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Immunomodulation and Expression of Cannabinoid 1 Receptor on Development of
Experimental Autoimmune Encephalomyelitis in Mice
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Abstract;  [Objective] To explore the cellular distribution of cannabinoid 1 receptor (CBI1R) in the central nervous system
(CNS) of C57B/16 mice. Detect the level of CBIR expression during experimental autoimmune encephalomyelitis (EAE). To study
the immunomodulation of EAE by CB1R Antagonist. [Methods] Prepared hippocampal neurons from C57B/L6 mice embryos (E18)
and glia cells from C57B/L6 mice neonatal cortex (postnatal day 1). Mice were grouped randomly as normal group, complete Freunds
adjuvant (CFA) group, EAE mice were grouped randomly as vehicle control group and CBIR antagonist (SR141716A, SR1) group.
Clinical scores and body weight were recorded during the course of EAE.  We detected the expression of CBIR by SYBR Green-based
real time PCR, western-blot and immunostaining. The levels of cytokines (IL-1B, IL-4, TL-10, IL-17, IL-6, TNF-a, and IFN-vy)
were measured by ELISA. [ Results] CBIR was observed in neurons and microglia but barely detected in astrocytes. CBIR decreased
significantly in neurons, while increased in microglia significantly. The level of CB1R expression in spleens did not show a significant
difference compared with CFA-immunized mice. SR1 accelerates onset of EAE; SR1 up-regulated the expression of 1L-17, TNF-a,
IL-1B and IL-6 in the CNS and the periphery. [ Conclusion] CBIR expressed in neurons and microglia. SR1 participate in the immune
regulation in the CNS and the periphery. CB1R could play a prominent role in neuroprotection and immuomodulation.
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NI P KRR R R 45 (endocannabinoids system,
ECS) F A5G = KB : TEPERIBRER I P I
PERIR R G185 206 B AH DGR H S 2 FR R &R
% & (cannabinoid receptor, CBR) !, [ lt4g 90 4¢
R, KIFRZE 1 #I2Z/K (cannabinoid 1 receptor, CB1R)
FIRMKZ 2 324K (cannabinoid 2 receptor, CB2R)
BTy SR (20 A AT BRI A7 AE A A7 AR A
{H IR R 2T 1 & 4% £ 20 08 CBIR F1 CB2REE
PR EARESR  JCIR RSN SE 5 | Bl S A 2 I
IROFSEX o, WNIRYERRR RGN RS 2 K
PEREAL Y A AR R AT S0 TR, TR PR 3R
R YGAEZ KL (muiltiple sclerosis, MS) H1 4 4E
BRI, 2T CBIR TESL 5k
H L % PE ik A 38 % (experimental autoimmune
encephalomyelitis, EAE) &A= & a9 VEH v Sk =
FRGLMA T, AR FRSMR N 5255 43
SR ) T AR b 25 240 B N AP ] SR 8% CBIR YR
ik ,CBIR 7E EAE /)N 5L #2 v 1) 30 25 48 fb K H Xt
LR 5o WA S, 5 TE W] CBIR BYZHZL/40
oA B HAE EAE &AE R RPER
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1.1 EEWEZTEREFRMEE

TCHE S R HL C57B/L6 AR, /B Eh2H 4
FRRAT BN M, PRI JE R LT e e R TR
W (Gibeo) Bk, 2 10/mL BT M T 2B L-#fi
IR (Sigma ) AL FRAGEE TR T, & 37 C 4K F
R 5% CO, AR R =4, 43 d
W37 d e /N BB MAP -2 B 5 B P A
(CHEMICON ) 1 Hoechst33342 (Sigma) 4 {f, | % 3¢
PRZETCAEE KT 98%,
12 BERREAMmEFRNEE

TCH S F BUETA: C57B/L6 /ML (<24 h) K
g, 340 1530 M S B I e TS L R B, VRIS
DMEM 5¢ 415 £ (Gibeo ) B2, B 37 C, IR FL4)
R 5%CO, W HNEE R AR, 9 d J5 Uikl
FE A0 JBEREIS AL, 100 mL/L G4 i3 ik 4k,
VLA 2 R, A BE RS A 24 h JE /N
B GFAP Hif& (CHEMICON ) Fl Hoechst33342 44
o, S BRIV R R A 46 KT 98% ., 5 BB I it
AN LIRS 12 BT AT L P RS T A0 b
SRR BN TR B /NS A IR

I &% i F F4/80 (Invitrogen ) fil Hoechst33342 4%
o, S /N T A 4 KT 95%
1.3 EAE/MNR#E
1.3.1  E%ahmARX A @MY C57B/L6 /)
B, 10 JEIS AT iE 22 ~ 25 g( b HET K s Se i 3
FIRAT]) o MOG s 55/ MBPg g5 KB (LR A D 20
Al ),Mycobacterium Tuberculosis H37Ra (DIFCO),
Pertussis Toxin(List Biology Laboratory Z2I4) , complete
Freunds adjuvant(Sigma) ,
1.3.2 MOGss.ss LR BEE R AL MOGssss KB 3
mg, % T 1 mL PBS(3 mg/mL) ;3 mg TB ¥ T 1 mL
SE 4 IR (4 mg/mL) s BHEIR G fl S5 AR
PR T /IR A il B AL K 7L R B
1.3.3 EAE D &AER  F C5TB/L6 /MR HH
WO 4 85 R 15 MOGas_ss BTt TR B (200
pL/ 2, Bk T PIX 2 pe/mL,48 h J5 PTX /I
SR
134 CFA DEHEA 3mg TBIET 1 mL 5243
FAZE 7, 1 mL PBS B MOGs.ss; il Bl CFA TR 2
IF4% b EAE HlB LA F/NR
1.3.5 EAE /» SERFAE B RIEF /D R
i, VEAS I REEIR , BRUEANT .0 43 TOAEAR 5 1 49
B 52 0 ATEEAER/J5 I 55 /80 1E R R G 3
A% : S5 BSORRIE R (%) /TR 0 55 54 49« iSRRI 5
53 WU ; 6 43« Wil AL T 50T
1.3.6 EAE+SR141716A (Cayman) F #4843 %I
T YR, PGS 4, 7.11,15.19.23 27 K,
JE I T S (45K 0.1 mL):SR141716A 3 mg/kg.
vehicle 50%PBS + 50% DMSO,
1.4 g-PCR &4 % CB1R mRNA RiX

M RNA $2HUR H TRIZOL(InVitrogen)iﬁ%U 5
B gene bank FELY/NEL CBR ¢DNA J¥51 fil B-
actin cDNA 751, i | Primer Premier 5.0 #{}-1%
115141, CBIR 514 . Li#/F41 5’ - CTG GAA CTG
CAA GAA GCT -3’ , Fii#J¥%1] 5~ GCC CCA GCA
GAT GAT CAA CAC C -3, P 3K .310 bp; B-
actin 59 ; Fi#FF4) 5’ - AGC CAT GTA CGT AGC
CAT CC -3, Tii#/¥41 5’ - CTC TCA GCT GTG
GTG GTG AA 3", ¥ 4K ¥ . 228 bp, cDNA 4 i
R 808 S50 & (TaKaRa), MW Sybr Premix
Ex Taq™(TaKaRa) ¥ 34 21 Z1FE A cDNA, Jz i 5%
4:.95 % 90 5,58°C 90 5,72 °C 120 s, JEFF 40 ¥k,
DL BEIE R AR e SEA T AR 0 2 i, R ACT v
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SIHTA 4L CBIR 3[R 8 AT FE %
1.5 Western-blot i£4>#7 CB1R EB&RiAKF
A N O A s S i o
(Millipore ) fi# , BCA 722 & , LUK AU FEEAR (1 & 30
ng, H 129%SDS-PAGE A2 5E i HLIK 43 B ) L
% PVDF B L 4308 07 s b AT B PRI —
o ZHERE 3 Odyssey 1T 2T 4P 3L A0 3806 1k
B AZG AR BAHN WB 7 L% A, CBIR %
kLA CBIR 5 GAPDH &5 0% & LR
1.6 BN ERNMAMEERIER CB1R
1.6.1 k&R #4& SIS A 4 R (0
FH 40 o/1. 22 B FH R [ 5 28 4> B L, I AL 2 e i
K, OCT WA, iH DG X 5 wm B E/EKG
LY A
1.6.2 S92 R AEMAFF & T 5 8 2 i
B L) R vk B 43l in— Pt
($L CBIR ZBEPLIR, L NeuN Z 3 BEHLIK, 4T
GFAP PATERE AR, 1 FA/80 £ SEREHLIAR ) FlIAH
PN BT NER TR E Ve, 50% HihE R .
1.6.3 Fyarmtksmfgit4 {1 Image—Pro Plus
6.0 Ao M e e DG BG4 iR 5 5Kk i 2L
AROZ Y] AR X 100 wm? TH1AR A9 B 82 B P4 4
MBS, Bk Ul A L REHLZEEL 5 A~ A5 LT, B
M R ) e A TR I DX B T AR A BH A 40 i
B, Bz Al [ X 43 53 4% NeuN %32 BH 7% 1
NeuN/CBI1R G XM FHPEM 250, ik [F] CA3 E
X435l i GFAP % [H 4 Fl GFAP/CBIR 4 %%
XUAVE B IE I T 4i i ; 5 Eh <= IX 43 51l 1144 F4/80
B g2 B P T F4/80 /CBIR A y28 3L FH Y /N Jie ot 41
JiL 5 235 SR DORSUSH P 200 B 5 o 400 B A0 PR 5
A ETINN
1.7 BEBEEERBE % (ELISA)HNZHAE EFRIZE L

TEAH LB 5 O [R] 41 51 EAE /)N B fisi Fi
B, FREL 80 mg LI (VR HE) , KR 451 T Hh 4240 21
Jil 2% 2 1 (millipore ) ; 2 B IE 504> 1% 20 B2 (6 x
10°/200 wL/fL), 435 IA MOGss.5s Fll MBPg (10
pg/mL), 18 37 CAMEE AR TP E 48 h Jm  HU b
H W, A ELISA % & W 240 Mo A+ IL -1B
(invitrogen ) ,1L.-4 IL.-10 I.-17 (eBioscience inc),
IL-6 ' TNF-a  IFN—y(Pepro tech Inc) A FE |
1.8 SitFESHh

i GraphPad Prism 4 G114 PREE . 112 0%
B F ARSI T I REA Ty 2255 MERGSS, FEARST S
ER A B 22570, A BB RER T ¢ K56
B ARIEL + BRiERE (% £5) 3R s T 2 AR R
FHASIE ¢ fa g ARTHRPORCSR 2 R 7 2234
(ANOVA),P < 0.05 #il N Z R A G2 L,

2 % X

2.1 MNRERHE TR RAMREFMEE
JFAR B 25 50 4T MAP-2 i1 Hoechst33342 %L
e, 4ifZik 98% (& 1A) . BRIERBAIMIAT GFAP
F1 Hoechst33342 XYL 4 ik 98% (& 1B) , /MK
J 40 M AT F4/80 FI Hoechst33342 ALY, 4l JF ik
95%LA 1 (Kl 1C),
22 MHZTHRKBRYM CB1R mRNA & 57k
RT-PCR Hil Western—blot 45 5 i 7~ . AR S 75
R B AR 2T RN B4R i 2R 38 CBIR ; A CHs
IR A BIE B BA MAAG I 2) CBIR 3Rk
(2),
2.3 CBIREEE/MNREABMEES
PR R Tl MRS B 2800 15 CA3

E1 MRERKHMETHRREREE

Fig.1 Identification of neurons and glial cells

A ;primary neurons; B:astrocytes; C:microglia. 400 x
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B —actin
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36
B

E 2 CBIR ZEREHKERRRMAM/NNLRAMEFHE T LRI
Fig.2 Expression of CB1R in primary cultured astrocytes, microglia, and neurons
A . mRNA;B: protein

DT TR I ST A 5 ¥ E < X AT 550N
I AAE (B 3) o NeuN FRicHHZE0T, GFAP fric &2
TERE T4, F4/80 Anic/INKC LAt . fe e 4 fb 2
KR, IEH IR A28 o0 A/ e BT 41 B 3R G
CBIR, IR 40 i AN 3Rk CBIR (&l 4)

Clingulate gyrus

(Neurons)

Dentate gyrus
{Astrocytes)

Hippocampal fimbria
{Microglia)
B3 RhiESRIEHETSRRMAME
R BRI ECET(x 400)
Fig.3 Location of immunofluorescence staining for

neurons, microglia, and astrocytes in brain slides (x 400)

2.4 BFIFFEBAF SR1 FHiH EAE NRFREF
ERESHAEERBITESHTW

53R [] Bsf A5 %) 375 790 % B 4 A L, SR F TR
EAE /NRM IG5 Kile, M4 DhpessiirE o
WETE (P<0.01), BB SR1 WM E 52
N, R EAE ok, (H RS 55 13 KL, 4l
P2 THBE BRI R0 2R (P> 0.05, F

Merae

B4 IEFfM GFAP.F4/80 1 NeuN 5 CBIR By %RIE
eI
Fig.4 Immunofluorescence double staining of GFAP/
CBIR, F4/80/CB1R, and NeuN/CBIR in healthy mice
(x 400)
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6 KA i 25 AR (P <

5A), SAHRIET S EE
EAE /MR 5 56
0.05,% 5B),
2.5 CB1R 7£ CFA 5 EAE /NR R 4ABE 4 % 1Y
BT

EAE /NRAZ ORI/ 40 CBIR B33
Ak CBIR FZRIRTEMATT, DAl
ik, BT AHRIE SR CFA 41, EAE /N A ZE
JG CBIR WY BHPELH M E 4045 2 AR (P < 0.05, &
6.8), /NEEFEAIME CBIR By BH M 40 M 7 435k %
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B 5 AEAMNNBRHENRERITSEN (A)FEFEREZHL(B)
Fig.5 Clinical score (A) and body weight (B) in EAE treated with SR141716A and vehicle
1)P < 0.05 vs vehicle mice, 2)P < 0.01 vs vehicle mice

Bl6 HEEWEHAINE CFA fl EAE /NRAN NeuN 5 CBIR BTN
Fig.6 Immunofluorescence double staining of CBIR on neurons of CFA and EAE mice

The immunodouble staining of CBIR/NeuN in cingulated gyrus. Scale bars = 20 pm

B 7 %E%ENE CFA 1 EAE /MR AN F4/80 71 CBIR BIZh7AsZE 44

Fig.7 Immunofluorescence double staining of CB1R on microglia of CFA and EAE mice

The immunodouble staining of CBIR/F4/80 in hippocampal fimbria. A ; CFA,B:EAE. Scale bars = 20 pm
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Fig.8 The percentage of the immunodouble staining
positive cells of CBIR/NeuN in cingulated gyrus
1)P < 0.01 vs. CFA mice

FHE(P<0.05,817.9),
26 CBIR7ZE CFA 5 EAE /NREHEMAEAR
HIZhAET
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7R 45 I 05 R R 38 B AT IE X IR (P <
0.01), EAE /N6 CBIR mRNA FI%E 10314
FERIESGH 9.17.28 Ko Al B H LT CFA /MR
(P<0.01,K 10A),

CFA i1 EAE /ML CB1IR mRNA Fl45 417 £ it
SR GRS B &S T IR AHIRZH (P<0.01), EAE /)N
L CB1R mRNA 8 W FRB ARG 55 9.17.28
Kol CFA /MNRIC I 2 255 (P> 0.05, 141 10B)
2.7 SR1 Xt4AaEF M HIETIER
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e SO RN g 301, i (A ) 5 (B) R S A% 4
JE(C)H Thl, Th17 i 23K KT I 35 i i 7510k I
ZH (P < 0.05), 1M Th2 2 ffd P i Z ik 7K - i %

TIEFIXF R (P <0.05, & 11),
3 3 #®
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RGP, ICHALIR LA h A3 2 AR
PG REIA Y B B EAE IO T R KRR
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Fig.9 The percentage of the immunodouble staining
positive cells of CB1R/F4/80 in hippocampal fimbria
1)P < 0.001 vs. CFA mice
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CBIRJE A B & i EAE /)N B 2% 995 315 Ak 1 31
AR 2 1 R TR AR R K ST AH 24 T A
Z 3~ 4 WHGEIRCR, 1 6L 46 & L A N ]
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Fig.10 Dynamic change of CB1R expression during EAE

A; Expression of CBIR mRNA and protein in spinal cords; B: Expression of CBIR mRNA and protein in spleens
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Fig.11 SR141716A modulates the levels of cytokines and chemokines in brains, spinal cords and in spleens at different
time—points of EAE development
A; Brains; B Spinal cords; C; Spleen. 1)P < 0.05,2)P < 0.01,3)P < 0.001 vs. vehicle.
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TR SRT BT EAE /)N U E5 I ] B2 1 L bR, AR AN 5 CBIR T g
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