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TR, PAEF BAF R LA GHFZRRRANEHFHARIALR . §
+A SR, 199845 0k F i B K F A YA F HIHAKE, 200345 £ F
FF I Lk A A S e ) AR T PTIRAT 1 45, 2003 220094 42
£ B An g K FR R BRANE A F ZANFWH L BHR, 200957 A L85+
HF e LA A F AR . RAAAK, RIFFPEAFRTA
HRIBER. FHERITIA T B A F IR K FRF L, 20145 Ak
A LA I PO, NF ARGV EEMFT IR, PRI E
ZEVELS AWM ERRFESIMEF AT BMNEZAKRRKZ EWER
MECP2(methyl-CpG binding protein 2) £, % T 4f &,4&: (1)X ILMECP2%&
B A3ERAA% N D RNAT Y0 he T 5 449 69 7%t 4249 2 70 R D RNAE)
PR, BT K FH AT E R Gk A B AR ALEE 6937 UL, % (Cheng et al. Dev Cell
2014); (2)Z IMECP2%& & ¥ 4] 12 IkAt(SUMOylation) 541 &5 vi 4% A 4%
ek R AL L H (Cheng et al. ] Neurochem 2014); (3)AL Al TALENA A % 48 7
EAFR|EIAMECPA R0 RER, 32 T REBRARBERA, HEIFAR
kEPET G HAEAE . EAFT B PR ZNIZIT T 22 m(Liu ef
al. Neurosci Bull 2014); (4)5 1% a 245 K B 7 ik A7 212 R A5 09 45 8 R
ik R AT T SR G E %5 AEMECP2IL R th4: I B R MENE, 2 50tk 8d
HHT T MECP25%5 3K B R MR 09 4T A R AL, R ILMECP2%5 3 B R 1 A L
S 0 M B 0K, e B A ZMATH . A REREHA G EEKFF, &
(R8 KIE AAT R A A B TAZA AR KK SRR, 4 A M) R iE
58 R RAR B E R 4R (Liu et al. Nature 2016).

SixFELET BAE

F F hTaR”
( FERL 22 Bt IR A RS I B b 22 R A T BT b 22 R 2 [ R T S0 =
rh [ R B i Rl s A RO, [ 200031)

BE AMEL—MEEEXNNEZALT AR, EHFLRNBAEATAHRER. T4
ZIBATAFHF. EFHAFEGRS LA F, FEMCPG R 4% @24 B (methyl-CpG binding
protein 2, MECP2);2 — A~ B 45 R4 69 A B, BMECP2 & 7% Bf & B 3 4% 42 6 4E; 7 4 MECP2
i EGA R N &5 BMECP24E 38 e b AE, B 18R 24T 69 7 ik, ARA R R L T —Fr Ay 245
AT R AMECP2#9 45 3K B R B AR, ZARA R IR & 5 M 2 BAT A VA BAE AT A 35— A
315 g F) e RAhe) AL, JFEBINR AR 69 IFANFeAL L A AL BB O R AR T A0 TR
GARA A B PE 6 R AR T R A, JE A A PRSI RGBT R FERF 6.

KRR HPIIE; MECP2; 6k DB Bk, A7 24 224l B R AL 3k
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When the Monkey Suffer from Autism
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Abstract

Autism is a genetic nervous system developmental diseases, patients show abnormal behaviors

such as social behavior disorders, repetitive stereotyped behavior and so on. In multiple genes that can cause

autism, methyl-CpG-binding protein 2 (MECP?2) is one with special characteristics, loss of function of MECP2

can cause Rett syndrome, while over expression of MECP2 can lead to MECP2 duplication syndrome. By using

lentivirus injection, researchers had successfully established a transgenic crab-eating monkey model that over

expressing MECP2 only in nervous system. This model also represented autism-like behaviors such as stereotyped

behavior and social deficiencies and so on. The insertion sites of transgene and abnormal behaviors can be passed

to F1 generation by germline transmission. These results provide a solid basis for autism further study and a good

experiment platform for the clinical treatment of autism.
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Fig.1 Doctor Kanner who made clinical definition of autism for the first time (A) and clinical phenotype in autism patients (B)
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Fig.2 Genes that regulated synaptic function which associated with autism
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Fig.4 Transgenic monkeys carrying human MECP2 gene exhibit autism-like phenotypes (modified from reference [29])



WA R T B P

247

R, A B S R I R B AR RS 4 S
o E BN AL AR AT O S BB 7 T, WESEN L R,
Tk AN AL ASAT (4B L 2 5 0 — K
XTI REATAT Ay, A 5 DR B M 1 A S AR G v 25 R
o1 38 25 A T 3B A2 0] B (E14F), 2 45 300 T 17 Al
MECP2# 3L R S BRI 28 A PRER R A B
Mo FEMZ S, BFFEN D E I a0 i AL T A
IRO0] 2 5 DRI A 1) 2 S B8 0 IEAT T VAL, 7
LIS i, 5 DR A S A SR I B SR 2
SRR, AHE LT B IA K A& B PRERAE 1 R X
BRAT A o

16 B HE T, Sk & — IR 2R, mifE B0k
FE DA O B MECP215 9 ZR5 A1, 15t 4% 52 1A 1) 5 22
PEARZ MM A T R ARG 1) 8, WF5T N DU
R B B RS LA 2 B M R R N IR R
R R, Ty M 7R A P A 21 T SR AR R DR
WEFO)Y K FACHRF (4G, Lo ik igtfl 244, WY
N G R BR, FOAR S JE DR £ 18 0 56 DR 201 v (1 5 47
AN B i, JH I Al R AR 1Y, % RF TR 1)
FLRIA 8 3f HF A0 A7 2 40 A1 S5 FOAR L
A, RO M AR B IS . hES R EOR, Fl
TRMEMEAFO L FiE 2] T ME R ke e E it
FIEMECP245 1, I HAE G TR EC 42247 A
oL & SR b 2R, B R DR A A R Y AR ) TR
W I A EAZAT R AR (1) 1035 T BRI 4H), 1%k 7Y
LIFOSRAAE LA 2 B PATRE £ TR R R R ARBAIR o

AL B g R, Rz H b, e et A
5 M R & R 7 T 4 RS0 1k
FIAMECP2 1 JE PR B A H A28 JE R T L
T Fh R AL 3 ) AR T 8 . O JEFOIL J2FI,
MECP2#) 5 i IR B 3 30T e 1 DR ey B Hh I (2
(W2 A EAT b, TS 2, 1EA 5 A& R RIR
7 58 BT RE . I AR 8L 1 T )
e PR T — ARG 1, I 2 JRiE—
WS A AT FIALRI SR AL T RS a4 B e
G ARG 20t T R BB B RS T 5

B30k (References)

1 Kanner L. Citation classic-autistic disturbances of affective
contact. Cc/Soc Behav Sci 1979; 14-14 .

2 Caronna EB, Milunsky JM, Tager-Flusberg H. Autism spectrum
disorders: Clinical and research frontiers. Arch Dis Child 2008;
93(6): 518-23.

12

13

14

18

19

20

21

Myers SM, Johnson CP, American Academy of Pediatrics
Council on Children With Disabilities. Management of children
with autism spectrum disorders. Pediatrics 2007; 120(5): 1162-
82.

Rapin I, Tuchman RF. Autism: Definition, neurobiology,
screening, diagnosis. Pediatr Clin N Am 2008; 55(5): 1129-46.
Noens I, van Berckelaer-Onnes I, Verpoorten R, van Duijn G.
The ComFor: An instrument for the indication of augmentative
communication in people with autism and intellectual disability.
J Intell Disabil Res 2006; 50(Pt 9): 621-32.

Lam KS, Aman MG. The Repetitive Behavior Scale-Revised:
Independent validation in individuals with autism spectrum
disorders. J Autism Dev Disord 2007; 37(5): 855-66.

Delorme R, Ey E, Toro R, Leboyer M, Gillberg C, Bourgeron T.
Progress toward treatments for synaptic defects in autism. Nat
Med 2013; 19(6): 685-94.

Azevedo FA, Carvalho LR, Grinberg LT, Farfel JM, Ferretti
RE, Leite RE, ef al. Equal numbers of neuronal and nonneuronal
cells make the human brain an isometrically scaled-up primate
brain. J Comp Neurol 2009; 513(5): 532-41.

Herculano-Houzel S. The remarkable, yet not extraordinary,
human brain as a scaled-up primate brain and its associated cost.
Proc Natl Acad Sci USA 2012; 109(Suppl 1): 10661-8.
Herculano-Houzel S. The human brain in numbers: A linearly
scaled-up primate brain. Front Hum Neurosci 2009; 3: 31.

Gray EG. Axo-somatic and axo-dendritic synapses of the cerebral
cortex-an electron microscope study. J Anat 1959; 93: 420-33.
Chang HT. Cortical neurons with particular reference to the
apical dendrites. Cold Spring Harb Sym 1952; 17: 189-202.
Yuste R. Electrical compartmentalization in dendritic spines.
Annu Rev Neurosci 2013; 36: 429-49.

Harris KM, Weinberg RJ. Ultrastructure of synapses in the
mammalian brain. Cold Spring Harb Perspect Biol 2012; 4(5):
a005587.

Sheng M, Kim E. The postsynaptic organization of synapses.
Cold Spring Harb Perspect Biol 2011; 3(12): a005678.

Meehan RR, Lewis JD, McKay S, Kleiner EL, Bird AP.
Identification of a mammalian protein that binds specifically to
DNA containing methylated CpGs. Cell 1989; 58(3): 499-507.
Nan X, CampoyFJ, Bird A. MeCP2 is a transcriptional repressor
with abundant binding sites in genomic chromatin. Cell 1997;
88(4): 471-81.

Young JI, Hong EP, Castle JC, Crespo-Barreto J, Bowman
AB, Rose MF, et al. Regulation of RNA splicing by the
methylation-dependent transcriptional repressor methyl-CpG
binding protein 2. Proc Natl Acad Sci USA 2005; 102(49):
17551-8.

Cheng TL, Wang Z, Liao Q, Zhu Y, Zhou WH, Xu W, et al.
MeCP2 suppresses nuclear microRNA processing and dendritic
growth by regulating the DGCR8/Drosha complex. Dev Cell
2014; 28(5): 547-560.

Amir RE, van den Veyver IB, Wan M, Tran CQ, Francke
U, Zoghbi HY. Rett syndrome is caused by mutations in X-linked
MECP2, encoding methyl-CpG-binding protein 2. Nat Genet
1999; 23(2): 185-8.

Ramocki MB, Peters SU, Tavyev YJ, Zhang F, Carvalho
CM, Schaaf CP, et al. Autism and other neuropsychiatric



248

- U - T

22

23

24

25

symptoms are prevalent in individuals with MECP2 duplication
syndrome. Ann Neurol 2009; 66(6): 771-782.

Samaco RC, Mandel-Brehm C, McGraw CM, Shaw CA, McGill
BE, Zoghbi HY. Crh and Oprm1 mediate anxiety-related
behavior and social approach in a mouse model of MECP2
duplication syndrome. Nat Genet 2012; 44(2): 206-11.

Collins AL, Levenson JM, Vilaythong AP, Richman R, Armstrong
DL, Noebels JL, et al. Mild overexpression of MeCP2 causes a
progressive neurological disorder in mice. Hum Mol Genet 2004;
13(21): 2679-89.

Kalin NH, Shelton SE. Defensive behaviors in infant rhesus-
monkeys-environmental cues and neurochemical regulation.
Science 1989; 243(4899): 1718-21.

Golub MS, Hogrefe CE, Germann SL. Iron deprivation during
fetal development changes the behavior of juvenile rhesus
monkeys. J Nutr 2007; 137(4): 979-84.

26

27

28

29

Makori N, Watson RE, Hogrefe CE, Lalayeva N, Oneda S.
Object discrimination and reversal learning in infant and juvenile
non-human primates in a non-clinical laboratory. ] Med Primatol
2013; 42(3): 147-57.

Liu Z, Nie YH, Zhang CC, Cai YJ, Wang Y, Lu HP, et al.
Generation of macaques with sperm derived from juvenile
monkey testicular xenografts. Cell Res 2016; 26: 139-142.
Sasaki E, Suemizu H, Shimada A, Hanazawa K, Oiwa
R, Kamioka M, et al. Generation of transgenic non-human
primates with germline transmission. Nature 2009; 459(7246):
523-7.

Liu Z, Li X, Zhang JT, Cai YJ, Cheng TL, Cheng C, et al.
Autism-like behaviours and germline transmission in transgentic
monkeys overexpressing MeCP2. Nature 2016; 530(7588): 98-
102.



