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The Effect of Betulinic Acid on TNF-a-induced MCP-1 Expression in HL-60 Cells
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Abstract — Betulinic acid, a naturally occurring pentacyclic triterpenoid, is found in abundance in the outer bark of white
birch (Betula alba). In this study, we investigated if betulinic acid affects cytokine expression from activated macrophage
cells. ELISA result showed that stimulation of HL-60 cells with proinflammatory cytokine such as TNF-o resulted in
MCP-1 release into culture medium. In addition, transcriptional upregulation of MCP-1 in response to TNF-o. was observed
by RT-PCR analysis. However, incubation of HL-60 cells with betulinic acid prior to TNF-o treatment abrogated
MCP-1 expression in transcription and translational level. Consistent with a number of studies which reported requirement
of ERK activation for TNF-a. expression, Western blot analysis showed that TNF-o-induced ERK activation was sup-
pressed by pretreatment of HL-60 cells with betulinic acid. Taken together, our data indicate that betulinic acid exerts its

anti-inflammato
1 release.
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HL-60 M| ¥3= American Type Cultural Collection(ATCC)A}
(Rockville, MD, USA)Y A 73} 0, vijokeie]l RPMI-1640,
fetal bovine serum(FBS), penicilline-streptomycin< Gihco
BRLAKGrand Island, NY, USA), bicinchoninic acid(BCA) &+
A XAk (Pierce, USA), enhanced chemiluminescence(ECL)
+ AmershamAHBuckinghamshire, United Kingdom)ellA] 7-¢]
ko] AHE-3F T Agarose, TRI-reagent, Murine Leukemia
Virus(MMLYV) reverse transcriptase Kits, RNase inhibitor, dATP
dCTE, dGTP, dTTP &< Life Technologies*HGaithershurg,
MD, USA)EH-E] #4329t} Duoset human MCP-1 ELISA
kit< R & D systemsAHMinneapolis, USA)l A < 8t5ith.
Phospho-ERK 9} ERK & A= Cell Signaling TechnologyA}
(Beverly, MA, USA)IM ettt

M=l

HL-604| %3 10% FBSS}, 2mM L-glutamine, 100 U/m/
penicillin, 100 ug/mi streptomycine 3-35R= RPMI 1640 Bk
Mg ARE3I] 37°CE FAIEE 5% CO, Wiok7olA] wieketsl
o} 2~3Y A2 E A Ao, wijokE AT 6-well
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96-well platel] AEE AFZ05x10) ¥5-3 F betulinic
acidE FEEE At WiAE AASH MTT AoH2 mg/
ml)S iR e} AL 3 B-aked 3~4A17F WhAIZIT) '3
MTT Alokg A|A3taL dimethylsulfoxide(DMSO)E 250 WA &
Fato] wellell AH formazino] BF %8 4 EE o =
£ % ELISA reader(Bio-TEK Instruments, Inc., USA)Z 550
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53 F TNFoE 558, ARPEE Xgjsie] A ajofas &
g3, et A wijekee] MCP-1 32 enzymeimmuno
assay(ETA) kitS AM-8F] SA3HATE Capture &A|7F 2214
96-well plateol] A3 wiNE Hrlstar PR vhg 5 34
# MCP-1 &9} horseradish peroxidase’} 2§e 22} IA=
712} 2N 53t Aol BhAIZ T ik § Al dog o
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NaCl, 5mM EDTA, 10%glycerol, 1% Triton X-100, 1 mM
EGTA, 10 mM NaF)E 833 ths, 4°C, 13,000 rpmellA] 102
7F AAEEEte] A dE Aot Az 885 A9tk BCA
Tl YFAORS ARG, ESE A2 3 EhE ¢
Wy g S4sIRlh

Westernblot £4{

TRl (30 pgye 10% SDS-polyacylamide geldollx] 77]9%
slo] et &, Feieh gL 20% W9, 25 mM Tris, 192
mM glycine®] Z3HE o8 83197 nitrocellulose ZHe F o]
FAIA @hlde] olsH 2R Ponceau %O % o]F-{YE g
Aet 5, 5% Ag eHEM(non-fat dry milk) 2 E 3087 AL
oA Rh&3le] Pctelsitt. 183, AkE Edo® X3 ]
2L GA 9 v 4A3F ol WSSt Hhgo] it ¥ Tris-
tween buffered saline(TTBS)S AME-31¢] 55 1+40 % 63 A
3T} Al43H] horseradish peroxidase”} -2 22} a4
2} HESAIF| L tRA] SPH TTBSZ 68] M3t Aldo] Bt
H 5% A3} enhanced chemiluminescence(ECL) -&<4
o7 2@ NkgEhal XA gl wFAIA YERd bande] S
£ dlwste] 9 2 g ERIsIIT

RNA & % siol

A7 60 mm WA MEZS 2x 10712 RFalict, 27
@ PBSE 23] AJE&}a1 700 pl TRI-reagent® {317t} TRI-
reagentZ F3A|17] AFELAS A tube® %7) ., chloroform
= 140 piE W3 3053 A”sE & gl 1587 F9Uut 4°C,
13,200 rpmelA] 1583+ QAe]sllth, RNA 48 A) tube®
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Oligo(dT) primer?t MML reverse transcriptase® ©]-&38}]
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o] 65°CollA] 5%3F vESA7| 3L 287 A-goll Basit) 2U
RNase inhibitor, 200 U MMLV rever se transcriptase, 2 pl
5Xbuffer(250 mM Tris-HCl, pH 8.3, 375mM KCl, 30 mM
MgCl)e ¥ A F37F 10 WweA 3 &, 42°C, 2417k vk
ST 40 We] BAFHTE P 72°CelA] 1023F uESE)
t}. PCRS 10mM Tris-HCI pH 8.5, 50mM KCI, 200 uM
dNTPs, 2 pM forward primer, 2 uM reverse primer, 1.5 mM
MgSO,, 2U AmpliTag SFEAE Wil AAFAE 10w} =
Al 3l Agsiint, A5 PCR £35S PCR 71AlIA wA
I 94°C, 5, 13]), MR AA; A (94°C, 15%;
60°C, 30x; 72°C, 30%)& & 283 wHEslo] AMNES A3
F, agarose geldollX 799502 &1},

SAIX2]
MCP1 % HMZAEE S -t H581a2 TH39
5 AL triplicate®™ A ) o)A 33taiv),

TNF-o0il /8t MCP-1 44 &0l

TNF-oofl €3k MCP-1¢] &d o2& gisly| 9J3le HL-60
Ao TNF-oZ 5538(0.005~5 ng/m)E 2e)sha, 547
10/17F Fof] Az mjde: FEBigich 8 AX g F
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Fig. 1 - TNF-a induced MCP-1 production from HL-60 cell is dose
and time dependent. A. Cells were treated with different
concentrations of TNF-« for 5 and 10 hours and culture
supernatants were assayed for MCP-1 by enzyme linked
immunosorbent assay (ELISA). Data are expressed as
mean values=S.D. B. After 2, 4, 6, 8 hours of 5 ng/m/ TNF-
o stimulation, total RNA was extracted and subjected to
c¢DNA synthesis followed by PCR amplification using
primers specific for MCP-1 or glyceraldehyde-3-phosphate
dehydrogenase (GAPDH).

2 gslo] MCP-1 mRNA®] HgtE RT-PCRS Fslo] ERlst
2t} MCP-1 mRNAY TNF-o #]2]AIZte] vlgale] o] &
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Z7W7) Wi, LPSe 28t iNOS 2 NO A4, z18l3 COX-
2] I e 7PaAP)E ARE Basith® = oy 455
2 betulinic acidell 213 A do] FEHA, ¥ GF=4LS
betulinic acidel] 2J8} 23] Ad0] AHT Y55 & + 3
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1 A4l W] betulinic acid®] F3ES 15T HL-60 Al
Fof| betulinic acid®E F= H(0.65~65 uM)Z. 1A|7F A =2
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Fig. 2 — Betulinic acid inhibits MCP-1 production by TNF-o stimula-
tion. A. Cells were treated with 5ng/m/ of TNF-a for
10 hours with or without pre-incubation of betulinic acid at
the indicated concentrations. Culture supernatants were
assayed for MCP-1 by ELISA. B. Cells were treated with
the indicated concentrations of betulinic acid for 10 hours
and MTT reducing activity was determined. Data are
expressed as mean value+S.D. C. After 4 hours of TNF-a
stimulation with or without pre-incubation of betulinic acid
(Bet A), total RNA was extracted and subjected to cDNA
synthesis followed by PCR amplification using primers
specific for MCP-1 or GAPDH.
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AMFE ST S-S ERIBIIC R TNF-ool 2%t MCP-
1 el WA= betulinic acid®] F&o] AAREAlHE] 218
3lar Q= AQIX] ARk}, HL-60 A3¥e 65 uM2] betulinic
acids 1A17F AA2) 3 g 5ngmi] TNF-oE 447 A2l
% MCP-1 mRNAY] #3123 RT-PCRS %31 1315 thFig.

A
0 5 10 15 30 60 (min)
B
. . pERK
- - U0126 BetA
TNF-a
C a0,
£ 200
o
S 100
=
i BN
- - U026  BetA
TNF-a

Fig. 3 — Betulinic acid blocks phosphorylation of ERK by TNF-a
stimulation. A. Cells were treated with 5 ng/m/ of TNF-a
for 5 to 60 min. After stimulation, total cell lysates were
separated by SDS-PAGE and activation of ERK was
analyzed by Western blot with antibodies specific for the
proteins. B. Cells were stimulated with 5 ng/m! TNF-a for
10 min with or without pre-incubation of 65 mM betulinic
acid (Bet A) or 10 mM U0126 for 1 hour. C. Cells were
treated with 5 ng/m/ of TNF-o for 10 hours with or without
the indicated inhibitors. Culture supernatants were assayed
for MCP-1 by ELISA. Data are expressed as mean value+
S.D.
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