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Abstract

Objectives: It is reported that tumor-associated mac-
rophages (TAMs) contribute to cancer progression by 
promoting tumor growth and metastasis. The purpose 
of this study is to investigate the effect of different frac-
tions of Adenophora triphylla var. japonica (AT) on the 
polarization of macrophages into the M2 phenotype, a 
major phenotype of TAMs.

Methods: We isolated hexane, ethyl acetate, and bu-
tanol fractions from crude ethanol extract of AT. The 
cytotoxicity of AT in RAW264.7 cells was examined by 
3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 
bromide (MTT) assay. RAW264.7 cells were polarized 
into the M2 phenotype by treatment with interleukin 
(IL)-4 and IL-13. The expression of M2 macrophage 
marker genes was detected by reverse transcription pol-
ymerase chain reaction (RT-PCR). The phosphorylation 
level of signal transducer and activator of transcription 
6 (STAT6) was investigated by western blot analysis. The 
migration of Lewis lung carcinoma (LLC) cells was ex-
amined by transwell migration assay using conditioned 

media (CM) collected from RAW264.7 cells as a che-
moattractant. 

Results:  Among various fractions of AT, the ethyl ac-
etate fraction of AT (EAT) showed the most significant 
suppressive effect on the mRNA expression of M2 
macrophage markers, including arginase-1, interleu-
kin (IL)-10 and mannose receptor C type 1 (MRC-1), 
up-regulated by treatment of IL-4 and IL-13. In addi-
tion, EAT suppressed the phosphorylation of STAT6, a 
critical regulator of IL-4 and IL-13-induced M2 mac-
rophage polarization. Finally, the increased migra-
tion of Lewis lung carcinoma (LLC) cells by CM from 
M2-polarized RAW264.7 cells was reduced by CM from 
RAW264.7 cells co-treated with EAT and M2 polariza-
tion inducers.

Conclusion: We demonstrated that EAT attenuated 
cancer cell migration through suppression of mac-
rophage polarization toward the M2 phenotype. Addi-
tional preclinical or clinical researches are needed to 
evaluate its regulatory effects on macrophage polari-
zation and anti-cancer activities.

 1. Introduction

 Tumor microenvironment (TME) is the environment 
around a tumor, composed by various stromal cells 
including endothelial cells, immune cells, fibroblasts, 
and the extracellular matrix. In the past decade, the 
importance of TME on tumor progression has risen in 
prominence. The stromal cells in tumors significantly 
influence most of hallmarks of cancers such as sus-
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taining cell proliferation, inducing angiogenesis, emerging 
drug resistance, and activating metastasis [1]. Therefore, 
understanding the complex interactions between cancer 
cells and stromal cells is important to improve therapeutic 
strategies for cancer treatment. 
Tumor-associated macrophages (TAMs) are a crucial 
component of TME. TAMs are thought to promote tumor 
growth, invasion, and metastasis by polarization towards 
immunosuppressive M2 phenotype [2]. Macrophages may 
have both anti- and pro-tumor activities by two distinct 
polarizations including M1 and M2 polarization. M1 mac-
rophages promote Th1 responses with tumoricidal effects 
and are activated by lipopolysaccharide (LPS), interfer-
on-γ, and tumor necrosis factor α (TNF-α). On the other 
hand, the M2 macrophages, activated by interleukin (IL)-4, 
IL-10, and IL-13, induce Th2 responses and closely related 
with poor prognosis of cancers [3]. Given this background, 
TAMs have been recognized as an attractive target in can-
cer therapy. Several signaling pathways, including C-X-C 
motif chemokine ligand 12 (CXCL12)/C-X-C chemokine 
receptor type 4 (CXCR4), C-C motif chemokine ligand 2 
(CCL2)/C-C chemokine receptor type 2 (CCR2), and col-
ony stimulating factor 1 (CSF1)/CSF1 receptor (CSF1R) 
axes, are reported to be involved in the influx of TAMs into 
tumors and M2 polarization. Small molecules or antibod-
ies to block each of these pathways have shown marked 
improvement in the response of tumors to chemothera-
peutic drugs and radiotherapy in a variety of preclinical 
studies [4]. 
Adenophora triphylla var. japonica (AT) called as Sa-sam 
in Korean has been traditionally used in Asian countries 
as a herbal medicine for controlling lung diseases such as 
cough, sputum, asthma, and airway inflammatory diseas-
es [5]. According to the traditional theory of Korean med-
icine, AT mainly support Qi and nourish Yin in lungs. As 
Qi and Yin deficiency in lung is the basic pathogenesis of 
lung cancer, AT has been frequently used to treat lung can-
cer [6-9]. Recently, Lee et al. have reported that extracts of 
AT exhibited anti-obesity and hypolipidemia effects [10]. 
Hu et al. have demonstrated that powder of AT possesses 
antitussive, expectorant, and anti-inflammatory effects 
[11]. Also, components of AT including saponins, lupeol, 
lupenone, cycloartenyl acetate, β-sitosterol, taraxerol, oc-
tacosanoic and praeruptorin, were reported to have an-
ti-oxidative, anti-inflammatory, immunomodulatory, and 
anti-cancer effects [12-19]. Although the previous studies 
reporting the anti-cancer effects of AT mainly focused 
on the cancer cell regulation, the influence of AT on the 
TME regulation has not been explored yet. Given that the 
extracts and constituents of AT commonly exhibited an-
ti-inflammatory activities by regulating macrophages, we 
hypothesized that the extracts of AT would influence mac-
rophage polarization. Therefore, the current study investi-
gated the effects of different fractions of AT on macrophage 
polarization into the M2 phenotype. In addition, we exam-
ined whether the TAM-modulatory effects of AT ultimately 
regulate the migration of cancer cells. 

2. Materials and Methods

2.1. Preparation of various fractions from AT

Dried roots of AT were bought from Nuri Herb Co. Ltd. 
(YoungCheon, Gyeongsangbuk-do, Korea). AT (200 g) 
was pulverized into fine powder and extracted for three 
times with 1.5 L of 80% ethanol at room temperature with 
shaking (100 rpm) for 24 h. The extract was then filtered, 
concentrated, and lyophilized. The powder was resus-
pended in distilled water and further fractionated with 
hexane, ethyl acetate and butanol, in a stepwise manner. 
The fractions were designated by HAT (hexane fraction of 
AT), EAT (ethyl acetate fraction of AT), and BAT (butanol 
fraction of AT). The fractions were concentrated again and 
lyophilized. The powder was dissolved in dimethyl sulfox-
ide (DMSO; Amresco, Solon, OH, USA) as a stock solution 
at 100 mg/ml for HAT, and at 200 mg/ml for EAT and BAT.

2.2. Cell culture

RAW264.7 mouse macrophage cells were purchased from 
American Type Culture Collection (ATCC; Rockville, MD, 
USA), and mouse Lewis lung carcinoma (LLC) cells were a 
kind gift from Professor Ki-Tae Ha (Busan National Univer-
sity, Republic of Korea). RAW264.7 cells and LLC cells were 
grown in Dulbecco's Modified Eagle's Medium (DMEM; 
WelGENE, Daegu, Korea) supplemented with 10% fetal 
bovine serum (FBS; WelGENE) and 1% antibiotics (Wel-
GENE) at 37°C in a humidified incubator under 5% CO2.

2.3. Chemicals, reagents and antibodies

3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 
bromide (MTT) was bought from Duchefa (Haarlem, The 
Netherlands). Recombinant murine IL-4 and IL-13 were 
obtained from Peprotech (Rocky Hill, NJ, USA). Primary 
antibodies against phospho- signal transducer and acti-
vator of transcription 6 (STAT6), total-STAT6, and actin 
were purchased from Santa Cruz Biotechnology (Santa 
Cruz, CA, USA). Anti-rabbit secondary antibody and an-
ti-mouse secondary antibody were purchased from Enzo 
Life Sciences (Farmingdale, USA) and Bethyl Laboratories 
(Montgomery, TX), respectively.

2.4. MTT assay

RAW264.7 cells (5×104 cells/well) were seeded in 96-well 
plates and treated with HAT (50-200 μg/ml), EAT (50-200 
μg/ml), and BAT (50-200 μg/ml) for 24 h. Then MTT solu-
tion was added to the culture media at final concentration 
of 0.4 mg/ml. After incubation for 2 h at 37°C, the media 
were discarded and 100 μl of DMSO were added to each 
well to dissolve the formazan. The absorbance was meas-
ured using a microplate reader (SpectraMax M3; Molecu-
lar Devices, Sunnyvale, CA, USA) at 540 nm.

2.5. Transwell migration assay
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Transwell migration assay was performed using 24-well 
transwell with 8.0 µm pore size (Corning, NY, USA)). The 
outer membrane of upper well was coated with 0.1% gel-
atin (Sciencell, Carlsbad, CA, USA). In order to investi-
gate the migration ability of LLC cells, LLC cells (2×105 
cells) suspended in serum-free media were seeded 
onto the upper wells and conditioned media (CM) from 
RAW264.7 cells were used as a chemoattractant in down 
chambers. After 24 h of incubation, the membrane was 
stained with hematoxylin solution (Sigma–Aldrich, St. 
Louis, MO, USA). The stained cells were photographed 
at ×100 magnification using a microscope and the num-
ber of stained cells per field was counted. In order to 
collect CM from RAW264.7, RAW264.7 cells were treated 
with IL-4 and IL-13 w/ or w/o EAT for 24 h, and the me-
dia was replaced with fresh serum free media. After 24 
h, the culture media was collected from RAW264.7 cells.

2.6. Reverse transcription polymerase 
chain reaction (RT‑PCR)

Cells were harvested and total RNA was extracted us-
ing TRIzol reagent (Invitrogen, Carlsbad, CA, USA). RNA 
was resuspended in 50 μl nuclease-free water (QIAGEN, 
Hilden, Germany), and quantified using a microplate 
reader (SpectraMax M3). 1 μg of RNA was used to synthe-
size cDNA using PrimeScript RT reagent kit (Takara, To-
kyo, Japan) according to the manufacturer's instruction. 
The primer sequences used are as follows: mouse argin-
ase-1 forward, 5'-AAC CAG CTC TGG GAA TCT GC-3' and 
reverse, 5'- TCC ATC ACC TTG CCA ATC CC-3'; mouse 
mannose receptor C type 1 (MRC-1) forward, 5'-TTC GGG 
ATT GTG GAG CAG ATC-3' and reverse, 5'-TTG TCG TAG 
TCA GTG GTG GTT C-3'; mouse IL-10 forward, 5'-CTC 
TTA CTG ACT GGC ATG AGG AT-3' and reverse, 5'-GAG 
TCG GTT AGC AGT ATG TTG T-3'; and mouse glyceral-
dehyde-3-phosphate dehydrogenase (GAPDH) forward, 
5'-AAC TTT GGC ATT GTG GAA GG-3' and reverse, 5'-ACA 
CAT TGG GGG TAG GAA CA-3'. cDNA was amplified using 
a SimpliAmp Thermal Cycler (Applied Biosystems, Forster 
City, CA, USA). Cycle numbers were determined to be 30 
cycles at an annealing temperature of 55˚C for arginase-1, 
35 cycles at 53˚C for MRC-1, 32 cycles at 55˚C for IL-10, 
and 20 cycles at 55˚C for GAPDH. The PCR products were 
loaded on a 1.5% agarose gel (Lonza, Walkersville, MD, 
USA) containing a nucleic acid staining solution (iNtRON 
Biotechnology, Seongnam, Korea) for electrophoresis, and 
visualized by the Gel Imaging System (Daihan Scientific, 
Seoul, Korea). 

2.7. Western blot

Cells were scraped off and lysed by freezing and thawing 
in cold radio-immunoprecipitation assay (RIPA) buffer 
(Thermo Scientific, Waltham, MA, USA) supplemented 
with a protease inhibitor cocktail (Thermo Scientific) and 
phosphatase inhibitors (1 mM Na3VO4 and 100 mM NaF), 
and incubated at 4°C for 30 min. After quantification of 
proteins using a bicinoconinic acid (BCA) protein assay 
kit (Pierce Biotechnology, Rockford, IL, USA), the same 

amounts of proteins were separated by sodium dodecyl 
sulfate (SDS)–polyacrylamide gels and transferred onto a 
polyvinyl difluoride (PVDF) membrane (Millipore, Bed-
ford, MA, USA). Then the membrane was blocked with 3% 
bovine serum albumin (BSA, GenDEPOT, TX, USA) for 30 
min at room temperature. Target proteins were probed by 
primary antibodies for overnight at 4°C, and consequently 
by respective secondary antibodies for 1 h at room temper-
ature. The protein expression was detected by D-Plus ECL 
Femto System (Donginbio, Seoul, Korea) as described in 
the manufacturer’s recommended protocol.

2.8. Statistical analysis

Each result presented is shown as mean ± SD of three or 
more independent experiments. Statistical significance 
was estimated by Student’s t-test. Differences were consid-
ered significant at P < 0.05. 

3. Results

3.1. Effects of different fractions of AT on 
the expression of M2 markers in RAW264.7 
cells

In order to determine the concentrations of three frac-
tions of AT that have no cytotoxicity in RAW264.7 cells, 
MTT assay was conducted. As shown in Figure 1, the max-
imum concentration with cell viability more than 90% was 
50 µg/mL for hexane fraction (HAT) and butanol fraction 
(BAT), and 200 µg/mL for ethyl acetate fraction (EAT) (Fig-
ure 1). Thus, we used 50 µg/mL and 200 µg/mL as the max-
imum concentration of HAT/BAT and EAT, respectively, 

Figure 1 Effects of the AT subfractions on the cell viability in 

RAW264.7 cells

RAW264.7 mouse macrophage cells were treated with the three 

subfractions of AT for 24 h. The cell viability was evaluated by 

MTT assay. Data are expressed as the mean ± S.D. of three in-

dependent experiments. AT, Adenophora triphylla var. japonica; 

HAT, hexane fraction of AT; EAT, ethyl acetate fraction of AT; BAT, 

butanol fraction of AT.
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Figure 2  Effects of the AT subfractions on the expression of M2 marker genes in RAW264.7 cells 

Figure 3  Effects of EAT on the expression of M2 marker genes in RAW264.7 cells

Journal of Pharmacopuncture 2019;22(4):253-259

RAW264.7 mouse macrophage cells were treated with IL-4 (20 ng/ml) and IL-13 (20 ng/ml) to stimulate M2 polarization, and challenged with 

the indicated concentrations of EAT. The expression of M2 marker genes including arginase-1, IL-10, and MRC-1 was detected by RT-PCR. 

(A) Representative images of three independent experiments were shown. (B) Relative expression of the indicated genes compared with 

the untreated cells was calculated using Image J software. Actin was used for normalization. Data are expressed as the mean ± S.D. of three 

independent experiments. Significance was determined by the Student's t-test (** P < 0.01, *** P < 0.001 vs. untreated control; ## P < 0.01, ### 

P < 0.001 vs. IL-4 and IL-13-treated cells). EAT, ethyl acetate fraction of Adenophora triphylla var. japonica; Arg-1, arginase-1; IL-10, interleu-
kin-10; MRC-1, mannose receptor C type 1. 

RAW264.7 mouse macrophage cells were treated with IL-4 (20 ng/ml) and IL-13 (20 ng/ml) to stimulate M2 polarization, and challenged with 

the three subfractions of AT (50 µg/ml for HAT and BAT, 200 µg/ml for EAT) for 24 h. The expression of M2 marker genes including arginase-1 

and IL-10 was detected by RT-PCR. (A) Representative images of three independent experiments were shown. (B) Relative expression of 

arginase-1 and IL-10 compared with the untreated cells was calculated using Image J software. Actin was used for normalization. Data are 

expressed as the mean ± S.D. of three independent experiments. Significance was determined by the Student's t-test (** P < 0.01, *** P < 0.001 

vs. untreated control; # P < 0.05, ## P < 0.01, ### P < 0.001 vs. IL-4 and IL-13-treated cells). AT, Adenophora triphylla var. japonica; HAT, hexane 

fraction of AT; EAT, ethyl acetate fraction of AT; BAT, butanol fraction of AT; Arg-1, arginase-1; IL-10, interleukin-10.

Figure 4   Effects of EAT on the phosphorylation level of STAT6 in RAW264.7 cells 

RAW264.7 mouse macrophage cells were treated with IL-4 (20 ng/ml) and IL-13 (20 ng/ml) w/ or w/o EAT for 24 h. The cell lysates were 

subjected for western blot analysis. The expression of phosphorylated STAT6 (p-STAT6) and total STAT6 (t-STAT6) was evaluated. (A) Rep-

resentative images of three independent experiments were shown. (B) The ratio of p-STAT6/t-STAT6 was calculated using Image J software 

after normalization with actin. Data are expressed as the mean ± S.D. of three independent experiments. Significance was determined by the 

Student's t-test (*** P < 0.001 vs. untreated control; # P < 0.05, ## P < 0.01 vs. IL-4 and IL-13-treated cells). EAT, ethyl acetate fraction of Adeno-
phora triphylla var. japonica
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for further experiments.
Next, we investigated the modulatory effects of three frac-

tions of AT on M2 polarization of macrophages. We exam-
ined the mRNA expression of M2 marker genes including 
arginase-1 and IL-10 following treatment with AT subfrac-
tions. Compared with the other fractions, EAT exhibited 
the strongest suppressive effect on the expression of M2 
markers stimulated by treatment with IL-4 and IL-13 (Fig-
ure 2A and 2B). RAW264.7 cells treated with HAT or BAT 
showed no or just a slight decrease in the expression of ar-
ginase-1 and IL-10 (Figure 2A and 2B). Therefore, we fur-
ther investigated the concentration-dependent regulation 
of EAT on the expression of M2 markers in RAW264.7 cells. 
The results showed that EAT treatment down-regulated 
the mRNA expression of arginase-1, IL-10, and MRC-1 in 
a concentration-dependent manner even though IL-10 
level was slightly recovered at 200 µg/mL (Figure 3A and 
3B). These results clearly suggest that EAT suppressed the 
macrophage polarization toward the M2 phenotype.

3.2. Effects of EAT on STAT6 phosphoryla‑
tion in RAW264.7 cells

We next investigated whether EAT inhibits STAT6 phos-
phorylation in RAW264.7 cells. When IL-4 or IL-13 com-
bines with the receptors, STAT6 is phosphorylated and 
stimulates the transcription of M2 marker genes such 
as arginase-1, IL-10, MRC-1, found in the inflammatory 
zone 1 (Fizz1) and chitinase 3-like 3 lectin (Ym1) [20]. In 
the tumor microenvironment, IL-4 and IL-13 are secreted 
from cancer cells and shift the macrophages infiltrated in 
tumors into TAMs which resemble M2 macrophages [21]. 
Our results showed that EAT inhibited the IL-4 and IL-13-
induced phosphorylation of STAT6 in a concentration-de-
pendent manner (Figure 4A and 4B). These results suggest 
that EAT suppressed M2 polarization of RAW264.7 cells by 
regulating STAT6 activity.

3.3. Effects of EAT on the migration of Lew‑
is lung carcinoma cells 

Previous studies have reported that TAMs promote mi-
gration and metastasis of cancers by secreting various 
soluble factors [2]. Because we already observed that EAT 
suppressed the M2 polarization, we hypothesized that 
EAT-regulated macrophage polarization would affect to 
the migration ability of cancer cells. To verify our hypothe-
sis, transwell migration assay was conducted. We used CM 
from RAW264.7 cells as a chemoattractant in down cham-
bers and loaded LLC cells onto upper chambers to mimic 
co-culture between LLC cells and RAW264.7 cells, and to 
exclude the direct influence of IL-4/IL-13 and EAT on LLC 
cells (Figure 5A). After 24 h of incubation, migration of LLC 
cells increased when CM from M2-polarized RAW264.7 
cells was used as a chemoattractant (Figure 5B and 5C). 
However, when CM from RAW264.7 cells co-treated with 
EAT and M2 polarization inducers was loaded in down 
chambers, the migration of LLC cells was significantly 

Figure 5   Effects of EAT on the migration of Lewis lung carcinoma cells
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(A) Experimental scheme of transwell migration assay is shown. 

RAW264.7 cells were treated with IL-4 (20 ng/ml) and IL-13 (20 

ng/ml) w/ or w/o EAT for 24 h. The culture media was then re-

placed with fresh serum free media. After 24 h of incubation, 

the conditioned media was collected from RAW264.7 cells and 

filled in the bottom chamber of 24-well transwell plate as a che-

moattractant. Lewis lung carcinoma cells were plated in tripli-

cate into the upper chamber and incubated for 24 h. (B) Cells 

that migrated through the membrane were photographed by a 

microscope (×100 magnification). (C) The migrated cells were 

counted and the relative migration was calculated compared 

with the control cells. Data are expressed as the mean ± S.D. of 

three independent experiments. Significance was determined 

by the Student's t-test (*** P < 0.001 vs. respective control). CM, 

conditioned media; LLC, Lewis lung carcinoma; EAT, ethyl ac-

etate fraction of Adenophora triphylla var. japonica.
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ment of advanced non-small cell lung cancer. Nei Mon-
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5. 
Ma CY, Tang YJ. Application of Yiqi Yangyin in lung can-
cer. Journal of Shandong college of traditional chinese 
medicine. 1996;20(3):178-9.
Zhang T, Wang B. Clinical study on integrated Chinese 
and western medicine combined with radiothera-
py in treatment of patients with advanced lung can-
cer. Journal of Clinical and Experimental Medicine. 
2013;12(2):108-10.
Liang F, Zhang Y, Li CH, Cao HT. Effect of Yiqi Yangyin 
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Traditional Chinese Internal Medicine. 2011;25(5):8-
10.
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reduced (Figure 5B and 5C). These results clearly demon-
strate that EAT blocked cancer cell migration by suppress-
ing M2 polarization of macrophages.  

4. Discussion

The present study explored the modulatory effects of AT 
subfractions on the macrophage polarization into the M2 
phenotype. We found that EAT exhibited the strongest in-
hibitory effects on M2 polarization in RAW264.7 cells. EAT 
downregulated the expression of M2 marker genes as well 
as the phosphorylation of STAT6, both of which increased 
by treatment with IL-4 and IL-13. Given that STAT6 medi-
ates IL-4 or IL-13-induced M2 polarization of macrophag-
es [20,21], we suggest that EAT inhibited the M2 polariza-
tion of RAW264.7 cells by suppression of STAT6 activity. In 
addition, we found that the suppression of M2 polarization 
by EAT affected to the migration ability of lung cancer cells. 
These results collectively demonstrate that EAT possesses 
anticancer effects by modulation of TAMs.  

It is reported that several components of AT including 
lupenone, lupeol, taraxerol, and erandone showed an-
ti-inflammatory effects [12-17]. In the current study, we 
demonstrated that EAT attenuated macrophage polariza-
tion into the immunosuppressive M2 phenotype. Because 
both severe inflammation and immune suppression are 
associated with the development and progression of can-
cer [22,23], these conflicting role of AT on the regulation 
of immune system suggests that the immune dysfunction 
in cancer could be normalized by EAT. As regards direct 
anticancer activities, β-sitosterol isolated from AT inhibit-
ed invasion and metastasis of tumor cells [17]. In addition, 
saponins isolated from AT suppressed cancer cell prolifer-
ation by apoptosis induction [18,19]. Although the current 
study did not determine the specific compound of EAT 
which regulates TAMs, our results and the previous studies 
collectively suggest that AT could be a desirable candidate 
for treatment of cancers. Given that herbal medicines gen-
erally have multiple compounds and various mechanisms 
of action, it can be worth exploring whether the active 
compounds of AT exhibits synergistic anticancer effects.  

It is still needed to determine the precise molecular mech-
anism of EAT-suppressed cancer cell migration. Generally, 
CXCL12/CXCR4, CCL2/CCR2, and CSF1/CSF1R signal-
ing pathways are reported to be involved in the crosstalk 
between cancer cells and TAMs [4]. For example, Choi et 
al. have reported that luteolin suppressed the migration 
of lung cancer cells by blocking CCL2 secretion from M2 
macrophages [24]. In addition, Ding et al. have shown that 
M2 macrophages stimulated angiogenesis and cancer cell 
migration by secreting various factors including fibroblast 
growth factor 1 (FGF1), CCL2, CCL7 and CXCL2, which 
was abrogated by metformin treatment [25]. Therefore, it is 
required to further identify the specific secreted factor reg-
ulated by EAT treatment in RAW264.7 cells for understat-
ing the molecular mechanism and the application of tar-
geted therapies which raise the anticancer effects of EAT. 

In conclusion, our study demonstrated that EAT sup-
pressed the macrophage polarization towards the M2 phe-
notype, leading to the attenuation of cancer cell migration. 

We provide a valuable information for finding new anti-
cancer materials from traditional herbal medicines based 
on their TAM-modulatory effects. We suggest that AT could 
be a novel therapeutic candidate for treatment of cancers. 
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