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Abstract
Cisplatin alone or in combination with 5FU (5-fluorouracil) and docetaxel (TPF) are common regimen chemotherapeutics 
for treatment of advanced oral squamous cell carcinoma (OSCC). Despite the initial positive response, several patients 
experience relapse due to chemoresistance. The potential role of Bcl-2 antiapoptotic members in acquired chemoresistance 
is yet to be explored. To address this, we designed two different relevant OSCC chemoresistant models: (i) acquired 
chemoresistant cells, where OSCC lines were treated with conventional chemotherapy for a prolonged period to develop 
chemoresistance, and (ii) chemoresistant patient-derived cells, where primary cells were established from tumor of 
neoadjuvant-treated OSCC patients who do not respond to TPF. Among all Bcl-2 antiapoptotic members, Mcl-1 expression 
(but not Bcl-2 or Bcl-xL) was found to be upregulated in both chemoresistant OSCC lines and chemoresistant tumors when 
compared with their respective sensitive counterparts. Irrespective of all three chemotherapy drugs, Mcl-1 expression 
was elevated in OSCC cells that are resistant to either cisplatin or 5FU or docetaxel. In chemoresistant OSCC, Mcl-1 mRNA 
was upregulated by signal transducer and activator of transcription 3 (STAT3) activation, and the protein was stabilized 
by AKT-mediated glycogen synthase kinase 3 beta (GSK3β) inactivation. Genetic (siRNA) or pharmacological (Triptolide, a 
transcriptional repressor of Mcl-1) inhibition of Mcl-1 induces drug-mediated cell death in chemoresistant OSCC. In patient-
derived xenograft model of advanced stage and chemoresistant OSCC tumor, Triptolide restores cisplatin-mediated cell 
death and facilitates significant reduction of tumor burdens. Overall, our data suggest Mcl-1 dependency of chemoresistant 
OSCC. A combination regimen of Mcl-1 inhibitor with conventional chemotherapy deserves further clinical investigation in 
advanced OSCC.

Introduction
Oral squamous cell carcinoma (OSCC) is the sixth most common 
cancer worldwide and most prevalent neoplasm in developing 
countries (1). In India, ~80 000 new oral cancer cases and 46 000 
deaths are reported each year. OSCC patients commonly present 

with locally advanced (stage III or IV) disease. As per standard 
guidelines, the treatment modalities for advanced OSCC involve 
surgical removal of primary tumors followed by concomitant 
chemoradiotherapy (2). Similarly, neoadjuvant chemotherapy or 
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Facts about Oral Squamous Cell Carcinoma (OSCC)

- head and neck cancers ranked 6th 
most common cancer worldwide (♂>♀)

- 90% are SCC, which 60-70% in oral cavity (+ larynx) 

- first diagnosed in advanced stages (III - IV) 



Advanced stages:



How to treat OSCC:

- in general: 
surgery first
if resectable ! 

- unresectable: RCHT (<70. Lj) 
...combi shows benefit in 5-year SR compared to radiation therapy alone

- CHT increases radiation toxicity... 



Limitations in OSCC treatment:

- overall 5-year SR:  
⌁ 65% 

- CHT-resistance

- relapse:  tumor growth + metastatic disease
- therapeutic failure



Targets to restore cell death in CHT-R OSCC:

- inhibition of antiapoptotic factors
- re-activation of apoptotic factors

à major antiapoptotic proteins:  Bcl-2,  Bcl-xL,  Mcl-1

à cancer cells modulate these to block CHT-induced apoptosis



OSCC CHT-R models / study set-up:

1. OSCC cell lines of
acquired Resistance 
H357, SCC4            
each sensitive & established resistant

▻ human tongue

▻ cultured 6-8 mon @ [IC50] 

▻ relapsed TU growth pattern

2. OSCC patient samples

▻ n = 15                       
neoadjuvant non-responders, 
transplanted to mice

▻ n = 15  CHT-naive patients
(„none“ CHT/RT/surgery)

▻ from indian cancer center hospital

CHT-aR PDCs

in vitro analysis clinical relevance



FACS-based Apoptosis assay / methods:

- apoptosis detection kit by Annexin V/propidium iodide staining

- „quantification (%) cell death“ in CHT-aR cell lines

- sorting cells CHT resistant / sensitive 

- resistant cells:  further evaluation of expression of
major Bcl2-antiapoptotic members
& check for clinical relevance in PDCs   

flow cytometry-based cell death assay
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Figure 1. Antiapoptotic protein expression in chemoresistant OSCC. (A) Relative mRNA (fold change) expression of antiapoptotic markers Mcl-1, Bcl-2, Bcl-xL were ana-
lyzed by qRT–PCR in indicated acquired chemoresistant OSCC cells when compared with the sensitive counterpart (mean ± SEM, n = 3). (B) Cell lysates from indicated 
resistant and sensitive OSCC cells were isolated and subjected to immunoblotting against Mcl-1, Bcl-2, Bcl-xL and β-actin antibodies. (C) Relative mRNA expression 
of antiapoptotic markers Mcl-1, Bcl-2, Bcl-xL were analyzed by qRT-PCR in different chemotherapy-non-responder OSCC tumors when compared with chemother-
apy-naive tumors (median, n = 15). *P < 0.05; ns, not significant. (D) Protein expression of Mcl-1, Bcl-2 and Bcl-xL were analyzed by IHC in chemotherapy-naive and 
chemotherapy-non-responder OSCC tumors. (E) Representative IHC scoring (Q score = staining Intensity × % of staining), (median, n = 15). *P < 0.05; ns, not significant.
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Pharmacological inhibition of Mcl-1 by Triptolide 
restored cell death in chemoresistant OSCC
The clinically available BH3 mimetics Navitoclax and Venetoclax 
have limitations as they weakly bind Mcl-1 (26,27). We planned 
to evaluate the efficacy of natural compound Triptolide, which 
was discovered from a genomic screening as a transcriptional 
repressor of Mcl-1 specifically as it does not inhibit other antia-
poptotic proteins (28). Our qRT–PCR data confirmed that it in-
hibits the mRNA expression of Mcl-1 specifically (not Bcl-2 or 
Bcl-xL) in OSCC (Supplementary Figure S7A and B, available at 
Carcinogenesis Online). Hence, we explored whether Mcl-1 in-
hibitor Triptolide can restore chemotherapy-induced cell death 
in chemoresistant OSCC. For these experiments, we considered 
sublethal doses of Triptolide that inhibits Mcl-1. Our cell death 
data suggest that Triptolide and conventional chemothera-
peutics showed a synergistic effect (combination index < 1) to 
induce cell death in chemoresistant OSCC (Figure 5A and B). 

Apoptosis induced by this synergistic effect was confirmed from 
significant increase in cleaved PARP, cleaved caspase-3 and en-
hanced NOXA level (Figure 5C). Similarly, we tested this combin-
ation in three different chemotherapy-non-responder PDCs, and 
we found that Triptolide and cisplatin synergistically induced 
apoptosis in all three PDCs (Figure 5D).

Triptolide and cisplatin significantly induced 
apoptosis in chemoresistant PDX
To investigate the in vivo efficacy of triptolide in restoring 
cell death in chemoresistant OSCC, we performed experi-
ments using PDX. For establishment of PDX, cells were iso-
lated from tumors of three chemotherapy-non-responder 
patients (patient# 1, 2 and 3, Supplementary Table 2, available 
at Carcinogenesis Online). Combinatorial treatment of sublethal 
doses of Triptolide (0.2 mg/kg) and cisplatin (2.5 mg/kg) sig-
nificantly inhibited tumor growth when compared with the 

Figure 2. Knocking down Mcl-1 restored drug-induced cell death in chemoresistant OSCC. (A) Chemoresistant (H357 CisR, SCC4 CisR, H357 5FUR, H357 DocR) cells 
were transfected with indicated siRNAs and treated with indicated amount cisplatin or 5FU or docetaxel for 24 h, after which cell death was determined by Annexin 
V/PI assay using flow cytometer. Bar diagrams indicated the percentage of cell death from respective treated groups (mean ± SEM, n = 3). (B) Indicated chemoresist-
ant cells were transfected with either control siRNA or Mcl-1 siRNA followed by treatment with cisplatin or 5FU or docetaxel at the indicated concentration for 48 h. 
Immunoblotting was performed with indicated antibodies. (C) Three different chemotherapy-non-responder OSCC patient-derived cells (PDCs) were transfected with 
indicated siRNA followed by treatment with cisplatin 24 h, after which cell death was determined by Annexin V/PI assay using flow cytometer. Bar diagrams indicated 
the percentage of cell death from respective treated groups (mean ± SEM, n = 3).
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indicated siRNA followed by treatment with cisplatin 24 h, after which cell death was determined by Annexin V/PI assay using flow cytometer. Bar diagrams indicated 
the percentage of cell death from respective treated groups (mean ± SEM, n = 3).

D
ow

nloaded from
 https://academ

ic.oup.com
/carcin/advance-article-abstract/doi/10.1093/carcin/bgy135/5159576 by Library M

edU
ni Vienna (10023370) user on 09 January 2019

results:
CHT-aR cell lines PDCs pat. samples

- PDCs from 3 different non-responders
- ONLY Mcl-1 knockdown restores platin-

derived cell death ! (indicating major role of Mcl-1 above Bcl-2/Bcl-xL)



which mechanisms lead to upregulation
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single agent-treated groups (Figure  6A–C and Supplementary 
Figure S8, available at Carcinogenesis Online). IHC data showed 
that triptolide inhibited only Mcl-1, but not Bcl-2 and Bcl-xL 
in vivo (Figure 6D). It was observed that enhanced cleaved cas-
pase-3 and TUNEL-positive cells were found only in Triptolide 
and cisplatin combinatorial treatment group (Figure  6D). In 
conclusion, Triptolide restored the cell death in chemotherapy-
non-responder OSCC PDX tumors.

Discussion
The molecular mechanism of acquired chemoresistance in 
OSCC is poorly understood. Drug resistance could be attrib-
uted to multiple factors including decreased drug accumula-
tion, reduced drug-target interactions, increased populations 
of cancer stem cells, enhanced autophagy activity and re-
duced apoptosis in cancer cells (20,29,30). The reduced apop-
totic response is a hallmark of chemoresistance, where 
tumor cells evade drug-induced cell death by overexpressing 
Bcl-2 family antiapoptotic proteins (31). Our study indicates 
that among all Bcl-2 antiapoptotic protein, Mcl-1 is predom-
inantly upregulated (both at mRNA and at protein level) in 

OSCC chemoresistant cells. IL-6 and pSTAT3 were found to be 
upregulated in chemoresistant cells when compared with the 
sensitive counterpart. In chemoresistant OSCC cells, pSTAT-
3Tyr705 binds to putative STAT3 binding site in Mcl-1 promoter 
and upregulates Mcl-1 mRNA (Figure 4H). We also found that 
in chemoresistant OSCC cells, Mcl-1 protein was stabilized 
by inactivation of GSK3β. Our data indicate that pAKTSer473 
and pGSK3βSer9 are elevated in acquired chemoresistant cells 
when compared with their sensitive counterpart, as a result of 
which proteasomal degradation of Mcl-1 is inhibited in chem-
oresistant cells (Figure 4H).

Consistent efforts have been made to develop inhibitors 
against Bcl-2 antiapoptotic factors. Many of those are BH3 
mimetics, which mimics the BH3 domain of proapoptotic Bcl-2 
proteins. The BH3 mimetic ABT-737 and its clinical counterpart 
Navitoclax and Venetoclax effectively inhibit Bcl-2 and/or Bcl-xL 
with limited affinity toward Mcl-1. This is attributed to the 
unique structure of Mcl-1 when compared with Bcl-2 or Bcl-xL 
(32). Henceforth, several approaches attempted to neutralize 
Mcl-1, i.e. (i) BH3 peptides and (ii) small molecules that bind or 
inhibit the expression of Mcl-1. Among peptides, stapled helical 

Figure 3. STAT3 mediated Mcl-1 mRNA upregulation in chemoresistant OSCC. (A) Lysates were isolated from indicated chemosensitive and chemoresistant cells, after 
which immunoblotting was performed with STAT3, p-STAT3Tyr705 and β-actin antibodies. (B) Left panel: expression of p-STAT3 was determined by IHC in chemother-
apy-non-responder and chemotherapy-naive tumors. Right panel: representative IHC scoring (Q score = staining intensity × % of staining), (median,*P < 0.05, n = 15). (C) 
Chemosensitive (H357 CisS) and acquired chemoresistant (H357 CisR and H357 5FUR) cells were cotransfected with either pGL4-Mcl-1 STAT3 WT or pGL4-Mcl-1 STAT3 
mutant, along with renilla internal control p-TK-RL. After 24 h of transfection, relative promoter activity was measured by dual-luciferase reporter assay (Promega) 
(mean ± SEM, *P < 0.05, n = 3). (D) Relative mRNA expression of IL-6 was determined by qRT-PCR in the indicated chemosensitive and acquired chemoresistance cells 
(mean ± SEM, *P < 0.05, n = 3). (E) Relative mRNA expression of IL-6 was determined by qRT-PCR in chemotherapy-naive and chemotherapy-non-responder OSCC tu-
mors (median, *P < 0.05, n = 15).
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dimerized pSTAT3 
translocates in the
nucleus)

expression by IHC



8 | Carcinogenesis, 2018, Vol. XX, No. XX

Figure 4. AKT-mediated GSK3β inactivation leads to Mcl-1 stabilization OSCC chemoresistant cells. (A) H357 CisS and H357 CisR cells were treated with cycloheximide 
(12 µM) for indicated time points. Mcl-1 expression was measured by immunoblotting. (B) Graphical representation of (A), indicated band intensity ratio of Mcl-1/β-
actin. (C) Chemosensitive and acquired chemoresistant cells were subjected to immunoblotting with indicated antibodies. (D) SCC4 CisS cells were transfected with 
either vector control or GSK3β WT or GSK3β KD (kinase domain mutant) and treated with indicated concentration of cisplatin for 48 h. After completion of treatment, 
cell viability was measured by MTT assay (mean ± SEM,*P < 0.05, n = 3). (E) SCC4 CisR cells were transfected with either vector control or GSK3β WT or GSK3β CA (con-
stitutively active) and treated with indicated concentration of cisplatin for 48 h. After completion of treatment, cell viability was measured by MTT assay (mean ± 
SEM,*P < 0.05, n = 3). (F) SCC4 CisR cells were transfected with vehicle control or GSK3β WT or GSK3β KD or GSK3β CA for 24 h, and immunoblotting was performed with 
indicated antibodies. (G) PDC#1 cells were treated with indicated concentration of LY294002 [inhibitor of phosphoinositide 3-kinases (PI3Ks)] for 48 h, and immunoblot-
ting was performed with indicated antibodies. (H) Hypothetical model of Mcl-1 mRNA upregulation and protein stabilization in chemoresistant OSCC.
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single agent-treated groups (Figure  6A–C and Supplementary 
Figure S8, available at Carcinogenesis Online). IHC data showed 
that triptolide inhibited only Mcl-1, but not Bcl-2 and Bcl-xL 
in vivo (Figure 6D). It was observed that enhanced cleaved cas-
pase-3 and TUNEL-positive cells were found only in Triptolide 
and cisplatin combinatorial treatment group (Figure  6D). In 
conclusion, Triptolide restored the cell death in chemotherapy-
non-responder OSCC PDX tumors.

Discussion
The molecular mechanism of acquired chemoresistance in 
OSCC is poorly understood. Drug resistance could be attrib-
uted to multiple factors including decreased drug accumula-
tion, reduced drug-target interactions, increased populations 
of cancer stem cells, enhanced autophagy activity and re-
duced apoptosis in cancer cells (20,29,30). The reduced apop-
totic response is a hallmark of chemoresistance, where 
tumor cells evade drug-induced cell death by overexpressing 
Bcl-2 family antiapoptotic proteins (31). Our study indicates 
that among all Bcl-2 antiapoptotic protein, Mcl-1 is predom-
inantly upregulated (both at mRNA and at protein level) in 

OSCC chemoresistant cells. IL-6 and pSTAT3 were found to be 
upregulated in chemoresistant cells when compared with the 
sensitive counterpart. In chemoresistant OSCC cells, pSTAT-
3Tyr705 binds to putative STAT3 binding site in Mcl-1 promoter 
and upregulates Mcl-1 mRNA (Figure 4H). We also found that 
in chemoresistant OSCC cells, Mcl-1 protein was stabilized 
by inactivation of GSK3β. Our data indicate that pAKTSer473 
and pGSK3βSer9 are elevated in acquired chemoresistant cells 
when compared with their sensitive counterpart, as a result of 
which proteasomal degradation of Mcl-1 is inhibited in chem-
oresistant cells (Figure 4H).

Consistent efforts have been made to develop inhibitors 
against Bcl-2 antiapoptotic factors. Many of those are BH3 
mimetics, which mimics the BH3 domain of proapoptotic Bcl-2 
proteins. The BH3 mimetic ABT-737 and its clinical counterpart 
Navitoclax and Venetoclax effectively inhibit Bcl-2 and/or Bcl-xL 
with limited affinity toward Mcl-1. This is attributed to the 
unique structure of Mcl-1 when compared with Bcl-2 or Bcl-xL 
(32). Henceforth, several approaches attempted to neutralize 
Mcl-1, i.e. (i) BH3 peptides and (ii) small molecules that bind or 
inhibit the expression of Mcl-1. Among peptides, stapled helical 

Figure 3. STAT3 mediated Mcl-1 mRNA upregulation in chemoresistant OSCC. (A) Lysates were isolated from indicated chemosensitive and chemoresistant cells, after 
which immunoblotting was performed with STAT3, p-STAT3Tyr705 and β-actin antibodies. (B) Left panel: expression of p-STAT3 was determined by IHC in chemother-
apy-non-responder and chemotherapy-naive tumors. Right panel: representative IHC scoring (Q score = staining intensity × % of staining), (median,*P < 0.05, n = 15). (C) 
Chemosensitive (H357 CisS) and acquired chemoresistant (H357 CisR and H357 5FUR) cells were cotransfected with either pGL4-Mcl-1 STAT3 WT or pGL4-Mcl-1 STAT3 
mutant, along with renilla internal control p-TK-RL. After 24 h of transfection, relative promoter activity was measured by dual-luciferase reporter assay (Promega) 
(mean ± SEM, *P < 0.05, n = 3). (D) Relative mRNA expression of IL-6 was determined by qRT-PCR in the indicated chemosensitive and acquired chemoresistance cells 
(mean ± SEM, *P < 0.05, n = 3). (E) Relative mRNA expression of IL-6 was determined by qRT-PCR in chemotherapy-naive and chemotherapy-non-responder OSCC tu-
mors (median, *P < 0.05, n = 15).
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Mcl-1 promoter activity ↑ in CHT-aR compared
to CHT-S cell lines (by luciferase assay)

Cell lines cotransfected with either WT or Mutant 
STAT3 binding site (of Mcl-1 promoter) 

à activated STAT3 upregulates Mcl-1 in CHT-R cells !
hypothetical model



- Mcl-1 stabilization in CHT-aR Vs. CHT-S !
- (Mcl-1 is more stable in cisplatin-resistant cells, less proteasomal degradation) 

results:
CHT-aR cell lines PDCs pat. samples

which mechanisms lead to upregulation
of Mcl-1 in CHT-aR cells? 8 | Carcinogenesis, 2018, Vol. XX, No. XX

Figure 4. AKT-mediated GSK3β inactivation leads to Mcl-1 stabilization OSCC chemoresistant cells. (A) H357 CisS and H357 CisR cells were treated with cycloheximide 
(12 µM) for indicated time points. Mcl-1 expression was measured by immunoblotting. (B) Graphical representation of (A), indicated band intensity ratio of Mcl-1/β-
actin. (C) Chemosensitive and acquired chemoresistant cells were subjected to immunoblotting with indicated antibodies. (D) SCC4 CisS cells were transfected with 
either vector control or GSK3β WT or GSK3β KD (kinase domain mutant) and treated with indicated concentration of cisplatin for 48 h. After completion of treatment, 
cell viability was measured by MTT assay (mean ± SEM,*P < 0.05, n = 3). (E) SCC4 CisR cells were transfected with either vector control or GSK3β WT or GSK3β CA (con-
stitutively active) and treated with indicated concentration of cisplatin for 48 h. After completion of treatment, cell viability was measured by MTT assay (mean ± 
SEM,*P < 0.05, n = 3). (F) SCC4 CisR cells were transfected with vehicle control or GSK3β WT or GSK3β KD or GSK3β CA for 24 h, and immunoblotting was performed with 
indicated antibodies. (G) PDC#1 cells were treated with indicated concentration of LY294002 [inhibitor of phosphoinositide 3-kinases (PI3Ks)] for 48 h, and immunoblot-
ting was performed with indicated antibodies. (H) Hypothetical model of Mcl-1 mRNA upregulation and protein stabilization in chemoresistant OSCC.
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cycloheximide inhibits protein synthesis

Mcl-1 half-life: 
< 1h 



8 | Carcinogenesis, 2018, Vol. XX, No. XX

Figure 4. AKT-mediated GSK3β inactivation leads to Mcl-1 stabilization OSCC chemoresistant cells. (A) H357 CisS and H357 CisR cells were treated with cycloheximide 
(12 µM) for indicated time points. Mcl-1 expression was measured by immunoblotting. (B) Graphical representation of (A), indicated band intensity ratio of Mcl-1/β-
actin. (C) Chemosensitive and acquired chemoresistant cells were subjected to immunoblotting with indicated antibodies. (D) SCC4 CisS cells were transfected with 
either vector control or GSK3β WT or GSK3β KD (kinase domain mutant) and treated with indicated concentration of cisplatin for 48 h. After completion of treatment, 
cell viability was measured by MTT assay (mean ± SEM,*P < 0.05, n = 3). (E) SCC4 CisR cells were transfected with either vector control or GSK3β WT or GSK3β CA (con-
stitutively active) and treated with indicated concentration of cisplatin for 48 h. After completion of treatment, cell viability was measured by MTT assay (mean ± 
SEM,*P < 0.05, n = 3). (F) SCC4 CisR cells were transfected with vehicle control or GSK3β WT or GSK3β KD or GSK3β CA for 24 h, and immunoblotting was performed with 
indicated antibodies. (G) PDC#1 cells were treated with indicated concentration of LY294002 [inhibitor of phosphoinositide 3-kinases (PI3Ks)] for 48 h, and immunoblot-
ting was performed with indicated antibodies. (H) Hypothetical model of Mcl-1 mRNA upregulation and protein stabilization in chemoresistant OSCC.
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CHT-aR cells show enhanced: 
à ß-catenin expression
à inactivation of GSK3ß     

(by phosphorylation Ser9) 

à activation of AKT           
(by phosphorylation Ser473)

results:
CHT-aR cell lines PDCs pat. samples

which mechanisms lead to upregulation
of Mcl-1 in CHT-aR cells? 

immunoblotting



CHT-aR cells show: 
à ß-catenin expression
à inactivation of GSK3ß     

(by phosphorylation Ser9)

à activation of AKT           
(by phosphorylation Ser473)

results:
CHT-aR cell lines PDCs pat. samples

which mechanisms lead to upregulation
of Mcl-1 in CHT-aR cells? 

(from „Mcl-1 Ubiquitination and Destruction“ DOI: 10.18632/oncotarget.242) 

antiapoptotic
protein

Stabilization of Mcl-1 !

degrades Mcl-1 by phosphorylation



results:
CHT-aR cell lines PDCs pat. samples

role of GSK3ß in de-stabilization of Mcl-1  

8 | Carcinogenesis, 2018, Vol. XX, No. XX

Figure 4. AKT-mediated GSK3β inactivation leads to Mcl-1 stabilization OSCC chemoresistant cells. (A) H357 CisS and H357 CisR cells were treated with cycloheximide 
(12 µM) for indicated time points. Mcl-1 expression was measured by immunoblotting. (B) Graphical representation of (A), indicated band intensity ratio of Mcl-1/β-
actin. (C) Chemosensitive and acquired chemoresistant cells were subjected to immunoblotting with indicated antibodies. (D) SCC4 CisS cells were transfected with 
either vector control or GSK3β WT or GSK3β KD (kinase domain mutant) and treated with indicated concentration of cisplatin for 48 h. After completion of treatment, 
cell viability was measured by MTT assay (mean ± SEM,*P < 0.05, n = 3). (E) SCC4 CisR cells were transfected with either vector control or GSK3β WT or GSK3β CA (con-
stitutively active) and treated with indicated concentration of cisplatin for 48 h. After completion of treatment, cell viability was measured by MTT assay (mean ± 
SEM,*P < 0.05, n = 3). (F) SCC4 CisR cells were transfected with vehicle control or GSK3β WT or GSK3β KD or GSK3β CA for 24 h, and immunoblotting was performed with 
indicated antibodies. (G) PDC#1 cells were treated with indicated concentration of LY294002 [inhibitor of phosphoinositide 3-kinases (PI3Ks)] for 48 h, and immunoblot-
ting was performed with indicated antibodies. (H) Hypothetical model of Mcl-1 mRNA upregulation and protein stabilization in chemoresistant OSCC.
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Figure 4. AKT-mediated GSK3β inactivation leads to Mcl-1 stabilization OSCC chemoresistant cells. (A) H357 CisS and H357 CisR cells were treated with cycloheximide 
(12 µM) for indicated time points. Mcl-1 expression was measured by immunoblotting. (B) Graphical representation of (A), indicated band intensity ratio of Mcl-1/β-
actin. (C) Chemosensitive and acquired chemoresistant cells were subjected to immunoblotting with indicated antibodies. (D) SCC4 CisS cells were transfected with 
either vector control or GSK3β WT or GSK3β KD (kinase domain mutant) and treated with indicated concentration of cisplatin for 48 h. After completion of treatment, 
cell viability was measured by MTT assay (mean ± SEM,*P < 0.05, n = 3). (E) SCC4 CisR cells were transfected with either vector control or GSK3β WT or GSK3β CA (con-
stitutively active) and treated with indicated concentration of cisplatin for 48 h. After completion of treatment, cell viability was measured by MTT assay (mean ± 
SEM,*P < 0.05, n = 3). (F) SCC4 CisR cells were transfected with vehicle control or GSK3β WT or GSK3β KD or GSK3β CA for 24 h, and immunoblotting was performed with 
indicated antibodies. (G) PDC#1 cells were treated with indicated concentration of LY294002 [inhibitor of phosphoinositide 3-kinases (PI3Ks)] for 48 h, and immunoblot-
ting was performed with indicated antibodies. (H) Hypothetical model of Mcl-1 mRNA upregulation and protein stabilization in chemoresistant OSCC.
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- ectopically overexpression of GSK3ß WT / KD (kinase dead) 

à ect. expr. of GSK3ß KD rescued Cis-S cells from cisplatin toxicity
à ect. expr. of GSK3ß CA in Cis-R cells restores cisplatin-induced cell death

viability measured
by MTT assay

CA = constitutively active



results:
CHT-aR cell lines PDCs pat. samples

8 | Carcinogenesis, 2018, Vol. XX, No. XX

Figure 4. AKT-mediated GSK3β inactivation leads to Mcl-1 stabilization OSCC chemoresistant cells. (A) H357 CisS and H357 CisR cells were treated with cycloheximide 
(12 µM) for indicated time points. Mcl-1 expression was measured by immunoblotting. (B) Graphical representation of (A), indicated band intensity ratio of Mcl-1/β-
actin. (C) Chemosensitive and acquired chemoresistant cells were subjected to immunoblotting with indicated antibodies. (D) SCC4 CisS cells were transfected with 
either vector control or GSK3β WT or GSK3β KD (kinase domain mutant) and treated with indicated concentration of cisplatin for 48 h. After completion of treatment, 
cell viability was measured by MTT assay (mean ± SEM,*P < 0.05, n = 3). (E) SCC4 CisR cells were transfected with either vector control or GSK3β WT or GSK3β CA (con-
stitutively active) and treated with indicated concentration of cisplatin for 48 h. After completion of treatment, cell viability was measured by MTT assay (mean ± 
SEM,*P < 0.05, n = 3). (F) SCC4 CisR cells were transfected with vehicle control or GSK3β WT or GSK3β KD or GSK3β CA for 24 h, and immunoblotting was performed with 
indicated antibodies. (G) PDC#1 cells were treated with indicated concentration of LY294002 [inhibitor of phosphoinositide 3-kinases (PI3Ks)] for 48 h, and immunoblot-
ting was performed with indicated antibodies. (H) Hypothetical model of Mcl-1 mRNA upregulation and protein stabilization in chemoresistant OSCC.
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- ectopically overexpression of GSK3ß WT / KD (kinase dead) 

à ect. expr. of GSK3ß KD rescued Cis-S cells from cisplatin toxicity
à ect. expr. of GSK3ß CA in Cis-R cells restores cisplatin-induced cell death

viability measured
by MTT assay

CA = constitutively active

as consequence of
reduced Mcl-1 expression

8 | Carcinogenesis, 2018, Vol. XX, No. XX

Figure 4. AKT-mediated GSK3β inactivation leads to Mcl-1 stabilization OSCC chemoresistant cells. (A) H357 CisS and H357 CisR cells were treated with cycloheximide 
(12 µM) for indicated time points. Mcl-1 expression was measured by immunoblotting. (B) Graphical representation of (A), indicated band intensity ratio of Mcl-1/β-
actin. (C) Chemosensitive and acquired chemoresistant cells were subjected to immunoblotting with indicated antibodies. (D) SCC4 CisS cells were transfected with 
either vector control or GSK3β WT or GSK3β KD (kinase domain mutant) and treated with indicated concentration of cisplatin for 48 h. After completion of treatment, 
cell viability was measured by MTT assay (mean ± SEM,*P < 0.05, n = 3). (E) SCC4 CisR cells were transfected with either vector control or GSK3β WT or GSK3β CA (con-
stitutively active) and treated with indicated concentration of cisplatin for 48 h. After completion of treatment, cell viability was measured by MTT assay (mean ± 
SEM,*P < 0.05, n = 3). (F) SCC4 CisR cells were transfected with vehicle control or GSK3β WT or GSK3β KD or GSK3β CA for 24 h, and immunoblotting was performed with 
indicated antibodies. (G) PDC#1 cells were treated with indicated concentration of LY294002 [inhibitor of phosphoinositide 3-kinases (PI3Ks)] for 48 h, and immunoblot-
ting was performed with indicated antibodies. (H) Hypothetical model of Mcl-1 mRNA upregulation and protein stabilization in chemoresistant OSCC.
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role of GSK3ß in de-stabilization of Mcl-1  



- inhibits mRNA expression of Mcl-1 specifically
à synergistic effect to CHT induces apoptosis in Cis-R cell lines
à apoptosis markers significantly increased (cleaved PARP + caspase-3 / NOXA level ↑)

à similarly apoptosis induction in CHT non-responding PDCs !

results:
CHT-aR cell lines PDCs pat. samples

inhibition of Mcl-1 by Triptolide (pharmacological) 
S.Maji et al. | 9

Mcl-1 BH3 peptides (33) and biphenyl-cross-linked peptides (34) 
showed promising in vitro Mcl-1 binding. Similarly, cyclin kinase 
inhibitor (35,36), apogossypol derivative Sabutoclax (37) and 
anthracyclines (38) neutralize Mcl-1 and inhibit tumor growth 
in preclinical cancer models. Unfortunately, most of these Mcl-1 
inhibitors have failed to reach the clinic. Using high-through-
put genomic screening approach, Triptolide was discovered 
as a transcriptional repressor of Mcl-1 without affecting the 
expression of other antiapoptotic and proapoptotic proteins 

(28). Triptolide is a diterpene triepoxide isolated from extracts 
of herb Tripterygium wilfordii. A  plethora of preclinical animal 
studies indicated that Minnelide, a water-soluble analogue of 
Triptolide, significantly inhibited tumor growth in various neo-
plasms (39–41). In an ongoing phase I clinical trial, the safety 
efficacy of Minnelide on a panel of solid tumors (gastric, breast, 
pancreatic and prostate carcinomas) (NCT03129139) is being 
evaluated. A  phase II trial has been initiated in refractory 
pancreatic cancer (NCT03117920), where Minnelide releases 

Figure 5. Small-molecule Mcl-1 inhibitor Triptolide restores cell death in chemoresistant OSCC cells. (A) H357 CisR, H357 5FUR and H357 DocR cells were treated with 
indicated concentration of Triptolide alone or in combination with cisplatin or 5FU or docetaxel for 48 h. Cell death was measured by Annexin V/PI staining using 
flow cytometer. Bar diagrams indicated the percentage of cell death from respective treated groups (mean ± SEM, n = 3). (B) Cells were treated as indicated in (A), and 
combination index was calculated using the CalcuSyn software. Combination index < 1 indicates synergistic effect. (C) H357 CisR and H357 5FUR and H357 DocR cells 
were treated with indicated concentration of Triptolide alone or in combination with cisplatin or 5FU or docetaxel for 48 h, and immunoblotting was performed with 
indicated antibodies. (D) Three different chemotherapy-non-responder PDCs were treated with indicated concentration of triptolide alone or in combination with 
cisplatin for 24 h. Cell death was measured by Annexin V/PI assay using flow cytometer. Bar diagrams indicated the percentage of cell death from respective treated 
groups (mean ± SEM, n = 3).
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- inhibits mRNA expression of Mcl-1 specifically
à synergistic effect to CHT induces apoptosis in Cis-R cell lines
à apoptosis markers significantly increased (cleaved PARP + caspase-3 / NOXA level ↑)

à similarly apoptosis induction in CHT non-responding PDCs !

S.Maji et al. | 9

Mcl-1 BH3 peptides (33) and biphenyl-cross-linked peptides (34) 
showed promising in vitro Mcl-1 binding. Similarly, cyclin kinase 
inhibitor (35,36), apogossypol derivative Sabutoclax (37) and 
anthracyclines (38) neutralize Mcl-1 and inhibit tumor growth 
in preclinical cancer models. Unfortunately, most of these Mcl-1 
inhibitors have failed to reach the clinic. Using high-through-
put genomic screening approach, Triptolide was discovered 
as a transcriptional repressor of Mcl-1 without affecting the 
expression of other antiapoptotic and proapoptotic proteins 

(28). Triptolide is a diterpene triepoxide isolated from extracts 
of herb Tripterygium wilfordii. A  plethora of preclinical animal 
studies indicated that Minnelide, a water-soluble analogue of 
Triptolide, significantly inhibited tumor growth in various neo-
plasms (39–41). In an ongoing phase I clinical trial, the safety 
efficacy of Minnelide on a panel of solid tumors (gastric, breast, 
pancreatic and prostate carcinomas) (NCT03129139) is being 
evaluated. A  phase II trial has been initiated in refractory 
pancreatic cancer (NCT03117920), where Minnelide releases 

Figure 5. Small-molecule Mcl-1 inhibitor Triptolide restores cell death in chemoresistant OSCC cells. (A) H357 CisR, H357 5FUR and H357 DocR cells were treated with 
indicated concentration of Triptolide alone or in combination with cisplatin or 5FU or docetaxel for 48 h. Cell death was measured by Annexin V/PI staining using 
flow cytometer. Bar diagrams indicated the percentage of cell death from respective treated groups (mean ± SEM, n = 3). (B) Cells were treated as indicated in (A), and 
combination index was calculated using the CalcuSyn software. Combination index < 1 indicates synergistic effect. (C) H357 CisR and H357 5FUR and H357 DocR cells 
were treated with indicated concentration of Triptolide alone or in combination with cisplatin or 5FU or docetaxel for 48 h, and immunoblotting was performed with 
indicated antibodies. (D) Three different chemotherapy-non-responder PDCs were treated with indicated concentration of triptolide alone or in combination with 
cisplatin for 24 h. Cell death was measured by Annexin V/PI assay using flow cytometer. Bar diagrams indicated the percentage of cell death from respective treated 
groups (mean ± SEM, n = 3).
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results:
CHT-aR cell lines PDCs pat. samples

inhibition of Mcl-1 by Triptolide (pharmacological) 
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showed promising in vitro Mcl-1 binding. Similarly, cyclin kinase 
inhibitor (35,36), apogossypol derivative Sabutoclax (37) and 
anthracyclines (38) neutralize Mcl-1 and inhibit tumor growth 
in preclinical cancer models. Unfortunately, most of these Mcl-1 
inhibitors have failed to reach the clinic. Using high-through-
put genomic screening approach, Triptolide was discovered 
as a transcriptional repressor of Mcl-1 without affecting the 
expression of other antiapoptotic and proapoptotic proteins 

(28). Triptolide is a diterpene triepoxide isolated from extracts 
of herb Tripterygium wilfordii. A  plethora of preclinical animal 
studies indicated that Minnelide, a water-soluble analogue of 
Triptolide, significantly inhibited tumor growth in various neo-
plasms (39–41). In an ongoing phase I clinical trial, the safety 
efficacy of Minnelide on a panel of solid tumors (gastric, breast, 
pancreatic and prostate carcinomas) (NCT03129139) is being 
evaluated. A  phase II trial has been initiated in refractory 
pancreatic cancer (NCT03117920), where Minnelide releases 

Figure 5. Small-molecule Mcl-1 inhibitor Triptolide restores cell death in chemoresistant OSCC cells. (A) H357 CisR, H357 5FUR and H357 DocR cells were treated with 
indicated concentration of Triptolide alone or in combination with cisplatin or 5FU or docetaxel for 48 h. Cell death was measured by Annexin V/PI staining using 
flow cytometer. Bar diagrams indicated the percentage of cell death from respective treated groups (mean ± SEM, n = 3). (B) Cells were treated as indicated in (A), and 
combination index was calculated using the CalcuSyn software. Combination index < 1 indicates synergistic effect. (C) H357 CisR and H357 5FUR and H357 DocR cells 
were treated with indicated concentration of Triptolide alone or in combination with cisplatin or 5FU or docetaxel for 48 h, and immunoblotting was performed with 
indicated antibodies. (D) Three different chemotherapy-non-responder PDCs were treated with indicated concentration of triptolide alone or in combination with 
cisplatin for 24 h. Cell death was measured by Annexin V/PI assay using flow cytometer. Bar diagrams indicated the percentage of cell death from respective treated 
groups (mean ± SEM, n = 3).

D
ow

nloaded from
 https://academ

ic.oup.com
/carcin/advance-article-abstract/doi/10.1093/carcin/bgy135/5159576 by Library M

edU
ni Vienna (10023370) user on 09 January 2019

- inhibits mRNA expression of Mcl-1 specifically
à synergistic effect to CHT induces apoptosis in Cis-R cell lines
à apoptosis markers significantly increased (cleaved PARP + caspase-3 / NOXA level ↑)

à similarly apoptosis induction in CHT non-responding PDCs !

results:
CHT-aR cell lines PDCs pat. samples

inhibition of Mcl-1 by Triptolide (pharmacological) 



10 | Carcinogenesis, 2018, Vol. XX, No. XX

Triptolide in the blood stream and helps in slowing down the 
tumor growth.

Mcl-1 upregulation is often correlated with acquired re-
sistance against chemotherapeutic drugs (42) in hepatocellu-
lar (43), pancreatic (44) and gastric carcinomas (45,46). In this 
study, we found that Mcl-1 is an important survival factor for 
chemoresistant OSCC. In preclinical models of chemoresist-
ant OSCC, Mcl-1 inhibitor Triptolide restored drug-induced 

cell death and significantly decreased tumor burden in PDX-

bearing mice. A combination regimen of Triptolide with con-

ventional therapy deserves further clinical investigation with 

recurrent advance OSCC.

Supplementary material

Supplementary data are available at Carcinogenesis online.

Figure 6. Combinatorial effect of cisplatin and Triptolide reduced tumor burden in OSCC chemoresistant patient-derived xenograft model. (A) Athymic nude mice 
bearing PDX from three different OSCC chemotherapy-non-responder were treated with vehicle control, cisplatin alone (2.5 mg/kg), Triptolide alone (0.2 mg/kg) or in 
combination of cisplatin (2.5 mg/kg) and Triptolide (0.2 mg/kg). Tumor growth of PDX#1, PDX#2 and PDX#3 was measured in indicated time point using digital slide 
calipers and plotted as a graph (mean ± SEM, n = 5, *P < 0.05 vehicle control versus cisplatin + Triptolide). (B) At the end of experiments, tumor weight of PDX#1 was 
measured and represented in bar diagram (mean ± SEM, *P < 0.05, n = 5). (C) Mouse weight of PDX#1 was measured in indicated time point and plotted as a dot plot. (D) 
After completion of treatment, tumors from PDX#1were fixed with formalin, and paraffin-embedded sections were prepared to perform immunohistochemistry with 
indicated antibodies. Similarly, paraffin sections were subjected to TUNEL assay as described in manufacture’s materials and methods (Promega, G7131).
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- transplantation of CHT non-responders PDCs to mice
- combi treatment of Triptolide + Cisplatin
à far less tumor growth compared to single agent-treated groups !! 

results:
CHT-aR cell lines PDCs pat. samples

inhibition of Mcl-1 by Triptolide (in vivo) 

(+ less TU-weight at the end of experiment)
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tumor growth.

Mcl-1 upregulation is often correlated with acquired re-
sistance against chemotherapeutic drugs (42) in hepatocellu-
lar (43), pancreatic (44) and gastric carcinomas (45,46). In this 
study, we found that Mcl-1 is an important survival factor for 
chemoresistant OSCC. In preclinical models of chemoresist-
ant OSCC, Mcl-1 inhibitor Triptolide restored drug-induced 

cell death and significantly decreased tumor burden in PDX-

bearing mice. A combination regimen of Triptolide with con-

ventional therapy deserves further clinical investigation with 

recurrent advance OSCC.

Supplementary material

Supplementary data are available at Carcinogenesis online.

Figure 6. Combinatorial effect of cisplatin and Triptolide reduced tumor burden in OSCC chemoresistant patient-derived xenograft model. (A) Athymic nude mice 
bearing PDX from three different OSCC chemotherapy-non-responder were treated with vehicle control, cisplatin alone (2.5 mg/kg), Triptolide alone (0.2 mg/kg) or in 
combination of cisplatin (2.5 mg/kg) and Triptolide (0.2 mg/kg). Tumor growth of PDX#1, PDX#2 and PDX#3 was measured in indicated time point using digital slide 
calipers and plotted as a graph (mean ± SEM, n = 5, *P < 0.05 vehicle control versus cisplatin + Triptolide). (B) At the end of experiments, tumor weight of PDX#1 was 
measured and represented in bar diagram (mean ± SEM, *P < 0.05, n = 5). (C) Mouse weight of PDX#1 was measured in indicated time point and plotted as a dot plot. (D) 
After completion of treatment, tumors from PDX#1were fixed with formalin, and paraffin-embedded sections were prepared to perform immunohistochemistry with 
indicated antibodies. Similarly, paraffin sections were subjected to TUNEL assay as described in manufacture’s materials and methods (Promega, G7131).
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results:
CHT-aR cell lines PDCs pat. samples

inhibition of Mcl-1 by Triptolide (in vivo) 

IHC: 
Triptolide inhibits
only Mcl-1 ! 

Cleaved caspase-3 
& TUNEL only in 
combi treatment !



discussion:
CHT-aR cell lines PDCs pat. samples

- reduced apoptotic response as a hallmark of CHT-R 
(by overexpressing Bcl-2 antiapoptotic proteins) 

- but multiple mechanisms of CHT-R (i.e. drug distribution)

- progress in development of inhibitors against Bcl-2, 
but less data about specific Mcl-1 inhibitor

- Triptolide (Tripterygium wilfordii) currently in Phase-2-trials 
on CHT-R pancreatic CA



Pros: 
- high-standard Paper (impact factor 5,2)
- multiple methods and equal supplementary figures
- high quality figures
- In vitro  &  in vivo  assay (PDX-bearing mice) 
- rediscovery of Triptolide for OSCC patients

Cons:
- requires experience in the methods
- confusing hypothetical model (fig. 4H)

evaluation:
CHT-aR cell lines PDCs pat. samples


