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(] BB RIS SEE AN (congenital fibrinogen disorder, CFD) LI AR 1 A1 [N 7R fr) 4

FiE [T 16 61 CFD BULMIGIR R, A MHEE R B B ARY W FCA. FGB. FGGHEH &AM 7 K&
W P HIIEHATINT, AR SAEIE. R 16BIEJL, Bofl (56%), LTl (44%), HALELZTIK4% . 9
M(%%>%mlmm$#mw,7%(M%)ﬁﬁ%ﬁéﬁ%omm$#%m%4%ﬁHﬁﬁﬁm¥ﬁ%%m
MmFEEEIL (P<0.05). 1268 JLSEALSE R, Jok 12 FaE S, oA 4 B2 S, 5k FGA LA
¢.80T>C Fll ¢.1368delC, FGGIHEHA ¢.1007T>A Hl .1053C>A . 2 8% IO T 4 86 (1 B E 35 0 FGA L R JeR Ay
Sl ARHEAER . 7 B8 S w2 48 1 FURUE £ 2l FGG R FCASERN 8 &4 XA o ke, IR
RUNTCAER B A RFERE i, 4538 CFD BJLIRREIEA vk, L A ™ 572 B 5 27 4 25 (A G Rk
SEAG, R RFRTY 5 DR B 22 [a] A AH DG PR AL o [hELRILRIZEE, 2024, 26 (8): 840-844]
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Abstract: Objective To investigate the clinical phenotypes and genotypes of children with congenital fibrinogen
disorder (CFD). Methods A retrospective analysis was conducted on the clinical data of 16 children with CFD.
Polymerase chain reaction was used to amplify all exons and flanking sequences of the G4, FGB, and FGG genes, and
sequencing was performed to analyze mutation characteristics. Results Among the 16 children, there were 9 boys
(56%) and 7 girls (44%), with a median age of 4 years at the time of attending the hospital. Among these children, 9
(56%) attended the hospital due to bleeding events, and 7 (44%) were diagnosed based on preoperative examination. The
children with bleeding events had a significantly lower fibrinogen activity than those without bleeding events (P<0.05).
Genetic testing was conducted on 12 children and revealed a total of 12 mutations, among which there were 4 novel
mutations, i.e., ¢.80T>C and c.1368delC in the FGA gene and ¢.1007T>A and C.1053C>A in the FGG gene. There were
2 cases of congenital afibrinogenemia caused by null mutations of the FGA gene, with relatively severe bleeding
symptoms. There were 7 cases of congenital dysfibrinogenemia mainly caused by heterozygous missense mutations of
the FGG and FGA genes, and their clinical phenotypes ranged from asymptomatic phenotype to varying degrees of
bleeding. Conclusions The clinical phenotypes of children with CFD are heterogeneous, and the severity of bleeding is
associated with the level of fibrinogen activity, but there is a weak association between clinical phenotype and genotype.
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Se R M4 4 5 H W (congenital fibrinogen
disorder, CFD) J&H TS £F 48 )5 (fhrinogen,
Fg) ZZRZHREEM FGA. FGB, FGGIRERIBN,
B Fg & B B/ A BE S0 A — 20 57 DL BE I S+ Tk
PR, W CAR B B AL CFD A0 R 2 5 7%
Z— " I Fg TG (Fg: C) AL A
(Fg : Ag) JKF-, CFD A3 [ A (Fg & i 55 )
LRGSR  (Fg DIBESH o) o B i (e 1 Jo et
AR HRUMAE  (congenital afibrinogenemia, CAF) 1
w AL Pk I £ 4E B R Il AiE (congenital
hypofibrinogenemia, CHF) , J& & G35 54 Pk 5 5 £F
475 5 LA (congenital dysfibrinogenemia, CDF)
HE AL VAR S 7 7 428 1 RUAE . CFD AY I IR
WHA R FE, W BILRER, BB LRM
S EE I ER LR . CFD I DR 2R ) R [R5
ZII R SC R M A AE . ARWEFENS B L BE B
Wit 89 16 45 CFD B LIERT i 74, Sl Holm
PR 2% LR PR RY AR R i, WA R I 22 1] Y
KR
1 #ARERZE
1.1 HRMK
[ B 44 A 2014 4F 5 H —2023 4 8 A it T
A ILEERRER 164 CFD B JL, ¥F4 CFD Y
Wb E s HEBRARE: (1) RS R L
(2) ML (3) A B e PR i f L
(4) 259 FE FehibF; (5) HABRIFIEL N 7
B Fg Wi/ 0¥ . i BILE K Z MR EA,
IFE IR BB it il (R HHHIL S . EYLL-
2022-011).

1.2 RS

1 3 Py FR G AL I R BT, 06 5k
AMEE L S R ARG A IR E R A
FIHE PRI 25 2R 56
1.3 CFDHISEIZHT

AR B2 Wibs ofe 0, AR L BE I B J i 1]
(prothrombin time, PT) . { {1k & 43 B 1 15 B i 6]
(activated partial thromboplastin time, APTT) . % I
fifgff[E]  (thrombin time, TT) HH { EK 8 TGTEM
Fg: CHlFg : AgiefiE<0.1 ¢/L., IZWih CAF; Fg: C
M Fg @ AgWREEHIHAL (<1.8 ¢/L), Fg: C/Fg: Ag
>0.7, 2Wih CHF; Fe: CHRBEIRAK, M Fg: Agif

FEIEH , Fg: C/Fg: Aglb{E<0.7, 2 Wi A CDF;
Fg: CHlFg : AgikFEXIHAK, Fg: C/Fg: Ag<0.7,
WA AR ST i A1 28 1 L UAE
1.4 ERFEEN

i1 B L AP A I 3 mL & T EDTA $0 58 45 1%
fe, MHETMEW AR A RA A4 A 30
2 s A A, 45 b R i R K40 DNA., 2 R
NCBI 3 P Ui 5% 19 FGA (NML021871.4) . FGB
(NM_005141.5) . FGG (NM_021870.3) FE[FF51i%
a1 Y. FIH R G 4k )NV (polymerase chain
reaction, PCR) EUEATP 1, PCR i &40«
95C A S min, 95°CZEME30s, 56°CiE k30 s,
T2CHEMI30 s, #7348 30 MEER, )5 72°CHhFTIE
fifi 10 min, PCR MR RN 25 wLl. % PCR =94l
b, SR FH AR S bm 2 S R0 T 2R 4T 1 1) R/ a8 2 g
J¥ (3£ B ABI35S00XL il J7 4% ) , ffi F§ Mutation
Surveyor FAHEATIF 5 53 B FIEEX o [T EEHERSR 3 [H]
EZ
1.5 SIESHR

7 FH SPSS 21.0 B A Xk B it 45 S i 24 Ab B
THECGERIABIERTE 43 e (%) Foon. AEIER
T F & R DL 8 (DU B RIEE ) [M (P,
P,) ] Fon, 4] HECR H Mann-Whitney UK
P<0.05 H 2R BA G2 L

2 #R

21 —EBSIGEKRETE

16 ILF, Hofl (56%), 76 (44%),
2 AE IR 4% (JEF: 35dFE 9% ), CAF 34
(19%), CHF 5% (31%), CDF 8 (50%). 9
(56%) HILKH W A58 ; 76 (44%) TohE
R, HWIRARFGA &L, 360 CAF LY &AL T8
JEE A I, A R P R T S o A
AR ML, S CHE BB L, 24504 M fihE
AR, A3 Bl Fn bR 5 3 B JEER . 8 451 CDF
BOLH, 460 B cER o350k B2 RRBE .
Iy Sk Bz i i A3 5 LR U ;- 451 JCREIR . 16
Bl (100%) BILBIAR KA e FA . S
JLFg : CHeBE (Hirh CAF B LA S {E 0.1 /L %5
) BTG AR [0.35 (0.10, 0.74) g/L
vs 0.89 (0.73, 1.00) ¢/, 7Z=-2.183, P=0.031],
— PR ORHRIG RAFIE DL 1,
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#z1 CFD &JLMIGRYFE
BIL MR BSAER R Il = PT(s) APIT(s) TT(s) Fg:C(gL) Feg: Ag(g/l) Fg: C/Fg: Ag IfKFA
1t 3% FREP 1 1L >120.0  >180.0 >180.0 <0.10 <0.10 - CAF
2 B 124 A BEgm. FiEgim >1200 2400  >160.0 <0.10 <0.10 = CAF
3 B 184 H miNHm. BrFBm >1700  >1700  >1600  <0.10 <0.10 - CAF
4 B 5% B 12.8 31.0 30.6 0.50 0.60 0.83 CHF
5 & 5% I 125 29.6 237 0.89 1.10 0.81 CHF
6 % 61H il 13.8 453 25.4 0.96 1.22 0.78 CHF
7 5 1F6MH Xk 10.3 29.6 18.0 1.00 1.05 0.95 CHF
8 & 1%21MH Xk 12.5 27.9 23.5 0.75 1.02 0.73 CHF
9 L 5% Jc 11.4 25.5 26.5 0.73 2.30 0.32 CDF
10 % 8% JULPA) i Ji 13.0 25.1 29.4 0.53 2.10 0.25 CDF
1% 1291 H st 11.8 29.4 25.8 1.00 2.60 0.38 CDF
12 & IMHS5d Sk 12.9 28.2 29.9 0.26 2.4 0.11 CDF
13 5 5% Jc 15.8 31.4 23.9 0.91 2.30 0.40 CDF
14 5 9% Jc 12.2 26.7 19.7 1.00 2.00 0.50 CDF
15 %5 9% Jc 14.8 29.6 24.3 0.71 2.50 0.28 CDF
16 4L 5% FEJRARBE 13.3 30.1 22.4 0.35 1.96 0.18 CDF

e [PT] BEMEEISEIR, 2%1H: 10~14s; [APTT] {GALERBEMIGRGRTR], S%5(H: 23~40s; [TT] BEMLEHRIR, S2%H: 14~21s;
[Fg: C] AFAEEAREEN, 2%(ME: 18~40¢L; [Fg: Ag] FHEARIUL, SHMH: 1.8~4.0 g/L; [CAT] &M ICEF 4 8 (I MLAE ;
[CHF | JRAEMEARAF L UFUMAE ; [CDF] 3L AP 4B U FUIALAE .~/ HOAE DRSS TR 00 BR i S e 2

2.2 EEw@MLERE

12 9 B LS8 R AN, FGA 38 [H A8 55 4 5]
(33%), FGBI:HAEF 2] (17%), FCGHFARF
6% (50%). 4ifAES 20 (17%), EHEEA
S (8%), Z+B2596] (75%). ek 124
ANFAESE, Hp FGA L ¢.80T>C Al c.1368delC
FGGE: P . 1007T>A Fil c.1053C>A 4478 5k [ 4
SNERIGE . 120850, B RS 8, BRAR
24, BNESMASFEREL 14 RAERE
FGAFERANGE T2 1 FGCIENAMN G T 8 AR H A 9

K H R 2E 2 I N G 25242 F 2015 AR B A Y
WAGAS A ISR AE AT s, B B s T fE
. W2,
23 IEFRFBEEERBHXR

12 151 PR 72 S g L I R 2 380 L 6 2, 2 4]
CAF ¥y FCASEH 4l o As 5+ (J6 L8 S FnES
AR S ) 5IE, ¥ABEN AR, 3 6] CHF
t, FGGHEH AR 5 2 5 F1 FGBHEPAE 5 1], It IR
FRIMNTCRER B . 76 CDF H, FGG 3
K AZ S5 4 5], FGAFEPRAR 53 2 | Fll FGB 3R AR 5+ 1

A (75%) , FGG Arg301His 5 A 2 6] (17%) , B, PG H LB R, IGKRERIMN TR ZA
FGG Arg301Cys 8504 101 (8%) o 12185 ARYE  [IREEE L.
#2 CFDEJILMEREZEMIGHRRKRE
ﬁ W RIREE GUEMEE BRAE RN K g e ig
1 FGA ¢.1368delC? p.Thrd57Argfs*27 ANBF5  4iAFEILAE 5 SCERIREE B0 FTPA Y I CAF
FGA  c.448C>T p.Gln150X SMETF4 AR TR SRR BUw B, BB 1L CAF
4 FGG ¢902G>A p.Arg301His HMRF8 EEMEH R KK How £ CHF
¢.1129+66_1129+ - WEF8 EEAEHIAR KA Al REECH
69del AATA
5 FGB c.719-1G>C - WEFS5 RENEFLSR SOk o ¥ CHF
FGG  ¢.1099G>A p.Ala367Thr SMETF8 AR AR A £ ¥ CHF
FGG  c.902G>A p.Arg301His SMBT8 AR AR e[y O] I CDF
10 FGG ¢901C>T p.Arg301Cys SR8 AR AR ik How JULPAL i CDF
11 FGB ¢.130C>T p.Argd4Cys SNEBTF2 AREHE AR FRA e i CDF
12 FGA ¢.130C>T p.Arg35Cys SN2 AREHE RS AR B S K 1 CDF
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&gk2
55t ~ . , . ACMG I

M BERMECE  AMMEE  ERGE AR s A e

JL o M
13 FGA ¢.80T>C p.Phe27Ser SRBT2 AR AR . o ¥ CDF
14 FGG  c.1007T>A* p.-Met336Lys SREBTF8 AR AR A How ¥ CDF
16  FGG c.1053C>A" p.Asn351Lys HNETF 8 AREHE AR A% e B R BE CDF

TE: R HIRIGE R HT AL 5 R BRI SE . [ACMG]
[CHF ] AL MARET YR FS AR ; [CDF ] 38 fE kS 2T 4k s IAE o

3 iTig
CFD J& —2H 5= DL iy it R 36 89 22 1) 35t A4 P 36
M HE S PR o &R BRI TChE R,
Sy RIA I SR, A BRI B TE R
FEARVE R AR 42 A R BUE 7 ASHIFSY 16 491
BILH, 56% M) BILA B IAER , 44% ToATfaTAE
MR, REBMAREIL. SEIHE ™ RiEFAM
L. EAMIFGE B, 55.6% 08 A AR,
37% JTCREAR,, 7.4% A MARTE AL ™o ARBFFE b i fe
RHREALF A CFD %, a5 A0 5E &L
RN BEARE D REERZ A, DA T
(GRS PR WA | e RS A AR A
BN 6 1 ARG Hp I Y R A A R
KRS 36 CAF A7 ek, Hrb 28 LA
JER N I, T 5 49 CHF A1 8 451 CDF H2 L2k
BOGHER . BEAEMF St /R, CAF BHE KEHE
KA IMIEIR, 60%~85% H A= HAE I iB I, 24
20% KRR I 1. CFD LM iy ™ B R 5
Fg @ CHERA @M. AWF5E, A e
R EILI Fg : CHRBEZALT I M ME R UL,
EREARIESS R S Y AR5

WE 2023456 H, NIELF 4 & (A a5 %
(https: //site.geht.org/) H 2 WSk FGA JE [H 728 7 2
500, FGGILINAL 2350 FF, FGBIENAE 7Y
200 Fh, HEZEPIE FCAZKAING F 2 Fl FCG %L
AR F 8 1. Casini % " FE— CFD £ H i 1%
SEWFSE T R B, FGA JE R M FGG 3 R 78 53 %
89.0%, H FGAFERANE F2F FCCHREHIMNE 8
Y725 5 15 83.9%, RSN FGA KL ¢.510+1G>
T. FGA 3 [N Arg35His (Cys) Hl FGG 3
Arg301His (Cys). AMFFREE R 5L FHE " 3
AAFF, 1201 L FGA Fl FGG 1K 28 5 5 83%,
RAAE FGAFER S+ 2 Rl FGGHE R Ah i 5 8 (172
57 75%, 3% FGGF:IH Arg301His (Cys) F11 4
FGA LR Arg35His 3410 EL 438 1Y 2848 #4005 . (H [

et Al o SR R A e 2

[CAF] 342 M To LT 4k 85 11 RUILAE 5

AN AR S FGA A ¢.510+1G>T 7EARTF 58 R A6
W, PR RI RGOS A A 2E

H Rl CFD i A< 3 750 1135 R 70 2 ] Y 56 2R i A
THAE L EINAIAE Y HGE CAF DL FGA LR TE LA
TP F N E (71.4%), CHF LI FGBHI FGG
FENA SN E (85.7%), CDF LL FGGFI FGA LK
AR E (94.7%) . Casini 55 " 98 Bon, CAF
AR S B FGA (85.0%), H.98.6% 75 S LA
To AR BL; CHF E%8 FGBHI FGG 3 H AL 57
(72.9%) , HHZu A2 575 90.9%; CDF JL-FH
FGGM FGA SE N = G55 LA 751 (99.3%) . A&
WS A, 20 CAF ¥ FGA R e AR S ks
AR5, 36 CHF i FGB A FGG LR 24 578
51, 641 CDF £ i FGG A FGA FE R 24 & 4
XASSREE, B AT WL, CAFRYIER L FGA 3
M 4l & 88 5o 32, CHF By 3£ AU L FGB AN
FGGILR G783 0 E, CDF LR AL FGG I
FCGA RN G R XA S . (H/Z FGA. FGBAI
FGG LR SRRl 3 T AUBRFEg, wnl sk 1
RIGREGIG . LA, /DB PR 7 5l PR 3% R A7 7 B
BB 2, BN Ao B 517-555 X Jaf ) — 2L 258
s a] G| R CE TE B AR R PETY, yGly284Arg,
NThr314Pro, yAsp316Asn. +yHis340Asp. yGly366
Ser 8 5 0] U LR 4L 2 I BUE 7, AaArgd58
Cys. AaSer551Cys. AaArg573Cys 785 5 (il 4 IE i,
FHSE

AAIGE LI AN FAL L0 . FGAFEH ¢.80T>
C(p.Phe27Sen)Z2 G785, iz M 13 LK
CDF, i JK TG 4iE K o FGA % A c. 1368delC(p.
Thrd57 Argfs*27) 4l A28 S 1 1 58 LA CAF, IR
AN I . FCGHE ¢.1007T>A(p. Met336Lys) 4%
B S HG] 14 F FGG LA ¢.1053C>A(p.Asn351Lys)
FREAEFRB 16 LI CDF, B IR IR ICAER,
JEHA B RIRBE . 428 LS R B TN
YR A RS R E , vk CFD % 12 Wi
Fe oy BB AL
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Zi LTk, CFD B LI IR R B A 5 i,
L™ ERE S Fe : CHRBEHAMENM:, IFR
TG R Z [ R, W, ARl
TEJRBRIERIR I Z AL, WnkEA E /N, AR S
JLEE, SbSERDIRRSA A, RRIE TR K
FEAC . 2 NBEEAERIE— 2P RHIE

EH: BRMEERFARBEARA RG] F
MY e S B A T e T e Bl |

YHE TR AW EHA AR AR R FE
WXIEE . 2% LH; THE. RAE. KR,
FH. BEERTRERE . KT Gt 5T
HR-TF. BWE R TAREIT RIS, S

MBFEFR . AL FARHEFE,

(& % x #k]

1] AAREA MR 2 A 5 k=g, o AR PR .
S LI AL R LB S W S5 TR T T E R AR (2021 4F
RZ) (31 P AR LT A 2R A, 2021, 42(2): 89-96. PMID:
33858037. PMCID: PMC8071661.

DOI: 10.3760/cma.j.issn.0253-2727.2021.02.001.

[2] Casini A, Moerloose P, Neerman-Arbez M. One hundred years
of congenital fibrinogen disorders[J]. Semin Thromb Hemost,
2022, 48(8): 880-888. PMID: 36055263.

DOLI: 10.1055/s-0042-1756187.

[3] Casini A, Undas A, Palla R, et al. Diagnosis and classification of
congenital fibrinogen disorders: communication from the SSC of
the ISTH[J]. J Thromb Haemost, 2018, 16(9): 1887-1890.
PMID: 30076675. DOI: 10.1111/jth.14216.

[4] Neerman-Arbez M, de Moerloose P, Casini A. Laboratory and
genetic investigation of mutations accounting for congenital
fibrinogen disorders[J]. Semin Thromb Hemost, 2016, 42(4):
356-365. PMID: 27019463. DOI: 10.1055/5-0036-1571340.

[5] Richards S, Aziz N, Bale S, et al. Standards and guidelines for
the interpretation of sequence variants: a joint consensus
recommendation of the American College of Medical Genetics
and Genomics and the Association for Molecular Pathology[J].
Genet Med, 2015, 17(5): 405-424. PMID: 25741868. PMCID:
PM(C4544753. DOI: 10.1038/gim.2015.30.

[6] Li ZY, Wang S, Li DY, et al. Fibrinogen A alpha-chain
amyloidosis in two Chinese patients[J]. Front Med (Lausanne),
2022, 9: 869409. PMID: 35572989. PMCID: PMC9096909.
DOI: 10.3389/fmed.2022.869409.

[71  FrEA, BRIE, ESCHR, 55 LR o0 RRE 2 R B
SEOPHTIT). FP ARG 2 24k, 2023, 52(12): 1275-1277. PMID:
38058048. DOI: 10.3760/cma.j.cn112151-20230727-00034.

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

- 844 -

TN, AT, IR, 45 . 146 5 KR ET 4 2 1 D 11 3
PR RAE T e 21 i 3 1 s T 25403 A B (0], vh A i
Z% @&, 2021, 42(7): 555-562. PMID: 34455742, PMCID:
PMC8408493. DOLI: 10.3760/cma.j.issn.0253-2727.2021.07.005.
Wypasek E, Klukowska A, Zdziarska J, et al. Genetic and
clinical characterization of congenital fibrinogen disorders in
Polish patients: identification of three novel fibrinogen gamma
chain mutations[J]. Thromb Res, 2019, 182: 133-140. PMID:
31479941. DOI: 10.1016/j.thromres.2019.08.012.

Brunclikova M, Simurda T, Zolkova J, et al. Heterogeneity of
genotype-phenotype in congenital hypofibrinogenemia: a review
of case reports associated with bleeding and thrombosis[J]. J
Clin Med, 2022, 11(4): 1083. PMID: 35207353. PMCID:
PMC8874973. DOI: 10.3390/jcm11041083.

Sucker C, Geisen C, Schmitt U, et al. Hypofibrinogenemia and
miscarriage: report of a first successful pregnancy under
fibrinogen substitution and short review of the literature[J]. Arch
Clin Cases, 2022, 9(3): 100-103. PMID: 36176499. PMCID:
PMC9512129. DOLI: 10.22551/2022.36.0903.10211.

Casini A, Neerman-Arbez M, de Moerloose P. Heterogeneity of
congenital afibrinogenemia, from epidemiology to clinical
consequences and management[J]. Blood Rev, 2021, 48: 100793.
PMID: 33419567. DOLI: 10.1016/j.blre.2020.100793.

Peyvandi F, Palla R, Menegatti M, et al. Coagulation factor
activity and clinical bleeding severity in rare bleeding disorders:
results from the European network of rare bleeding disorders[J].
J Thromb Haemost, 2012, 10(4): 615-621. PMID: 22321862.
DOI: 10.1111/5.1538-7836.2012.04653 .x.

A, Blondon M, Tintillier V, et al. Mutational
Thromb

Casini
epidemiology of congenital fibrinogen disorders[J].
Haemost, 2018, 118(11): 1867-1874. PMID: 30332696.
DOI: 10.1055/s-0038-1673685.

Ramanan R, McFadyen JD, Perkins AC, et al. Congenital
fibrinogen  disorders:  strengthening  genotype-phenotype
correlations through novel genetic diagnostic tools[J]. Br J
Haematol, 2023, 203(3): 355-368. PMID: 37583269.

DOI: 10.1111/bjh.19039.

Chapman J, Dogan A. Fibrinogen alpha amyloidosis: insights
from proteomics[J]. Expert Rev Proteomics, 2019, 16(9): 783-
793. PMID: 31443619. PMCID: PMC6788741.
DOI: 10.1080/14789450.2019.1659137.

Asselta R, Paraboschi EM, Duga S.
hypofibrinogenemia with hepatic storage[J]. Int J Mol Sci, 2020,
21(21): 7830. PMID: 33105716. PMCID: PMC7659954.

DOI: 10.3390/ijms21217830.

Hereditary

Casini A, de Moerloose P. Can the phenotype of inherited
fibrinogen disorders be predicted?[J]. Haemophilia, 2016, 22(5):
667-675. PMID: 27293018. DOI: 10.1111/hae.12967.

(AR ik E80

(WRUIT A ©2024 H [ 2448 LRk



