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Effect of Vigna angularis on Toll-like Receptor Activation and
Pro-inflammatory Cytokine Production

Mi Hwa Kim’, See Hwa Jeoung", Seung Woong Lee, Hyun Kyu Kim', Chan Sun Park,
Byung Hun Jeonz, Hyun Mee Oh, Mun Chual Rho*

Bioindustrial Process Research Center, Bio-Materials Research Institute, Korea Research Institute of Bioscience and Biotechnology,
1: Natural Bio R&D Center, Sun Bio Tech,
2 Department of Pathology, College of Oriental Medicine & Research Center of Traditional Korean Medicine, Wonkwang University

The mechanisms of Toll-like receptor (TLR) signaling have been the focus of extensive studies because TLRs
are the target of therapeutic intervention on multiple diseases. In this study, we investigated the inhibitory potential of
Vigna angularis (azuki bean) on the TLR signaling. The effect of Vigna angularis extract (JSD) on TLR activation was
investigated by assessing NF-kB and AP-1 inducible secreted embryonic alkaline phosphatase (SEAP) activity. JSD
significantly inhibited SEAP activity induced by poly I:C (TLR3 ligand) and poly | (TLR7 ligand) in a dose-dependent
manner at concentration below 100 pg/ml with no sign of cytotoxicity. Pretreatment of JSD markedly suppressed
mRNA expressions of pro-inflammatory cytokines and adhesive molecules such as TNF-q, IL-6, RANTES, MCP-1 and
ICAM-1 induced by TLR ligands. It also diminished the phosphorylation of 1xB kinase and IkB, and followed by Ik
B-mediated nuclear translocation of p50, p65, and phosphorylation of p38, JNK, and IRF signaling pathway. In
conclusion, our results suggest that Vigna angularis has inhibitory activity on TLR-3 and -7 signaling and it can be
further developed as a remedy in curing TLR-related multiple diseases.
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/\1 =2 recognition receptors, PRRs)Ztx H2=H, EfFFEIAE
199630 E-fAE-A (toll like receptor, TLR)7F A= AT
Aol Hgdes wW SFLAFEL  APEH(innate TLR H}o] & 2 (virus), BHH 2] ok(bacteria), &%°](fungi) & o
immunity)# ¥ H % (adaptive immunity)e] F 7}A] A Al & HAu A E EAsts F5Y PAMPsS 1413k AW
b gt AHA 99AAE B T 54408 &gty o o #o] P, AF71A 137kA] 018 (subtype) ] TLRso]
74 HAAEY AL Aue] 2-8T 4 JJornz JxZ 3t 7t FEAA BsFOom, o] F plasma membraned] EA|3=
4 99 WA Bdx7E 2R Y. olyF MWW TLR2, TLR4 283  TLR5%  Z}Z}  lipoproteins,
oA wAEe] FfH3lE TF(pathogen-associated molecular lipopolysacchraide, 18] flagelling ¢143te RAoZ ¥ A
patterns, PAMPs)E Q14)3l= 85 &<l 48 (pattern QP 3l endosomeo] $)X3 TLR3 9} TLR7-S nlo]&]29]
* AR 2R, ARA QA FEAAB AT vol e AT A dsRNA (double strand RNA)¢} ssRNA (single strand RNA)
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2 uyHr, TLR3E A9g U] TLRsS Mydss &2 713
< B3 A5 AEd). TLRsol 7= (ligand)7t 281
HE ME W adaptor moleculesql Myd88 HF+= TRIFZ}
recruiting |31, 1B kinase®l ]3] €/33l¥ NF-kB7} Y= o]
&8kl TNFa EE L6 Z2 G3/HL A|EZ
(proinflammatory cytokine) ¥ MCP-1 A/ E7}?1 5 HAES F
=34 9. 53 TLR3 AR o]FojX& wiolH2y
dsRNAE <143HA = TRIFS] 9J3) TBK1o] &/d3}¥ il IRF3
2 QA A Wdukg-o] %2979l Type 1 interferon 734}
o Lgo] A Hrp). o9k 2ol B Al £8A1E v 2
ofit mpojgls o] 7 Foll S0l W Hx WolxxH
o8 AF HHA MRS doA AWo] BA}eE A&
e SRR B fAF FEAS AGA A HREr 2w
dZo] wsA Hrh. H2 TLRs 59 7 8} (atherosclerosis)'
D1 (diabetes)'”, %(cancer)? 121 allergy’ 53 2 9%
g Agke] I FastA Boldes AR RuHA it w
E R g A3 o 9 XNEE A% targeto =
TLRso] F&38HA tiF5x Jomn, 3 TLRs antagonist Z
inhibitorg 7|'Z3taz} sl 57k SsiA AAHI ok

HAarfe SPvetds T2 838 2 kA F =z
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oAM= HaF o
qe Asfst &

il
9‘_11

1. @A 3 A

A Zuf kel  RPMI1640, penicillin, streptomycin, fetal
bovine serum (Life Technologies, Grand Island, NY, USA) &
A18-3t9 Tk TLR ligandsg] Pam3CSK4+ InvivoGen (San
Diego, CA, USA)elA Tt Agstglen 2 9 TLR
ligands$¢! polyinosinic-polycytidylic acid potassium salt (poly
I.C), Polyinosinic acid potassium sait (poly I) ]
lipopolysaccharide (LPS)< (Sigma-Aldrich Ltd, St. Louis, MO,
UsA)dll A +A3t3th SEAP assayE 93 QUANTI-Blue
colorimetric assay A1 InvivoGen (San Diego, CA, USA)e]l
A FYstHReH, AEAYETFTES EZ-Cytox Cell viability assay
kit (DaeiLab Service, Seoul, Korea)& A-4-3t9 &3340t &
gl Ao NE-PER Nuclear Extraction Reagents (Thermo
Scientific, Rockford, IL, USA)E ©|&3l9 FE33oH,
WAL cell lysis buffer (Cell Signaling Technology Inc, Boston,
MA, USA) & o]-&3to] Z2]stdth. NF-kB p65 (ab7970) &A=
AbcamA} (Cambridge, MA, USA)oll A 43 .2™, NF-xB p50

(4D1), p-c-Jun (Ser63173), hnRNP C1/C2 (H-105) 2] 3. p-IkB-
a (B-9) FAEL Santa Cruz Biotechnology Inc. (Santa Cruz,

CA, UsA)ERE pdd  Aesdd. Ed,  plKKe/B
(S176/180)(16A6), p-p38 (Thrl80/Tyrl82), =L1¥]il p-IRF-3

(Ser396, 4D4G) &A= Cell Signaling Technology Inc. (Boston,
MA, USA) Al ES AHE-3F . p-JNK1/2 (Thrl83/Tyr185) < B
-actin 22} &A= 77} Stressgen Biotechnologies (Victoria, BC,
Canada)$} Sigma-Aldrich Ltd. (St. Louis, MO, USA) A 9]
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sl | HAF(20 kg)oll ol&-E(90% ©]7d) 140 LE
A 4A17-EF 12k FE3 &, AA (pore size, 25 1 2
A3t o1, o] HATFol ek (90% ©]/3) 100 LE ¥ 70T
X 2A17F Tt 23 FE5 STk AR et AFHg 24 F
EE7 17 A% FEELS WF3H5F7|(rotary evaporator) S
ARkl s wSeten], ¥R o] 70~80 Brixdl A&
AgE FEE 450 g° FEIAT £ A AL8E odeg
DMSO, Sigma-Aldrich Ltd, St. Louis,
MO, USA) ¥E 2 ‘?_]' —6,—— 20 C o HAst] A3

(Model No. HGB25E1) (warmg blender, USA)Z #&3} AlZth
$il 7
m)

3. AlZuj e

Human monocytic leukemia cell line¥l THP-1 (ATCC,
Manassas, VA) A EE AH&-381992H 37C, 5% CO; incubatorol
A et dt. THP-1 Al2Z+  penicillin/streptomycin - (100
unit/ml)¥} 10% FBS7} EH+% RPMI1640 Hl #]¢] 1 mM sodium
pyruvate, 1.25 g D-glucose, 0.75 g sodium bicarbonate 1]l
H7vste] sttt TLRsO| 45
AR o7 =A37] Y3t THP-1 blue A EE InvivoGen©l A
918kl AME-8tgl o, THP-1 blue A1 EE NF-kB HAFRIA}S]
gAdell ofEHOZ SEAP (secreted embryonic alkaline
phosphatase) frH2E LAY F Je A=HE 7HA L oA
TLRs®] &45 FFH o2 54T 5 Sk THP-1 blue Al ¥+
THP-13} Z-& #iA|d] zeocin® normocin FAAZS Z+z} 200
ug/mle]l EA F7He & wjeksigich

50 M mercaptoethanol&

6‘_}TL 834 Ass =3

ells/well)— 96-well plates©ll
seedingt & 24T -iré %“ (10, 30, 60 ug/ml)Z g
stttk @i—r FE2=5 1M AT F TLRsY ligands
(TLR2, Pam3CSK4; TLR3, poly L:C; TLR4, LPS; TLR7, Poly )Z
247y Agstal 1817 vk & AE 9 20 plE M2 96-well
platesZ &t} ©] 45 Ao QUANTI-Blue assay A|2F 200 ul&
H71ste] 1417 ¥E3-A1Z1 & ELISA microplate readerg ©]-8-3}

4. SEAP assay & ©|&
THP-1 blue AHX

\e
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5. Cell viability assay

THP-1 cells& microtiter platel] 5x10%cells/welle] ==
seeding 3t HAF FEES 10 ug/mlolA 100 ug/ml7kA]
AAA T2 2 AR F 37C, 5% COp Wi &7l 4] 484k
st dtk. I ¥ EZ-Cytox Cell viability assay Al2F& 10
ul/well® A8t & 4ojZ F 37Co A 4A17F Wikttt
ELISA microplate readerg ©]43}4 450 nmolA 4%
A3t

6. Western blot &4

HlFE Aol cell lysis buffer (Cell Signaling Technology
Inc)E F7tste] &3star °ME—F4(13 000 rpm)E e 5te] =
43 @A S A3 @¥EL DC protein assay kit (BioRad,
Hercules, CA, USA) & o] & 6%04 A stien FEe 9wd
= Nupage®4-12% Bis-Tris Gels (Invitrogen, Carlsbad, CA,
UsA)ell #7195 st stk #2ld @9 de PVDFY
(Millipore Corp, Billerica, MA, USA)2.2 &7|3 o] A<}
HEAA gl oy = st

7. Real-time PCR

Total RNAE= RNeasy MinElute Cleanup kit (Qiagen Inc,
Valencia, CA, USA)E AH&-3te] #2] 313, 23 RNA9| &
S+ 2100 Bioanalyzer system (Agilent Technologies, Santa
Clara, CA, USA)& 3te] &4 39th. Accupower RT
Premix (Bioneer, Korea)ol RNA 1 ugS %3 42T A 60&7t
HHEA1 A cDNAE $g3hith. 4 cDNA SYBR Green
PCR Master Mix (Applied Biosystems, Foster City, CA, USA)E
A7b8taL StepOnePlusTM  Real-time  Cycler  (Applied
Biosystems, Foster City, CA)ZH|E A}-&-3}4] Real-time PCR&
FPetATH RNAY 47 zol& BASH7] 913t endogenous
reference® GAPDHE A4-31%it}. Axbgk 242 2- AACT W
W olgale] RAsdTh

o]g

Table 1. Primer sequences for Real-time PCR

Name Sequence (5’ to 3)
TNF-a F GCC CAG GCA GTC AGA TCA TCT
R TTG AGG GTT TGC TAC AAC ATG G
IL-6 F CCA CAC AGA CAG CCA CTC AC
R AGG TTG TTT TCT GCC AGT GC
MCP-1 F GCA GAG GCT CGC GAG CT
R ACA ATG GTC TTG AAG ATC ACA GC
ICAM-1 F CCT TCC TCA CCG TGT ACT GG
R AGC GTA GGG TAA GGT TCT TGC
RANTES F GAG GCT TCC CCT CAC TAT CC
R CTC AAG TGA TCC ACC CAC CT
GAPDH F CTC AAG ATC ATC AGC AAT GCC T
R AAG TTG TCA TGG ATG ACC TTG G
8. FAEA
A Ao PRRH wEA4S FeIen, B4

fu Ao EAe AR Bl A%

¢l x}o]& Student's testE o] &3} -Ff 18t p Fhel 0.005
olatel ¢ BAHOE AT Ao 2HFsa WEME HA
3ttt

e I}
1. A% g FEE9 TLR &84 A =A

TLRO| &4 thgt H 45T deg FEFE(SD)Y a34E &
Q7] 18t THP-1 blue MIXEE o] &3} SEAP (secreted
embryonic alkaline phosphatase) assayE 3tSdth. THP-1 blue
A= NF-kB HARIALS] 2740 o)E#H 02 SEAP fiA=
HEHY F de Al2"E 7T 9loA] TLRe 7= (ligand)
7h AgstA =W 249she NF-kBel 93] SEAP 347}k wdd
32 TLRY &4& 4 At THP-1 blue
AEL HaF &g 25 (10, 30, 60 ug/ml)S 147 A
3t Zb7+e] TLR ligandsQ! Pam3CSK4 (TLR2, 100 ng/ml),

AgARo g =AS

poly I:.C (TLR3, 50 ug/ml), LPS (TLR4, 1 ug/ml) 18] 3. Poly
I (TLR7, 50 ug/ml)E 2|3 & 18*]71_} HJE;APHE}. o] & &y

SEAP«] g-}do“ tq._E_ Hl—xﬂ 75]_1;_
A HRo] % & FEE
g4 A F= gEHo = A3 T
TLR1/2¢} TLR4S] 4ol tigh HLF oaE FE2E9 S9=

3 2%, Fig. 19 2%

A o ek LR39]- TLR79] &4&

e e B 5 g
TLRI2 TLR3

25 s

E 20 4 2

E

£

g o1s 3

=

-

% 10 2

2

t s :

I [}
PamICSHA(10ngMD - + + + +  PolyLC(00pgiml) - + + + +
JSD (pgim) - 10 30 60 JSDypgiml - 10 30 &0

TLR4 TLRT
20 & =
15 1
4
o q
5 4
n 4 L]
LPS{lpgmlij- = + + + Poly {S0pgmiy - = + =+ =+
JSDNpgml - - 0 30 60 JSDpgmi) = 10 30 &0
Fig. 1. Vigna angularis extract (JSD) significantly inhibited SEAP

activity induced by poly I:C (TLR3 ligand) and poly | (TLR7 ligand)
in a dose-dependent manner. Cells were treated with each ligand in the
presence or absence of JSD for 18 hrs.
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9] tetrazolium salt7} AHo}le M L9} WH-3-3he] Q 3l =] 4
9] formazans A3t AL QI A, HAF o
2 100 pg/mll M= 54 §lo] 825% <] AE 7} 4robsd
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Fig. 2. The effect of Vigna angularis extract (JSD) on the viability of
THP-1 cells. THP-1 cells were incubated with JSD at indicated dose. After 48hr,
cell viability was measured by WST-1 assay.

5. AL oeg $2T 9 TIRS 240 o8 QZfuala ¥
S LS
TLR3S] G487

(pro-inflammatory

dojud A HE Ao EFLI
cytokine) % A EZX2ZE A (adhesive
molecules)d] FdHo] FEFH = ALZ IHA Ut HAF od¢
& FEE0°] TLR3Y &4 98] f=5+= IL-6, TNF-a, MCP-1,
83 ICAM-1¢] mRNA & vX+= FgFS FAMEGT
THP-1 Ao HAF FZ2ES 10, 30, 60 ug/mle] F==Z 14]
7k A A28 Poly I:C 100 ug/ml& 6417+ 223 th& RNA
& FE3}9 quantitative real-time PCRZ IL-6, TNF-a, I[CAM-1,
MCP-19] mRNA @8 F=Z 239 Poly LC &5 X2
oA IL-6 mRNAS] W o] 28] F7hstq oy HAaF o
FZE 60 ug/ml¥} Poly LCE I/ 2|3 oAM= 3602 A
dEe AL g2 & 4 AUk TNF-a2] mRNAZE-S Poly I.C

AgA 458 FUHEtASY AL dEgE FEE 60
ug/mlZ Poly LCE 37 A 27812 A== 2& &9
& AR e, MCP-19] mRNASH-E Poly I.C @5 A eA 247}
3428) Z7}5) 31, Poly LCS HAF oee F2E(60 ug/ml)S
A A A 61 Z A= e A F Uitk ICAM-1
°] mRNAZ AL Poly .C &= 2] A] 508 F7Fat51.2.H, Poly
LCo A4 &g F2E 60 ug/ml 37 24 8082 A
sl=EE A& BA3AT Fig. 304 BE Hie} 2o Z—‘l*t ol g
& FZEL TLR39 843t o3 F7lEs dSFEAAER
IL-6, TNF-a, MCP-1, 18] 1 ICAM-1¢] mRNAZ& % FROE
Ho g Afste F4o] USE AT 5 AU

AArST o8& FZEo| TLR7 &A4d 93 IL-6, TNF-q,
MCP-1, 183 RANTESS] mRNA 2% G&FS n =&
ZAVetAth THP-1 Al 2ol A AT +

e
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tlo
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L
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L
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=
@]
S~
2

T2 1A A A28k Poly 150 ug/ml S 6417 A3 &
RNAE FZ3}9] quantitative real-time PCRZ IL-6, TNF-q,
MCP-1, RANTESS] mRNA %3 A=S 21354t Poly I 50
ug/mle F= A3 Fol M IL-69) mRNA &L 49.14) F7}
oy HAF &g FEE 60 ug/ml¥ Poly IS &7 32
g ol e 17202 A EE AL 2 & 5 dlon, INF-
a9 mRNA 282 Poly I &5 A& Al 13.54] F718td oy &
2T dES FEF 60 ug/mlF Poly 12 &7 A3 TollA
101812 AsEe Ae e & 5 Atk E=3H, MCP-19]
mRNA T2 Poly I &5 A o4 1538 F7l8tdn A&
T oege F2E 60 ug/mlS Poly 19} A A3 TolME
6.1MZ A3l A FQ & 4 At RANTESS] mRNA
HHL Poly I &5 A2l FollA 6.18) 718 poly 19} 4
T AgE FEE 60 ug/mls o] Mg oA 288 = A3
€ AS AT & AU Fig. 400l B vpe} o] HAT
et 2ZELS TLR7 849 93] Z7tHE 4=
IL-6, TNF-a, MCP-1, RANTES®] mRNAZ&E < 5
Asste EAol Ao A & 4 AUAh

[e]
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Fig. 3. Vigna angularis extract (JSD) inhibit the mRNA expressions
of Poly I:C-induced inflammation-related genes. THP-1 cells were treated
with poly I:C (100 pg/ml) in the presence or absence of Vigna angularis extract
(JSD) for 6hr, and the expression levels of inflammation-related genes were
measured by quantitative real-time PCR.
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Fig. 4. Vigna angulfaris extract (JSD) inhibit the mRNA expressions
of Poly Il-induced inflammatory cytokines and chemokines. THP-1 cells
were treated with poly | (50 pg/ml) in the presence or absence of Vigna anguiaris
extract (JSD) for 6hr, and the expression levels of cytokines and chemokines were
measured by guantitative real-time PCR.

5. 4% dge F3E 9% TLRS 91714 As) &
TLR ligand”} TLRel A3l A ZujH<] MAPKs, IKKa/

B, 7915 NFkBSh 28 7180 243 Ho} A guae)

do] =gt AT detE FEE°] TLR3Y Az HE7| A
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2] TRAF39] 3197172 MAPKs, NF-kB, 181 IKKa/39] &
/3% TBKel 918k IRF39] Q14ks}e Faks mx]ex] &<l o}%‘q
THP-1 Ao HAF & FZ2ES 30, 60, 100 pg/ml &
2 1A% A Ak poly I.C (100 pg/ml)E 3413t xmsl =
Fma S FE3to] AARIA NF-kB p659t p50 @l del &
i sHlstgth. Poly LC (100
ug/ml)E &= X3 ol A NF-kB p65¢} p50, L2 3L p-c-Jun
of 3] f o]Fo] Flstel Whate, H AT g z
ol A FolME 3 Ul o]Fo] TE JEHOE FAdtE 7
S 3 & 4 ATk NF-kBe 43¢ @AQl IKKa/B9 kB
A3} o] HAT e $§%oﬂ o8 A== el
stk IKKa/ B9} kB Q14tst A= & 313 7] $l8ke] THP-1

ko

] (nuclear translocation)<-

g F2=s

AEzo] ALF dee FEE2S 30, 60, 100 ug/ml TEZ2 1217
A A3 & poly I.C (100 pg/ml)E 1417 A28t h. IRF39]
il A=E HY) feiME HAT FEEY A Age 23

poly I:C (100 ug/ml)E 2417+ A 25k o m, MAPKse] <14+38}
17) 4814 % poly L.C (100 ug/ml)E 30% 2] 5T Poly
LC (100 ug/ml)E ©= Ad LollA 7MY KKa/B9} kB
o] Qits}t Aol AATF FEEY A A A FEAE
Hog 7HAid }% AE B & 4 Atk MAPKs (P38 and
(100 ug/ml)e] Aol o3 F7ts]

o 93] FAaHe AL E F 9
o] TBK] &4 3}e]l w2 IRF3<]
21314t} Poly I:C (100 ug/ml)
A3 Foll A IRF3Y] 243l 4o Fratien
FEE A A YA T JEH
e 4= Y- Fig. 5 oA B niel 2
| ©]3] &Adshe TLR3Y] 8h9)7] M-S A AT og

poly I.C

A&

°]

s Poly 1:C ' ' ' .
150 LU 150 Moosh 100 gl

- T
- BAEEE v .-

fractin D

pIkB

PalyL:C
J5h 1]

L 1L b
ppe——1 1)

Fig. 5. Effects of Vigna angularis extract (JSD) on Poly I:C-induced
signaling pathways. THP-1 cells were pretreated with Vigna angularis
extract (JSD) for 1hr and then stimulated with Poly I:C (100 pg/ml). Cell lysates
were used for western blot to detect the phosphorylation of signaling molecules.

Mo 60 100 g ml)

pIRFY

6. A&F A gE FEEol 9§ TLR7 a49)7]d Asjaw

fu Ao EAe AR Bl A%

=

g 25

=

H2T og o] TLR7 3+$]7]13¢) NF-xB, IKKa/ B,
323l MAPKs®] 274 Aslist=A] &latslth. THP-1 Al
Ha%F dee FEES 10, 30, 60 ug/mlZ 1X7 A st
poly I (50 ug/ml)E 3A13F A2 g § AWM AS F53o] NF-«
B p659 p50 Tl A o] 3 f o]F& FelstArt. p-IKKa/B, p-lk
B wd A= 1sty] AsiA poly I (50 ug/ml)E 1413t A
28R, MAPKse] Q14tst &5 w7 $1814 poly 1 (50
ug/mlS 302 223ttt Poly I (50 pg/m)E &= A3 ¢

ol Al NF-kB p659} p50 @ Aol 3 uf o]Fo] F7t3tdx, 24
FEES 2ol AYF oA ol5] 3 W o]Fo] AsHE
S A F AT HAF FEE0] NF«BS] 9] DH%]E
A% A3}, pIKKa/B, p-kBe #Hd T3 F

15 218 & 93tk Poly I¢f «b‘ﬂ

P38} JNKO] Q14Hs} mgh AT FEE 93| Xioﬁﬂ‘zi
oW, Fig. 6914 B nte} o] HAF FEE2 Poly 19 93
A4stdE TLR79 8k9171dS & dAlshes AS & 5 Aok

13}
s
L
-
o]

>v>,\l

7] o
R=

) S 3 S
Bp - - W80 10(pgm) 15D 3060 100{pgmh

p.pas§' - - - ﬁ
pINK

pee-Jun

_'——n

[l-actin ”-'-

Fig. 6. Effects of Vigna angularis extract (JSD) on Poly l-induced
signaling pathways. THP-1 cells were pretreated with vigna angularis extract
(JSD) for 1hr and then stimulated with Poly | (50 pg/ml). Cell lysates were used
for western blot to detect the phosphorylation of signaling molecules.
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