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(HE] B SOHILEBEIAE (osteopetrosis, OPT) BYIG R FHEA4E, Ak BIFPESHT 2015455 A
—20244F 3 WA 1461 OPT LAY RVERE, SR Ao B T4 I FHARK I OPT MIEBUR LN, I Bk R
FRURSEN AR . R 14018JL, B 106, 4], HOi2E 8~ H o OPT BUJLIGIRFRI FE N4
BYEEaEe (146, 100%) . 2000 (1241, 86%). &Y (1041, 71%). M/l (94, 64%). KA (8
], 57%) MEFTIRGE (56, 36%) &, & ﬁﬂ:” OPT (mahgndnt osteopetrosis, MOP) ALY /I TTEL . AILERHL
it [vi] T B AL S AR AE MOP SR JL, T AN 4, ZLARR I SCHG A e s iR Bl = 4 MOP &L (P<0.05) . 12 ]
BOLTE N R, A 1S P AR SR, CLON7 L AR 5 8 4 (53%) , TCIRGI 3R AR 53 6 4~ (40%)
TNFRSFHAFERAE R 1A~ (71%) . CLCN7HER KR 3 NHALAE R, He.235165C, c.1215-43C>T Fil c.1534G>A .
445 TCIRG 1 £ R R & LG RF AU MOP., 749 CLCN7ZEH AL )L, [l B OPT 444, R % OPT 2 441,
MOP 1], £51&  OPTBJLAIGIREALEA R Eitk, JHEBILL CLON7 M TCIRGI BN 2 3, I RR A5 5L
T2 [A]A — 2 Ik [hESRILRIZE, 2025, 27 (5): 568-573]
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Clinical and genetic characteristics of osteopetrosis in children

WANG Min, JIANG Ao-Shuang, ZHU Cheng-Lin, WANG Jie, WANG Ya-Ping, GAO Shan, LI Yan, CHEN Tian-Ping, LIU
Hong-Jun, WANG Jian. Department of Hematology and Oncology, Anhui Provincial Children's Hospital, Hefei 230022,
China (Wang J, Email: doctorwj@sohu.com)

Abstract: Objective To study the clinical and genetic characteristics of osteopetrosis (OPT) in children.
Methods A retrospective analysis was performed on the clinical data of 14 children with OPT. Whole-exome
sequencing was used to detect pathogenic genes, and clinical phenotypes and genotypic features were summarized.
Results Among the 14 children (10 males and 4 females), the median age at diagnosis was 8 months. Clinical
manifestations included systemic osteosclerosis (14 cases, 100%), anemia (12 cases, 86%), infections (10 cases, 71%),
thrombocytopenia (9 cases, 64%), hepatosplenomegaly (8 cases, 57%), and developmental delay (5 cases, 36%).
Malignant osteopetrosis (MOP) cases had lower platelet counts, creatine kinase isoenzyme, and serum calcium levels,
but higher white blood cell counts, lactate dehydrogenase, and alkaline phosphatase levels compared to non-MOP cases
(P<0.05). Genetic testing identified 15 variants in 12 patients, including 8 variants in the CLCN7 gene (53%), 6 in the
TCIRG1 gene (40%), and 1 in the TNFRSF114 gene (7%). Three novel CLCN7 variants were identified: ¢.2351G>C,
¢.1215-43C>T, and ¢.1534G>A. All four patients with TCIRG1 variants exhibited MOP clinical phenotypes. Of the seven
patients with CLCN7 variants, 4 presented with intermediate OPT, 2 with benign OPT, and 1 with MOP. Conclusions
Clinical phenotypes of OPT in children are heterogeneous, predominantly involving CLCN7 and TCIRG1 gene variants,
with a correlation between clinical phenotypes and genotypes.

[Chinese Journal of Contemporary Pediatrics, 2025, 27(5): 568-573]
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HHEALIE  (osteopetrosis, OPT) SRR A B AE
DRI ENR, P LAY e B A A ol P e
RS FE BRI E R . 2 i8E 7 3 0n] 73
R H Y o R B 38 45 OPT  (autosomal recessive
osteopetrosis, ARO) . J¢ {4 {& I 7% 5t f% OPT
(autosomal dominant osteopetrosis, ADO) Fll X 415
& OPT. JLrh ADO Fl ARO 1) & 93 % 43 31 24 172
Jis 12007 o KRR AR R R 17 P AR SE ,
I REERS OPT  (malignant osteopetrosis, MOP) | H
[#] %4 OPT (intermediate osteopetrosis, IOP) F1 L P4
#OPT (henign osteopetrosis, BOP)., MOP % EA& ™
HHB IR ARER, 11 BOP Il AR R el TohE
Ko BEAERFSS o, OPT R R R BLEA ik,
I RS 5 B PR B — @ MO, ARO I F 4K
s TCIRGIIENAE 7518, 1 CLON7 3£ [N A8 575
HWADO 5 75% 247+ o AHFTERET OPT I IR
FERUA S TR RGBT O s R, R gas L
BE BEWSIf 19 14 ) OPT (8 LHEAT BT 23 A, L4
Hollim RERBIFIHE R B Re 5, WD PR P Z (8] 1Y
KRR, NIZRIE IS /3 R
1 RS
1.1 HRIMK
[ BE LA 2015 4F 5 A —20244F 3 A #ti2 T4
B JLEERE 1461 OPT (L NBFE X4, 144
BILA MBI R GRI (2 BB e kg
s, KB THimEE PO BUE, MERE
ROHMET HERE, EEE R Rk
85D, JEFEE OPT BYIZ Wi bR v o HEBR A o
(1) 1Mk R GE G e b HoAb g L (2) Hofs
1A% AL I 9 e 5 B Ak k1 B R A e R L
(3) =184 . W Fepefe P2 51 23 4tt
M (RHAHES . EYLL-2024-053), HULEKHE
NG R
1.2 FPE

i 3 HL 0 T AR SN LR IR IR BT R,
FEIAMGR . . SRS A ik
AT AR VOBV AU R I 25 3R 4, O AT
ST
1.3 ERFE&KN

KAREILSAC AR bR A4 2 mL, &

VU2 FRILEE, $RECAIER4 DNA, 2R Bk, #
Ak . P aii s, 0 2 Sk O ik i &
DNA S, 55 N2 A 19 396 4~ FE A 1Y 2 i
XA AR gm by X, i 3K X [ K/ 51 Mb., fifi
Ilumina 23 &) NovaSeq 6000 Z 51 A HEA T =5 18 1
W, 2%l Bl B (1000Genomes . ExAC,
HGMD. ClinVar, dbSNPZ) FlA: ¥ B 24 T 4%
4 (SIFT. Polyphen2 . CADD.
REVEL %) E—BERAfE, S M58 E B2k
{2 RIS R 2 2 it AR A S Kb il 548w
AT ORI T o Sanger I 125 X6 5755 126 LY Ay 28
SO AT R R BUE AT S PRI AR fh At s
BRI A BE 2R TP B S
1.4 Fit=5Hh

K HISPSS 26.0 At AT Ge it o . THEREE
BLBIERTE S (%) Fon. fFEIESD T
PRI £ hnifE s (X +5) FRoR, A
KA RS, #H T 2E5E, RAWAEAR R, &
ZEAF5, WIRH Welch's tA5565 ., P<0.05 W2 R H S

AR

MutationTaster .

2 #R

21 —RERSIERFE

g A 14 654832 2 OPT 2L, Hob B4k 104
(71%), P4l (29%). HOisti2FkN 84 H
(Vull: 7d2 8% ), MG R I AU &k e,
B L A 3R, MOP 741 (50%), TOP 4 {4
(29%), BOP 31| (21%). FrAr MOP f& JL35 75 22
JLAMN &9 5 BOP BULIITEAIR I &0 ; 10P &L
o, 2RI HTI o 2 0, BE LIRS LI Kk e
B 141,

146 L E & AER LARFIRGE AR (R0, <
2. &38) sohE W (6H, 43%), HUChHtGE
Ho@f], 29%) . I R 3= 2 3% 8 3% 1l 12 )
(86%) . J&H 10 il (71%) . il /> #9825 9 ]
(64%) . T K 8 # (57%) . k&R %S K
(36%) . W J3 41 F 5 6 (36%) Fl & 4 3 i
(21%) . JiA BILIYE S X Lk dr 4 on 4 S ks
FRL R MR AL . BB — M OB RTIG IR 3R
WL,
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£1 OPTRILM—MANSIEFED
Y IR g s DF ek menm wess wn i ;@J

I B 6 mesA. LEMK A A& & & H % % A Mop
2 & oM  masH. RERE A& A A A A WhBE kA MOP
34 oM . Bk & F A F A WABE £ A MoPp
4B 2MH B w # A A A & % £  #H  Mop
s ® 44 el W O & X % £ A Mo
6 B 3MA B AR FEEE R £ A Mop
7 Boo7d MR S fR f f H ¥ p y A H  MOP
8 & 4% S BT X A % £ X MiHE A A 10
o 4 210N EEEN & H A A K MhBE kA o
0 B TR R wl 5 & E kA WHBE % A 0P
11 o4 A H H fH H fH I I T H 10P
12 5 8% R Jc e ¥ ¥ & T ¥ H BOP
13 Boo8% i " H ¥ ¥ & ¥ I H BOP
4 B 6% MR ¥ % % x x % & #  BoP

T "R B LA AT PO . (MOP) MU PH R TLAE; (10P] Tl ATRE i ; [BOP) RFEITHAEfL

22 IWMEKRE

MOP fE LR F A0 T 5 . B e 1 il 1 3L R
Mo B T AE MOP L, i /MNRGTE . 1 ES AL
1% 15 T[] TS T-9F MOP H L (P<0.05) ., Wi |H]
) I ZT B 1 v B R i Bl K - L3 22 SRR i
X (P>0.05) . 9437 5w ok A i s L, 3
FKHN T Mol B A MR DS, Wk
2~3,
2.3 HFEEFERN

121 OPT S LA T RE R AG I, A 45 R B,
CLCN7 3R 75 575 (58%), TCIRGI A 7% 5 4
1 (33%), TNFRSFIIARERNZE S 16 (8%). 4k
HAF36] (25%), BHIEGZER 406 (33%),
ZRBEF S (42%) .

LA 15 P LR AR S, Hirh CLON7 72 S
8 4~ (53%), TCIRGI %N 5 6 4~ (40%) ,
TNFRSF1IASERZE R 1A (7%) . CLCN7HEF &
3BT, 53 h .2351G>C c.1215-
43C>T Ml e.1534G>A . FEFTA K A8 e, 45
BSRGTA (47%), SJUIM AR R 44 (27%),
AR S5 34 (20%), ARG 14 (7%) .

aiN=A

4] TCIRG 1 3 HAZ B Lrp, Rt As s 345, Horp
2174 ¢.1370delC A2 55 . 7 1] CLCN7 3R AR 5+ 8
JUH, 4RSS B, 44 TCIRGTHE R A S50 145
TNFRSF11A 728 5 8 LI R B R MOP; 17 7 441
CLCN7 3R 7R S LR, 4030 T0P, 24K

BOP, 1%y MOP., VL34,

#&2 OPTZJLMOPALSIEMOP ALK =Ertb B

(x£5)
T a w
WBCHAL (x 1071) 9= 4 24+12  -3407 0011
Hb (o/1) 91+ 18 83+8 1554 0.160
PLTHAL (x 1071) 238165 5320 3367 0.014
145 (mmol/L) 233+£0.09 193+0.23 3.804 0.003
1B (mmol/L) 1.47+0.22 1.14+£0.57 1.549 0.147
ALP (IU/L) 134 + 46 474 £ 193 -4.568 0.003
LDH (U/L) 554+84" 1189+601 -2.761 0.031
CK-MB (U/L) 172 +75° 72 +52 2.832 0.016
e [WBC] F4iffe; [Hb] ifi£Lf [ [PLT] i /AR ;

[ALP] mdtEwiARAS; [LDH] LA ST ; [CK-MB] WUERE IR
T.W; [MOP] JEMEALEREfLAE . "9k MOP 41 P 7E 1 6 LAY LDH
1 CK-MB il Bl ok 5L AR A5
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#3 14f6IOPT 2L ERELER
L WBC i:rﬁz Hb PLT iJgriﬂz 145 ik ALP LDH  CK-MB e I
(x 10°/L) (/1)  (x107L) (mmol/L)  (mmol/L) (IU/L) (U/L) (U/L) Al
1 18.75 80 69 2.02 1.12 733 731 44 R A e MOP
2 4225 80 39 1.70 0.97 502 1353 33 = MOP
3 34.40 86 87 2.16 0.63 528 1559 95 T, g MOP
4 29.50 90 57 1.97 0.66 500 1343 76 A e MOP
5 18.59 74 50 2.17 1.31 243 367 15 EEy iy MOP
6 19.40 77 47 1.96 0.98 618 805 172 EEy oy MOP
7 8.28 96 24 1.55 2.32 196 2162 70 - MOP
8 10.26 77 272 2.33 1.36 92 524 102 = 0P
9 15.57 77 2 2.41 1.35 99 406 126 T, kg 0P
10 9.22 87 431 232 1.49 132 571 246 = 0P
11 9.28 81 75 2.23 1.16 107 598 284 R e il oy 0P
12 6.18 119 335 222 1.69 212 572 123 RN BOP
13 5.36 107 313 2.44 1.75 163 655 150 R il BOP
14 7.07 126 387 2.14 171 131 = = = BOP

. [WBC] (4, %M. Ll (5.0-21.0) x 1071, 2ILH (6.0~18.0) x 10%/L, JLEH] (4.5~15.0) x 10%L; [Hb] ML
E, %A B JL 130~200 /1., %L 95~145 o/, JLFEW] 110~160 ¢/L; [PLT] Ifil/IMi, Z%E: (100~400) x 10°/L; [ALP]
TPEMR IR, S%1{H. 30~500 IU/L; [LDH] FLERMENE, S%{h. 120~300 U/L; [CK-MB] JURRILEE R THF, Z%(EH: 0~30 U/L; [MOP]
AEAL BRI LRE; [TOP] ha ALEEfbAE; [BOP] RAPEAVEGELAE. MABS%{E: 2.2~2.6 mmol/L; MBFZ%{H: 0.8~1.6 mmol/L. —/R4EL
P B s A

Fz4 126)OPT BILMA FiEfEFERN LR
, " " ; N ACMG 455 IR
BIL R A A A AES SR AR AR AERE SprE kR S
1 TCIRGI BEREER ¢ 796G>T p.E266X TR ANRTF8  AIREEUR AE MOP
c.1372G>A p.G458S XS AMET12 BUR (S
2 TCIRGI BAEER ¢.1555-2A>C - WYAS e T13 B2UR LFE - MOPp
¢.1370delC p.T457Tfs*71 By AhET12 BUR B2
3 TCIRGI BAAZES5E ¢.1036-1037insGTGC  p.V348Cfs*143  BiR  ABT10 ok #¥  MOP
c.1188delC p.F398Sfs*5 BiHAS  AAETF11 BUR &3
4  TCIRGI a5 AR ¢.1370delC p.T457Tfs*71 BiHAS  AhET12 R ACEESE - MOP
5 TNFRSFIIA #5755 c.-45A>G - BARS  AMRF1 RTREEUR ACREE MOP
7 CLCN7 i i AR c.1561G>A p.G52IR YRR N7 TTREEUR  ACRESE MOP
8 CLCN7 REAER ¢.2351G>C* p.R784T FEYBS ANEF25 AIREECR BEEE S IOP
9 CLCN7 REAS ¢.856C>T p.R286W YRS ANET10 FTRESUKE RESE TOP
10 CLCN7 B S ¢.1127C>T p-P376L RS AMET13 TTREBUR BlE Iop
11 CLCN7 A5 ¢.1215-43C>T* - YRR NG 14 FTREREUR RE TOP
12 CLCN7 BEWREER . 1534G>A7 p.G512R FENCRSRE AN 17 ATREEUR AL3E BOP
¢.899C>T p-A300V SRS AMNETF 10 TTREEDR  BRE
13 CLCN7 A ¢.2250+1G>A = sPAES NEF23 TWREEON Ak BOP
I [ACMG] EE g h2: HREN A 2y [MOP] BRI B MLAE; [T0P] R BB fifbiE; [BOP] REBVEMILE. /R

WA RPFAL S R O SRR .

AR, Wy ORGP RBIREE
S5, IRIRFRE MOP; R0 LA, B

OPT /& — b= WL AR LA 4 By ki P i E IS i
FROEM S . OPT I R FRINEAT S i .
15095912 R S i 1 M (Y7 WS E G e

JEZENE, I R ICAE R SO IR AR Bk, ARBU A i
R EITEG B A R A B AL, IR
T3 BOP o AMFFEoHT 14 41 OPT LAYk AR AN
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WHEERE, EEIGRRI b2 G g, &
I BRGNS R, 5 REE 5T 4
IR g ARFSE 746 MOP U LYSA ATl A/
M /b, b e Gl IR, 4Bk EFRE, X
5™ {IE MOP 32 ZLIG R RO S 1 41 A 5
R K R F RGNS R —8. 2T
TR MOP 7E R AE . £HZU 35 45 A B A S 7 1
AR MOP f8 LR ™5 ', AWF5E &3 MOP (£ L
FA) F 200 PR L e Al T R L T o S P R
FAEMOP L, i i/ E5ORT i A5 4% F 3 MOP
BIL, $R8 MOP B LAFTEE ™ H I R G Hif

AWFFE AL 2753 MT R, CLCN7 Fl TCIRG1 %
HAR S OPT (LAY EE L RN, X 5 [ N 4h
WGREER 2 AW A . AR TCIRG 1 LR AR 57
DI AR S (3/4), CLCN7ILRZAR ST LUSE AR
SNE (5/7) . TCIRGIF:HAR A LI R R
B2 MOP, 1if CLCN7 3 8 75 5 i) £ Ll R 2 764 )
£Z ¥, £ 4% MOP, IOP F1 BOP, iX 5 Barvencik
2 ) R gY—3, 3R TCIRGT LA 728 S0 5 S 3%
MOP. TCIRGIBER AR 55 3R IR H G £ R e o st
e, WEAG2MENASR, Xnlig R8sy HE
FARIRN . CLON7 3 PR 78 B 11 TR 6 A0 HL A 4,
B mbE, ATERELNANRIZEALAG OPT "%, Frattini
U R CLOCN7 3 R AR St I IR R AL ZAE, 84>
BEE W 2N REA AR, KRB EW
ARO, H 6l h X R G T4 . ARUFFEH7
BILR CLCN7 B H 4l 5748 5, I R A MOP,,
12 B L 2 > CLON7 B2 728 &, A0 K
BOP, #ARME | HIXMA ARG H% , HHIIHA
WA 5%, TSR . A, AR5
3 CLOCN7 B 24 & 78 = B LA E L 1 P 3%
CLCN7 HE PRI 8 LAY I PR 3R 8 Z2 A6 vl e 5 HOR
[ 25 S X6} 2 1 R D) RE A RS R R B R [R)A ok, Hop
ai AR BEA S MICHAL 5 551 MOP 5%
10P,

ST Y 34 CLON7HED B S, 205k
¢.2351G>C, ¢.1215-43C>T Flc.1534G>A, ¢.2351G>
C (p.R784T) A7 561 8 LK M 10P, i
IRA &P . ZM A 5% . R784T 248 A T
CBS245M938,, IR T ARG784 55 ASN214, PRO612
13S0, FTRESCIA AR 254, SIS | &M SGAE
Mo e 1215-43C5T 2 A48 S 11 LR BN
10P, G PRA JEYE . FA0L . i/ VAR s/ 0K o
1 12 B LHEHF . 1534G>A (p.G512R) 7285, IR

Braby s a)

TR BOP, UFRB 4 Baafl, JoHAER .
GS12R A S T (S ARSI, FES S5EHA
BTEIE, BN A, RIS E K,
Al RERE I 25 [ 25 M AR e . X R i — 0 F
w7 OPT HE AR ik, S RA v it 1750+
i

16 OPT JBLA A HL )y T, 75 MR 4k 0 1) 7™
T B TN B0 D A B B YRy T ik Y
PR3 1T 4 MO B AR MOP £ LME— VAR TBE,
T 10P BIL, EWHEH s FAF RN
74.9% ", TCIRG1 LR AR AR R Al S b B4
P 77 B FL MG T RANKL K& R 3% B8 4 6 2%
OSTM1 J B4 CLCN7 3R L H 45 5 X i 42 R 50
WS, BEAHRCRAE Y. BOP B ILLUNHE L HEA
Jr . ZFRHEAIRYT R TR LAY AR T
RHEE, MBERIGITE ARG AT 0, BT
{BTERFSE B BE s

L LA, OPTBJLIGMIRFRBLEA Fifk,
LA CLCN7 I TCIRG 3L RAR R &, IR R R
RIS BER R A AE — 2 Rk, SR, AHESE A7 7R
ANRZAL, WMEEA /N D IR D) R SR
KIIBE T BRI 5 . KRR T RHEA, B
NBEEE DL R T e~ S Aok it — A 56 IE

VB Tdk B TG AR IR A
WXIEE; IHE. KAk, ZF . THF. F
W, FHATRBERE. B RIT N KR
PR EE . EE G AR AT S
B, 2% 3.
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