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Abstract:  Objective  To explore the relationship between the methylation level of CNR1 and autism spectrum
disorder (ASD), in order to provide a theoretical basis for the etiology of ASD. Methods A case-control study was
conducted, recruiting 30 children with ASD from the Child Development and Behavior Research Center of Harbin Medical
University and a rehabilitation facility, and 30 matched typically developed children from June 2017 to December 2018. The
methylation levels of CNR1 in peripheral blood were measured by the Agena MassArray® Mass Spectrometry System. A
univariate conditional Logistic regression model was used to analyze the potential association between the methylation level
of CNR1 and the risk of ASD with adjustment for age, BMI, body fat percentage and body fat. The correlations between
the methylation level of CNR1 and the score of Social Responsiveness Scale (SRS) were evaluated by Pearson/Spearman
correlation analysis.  Results The methylation levels of the average methylation (1=2.224), CpG_3.4 (Z=2.187), CpG
~9.10.11 (z=2.308), and CpG_28. 29 (+=2.943) of the CNR1 promoter region in ASD children were significantly higher
than controls (P<C0. 05). The methylation levels of the average methylation (OR=1. 117, 95%CI: 1. 003 - 1. 245), CpG_
9.10.11 (OR= 1.072, 95%CI:1.006 - 1.142), and CpG_28.29 (OR=1.078, 95% CI. 1.018 - 1.141) of the CNRI
promoter region were positively correlated with the risk of ASD (P<C0.05). The methylation level of CpG_28. 29 in ASD
children was positively correlated with the scores of social motivation in SRS (r=0.421, P<(0.05). Conclusions The
methylation levels of CNR1 in peripheral blood are abnormal in ASD children and might be correlated with the risk of ASD
and social function. The underlying mechanism needs to be further explored.
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PNk 5iE 1% & B A5 Cautism spectrum disorder,
ASD) & — 20 2 i T 22 40 JL R0 i b 2 O B A
PRI » A% U R IR A 4 58 B B i B T AR AT
T AR PA TG A B R ASD & R A1 L
8 % JLE " ASD Iy KR mik 1/361, HK
B RS T B IR 45 5B Mot 2ok T UTE
Z50% RORS Mt ., H BT ASD B Y09 A B L K B
TE 5 22 W WL 38t 14 18 1 2R R /e ASD K v iz %
TEAERS . 8% 6 M R AE AN IS BE DT 5 1 1
BL 52 e DA 3 1 R 2 66 A U 42 AL ] T B 4 K o)
2iMsAs . DNA H A 2 i 32 % H WY 8215 18
M . H BT ARIBFSE B R DNA H K24k F 25 B 5L 4k i kG
B VAT XoF 7 0T R L 3l i 8 0T R R 28 T A Y
(o A R B Sy F B TR 20 4l s A BF O
FW FMR1 5 iRy 2 A oK P T S 204 R 3 B
KR E IR AT RS ASD #ER B . CNR1
K 95 55 K WK £ 22 1K 1 (cannabinoid receptor type
1.CBIR) 25 ] 5 i 28 i A= | 5 Ml A% 3ok 1 % A/ 410 1)
VA TEYE R A2 T4 A RN ) BE b B AR A
HATE A 058 & B CBIR Hi 2k ol G 80 ASD ## 54
F1R5 AR CNR1 JE B H 5L b KO B A8 J2 45 5% )
ASD KA K A A e itk — B 0E5E . B A AIE 58 LA
ASD JLE I 5T % %, i F] Agena MassArray® &
TIRIE 4 Mr 2 Ge K6 ) ASD L # F 1E 4 xF B8 )L #&
CNR1 & [H # H AL K P I 20 B B R AL KR 2
5 ASD #:AZ T RE YA SCHE %1 CNR1 K& K H Ak
M X ASD &9 b 4t 32 T RE B9 52, LA S ASD
g DR 2 BIE T S AR 2 25 AR 0l

1 N&HMFE

1.1 =% &4 2017 4E 6 H—2018 4F 12 H 1Emy
IR BE R 22 L E R B AT A O 82 KA e
ES A2 RE %1 ASD JL#E I 30 4.
PERII S v AR 8 AF I 55 P ) DG IE A S0, DA i
IRV T 3838 /N 2 K &y L Bl b B ATL Al B 30 44 fi B R
BJLEEX A . Frf ASD JL 3 ¥ il R I
YN ) R A M R B A T gD R R i
PR A LR BE A 3172 W, A 6 36 B R 1
W5 gt F MG S O T ASD 2 Wi bR i, [5] B HE
FrEA R I kE A MM X Qe R s AR 4575
PEREALIE R K HAb & R G Bm M ILE., A
JLEE B AR W 4 N2 F G R 2 15 R & R
BB R 2= B2 L St (HMUIRB202007)

1.2 F*

1.2.1 ASD JLE 4L 228 71 VA 4k 38 2 i i 3%

(Social Responsiveness Scale, SRS) &% T X 4~
18 & JLE 17 ASD i & i T 5, v Hl T4 ik JL#
H 8 41 3C N 00 FF 41 38 fig 01 AT 1A, 15 808 34T
RIS R 5 A YERE S A SN AR A
BT W I L WS & L T RS s I W G 8 8 = 1 'S
[A] AR L SR AT ASD JLE R A R K

1.2.2 DNA $2HC  WeEMF 58 L3 09 0 J5 ko
B4 f2 B DNA . #% U BT 45 . >k A QIAampDNA
Blood Mini Kit Q(f# [ QIAGEN /A #]) DNA £t
R G B B DNAL I 6 Hgk A7 W Ak iR = 3R Ab 3
1.2.3 WISt AG il NCBI(GRChSS,
pl3 WA B 2 Ak B CNR1 3L 551, CNR1 JE A
2T 6 Sy falk b, s B CNR1 3[R St 1h 7 &
E¥% 5 000 bp~ % 1 000 bp J#41 . fv B 88165348~
88171347, #EA7 CpG & W, £ xf CpG & X 3 7
Tlastkit. R Agena EpiDesigner £ 5 Xt 5 [a]
FEANHATT W )5 S st AR A s AT 45 L e BRI
SEA TV & A A TIRNA A BE 377
S0 51 9. 5" i 5l ) P 31 aggaagagagGTTTGGT-
TAGGGTGTGAGGGTATT , 3' #% 8| ¥ J¥ ¥1-cagtaat-
acgactcactatagggagaaggctCTTCCCAAACTCTTCACTA
AATCCT., y 4 BR/AN R 1 468 bp, Bit 51 ¥4
Bl chr6:88169340~88170807,

1.2.4 HWIHALKEM  {#i ] Agena MassArray® & 4T
T o3 B FR g kil 2 K D 45 SR AdE ) MassArray
EpiTYPER® # {4 (Agena, Inc) 3K U5 & B4 11 5] 550
B AR & GRS A e AR LA AR R A
FEAS T Al Rz AR W BEALFE 2 B T I 2 A 0 2 1
H. R0 B4 PCR ™19 R, SAP e . T 41/
RNaseA 5k 52 I . B g 4l 4k, 58 7 55K, Massarray
o3BT B B

1.3 %itEF & K SPSS 25.0 4347 CNR1 3
FH L AL 7K R — R BB AE WG 20 )L B 1) Y 22 5= OF
BRI EFORER T x5 Ron ¢ KB gF 17 41 )
P AR IE S 0 AT (i s BERER ] M (P, Prs) 3
7~ s Mann-Whitney U £ 36 9 47 21 8] He . R H A
K& 4514 Logistic AR 48T CNR1 3K H 3 Ak
K5 ASD & i KB 19 ¢ Bk, R A Pearson/
Spearman A 3¢ 534 PF Al CNR1 3 A 3 AL K 7 5
ASD JL# R BUFFAE Z (8] (A G Pk BT A K 56 13 2
XU 35 . P<<0. 05 22 55 HA Gt 8 XL,

2 # R
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XTI L L HE AT R B 40 i, 45 R 1 7 9 21 L 3 AR
JiH$5 40 (body mass index, BMI) 22 % L4t i % =
M(P>0.05) {0 ASD 20 JL 2 14 g & S A fig i 44 fid
FHim TR IRA L, 22 A ST B L (P<C0.05),
W1,

2.2 CNRIARRB#HFTRVTAMLKRF®HZF K
2 5 ASD JL 35 B 3 Ak o K I g 2 Ab I Ay 28 4
ASD 2 JL#E CNR1 B H 5 3l 1 X F- 2 B ARk P
CpG_3.4.CpG_9.10. 11 F1 CpG_28. 29 {7 14 H JL 4k
KP4 5 2 T X IR AH (P<<0.05), WLEE 2,

2.3 CNRIAREHFTRFALKFE ASD X5

F 1 ASD 4URG ALY FE LR VR M (Pys  Prs) ] R B4 XA 22 5 19 B AR A A R AT gk —
Tab. 1 Comparison of baseline data between ASD LS UEREA ASD WEAE(E=1./5=0),
group and control group[ M(P,; , P7;) ] P CNRI1 P 2 2 7 X B Ak KT | s 5, 48
A AAer  GRRen ) WZR PR BMIHRE S R A ) AR Sy
(%) 4.820.8 1.940.8 0.116°  0.908 Br &3 CNR1 FEPH 5 8+ X1 H A K . CpG
H&(em,r £y 111.2+6.8 110.0+8. 2 0.623%  0.536 9.10. 11 1 CpG_28. 29 {if 45 B H Ak /k F 5 ASD %
(kg) 20.1(18.4,23.5)  18.8(17.1,20.6)  1.739>  0.082 .
Sﬁ(k:’mﬂ 17.0(15.3,18.5)  15.5(14.9,16.6)  1.788>  0.074 Ho AUz 52 TE ARG (P<<0. 05). WL3E 3.
ISR (Y%) 24.2(20.5,29.8)  21.0(17.3.23.1)  2.468>  0.014 2.4 CNRI AR E#HFTRFHAMALRTE ASD AR
g (ke) 5.2(3.3,7.1) 3.9(2.9,4.9) 2.174>  0.030 4254 ASD JLE CNR1 EH B2 T X i
e .7 .
R 2 ASDAH S CNR1 R g sh T IX CpG {7 5 B F AL K[ M(Pys o Prs) |
Tab. 2 Level of methylation of CpG sites in CNR1 promoter regions in the ASD and control group[ M(Ps; , P7;) ]
A7 5, ASD H (n=28) f B ZH (n=30) Z/t i Py
CpG_3.4 0.110(0. 050,0. 150) 0.070(0. 030,0. 100) 2.1878 0.029
CpG_5.6.7.8 0.140(0. 090,0. 360) 0.1050(0. 060,0. 198) 1. 7430 0.081
CpG_9.10.11(x +5) 0.29140. 134 0.21340.107 2. 308" 0.025
CpG_17.18.19 0.025(0. 010,0. 060) 0.020(0. 018.,0. 030) 0.873% 0. 382
CpG_20. 21 0.030(0. 010,0. 060) 0.020(0. 008,0. 040) 1.361% 0.174
CpG_27 0.145(0. 000,0. 301) 0.160(0. 000,0. 3600) 0.032¢ 0.975
CpG_28.29(x £ 0.52540. 160 0.41940.109 2.9430 0.005
CpG_33(x +5) 0.29740. 339 0.28140. 341 0.160" 0.874
CpG_35. 36 0.010(0. 000,0. 060) 0.020(0. 000,0. 040) 0.481% 0. 631
CpG_39(x +5) 0.29740. 339 0.28140. 341 0.160" 0. 874
CpG_40. 41. 42. 43(F +5) 0.05240. 048 0.04040. 025 1. 227% 225
Mean (& +5) 0.160=40. 070 0.120=0. 050 2.224P 0.030

W ZfH ..

F® 3 CNRIFER T 37 X H AR5 ASD % KU #Y SC I 18 23 B

Tab. 3 Association between the level of methylation in CNR1 promoter regions and the risk of developing ASD

{37 85, Bt So Waldy? i OR {#(95%CD) Pl
CpG 3.4 0.068 0.047 2.114 1.070€0. 977~1.172) 0. 146
CpG_9. 10. 11 0.070 0.032 1. 667 1.072(1. 006~1.142) 0.031
CpG_28. 29 0.075 0.029 6. 651 1.078(1. 018~1.141) 0.010
Mean 0.111 0. 055 4,040 1.117(1. 003~1. 245) 0.044

fE7KF-5 SRS H At £ T8 4L 2 A A A 2 VT R
PR AE A7 S 75 = 4k B[R] ¥ JC B G AH oG M (P >
0.05), CpG_28. 29 i s 5 4t 25 Zh AL G DY 73 5 1E
FHE(P<<0.05), WL 4,

3o #

CNR1 FEH A F Y a4k 6q15 X 48, H 4 5 1)
CBIR EEEN TR MG, 72 00 T D R

TR B2 AT i 45 2 A il X 2 R ik
TR FEEN G EAMBEZAEZ . CBIR 763
AL AR S 2R 5~ 7 R R MKt £ w Rk Y
CBIR # AR T A ST I AT 4 ) 45 2R L v- 2 Sk
TR A5 A 2 O PR R L Y 5 ik [R] A 5 45 3, AT
TR P 2 kB ROt iE b R mEAE Y,
FATA BF5E 25 Il 9 CBIR 2 B30T T S 2500
P2 A R 5 il T SR 52 A A R S Al i R A7
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Tab. 4 Correlation between the level of methylation in CNR1 promoter regions and SRS score (r )

b it SRS 4 iz
128 503 (iR (AR Cop i +E2E B L IRAMREFT Ry 77 20 KAy
CpG_3. 4 —0.124 0.177 0. 049 0.123 0. 143 0. 087
CpG_9.10. 11 0.073 0.294 0.072 0. 420 0. 290 0.271
CpG_28. 29 —0. 146 0. 401 0.191 0.421* 0.378 0.335
Mean —0.064 0. 220 0.167 0. 402 0. 327 0. 286
i " P<<0.05,

AN R Ry - S (R SR 2
CNR1 3 @ (CB1 KO) BN P A7 75 £ B g pi
ZIURTE TR LA SRS /A0 oS e o A AR
S BN B S X CBIR, 7] S 30 5 X % # 1k
GG R T  A! UT=
CNR1 FEH K H 4 fS i CBIR %82 5 45 o HX il
LRGRE E BT RE #E M CNR1 % K Al #8 76
ASD kg B ¥EE BAE .. AW RN BEFE
AR T CNR1 5 ASD [8] i AH G I & 30
CNRI1 JE P B LA K F T T 3 ASD & 9 KURS:
Bt 28 e ds .

3.1 ASD L& 4MJE fo B 42 CNR1 A B P ALK F
E ARHESE L AI ASD L FIE # L AN E
I CNR1 J ALK P & 85 IE % L AH
. ASD JL A& i CNR1 e B 524k K 5832 T+
w.IFH S ASD &% KK S IE A 56, H AT X ASD
H CNR1 JE R B BE Ak K P 1 A DG A 58 A BR  {H 78 3
MAG PRI R E AP LB TERS B o 2408 (B H
B e B G A ] I B A L CNRT PR Y
RSN, 7E 5 AR AE AR E T & B CNR1
HE DR 22 25 M 07 T 386 i TS RE & KU F kT
UL CNR1 K& KA MG 2 955 vh B 2R .
AL, S 5T & B ASD B Bk N f£7E CBIR 3%
KR RE SN . AR Y K Zamberletti B A
(A5 0 7 N SR 5 5 1 ASD #5580 B O B8 15 5
ASD R Fl MeCP2 5% %1 f{L (L3 P 33t £ % ASD
R FO M P CBIR 23k 7K - 35 45 1E % X Il B g 3%
Fhm . E— o8 & B, 5 0 6 B L. 23R
AL ASD FEAY U 9 CBIR 3% o4 & 3 198,
PRSI 52 A 7] A 30 B0 I TR 5t 4% 8 ASD #5578 B
oM 2 ot g CBIR Jz i 0 v AR . B2
CNR1 5 7E g & ) 19 2o 72 o W) F 2 A 56 B AE
FHUST R I AW S AR T CNR1 PR Ak 7K SF- Fi
ASD %95 AR 8] 1) 56 & B A2 1E T BMIL A4 fig 3R | &
JIE B A TR A I 3R DLHE B3k A8 = A3 A OC 48 5 T 45
M5, HEBRIEZ2 R 2 5, 48 i CNR1 JE PR H 3
FAKSEFEE AT AT B A ASD & KU . F R AFSE 1Y

7R ASD HfEfE CNR1 H: K J Ho 4w fg i) CBIR 2%
KFH I ES ASD 1k 4 K BB L.

3.2 CNRI AR ¥ AKFKETMmE ASD LF 4
AR  FE I RERE AT S ASD BB O IR 2
—, " H s ASD JLE 01t & i ag . A WF 5 &
CNRI1 3 H AL 7K - 5 458 ik 35 # 56 , ASD
JLE AR E I CNR1 3 [ 340 8 B 3 A
ML B G #™ E, Chakrabarti 25 | £E 78 A RE
o KB CNRL AN B HREZSHEREYS
ASD JL#E X 4 23 il ¥ 0 B 8 55 A0 G . A8 3h H
P &I CBIR Z 45 P 0T 5 B0UE % & B R 3
AL &38R . 78 ASD s ) # % (BTBR [
Al Shank3 KO FO o [A A & B, ¥ 3% CB1R AJ LAl
BREAY FRUAE =4 2 56 b L AT 0 1 4L 32 4T O 5 4 BT
CBIR 7] LA H B 245 9 % 65 20 R A 52 i B 19 ol 35 A
A, FE CNR1 3R B BR B & B0 5 0F 3 X B8
FUMH EE . CBL KO BRI 88 75 & 2R 20+ 38 2% H
AR s B A 58 BBl 2 A5 W B Y ASD A A 32 i
B B 2 B TR AR IE R A I B 4 S IR
P2 T0 (DL R B 2 95) CBIR Ay /N B 22 90 13 4k 52 Bk
B T R 1 i B -2 35 T TR B A 48 e O il i o 2
J6) CBIR B /N BUA UL W I 4k 58 i 15 36 B 2% Ay o/
el 22 e A9 CBIR BRI A 58 4 — 5.
UL, J5 22 BF 5% 3 4% 22 U8 AR R TR #4808 1Y
CBIR £ ASD &ALl b iV H .

3.3 Ay FRME ASHIESE R IE s - X5 RE A BE T
L EIR A ASD JL# CNR1 H:H B 34k K -1 8
Fhim I HE ASD % KU B+t 28 Bl i 52 1E AR 56
HARSCA A AE — 26 JRy BR 1 - B 4% DNA H &4k 7K P
2 R AR TE 2 7 L B R U SRR S R s
W) 7F J SR B 5 op o 1E — 25 s s ma R 2L O ROR
BEJE Y Hok L 4t DNA BEA 40 & AR £ 2
LU, BRI LA R A CNR1 JE A 3 qb 3%
AT L T J5 LA 5T b 3 I 0 A O e R 4 B AR e
20 A P AR K - B A X e ASD Il IR AE 0 b
BYEAA IR T B iR AR AR R i
FEXT G L 5 BERE SR AE B AR R R AT B IE , IR TR A
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