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Abstract. The morbidity associated with cancer has rapidly
increased in recent years, and in the previous 5 years has had
a tendency to be the leading cause of fatality compared with
cardiovascular disease. Therefore, effective measures are
required with an aim to reduce the incidence. Based on the
results of clinical investigation, a multidisciplinary treatment
strategy for cancer, which includes radiotherapy, chemo-
therapy, surgery, targeted therapy and immunotherapy, are
prominently used in clinical practice. However, the therapies
are insufficient due to multidrug resistance, adverse effects
and the presence of the root of the cancer. Therefore, there is
a necessity to develop more effective or adjunctive therapies
for cancer prevention and treatment. Cancer is now widely
recognized as a systemic humoral disease. Similarly, the func-
tion of herbal drugs is to modulate the whole body system
in a more holistic way. Recently, herbal drugs have been
applied to one of the efficient approaches for cancer therapy.
Furthermore, there is evidence that various herbal medicines
have been proven to be useful and effective in sensitizing the
conventional agents against the various factors at the cellular
and molecular levels that are associated with the occurrence of
cancer and in prolonging survival time, alleviating side effects
of chemotherapy and radiotherapy and improving the quality
of life in cancer patients.
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1. Introduction

The database from the American Cancer Society (ACS)
provides a summary of the current ACS cancer screening rates.
Aside from skin cancer, the major incidence of cancer in 2015
was reported as cancer of the female breast, prostate cancers in
males, and colorectal and lung cancer (1), and according to the
study of Bray et al (2) reported in Lancet Oncology, the inci-
dence of the total cancer cases will increase from 12.7 million
new cases in 2008 to 22.2 million by 2030. Therefore, cancer
specialists have determined that cancer is a life-threatening
disease for future generations (3). Therefore, it is necessary
to implement national cancer control plans to reduce the
burden of cancer risk factors. Increasing attention has been
paid to improve the palliative care and pain relief available
to patients. Even though the skills of surgery, radiotherapy
and chemotherapy, targeted therapy and immunotherapy have
significantly improved, an increasing number of patients are
selecting naturopathic therapy with traditional Chinese medi-
cine (TCM), as they are considered to be multicomponents
and multitarget agents exerting their therapeutic function in a
more holistic way to the whole body system via restoration of
the normal balance and flow in the body, which is believed to
strengthen and enhance the endogenous resistance of the body
to disease and individualization of therapy. In addition, the
approval of three new herbal medicine-derived drugs (ixabepi-
lone, trabectedin and temsirolimus) (4) in 2007 instigated the
consideration of herbal medicines as a source for innovative
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antitumor-targeted therapeutic agents. Worldwide, including
Western countries, TCM has been more accepted for its efficacy
in preventing and treating cancer. Investigations of targeted
therapy with herbal medicines will potentially provide future
discoveries in oncological research. It is estimated that the
United States National Cancer Institute spends ~120 million
USD each year on TCM-related research (5). While, based on
the foundation of the system research of ‘omics’ approach (6),
the occurrence of cancer is known to be based on various
factors, several phases, multigenes and complicated signaling
pathways (7,8). Cancer is considered a chronic health problem,
similar to hypertension and diabetes by the World Health
Organization, and therefore, the optimal effects of treatment
involve improving life quality, prolonging survival time and
alleviating side effects. Therefore, the concept of ‘survival with
cancer’ has been suggested (9). The following is the evidence
reported in preclinical or clinical trials that demonstrates the
mechanism and efficacy of medicinal plants used as adjuvant
treatment for cancer patients (also shown in Table I).

2. Inducing cellular apoptosis

Cell apoptosis is a form of programmed cell death that induces
changes in cellular morphology and intracellular processes
without inflammatory reactions. The procedures of apoptosis
are formed as follows: Receiving apoptotic signals leads to
cytomorphological alterations, the interaction between the
intermolecular apoptotic proteins, activation of the caspase
enzyme that acts upon cytoskeleton proteins, mitochondria,
nuclear membrane or chromatin to cleave proteins and
substrates, causing the DNA to fragment, releasing the cyto-
plasm enclosed by the plasma membrane, eventually leading
to cell death (10-14). Currently, it is known that the extrinsic or
death receptor pathway, the intrinsic or mitochondrial pathway
and the perforin/granzyme pathway are the major apoptotic
pathways to activate caspases (12,15-17). The apoptotic
process is involved in the maintenance of tissue homeostasis,
which can be triggered by a variety of stimuli, including cyto-
kines, hormones, toxic insults and viruses. Once these stimuli
seriously affect the self-homeostasis of the cells, the genes,
including oncogenes, tumor-suppressor genes, suicide genes
and DNA-repair genes, are activated and become cancerous
resulting in the continuous division of the faulty cells. However,
the herbal medicines have an important role in the prevention
and treatment of cancer and execute their multiple therapeutic
effects by inhibiting cancer-activating enzymes, stimulating a
DNA repair mechanism and promoting production of protec-
tive enzymes, thus, showing anticancer effects.

Lin et al (18) investigated the cellular effects of the ethane
extract of Hedyotis Diffusa Willd. (EEHDW) in the HT-29
human colon carcinoma cell. The study reported that EEHDW
inhibited the growth of HT-29 cells by inducing cell morpho-
logical changes, which reduce the cell viability due to DNA
fragmentation and loss of plasma membrane asymmetry, and
also the collapse of mitochondrial membranes, the activation of
caspase-9 and caspase-3 and the increase of the pro-apoptotic
Bax to anti-apoptotic Bcl-2 ratio. Oxymatrine (19) is an isolated
extract from the traditional Chinese herb Sephora flavescent
Ait, and its anticancer effect was examined on human pancre-
atic cancer PANC-1 cells. The results showed its efficacy by

releasing cytochrome c and activating caspase-3 proteins.
Additionally, it downregulated the expression of living and
surviving genes and the Bax/Bcl-2 ratio was unregulated.
The study by Guo et al (20) demonstrated that oxymatrine
effectively suppressed the cell proliferation and phosphoryla-
tion of EGFR (Tyr845), decreased phospho-cofilin (Ser3) and
phospho-LIMKI1 (Thr508) without changing the total cofilin
and LIMKI1 expression to inhibit the migration and invasion
of human gastric cancer cells. Hu ez al (21) studied the efficacy
of the TCM tubeimu on the MDA-MB-453 human breast
cancer cell line. The study reported that the fragmentation of
DNA could be observed by a fluorescence microscope at 72 h
and apoptosis frequently increased when the cells were in a
three-dimensional compared to a two-dimensional culture.
The research regarding the emodin azide methyl anthraqui-
none derivative (22) demonstrates that cytotoxic effects (such
as cell death) are through the arrest of the cell cycle and the
induction of apoptosis in cancer cells. The overall molecular
mechanisms of emodin include cell cycle arrest and apoptosis,
promote the expression of hypoxia-inducible factor la, gluta-
thione S-transferase P and N-acetyltransferase, and induce
glutathione phase I and II detoxification enzymes to inhibit
angiogenesis, invasion, migration and chemical-induced
carcinogen-DNA adduct formation. HER2/neu, CK2 kinase
and p34cdc2 kinase were also inhibited in the human breast
cancer cells.

3. Reversing multidrug resistance

Multidrug resistance (MDR) represents a prominent obstacle
in cancer chemotherapy. Therefore, with the elucidation of
the MDR mechanism, MDR has been associated with an
adenosine triphosphate (ATP)-dependent decrease in cellular
drug accumulation, which is attributed to the overexpression of
certain ATP-binding cassette (ABC) transporter proteins (23).
There are 9 human MDR proteins that are generally members
of subfamily C in the ABC superfamily (23). Although their
structures are different, they share a similar ATP-driven trans-
port mechanism (24). However, due to their different locations,
expression levels and activities, the drug resistance to chemo-
therapy is varied. Using the method for identifying the MDR
mechanisms, there are three major mechanisms of drug resis-
tance known in cells: i) Decreased water-soluble drug absorption,
including folate antagonists and nucleoside analogues, which
require transporters to enter cells; ii) various changes in cells
occur that affect the capacity of cytotoxic drugs to kill cells,
such as alterations in cell cycle, increased repair of DNA
damage, reduced apoptosis and altered metabolism of drugs;
and iii) increased energy-dependent efflux of hydrophobic drugs
that can easily enter the cells by diffusion through the plasma
membrane (25). P-glycoprotein (P-gp), which belongs to the
first identified member of the ABC transporter superfamily of
membrane transport proteins (26), represents the most common
capability of resistance to hydrophobic anticancer drugs by
actively extruding the drugs from the cells, including vinblas-
tine, daunorubicin and paclitaxel. Therefore, patients with MDR
tumor types often only have limited options, but can withstand
significantly high doses (27). Thus, with the evidence that
more new drugs are deriving from herbal medicines, quercetin,
epigallocatechin gallate, curcumin, capsaicin and gingerol have



BIOMEDICAL REPORTS 4: 3-14, 2016

199JJ9 91X0)0}AD oY) UT WSISIAUAS [e1oua3 v paonpoid pue
SONIATIISUISOWAYD JIAY) PAOUBYUD ‘90UL)SISAI SNIP JO UOTOUN) B PIMOYS

sioye[npow d3-J Jo A11Aanoe o) paIRIAQ[[Y

K1anoe ased 1V d3-4 penqryur pue uorssaidxa urayoid pue y AW d3-q
parenSarumop ‘sSnip 1eouednue ajensqns dS-q oy3 Jo uone[NWNIOE IB[N[ILIUL )
SuISBAIOUT BIA S[[90 JOOUERD UO[0D )OSV 0T9MS Surssardxaroro d3-4 ur ueodjouLtr
pue UIIqNIOXOp JO AIOIX0J0JAD AY) PAOUBYUD ‘ONBI XN[JJO UIXOSIIP Y} PISLaIdd
1910wo1d auad (1YIA) [ 2oueISISaI

Snipnnw oy Jo uoniqryur a3 £q d3-4 Jo uorssaxdxa ay) payqmyur ‘xeq pue ¢gd
‘surojoid onoydode-njue jo uorssardxo oy pajenIarumop ‘sisoydode 00 pojoword
pue auoe YAV 01 paredwod A101x0103140 oY) paseaIoul YV PUB QUBIOBULION)
qunse[quIA

Jo A3101X030140 Q) paseaour pue Jdyodsuer xngye Snip-nue 0} d3-q peoueyuyg
aseuny gopaped pue aseuny gD ‘nou/gYHH

Jo K)IATIOR 9U3 JIQIYUI PUB UOT)BWLIOJ JONPPE Y N((-US0UIOIRd PIONPUI-[EIIWAYD pUL
UONRISIW ‘UOISBAUI ‘SISOUAIOITUR JIQIYUI 0} SOWAZUS UONBIYIXO0IAP [ pue [ aseyd
QuoryeIN[S paonpur ‘uoIssaIdxa aseIojSuen[A1908-N pUR J 9SLIQJSULI)-S-auoryieIn|s3
“n1-10308] 9[qronpul-erxodAy pajowoid ‘sisoydode [[90 poonpur ‘9[04 [[90 PAISALIY
uorssardxa (d3-q) urejordooL[3-4

Paonpay] “¢-osedsed pue g-osedsed ‘TAVJ PAIeAnNdE pue ‘qAVd Pue S/

TIVIL PIA/TITIVIL  TEANL Jo uoissardxa ay) pasearour *s[[ad YAV/L-ADN
Jo ooue)sisar 3nip pue sisojdode para33in se [[om se ‘AN[IqeIA [[90 passaiddng

uonejuawsely YN pue sisoidode [[0o paonpuy

(80SIU.L) [T pue (€195) uIyo)
‘(SH8ILL) YIDH Jo uoneLioydsoyd pasearoop ‘uonerojijold [[90 passaiddng *surojord

¢-osedsed pajeAn}or pueR 2 SWOIYD0IAD PAseal ‘g-[og/xeq JO onel ay) paje[n3aidn
‘souag urAraIns oy paje[nsarumop ‘stsoydode [[90 peonpur ‘AJIGRIA [[00 PAIQIYU]
¢-osedsed pue g-osedsed pojeAnoOr ‘QUBIqUIdW

[eLIpuoyo0IW Y} Jo asde[[0d ‘AnswwAse sueiquiow ewseld Jo SSO[ ‘uoneuaWI e}
VN pasned ‘AIIgeIA [[90 paonpal ‘sa3ueyd [ed13ojoydiow [[od paonpuj

KovOlJo padsuryUL pue
Q0URISISAI SNIPINW PISIOAY

Q0URISISAI SNIPHNW PISIOADY

Koeoyjo poourquO
Q0UB}SISAI FNIPHNW PISIOADY

sisoydode [[00 paonpur
“Q0UB)SISAI FNIPHNW PISIOADY

Q0UBISISAI SNIPH[NW PISIOADY
KJ101X0) paONPAI “SIse)sejow

Jowrnj ‘SISQUASOoISue PAAIqIYUI
‘sisoydode 00 peonpuy

stsojdode 1100 paonpur
“00UB)SISAI FNIPHNW PISIOADY

sisojdode [[00 poonpuy

SISEISE)OW JOWIN) PAYIqIyul
‘sisoydode [[00 poonpuy

sisoydode [0 paonpuj

[P0 TA-9X AN

S[[99 [eI[OYIOPUD

Areqides ureiq auroiod
‘BIWSYNS] 000SYAV/INED

S[[90 I100UBD
Uo[02 00dV 0TOMS

(4av/L-40N)
S[[90 100UED JSBAIq UBWNE

S[[e0 CO-d3

S[[90 100U JSBAIq UBWNH

S[[°0 ¥4AV/L-dDON

(ESH-AIN-VAN)
[[99 190UeD JSBAIq UBWNE

[[99 190UBD JL1IISBT

uewiny ‘([[22 [-DNVd)
‘190U®d onearoued uewng

[[99 BWOUIOIED UOJO UBWUNE]

s014

MUDYADY) JO 10BIXD [8I0],
pdipdavN.L

DIPOAZ] WO PIALIID SPIO[eY[B
Jurjozeurnbojopur ‘sauojourng)
(uaysuep) v21y.L1013]1 DIAJDS
WoIJ paje[osI (AUIYSur)OIPAYIp
pue aurysuejo}dAIo

Surpnjour) soUOUIYSUL) AT

(pwnouny)
puizryy] Jo yuauodwod
uret 9Y)) UOIOBWLIdN)

[01o3uI8 pue uroresde)
QATJRATIOP
ouourm3eayjueAyyowr
opIZe uIpowry

WIXCA

11YSOUOYIS) WiN1]j1L] WOIJ
PoIORNXD [[A UtOodDS SLDg

DL Jo nuraqny,

Oy 1u29s24p]] DI0Ydag
WOIJ JOBI)XQ) QULIBWAX(Q)

PIIAM
asnffiq suodpag Jo 1enxyg

KITATIOR JOOUBDIIUL JO QOUIPIAD [BOIUI[D IO [BITUI[OI]

S[9AQ] Je[NO[OW-01q
0] SuIp1099e AoBoyJq

Qwreu Jowng,

sjuauodwod ANy

“JUOWIIEAI} JOOUEBD UI PISN A[UOWIIOD SQUIOIPAW 9SAUIYD) ‘| (e,



NIE et al: MODERN APPLICATION OF TCM IN ONCOLOGY

IOOUED JO SISQUAS0ITUBOAU
pue uorsuedxa ay} J1IqIYuI 03 7NN JO ANATIOR QWAZUD oY) passaiddng

UoISeAUI

puE UOISAYPE [[20 Y3 JIqIyUI 03 - IN pue ngd] Jo uonepeiSap pue uonejiioydsoyd
AU} PaseaIdP ‘PO JO [SAI] ure)oid ) PaIseaIdur oy pue Z#op) ‘1-ovy
‘Jed-D ‘s ‘6-dININ PUe Z-dININ JO S[9A9] VN JeSuessowr pue uorssardxa urejord
SONIATIOR QWIAZUD AU} 918[NSOIUMOP 0} UOIIBATIOR Y/ EId PUe SV payqryuy
Ayranoe Surpulq-yNQ pare[er-1-dv

pue ur)o1d YNY $0J-9 ‘SYNY (e SIND9[d/(AFINDS 1d JO £98d1J2 ) pasealddp
‘(so3-0 pue g-unl ‘unf-0 ‘z,J1V) opeosed JJVIA Ui Jo siojoej [euondrosuen
weansumop 9y Suneanoe Aq unfl-o pue N[ Y Jo uonejAroydsoyd ay) peonpuy
Kemuyped Surfeuss gi-IN oy) e[npow 03 [g-[ pue 9-("T[) UL ‘JOHA
‘6-dINIA “Z-1o9 ‘ qQUIOAD “0Aw-)] souad paje[n3ar (goi-IN) g-I0I08] Jea[onu SnoLeA
Jo uorssardxo oy pare[nSorumop ‘(0-JN.L) P-I030] SIS0I0aU Jown) Jo uononpoid ay)
(RIN-VD) QA PIR[NWIIS ‘UOISBAUI PUE SISOUFOISUR JOWN) ‘[IM0I3 [[90 passaiddng

S3dVIA pue

IV ‘€IVLS se yons ‘skemyped Surreusts ofdnnuw jo uorssaxddns era sisous3orsue
Jowny JIqIyur 03 ‘Y ADq pue ZIADHA ‘s101dooa1 ogroads I1oy) se [[om se

‘(4D:1Q) 10308] MOIS ISL[qQOIqY OISeq “V-IDHA ‘SON [BI[OYIOPUD ‘(SONI) oSeyiuis
9PIXO JLNIU J[QIONPUI SUIPN[OUI ‘SI0JOBJ JIUITOISUL JO UOISSAIAXI AU} PAONPAY
Kemyed Surfeusrs

SIAVIN-8€d U3 YSnoIyy Yvdn pue vdn ‘6-dININ ‘¢-(dININ) dseurdjordoferow
XLIJeW JO UoIssaIdxa ) s8a109p 01 YJVIA 8€d JO 1031qIyur oY} pjeAn)or pue
K1anoe (S[dVIN) @seury urajoid pajeanoe-udsoyiw g¢d oy Suryo0[q BIA SISBISBIOW
Kreuownd oy} pue y3moi3 Jowny passaiddns ‘uorseAur pue uoneIIIW [0 pAIqIyu]
yImoI3

Jown) JIQIYUI 0} [SOH pue [-YoION I JO U0ISSaIdxa oY) pa)qIyuI ‘od1a u1 AJIQeIA
[192 9y} paNqIyuI *£9-1 pue JOHA ‘ISOH ‘ [-Y9ION JO uoissardxa oy paje[nsoy
(V-4DFA) V J3m013 [erjayjopus Ie[nosea ‘Aemyed

Surreusrs HHS 2y} JO 9ud3 39318} 2y} JO uoIssaIdxa oy} pojIqIyur ‘sanssyy Jown) ur
Kemyjed 2y} Jo s10jeIpawl A9y Jo uorssaidxo ay) passaiddns ‘JySrom Apoq Sunospye
JNOYIIM JZIS JOWN) PAONPAI ‘Oala U1 sIsaudgorsue pajiqryur ‘sisoydode [[90 paonpuy

sIse)selow
pue s1soua3orsue pajqryuy

SISe)seIow Jown) JIqIyur o}

skemyjed Jurjeudis Surssaxddns

Aq s1sauagorue pajqryuy

SISQUASOITUR JIqIYUI O)

Kemyyed Surpeudis passorddng

Kemuped Surfeusis
& ssaxddns 03 srsejsejow pue

SISQUAZoISuR Jown) PAIqIYUI

‘sisoydode 00 peonpuy

skemyjed 3urpeudis
possaxddns ‘sisoua3orue
pue Jown) payqryuy

Kemuped Surjeudis

B pUE SISE)SeJoW pajIqryu]
sisoydode

[[99 paonpur ‘Y3MmoI3 Jowny
pue sIsoua3oI3ue pajIqIyu|

Kemyjed Surpeuds v
pue sisouagorsue paIqryur
‘sisojdode [[90 paonpuy

S[[90
BUWIOUIDIED [BUAT UBWNE

‘S[[90 SOV
BUWOUTIDIBOOUIPE
omsed uewiny

[190 zodoH

S[[90 I100UED JseaIyg

JIOOUED [8J09I0]0D

JO [opou 9SNOJA]

S99 T€C- AIN-VAIN

SOSOD

[opow 1JeIZOUdX dsnow
DD “S[[99 190uLd U0[0)

uono029p ueruIng) uason

und[IqoN

0 uruodesoyres pue Vd.L,

pIoR JLIOpoUERL)

Sueny 9z, usld

ureoreg

uo10009p d1fuesurioery

DIPQADQ DIID]]IINOS
JO 10B1)X9 [oUBYIg

KJTATIOR JOOUBDIIUR JO QOUOPIAD [BOIUI[D IO [BOTUI[OI]

S[OAQ[ Je[nd9[OW-01q
03 Surp10ooe Koeoyyq

weu Jowng,

sjuouodwoo QAY

"panunuo) T AqeL,



BIOMEDICAL REPORTS 4: 3-14, 2016

S[[99 ZZH Ul g-osedsed Jo uoIssaIdx oy} paseaIoul ‘UIAIAINS JO

uo1sSaIdX9 9Y) PIsLaIdNAP ‘UOIOUNJ ISAI Ay} JO uonddjoid pue (SUNIWOA pue easneu
“BOUIIRIP) S109JJQ OpIS [BUNSIIUIONSES JO UONBIAJ[[R PUB SUOTIOJUT JoeI) A10jeridsar
0) 90UR)SISAI SB [[oMm SE ‘BIXayoed Jo swojdwAs oy pue ured ondnej paje[o1-100ued
PAONPAI ‘SAPNYS [BITUI[D Pue [ed1UI[02Id 9Y) WOI) UOIIOUNJ WIISAS dUNWWI Y}
poouryua pue dewep ) SuTuass9| Aq paruedwoooe Juswear) snnadeayjoner
pue -owayd JO ANMANISUIS Y} paseaIdul ‘uolssardord sown) passarddng

SQuI[ [[99 [ewLIOU 0} paredwod SAUI [[99 IJULBD UO YIBAP [[20 PIONPUL ‘04414 UJ
“XOd pue X.ID 01 paredwod A1101X0) UBSIO Pue SSO[ JYFIom JNOYIIM SISBISBIow
I90ued Junj pAqIUuI ‘X YPim paredwod 951w uLIeag-Iown) Jo [BAIAINS Y}

pa3uojoid pue A)1Anoe druaFor3ueniue pAIqIYX? ‘IYIIom pue 9ZIs Jown) paIqIyuy
SISOUQSOISURTIUL PUB UOIIB[NPOWOUNTUIWI

‘uonei3runue ‘uorseaur-nue ‘sisojdode [[90 paonpur ‘Jsarre J[OAD [[9 ‘04414 Ul puB
oa1a u1 (s[[92 10ssaxddns 1) 8D pue (s[[ed 1adjoy 1) .+aD ‘(@kooydwA] 1) .£aD
pue (S[[99 MN) +9SAD PIseaIoul ‘S[eLn [eIMUI]D Ul D-IN.I, PU® [-] JO S[9A] 3y}
PaseaIdap pue A-NT pue 9-I ‘-1 wse[d JO UOT)RIIUSOUOD UBSW ) PISLAIOU]

J1-1 pue -gNLL JO
uondONpPUI AY) PASLAIDUL PUe ‘41D PUL q] [ D St Yyons ‘sioxtew adejins a3eydoioew

oygroads I sT[ed oYI[-a8eydoIoet ojur [-JH.L JO UOTIBIUIAMJIP Y} PAIBATIOR
‘o714 uJ "0-INL PUe A-NAT ‘Z-TI St Yons ‘od1d u1 SaUnjo3kd Ao ay) paoueyuy
judwdoroasp

JIQ0UED UOJ0d AB[Op 03 S[[90 QA pue [N JO UOIIBANOE PISBAIdUI ‘A-NT JO
uononpoid SurseaIout Ym S[[ed I, ,(D dYyroads-3y Jown) Jo Ioquinu ) PIseaIour
pue S[[20 I, .8D PU® ,H D Jo uonerajrjoxd pue uoneanoe oyroads-3y paoueyuyg
QUEBIQUISW [[9D 9} UO UI[NIIAI[BD dURYUS pue Y urdjoid pojear-ureyo

1 SSe[d DHIA Pue [HLG JO uorssaidxa ay) 9sea109p 0} G()/ QUISOIA) UO UOTJBATIOR S)I
nquyur o) ¢IVLS e[Lioydsoydep ‘31-gvy pue [HLE ‘IDHA JO S[2A] uoIssardxo
Q) 119AUT 0} SANSST) JOWN} OJUT S[[2D N PUe I, ‘D JO JUUNINIDAI 9y pajowroxd
‘O YIIM J02IIPUL JO JOIIP “S[[0 19oued Jo sisoydode oonpur 03 AJI91X010JA0 PAlIaXy
S[9AQ] D-NAT PU® ¢-gINLL PUB S[[29 1.QA JO AJI01X010340 [ QA Terjoyidoenur

[eunsaur Jo AJ1Anoe oY) paroidur ‘SToAd] VNIW IO pue Sed “O-NL[ 9Y} PoseaIou]

Kyrenb oj11 paaordwr pue
$309JJ9 9pIs A}JIOIX0} paonpar
‘KoeoyJo PISUBYUD ‘UOnoUNy

QunuIwy AY) pAdueyUYg

KJ101X0) paONpal pue AoedyJo
paduBqUR ‘sISe}sejownue
‘sIsoua3oIguenue

‘sisojdode [[90 paonpuy

sIsoudgolguenue
pue siselseyownue ‘sisoydode
1[99 PRONPUI ‘SAMIATIOR

AIOJe[NpOWOUNUIWIT PAdUBYU

SONIATIOR

AIOje[NpOWOUNUIWIT PAdUBYU

SONIATIOR

AIOje[NPOWOUNUIWIT PAdUBYU

sonIAnoR

K10)R[NPOWOUNWIWI PIOUBYUH

SoNIATIOR

AI0JR[NPOWOUNUIWIT PAOUBYUE

S[[99 ZH pue sjuaned
Uo S[eLI) [edIuI[)

S[opow asnow
ur JQdued Jung

04714 U1 S[[AD UI
pue od14 u1 sJopow
9SNOW UI ‘[BLI) [ROTUI]D
e ur syuanjed 100ue))

S[[99 I20UEBD URI[EWWIRW PUL
S[opOwW IJownN} 3SNOJA

I /g 1vd
3UuLIBag-190ULBd UO[0d

PUE [[90 JOOUEBD UO[OD)

SI[°9 DA PUe [06L-DDS

QoTWI JULIBSQ-BWOJIES ()Y]S

uonoarfur gre[uey]

pue uonoafur

nsusyoeny ‘Suosurld
‘oLIouLINg ‘snesensy
(visnpp sniodSjoq

puv 1gol-vu1o0] x10)
‘vppydasosovu sapojf1ov.ay
‘pqps1douig uistadwod
$QI9Y [RUIDIPAW ASAUIYD)
Joamxtw e) O]

(ewropoues prony)
WNp1oN] DULIZPOUDL)

DIDJININD DISDIO]Y

$S-UNoA] 01PSI

UuruoSopn

sopLeyooesAjod snje3ensy

KITATIOR JOOUBDIIUE JO QOUIPIAD [BOIUI[D IO [BITUI[OI]

S[OAQ] JB[NO[OW-01q
0] SuIp1099e AoBoyJq

owreu Jowng,

sjuauodwod ANy

"panupuo) ' AqeL,



NIE et al: MODERN APPLICATION OF TCM IN ONCOLOGY

uorssarddns molrew auoq pue agewep uondUNJ ISAI[ ‘S109JJ

opIs [eunsajuronses surpnpour ‘Aderayjorper pue -owayd Aq pasned suonedrdwod
PUB S1091J9 9PIS AY) pAoNPal pue AoedyJo oY) padueyud AdeIoyjorpelr 1o -owayd
YIIM UOHBUIQUIOD U JAHD ‘S[BLN [edrul]d ur ewopaydwA| pue SUnruoA ‘easneu
“eoyarerp ‘oiadde ‘ured ‘on3nye] se yons ‘swoydwks uonerodolsod ay) paroxduy

sjuenjed 100uLD JunN| [[90 [[BUWIS-UOU PAOUBAPE UI SNje)s adurwiofrad Aysjourey]

o) paaordwr pue osuodsal Jown) SILIPAWWI PIOUBYUD ‘OWI) [BAIAINS paguojoid
K3101%0) AdRIoiowayd paonpaI ‘A-T Jo sopeid A1o1xo) Je Aderoyjowayd Iopun
syuanyed ur s3o191e[d puE UIGO[FOWAY JO UI[IIP Y} pAIUAAI ‘A T[] JO SOpRIZ A)191X0)
e SUNIWOA pue Basneu paonpar AdeIayjowayd [RUOTIUSAUOD Y)IM PAUIqUOD NHD
J[osnNW SNIWUAUI0IISES JOo/pue SSLIIRD

JO S9SSO[ pUE SISSBW JOWN] PAseaIddp ‘[ -urd)oid 103uy HNIY 9[osSnw pue - IN
JO S[oAQ] uoIssaIdxa 9y} paseardap ‘oia uy “swoydwAs |-urjoid jueoeieowWayd
91A00U0W AY) PASBAIIUT Puk AJIDIX0J0IAD [N PUB OIFeI ZUL/TU.L Y} PIsearour
uoneurquod sy} ‘swojdw4s onosyoed Ym Aderoyjowayd ur pajeSIISoAUl ‘oald uf
UONBAT}OR QU3

pare[n3aI-gi-, N PoIR[NIIUMOp pue SISLISLIdU ‘UuoneIdjIjoid [[90 payqIyur ‘o4j1a u1
Aderoqiowayd paseq-NJ-S JO AIAOR AU} PIZNISUISOWAYD ‘JUAWILAI) ) UIDAWOIIW
JIM S[eLI) JeWIUR JO WNISS AY) UT aseuresuer) o1anIAd orwrein[S/eseurtesuen
OT}20B[BXO0 OTWERIN]3 pue USZOIIU BAIN POO[Q/SUIUNEAID JO UOT)OUN]

Kaupry ay) paroaduwr ‘uorssaxdxa xeq/z-[0g paoueyua ‘sisoydode [[90 paoueyuyg

“K3101%0)
poonpal ‘Koedyjo paouryuyg

Kyrenb 9j11 paaoadur ‘A3101x0)
paonpar ‘KoedyJe pasueyuyg

K3101X0)
PadNpaI ‘AJTunwItiI paouryU

Kyrenb oy paroxdwr
‘KoeoyJo POOUBYUD ‘SISeISelow
Jown) ‘s1sojdode 190 paonpuy

Kypenb

1] paaoxdwr ‘Aderayjorper
10 -OWaYd YPIM pue
K1931ns 3uImMO[[0} sjudneq

sjuanyed 1ooued Sun|
[[99 [[BWS-UOU PAOUBAPY

O4J14 U1 pUp OAla Ul
(OT1) ewourored unj SIM

(D)D) S[192 10ULd
[819310]03 amﬁovoE
“I90UBD [RWIUR ‘S[[30 L-IDIN

suonoalur

Jue[3uey] pue Juayzny
‘tbuoyg ‘nsueyoeny ‘gy-[1,
‘uery 1z ueq ‘tbSueny
‘3uosuIg ‘ourosor pue ULIBWNOD
‘906 AHd ‘SuBL-1Z-unf-ny
(vsnffip vipuvjuap)Q pue
DLIOG dD21YAILIK]0) XIPDY
‘siwododorydy xipvy
‘opoydouapy xipvy
‘smpSv.usy xipry) (INHD)
QUIDIPAW [eQIAY ISAUIYD)

Sue] -10-1X-NYS-3uId)
pue s1sU21p21q D1IV]]IINIG

urnoIny)

AJTIATIOR JOOUBOTIUE JO 9OUSPIAD [BITUI[D JO [EOTUI[OI

S[OAQ] JB[NO9[OW-01q
0) Surpioooe Koeoyjyg

dwreu Jowng,

sjuouodwod 9A1OY

"panunuo) ‘1 9[qeL



BIOMEDICAL REPORTS 4: 3-14, 2016 9

become promising candidates (28) as they overcome MDR
potency in antitumor treatment. They act as MDR inhibitors,
MDR modulators, MDR reversal agents or chemosensitizers
to reverse the resistance against anticancer drug (25-30).
Therefore, increasing studies are focusing on exploiting MDR
reversal compounds from medicinal plants, as they have low or
no side effects for use in cancer treatment (29), to bypass drug
resistance in treating cancer, and eventually medicinal herbs
may be applied in the future in cancer adjuvant therapy.

Capsaicin (8) and gingerol (8) have been reported to
exhibit inhibitory effects on human P-gp. They increased the
intracellular concentration of P-gp substrates by inhibiting this
anticancer drug efflux transporter. MDR carcinoma KB-C2
cells were more susceptible to the cytotoxicity of vinblastine, as
compared with vinblastine alone, when simultaneously treated
with 50 #M capsaicin or gingerol (31). Therefore, capsaicin and
gingerol can partially reverse MDR in cells that express P-gp.
Germacrone (32), the main component of Rhizma curcuma, was
tested on MCF-7/adriamycin (ADR) MDR human breast cancer
cells. The combination of germacrane and ADR increased the
cytotoxicity when compared with ADR alone, and promoted
cell apoptosis in a dose-dependent manner. The apoptotic effect
was enhanced with ADR, as analyzed by downregulating the
expression of anti-apoptotic proteins p53 and Bax. In addition,
germacrone inhibited the expression of P-gp by inhibiting the
MDRI1 gene promoter. Tao et al (33) investigated the reversal
of P-gp in colon cancer cells by five tanshinones isolated
from Salvia miltiorrhiza (danshen), the result demonstrated
that only cryptotanshinone and dihydrotanshinone decreased
the digoxin efflux ratio in a dose-dependent manner and they
enhanced the cytotoxicity of doxorubicin and irinotecan in
P-gp overexpressing SW620 AD300 colon cancer cells by
increasing the intracellular accumulation of the P-gp substrate
anticancer drugs, which possibly downregulate the P-gp mRNA
and protein expression and inhibit P-gp ATPase activity.
Paris saponin VII (27), a type of saponin extracted from
Trillium tschonoskii Maxim, dose-dependently suppressed cell
viability, as well as triggered apoptosis and drug resistance of
MCEF-7/ADR cells. Furthermore, it also increased the expres-
sion of TNFR1, TRAILR1/DR4, TRAILR2/DRS and FADD,
and activated PARP, caspase-8 and caspase-3. By contrast, the
P-gp expression and activity were reduced. Quinolones, indolo-
quinazoline alkaloids that are derived from the plant medicine
Evodia ruaecarpa, were tested on CEM/ADRS5000 leukemia
and porcine brain capillary endothelial cells. The results
showed that the quinolones are moderate modulators of P-gp
activity (34,35). Additionally, the drug resistance index of the
total extract of Carthami Flos (CF) in MDR KB-V1 cells and
its synergistic effects with other chemotherapeutic agents were
studied. The results revealed that CF showed a drug resistance
index, according to the classic isobologram equation. However,
in combination with other chemotherapeutic agents, it enhanced
their chemosensitivities and provided a general synergism of the
cytotoxic effect (36).

4. Comprehensive efficacy on angiogenesis, cellular signal-
ing pathway and metastasis

Angiogenesis is the formation of new blood vessels and is
a complex and regulated process that involves a number of

intercellular pro- and antiangiogenic signaling pathways. These
pathways control the activity of blood vessel-associated cells,
including endothelial cells (ECs) and pericytes (37), which is
formed by the initiation of cell proliferation and migration
in response to angiogenic stimulators: Vascular endothelial
growth factor (VEGF), fibroblast growth factor-2 (FGF-2),
interleukin-8 (IL-8), placental growth factor (PIGF), trans-
forming growth factor-f (TGF-p), platelet-derived growth
factor (PDGF), nitric oxide (NO), ephrins, angiopoietins, endo-
thelins, integrins, cadherins, chemokines and Notch (37-39).
The crosstalk among the overexpression of growth factors,
hypoxia-inducible factor and the dysregulation of tyrosine
kinase receptors is controlled by the phosphoinositide-3-kinase
(PI3K)/Akt/mTOR (40), Ras/Raf/ERK/mitogen-activated
protein kinase (MAPK) and hypoxia-inducible factor (HIF)
regulatory pathways (41,42). The complicated formation of
angiogenesis has provided a platform for tumor metastasis.
The tumor hypoxia-induced epithelial-to-mesenchymal
transition (EMT) also increased the metastatic phenotype of
tumors (43). When oxygen and nutrients are supplied to the
tumor cells, angiogenesis has an important role in the growth,
invasion and metastasis for the tumor. Therefore, when the
tumor microenvironment has been converted by angiogen-
esis, antiangiogenesis becomes a challenge for antitumor
treatment. Therefore, numerous studies have inhibited tumor
angiogenesis from four aspects (37,38,42): One is restraining
the inhibitor of tumor angiogenesis degraded by the basilar
membrane, and the second is inhibiting the inhibitor of tumor
angiogenesis for increasing endotheliocytes. The third is
preventing the activation of the growth factor that is associ-
ated with tumor angiogenesis. The final aspect is inhibiting
the signaling pathways associated with tumor angiogenesis.
However, the efficacy is unilateral, which may be insufficient
and possibly generate drug resistance (44). Therefore, these
problems highlighted the necessity for the exploitation of novel
anticancer agents. However, there is numerous evidence (41)
that has proved that plant-derived medicinal compounds may,
in a number of cases, be at least as effective in blocking angio-
genesis as the currently used synthetic drugs, which exhibit
only a fraction of the side effects. The following are examples
of the plant-derived medicinal compounds.

The TCM Scutellaria barbata is commonly used
in cancer treatment. The ethanol extract of Scutellaria
barbata (45) was able to induce apoptosis of the colon cancer
cells and inhibit angiogenesis in a chick embryo chorioal-
lantoxic membrane model. In a colorectal cancer cell (CRC)
mouse xenograft model in vivo, it could reduce tumor size
without affecting the body weight and suppress the expres-
sion of key mediators of the Sonic hedgehog (SHH) pathway
in tumor tissues. The expression of the important target gene
of the SHH signaling pathway, vascular endothelial growth
factor A (VEGF-A), was also inhibited, which has an impor-
tant role in stimulating tumor angiogenesis. The study of the
xiaotansanjie decoction (46) in regulating the expression of
Notch-1, Hesl, VEGF and Ki-67 was measured by western
blotting and reverse transcription-polymerase chain reaction
and the cell viability was measured by the MTT assay. The
data revealed that cluster of differentiation (CD) 44+ gastric
cancer stem cells (GCSCS) showed more cell proliferation
and VEGF secretion compared to CD44" cells in vitro,
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whereas in vivo, the CD44* GCSCS had a high expression
of Notch-1 and Hesl, which was positively associated with
tumor growth. The study by Wang et al (47) reported that
baicalin not only dose-dependently inhibited MDA-MB-231
cell migration and in vitro invasion, but also suppressed
the growth of the tumor and the pulmonary metastasis via
blocking p38 MAPK activity and activated the inhibitor of
p38 MAPK which decreased the expression of matrix metal-
loproteinase-2 (MMP-2), MMP-9, urokinase plasminogen
activator (uPA) and uPA receptor through the p38-MAPK
signaling pathway. Pien Tze Huang (48) was tested on a
mouse model of colorectal cancer and the treatment reduced
the expression of angiogenic factors, including inducible
NO synthase (NOS), endothelial NOS, VEGF-A, basic FGF
(bFGF), as well as their specific receptors VEGFR2 and
bFGFR, to inhibit the tumor angiogenesis via suppressing
multiple signaling pathways, such as STAT3, AKT and
MAPKSs. In addition, based on the investigation of ganoderic
acid Me (GA-Me) (49), the growth, angiogenesis and invasion
of breast cancer cells were suppressed. By contrast, tumor
necrosis factor-o (TNF-a) was stimulated. Furthermore,
GA-Me downregulated the expression of various nuclear
factor-kB (NF-kB)-regulated genes (C-myc, cyclin D, BCL-2,
MMP-9, VEGF, IL-6 and IL-8) to modulate the NF-xB
signaling pathway. Saikosaponin (50) was investigated on the
HepG?2 cell line and the results revealed that phosphorylation
of ERK was significantly induced by TPA and saikosa-
ponin a, whereas the phosphorylation of JNK was induced
only by TPA and the phosphorylation of P38 was not induced
by either. This reaction was derived from the activation of
the downstream transcriptional factors of the MAPK cascade
(ATF2, c-jun, jun-B and c-fos). However, the inhibitor could
decrease the efficacy of pl5 (INK4b)/pl6 (INK4a) RNAs,
c-fos RNA protein and AP-1-related DNA-binding activity
by TPA and saikosapanin, and c-jun phosphorylation was
only reduced by TPA. A study of nobiletin (51) treatment
of human gastric adenocarcinoma AGS cells reported an
inhibition of the activation of focal adhesion kinase and
PI3K/Akt, which are involved in the downregulation of the
enzyme activities, and protein and messenger RNA levels of
MMP-2, MMP-9, Ras, c-Raf, Rac-1, Cdc42 and RhoA. The
protein level of RhoB was progressively increased, whereas
treatment decreased the phosphorylation and degradation
of inhibitor of kBa (IxBa) and the nuclear response element
of NF-«kB also exerted inhibitory effects on the cell adhe-
sion and invasion. The TCM Gegen Qinlian decoction (52)
significantly suppressed the enzyme activity of MMP-2 in
human renal carcinoma cells to inhibit the expansion and
neoangiogenesis of cancer.

5. Regulating the immunomodulatory activities

To an extent, tumors produce a number of tumor antigens,
which are the primary triggers of the immune response. They
are activated via a major histocompatibility complex (MHC)
and the T cell response. In the process of immunosurveillance,
they trigger T-cell activation to recruit other immune effector
cells with the expression of co-stimulatory molecules and
secretion of chemokines and cytokines to regulate different
aspects of the immune response, including Thl CD4 T cells

that activate CD8 T cells, and subsequently CD8 T cells are
activated by direct antigen presentation, via MHC class I or via
CD4 T-cell-mediated activation. The tumor cell is ultimately
destroyed by direct cell-mediated cytotoxicity, as well as an
indirect antibody complement-mediated cytotoxicity (53).
However, the majority of tumors have been demonstrated to
lose the expression of MHC molecules, resulting in the loss
of presenting tumor antigens, thus evading T-cell recogni-
tion (40,53). In addition, when the balance of the immune
checkpoint was destroyed, certain tumors upregulated
inhibitory molecules to evade the immune response (40).
Due to the strong heterogeneity of cancer, exploring novel
effective drug targets and therapeutic strategies to over-
come the problem is required. TCM, with a long history
of treating various diseases through modulating the human
immune response, offers a potential to be a remedy of the
new immunomodulating regimen for cancer treatment. They
exert broad immunostimulatory activities by recruiting and
activating different types of immune cells, such as dendritic
cells (DC), natural killer (NK) T-cells, T cells, macrophage,
monocytes (54-56) and adjusting the production of cytokines
(IFN-a, IL-2, IL-6 and IFN-vy) (54,57,58) to fight against the
tumor cells.

In the study of astragalus polysaccharides (59) conducted
on S180 sarcoma-bearing mice, the IFN-a FasL and GrB
mRNA levels were increased and the activity of intestinal
intraepithelial y8T cells in vivo was also improved. The
cytokine production and cytotoxicity of ydT cells and the
levels of TNF-B and IFN-a were all markedly improved
following treatment. The study of wogonin (54) treatment
revealed that it exerted cytotoxicity, directly or indirectly
with DC, to induce apoptosis of cancer cells (SGC-7901 and
MFC cells). The treatment also promoted the recruitment of
DC, T and NK cells into tumor tissues to invert the expres-
sion levels of vascular endothelial growth factor, B7H1,
and RAE-1¢ in tumor tissues. Additionally, the treatment
also dephosphorylated STAT3 to inhibit its activation on
tyrosine 705 in tumor cells, which contributed to a decrease
in the expression of B7H1 and MHC class I chain-related
protein A and the enhancement of calreticulin on the cell
membrane. Notably, these data indicated that wogonin could
be used in collaboration with a DC vaccine or activated
lymphocytes for tumor therapy. In addition, active chinese
mistletoe lectin-55 was tested on colon cancer, and the
results demonstrated that it enhanced antigen (Ag)-specific
activation and proliferation of CD4* and CD8* T cells and
increased the number of tumor Ag-specific CD8" T cells with
increasing production of IFN-y. Of note, the treatment with
ACML-55 (58) also showed increased activation of innate
lymphocytes, such as NK and ydT cells. These immune
responses significantly delayed colon cancer development
in colon cancer-bearing BALB/C mice. Alocasia cucullata
(AC) (57), a Chinese medicine, was investigated on mouse
tumor models cultured in mammalian cells, and the results
showed that its antitumor effect was closely associated
with a strong induction of key cytokines in vivo, such as
IL-2, IFN-y and TNF-a. AC activated the differentiation of
THP-1, a human monocytic cell line, into macrophage-like
cells in vitro, accompanied with specific macrophage
surface markers, such as CD11b and CD14, and increased
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the induction of TNF-a and IL-1p. All these data verified
the potential of AC to be an alternative immunomodu-
lating herbal remedy for anticancer treatment. Ganoderma
lucidum (lucid ganoderma) (60), a traditional Chinese herb,
has been used extensively in East Asia for one thousand
years. Compounds of the extraction of Ganoderma lucidum
mixed in PC-SPES (61,62) were administered to cancer
patients in a clinical trial, in mouse models in vivo and in
cells in vitro. In the prostate cancer patients, it improved the
immunostimulating response with an increased concentra-
tion of plasma IL-2, IL-6 and interferon-y, and it enhanced
the natural killer cell activity and decreased the production
of plasma IL-1 and tumor necrosis factor-a. Simultaneously,
in patients with advanced-stage cancer in a clinical trial,
the statistical results showed that following surgery, the
patients undergoing oral administration of lucid ganoderma
extract for 12 weeks exhibited a significantly increased
mean concentration of plasma IL-2, IL-6 and IFN-vy, and
significantly decreased levels of IL-1 and TNF-a. There was
also a significant increase of CD56* (NK cells) and a small
increase of CD3* (T lymphocyte), CD4* (T-helper cells) and
CD8* (T-suppressor cells) with unchanged CD4:CD8 T-cell
ratios, which were induced by the lucid ganoderma extract
as compared to the baseline levels (63). With regards to the
in vitro and in vivo studies, the anticancer mechanism of
lucid ganoderma treatment against the growth of different
cancer cells appeared to be mediated by cell cycle arrest,
apoptosis, anti-invasion, antimigration, immunomodulation
and antiangiogenesis (60). This evidence greatly supported
the anticancer potential of lucid ganoderma.

6. Enhancing the efficacy, reducing toxicity and improving
the quality of life for patients

Over a few decades, systemic chemotherapy and radio-
therapy have been the optimal treatment options for the
tumor patients owing to the limitations and drawbacks (9)
of surgery, including patients that are diagnosed too late
to undergo surgery and a number of complications occur-
ring following surgery. However, the major problem in
cancer chemoradiotherapy is the prolonged toxicity of the
well-established chemical drugs or the radioactive rays that
resulted in numerous side effects and complications, including
pain, diarrhea, nausea, vomiting, hair loss and hepatotoxicity.
Even in advanced stages, certain patients show a syndrome
of cachexia (64), which leads to a poor quality of life. Thus,
the complementary and alternative medicines have become
a preference for patients. Consequently, there is certain
evidence in pre-clinical and clinical trials that has proved
that TCM can enhance the efficacy and reduce toxicity with
chemoradiotherapy and improve the quality of life and func-
tional status of patients.

The study by Zhang et al (65) compared the efficacy of the
TCM herbal mixture LQ (66) (a mixture of Chinese medicinal
herbs, comprising Sinapis alba, Atractylodes macrocephala,
Coix lacryma-jobi and Polyporus adusta) against lung cancer
in mouse models using doxorubicin (DOX) and cyclophos-
phamide (CTX). LQ inhibited the tumor size and weight
measured directly, as well as by fluorescent-protein imaging
in subcutaneous and orthotropic experimental metastasis and

angiogenesis lung cancer mouse models. Spontaneously, LQ
had antiangiogenic activity and prolonged the survival of
tumor-bearing mice compared with DOX. LQ was efficacious
against primary and metastatic lung cancer without weight
loss and organ toxicity, whereas CTX and DOX had opposing
outcomes. In vitro, the study proved that LQ had the potential
to induce cell death on cancer cell lines compared to normal
cell lines. With regards to a review of Chinese herbal medi-
cines (CHMs) (67) (astragalus, turmeric, ginseng, Huachansu
injection and Kanglaite injection), data revealed that they
have significant advantages in suppressing tumor progression,
increasing the sensitivity of chemo- and ratiotherapeutics
accompanied by lessening the damage of the treatment and
enhancing the immune system function of the organism
from the preclinical and clinical studies. Additionally, they
reduce cancer-related fatigue and pain and the symptoms of
cachexia, as well as resistance to respiratory tract infections,
alleviation of gastrointestinal side effects (diarrhea, nausea
and vomiting) and protection of the liver function. The expres-
sion of survivin was also decreased. However, the expression
of caspase-9 increased in H22 cells. Furthermore, in the study
of Zhou et al (68), mitomycin C (MMC) and curcumin syner-
gistically enhanced apoptosis in MCF-7 cells by activating
the caspases and enhancing the expression of Bcl-2/Bax.
Additionally, curcumin significantly improved the kidney
function of creatinine/blood urea nitrogen and glutamic
oxalacetic transaminase/glutamic pyruvic transaminase in the
serum of animals undergoing MMC treatment. Furthermore,
the study by Shakibaei et al (69) demonstrated that curcumin
chemosensitized the activity of 5-FU-based chemotherapy on
CRC accompanied with inhibition of cell proliferation, metas-
tasis and downregulation of NF-kB-regulated gene activation.
Scutellaria baicalensis (70) and Qing-Shu-Yi-Qi-Tang (70)
were investigated on tumor-bearing mice with cachectic
symptoms undergoing chemotherapy, and this combination
increased the Th1/Th2 ratio and NK cytotoxicity, and the
expression of monocyte chemoattractant protein-1 was also
increased, whilst the expression levels of NF-«kB and muscle
RING finger protein-1 were decreased. Evidently the tumor
masses and losses of carcass and/or gastrocnemius muscle were
significantly decreased. In addition, data from a meta-analysis
regarding CHM as an adjunctive therapy for advanced
non-small cell lung cancer reported that CHM combined with
conventional chemotherapy markedly reduced the nausea and
vomiting at toxicity grade of III-IV and prevented the decline
of hemoglobin and platelets in patients under chemotherapy
at a toxicity grade of I-V (71). A systematic review suggested
that CHM, as an adjuvant therapy, can reduce chemotherapy
toxicity, prolong survival time, enhance immediate tumor
response and improve the Karnofsky performance status in
advanced non-small cell lung cancer patients. The review
concluded that Liu-Jun-Zi-Tang, PHY906, coumarin and
aescine were capable of improving the postoperation symp-
toms, such as fatigue, pain, appetite, diarrhea, nausea, vomiting
and lymphedema in clinical trials (9). Additionally, ginseng,
Huanggqi, Ban Zhi Lian, TJ-48, Huachansu injection, Shenqi
fuzheng injection and Kanglaite injection in combination with
chemo- or radiotherapy were capable of enhancing the efficacy
and diminishing the side effects and complications caused
by chemo- and radiotherapy, including gastrointestinal side



12

NIE et al: MODERN APPLICATION OF TCM IN ONCOLOGY

p-gp, MRPs

Death receptor pathway

Traditional

Chinese
Medicine (TCM)

Antimultidrug resistance

Detoxification

Improve life quality,

prolong survival

time, alleviate side
effects

—_— —( Antiangiogenesis

Induce

Caspase cell

enzyme apoptosis

activation

Mitochondrial pathway

SI03E|NLWIS
suadoiduenuy

(49ad 493A :89)

Antisignaling pathway

Anti-invasion and
metastasis

Figure 1. Association of the anticancer mode of action with TCM in the tumor microenvironment. TCM anticancer activity involves targeting various steps
(cell proliferation, angiogenesis, cell signaling pathways, invasion, metastasis and multidrug resistance) to inhibit tumor development, reduce the toxicity of
other therapies to tumors in the microenvironments, and accordingly, to improve the quality of life for patients. TCM, traditional Chinese medicine; MRP, mul-
tidrug resistance protein; VEGF, vascular endothelial growth factor; PDGF, platelet-derived growth factor; P-gp, P-glycoprotein.

effects, liver function damage and even bone marrow suppres-
sion.

7. Conclusion and future perspectives

Cancer is a multifactorial and multistep disease that can
change the tumor microenvironment, leading to alterations
in tumor metabolism. The circulation of energy regarding
glucose, lipid and amino acid metabolism and the formed
metabolites (7) (such as lipids, amino acids, nucleotides,
certain inflammatory cytokines and HIF) affected the cancer
cell proliferation, autophagy, survival and invasion/metastasis
and cellular signaling by blocking their required nutrients,
their associated pathways (72) and inhibiting the activity of the
regulated immune cells (73). However, the above evidence has
proved that TCM has comprehensive advantages in treating
cancer with regards to these aspects, which also presented
a close association with each other (Fig. 1). Therefore, it
may be advantageous to identify and develop novel natural
compounds, active ingredients, single herbs and combination
formulas or prescriptions in TCM with its multitargets and
multisignaling pathways on the tumor, without significant
toxicity compared to single utilization with other therapies.
Even though the theory of TCM in treating cancer is in the
early stages, in recent years, with the enhanced knowledge

of translational science and molecular biology, herbs and
combination formulas have been reported to treat cancer as an
effective therapy in preclinical or clinical trials. The database
regarding the pharmacological activities and mechanisms
of natural compounds revealed that tumors carried diverse
driver gene mutations and crosstalked with different intra-
cellular signals in the tumor microenvironment, leading to
carcinogenesis (74). Therefore, it is imperative to explore the
mechanism of TCM at the molecular levels to clarify the role
of more TCM in curing disease, and additionally, to make a
scientific foundation for internationalization of TCM. Based
on the main principles of TCM regarding dialectic approaches,
individualization and patients with different syndromes
require treatment with different approaches. Therefore,
TCM with regards to treating different syndromes in various
individuals requires clarification. In recent years, there have
been numerous studies of the Chinese medicinal compound
monomer in the field of medical science, however, there are
various components in the herbal medicines, and whether
there is an interaction of the functional impacts between
themselves by one approach or several ways remains to be
elucidated. Therefore, further validation of the biodiversity
of the herbal medicines in preclinical or clinical trials, either
alone or in combination with existing therapy, is required to
benefit more patients with cancer.
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