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Cardiac hypertrophy is a compensatory response to stress or stimuli, which results in
arrhythmia and heart failure. Although multiple molecular mechanisms have been identified, cardiac hypertrophy is still difficult to treat. Pyroptosis is a caspase-1-dependent
pro-inflammatory programmed cell death. Caspase-1 is involved in various types of diseases, including hepatic injury, cancers, and diabetes-related complications. However, the
exact role of caspase-1 in cardiac hypertrophy is yet to be discovered. The present study
aimed to explore the possible role of caspase-1 in pathogenesis of cardiac hypertrophy. We
established cardiac hypertrophy models both in vivo and in vitro to detect the expression
of caspase-1 and interleukin-1β (IL-1β). The results showed that caspase-1 and IL-1β expression levels were significantly up-regulated during cardiac hypertrophy. Subsequently,
caspase-1 inhibitor was co-administered with angiotensin II (Ang II) in cardiomyocytes to
observe whether it could attenuate cardiac hypertrophy. Results showed that caspase-1
attenuated the pro-hypertrophic effect of Ang II, which was related to the down-regulation
of caspase-1 and IL-1β. In conclusion, our results provide a novel evidence that caspase-1
mediated pyroptosis is involved in cardiac hypertrophy, and the inhibition of caspase-1 will
offer a therapeutic potential against cardiac hypertrophy.
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Cardiac hypertrophy is a common response of heart to a variety of stimuli, which could be divided
into physiological hypertrophy and pathological hypertrophy [1,2]. Pathological hypertrophy, is a major change of heart disease and considered as a critical risk factor of heart failure and is often associated
with arrhythmia [3,4]. The cardiac dysfunction reflects the distinct pathogenesis of pathological cardiac
hypertrophy. Although many pathways and targets have been reported to be effective, pathological cardiac
hypertrophy inevitably leads to the unfavorable outcomes of heart failure [5,6]. Therefore, it is important
to find novel therapeutic targets for hypertrophy.
Pyroptosis is a kind of caspase-1 or caspase-11-dependent programmed cell death [7,8]. Different from
other programmed cell deaths, pyroptosis is a consequence of caspase-1 or caspase-11 activation in inflammasomes [9-12]. During pyroptosis, the activation of caspase-1 could cleave pro-interleukin-1β (IL-1β)
to bioactive IL-1β [13]. Studies have demonstrated that pyroptosis is involved in various types of diseases, including hepatic injury, cancers, and diabetes-related complications [14-16]. For cancer cells, loss
of caspase-1 gene expression was observed in human prostate cancer and human hepatocellular carcinoma. The activation of pyroptosis may promote cell death and thus exert anticancer properties [15,17].
Although the importance of pyroptosis was identified in different kinds of diseases, little was known about
the role of pyroptosis in cardiac hypertrophy.
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To our knowledge, this is the first study to demonstrate that caspase-1-mediated pyroptosis plays a role in the
pathogenesis of the cardiac hypertrophy and caspase-1 inhibitor AC-YVAD-CMK can mitigate cardiac hypertrophy
induced by angiotensin II (Ang II).

Materials and methods
Ethics statement
The study was approved by the ethics committee of Harbin Medical University, and all experimental procedures
were approved by the Animal Care and Use Committee of Harbin Medical University. Our study was performed in
accordance with the recommendations of the Guide for the Care and Use of Laboratory Animals, published by the
US National Institutes of Health (NIH Publication number 85-23, revised 1996).

Mice model of pressure overload-induced cardiac hypertrophy
Pressure overload was imposed on the heart of mice by transverse aortic constriction (TAC). Adult mice (6-8 weeks)
were anesthetized and placed in supine position and a midline cervical incision was made to expose the trachea.
Then, the chest of mouse was opened and thoracic aorta was identified. A 5-0 silk suture was placed around the
transverse aorta and tied around a 26-gauge blunt needle, which was subsequently removed. The chest was closed
and the animals were kept ventilated until recovery of autonomic breath. Twenty-four mice were randomly divided
into Sham and TAC groups. After treatment, the cardiac tissues were obtained for the following detection.

Primary culture of neonatal mouse cardiomyocytes
Neonatal mouse cardiomyocytes were isolated from 1 to 3 days old C57BL/6 mouse hearts. Briefly, hearts were rapidly
removed from neonatal mice and washed to remove blood and debris. Whole hearts were then cut into small pieces
and dissociated into single cells by digestion with trypsin, EDTA solution (Solarbio, Beijing, China). The suspension
was collected and added to Dulbecco’s modified Eagle’s medium (DMEM) nutrient mixture (HyClone, Logan, UT,
U.S.A.) containing 10% FBS (BI, Kibbutz Beit Haemek, Israel) to end digestion. The above steps were repeated until
all the tissues were digested. The collected cell suspension was filtered and centrifuged at 1500 rpm for 5 min to obtain
cells. After centrifugation, cells were suspended in DMEM (HyClone, Logan, UT, U.S.A.) with 10% FBS, and precultured in humidified incubator (95% air, 5% CO2 ) for 1.5 h to obtain cardiac fibroblasts for their selective adhesion.
Then, the suspended cardiomyocytes were plated in another dish. Culture medium was renewed after 48 h.

Ang II-induced cardiomyocyte hypertrophy in vitro
Ang II treatment was used to induce cardiomyocyte hypertrophy. In our experiments, cardiomyocytes were incubated
with 100 nmol/l Ang II for 48 h. The serum-free medium containing Ang II was changed every 24 h. Cardiomyocytes
were prepared for immunofluorescence staining, real-time PCR, and Western blot assays. For immunofluorescence
staining, monoclonal antibody against sarcomeric α-actinin (Sigma, St. Louis, Missouri, U.S.A.) was added at dilutions of 1:200. Nuclear staining was performed with Hoechst (Sigma, St. Louis, Missouri, U.S.A.). Immunofluorescence was examined under a fluorescence microscope (Zeiss, Heidenheim, Baden-Wuerttemberg, Germany). The
surface areas of individual cardiomyocytes were measured using Image-Pro Plus software, which was normalized to
control group. To avoid human error, at least five independent zones were selected in one slide and the quantitation
was performed blinded by two individuals.

Real-time PCR
The total RNA samples were extracted from cardiomyocytes or cardiac tissues using the TRIzol reagent (TaKaRa,
Otsu, Shiga, Japan). Total RNA for 500 ng was reverse transcribed to cDNA using Reverse Transcriptase Master Kit
(Toyobo, Osaka, Japan) according to the manufacturer’s instructions. Real-time PCR was performed on ABI 7500 fast
system (Applied Biosystems, Carlsbad, CA, U.S.A.) using SYBR Green I (Toyobo, Osaka, Japan). GAPDH served as
an internal control. The relative quantitation of gene expression was determined using the 2−CT method.

Western blot
Total protein was extracted from cardiomyocytes or cardiac tissues. The suspension was subjected to 10% acrylamide
gel electrophoresis (SDS/PAGE) followed by electrotransfer onto PVDF membranes (Roche Applied Science, Pleasanton, CA, U.S.A.). After blocking with 5% (w/v) BSA dissolved in TBST solution (10 mM Tris-HCl adjusted to pH 7.4
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with HCl, 150 mM NaCl, 0.05% (v/v) Tween 20) for 2 h, the membranes were incubated at 4◦ C overnight with primary antibodies of caspase-1 (Cell Signaling, Danvers, Massachusetts, U.S.A.), IL-1β and GAPDH (ZSGB-BIO, Beijing, China), followed by incubation with horserasish peroxidase (HRP)-labeled goat anti-mouse IgG or anti-rabbit
IgG (1:1000) (ZSGB-BIO, Beijing, China) for 1 h. Western blot bands were quantitated using Quantity One software.
GAPDH served as an internal control.

Hematoxylin and Eosin staining
Cardiac tissues were fixed in 4% paraformaldehyde followed by dehydration. The processed samples were embedded
in paraffin and cut into 5-μm thick sections using tissue-processing equipment. The sections were deparaffinized and
stained with Hematoxylin and Eosin (HE) for histological analysis.

Immunohistochemistry
Cardiac tissues were fixed with 4% buffered paraformaldehyde, dehydrated, and embedded in paraffin.
Five-micrometer thick sections were deparaffinized, rehydrated, and rinsed in distilled water. Antigen unmasking
was carried out by water vapor heating in citrate buffer for 20 min. All sections were immunostained with the primary
antibody against caspase-1 and IL-1β at 4◦ C overnight. After incubation with the secondary antibody, the sections
were stained with diaminobenzidine.

Statistical analysis
All the experiments were repeated five times, and the results were from one representative experiment. Data are
expressed as mean +
− S.E.M. and were analyzed with SPSS 13.0 software. Statistical comparisons between two
groups were performed using Student’s t test. Statistical comparisons amongst multiple groups were performed using
ANOVA, followed by Bonferroni’s post hoc test. A two-tailed P<0.05 was considered statistically significant. Graphs
were generated using GraphPad Prism 5.0.

Figure 1. The cleaved caspase-1 and IL-1β expression were up-regulated in myocardium from TAC mice model
(A) The histopathological changes in Sham and TAC groups. (B) The immunohistochemical staining of cleaved caspase-1 and

IL-1β in Sham and TAC groups. (C,D) Caspase-1 and IL-1β mRNA expression levels were up-regulated in myocardium form TAC
operated mice. (E,F). Cleaved caspase-1 and IL-1β protein expression levels were up-regulated in myocardium form TAC operated
mice. GAPDH served as the internal control. *P<0.05 compared with Sham, ***P<0.001 compared with Sham; n=5.
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Results
Cleaved caspase-1 and IL-1β expression levels were up-regulated in
myocardium of mice in response to acute pressure overload
The results of HE staining showed that TAC induces cardiac hypertrophy in mice (Figure 1A). High expression of
cleaved caspase-1 was observed in the TAC group compared with sham group. Consistently, the downstream factor
that cleaved IL-1β was also up-regulated in the myocardium of TAC-operated mice (Figure 1B). Real-time PCR assay
showed that capsase-1 and IL-1β mRNA expression levels were up-regulated in TAC group compared with control
group (Figure 1C,D). Correspondingly, Western blot assay further confirmed the high protein expression levels of
cleaved caspase-1 and its downstream factors cleaved IL-1β protein in TAC group compared with control group
(Figure 1E,F). These results verified that the activation of pyroptosis is associated with cardiac hypertrophy.

Ang II up-regulates cleaved caspase-1 and IL-1β expression in
cardiomyocytes
We further examined the expression of cleaved caspase-1 and IL-1β in Ang II-treated cardiomyocytes. Neonatal
mouse cardiomyocytes were exposed to Ang II (100 nmol/l) for 48 h. The caspase-1 and IL-1β mRNA expression
levels were up-regulated in Ang II-treated cardiomyocytes (Figure 2A,B). Consistently, the cleaved caspase-1 and
IL-1β protein expression levels were also up-regulated in Ang II-treated cardiomyocytes (Figure 2C,D).

Figure 2. Ang II up-regulates cleaved caspase-1 and IL-1β expression in cardiomyocytes

(A,B) Caspase-1 and IL-1β mRNA expression levels were up-regulated in cardiomyocytes treated with Ang II. (C,D) Cleaved caspase-1 and IL-β protein expression levels were up-regulated in cardiomyocytes treated with Ang II. GAPDH served as the internal
control. *P<0.05 compared with Control, **P<0.01 compared with Control; n=3.

4

c 2018 The Author(s). This is an open access article published by Portland Press Limited on behalf of the Biochemical Society and distributed under the Creative Commons Attribution

License 4.0 (CC BY).

Bioscience Reports (2018) 38 BSR20171438
https://doi.org/10.1042/BSR20171438

Caspase-1 inhibitor down-regulates cleaved caspase-1 and IL-1β
expression in Ang II-treated cardiomyocytes
To further understand the correlation of pyroptosis and cardiac hypertrophy, caspase-1 inhibitor was used to detect
the role of cleaved caspase-1 in cardiac hypertrophy. Cardiomyocytes were treated with vehicle, Ang II, and Ang II +
AC-YVAD-CMK, respectively. The up-regulation of cleaved caspase-1 and IL-1β induced by Ang II was reversed by
co-treatment with AC-YVAD-CMK in cardiomyocytes (Figure 3A–D).

Caspase-1 inhibitor attenuates Ang II-induced hypertrophy in
cardiomyocytes
We further investigated the involvement of pyroptosis in Ang II-induced cardiomyocyte hypertrophy. Immunofluorescence staining showed that after treatment with caspase-1 inhibitor AC-YVAD-CMK, the surface areas of cardiomyocytes were significantly decreased compared with Ang II-treated group (Figure 4A,B). The mRNA expression
levels of hypertrophy related markers, including atrial natriuretic peptide (ANP), brain natriuretic peptide (BNP),
and β-myosin heavy chain (β-MHC) were also down-regulated after caspase-1 inhibitor AC-YVAD-CMK treatment
in cardiomyocytes (Figure 4C–E).

Figure 3. Caspase-1 inhibitor down-regulates cleaved caspase-1 and IL-1β expression in Ang II treated cardiomyocytes

(A,B) Caspase-1 inhibitor down-regulates caspase-1 and IL-1β mRNA expression levels in Ang II-treated cardiomyocytes. (C,D)
Caspase-1 inhibitor down-regulates caspase-1 and IL-1β protein expression levels in Ang II-treated cardiomyocytes. GAPDH
served as the internal control. **P<0.01 compared with Control, ***P<0.001 compared with Control, # P<0.05 compared with Ang
II, ## P<0.01 compared with Ang II,### P<0.001 compared with Ang II; n=3.
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Figure 4. Caspase-1 inhibitor attenuates Ang II-induced hypertrophy in cardiomyocytes

(A) Representative images of α-actinin and Hoechst staining in cardiomyocytes. (B) The statistical results of cardiomyocytes surface
area in each group. (C) ANP mRNA expression in cardiomyocytes. (D) BNP mRNA expression in cardiomyocytes. (E) β-MHC mRNA
expression in cardiomyocytes. GAPDH served as the internal control. **P<0.01 compared with Control, ***P<0.001 compared with
Control, # P<0.05 compared with Ang II, ## P<0.01 compared with Ang II, ### P<0.001 compared with Ang II; for (B), n=100 from
nine separated fields; for (C–E), n=3.
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Discussion
Cardiac hypertrophy is an independent risk factor for cardiovascular events [18]. Therefore, exploring the molecular
mechanisms of cardiac hypertrophy are vitally important. Pyroptosis is a caspase-1-dependent pro-inflammatory
programmed cell death. Different from other programmed cell deaths, pyroptosis undergoes membrane blebbing
and produces pyroptotic bodies prior to plasma membrane rupture [7]. Several studies demonstrated that pyroptosis
plays roles in several types of diseases [16,19,20].
Caspase-1 plays an important role in regulation of cardiomyocyte biology. It was activated in hyperglycemia and
doxorubicin-induced cardiac injury [16,21]. It also mediates cardiomyocyte apoptosis contributing to the progression
of heart failure [22]. In addition, plenty of studies evidenced the important role and therapeutic potential of its downstream factor IL-1β in cardiac hypertrophy [23,24]. However, little was known about the role of caspase-1-induced
pyroptosis in cardiac hypertrophy.
The aim of the present work was to investigate the effect of cleaved caspase-1-mediated pyroptosis in cardiac hypertrophy. TAC was used to establish a mice model of cardiac hypertrophy and cleaved caspase-1 and IL-1β expression levels were detected. The result showed that cleaved caspase-1 and IL-1β expression levels were significantly up-regulated in hypertrophic myocardium from mice. Similar results were obtained in vitro. Subsequently,
we observed the effect of caspase-1 inhibitor on cardiac hypertrophy. Co-administration of caspase-1 inhibitor
AC-YVAD-CMK could attenuate the pro-hypertrophic effect of Ang II and inhibit the abnormal expression of cleaved
caspase-1 and IL-1β. These findings suggest that cleaved caspase-1-mediated pyroptosis participates in cardiac hypertrophy. Therefore, inhibition of caspase-1 may be a new strategy for prevention and treatment of cardiac hypertrophy.
Even though plenty of therapeutic targets have been identified, few of them were developed as a drug. The development of caspase-1 inhibitor was largely attributed to the researches in epilepsy and HIV infection [25,26]. VX-765
is an orally active caspase-1 inhibitor, which is well-tolerated in a 6 weeks long-phase II trial in patients with epilepsy.
It may be a promising candidate for treatment of cardiac hypertrophy through the inhibition of caspase-1 and IL-1β.
In conclusion, our results provide a novel evidence that caspase-1-mediated pyroptosis plays an important role in
cardiac hypertrophy, and the inhibition of caspase-1 will offer a therapeutic potential against cardiac hypertrophy.
Acknowledgements
We thank Shuyuan Guo for her help in immunofluorescence detection of α-actinin.

Author contribution
Y.B. and Y.J. participated in research design. Y.J., Q.C., and S.M.Z. wrote or contributed to the writing of the manuscript. X.S. and
Y.Q. performed the Western blotting. Q.C. and A.L. performed real-time PCR. Y.L. and E.Y. performed primary cell culture. H.W.
and C.D. performed experiments in the mouse model. G.L re-calculated the surface area of cardiomyocyte. All authors reviewed
the manuscript.

Competing interests
The authors declare that there are no competing interests associated with the manuscript.

Funding
This work was supported by the Ordinary Higher School Youth Academic Backbone Support Project of Heilongjiang Province
[grant number 1254G038].

Abbreviations
Ang II, angiotensin II; DMEM, Dulbecco’s modified Eagle’s medium; HE, hematoxylin and eosin; HRP, horseradish peroxidase;
IL-1β, interleukin-1β; TAC, transverse aortic constriction.

References
1 Shimizu, I. and Minamino, T. (2016) Physiological and pathological cardiac hypertrophy. J. Mol. Cell Cardiol. 97, 245–262,
https://doi.org/10.1016/j.yjmcc.2016.06.001
2 Hou, J. and Kang, Y.J. (2012) Regression of pathological cardiac hypertrophy: signaling pathways and therapeutic targets. Pharmacol. Ther. 135,
337–354, https://doi.org/10.1016/j.pharmthera.2012.06.006
3 Kim, T.Y., Terentyeva, R., Roder, K.H., Li, W., Liu, M., Greener, I. et al. (2017) SK channel enhancers attenuate Ca2+ -dependent arrhythmia in
hypertrophic hearts by regulating mito-ROS-dependent oxidation and activity of RyR. Cardiovasc. Res. 113, 343–353,
https://doi.org/10.1093/cvr/cvx005
c 2018 The Author(s). This is an open access article published by Portland Press Limited on behalf of the Biochemical Society and distributed under the Creative Commons

Attribution License 4.0 (CC BY).

7

Bioscience Reports (2018) 38 BSR20171438
https://doi.org/10.1042/BSR20171438

4 Kallikourdis, M., Martini, E., Carullo, P., Sardi, C., Roselli, G., Greco, C.M. et al. (2017) T cell costimulation blockade blunts pressure overload-induced
heart failure. Nat. Commun. 8, 14680, https://doi.org/10.1038/ncomms14680
5 Tham, Y.K., Bernardo, B.C., Ooi, J.Y., Weeks, K.L. and McMullen, J.R. (2015) Pathophysiology of cardiac hypertrophy and heart failure: signaling
pathways and novel therapeutic targets. Arch. Toxicol. 89, 1401–1438, https://doi.org/10.1007/s00204-015-1477-x
6 Heger, J., Schulz, R. and Euler, G. (2016) Molecular switches under TGFbeta signalling during progression from cardiac hypertrophy to heart failure. Br.
J. Pharmacol. 173, 3–14, https://doi.org/10.1111/bph.13344
7 Chen, X., He, W.T., Hu, L., Li, J., Fang, Y., Wang, X. et al. (2016) Pyroptosis is driven by non-selective gasdermin-D pore and its morphology is different
from MLKL channel-mediated necroptosis. Cell Res. 26, 1007–1020, https://doi.org/10.1038/cr.2016.100
8 Fink, S.L. and Cookson, B.T. (2005) Apoptosis, pyroptosis, and necrosis: mechanistic description of dead and dying eukaryotic cells. Infect. Immun. 73,
1907–1916, https://doi.org/10.1128/IAI.73.4.1907-1916.2005
9 Man, S.M., Karki, R. and Kanneganti, T.D. (2017) Molecular mechanisms and functions of pyroptosis, inﬂammatory caspases and inﬂammasomes in
infectious diseases. Immunol. Rev. 277, 61–75, https://doi.org/10.1111/imr.12534
10 Cookson, B.T. and Brennan, M.A. (2001) Pro-inﬂammatory programmed cell death. Trends Microbiol. 9, 113–114,
https://doi.org/10.1016/S0966-842X(00)01936-3
11 Brennan, M.A. and Cookson, B.T. (2000) Salmonella induces macrophage death by caspase-1-dependent necrosis. Mol. Microbiol. 38, 31–40,
https://doi.org/10.1046/j.1365-2958.2000.02103.x
12 Fann, D.Y., Lee, S.Y., Manzanero, S., Tang, S.C., Gelderblom, M., Chunduri, P. et al. (2013) Intravenous immunoglobulin suppresses NLRP1 and NLRP3
inﬂammasome-mediated neuronal death in ischemic stroke. Cell Death Dis. 4, e790, https://doi.org/10.1038/cddis.2013.326
13 Zhao, D., Wu, Y., Zhuang, J., Xu, C. and Zhang, F. (2016) Activation of NLRP1 and NLRP3 inﬂammasomes contributed to cyclic stretch-induced
pyroptosis and release of IL-1beta in human periodontal ligament cells. Oncotarget 7, 68292–68302, https://doi.org/10.18632/oncotarget.11944
14 Geng, Y., Ma, Q., Liu, Y.N., Peng, N., Yuan, F.F., Li, X.G. et al. (2015) Heatstroke induces liver injury via IL-1beta and HMGB1-induced pyroptosis. J.
Hepatol. 63, 622–633, https://doi.org/10.1016/j.jhep.2015.04.010
15 Chu, Q., Jiang, Y., Zhang, W., Xu, C., Du, W., Tuguzbaeva, G. et al. (2016) Pyroptosis is involved in the pathogenesis of human hepatocellular carcinoma.
Oncotarget 7, 84658–84665, https://doi.org/10.18632/oncotarget.12384
16 Li, X., Du, N., Zhang, Q., Li, J., Chen, X., Liu, X. et al. (2014) MicroRNA-30d regulates cardiomyocyte pyroptosis by directly targeting foxo3a in diabetic
cardiomyopathy. Cell Death Dis. 5, e1479, https://doi.org/10.1038/cddis.2014.430
17 Ummanni, R., Lehnigk, U., Zimmermann, U., Woenckhaus, C., Walther, R. and Giebel, J. (2010) Immunohistochemical expression of caspase-1 and -9,
uncleaved caspase-3 and -6, cleaved caspase-3 and -6 as well as Bcl-2 in benign epithelium and cancer of the prostate. Exp. Ther. Med. 1, 47–52,
https://doi.org/10.3892/etm˙00000008
18 Lyon, R.C., Zanella, F., Omens, J.H. and Sheikh, F. (2015) Mechanotransduction in cardiac hypertrophy and failure. Circ. Res. 116, 1462–1476,
https://doi.org/10.1161/CIRCRESAHA.116.304937
19 Jeyabal, P., Thandavarayan, R.A., Joladarashi, D., Suresh Babu, S., Krishnamurthy, S., Bhimaraj, A. et al. (2016) MicroRNA-9 inhibits
hyperglycemia-induced pyroptosis in human ventricular cardiomyocytes by targeting ELAVL1. Biochem. Biophys. Res. Commun. 471, 423–429,
https://doi.org/10.1016/j.bbrc.2016.02.065
20 Lin, C.F., Kuo, Y.T., Chen, T.Y. and Chien, C.T. (2016) Quercetin-rich guava (Psidium guajava) juice in combination with trehalose reduces autophagy,
apoptosis and pyroptosis formation in the kidney and pancreas of type II diabetic rats. Molecules 21, 334, https://doi.org/10.3390/molecules21030334
21 Aries, A., Whitcomb, J., Shao, W., Komati, H., Saleh, M. and Nemer, M. (2014) Caspase-1 cleavage of transcription factor GATA4 and regulation of
cardiac cell fate. Cell Death Dis. 5, e1566, https://doi.org/10.1038/cddis.2014.524
22 Merkle, S., Frantz, S., Schon, M.P., Bauersachs, J., Buitrago, M., Frost, R.J. et al. (2007) A role for caspase-1 in heart failure. Circ. Res. 100, 645–653,
https://doi.org/10.1161/01.RES.0000260203.55077.61
23 Szardien, S., Nef, H.M., Voss, S., Troidl, C., Liebetrau, C., Hoffmann, J. et al. (2012) Regression of cardiac hypertrophy by granulocyte
colony-stimulating factor-stimulated interleukin-1beta synthesis. Eur. Heart J. 33, 595–605, https://doi.org/10.1093/eurheartj/ehr434
24 Xu, X., Si, L., Xu, J., Yi, C., Wang, F., Gu, W. et al. (2015) Asiatic acid inhibits cardiac hypertrophy by blocking interleukin-1beta-activated nuclear
factor-kappaB signaling in vitro and in vivo. J. Thorac. Dis. 7, 1787–1797, https://doi.org/10.3978/j.issn.2072-1439.2015.10.41
25 Vezzani, A., Balosso, S., Maroso, M., Zardoni, D., Noe, F. and Ravizza, T. (2010) ICE/caspase 1 inhibitors and IL-1beta receptor antagonists as potential
therapeutics in epilepsy. Curr. Opin. Investig. Drugs 11, 43–50
26 Doitsh, G., Galloway, N.L., Geng, X., Yang, Z., Monroe, K.M., Zepeda, O. et al. (2014) Cell death by pyroptosis drives CD4 T-cell depletion in HIV-1
infection. Nature 505, 509–514, https://doi.org/10.1038/nature12940

8

c 2018 The Author(s). This is an open access article published by Portland Press Limited on behalf of the Biochemical Society and distributed under the Creative Commons Attribution

License 4.0 (CC BY).

