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[ Abstract ]

Neurofibromatosis type 1 ( NF1) is an autosomal dominant disorder, characterized by

multiple system damage derived from the abnormal differentiation of the neural crest cells,but its pathogenesis is

still unclear. Significant advances have been made in the research of the molecular, genetic, changes of NF1,

we now review them in this article.

[Key words ] Neuroflbromatosis type 1; Neuroflbroma;

NF1 215 T4 22 068 1) 20 Jfa o0 53 - 2R
ZRGEMER TG OB HBRER, B F LK
S AL PR 2 —, it A EROR R4 1/3500 ~
173000, NF1 % JLAYIR RE DR G R 5, a4 730m
HEDE | B2 IR BT | ST IR SE AR, LA K IZ B P AR 2
ARG, W H , JLERUR AR AT LUK N a4 K
TR B Bk GBI . A REEE 2T
Wyt ML A IR BT IZ B, Xk NFL Jifvgg (9 69
PUEA T Z GR, BUSLIHEAT T 2558

1 SFEEFKE

1.1 FEEAKFEHSEE: NF1EFE T 1990 48 7ok
ik, EAF 17q11.2, H4eK 25350 kb, 17 60 4~
AMBF, AT AR SR A8 11 ~ 13 kb %) mRNA, 4515
2818 NMERMRMEH, M IMEHFHEEN, B
FE—BHSNB T 21 ~27 HESHIZ) 360 MEERE
GTP % E H (GAP) #HX Y #EIX. (GRD) , GAP

HEWH . TP SR BT H (961126)
488 S10080 1, oLl K — PR 22
HIRAEE PR (E-mail ; Lmzhou_2002@ yahoo. com. cn)

Neuroflbromin;

Pathogenesis; Schwann cell

EHREE T BUE ras WELH GTP S5 5T %28 LR
ToiEMER) GDP 255 T MA Uk ras N RIF 55 2
%, PRl , NF1 35 B g 400 161 2h RE WA Ol £ B RAK
T T VLA ras THSCELIGY . NF1 BER K
K ERIFEMAL YR RasGAP IJREM 25, &
23230 Ras 15 PE 3G I0, 40 M3 A= DA % b g 19 T
A

Dasgupta FE B & LA 2 4F 4E R W] LA T 2
TR A MaH cAMP =4, NT#E Rapl SkBHiE &
TR M ) R K, BRI B 4L H Rapl 35 P 975
BEMEFERNERE R, XEERRY, e
LFYER AT A AP cAMP ZKOF-S 3T Y 55 4
MR R KA, SRR ML 4 R A KR T BERR
T4+ M Ras MIEMWEZ S, i35 cAMP S5
LR I A E R B e

Hedgehogs (Hhs) 2 Ja#% X # 22 R 48 LA K A
MERGEMRRE W HERABEERES 5, EFH#
A7 AE 3 i Hh 25004, 40 Shh.Ihh Dhh"*' 7E
Ras AP 7EAL ) HacaT 4 s & 0] & 2] PTCH Smo
Fik¥ N, Smo ] 5 PTCH & PTCH2 JE liZ AR &
Y1 Hh (553842155, B, 78 NF1~'~ Schwann



[ bR S22 40 2 2007 4E 4 [ 15 HE530 %552 8 Int J Genet  Apr 15,2007, Vol 30,No. 2 . 151 -

YR, BT Y R FBR PR T Smo IR G Bk
H5% Hh [55%% . AP Hh (558 KB7E NF1L &
LRI R VE R, AT EREX —B P H/ER
AR — PR,

KF MPNST 9 & e ML il JLAE & F =40+
BEFEMAEYFHREE T ERHER, FRENR
NF1 ZER 278 3L Ras 1 P 13 A /& MPNST J&
BRI — i 3h R &, B 32k R 98 A8 4 p27-kipl \p53
p16 Zthife—E/EF . Weiping 257" %t MPNST f1)
W5 R I, CD44 " (5 BE R 3K 5 MPNST ({238 KA
HITE A 26, AR i IR 5 5k 7 78 41 o 39 i R B
Ras 4535 A] #l1 4] MPNSTNF1 ="~ Schwann 2] ffd (¢ 3% 58
A, ER BB ] NF1 7'~ Schwann 41 i () {2 22 7%
o NF1 ff1 Z22F 458 Schwann 4 ffd b B8 Ras 3% 7%
HIBG N, CD44 " Kk WA L3, Ui B MPNST Ras-
GTP IE LR B A SR MR A R 2B TE . B
MR, NF1 p53 5275 f) MPNST & BUR%S F1 MPNST
FBE W Schwann HffIES A EGF [ s W PEHE A=, B 48
JfuAh et s 38 i HoA 5 SR R B TR TS s AL
EGFR W% — R 3I {5 5B A ik 2, f PP Rre |
Ras-MAP 5§ FigkJE g C-y 12, EGFR Wit ER
IKAT LAfR #F Ras-GTP F1 MAP 4 B i 1 14 A 38 55
R AR N E KT RBH RasMAP 5 I
PI3K i& A2 I3 LA B EGFR [ 3 B 2% 3k 0 HC Al 5
s Rl P[RR MPNST 4 st 4= . $iBH MPNST fifr
JEM M 1R 2847 A W] B EGFR 3R A 3 i T 3K Sre
WAEE NG T T CD44 SRk 1 In BT 5| &2, 1o 7] LA
i EGF i3 i PBK 3G LT 5142, 2T Src BEGFI
PI3K 7E4H M= 58 R ATE 8 4 1 F A2 A7) 55 F —
THRIT

Fashsold Z:815F A B, R4 GRD 2 NF1 # X F
WEZEY X, HIFAR T NF1 R —E R,
Fx GRD X Z 5k, i FF7E M AR BOA R B H A B 2 X
B, WAL F GRD X N %2y 80 M AL ERFR M Fr
BNAE-HMEEQSHRERN T, MEEEHRE
i GAP BEITEYE; AN, 2T SNE FhaET
3 AN M R U7 e B ok ) B B (EVI2A, EVI2B,
OMGP) ffiTHI DI BB LA B 5 NF1 [ 58 RAGARIE
X, ARES 5 NF1 ERIIBEM B, &2Z,7E NFI
RIRHLE] A AR 81 VR A, A SR 3L R i 2k
XPHRB 0,3 MU TN & FRER g R
HIFE 5 B R MME R T
1.2 NF1 mRNA %% 5 & 4 . mRNA 48 216
—/N RN BN M E R (Y SRS B, ST ASORE AR IR 332

i) mRNA 7 & A o AF . Skuse 2% 3, A& NF1
mRNA 75—~ oL 8 B ) 4530 7 31, 38 2 g 48 fi
3916 nt b C 782 U, Bfd Arg 25557 CGA 25k
LT UGA, 455374 1 ME GRD-N i X 5§,
BENEASY, # NFUEEE R ek,
MRYE R RAR TR, e 1 1RV 32 ok R PR
Hali G RIGERZER . IR ER, 155 NF1 g 77
£ LOHs , {Hi A —#4r NF1 i LOH , UiH]
BT R EN R AT BEAE ., it NF1 7 2 & A A
Ko, #AE T mRNA GBI HE R ™Y,
HH S NFL SE R DIRER T2k . X, %A LOH
) NF1 e vl g2 B NF1 mRNA [ i 51 &

Cappione 25" Jy BF 5% 4 8 76 NF1 JifJi &tk
WIFERS, 208 T 19 4] NF1 g #0 4 f5) H Ath g o
) RNA, Z5REH, TEAFFEA S NF1 mRNA )4
B, TEBEM R (AT 4ENRE) H
iR LA RAVE IR (I ks 2 4l ) P EE,
IR Z L4198 NF1 mRNA [ 48K F 8 T =
BHZI T8 B[R] NF1 g 38 i i 41
ZME®HHAA DK mRNA 48 KF, £
NFImRNA Z#8 i 20 s B K 7 22 e 5, B 5 HAth
Jirseg (dE NF1 fiivgs) o B gmis sk FARE , [f— B &
iR 2 21 8 B IE 4 B 3E 19 NF1 mRNA
K. XU R 1) NFImRNA 4R#87E NF1 fif
B8R HE R S RVE

2 HEEHETAHEHRE

NF1 & L 48 5 B A B8 AR KO
P, BV AW B, BUAR 5 B 0, g A 0 45 0k
B>, Cunha 25t KR B TX — AR, AR N #
FKFEME NF1 BEMEST RN R ELRE,

BRI RIE R ERE, A LT & i
FEIESE T NF1 B M aqma s A ERKREEZ
RAFEIRYT ) oA K SR e e — 2 RO B
TR A TE N, AR S 3 & FE S R R 40 STATS,
Ras MAP (/. IRS {2 40 a4, BT UE KR
FE NF1 80K B i A K s s al g — e e o

1 2 1 2R ()X R A0 S LR 5 4 P B B R 4 0
) A FRRFAE A B S AR S, B 1k P B 9 R KO
MAELT] BBt S 5 R T M &4 4E8 B R &
R,

Margaret 25" VBFSE & BLR S Hhh S EF 4 3K
PR, IR EF R AEM AT ERKNER
WE . 2R Schwann 41 i iy 35 5% v B 46 10 2]



. 152 . E R 222575 2007 454 [ 15 A4530 %552 3 Int J Genet Apr 15,2007, Vol 30,No. 2

PR, Schwann 4 RT3 13 B 7395 75 023 2 22 B , 22 T
W 455 Schwann 4 ffl I %) PR Ml ¥ # & ¥
Krox-20 {2 i HEsE P AE , (2 HEBERE i 25 1 B A i %
3K, AL 4Ry ] B & 454 , 4R i R | Schwann
BRI SR LR, A Bl Schwann ZH I 7] F 38 PR, {2 #8
BTA P 2B R P By Schwann Sl ffl 25 534k, 2R
Schwann Zf fE#Ric, PR BHIE R Schwann 28 g 7] 38 1
543 WS R R 2 B 4 Schwann 4 i 35 R A K

3 wmbEESMELE

S AL i — b R 65 32 < i L 19 4RF R 1A I SR
Bl , HLE 5 20 M i AR A A0 b R K AR R R DDA
K WTERT f 2 326 VA 45 /2 it G 0 3800075 19 B st
AWK SRR PR I BEAS IR FF bl — E K,
FEAN M ZRAS IO PR 38 S P BB 71 ( BR Ak A4 ) Brr s
T, X MR RSB R A Z —o 7E NF1 H
SEYER T, A 5 RS BT TE K BLME SR FT LS o
hTERT F{2 3% , T i b A T 5 | S 240 B B 7

4 RmMEEREFHMELE

FE iR U AL AR I A R SRR YT I
A K H ¥ FGFs \VEGF \PTN MK % 7] {2 i#f Ifi. % 4=
B AR A AR R R 5 ) R T R T RS B
o B R A s 5k R %5 DDA R, R T Rl A A 4
HEFAE A K T T 5 R AR I A R R
il

AEFRBRM AL, MAEFERIZ K
Schwann £ AT {2 3 1M 3 A AR, BF 95 % BUAE NF1 77~
Schwann Zf i f & PDGF.FGF2 MK .PTN 4K HF
MR, ETEAE K EFXHE 68 A4 Bt 72 8 51
PR BE RN P B 440 38 A ) SR S8R5 BE AT R R KT
%, 1€ NF1~'" Schwann 4, ifil 8 A= 5 30 il IR 7
AR 9 LA B I A A R R - b R 3 R A A B
F AR BE " o

5 PhERMENER

P29 3 E LA ECM 33 2 TR A g
B PB4 Schwann M, SLEF 45 40 Hd , P Bz 240 g LA
T I K 240 L 25 240 e [ F 55 5 37 2 10 BELIBTT 4R ALE L &
SRHLR AN I 2E , B 55 4 W0 48 A 1 S K 4 7 fieb
AL E—EER . IR IO S5 RN A B 48 AE 4
B AR I T BUAE e & AR R it AR v R AN AT
P,

SLIGHIESE ,NF17" Schwann IR M & FEH,

XL 45 SAE 40 M 1) e TR B AR R A 56, Homp
Kitl 22 # NP1 JE R BAT I EEAKE
FHOT R NF1 gli4 k% 2K ) Schwann 41l 43
WA T LR A TE 2 o

KT ras FE AL RS AT R RS MHAE T B 7S
GFEE TR IER SR, BT A NFL R 4 MR 1T 5
Ras I PSS R RIATEE

6 BRAEESHERE

W5 R W, Schwann 4 I3 4= 5 JE R I =22 [B] A7 7E
BK A, Schwann 4 ] 3= 22 M3 R [ 1487 K" @ E K
¥, KEEEMEE A BRI EEEER
AR PR T, 24 e R 40 B S EL T, 4 B
AR B R ZE SR T M B R ] 45 K
JEIE A LABH Wr Schwann S HI3E A= 1) IR 3, HZER T
Xt E 42 J8 Bl i Schwann 40 i i) 4% A= T A A R W
Schwann #H i H REFH T K BB TR W EJE T
(100 mmol/L) |, /4 Z % (5 mmol/L) & LA BH W
Schwann 2 jg 34 4=

KT KB FBE SRR T A A
IR R PR B, — 2 5 T 4 e S PR AL A B
ARAE YL, — b R A B AR U A R 2 U DR
Jad B AL LR BIF SR B K @ T8 /Y 15 P4 i eT
SRR R AL, X A ME T G, WP R,
41 L REAR AL FT B0 K Y L A 2B B, fu i Ca®t
ISR AR P, AT A P Ca® " FAy 4 i 2 4 i 2 A= 1Y
KREEP TR QO B T 18 1 5 5 40 M AR AR i B0 R AT
B A R B T 4R 20 R 40 R 45 A 3 ek B R L
b 240 M B 2R VR B, X 2 A R AR B D1 B A
AR 4t A sEse G, BT st

B, H FE AR 1 B 38 18 R NF1Schwann 48 ]
R G A 2 ) BB R AT e HE— 2B AT

7 RE

g8 LR, 2T NFL B A pIL ] it okt
ANVE IAFE PR 7P 2 DA 88 19 2 i R 3R 4% 7 TR R B
B TERERE, HE DTV F BRI WK E L
R s R R L, A BEE R A RS X NFL g i
T AP SEBR 2, EE TR T, AT A B A%
HIRYT B

2 £ x W

1 Harrisingh MC, Perez-Nadaless E,Parkinson DB, et al. The Ras/Raf/
ERK signalling pathway drives schwann cell dedifferentiation. The



It s 2007 4 4 J3 15 1125530 452852 W

Int J Genet Apr 15,2007, Vol 30,No. 2

+ 153 -

EMBO Journal , 2004 ;23 3061-3071

glioblastoma multiforme in the nude rat model. J Neurosurg ,1999 ,

2 Gottfried ON, Viskochil DH, Fults DW, et al. Molecular, genetic, 90.1072-1077.
and cellular pathogenesis of neurofibromas and surgical implications. 11  Margaret E, Jacks J. Progesterone receptor expression in
Neurosurgery, 2006,58:1-6. neurofibromas . Cancer Res ,2003,63.:752-755.

3 Dasgupta B, Dugan LL, Gutmann DH , et al . The neurofibromatosis 12 Mergny JL , Riou JF, Mailliet P, et al . Natural and pharmacological
1 gene product neurofibromin regulates pituitary adenylate cyclase- regulation of telomerase. Nucleic Acids Res, 2002,30: 839 -865.
ctivating polypeptide-mediated signaling in astrocytes. J Neurosci , 13 Kawachi Y, Xu X, Ichikawa E, et al Expression of angiogenic
2003, 23:8949-8954. factors in neurofibromas. Exp Dermatol , 2003,12.:412417.

4 TongJ, Hanna F, Zhu Y, et al. Neurofibromin regulates G protein- 14 Mashour GA. Circulating growth factor levels are associated with
mtimulated adenylyl cyclase activity. Nat Neurosci , 2002,5:95-96. tumorigenesis in neurofibromatosis type 1. Clin Cancer Res, 2004,

5 Endo H, Vtani A,Mastumoto F, et al. A possible paracrine hedgehog 10:5677-5783.
signalling pathway in neurofibromas from patients with 15 DangI, Nelson JK, DeVries GH, et al. c-Kit receptor expression in
neurofibromatosis type 1. Br J Dermatol, 2003 ,148 :337-341. normal human schwann cells and schwann cell lines derived from

6 Zhu Y, Zhao D, Liu L, et al Early inactivation of p53 tumor neurofibromatosis type 1 tumors . J Neurosci Res, 2005, 82:465-
suppressor gene cooperatingwith NF1 loss induces malignant 471.
astrocytoma . Cancer cell , 2005 ,8:119-0 16 Zhu Y. Neurofibromas in NF1 ; schwann cell origin and role of tumor

7 Su WP, Sin M, Darrow S, et al Malignant peripheral nerve sheath environment. Science , 2002 ,296; 920-922.
tumor cell invasion is facilitated by Src and aberrant CD44 expression. 17 Lynne A. Fiebber Voltage-mated ion currents of schwann cells in cell
Int J Dermatol, 2003, 42 .350-358 culture models of human neurofibromatosis. J] Exp Zoolog, 2003,

8 Cappione AJ, French BL, Skuse GR. A potential role for NFI mRNA 300:76-83
editing in the pathogenesis of NF1 tumors. Am J Hum Genet , 1997 , 18 Fieber LA, Gonzalez DM, Wallace MR, et al. Delayed rectifier K
60:305-312. currents in NF1 Schwann cells. pharmacological block inhibits

9 Cunha KS, Barboza EP, Da Fonseca EC. Identification of growth proliferation. Neurobiol Dis, 2003,13:136-146.
hormone receptor in localised neurofibromas of patients with (Wef H 39 :2006-01-05)
neurofibromatosis type 1. J Clin Pathol ,2003 ,56:758-753. (AR . IVEE )

10  Plunkett RJ, Lis A, Barone TA, et al. Hormonal effects on

(L4133 )

26 Lau TW, Leung TN, Chan LY, et al. Fetal DNA clearance from analysis of affected and unaffected patients. Clin Chem,2004,50 .

maternal plasma is impaired in preeclampsia. Clin Chem,2002,48 . 221-224.
2141-2146. 31 Farina A, LeShane ES, Romero R, et al. High levels of fetal cell-

27 Cotter AM, Martin CM, Oleary JJ, et al. Increased fetal DNA in the free DNA in maternal serum; a risk factor for spontaneous preterm

maternal circulation in early pregnancy is associated with an delivery. Am J Obstet Gynecol ,2005,193 :421425.

increased risk of preeclampsia. Am J Obstet Gynecol,2004,191 . 32 Farina A, LeShane ES, Lambert-Messerlian GM, et al. Evaluation

515-520. of cell-free fetal DNA as a second-trimester maternal serum marker of
28 Levine RJ, Qian C, Leshane ES, et al. Two-stage elevation of cell- Down syndrome pregnancy. Clin Chem,2003,49 :239-242.

free fetal DNA in maternal sera before onset of preeclampsia. Am J 33  Spencer K, de Kok JB, Swinkels DW. Increased total cell-free DNA

Obstet Gynecol ,2004,190 : 707-713. in the serum of pregnant women carrying a fetus affected by trisomy
29 Farina A, Sekizawa A, Sugito Y, et al. Fetal DNA in maternal 21. Prenat Diagn,2003,23 :580-583.

plasma as a screening variable for preeclampsia. A preliminary 34 Wataganara T, LeShane ES, Farina A, et al. Maternal serum cell-

30

nonparametric analysis of detection rate in low-risk nonsymptomatic
patients. Prenat Diagn,2004,24 . 83-86.
Sekizawa A, Farina A, Sugito Y, et al. Proteinuria and hypertension

are independent factors affecting fetal DNA values: a retrospective

free fetal DNA levels are increased in cases of trisomy 13 but not
trisomy 18. Hum Genet,2003 ,112;204-208.
(WA H 1 :2007-04-03)
(B IDERH)



	正文_72_Gray.TIF
	正文_73_Gray.TIF
	正文_74_Gray.TIF
	正文_75_Gray.TIF

