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Effects of Mori Ramulus on Collagen-induced Arthritis Rat
- Expression of Immunocells in Draining Lymph Node -
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Mori Ramulus has multiple applications in Korean traditional medicine prescription because it has antioxidant and
anti-inflammatory effects by reducing macrophage activities. Yet, no studies on the anti-arthritic activity of EMR (extract
of Mori Ramulus) have been reported in vitro and in vivo. Rheumatoid arthritis (RA) is a systemic autoimmune disease
with chronic inflammation characterized by hyperplasia of synovial cells in affected joints, which uliimately leads o the
destruction of cartilage and bone. Because collagen-induced arthritis (CIA) is similar to RA in pathological symptoms
and immune reactions, there have been several reports concerning RA using CIA mouse model. Here, we investigated
the effects of Mori Ramulus on RA using CIA mice. The importance of CD4+ Thi cells in RA progress was previously
indicated and studies further showed that Th17 cells play a prime role in severity of disease. Accordingly, the present
study was focused on CIA associated with CD4+ Th1 cells and Th17 cells. DBA/10laHsd mice were immunized with
bovine type 1t coliagen (C11). After a second collagen immunization, mice were treated with EMR once a day for 4
weeks. The severity of arthritis within the paw joints was evaluated by histological assessment of cartilage destruction
and pannus formation. Immune cells in peripheral blood mononuclear cells (PBMC), draining lymph node (DLN) and
paw joints, cytokine production and gene expression were assessed from CIA mouse using ELISA, FACS and
real-time PCR analysis. Administration of EMR significantly suppressed the progression of CIA and inhibited the
production of TNF-q, IL-6 and IL-17 in the serum. The erosion of cartilage was dramatically reduced in mouse knees
after treatment with EMR. In conclusion, our results demonstrate that EMR significantly suppressed the progression of
CIA and that this action was mediated by the decreased production of TNF-q, IL-6, IL-17 and collagen 1| -specific
antibody in the serum. EMR suppressed Th17 cells and reduced level of IL-6 via B cell suppression, and thus, the
levels of autoantibodies produced from B cells were decreased. Furthermore, EMR suppressed NKT celis which
directly stimulate B cells and develop imbalance of Th1/Th2 cell. Oral administration of EMR (100 mgfkg of 200 mg/ke)
significantly suppressed the progression of CIA, which is comparable to that of methotrexate (MTX, 0.3 mg/kg) used
as a positive control. We are currently studying the mechanism underlying the therapeutic role for EMR in CIA mice.
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Bovine typell collagen (Chondrex, USA), acetic acid,
complete freund’s adjuvant (Chondrex, USA), anti-collagen Il
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kit

heparin,

IgG immunosorbent assay (ELISA)
(Chondrex, USA), methotrexate (MTX), Ag]Aled<s,
RNase inhibitor, random sequence hexanucleotide, dNTPs mix,
RT buffer, RNAzolB, chloroform (CHCls;), DNase I, Tagman
probe PCR Master mix (ABI), NH,Cl, KHCOs, demineralized
water, trypan blue, ethyl ether, collagenase, Trimethylbenzene
(TMB), antibody biotin-conjugated, formaldehyde, diethyl
pyrocarbonate (DEPC), EDTA, 3-4,
5-dimethylthiazol-2,5-carboxymethoxyphenyl-2,4-sulfophentyl-2
(MTS),
(DCFH-DA), chloroform, RPMI-1640 uljtell, trichloroacetic
buffered saline
(D-PBS), lipopolysaccharide (LPS) &¢ Sigmail (USA) HE&,
anti-CD3e-PE anti-CD4-FITC  (fluorescein
isothiocyanate), anti-Gr-1-PE, anti-CD8-FITC, anti-CD19-FITC,
anti-CD23-FITC, anti-CD25-PE, anti-Gr-1-PE, anti-CD11b-FITC,
anti-CD49%b-PE, anti-IgE-FITC, anti-B220-PE, anti-CD69-FITC,
PE-conjugated goat anti-mouse IgGE PharMingenA}l A&,
CD11b mAb+ Becton DickinsonA} (USA) #|E, anti-CD3 &)
(serotec, USA), anti-CD28 &l (serotec, USA), IL-4, TNF-q,
IL-6, IFN-y= ELISA kit USA), antibody
Avidin-HRP conjugeted (R&D system, USA), IgG RA factror,
IgM RA factror ELISA kit (Shibatagi, Japan), anti-mouse Ig

enzyme-linked

trypsin-0.2%

H-tetrazolim 2,7-dichloro-dihydrofluorescindiacettate

acid, isopropanol, Dulbecco’s phosphate

(phycoerythrin),

(Biosourse.,

(Polysciences, Inc., Germany), ENO} @& (fetal bovine serum,
FBS)2 Hyclone A} (USA) A|&&, DMEDZ GibcoAl (USA),
thioglycolate broth (Sigma, USA) M E& T8l ARESIHE
o, 7]el gl A0k B AlokE ARSI

2 dvel Alg® TVle g9EFRE7] (S, Korea),
microwave oven (LG, Korea), spectrophotometer (Shimazue.
Japan), micro-pipet (Gilson, France), vortex mixer (Vision
scientific Co., Korea), deep-freezer (Sanyo, Japan), centrifuge
(Centrikon, Sigma), bio-freezer (Sanyo, Japan), primus 96
(MWG  Biotech,,

thermal-cycler TM (Bioneer Co., Korea), ice-maker (Vision

thermocycler system Germany), turbo
scientific Co., Korea), CO, incubator (Forma scientific Co.,
USA), clean bench (Vision scientific Co., Korea), vaccum pump,
rotary vaccum evaporator (Biichi 461, Switzerland), freeze
dryer (Eyela, Japan), autoclave (Hirayama, Japan), imager
system (Kodak, USA), plate shaker (Lab-Line, USA), ELISA
reader (Molecular devices, USA), cell strainer (Falcon, USA), 4
218k717] (Olympus, USA), 96-well Costar &A] (Corning Inc,
USA)Z! homogenizer (Omni, USA), BD FACSCaliburTM flow
cytometer (BD, USA), plate shaker (Lab-Line, USA), automatic
ELISA washer (Bio-Tek, USA) A|Z$&, bright microscope
(Nikon, Japan), Applied Biosystems 7500 Real-Time PCR
system (Applied Biosystems, USA) £ AZ3I9iTh
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100 mg/kg) 22 L}0] boosterdt & Ot BEAE AAlGINC) &
AN HAETS AERXE-E M 18] 242 Mg F+ Fd5t
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CI E boosting & DBA/10laHsd 4% 9] Zt 4719 Hiof| A}
FEA A= (arthritis index:A)E SH 351990, DBA/10laHsd
AF 9 7} 49 & (paw joints)oflAl BEE ZEE 0 = no
arthritis, 1 = small degree of arthritis, 2 =

o 1

light swelling, 3 =
medium swelling, 4 = severe swelling, 5 = severe swelling and
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2)510d D-PBSZ 527} ARz (1,700 rpm)5led 23] A &3
cell strainerol] BEZAA AZ 0]919) BolEA 2 ZZOIL &
FEE AASIFETE 37]0) ZH2} PE-anti-CD3e, FITC-anti-CD19,
FITC-anti-CD4, FITC-anti-CD8, PE-anti-CD25, FITC-anti-CD69,
PE-anti-Gr-1 FITC-anti-CD11b, FITC-anti-CD49b,
FITC-anti-B220, PE-anti-CD45Z 211 30 27} g0l vt&A]
7tk Bk8 & 33 o)y} Ql4lekE MEAASLE SATH £ flow
cytometer/] Cell Quest TZ1HWE O|E31] MEE (%) B4
o = oﬂli’“ g5l DINS ZHri M Z4 (absolute
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O& Y30l 1587 HAISITt. 13,000 rmeJW 2 2
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108 E9F HAAZ|L, old] 25 pf 10 mM dNTPs mix, 1
random sequence hexanucleotides (25 pmole/ 25 uf), RNA
inhibitor24] 1 g0 RNase inhibitor (20 U/gl), 1 1 100 mM
DTT, 45 pf 5xRT buffer (250 mM Tris-HCl, pH 8.3, 375 mM
KCl, 15 mM MgCh)E 7}3F %, 1 19 M-MLV RT (200 U/ ut)
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(3) Real Time Quantitative RT-PCR

Real time quantitative PCRE Applied Biosystems 7500
Real-Time PCR system (Applied Biosystems, USA)E 0]&3}]
S 1ol

AHZE  Probe= mouse  glyceraldehyde-3-phosphate
(GAPDH) Probe sequence : 5
TGCATCCTGCACCACCAACTGCTTAG 3’ (VIC) mouse. IL-17a
=, Probe sequence : 5 CTCTCCACCGCAATGAAGACCCTGA
3 (FAM). mouse IL-22&, Probe  sequence : 5
GCCAAGGAGGCCAGCCTTGCAGATA 3 (FAM).

Th17 MR FHA}L 23S Tagman probe PCR Master
mix (ABI)E AFZ3}1931 1, internal standard= GAPDHE Alg3}
R, primer?] HEFZE7E 200 nMoO] FHAH HHSAIZICE Real
time quantitative PCRQ] 712 : pre-denaturation® 2 min at
50C, 10 min 94C, 12|22 40 cyclesZ 0.15 min at 95C, 1 min

dehydrogenase

at 60CoA A 3I%EE). tHERS internal standard® G3PDH
E AMESKY target group?] Quantitative PCR

y = x(1+e)n

x = starting quantity

y = yield

n = number of cycles

e = efficiency
Z A4IsH RQ (relative quantitative)S Z&EIH 1, 48
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T QINUCHFig. 1). BAREY] AST A2 108.7+55 U/L
79 AST A42E2 11931167 U/Lol™, MTXE 0.3
ng/ kg2 FAYSE AP 9] AST WATE 136.7+5.9 U/L, EMRE
200 mg/kg EEE AE AEFY AST MAHTS 119.645.6
U/L, EMRE 100 mg/kg T2 A8 A4S F9 AST TS
10464122 U/LE oo vlsl F94S $iickFig 1).
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BoFEQLE Bt IFFHEE MTX Bt EMR Foj7-9] 33
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HATHFig. 2).
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Fig. 1. Effects on alanine aminotransferase and aspartic acid
transaminase levels in the DBA/10laHsd mouse serum treated with
extracts of Mori Ramulus. After second boosterization of collagen type 11 (C
11, mice were divided into four groups and each group was treated with distilied
water (DW, CT), extract of Mori Ramulus (EMR) or methotrexate (MTX). Normal
mice without injection of collagen and Complete Freund's adjuvant were treated
with H,0. We gathered blood from each group mice after 4-weeks administration
of MTX and EMR. Blood was collected from the retro-orbital plexus under ether
anesthesia and serum was obtained by 10,000 rpm centrifugation and stored at
20T untl use, NR: Normal DBA/10laHsd mouse group. CT : DBA/10laHsd
mouse group boosted with C Il 1 wg/ml. MTX DBA/10laHsd mouse group
boosted with C It 1 we/ml and treated with MTX 0.3 mg/ke three times a week for
4 weeks. EMR 200 : DBA/10laHsd mouse group boosted with C Il 1 wg/ml and
treated with EMR 200 me/kg once a day for 4 weeks. EMR 100 : DBA/10laHsd
mouse group boosted with C 1l 1 we/ml and ireated with EMR 100 mg/keg once
a day for 4 weeks. The results are expressed meantSEM. (N=6) Comparisons
between control and test groups were analyzed using Student’s t-test.
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Fig. 2. Suppressive effects on arthritis index of paw joint in
collagen-induced arthritis mice treated with extracts of Mori

Ramulus. Arthritis index were scored according to Mann-Whitney U test at every
seven days. After second boosterization of collagen type I (Cll'), mice were
divided into four groups and each group was treated with DW (C7), extract of Mori
Ramulus (EMR) or methotrexate (MTX). NR : Normal DBA/1 O\aHsd mouse group
CT : DBA/#0laHsd mouse group boosted with C 1l 1 we/ml. MTX : DBA/10laHsd
mouse group boosted with C Il 1 we/ml and treated with MTX 0.3 mg/ke three
times a week for 4 weeks, EMR 200 : DBA/10laHsd mouse group boosted with C
I 1 we/ml and treated with EMR 200 mg/ke once a day for 4 weeks. EMR 100 :
DBA/10laHsd mouse group boosted with C It 1 wg/ml and treated with EMR 100
mg/kg once a day for 4 weeks. The resulis are expressed meantSEM. (N=6).
Comparisons between control and test groups were analyzed using Student's test,
and differences were considered significant when the degree of confidence in
significance was 9% and 99% or higher ("p<0.05, *p<0.01).

Arthritisindex in C1A mice (score)
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DLN & MZZoli FHaE2 27:060(x10°, HETS
1.05+0.05(x10%), MTX jE-oqiLg 4.30+0.9(x10%, EMR 200 mg/kg
BELE T3 AT 32:0.7(x10°, EMR 100 ng/kg SEE
Bl AEES 23:0 7(x106)§ LIER} 200 mg/ke, 100 mg/ke
SEE Fojdt ol thRFl Hid] 794 (*p<0.05) YA
E71=IATHFig. 3).

xk

O = W s th Gyl o0
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Total DL N cells No. in CIA mice (x106)

NR CT MTX 200 100 mgke
EMR.

Fig. 3. Effects on total cells number of draining lymph nodes and
paw joints in collagen-induced arthritis mice treated with extracts of

Mori Ramulus. DBA/10laHsd mice were immunized with bovine type Il collagen
(CII). DBA/10laHsd mice were boosted with C Il after 3 weeks. After a second
collagen immunization, mice were treated with methotrexate (MTX) three times a
week and extract of Mori Ramulus (EMR) was treated once a day for 4 weeks. Oral
administration of EMR (100 or 200 me/ke) and injection of MTX significantly
decreased the total cells number of draining lymph nodes and paw joints
comparable to that of a control group. NR : Normal DBA/10laHsd mouse group.
CT : DBA/10laHsd mouse group boosted with C Il 1 wg/ml. MTX : DBA/10laHsd
mouse group boosted with C Il 1 we/ml and treated with MTX 0.3 mg/ke three
times a week for 4 weeks. EMR 200 : DBA/10laHsd mouse group boosted with C
I 1 wg/ml and ftreated EMR 200 meg/kg once a day for 4 weeks. EMR 100 :
DBA/10laHsd mouse group boosted with C Il 1 we/ml and treated with EMR 100
ng/kg once a day for 4 weeks. The results are expressed mean+SEM. (N=86),
Comparisons between control and test groups were analyzed using Student's t-est,
and differences were considered significant when the degree of confidence in
significance was 95% and 99% or higher (*p<0.05, **p<0.01).

4. WY Hog f HAME plAlE FE
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CD3+ M ZEHE 3303 (x10%, MIX B9 CD3+ AZ4:
146+ 39 (x10% EMR 200 mg/kg SGIFQ CD3+ AESi=
106442 (x10%, EMR 100 mg/ke S0I329] CD3+ Az
9.8+4.7 (x10Y2 VIERJTHFig. 4). B 420) DLN W CD19+ A&
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O] CDI9+ M Z5E 93435 (x10498 LIERITHFig. 4).
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£ 26201 (x10"), MTX 5072 14.823.4 (x10%), EMR 200 mg/
ELE B3t UHT2 7.8+1.3 (x10%, EMR 100 mg/kg =5
Z B AT 6915 (x10YE UERY, EMR 200 mg/ke,
100 mg/kg SEE FOB AETY CD4+ T M Z7F thR T
B8] B4 (*p<0.05, *p<0.01) UA 1= ACHFig. 5). Hrkt

0%
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9] DLN U] CD8+ T MZ 4= 134202 (x10%, RS 0.8+0.27
(<10, MTX EQZE 33:042 (x10%, EMR 200 ng/kg S5
Eojdt AFTE2 22+08 (x10%, EMR 100 ng/kg ST E oI5
A7 20413 (<102 WETo] v E71EATHFig. 5).

60 1
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30
20
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CD3+&CD19+ eelln absolute No. in DLN (x 104

[«

Fig. 4. Effects on absolute number of CD3+ and CD19+ cells in
draining lymph nodes of collagen-induced arthritis mice treated with
extracts of Mori Ramulus. Draining lymph node (DLN) cells (x10* cells/ml)
were isolated following 4 weeks administration of methotrexate (MTX) and extract
of Mori Ramulus (EMR). The cells were incubated with FITC-conjugated anti-CD3
and anti-CD19 antibody and analyzed by flow cytometer. NR : Normal
DBA/10laHsd mouse group. CT : DBA/10laHsd mouse group boosted with
collagen type I (1 we/ml). MTX:DBA/10laHsd mouse group boosted with
collagen type Il (1 wg/ml) and treated with MTX 0.3 mg/ke three times a week for
4 weeks. EMR 200 : DBA/10laHsd mouse group boosted with collagen type If (1
vg/ml) and treated with EMR 200 mg/ke once a day for 4 weeks. EMR 100 :
DBA/10laHsd mouse group boosted with collagen type Il (1 wg/ml) and treated
with EMR 100 me/kg once a day for 4 weeks. The results are expressed
meantSEM, (N=6). Comparisons between control and test groups were analyzed
using Student's t-test, and differences were considered significant when the degree
of confidence in significance was 95% and 99% or higher ("p<0.05, *p{0.01).

40 OCD4+ ®™WCDS8+

(=]

CD4+&CDE+ cells absolute Nodn DLN { x 10%)

"00 mg'kg

Fig. 5. Effects on absolute number of CD4+ T cells and CD8+ T
cells in draining lymph nodes of collagen-induced arthritis mice
treated with extracts of Mori Ramulus. Draining lymph node (DLN) celis
(x10* cells/ml) were isolated following 4 weeks administration of methotrexate
(MTX) and extract of Mori Ramulus (EMR). The cells were incubated with
FITC-conjugated anti-CD4 and anti-CD8 antibody and analyzed by flow cytometer.
NR : Normal DBA/10laHsd mouse group ; CT @ DBA/10laHsd mouse group
boosted with collagen type I (1 we/ml) ;i MTX : DBA/10laHsd mouse group
boosted with collagen type Il (1 wg/ml) and treated with MTX 0.3 mg/ke three times
a week for 4 weeks ; EMR 200 : DBA/10laHsd mouse group boosted with collagen
type Il (1 wg/ml) and treated with EMR 200 mg/ke once a day for 4 weeks : EMR
100 - DBA/10laHsd mouse group boosted with collagen type Il (1 wg/ml) and
treated with EMR 100 mg/ke once a day for 4 weeks. The results are expressed
mean+SEM. (N=6). Comparisons between control and test groups were analyzed
using Student's t-test, and differences were considered significant when the degree
of confidence in significance was 95% and 99% or higher ("p<0.05, *p<0.01).
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Fig. 6. Effects on absolute number of CD4+/CD25+ T cells in
draining lymph nodes of collagen-induced arthritis mice treated with
extracts of Mori Ramulus. Draining ymph nodes (DLN) cells (x90° cells/ mh)
were isolated following 4 weeks adminstation of methotrexate (MTX) and extract
of Mori Ramulus (EMR). The cefls were incubated with FITC-conjugated
anti-CD4+/CD25+  antibodies and analyzed by flow cytometer.  NR : Normal
DBA/1ClaHsd mouse group. CT : DBA/t0laHsd mouse group boosted with
collagen type 1l (1 we/ml), MTX:DBA/10laHsd mouse group boosted with
collagen type || (1 wg/ml) and treated with MTX 03 mg/kg three times & week for
4 weeks. EMR 200 : DBA/10laHsd mouse group boosted with collagen type 1 (1
wg/ml) and treated with EMR 200 mg/ke once a day for 4 weeks EMR 100 ¢
DBA/10laHsd mouse group boosted with collagen type | (1 w/ml) and treated
with EMR 100 mg/ke once a day for 4 weeks. The resulfs are expressed
mean+SEM. (N=6). Comparisons between conirol and test groups were analyzed
using Student's ttest, and differences were considered significant when the degree
of confidence in significance was 99% or higher (*p(0.01).
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Fig. 7. Effects on the absolute number of B220+/CD45+ B cells in
draining lymph nodes of collagen-induced arthritis mice treated with
extracts of Mori Ramulus. Draining lymph nodes (DLN) cells (x10° cells/ ml)
were ‘solated following 4 weeks administration of methotrexate (MTX) and exiract
of Morl Ramuius {EMR). The cells were incubated with FiTC-conjugated
anti-Ro20+ /CD45+  antibodies and analyzed by flow cytometer. NR @ Normal
DBA/10laHsd mouse group.  CT @ DBA/10laHsd mouse group boosted with
collagen type Il (1 wg/ml). MTX : DBA/10laHsd mouse group boosted with
collagen type Il (1 we/nl) and treated with MTX 03 mg/ke three times a week for
4 weeks, EMB 200 : DBA/10laHsd mouse group boosted with coliagen type I (1
w/m) and teated with EMR 200 mg/ke once a day for 4 weeks, EMR 100 :
DBA/10laHsd mouse group boostes with collagen type || (1 we/wl) and treated
with EMR 100 mg/kg once a day for 4 weeks. The results are expressed
mean+S.EM (N=6). Comparisons between control and test groups were analyzed
using Student's t-rest, and differences were considered significant when the degree
ot confidence In sigriticance was 99% or higher (™p{0.01).
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Fig. 8. Effects on expression of IL-17a, IL-22 mRNA in the paw
joints of collagen-induced arthritis mice treated with extracts of Mori
Ramulus. Paw icints were coliected from individuai mouse after 4-weeks
administration of methotrexate (MTX) and extract of Mori Ramulus (EMR). At the
end of the experimert, the mice lung were removed and analyzed by (ea\ time
POR.NR © Normal DBA/10Hsd mouse group » CT + DBA/10laHsd mouse group
boosted with collagen type 1| (1 we/ml) i MTX : DBA/1QiaHsd mouse group
hoosted with collagen type | (1 wg/ml) and treated with MTX 0.3 mg/ke three times
a week for 4 weeks : EMR 200 : DBA/10laHsd mouse groug boosted with coilagen
type || (1 we/ml) and treated with EMR 200 me/ks Once a day for 4 weeks : EMR
100« DBA/1OlaHsd mouse group boosted with coltagen type Il (1 wg/ml} and
treated with EMR 100 mg/ke once a day for 4 weeks. The resulls are expressed
mean=SE M. (N =6} Comparisons netween control and ftest groups were analyzed
using Student’s t-test, and differences were considered significant when the degree
of confidence in significance was 95%, 99% and 99.9% or higher ("p<005,
o001, (0001
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