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Abstract

Osteogenesis imperfecta (OI) is a rare hereditary connective tissue disorder that has a wide range
of severity and is characterized by bone deformities and increased bone fragility. Other symptoms
may include dwarfism, scoliosis, dental insufficiency, deafness, and the effect of bluish discolora-
tion of the sclera. Previously thought to be caused by a defect in type I collagen, the main protein
of the extracellular matrix, it is now also recognized as a collagen-related disease caused by de-
fects in collagen folding, post-translational modification and processing, abnormal osteoblastic
differentiation and bone mineralization. OI types are inherited in ways that include autosomal
dominant and recessive as well as X-linked recessive. The most common Ol is caused by mutations
in two types of collagen I genes (COL1A1 and COL1A2). Stopping mutations usually results in re-
duced collagen volume, resulting in a mild phenotype, whereas mis-sense mutations mainly cause
structural changes in collagen, resulting in a more severe phenotype. Over the past decade, many
other disease-causing genes have been identified that are involved in the biosynthesis, modifica-
tion and secretion of collagen, differentiation and function of osteoblasts, and maintenance of
bone homeostasis. This article provides the latest progress in the study of Ol pathogenic genes. In
this paper, more than 20 pathogenic genes related to OI are reviewed from the effects of gene mu-
tations on different processes such as collagen folding, post-translational modification and processing,
osteoblast differentiation and bone mineralization.
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1. BB EONET

B AN AIE (O) & — Fhidi A2 1) R Gt BE AN 4 g 2l 200, HARIE 2 e, B P RE BT,
FPEEN ] FECHEEEY . WL U IR R SRR BRI BNk A R O R PR R SR B B - R . R
FIRMERKOARE, HHEEEEEHZ G IUREY, molm A, FrEEEHERERLIL
RUOVAWIT:, JREZMEEI AR E RS, WA BT ¥nEsr s, 855 S 2 FA R
PRI IR, A S B 7R 58 N[ S B E 15 N B R R X R AR ] S B0 ) BEAS
EMEE[2]Z )%,

Sillence 7> H A FIZ HL O 2K | B IV J& ] COLLAL 5t COLLA2 HE[H [ 45 4 B Bk e 5|
AL MR, COL1AL 5 COL1A2 J:[H 4 Hlgmbs | BUAL IR al ()F1 a2(1)8E. OF 1 &L 1V BUAT 111 7Y
FRTII PR 25 SR 43 Sl DA B2 38 e B 8 6

Al THE AT Ol RAWF A 1:20,000, 7EEE, 291 /4002 LHE —BlpcE A4, HAattink
RS AMIF . EFEE, 4 3400 Bk Sl fEFEE, HAERFRITHE NS 10 A 21.8 A, AOAT
HONEE 10 JIN 10.6 N o Fi T IS RIERTE G AW FL(ECLAMC) 1978 4F & 1983 4 [ 4¥E 2o, Bl
AIEMRATR N 1 3B A 0.4 . Alre, ERANBES 1A O Bk MR &, e A
Ol AR NFES AL 7129 0.6, 10 1 2 O I S /IR AFFAZE S 0.1 [3], 1 Z4AN 111 2 O I LA O 7 L2 1 [4] [5]-
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| YRS AR 2 I 2% ad (1) BEAN— 2% a2(1)BELE AU = 284 0 7 o IR 45 A 1 1 YR = 2 i Gly-X-Y
ERFHIAR, e XY H U 2 A2 Rk 73 73 L 4 [6] - SR i A ax e LI SR A2
| 7R iR MR e £ K ) H 2R IR 7], X AT RERC MR e 42 o AERQ IR G i R, BRI | R TR B T
PAB BN, A A 5T R R AT 52 21255 ol 3 A2 6 (1] S st R AT i 2 IR P 2 4L ) [8], 3% it
MR I AR E e G B, IR LB 5 B BR A AL IR IR, R i B R IR P A AL D9t
2 IR P GE R (L P) B A 2 IR T ik e A D P R L W R (HIP) AT 7™ AR B SR TR A BBk o i i 2 1 B R 3 i

AT AR M g i A 1 S PR R e 2 g 3 TR 3R AR SR A FE R, AT ) He sz P e8] [9] [20] [11]

2. Ol KYEmEE

BEEESHARKRE, E45C KM Ol 120 RFFEURER, WHE 1.

Table 1. Pathogenic genes associated with Ol

5= 1. Ol R BRER

BEPR 432 Ol 7! AL BFERHE
i3l =Py ke y RS 2
COL1A1 N [N TNV AD COL1AL &3[R —Tfeie sk
COL1A2 I 1. v AD Je SR e B C- Al fok 285 4 s
BV LR
IFITME Vv AD giggﬁ%%ﬂﬂiﬁ%m%ﬁ\%%%%
PEDF /b, MY r: HHH R HER
SERPINFL Vi AR s, @%/Eﬂﬁﬂ%ﬁ;&fg EZ%\L;{: }fg *
IR BBt KBk
CRTAP VI AR %ﬁg&ﬁ%ﬁ@&%%%,%éﬁﬁﬁw,
DT IRINE R 3-F 04k, sE4aid FE B,
PPIB IX AR D RS R 3-7 2 5L
TMEM38B XIV AR T OIUE . AR B A RS
JBE JE 47 B RN ATBR IR R P
SERPINH1 X AR et kA Bk
FKBP10 Xl AR Bruck i &1E 1 (BS) Kuskokwim % & 1E
KDELR2 NA AR M, AEiEss, EERTE
PLOD2 NA AR 5 LH1 B %
HREEBMNT
BMP1 X AR C-nifkEgsh =, H=I4
ReF4HfTh et 5 a4k
SP7 Xl AR FHANT T30, B LIRS N
fﬂﬁ%%%%ﬁ%ﬁ%%@,ﬁ%Mﬁfﬁ
HEEREASE
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CREB3L1 XVI AR EEPE Al RE S HBLE = HIEUE, RIP &4
SPARC XVII AR HATHMME, ESMEIIKEAR
MBTPS2 XVII XR WEIURE, BRIy, BOBEREE, RIP &2
LR B E A R E . NGRS
TENTSA XX KR (i, fesuets st T, wAEAET:
KoK
B R, B Bk EAEE, K
FAM46A NA AR B R g
RS E, SRESWNEYT, KERME%E,
MESD NA AR BRI, RS A
CCDC134 NA AR 5 MAPK 55 1@ 5 1T A %

21 RIFEBS5 N TEREA

COL1A1.COL1A2: COL1AL I COL1A2 B:[A ) 2% & RAL & T U AN 2= W i R A« 28 14 COL-1
BREE & B COL1AL 8% COL1A2 [fI45 X ZAF 5| a ), FEAE COLIAL [FMEHERE /R A R R IR & #[12] [13]
[14]. COL1Al. COL1A2 &%mtdh | B 0P AN BE R [15] o R 1 A 45 4 AH 2R At B A/ o A 117 32
LEAR, a2 EEN. METKEEEEARERR, K501 B RERA AR
2h4fE, JREI AR . R HT AR D) FIAL AU A R B R A SRR R A B AN 2 dE . COL1AL i
COL1A2 MRA GHUE BEUE M E QMG . BEANEMERAD SRR, I R4k
BRGTI AR BB AR BRI L G AR A 2 T B R e A (I B i P

2.2. BEHERIR

1) IFITM5: IR E S IRE 5 (IFITMS) & —Fi B i fRe 5 v IR 1, e RS
TR IE R T [16]. 2012 4F, PHAWFFRIRE T OI1-V B IFITMS ) 5'3ERIIE X (5-UTR)FEAE R —E K
FARAF (c-14¢ > T) [17] [18].BE G , F 2 /NMARIE T OI1-V & o IFITM5 ¢.-14C > T R4%[6] [19] [20] [21]
[22] [23], ERARBAER N N & Gtk B O1-V 15 K.

2) SERPINF1: SERPINF1 #4ifid 2 - 7 fi7 4[5 - (PEDF). PEDF J& T 2 &R [ B 751 Serpin X
W, ARG EAMMEEETE. R —MERPUNE £ REF, E2rafhRE, BRlERRTr
YOE RN, R g RN R SE SR T AE B R, PEDF fEVFZ 21 AR e R P AT R T S B L 4
H. ZHFHSFERPRNRE, B0 F2E—Fs i BEE RANKL SR04 A B i A= 34 i o
[Rltt, SERPINFL #1598 48 18 i {12 i RANKL S5 B 1A RANK 5204 25 65 17 335 I - 40 it 250 Fi B Wi

2.3. RIRZER &P HIERA

1) CRTAP: [ Ji 4 H s e il 2 e B 225 110 B 0 8 B A 2 ol =P A [0 11 e S R - 3- Y A g S A Ak i
ITHI. B P3HL (IHZR-3-F21LEF 1) CRTAP (FUE AHGHE H) M PPIB (K& 22 - It - R A R B
BRI A B)Z L1 AR 55 57 ol B L IHZR-986 HIF2EAL[24] . P3HL 2 HA TG VEI 4 77
1M CRTAP je—FiifiBhEE 1, (HIA A 45938 25].

2) TMEM38B: TMEM38B %t — i FH & Tl TRIC-B, JER 5L =R S AR A 25 1 =
SRR P S5 DR DR S PH 5 JETE o JX ol PR R 9 R 40 B 2 A B PN A i A T R 1 R4 A3tk
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RAFAEF o 200 B PN A5 0 S 25 L 3 50 A0 J PO 5 o o RS A A RO AN TE R TR T o 3K 2 S 50 P J O 2 S8R e
JR 2 A3k gR /> [24] [25] [26] .

3) LERPE1: %ifi% P3H1 (i FR-3-5214k /i 1)'5 CRTAP (B #H2< 2 ) A1 PPIB (kFE &2 - = -
R B 8RR EA B)A RN E AY). CRTAP F{ERZRAE S8 VI 4 Ol [10], i LEPREL ({75
RRAZFEVIN Y, XA RAZ AT BE & 7 B B Y, IS BRI I X B AER[27] [28] [29]-

4) PPIB: %@fY CyPB, 5 P3H1 (& FR-3-F21LHF 1)1 CRTAP (B HILE )R E AW 11 5T ol 4
FIHERR-986 MR E L. EFRELIEFEF, PPIB BRI - AR - BRI - T, 5071
18 FKBP10 — 2Ry 1A I S ot P4 e il R A1 4 . SRIFER ) b ] DL i s B 1 (LHL) A EAEH,
N T 5 0 g oL A ) gt 3 32 A R 431 ) A8 B [30]

2.4, RIRITBANZEKHIERPA

1) SERPINH1: #YRwEAJE T/ FHIAEE, WRHIEERARTEESE, AR5 RE%ES F2
LR YELE R R . 1IN RS AR B HSPAT (AR SE R 1 47), IR A8 5 808 (A 0 (1 A 9 3 A/EA
. XSEBUREEASMAER, S5 SR B o Of B e 4H i

2) PLOD2: #ufithf AEFRLEY 2 (LH2), S#iEFRILE 1 (LHL)2EM, TER R 40T Hh R = iR vk
. BEORAREAAEIM AL TN, BT PLSGE Brhn R E[24].

3) FKBP10: FKBP10 (FKBPG5){E AR et I — 01, Wil 254 FK506 HA L m [ 45 6ok
Ay AW TIRIT 4 BB G BB AR TT B & B M 8 o AR A S 3R DR AR H 4 e
(HGMD), 7 FKBP10 £ [K Hh R L T K 23 FiAS [\ i £ 9748, Fo AL 8 LT X (30%) « BY 1407 £5(4%) -
INERIG(13%) 7NN (34%) 7N 2R (8%) AL R 2K (8%) [31]. FK506 45 & 8 H (FKBPs-65-kDa fk506 454
EH), 1 FKBP10 J2& P95 M (ER)SE A7 I Tk J2 b 2 R I/ S5 =X S M B (PP lases), 78 | BRI R IR 37 B A8 7y
WA R R SRR B AR F[32] [33] [34] [35] [36]-

4) KDELR2: KDELR & [ S st 111 s R R RN P 5 N 2 (8] (1 2 1 i ds 3, 7R 40 B s () Jd v A
KRR EEAEH[37]. KDELR2 MEE A4 T hspd7 (MK TE R (1 47) Ti%45 & KDELR2, ‘$3( hspa7
ToiES 1 RRGJE S5 o E BA BOw XA FE A kdelr2 28 S A9AMA T, hspd7 454 14 i A1 ke JE AR RE TR ik
Ji2 S 47 4 [38] [39] -

25. BIRKRZERMTLT

BMP1: BMP1 2K Zmhd 17 57 c-Fi k4 /b)) & B BMPL (BES KAEEA 1), HRBSHE
HKARDIEIA L, TR N R AL, (EIX S8 B E i, mi iR D TR0 AR il 20 ik 5 R 4F
HERIRE 12 BIR M . X FEUR R IE RN, B &I n40].

26. BEHRIIEES 5L

1) SPARC: fEZHMUN, SPARC W LMENIRIEAEY G BOERE IR DRI, 78 258 4t i o 0
SR B2 0 g )5 R 1 FEAB M A AE IR 733k . TEAHAfLAL, SPARC A S:4H A A0S 0T 5 40 i 2 [A] R AH ELAE
Fri it 5 5 8 E AR AL AR 45 G R AR R Ik . DR, SPARC TEE SRR 2 A & 7 1 K HE
T ZMER[24].

2) MBTPS2: f&—> X EHER, wid—Fiis & MEr 48 & A BE(S2P), ZEAMS ZMaii G
S 2 S AR 5%, L R R P B KR (RIP) 8% % [ -7 CR3L1.ATF6 il SEREBP [ 1% [24]. 7E MBTPS2
B RAR B F, ol (1EEF o2 (1)EERIE IR R AR, BRIEAC B, B 44458 241 [10] .

3) CREB3L1: CREB3L1 %ifi—/MEsHT(CR3L1, LARTHE A OASIS). fERNJEMMNAT, SHH
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SEPE 1) CR3LL Y n i by BORE 5 N4 FH 14 J 2 1B (S1P, S2P)RET, LA SR ¥ & & 1 R BI(UPR)
FERI20% o T 5 80T 243 rp i J5 2 1 1 A B/ T T R Ok A i v 5 8 1 1 2R O AN 2>
A B TR ORI X TR K AR S, OASIS ¥ n Sty 45 #4380 2 1 B 40 A% b
% COL1AL J3ZhT[41], %A 8T X AAELE T AH M. 1 B ke 77 COL1AL JE 3T IX o

4) WNT1: WNT & —Nr i A 5%, 135S WNT 15 Sl %, L 551524k LRP5. LRP6 1 Frizzled
MEERN T —ANERMIMBAE TEEK. WNT 454 5[5 (5 p-catenin F25E 3 5 i B 40 A% A2
A0 B R % B A A A R S RE I B IR Rk o 767 i AN A B K ORAE WINTL [4ii& 78 s
B BB RAR . SRR T ARSI B 2 M Y S PR IR [42] [43] [44] [45]. RAEEHLIER,
H WNTL A8 85 1 kD, 3R B E TE ORI TS TR EAS P4

5) TENT5A: TENTSHA & il 2 5K (a) R &, AR BT 1brh R IEEZER . BeE i il
T, TENTSA #515F , 4ifih Collal. Colla2 FIHARZ: 55 sl 43 ih B A 1 SR MR H R mRNA [R5 19 n[46].

6) SP7: Y 40 HARs St S RSP, I I8 Bl i i 4 M 1) s 4 AN BB A L A [4 7
J& Wt G EEIE, SEUREEITE A SR AFR[48] . X BRI A LB R N, X ]
RE S FH T B 40 B TR A i MR ST T (P A 52 400 5 BT /N B S B 1S n [49] .

2.7. RITEH

1) FAM46A: FAM46A 2% H IR H TSR BNz —, HHEHTIDREH M AEE. &
i, AEHERY FAMAGA TE8 8K & Ha AHRMITER .

2) CCDC134: CCDC134 #ifih—Mh| VZ Rk /Mt A, 25— e QFENE A BEE(MAPK)E 5
PR . TR AT s CCDC134 RAZE (g i i i rh Erk1/2 BEERALIE M. OPN mRNA #
COL1AL FiA W P KA P s /> 53[50

3) MESD: MESD (/82K BFIEK, LLRTFR A asMESDC2) 21K % FF fIg & (A 5% 524 (LRP5 11 LRP6)
(IFEAR . MESD SR AEIIR T WNT {5 518 % 1 51 i B R [51] [52]. MESD /2 | BRI B
1B, MR MESD 15K FE | U JRIREE . SRAERL | BUREAREMNANAL /i, 33055 5 ™ 5 1 8 1R
Bt TR0 WNT (55 RO 100 25 R R D0 9 0 P R S BEL A o 40 -5 40 7358 o ) PR 52 401 DA
JeiE 2 AT 420 M B R BN 70 5 BEAK[51] [52] [53] [54].

3. 45

R AN G I, B BRI TR, BEERORIIARE, OfF T RAEUR A
ORI, EUE V2R EUR LAY HEEE T AR PR (NGS)I ST, Ol [hitfs 225t
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