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Abstract

The proteasome is a multicatalytic protease complex whose activity is required for the growth of
normal or tumor cells. It has been shown that human cancer cells are more sensitive to proteasome
inhibition than normal cells, indicating that the proteasome could be a target of chemotherapy.
Studies suggest that traditional Chinese medicine (TCM) is an effective approach for cancer
treatment. Here we reviewed several TCMs for their potential in treatment of cancer. This short
review focuses mainly on the TCMs that potentially target the tumor cellular proteasome and NF-
kB pathway whose activation is dependent on the proteasome activity.
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1. INTRODUCTION

The use of traditional Chinese medicine (TCM) for medicinal applications has a long and
distinguished track record. Dating back to 1500’s, Li Shizhen, one of the greatest physicians
and pharmacologists in Chinese history described more than one thousand herbs and their
application toward the treatment of diseases. TCM continues to be practiced worldwide, and
its continued impact on human health and disease may serve as a useful model for modern
drug discovery. Achieving a better understanding of the mechanisms of these antiquated
medicines may help expedite their use in the clinical setting. Here we attempted to discuss
the role of several TCMs in the treatment of human cancer, with special emphasis on tumor
cellular proteasome and NF-kappaB (NF-«B) as putative molecular targets; however we
sincerely apologize to those authors whose work has not been cited in this short review
because of space limitation.

2. CANCER, UBIQUITIN-PROTEASOME SYSTEM AND NF-kB PATHWAY

The ubiqutin-proteasome pathway is responsible for the timely degradation of most
intercellular proteins. First, the targeted protein is marked with a chain of small polypeptides
called ubiquitin. Ubiquitination is mediated by a series of enzymes, called E1 ubiquitin
activating enzyme, E2 ubiquitin-conjugating enzyme and E3 ubiquitin-ligating enzyme [1].
Ubiquitin is activated by E1 ubiquitin enzyme through adenylation and formation of high-
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energy thiol ester bond, and then linked to ubiquitin-conjugating enzyme E2 in an ATP-
dependent manner. The E3 ubiquitin ligase links the ubiquitin molecule to a reactive lysine
residue of a target protein [2]. These polyubiquitinated proteins can then be recognized and
targeted by the proteasome for degradation.

The proteasome is a large proteolytic complex with a molecular weight of ~2400 kDa. The
proteasome is often referred to as the 26S proteasome, and is expressed in both the nucleus
and the cytoplasm in all eukaryotic cells. It consists of one or two 19S regulatory particles
and a 20S catalytic core. The 20S proteasome consists of four stacked rings: two inner beta
rings and two outer alpha rings, each of which consists of seven subunits [3].

The 19S particle (700 kDa) consists of both a lid and a base, which is responsible for
controlling the access of substrates into the 20S proteasome. Furthermore, the 19S particle is
responsible for unfolding and threading the ubiquitinated proteins into the catalytic site of
the 20S proteasome [4]. These diverse actions are fulfilled by multiple subcomplexes of the
19S regulatory particle. For example, in S. cerevisae, the base subcomplex usually contains
8 subunits and six of them are ATPases that provide ATP for protein substrate unfolding [5].
At least nine subunits composing the lid are non-ATPases that are important for 19S
assembly and deubiquitination of ubiquitinated proteasome target proteins [5].

The 20S proteasome hydrolyzes the target protein through three proteolytic activities,
caspase or peptidyl-glutamyl peptide-hydrolyzing (PGPH)-like, trypsin-like and
chymotrypsin-like activities. These activities are mediated through three  subunits, p1
(PGPH-like), B2 (trypsin-like), and B5 (chymotrypsin-like), respectively [6]. In accordance
with enzymes with similar hydrolytic activities, the B1 subunit cuts peptides after acidic
residues, the B2 subunit prefers to cleave after basic amino acids, and the g5 subunit
hydrolyzes after hydrophobic residues. All the three proteolytic activities depend on the
presence of the threonine residue at the amino terminal (Thrl) [7].

The higher level of proteasome activity was observed in tumor cells compared to normal
cells, suggesting the importance of the proteasome in the tumor growth. Indeed, several
antiapoptotic signaling pathways require proteasomal activity for their function. This is
especially true for the pro-oncogenic NF-xB pathway. NF-xB plays an important role in
tumorigenesis via transactivation of genes involved in cell proliferation, apoptosis, tumor
cell invasion, metastasis, and angiogenesis [8]. Constitutive activation of NF-kxB is
commonly observed in many types of cancer [8].

Five members, that are p65 (RelA), RelB, c-Rel, p50, and p52 subunits, have been identified
in the NF-«xB family, all of which contain a REL-homology domain that is responsible for
DNA binding, dimerization, nuclear translocation and endogenous inhibitor of NF-xB (IxB)
binding [9]. They form homo- and heterodimers through combinatorial assembly, but p50
and p52 must dimerize with a transactivation domain-containing member such as p65, c-
REL or REL-B to activate gene transcription [10]. The classic form of NF-«xB is p50/p65
heterodimer. The p50 and p52 subunits are processed from their precursors, p105 and p100,
respectively, through ubiquitin-dependent proteasome degradation pathway. 1xB bind to the
REL-homology domain of NF-«xB through ankyrin repeats, covering the nuclear localization
sequence of NF-kB [9]. Therefore NF-«xB is normally sequestered in the cytoplasm through
association with its endogenous inhibitor 1xB.

Upon stimulation, IkB-a is rapidly phosphorylated by kinase IKK (IxB kinase) composed of
two catalytic subunits, IKK-a and IKK-f, and one regulatory subunit IKK-y [11].
Phosphorylated 1kB-a is specifically recognized by SCFB-T'CP ubiquitin ligase at the 19-
amino-acid destruction motif in residues 21-41 [12] and transferred to the proteasome for
degradation while NF-«B is allowed to be translocated to the nucleus and mediate
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transcription of anti-apoptotic genes. However, accumulation of the IxB-a protein via
proteasome inhibition prevents the activation of anti-apoptotic NF-«xB [13], resulting in
tumor growth inhibition and/or apoptosis.

Patients with multiple myeloma (MM) have elevated circulating proteasome, supporting the
idea of targeting the proteasome for MM therapy [14]. Bortezomib is the first proteasome
inhibitor that entered clinical trials and has been extensively investigated in MM [15].
Remarkable efficacy of bortezomib as a single agent or in combination with other
chemotherapeutic drugs was observed in newly diagnosed or refractory myeloma patients.
Bortezomib also demonstrated effectiveness against lymphoma [15]. Due to the space limit
of this succinct review, we can not refer extensive literature on this topic and we sincerely
apologize to those authors whose work has not been cited here.

3. LEI GONG TENG (THUNDER GOD VINE)

Lei gong teng (Thunder God Vine) is ivy like shrub, named Tripterygium wilfordii Hook F,
belonging to the family Celastraceae. It is indigenous to southern China and has been used
as folk medicine for autoimmune and inflammatory diseases over centuries [16]. This
creeping plant is also called “Seven-step vine”, indicating the high toxicity. Indeed, although
most of the active components are isolated from the root of the plant [17], ingestion of
leaves, flowers, or even the pollens is capable of causing death [18]. Triterpenes and
diterpenes and a number of other bioactive compounds have been isolated from lei gong
teng Lei Gong Teng [19]. Most research was conduced with triptolide and celastrol, the two
major components of lei gong teng.

3.1. Triptolide

Triptolide is predominantly extracted from the tender root of lei gong teng [17]. Triptolide
(PG490) is a diterpene triepoxide (Fig. 1), which is highly oxygenated at the 7,8; 9,11; and
12,13 positions of epoxides. The hydrogen-bonded 9,11-epoxy-14-beta-hydroxy system may
be involved in triptolide’s antineoplastic activity [20]. A study using a 3H-labeled triptolide
showed that triptolide binding was saturable, reversible, and primarily localized to cell
membranes [21]. It inhibited cell growth at low concentrations and induced apoptosis at high
concentrations [22]. Triptolide has not been shown to act as an inhibitor of the proteasome,
but several reports demonstrated that it affected the NF-xB pathway, whose activation is
highly dependent on the ubiquitin-proteasome pathway.

Triptolide inhibited transactivation of NF-kB induced by Tumor Necrosis Factor-a (TNF-ao)
and further blocked NF-xB-mediated induction of the inhibitor of apoptosis c- Inhibitor of
Apoptosis Protein 1 (IAP1) and c-1AP2 [23]. Trip-tolide inhibited NF-xB transactivation
without inhibiting nuclear NF-xB DNA binding activity [23, 24] or even with increased
nuclear NF-kxB DNA binding activity [25]. Further study demonstrated that triptolide
inhibited the binding of p65 to transcriptional coactivator CBP/p300 [26]. Triptolide also
suppressed the phorbol myristyl acetate (PMA)-induced activation of NF-xB, in turn,
inhibited the overexpression of urokinase-type plasminogen activator receptor (UPAR),
which is required for tumor cell invasion [27]. In addition, Triptolide inhibited up to 80%
MRNA de novo synthesis in various tumor cells by inhibiting RNA polymerase | and 11 [28],
indicating that it hits a wide spectrum of targets.

F60008 is a semi-synthetic derivative of triptolide that is highly water soluble, and acts as a
prodrug of triptolide. F60008 is converted to triptolide in vivo following intravenous
administration. A phase | and pharmacological trial was conducted using F60008 given
intravenously as a weekly infusion for 2 weeks every 3 weeks in patients with advanced
solid tumors. F60008 was converted into triptolide, but the conversion was not complete.
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Two patients encountered lethal side effects. High inter-individual variability was observed
[29]. All these suggested that F60008 was not an optimal derivative of triptolide for clinical
use.

3.2. Celastrol

Celastrol is a quinone methide triterpene (Fig. 1) isolated from lei gong teng. It is also
extracted from Tripterygium regeli, a substitute of lei gong teng found in northeast of China
[30]. We have predicted that celastrol is a proteasome inhibitor by molecular modeling and
later confirmed its proteasome-inhibitory activity by in vitro and in vivo experiments [31].
Analysis of atomic orbital energy on celastrol showed that C, on A-ring and Cg on B-ring of
celastrol had a high susceptibility toward a nucleophilic attack. Celastrol could be docked
into the S1 pocket of 5 subunit of the proteasome in a conformation to interact with Thrl,
the active site of B5 subunit at 92% possibility. To provide direct evidence for proteasome
inhibition by celastrol, we performed a cell-free proteasome activity assay using a purified
rabbit 20S proteasome in the presence of celastrol at various concentrations. Celastrol
potently and preferentially inhibits the chymotrypsin-like activity of a purified 20S
proteasome with an ICgq value 2.5 pumol/L. In intact human prostate cancer cells, cellular
26S proteasome was inhibited by celastrol at 1-5 umol/L. The inhibition of the proteasome
activity by celastrol results in accumulation of ubiquitinated proteins and three natural
proteasome substrates (IxB-o, Bax and p27), and induction of apoptosis in androgen
receptor-positive or androgen receptor-negative prostate cancer cells. Treatment of human
prostate tumor-bearing nude mice with celastrol (1-3 mg/kg/day, i.p., for 1 to 31 days)
resulted in significant inhibition (65-93%) of the tumor growth. Multiple assays using the
animal tumor tissue samples from both early and end time-points demonstrated in vivo
inhibition of the proteasomal activity and induction of apoptosis after celastrol treatment.
These results demonstrate that celastrol is a natural proteasome inhibitor that has a great
potential to be used for cancer prevention and treatment [31].

Antitumor activity of celastrol was also observed in other types of cancer. Celastrol
inhibited ~ 60% tumor growth in breast cancer xenograft through NF-«B inhibition [32].
The NF-xB inhibition by celastrol includes inhibition of its DNA-binding activity and
inhibition of proteasome-mediated 1xB-a degradation which was induced by TNF-a or
phorbol myristyl acetate (PMA) [32]. Further investigation showed that celastrol suppressed
the NF-kB activation by targeting cysteine 179 in the 1kB-a kinase (IKK) [32]. Celastrol
was able to potentiate apoptotic effects induced by TNF and chemotherapeutic agents, both
regulated by NF-«kB activation. It suppressed both inducible and constitutive NF-xB
activation. Celastrol was also found to inhibit the TNF-induced activation of 1«xB-a kinase,
IxB-a phosphorylation, 1xB-a degradation, p65 nuclear translocation and phosphorylation,
and NF-xB-mediated reporter gene expression. TNF induced the expression of gene
products involved in anti-apoptosis, proliferation, invasion, and angiogenesis and that
celastrol treatment suppressed their expression [33].

Inhibition of NF-xB was observed in concurrence with of activation of heat shock response,
indicating a potential link between the two pathways [34]. Indeed, celastrol induced
activation of Hsp70, Hsp40 and Hsp27, which was similar as observed in heat shock
treatment [34]. Up-regulation of Hsp70A is a well established cell response to Hsp90
inhibition [35]. Two groups independently reported that celastrol is an inhibitor of Hsp90
[36]. Both groups confirmed that celastrol is different with classic Hsp90 inhibitor such as
geldanamycin. Hieronymus et al. reported that celastrol inhibits ATP-binding activity of
Hsp90 through mechanisms outside the N-terminal ATP-binding pocket of Hsp90 [36] while
Zhang et al. reported that celastrol did not interfere with ATP binding to Hsp90 [37]. The
difference might be from the different experimental conditions. Celastrol disrupted the
interaction between Hsp90 and its cochaperone such as Cdc37 or p23 [36, 37]. Inhibition of
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Hsp90 by celastrol resulted in suppression of its client proteins that play an important role in
tumor initiation and progression. Celastrol also suppressed androgen receptor (AR) that
mediates signaling important for prostate cancer progression [36]. The aryl hydrocarbon
receptor (AhR) is a client protein of Hsp 90, which plays a significant role in polycyclic
aromatic hydrocarbon (PAH)-induced carcinogenesis. Celastrol suppressed AhR expression,
resulting in decreased transctivation of CYP1A1 and CYP1B1, both of which encode proteins
that convert PAH to genotoxic metabolites [38]. Celastrol also inhibited antiangiogenesis by
suppressing vascular endothelial growth factor (VEGF) receptors expression [39].

4. FEN BEI NAN SHE TENG [CELASTRUS HYPOLEUCUS (OLIV) WARB F
ARGUTIOR LOES]

Fen bei nan she teng or Celastrus hypoleucus (Oliv) Warb f argutior Loes is another genus
that belongs to Celastraceae family. It is widely distributed in China and has been used in
the treatment of inflammation and detumescence. Celastrol and methyl celastrol, prestimerin
were isolated from this plant [40]. They are also found in other plants of the Celastraceae
family that are well distributed throughout tropical America [41].

Pristimerin is a natural analog of celastrol (Fig. 1). Not surprisingly, it also targets the
proteasome [42]. Nucleophilic susceptibility and in silico docking studies show that Cg of
pristimerin is highly susceptible towards a nucleophilic attack by the hydroxyl group of Thrl
of the proteasomal chymotrypsin subunit. Consistently, pristimerin potently inhibits the
chymotrypsin-like activity of a purified rabbit 20S proteasome (ICsq 2.2 umol/L) and human
prostate cancer 26S proteasome (ICsq 3.0 umol/L). The accumulation of ubiquitinated
proteins and three proteasome target proteins, Bax, p27 and IxB-a, in AR-negative PC-3
prostate cancer cells supports the conclusion that proteasome inhibition by pristimerin is
physiologically functional. This observed proteasome inhibition subsequently led to the
induction of apoptotic cell death in a dose- and kinetic-dependent manner. Furthermore, in
AR-positive, androgen-dependent LNCaP and AR-positive, androgen-independent C4-2B
prostate cancer cells, proteasome inhibition by pristimerin results in suppression of AR
protein prior to apoptosis. These data demonstrate that the proteasome is a target of
pristimerin in prostate cancer cells and inhibition of the proteasomal chymotrypsin-like
activity by pristimerin is responsible for its cancer cell death-inducing properties [42].
Inhibition of the chymotryptic activity of the proteasome by pristimerin was confirmed by
another group [43].

Currently, it is still not completely clear how pritimerin induces proteasome inhibition and
apoptosis. Pristimerin-triggered caspase activation was confirmed in human breast cancer
cells [44]. MDA-MB-231 cells treated with pristimerin showed rapid induction of apoptosis
through caspase activation, which could be completely prevented by pre-treatment with a
pancaspase inhibitor benzyloxycarbonyl-Val-Ala-Asp-fluoromethyl ketone (z-VAD-fmk).
Treatment of breast tumor cells with pristimerin resulted in a rapid release of cytochrome ¢
from mitochondria, which preceded caspase activation and the decrease of mitochondrial
membrane potential. This process did not depend on Bcl-2 family (Bcl-2, Bcl-XL and Bax)
protein levels and did not require translocation of Bax to the mitochondria. Moreover, the
generation of reactive oxygen species (ROS) in MDA-MB-231 cells was also not affected
by pristimerin [44]. However, pristimerin-induced mitochondrial cell death in cervical
cancer cells was reported through ROS generation [45]. It activated JNK and PARP-1
pathways, resulting loss of mitochondrial membrane potential, and apoptotic cell death. INK
phosphorylation caused Bax mitochondrial translocation, cytochrome c release and caspase
3 or 9 activation. Using NAC to inhibit ROS generation prevents pristimerin-induced cell
death involved in both pathways [45].
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5. ZI CAO (PURPLE GROMWELL)

Zi cao or purple gromwell is the dried root of Lithospermum erythrorhizon Sieb. et Zucc,
Arnebia euchroma (Royle) Johnst, or Arnebia guttata Bunge. It is a commonly used herbal
medicine in China and other countries [46]. Dating back to the 5th century, zi cao had been
used for the treatment of throat sore, burns, cut and skin diseases such as macular eruption,
measles and carbuncles in China [47].

Naphthoquinone shikonin (Fig. 1) is a main component isolated from zi cao. Our
computational modeling predicts that the carbonyl carbons C; and C4 of shikonin potentially
interact with the catalytic site of p5 chymotryptic subunit of the proteasome [48]. Indeed,
shikonin potently inhibits the chymotrypsin-like activity of purified 20S proteasome (ICsgq
12.5 pmol/L) and tumor cellular 26S proteasome (1Csq between 2—16 umol/L). Inhibition of
the proteasome by shikonin in murine hepatoma H22, leukemia P388 and human prostate
cancer PC-3 cultures resulted in accumulation of ubiquitinated proteins and several
proteasome target proapoptotic proteins (IxB-a, Bax and p27), followed by induction of cell
death. Shikonin treatment resulted in tumor growth inhibition in both H22 allografts and
PC-3 xenografts, associated with suppression of the proteasomal activity and induction of
cell death in vivo. Finally, shikonin treatment significantly prolonged the survival period of
mice bearing P388 leukemia. These results indicate that the tumor proteasome is one of the
cellular targets of shikonin and inhibition of the proteasome activity by shikonin contributes
to its antitumor properties [48].

Other studies revealed that shikonin induced different modes of cell death depending on the
concentrations applied [49]. In leukemia cell line HL60, shikonin induced a dominant
apoptosis at <2.5 uM, a dominant necroptosis >10 uM, and a mixed type at 5 uM. When
HL60 cells were treated with shikonin (=10 uM) in the presence of Nec-1, an specific
necroptosis inhibitor, necroptosis was switched to apoptosis [49]. The death mode switch
was at least partially due to the conversion from mitochondrial inner membrane permeability
to outer membrane permeability [49]. In some drug-resistant tumor cell lines, such as
MCF-7 and HEK?293 that overexpressed P-gp, Bcl-2 or Bcl-X|, shikonin induced a
dominant necroptosis, which could circumvent cancer drug resistance [50]. Shiikonin also
down-regulated expression of steroid sulfatase mMRNA and decreased enzymatic activity in
breast cancer [51].

So far, only one clinical trial using shikonin-containing mixture was found in the literature.
In 19 cases of late-stage lung cancer that were not suitable for surgery and irradiation, a
shikonin-containing mixture reduced tumor diameter radiographically in 63.3% of patients,
with a reported remission rate of 36.9%, and 1-year survival rate of 47.3% [52].
Furthermore, administration of the shikonin-containing mixture increased body weight and
appetite of patients. No harmful effects on the peripheral system, heart, kidney and liver
were observed after shikonin treatment [52].

6. JIANGHUANG (TUMERIC)

Spice tumeric (Curcuma logma Linn) has been used in China, India and Southeast Asia for
centuries as food coloring and flavoring agent. In addition, it has a well-documented history
in medicine in China and India [53]. Tumeric is used to treat various diseases, including
respiratory conditions, inflammation, liver disorders, diabetic wounds, cough, and certain
tumors [54].

Curcumin (diferuloylmethane) (Fig. 1) is the yellow pigment derived from the rhizome of
Curcuma longa. It inhibits tumor cell proliferation, invasion, angiogenesis and metastasis,
involved in multiple cellular targets [55]. The tumor cellular proteasome is most likely one
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of important targets of curcumin. Nucleophilic susceptibility and in silico docking studies
show that both carbonyl carbons of the curcumin molecule are highly susceptible to a
nucleophilic attack by the hydroxyl group of the N-terminal threonine of the proteasomal
chymotrypsin-like subunit [56]. Curcumin could inhibit all three proteasomal activities but
with the highest potency to the chymotrypsin-like activity. Furthermore, inhibition of
proteasome activity by curcumin in human colon cancer HCT-116 and SW480 cell lines
leads to accumulation of ubiquitinated proteins and several proteasome target proteins, and
subsequent induction of apoptosis. Finally, treatment of HCT-116 colon tumor-bearing ICR
SCID mice with curcumin resulted in decreased tumor growth, associated with proteasome
inhibition, proliferation suppression, and apoptosis induction in tumor tissues [56].

Many studies have shown that curcumin also targets the NF-xB pathway. Curcumin
suppresses constitutive activation of NF-xB which is often observed in leukemia cells such
as multiple myeloma, mantle cell lymphoma and Burkitt’s lymphoma [57-59] and solid
tumors such as pancreatic cancer [60]. Curcumin also inhibits drug-induced NF-xB
activation that is triggered by many currently used chemotherapeutic drugs. Paclitaxel
induced proteasome-mediated degradation of 1kB-a, which led to activation of NF-xB in
human MDA-MB-231 breast cancer cells. This process could be inhibited by curcumin, thus
resulting in enhanced efficacy of paclitaxel for inhibiting breast cancer growth in vitro and
in vivo [61]. Curcumin reduced gemcitabine-induced NF-xB activation in cultured human
bladder cancer 253JBV cells and abolished the constitutive activation of NF-«xB in the tumor
tissue of orthotopic mouse model, suggesting that curcumin potentiates the effects of
gemictabine, possibly through the modulation of NF-xB signaling pathway [62].

The major problems that limit the clinical applications of curcumin are its poor water
solubility and bioavailability. Indeed, curcumin exhibited poor bioavailability after oral
administration with low nanomolar levels of the parent compound and large amount of its
glucuronide and sulphate conjugates found in the peripheral or portal circulation [63, 64].
Chemotherapeutic effects of curcumin were observed in colon cancer. Administration of
curcumin-containing extract demonstrated radiologically stable disease in 5 out 15 patients
for 2—-4 months [65]. A daily dose of 3.6 g curcumin could significantly decrease levels of
inducible Prostaglandin E2 (PGE2) production and DNA adduct MG formed by
malondialdehyde, confirming that curcumin could be achieved at pharmacologically active
levels in the colorectum of humans [66, 67]. Trails to determine effects of curcumin against
other types of cancers were conducted, showing curcumin was not efficient against the
tumors distant from the locus of absorption [63]. Trials currently underway include an
evaluation of colon cancer patients treated with gemcitabine in combination with curcumin
and celecoxib (NCT00295035; Tel-Aviv Sourasky Medical Center) and pancreatic cancer
patients treated with curcumin combined with gemcitabine (NCT00192842; Rambam Health
Care Campus).

7. BU GU ZHI (PSORALEA CORYLIFOLIA L.)

Bu gu zhi, also called Psoralea corylifolia L. is a plant belonging to the Fabaceae family.
This plant has been used in Chinese and Indian traditional medicine for the treatment of
leukoderma, leprosy, psoriasis, vitiligo, and inflammatory diseases of the skin [68]. Recent
animal studies suggest it potential use to prevent brain aging [69].

More than 35 components have been isolated from bu gu zhi, such as psoralen, isopsoralen,
psoralidin, corylifolin, corylin, corylifolinin, isobavachalcone, corylifol A, and bakuchiol
[70-73], which are abundant in the seed [73]. No monomer of Psoralea corylifolia L. has
been reported to target the proteasome, while the whole extract of this medicinal plant was
found to inhibit the proteasome [68]. Incubation of SH-SY5Y cells with 20 pg/mL of
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Psoralea corylifolia for 24 h significantly inhibited all the three proteasome activities to a
similar level (about 20% lower compared to control). Accumulation of poly-ubiquitinated
proteins was observed in Psoralea corylifolia extract-treated SH-SY5Y cells, supporting the
inhibition of proteasome activities by Psoralea corylifolia [68]. In addition, bakuchiol (Fig.
1), one monomer of Psoralea corylifolia was found to inhibit NF-xB binding activity that
was induced by pro-inflammatory cytokines, interferon y and lipopolysaccharide (LPS) [74].

8. ORCHID DENDROBIUM LODDIGESII ROLFE

Dendrobium loddigesii Rolfe has been commonly used in traditional Chinese medicine as a
tonic to nourish the stomach, replenish body fluid, and reduce fever [75]. Dendrophenol
(4,4'-dihydroxy-3,3',5-trimethoxybibenzyl), also named Moscatilin (Fig. 1) was isolated
from the stem of Dendrobium loddigesii Rolfe [76] and was shown to act as a NF-kB
inhibitor [77]. It inhibited phosphorylation of IxB-a, suppressed nuclear translocation of NF-
kB subunits, p65 and p50, and NF-«B activity. Mosatilin also showed antiproliferative
effects against a panel of tumor cell lines including liver, lung and stomach cancers [75].
Moscatilin induced apoptosis in colon cancer HCT 116 cells through tubulin
depolymerization and DNA damage stress, which lead to JNK activation and mitochondria-
involved apoptosis [78], suggesting the potential clinical anticancer application of
moscatilin.

CONCLUSION

In this review we attempted to focus mainly on the TCMs that potentially target the tumor
cellular proteasome and NF-«B pathway. Medicinal plants have been used as folk medicines
in China for over centuries. Separation techniques allowed researchers to analyze monomer
component or purified compounds from the plant extract of TCM. Development on
molecular biology allowed researchers to dissect the complex network which aberrant lead
to malfunction of normal cell or cancer. To better understand how TCM hit the cellular
targets for disease treatment, scientists tried to identify the molecules that are involved in the
action of TCM.

In tumor cells, high level of the proteasome activity is often observed, suggesting that the
proteasome is essential in tumor growth. Indeed, the proteasome is required for NF-xB
activation which is required for cell proliferation, tumor cell invasion, metastasis, and
angiogenesis. The first proteasome inhibitor Bortezomib has been tested in clinical trials for
several years and significant efficacies against multiple myeloma have been reported in
different setting of trials. The results in some cases have been impressive. There is less
evidence of botezomib’s efficacy against solid tumors. There is therefore interest in
developing the natural proteasome inhibitors from TCMs. Whether TCM target the
proteasome and/or NF-xB pathway has been investigated by using TCM pure monomers or
isolated compounds. Isolated celastrol, shikonin and curcumin have been shown to inhibit
purified 20S proteasome and 26S proteasome in cultured tumor cells and tumor tissues.
Triptolide, celastrol and moscatilin have also been shown to suppress NF-kB pathway. They
inhibited IxB-a degradation, nuclear translocation of NF-xB subunits p65 and p50, and NF-
kB binding activity. These properties entitle these TCM compounds with ability to suppress
tumor growth. Future studies should focus on the molecularly targeted clinical trails using
TCMs.
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ABBREVIATIONS

AR Androgen receptor

AhR Hydrocarbon receptor

EGFR Epidermal growth factor receptor

1AP Inhibitor of apoptosis protein

1B Inhibitor of NF-xB

LPS Lipopolysaccharide

MM Multiple myeloma

NF-xB Nuclear factor kappa B

PAH Polycyclic aromatic hydrocarbon

PGPH Peptidyl-glutamyl peptide-hydrolyzing-like

PMA Phorbol myristyl acetate

PGE2 Prostaglandin E2

ROS Reactive oxygen species

Thrl The threonine residue at the amino terminal

TNF Tumor necrosis factor

uPAR Urokinase-type plasminogen activator receptor

VEGF Vascular endothelial growth factor
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Chemical structures of compounds isolated from TCMs.
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