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ABSTRACT

BACKGROUND：Calpain-2 is Ca2+-dependent cysteine protease. Studies have shown that

aberrant calpain-2 activity is involved in apoptosis mediated by multiple triggers.

AIM: To investigate whether Ca2+-dependent calpain-2 can modulate the aberrant endoplasmic

reticulum (ER) stress-related apoptosis in rat hepatocyte BRL-3A cells.

METHODS: BRL-3A cells were treated with varying doses of dithiothreitol (DTT) and their

viability and apoptosis were quantified by MTT and flow cytometry. The expression of ER stress-

and apoptosis-related proteins was detected by Western blot. The activity of calpain protease

was determined using a fluorescence substrate N-succinyl-Leu-Leu-Val-Tyr-AMC. The

intracellular calcium contents and ER and calpain-2 co-location were characterized by fluorescent

microscopy. The impact of calpain-2 silencing by specific siRNA on the caspse-12 activation and

apoptosis of BRL-3A cells was quantified.

RESULTS: DTT exhibited dose-dependent cytotoxicity against BRL-3A cells and treatment with

2 mM DTT triggered BRL-3A cell apoptosis. DTT treatment significantly up-regulated 78kDa

glucose-regulated protein (GRP78), activating transcription factor 4 (ATF4), C/EBP-homologous

protein (CHOP) expression at protein level, and enhanced PRKR-like endoplasmic reticulum

kinase (PERK) phosphorylation, caspase-12 and caspase-3 cleavages in BRL-3A cells in a trend

of time-dependence. DTT treatment also significantly increased intracellular calcium contents,

calpain-2 expression and activity in BRL-3A cells. Furthermore, immunofluorescence assay

showed that calpain-2 could shift from cytoplasm to ER after DTT treatment, which provided new

evidence for the involvement of calpain-2 in ER stress-mediated apoptosis. Moreover, calpain-2

silencing dramatically decreased calpain-2 expression and significantly mitigated the

DTT-enhanced calpain-2 expression, caspse-12 cleavage and apoptosis in BRL-3A cells.

CONCLUSION: Such data indicated that Ca2+-dependent calpain-2 activity promoted the
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aberrant ER stress-related apoptosis of rat hepatocytes by activating caspase-12 in the ER.

Keywords: Calcium, Calpain-2, Caspase-12, Endoplasmic reticulum (ER) stress, Apoptosis,

Hepatocyte

Core tip

Current information from experimental studies demonstrates that hepatocyte apoptosis is

associated with many liver diseases. Calpain-2 has been implicated in the regulation of several

apoptosis-related proteins through direct cleavage during apoptosis. However, the regulatory

mechanisms by which calpain-2 regulates the ER stress-mediated hepatocytes apoptosis remain

unclear. In this study, the effect of calpain-2 on ER stress-mediated hepatocyte apoptosis and

underlying regulatory mechanisms were investigated. Our study indicates that calpain-2 is crucial

for the aberrant ER stress-induced hepatocytes apoptosis and may provide a new therapeutic

target for liver diseases.
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INTRODUCTION

Hepatocyte apoptosis participates in the pathogenesis of many types of liver diseases [1-5].

However, the pathogenesis of hepatocyte apoptosis remains elusive. It is notable that aberrant

endoplasmic reticulum (ER) stress can trigger hepatocyte apoptosis [6, 7]. While the ER is

physiologically responsible for control protein proper folding and function, many factors, such as

unfolded protein response (UPR), ER overload response (EOR) and others, can disturb ER

function, leading to ER stress [8, 9]. Furthermore, aberrant ER stress can trigger cell apoptosis,

particularly by activating caspase-12 [10-12]. However, how aberrant ER stress induces caspase-12

activation to trigger cell apoptosis has not been clarified in hepatocytes.

Calpain-2 is a Ca2+-dependent cysteine protease that can cleave their protein substrates.

Calpain-2 can regulate cell cycle, differentiation, and apoptosis [13]. Previous studies have revealed

that calpains promote the ER stress-related apoptosis by activating caspase-12 [14-16]. Actually, our

previous studies indicated that ER stress occurred in hepatocytes in a rat model of CCl4-induced

hepatic fibrosis, which were associated with increased calpain-2 and caspase-12 expression and

hepatocyte apoptosis [17, 18]. However, it is unclear whether calpain-2 can modulate caspase-12

activation and ER stress-related apoptosis in hepatocytes.

This study explored the importance of calpain-2 in regulating caspase-12 activation and

dithiothreitol (DTT)-induced ER stress-related apoptosis in hepatocytes. Our study indicated that

calpain-2 activity was crucial for DTT-induced ER stress-related hepatocyte apoptosis by

activating caspase-12 in vitro.

MATERIALS AND METHODS

Special reagents included Rat BRL-3A cells (Number: KCB92013YJ, Kunming Cell Bank of

Chinese Academy of Sciences, China), Fetal bovine serum (FBS), dulbecco's modified Eagle’s

medium (DMEM, GIBCO, New York, USA), Acrylamide, bisacrylamide, ammonium
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peroxydisulfate, glycine, Tri-hydroxymethyl aminomethane,

3-[4,5-dimethyl-2-thiazolyl]-2,5-diphenyl-2-H-tetrazolium bromide (MTT), Tween 20,

dithiothreitol (DTT), dimethyl sulfoxide (DMSO, Genview, USA),

N-succinyl-Leu-Leu-Val-Tyr-AMC (Sigma), antibodies against GRP78, PERK, ATF4, CHOP,

and caspase-12 (Abcam, Cambridge, UK), antibodies against p-PERK (Affinity, USA), calpain-2

and β-actin (Cell Signaling Technologies, Massachusetts, USA), caspase-3 and secondary

antibodies (Boster Biological Engineering, Wuhan, China), polyvinylidene difluoride (PVDF)

membranes and enhanced chemiluminescence (ECL) kit (Millipore, Massachusetts, USA). The

calpain-2 specific and control siRNAs, siRNA dilution buffer were produced by Santa Cruz

Biotechnology (California, USA), and the Annexin V-FITC detection kit, ER-tracker Red and

Fluo-3 AM were obtained from Beyotime Institute of Biotechnology, Nanjing, China.

MTT assay

We cultured Rat BRL-3A cells in 10% FBS DMEM at 37 ℃ in 5% CO2 and quantified the

impact of DTT on the BRL-3A cell viability by MTT. Briefly, BRL-3A cells (5×103 cells/well)

were treated in triplicate with 0-10 mM of DTT for 24 h and the cell viability was examined using

a microplate reader after adding MTT solution for 4 h.

Flow cytometry

We tested the cytotoxicity of DTT by flow cytometry using the Annexin V/propidium (PI)

kit per the manufacturer’s protocol. Briefly, BRL-3A cells (5×105 cells/flask) were treated in

triplicate with vehicle or 2.0 mM DTT for varying time periods. The cells were stained with

FITC-Annexin-V and PI and characterized by flow cytometry in a FACSCalibur™ (BD

Biosciences).
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Western Blotting

After treatment with DTT for varying time periods, BRL-3A cells were lyzed in RIPA buffer

and centrifuged, followed by quantified the protein concentrations. The cell lysates (50 μg/lane)

were separated by 10-12% SDS-PAGE and transferred onto PVDF membranes. After being

blocked with 5% non-fat dry milk in TBST, the membranes were probed overnight at 4 ℃ with

primary antibodies against GRP78 (1:1500), PERK (1:1500), p-PERK (1:1500), ATF4 (1:1500),

CHOP (1:1500), calpain-2 (1:1000), caspase-12 (1:1000), cleaved capase-3 (1:500), and β-actin

(1:1000). The bound antibodies were detected with horseradish peroxidase (HRP)-conjugated

second antibodies and visualized using ECL reagents. The signal intensity was measured using

Bio-Rad imaging system (Bio-Rad, USA) and analyzed by Quantity one software (Bio-Rad,

USA).

Confocal microscopy analysis of intracellular Ca2+detection

The levels of intracellular Ca2+ in BRL-3A cells were imaged by confocal microscopy after

staining with a Ca2+-sensitive fluorescent dye, Fluo-3 AM. In brief, BRL-3A cells were treated in

triplicate with 2.0 mM DTT for 0, 6, 12 and 24 h, and stained with Fluo-3 AM at 37℃ for 45 min.

A half hour later, the fluorescent signals in individual wells of cells were examined under a

confocal microscope (Olympus, FV1000, Japan).

Calpain activity assay

We measured cellular calpain activity [19]. In brief, individual cell lysates were reacted at 37

℃with N-succinyl-Leu-Leu-Val-Tyr-AMC for 1 h and the fluorescent signals were measured

using a fluorescence plate reader.

file:///C:/Users/lenovo/AppData/Local/Youdao/dict/Application/6.3.69.8341/resultui/frame/javascript:void(0);
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Immunofluorescence microscopy

BRL-3A cells were cultured on coverslips overnight, and treated with 2.0 mM DTT for 0, 6,

12 and 24 h. The cells were stained with ER-tracker Red (ER fluorescent dye), fixed and

permeabilized. Subsequently, we stained the cells with anti-calpain-2 and Alexa Fluor

488-conjugated secondary antibody. We photoimaged the fluorescent signals under a fluorescence

microscope (Olympus, IX71, Japan).

Calpain-2 siRNA transfection

BRL-3A cells (5×105 cells/well) were grown in antibiotic-free medium overnight and

transfected with control or calpain-2 specific siRNA for 48 h. The efficacy of calpain-2 silencing

was determined by Western blotting. Subsequently, the different groups of cells were treated in

triplicate with 2.0 mM DTT for 24 h and used for analysis of apoptosis, calpain-2 and cleaved

caspase-12 expression.

Statistical analysis

Data are present as mean ± SD. We compared the different groups of data by one-way

ANOVA and post hoc least significant difference (LSD) using SPSS13.0 software. Statistical

significance was defined when a P-value of <0.05.

RESULTS

DTT exhibits cytotoxicity against BRL-3A cells in a dose-dependent manner.

To determine optimal dose of DTT, BRL-3A cells were treated with varying concentrations

of DTT for 24 h and their viability was measured by MTT (Figure 1A). Apparently, DTT had

dose-dependent cytotoxicity against BRL-3A cells and the LD50 value for BRL-3A cells was
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about 4 mM in our experimental condition. Longitudinal analysis displayed that treatment with 2

mM DTT for 6 h significantly increased the percentages of apoptotic BRL-3A cells and treatment

for a longer period did not significantly deteriorate BRL-3A cell apoptosis (Figure 1B and C).

Hence, DTT exhibited dose-dependent cytotoxicity against BRL-3A cells by inducing their

apoptosis in vitro.

DTT induces ER stress in BRL-3A cells

DTT can induce ER stress in many types of cells [20-22]. To understand the role of DTT in

decreasing viability, BRL-3A cells were treated with 2.0 mM DTT for varying time periods and

their ER stress-related proteins were quantified by Western blot (Figure 2). DTT treatment for 6 h

up-regulated GRP78, ATF4 and CHOP expression and PERK phosphorylation in BRL-3A cells

and treatment with DTT for a longer period further increased its effects. The up-regulatory effects

of DTT on GRP78 expression and PERK phosphorylation appeared to be a trend of

dose-dependence. Thus, DTT induced ER stress in BRL-3A cells in vitro.

DTT enhances caspase-12 and caspase-3 activation and calpain-2 activity in BRL-3A cells

Aberrant ER stress can promote sensitive cell apoptosis by inducing caspase-12 and

caspase-3 activation and calpain-2 participates in the process of ER-stress-related apoptosis [15, 16,

23]. To understand the consequence of ER stress induced by DTT, the relative levels of caspase-3,

and caspase-12 cleavage and calpain-2 activity were quantified. Treatment with 2 mM DTT

significantly induced time-dependent caspase-12 cleavage and increased the levels of cleaved

caspase-3 in BRL-3A cells (Figure 3A and B). Similarly, DTT treatment significantly

up-regulated calpain-2 expression and enhanced calpain-2 activity in a trend of time-dependence

in BRL-3A cells (Figure 3C and D). Given that calpain-2 activity is Ca2+-dependent, we further

quantified intracellular Ca2+ in each group of cells by microscopy. Following stained with Fluo-3
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AM, we observed that DTT treatment time-dependently increased the contents of clustery Ca2+ in

BRL-3A cells (Figure 4). To look for additional evidence to demonstrate the importance of

calpain-2 activity, we stained the different groups of cells with fluorescent anti-calpain-2 and

ER-tracker Red and observed the co-localization of red ER and green calpain-2 signals by

fluorescent microscopy. As shown in Figure 5, there were obviously increased merged yellow

signals in the DTT-treated cells, particularly in later time point while there was little merged

signal in the DTT-untreated cells. Collectively, such data indicated that DTT-induced aberrant ER

stress promoted of BRL-3A cell apoptosis by activating caspase-12 and increasing calpain-2

activity.

Calpain-2 silencing mitigates DTT-induced caspase-12 activation and apoptosis in BRL-3A cells

Finally, we tested whether calpain-2 silencing could modulate the DTT-induced caspase-12

activation and apoptosis of BRL-3A cells. We found that transfection with calpain-2 specific

siRNA, but not the control, significantly decreased calpain-2 expression by about 85%,

demonstrating the efficacy of calpain-2 silencing (Figure 5A). Calpain-2 silencing also

significantly mitigated the DTT-up-regulated calpain-2 expression near 80% (Figure 5B).

Although calpain-2 silencing did not alter the DTT-up-regulated caspase-12 expression, it did

significant reduce the caspase-12 cleavage near 63% in BRL-3A cells, relative to that in the

control cells (Figure 5C). More importantly, calpain-2 silencing dramatically decreased the

percentages of DTT-induced apoptosis of BRL-3A cells by 50% (Figure 5D and E). Together, the

significantly decreased caspase-12 activation and cells apoptosis indicated that calpain-2 activity

was crucial for DTT-induced ER stress-related caspase-12 activation and apoptosis in BRL-3A

cells.
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DISCUSSION

Many factors can induce ER stress and they included chemical agents, such as tunicamycin,

thapsigargin, and DTT [21, 24]. Aberrant ER stress can induce apoptosis of hepatocytes and

participate in the pathogenesis of several types of liver diseases [25-27]. In this study, we found that

DTT had strong cytotoxicity against rat hepatocyte BRL-3A cells and it cytotoxicity was

dose-dependent. Furthermore, treatment with DTT induced ER stress in BRL-3A cells by

significantly up-regulating GRP78, ATF4 and CHOP expression and PERK phosphorylation.

More importantly, DTT treatment significantly increased the frequency of apoptotic BRL-3A cells,

supporting the notion that aberrant ER stress promotes apoptosis of hepatocytes [28, 29]. Given that

hepatocyte apoptosis participates in the pathogenesis of several types of liver diseases, inhibition

of ER stress may be valuable for protection of hepatocytes from apoptosis.

The ER stress-related apoptosis is independent of mitochondria and death receptors, rather

than is mediated by activating caspase-12 [30-32]. Activated caspase-12 can activate the

downstream effector caspase-3, leading to apoptosis [33]. Actually, caspase-12 knock-out cells are

resistant to ER stress-induced apoptosis [34]. We found that DTT treatment significantly induced

caspase-12 and caspase-3 cleavages in BRL-3A cells. Such data indicated that the activated

caspase-12 and caspase-3 contributed to the ER stress-related apoptosis of BRL-3A cells.

Interestingly, we found that DTT treatment significantly increased intracellular calcium contents

and calpain-2 expression and activity in BRL-3A cells. Furthermore, DTT treatment promoted the

accumulation of calpain-2 in the ER of BRL-3A cells. These indicate that ER stress promotes

calcium efflux from the ER and enhances calpain-2 activity and ER accumulation to cleave

caspase-12 in hepatocytes. More importantly, calpain-2 silencing not only significantly mitigated

the DTT-up-regulated calpain-2 expression and caspase-12 activation, but also decreased the

DTT-triggered apoptosis of BRL-3A cells. Such data indicated that DTT-induced ER stress

increased intracellular calcium contents and calpain-2 expression, leading to calpain-2 activation,
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which cleaved caspase-12 to trigger apoptosis of BRL-3A cells. Such novel findings may provide

new evidence to demonstrate that the Ca2+-dependent calpain-2 activity is crucial for promoting

the ER stress-related apoptosis in hepatocytes.

In conclusion, our data indicated that DTT exhibited dose-dependent cytotoxicity against rat

hepatocytes and induced ER stress and apoptosis in BRL-3A cells. Evidently, DTT treatment

significantly up-regulating GRP78, ATF4 and CHOP expression and PERK phosphorylation,

increased intracellular calcium contents and calpain-2 activity and induced caspase-12 and

caspase-3 activation in BRL-3A cells. Furthermore, calpain-2 silencing significantly mitigated the

DTT-up-regulated calpain-2 activity and DTT-induced caspase-12 activation as well as apoptosis

in BRL-3A cells. Such data suggest that ER stress may be new therapeutic targets and our

findings may provide new evidence to demonstrate the importance of calcium-dependent

calpain-2 in caspase-12 activation and ER stress-related apoptosis in hepatocytes.

Acknowledgements

We thank Hua Pei and Jinxingyi Wang for their technical advice for using flow cytometry

and confocal microscope in the Basic Medical Science Research Center of Guizhou Medical

University. We would like to thank Tengxiang Chen for his comments on this manuscript.

../../../lenovo/AppData/Local/Youdao/dict/Application/6.3.69.8341/resultui/frame/javascript:void(0);
../../../lenovo/AppData/Local/Youdao/dict/Application/6.3.69.8341/resultui/frame/javascript:void(0);


Medjaden Bioscience Limited 美捷登生物科技有限公司

References

1 Kanda T, Matsuoka S, Yamazaki M, Shibata T, Nirei K, Takahashi H, Kaneko T, Fujisawa

M, Higuchi T, Nakamura H, Matsumoto N, Yamagami H, Ogawa M, Imazu H, Kuroda K,

Moriyama M. Apoptosis and non-alcoholic fatty liver diseases. World J Gastroenterol 2018;

24(25): 2661-2672 [PMID: 29991872 PMCID: Pmc6034146 DOI: 10.3748/wjg.v24.i25.2661]

2 Akazawa Y, Nakao K. To die or not to die: death signaling in nonalcoholic fatty liver

disease. J Gastroenterol 2018; 53(8): 893-906 [PMID: 29574534 PMCID: Pmc6061666 DOI:

10.1007/s00535-018-1451-5]

3 Iorga A, Dara L, Kaplowitz N. Drug-Induced Liver Injury: Cascade of Events Leading to

Cell Death, Apoptosis or Necrosis. Int J Mol Sci 2017; 18(5) [PMID: 28486401 PMCID:

Pmc5454931 DOI: 10.3390/ijms18051018]

4 Luedde T, Kaplowitz N, Schwabe RF. Cell death and cell death responses in liver disease:

mechanisms and clinical relevance. Gastroenterology 2014; 147(4): 765-783.e764 [PMID:

25046161 PMCID: Pmc4531834 DOI: 10.1053/j.gastro.2014.07.018]

5 Mehal W, Imaeda A. Cell death and fibrogenesis. Semin Liver Dis 2010; 30(3): 226-231

[PMID: 20665375 PMCID: Pmc3219753 DOI: 10.1055/s-0030-1255352]

6 Tagawa R, Kawano Y, Minami A, Nishiumi S, Yano Y, Yoshida M, Kodama Y.

beta-hydroxybutyrate protects hepatocytes against endoplasmic reticulum stress in a sirtuin

1-independent manner. Arch Biochem Biophys 2019; 663: 220-227 [PMID: 30664838 DOI:

10.1016/j.abb.2019.01.020]

7 Wang H, Chen L, Zhang X, Xu L, Xie B, Shi H, Duan Z, Zhang H, Ren F. Kaempferol

protects mice from d-GalN/LPS-induced acute liver failure by regulating the ER

stress-Grp78-CHOP signaling pathway. Biomed Pharmacother 2019; 111: 468-475 [PMID:

30594786 DOI: 10.1016/j.biopha.2018.12.105]

8 Mahfoudh-Boussaid A, Zaouali MA, Hauet T, Hadj-Ayed K, Miled AH, Ghoul-Mazgar S,



Medjaden Bioscience Limited 美捷登生物科技有限公司

Saidane-Mosbahi D, Rosello-Catafau J, Ben Abdennebi H. Attenuation of endoplasmic reticulum

stress and mitochondrial injury in kidney with ischemic postconditioning application and

trimetazidine treatment. J Biomed Sci 2012; 19: 71 [PMID: 22853733 PMCID: Pmc3431271 DOI:

10.1186/1423-0127-19-71]

9 Bonilla M, Nastase KK, Cunningham KW. Essential role of calcineurin in response to

endoplasmic reticulum stress. Embo j 2002; 21(10): 2343-2353 [PMID: 12006487 PMCID:

Pmc126012 DOI: 10.1093/emboj/21.10.2343]

10 Nakagawa T, Zhu H, Morishima N, Li E, Xu J, Yankner BA, Yuan J. Caspase-12 mediates

endoplasmic-reticulum-specific apoptosis and cytotoxicity by amyloid-beta. Nature 2000;

403(6765): 98-103 [PMID: 10638761 DOI: 10.1038/47513]

11 Zhang Q, Liu J, Chen S, Liu J, Liu L, Liu G, Wang F, Jiang W, Zhang C, Wang S, Yuan X.

Caspase-12 is involved in stretch-induced apoptosis mediated endoplasmic reticulum stress.

Apoptosis 2016; 21(4): 432-442 [PMID: 26801321 DOI: 10.1007/s10495-016-1217-6]

12 Zou X, Qu Z, Fang Y, Shi X, Ji Y. Endoplasmic reticulum stress mediates

sulforaphane-induced apoptosis of HepG2 human hepatocellular carcinoma cells. Mol Med Rep

2017; 15(1): 331-338 [PMID: 27959410 DOI: 10.3892/mmr.2016.6016]

13 Qiu K, Su Y, Block ER. Use of recombinant calpain-2 siRNA adenovirus to assess calpain-2

modulation of lung endothelial cell migration and proliferation. Mol Cell Biochem 2006; 292(1-2):

69-78 [PMID: 16733798 DOI: 10.1007/s11010-006-9219-2]

14 Mar tinez JA, Zhang Z, Svetlov SI, Hayes RL, Wang KK, Larner SF. Calpain and caspase

processing of caspase-12 contribute to the ER stress-induced cell death pathway in differentiated

PC12 cells. Apoptosis 2010; 15(12): 1480-1493 [PMID: 20640600 DOI:

10.1007/s10495-010-0526-4]

15 Bajaj G, Sharma RK. TNF-alpha-mediated cardiomyocyte apoptosis involves caspase-12

and calpain. Biochem Biophys Res Commun 2006; 345(4): 1558-1564 [PMID: 16729970 DOI:



Medjaden Bioscience Limited 美捷登生物科技有限公司

10.1016/j.bbrc.2006.05.059]

16 Cheng C, Dong W. Aloe-Emodin Induces Endoplasmic Reticulum Stress-Dependent

Apoptosis in Colorectal Cancer Cells. Med Sci Monit 2018; 24: 6331-6339 [PMID: 30199885

PMCID: Pmc6142869 DOI: 10.12659/msm.908400]

17 Xie R, Han B, Yang T, Yang Q. Activation of Caspase-12, a key molecule in endoplasmic

reticulum stress related apoptosis pathway, induces apoptosis of hepatocytes in rats with hepatic

fibrosis. World Chinese Journal of Digestology 2016; 24(16): 2470-2477

18 Xie R, Han B, Yang T, Yang Q. Expression of calpain-2 and Bax in rat fibrotic liver tissues.

Chinese Journal of Pathophysiology 2013; 29(9): 1603-1608

19 Luo X, Han B, Tian T, Yu L, Zheng L, Tang L, Yang T, Yang Q, Xie R, Huang J.

Dithiothreitol induces of apoptosis of BRL-3A cells by activation of calpain-2/ caspase-12

signaling pathway. Chinese Journal of Pathophysiology 2018; 34(10): 1820-1826

20 Xiang XY, Yang XC, Su J, Kang JS, Wu Y, Xue YN, Dong YT, Sun LK. Inhibition of

autophagic flux by ROS promotes apoptosis during DTT-induced ER/oxidative stress in HeLa

cells. Oncol Rep 2016; 35(6): 3471-3479 [PMID: 27035858 DOI: 10.3892/or.2016.4725]

21 Ren B, Wang Y, Wang H, Wu Y, Li J, Tian J. Comparative proteomics reveals the

neurotoxicity mechanism of ER stressors tunicamycin and dithiothreitol. Neurotoxicology 2018;

68: 25-37 [PMID: 30003905 DOI: 10.1016/j.neuro.2018.07.004]

22 Smith MD, Harley ME, Kemp AJ, Wills J, Lee M, Arends M, von Kriegsheim A, Behrends

C, Wilkinson S. CCPG1 Is a Non-canonical Autophagy Cargo Receptor Essential for ER-Phagy

and Pancreatic ER Proteostasis. Dev Cell 2018; 44(2): 217-232.e211 [PMID: 29290589 PMCID:

Pmc5791736 DOI: 10.1016/j.devcel.2017.11.024]

23 Tan Y, Dourdin N, Wu C, De Veyra T, Elce JS, Greer PA. Ubiquitous calpains promote

caspase-12 and JNK activation during endoplasmic reticulum stress-induced apoptosis. J Biol

Chem 2006; 281(23): 16016-16024 [PMID: 16597616 DOI: 10.1074/jbc.M601299200]



Medjaden Bioscience Limited 美捷登生物科技有限公司

24 Deegan S, Saveljeva S, Logue SE, Pakos-Zebrucka K, Gupta S, Vandenabeele P, Bertrand

MJ, Samali A. Deficiency in the mitochondrial apoptotic pathway reveals the toxic potential of

autophagy under ER stress conditions. Autophagy 2014; 10(11): 1921-1936 [PMID: 25470234

PMCID: Pmc4502706 DOI: 10.4161/15548627.2014.981790]

25 He C, Qiu Y, Han P, Chen Y, Zhang L, Yuan Q, Zhang T, Cheng T, Yuan L, Huang C,

Zhang S, Yin Z, Peng XE, Liang D, Lin X, Lin Y, Lin Z, Xia N. ER stress regulating protein

phosphatase 2A-B56gamma, targeted by hepatitis B virus X protein, induces cell cycle arrest and

apoptosis of hepatocytes. Cell Death Dis 2018; 9(7): 762 [PMID: 29988038 PMCID:

Pmc6037732 DOI: 10.1038/s41419-018-0787-3]

26 Wang N, Tan HY, Li S, Feng Y. Atg9b Deficiency Suppresses Autophagy and Potentiates

Endoplasmic Reticulum Stress-Associated Hepatocyte Apoptosis in Hepatocarcinogenesis.

Theranostics 2017; 7(8): 2325-2338 [PMID: 28740555 PMCID: Pmc5505064 DOI:

10.7150/thno.18225]

27 Takahara I, Akazawa Y, Tabuchi M, Matsuda K, Miyaaki H, Kido Y, Kanda Y, Taura N,

Ohnita K, Takeshima F, Sakai Y, Eguchi S, Nakashima M, Nakao K. Toyocamycin attenuates

free fatty acid-induced hepatic steatosis and apoptosis in cultured hepatocytes and ameliorates

nonalcoholic fatty liver disease in mice. PLoS One 2017; 12(3): e0170591 [PMID: 28278289

PMCID: Pmc5344317 DOI: 10.1371/journal.pone.0170591]

28 Zhang Y, Miao L, Zhang H, Wu G, Zhang Z, Lv J. Chlorogenic acid against palmitic acid in

endoplasmic reticulum stress-mediated apoptosis resulting in protective effect of primary rat

hepatocytes. Lipids Health Dis 2018; 17(1): 270 [PMID: 30486828 PMCID: Pmc6263050 DOI:

10.1186/s12944-018-0916-0]

29 Yang FW, Fu Y, Li Y, He YH, Mu MY, Liu QC, Long J, Lin SD. Prostaglandin E1 protects

hepatocytes against endoplasmic reticulum stress-induced apoptosis via protein kinase

A-dependent induction of glucose-regulated protein 78 expression. World J Gastroenterol 2017;



Medjaden Bioscience Limited 美捷登生物科技有限公司

23(40): 7253-7264 [PMID: 29142472 PMCID: Pmc5677201 DOI: 10.3748/wjg.v23.i40.7253]

30 Sanges D, Marigo V. Cross-talk between two apoptotic pathways activated by endoplasmic

reticulum stress: differential contribution of caspase-12 and AIF. Apoptosis 2006; 11(9):

1629-1641 [PMID: 16820963 DOI: 10.1007/s10495-006-9006-2]

31 Zuo S, Kong D, Wang C, Liu J, Wang Y, Wan Q, Yan S, Zhang J, Tang J, Zhang Q, Lyu L,

Li X, Shan Z, Qian L, Shen Y, Yu Y. CRTH2 promotes endoplasmic reticulum stress-induced

cardiomyocyte apoptosis through m-calpain. EMBO Mol Med 2018; 10(3) [PMID: 29335338

DOI: 10.15252/emmm.201708237]

32 Szegezdi E, Fitzgerald U, Samali A. Caspase-12 and ER-stress-mediated apoptosis: the story

so far. Ann N Y Acad Sci 2003; 1010: 186-194 [PMID: 15033718 DOI:

10.1196/annals.1299.032]

33 Yan Z, He JL, Guo L, Zhang HJ, Zhang SL, Zhang J, Wen YJ, Cao CZ, Wang J, Wang J,

Zhang MS, Liang F. Activation of caspase-12 at early stage contributes to cardiomyocyte

apoptosis in trauma-induced secondary cardiac injury. Sheng Li Xue Bao 2017; 69(4): 367-377

[PMID: 28825094]

34 Morishima N, Nakanishi K, Takenouchi H, Shibata T, Yasuhiko Y. An endoplasmic

reticulum stress-specific caspase cascade in apoptosis. Cytochrome c-independent activation of

caspase-9 by caspase-12. J Biol Chem 2002; 277(37): 34287-34294 [PMID: 12097332 DOI:

10.1074/jbc.M204973200]



Medjaden Bioscience Limited 美捷登生物科技有限公司

Figure 1. DTT exhibits dose-dependent cytotoxicity against BRL-3A cells.

BRL-3A cells were treated in triplicate with, or without, the indicated doses of DTT for 24 h and

their viability was examined by MTT (A). Subsequently, BRL-3A cells were treated with 2.0 mM

DTT for varying periods and stained with FITC-Annexin-V and PI, followed by flow cytometry

(B, C). Data are representative flow charts or expressed as the mean ± SD of each group from

three separate experiments. *P<0.05, **P<0.01.

Figure 2. DTT induces ER stress in BRL-3A cells.

BRL-3A cells were treated in triplicate with, or without, 2.0 mM DTT for the indicated time

periods, and the relative levels of GRP78, ATF4 and CHOP expression and PERK

phosphorylation in each group of cells were quantified by Western blot. Data are representative

images or expressed as the mean ± SD of each group of cells from three separate experiments. (A)

Relative GRP78 expression. (B) Relative PERK phosphorylation. (C) Relative ATF4 expression.

(D) Relative CHOP expression. *P<0.05, **P<0.01.

Figure 3. DTT induces caspase-12 and caspase-3 activation and increases calpain-2 activity in

BRL-3A cells.

After treatment with 2.0 mM DTT for varying periods, the relative levels of caspase-12, cleaved

caspase-12 and cleaved caspase-3 as well as calpain-2 expression in each group of cells were

quantified by Western blot. Furthermore, the activity of calpain-2 in each group of cells was

measured. Data are representative images or expressed as the mean ± SD of each group of cells

from three separate experiments. (A) Caspase-12 activation. (B) Caspase-3 activation. (C)

Calpain-2 expression. (D) Calpain-2 activity. *P<0.05, **P<0.01.

Figure 4. DTT increases the levels of intracellular Ca2+ in BRL-3A cells.

After treatment with 2.0 mM DTT for varying time periods, the cells were labeled by Fluo-3 AM
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and the fluorescent signals were observed by microscopy, scale bars, 25 μm. Data are

representative images from each group from three separate experiments.

Figure 5. DTT promotes the accumulation of calpain-2 in the ER of BRL-3A cells.

After treatment with 2.0 mM DTT for varying time periods, the cells were labeled with

ER-tracker Red dye, fixed, perimeabilized, followed by stained with fluorescent-anti-calpain-2

(green). The cells were examined by fluorescent microscopy, scale bars, 25 μm. Data are

representative images of each group of cells from three separate experiments.

Figure 6. Calpain-2 silencing mitigates the DTT-up-regulated calpain-2 expression, caspase-12

activation and apoptosis of BRL-3A cells.

BRL-3A cells were transfected with, or without, control or calpain-2 specific siRNA for 48 h and

treated with DTT. The relative levels of calpain-2 expression and caspase-12 activation were

quantified by Western blot. The percentages of apoptotic cells were quantified by flow cytometry.

Data are representative images or expressed as the mean ± SD of each group of cells from three

separate experiments. (A) Calpain-2 silencing. (B) Calpain-2 silencing mitigates the

DTT-up-regulated calpain-2 expression. (C). Calpain-2 silencing decreases the DTT-induced

caspase-12 activation. (D, E) Calpain-2 silencing mitigates the DTT-triggered apoptosis of

BRL-3A cells. *P<0.05, **P<0.01.
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