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{ Abstract ]

The Effect to Inhibiting MIF Activation and Controlling
of T Cell Specialization of Ulmus Davidiana Planchon
Herbal Acupuncture on Typell Collagen-induced
Arthritis in Mice

Lee Chang-hwan, Cho Jae-yong, Lee Seung-deck, Kim Kyung-ho, Park In-shik and Kim Kap~sung

Dept. of Acupuncture & Moxibustion, College of Oriental Medicine, Dongguk University

Rheumatoid arthritis(RA) is a general, chronic, inflammatory and auto-immune disease and it can lead

to joint edema, pain, stiffness which are caused by an inflammation in synovium covering our joints.

Ulmus davidiana Planchon is a traditional herb used for the treatment on various inflammations,
gastrointestinal trouble, ENT(ear, nose, and throat) disease, edema, cancer etc. and it works effectively
on arthritis as well.

In these study to search for the treatment efficacy of Ulmus davidiana Planchon in RA, 1 measure
manifestation of cytokine gene in synoviocyte treated with Ulmus davidiana Planchon herbal acupuncture
and in EL-4 cell, manifestation of cytokine gene cell related to T-cell. And after Ulmus davidiana
Planchon herbal acupuncture treatment in Collagen induced arthritis(CIA) which has been known by a
general model of RA, DBA mice, 1 observed foot thickness, general shape of synovium, early cytokine
induce CIA and, generation and mutation of cytokine related to the control of T-cell specialization. It
comes to conclusion as belows.

1. In synovium treated with Ulmus davidiana Planchon herbal acupuncture, there was the decrease in
MIF mRNA does-dependently. Incase of CIA mice treated with Ulmus davidiana Planchon herbal
acupuncture, there were the decrease in the damage in synovium and generation of the MIF which is
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related to induction of the early RA cytokine and IL-6 proinflammatory cytokine.
2. In case of EL-4 treated with Ulmus davidiana Planchon herbal acupuncture, there were decrease in
the manifestation of the IL-2 mRNA, but the increase in the manifestation of the IL-4 does-dependently.
3. In the synovium of CIA mice treated with Ulmus davidiana Planchon herbal acupuncture, there
were the decrease in generation of IL-2, IL-12 and CD-28, but the increase in generation of IL-4.
These result suggest that Ulmus davidiana Planchon can block the process of the early RA by
Inhibiting MIF activation, and mitigate Rheumatoid Arthritis by controlling Tcell specialization.
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g A macrophage migration inhibitory factor
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TNF-q, nuclear factor(NF)-xB, IL-28 Z4A7]A
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8 CIA fr¢¥ DBA AF A tr%}*)r’féﬂlia
Z, et FuteAs 339 A MIFY
Az ¥ AEE 233, EL-4 A T4 THAE
5} & % cytokine$! IL-2, IL-4¢] #Ax @& A%
3192, in vivool A CIA #% DBA A3
LZ] B 8(STs, Dubai)ell 4-&3she AR
lﬂ AL A& T o T, $FAHE] Yuky
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Scheme 1. Making process of Ulmus davidiana planch herbal acupuncture solution

2) epaay
Rl AL gk stsle] GMP 71E AlA
stol| Al Az 8t tH(Scheme 1).

3) 37
U3 & FAL7)(Safelne/ZH 7148 FY, )0l
SOgauze 127 43% *}”(24%437]"}%](—r) 3t
)& AHEstaTh

1) AlZFe Az wjd

ol Algg S8 RANEE CIA TAgol L
# AF FEH-AA HEsdo 4 3d 7 2
5¢ AAsd FFBHFHUE AL F 01%
collagenase?’} ¥39 Dulbecco's modified Eagle's
medium (DMEM, 431, digql)o] 2A| 5t vk
o] SEg@Ees EYstn A Zgh 01%
collagenased] 37CAM 1AZF Tt Ay 3 thS

A

3000 rpmell 5 3t YAE SIS 37T, 5% CO2
incubatorel 4] 10% Fetal Bovine Serum (FBS;
Sigma, USA)7} -2 DMEME AH&-3te w3l
. AExe ZFg239 0% A: ARE o
Phosphate  Buffered  Saline(PBS)® Al
Trypsin-EDTA(Gibco/BRL)E A lsted Al def 3}
Ak v 29utth wgate Foh A¥elE 3-5
3] Adieg AEE AEstEch H THAE 2319
#Hd A A8 A7 El4 AEs FFAEF
2aoA  FYsFETE. AEE 37T, 5% CO2
incubatorell 4] 10% FBS7} #+¥ DMEME AHg-sh
of WgFAh F AEF BF oq9AE Y4 34
A= 1,0000/mé penicillin, 1,0001e/mé
streptomycin(Gibco/BRL, USA)E #7}81i o).

5 74 218t AAHENormal group), A28 F44 &
W AAdd fad Z2F(Control group), A28 &
B i BEE fFEd F2ugNe Alsd A
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3 #(Experimental group)2.& Wol, z w4l Z+ 10
ulg)¥ v g st4ch

(2) #3#-AAFEY CIA +2 &3 cytokine
A Bl AEsk 2A}

$23 2z 9o] macrophage migration inhibitory
factor (MIF) mRNA &8¢ t]XE= 43S FA1E7)
As GHAL T 2429 H(Reverse Transariptase-
Polymerase Chain Reaction, RT-PCR)& A A8t th
SHBAMNE - 5x10° cells/well& 6 wellol platingd}
2 12417t % phorbol-12-myristate-13-acetate
(PMA, Final Ing/m)& 1A13F Agjste] MIF mRNA
HHS fEFS T H29 F2AL s4sioq 107

10° 107 2 10" s=¥2 Hrlstd UAZES Y

stk g & 473 RNAE trizol reagent
(Sigme, USA)E AHSSI 23131 fluorometer (Introgen,
USA)Z RNAE AZslgd. RT-PCR kit (Premega,

USA)E o]&3ld cDNAZ A% ¥ MIF primerE
PCR machine®. 2 HH&-AZtH(Table. 1).

PCR AMHEL 1-29% agarose gelaolAd A7) g %E3s}
o relative intensity® Z43%ch 38 RT-PCRY
A&AE H71sl7] 918l internal standard?] B-actin
o] FE& Tl HAEAT.

(3) Thlz Th2 MXE F3} =d fHdxle] &
& W3 xA
Thl Ax ¥3e x4 HgE 3= cytokineS

interleukin(IL)-2¢]t}t, <% < do] IL-2 mRNA
B mAe dFE AR Y8iA concanavaline
(CON) A(Sigma, USA)E ol&3te EL4 AZ9 Th
1 skewed condition A7t} EL4 AE - 5x10°
cells/well-& 6welloll platingdtz 1247t Zo] CON-A
20pg/mE 127 AEste] IL-2 mRNA 23 $71&
FEF b 729 FE4E 45t 104, 10-3,
10-2 % 10-12 FHrbsted 24417 B wiFadch
ujF3t EL4 A|E2] RNAZ trizol reagentE AMg-3}
of F&3 U fluorometer® RNAZ A Zslch
RT-PCR kitE ©]&3l4 cDNAE #4s %, IL-2
primerE PCR machine© 2 &% %710 wa} wH&A]
ZAtHTable 1).

Th2 A £3le] x4 9§ s+ cytokine
IL-4o]c}. fr29 ¥ <fo] IL-4 mRNA E&Eo| 73]
= 9ge 2] 9184 PMAS) 4-tert-Octylphenol
(OP, Sigma, USA)E o]&sted EI4 MFE& Th2
skewed condition& f#AZith EL4 AIE - 5x10°
cells/well’& 6wellol plating 3lZ 12A17F & PMA
(1 ng/m)3 OPGm/md)E 1AIZF AHIsdte 14
mRNA 2¥ 718 28 U8 29 598 g
4ste] 104, 10-3, 10-2 R 10-12 H7bste] 24213
¢ wjFst ATk wieks EL4 AlES RNAE trizol
reagent® AM&Std FE3 thg fluorometer2 RNA
£ A#FsAth RT-PCR kitE ©]&3t9 cDNAE &
A% & IL-4 primer® PCR machine® & €% Z7
o wet ¥h3-AF H(Table. 1).

Table 1. The Primer of MIF, IL-2, IL-4 and B-actin mRNA

Primer Primer sequences Pr(%cil;ct No. of cycles
MIF sense 5'-CACCATGCCTATGTTCATCGTGAACA-3’ 404 35
antisense 5'-GGGCTCAAGGCGAAGGTGGAACCGTT-3'
-2 sense 5'-AACAGCGCACCCACTTCAA-3' 442 35
antisense 5 -TTGAGATGATGCTTTTACA-3'
-4 sense 5-TAGTTGTCATCCTGCTCTT-3' 404 35
antisense 5'-CTACGAGTAATCCATTTGC-3'
B-actin sense 5'-GGAGAAGATCTGGCACCACACC-3' 840 35
antisense 5'-CCTGCTTGCTGATCCACATCTGCTGG-3'
Abbreviation

MIF, macrophage migration inhibitory factor; IL-2, interleukin-2; IL-4, interleukin—4.
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L
) CIA AF & o] &3 Hdz= 5 w3} (6) &8#E T CIA 2 B3 Cytokined]
g}f’g Wgh AL
Q) gdAzst 2k g2 3E8Y (Collagen %7) CIA #% cytokine?l MIF¥ pro-inflammatory

induced arthritis; CIA)Y] &2
CIAZ #%% 98 4 native bovine type II
collagen(CII, Chondrex, USA)-& 10mM acetic acid®l]
4 ng/mie] FEZ B F 4T 1245 aut
gt ClIgk 4mg/mée] complete Freund's adjuvant
containing Mycobacterium tuberculosis strain H37RA
(CFA, Chondrex)& T%22 A& F 78718 o &
0}&1 IOOOrpm-/} &xz EFsdTh CIAY s
8§ 14 42 S ClIsh CFA 3 5042 meldz
E“’ o FulFAL & 53 AAgrden, 14 3F
25%° CIst CFA 89 BuE dujshl F71 §
F3lo] CIAE fislach CA /8 § 159 7H4 e
2 wo] FA4 WsE dial thickness cage(Mitutoyo,
JAPAN)Z 2A43894ch

@ F29 e Ae

CIA &9 A34HH ABY7A F29 FHY 50
wWgE FEHSET AET #F HAST,
Dubaijell Wi Al&stsich

(3 884 52 Az

CIA §% #28¢ F Z} #& sodium pentobarbital
£d02 wl3sn vascular rinse$}t 10% 54 X2
g & H(neutral buffered formalin : NBF).LZ A4
BRDRE AAEAch AEd FEEE 239
(decalcification solution, BBC, UK)ol 24417+ 25}
I AT 5 FAAE Wwgez gt Eufsty
Sum TR A&HAL BEAT. THEojW A&5HH
& Hematoxylin® Eosin®.2 @Astd FES Az
st

(4) £F/ENY HH3t A}

&G FepAdne £X ¥s 33 Van
Gieson’s picric acid-fuchsin §4-& F3] o] Foizith

A FERE FEE Weigert's iron hematoxylindl] A
2085 o g% 1S Van Gieson's F4-E oA
582 FaAdfol dE G4 dAlS

cytokine?! IL-69 S&@ddy X WsE A}
7198 FAE o] &3 Wz 5 AL HAS
Atk ¢4 HHE blocking serum¢! 10% normal
goat serum(l : 20, DAKO, Denmark)el A 1243t &
b WHESAA wEolH AdWEE AAAY. 18
i 12k 841 rabbit anti mouse MIF(1:200, Santa
Cruz Biotec, USA)#} rabbit anti mouse IL-6R (1:
200, Santa Cruz Biotec, USA)l 4C humidified
chamberoll A 72417 5-¢F ¥b-SA1AH 21, biotinylated
goat anti-rabbit IgG(DAKO, Denmark)el] 4T
humidified chamberslA 24A17F link 3t$t}. Avidin
biotin complex(DAKO, Denmark)ell 1A17F ¢ A&
o 4 wt-&A17] & 0.05% 3,3 ~diaminobenzidine (DAB)
# 0.01% HCle] £&€ 0.05M tris-HCl &% 49
(pH 7414 #8A121 % hematoxylin® 2 w3
A Msle] 3880 A (Olympus, Japan) o2 #28
At

6) gdehy T A2 3} ¥ 24}

Thl AE £3le] #eh= cytokineq] IL-29} 1L-12,
T M¥9] co-stimulatory signal¢l CD28 Z1#{x Th

AT Bgo] #3= cytokine?! IL-49 {EF
dehy E¥EZ 2AE] 48] mouse anti-mouse
IL-2(1: 100, Santa Cruz Biotec, USA), mouse anti-
mouse IL-12(1:200, Santa Cruz Biotec, USA),
mouse anti-mouse CD28 (1:200, Santa Cruz Biotec,
USA) 212]31 mouse anti-mouse IL~4 (1:200, Santa
Cruz Biotec USA)E ol 88 Hdzz gy d4&
AAg & s

4) A4RA3 FAAE

%2474} W 9 relative intensity$} Y %2 889
A7 X382 48] Optimas 52(0ptima Co,
USA)E o]€8 A4 (image analysis)S A3}
Ak AR A= Sigma plot 20008 ©) &3}
student t-test® %3l agt 005 o3kt ZAS 944
< 9A3A.
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m. 2 2) FEBAhY MIFS IL-6 A Al
%7] CIA $% cytokine?] MIFS] %A HH-E A Z 9
T YzTdAE F7lste ia AgdME 7
T} o]¥ MIF $3¥H$-MEE $89a% 2
ool BT, duFa AT oA Fa
BYTh MIF $4ursel G484y 23 o

1. CIA |2 2t Cytokine A

o

o
R

o
O

1) &334 Az 2] MIF mRNA 23 4]
PMA A=l o3t AP AEA 9] MIF mRNA T 2218+167pixel & AT 296+13pixelol] HE
BE2 Tl e, 29 A Ay F T d QA F7tstd o), AP TEE 1343+ 24pixel 2 U}
&Aoo 2 ddo] ZaHAY & PMA A5 Al & &E«l 2218+167pixele] B 494 A& FAES
5= MIF mRNA Zdzkol] ula] 10-4914 13%, UERAATHP<0.05)(Table 2, Fig. 1-B).
10-3901 4 15%, 10-2914 15%, 10-1e14 24%7F 24
a9t (Fig. 1-A)

o N oo 2 b Ao
=
olo
o

ox

Table 2. The Image Analysis for CIA Model Cytokine after YGP Acupuncture Solution

(pixel)
.. Group
Objective
NOR CON EXP
MIF 206+13 2218+167 1343+24"
IL-6 10215 965+33 304£10°
(Image analysis for 200,000 pixels / Range of intensity : 80-120)
Abbreviation

M # SD:, Mean * Standard Deviation; MIF, macrophage migration inhibitory factor; IL-6, interleukin-6; NOR:
None-treated group: CON: Type I collagen induced arthritis groups EXP: YGP solution treated group after CIA
model.

*, P < 0.05 compared with control group.

+ + +
10% 103 102 107

A B C

Fig. 1. Inhibition of CIA elicited cytokine by YGP acupuncture solution
A. Inhobition of PMA-induced MIF mRNA expression by YGP. The synoviocytes cells were treated with PMA for 1
hours prior to the addition of indicated concentrations (10-4 - 10-1) of YGP sulution, and the cells were further incubated
for 24 hours. The PMA-induced MIF mRNA expression and were dose-dependantly decreased in YGP treated synoviocytes.
B. Decrease of MIF (MIF (arrow) immunohistochemistry, x400). C. Decrease of IL-6 (IL-6 (arrow) immunohistochemistry,
x400). Uppert-box, Con.; Lower-box, Exp.
Abbreviation
PMA phorbol-12-myristate-13-acetate; MIF, macrophage migration inhibitory factor; IL-6, interleukin-6; CIA,
Collagen Induced Arthritis; YGP, Ulmus davidiana Planchon; CON, Type II collagen induced arthritis group; EXP,
YGP treated group after CIA model.
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L2
g
&
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o
ok
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H
rir
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gk
rxé
ity
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1=
_>;L
f‘
-lu:
o
2 -

TESFAL, AEY FH HIEZE“’M 7o %@E'}%
& Bk IL-6 $Ause I4ES 2 gETe
965:33pixel 2 AT 102+5pixelo] #)&] F-4 A
Z7 AN, AP FE 304+10pixel &2 TR T H]
o A ZAFHTHP<0.05)(Table 2, Fig.
1-C).

1

2. T M= 23t =88 S8 CA A=

1) T £3} @4 Cytokine A A W =3

EL-4 AEo]A CON-Ad 23 IL-2 mRNA 2¥
& Frhetded, frod FHE Ay £ FE-E
Koz dde] AU F29 Y AHg &
I.-2 mRNA 28z 10404 21%, 10-3<14 28
%, 10-291A1 32%, 10-19)A 37 %7} #4383 chFig.
2-A).

¢

Iy

+ + +
1074 103 102 107

A

3 EL-4 AXEAA PMAS OP Aol 9t
-4 mRNA #d& F7tstgd e, 23 439 A
g F TE-YEFHR WHol FtHAUTh fIw
ok Ag ¥ IL-4 mRNA && %k—% 10-49l A= 14
% 74, 10-3°1A 11%, 10-2914 26%, 10-191A1 42
%7t F713k 4 tHFig. 2-B).

2) #88Z= T £3 ¥ Cytokine
A4 oA

Axe BIE gz Ee F713 }‘* ahd A
He Zasdoh old IL-2 A EE 83
Ant AR-AM ZAFAA 21F RS, Y
wEd A FE FAANSE BEd L2 %
Auke-o] GARXN As g2FL 568+10pixel2 A
10612 pixeld] vl8) 94 dE F7HE

I, AP 24045 pixel2 HZET 568+10 pixelol
HE F94 e #AE HENATHPL0.05)(Table
3, Fig. 3-A).

22
|

+ + + g
10 10° 102 100 §

Fig. 2. Regulation of T cell differentiation by YGP herbal acupuncture solution

A. Inhibition of Thl cell differentiation. The EL-4 cells were treated with CON-A for 1 hours prior to the addition of
indicated concentrations (10-4 - 10-1) of YA, and the cells were further incubated for 24 hours. The CON-A induced 1.-2
mRNA expressions were dose-dependantly decreased in YA treated EL-4 cells. B. Induce of Thl cell differentiation. The
EL-4 cells were treated with PMA and OP for 1 hours prior to the addition of indicated concentrations (10-4 - 10-1) of
YA, and the cells were further incubated for 24 hours. The PMA-OP induced IL-4 mRNA expressions were
dose-dependantly increased in YGP acupuncture solution treated EL-4 cells.

Abbreviation

CON-A, concanavaline A; OP, 4-tert-Octylphenol; YA, YGP herbal acupuncture solution; YGP, Ulmus davidiana

Planchon.
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Table 3. The Image Analysis for Changes of T Cell Differentiation intricate Cytokine after YGP Acupuncture

Solution
(pixel)
.. Group
Objective NOR CON EXP
IL-2 106£12 568+10 240+5"
IL-12 341£10 222178 1383451
CD28 118+13 1144+74 57424
L4 115+10 394+40 676+22"
(Image analysis for 200,000 pixels / Range of intensity @ 80-120)
Abbreviation

NOR; None-treated group: CON; Type I collagen induced arthritis group; EXP; YGP treated group after CIA

model.
* P < 0.05 compared with control group.

Fig. 3. Regulation of T cell differentiation by YGP herbal acupuncture solution(Upper-box, CON;

Lower-box, EXP)

A. Decrease of IL-2 (IL-2 (arrow) immunohistochemistry, x400).
B. Decrease of IL-12 (IL-12 (arrow) immunohistochemistry, x400).
C. Decrease of CD28 (CD28(arrow) immunohistochemistry, x400).
D. Increase of IL-4 (IL-4 (arrow) immunohistochemistry, x400).

Abbreviation

NOR: None-treated group: CON: Type I collagen induced arthritis group; EXP: YGP treated group after CIA model;

YGP, Ulmus davidiana Planchon.

A} YFRFL 2221+78pixel 2 AT 341+10pixelol
i fod4d Jde F7HE JYERida, A¥Te
138351pixel 2 WE T 2221+78pixeldl] W3 HA
A 245 JehAtHTable 3, Fig. 3-B).

T AXY co-stimulatory signal?! CD282] %Al uk

88

AT BEE RTANE T ¥H YT
e Zasidn old CDB IYHSATE 83
wAY A5 AR EnF BEHAD, A
EAGA 2E PHBSE vtk CDB PPN
PYEY 2H P2 A

118+13pixelell H]& #9
AP TS S74+24pixel 2 2T 1144+ 74pixelell B]3f
T4 Ade 24AE YEhUTHTable 3, Fig. 3-C).

Th2 #3te] F=21<) cytokine?! IL-49] F4¥HS
AE B¥Ie Y2T} AFT BFAA FETd



F29 3ol A2¥ Collagen FEEAA MIF 84 94 2 TAX £3} -0 v|X& 9%

"

Hla S7tstA ol# e IL-4 e AEE &3
A A BAER FH0 EXga, AX
Aol M A FTEE i‘}i\’% -4 Fduree o

AEM A3 P27 3Mz40pixel 2 AT 115510
pixelol H|3] St od, HHTL 676222pixel 2
2T 394+40pixelell ¥E o4 de F7HE e
WK Table 3, Fig. 3-D).

3. CIA dF|ollM =7 &4k 2hst

1) & F7 w3

Aol vE tizTelAe BE o ¥ FA
7} 2A F/ped, CIA ¢ A7Y Ax &
44610.15mmZA 714 2 F71E Bt AP T A
= A7Y 371£0.14mm, A14Y 3.21+0.1mm, A21 Y=}
299+0.16mm 2 A28%Y 2.49+0.14mmEA thRTol

vigle 7 F94P<m)UE wErr #EEN
(Table 4, Fig. 4-A).
2) ¥l e W3
CIA ¥ % 8342t A-h-H(apical surface)
g Sl SEME 1Y

A9 #RHE Fd Fehd wse
Athyperplasia) &2 1% &Z@de 239 T

ST §87%02 22 E7(filopodia)E W]
upx] A EZo] o)gd AAE Holw &EAXY &
X F7lete f8Adety A FHo] AubHo
2 AZA JeEidth =3 AEges gL 59 g
T olFIt #AHJYZ, I FHAA BEAEHRY +
A F7pF #FEHAYG 29y 487 dzddA
Uehd dejdsiele o2 e Jedt §
2ol H& s@addge] AEagye g
o, FUAHE oy A Jepgeh =3 %%%
AFHOZY o]F YT} BAEY £¥o| 7
A cHFig. 4-B).

B —°.L'
Qb 2R rx

3) ?1‘%-‘475‘1}‘4{ AF3 a
CIA f% ¥ fgadehy 34 F48
T she @vi}(ﬁbroms) AH3E Fx8)
BAE AAHY Frtolw Hfste 9% A%
g FEFEYe] BE A FEHYU
Rl AE7PEztert 2 ded AFE
QAo F71d Aoz FAHAG. 1y AY
e tzdd b8 Be A7) dojdked, 2
W7 Fg8EL AR 71 AT AT SEE Y
I, £ A8 FHe AHse ARRARXY FE

A1 cHFig. 4-C).
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Table 4. Inhibition of Foot Thickness in Collagen Induced Arthritis (CIA) Evoked Mouse by YGP Herbal

Acupuncture
(mm)
. Group
Objective
NOR CON EXP
1st day 1.74£0.12 1.81+0.18 1.75+0.15
7th day 1.75+0.15 446+0.15 3.71+0.14*
14th day 1.74+0.12 401+0.19 3.21+0.11*
21th day 1.79+0.11 3.890.18 2.99+0.16*
28th day 1.75+0.17 3.85+0.15 2.49+0.14+*
Abbreviation

YGP : Ulmus davidiana Planchon; M + SD: Mean * Standard Deviation; NOR: None-treated group; CON: Type II
Collagen induced arthritis group; EXP: YGP herbal acupuncture group after CIA model.

x P < 0.05 compared with control group.
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H
A B8 C
Fig. 4. Mitigation of CIA in foot and knee joint by YGP Herbal Acupuncture
A. Inhibition of foot thickness (upper photo, CON; lower photo, EXP x4).
B. Inhibition of CIA damaged synovial membrane (upper photo, CON; lower photo, EXP, H&E, x40).
C. Inhibition of fibrosis (upper photo, CON; lower photo, EXP, H&E, x40).
Abbreviation
CON, Type O collagen induced arthritis group; EXP. YGP herbal acupuncture group after CIA model.
* P < 0.05 compared with control group.
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