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Abstract

Hepatocellular carcinoma is one of the most commatignant tumors worldwide. For the difficulty of
the giving sufficient dose because of the poorrlifitenction and the low sensitivity of hepatoma sdtbr the
chemotherapeutic agents, chemotherapy adds lhittevérall survival of hepatocellular carcinoma eats. The
induction of terminal differentiation in tumor celfepresents a possible therapeutic strategy et toxicity.
Gekko sulfated polysaccharides, isoverbascosidensddiside-Rh2, Camptothecin, 9-nitro-camptothecin,
tachyplesin, Matrine, tylophorine, 7-OH-4-CH (3)ournarin and arsenic trioxidare known to have a
differentiation-inducing capability on hepatocedlulcarcinoma in vitro and/or in vivo. Although tteerapeutic
effect of the differentiation-inducing agents magt rbe potent when compared with that of conventiona
chemotherapeutic agents, they have multiple thetapeargets, low toxicity and less probability dfug
resistance. More data are required on the moleamechanisms of therapeutic effects, dose responde a
potential toxicities.
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Introduction

Hepatocellular carcinoma (HCC) is one of the mashmon malignant tumors worldwide. Despite the
high mortality and frequency of this cancer, suagi@section is an option for only a small propmitof patients
because of the high ratio of metastases, recurr@mtesecond HCC. Chemotherapy adds little to oveuavival
of HCC patients because of the low dose of drugthadow sensitivity of HCC cells: Malignant transfation
of hepatocytes may occur in the context of chrdimir injury, regeneration and cirrhosis. Thussitdifficulty to
give sufficient dose for HCC patient because of thaor liver function. Multidrug resistance protein
P-glycoprotein is physiologically expressed at lile canalicular membrane, where it participateshim biliary
excretion of various lipophilic drugs and xenolgstiRoelofsen et al., 1997). P-glycoprotein is egutated in
liver regeneration and hepatocarcinogeneses (D&oatlal., 2003; Minemura et al., 1999)
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Since prognosis and survival of patients with HEGtill very poor, novel strategies and agentsctviaire
more selective for HCC but lower toxicity for normiaer cells, are expected of the development. The
development of malignancies can be considered asrdisult of change of the normal process of cell
differentiation. Thus, induction of terminal difeartiation of HCC represents a possible therapattategy with
less toxicity. However, development of differeribatinducing agents to treat malignant tumors, eisply for
solid tumors, has been limited to date (Kawamata.eP006). Analysis of induction of differentiation by natural
products might be helpful for comprehending théutal and molecular mechanisms of herbal medicine.

Polysaccharides and glycoside

A wide variety of anti-tumor activities of sulfatgublysaccharides, such as anti-metastasis, prafiéer
inhibition and immune regulation, have been obsgi¥u, 2006a, b). Gekko swinhonisi€hther (Chinese name:
Bihu) has been used as the anti-cancer drug intibmal Chinese medicine more than hundreds of sre@ur
group has reported that WRCP, which is composeatjoEous extracts of Gekko swinhonis Guenther amel ot
Chinese herbs, could suppress the proliferationiahdce the differentiation of HCC cell line Bel2 (Yan et
al., 2007). Furthermore, we found that Gekko setfgbolysaccharides suppress the proliferation addce the
differentiation of HCC cells, but did not suppréiss proliferation of normal liver cell line L-02.hE cytotoxicity
of Gekko sulfated polysaccharides is negligiblelfed2 cells. Moreover, Gekko sulfated polysacchesidid not
induce apoptosis and had little cytotoxicity for E€ells (Wu et al., 2006c).

All-trans retinoic acid (ATRA) induces the diffetteation of HCC and has been used for preventing HCC
Dramatically, there is a significant differencedifferentiation induction between Gekko sulfatedypaccharides
and ATRA. ATRA blocks tumor cells in S phase, wler&ekko sulfated polysaccharides block Bel-7408 ce
in G,/M phase. Bel-7402 cells changed to polygon shdige tieatment with ATRA, but they presented spéndl
shape after exposure to Gekko sulfated polysaatdariATRA induces the apoptosis of HCC cells, wagre
Gekko sulfated polysaccharides do not induce tlopiagis of HCC cells (Wu et al., 2006c).

Malignant transformation of hepatocytes may ocauthe context of chronic liver injury, regeneratimmd
cirrhosis.Proliferation of hepatocyte and productionexttracellular matriXECM) are response for the injury.
When the injury is limited in time, the result dietrepair is restoration of normal liver structuMéhen the injury
is persistent, however, there is net accumulatfoB@M, resulting in cirrhosis. Transforming growfdctor-beta
(TGF-beta) is the most important cytokine suppresshe inflammation and stimulating ECM productiarthe
liver. TGFbeta 1 was overexpressed in HCC, espgdiapatients with small HCC and well-differentat HCC
(Matsumoto et al., 2003; Idobe et al., 2003; Italet1990; Kira et al., 1997; Song et al., 2002aiTet al., 1997).
Moreover, TGF-betal induces growth inhibition anfiedentiation of HuH7 cells (Damdinsuren et alQ0B).
TGF-betal induced epithelial-to-mesenchymal tramsédion in SMMC-7721 cells. SMMC-7721 cells clearly
switched to the spindle shape morphology after T8l treatment (Xu et al., 2003). Our researchvstahat
Bel-7402 and SMMC-7721 cells changed to spindigpehand the expression of TGF-betal was up-regulated
after exposure to Gekko sulfated polysaccharidas €¥\al., 2006; unpublished data).

Isoverbascoside, a phenylethanoid glycoside whioh iaolated from Chinese folk medicine herb
Pedicularis striata Pall (Chinese name:Maxianhao), induced the difféa¢éion and GO/G1 and arrested HCC cell
line SMMC-7721 (Rui-Chuan et al., 2002).

Ginsenosides

Ginsenosides are thought to be the major effedtigeedients in ginseng (Chinese name: Renshen).
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Ginsenoside-Rh2 (G-Rh2) inhibits the proliferateomd induces the apoptosis and differentiation oVEDM/7721
cells (Park et al., 1997; Park et al., 1998; Zend &u, 2004a). G-Rh2 increases the proportion oM&M/ 721
cells in G1 phase, and decreases those in S aiM @#ises. Moreover, G-Rh2 down-regulates the egjme®f
positive-regulating factors (Cyclin D1, Cyclin Ehchup-regulates the expression of negative-regugdtctors
(P16 protein, p21 gene) in SMMC- 7721 cells. G-Riff2ctively reduces telomerase activity througreetihg
transcription level of hTERT, and arresting celtleyprogression. The down- regulation of telomeag@rity in
SMMC-7721 cells is closely related to G-Rh2-indudéterentiation (Zeng and Tu, 2004b).
Ginsenoside-Rg5 (G-Rg5) blocks cell cycle of SK-HERells at the GI/S transition phase by

down-regulating cyclin E-dependent kinase activitye down-regulation of cyclin E-dependent kinastvay is
caused mainly by inducing CDK2 inhibitor and p2fdalecreasing the expression of cyclin E (Lee .etl8097).
However, Ginsenoside-Rgl (G-Rg1l) stimulates callagh of SK-HEP-1 cells by inducing the intraceliulavels
of cyclin E/cdk2 complex, which in turn up-regulateyclin E-dependent kinase activity (Lee and LE¥96).
Thus Ginsenoside have many ingredients which cprddnote or inhibit the progression of HCC. Furttata on
the long-term safety of ginseng for HCC patienestaerefore required.

Alkaloids

Camptothecin is a plant-derived alkaloid fr@@amptotheca acuminata (Chinese name: Xishu) that has a
strong toxicity for tumor cells. Hydroxycamptotheaian induce Hep G2 cells to differentiation (Zhaigal.,
2000a). Hydroxycamptothecin increases the proportion of H&p cells in G2 phase, and up-regulates the
expression of wide P53 (Zhang et al., 2000b). Tneat of HepG2 cells with 9-nitro-camptothecin résuh a
dose-dependent inhibition of cell proliferation abMA synthesis. HepG2 cells treated by 9-nitro-ctotipecin
are arrested in the G2 phase of the cell cyclematially, 9-nitro-camptothecin at low concentradnduces
differentiation of HCC (Khaoustov et al., 1995). Mover, high dose of 7-OH-4-CH(3)-coumarin (Chineame:
Xiangdousu), which could be found in many Chinesebb, suppresses the proliferation of the SMMC-7q&ls
in a dose-dependent manner, while low concentratbold trigger differentiation (Pan et al., 200B)us dose is
a key factor that makes some drugs exhibit cytoitxor differentiation inductor for HCC.

Tylophorine, which could be found ifylophora crebriflora S.T.Blalse (Chinese name: Wuerteng), and its
analogs are phenanthroindolizidine alkaloids. SEvEylophorine analogs have been isolated fromTyhephora
genus of plants. Tylophorine analogs could inhifé proliferation and induce the differentiationttgpG2 cells.
Tylophorine analogs have inhibitory effects on ayocAMP response elements, activator protein-1 séed
nuclear factor-kappa b binding site-mediated trapsons (Gao et al., 2004).

Matrine, which could be extracted from a ChinesebHgadix Sophorae flavescentis (Chinese name:
Kushen), has great effects as anti-inflammatioti;amnhythmia and anti-fibrosis of liver cell (Zhgrmnd Huang.,
2004; Long et al., 2004). Recent evidences inditaematrine also has great effects as anti-tuagent, such as
inhibiting proliferation, inducing apoptosis, modtihg immune response, reducing invasion and nasigsbf
HCC cells (Ma et al., 2005; Chui et al., 2005; Wanal., 2003). Moreover, matrine induces the diff¢iation of
SMMC-7721 cells (Wang et al., 2003). Tissue homesistrequires a balance among cell division, difféation
and death. The decision of proliferation, diffeiation and apoptosis are linked by cell cycle ragpris. Tumor is
a kind of cell cycle disease that has the abnomteiface of division, differentiation and death (\@006d). As a
cell biological modifier, matrine could reverse thenormal biologic behaviour of tumor cells andonesr the
balance among cell division, differentiation ancitte
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Tachyplesin

Overexpression of c-myc has been frequently obseirvédCC. Moreover, c-myc/ TGF-alpha transgenic
mice are prone to liver cancer. Thus, c-myc plap#/atal role in hepatocarcinogenesis (Calvisi &hdrgeirsson
2005; Cavin et al 2005; Cadoret et al.,, 2005). Miffactivation induced HCC cells differentiating into
hepatocytes and biliary cells and forming bile dgtetictures. It is associated with rapid loss ef ékpression of
the tumor marker alpha-fetoprotein, the increasethef expression of liver cell markers cytokeratina@d
carcinoembryonic antigen (Shachaf et al., 2004xhyplesin, which is isolated from acid extractsChiinese
horseshoe crabildchypleus tridentatus, Chinese name: Pangxie) hemocytes, effectivelybitththe proliferation
and induces the differentiation of hepatocarcinaeis. The expression of p21 protein is up regdlaed that of
c-myc protein is down regulated (Ouyang et al.,20@fter tachyplesin treatment, the cell cycleaisested at
GO0/G1 phase, the protein levels of mutant p53,icydll and CDK4 and the mRNA level of c-myc gene are
decreased, whereas the levels of p16 protein ahd2NA are increased (Li et al., 2003).

Although tumor cells remain dormant as long as MY€&mains inactivated, MYC reactivation
immediately restores their neoplastic features ¢Baf et al., 2004). Thus induction of differertat through
MYC inactivation may have the high potential ofmaescence. Further data on the long-term therepei¢cts
of tachyplesin for HCC are therefore required.

Arsenic trioxide

Arsenic trioxide(As,0z, Chinese name: Pishuang) has inhibitory effecgmmwth of experimental HCC.
The mechanisms may involve decrease of cell dimjsidirect cytotoxicity, apoptosis of tumor cellspda
inhibitory effect on angiogenesis through blockWigGF (Tan et al., 2005; Luo et al., 2006). Zhengleteported
that AsOsinduces differentiation of HCC by virtue of prodogi H,O,, while the combination of A®; and
sodium selenite may induce the differentiation @jpdtoma cells by virtue of enhancing the activittéds
antioxidative enzymes and reducing the formatiohis), (Kang et al., 2000; Zheng and Zheng, 2002; Zhéng e
al., 2002).

The therapeutic efficacy of &3; against HCC is not satisfactory even at high des&@iher therapeutic
strategies are required to enhance the efficadysgd; against HCC. Retinoic acid induces the differdittaof
HCC with the alteration of the levels of RAR/RXR témdimer, RXR/RXR homodimer, or RAR/RAR
homodimers (Wan et al., 1998; Feng et al., 200aAngsand Crowe et al., 2001). Retinoic acid have used for
treating patients with HCC, but the therapeutieetffof the differentiation-inducing agents is notgnt when
compared with that of conventional chemotherapeagents. Attractively, all-trans-retinoic acid (ARRcan
strongly potentate A8s-induced growth-inhibition and apoptosis, and AR low dose of A©; can produce
a significant synergic effect (Lin et al., 2005) hé¢her the combination of ARTA and the low dosé\sfO;is a
possible therapeutic strategy for HCC is unknowah inuist be identified.

As,0; down-regulates the expression of VEGF, inhibitgiegenesis induced by HCC, and enhances the
apoptosis of tumor cells at doses greater tham/kgnbut a mouse lost weight and failed to thawvelose of 4
mg/kg and greater (Liu et al., 2006; Tan et alQ®0In contrast, low dose (<1 mg/kg) of &g promotes tumor
growth, up-regulates the expression of VEGF andtuangiogenesis, and has no effect on the apopibsisnor
cells (Liu et al., 2006). Thus, different dose ch®@s have opposing effects on tumor growth and angiegisn
Clearly, appropriate dosage of /85 is required to treat human patients to avoid tbxiand undesirable side
effects. The results demonstrate that@shas a narrow window of therapeutic opportunityhwiespect to
dosage, and that low dose of the drug as used tion@mic therapy should be used with extreme cautio
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Conclusion

HCC is one of the most common malignant tumors dwaide. For the difficulty of the giving therapeutic
dose because of the poor liver function and the dewsitivity for the chemotherapeutic agents, ctieerapy
adds little to overall survival of HCC patients.eTimduction of terminal differentiation in tumorliserepresents a
possible therapeutic strategy with less toxicitgki sulfated polysaccharides, isoverbascosidesdbside,
Camptothecin, 9-nitro-camptothecin, Tachyplesintrivia, Tylophorine, 7-OH-4-CH (3)- coumarin and eare
trioxide are known to have a differentiation-inchgicapability on HCC. More data are required onntiodecular
mechanisms of therapeutic effects, dose resporgeatential toxicities. Although the therapeutideef of the
differentiation-inducing agents may not be potetienw compared with that of conventional chemothertpe
agents, they have multiple therapeutic targets,toxicity and less probability of drug resistan€@mbination of
differentiation-inducing agents with chemotherapgrapy might be a potential way of treating HCCiquas.
New designs for trials to demonstrate activity imfan subjects are required. Quality assurance mfoppate
extracts is essential prior to embarking on clihidals.
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