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Wiryeongtang attenuates diabetic renal dysfunction in human renal mesangial cells
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ABSTRACT

Objectives : Diabetic nephropathy is one of the most common chronic complications of diabetes and a leading cause
of end—stage renal failure in the world, Mesangial cell proliferation is known as the major pathologic features such
as glomerulosclerosis and renal fibrosis, Wiryeongtang (WRT) is a well-known traditional herbal formula as
therapeutic agents for chronic edema and dysuresia of renal homeostasis, In the present study, we investigated
whether WRT inhibits high glucose (HG)—induced renal dysfunction by TGF—3/Smads signal regulation in cultured
mesangial cells,

Methods : Inhibitory effect of WRT (10—50 ug/ml) on HG—stimulated mesangial cells proliferation and dysfunction
were evaluated by [3H]—thymidine incorporation, Western blot, and RT—qPCR.

Results : WRT significantly decreased HG—accelerated thymidine incorporation in human renal mesangial cell in a
dose—dependent levels, WRT induced down-regulation of cyclins/CDKs and up-—regulation of CDK inhibitor,
p21lwafl/cipl and p27kipl expression, In addition, HG enhanced expression of dysfunction biomarker such as
collagen IV and CTGF, which was markedly attenuated by WRT. WRT decreased TGF—31 and Smad—2/Smad—4
expression, whereas increased Smad—"7 expression under HG. Furthermore, WRT inhibited HG—induced inflammatory
factors level such as ICAM—1 and MCP-1 as well as NF—«B p65 nuclear translocation and intracellular ROS
production,

Conclusions : These results suggested that WRT may alleviate mesangial proliferation and inflammation possibly
involved in renal fibrotic process, further diabetic nephropathy through disturbing TGF—-£1/Smad signaling and
NF—«B/ROS pathway. Thus, WRT might prove to be effective in the treatment of renal dysfunction leading to
diabetic nephropathy,

Key words : Wiryeongtang; diabetic nephropathy: mesangial cell; TGF—£1; renal dysfunction

*Corresponding author : Ho Sub Lee, College of Korean Medicine, Wonkwang University
- Tel : +82—-63—-850—-6841 - Fax : +82—-63—-850-7260 - E—mail : host@wku,ac kr

#First author : Jung Joo Yoon, College of Korean Medicine, Wonkwang University
- Tel : +82—-63—-850—6447 - Fax : +82—63—-850-7260 - E—mail : moralityl6@hanmail. net
- Received : 19 July 2016 - Revised : 2 September 2016 - Accepted : 20 September 2016



72 K & A BB € 3 — Vol. 31 No. 5, 2016

23 AJoE T FHFO I3 AMTE F MY =24
A st Agolty?, olge T A A1) dutA el
A AR NGO R QIS AFFAIS} Ao v T 9
HARA R Az ST fAAg 7189 F2Fo] yEehH,
olgfg A=Y AEHQ AAYLE Q3| AA eS¢
oA A ABA(renal failure)d 2L A% 715 Zofj7t &
Eis=l=n

Transforming growth factor (TGF-p)+= AlZ<71&
(extracellular matrix ; ECM)9] A& A3} H831=
ot FA3t Ao|EFIRIC R A1) AR S 9 AN
T Az Exsial gloy, G A% HAg 9o diE
Al Ak Fo sz A Ao TGF-p= TGF-
type I receptor (TSRI) ¥ TGF-p type II receptor (TGRI
)9} A3}t serine/threonine kinaseES &3} A]7]2,
AAIZL 93 3} Smad-2, Smad—3, Co—Smad—4
complexE sk, PO 2 o|Fsty H{E F= 7|HAS
g4t AN, n8Y, @Y 5ol os) TGF-p2] Ud
o] Z7l=lm ANJEQ] 7]A9 fibronectin, A13d ZHA, A4
g 2 59 TS F7HIA ECMY S3& 3130}, A
TA 1A Fo A FEoln AFARE A HT} He
Ao R 4A collagen IV GA] Fiiox adte] 23)
3 g0 Skt AA wlAtA] & WY RS SHA
7= zE HEAgz A Ao 2T AA oA
TGF—B1 ¥ collagen IV HdAS AATOEZHN A% A
3= GAISt ALEA A3 2 G4 AF RS 33
T ARAE Astr] fgt A7t wo] A= Sl

AT IewA AZ9 2o Interleukin—1 (IL-1),
IL—6, IL—18, tumor necrosis factor—a (TNF—q) 181
monocyte chemoattractant protein—1 (MCP-1) 59| 4§
24 cytokineo] Tfsle Aoz BuEHT I HEA
cytokine2 8% &S U= &3t o]Yo= A% 7
of AFAHQ FI¥L vA7| = sh=t], theFet Aol Lz
Egog A% ARA HARR]E AlEZoA MCP-19
mRNA &3 I ol YiE F7HARo] TRESGoH,
CCR2(cysteine—cysteine chemokine receptor)®} Zg2
E35to] A HAHLSE fibronectin@} collagen 1V XS &
E@THE B o, dEukso] #el s Ros gl
293 AARIA £ 312l nuclear factor ¥kB (NF—«B)7}
2435 tumor necrosis factor—a (TNF—q), IL—18,
TGF-81 5& 37HN711, ©]&= tA] NF-«BE &43FAA
G Az WS 2AANNGH Y Ee Alshy AET
2o 9J5}e] WA E]= reactive oxygen species (ROS)= o
= S AT A3 AR wAgH 18 A A
ROSY 4L F7i=H, ZPAE ROSE Alzqt AA9
peroxidation, @ o] Ak3}l 18|11 DNAS &£A4HS 2 d5l=
59 Zg3tA "ot o]F ROSe| 9t EA8HE A5 A

oo AN rlo .

ok H1

u

AL AF Yol A Hgatet BaE §ARte] HAALS Z71A]
71e Aoz A Yot bEbd, Gy Azez o
ola) M3l A FZ WA A Alstd AEHAES FAA)F|T

Z AAEY] 2HE Fio] ZAL A7 A B ol
2 P A% ofute] P4H ot & 4 9Tt

HSme FEET LAk e 7vez 3 Aoz
Zz, AR, bz, WE, A, AY, A8y A9, F&, 9
Ab, kb wizioko] & 19%9] objE TAE Hwez 47t
2 L o 228 wAoltH? Sor AL 92 =
37T 712 S sHe AR A SR 9lon o=
R pEo %It ol We Yo7l Al BEe Fuket F
g Atel A, AMEE Sof AFGE AR o]t ¢
HAEo migimiE, AFY 59 AQ a3t e AeE By
go] gout? glEute) Ty Az dgt mw @ 1
2E71 A gAML olR7A AATH ol B AFeAL
SEete] nEEF| gt wlAkA S AES TGF-p/Smad
9 NF-¢B/ROS A smzte} o]o] ofat T4 A% A4
of et AL Lolr A} HATH

I. A2 2

1. Al&9 Az

e (Herbarium voucher No, HBH262—-01)& &%
2 e Egtaae] Y& &, FF4 500 mlE 7Fstal 9
5ToAA 6A1ZF 7FEste R FEstt. ALAE o835t
o o3t o}, oJTMS Evaporator (EYELA, Japan)S
o] &3l QY FEIL FEAE T2 ARt AY A7HA
YR sttt AF Addle A" FEES pure distilled
waterg o]&3}o] HiX|of &3 &, pore size 0.45 < &
HAAE FAZ F ARSSHAT AEE Ax 1.875 g, A
2 1,875 g, & 2 g, WA 3,75 g, W& 3,75 g, B 2
g, A¥ 3.75 g, A5 3.75 g, X9 3.75 g, F& 3.75 g,
gAF 3,75 g, FEF 3,75 g 02 T Q. AFE &
B2 55 F 95 Ax7E o83ty 54 ARANA =& &
17% (6.3 2)¢] F& 53t A ALt (Tablel).

Table 1. The composition of Wiryeong—tang

Herbal Name Scientific Name Dose amount (g)
HE Glycyrrhiza uralensis 1.875
=553 Cinnamomum cassia 1.875
KB Zizyphus jujuba var, inermis 2
B Paeonia albiflora Pallas var, trichocarpa 3.75
it Atractylodes macrocepha—la 3.75
-3 Zingiber officinale 2
®E Polyporus umbellatus 3.75
R Poria cocos 3.75
4 Citrus unshiu 3.75
E-3i8 Atractylodes lancea 3.75
=g Alisma orientalis 3.75
b Magnolia officinalis 3.75

Total 37.75




WS 2EE A R ALY DS

2, WA & M2 ujek

AL g A mARE AlZ(HRMC)E ScienceCell™
(ScienceCell Research Laboratories Inc., Carlsbad, CA)
2RE st AMESHETH HAA R AlEZo g 10%
Qelotd A} 100 ug/mlY penicilling H713t A= £=
(100 mg/ml)-§ Dulbecco’s modified Eagle’s medium
(DMEM: Gibco, Grand Island, NY)ollA 37C, 5% CO; Al
Zojg71E ol &sto] wigFstdct WA 2 vtk vpHE S
Atk 2 dAFol= 3tA AduE 2 wAA R AZE A
£33t

3. [’H]-thymidine incorporationg ©]£3 v
A& AE FA B2

HAR S AZE 24 well A2 wiFE71o 2 wellF
5% 10709 A=} H=8 E33te] 33 A@stAct, o] A
ZEZ 10% SHof o] Tr5H DMEM HiFH = 72 A
7+ viokst & FAujA DMEMO 2 24 A7k 52t ujokste]
MRZFEZE SU3etET. 24 well M3 vjekg7]o] Z+ well
T 5x 10712 A7} H=2 B3t 33 AFPsrt A
Fol 2857] 24 A7+ Aol [*H]-thymidine Z+ wello] 1
uCi/well?] =2 71t Aol TREH viXE AA
sl WARAS QAgEdHog 23] AAHIL FT, 10 %
trichloro acetic acid (TCA)Z 15 B7F A4 W25t &
0.1 N NaOHZ 1 Azt ®¥x|ste] MEZ2E L3t 2 ml
Y3 beta—counter (TL 5000s,
Fullerton, CA)S ©o]&3le =

scintillation cocktail®l

BeckmanlInstruments Inc,,

WAk 2t

4, RNA9] £ 9 RT-PCR ¥4

| A2]-& A EZE 10 cm? culture disholl AJZS7} 1% 10°
cells/dish =7} H=& E5oto] viget & AFE A3Pst
gtk RNA Eia#l: TRIzol reagent (Invitrogen Co.,
Carlsbad, CA)E o]&3lo] & RNAE F&3sl%oew, 1
total RNAZEE mRNAS GZHAIAAH cDNAES AsHAL,
EAG AR collagen IV, TGF—p1, 181 Smads mRNA
o tigt PCR2 HiPi Plus 5X PCR master mix (ELPIS,
Taejeon, Korea)& ©|-83td #3stqct, AL A Bt
- 242 95ToA 3 B W ‘”\] < 94TCelA 30 =3+
HAERS, 55CllAl 30 2 AFNES, 72T oAl 45 23t 35
cycles HHEA|F T ZZ 5 DNA 10 ,uL—- 23l 1.5% agarose
gelo| A 7] 4 3}"““3} mRNAQ] T FAL house keeping
gene?l GAPDHZ R A3l o Z+7+o] primer: Table 2
o 2,

5. ROS B4 &3

Az W ROSY A A=E SAs7] Hste 2.7-
dichlorofluorescein diacetate (CM—H;DCFDA, Invitrogen)
FFEEE ol &4t & Yol A 96—well dishol

Az M) T g A% &4 A &3 73

1x10* cellsE Z7} seeding 8+ 3, ME7} o 70% 7VF =
=2 o 0.5% FBS DMEM HiA| 2 wjks] Fch 2+ =4
HE 24 AZF B vieket & 1X PBSE F W A & &
A2 1X PBS ¢ @7 final ¥E7F 10 pMo] HEE
CM—-H.DCFDAE F7}ste] 30 £7F vh-EAIFTh g =&
% fluorescence spectrofluorometer (F—2500, Hitachi,
Tokyo, o]g&3le] 485 nmet 535 nmollA
spectrofluorimetry 2402 ZZ % ROSe| Zdd FF
DCFE &43to] diz2tol] digt A&l X2 Yetli At

¢

&

Japan)&

Table 2. Reverse transcriptase PCR primer sequences

Marker Primer sequence
- . sense 5—=TGA GTG GCT GTC TTT TGA CG-3’
rara anti—sense 5'—ACT TCC AAC CCA GGT CCT TC-3"’
. sense 5'—CTG GCA CAA AAG GGA CGA G—-3 '
Collagen IV anti—sense 5'—~ACG TGG CCG AGA ATT TCA CC-3"~
. sense 5—AAG AAG TCA GCT GGT GGG T-38
Smad=2 anti—sense 5'—GCC TGT TGT ATC CCA CTG A-3
” sense 5—CAG AAC GTC AAC ACC AAG T-3
Smad=3 anti—sense 5'—ATG GAA TGG CTG TAG TCG T-3
GAPDH® sense 5—~CGA GAA TGG GAA GCT TGT CAT C-3’

anti—sense  5'—CGG CCT CAC CCC ATT TG-3'

6. @ >Z& 9 Western blot ¥4
nE

HEgd 1xxgo] HH NEE PBSE 23 A|FstaL,
RIPA buffer& ¥ 4TolA 30 £2F ¥ A7l £, 13,000
rpm &2 10 £3F ¥4 EEsto] dds FE5kgich T
4%-< Bradford (Bio—Rad)¥& |83t djd o] &
10% SDS—PAGE (sodium dodecyl sulfate—polyacrylamide
gel electrophoresis)2 7] FE3te] E2g & nitrocellulose
membranel. 2 transfersttt, H| £0|3 antibody 2%
Hz]8l7] 43 membrane® 5% skim milk7} &EH
Tris—buffered saline (TBS) &N of A4 1 A7t F<F
blockingd}$th. Blocking® membranes 1:1,0002.2 3]
23t z+ E}7“ T2 o] 12} antibodyZ 2 A|7F o)A A &5
Fh. I & TBS-Tween 2022 33] AlAF th3 1:2,000
o2 3XAZl 22} antibody S AF-2oA 1 A7t HESA| 7|
TBS—tween 2022 33] H|Zg & ECL solutiong HH3-A]
A %4d HEZE Chemidoc image analyzer (Bio—Rad,
Hercules, CA)& AH&-38to] 4 F A=Fshgict,

7. A3 Az A Gl B

Jal nxEgo] Helw AES PESE 23] AN
AEE Be 5 U4 Lestel 432 AA st of Al
2| buffer A [10 mM HEPES—-KOH, pH 7.9, 1.5 mM
MgCle, 10 mM KCl, 0.5 mM dithiothreitol (DTT), 0.2
mM phenylmethylsulfonyl fluoride (PMSF), Nonidet
P—-40 (NP-40)]& ¥o] 15 27} vortexing3t & iceo|A] 15

b =9tk 2 % 12,000 rpmollA] 5 E2F ¥4 Eelsted
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Az e] o] ZatEolgle 4FHE tubeol &AH -7
0C oA B3, pelletoll buffer B [20 mM HEPES, pH
7.9, 25% glycerol, 0.42 M NaCl, 1.5 mM MgClg, 0.2
mM EDTA, 0.5 mM DTT, 0.2 mM PMSF, protease
inhibitor cocktail]& ¥il 10 %7t Vortexmg?ﬂ' of 10
Hult} 33] vortexing 3FETE. 1 & 12,000 rpmoflA] 10 &
794 Bejalo] o Bl BRE Teels 1 AE0lE A
28 wbesl §71 ~T0TAA B},

=
o] AY A5 St udent’ s t—testE E?‘S}Oﬂ] pZtel 0.05
stel 4 o2 TSR, A Ao LS

m 2 3

1. 915wl WA A 54

é.
fol

3}

ABFe AAAE AT S0 e FFS B 9
3 [*H]-thymidine 2] 23 =S B34 1 A3}, 2

Zeg2 AR A AR dAAE Azl SAs dxd
vl frefobAl SRS Y, AET T w2l v
[Hl-thymidine © 2% F=7} ZA42ES & & Y &
8] 20 ug/ml T 50 ug/ml 9 T2 AFFE A AP FAS
o Fojet fag HeE gl (Fig. 1, p<0.05, p<0.01).
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Figure 1. Effects of wiryeong—tang on HG—induced cultured
renal mesangial cell proliferation. Mesangial cells were seeded
into the 24—well plates. After confluence, the cells incubated for
24 h with or without HG and various concentrations of wiryeong—tang,
and then pulse—labeled with [*H]~thymidine for 24 h. Results are
expressed as the mean=S.E. from three independent experiments.
**5¢0.01 vs. control; #0¢0.05, ##p{0.01 vs. HG alone.

ES, A HARA R Azl digt YR F-F412HE0]
Axzz7] 24 AA=Y 24 9]_ AA7HE Elsthr] {3l
Western blot & ©]&3
wWzl¢] CDK2, CDK4, cychnDl 23 cyclinEe] ©iz
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B WS el o) REEFE AP ZoIAg o
He 378 Edod, A9eS A AT 2olAs Az
7] 24 SAS 9] Wdo] {FosHA Fadte A Hh
AAGL cyclin AG) AEARE Z5H gaide] wal
o] Fash= WA, MEZAGS Adfiste @A p213 p27
o Hde F7HE S UEh it (Fig. 2)
A' CyclinD1 | s sm— \
CyclinE ‘ E =
CDK2 |~ o e e = |
CDK4 \ e ——— — ‘
p-actin ‘ _————— ‘
WRT (ug/ml) Cont 0 10 20 50
HG (25 mM)
B.
P27 | — e e . e
P | —— — — —
P-actin | we— —— — —
WRT (ug/ml) Cont 0 10 20 50
HG (25 mM)
C. — CyclinD1
2.5 EE == CydinE 3.0 — p21
== CDK2 — 27
5 520 = CDK4 g 25
;% 15 g% 20
é‘g 1.0 ‘éé 15
£= 0.5 & 1 Y r'
ool NN WHI WNI WWI EWI gof 1m Im 1m im im
WRT (ugml) 0 0 10 20 50 WRT (pg/ml) 0 0 10 20 50

T HGesSmM (25 mM) T HGesSmMY (25 mM)

Figure 2. Effects of wiryeong—tang on HG—induced cell cycle
regulator protein expression. Cells were stimulated with HG in
the presence or absence of indicated concentration of wiryeong—tang
at 24 h and Western blot analysis was performed with
antibodies specific for Cyclin D1/E, CDK2/4, p21*"/**! and
p27"°' respectively. Each electrophoretogram is representative
of the results from five independent experiments.

ot

AHF FEE g3 A &4l dig Ad aE Fel
staap ohFgt Aol o3k MZe)7| A To] gAate] XF
dARJARA AR5 AERE JAEIL 9= collagen IV
9 TGF-p1 ©fd I A=g sty 1 21, iz
ol H]3] collagen IV It TGF-41 @& A&7} ol He
7 BEglon, 9¥" F2Eo g3 da=EAT (Fig.
34A), E3F 2 TGF—419] 31943 & 2 43 A Smado] ¢
W Hde] gt AHFY S AP AN, 12
o] o5 Z7h Smad—29]- Smad—3¢] Q14tst H=7} 9]
Fgol| o3 HdaEE AL AT = AT EE co-
Smad¢l Smad4<] EP‘E‘EZ%‘ ‘E'z_"&] HA| AF" e o) dAES
E 4 JJoh. 28 inhibitory—Smad¢l Smad-7+= IE
=gol Y3 Fastgen, fEE 98 JEES HAT
(Fig, 3B). o]¢} 22 A% H{3 #d A=< dwd o
Ed WH3= mRNA oA 4% 2ae}t fABH Ueb
ot (Fig. 4).
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Protein expression
-

0.
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Figure 3. Effect of wiryeong—tang on TGF—3 1, collagen IV, and
Smads protein expression under HG condition. Cells were stimulated
with HG in the presence or absence of indicated concentration
of wiryeong—tang at 24 h and Western blot analysis was performed
with antibodies specific for TGF—31, collagen IV, and Smads
(pSmad—2, pSmad—3, Smad—4 and Smad—7), respectively. g
—actin was used as the internal standard in each sample. Each
electrophoretogram is representative of the results from five
independent experiments.

3. 1999 HAANZ JE&BH RS gt
AA| a3}

Western blot Y& E35to] WAt X2 AEZ Y ICAM—-13}
MCP-18] HAFLS A £ 21, 1x=FS A5t
2 o] ICAM—19] ¥go] =4 —-7]— 93, =715 ICAM-1
< WRT| A &= o&H oz ZAaFrh 53] 50 ug/ml
o FEAE g2 5 FEo Fd oA A Bt
MCP-18] A9E 12=E AP o, Tdo] A F7t
gk 9, Y2l YAl 50 ug/mlY] F=oA of
Id A anE 2t (Fig. 5A). B3, 4% w8

el
.

of

N ‘{N

=
Bojshs AARIAR Fel R NF—cBe] Fael
GG Potr] 9iste] At XY SHAS 242
T Rd WeE Z3sgr 1 A%, NZEFS 9
$e o) 8 2RO NF-«B p659] Tdo| 3944 A F71h

P 2282 A A7 st9e fi 3 Y NF—«B
p657t HE Y4EHOZ AUt (Fig, 5B).
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Figure 4. Effect of wiryeong—tang on TGF—3 1, collagen IV, and
Smads mRNA levels, Cells were treated with HG (25 mM) for 24
h in the absence or pre—treatment of wiryeong—tang (10, 20,
and 50 pg/ml) for 30 min and prepared to perform RT—PCR
analysis. GAPDH was used as the internal standard in each
sample. Each electrophoretogram is representative of the results
from five independent experiments.
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Figure 5. Effect of wiryeong—tang on HG—induced renal
pro—inflammatory. Cells were treated with HG (25 mM) for 24 h
in the absence or pre—treatment of wiryeong—tang for 30 min.
(A) ICAM—1 and MCP—1 expression performed by western blot.
(B) Effect of wiryeong—tang on blockade of nuclear translocation
of NF—«B. Confluent cells were incubated with 10-50 pug/ml
wiryeong—tang for 2 h under the conditions of HG. For Western
blot analysis with a primary antibody against NF—«B, and nuclear
fractions were obtained. f—actin and LaminB were used as an
internal control.
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4, ROS A digt 919 AA a7}
ANZo) Abd 9 F2]of §lojA Fagt s o
42X ROSS Aol e Yh2Y F3S Gotr] {3

CM-H;DCFDA @4& 53 A ¢ ROS & =
foh 3 2y, 1xTgo) o) F7HE ROSY B4 A==
Aol g3l =224 TAE RS 53], 50
ug/mlo] TE=2 RFE A A3 FlANEe Y4 U=
Zpol & Hof F4It} (Fig. 6, p<0.05).
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Figure 6. Effects of wiryeong—tang on HG—induced intracellular
ROS production. Renal mesangial cells were treated with HG for
24 h in the absence or pre—treatment of wiryeong—tang (10, 20,
50 pg/ml) for 30 min and then treated with CM—H2DCFDA. Bar
represents the mean *= S.E. of more than three independent
experiments. **p{0.01 vs. control; #p<0.05 vs. HG alone.

v, 2 #

AF g2 v Batel] 52 7|2YAQd LA
= et REBEES, KBRS, WHEARILE KEAE, /ME
FAlell A=l S0 a2y 91we) A% &4l g
A aake] sl BEHHQl FHo] o] FojR A Akt o]
2 AFolMe nx=F] o5 {28 AR {2 Ao A
TFA ARG AZoA ROl AREA AlEZO] FA H A
#3e a8¥or AAEt=A i a7 A5 2 1 /1A
of thaf Lottt

HA, Dx=de] ot HAR]E AZo] F4] 9 N ZF7|
24 Tl o) vty Bisks ARt g 4159 WAt
Aol diste] fFFe] 7= AZ2H A g8 995
FHstgeh ["Hl-thymidine assayS 3] wlAHx]2 Z4]0|
gt AEF Y FFS IRIT Aol nx=Fo o) F7t
9 [PH]-thymidine ¢ 23 F=7} 919= Ao o3 &
oHoz A Byt A¥TE I AlE F7] 24
2ol CDK2/4 ¢} cyclin D1/ES] 2L QA Ao ghj
Z CDKAAARI p213 p279] L 23 T2 2 35
A7le AL g2 Uetgth ols f¥®e] AExF7] T A%
59 24& 3 2Ex=F| Y3 FEH= HARAE AlZ9
Hegt FAE AA T e g HAZI

A AFolA thgFe cytokineolu AR IAE] Al
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