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Background: Hispolon has been shown to possess antitumor effects in various cancer cells. However, the underlying mechanisms are 
not fully understood. In this study, we evaluated the sensitizing effect of hispolon on TNF-related apoptosis-inducing ligand 
(TRAIL)-mediated apoptosis in human renal carcinoma cells.
Methods: Apoptosis was analyzed by using cell-based cytometer. The mRNA levels were assessed by reverse transcription-PCR. Bax 
activation was determined by oligomerization and fluorescence-activated cell sorting with Bax-NT monoclonal antibody. The protein 
expression was measured by Western blotting.
Results: Hispolon induced up-regulation of Bim and death receptors expression at the post-translational level. 
Conclusions: Hispolon enhanced TRAIL-mediated apoptosis in renal carcinoma cells, but not in normal cells.
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INTRODUCTION

Hispolon is an active phenol compound that is isolated from 

Phellinus linteus. It has various biological functions including 

anti‑inflammatory, anti-oxidant, anti-proliferative, and anti-tumor 

effects [1-5]. Anti-tumor effect of hispolon has been shown 

through inhibition of cell growth, induction of cell cycle arrest 

and apoptosis, and inhibition of metastasis in various types of 

cancer [3,5-9]. Down-regulation of G1/S transition-related proteins 

[6,10], modulation of extracellular signal-regulated kinase 

phosphorylation [1], and reactive oxygen species-mediated 

mitochondria damage [9] were proposed to involvement in 

anti-cancer effect by hispolon. However, there have been no 

reports on the anti-tumor effects of hispolon in renal carcinoma 

cells.

TNF-related apoptosis-inducing ligand (TRAIL), one of the TNF 

ligand family members, induces apoptosis in a wide range of 

human cancer cells [11,12], but not normal cells [13,14]. However, 

cancer cells frequently acquire TRAIL resistance through a variety 

of mechanisms. Downregulation of death receptors (DRs) expression 

and pro-apoptotic proteins (Bax and Bak), upregulation of decoy 

receptors (DcR1 and DcR2) and anti-apoptotic proteins (cFLIP, 

XIAP, and Mcl-1), and activation of survival signal pathways 

[15-19] can lead to TRAIL resistance. To overcome these limit-

ations, combination treatment with TRAIL sensitizer could 

overcome TRAIL resistance. 

In this study, we investigated whether hispolon enhances 

human renal carcinoma Caki cells to TRAIL-induced apoptotic cell 

death. We found that hispolon enhances TRAIL-mediated 

apoptosis in renal carcinoma cells, but not in normal cells 

through the up-regulation of DR and pro-apoptotic protein Bim 

expression. 
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MATERIALS AND METHODS
1. Cell culture and materials 

American Type Culture Collection (Manassas, VA, USA) 

supplied the all cells and the transformed mouse kidney cells 

(TCMK-1) was a gift from Dr. TJ Lee (Yeungnam University, Korea). 

The cells were cultured using Dulbecco’s modified Eagle’s 

medium containing 10% FBS, 20 mM HEPES buffer and 100 g/mL 

gentamycin. Hispolon was purchased from ENZO life Science 

(Farmingdale, NY, USA). The recombinant human TRAIL was 

purchased from KOMA Biotech (Seoul, Korea). Anti-DR5 (1:700, 

#8074), Bcl-xL (1:700, #2764), and anti-PARP (1:700, #9542) 

antibodies were purchased from Cell Signaling Technology 

(Beverly, MA, USA). Anti-DR4 (1:1,000, ab8414), and anti-cIAP1 

(1:700, ab154525), antibodies were purchased from Abcam 

(Cambridge, UK). Anti-c-FLIP (1:700, ALX-804-961-0100) antibody 

was obtained from Enzo Life Sciences. Anti-Mcl-1 (1:700, sc-819) 

and anti-cIAP2 (1:700, sc7944) antibodies were purchased from 

Santa Cruz Biotechnology (Santa Cruz, CA, USA). Anti-XIAP 

(1:1,000, 610762) antibody and anti-Bim (1:700, AB17003) 

antibodies were purchased from BD Biosciences (San Jose, CA, 

USA). Cyclohexamide and other reagents were purchased from 

Sigma Chemical Co. (St. Louis, MO, USA). 

2. Flow cytometry analysis

Cells were harvested and suspended in 100 L of PBS, and then 

added to 200 L of 95% ethanol. After 1 hour, cells were incubated 

in RNase containing 1.12% sodium citrate buffer at 37oC for 30 

minutes, and 50 g/mL propidium iodide added. For detecting 

apoptotic cells, we used BD AccuriTM C6 flow cytometer (BD 

Biosciences).

3. Western blotting

Cells were lysed in RIPA lysis buffer (20 mM HEPES and 0.5% 

Triton X-100, pH 7.6) and were centrifuged at 12,000 ×g at 4oC 

for 15 minutes. After calculating protein amount using BCA 

solution, cell lysates were separated by 10% SDS-PAGE. After 

transfer, proteins on the nitrocellulose membranes (GE Healthcare 

Life Science, Pittsburgh, PO, USA) was detected by specific 

antibody using an Immobilon Western Chemiluminescent HRP 

Substrate (EMD Millipore, Darmstadt, Germany).

4. DAPI (4`6-diamidino-2-phenylindole) staining 

After fixation using 1% paraformaldehyde, cells were stained 

with 300 nM DAPI solution (Roche, Basel, Switzerland) for 10 

minutes. The nuclear condensation was detected by fluorescence 

microscope (Carl Zeiss, Jena, Germany).

5. DNA fragmentation and DEVDase activity assay 

Cells were incubated with reaction buffer containing 

acetyl-Asp-Glu-Val-Asp p-nitroanilide (Ac-DEVD-pNA) substrate 

for caspase 3. To measure DNA fragmentation, we used cell death 

detection ELISA plus kit (Boehringer Mannheim, Indianapolis, 

IN, USA) according to the manufacturer’s recommendations, and 

analyzed by spectrophotometry (BMG Labtech, Ortenberg, 

Germany).

6. Determination for the mitochondrial membrane 
potential by rhodamine 123

Cells were incubated with rhodamine 123 (5 M; Molecular 

Probes Inc., Eugene, OR, USA) for 5 minutes in the dark at 37oC, 

and washed with PBS. Cells were suspended in PBS, and was 

analyzed using a flow cytometer (BD Biosciences).

7. Reverse transcription-PCR

Using TriZol reagent (Life Technologies, Gaithersburg, MD, 

USA), we obtained total RNA. We prepared the cDNA using 

M-MLV reverse transcriptase (Gibco-BRL, Gaithersburg, MD, 

USA), and we performed PCR using Blend Taq DNA polymerase 

(Toyobo, Osaka, Japan) with primers targeting DR4, DR5, and 

actin [20]. The amplified products were detected using 1.5% 

agarose gels under UV light.

8. Analysis of cytochrome c release

The cells were lysed for 2 minutes in 80 L ice-cold lysis buffer. 

After centrifuging at 12,000 ×g at 4oC for 10 minutes, we obtained 

the supernatants (cytosolic extracts free of mitochondria) and the 

pellets (fraction that contains mitochondria). 

9. Assay for Bax activation and oligomerization

After fixing using 4% paraformaldehyde for 30 minutes, and 

cells were incubated for 1 hour at 4oC with the Bax-NT antibody 

(1:500; BD Biosciences) in PBS/1% FCS (Gibco, Carlsbad, CA, USA) 

+ 0.1% saponine (Sigma Chemical Co.). After incubation with the 

secondary antibody, washing and re-suspension in PBS/1% FCS, 

and cells were measured by flow cytometry. For Bax 

oligomerization, the cells were suspended by conjugation buffer 

with 10 mM EDTA containing 0.2 mM bismaleimide (Thermo 

Scientific, Hudson, NH, USA) at room temperature for 1 hour and 

then extracted by lysis buffer for Western blot analysis.
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Figure 1. Hispolon enhances TNF-related apoptosis-inducing ligand (TRAIL)-induced apoptosis. (A) Caki cells were treated with 40 or 50 ng/mL
TRAIL in the presence or absence of the indicated concentrations of hispolon for 24 hours. The sub-G1 fraction was measured by flow cytometry 
as an indicator of the level of apoptosis. The protein expression levels of PARP and actin were determined by Western blotting. The level 
of actin was used as a loading control. (B) The cell morphology was examined using interference light microscopy. (C) The condensation 
and fragmentation of the nuclei were detected by 4′,6-diamidino-2-phenylindole staining. The cytoplasmic histone-associated DNA fragments 
were determined by a DNA fragmentation detection kit (D). The values in panel A and D represent the mean ± SD from three independent 
samples. aP ＜ 0.01 compared to the control.

10. Statistical analysis

The data were analyzed using a one-way ANOVA and post-hoc 

comparisons (Student–Newman–Keuls) using the IBM SPSS ver. 

22.0 software (IBM Corp., Armonk, NY, USA).

RESULTS
1. Combination with hispolon and TNF-related 

apoptosis-inducing ligand induces apoptosis

We investigated whether sub-lethal concentrations of hispolon 

enhances TRAIL-mediated apoptosis in human renal carcinoma 

Caki cells. Apoptotic cell death was not significantly induced by 

adding either hispolon or TRAIL alone (Fig. 1A). Combination of 

hispolon and TRAIL resulted in increase of sub G1 population and 

PARP cleavage in a dose-dependent manner, and induced 

morphological changes (cell body shrinkage and cell detachment) 

(Fig. 1A and 1B). Next, we examined whether combination of 

hispolon and TRAIL induces chromosomal condensation and 

DNA fragmentation. Combination of hispolon and TRAIL induced 

nuclear condensation and cytoplasmic histone-associated DNA 

fragments (Fig. 1C and 1D). These results indicate that hispolon 
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Figure 2. Combined treatment with hispolon and TNF-related apop-
tosis-inducing ligand (TRAIL) increases caspase activity. (A) Caki cells 
were treated with 50 ng/mL TRAIL in the presence or absence of 
50 M hispolon for 24 hours. Caspase activities were determined 
with colorimetric assays using caspase-3 (DEVDase) assay kits. (B) 
Caki cells were treated with 50 M hispolon plus 50 ng/mL TRAIL 
for 24 hours in the presence or absence of 20 M z-VAD-fmk 
(z-VAD). The sub-G1 fraction was measured by flow cytometry. The 
protein expression levels of PARP, procaspase-3, cleaved caspase-3 
and actin were determined by Western blotting. The level of actin 
was used as a loading control. The values in panel A and B represent 
the mean ± SD from three independent samples. aP ＜ 0.01 com-
pared to the control. bP ＜ 0.01 compared to the co-treatment of 
hispolon and TRAIL. 

Figure 3. Hispolon induces up-regulation of Bim expression. Caki 
cells were treated with the indicated concentrations of hispolon for 
24 hours. (A) The protein expression levels of Bim, Bcl-xL, Mcl-1, 
c-FLIP, survivin, cIAP1, cIAP2, XIAP, and actin were determined by 
Western blotting. (B) The mRNA expression levels of Bim and actin 
were determined by reverse transcription-PCR. The level of actin was
used as a loading control. 

enhances TRAIL-induced apoptosis.

2. Combined treatment with hispolon and TNF-related 
apoptosis-inducing ligand induces activation of 
caspase in renal carcinoma Caki cells

We performed further analysis for determination of whether 

combination of hispolon and TRAIL affects activation of caspases. 

As shown in Figure 2A, hispolon plus TRAIL increased caspase 

activity. Furthermore, pharmacological inhibition of pan-caspase 

with z-VAD markedly inhibited apoptosis, and blocked cleavage of 

PARP and procaspase in hispolon plus TRAIL-treated cells and 

(Fig. 2B). Therefore, these data indicate that combination of 

hispolon and TRAIL induces caspase-dependent apoptosis in 

human renal carcinoma Caki cells. 
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Figure 4. Hispolon reduces mi-
tochondria membrane potential. (A) 
Caki cells were treated with 50 M 
hispolon for the indicated time periods. 
The mitochondrial membrane poten-
tial was measured using a flow cyto-
meter. (B) Cytosolic extracts were pre-
pared as described under Materials 
and Methods. The protein expression 
levels of cytochrome c and MnSOD 
were determined by Western blotting. 
The level of MnSOD was used as a 
mitochondria fraction marker. (C) Cells 
were stained for active Bax using con-
formation-specific antibodies. The flu-
orescence intensity was detected by 
flow cytometry. (D) For Bax oligome-
rization assay, Bax monomers and 
oligomers were detected by Western 
blotting. The values in panel A and 
C represent the mean ± SD from 
three independent samples. aP ＜

0.01 compared to the control.

3. Combination of hispolon and TNF-related apoptosis- 
inducing ligand induces modulation of apoptosis 
related proteins expression and release of 
cytochrome c in Caki cells

Next, we examined whether modulation of apoptosis-related 

proteins expression allows induction of cell death in combination 

of hispolon and TRAIL-treated cells. Hispolon induced upregul-

ation of proapoptotic protein Bim expression, whereas other 

proteins (Bcl-xL, Mcl-1, c-FLIP, survivin, cIAP1/2, and XIAP) did 

not change (Fig. 3A). Next, we investigated whether hispolon 

induces Bim mRNA expression. As shown in Figure 3B, mRNA 

expression of Bim was not changed in hispolon-treated cells. 

To investigated the involvement of the mitochondrial death 

pathway, we analyzed the mitochondrial membrane potential 

(MMP) and cytochrome c release. Hispolon drastically reduced 

the MMP levels (Fig. 4A). In addition, Hispolon induced cyto-

chrome c release from mitochondria to cytosol (Fig. 4B). We 

therefore performed the activation of Bax, which is an essential 

player in a mitochondria mediated apoptosis [21]. As shown in 

Figure 4C and 4D, we detected the conformational changes of Bax 

(active-Bax) and Bax oligomerization in hispolon-treated cells. 

These data suggest that hispolon induces mitochondria- 

mediated apoptosis through Bax activation.

4. Hispolon increases up-regulation of components 
of death-inducing signaling complex

Formation of the death-inducing signaling complex is a pivotal 

step on TRAIL-mediated apoptosis [22,23]. Therefore, we investi-

gated whether hispolon regulates expression of DRs. We found 

that Caki cells exposed to hispolon drastically induced DR4/5 

expression (Fig. 5A). Next, we investigated whether hispolon 

induces DR4 and DR5 expression at the transcriptional level. In 

renal carcinoma Caki cells, no significant increases in DR4/5 

mRNA were detectable (Fig. 5B). Therefore, we tested the 

possibility of post-translational modulation. To identify this 

possibility, Caki cells were treated with or without hispolon in 

the presence of cyclohexamide. Hispolon increased DR4/5 

protein stability in Caki cells (Fig. 5C). Next, we investigated 

whether hispolon modulates the ubiquitination of total proteins. 

However, we did not detect significant change of ubiquitination 

(Fig. 5D). These results indicate that hispolon induces up- 

regulation of DRs protein expression at the post-translational 

levels, and hispolon-mediated DRs up-regulation is involved in 
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Figure 5. Hispolon induced up-regulation of DR4/5 expression at the post-translational levels. (A, B) Caki cells were treated with the indicated
concentrations of hispolon for the indicated time periods. The protein and mRNA expression levels of DR4, DR5, and actin were determined 
by Western blotting and reverse transcription-PCR, respectively. The level of actin was used as a loading control. (C) Caki cells were treated 
with or without 50 M hispolon in the presence of cyclohexamide (CHX) (20 g/mL) for the indicated time periods. The protein expression 
levels of DR4, DR5, and/or actin were determined by Western blotting. The level of actin was used as a loading control. The band intensities
of DR4 and DR5 protein were measured using the public domain JAVA image-processing program ImageJ. (D) Caki cells were treated with 
the indicated concentrations of hispolon for 24 hours. The protein levels of ubiquitin were determined by Western blotting. p.c, positive 
control, 0.5 M MG132.

the effect of hispolon on TRAIL sensitization.

5. Combined treatment with hispolon and TNF-related 
apoptosis-inducing ligand induces apoptosis in 
other renal cancer cells, but not normal cells

To investigate the effect of combination with hispolon and 

TRAIL on cell death in other renal cancer cells, we used other 

renal cancer cells (ACHN and A498). ACHN and A498 cells, 

exposed to hisolon and TRAIL, efficiently increase apoptosis, and 

PARP cleavage (Fig. 6A and 6B). In contrast, normal cells (human 

skin fibroblast and normal TCMK-1) was not detectable any 

change of cell morphology and sub-G1 population in hispolon 

plus TRAIL-treated cells (Fig. 6C and 6D). These data indicate that 

combination with hispolon and TRAIL might induce apoptosis in 

cancer cells, but not normal cells. 

DISCUSSION

Hispolon is known as a phenol compound which exhibits 

anticancer effects. However, there are no reports about the 

anticancer effect on renal carcinoma cells. In this study, we 

demonstrated that hispolon enhanced TRAIL-mediated apoptosis 

in renal cancer cells, but not normal cells. We found that the 

mechanism of hispolon-mediated TRAIL sensitization is associated 

with up-regulation of DRs protein stability and pro-apoptotic 

protein Bim expression. Moreover, hispolon induced loss of 

MMP and led to the release of cytochrome c via Bax activation. 

These data support that hispolon could act as an attractive drug 

for TRAIL-sensitization.

Previous studies have shown that hispolon treatment leads to 

decreased expression of anti-apoptotic proteins, such as c-FLIP, 

Bcl-2, and Bcl-xL in colon cancer HCT116 [24]. However, hispolon 
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Figure 6. The effects of combined treatment with hispolon and TNF-related apoptosis-inducing ligand (TRAIL) on apoptosis in other renal 
carcinoma and normal cells. (A, B) Renal carcinoma (A498 and ACHN) cells were treated with 50 ng/mL TRAIL in the presence or absence 
of 50 M hispolon for 24 hours. The level of apoptosis was measured by the sub-G1 fraction using flow cytometry. The protein expression 
levels of PARP and actin were determined by Western blotting. The level of actin was used as a loading control. (C, D) Caki, human skin 
fibroblast, and transformed mouse kidney cells (TCMK-1) cells were treated with 50 ng/mL TRAIL in the presence or absence of 50 M hispolon
for 24 hours. The cell morphology was examined using interference light microscopy (C). The level of apoptosis was analyzed by measuring 
the sub G1 fraction by flow cytometry (D). The values in panel A and D represent the mean ± SD from three independent samples. aP
＜ 0.01 compared to the control.

did not change these protein levels in Caki cells (Fig. 3). These 

results suggest that the regulation of apoptosis related proteins 

by hispolon is a cell type-specific. We observed that hispolon 

induced upregulation of Bim expression (Fig. 3). Bim protein, 

Bcl-2 homology domain 3 (BH3) only protein, provokes apoptosis 

either by direct activation of pro-apoptotic Bax/Bak or by 

inhibiting anti-apoptotic protein function through BH3 domain 

[25]. To investigate the pathway(s) involved in hispolon-induced 

apoptosis of Caki cells, Bax-NT monoclonal antibody assay was 

performed to analyze the Bax activation. We found that hispolon 

enhanced the loss of mitochondrial membrane potential, 

suggesting that hispolon induces apoptosis through intrinsic 

apoptotic pathway. 

The expression levels of DR4/5 protein are regulated by 

multiple mechanisms, such as transcriptional, translational, and 

post-translational regulation. Hispolon treatment had no effect 

on the expression levels of DR4/5 mRNA (Fig. 5B). Our data 

indicate hispolon-induced DR4/5 upregulation is shown to be 

related to the post-transcriptional regulation. We further found 

that hispolon markedly enhanced the stability of DR4/5 protein. 

These results suggest that hispolon-mediated DR4/5 upregulation 

is associated with post-translational regulation such as ubiquitin- 

proteasome pathway or/and glycosylation [26]. Therefore, the 

mechanism of hispolon may upregulate DR4/5 remain unclear and 

require further investigation.

Collectively, these results suggest that hispolon enhances 

TRAIL-mediated apoptosis through the up-regulation of proapoptotic 

Bim protein and DRs expression in the human renal Caki cell 

lines. Combined treatment with hispolon and TRAIL also 

markedly induced apoptosis in other renal carcinoma, but not in 

normal cells. Therefore, hispolon may be effectively used as a 

sensitizer of TRAIL, however, further animal in vivo studies are 
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needed to realize this combination anticancer therapy.
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