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Anti—migration Effects of the Daesiho—tang (Da Chai Hu—Tang) Water

Extract in Cancer Cells by Regulating Macrophage Polarization

Jae—Hoon Jeong”, Shin—Hyung Park®=*

Department of Pathology, College of Korean Medicine, Dong—eui University

The aim of this study was to investigate the role of Daesiho-tang (Da Chai Hu-Tang) water extract (DSTE) in

regulating chronic stress-induced cancer progression,
macrophages (TAMs).

Different stimuli can polarize

focusing on its activity in modulating tumor-associated
TAMs into immune-stimulating M1

macrophages or

immunosuppressive M2 macrophages. During cancer progression, M2 phenotype increases and supports tumor growth,
angiogenesis and metastasis. Notably, chronic stress-induced catecholamines promote M2 macrophage polarization. In
this study, we investigated whether DSTE regulates norepinephrine (NE)-induced M2 macrophage polarization in RAW
264.7 mouse macrophage cells. Even though NE itself did not increase the expression of M2 markers, the conditioned
media of NE-treated 4T1 mouse breast cancer cells (NE CM) significantly up-regulated M2 markers in RAW 264.7 cells,
suggesting that NE-regulated cancer cell secretome stimulated M2 polarization. However, such increase was abrogated
by DSTE. NE CM also induced phosphorylation of signal transducer and activator of transcription 6 (STAT6) in RAW
264.7 cells, which was clearly reversed by pretreatment with DSTE, demonstrating that DSTE inhibited M2 polarization
by inactivating STAT6. Finally, M2-polarized RAW264.7 cells by NE CM markedly increased the migration of 4T1 cells.
However, such increase was completely reversed by co-treating RAW264.7 cells with NE CM and DSTE, indicating that
DSTE attenuated cancer cell migration by blocking M2 polarization. Taken together, our results suggest a probable
use of DSTE for cancer patients under chronic stress by regulating M2 macrophage polarization.
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1. Alg Az

A zgs #dste 8 22+ ZF ®2ZEU(Seoul,
Korea)ol Al LUttt HAIEEF] /g2 Table 13t g2t HA
gAzg 180 F/%4 1WLE KR £ TiEAY7I(DW290;
Daewoong Bio Electronics Co., Ltd., Chungcheongbuk-do,
Korea)2 3AIRt Fot AEsto] ofif & AYsH U FZEARSY
ot 3 ZAx dojfl 953 g9 FU(SE 14.4%) A FRS
100 mg/ml2 =91 & AR5t on, o|]2 DSTE(Daesiho-tang
water extract)etl YEstict.

Table 1. Prescription of Daesiho-tang (Da Chai Hu-Tang)

Herbal name Scientific Name Weight (g)
A2 (585) Bupleuri Radix 12
22(EE) Scutellariae Radix 6
RHOk(EyEE) Paeoniae Lactiflorae Radix 6
Btsh4E) Pinelliae Tuber 12
XAEE) Ponciri Fructus 8
HEAHE) Rheum Rhizoma 4
N ENGN:)) Jujubae Fructus 8
MUEE) Zingiberis Rhizoma Crudus 10

Total amount (g) 66
2. A= i

RAW 264.7 U}9-A AN Z: FoUT P wpdos
BE Bk, 4TI U9A SYUNEAE AUGE Pex]
F2JORHE Hopuolrh RAW 264.7 Ao 4T1 A% 2%
DMEM (WelGENE, Seoul, Korea) Hjx] 500 mlo] fatal bovine
serum (FBS; WelGENE) 50 m0i} antibiotics (WelGENE) 5 md-&
A7tsto] wjgst@ o, 37°C, 5% CO; 27104 wigstact.

3. MTT assay

96 well plateo] RAW 264.7 NZ& 5x10%] Bx3st &
overnight ¢tA3tA]7]11 DSTEES % %=¥(0, 10, 25, 50, 100 ug/
n)2 A2t & 24417t SO vttt 1 o2 ARy
MTT A]2KDuchefa, Haarlem, The Netherlands)2 0.4 mg/ml
SERZ F7IRE 3 37°CoA 241t FoF ¥ AIZIh. O o3 plate
o] NmujdalS AAStL ZF welld dimethylsulfoxide (DMSO;
Amresco, Solon, OH, USA)S 100 p® o] ujdto] FA=
formazing 2347t} 38 == microplate reader (Molecular
Devices, Sunnyvale, CA, USA)E A}235}0] 540 nmof|A] 45}
¥on, ODE 71808 NEABEES ANt

4. Reverse transcription-quantitative polymerase chain
reaction (RT-qPCR)

RAW 264.7 N]Z& 6 well plateo]] ¥%35}0] overnight QA
8tx]71 & NE (Sigma-Aldrich, St. Louis, MO, USA)E C}Fst
=20, 0.1, 1, 10 pM)E A2]5l¥c}. £L 4T1 ANxo] NEES ¢}
get =0, 0.1, 1, 10 pM)=2 484t FoF 2§t & NmujgAd
(conditioned medium, CM)& ZOKNE CM) RAW 264.7 A|=of
A2jstgict. &2 NE CMal DSTE(0, 25, 50 ug/ml)E SAl°f
RAW 264.7 Al=o] x]2]stgct. A7]sh glxlo g 24A17F =9t ]
g5t RAW 264.7 AN|ZE TRIzol reagent (Invitrogen Co.,
Carlsbad, CA, USA)E o]&3slo] RNAS Ea5t¥ct. 1 ug RNA
£ CellScript All-in-One 5X First Strand cDNA Synthesis
Master Mix (CellSafe, Yongin, Korea)2 A}2-5to] cDNA=Z 3H4
st & nuclease-free watero]| 0] AR5t WA Bl QAR
9 $@E AFYNe=zr Aol sl cDNAE SimpliAmp
Thermal Cycler (Applied Biosystems, Forster City, CA, USA)
£ o]835lo] Z=519ct. A8H primer sequence?} annealing
temperature= Table 29} Zt}. PCR A= nucleic acid
staining solution (iNtRON Biotechnology, Seongnam, Korea)
£ ZFSt 1.5% agarose gel (Lonza, Walkersville, MD, USA)]|

24935}o] electrophoresis 3t 20|, Gel Imaging System
(Daihan Scientific, Seoul, Korea)2 %3 a2 &Hlstyct.
Real-time PCR2 1:5002 3]Mg cDNA9 EPIRARI] gt
primer (Table 1) ¥ CYBR green (Enzynomics, Daejeon,
Korea)2 &3%5to] CFX Connect Real-Time PCR Detection
System (Bio-Rad Laboratories, Hercules, CA, USA)og2 EX
steict.

Table 2. Primer sequence and annealing temperature

AT1 o
C) Cycle Application

Gene Sequence (5'—3')

CD206 F: TCC ACT CTA TCC ACC TTC AC
(NM_002438)  R: ACA TCT GAG AGT CCT GTC CA

CD163 F: GGC TAG ACG AAG TCA TCT GCA C 55 35 eFl{-Te_lFe)EEO
(NM_004244) R: CTT CGT TGG TCA GCC TCA GAG A Y p

53 35

horesis
GAPDH F: TAC ACT GAG GAC CAG GTT GT 55 o5 )
(NM_002046) R: GTG GTC CAG GGT TTC TTA CT
CD206 F: TCC ACT CTA TCC ACC TTC AC 53 50

(NM_002438)  R: ACA TCT GAG AGT CCT GTC CA

CD163 F: GGC TAG ACG AAG TCATCT GCA C ¢ o o
(NM_004244) R: CTT CGT TGG TCA GCC TCA GAG A Quantitative

- real-time
Arginase-1 F: AAC CAG CTC TGG GAA TCT TCT GC 55 50 PCF;
(NM_000045) R: TCC ATC ACC TTG CCA ATC CC

GAPDH F: TAC ACT GAG GAC CAG GTT GT
(NM_002046)  R: GTG GTC CAG GGT TTC TTA CT

1Annealing temperature

55 50

5. JABIEX

WA AT1 Alzo] NE(.1 nyM)E 48AIZF 3¢t A2jdt & Al
HjgHS DCHNE CM). I 2 RAW 264.7 NEZE 6 well
plated] 235}0o] overnight ¢tJ3tA]71 & NE CMi} DSTE(O,
25, 50 pg/m)}E Al A stch. 24X Hig & NZE shHA
E35}9 lysis buffer2 Y¥iXlS Bal5t9ct. Lysis buffer:= RIPA
buffer (Thermo Fisher Scientific, San Jose, CA, USA)o|
protease inhibitor cocktail (Thermo Fisher Scientific)y}t
phosphatase inhibitors (1 mM Na3VO4, 100 mM NaF)E A7}
sto] AR5}t Bicinchoninic acid (BCA) protein assay kit
(Pierce Biotechnology, Rockford, IL, USA)E A}&sto] Taizl
= BT £ 4 230G 20 g9 FWAZ SDS-PAGER +2] ¢
transfers}gitt. 3% bovine serum albumin (BSA, GenDEPOT,
TX, USA)C22 blocking & 11X} A|(1:1000 3]A)et 4°Coj|A]
overnight ¥r2-A|#ct. o} 2 Tris-buffered saline with 0.1%
Tween 20 (TBST)& 4Al MAsIZ 2} 3HA)(1:10000 3]A)QF
508t ALolA WHSAZch oA TBSTZ AR AL
D-Plus ECL Femto System (Donginbio, Seoul, Korea)S A&
sto] ThulAl 4ure]-g 81519t Phosphorylated STAT6 A=
Cell Signaling Technology (Beverly, MA, USA)o|A] 1Y3t¥ o
o, total STAT6 A9 actin A= Santa Cruz
Biotechnology Inc. (Santa Cruz, CA, USA)JJA 45ttt
Anti-rabbit, anti-mouse 2X} A& Enzo Life Sciences
(Farmingdale, NY, USA)o|A td35t9ict.

6. Transwell migration assay

24 well transwell (8.0 ym pore size; Corning, NY, USA)9]
lower chambero] RAW 264.7 N|Z& EZ5t1 overnight M
SR 71 & Ab7)gh wiAlo g me NE CMit DSTE (0, 25, 50 ng/
m)S FA] A2]ste] 24A12F WSt 1 & 4T1 A Z(4x10°7R)
£ serumo|] g HjA] 200 peo] YPENSto] 0.1% gelatin
(Sciencell, Carlsbad, CA, USA)e2 FE% inserto] EZF5}al,
lower chamber®] RAW 264.7 AN|Z:x A|ZujYdod-e A AHstL
serum©] Q= DMEM HJA] 500 WOz wWA|FUCt Qje} Zo]
24A7t FEIG £ o5t 4TI A=E =QIsH7] Yol insertE
methanol2 11%J35}3l hematoxylin (Sigma-Aldrich)e & 3087t
dAstict 1 & o] (Carl Zeiss, Oberkochen, Germany)2
2 QA" NEES FJSII(x100 L) ALstel 4TI Axe] o]F
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1. L2ojoyngd(NE)o] ANz M2 +3 tX]+= FF
WA A A0 o5 FF Y M2F TiAANxE v]go] 57}
the 71E d7Aat o] 27 sto] RAW 264.7 0RQA ChAA| L
EZ A4 FHEZoMIQl NEE S E2 247 A2g & M2
AN x9] 0} SRS CD2061F CD1639] wd?? e RT-PCR
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< 9ujgtt}. 0|23t FFL2 real-time PCR ZAi}ofA
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YA EO] NES =2 48A13F A2] & A 2u|YgH(NE
)& 2o} RAW 264.7 Al=o] Astict. ojdf tjx+2 NEE
A2JetA] 9F2 4T1 NZ2HE 22 CM (con CM)Z A5ttt
(Fig. 1C). 2 Z3} Fig. 1Do] Uehd uel o] con CM A
o] 8]al NE CM &]2]7ofA] CD2061} CD1639] o] n& 57}
st= 72 golstgict. £5] NES 0.1 pM2 ®2]3t CMo] 1 uM
oL} 10 pMZ =alst CMECH 52 #x&s1A CD2063F CD1639
HEZ F7M7Ie AL 9T 4 QUUHFig. 1C). ol2|gt FF
real-time PCR Zilo|X &= v]X5[7A YUEPTt(Fig. 1D). old &
Ao 4T1 Hxo] NEZ 0.1 pMo2 A3t CME NE CMo
ARsto] AMgsU). 371t AaE2 NE7F diAlq|zo] #3}
APRod zASA = GATH A EA RH[E:= ARES
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Fig. 1. Effects of NE CM on the expression of M2 macrophage
markers in RAW 264.7 cells. (A and B) RAW 264.7 mouse macrophages
were treated with NE (0.1-10 uM) for 24 h. The mRNA level of CD206
and CD163 was detected by RT-PCR (A) and real-time PCR (B). GAPDH
was used as an internal control. (C-E) 4T1 mouse breast cancer cells were
treated with NE (0.1-10 uM) for 48 h, and the conditioned medium was
collected from 4T1 cells (NE CM). RAW 264.7 cells were treated with NE
CM for 24 h. The experimental scheme is shown (C). The mRNA level of
CD206 and CD163 was detected by RT-PCR (D) and real-time PCR (E).
GAPDH was used as an internal control. The data are expressed as the
mean + SD of three independent experiments. Significance was
determined by the Student's t-test (ns, not significant; * P < 0.05, ** P <
0.01, *** P < 0.001 versus control cells). DSTE, Daesiho-tang water extract;
NE, norepinephrine; NE CM, conditioned medium collected from
NE-treated 4T1 cells.

2. AN ZO] 548 YEA] ¢ DSTE 5= A%

DSTEZ} tjAlNxo] 548 YElA] g & 2US 43
5t7] 95t RAW 264.7 Ml&o] oyt 5=(0, 10, 25, 50, 100
1g/m)2 DSTEES 24A|7t A2]st & MTT assay= Al3jstch 1
A3t DSTE 50 pg/mW7HAl= RAW 264.7 A|Zo] ZAlo| AF Ak
S ORA Y= oz yepdon, DSTE 100 pg/miolN=
76.45+3.67%9 YEES Hol NEZAZ ttr AAI5H: Zoz
Uerdth (Fig. 2). ©2tA DSTE 50 pg/mE Fus=2 A5t

oz y@e Mstyct
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Fig. 2. Effects of DSTE on the cell viability of RAW 264.7 cells. RAW
264.7 mouse macrophages were treated with DSTE for 24 h. The cell
viability was measured by MTT assay. The data are expressed as the
means + SD of 3 independent experiments. Significance was determined
by the Student's t-test (ns, not significant; *** P < 0.001 versus untreated
control). DSTE, Daesiho-tang water extract.

3. DSTE’} NE CMo.2 Quist gjAlN|zo] M23 B2o] njx]:=
qF

DSTE’} NE CMo2 Qurst tjAlNxo] M2y 228 x4
2 QEX] &915t7] 9)5te] RAW 264.7 N|zo] NE CMat DSTE
2 W ANIJF $ M2¥ TIAAE opHQl CD206, CD163,
arginase-19] ¥d-& real-time PCRZ &QI519ct. WA CD206
o] W2 con CM Aa]Zo] s NE CM A a]Z2o|A 1.75+0.05
vl Z71stgon), DSTE 25 pg/me SAl Aag 2ol
0.81+0.138l, 50 pg/me2 Al A2t FolA 0.86+0.12802 2z}
7t 74Ast%ich CD1639] €3S NE CM Ao 9J8] 2.23+0.01
2 Frtotlew, DSTE 25 ng/md SAIA=|o] 93] 1.53+0.21
ul, 50 ng/m¢ SAIA ] Q5] 1.34+0.218]2 Zt7Zh FAstYc
OpX]9t0 & arginase-19] ¥&d2 NE CM X{2] A] 1.80+0.128]&
Aastgon], DSTE 25 ng/md SAIX2ZoAl 1.31+0.344], 50
ug/my AR FoA 0.99£0.14u2 747} ZhAstgict. o=dt 2
I= NE CM A2]o] 9J5) RAW 264.7 ChAINZo] M2y HZo
Sutgg, o2 DSTEZ} dAIE 4 UL HoZEch
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Fig. 3. Effects of DSTE on the expression of NE CM-induced M2
macrophage markers in RAW 2647 cells. RAW 2647 mouse
macrophages were stimulated with NE CM for 24 h for M2 polarization
and co-treated with DSTE. At 24 h posttreatment, the mRNA level of
CD206 (A), CD163 (B) and arginase-1 (C) was measured by real-time PCR.
The data are expressed as the mean + SD of three independent
experiments. Significance was determined by the Student's t-test (### P
< 0.001 versus untreated control; ns, not significant; ** P < 0.01, *** P <
0.001 versus the cells treated with NE CM). DSTE, Daesiho-tang water
extract; NE, norepinephrine; NE CM, conditioned medium collected from
NE-treated 4T1 cells.
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. DSTE7} NE CM2.2 &
I

2032 DSTE7} NE CMo.g Guist tfAlq =9 M2§ &=
2 AT 2 At BAE 71 AASlCh QuEHoR ojalg
o] M2g EZE /st QXt=2A] signal transducer and
activator of transcription 6 (STAT6)7} &2|A 9t STAT6=
M23 232 oslt oA Ao|EklYl IL-4, IL-130] 9a
Zd3lE]o] arginase-1, CD206, Fizz-13} Z2 M2y CjAINZ
USRI WAL FAINL, G5Y SAAEY wHS o
st oz A Ao, AY At Fig. 40] Uebd wpet Zo]
NE CM2 RAW 264.7 thAINx£9] STAT6 QIAIStE con CM A
220 Hla] 1.84:0.118]2 Solal4 Z7IAZitKFig. 4A and
4B). 124 DSTEE NE CMil FA|A2|5tA} 25 pg/md A 2|70l
A 1.331£0.08tl, 50 pg/md X|2]aofA] 0.48+0.06812 STAT6Q]
ANt A7t Gashs AE A 4 YUATHFig. 4A and 4B).
ol2{gt Zyt= DSTE7} NE CMe=2 J&=gh tjANzo] M2g #
3¢ oAst &} STATeS] B4SE Sol Wlge oud
o} gFSTAT67F 2E5h= El §HAIZA arnigase-1, CD206
Wat oz} Fizz-1, Yml/Ym2, IL-10, TGF-B 5%9] &y w3}
£ WYs| BAT "ast ok

ubst QAL ZO] STAT6 24dsto] o)A
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- + + + NE CM
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Fig. 4. Effects of DSTE on NE CM-induced phosphorylation of STAT6
in RAW 264.7 cells. RAW264.7 mouse macrophages were stimulated with
NE CM for M2 polarization and co-treated with DSTE. At 24 h
posttreatment, the phosphorylation and total level of STAT6 was detected
by western blot analysis. Actin was used as an internal control. (A) The
representative blot images of three independent experiments are shown.
(B) The ratio between phospho-STAT6 and total STAT6 was calculated
using Image J. The data are expressed as the mean = SD of three
independent experiments. Significance was determined by the Student's
t-test (### P < 0.001 versus untreated control; ** P < 0.01, *** P < 0.001
versus the cells treated with NE CM). DSTE, Daesiho-tang water extract;
NE, norepinephrine; NE CM, conditioned medium collected from
NE-treated 4T1 cells; STAT6, signal transducer and activator of
transcription 6.

5 M23 tiAAlzo] o] F7tst AA 29| o] 550 DSTEZL blx]
t 3%

M2g TANZE F4TuA 726 & A(metalloproteinase,
MMP), Ml SR E5] & 4, 7}534](cathepsin) 52 =4[5t &
Ty m A zore otyjstn ALV AS Balste] ¢ALo] ol W
£2 &X5t1 Mo|2 doy|= oz AYA Y}, o]

FolAE NE CMO2 RAW 264.7 N|Z£E M23 TjANZR
8HX171 § 4T1 A2} Bujstel 4T1 Mz o]E50] B7l5te
A zAbsldon, o]Zo] DSTE Azjo] 9] Aafid 4 YA
transwell assayS E3df &QIst¥cH(Fig. 5A). A¥ ZAal NE CM
o] Xa]sl RAW 264.7 N|Zo} ZujU3t 4T1 AL o]E5o] &
R3] Z7}sto] con CMo] H]al 222.92+13.7%7}A] o] 550] 57}
stgch ol M2y TRAINZI} gA|Z9]
g 4 ASS duigith. J2ju NE CM3t DSTEZF FAIA2d
RAW 264.7 A|ELX 4T1 A|Z9] o|£%2 25 ug/mis} 50pg/mo]
A 747} 130+18.91%, 112.08+13.01%2.2 thZ ZHAAF (Fig.
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