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I M M U N O T H E R A P Y

Gasdermin E–mediated target cell pyroptosis by  
CAR T cells triggers cytokine release syndrome
Yuying Liu1,2*, Yiliang Fang1*, Xinfeng Chen3*, Zhenfeng Wang1, Xiaoyu Liang1, 
Tianzhen Zhang1, Mengyu Liu1, Nannan Zhou1, Jiadi Lv1, Ke Tang4, Jing Xie1,  
Yunfeng Gao1, Feiran Cheng1, Yabo Zhou1, Zhen Zhang3, Yu Hu5, Xiaohui Zhang6,  
Quanli Gao7, Yi Zhang3, Bo Huang1,2,4†

Cytokine release syndrome (CRS) counteracts the effectiveness of chimeric antigen receptor (CAR) T cell therapy 
in cancer patients, but the mechanism underlying CRS remains unclear. Here, we show that tumor cell pyroptosis 
triggers CRS during CAR T cell therapy. We find that CAR T cells rapidly activate caspase 3 in target cells through 
release of granzyme B. The latter cleaves gasdermin E (GSDME), a pore-forming protein highly expressed in B leu-
kemic and other target cells, which results in extensive pyroptosis. Consequently, pyroptosis-released factors 
activate caspase 1 for GSDMD cleavage in macrophages, which results in the release of cytokines and subsequent 
CRS. Knocking out GSDME, depleting macrophages, or inhibiting caspase 1 eliminates CRS occurrence in mouse 
models. In patients, GSDME and lactate dehydrogenase levels are correlated with the severity of CRS. Notably, we 
find that the quantity of perforin/granzyme B used by CAR T cells rather than existing CD8+ T cells is critical for 
CAR T cells to induce target cell pyroptosis.

INTRODUCTION
Despite the success of clinical applications of genetically engineered 
T cells modified with chimeric antigen receptors (CARs) against B cell 
malignancies (1–3), cytokine release syndrome (CRS) hinders the ef
fectiveness of this treatment in patients (4, 5). It is known that CRS 
is triggered by acute inflammatory responses and characterized by 
fever, hypotension, and respiratory insufficiency associated with 
elevated serum cytokines (5–7). Although macrophages have been 
reported to be involved in the pathogenesis of CRS in the CAR 
T cell–treated humanized mouse model (8, 9), the mechanisms trig
gering CRS are unclear. CAR T cells undergo activation and expan
sion in patients after their infusion (5, 10, 11), and rapidly expanded 
CAR T cells may result in a rapid and massive death of B leukemic 
cells within a brief period. Coincidently, disease burden in patients 
with acute lymphoblastic leukemia is also strongly correlated with the 
incidence and severity of CRS (5, 10–12). The manner by which such 
a massive malignant B cell death is involved in CRS pathogenesis 
remains elusive.

Cells can undergo distinct types of death. Apoptosis was originally 
considered the only form of controlled and programmed death. How
ever, recent studies have demonstrated a previously unidentified form 
of programmed necrosis, characterized by rapid cellular swelling, large 
bubbles emerging from the plasma membrane, and the release of pro

inflammatory factors (13, 14). At least two programmed necrotic cell 
death pathways have been identified, including a mixed lineage kinase 
domain–like (MLKL)–mediated necroptosis (15, 16) and gasdermin D 
(GSDMD)– or GSDMEmediated pyroptosis (17, 18). Recruitment of 
receptor interacting protein kinase 1 (RIPK1) to the tumor necrosis 
factor– (TNF) receptor forms a death complex with RIP3 and sub
sequently activates MLKL to generate membrane nanopores, thus 
causing necroptotic cell death (19). Unlike MLKL, GSDMD or GSDME 
is activated by inflammatory caspases (caspases 1, 4, and 5 and murine 
caspase 11) or caspase 3 (17, 20) and can form oligomers that insert into 
the cell membranes to form pores, thus mediating pyroptotic cell death. 
In this study, we provide evidence that human B leukemic cells and 
other target tumor cells express a sufficient amount of GSDME, which 
is efficiently activated by CAR T cell–released granzyme B–activated 
caspase 3, leading to target cell pyroptosis. Pyroptosisreleased factors 
stimulate macrophages to produce pro inflammatory cytokines, which 
is likely triggering CRS in CAR T cell–treated patients.

RESULTS
CAR T cells induce target cell pyroptosis
When we incubated CD19recognizing CAR T cells with CD19+ pri
mary leukemic cells isolated from B cell acute lymphoblastic leuke
mia (BALL) patients, we found that the viability of B leukemic cells 
markedly decreased, whereas human epidermal growth factor recep
tor 2 (HER2)–specific CAR T cells did not have such an effect (Fig. 1A). 
We observed that the dying cells appeared to have a swollen appear
ance with large bubbles arising from the plasma membrane (Fig. 1B). 
Flow cytometric analysis showed that more than 30% of CAR T cell–
treated CD19+ B leukemic cells were annexin V+ and propidium iodide 
(PI)+ (Fig. 1C). High levels of lactate dehydrogenase (LDH) were pres
ent in the supernatants (Fig. 1D), suggesting that CAR T cells induce 
pyroptosis in CD19+ B leukemic cells. We also found that CD19CAR 
T cells induced pyroptosis in CD19+ Raji and NALM6 leukemic 
cell lines in a time and effector/target ratio–dependent manner, 
as indicated by decreased cell viability, cellular swelling with bubbles, 
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an increased percentage of annexin V+/PI+ cells, and high levels of 
LDH (Fig. 1, E to H, and fig. S1A). Pyroptosis is known to be mediated 
by gasdermins such as GSDMD and GSDME, which form pores in the 
plasma membrane (17, 20, 21). Recently, we developed an atomic 
force microscopy (AFM)–based technology to visualize pore forma

tion in true cellular membranes (22). Using this method, we observed 
that many pores were formed in the membrane of the B leukemic cells 
after coculture with CD19CAR T cells (Fig. 1, I and J, and fig. S1B), fur
ther supporting the idea that B leukemic cells underwent pyroptosis. 
Other CAR T cells such as HER2recognizing CAR, incubated with 

Fig. 1. CAR T cells induced tu-
mor cell pyroptosis. (A to D) Pri-
mary B leukemic cells were 
cocultured with CD19 or HER2- 
CAR T cells at an effector/target 
ratio (E/T) of 2:1 for 6 hours. Tu-
mor cell viability was measured 
by using the CellTiter-Glo Lu-
minescent Cell Viability Assay 
Kit [(A), n = 10]. The represent-
ative images were shown (B). 
Cell death was determined by 
flow cytometry [(C), n = 6], and 
LDH level in the supernatants 
was measured [(D), n = 10]. 
Scale bar, 20 m. White arrows 
indicate pyroptotic cells. (E to 
H) Luc-Raji or NALM-6 cells 
were cocultured with CD19- or 
HER2-CAR T cells at different 
ratios as indicated for 4 hours 
or at the ratio of 1:1 for the in-
dicated time. Cell viability was 
measured (E), and the repre-
sentative images were shown 
(F). The percentage of annexin 
V+/PI+ tumor cells was deter-
mined by flow cytometry (G). 
LDH levels in the supernatants 
were measured (H). Scale bar, 
10 m. (I) The same as (A), ex-
cept that primary B leukemic 
cells were imaged by AFM. 
Pore diameter and depth were 
calculated within a cellular 
membrane area of 5 m by 
5 m from 10 cells. Pore num-
ber was quantified from three 
areas of 5 m by 5 m per cell. 
A pore was defined as a cav-
ity deeper than 10 nm in the 
plasma membrane. White ar-
rows indicate pores. (J) Raji 
cells were cocultured with 
CD19-CAR T cells for 1 hour. 
Pore size and number were 
measured and counted. **P < 
0.01, ***P < 0.001, by Student’s 
t test (C, D, I, and J) or one-
way ANOVA (A, E, G, and H). 
Data are means ± SD of three 
independent experiments.
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HER2+ solid tumor cells (MCF7 and SGC7901), also caused de
creased cell viability, swelling with bubbles, LDH release, and pore for
mation in tumor cells (fig. S1, C to F, and movies S1 and S2). Together, 
these results suggest that CAR T cell therapy may induce target tumor 
cells to enter pyroptosis.

CAR T cells activate GSDME to mediate target cell pyroptosis
It is known that activated inflammatory caspases (caspases 1, 4, 5, 
and 11) or caspase 3 can cleave GSDMD or GSDME to generate its 
active form, which inserts into the cellular membranes causing pore 
formation and subsequent cellular pyroptosis (17, 21). GSDME, but 

not GSDMD, was ubiquitously expressed in the CD19+ malignant 
B cells of patients (Fig. 2A). In addition, CD19+ Raji and NALM6 
cells and HER2+ SGC7901 and MCF7 tumor cells also expressed 
high levels of GSDME (Fig. 2A), and the active form of GSDME was 
induced by CAR T cells in CD19+ or HER2+ tumor cells (Fig. 2B and 
fig. S2A). MLKL is also able to form pores in the cell membrane 
and induce necroptosis (16), but the phosphorylated form of MLKL 
and RIPK1/3 was not detectable in tumor cells (fig. S2A). These re
sults suggest that GSDME rather than other molecules mediates CAR 
T cell–triggered tumor cell pyroptosis. To verify this, we knocked 
out GSDME in four types of target cells (Raji, NALM6, SGC7901, 

Fig. 2. Tumor cell pyroptosis by CAR T cells is mediated by GSDME. (A) GSDME and GSDMD in primary B leukemic cells isolated from B-ALL patients (n = 5) or cell lines 
were determined by Western blot. (B) CD19+ B leukemic cells from B-ALL patients (n = 8) were cocultured with or without CD19-CAR T cells for 6 hours. GSDME, caspase 
3 (Casp3), and cleaved caspase 3 (C-Casp3) were analyzed by Western blot. (C and D) SGGFP or GSDME-SGs− Raji or NALM-6 cells were cocultured with HER2 or CD19-CAR 
T cells for 4 hours. The percentage of annexin V+/PI+ or annexin V+ cells (C) and the LDH level from the supernatant (D) were measured. (E to G) GSDME-deficient Raji or 
NALM-6 cells with overexpressed vector, WT-GSDME, or D270-GSDME were cocultured with CD19-CAR T cells at an E/T ratio of 2:1 for 4 hours. Cell morphology was ob-
served under a microscope (E). The LDH level from the supernatant was detected (F). The expression of GSDME was determined by Western blot (G). Scale bar, 20 m. 
White arrows indicate the pyroptotic cell. **P < 0.01, by one-way ANOVA (C, D, and F). Data are means ± SD of three independent experiments.
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and MCF7) and found that GSDME deficiency, which did not affect 
tumor cell growth (fig. S2, B and C), abrogated CAR T cell–induced 
target cell pyroptosis, as indicated by the decreased percentage of 
annexin V+/PI+ cells and reduced levels of LDH in supernatants 
(Fig. 2, C and D, and fig. S2, D and E). However, overexpression of 
GSDME increased pyroptosis of target cells (fig. S2, F and G), sug
gesting that CAR T cells trigger tumor cell pyroptosis by activating 
GSDME. Despite the pyroptosis mediated by GSDME, the blockade 
of GSDME actually resulted in target cell death switching from 
pyroptosis to apoptosis (Fig. 2C and fig. S2D). In line with this obser
vation, normal B cells did not express GSDME (fig. S2H) and could 
also be triggered to undergo apoptosis by CD19CAR T cells (fig. S2, 
I and J). To validate this idea, we introduced GSDMEexpressing 
vectors to the GSDMEdeficient tumor cells and found that the re
expression of GSDME restored CAR T cell–induced pyroptosis (Fig. 2, 
E and F). However, the reexpression of mutant GSDME (D270A) 
could not restore the pyroptosis from the apoptosis (Fig. 2, E and F). 
Consistent with this observation, the active form of GSDME was 
not found in GSDME (D270A)–expressing cells (Fig. 2G). Together, 

these results suggest that CAR T cells can mobilize GSDME to in
duce target cell pyroptosis.

CAR T cell–released granzyme B triggers the cleavage 
of GSDME
To better understand the molecular mechanism that CAR T cells 
use to activate GSDME in tumor cells, we measured caspase 3 cleav
age by Western blot (17). As expected, caspase 3, but not caspase 1 
or caspase 4, was cleaved and activated in coincubated tumor cells 
(Figs. 2B and 3A and fig. S3A). Moreover, the addition of the caspase 3 
inhibitor DEVD or the pancaspase inhibitor zVAD inhibited the 
cleavage of GSDME and prevented tumor cell pyroptosis (fig. S3, B 
to D). In contrast, we found that GSDME knockout did not affect 
caspase 3 activation, suggesting that GSDME functions downstream 
of caspase 3 (fig. S3E). Granzyme B, which is released from cytolytic 
T cells, is a key effector molecule that cleaves caspases 3 and 7 to 
generate their active forms (23, 24). We found that inhibition of 
granzyme B in CAR T cells by small interfering RNA (siRNA) or a 
chemical compound (GrBI) blocked the activation of caspases 3 and 

Fig. 3. CAR T cell–released granzyme B triggers the activation of GSDME. (A) CD19+ Raji or NALM-6 cells were cocultured with or without CD19-CAR T cells for 4 hours. 
GSDME, Casp1, C-Casp1, Casp3, C-Casp3, Casp4, and C-Casp4 were analyzed by Western blot. (B to D) Scramble (Scr) or GZMB-siRNAs− CD19-CAR T cells were cocultured 
with Luc-Raji or NALM-6 cells for 4 hours. Casp3, C-Casp3, Casp7, and C-Casp7 were analyzed by Western blot (B). Cell viability (C) and LDH levels in the supernatants (D) 
were measured. (E to G) The same as (B) to (D), except that PRF1-siRNAs− CD19-CAR T cells were used. **P < 0.01, by one-way ANOVA (C, D, F, and G). Data are means ± SD 
of three independent experiments.
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7 in tumor cells, thus inhibiting pyroptosis (Fig. 3, B to D, and fig. 
S3, F to I). Perforin pore formation allows granzyme B to enter the 
cytosol of target cells (25), and perforin knockdown prevented the 
activation of caspases 3 and 7, cleavage of GSDME, and subsequent 
pyroptosis (Fig. 3, E to G, and fig. S3F). These results suggest that 
CAR T cells release perforin to form pores, leading to the entry of 
granzyme B into target tumor cells, which causes the subsequent 
activation of GSDME and pyroptosis.

Superior affinity to target cells is critical for CAR T cells 
to trigger pyroptosis
The above data indicated that CAR T cells used perforin/granzyme 
B to induce tumor cell pyroptosis. However, nontransduced CD8+ 
T cells can use the same perforin and granzyme B mechanism to attack 
target cells, leading to tumor cell apoptosis rather than pyroptosis 
(26). To better define this mechanism, we constructed human CD19 
recognizing mouse CAR (hCD19mCAR) in murine OTI T cells 
and human CD19– or human HER2–expressing B16 melanoma cells. 
Incubation of OTI hCD19mCAR T cells with CD19B16 cells trig
gered pyroptosis, but this was not observed in HER2B16 cells or 
vectorB16 cells, and ovalbumin (OVA) peptidepulsed B16 cells 
underwent apoptosis (Fig. 4, A to C). In addition, we found that, even 
when the incubation time was prolonged, the pulsed B16 cells did 
not display cellular swelling or membrane bubbles (fig. S4A), suggest
ing that nontransduced tumorspecific T cells do not induce target 
tumor cell pyroptosis. Consistently, unmodified OTI T cells released 
perforin/granzyme B to induce OVAB16 apoptosis rather than 
pyroptosis (fig. S4, B and C). Similarly, allogeneic CD8+ T cells iso
lated from donors also used perforin/granzyme B to induce apop
tosis in MCF7 or SGC7901 cells rather than pyroptosis (fig. S4, D 
and E). Knockdown of either perforin or granzyme B inhibited the 
killing of OVAB16 or B16 tumor cells by OTI or pmel T cells (fig. 
S4F), raising a question as to why CAR T cell– but not tumorspecific 
T cell–derived perforin/granzyme B induced pyroptosis. One expla
nation is that the quantity of perforin/granzyme B released from CAR 
T cells and from unmodified CD8+ T cells may be different. It is 
known that the affinity of CAR and its antigen may be 100fold 
higher than that of T cell receptor (TCR) and major histocompati
bility complex (MHC)–peptide complex (27, 28). We speculated that 
the CARantigen interaction resulted in more perforin/granzymes 
being released by CAR T cells. OTI hCD19mCAR T cells released 
more perforin/granzyme B after coculture with hCD19B16 cells, as 
compared with HER2B16 or OVA peptide–pulsed B16 cells (Fig. 4D). 
Although allogeneic CD8+ T cells could kill MCF7 or SGC7901 
tumor cells in the presence of a CD28 antibody (fig. S4D), these 
CD8+ T cells expressed much lower levels of CD107a than the cor
responding CAR T cells (fig. S4G), and less granzyme B was present 
in the target tumor cells during incubation with allogeneic T cells 
(fig. S4H). Moreover, we found that tumorspecific T cells induced 
a small amount of GSDME cleavage and did not activate GSDMD or 
MLKL, regardless of the cleavage of caspases 3 and 7 in tumor cells 
(fig. S4I). Cells have the ability to rapidly repair the formed mem
brane pore (22, 29), thus preventing cell pyroptosis induced by a small 
amount of GSDME activated by caspase 3. Therefore, only a large 
amount of active GSDME can surpass the porerepairing ability of 
the cell and lead to pyroptosis. As expected, high levels of cleaved 
GSDME was present in CD19B16 cells after incubation with CD19 
CAR T cells (Fig. 4E), and a GSDME knockout abolished the effect of 
CAR T cells on CD19B16 cell pyroptosis (Fig. 4, F and G). However, 

the knockout of GSDME had less influence on B16 cell apoptosis 
induced by OTI T cells (Fig. 4, F and H). The addition of exoge
nous perforin/granzyme B to the medium led to OVAB16 or B16 
cell pyroptosis by tumorspecific T cells (Fig. 4, I to K). In addition, 
the use of recombinant perforin and granzyme B to treat tumor cells 
induced tumor cell death by either apoptosis or pyroptosis depen
dent on the dosage (low or high) (fig. S5, A to C). In addition to the 
superior affinity of CAR to tumor cell antigen, we also investigated 
whether the cosignaling domains in CD19CAR played a role in 
regulating target cell pyroptosis. We constructed CD19CAR with 
CD3 domains, but without CD28 signaling domains, and cocul
tured with CD19expressing B16 cells in the presence of a CD28 
antibody. We found that compared with CD3CD28CAR T cells, 
CD3CAR T cells had much less of an effect on the decreased cell 
viability, increased LDH levels, and the induction of annexin V+/PI+ 
cells (Fig. 5, A to C). CD3CAR T cells appeared to not induce tumor 
cell pyroptosis, as evidenced by the lack of cellular swelling and mem
brane bubbles (Fig. 5D). In addition, we found that CD19CAR 
T cells with different cosignaling domains (CD3CD28, CD3–4
1BB, or CD3–CD28–41BB) could induce CD19B16 cells to enter 
pyroptosis (Fig. 5, E to G). Among them, CD3–CD28–41BB–CD19–
CAR T cells exerted the strongest effect on pyroptosis, whereas 
CD3CD28 and CD3–41BB–CD19–CAR T cells had a similar 
effect (Fig. 5, E to G). Together, these results suggest that superior 
tumor antigen affinity and the cosignaling domains confer CAR 
T cells with the ability to release large amounts of perforin/granzyme 
B required for CAR T cell–mediated tumor cell pyroptosis.

Target cell pyroptosis stimulates macrophages to release 
CRS-related cytokines
Pyroptotic cells release large amounts of damageassociated mo
lecular pattern molecules (DAMPs), which can trigger strong in
flammatory responses like CRS, prompting us to hypothesize that 
GSDMEmediated pyroptosis triggers CRS during CAR T cell therapy. 
Macrophages are involved in inflammatory responses and have been 
reported to play an important role in CAR T cell therapy–induced 
CRS (8, 9). When cocultured supernatants (CD19CAR T cells and 
NALM6, Raji, or primary B leukemic cells) were used to treat macro
phages derived from the peripheral blood mononuclear cells (PBMCs) 
of healthy donors, we observed a marked release of interleukin1 
(IL1) and IL6, two markers of CRS (Fig. 6, A and B, and fig. S6A). 
Supernatants from HER2CAR T/SGC7901 cells also resulted in 
the release of these two cytokines by treated macrophages (fig. S6B), 
indicating that CRS can be triggered by products of tumor cell 
pyroptosis. However, supernatants from nontransduced tumor 
specific CD8+ T cells that killed target tumor cells did not stimulate 
macrophages to secrete IL1 or to upregulate the expression of 
IL6 (fig. S6C). To validate these results, we used CD19 or HER2− 
CAR T cells to coculture with GSDME−/− target cells (NALM6, Raji, 
or SGC7901). Under this condition, the supernatants were not able 
to stimulate macrophages to produce IL1 or IL6 (Fig. 6C and fig. 
S6D). It is known that macrophages release IL1 through the acti
vation of the inflammasome pathway. Caspase 1, the effector mol
ecule of inflammasomes that cleaves pro–IL1, was activated in 
macrophages by the above pyroptotic supernatants, whereas super
natants from the GSDME knockout groups did not cause the cleavage 
of caspase 1 in macrophages (Fig. 6D). In addition to IL1, caspase 1 
also cleaves and generates the active form of GSDMD, the membrane 
poreforming molecule, which leads to the release of IL1 and other 
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proinflammatory factors. We found that pyroptosis supernatants 
rather than GSDME−/− supernatants caused the cleavage and activation 
of GSDMD (Fig. 6D). In addition, supernatants from nontransduced 
tumorspecific CD8+ T cell that killed target tumor cells did not in
duce cleavage of GSDMD or caspase 1 (fig. S6E). In addition, knock
out of either GSDMD or caspase 1 abolished the upregulation of IL1 
and IL6 in macrophages caused by pyroptosis supernatants (Fig. 6E 
and fig. S6, F to H). NACHT, LRR, and PYD domains–containing 

protein 3 (NLRP3) is an inflammasome form that cleaves caspase 1 in 
macrophages. We found that pyroptotic supernatants could not effec
tively induce caspase 1 cleavage and subsequent mature IL1 produc
tion in NLRP3−/− macrophages (fig. S7, A and B). Various factors such 
as reactive oxygen species (ROS), ions, and adenosine 5′triphosphate 
(ATP) are able to activate the NLRP3 inflammasome (30). CD19 or 
HER2− CAR T cell treatment led to a 14 to 26fold increase of ATP 
concentration in the pyroptotic supernatants (fig. S7C). However, 

Fig. 4. Superior affinity is critical for CAR T cell–mediated tumor cell pyroptosis. (A to D) hCD19-mCAR T cells were cocultured with CD19-B16 (E/T = 2:1), HER2-B16 
(E/T = 2:1), or vector-B16 pulsed with OVA peptide (E/T = 20:1) for 6 hours. Representative cell morphology was shown (A). LDH levels in supernatants, cell viability (B), and 
the annexin V+ or annexin V+/PI+ cells (C) were measured. The CD107a+ or GrB+ cells were determined by flow cytometry (D). White arrows indicate pyroptotic cells. 
(E) CD19-recognizing CAR OT-I T cells were cocultured with CD19 or HER2-B16 cells for 6 hours at a 2:1 E/T ratio. The expression of GSDME was determined by Western 
blot. (F to H) The same as (A), except that SGGFP or GSDME-SGs− CD19-B16 cells were used. Cell morphology was observed by microscopy (F). The LDH level from 
the supernatant (G) was measured, and cell viability (H) was detected by a microplate luminometer. Scale bar, 20 m. (I to K) Luc-OVA-B16 or B16 cells were cocultured 
with tumor-specific CD8+ T cells in the presence or absence of 10 nM perforin and granzyme B. A representative image of cell death is shown (I). Six hours later, cell 
viability (J) and LDH levels (K) were measured. White arrows indicate the pyroptotic cells. **P < 0.01, by one-way ANOVA (B to D, G, J, and K). Data are means ± SD of 
three independent experiments.
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such an increase in ATP was abrogated by the inhibition of caspase 3 or 
granzyme B or by the knockdown of GSDME, perforin, or granzyme B 
(fig. S7, D to G). Apyrase is known to effectively degrade ATP (31), 
and treatment of pyroptotic supernatants with apyrase degraded ATP 
molecules in pyroptotic supernatants (fig. S7C), and this prevented 
pyroptotic supernatant treated macrophages from cleaving caspase 1, 
GSDMD, or IL1 (fig. S7, H and I). A similar result was obtained 
in supernatants treated with Brilliant Blue G (BBG), an antagonist of 
the ATPrecognizing receptor P2X7 (fig. S7, H and I). Therefore, ATP 
from pyroptotic supernatants is sufficient to promote the release of 
the CRSrelated cytokine IL1 by macrophages. Cell death can cause 
the release of DAMPs such as heat shock proteins (HSPs) and high 
mobility group box 1 (HMGB1), and these can stimulate macro
phages to produce IL6 by activating mitogenactivated protein kinase 
(MAPK) and nuclear factor B (NFB). We found much higher 
levels of HMGB1 in pyroptotic supernatants, compared with the non
pyroptotic supernatants, but levels of HSP70 were not altered (fig. S7J). 
Stimulation of macrophages with HMGB1 upregulated the expres
sion of IL6 (fig. S7, K and L). In contrast, knockdown of HMGB1 in 
tumor cells disrupted the effect of the pyroptotic supernatant on IL6 
expression at both the mRNA and protein levels (fig. S7, M and N), 
suggesting that HMGB1 induces the IL6 production in macrophages 
after tumor cell pyroptosis. Thus, HMGB1 in the pyroptotic super
natants may promote IL6 expression in macrophages. Together, these 
results suggest that tumor cell pyroptosis activates the GSDMD 

mediated inflammatory pathway in macrophages, leading to the re
lease of CRSrelated cytokines.

CAR T cell therapy induces CRS through GSDME-mediated 
pyroptosis in vivo
Last, we tried to demonstrate that GSDMEmediated pyroptosis trig
gers CAR T cell therapy–caused CRS in vivo. We used a CAR T cell–
induced CRS mouse model that used intraperitoneal injection of Raji 
or NALM6 cells into severe combined immunodeficient (SCID)–
beige mice, followed by an intraperitoneal injection of human CAR 
T cells, as described previously (8). An acute systemic inflammatory 
response, highly similar to human CRS, as depicted by high fever, 
weight loss, and increased levels of acutephase proteins, such as serum 
amyloid A3 (SAA3), IL1, and IL6, was present (Fig. 7, A to E, and 
fig. S8, A to E). However, injection of GSDME−/− Raji or NALM6 cells 
in SCIDbeige mice abrogated CRS symptoms upon CD19CAR T cell 
treatment, as indicated by reduced weight loss, diminished fever, de
creased blood levels of IL1, IL6, and SAA (Fig. 7, F to H, and fig. 
S8, F to H), and the prevention of CRSrelated mortality (Fig. 7I and 
fig. S8I). We also examined intravenous injection of GSDME−/− Raji 
cells into the nonobese diabetic SCID gamma (NSG) mice, and CRS 
symptoms and CRSrelated mortality were also abrogated by GSDME 
deficiency (fig. S8, J to L), suggesting that GSDMEmediated pyro
ptosis may contribute to CRS during CAR T cell therapy. In line with 
these results, the knockout of GSDME in target tumor cells resulted 

Fig. 5. Co-signaling domain(s) is important for pyroptosis by CAR T cells. (A to D) CD19-recognizing CD3-CAR T cells were cocultured with CD19-expressing B16 
cells in the presence of a CD28 antibody. Meanwhile, OT-I T cells were cocultured with OT-I peptide-pulsed, CD19-expressing B16 cells. CD3-CD28-CAR T cells were 
used as a positive control. Cell viability was measured by a microplate luminometer (A), and the LDH level from the supernatant was detected (B). The percentage 
of annexin V+/PI+ or annexin V+ cells was determined by flow cytometry (C). Cell morphology was observed by microscopy (D). Scale bar, 20 m. (E to G) CD19-B16 cells 
were cocultured with HER2-CAR T cells or CD3, CD3-CD28, CD3–4-1BB, or CD3–CD28–4-1BB–CD19–CAR T cells for 4 hours. Cell morphology was observed under 
a microscope (E). The LDH level (F) and cell viability (G) were also measured. Scale bar, 20 m. **P < 0.01, by one-way ANOVA (A to C, F, and G). Data are means ± SD 
of three independent experiments.
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in a decreased serum ATP level in the CAR T cell–treated mice (fig. 
S8M). In addition, we found that the use of apyrase or BBG also 
abrogated the above CAR T cell therapy–induced CRS and prolonged 
survival (fig. S9, A to D), further suggesting that the CAR T cell–induced 
CRS is mediated through the GSDMEATP pathway. The analysis 
of peritoneal macrophages confirmed the activation of caspase 1 and 
GSDMD (Fig. 7J) and the upregulation of IL1, IL6, and SAA 
(Fig. 7, C to E) in the CAR T cell–treated mice. In contrast, the 
depletion of macrophages or the administration of a caspase 1 inhibitor 
prevented CAR T cell–associated CRS, as evidenced by decreased 
levels of SAA, IL6, and IL1; reduced weight loss; diminished fever; 
and prolonged survival (Fig. 7, K to M). However, this prevention of 
CRS could be abolished by the intraperitoneal injection of exogenous 
wildtype (WT) macrophages but not Gsdmd−/− or Casp1−/− macro
phages (fig. S9, E to H). To further validate these results in patients, 
we analyzed the GSDME levels in primary BALL leukemia cells isolated 

from 11 patients before CD19CAR T cell treatment. Although B 
leukemic cells from patients ubiquitously expressed GSDME (Fig. 7N), 
a higher level of GSDME was associated with a more severe case of 
CRS in those patients (Fig. 7O). ATP levels were found to be much 
higher in CRS patients than in healthy volunteers (fig. S9I). Moreover, 
patients with a high grade of CRS (n = 7) had higher blood LDH levels, 
compared with those with low grade of CRS (n = 4) (fig. S9J), and 
LDH levels positively correlated to the severity of CRS (Fig. 7P). Together, 
these results suggest that B leukemic cell pyroptosis induced by 
CAR T cell therapy triggers CRS in patients.

DISCUSSION
Genetic modification confers CAR T cells an enhanced ability to kill 
target tumor cells. The effects of the resulting massive tumor cell 
death on patients remain unclear. In this study, we show that CAR 

Fig. 6. Tumor cell pyroptosis triggered macrophages to release proinflammatory cytokines. (A) Macrophages isolated from healthy volunteers were treated with 
control or pyroptotic Raji supernatants. IL-1 and IL-6 in the culture medium were determined by enzyme-linked immunosorbent assay (ELISA). (B) The same as (A), except that 
pyroptotic primary B leukemic cell supernatants were used. (C and D) Human macrophages were treated with supernatants from coculturing SGGFP or GSDME-SGs− Raji 
or NALM-6 cells with or without CD19-CAR T cells. IL-1 and IL-6 were determined by ELISA (C), and GSDMD, Casp1, C-Casp1, and NLRP3 were analyzed by Western blot 
(D). (E) SGGFP, CASP1-SGs, or GSDMD-SGs− THP-1 cells were treated with supernatants from coculturing Raji cells and CAR T cells. IL-1 and IL-6 were determined by ELISA. 
**P < 0.01, by one-way ANOVA (A to C and E). Data are means ± SD of three independent experiments.

 by guest on January 18, 2020
http://im

m
unology.sciencem

ag.org/
D

ow
nloaded from

 

http://immunology.sciencemag.org/


Liu et al., Sci. Immunol. 5, eaax7969 (2020)     17 January 2020

S C I E N C E  I M M U N O L O G Y  |  R E S E A R C H  A R T I C L E

9 of 13

Fig. 7. Tumor cell pyroptosis triggers CRS in CAR T cell–treated mice. (A to E) CD19-CAR T cells were transferred to SCID-beige mice with a high Raji tumor burden. 
The change of weight [(A), n = 6] and body temperature [(B), n = 6] was calculated. The serum levels of SAA (C), IL-6 (D), and IL-1 (E) were measured by ELISA 
(n = 5). (F to I) SGGFP− or GSDME-SGs–Luc-Raji cells were intraperitoneally injected into mice for 3 weeks, followed by the intravenous injection of CD19-CAR T cells. 
Weight [(F), n = 6] and temperature [(G), n = 6] changes were calculated. Serum levels of SAA, IL-6, and IL-1 were measured by ELISA [(H), n = 5]. Mice survival was analyzed 
[(I), n = 10]. (J) The same as (A), except that intraperitoneal macrophages were isolated to perform Western blot with anti-GSDMD, Casp1, and C-Casp1 (n = 4). (K to M) Mice 
with high Raji tumor burden were treated with a control liposome, clophosome-A (intravenous, 200 l), or belnacasan (100 mg/kg) once daily for 3 days, followed by 
CD19-CAR T cell injection. Thirty-six hours later, serum levels of SAA, IL-6, and IL-1 were measured by ELISA [(K), n = 5]. Weight and temperature changes were calculated 
[(L), n = 6]. Mouse survival was recorded [(M), n = 10]. (N) Primary B leukemic cells isolated from B-ALL patients (n = 11) were lysed for Western blot against GSDME. 
(O) Correlation between GSDME expression and grade of CRS (n = 11). (P) Correlation between LDH level and CRS grade (n = 11). **P < 0.01, ***P < 0.001, by Student’s t test 
(A and B), one-way ANOVA (C to H, K, and L) or by log-rank survival analysis (I and M). Data are means ± SD.

 by guest on January 18, 2020
http://im

m
unology.sciencem

ag.org/
D

ow
nloaded from

 

http://immunology.sciencemag.org/


Liu et al., Sci. Immunol. 5, eaax7969 (2020)     17 January 2020

S C I E N C E  I M M U N O L O G Y  |  R E S E A R C H  A R T I C L E

10 of 13

T cells, by virtue of their release of a large amount of perforin and 
granzyme B, activate the caspase 3–GSDME pathway in B leukemic 
cells, leading to cell pyroptosis and subsequent CRS. CAR T cells 
have been observed to undergo an expansion process and reach an 
extremely high frequency at a certain time point in vivo. Thus, within 
a relatively short time, most targeted cells could undergo pyroptosis, 
causing stimulated macrophages to produce IL6 and IL1 via acti
vated caspase 1 and thus triggering CRS. The elucidation of this 
molecular mechanism provides an insight into the clinical observa
tion that CRS severity is associated with the CAR T cell number and 
B leukemic cell burden during the CAR T cell therapy (5, 10–12).

The detection of GSDME expression in human B leukemic, MCF7 
breast cancer, and murine B16 melanoma cells is unexpected be
cause it functions as a poreforming protein, and its activation is po
tentially dangerous and may result in cell death. It has been reported 
that GSDME is not expressed in many detected tumor cell lines (17). 
In line with this, the promoter region of the GSDME gene displays 
a hypermethylation state (32, 33), thus indicating that the GSDME 
gene is silenced epigenetically in cells. GSDME is considered a tumor 
suppressor gene capable of inducing programmed cell death as a re
sult of caspase 3 cleavage, and tumor cells may have evolved epigenetic 
means to silence GSDME expression to allow tumorigenesis. How
ever, the high expression of GSDME in B leukemic cells and other 
tumor cells hints that GSDME probably exerts an alternative func
tion to pore formation in tumor cells. The manner by which GSDME 
expression overcomes hypermethylation regulation and whether 
GSDME has a conventional function apart from pore formation are 
currently being investigated.

An important finding in this study is that CAR T cells release more 
perforin/granzyme B than nontransduced natural T cells. The re
lease of cytolytic effector molecules by T cells relies on activation 
by two signals, MHCantigenic peptideTCR (signal 1) and CD80/
CD86CD28 (signal 2). Full activation of signal 2 relies on the acti
vation strength of the TCR signaling. TCR signaling–activated LCK 
(light chain kinase) phosphorylates CD28 tyrosine residues; mean
while, TCR signaling–activated LAT (linker of activated T cells) and 
SLP76 phosphorylate and activate the key CD28 downstream signal 
molecule PLC (phospholipase C–), thus degrading PIP2 (phospha
tidylinositol 4,5bisphosphate) into DAG (diacylglycerol) and IP3 
(inositol 1,4,5trisphosphate). On the basis of the understanding of 
T cell activation and the advances in genetic engineering, synthetic 
CARs are designed for human T cells. The basic concept for design
ing a CAR is to link a singlechain variable fragment (scFv) to CD3 
intracellular signaling module to induce T cell activation upon antigen 
binding. Currently, this modular structure has been extended from a 
single CD3 signaling domain to the CD3CD28, CD3–41BB, or 
CD3–CD28–41BB signaling domains to mimic both signal 1 and 
signal 2 (3). Because the affinity of CAR and its antigen may be 100fold 
higher than that of the TCR and MHCpeptide complex (27, 28), this 
superior affinity plus the costimulatory signal confers CAR T cells 
the ability to release a large amount of perforin/granzyme B, which is 
required for CAR T cell–mediated target cell pyroptosis. Upon enter
ing the cytoplasm, granzyme B may cleave procaspase 3 into its active 
form. Activated caspase 3 either induces apoptosis or cleaves GSDME 
to trigger pyroptosis through membrane pore formation. However, 
cells have the ability to rapidly heal pores in the plasma membrane. 
Whether GSDME triggers pyroptosis depends on the balance be
tween membrane pore formation and membrane repair. Despite 
having the same amount of GSDME in target cells, natural TCR CD8+ 

T cells cause only low levels of cleaved GSDME, but CAR T cells 
release higher levels of perforin/granzyme B and result in a more ac
tivated GSDME.

Pyroptotic lysis is highly proinflammatory due to the release of 
cytosolic contents that are enriched in DAMPs. In this study, we dem
onstrate that tumor cell pyroptosis leads to the activation of caspase 1 
and GSDMD in macrophages, leading to the release of a large amount 
of proinflammatory cytokines and the occurrence of CRS. Among 
proinflammatory cytokines, IL6 and IL1 are especially important. 
Clinically, IL6–neutralizing antibody is widely used to prevent and/or 
treat the CRS in CAR T cell–treated patients (34). As a pleiotropic 
cytokine, IL6 is mainly regulated at the transcriptional level by tran
scription factors such as NFB, AP1 (activator protein 1), and STAT3 
(signal transducer and activator of transcription 3) (35). Pathogen 
associated molecular patterns (PAMPs), such as lipopolysaccharide 
(LPS), and DAMPs, such as HSPs and HMGB1, can stimulate mac
rophages to produce IL6 through activation of these transcription 
factors (35, 36). We found that HMGB1 is present in pyroptotic su
pernatants, thus directly activating IL6 in macrophages. IL1 is 
synthesized as a precursor form, and its release depends on activa
tion of caspase 1, which is a proinflammatory caspase that is tightly 
regulated by inflammasomes. Inflammasome NLRP3 has been known 
to be widely activated by various stimuli, including microbial toxins, 
particulate matter, crystals, aggregated amyloid, or extracellular ATP 
(30). In this study, we found that pyroptotic supernatants contain 
ATP, and treatment with a P2X7 receptor antagonist or degradation 
of ATP inhibited the ability of pyroptotic supernatants to activate 
caspase 1 in macrophages. With the help of our mouse CRS model, we 
further demonstrated that the knockout of GSDME in target tumor 
cells, depleting macrophages or inhibiting caspase 1/GSDMD, can 
each block the occurrence of CRS. The elucidation of this molecular 
pathway is fundamental to better understand toxicity associated with 
CAR T cell therapy. A recent study by Staedtke et al. (37) showed that 
a catecholamine blocker can inhibit macrophages from releasing 
proinflammatory cytokines. Thus, a combined blockade of GSDME 
and catecholamine may result in a better treatment of CRS without 
diminishing tumor clearance.

Although this study reports that CAR T cells induce target tumor 
cell pyroptosis through a GSDMEdependent pathway, alternative 
pathway(s) might exist to mediate target cell pyroptosis by CAR 
T cells. Recent studies have reported that CAR T cells may mobilize 
TNF to mediate the killing process, which might be independent 
of granzyme B and perforin (38, 39). One possibility for this finding 
is that CAR T cells could use a twostep strategy to attack target cells. 
Granzyme B and perforin launch the first wave of killing, which 
could be followed by TNF if the target cells escape the first attack. 
This may also explain why pyroptosis can be blocked without con
siderably  affecting CAR T cell–mediated killing. Our present study 
reveals the mechanistic difference between the type of cellular death 
caused by CAR and natural TCR T cells, which provides an oppor
tunity to modify CAR to reduce CRS by switching target tumor cell 
death from pyroptosis to apoptosis.

Study design
The primary objective of the study was to elucidate the underlying 
mechanism of CRS occurrence. This study is a continuation of a pre
vious investigation (40), in which we conducted a phase 1 clinical trial 
to evaluate the safety and efficacy of autologous CD19CAR T cell 
treatment in patients with relapsed or refractory BALL (R/R ALL). 
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CD19CAR T cells were generated ex vivo with the use of autologous 
T cells transduced with CD19 TCR/41BB lentiviral vector to ex
press a CAR containing a CD3 domain to provide a T cell activation 
signal and a 41BB domain to provide a costimulatory signal. Patients 
with R/R ALL were administered CD19CAR T cells (1 × 106 to 1 × 
107/kg) intravenously on days 0, 1, and 2 in the absence of disease 
progression or unacceptable toxicity. The clinical study protocol 
(ClinicalTrials.gov number NCT03156101) was approved by the First 
Affiliated Hospital of Zhengzhou University Institutional Review 
Board. The clinical investigation was conducted by the investigators in 
the First Affiliated Hospital of Zhengzhou University, and data were 
collected and analyzed at Institute of Basic Medical Science of Chinese 
Academy of Medical Sciences. All participants provided written in
formed consent before being enrolled in this study. For the in vitro 
study, CAR T or unmodified T cells were used to coculture with dif
ferent tumor cells to determine tumor cell pyroptosis or apoptosis. 
We also used Cas9 technology to knock out different genes to eluci
date how pyroptosis triggered CRS through a macrophagedependent 
pathway in mouse models.

MATERIALS AND METHODS
Patients
To be eligible for participation in the study, patients had to be at least 
4 years old at screening and no older than 70 years old and had been 
diagnosed as CD19+ relapsed or refractory B cell leukemia, who were 
not eligible for autologous or allogeneic stem cell transplantation and 
had limited prognosis (several months to <2year survival) with cur
rently available therapies; an Eastern Cooperative Oncology Group 
(ECOG) result of 0, 1, or 2; and stable vital signs. Other eligibility 
criteria were adequate heart, liver, and kidney function.

Human specimens
Human peripheral blood or bone marrow was obtained from pa
tients at the First Affiliated Hospital of Zhengzhou University. Eth
ical permission was granted by the Clinical Trial Ethics Committee 
of the First Affiliated Hospital of Zhengzhou University. All patients 
provided written informed consent to participate in the study. The 
clinical features of the patients are listed in tables S1 to S5.

Animals and cell lines
Female SCIDbeige or NSG mice, 6 to 8 weeks old, were purchased 
from the Center of Medical Experimental Animals of the Chinese 
Academy of Medical Science (Beijing, China). OTI transgenic mice 
were gifted by H. Zhang (Sun Yatsen University). Pmel1 transgenic 
mice were presented by Y. Wan (Third Military Medical University). 
These animals were maintained in the Animal Facilities of Chinese 
Academy of Medical Science under pathogenfree conditions. THP1 
(acute monocytic leukemia cell line), SGC7901 (gastric adenocarci
noma cell line), and MCF7 (breast cancer cell line) and mouse tumor 
cell lines B16 and OVAB16 (melanoma) were purchased from the 
China Center for Type Culture Collection (Beijing, China). Human 
tumor cell lines Raji (Burkitt’s lymphoma cell line) and Nalm6 (acute 
lymphocytic leukemia cell line) were gifted by M. Wang (Chinese 
Academy of Medical Sciences and Peking Union Medical College). 
These cells were cultured in RPMI 1640 medium (Thermo Fisher 
Scientific) with 10% fetal bovine serum (FBS) (Gibco, USA), 2 mM 
lglutamine (Gibco, USA), and 1% penicillinstreptomycin in a hu
midified atmosphere containing 5% CO2 at 37°C.

Construction of human CD19 or HER2− CAR T cells
The CAR for HER2 and CD19 was constructed as previously de
scribed (41, 42). In brief, the scFv fragment of HER2 from monoclonal 
antibody 4D5 or the scFv fragment of CD19 from clone FMC63 linked 
the CD8chain hinge and transmembrane region with CD3and 
CD28 intracellular signaling domains, and this cassette was inserted 
into the lentiviral vector provided by the Obioo Bioscience Company. 
The transduction procedure was initiated by stimulating CD8+ T cells 
with CD3/CD28 activator beads (Invitrogen) according to the instruc
tion provided by the manufacturer with recombinant human IL2 at 
a final concentration of 100 U/ml in XVIVO 15 medium (Lonza) 
containing 5% FBS. Cells were harvested for lentiviral transduction 
on day 2 and resuspended in the same medium. The supernatants 
containing leviviruses were added to the medium at the multiplicity 
of infection of 1:10, and the plates were coated with RetroNectin 
[CH296; Takara Bio, Otsu, Japan; coated using CH296 (10 mg/ml)] 
according to the manufacturer. Then, cells were centrifuged at 1000g 
for 2 hours at 32°C and incubated at 37°C for 6 hours. The infection 
rates were quantified with flow cytometry after 2 days. In this study, 
the amount of CD19CAR T cells was used according to the ratio of 
effector to target cells (2:1) or as indicated in the in vitro experiments. 
The T cells were transfected with lentivirusCAR and cultured for 
10 days for in vivo experiments. The transfection efficiency was eval
uated by flow cytometry on days 3 and 5 after lentivirus transduction 
and at the end of culture. The transfection efficiency was around 40%. 
For in vitro experiments, we cultured CAR T cells for 5 to 7 days. 
These T cells grew logarithmically during the period of expansion. 
For clinical trial, we used CD3–41BB–CAR T. Otherwise, CD3
CD28CAR T cells were used.

Construction of mCAR-hCD19
The sequences for mCARhCD19 contained the antigen receptor of 
human CD19 or HER2 scFv; the murine CD3, CD28, and/or 41BB; 
and the myc tag on the N terminus, as described before (43), and were 
synthesized by SyngenTech. This chimeric antigen construct was then 
cloned into a murine stem cell virus–green fluorescent protein (MSCV 
GFP) (Clontech) murine retroviral vector (MSCVmycCAR2A). Then, 
the PlatinumE (PlatE) Retroviral Packaging Cell Line, Ecotropic cells 
(Cell Biolabs, RV101) were transfected with mCARhCD19 plasmid 
and pCLEco retrovirus packaging plasmid to obtain retrovirus con
taining mCARhCD19. OTI CD8+ T cells were activated with anti 
CD3/CD28 beads (Gibco, 11453D), IL2 (PerproTech, 21212), and 
55 M mercaptoethanol (Gibco, 21985023) for 24 hours. Then, 
OTI CD8+ T cells were infected with the above virus in the presence 
of RetroNectin (Takara Bio) for 8 hours. Twentyfour hours later, 
the GFPpositive cells were sorted by flow cytometry using the BD 
Biosciences FACSAria II to obtain cells expressing high levels of 
hCD19 or hHER2.

CRS grades
The grading system of CRS is performed based on the clinical clas
sification (44). In brief, grade 1 is that symptoms are not life threat
ening, such as fever, headache, myalgias, malaise, nausea, or fatigue; 
grade 2 includes symptoms that require and respond to intravenous 
fluids or lowdose vasopressors, grade 2 organ toxicity, or fraction 
of inspired oxygen less than 40%; grade 3 includes symptoms that 
require and respond to aggressive intervention (highdose or multi
ple vasopressors), grade 3 organ toxicity or grade 4 transaminitis, 
or fraction of inspired oxygen equal or more than 40%; grade 4 can 
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manifest as lifethreatening symptoms, grade 4 organ toxicity (exclud
ing grade 4 transaminitis), or needing ventilator support; grade 5 
is death. Grading of organ toxicities is performed based on CTCAE 
(Common Terminology Criteria for Adverse Events) v4.03 (45).

Quantification and statistical analysis
All experiments were performed at least three times. Results are ex
pressed as means ± SEM or means ± SD, as indicated, and analyzed 
by twotailed unpaired Student’s t test or oneway analysis of vari
ance (ANOVA), followed by Bonferroni’s test. P < 0.05 was consid
ered statistically significant. The analysis was conducted using the 
GraphPad 6.0 software. To analyze the correlation between the level 
of GSDME or LDH and the degradation of CRS, Pearson’s correla
tion test was applied. The survival rates were performed by the log
rank test.

SUPPLEMENTARY MATERIALS
immunology.sciencemag.org/cgi/content/full/5/43/eaax7969/DC1
Materials and Methods
Fig. S1. CAR T cells induced tumor cells to enter pyroptosis.
Fig. S2. GSDME-mediated CAR T cell induced tumor cell pyroptosis.
Fig. S3. Perforin/granzyme B–caspase 3–GSDME pathway–mediated CAR T cell induced tumor 
cell pyroptosis.
Fig. S4. Tumor-specific CD8+ T cells induced tumor cells to enter apoptosis, not pyroptosis.
Fig. S5. High levels of perforin and granzyme B induce tumor cell pyroptosis.
Fig. S6. Tumor cell pyroptosis activated macrophages to release inflammatory cytokines.
Fig. S7. Pyroptotic tumor cells released ATP to activate macrophages.
Fig. S8. Tumor cell pyroptosis initiated CRS induced by CAR T cell therapy in vivo.
Fig. S9. ATP-Casp1-GSDMD pathway regulated the CRS induced by CAR T cell therapy in vivo.
Table S1. The general information from patients enrolled.
Table S2. Body temperature (ºC) from B-ALL patients after CD19 CAR T cell therapy.
Table S3. Serum level of IL-6 (pg/ml) from patients after CAR T cell therapy.
Table S4. Serum level of IFN- (pg/ml) from patients after CAR T cell therapy.
Table S5. Serum level of IL-10 (pg/ml) from patients after CAR T cell therapy.
Movie S1. HER2+ m-Cherry–MCF-7 cells were cocultured with HER2-CAR T cells.
Movie S2. HER2+ m-Cherry–SGC-7901 cells were cocultured with HER2-CAR T cells.

View/request a protocol for this paper from Bio-protocol.
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pyroptosis is associated with the levels of perforin and granzyme B released.
levels of GSDME in cancer patients positively correlated to CRS severity. In addition, the ability of CAR T cells to induce
GSDME leads to activation of caspase 1 and GSDMD in macrophages, which is critical for triggering CRS. Elevated 
granzyme B, which activates caspase 3 and cleaves GSDME in target tumor cells and causes pyroptosis. Pyroptosis by
pore-forming protein gasdermin E (GSDME) during tumor cell pyroptosis, which contributes to CRS. CAR T cells release 

. describe a role for theet altherapy in cancer patients. The mechanisms that trigger CRS are not clear, but Liu 
Cytokine release syndrome (CRS) is a complication associated with chimeric antigen receptor (CAR) T cell

Gasdermin E as troublemaker
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