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Sorafenib is the only approved systemic, therapeutic agent for hepatocellular carcinoma (HCC). The
use of Ginseng Extract (GE) in cancer patients is growing worldwide; however, drug interaction be-
tween sorafenib and GE has not been illuminated. Four different human cancer cell lines including
HepG2 were used and immunocompetent mice were implanted subcutaneously with a mouse HCC
cell line. Treatment with low dose GE stimulated cell growth, while a high dose inhibited growth.
pERK (phosphorylation of extracellular signal-regulated kinase) was concomitantly increased and de-
creased respective of different doses of GE. Antitumoral effect of sorafenib decreased in non-proliferat-
ing phase cells but was sensitized after low dose GE (LDG) treatment. PD98059 (ERK phosphorylation
inhibitor) efficiently blocked ERK phosphorylation, resulting in loss of sorafenib sensitization even af-
ter LDG treatment. In the HCC mouse model, LDG alone slightly increased tumor size while sorafenib
alone significantly decreased it. However, a combination of LDG and sorafenib significantly decreased
tumor size compared with sorafenib alone. Increase of pERK was observed in some normal mice or-
gans and mild inflammatory change was observed in some of these organs, suggesting pERK activa-
tion by LDG may cause unexpected toxicity in normal cells. GE, dose-dependently, induced stim-
ulation or inhibition in some human cancer cell lines. Combinational use of GE and sorafenib possibly
potentiated an antitumoral response to sorafenib. pERK level has been provided as a potential pre-
dictive marker for sorafenib. Our result may suggest GE’s dual effects in relation to pERK level in
HCC cancer cell lines, and that certain doses of GE can sensitize sorafenib.
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Introduction

Sorafenib tosylate (Nexavar®, Bayer Pharmaceuticals

Corp.) is an oral small molecule muti-kinase inhibitor, the

only approved systemic therapeutics for hepatocellular car-

cinoma to date [1]. Recent clinical studies revealed that com-

pared with placebo, administration of sorafenib mono-

therapy prolongs progression-free survival, time to tumor

progression and overall survival in patients with advanced

renal-cell carcinoma [2] and hepatocellular carcinoma [3].

Sorafenib inhibits several Raf kinase isoforms and the vas-

cular endothelial growth factor and platelet-derived growth

factor receptor families [4]. In cancer cells, multiple intra-

cellular downstream signaling pathways such as

RAS/RAF/MEK/ERK and PI3K/Akt can be deregulated in

various ways. By inhibiting phosphorylation of MEK and

ERK, sorafenib has shown efficacy against various cancers

[5]. However, due to limited survival benefits of sorafenib

alone, several research attempts are underway to investigate

synergic or additive therapeutic effects by combining an-

ti-cancer agents and to find out the finest mixture at a phar-

macokinetic and/or pharmacodynamic level.

As there is yet to be a drug, which potentially synergizes

sorafenib effect, sorafenib taking patients are increasingly at-

tempting to take unproven alternative medicines such as vi-

tamin and herbs, concomitantly. This tendency can be viv-

idly observed in patients taking orally-consumed cancer

therapeutics such as sorafenib or sunitinib, which can be tak-

en at the patient’s convenience. In a survey of 453 cancer

patients, 76.6% of patients used alternative medicines with

traditional cancer treatments [6]. Among those, ginseng ex-

tract (GE) is one of the most popular herbs which cancer
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patients have access to. Ginseng, the root and rhizome of

Panax ginseng C.A. Meyer (Araliaceae), reportedly has a

myriad of demonstrated effects with regards to cancer, such

as anti-angiogenesis, anti-proliferation and apoptosis [7,8].

GE as an independent anti-proliferative agent [9,10] or as

a chemotherapy adjuvant [6,11], has been demonstrated to

inhibit many types of cancer: ovarian, breast, lung, melano-

ma [12,13] in non-clinical animal models. However, there is

no clear evidence that GE can provide clinical benefits in

cancer patients except in cases of reduced cancer-related fa-

tigue and stress in randomized controlled trials [14].

Furthermore, GE was reported to stimulate cell growth in

some types of cancer cells such as ER(+) breast cancer and

endometrial cancer [15]. Taken together, the usefulness of

GE for cancer patients as a single agent and/or as an ad-

juvant should be urgently illuminated.

Materials and Methods

Chemicals

GE (KOREAN RED GINSENG EXTRACT
®
), which was

purchased from Korea Ginseng Corporation (Daejeon,

Korea), is an approved health supplement by Korea FDA.

This GE was manufactured by a steaming method which

is more widely used in Asia and USA [16]. The stock sol-

utions of GE for in vitro study were dissolved in cell culture

media then filtered through 0.45 μm sterilized filter and stor-

ed at -20℃ after aliquot in 4% v/v doses. Saponin, bioactive

components of GE, was approximately 0.03% in the in-

formation sheet provided by the company. Research grade

pure Sorafenib was purchased from LC laboratories

(Woburn, MA) and dissolved in DMSO (Sigma Aldrich) to

give a stock solution of 100 mg/ml and further dilutions

were made in culture media, with final concentrations of

DMSO not exceeding 0.1 v/v%. The stock solutions were

stored at -20℃.

Cell lines

Human hepatocellular carcinoma cell line, HepG2; human

ovarian cancer cell line, A2780; human prostate ad-

enocarcinoma cell line, PC-3; human renal carcinoma cell

line SNU-482 and mouse hepatoculluar carcinoma cell line

TIB-75 were obtained from ATCC. A2780, HepG2, PC-3, and

TIB-75 cells were cultured in DMEM (Dulbecco’s modified

Eagle’s Medium) and SNU-482 was cultured in RPMI-1640

(Roswell Park Memorial Institute-1640 medium), containing

10% fetal bovine serum (Hyclone), 100 units/ml penicillin

and 100 mg/ml streptomycin. The cells were incubated at

37℃ in a humidified atmosphere containing 5% CO2. Cells

were seeded in 175 cm
2

cell culture flasks and the medium

was changed every other day.

Measurement of cell growth Cell

Counting Kit-8 (CCK-8, Dojindo Molecular Technologies,

Inc., Japan) was used in accordance with a company pro-

vided manual to determine cell growth. In brief, the cells

were plated in 96-well plates 1 day before treatment; pre-in-

cubated cells were washed with PBS and treated with 100

μl of various concentrations of GE and/or sorafenib for 24

hr. After PBS washing, 10 μl of CCK-8 was added to the

cells and plated for 2 hr in a humidified incubator (at 37℃,

5% CO2), after which their absorbance at 450 nm were meas-

ured using ELISA reader (ELx808™ Absorbance Microplate

Reader, Biotech). The percentage of viable cells was calcu-

lated as the ratio of viable cells to total cells absorbance

measurements ×100. Cell cycle Propidium iodide staining

was performed to analyze cell cycle distribution. 1×106

A2780, HepG2 or PC-3 cells were seeded in 100 mm × 20

mm cell culture dish (Corning, NY) and incubated at 37℃

for 24 hr in a humidified atmosphere containing 5% CO2.

Cells were fixed in 70% cold ethanol over an hour. After

double washing with PBS, cells were stained with 50 μg/ml

propidium iodide (Invitrogen) solution in the presence of

20 μl of 10 mg/ml RNase A (Sigma) over 30 min at 4℃

followed by detection of signals using high-performance

flow cytometer, BD FACSCanto II (Becton Dickinson). [17]

Measurement pERK level

After cells were lysed in PRO-PREP™ Protein Extraction

Solution (iNtRON: 1.0 mM PMSF, 1.0 mM EDTA, 1 μM

Pepstatin A, 1 μM Leupeptin, 1 μM Aprotinin), protein con-

centration of each sample was determined by BCA Protein

Assay Reagent (Thermo). 10 μg of proteins were loaded on

10% SDS-polyacrylamide gel and transferred to poly-

vinylidene difluoride filters (Millipore). The filter was

blocked and then incubated with Anti-pERK antibody or

Anti-ERK antibody (Santa Cruz Biotechnology) at 1:500 in

1% BSA-TBST (10 mM Tris-Cl, pH 7.5, 150 mM NaCl, 0.05

% Tween 20) for 1 hr and 30 min. After washing, the blots

were incubated with secondary antibody (200 ug/0.5 ml,

Santa Cruz Biotechnology) conjugated to horseradish perox-



1520 생명과학회지 2011, Vol. 21. No. 11

idase at 1:1,000 in 1% BSA-TBST for 40 min. Proteins were

visualized and quantified by Chemiluminescence image sys-

tem (Davinch-chemi™) according to the manufacturer's

instruction. In preparation of pERK level testing in vivo,

HCC cell line bearing mice were randomized into one of

four groups (n=6 per group) and given the following treat-

ment for 6 days (daily): (1) PBS alone, (2) sorafenib alone

(500 μg), (3) GE alone (1 μg), (4) GE alone (10 μg), (5) simulta-

neous treatment of sorafenib (500 μg) and GE (1 μg), and

(6) simultaneous treatment of sorafenib (500 μg) and GE (10

μg). All mice were sacrificed on day 6 at 4 hr post treatment

on that day, and tumor as well as normal organs such as

heart, kidney, lung, liver, brain, stomach and colon were

stored at -80oC.

Measurement of cell growth by ex vivo treatment

of serum obtained from ginseng fed mouse (SGFM)

or PBS fed mouse (SPFM)

Mice were housed, cared for and used in experiments as

approved by the Ethical committee for Animal study at

Pusan National University. After daily feedings of PBS or

GE (100 μg/day) for 3 days which is 100 folds higher than

that of human equivalent dosage, the mice (n=3 for each

group) were sacrificed to obtain serum from each. For in

vitro cell growth assay, differential proportion of SGFM was

mixed with SPFM to a total of 20% serum in final

concentration.

Mouse syngeneic tumor model

Immunocompetent mice (BALB/c mice) were implanted

subcutaneously with mouse HCC cell line (TIB-75, 1×10
6

cells). Once tumors reached 50-100 mm
3
, animals were re-

grouped and treated as indicated above. Tumor sizes were

followed by caliper measurement and animals were euthan-

ized when tumors reached 1.4 cm
3
.

Statistical analysis

Values are given as mean±SD (standard deviation).

Statistical evaluations of data were analyzed using student

t test. P value of less than 0.05 was defined as statistically

significant.

Results and Discussion

Growth effects on human cancer cell lines were observed

after treatment of GE alone (0.005-0.2% range) or con-

comitantly with sorafenib (Fig. 1). Based on Phase 2 pharma-

cokinetic information on sorafenib [18], serum therapeutic

dose of 1 or 10 μg/ml was used in vitro study. By the com-

pany’s recommending daily dosage of GE (1-3 g/day) for

adults, it is assumed that the peak serum dose should be

far less than 0.2%. Accordingly, 0.005% to 0.2% doses of GE

were used in this study.

Among four different human cancer cell lines tested in

this study, either growth stimulation or inhibition was ob-

served in a dose dependent pattern after 24 hr treatment

of GE in SNU-482, HepG2 and A2780 (Fig. 1). Combinational

treatment of sorafenib and GE lowered the cell growth curve

indicating an additive effect. Re-plotting of the combination

effect of sorafenib (1 μg/ml or 10 μg/ml) and GE (0.025%

or 0.1%) on the cell growth is shown in Fig. 2. Sorafenib

treatment (1 μg/ml) alone had a less therapeutic effect than

when treated concomitantly with GE (even with growth

stimulating doses as a single agent namely 0.0125% to 0.1%),

the latter causing synergistic inhibition of A2780 and

SNU-482 growth. These results were more evident when the

dose of sorafenib was increased to 10 μg/ml within the

combination.

The combinational effect of sorafenib and GE was tested

in different cell densities to determine the correlation with

cell growth (Fig. 3). The two doses of sorafenib (1 μg/ml

or 10 μg/ml) did not cause cell death in 100% A2780 cell

density while they caused a dose dependent cell death in

60% A2780 cell density as anticipated, as sorafenib activity

is dependent on cell proliferation and ERK activity [19,20].

However, even in 100% cell density (in a minimum cell pro-

liferating signal), 10 μg/ml sorafenib could induce sig-

nificant cell death after concomitant treatment of GE sug-

gesting sorafenib sensitization may be related to stimulating

the cell cycle by GE even in 100% cell density.

An important role of sorafenib is blocking of the Raf

mediated ERK phosphorylation resulting in inhibition of cell

growth. Accordingly, the profile of phosphorylation of ERK

by GE alone or its combination with sorafenib was de-

termined in HepG2 and A2780 (Fig. 4A). It was notable that

ERK activity was significantly increased by 2 hr treatment

of GE (0.005% to 0.125%) in HepG2 and A2780 cells. One

notable observation uniquely found in A2780 cell was that

ERK protein level was downregulated by treatment of GE

alone while ERK phosphorylation was markedly increased.

However, inhibition of ERK phosphorylation by sorafenib

upregulated ERK protein level suggesting a feed-
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Fig. 1. Effects of sorafenib (24 hr treatment) on the proliferation of human cancer cell lines without or with different doses of

ginseng extract (GE).

Fig. 2. Combinational growth effects of therapeutic doses of sorafenib (1 μg/ml or 10 μg/ml) and GE in human cancer cell lines

(n=8, *p<0.01).
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Fig. 3. Effects of cell density on the combinational effect of sor-

afenib and GE in A2780 cell growth (n=8, *p<0.01).

(A)

(B)

Fig. 4. Phosphorylation profile of ERK by changes in ERK ac-

tivity with treatment of GE alone and/or sorafenib in

human cancer cell lines (A) and inhibition of ERK

phosphorylation by sorafenib dependent on GE doses

in A2780 or HepG2 cells Quantification of ERK activity

inhibition was displayed as % of basal level activity in

each (B).

Fig. 5. Effects on cell proliferation by 20% serum with different

proportion of serum obtained from high dose GE fed

mouse (SFGM) and serum from PBS fed mouse (SPFM)

(24 H treatment) were measured.

back between ERK protein level and ERK phosphorylation

in A2780 cells. Although this finding is interesting, further

analysis was not conducted on this as it was not primary

purpose of this study. In the absence of sorafenib, the phos-

phorylation of ERK was stimulated according to the increase

of GE doses, and the inhibition percentile in ERK phosphor-

ylation seems to be dose-dependent of GE (Fig. 4B).

As GE is composed of more than 20 different active chem-

icals which have different pharmacokinetics [21,22], in vitro

study using GE cannot reflect the effect of GE absorbed

through the gastrointestinal tract. Accordingly, ex vivo study

using serum obtained from GE fed mouse (SGFM) or serum

obtained from PBS fed mouse (SPFM) was conducted (Fig.

5). At 4 hr post treatment of high dose GE (1 mg/day) or

PBS for 3 days (n=3 for each group), mice were sacrificed.

Cancer cell lines, upon ex vivo incubation with SGFM, in-

duced dose-dependent stimulation or inhibition in the

growth of A2780 cells or HepG2 cells. Though effects were

mild in PC-3 cells, this signifies similar biological activity

between whole GE and GE absorbed through the gastro-

intestinal tract. For the ex vivo study, 20% of heat treated

serum composed of both SGFM and SPFM was treated for

24 hr. For example, 2% SPFM in Fig. 5 was used after addi-

tion of 18% SGFM.

To determine the combinational effect of sorafenib and

GE in vivo animal model, TIB-75 mouse HCC syngeneic

model was prepared as previously [23]. Human equivalent

dosage of GE for each mouse (1 μg/day) mildly increased

tumor growth (n=5 for each group) while simultaneous
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treatment of sorafenib (500 μg/day) and GE (1 μg/day)

significantly inhibited tumor growth compared with that of

sorafenib alone (Fig. 6). In a separate in vivo study, we

verified that treatment of 10 or 50 folds of GE for human

dose (10 μg or 50 μg/day) significantly inhibited tumor

growth (Fig. 7).

In this study, depending on doses of GE, GE induced ei-

ther stimulation or inhibition on cell growth both in vitro

and in vivo. Although pharmacokinetic information is lack-

ing, orally taken GE may not reach its serum level to 0.05%

if recommended oral dose is used. Therefore, we note that

cell-proliferating effect of GE may possibly be close to the

actual serum dose of GE absorbed in human. Most studies

on GE have suggested an antitumoral effect in vitro and in

vivo study with less focus on its concentration [10]; however,

it is evident that high doses of GE (>0.1% in culture media)

Fig. 6. Effects of GE and concomitant administration of GE and

sorafenib in mouse syngeneic HCC model.

Fig. 7. Treatment of 10 mM and 50 mM GE.

can kill cancer cell lines efficiently both in vitro and in vivo

in this study (Fig. 1 and Fig. 7), but these doses may be

beyond the peak serum level of GE in human.

In a HCC phase II study of sorafenib, 33 had their

pre-treatment pERK levels evaluated, and pre-treatment tu-

mor pERK levels were correlated with the time to tumor

progression [20] indicating that pERK may be a useful bio-

marker for sorafenib. And in vitro cell line study, additional

evidences were proposed that pERK level can be a potential

biomarker as a predictor of sensitivity to sorafenib in treat-

ing HCC [19,20]. Furthermore, anti-proliferative activity of

sorafenib varies widely depending on the oncogenic signal-

ing pathways driving proliferation [27,28] suggesting corre-

lation of sorafenib sensitization of pERK level. In conclusion,

we suggest a possible potentiation of antitumoral activity

by combination of sorafenib and GE; however, we do not

know its exact mechanism. In practice, there is a growing

number of HCC patients who take GE with or without the

knowledge of their physicians. So it is imperative that physi-

cians be aware of the interactions between GE and sorafenib.

What we have demonstrated in this study is very prelimi-

nary and can be defined as a pilot study. An extensive re-

search and a well-designed clinical trial based on GE phar-

macological kinetics data are crucial to elucidate the un-

known mechanism.
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쏘라페닙은 간암 치료제로 승인된 유일한 약이다. 전세계 암환자들의 인삼추출물 사용이 증가 되고 있지만 쏘

라페닙과의 상호작용에 대한 연구는 부족하다. 사람의 간암 세포주와 생쥐 모델을 사용하여 쏘라페닙과 인삼추

출물의 약물 상호작용을 알아보고자 하였다. 저농도 인삼추출물 투여시 암세포주의 성장과 pERK

(phosphorylation of extracellular signal-regulated kinase)의 증가가 관찰되었고 고농도 투여시 암세포 억제와

pERK  감소가 관찰되었다. 성장 사이클이 없는 세포에서 쏘라페닙의 항암 효과가 감소한 반면 저농도 인삼 투여

시 항암 효능이 증진되어 나타났다. PD98059 (ERK 인산화 억제재)은 효과적으로 ERK 인산화를 억제하여 인삼추

출물의 쏘라페닙 감작 작용을 억제시켰다. 생쥐 간암 세포주 모델에서, 저농도 인삼추출물은 다소 암세포 크기를

증가 시켰지만 고농도 투여시 감소시켰다. 그러나, 인삼추출물과 쏘라페닙 동시 투여시 항암 효능은 현저히 증가

되었다. 정상조직에서 저농도 인삼에 의해 PERK 증가가 관찰되었으며 이것은 홍삼에 의한 독성 증가와 관련될

것으로 추정되었다. 결론적으로 인삼추출물과 쏘라페닙은 농도에 따라 항암효능을 증가 시킬 수 있음을 보여 주

었지만 독성의 가능성도 함께 증가시켰다. 인삼추출물과 쏘라페닙 약물 상호작용에 대한 더 면밀한 연구가 필요

할 것으로 보인다. 


