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Hwanggeum-tang Water Extracts Suppress TGF-31 Induced EMT in
Podocyte

Sang Woo Shin, Han-Sol Jeong*

Division of Applied Medicine, School of Korean Medicine, Pusan National University

Epithelial-mesenchymal transition (EMT) is the process by which epithelial cells lose their characters and acquire
the properties of mesenchymal cells. EMT has been reported to exert an essential role in embryonic development.
Recently, EMT has emerged as a pivotal mechanism in the metastasis of cancer and the fibrosis of chronic diseases.
In particular, EMT is drawing attention as a mechanism of renal fibrosis in chronic kidney diseases such as diabetic
nephropathy. In this study, we developed an EMT model by treating TGF-B1 on the podocytes, which play a key role
in the renal glomerular filtration. This study explored the effects of Hwanggeum-tang (HGT) recorded in Dongeuibogam
as being able to be used for the treatment of Sogal whose concept had been applied to Diabetes Mellitus (DM), on the
TGF-Bl-induced podocyte EMT. HGT suppressed the expression of vimentin and o-SMA, the EMT marker, in the
human podocytes stimulated by TGF-B1. However, HGT increased the expression of ZO-1 and nephrin. Interestingly,
HGT selectively inhibited the mTOR pathway rather than the classical Smad pathway. HGT also activated the AMPK
signaling. HGT's inhibitory effect on the podocyte EMT through regulation of the mTOR pathway was achieved through
the activation of AMPK, which was confirmed by comparison with cells treated with compound C (CC), an inhibitor of
AMPK signaling. In conclusion, HGT can be applied to the renal fibrosis by preventing TGF-Bl-induced EMT of

podocytes through AMPK activation and mTOR inhibition.
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Q7 ZEE7]|N|L & Bristol university2 Y| Bofutoir} E&=
719 Z= RPMI 1640 mediumo] 10% fetal bovine serum
(FBS), 1% penicillin/streptomycin, 1% insuling #A7}5to] 33
°C incubatoro|A] maintain3}® 00, 37 °C incubator2 £71 &
2% FBS, 1% penicillin/streptomycine #A7}st RPMI 1640
mediumoll A 2257+ $8}A171 5 ALgSHQIE,

2. HGT &%

2 AFolA o] 8]t HGT #/4d2 Y87 247 &ot
0, & dAxdoA 71Eo] EuPy, FA E{otn = HGT
22 olgstih. F2EWEL JIE AN A5 Tastynt).
HGTY 3t Y FAHHAH[ &2 or3 7 Zt}. Scutellariae Radix
(82), Gardeniae Fructus(X]&}), Radix(Z27),
Liriopis Tuber ("W&%), Angelicae Gigantis Radix (BH).
Rehmannia glutinosa (RX]|&}), Trichosanthis Radix (g}&),

Platycodi

Puerariae Radix (Z2), Ginseng Radix (Q14}), Paeoniae Radix
Alba (WZzFoF) 7} 4g, 5 40g.

3. AESHUAS 574

HGT NZS4 ¥ 54aly] lsto] Hojgl Ao 0]
EZc@op HAEEA W dehydrogenase?t uHZsto] 874
formazang A4st= tetrazolium saltQl EZ-cytox (®UY, of
guds olgstidct. U sl ALsW oga P
PodocytesS 12 well plated]] well & 1X 10°7]2 BF5to] 37
°C incubator oA 25& E3HA7l & HGTHFEES HTE= 24
A7t A2lstgit. o]% EZ-Cytox 100 W8 Z+ welld] F71st &
3087t incubatoro]A] ¥r2A|F T}t o] & microplate readerg
o gstol 450 molN EHEE Ssteict.

4. Western blot

Human podocytesS 6 well plated] ml @ 1X 10712 2%
(2X 10° 7j/well)alo] 37 °C incubator oA 2735 E3IAI &
AYe ZsEstct. TRl X&EL mild lysis buffer (10 mM
Tris, pH 7.5, 2 mM EDTA, 100 mM NaCl, 1% Triton X-100,
50 mM NaF)E o]85}9t}. 6 well plateS €& 9o =1, mild
lysis buffer 120 WS Y1 4 °C cold roomoJA 1500 rpm
microplate shaker oA 1087t A|ZE lysis A]Fith Cell
lysatesZ 1.5 ml tube o] 2Z3st & 4 °C o]A] 14,000 rpm ©O.2
1583 faEelstel 4592 248tk o] $ Bradford ¥
oz ThiAg 3t S western blotS A|3¥stIct. SDS-page
gelodA H71952 ¢ & #ad ©@MAL PVDF membranel &
908-%9t transferdtgitt. o] & 5% non-fat dry milko]A] 1A]7t

-

-
S
-

=9 blockingA]Zl & 1x} FA|E 4 “Co|A overnightoz ©h2
AlZch o2 TBST= 1023t 33] AIXgH & HRP7 ZAd 24t
TAleE F2olA 1R 8h3Zia, o] & TBSTZ 103t 48] AIF
ECL solutiong ©0]85}o] w5l RAS7|7]S E35fo] WicE
gholstgict. Ao AHEH IAQ FEE= oh3d 2o Nephrin,
o-SMA (Abcam, Cambridge, UK), pACC, ACC, pAkt, Akt,
pmTOR, mTOR, pS6K, S6K, pSmad2, Smad2/3, pJNK, JNK,
pp38, p38, vimentin (Cell Signaling Technology, Inc, MA,
USA), GAPDH, B-actin (Santa Cruz Biotechnology Inc. TX,
USA) Z0-1 (Invitrogen Corporation, CA, USA).

oo

o o

5. Confocal microscopy

12 well plateo]] cover glassE® Yi human podocyteS
well @ 1X 10°7]2 B Zslo] 33 °C incubatoro|A 132 ujk
8191, 37 °C incubator® &7 2337t B3AIZ & ARSIt
HGTE =¥ =Z 16A]17F X2]stal, TGF B-1 (10 ng/ml) & 244]
7t st & A= & PBSZ A|ASHYCE o] & 4% formaldehyde
solutione 2 105 7} 3A351Y 3, PBSE AASH & 0.1% Triton
X-100/PBS solution Alx9to] EildS &HsIYCt o] & 3%
BSA/PBS solution®.2 308 =9 blockingdt & AxXE ZO-1
antibody (1:200 dilution)2 4°COolA] overnights}o] wI-2-AJZict.
t}2d PBSZ 10¥7F 33] AASH & anti-Rabbit Alexa Fluor
488 antibody@ 1A|7F ®WFSAJZ1 & PBSE A|AStaL, o]ojA
ProLong® Gold Antifade Mountant with DAPIZ mountingd}
At or2d oA nail polish 2 sealingsto] slide glassE #3l
3 Zeiss LSM 700 Laser Scanning Confocal microscopy2 0]
ujAlg Agic

=2 T M

2

1 AENES

HGT7 SE714Z] S92 711 Qe 98 dmuua
EZ-cytox kitg olsiol NZYESL BASIAL. Lo} ¢=E
ZE71M%0] HOTS SEE2 24 A7 Aejetn NESYS XA
stttk HGTE 100 pg/ml] SE7iale AESHE Holx| o3
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Fig. 1. Cell viability. We treated the various amount of HGT to Human
podocytes for 24 h. We used the EZ-cytox kit to determine cell viability.
HGT did not exhibit cytotoxicity up to a concentration of 100 pg/me.
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Fig. 2. HGT inhibited EMT in TGF-B1-treated podocytes. A. TGF-B1
increased EMT marker while decreased epithelial marker in human
podocytes. HGT treatment suppressed the expression of vimentin and o
-SMA, the EMT marker in human podocytes stimulated by TGF-B1. HGT
also increased the expression of ZO-1 and nephrin, the key molecule in
the function of podocytes. B. The expression of ZO-1 on the cell
membrane was markedly decreased by TGF-B1 in human podocytes, while
it was prevented by pretreatment of HGT. The expression of vimentin in
the cytoplasm was increased by TGF-B1; however, the increased
expression of vimentin by TGF-B1 was suppressed by HGT.

2. HGT7t £&71A =04 EMT 0} 9] B3 t]x]+= ¥

ey A¥EON FE/Mze SR W 3 shial
EMTo] HGT7} UlRl= @2 FFSIAAL 2ot EE7|A42d
HGTE s=¥2 161 3¢ AAY g & TGF-B1 (10 ng/ml)
2 24A17t AElste] EMTE §%519itt. o]& western botz}t
confocal microscopeE ©0]835t0] olg] 7}x] EMT oA &9 ¥d

o

wate WAstch TGF-Blol At SE7IMZOIA EMT ob
9l vimentinZ} aSMA®| W@g Z71A7] vk, AHAE 0}z olak
£5/14R0 ofdrl5olN YN 4L s oz T 29
31 nephring} JTAZ vpAQl Z0-19] WL FAAZCH HGT
9] 2ol TGF-B1°] 93 Z7}5l vimentind} aSMAQ] ¥ A
Astgien, TGF-plo]l o5 Z4¥"  nephrindt
occludens-1(Z0-1)9] @& {AA1FL} (Fig. 2A). Nephrini}t
ool 4288 tAA FE/INLY JI5AEA AYRY 4
2 Gt 2o eyl 20-19) AZUlHe WS TGF-Bl
o] AMalo] <5 dAs] TAEAL, EMT marker?l vimentin]
N ZAojAo] EAL F7FstAct. HGTY AdAj2l= TGF-plo] 9
gt o] 59 1Y WS =& AA|sH (Fig. 2B).
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Fig. 3. HGT inhibited mTOR signaling in TGF-B1-treated podocytes. A.
TGF-B1 activated mTOR signaling. HGT inhibited mTOR signaling as
confirmed by the decreased expression of p-Akt, p-mTOR, p-S6K,
especially in high doses (10, 50 pg/ml). Interestingly, HGT activated the
AMPK pathway, confirmed by the increased expression of p-ACC.
However, HGT had little effect on the smad and MAPK pathways (B, C).

3. HGT7} podocytedldl EMT#3 AsFPAzd tlxl: 93
TGF-plo] EMTE SEst: TlERY szt HYA
9l Smad 7 zo|c}. o] Qo= TGF- B19] AlsHMGZHZ2 PI3ka
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Akta mTOR Z =29} INK, p38at 72 MAPKZA=Z71 ¢ad Qict.
olo] AAL HGTO TGF-BlE& S&3t FE7|NZO] EMTYA]
850] o8 F2F Fol=Al AHEUA 919 A AEAG FRE
western blotg £35to] #9135 Hth mjQ Zu|EA = HGT=
AP Smad’d 2eHFig. 3B) INK, p383 2+ AA|GHA] &2 yt
H(Fig. 3C), mTORF =25 H=A oz AX|5FHFig. 3A).

4. HGT9] AMPKEAo] 9t EMTAA] 7|A

HGT= mTORY 9ol AARQI TSC2Z FASHA7|L,
mTORC19] raptorZ QiAo 24 RI™AX oz mTORY &4
2 9Alsk= Zoz A UF AMPKO Asdd F=2E 9|
2471+ A2 AMPKO| di&AQlsubstrate?] ACCY| Ql4teHE
ot ERlshtt (Fig. 3A). olo] & 7% HGTO| <3t
AMPKO] Z/J3l7t mTORAAE &8 EMTYA oj= =9 7]
olE Sh=Al #ASHaLAL, AMPKO| TimAQl AAAQl compound
CE AT M=o EMTY wWHaE Auugit. J0187
vimentin?} a-SMAQ] ¥d AAN| &5 compound CE A]2|st +
oA FEHRA FastATt (Fig. 4A, B). o= HGT7} podocyte
oA EMT 0}AQl vimentin®} a-SMAQ| T@E AA|st: 53|
HGT®] AMPKEAo] oJsto] ol2olx|n Q&g AlAHict.
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Fig. 4. Anti-EMT effects of HGT depend in part on the AMPK
signaling. HGT suppressed the expression of vimentin and o-SMA
induced by TGF-B1 and activated AMPK signaling. HGT did not suppress
the expression of vimentin and a-SMA in TGF-B1 treated podocyte with
compound C.
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Agoz F2um 9o, DN 7bg SAMA Pelwske A7
HAtX]-&o|L} Ato]Alo] MNZQ]7|A (extracellular matrix, ECM)
of Aslo] Aol AR J)sada VA WeAE fEst
£ oo Aa At Atolde] Mgst o wlEste] A%
o] 7ol WASHE Aoz wusln o

HoutrmYy U9 FEATARZYI EE7HZE= AAIZIAT
9 wpgREel FAEH Q. £E7|MZ£ laminin, type IV
collagen, fibronectin, agrin, heparin sulphate proteoglycan
59 ATAVIAY JRES TYYORM SN 258 Al
£ Age Aok o Audt Widuet gASIL st &
E7|(foot process)atil H2& P2 XA F7|50] EXfRIC
EEI7IARY] EE7]52 QAT FEVIARY FE7ST AAY
o] SM7IE9 (slit diaphragm)olat:= 2ES FAstL 9lom,
ol MY olEplso] MYHY AT PP,

DNo| AI35l1 9182 AAfehe auiel 37k S5/I4%
o e, BMT, 7|xjuto 2 Xejo] o2&, JEAIHAF So wajws}
o el Jopd. @2 dPARCN  AMPK, mTOR,
ER-stress 59 O3t Aad27d 20 &gto| o[2|g DN %13}
of AAAQ Yoz Bugw o E5], T RS A2
A #7tg A o] (Epithelial-mesenchymal transition, EMT)2]
2o Iwano?] A7 ol de) wuelw ook APPHL g
Qe Bt YFEAG o8 AN 2HFRAESO| F7tet
2, EMTIES ARl= AZE9 vlgo] A9 dast A= &
A Zalotely AEo] ustel F7tEctn WaEPrY. T
SE  UQARdINE  gahEuarzoly
profibrotic cytokine, AAIA} &8 X2]& 73 EMT7} @tAist
oh B g glT.

TGF-f= %2 AFA RN FY|EH, Smad, MAPK § THY
P AsAgage ANE Aoz ged o). AR Azl
374 ArolEFIQlo] Tigh ¥hS-Z F|AstsiAU AFEAl2O] HEA
o 99 Yt 5 9o AE KL 9o}, DNG EU
et ALPRRENA TCF-pE ATAZLEE TRA7ILE
S &2 st oz & LA o ShgAgASo|A
TGF-B9] Rul: 37} gloul, olSe AgNIZ] Hgste] A
Z1AE AMSIES [EFdozn AFAZEEH N Hast
g o7lu, A2 557144 ¢ AEABALE
2H AISe FANTIEY Fad 48e s Zow
o}, A 71K isoform(TGF-B1, -B2, -p3) 7-2d TGF-B
RYSIH ECMO RS SEshs AYH w2
Qe
TGF-f= M=z Y £EAE
I $8A19 type I 28 B5 transmembrane
serine/threonine kinaseso0| R0l NzojA TGF-f & W™
A type I £8x0] Agsto, o5 ZYAE type 1 &A1t
QAlste] olF ZHYAYl bindingg tA "t Type I&EAle
type I5-8R10] ojstel 4t} B %, AYAQ Smad NEHY
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AZ AR, TGF-p= Smad pathwayo]9]o]
phosphatidylinositol 3-kinase, AktE %3t mammalian target
of rapamycin (mTOR)E #A3X|Z1oz2X EMTE GEst= 7
o2 BugYcP®. mTORE M3/3d 7|UotR2 Az 3
Jl9h Bul, 34, BE0] glold F3HA 4TS s oz ¥
A Ycl”. NZo]x mTOR complexl(mTORC1)Z} mTOR
complex2(mTORC2)7} £A]5tH, o] & mTORCIL A A} 0]59]
W (translation) g0 ZHEFC2H A=o] 379t s F4
A7le Aoz A A ot %2 FYat giAMPRgolA
mTORY] Aol Z7lelol glom, olg Sojdoz oFst:
rapamycindt 22 %42 0|59 g 389 5 AP, Tn
Wy AMEIAN Ut 1A Wat 3 shuel A% FAle
ARARE AT Aol vdg gt} J[E] By @2 A
S0 9ot FeP AHF9 A% vdo]l mTORY &t &
28 ogg st Aoz WHAGPY.

2 AdFoM= TGF-Blog EMTE 28 FE7|ARE o8
sto] A¥g M5ttt HGTE FE7IAIZA TGF-BlA2 =
gt FmALutAHQ ZO-11} nephrin®] W3 ZAES AAF ¥
H, Y UAQA vimentind} o-SMAQ] F7h= FAA|F HFig.
2). o2 HGT7I FE7|MEA9 TGF-Bl12 =8 EMTE %
Aske amt 9ee HAskdch oo ¥ APFe HGTY
EMT ofH] &5 7ASQl 7|4 &aetaxt, TCF-plo) AsH
u72g YAsot $08AE HOTE A< Smaddzut
MAPK 7#22 oAstx] @2 ¥Ha(Fig. 3B, C), AktamTOR Z&
2 ¥9moz oNelgln, AMPKAZE YoixzickFig. 3A)
AqUx] AEA0 FEO NE U ATP7} "ojX|1 AMP7} =
Ol oA &/dstE|o] catabolismZ (=5 AMPKE
mTORGH o EAIst= TSC2E &/48HA17]L, oh22] mTORC1
raptorg QAEIAZAC 2R mTOR AZHFEE dAlst= o=
2 A APV oo xS HGT AMPKE HASA]7]:
530l mTORAAE & EMTHo| &350 o= F=o IFZ
g5ty Q=X &9l5t AL, AMPK inhibitorQl compound C
(CCYE AT M=ot vlw WS sttt AFZA CCE A
o4 HGTx vimentin®} o-SMAQ] HdZ AAA7|X] Rt
o} o] Zik= HGTY EMTHA|5Zo] AMPKO] /o] o &5}l
]

YA

=

ogel NYAUES YN MU, FouY 272 HGTE
Al

gt

10.
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13.
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