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Inhibition of lung cancer growth by HangAmDan-B is
mediated by macrophage activation to M1 subtype
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Abstract. Re-education of tumor-associated macrophages
(TAMs) toward antitumor effectors may be a promising
therapeutic strategy for the successful treatment of cancer.
HangAmDan-B (HAD-B), a herbal formula, has been used
for stimulating immune function and activation of vital energy
to cancer patients in traditional Korean Medicine. Previous
studies have reported the anti-angiogenic and anti-metastatic
effects of HAD-B; however, evidence on the immunomodula-
tory action of HAD-B was not demonstrated. In the present
study, immunocompetent mice were used to demonstrate the
suppression of the in vivo growth of allograft Lewis lung carci-
noma (LLC) cells, by HAD-B. In addition, HAD-B inhibited
the in vitro growth of LLC cells by driving macrophages
toward M1 polarization, but not through direct inhibition of
tumor cell growth. Furthermore, culture media transfer of
HAD-B-treated macrophages induced apoptosis of LLC cells.
Results of the present study suggest that the antitumor effect
of HAD-B may be explained by stimulating the antitumor
function of macrophages. Considering the importance of
re-educating TAMs in the regulation of the tumor microen-
vironment, the present study may confer another option for
anti-cancer therapeutic strategy, using herbal medicines such
as HAD-B.

Introduction

The intercommunication between a tumor and its microenvi-
ronment (including stromal cells and the extracellular matrix)
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contributes to multiple stages of cancer progression, particu-
larly local resistance, immune-escape and metastasis (1,2).
Macrophages are a major stromal component within the tumor
region, termed tumor associated macrophages (TAMs), and
can promote tumor progression by changing the phenotype
of the tumor (3). In general, TAMs are functionally similar
to alternatively activated (M2) polarization, which exerts
anti-inflammatory and pro-tumorigenic activities. By contrast,
classically activated (M1 polarization) macrophages act as
immune-stimulatory and antitumor effectors (1,4). Thus,
depletion of TAMs or their re-education toward antitumor
effectors is considered a promising therapeutic strategy for the
successful treatment of cancer (5,6).

HangAmDan-B (HAD-B), a Korean medicinal herbal
formula, consisting of eight ingredient medicinal animals and
plants, has been used for the treatment of cancer patients in
the clinic to stimulate immune function and activation of vital
energy (7). Previous studies have reported the anti-angiogenic
and anti-metastatic effects of HAD-B (7,8). In addition, the
suppression of y-aminobutyric acid B receptor 1 (GABABRI)
and heat shock protein 27 (HSP27) expression was demon-
strated as a molecular mechanism underlying the anti-cancer
effect of HAD-B (9,10). However, previous studies have not
provided evidence on the immunomodulatory action of
HAD-B.

The present study demonstrated that HAD-B reduced
the growth of Lewis lung carcinoma (LLC) in an allograft
mouse model, using immunocompetent mice. The results
from in vitro experiments demonstrated that the inhibition of
cancer growth is mediated by regulating macrophage shape
towards M1. These results suggest that the antitumor effect of
HAD-B may be explained by stimulating antitumor function
of macrophages.

Materials and methods

Materials. Antibodies against caspase-3 (cat. no. 9665),
poly-ADP-ribose polymerase (PARP; cat. no. 9542) were
purchased from Cell Signaling Technology, Inc. (Danvers,
MA, USA). Antibody for glyceraldehyde 3-phosphate dehydro-
genase (GAPDH; cat. no. sc-32233) was purchased from Santa
Cruz Biotechnology, Inc. (Dallas, TX, USA). All chemicals



PARK et al: HangAmDan-B REDUCES LUNG CANCER GROWTH BY MACROPHAGE ACTIVATION

and reagents, including MTT and propidium iodide (PI), were
obtained from Sigma-Aldrich (Merck Millipore, Darmstadt,
Germany), unless otherwise indicated.

Preparation of HAD-B. HAD-B, composed of eight herbal
ingredients in a crude ground power form (Table I), was obtained
from the East-West Cancer Center of Dunsan Korean Hospital
(Daejeon, Korea). The water extract of HAD-B was prepared
as previously reported (7). Briefly, crude powder of HAD-B
was extracted with 10 times (v/w) the amount of distilled water,
at room temperature for 24 h. The sample was centrifuged at
1,000 x g for 30 min, filtered and lyophilized. The extracted
powder was dissolved in distilled water to make a concentration
of 100 mg/ml, and sterilized with a 0.2 ym syringe filter. The
stock solutions were stored at -80°C until use, and diluted with
PBS or culture medium prior to use in the experiments.

Animals. Male C57BL/6 mice (six-week-old; weight, 20-24 g)
were purchased from Orient Bio Inc. (Sungnam, Korea). The
animals were all housed in certified laboratory chambers,
maintained at a constant temperature (22+1°C), humidity
(50£5%), and 12 h dark/light cycles. The mice had free access
to a standard diet and drinking water prior to the experiment.
All experimental procedures followed the Guidelines for the
Care and Use of Laboratory Animals of the National Institutes
of Health of Korea, and were approved by the Institutional
Animal Care and Use Committee of Pusan National Univer-
sity, Pusan, Republic of Korea.

Cell culture. RAW 264.7 cells and LLC cells were provided by
the American Type Culture Collection (Manassas, VA, USA).
The cells were grown in Dulbecco's modified Eagle's medium
(DMEM; Welgene, Daegu, South Korea) supplemented with
L-glutamine (200 mg/1), 10% (v/v) heat-inactivated fetal bovine
serum (FBS; Sigma-Aldrich; Merck Millipore), and antibiotics
(100 U/ml penicillin and 100 gg/ml streptomycin; Thermo
Fisher Scientific, Inc., Waltham, MA, USA) in a humidified
cell culture incubator (37°C, 5% CO,) prior to experiments.
The morphology of cultured RAW 264.7 cells was observed
using inverted optical microscopy (magnification, x200;
Nikon ECLIPSE TS100, Tokyo, Japan).

Tumor allograft model. Separated LLC cells (5x10° cells) were
suspended in 100 p1 of PBS and injected into the subcutaneous
dorsa of 7-week-old C57BL/6 mice. One day after the tumor
cell inoculation, the mice in the control group were adminis-
tered daily with 100 pl of PBS orally, for 21 days. The mice
in the HAD-B-treated group were orally administrated with
HAD-B (2 mg in 100 1 PBS/20 g mouse) per day, for 21 days.
Tumor volumes were measured with a pair of calipers at 14,
17 and 21 days. The volumes were calculated according to the
formula [(1x w?)/2], where 1 and w stand for length and width,
respectively. At the end of the experiment, all mice were sacri-
ficed by inhalation of CO, gas and the tumor specimens were
immediately removed and weighed.

Cell viability assay. Cytotoxic effects caused by HAD-B treat-
ment or culture medium of HAD-B-treated RAW 264.7 cells
were measured using a MTT assay. Briefly, LLC or RAW 264.7
cells were incubated in 24-well plates with indicated
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concentrations of HAD-B (0, 100, 500 and 1,000 ug/ml). After
culture for 24 or 48 h, MTT solution (2.0 mg/ml) was added
and incubated at 37°C and 5% CO, for 4 h. The conditioned
media were removed, and formazan crystals, which formed in
live cells, were measured by absorbance at 540 nm, using a
microplate reader (Spectramax M2; Molecular Devices, LCC.,
Sunnyvale, CA, USA).

Reverse-transcription polymerase chain reaction (RT-PCR).
Total RNAs were extracted from cells using the GeneJET
RNA purification kit (Thermo Fisher Scientific, Inc.). Equal
amounts of total RNA (2 ug) were applied for synthesizing
cDNA using oligo-dT primer and AccuPower RT-PreMix
(Bioneer Co., Daejeon, Korea). The cDNA was amplified
by PCR with the following primers: Inducible nitric oxide
synthase (iNOS) sense, 5'-AGTCCGGCAGACAATCCT
TGCA-3' and antisense, 5'-ATCCACGCGAATGACGCT
CTGG-3"; interleukin (IL)-1f sense, 5'-"AGCCTGTGGATG
GTGGTGTTTC-3' and antisense, 5-CCTTGCTTGATGACT
CCCAAAAG-3"; monocyte chemotactic protein 1 (MCP-1)
sense, 5"TACGATGGGCACTACGAGGGAG-3' and anti-
sense 5-GCAAAGAAACCAACAGGGAGACCAC-3"; tumor
necrosis factor-a. (TNF-a) sense, 5'-AGTCCGGCAGACAAT
CCTTGCA-3' and antisense 5-ATCCACGCGAATGACGCT
CTGG-3; arginase-1 sense, 5'-~AGTCCGGCAGACAATCCT
TGCA-3' and antisense, 5'-ATCCACGCGAATGACGCT
CTGG-3"; Yml1 sense, 5" AGTCCGGCAGACAATCCTTGC
A-3"and antisense, 5-ATCCACGCGAATGACGCTCTGG-3"
CD206 sense, 5'-AGTCCGGCAGACAATCCTTGCA-3" and
antisense, 5'-ATCCACGCGAATGACGCTCTGG-3'; GAPDH
sense, 5'-GGAGCCAAAAGGGTCATCAT-3' and antisense,
5'-GTGATGGCATGGACTGTGGT-3". Amplification of the
PCR reactions was performed with AccuPower PCR-PreMix
(Bioneer Co.), under the following conditions: Initial denatur-
ation at 95°C for 5 min, followed by 30 cycles (for iNOS, IL-18,
MCP-1, TNF-a, arginase-1, CD206 and GAPDH) or 40 cycles
(for Ym1) of denaturation for 30 sec at 95°C, annealing for
30 sec at 60°C (for iNOS, IL-1p, MCP-1, TNF-q, arginase-1,
Yml, CD206 and GAPDH) and extension for 30 sec at 72°C,
with a final extension for 10 min at 72°C. The PCR products
were separated in 1.5% agarose gels and images visualized
under UV light were captured with GelDoc-It TS Imaging
System (UVP, Inc., Upland, CA, USA).

Annexin V staining for detecting apoptosis. The same
numbers of LLC cells (2x10°/well) were seeded onto 24-well
plates and incubated in culture medium from RAW 264.7 cells
treated with the indicated concentration of HAD-B for 24 h.
Apoptosis was measured using the Annexin V-fluorescein
isothiocyanate (FITC) apoptosis detection kit (Thermo Fisher
Scientific, Inc.). The control and HAD-B-treated cells (1x10°)
were re-suspended in 500 pl of binding buffer and incubated
with 5 pl of Annexin V-FITC and 1 pl of propidium iodide
(PI) solution for 15 min. The samples were then examined
on a BD FACSCanto II (BD Biosciences, Franklin Lakes,
NIJ, USA), measuring excitation/emission at 494/525 nm for
Annexin V-FITC and 535/617 nm for PI.

Western blot analysis. Total protein was extracted from cells
using radioimmunoprecipitation assay buffer (Cell Signaling
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Table I. Composition of ingredient herbs of HangAmDan-B.

ONCOLOGY LETTERS 13: 2330-2336, 2017

Scientific name Botanical name Amount, mg
Panax notoginseng Burck. Notoginseng Radix 84
Cordyceps Militaris L. Cordyceps 64
Cremastra appendiculata (D. Don) Makino Cremastrae Tuber 64
Panax ginseng C. A. Meyer Ginseng Radix Alba 64
Bos taurus var. domesticus Gmelin Bovis Calculus 64
Pteria martensii Dunker Margarita 64
Boswellia carterii Birdwood Olibanum 48
Commiphora myrrha Engler Myrrh 48
Total (1 capsule) 500

Technology, Inc.) containing 1 mM phenylmethylsulfonyl
fluoride. The amount of protein was estimated using the
Quick Start™ Bradford Protein Assay (Bio-Rad Laboratories,
Hercules, CA, USA). An equal amount (20 ug) of protein from
each sample was separated by SDS-PAGE and the protein
was blotted onto a nitrocellulose membrane (Hybond ECL,;
GE Healthcare Life Sciences, Uppsala, Sweden) by electro-
phoresis. The transferred membrane was blocked for 1 h with
5% non-fat dry milk at room temperature and incubated with
anti-caspase-3 and PARP primary antibodies (both 1:200)
against the target protein at 4°C overnight. The membranes
were washed 3 times in TBS-Tween-20) and blocked using 5%
skimmed milk and incubated overnight at 4°C. The membranes
were subsequently probed with goat anti-rabbit Immunoglob-
ulin G horseradish peroxidase-conjugated secondary antibody
(1:2,000; cat. no. NCI1460KR; Thermo Fisher Scientific, Inc.)
for 1 h at room temperature. The specific bands of proteins of
interest were detected using ECL Plus (GE Healthcare Life
Sciences) and ImageQuant LAS 4000 (GE Healthcare Life
Sciences).

Statistical analysis. Cell viability results were calculated by the
percentage of control cells and expressed as the mean + stan-
dard deviation. The differences of the mean values compared
with the control groups were evaluated using two-way analysis
of variance with the Bonferroni post hoc test for multiple
comparisons, and the Student's t-test for single comparisons.
The minimum level of significance was set at P<0.05 for all
the analyses. All experiments were performed independently
at least three times.

Results

HAD-B suppressed growth of LLC cells in an in vivo allograft
model. The antitumor effect of HAD-B was examined using
an in vivo LLC allograft model in immunocompetent mice.
The tumor volumes of allograft LLC cells measured at 14,
17 and 21 days were significantly decreased by HAD-B treat-
ment (P<0.01). The tumor volume of control groups increased
in a time-dependent manner; however, the tumor volume of
HAD-B-treated groups did not show significant changes
(P=0.79; Fig. 1A). The weight and size of removed tumor
mass from each group was also reduced by HAD-B treatment

(Fig. 1B and C). These results demonstrated that HAD-B
suppressed the growth of LLC cells in the in vivo mouse model.

HAD-B reduced growth of LLC cells in a macrophage-depen-
dent manner. The in vitro antitumor activity of HAD-B on
LLC cells was then confirmed. However, notably, the growth
of HAD-B was not suppressed by HAD-B treatment (Fig. 2A).
Therefore, the in vivo antitumor effect of HAD-B involved
with regulation of macrophages was examined. HAD-B had
no cytotoxic effect on LLC cells up to the concentration of
1,000 pg/ml (Fig. 2B). To determine whether the antitumor
effect of HAD-B is mediated by macrophages, culture media
was transferred from RAW 264.7 cells to LLC cells. The
growth rates of LLC cells were significantly reduced by adding
the culture media from RAW 264.7 cell, treated with HAD-B
in a dose-dependent manner (100 yg/ml, P<0.01; 500 pg/ml,
P<0.001). At 48 h culture, following transfer of media from
RAW 264.7 cells treated with 100 and 500 pg/ml, the growth
of LLC cells was reduced to 65 and 44.5%, respectively,
compared with the control (Fig. 2C). From these results, it
is suggested that in vivo antitumor action of HAD-B may be
mediated by regulation of macrophages, but is not due to the
direct cytotoxic effect of HAD-B on LLC cells.

HAD-B shift macrophages phenotype toward M1I. Results
from RT-PCR analysis demonstrated that HAD-B increased
the expression of M1 markers, including iNOS, IL-13, MCP-1
and TNF-a, in a dose-dependent manner. By contrast, repre-
sentative M2 markers, including arginase-1 and YM, were not
changed by HAD-B treatment. However, the expression of
CD206, a marker of alternative polarization, was reduced by
HAD-B treatment (Fig. 3A). In addition, HAD-B changed the
morphology of RAW 264.7 cells toward the shape of a classi-
cally activated macrophage (Fig. 3B). Results from the present
study demonstrated that HAD-B drives macrophages toward
a tumor-inhibitory M1 phenotype. Thus, M1 polarization of
macrophages induced by HAD-B treatment may be a cause of
macrophage-mediated suppression of tumor growth.

HAD-B treated macrophage culture media induces apoptosis
of LLC cells. To evaluate whether macrophage-mediated death
of LLC is apoptosis, FACS analysis was performed using
Annexin V-FITC staining. The result demonstrated that the
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Figure 1. HAD-B inhibits tumor growth in in vivo allograft mouse model using LLC cells. LLC cells (5x10° cells/100 1 PBS) were subcutaneously injected
into immunocompetent C57BL/6 mice. HAD-B (2 mg/100 ul PBS) or carrier only were orally administrated for 21 days. (A) After 14, 17 and 21 days, the
tumor size was measured using calipers and the volume was calculated. The results were shown as the mean + SD. (B) At the end of experiment, the tumor was
excised and weighed. The data were presented as the mean + SD. (C) Images of representative tumor samples from control and HAD-B groups were shown.
(D) The diameters of excised tumors were measured using calipers and the data were presented as the mean + SD. "P<0.05, “P<0.01 vs. control. LLC, Lewis
lung carcinoma; HAD-B, HangAmDan-B; SD, standard deviation; con, control.
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Figure 2. HAD-B suppresses growth of LLC cells macrophage-dependent manners. (A) The LLC cells were treated with the indicated concentrations of
HAD-B for 24 or 48 h. The viabilities of LLC cells were estimated by MTT assay. The results were calculated by percentage of control. (B) RAW 264.7 cells
were treated with the indicated concentration of HAD-B for 24 h. The viabilities of RAW 264.7 cells were measured using a MTT assay and calculated as a
percentage of the control. (C) RAW 264.7 cells were treated with the indicated concentrations of HAD-B for 24 h, and the culture media were transferred to
LLC cells. Following incubation for 24 or 48 h, the viabilities of LLC cells were measured using a MTT assay. The results were calculated as a percentage
of the control and shown as the mean + standard deviation. “P<0.01, ““P<0.001 compared with the control. HAD-B, HangAmDan-B; LLC, Lewis lung
carcinoma; SD, standard deviation; RAW-CM, culture media of RAW 264.7 cells; ns, not significant.
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Figure 3. HAD-B increased the expression of M1 markers of macrophages. (A) RAW 264.7 cells were treated with the indicated concentrations of HAD-B
for 24 h. The expression of M1 and M2 markers were estimated by reverse transcription-polymerase chain reaction analysis. The expression of GAPDH was
used for internal control. (B) Morphological changes of RAW 264.7 cells treated with the indicated concentrations of HAD-B were observed by inverted
optical microscopy (magnification; x200). The representative images are shown. HAD-B, HangAmDan-B; iNOS, inducible nitric oxide synthase; IL-1f,
interleukin-1p; MCP-1, monocyte chemoattractant protein-1; TNF-a, tumor necrosis factor-o; Arg-1, arginase-1; YMI, yamaha 1; CD206, cluster of differen-

tiation 206.

culture media from HAD-B treated RAW 264.7 cells induced
apoptosis of LLC cells (Fig. 4A). The results showed an
association between the data from the cell viability assay and
changes in the macrophage phenotype. The apoptosis pathways
that are activated by culture media from HAD-B-treated RAW
264.7 cells were then confirmed. The results from western
blot analysis showed activation of caspase-3 and cleavage of
PARP (Fig. 4B). These results suggested that HAD-B-treated
cell culture media induce the apoptosis of LLC through a
macrophage-dependent pathway.

Discussion

Previously, antitumor effects of HAD-B were investigated in
several in vitro models (7-10). However, to the best of our knowl-
edge, there is no preceding report on the in vivo antitumor effect
of HAD-B. Thus, the present study examined in vivo antitumor
activity of HAD-B using an immunocompetent mouse allograft
model. The results from the present study demonstrated that
HAD-B suppressed the growth of allograft LLC cells. However,
HAD-B did not affect the growth of LLC cells in the in vitro
assay. Since HAD-B has been used for stimulating immune
function of cancer patients in the clinic (7), it was supposed that
HAD-B may control the growth of tumor cells through the regu-
lation of immune cells present in the tumor microenvironment.
Among these immune cells, macrophages are a major cellular
component within the tumor region (3). Thus, the possibility
that the antitumor effect of HAD-B is mediated by macrophages
was examined. When the culture media from HAD-B-treated
RAW 264.7 macrophage cells were transferred to LLC cells, the
growth rates of LLC cells were reduced.

Macrophages polarize toward two major phenotypes:
Classically activated (M1) and alternatively activated (M2).

In the majority of cancers, tumor-associated macrophages
(TAMs) were polarized to M2 phenotype (11,12), which
serve anti-inflammatory and pro-tumorigenic actions (13).
By contrast, M1 macrophages possess high antitumor and
immune-stimulatory functions through the production
of pro-inflammatory factors and the expression of major
histocompatibility complex (MHC) class I and class IT mole-
cules (14). Thus, re-education of M2-like TAMs toward a M1
phenotype is regarded as a beneficial strategy for the treatment
of cancer (15,16). In the present study, HAD-B drove RAW
264.7 macrophage cells to polarize toward an antitumorigenic
MI type.

Macrophages re-educated toward M1 suppress the growth
of tumor cells through diverse pathways, including secretion of
pro-inflammatory cytokines, production of reactive nitrogen and
oxygen intermediates, promotion of Thl response and tumori-
cidal activity (6,13). When culture media from THP-1-derived
M1 macrophages was added to several human cancer cell
lines, including HT-29 and CACO-2, the growth of tumor cells
was reduced by the induction of apoptosis and retardation of
cell cycles (17,18). In addition, co-culture of M1 macrophages
increased the etoposide induced apoptosis in HepG2 human
hepatocellular carcinoma cells and A549 human lung cancer
cells (19). Previous studies revealed that M1 macrophages
exhibit direct cytotoxic activity on tumor cells. It is hypoth-
esized that the direct antitumor action of M1 macrophages is
mediated by soluble factors, including pro-inflammatory cyto-
kines and reactive nitrogen/oxygen intermediates (13,18,20). In
agreement with previous studies, the results from the present
study demonstrated that HAD-B induces apoptosis of LLC cells
in a macrophage-dependent manner.

Functional reprogramming of TAMs is regarded as a
promising therapeutic strategy for cancer inhibition (4,15).
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Figure 4. HAD-B induces apoptosis of LLC cells through soluble factors secreted by macrophages. RAW 264.7 cells were treated with the indicated concentration
of HAD-B for 24 h. The cultured media were transferred to LLC cells and incubated for 24 h. (A) Apoptosis of LLC cells was detected by fluorescence-activated
cell sorting analysis using Annexin V-FITC and propidium iodide double-staining. (B) The activations of caspase-3 and PARP were measured by western blot
analysis. HAD-B, HangAmDan-B; Lewis LLC, lung carcinoma; PARP, poly-ADP-ribose polymerase; FITC, fluorescein isothiocyanate.

Cancer cells are capable of educating macrophages into
a M2 phenotype, which possess anti-inflammatory and
pro-tumorigenic effects. In addition, a high density of
M?2 showed positive correlation with prognostic factors,
including size, stage, metastasis, and histological grade
of the tumor (21,22). Thus, a number of studies are
focused on regulating macrophage polarization through
inhibiting recruitment of monocytes and depletion of mono-
cyte/macrophage lineages by treating chemotherapeutic
agents, including cisplatin, 5-fluorouracil, and docetaxel,
low-dose ionized radiation, and neutralizing antibodies
for cytokines, including CD40 and colony stimulating
factor-1 (6,13). However, these strategies are not ideal, since
recruited macrophages can be used to enhance the immune
response or to potentiate chemotherapy specificity (23).
Suppression of tumor growth can also be achieved by func-
tionally re-educating TAMs, rather than by eradiating them.
Thus, to switch macrophages to M1, several small molecule
inhibitors against STAT3, STAT6, p50 subunit of NF-xB
and IKKp are now being developed (13).

In the present study, results demonstrated that HAD-B
can suppress the growth of LLC cells through driving
macrophages toward M1 polarization, but not direct inhibi-
tion of tumor cell growth. In vivo experiments also showed
inhibition of allograft LLC cells using immunocompetent
mice (Fig. 5). In addition to previously reported anti-angio-
genic (24) and anti-metastatic (7) effects, results from the
present study suggest that the anti-cancer effect of HAD-B
may be due to re-education of macrophages toward the M1
phenotype. To the best of our knowledge, this is the first
experimental evidence of the immunomodulatory action of
HAD-B. To elucidate which ingredient herbs or compounds
are responsible for switching macrophage phenotype, more
extensive studies are required. Considering the importance
of re-educating TAMs in the regulation of tumor micro-
environment, the present study may confer another option
for anti-cancer therapeutic strategy using herbal medicine
including HAD-B.
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Figure 5. Schematic representation of the mechanism underlying antitumor
action of HAD-B. Although HAD-B itself did not show any inhibitory effect
on tumor cell growth, tumor cell growth was reduced by HAD-B treatment in
the in vivo and in vitro experiments. The culture media from HAD-B-treated
macrophages can suppress tumor growth. In addition, HAD-B polarizes
macrophages to a M1 phenotype. Thus, the soluble factors secreted from
HAD-B-treated macrophages can induce apoptosis of tumor cells. PARP,
poly-ADP-ribose polymerase.
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