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FHENE R F4E (thanatophoric dysplasia, TD ) f2: 55 51 45 B TE 95 R AR 6 3 UL A B M e
PR, 43 TD-THI TD-IL 2 AL, B AT 1382 T FGFR3 $E IR R A BB A8 T3, TD-1 BUAE 78 2 Fh S0 1k
RAZ AL ¢.742C>T/p.R248C AL Fe N B UL o AN by Y (LI B 14352 £ (autosomal dominant, AD) , 7%
o7 RIRTEOBE , AE K ] 7Y S PR IR D R 1 AC R &5 2E A A p.R248C 2878 1 IR I ELJR 4l 528 I 4K
JlB7 AR H A A MO R A th MR R SRR 7 p.R248C i3 R RAE ML Z AT A7 A SCH A
FBl 283X 2 n] {51, )\ “ FGFR3 (Fibroblast growth factor receptor 3) % [K fil FGFR3 57 {& (Fibroblast growth factor
receptor 3) [ Z5F FITIfig , TD-1 A p.R248C 5 & 5848 1 & AE WL, 1E 7 SCBEAR L 2l Bt 58 28 1 W] e bl
il L5 T HEA TR, 8 : OFGFR3 BE P S HLAZ VR ER 11 25 K0 RN ) BE 1 Rk M 2 1o & 98 748 & AR 1 ) T ik
fithh s @A F T 1T 0 T T 235 F4 358325 2 X 1) B2 FE I A A MEAR 5 19 S 7K B FE IR , AR 25 5 51 v 5 1 405 4 T 2 i
o WL, T 2 32 AR AL R 2 B e A T e A O s BIE A B AR H 4l SAE 287 HE A P b
ARG — PP R I— 7 AR BRI O A % m & 272, R JLMGERGE L T — IR J5 , R e — L
LR AU AR SR AR B AT P A 5 5 — R e ARy 1 A IR A R 12 2 AR Itk AR Y T S A —
LA AT RE AR AL G RAS . AN BT AR R R ST TR . AR S B AER T ¢.742C>T/p.R248C
R GEAR AL 5278 e A W RILTL , 21T S A J5 2 R B va LA e R4

BOCPERTAE 18 (TD-1) ; FGFR3 JPH 5 p.R248C; 5 K 578 ; KA AL
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[ABSTRACT] Thanatophoric dysplasia (TD), divided into TD type I and TD type II, is a genetic bone
disease caused by the fatal mutation of FGFRS3 gene. It is relatively common lethal hereditary osteopathy among
severe short limb malformations. TD-1I type has many kinds of pathogenic mutations, of which ¢.742C>T/p.
R248C mutation is the most common. This disease is an autosomal dominant (AD) genetic disease which means
heterozygous mutations can be lethal. However, why some parents with normal genotypes and phenotypes can
give birth to a stillbirth who carried the homozygous mutation p.R248C? If it is a novel mutation, why the
successive fetuses with the same mutation were born? What is the high incidence mechanism of p.R248C
mutation? This paper focus mainly around these problems, from “The structure and function of FGFR3 gene and
FGFR3 receptor; The pathogenetic mechanism of high incidence of p.R248C in TD type I; The possible
mechanisms of normal parents producing homozygous lethal mutation”, several aspects are analyzed and pointed

out: M FGFR3 gene and the structure and function of its receptor protein is the material base of high frequent
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mutation; @ Some amino acids, located in the connected region of Ig Il and Ig Il domain, are strong polar

hydrophilic amino acids, which tend to bind charged ions to influence the alpha helical structure, therefore, it is

easy to be affected by external physical and chemical factors; (3) Normal parents give birth to fetus with

homozygous lethal mutation, there are 2 possibilities: one is the reproductive gonad of one of the parents has

carried the hot mutation, and the fetus inherited the hot mutation, under these circumstances, as long as a same

mutation happen in its allele, which will lead to the generation of homozygous mutation; another is the

reproductive glands of couples are the mutant chimeras, when the two are combined together, it is possible to

generate homozygous mutation. In addition, the future development trend is prospected. The purpose of this

paper is to explore the high-risk mutation and homozygous mutation mechanism of ¢.742C>T/p.R248C, and to

provide theoretical basis for the diagnosis and prevention and control work in future.
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U HE P I £ AE (thanatophoric dysplasia, TD,
MIM187600) X FREAEIEHE AT AR, J&H 4 JLE
FEPEE R EAS B PR L —Fh, FE SR
TR AR 2 J /0 L, AR Y AR I, A S
B AR B A BB, DU RS A R, 2
AR UL 1 B 2, ASh AD istE B L
I M R E N HRGE 29 8 1/40 0007, E AMRIE A 1/20
000~1/50 000, FJIG Z P IRFER a7 A e A
JE 24 h RIY PR ERE 2 P 0 o e T R ATT , (EAS [W] i 497)
Hywtit o 2257 A AE RV 0,

2 TD-1#"™
Figure 2 TD typell *

E1 TD-1#
Figure 1 TD type [ *

TD J&: i1 B4T 4 40 i A 4 D 32 14 3 (Fiibro-
blast growth factor receptor 3, FGFR3) %t [ & /E AN
[ 2748 i 84, v p.R248C 55 LZ2 75K TD- 1 fie i
KWL A TD- T B Z iy p.K650E i X %
ARG

Thanatophoric dysplasia type 1 (TD - I); FGFR3 gene; p.R248C; High mutation;

TD- |}y AD i5if% , G 5828 RV AT B, (R IR
S AT A AN DA SE R E H AR
A= W TD- T BG4S p.R248C 278 1Y HUIR , Tnie
JUAE , RATAE 10 0 TD- T G, 5t & A o il
i p.R248C AP EUNALIG , Hh a5 =48 5 T —
e (34]) , He A 2 . SRl SRR | R B I R Y
ARk p.R248C 1 BB IR R 2 4 A 58 AR 1) AR
7 AR AR RAR O i ik = E W
FIRERY IR 7 J2AT 25 580 FGFR3 3Z IR H 1Y
55 248 7 HORE 2R (R) i 5 5 % 8tk 7 B
() 4li B 2748 OO H BB L 7 AR SCEE L 48X 2 i)
15, I\ “FGFR3 %& X #1 FGFR3 32 & 0y 45 ¥ F ) fiE
TD- 1 % p.R248C 5 K& 28748 1 e A AL, 18 AC Bk
Az Al A B 2R AR B T REMIL TR L T R4 TR
DA Ry A J5 2 W R 6 TAE SR A S AR 4

1 FGFR3ERE# N FGFR3 Z4RI4EHaFnIh8E

N FGFR3 J£[X (OMIM: 134934) 7€V T 4p16. 3,
gDNA 42K 15 561 bp, A 18 MMNE FHI17 NN
o Hp 51 ANE PRy A 2 40 B R
TINS5 4% 8 %, FGFR3 15 5 X 1 48 9
SR T Yt . FGFR3 3R 3 51 8 A [6] 4 il 22 Ji]
B v BE R P o HIF ik B 352 HE (open reading
frame , ORF ) 13 328 bp, cDNA 2 421 bp , % 806
A 54 KL W2 (from RefSeq NM_000142) , 4> T & H
110 kDa~ 135 kDa, 43 F & [ A [A] o] g 5
mRNA 159422 7 XA 0¢, Ui 1A H 23 L 5Y
e RAE (K 3), fERRE M ERZ
& Z — B FGFR3, ‘E 8 i i 15 T i A0 26 4
(bone morphogenetic protein, BMP) [ 7l 52 {& i [
fE RV S B A L B . FGFR3 J& T 5 e Bk &
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FE 32 K % & R 3 B (receptor tyrosine kinases,
RTKs) ik , % 5 64 15 FGFR 1,24, R ZF 4
4}y 4 < X -F- (fibroblast- growth factors , FGFs) Y
R0 B R0 2 THT U2 0 A X B s I AZ A I HL g8
I 5 FGFs WA= 20 M o [0 14 15 Az A 1 245
FAFERL, 359 R B i Az A4 . FGFR3 AZ /8 H rh it
DX 355 B2 DX R A X3 950 0 2H B, e L b IX AL
3R RRE AR R (Ig 1, Ig T AT Igll ) Fn
— 2 454 P fig 3 (heparin-binding domain) , Ig
I F1g I Z [af —FR % X (acidic region, A)"™ . FG-
FRs HESRE— o JBENER I —A> INTE T D) g
I (interkinase domain) .2 /ST F) 1% 22 R 154 ik )
AEBH (TK,, TK.) R A W] & AR H B ki) C
Kuiht . FGFR3 H 18 M4 ¥ 4ih%,7.8.9 %
SN TGRS Tg I, Hop 7.8 S48 F 4wt Ig b,
7.9 54N T4 Iglllc, £ 7 FGFs 1] 52 454
FGFs J& It &£ 45 & 4= K K -7 (heparin binding growth
factor, HBGF) K 1Y — bt , FEBL IR £ It 3= 2 1
Z B# (heparan sulfate proteoglycans, HSPGs) f/p[f] T
FGFs 521K (FGFRs) 1y Ig Il &% Igll X454 2 )5 ,
AR B R S R iR BRI AL 2 Ak Z R AT
b, W& 2 I 5% SE W R AL J5 A1 SH2 {55 70 AH B 45
A FEUEK N B SH2 25 M3 88 1 5 & 22 &R/ 95
AR TE I i (MAPK,, MAPKK fil MAPKKK )y~
A WEIR AL, DT A% P B % 55 PR - (signal trans-
dusor and activator of transcription, STAT) FlJ# 4% {5
I 4H Py A Sl i PLC-y | Ras- MAPK
PI3K S5 iR 121588 {5 5" . FGFRs %A £ A
T EMYZ 5RERE AR, B HREE T

FAY i A8 I AR R A P 1S A R R B R
FZA B Jdl W N BUR HE & G AR
Wk 4R 58 B 5% #£ (quantitative imaging forster res-
onance energy transfer, QI-FRET ) ¥ X i1 4 | {0
() 1ML 2% i ( plasma membrane ) 1) i 85 1 04 AH BAE H
Rt T IR AW ST , &30 RTKs 7R3 % K B it fErh
A W B VR, T2 0 T FGFR3 1) — 5
A RAF G| A FGFR3 306 72 BE 2 i K2 M 4K
BRI A E R, b g [ TD MRS 3K
PR SR . TD- 1 BB E B A B 12 FfA Rl R A8
(W, HGMD %445 J% , http : //www.hgmd.cf.ac.uk/ac/in-
dex.php) , #B84x T B % 48 J5 1) FGFR3 M) fig 5 2% b
VT, 5 2 FGFR3 1 s A= 1< A9 670 1m] 9815 4 FH J
S RBUREERAER LR WG, B3R
EL I FGFR3 A7 A [t Z AR 1

2 TD-| #p.R248CHEZRTHIZ L HLHI

I PR L 2 0 1 22 5k PR 80 0 5 10 345 1 5 9 A K
AW TAHPE p.R248C RAFM IR . JE AR
FEFGFR3 $: N & A ZBBERAS 7 A5 248 i
G R (R) QN 25 5 32 3 ik 2

BARERT R IA 12 Fh 5848 (Z 80 A2
PR 9875 1, Cys ) &R ] LIS [ TD- 1, lin4E i 7E FG-
FR3 & M4 X Tg T Al g TN &5 4 30 5% 22 X 19 26
248 (KGR (R) 56 249 i 22 PR (S) , T I X 1Y
95370 N H &R (G) 371 S22 & /R (S) 373 1 i
e (Y) #FJ2 #F b & R (C) B BP R248C
$249C ,G370C . S371C.Y373C, It 4h , it H K650M
P K 2 E % F (TGA) & A= /) %8 748 (X807R |

S Tl A Igll Tl ™  TKI TK2
NH2 COOH
C
! / Vb l :
R248C G370C G375C N540K K650E X807 l%
$249C  S371C S
Y373C

AN \/\ /\/\/W

DL ACH HCH TDII TDI

S A S Tg: sk E AR (T VDRI ) 5 AL TRPEIX ; TM: BEJRIX ; TK : B8 42 BRI X (1 T 2)
B3 AFGFR3ZHLEHECMRTH S H™

Figure 3 The structure of human FGRG3 receptor and the distribution of known mutations''*'*!
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X807C . X807G . X807L . X807S . X807TW , 5 48 fifi &
H v TG 141 D= AR ) B ] 3 30 TD- [ A Y
R H R WA R R AR TR 248 LY
p-R248C 5 7L , O ARE Y HH L85 [E ) TD- 1
Ja (9 3 100 ], 249 15 BT AT A8 1 55%

M FGFR3 1) 43 ¥ 45 ¥4 AT 1 85 JEE X (E9 ) My
£ 57 1 i K P X B (AGSVYAGILSYGVGFFL-
FILVVAAVTLC) , 2 /™ i 24 % 3 Il 136 P XA T 4
ML P B (DB X)) o U & 2 (R — 46 A 751
(GPLYVLVEYAAKGNLRE ) ¥ H. 43 JF , /& FGFR3
AR E R SF A . Y BRI AN X A
J& , AR ST R R 8 5 U A — R AR (dimer)
5 SIS 2 R A T A 2 M P B ) T A A e i Y
it 2 TR o B e A i R AL, o B0 s 2 R R A A A2
PRSI AR 1 L W2 Ak, (75 20 S 0 78 4 M N & A
fifi DNA I &4 BT 20 e 4 24

P/ BRI, T T 2 P R 49 ) 751) ]
3% 5 FGFR3 A2 (4 AH AR AE R EAR > o v 82
G 7K A B I DX A 2 B DX ) 5 73 S S TR BT R ), 7
5kt = FGFs FCiA (ligand ) B, it 2878 580 — A o 125
TR, AT DASEIE 32 A& (receptor) . DI RE R4S FG-
FR3 B 788 FECEH K B A RIEMPE , 1=
T 2Z R F IR R AL 1) K, 80T JE B (unli-
gand ) FAHR I K 20 B A9 (constitutive activa-
tion) . H T FGFR3 3£ [H 548 () 2 B AN EE AN [A]
FIF LA PE A S 0 SR . e, i FGFR3 PR S
RA MR, B G XA G T G 2 L 3%
LEH] BB AR ST AZ ARG SRR 2 A F 1g A Ig 45
PR Bl A% % 31X, i 5 LA 2 % (E, R, P, H,R,P)
BRI AMEAR IR 1) K IR s W R IR 5 5
HFHL 45 BT ) SRR Y o BRBEZE AL, 805 2 A
KB PR R (HL B TR RN 2 R 2R Ak 24 2590 1
Yo &AM AE . — B 5848 BT Cys, #tA 7] BETE i
TR, TSR g RN Tg I 4548 A ek s , #fiifa
T PR RS IX R A X R SR o) 2%

W98 & B, TD- 1 () FGFR3 3£ 1) ¢.742C>T/
p.R248C A 0] LU 5| c-fos e R (S —Fh B Z1]
WIFEA , L3RR 77 W) Fos £ 1115 $EL L R (1) e 53 7 51
GG VR L SR KO R AAR AR D) i 2 sk i 1k
FUEF A= U 4 F5 6 B4 p.R248A 28 AR {4
A BRI I 220 . c-fos FEDR B EEARST, &
St A% 25 (LA, Fos BRI 2R 1 J2: o-fos 22
MBI, I W S5 A8 7 R : DNA 2545 X 8l

B E R . BT R A R AR I R R 7R
FERRA B, IR Z RS @R P EE (LZ) , 5 —
Ui 1 I 91 1 5 2 R TE 56 — 1> o 88 5€ , & A IR A
P 1) LAt R 1R 5 S R AR BE I A L R Ak, SR
Ji 55 0 3 PR A B S BT (AP-1) 25 5, TR
AL Rk

WF 56 % Bl p.R248C %7 ) FGFR3 ik & Z A&
AT LAG R NIH3T3 28l (/1 BV G 4T 2 40 i, o2
IS VA e R O - | 0 s i O 2 A 1]
NIH3T3 40 A 1Y % AL A 32 p.R248A &AL Wik & 52
M sz, Al L B T B8 3K A5 1 7 X 51k TD- 1
A, 5 Cys AT LS 8068 i —fid 7 Z 1k 2 [[]JE
B BRAA, B0 I X R ) o BRI SE R, S 82 AR
T A AP () 2 BRI A s AR A2
R T FH 245 5 7 2 R B fh T — e B AR,
T B T 55 5 p.248 MG 2 1R (R) 25 1 41
B A k A RAR WO s IR T S A
HL B T I 29 S B 5 AR TR T 25 ) 5380 p.248
A7 R A HE A e AR AR T 5 1S BB 5 7R | 3K — o
5[] & AD 3845 B B AN 4 1A (s 1T &Y (1)
COLIAI/ COLIA2 FEH 1 58 LI L=, X
VAT LA 43 fife % oAy ] 28 780 0 366 DR AR O % () A0 BE 2%
A= A p.R248C B A BUE 2 A8 1 BRI

3 EFEXSEHATHILREIRARENLH

AR H g1 — AN CRERI R 2848 #4000 18T
A TN HMERL R . A N R R AL CR A
AR L2 ) F R RIYY IE 5 0SB ] SR 42 15
T[] — 37 5 % A AH [R) 98 A8 10 A: 25 28 A8 1Y fR
Jifi7 Takagi 5572012 4F 18 : — LR LRI R &
H A 4 (achondroplasia, ACH) iE R 19 H LR &
p.R248C 8 (R4 Mtk G AR . BRI, FRATT 4RI A=
G RAR B 2 F AT AR —FlOR R I — Y
AT R CINA SR A BL B RE R R BP 3E) © & A i
o RRAR YR IILMNAC S B8 e T —IREA )5, B
T FE 93—~ e RS B A A R A — O AR
G BTy A 4l 52 (BT e & 2B B IR
AREEU) 5 o5 — P L AT BRI B80T B AR BE R OFS
ELERE) AR IR AR WA A, TR AR T RE
AT X — AR B AR FE AR ORS BB +) o 47
B, A TR RS RAE . FEX PR
LR IE R B ACREE SR A 1 TD- T BB G sE A E
PR T o XFIF OGB4 G R A BRI A 5
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Ji A7E COL1A1/COL1A2 7B A A2, TR
HAA TSR LEFERD) SFeidi, — O WA B GG L
(), PR R AR B B A 27 1T 7 (osteogenesis im-
perfecta type Il ,OI- [ ) BUB AT ATREMEAR /N, (HASC
BRRE , AR R R 2R F BN O1- 1 BUENG, &
W5 SR 5 F A AR A AR S AR i SR A O
WAL, TE R AW AL RE = A2 ) TD- 1 A iR w]
AE 5 AR W AR I SRS W A7 AR 5872 Bk G AR 1 O
RUCREY], Y IR IE , K240 AD st % 17 5
AR FE RS A A AE SR B A A L TR X AT g2
TR A SR AR IR W T A M B B A R
A GRS WAEAR WG IN . A W R PR A
) TR AR R R S I AR AN
HEBR IR B 2878 J2 00 I i i B AR G AR O B

4 REE

HOCPE ARG AE G L2 B & W57k A T 5]
e B A BB Z T A 24 h NAE
T-. BSRATD- 1 B (A p.R248C 7875
A DUAETE T2k REARA 26T ACH, (B 58 R B
IR A AR A E AR o A, T ELTE 4R R L
B AR 2R B A TCA T Z A IR IE
{H Yamashita %' 2014 4F #2386 , LA “ A7 287
(statin )Y&Y7 7178 TD- I Ay 4K-15 431 H ACH £
2l (induced pluripotent stem cell, iPSCs) 9175 S:4d
2 H BE BT 1E 4 94K H (degraded cartilage ) A9 TE A% o
HMTTZE7I697 1) ACH % U Y BE B AR 2F 511
ARPKE . X REER, TR 7R
TD- | Al ACH 224158 LAY R AR 7 . (HIX SEHFSE
A5 FAS R A S iR B Bz, DRIk B I 02200 1
5 VR WL BT 5 AR 1Y) e A LA RN VR S A R R A T
FERTZ W AR 1k 8L AR, SR UM IR AE A T %
2412 Wi (preimplantation genetic diagnosis, PGD) fF
BB B AG 22 o iR R TD 1 &R AL G H
15 RGBS B K HE WL A B T A TR R B i

SR, % T TD- 1 %8 p.R248C &5 & 2728 MLl
BAAREEA B o X T IE R AR A AR
JiEr BT i D R —— 8 ) AR e SR, BT U2
AL T RS HEIIBY B o DRI e BHIE A 51 4 J5 ] X
A TR A ST LA ARAS T A U AR 77 0 S S0 3

LR s H R AR, B X B IR A
BER Z R 2L AT R AW 5T LA RO AT T 1647 1 40
Bl T, T ARG S0 SR A AR T AR

A6 > WA, B0 BRI B &k A8 IR L H AL
B —Jr O80T T Ja R 28 Ak 2z i
Wy el B DR A K A AN A A S R AR T
X — g, BT T A B B Ab A5 R Bk
SRR AR R T P EE A AT B AR HLE X
JEERET SR SOZ T i ST 7 WA RERME A
A JE AR A 1 TR ) 254558
iAWt AT 2 DL 181 1) 1 22 FATE SR I AS I
A, B 2354 i W W] & FGFR3 3& [ 28748 5 |2 1)
HHRE R, RERARTAN AT, K AE
FH-F FGFR3 32 R 25 11 () 45 ¥ A7 AEANTR) , il v
HEH (SRR MIGR R B ERRE S VEK
KB HEiRE KO AR =R &
H A~ 4= (Hypochondroplasia, HCH) 2|4~ 3k & /) i
BEITIE (O TR Sk i S8 iR s R A
4 (ACH) , 13 IGFEIE ™ T RIS AN B4 R
JE(TD- 1 8, TD-11 ). BeAh, 34 i B R A5 A5 AH TR
ZRAY , MBS AR B N B 4 B s i AR S AN ]
o FR PR I i i A B IR A0 B AR A R s
7 22 I BH B A I RAE AR, b an 24 A 1) p.G380R %8
AN F L ACH, {H 44 1) p.G380R RASHI 2 5
5 LI = IAE T 8 5 A A BRI, 248 F TD 9 5
T 1A 41 i A7 7F p.R248C 7% A BUL A I i A 1R &
HLOHIREIR ACH B —FEIE R A1, 24 LE
. AU FGFR3 3R 1) 58 AR A7 1F 45 B b 1) 751 3%
Mo B4, 2K 2 K p.G380R %48 A4
2L T TD e B, R ERHlE £
KB HY p.R248C RAEA xR IIEU ACH W87 iX
SE S HEHLHI A T T4 5 R FH S IORS 14 4
ARSI AR A PP 24 0 TR A TR A 5T o
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