA (both siRNA-1 and siRNA-2). B. Western blot
analysis of GSDMD expression in stable GSDMD-ov cell lines transfected with GSDMD-targeted siRNA (both siRNA-1
and siRNA-2) or scramble siRNA. The relative expression of GSDMD in the stable cell lines transfected with GSDMD
siRNA (both siRNA-1 and siRNA-2) was significantly lower than that in cells transfected with scramble (Quantitative
data are expressed as the mean and S.D. by three replicate experiments. *P<0.05; **P<0.01; ***P<0.001 com-
pared with the control).

cells (Figure 5). Hence, these data suggest that ve resulted in some progress in the treatment
GSDMD expression is associated with ACC of ACC [25]. However, the treatment effect is
migration and invasion. still not satisfactory, as relapse and metastasis
still occur occasionally [26].
Discussion
With advancements in research, GSDMD was
ACC accounts for approximately 1% of all malig- found to have other functions. As we showed in
nant tumours of the head and neck and 10% of the results, GSCMD was more highly expressed
all salivary gland tumours [24]. Over the years, in ACC than in ANC tissue, which suggests that
surgery-based comprehensive approaches ha- the degree of GSDMD expression is related to
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Figure 5. siRNA (both siRNA-1 and siRNA-2) ameliorated the enhanced metastasis abilities of ACC cells with GSDMD
overexpression. A. Wound healing results for the GSDMD-ov ACC-83 and ACC-LM cell lines transfected with siRNA
(both siRNA-1 and siRNA-2). The GSDMD-ov-siRNA-1 and GSDMD-ov-siRNA-2 groups showed slower closure of the
wound than did the GSDMD-ov group (50x magnification). B. Cell migration assays for the GSDMD-ov ACC-83 and
ACC-LM cell lines transfected with siRNA (both siRNA-1 and siRNA-2). The number of cells that passed through
the membrane in the GSDMD-ov group was greater than that in the GSDMD-ov-siRNA groups (50x magnification)
(Quantitative data are expressed as the means and S.D. from three replicate experiments. *P<0.05; **P<0.01;
***P<0.001 compared with the control).

the malignant behaviour of ACC. GSDMD, a pro- may have an effect on tumours independent of
tein commonly associated with inflammation, its inflammatory properties.
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We upregulated GSDMD expression to study its
relationship with invasion and to monitor
changes in cell activity. We observed a signifi-
cant change in the invasive ability of cells with
GSDMD overexpression, and we confirmed that
this change was caused by GSDMD expression
by knocking down GSDMD. The reasons for the
increased invasion and whether this activity
occurs in vivo need to be further studied, as our
results suggest an interesting phenomenon.
Although it is known as an important pyroptosis
effector protein, GSDMD may have other func-
tions, such as promoting cell invasion. Research
in this area is not yet complete, and elucidating
the phenomena we observed and their underly-
ing mechanisms may be able to fill the gaps in
GSDMD functional research and provide ideas
for subsequent exploration of the mechanism(s)
involved.

Previously, most studies focused on the effects
of pyroptosis and the consequently released
cytokines on the malignant behaviour of
tumours [15, 27]. In gastric cancer, interleukin
18 is thought to be closely related to distant
metastasis of tumour cells [28]. In breast can-
cer, studies have suggested that high expres-
sion of interleukin 18 can promote breast can-
cer invasion and metastasis [29]. At the same
time, other reports have shown that in tongue
squamous cell carcinoma, interleukin 18 can
promote invasion and metastasis [30]. After
the occurrence of pyroptosis, high levels of
interleukin 1B and interleukin 18 are released,
which may contribute to the promotion of
tumour invasion [31]. However, in our study,
when GSDMD was highly expressed, the inva-
sive ability of ACC was enhanced. At the same
time, no significant cell death occurred, so we
speculate that GSDMD-induced cleavage was
reduced or absent; therefore, pyroptosis had
not yet occurred, and interleukin 1p and inter-
leukin 18 were not released. These results indi-
cate that GSDMD promotes the invasive ability
of ACC independent of pyroptosis-mediated
release of interleukin 1B and interleukin 18
[32]. Our findings also suggest that there is a
more direct path involved, indicating that
GSDMD plays a role in promoting ACC invasion
before pyroptosis. Identifying this pathway will
be the focus of future studies.

Previous work reported that, in gastric adeno-
carcinoma, GSDMD-induced gastric adenocar-
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cinoma cells upregulated tumour invasion
through the interleukin 1B-p38-MMP-2 (matrix
metalloproteinase-2) and MMP-9 axes [28].
Our study differs from previous reports in that
although GSDMD was highly expressed, no
cleavage occurred, no pyroptosis occurred to
release interleukin 13, and no activation of the
interleukin 1B-p38-MMP-2/MMP-9 axes was
observed [33, 34].

However, there are no reports on whether
GSDMD can affect tumour malignancy. We
found that ACC migration and invasion were
strengthened, which indicates that in addition
to the indirect pathway of the interleukin 18
activation axis by the cochlea, GSDMD also has
a more direct signalling pathway to enhance
tumour migration and invasion. This approach
is novel and should be further studied.

Conclusion

GSDMD was highly expressed in ACC tissues
compared to ANC tissues, and high GSDMD
expression promoted invasion of ACC cells.
Knockdown of high levels of GSDMD rescued
the invasive changes in ACC. GSDMD may have
other functions in addition to pyroptosis, such
as promoting the invasion ability of ACC. High
GSDMD expression may suggest poor progno-
sis of ACC.

Acknowledgements

This work was supported by grants from
National Natural Science Foundation of China
(#81772892, #81872261), Guangdong Prov-
ince Natural Science Foundation (#2019A-
1515011932), Science and Technology Pro-
gram of Guangzhou, China (#201803010013).

Disclosure of conflict of interest
None.
Abbreviations

SACC, salivary adenoid cystic carcinoma; ACC,
adenoid cystic carcinoma; GSDMD, gasdermin
D; MMP, matrix metalloproteinase; GAPDH,
glyceraldehyde 3-phosphate dehydrogenase;
-ov, overexpressed; ANC, adjacent non-cancer-
ous; PA, pleomorphic adenomas.

Address correspondence to: Zhiquan Huang,
Department of Oral and Maxillofacial Surgery, Sun

Int J Clin Exp Pathol 2020;13(7):1802-1811



GSDMD promotes invasion of adenoid cystic carcinoma

Yat-Sen Memorial Hospital, Sun Yat-Sen University,
107" Yanjiang Xi Road, Guangzhou 510120,
Guangdong, China. E-mail: hzhquan@mail.sysu.edu.
cn; zhiquanhuang1978@126.com

References

[1] Carlson ER and Schlieve T. Salivary gland ma-
lignancies. Oral Maxillofac Surg Clin North Am
2019; 31: 125-144.

[2] LiLJ,LiY, Wen YM, Liu Hand Zhao HW. Clinical
analysis of salivary gland tumor cases in West
China in past 50 years. Oral Oncol 2008; 44:
187-92.

[3] HuangZ, LiuY, Huang Z, Li H, Gan X and Shen
Z. 1,25-Dihydroxyvitamin D3 alleviates salivary
adenoid cystic carcinoma progression by sup-
pressing GPX1 expression through the NF-kap-
paB pathway. Int J Oncol 2016; 48: 1271-9.

[4] Wang XD, Meng LJ, Hou TT and Huang SH. Tu-
mours of the salivary glands in northeastern
China: a retrospective study of 2508 patients.
Br J Oral Maxillofac Surg 2015; 53: 132-7.

[5] Coca-Pelaz A, Rodrigo JP, Bradley PJ, Vander
Poorten V, Triantafyllou A, Hunt JL, Strojan P,
Rinaldo A, Haigentz M Jr, Takes RP, Mondin V,
Teymoortash A, Thompson LD and Ferlito A.
Adenoid cystic carcinoma of the head and
neck--An update. Oral Oncol 2015; 51: 652-61.

[6] Vander Poorten V, Hunt J, Bradley PJ, Haigentz
M Jr, Rinaldo A, Mendenhall WM, Suarez C, Sil-
ver C, Takes RP and Ferlito A. Recent trends in
the management of minor salivary gland carci-
noma. Head Neck 2014; 36: 444-55.

[71 Moskaluk CA. Adenoid cystic carcinoma: clini-
cal and molecular features. Head Neck Pathol
2013; 7: 17-22.

[8] Li N, Xu L, Zhao H, El-Naggar AK and Sturgis
EM. A comparison of the demographics, clini-
cal features, and survival of patients with ade-
noid cystic carcinoma of major and minor sali-
vary glands versus less common sites within
the surveillance, epidemiology, and end re-
sults registry. Cancer 2012; 118: 3945-53.

[91 Li S, Zhang X, Zhou Z, Huang Z, Liu L and
Huang Z. Downregulation of nucleophosmin
expression inhibited proliferation and induced
apoptosis in salivary gland adenoid cystic car-
cinoma. J Oral Pathol Med 2017; 46: 175-181.

[10] van Weert S, Bloemena E, van der Waal |, de
Bree R, Rietveld DH, Kuik JD and Leemans CR.
Adenoid cystic carcinoma of the head and
neck: a single-center analysis of 105 consecu-
tive cases over a 30-year period. Oral Oncol
2013; 49: 824-9.

[11] Chen X, He WT, Hu L, Li J, Fang Y, Wang X, Xu X,
Wang Z, Huang K and Han J. Pyroptosis is driv-
en by non-selective gasdermin-D pore and its
morphology is different from MLKL channel-

1810

[12]

(17]

(18]

[20]

(21]

[22]

(23]

mediated necroptosis. Cell Res 2016; 26:
1007-20.

Doitsh G, Galloway NL, Geng X, Yang Z, Monroe
KM, Zepeda O, Hunt PW, Hatano H, Sowinski S,
Munoz-Arias | and Greene WC. Cell death by
pyroptosis drives CD4 T-cell depletion in HIV-1
infection. Nature 2014; 505: 509-14.

Broz P. Immunology: caspase target drives py-
roptosis. Nature 2015; 526: 642-3.

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

Kovacs SB and Miao EA. Gasdermins: effec-
tors of pyroptosis. Trends Cell Biol 2017; 27:
673-684.

Chu Q, Jiang Y, Zhang W, Xu C, Du W, Tuguz-
baeva G, QinY, Li A, Zhang L, Sun G, Cai Y, Feng
Q, LiG, LiY, Du Z, Bai Y and Yang B. Pyroptosis
is involved in the pathogenesis of human he-
patocellular carcinoma. Oncotarget 2016; 7:
84658-84665.

Wang Y, Gao W, Shi X, Ding J, Liu W, He H,
Wang K and Shao F. Chemotherapy drugs in-
duce pyroptosis through caspase-3 cleavage
of a gasdermin. Nature 2017; 547: 99-103.
Fangy, Tian S, Pan Y, Li W, Wang Q, Tang Y, Yu
T, Wu X, Shi Y, Ma P and Shu Y. Pyroptosis: a
new frontier in cancer. Biomed Pharmacother
2020; 121: 109595.

Jiang Z, Yao L, Ma H, Xu P, Li Z, Guo M, Chen J,
Bao H, Qiao S, Zhao Y, Shen J, Zhu M, Meyers
C, Ma G, Xie C, Liu L, Wang H, Zhang W, Dong
Q, Shen H and Lin Z. miRNA-214 inhibits cel-
lular proliferation and migration in glioma cells
targeting caspase 1 involved in pyroptosis. On-
col Res 2017; 25: 1009-1019.

Huang Z, Zhang, Li H, Zhou Y, Zhang Q, Chen
R, Jin T, Hu K, Li S, Wang Y, Chen W and Huang
Z. Vitamin D promotes the cisplatin sensitivity
of oral squamous cell carcinoma by inhibiting
LCN2-modulated NF-kappaB pathway activa-
tion through RPS3. Cell Death Dis 2019; 10:
936.

Seethala RR and Stenman G. Update from the
4th edition of the world health organization
classification of head and neck tumours: tu-
mors of the salivary gland. Head Neck Pathol
2017; 11: 55-67.

Lydiatt WM, Patel SG, O’Sullivan B, Brandwein
MS, Ridge JA, Migliacci JC, Loomis AM and
Shah JP. Head and neck cancers-major chang-
es in the American joint committee on cancer
eighth edition cancer staging manual. CA Can-
cer J Clin 2017; 67: 122-137.

Li HF, Liu YQ, Shen ZJ, Gan XF, Han JJ, Liu YY, Li
HG and Huang ZQ. Downregulation of MACC1
inhibits invasion, migration and proliferation,
attenuates cisplatin resistance and induces

Int J Clin Exp Pathol 2020;13(7):1802-1811



[24]

[25]

[26]

[27]

(28]

[29]

[30]

1811

GSDMD promotes invasion of adenoid cystic carcinoma

apoptosis in tongue squamous cell carcinoma.
Oncol Rep 2015; 33: 651-60.

Dillon PM, Chakraborty S, Moskaluk CA, Joshi
PJ and Thomas CY. Adenoid cystic carcinoma: a
review of recent advances, molecular targets,
and clinical trials. Head Neck 2016; 38: 620-7.
Shen C, Xu T, Huang C, Hu C and He S. Treat-
ment outcomes and prognostic features in ad-
enoid cystic carcinoma originated from the
head and neck. Oral Oncol 2012; 48: 445-9.
Subramaniam T, Lennon P and O’Neill JP. On-
going challenges in the treatment of adenoid
cystic carcinoma of the head and neck. Ir J
Med Sci 2015; 184: 583-90.

Wang M, Jiang S, Zhang Y, Li P and Wang K.
The multifaceted roles of pyroptotic cell death
pathways in cancer. Cancers (Basel) 2019; 11:
1313.

Ye ZB, Ma T, Li H, Jin XL and Xu HM. Expression
and significance of intratumoral interleukin-12
and interleukin-18 in human gastric carcino-
ma. World J Gastroenterol 2007; 13: 1747-51.
Li K, Wei L, Huang Y, Wu Y, Su M, Pang X, Wang
N, Ji F, Zhong C and Chen T. Leptin promotes
breast cancer cell migration and invasion via
IL-18 expression and secretion. Int J Oncol
2016; 48: 2479-87.

LiY, Xu Z, Li J, Ban S, Duan C and Liu W. Inter-
leukin-18 expression in oral squamous cell
carcinoma: its role in tumor cell migration and
invasion, and growth of tumor cell xenografts.
FEBS Open Bio 2018; 8: 1953-1963.

(31]

[32]

(33]

(34]

de Bree R, Takes RP, Castelijns JA, Medina JE,
Stoeckli SJ, Mancuso AA, Hunt JL, Rodrigo JP,
Triantafyllou A, Teymoortash A, Civantos FJ,
Rinaldo A, Pitman KT, Hamoir M, Robbins KT,
Silver CE, Hoekstra OS and Ferlito A. Advances
in diagnostic modalities to detect occult lymph
node metastases in head and neck squamous
cell carcinoma. Head Neck 2015; 37: 1829-
39.

He WT, Wan H, Hu L, Chen P, Wang X, Huang Z,
Yang ZH, Zhong CQ and Han J. Gasdermin D is
an executor of pyroptosis and required for in-
terleukin-1beta secretion. Cell Res 2015; 25:
1285-98.

Huang Q, Lan F, Wang X, Yu Y, Ouyang X, Zheng
F, Han J, Lin Y, Xie Y, Xie F, Liu W, Yang X, Wang
H, Dong L, Wang L and Tan J. IL.-1beta-induced
activation of p38 promotes metastasis in gas-
tric adenocarcinoma via upregulation of AP-1/
c-fos, MMP2 and MMP9. Mol Cancer 2014;
13: 18.

Soria G, Ofri-Shahak M, Haas |, Yaal-Hahoshen
N, Leider-Trejo L, Leibovich-Rivkin T, Weitzen-
feld P, Meshel T, Shabtai E, Gutman M and
Ben-Baruch A. Inflammatory mediators in
breast cancer: coordinated expression of TN-
Falpha & IL-1beta with CCL2 & CCL5 and ef-
fects on epithelial-to-mesenchymal transition.
BMC Cancer 2011; 11: 130.

Int J Clin Exp Pathol 2020;13(7):1802-1811



