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TLR4/NF-kB/ERK Signaling Pathway
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Abstract

Aloe-emodin (AE) is the major bioactive component in aloe and known to exhibit anti-inflammatory activities. However, it
has not been elucidated whether its anti-inflammatory potency can contribute to the elimination of obesity. The aim of the
current study is to investigate the effect of AE on toll-like receptor 4 (TLR4) pathways in the presence of lipopolysaccharide
(LPS) in 3T3-L1 adipocytes. 3T3-L1 adipocytes were treated with AE (0-20 uM) for one hour, followed by LPS treatment
for 30 min and then, adipokine mRNA expression levels were measured. Next, TLR4-related molecules were measured in
LPS-stimulated 3T3-L1 adipocytes. AE significantly decreased the mRNA expression of the tumor necrosis factor-a (TNF-a),
interleukin-6 (IL-6), and monocyte chemoattractant protein-1 (MCP-1) in a dose-dependent manner. Moreover, AE
suppressed TLR4 mRNA expression. Further study showed that AE could suppress the nuclear factor-«B (NF-kB) and
phosphorylation of extracellular receptor-activated kinase (pERK). The results of this study suggest that AE directly inhibits
TLR4/NF-xB/ERK signaling pathways and decreases the inflammatory response in adipocytes.
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M E 5 2012). E5], AYALAA TLRAZE A15FS ¥OH ERKS}

NF-kB pathways7} 24 3}E] 1, o] [L-62} MCP-19] BH|=
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3t Ao Z RIEI Qi Andersen 5 1991; Arosio 5 2000;
Chang 5 2016). Kshirsagar 5(2014)2 2 F 522 doA
AE7]— uH7H 2R E9] _r_u]E A }\]71 oi”ﬂ THg =
Ao SIA AT 3190 o (Kshirsagar S5 2014), Hu 5 (2014)
2 AE7} NF-kB, MAPK ¥ PI3K pathways~ AA o =M T
AA| oA LPS2 =8 F5HHe2 HARAIF T skt
(Hu 5 2014). 22 YA Zf| A o]¢] FHS53 =
BRA 7|A A7 RuE vy} ¢oh a8 as 2 upA| o)
A AES] 955 ofRst olg B 71 8L e AFE
- S8t onE 7HE Aoz A3t ofo & Atof|A
+ AE7} LPSZ =¥ 3T3-L1 AN 2] G502 A
SheA] ook TLR4 T ASHYE AA JAES] HAS
24l olo] #AH 711 FYeknA sk

ME

1. oI T2

AE: Sigma-Aldrich(St. Louis, MO, USA)oll Al <3ttt
A anti-ERK®} anti-actin2 Cell Signaling(Beverly, MA,
USA)ollA F{lske
(DMEM), bovine calf serum(BCS), antibiotic-antimycotic solution,
trypsin-EDTA= Gibco(Grand Island, NY, USA)Z € 3}
At} 0|99 mE AJoF2 Sigma-Aldrich(St. Louis, MO, USA)
o) AEE TAsto] ARSI,

™, Dulbecco's modified eagles medium

2. 3T3-L1 MEHY Y B3R
oA ZHEAEAEQ] 3T3-L1 A|ZE A EFL

(Korean Cell Line Bank, Seoul, Korea)ol| 4] vjoF ¥oFa1, A|3E
v -2 10% heat-inactivated BCS, 100 U/mL penicillin, and 100
ug/mL of streptomycin®] $HF-% Dulbecco's modified eagle
medium(DMEM, Life Technologies, Carlsbad, CA) v oFo-& A}
&3t 37T, 5% COZNA HigstAth. AR wixE
2~30] 3 HA HESHHA AZE37} Hdo] =EHE o
0.5 mM 3-isobutyl-1-methylxanthine(IBMX), 2 uM dexametha-
sone(DEX), 1.7 uM insulin®] H 7} B3l X| 2 wA)|stH ).

Table 1. Primer sequences used in RT-PCR analysis

2 &3t Aloe-Emodin®] g

SRR 313

E5pAZ 89 T AEL BAS U9 ASE AL Esb o
2% 3T3-L1 AlE9] 5~20 uM AEE 1A|7F AEgt &, 100
ngmL LPSE 3087 X235ttt AE= dimethyl sulfoxide
(DMSO)°]| =0 ARg-shict

3. MIEZ=M (MTT assay)

AES] HZEARS 8holdly] 98] 3T3-LI AZE 6-well
plateo]] 1x10° cells/well 2 B2t AWM ZE 9% & AF
£ s=EE AT A2 $, LPS(100 ng/mL)E 3027+ A
3l¥9oH, 0.1% DMSOE APt &+ Y Z2F2o 2 39
t}. A¥AF T, 5 mg/mL 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide(MTT) 822 7}t t}3-0] 44
7+ S0 wjoksta, HiA|E A3 AASFATE 2 wello] 150
UL DMSOE Y11 30& 3o ELISA reader (Molecular Devices,
CA, USHE olg3te] 540 ol FH=S Z43her

4. Real-time RT-PCR £4A

Total RNAE= Trizol reagent(Invitrogen, CA, USA)E o] &3}
o] F&3}F Tk Ao Trizol reagentS Y3l AXE HojWl
3 chloroform= 237, 1027t 73314 vortexingd}, 4°C, 14,000
pmof A 15827 AHEE s ddEd &, 4S9
[ Re IR e 1s0pr0phanol Z3lelo] 50 & & 4120 10

rulo
e

B2 X 8kgeh 1 %, 4T, 14,000 rpmofl A 1027F LA R
2|5t} AEHS A AL 75% ethanolS YWl Aol&E F,

4°C, 7,500 pmoflA] 5E7F QAR SR ALoA RNA
pellet2 AZ3t ¥, DEPC(diethyl pyrocarbonate)”} SH-%
HFao 59 260 nm/280 nmoj| A FHE=E &735F] RNA &
T E 73}¢gr} Real-time quantitative PCRS SYBR Green™
kit(Quantitect™ SYBR Green PCR, Qiagen)S o]&3}o] 4=3)
sttt Z3E2] A3 2l TdFS AACT method(Livak &
Schmittgen, 2001)E ©]-83}o] AXISIH 2™, ARE-E primer
&2 Table 19 AA|SHST)

o[)l

5 2 A

5. NFkB M =X
Nuclear Extract kit(Active Motif, Carlsbad, CA, USA)E A&

Target gene Forward Reverse
TNF-a aacatccaaccttcccaaacg ctcttaacccccgaatcccag
IL-6 tcacctcttcagaacgaattgaca agtgcecete ttgetgctttcac
MCP-1 attgggatcatcttgetggt cctgetgtt cacagttgec
TLR4 tgtcatcagggactttgetg tgttettetcetgectgaca
B-Actin gagcgcaagtactctgtgtg cggactcatcgtactectg
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Sl A|3E9] nuclear extractE %3 &, PathScan Total NF-k
B p65 Sandwich ELISA kit(Cell Signaling Technology)ES AM&-
sho] NE-«B 24 AEE SAsheck

6. Western blot &4

Aol F2E NZE PBS(pH 74) 84 o= 23] ATt
3 RIPA buffer(50 mM Tris-HCI, pH 8.0, 150 mM NaCl, 1%
NP-40, 0.5% Na-deoxycholate, and 0.1% SDS)¢]| ‘217, 4T oj| A
1057 &3AIXITh A5 A5t 13,000 rpm, 4T ofA] 20
B7E ARSI A4FoE sisio] ThulA e Helich
Hal A 30 pg2 $5te] SDS loading buffer(60 mM Tris, 25%
glycerol, 2% SDS, 0.5% 2-mercaptoethanol, 0.1% bromophenol
blue)@} &3t &, 10% SDS polyacrylamide gel®]] loadingd}<]
7] 9 %3} nitrocellulose membrane] oA A Th o]
membraneZ 5% FAE-F7F A7tE TTBS(10 mM Tris, 100
mM NaCl, 0.1% tween 20) €00 W11 Ao 1A 5
¢k blockingA]FH Tt TTBS G4 o= 1087 33] AHs &,
anti-ERK(Cell Signaling, Beverly, MA, USA) YA =2 4T
ol Al HHA) BESAIX] Th TTBS 822 33] A &stqitt 1
% peroxidaser} E3HEl 27 YRR 1417F F9k WS AZ T, o
A9 H£2 chemiluminescent substrate -4 o]g3}o] 7}A]
3} 3}3L chemiluminescent detection system LAS3000(Fujifilm,
Tokyo, Japan)©. 2 E.A5}4Th

7. SHEA

=4

AP AT meantS.D. O 2 EA|SIG L, B4 T2 SPSS
10.0 (SPSS Inc., Chicago, IL, USA)S o]&3}4ct ZF Ad+
Zre] oA HAe UYHlA] analysis of variance(ANOVA)E
ol 4t em, ZF #3+9] AFoli= Duncan’s multiple range
tests2 AR AR Ao FAH 42 p #tel 0.05
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Fig. 1. Effect of AE on viability of differentiated 3T3-
L1 cells. Differentiated 3T3-L1 cell were pretreated with
various concentrations of AE for 1 h and then stimulated
with or without LPS(100 ng/mL) for 30 min. After incuba-
tion, cell viability was assessed using the MTT method.
Values are expressed as mean+S.D.(n=4).
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AlolE7Ielo 2 A 9lthFunahashi 5 1999). & ¢ 3Lof
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Fig. 2. Effect of AE on LPS-induced TNF-a, IL-6, and MCP-1 mRNA levels in 3T3-L1 cells. Differentiated 3T3-L1 cells
were pretreated with various concentrations of AE for 1 h. Cells were further stimulated with LPS(100 ng/mL). After 30
min, LPS-induced TNF-q, IL-6, and MCP-1 mRNA levels were determined. Data are expressed as a fold-induction as compared
with vehicle(#P<0.05 vs. the control; "P<0.05 vs. the LPS group). Values are expressed as meantS.D.(n=4).
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Zo H|8j| LPS A 2|9 3%, B Ato|E7FRIS] f-AA}
dgo] §oA o7 271519 om(Fig. 2A-C, P<0.05), AES
At BE FoA FEEHOF Alo|ETIRIS] W o]
LPS Az uvl3] foxoz Attt (Fig. 2A-C,
P<0.05).

3. TLR4 mRNA Ets 24X &1}

AES) TLR4] 72| ake B4s}7) 98] TLR4S) &
A} 4 g BAsto] Fig 30 LRItk TLR4 mRNALS LPS
Ao 2ja) Ko ZA5IHon, AEE LPS 23] 9
3 TLR4 $787 2L FEozH o A5t (Fig. 3,
P<0.05).

4. NF-xB M 2N =1}

AL E7FQIT}; TLR4 W&ol = ZHARIARR] NF-kB2] &4
o] ZuHkEtHDoyle & O'Neill 2006). ©] o] A 4N EZof| A NF-k
B &4&E SAst¢ich 1 A3k LPS A=l 93 NF-xB &
Aert 8o F71E & 5 9 311 AE®] 10 uM}
20 tM2] Ao A FelH oz a AT
(Fig. 4, P<0.05).

5. ERK QlAksl ofF| 3}
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Fig. 3. Effect of AE on LPS-induced mRNA expression
of TLR4 in 3T3-L1 cells. Differentiated 3T3-L1 cells were
pretreated with various concentrations of AE for 1 h. Cells
were further stimulated with LPS(100 ng/mL). After 30
min, LPS-induced TLR4 mRNA levels were determined.
Data are expressed as a fold-induction as compared with
vehicle(#P<0.05 vs. the control; “P<0.05 vs. the LPS group).
Values are expressed as mean+S.D.(n=4).
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Fig. 4. Effect of AE on LPS-induced activation of NF-x
B in 3T3-L1 cells. Differentiated 3T3-L1 cells were pre-
treated with various concentrations of AE for 1 h. Cells
were further stimulated with LPS(100 ng/mL). After 30 min,
nuclear extracts were analyzed for NF-kB activation. Data
are expressed as a % activation as compared with vehicle
(#P<0.05 vs. the control; "P<0.05 vs. the LPS group). Values
are expressed as mean+S.D.(n=4).

AE9]| 2]5F NF-kB &A| &3}7} MAP kinase pathwayo]] <]
3t AAXE &elslr] ¢l MAP kinase family¢l ERK9] <1
A5t A g A3k ick 1 A, LPS A=l 93 ERKE)
QAL F7Fekel e, AEA 2l 10 uMT} 20 uMojjA] A
Be shelatoArk(Fig 5, P0.05). ol AMAIEAA AES] T
%5 &= MAPK 22 240 93ff op7|dE ou|etth
=}

a1 =

AFAHE AYAZAN AL Aol Grel] v
BASE 718 B7Fsto] vlghe] that AE
o AAH PEF AT FYskRA sgich olo] AAE
£3}8 3T3L1 AEo] LPSE Mejste] TLRA T2l @53
2 fmstagt steich LPS Aol js) AAEAA £
&= 732l Alo]E7}912l TNF-q, IL-6, MCP-12] mRNA
Wol RH O F7lstol GFUSo] FEHYSE Bl
AL, AE AR oo ol5el U

<_1_]81—.Q g 2
== =

Qo= Ag Ana

g A AZAE AFA AlETtelT A
o]

H] =22
7hdol ZHIHT, ol gt AP ZA Y HF W2 e
A AZES oWIAHEZN dAMY e} b DHSHA

A2 F o] QQci(Shoelson 5 2007; Fresno 5 2011). A7}3t A
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Fig. 5. Effect of AE on LPS-induced expression of
phospho-ERK in 3T3-L1 cells. Differentiated 3T3-L1 cells
were pretreated with various concentrations of AE for 1 h.
Cells were further stimulated with LPS(100 ng/ mL). After
30 min, cell lysates were analyzed for phospho-ERK and
ERK immunoblotting. Data are expressed as a fold-induction
as compared with vehicle(#P<0.05 vs. the control; "P<0.05 vs.
the LPS group). Values are expressed as mean+S.D.(n=4).

oA LPSE FARRE = A2 o]l A TNF-a2}t IL-69] 45
o] Z7kstthe A8aT7H EEE ¥k gler(Anderson 5
2007), W= 24(endotoxin) 4=30] AF53tH FSHET} AlF
o] Z7Htte FEAY ol Barg v} IrkCani 5 2007). E
3t ok 2of|A LPS A5 o2 JWeS FEAZ] At IL6
o] o] STt H, Az o] o3 Tt FH 9
Q7] ol Bk QlrKStar 5 2009). ©|23 ATANE
< LPSE opy|8 gauhSol vty dddE dAFuholA F
8 AAYE Yuigtth oo & AFtlA= AA|ENA AE

MO Z71L AU, AE Hel2e] B, BEe
ZH o2 0|9 wdo] AausirkFig 3). o] T AT AR
7} TLR4 signaling pathways & @A 4= 9131, ot oj4l%s

Z(fulminant hepatic failure, FHF) SE2 o)A emodin®]
TLR4/ MD2 complex® oo 2 d2uHe-8 SHAZT
T 213 u QJtkYin 5 2014).

292 AE9 TLR4 mRNA & A)%50] NF-kB sig-
nalingol] 2]E21%] AHE FRIstax} NF-kBo| A3
SAstieh 1 23 AE9] 10 pM} 20 uM A 2] 7ol 4] NF-kB
437 fodor AaESS AT = U, o=
AE7} TLR4 signaling pathwayo]| ] NF-kB 42 Z|H Ao
Arhe AL Qujgt

o292 AEQ] NF-kB &4 9JA]|5°] mitogenactivated pro-
tein kinase(MAPK) signaling®]] 932 7|X] =X oH & &9l
shaxt stk MAPKE Thobeh 9jR38 sloz Al
£ 223 Qxfoln, 71 & 2ej7] MAPK signaling pathways
2= ERK, INK, p38 59| ¢ltiJohnson & Lapadat 2002). £3]
ERK= [PSE 9% 5 3T3-L1 XU Z o] H2uk-SofA] INK
o p3sETE AH A ket HE Ao® Qe qnt
(Kopp & 2010). o]o] & AtolA= LPSo|| Y3 =5 +=
ERK QLSS AE7} AAISH=A] o i AwEgith O 23,
10 uM3} 20 uM 9] AE= ERKE| Q4SS Bz o= ARt
= A 5 AUATh(Fig. 5). w4 AE= 3T3-L1 AA| =
oAl TLR4-2]&/4] ERK AZAY HEE 2Hst= o=
UElsith &, AE] S A= MAPK EA} 20| 23
o7& ERlstsich AN} A1z 4] of| 4] ERKE Ql4k
3he ded AT THo] ok e Aol e H
T 229 A9, WA AW 2294 ERK Q14FSHeE NF-kB
SAsL Ftsta, ol IL-6 BH|E F7HA7]H, 95uke
o A&ARe2H A& AP AT Barbaroja S
2010). o] 27t AT A A Eo| Tt ABSY] FPZ50] <l
9 APES A3 5 s gtk & |23 A
WAz A AES] 3 EF A¥H= TLR4/NF-kBMAPK £2t
Z24 o3 opr|ds sttt

24
=

T

£ Aol A= APAEZA A AEQ] HF AA| 71HS B
17} 3tk A Aa), AEE LPSE &=Hke 3T3-L1 A4
A|3zo A TLR4/NF-kBMAPK A5 HGZHZE AAste] A
o] E7FQl WS At o|#E AL A T= AEZ} v
A &7 9 gefet 7154 AE 242 E8E 5 UsS
olujaie, % |t & mdo|A o] YA AF7F B E
ofof gttt



Vol. 30, No. 2(2017)

ZHA| =

AdTE SIS SFedn Ades SIS

References

Andersen DO, Weber ND, Wood SG, Hughes BG, Murray BK,
North JA. 1991. In vitro virucidal activity of selected an-
thraquinones and anthraquinone derivatives. Antiviral Res 16:
185-196

Anderson PD, Mehta NN, Wolfe ML, Hinkle CC, Pruscino L,
Comiskey LL, Tabita-Martinez J, Sellers KF, Rickels MR,
Ahima RS, Reilly MP. 2007. Innate immunity modulates adi-
pokines in humans. J Clin Endocrinol Metab 92:2272-2279

Arosio B, Gagliano N, Fusaro LM, Parmeggiani L, Tagliabue J,
Galetti P, De Castri D, Moscheni C, Annoni G. 2000. Aloe-
Emodin quinone pretreatment reduces acute liver injury induced
by carbon tetrachloride. Pharmacol Toxicol 87:229-233

Barbarroja N, Lopez-Pedrera R, Mayas MD, Garcia-Fuentes E,
Garrido-Séanchez L, Macias-Gonzalez M, El Bekay R, Vidal-
Puig A, Tinahones FJ. 2010. The obese healthy paradox: is
inflammation the answer? Biochem J 430:141-149

Cani PD, Amar J, Iglesias MA, Poggi M, Knauf C, Bastelica D,
Neyrinck AM, Fava F, Tuohy KM, Chabo C, Waget A, Delmée
E, Cousin B, Sulpice T, Chamontin B, Ferriéres J, Tanti JF,
Gibson GR, Casteilla L, Delzenne NM, Alessi MC, Burcelin
R. 2007. Metabolic endotoxemia initiates obesity and insulin
resistance. Diabetes 56:1761-1772

Chang X, Zhao J, Tian F, Jiang Y, Lu J, Ma J, Zhang X, Jin G,
Huang Y, Dong Z, Liu K, Dong Z. 2016. Aloe-emodin sup-
presses esophageal cancer cell TEI proliferation by inhibiting
AKT and ERK phosphorylation. Oncol Lett 12:2232-2238

Divella R, De Luca R, Abbate I, Naglieri E, Daniele A. 2016.
Obesity and cancer: The role of adipose tissue and adipo-cy-
tokines-induced chronic inflammation. J Cancer 7:2346-2359

Doyle SL, O'Neill LA. 2006. Toll-like receptors: from the disco-
very of NFkappaB to new insights into transcriptional regu-
lations in innate immunity. Biochem Pharmacol 72:1102-1113

Fresno M, Alvarez R, Cuesta N. 2011. Toll-like receptors, in-
flammation, metabolism and obesity. Arch Physiol Biochem
117:151-164

Funahashi T, Nakamura T, Shimomura I, Maeda K, Kuriyama H,
Takahashi M, Arita Y, Kihara S, Matsuzawa Y. 1999. Role

A A Z A TLR4/NF-xB/ERK A& Z&S F3t Aloe-Emodin®] I35 JA| &3} 317

of adipocytokines on the pathogenesis of atherosclerosis in
visceral obesity. Intern Med 38:202-206

Himes RW, Smith CW. 2010. TIr2 is critical for diet-induced met-
abolic syndrome in a murine model. FASEB J 24:731-739

Hu B, Zhang H, Meng X, Wang F, Wang P. 2014. Aloe-emodin
from rhubarb (Rheum rhabarbarum) inhibits lipopolysaccharide-
induced inflammatory responses in RAW264.7 macrophages.
J Ethnopharmacol 153:846-853

Johnson GL, Lapadat R. 2002. Mitogen-activated protein kinase
pathways mediated by ERK, JNK, and p38 protein kinases.
Science 298:1911-1912

Kim SJ, Choi Y, Choi YH, Park T. 2012. Obesity activates toll-
like receptor-mediated proinflammatory signaling cascades in
the adipose tissue of mice. J Nutr Biochem 23:113-122

Kopp A, Buechler C, Bala M, Neumeier M, Scholmerich J, Schéffler
A. 2010. Toll-like receptor ligands cause proinflammatory
and prodiabetic activation of adipocytes via phosphorylation
of extracellular signalregulated kinase and c-Jun N-terminal
kinase but not interferon regulatory factor-3. Endocrinology
151:1097-1108

Kshirsagar AD, Panchal PV, Harle UN, Nanda RK, Shaikh HM.
2014. Anti-inflammatory and antiarthritic activity of an-
thraquinone derivatives in rodents. Int J Inflam 2014:690596

Livak KJ, Schmittgen TD. 2001. Analysis of relative gene ex-
pression data using real-time quantitative PCR and the 2
(-Delta Delta C(T)) Method. Methods 25:402-408

Schaeffler A, Gross P, Buettner R, Bollheimer C, Buechler C,
Neumeier M, Kopp A, Schoelmerich J, Falk W. 2009. Fatty
acid-induced induction of Toll-like receptor-4/nuclear fac-
tor-kappaB pathway in adipocytes links nutritional signalling
with innate immunity. Immunology 126:233-245

Shoelson SE, Herrero L, Naaz A. 2007. Obesity, inflammation,
and insulin resistance. Gastroenterology 132:2169-2180

Starr ME, Evers BM, Saito H. 2009. Age-associated increase in
cytokine production during systemic inflammation: adipose
tissue as a major source of IL-6. J Gerontol A Biol Sci Med
Sci 64:723-730

Tsukumo DM, Carvalho-Filho MA, Carvalheira JB, Prada PO,
Hirabara SM, Schenka AA, Araujo EP, Vassallo J, Curi R,
Velloso LA, Saad MJ. 2007. Loss-of-function mutation in
Toll-like receptor 4 prevents dietinduced obesity and insulin
resistance. Diabetes 56:1986-1998

Yin X, Gong X, Jiang R, Kuang G, Wang B, Zhang L, Xu G,
Wan J. 2014. Emodin ameliorated lipopolysaccharide-in-



318 u o o HERERDBEE

duced fulminant hepatic failure by blockade of TLR4/MD2

complex expression in D-galactosamine-sensitized mice. Int Received 10 February, 2017

Revised 31 March, 2017
Immunopharmacol 23:66-72 Accepted 12 April, 2017





