
Journal of Pharmacology and Pharmaceutical Research
Volume 3 Issue 3Research Open

J Pharmacol Pharm Res, Volume 3(3): 1–7, 2020 

Research Article

PI3K Signaling Pathway Regulates the Caspase-9 in 
Renal Tubular Epithelial Cells
Pei-Fung Wu PhD1* and Cheng-Tse Lee MD2

1Department of Kinesiology, Health and Leisure Studies, National University of Kaohsiung, Kaohsiung 81148, Taiwan
2Division of Orthopedics, Zuoying Branch of Kaohsiung Armed Forces General Hospital, Kaohsiung 81342, Taiwan

*Corresponding author: Pei-Fung Wu,, Department of Kinesiology, Health and Leisure Studies, National University of Kaohsiung, 700, Kaohsiung University Rd., 
Nanzih District, Kaohsiung 81148, Taiwan, R.O.C. Fax: +886 7 5919264; Tel: +886 7 5919212, E-mail: anniepf@nuk.edu.tw

Received: November 16, 2020; Accepted: November 24, 2020; Published: November 30, 2020

Abstract

Background: To evaluate how resveratrol regulates the IL-6 signaling in renal cell, pCMV6-IL-6 was overexpressed in the renal tubular epithelial cell 
line NRK-52E.

Methods: IHC and TUNEL assay were used to identify the localization and apoptosis detection of the overexpression of IL-6 in NRK-52E cells. To 
identify the effect of overexpressed IL-6, the mitochondrial fraction was isolated and caspase activities and western blotting were performed.

Results: Our results revealed that pCMV6-IL-6 was overexpressed in the nucleus and around the nuclear membrane of the cells. Moreover, the cell 
membrane showed no IL-6 overexpression, which may be suggest absence of the IL-6/IL-6R binding effect on the cell membrane. Furthermore, the 
results of the TUNEL assay demonstrated that pCMV6-IL-6-transfected cells showed features of apoptotic cells. The results of the caspase activity assay 
revealed that resveratrol significantly attenuated IL-6-induced caspase-3 activity but not attenuated IL-6-induced caspase-9 activity, indicating the 
antiapoptotic ability of resveratrol response on caspase-3 activity. The PI3K inhibitor could decrease the caspase-9 level, suggesting that the reduction 
of the caspase-9 level mediate by through the PI3K signaling pathway.

Conclusions: Taken together, our results demonstrated that IL-6 expression not only in the cytosol but also in the nucleus of renal tubular epithelial cells. 
The PI3K signaling pathway regulates the caspase-9 in renal tubular epithelial cells.

Introduction

Resveratrol is a naturally occurring stilbene that has been used 
in anticancer, antiaging, and anti-inflammatory treatment; it has 
also been applied for cardioprotection and nephroprotection in 
oxonate-induced hyperuricemic mice and for central nervous system 
protection [1-3]. Resveratrol provides protection against both acute 
and chronic kidney injury because of its antioxidant properties 
and ability to activate sirtuin [4]. Therefore, resveratrol is a useful 
alternative treatment for renal injury. A previous study suggested that 
resveratrol acts as an antihyperuricemic and nephroprotective agent 
in hyperuricemic mice; however, whether resveratrol has beneficial 
effects on kidney disease in humans and other hyperuricemic animal 
models remains unclear. Interleukin-6 (IL-6) is a multifunctional 
cytokine that regulates numerous biological processes including organ 
development, acute-phase responses, inflammation, and immune 
responses [5]. The role of IL-6 is not restricted to the immune system; 
it is also involved in the regulation of metabolic processes. Although 
IL-6 is a proinflammatory cytokine that promotes inflammation 
under various pathological conditions involving trans-signaling, its 
anti-inflammatory and regenerative properties mediated by classic 
signaling have increasingly been recognized [6-8].The local activation 
of IL-6 classic and trans-signaling pathways is implicated in renal 
autoimmune and inflammatory diseases, indicating the importance 

of IL-6 regulation in renal disease [9]. All kidney resident cells can 
secrete IL-6 in certain milieu, but only podocytes express the IL-6 
receptor (IL-6R); however, other kidney resident cells do not express 
IL-6R and use classic IL-6 signaling. Moreover, IL-6 is a well-known 
activator of signal transducer and activator of transcription 3 (STAT3) 
[10]. STAT3 has been studied as a transcription factor; a small pool 
of STAT3 was localized in the mitochondria, where it functioned as 
a positive regulator of the mitochondrial electron transport chain 
[11,12]. To clarify the regulation of IL-6 in renal cells, recombinant 
pCMV6-IL-6 was overexpressed in the renal tubular epithelial cell line 
NRK-52E. Our studies demonstrated that IL-6 expression both in the 
cytosol and nucleus of renal cells. Resveratrol attenuated IL-6-induced 
caspase-3 and caspase-9 activities. The PI3K inhibitor could decrease 
the caspase-9 level, suggesting that the PI3K signaling pathway 
regulates the caspase-9 in renal tubular epithelial cells.

Method

Preparation of NRK-52E Cells and Transfection

A normal rat kidney tubular epithelial cell line, NRK-52E 
(BCRC60086), was purchased from the Food Industry Research 
and Development Institute, Taiwan. The cells were cultured in 
Dulbecco’s Modified Eagle Medium containing 4.5 g/L glucose, 4 mM 
L-glutamine, and 5% bovine calf serum (Thermo Fisher Scientific 



J Pharmacol Pharm Res, Volume 3(3): 2–7, 2020 

Pei-Fung Wu, Cheng-Tse Lee (2020) PI3K Signaling Pathway Regulates the Caspase-9 in Renal Tubular Epithelial Cells

Inc., Waltham, MA, USA) and were grown at 37°C in a humidified 
environment with 5% CO2. pCMV6 and pCMV6-IL-6 cDNA plasmid 
were purchased from OriGene. The cells were transfected with 2 
μg of pCMV6 or pCMV6-IL-6 in each well by using lipofectamine 
(Thermo Fisher Scientific Inc., Waltham, MA, USA), according to the 
manufacturer’s instructions.

Treatment with Resveratrol

After NRK-52E cells reached 50-70% confluence, 10 µM of 
resveratrol (Sigma-Aldrich Corp. MO, USA) were added to the 
culture medium, and the culture was incubated for 24 h. Control cells 
were maintained at 37°C in a humidified environment with 5% CO2.

Immunohistochemistry

The cells were fixed in 10% phosphate-buffered formalin, blocked 
with antibody diluent buffer (Dako, Agilent Technologies, Santa 
Clara, CA, USA), and incubated with anti-DDK antibody (OriGenen 
Technologies, Inc., Rockville MD, USA) diluted at 1:500 for 60 min at 
room temperature. Subsequently, the cells were incubated with secondary 
antibodies conjugated with horseradish peroxidase (HRP) polymer for 30 
min at room temperature. The cells were then treated with a chromogen, 
3,3’-diaminobenzidine tetrahydrochloride (Vector Laboratories, CA, 
USA), for 10 min. Images were captured using an inverted Nikon 
ECLIPSE TE2000-S (Nikon Instruments Inc., Melville, NY, USA).

DeadEnd™ Colorimetric Apoptosis Detection

The apoptotic cells were assayed using the terminal 
deoxynucleotidyl transferase (TdT) dUTP Nick-End Labeling 
(TUNEL) colorimetric method according to the manufacturer’s 
protocol (Promega Corporation, Madison WI, USA). Briefly, fixed 
cells were washed, permeabilized, and then incubated with 100 μL of 
TdT end-labeling cocktail for 60 min at 37°C in a humidified chamber. 
The cells were blocked with 0.3% hydrogen peroxide and bound 
with streptavidin HRP. After washing with PBS, and the cells were 
incubated with 100 μL of 3,3’-diaminobenzidine substrate solution 
for 10 min at 25°C. Images were captured using an inverted Nikon 
ECLIPSE TE2000-S (Nikon Instruments Inc., Melville, NY, USA).

Caspase-3/CPP32 and Caspase-9 Colorimetric Assay

Caspase-3 and caspase-9 activities were determined using the 
caspase-3/CPP32 and caspase-9 colorimetric assay kit (BioVision Inc., 
Milpitas CA, USA), respectively. The cells were washed in cold PBS, 
resuspended in 50 µL cell lysis buffer, and incubated on ice for 10 min. 
Cell lysates were pelleted, followed by the transfer of supernatants to 
microcentrifuge tubes. Subsequently, 50 µL of cell lysates and 50 µL of the 
reaction buffer was added to microplate wells; 5 µL of 4mM DEVD-pNA 
substrate for caspase-3 and 4mM LEHD-pNA substrate for caspase-9 
were added and then incubated at 37°C for 2 h. A control reaction of 
treated cells without DEVD-pNA or LEHD-pNA was included. The 
absorbance was measured at 405 nm using the BioTek Synergy H1 ELISA 
reader (BioTek Instruments Inc., Winooski VT, USA).

Mitochondrial Fraction Isolation

The cells were lysed in cytosol extraction buffer containing DTT 
and protease inhibitors. The samples were maintained on ice for 10 

min and then centrifuged at 700xg for 10 min at 4°C. The supernatant 
was then transferred to a fresh microcentrifuge tube and centrifuged at 
10,000xg for 30 min at 4°C. The supernatant was collected as cytosolic 
fraction, and the pellet was resuspended in mitochondria extraction 
buffer containing DTT and protease inhibitors as mitochondrial 
fraction.

SDS-PAGE and Western Blotting

The protein concentration of supernatants was measured using a 
BCA kit (Pierce Biotechnology, Inc., USA). For each sample, 10 μg or 
50 μg of the protein lysate was separated on 10% or 15% polyacrylamide 
gels and then transferred to PVDF membranes by using a semidry 
transfer apparatus (Bio-Rad, Hercules, CA, USA). The membranes 
were blocked in 5% nonfat dry milk in TBST buffer (25 mM of Tris at pH 
7.5, 135 mM of NaCl, and 0.15% Tween-20) for 1 h and then incubated 
with anti-β-Actin (Santa Cruz Biotechnology, Inc.) for 1 h or with 
anti-DDK (FLAG) antibody (OriGnen Technologies, Inc., Rockville, 
MD, USA), anti-p-STAT3-Tyr705 (Santa Cruz Biotechnology, Inc.), or 
anti-caspase-3, anti-caspase-9, anti-COX IV, anti-p-Akt-Ser473, and 
anti-p-p38 MAP kinase-Thr180/Tyr182 (Cell Signaling Technology, 
Inc., Danvers, MA,USA) at 4°C for overnight. The blots were washed 
using TBST and then incubated for 50 min with secondary antibodies 
conjugated with horseradish peroxidase (Invitrogen, Thermo Fisher 
Scientific Inc., Waltham, MA, USA). The immunoreactive proteins 
were detected using an enhanced chemiluminescence detection system 
(GE Healthcare Bio-Sciences, Marlborough, MA, USA) according to 
the manufacturer’s instructions.

Statistical Analysis

All data in this study are presented as mean ± standard error of 
the mean (SEM) from triplicate measurements. The stained blots were 
scanned and quantified using ImageJ 1.52a software (NIH, USA). A 
p value of <0.05, <0.01, or <0.001 (one-way ANOVA) was considered 
significant. All statistical analyses were performed using SigmaPlot, 
Version 13.0 (Systat Software Inc., San Jose, CA, USA).

Results

IL-6 Overexpression was found in the Nucleus and Around 
the Nuclear Membrane

As shown in Figure 1c, pCMV6-IL-6 was overexpressed in the 
nucleus and around the nuclear membrane of the cells. Moreover, the 
cell membrane showed no IL-6 overexpression, which may be suggest 
absence of the IL-6/IL-6R binding effect on the cell membrane. 
Besides, IL-6-overexpressing cells showed the presence of apoptotic 
bodies, as detected using DeadEndTM colorimetric apoptosis detection 
assay (Figure 2d), suggesting that IL-6 regulation may be related to 
apoptosis.

Resveratrol Attenuated IL-6-induced Caspase-3 Activities in 
NRK-52E Cells

As shown in Figure 3a, IL-6 overexpression significantly promoted 
caspase-3 activity in NRK-52E cells (p = 0.014). Moreover, resveratrol 
significantly attenuated caspase-3 activity not only in treatment alone 
(Figure 2b, p = 0.002) but also in pCMV6 transfection cells (Figure 



J Pharmacol Pharm Res, Volume 3(3): 3–7, 2020 

Pei-Fung Wu, Cheng-Tse Lee (2020) PI3K Signaling Pathway Regulates the Caspase-9 in Renal Tubular Epithelial Cells

2b, p = 0.046) and in pCMV6-IL-6 transfection cells (Figure 2b, p = 
0.002). Furthermore, IL-6 overexpression could not regulate caspase-9 
activity and resveratrol also could not regulate overexpressed-IL-6-
induced caspase-9 activity (Figure 3c).

Resveratrol Attenuated IL-6-induced p-STAT3 Expression

As shown in Figure 4b, pCMV6-IL-6 expression was found in 
both cytosol and mitochondrial fractions, and high pCMV6-IL-6 
expressed was found in the mitochondrial fraction, indicating the 

IL-6 may be involved in the mitochondria regulation of cell function. 
Moreover, IL-6 overexpression significantly promoted both cytosol 
and mitochondrial p-STAT3 levels, and resveratrol significantly 
attenuated the IL-6-induced p-STAT3 level in both cytosol and 
mitochondrial fractions (Figure 4c and 4d, p < 0.001). Furthermore, 
IL-6 overexpression increased STAT3 mRNA expression, and 
resveratrol attenuated IL-6-induced STAT3 mRNA expression (Figure 
4d). Our results showing that IL-6 could activate STAT3 activity in 
NRK-52E cells.

A B

C

Figure 1: Immunohistochemistry staining of overexpressed IL-6 in NRK-52E cells. (a) The immunohistochemistry staining of the control group. (b) The cells transfected through a pCMV6 
vector. (c) The cells transfected through pCMV6-IL-6. The arrow indicates the cell overexpressed IL-6.
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Figure 2: DeadEnd colorimetric apoptosis staining of overexpressed IL-6 in NRK-52E cells. Colorimetric staining of overexpressed IL-6 in NRK-52E cells. (a) The negative control of colorimetric 
staining. (b) The cells transfected through the pCMV6 vector. (c) Cells transfected through the pCMV6-IL-6 vector. (d) The amplified apoptotic nuclei cells (brown).
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Overexpressed IL-6 Promoted the Caspase-9 Protein Level 
in Mitochondrial Fraction

As shown in Figure 4b and 4g, resveratrol significantly promoted 
the IL-6-induced caspase-9 level only in the mitochondrial fraction 
(Figure 4g, p < 0.001). Moreover, IL-6 overexpression significantly 
reduced the caspase-9 level in the cytosol fraction (Figure 4f, p < 
0.001) but increased the level in the mitochondrial fraction (Figure 
4g, p < 0.001). Interestingly, resveratrol promoted the IL-6-induced 
caspase-9 level (Figure 4g, p < 0.001) in the mitochondrial fraction but 
attenuated IL-6-induced caspase-9 activity in both the cytosol (Figure 
3c, p = 0.036) and mitochondria (Figure 4h, p = 0.024) fractions, 
suggesting that resveratrol attenuated IL-6-induced caspase-9 activity 
not only in the cytosol fraction but also in the mitochondrial fraction.

Caspase-9 was Mediated by PI3K Signaling Pathway in 
NRK-52E Cells

As shown in Figure 5, the caspase-9 level decreased after the PI3K 
inhibitor LY294002 was added to the culture medium. However, the 

p38 MAPK inhibitor SB203580 and the STAT3 inhibitor stattic did 
not influence the caspase-9 level (data not shown), suggesting that 
the regulation of the caspase-9 may mediate by through the PI3K 
signaling pathway. Moreover, LY294002 and SB203580 did not affect 
the p-STAT3 level or the caspase-3 level, suggesting p-STAT3 and 
caspase-3 levels are mediated through other pathways.

Discussion

Resveratrol affects multiple cellular processes and is an excellent 
candidate for use in human disorders. Numerous experimental 
studies and clinical trials have been conducted to analyze the systemic 
anti-inflammatory, antioxidative, multiorgan protective effects of 
resveratrol [13-15]. Our previous study explored the resveratrol 
is a potentially therapeutic strategy for hyperuricemia rats and 
disclosed immunoreactivity of IL-6 in renal cortex [16]. In this study, 
to evaluate how resveratrol regulates IL-6 in renal cells, pCMV6-
IL-6 was overexpressed in the rat tubular epithelial cell line NRK-
52E. The IL-6 mRNA level in NRK-52E cells was upregulated after 
treatment with uric acid and was downregulated after treatment with 
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Figure 3: Caspase-3 and caspase-9 activity assays of IL-6 overexpressed NRK-52E cells. (a) Caspase-3 activity of overexpressed IL-6. (b) Caspase-3 activity of overexpressed IL-6 cells containing 
10 µM resveratrol. (c) Caspase-9 activity of overexpressed IL-6 cells containing 10 µM resveratrol. Data are presented as mean ± standard error of the mean for the three measurements.
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resveratrol, suggesting the anti-inflammatory property of resveratrol 
(data not shown). It has been demonstrated that the IL-6 exerts 
proapoptotic effects through the IL-6 trans-signaling pathway and 
exerts antiapoptotic effects through the classic pathway [9,17,18]. IL-6 
signaling through the membrane-bound IL-6R is mostly regenerative 
and anti-inflammatory, and the signaling of IL-6/sIL-6R has been 
termed IL-6 trans-signaling, which induces the proinflammatory 
properties of IL-6. As demonstrated by Nechemia-Arbely et al., IL-6 
trans-signaling mediates a protective response to renal injury [19]. In 
Nechemia-Arbely’s study, the administration of an IL-6/sIL-6R fusion 
protein prevented the onset of acute kidney injury and significantly 
enhanced survival. Therefore, the role of IL-6 in the process of cell 
injury is still controversial. Our study showed that IL-6 was expressed 
in the cytosol and nuclear of the renal cells (Figure 1), and low IL-6R 
mRNA expression was found in the cells (data not shown), indicating 
the absence of the IL-6/IL-6R binding effect on the cell membrane. 
Moreover, IL-6-overexpression cells presented apoptotic bodies, as 
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Figure 4: Western blotting analysis of overexpressed IL-6 in cytosol and mitochondrial fractions. Cytosolic fraction corresponds to 50 μg of protein lysate prepared. Mitochondrial fraction 
corresponds to 10 μg of protein lysate prepared. (a) Overexpressed IL-6 in with or without resveratrol treatment. (b) Protein level of overexpressed IL-6, p-STAT3, STAT3, p-Akt, Akt, caspase-9, 
caspase-3, actin and COX IV. (c and f) p-STAT3 and caspase-9 expression in the cytosol, respectively. (d and g) p-STAT3 and caspase-9 expression in the mitochondria, respectively. (e) The 
mRNA expression of STAT3. (h) Mitochondrial caspase-9 activity. Anti-IV COX indicates the mitochondrial marker. Data are presented as mean ± standard error of the mean for the three 
measurements. *p < 0.05; **p < 0.01; ***p < 0.001.

Figure 5: Western blotting analysis of NRK-52E cells treatment with protein inhibitors. Lanes 
correspond to 50 μg of protein lysate prepared. (a) Lysates were analyzed with corresponding 
antibodies against p-Akt (Ser473), p-P38 (Thr180/Tyr182), caspase-9, p-STAT3 (Tyr705), 
caspase-3, and β-Actin. (b) LY294002 containing lysates were analyzed with corresponding 
antibodies against p-Akt (Ser473), caspase-9, p-STAT3 (Tyr705) and β-Actin.
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revealed in the DeadEndTM colorimetric apoptosis detection assay, 
suggesting that the regulation of IL-6 may be related to the apoptosis 
process (Figure 2). Apoptosis is regulated by two interrelated signaling 
pathways: the extrinsic or death-receptor pathway and the intrinsic 
or mitochondrial pathway; both pathways use the caspase cascade 

[20]. Caspase-9 is a key player in the intrinsic or mitochondrial 
pathway that is involved in various stimuli, including chemotherapy, 
stress agent, and radiation [21]. Cytochrome c is released from the 
mitochondria to the cytoplasm in cells in response to intrinsic stimuli 
and forms the apoptosome, which mediates caspase-9 activation [22]. 
Moreover, caspase-3 is a major executioner caspase that is cleaved 
and activated by both caspase-8 and caspase-9 initiator caspases [22]. 
In the present study, the results showed that IL-6 overexpression 
significantly promoted caspase-3 activity (Figure 3a) but did not 
affect caspase-9 activities (Figure 3c) suggesting the caspase-3 activity 
may regulate the overexpressed IL-6-induced apoptosis. However, 
IL-6 overexpression significantly reduced the cytosolic caspase-9 
protein level (Figure 4f, p < 0.001) but significantly promoted the 
mitochondrial caspase-9 protein level (Figure 4g, p < 0.001). The 
possibility of caspase-9 shifting from the cytosol to mitochondria, 
induced by IL-6 overexpression, remains to be further studied. 
Moreover, resveratrol only significantly attenuated IL-6-induced 
caspase-3 activities (Figure 3b, p = 0.002) but no effect on caspase-9 
activities or overexpressed-IL-6-induced caspase-9 activity (Figure 3c) 
indicating that resveratrol exerts antiapoptotic ability in attenuated 
caspase-3 activities induced by IL-6 overexpression in NRK-52E cells. 
STAT3 has been studied as a transcription factor, and a small pool of 
STAT3 was localized in the mitochondria, where it functioned as a 
positive regulator of mitochondrial electron transport chain [11-12]. 
IL-6 is a well-known activator of STAT3 [10]. In the present study, 
as shown in Figure 4b, pCMV6-IL-6 expression was found in both 
cytosol and mitochondrial fractions, and pCMV6-IL-6 expression 
was high in the mitochondrial fraction, indicating that IL-6 may be 
involved in the mitochondrial regulation of cell function. As expected, 
IL-6 overexpression significantly promoted both cytosol and 
mitochondria p-STAT3 levels (Figure 4c and 4d, p < 0.001), indicating 
that IL-6 could activate STAT3 activity in NRK-52E cells. Resveratrol 
can exert its anticancer effects by negative regulation of STAT3/5 
signaling cascade [23]. Our results also showed that resveratrol not 
only significantly attenuated the IL-6-induced p-STAT3 level in both 
cytosol and mitochondrial fractions (Figure 4c and 4d, p < 0.001) but 
also significantly decreased IL-6-induced STAT3 mRNA expression 
(Figure 4e, p < 0.05), indicating that resveratrol may downregulate 
IL-6-induced STAT3 mRNA expression. Human caspase-9 is 
phosphorylated on Ser196 by Akt/PKB, resulting in the attenuation 
of its activity, which suggests that the PI3K signaling pathway plays a 
central role in antiapoptosis [24]. Moreover, the ERK MAPK pathway 
inhibits caspase-9 activity through direct phosphorylation at Thr 125 

[25]. Past studies have suggested that at least one signaling pathway 
modulates caspase-9. Our study showed that the caspase-9 level was 
inhibited by the PI3K inhibitor (LY294002) (Figure 5) but could not 
be inhibited by the MAPK inhibitor (SB203580) or STAT3 inhibitor 
(stattic) (data not shown), indicating that in NRK-52E cells, the 
regulation of capase-9 may mediated by PI3K signaling.

Taken together, our important finding in this study explored: (1) 
The overexpressed IL-6 both located in the cytosol and nucleus of renal 
cells. (2) IL-6 overexpression significantly reduced the caspase-9 level 
in the cytosol fraction but increased the level in the mitochondrial 
fraction. (3) The PI3K signaling pathway regulates the caspase-9 in 
renal tubular epithelial cells. Further research is particularly important 
on elucidate IL-6 overexpression how to mediate the reduction of 
the caspase-9 level and the possibility of caspase-9 shifting from the 
cytosol to mitochondria in response to IL-6.
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