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Abstract: Emerging preclinical evidence indicates that pharmacological induction of tumor pyroptosis promotes im-
mune responses, representing a new therapeutic avenue for relapsed/refractory cancer patients. For example, a re-
cent study in Communications Medicine has demonstrated that histone deacetylase inhibitors de-repress transcrip-
tion of a tumor suppressor GSDME in B-cell lymphoma cells, and synergize with cisplatin and etoposide to promote
GSDME cleavage by caspase-3 and subsequent pyroptosis of lymphoma cells. Furthermore, the anti-lymphoma
efficacy of this combination therapy in vivo depends on CD8 T cells. This article provides a brief introduction of the
pyroptosis pathway in cancer, comments on this promising ‘One action, two benefits’ therapeutic strategy for can-
cer treatment, and discusses the significance and unaddressed questions in recent therapeutic studies targeting
pyroptosis-suppressing mechanisms in cancer.
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Cancer treatments include chemotherapies
and targeted therapies as direct approaches to
Kill tumor cells, as well as immunotherapies as
indirect approaches via host immune respons-
es to reject tumors. However, tumor cells often
develop various anti-apoptotic mechanisms to
survive conventional cancer treatment. Hence,
non-apoptotic types of tumor cell death are
critical for overcoming treatment resistance,
and have become of interest for novel thera-
peutic development. Among these non-apop-
totic mechanisms, pyroptosis is an inflamma-
tory form of programmed cell death, which dif-
fers from apoptosis and ferroptosis in terms of
immunogenicity, and differs from necroptosis
in terms of whether the cell death is regulated.
Pyroptosis was originally described in myeloid
and epithelial cells, canonically induced by
inflammasome assembly upon recognition of
bacterial components by pattern recognition
receptors, followed by Caspase-1 cleavage and
activation, and mediated by cleaved gasdermin
D (GSDMD) pore forming activities on the plas-
ma membrane [1-3], resulting in releasing cyto-

solic contents and pro-inflammatory cytokines,
such as IL-1B and IL-18, after cleavage of
their precursors [4]. It was not until 2017 that
pyroptosis was linked to cancer, discovering
gasdermin E (GSDME) as a tumor suppressor in
normal tissues but silenced in most cancer
cells, whose N-terminal domain has pore-form-
ing activities to initiate pyroptosis, as shown
in various solid tumor cells and T lymphoma
cells [5]. Chemotherapeutic agents activate
Caspase-3 (which is previously known for its
key role in apoptosis) [5, 6], whereas tumor-
infiltrating natural killer (NK) lymphocytes [7]
and genetically modified chimeric antigen re-
ceptor (CAR) T cells [8] release granzyme B into
tumor cells, which directly [7] or indirectly [8]
cleave GSDME, thereby triggering immunogenic
tumor cell pyroptosis and amplifying the antitu-
mor immune responses.

The practical therapeutic potential of pyrop-
tosis induction by pharmacologic modulation
have been demonstrated in a recent publica-
tion in Communications Medicine, “Chidamide
synergizes with cisplatin-etoposide to trigger
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R-CHOP has been approved in
China as the first-line treat-
ment for previously untreated
MYC/BCL2 double expressor
DLBCL [11, 12].

The pro-pyroptosis mecha-
nisms of the combination
therapy are twofolds. Through
promoting transcriptional ac-
tivation and Caspase-3-de-
pendent cleavage of GSDME,
the combination regimen not
only induces pyroptosis of
DLBCL cells, but also acti-
vates antitumor immune res-
ponses (Figure 1) in vitro and
in vivo. Previously, a key GS-
DME study [5] showed that
cisplatin and etoposide tri-
ggered Caspase-3-mediated
pyroptosis in various GSDME*
cancer cells. However, the cli-
nical use of cisplatin is hin-
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dered by its serious side ef-
fect on body weight loss, so
that the dose is generally
reduced, which limits its anti-
tumor efficacy [9]. Wu et al
demonstrated that chidamide

Figure 1. Schematic illustration of findings in the therapeutic study by Wu
et al and unaddressed questions as discussed in the article. Abbreviations:
TAM: tumor-associated macrophage; HDACI, histone deacetylase inhibitor.

pyroptosis and anti-tumor immunity in diffuse
large B-cell lymphoma” (DLBCL) [9]. DLBCL is
the most common type of aggressive B-cell
lymphoma. Majority of DLBCL patients are cur-
ed with the standard therapy (rituximab, cyc-
lophosphamide, doxorubicin, vincristine, and
prednisone [R-CHOP]), whereas patients with
refractory or relapsed disease have low surviv-
al rates after salvage treatment. Wu et al found
in vitro and in vivo that pyroptosis is a mecha-
nism of action of an epigenetic drug chidamide
in combination with cisplatin and etoposide,
two agents in a standard second-line regimen
for DLBCL (dexamethasone, ifosfamide, cis-
platin, etoposide, DICE, traditionally used as
DLBCL's salvage therapy). Chidamide (other na-
mes: tucidinostat and Epidaza) is a selective
class | histone deacetylase inhibitor (HDACI)
which specifically inhibits HDAC1/2/3/10 ac-
tivities [10]. Chidamide in combination with
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and other HDACi drugs en-
hanced chromatin accessibil-
ity at the promoter region of
GSDME gene (Figure 1), and
increased the levels of both
GSDME expression and cleavage of GSDME
and Caspase-3. The role of GSDME in pyropto-
sis was confirmed by GSDME knockout which
significantly reduced pyroptosis. Similarly, the
Bak/Bax-Caspase-3-GSDME pathway mediat-
es pyroptosis induced by several chemothe-
rapy agents in solid tumors [6], as well as
the efficacy of STING agonist monotherapy
and combination therapy with PD-1 inhibitor in
DLBCL cells in vitro [13]. In contrast, other
studies showed that tumor GSDMD activation
mediates tumor cell pyroptosis in solid tumors,
triggered by treatment of omega-3 docosahe-
xaenoic acid or a novel molecule a-NETA [14,
15].

Wu et al further showed the essential role of T
cell responses in the antitumor efficacy of chi-
damide combination therapy in vivo. The addi-
tion of chidamide to the combination treatment
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for immunocompetent BALB/c mice bearing
A20 lymphoma tumors significantly increas-
ed tumor-infiltrating CD8 T cells, NK cells, and
dendritic cells (CD11b*CD11c"), as well as anti-
tumor efficacy. In contrast, tumor-associated
immunosuppressive macrophages (CD11b*F4/
80%) were decreased. The superior therapeutic
benefit in vivo depends on the CD8 T cell
response, as depletion of CD8 T cells using
anti-CD8 antibody significantly attenuated the
therapeutic antitumor effects. Together, this
novel combination therapy using drugs clinical-
ly used in China provides dual therapeutic ben-
efit by directly inducing tumor cell death and
enhancing antitumor immune responses, as
demonstrated in vivo. However, a potential
caveat of this study is that the identification of
pyroptotic cells was based on morphology (cell
swelling and membrane bubbling) and SYTOX
staining, which could not well distinguish cells
at the late stage of apoptosis. In addition, as
the chemotherapy and chidamide treatment for
mouse models can act on all cells, and macro-
phages are especially susceptible to pyropto-
sis, the Caspase-3-GSDME and/or Caspase-1-
GSDMD pathway in macrophages in mice
undergoing treatment need to be examined, as
well as whether cytokine release plays a role in
the therapeutic efficacy (Figure 1). A previous
study showed that the extensive pyroptosis of
tumor cells induced by CAR-T cells activates
Caspase-1 and GSDMD in macrophages, trig-
gering release of proinflammatory cytokines,
and causing cytokine release syndrome [8].
Moreover, in contrast to the notion that GSDMD
pores lead to pyroptosis, a different concept is
that GSDMD pore formation is not sufficient for
macrophage cell death; furthermore, it leads to
a hyperactivation state of living macrophages
secreting IL-1 for an extended time [16], which
can potentiate T cell activation and adaptive
immune responses [17].

In addition to results in vitro and in vivo, Wu et
al also showed that GSDME expression levels
assessed by immunohistochemistry were sig-
nificantly decreased in 97 DLBCL samples from
patients than in 92 normal control lymph nodes
(approximately mean levels, 3.7 vs. 1.2; how
the 1-4 expression levels were defined was not
specified in the article). This result is consistent
with our recent immunohistochemical findings
in patients with DLBCL [18], that lymphoma cell
GSDME expression was rare but had favorable
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prognostic effects. However, we observed more
frequent GSDME expression in endothelial cells
in majority of cases in our training and valida-
tion cohorts, and endothelial GSDME expres-
sion in the vascular endothelium correlated
with significantly poorer survival of our cohorts
of patients with DLBCL [18]. As chidamide
treatment which induces GSDME expression
potentially can induce GSDME also in endotheli-
al cells, the side effects should be taken into
account in future clinical investigations, as well
as whether the endothelial GSDME induction
adversely affects the antitumor efficacy of chi-
damide. Moreover, our study showed that in
both our training and validation DLBCL cohorts,
cytoplasmic GSDMD expression was frequently
expressed in macrophages and lymphoma cells
and associated with significantly better survival
in DLBCL. GSDMD* cells in diagnostic biopsies
often showed viable cell phenotypes; however,
it is possible that they could undergo pyro-
ptosis upon first-line treatment with R-CHOP,
resembling the chemotherapy-induced GSDME-
dependent pyroptosis demonstrated by the
GSDME discovery study [5].

Together, the preclinical study by Wu et al dem-
onstrates that clinically available drugs induce
pyroptosis of tumor cells and shape the tumor
microenvironment, implying clinical relevance
of emerging pyroptosis studies. This ‘one ac-
tion, two benefits’ strategy represents a prom-
ising therapeutic avenue for relapsed/refrac-
tory DLBCL, warranting clinical investigation.
Different from this strategy of enhancing tumor
suppressor (GSDME) expression, future studies
can also identify oncogenic factors which inhi-
bit pyroptosis and target overexpressed onco-
proteins, like the therapeutic strategies to tar-
get anti-apoptosis (such as BCL2 inhibitors)
and ferroptosis-suppressing mechanisms.

Disclosure of conflict of interest
None.

Address correspondence to: Dr. Zijun Y Xu-Monette,
Department of Pathology, Duke University Medical
Center, Duke University School of Medicine, Durham,
NC 27710, USA. Tel: 1-919-660-0702; E-mail: zijun.
xumonette@duke.edu

References

[1] ShiJ, ZhaoY, Wang K, Shi X, Wang Y, Huang H,
Zhuang Y, Cai T, Wang F and Shao F. Cleavage

Am J Cancer Res 2026;16(5):2093-2096


mailto:zijun.xumonette@duke.edu
mailto:zijun.xumonette@duke.edu

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

(10]

Novel therapies inducing tumor cell pyroptosis and immune activation

of GSDMD by inflammatory caspases deter-
mines pyroptotic cell death. Nature 2015;
526: 660-5.

Kayagaki N, Stowe IB, Lee BL, O’'Rourke K, An-
derson K, Warming S, Cuellar T, Haley B,
Roose-Girma M, Phung QT, Liu PS, Lill JR, Li H,
Wu J, Kummerfeld S, Zhang J, Lee WP, Snipas
SJ, Salvesen GS, Morris LX, Fitzgerald L, Zhang
Y, Bertram EM, Goodnow CC and Dixit VM. Cas-
pase-11 cleaves gasdermin D for non-canoni-
cal inflammasome signalling. Nature 2015;
526: 666-71.

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
interleukin-1p secretion. Cell Res 2015; 25:
1285-1298.

Man SM, Karki R and Kanneganti TD. Molecu-
lar mechanisms and functions of pyroptosis,
inflammatory caspases and inflammasomes in
infectious diseases. Immunol Rev 2017; 277:
61-75.

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.
Chen M, Chen X, Zhao C, Fang Z, Wang H
and Dai H. Chemotherapy-induced pyroptosis
is mediated by BAK/BAX-caspase-3-GSDME
pathway and inhibited by 2-bromopalmitate.
Cell Death Dis 2020; 11: 281.

Zhang Z, Zhang Y, Xia S, Kong Q, Li S, Liu X,
Junqueira C, Meza-Sosa KF, Mok TMY, Ansara
J, Sengupta S, Yao Y, Wu H and Lieberman J.
Gasdermin E suppresses tumour growth by ac-
tivating anti-tumour immunity. Nature 2020;
579: 415-420.

LiuY, Fangy, Chen X, Wang Z, Liang X, Zhang T,
Liu M, Zhou N, Lv J, Tang K, Xie J, Gao Y, Cheng
F, Zhou Y, Zhang Z, Hu Y, Zhang X, Gao Q,
Zhang Y and Huang B. Gasdermin E-mediated
target cell pyroptosis by CAR T cells triggers cy-
tokine release syndrome. Sci Immunol 2020;
5: eaax7969.

Wu J, Ye Y, Ran D, Wang X, Zhu H, Zhang H,
Meng F, Song, Li Z, Mi L, Zhang X, Qian Y, Li H,
Tong X, Wu P, Sun B, Li X, Zhang W, Li D, Wu H,
YuY, Dangy, Lai F, Deng L, Song Y, Zhu J, Xie Y
and Deng M. Chidamide synergizes with cispl-
atin-etoposide to trigger pyroptosis and anti-
tumor immunity in diffuse large B-cell lympho-
ma. Commun Med (Lond) 2026; [Epub ahead
of print].

Jiang Z, LiW, Hu X, Zhang Q, Sun T, Cui S, Wang
S, Ouyang Q, Yin Y, Geng C, Tong Z, Cheng Y,
PanY, Sun Y, Wang H, Ouyang T, Gu K, Feng J,
Wang X, Wang S, Liu T, Gao J, Cristofanilli M,
Ning Z and Lu X. Tucidinostat plus exemes-
tane for postmenopausal patients with ad-

2096

(11]

[12]

[14]

(16]

(17]

(18]

vanced, hormone receptor-positive breast can-
cer (ACE): a randomised, double-blind, place-
bo-controlled, phase 3 trial. Lancet Oncol
2019; 20: 806-815.

Zhao W, Zhu J, Song Y, Xu PP, Shen J, Cai Q,
Zhou H, Zhang L, Xiang Y, Sun X, Yang W, Yao Z,
Jing H, Wen S, Jin J, Xue H, Cen H, Ding K, Jin Z
and Xing X. Tucidinostat plus R-CHOP in previ-
ously untreated diffuse large B-cell lymphoma
with double expression of MYC and BCL2: an
interim analysis from the phase Il DEB study. J
Clin Oncol 2024; 42: LBA7003.

Zhao WL, Zhu J, Xu P, Song Y, Shen J, Cai Q,
Zhou H, Zhang L, Xiang Y, Sun X, Yang W, Yao Z,
Jing H, Wen S, Jin J, Xue H, Cen H, Ding K, Jin Z,
Liu L, Xing X, Li L, Hou M, Liu L, Zhang M, Li W,
Bai O, Feng R, Zhu Z, Wu H, Su L, Gao L, Li F,
Huang W, Liu P, Yan X, Zhao Y, Su H, Zhao X, Fu
R, Liu H and Shi W. Tucidinostat plus R-CHOP in
untreated MYC/BCL2 double-expressor diffuse
large B-cell lymphoma: topline efficacy and
safety results from the randomized phase 3
DEB study. Blood 2025; 146: 475-475.

Cai Y, Zhou X, Hu S, Lu T, Chen X, Ding M and
Wang X. SAMHD1 performs tumor-promoting
effects in diffuse large B-Cell lymphoma by in-
hibiting DNA damage and sting-mediated cell
pyroptosis. Blood 2021; 138: 869-869.

Pizato N, Luzete BC, Kiffer LFMV, Corréa LH, de
Oliveira Santos |, Assumpcao JAF, Ito MK and
Magalhaes KG. Omega-3 docosahexaenoic
acid induces pyroptosis cell death in triple-neg-
ative breast cancer cells. Sci Rep 2018; 8:
1952.

Qiao L, Wu X, Zhang J, Liu L, Sui X, Zhang R,
Liu W, Shen F, Sun Y and Xi X. o-NETA indu-
ces pyroptosis of epithelial ovarian cancer
cells through the GSDMD/caspase-4 pathway.
FASEB J 2019; 33: 12760-12767.

Evavold CL, Ruan J, Tan Y, Xia S, Wu H and
Kagan JC. The pore-forming protein gasdermin
D regulates interleukin-1 secretion from living
macrophages. Immunity 2018; 48: 35-44, e6.
Zanoni |, Tan Y, Di Gioia M, Broggi A, Ruan J,
Shi J, Donado CA, Shao F, Wu H, Springstead
JR and Kagan JC. An endogenous caspase-11
ligand elicits interleukin-1 release from living
dendritic cells. Science 2016; 352: 1232-6.
Kong X, Xu-Monette ZY, Xu Z, Hsi ED, Zhao X,
Yan H, Nunns H, Au K, Visco C, Tzankov A,
Dybkaer K, Yao S, Wu D, Wang C, Xu AM, Pan Z,
Parsons BM, Chiu A, Tam W, Montes-Moreno S,
Zhan F, Bernal-Mizrachi L, Zu Y, Zhang S, Mgller
MB, Chen W, Au Q, Merchant A, Bhagat G, Li Y
and Young KH. Proinflammatory GSDMD acti-
vation in live macrophages and DLBCL cells
marks cognate interactions and better progno-
sis. Blood Adv 2026; 10: 1756-1772.

Am J Cancer Res 2026;16(5):2093-2096



