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A Commentary on: 

Induction of apoptosis by Shikonin through ROS-mediated intrinsic and

xtrinsic apoptotic pathways in primary effusion lymphoma 

By Alam, M.M., Kariya, R., Boonnate, P., Kawaguchi, A., Okada, S.

2021) 

Translational Oncology 14 (2021) 101006 

doi: 10.1016/j.tranon.2020.101006 

Primary effusion lymphoma (PEL) is a rare disease belonging to

he large B-cell lymphoma. It is characterized by an increased neo-

lastic effusion in the patients’ body cavities (pleural space, peritoneal

avity, pericardium) without detectable tumor masses [1] . PEL occur-

ence is frequently associated with immunocompromised states such

s HIV/AIDS and human herpes virus-8 (HHV-8). Despite the effective

se of antiretroviral therapy against HIV/AIDS’s related lymphomas, an

ptimal treatment regimen for PEL cases does not yet exist. Addition-

lly, methotrexate, cycophosphospahmide, doxorubicin, vincristine, and

rednisolone (CHOP) based chemotherapeutic options have been tried

or PEL with systemic toxicity. Therefore, there is a current need to un-

erstand PEL disease biology with the goal of advancing possible ther-

peutics and exploring alternative treatment options. 

Cell death is an essential biological process required to maintain

ormal cellular homeostasis. Apoptosis is a form of programmed cell

eath that is primarily mediated by two pathways: a caspase-dependent

nd a caspase-independent approach. The caspase-dependent pathway

s further divided into intrinsic and extrinsic pathways with the intrin-

ic apoptotic pathway typically triggered in the absence of growth fac-

ors, hypoxia, DNA damage, and irradiation-like conditions leading to

he activation of a tumor suppressor protein p53 [2] . The activation of

53 further leads to elevated expression of cell cycle inhibitory proteins:
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21 (gene: CDKN1A ) and p45 (gene: SKP2 ). This signaling cascade re-

ults in the interruption of the cell cycle directly allowing the repair

f genomic damage before entering S phase or mitosis. If DNA dam-

ge cannot be repaired, p53 induces pro-apoptotic protein (Bax, Bak)

xpression which triggers programmed cell death [2] . Ensuing cellu-

ar apoptotic stress, there is a conformational change at the C-terminal

nd of the Bax protein. This conformational change helps Bax adhere

o the outer mitochondrial membrane. The interaction of Bax and the

itochondrial membrane leads to membrane punctures resulting in the

elease of cytochrome-c, apoptosis-inducing factor (AIF) and endonucle-

se G (EndoG) [2] . The release of cytochrome-c from mitochondria into

ytosol cannot be reversed. Cytochrome-c further stimulates the produc-

ion of reactive oxygen species (ROS) [2] . The elevated ROS level in the

ytoplasm can damage cellular components and induce oxidative stress.

lternatively, the extrinsic apoptotic pathway involves tumor necrosis

actor- 𝛼 (TNF- 𝛼) or Fas ligand (FasL) and their cognate receptors like

NF-R1 receptor. Subsequently, the activated receptor allows the assem-

ly of a cytoplasmic multiprotein complex called DISK (Death-Inducing

ignaling Complex) [3] . This complex initiates the apoptotic cascade

rimarily by activation of procaspase-8 through FADD proteins [3] . The

ctivation of caspase-3, − 6, and − 7 by proteolytic cleavage of caspase-

 induces the cell’s self-destruction by cleaving essential substrates for

he maintenance of cell life. The apoptosis signaling is also facilitated by

he release of ATP or other nucleotides through a channel protein called

ANX1. Activated caspases-3, and 7 use PANX1 protein to mediate their

poptotic activities. 

Shikonin (SHK) is a Chinese herbal medicine frequently used for

ts anti-inflammatory and wound healing effects. SHK is derived from

ithospermum erythrorhizon roots. This has also been shown to in-

ibit human immunodeficiency virus (HIV) type-1 (HIV-1) and cancer
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Fig. 1. Schematic depicting the involvement of extrin- 

sic and intrinsic apoptosis pathways in SHK mediated 

cell death on PEL cells. The extrinsic pathway is trig- 

gered by kinases (p38, JNK, ERK) mediated caspase-3 

activation. Additionally, caspase-8 could also activate 

caspase-3 independent of the kinases mediated activa- 

tion and this route is also considered as the extrinsic 

pathway of activation. This pathway is primarily con- 

trolled by a multiprotein complex called DISK down- 

stream of Fas receptor. Mitochondrial membrane po- 

tential perturbation leads to the intrinsic pathway acti- 

vation. This pathway activates caspase-9 and caspase-3 

inducing apoptosis. 
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ell proliferation [4] by affecting various signaling pathways (MAPK,

I3K/AKT, STAT3) and through activating DNA fragmentation through

poptosis [5-6] . Repurposing SHK for the treatment of leukemia has

een reported previously [7] . Alam et al. [8] for the first time reported

he use of SHK and its therapeutic potential against PEL in vitro and in

ivo model systems. This study employed 5 human PEL cell lines: BCBL-

, BC-1, BC-3, TY-1, GTO, and PEL-xenograft mouse model to show the

nti-tumor effects of SHK against PEL. Based on the findings, SHK specif-

cally induces apoptosis in the PEL cell lines and it is mediated through

aspase-8. As reported in the study, caspase-8 activation is in part due to

he loss of mitochondrial ΔΨm. However, there is a possibility that the

lassical DISK based extrinsic pathway activation might also be involved

n the caspase-8 activation. Furthermore, caspase-3 activation is also re-

orted post SHK treatment. Additionally, SHK disrupts mitochondrial

unction by causing the loss of ΔΨm and activation of caspase-9. This

echanism indicates that SHK activates both the extrinsic and intrinsic

poptosis pathways to kill the PEL cells ( Fig. 1 ). 

The authors have also examined the role of JNK signaling in the in-

uction of SHK based apoptosis in PEL cells. SHK was shown to elevate

he phosphorylation of p38, ERK, and JNK in PEL cells. Furthermore,

NK inhibitor treatment rescued the PEL cells from SHK mediated apop-

otic effects. These results suggest a kinase mediated signaling mecha-

ism in SHK induced apoptosis. Interestingly, major survival pathways

uch as NF-kB, PI3K were not affected by SHK treatment. STAT3 activa-

ion was significantly inhibited by SHK treatment and SHK induced PEL

ell death potentially uses JNK mediated extrinsic apoptosis pathway

 Fig. 1 ). 

The authors showed an intracellular ROS accumulation upon SHK

reatment in PEL cells. Based on pan-caspase inhibitor treatment exper-

ments, ROS generation was a proximal and initiating event of JNK as

ell as caspase-3 activation in SHK-induced apoptosis of PEL cells. The

umor inhibitory effects of SHK were also replicated in the PEL xenograft

odel where a significant reduction in spleen size was observed post

reatment. Overall this study provides evidence of the involvement of

oth intrinsic and extrinsic apoptotic pathways in SHK’s anti-PEL effects

 Fig. 1 ). 

Although the study provides an understanding of the MOA behind

HK’s effects on PEL cells, further investigations will be necessary to

ully understand the translational effects on PEL. Firstly, the authors

ave explored a subset of known survival pathways involved in SHK
2 
nhibitory effects on PEL cells. It will be informative if the following fu-

ure studies could be performed; Given JNK signaling is involved in SHK

nduced apoptosis, it will be interesting to implement a global phospho-

roteomics approach to unlock a system-level understanding of other ki-

ase mediators involved in the inhibitory effects of SHK. A global phos-

hoproteomics study would provide a comprehensive view of cross-talk

etween different kinase networks in PEL cells after SHK treatment. In

he past, a comprehensive phospho-tyrosine signaling study was em-

loyed to understand leukemia initiating mutated granulocyte colony

timulating factor signaling [9] . Secondly, the interesting link between

OS and JNK signaling downstream of SHK requires in-depth under-

tanding by future experiments. The authors provide some insights using

xperimental findings of the perturbation in the ΔΨm. One area where

ollow up studies could provide further cellular insights would be in un-

erstanding how elevated ROS is affecting the mitochondrial membrane

ntegrity (by focusing on functional deficiency in MOMP or mitochon-

rial permeability transition (MPT)) after SHK treatment. Additionally,

he mitochondrial ROS source needs to be explored in connection with

HK induced apoptosis. The cellular glutathione pool acts as a ROS scav-

nger and wards off the apoptosis initiated by increased ROS level [10] .

herefore, a future study aiming to study the cellular ROS homeostasis

nd investigate a correlation between SHK induced increased ROS and

lutathione pool would be informative. It is appreciated that mitochon-

rial membrane integrity serves as a deciding factor on whether cells

o through apoptosis. It will also be interesting to understand if there

s any involvement of mitophagy in SHK treated PEL cells. Even though

53 is not mutated with PEL cases, it is a universal sensor of genotoxic

tress in the cells. Therefore, a future study describing SHK’s effects on

53 protein would be insightful in understanding of the cellular signal-

ng network of PEL cells. Most of the mechanistic studies shown in the

aper, are based on a single cell line (GTO). Therefore, it is suggested to

alidate the mechanistic findings in the other related PEL cell lines in the

uture study. Lastly, in vivo studies only show a single set of experiment

sing PEL xenograft mouse model’s spleen weight. Future experiments

sing colony forming unit (CFU) showing the anti-PEL effects at pro-

enitor cells would be instrumental in understanding how SHK inhibits

EL cells. Additionally, this would provide a window of understanding

f SHK’s MOA at the hematopoiesis level. 

Taken together, this is an interesting study describing the involve-

ent of extrinsic as well as intrinsic pathways in the apoptotic cell death
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[  
nduced by SHK in PEL in vitro and in vivo models. The new findings

rovide unique insights into the mechanism of action of Chinese herbal

edicine: SHK against rare disease PEL and significantly contribute to

he understanding of PEL biology. Based on the in vitro and in vivo stud-

es, SHK does exhibits anti-tumor effects. However, to fully validate the

herapeutic potential as well as efficacy of this herbal medicine, a clin-

cal trial is warranted where it could be tested with or without existing

hemotherapeutic options for PEL patients. The clinical trial-based stud-

es would provide avenues to understand as well as evaluate whether

HK could be used primarily or as a combination therapy along with the

vailable standard of care. Overall, the study provides a unique avenue

here an existing therapeutic entity could be repurposed as a possible

reatment option for a rare disease like PEL. 
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