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Genetic analysis and literature review of fetuses with Costello syndrome
HAN Chunxiao, YAN Lulu,ZHANG Yuxin, LI Haibo
(Center for Integrated Prevention and Treatment of Birth De fects .Women and

Children’s Hospital of Ningbo University ,Zhejiang Ningbo 315000 ,China)

[ Abstract ] Objective To investigate the clinical characteristics and genetic variations associated with Costello syndrome in fetuses.
Methods This study involved two pregnant women who visited Ningbo Women and Children’s Hospital in 2022.Clinical data and
family history of the fetuses and family members were collected. Whole-exome sequencing ( WES) was used to analyze the
pathogenic genes of the fetuses. After identifying suspicious variations, Sanger sequencing was conducted to verify these in the
probands and their parents. A literature review from 2000 to 2023 was conducted on China National Knowledge Infrastructure
(CNKD , Wanfang Database, and PubMed using keywords of “Costello syndrome” or “prenatal diagnosis” or “HRAS”. Results
Fetus 1 ultrasound findings showed polyhydramnios,cystic hygroma in the neck,a smaller left atrium,renal pelvis separation, slit-
like gastric bubble, and slight retrognathia. Fetus 2 ultrasound findings revealed polyhydramnios, pericardial effusion, thickened
ventricular walls, left-sided pleural effusion, renal pelvis separation, single umbilical artery, and slight retrognathia. WES results
identified that fetus 1 carried a de novo heterozygous missense mutation in the HRAS gene.c.35G>T (p.G12V), while fetus 2
carried a de novo heterozygous missense mutation in the HRAS gene, ¢.34G>T (p.G12C).Sanger sequencing confirmed these
mutations as de novo in both cases,as the parents of both families were wild-type.Combined with a literature review of 14 articles
reporting 24 cases of Costello syndrome, most cases exhibited clinical features such as polyhydramnios (85%), cardiovascular
abnormalities (92%) ,preterm birth (83%),and distinctive facial features (81%).Seven HRAS gene mutations were identified,
with the ¢.34G>A (p.G12S) mutation being the most common (31%). Conclusion The pathogenic cause of fetal Costello syndrome
is missense mutations in the HRAS gene,and there may be a correlation between genotype and phenotype in Costello syndrome.

[Key words] Costello syndrome; HRAS gene; whole exome sequencing
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Fetus 1 ultrasonographic findings
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Fig.2 Fetus 2 ultrasonographic findings
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Fig.3 Sanger sequencing results of the HRAS gene ¢.35G>T (p.Glyl2Val) variant in pedigrees
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Fig.4 Sanger sequencing results of the HRAS gene ¢.34G>T(p.Gly12Cys) variant in pedigrees
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Table 2 Clinical phenotype of Costello syndrome fetal
EEDE A AWM ¥k HUE ONT L3 BHE HE OmE M o R ER
ORI A SR A A e’ 3 T -t SRRSO |1 )
N2 7 2% A wdE ARk WME JW 4 5 ORF WA me
[3] 1 M NA NA + — + + + + + — + — + +  NA FETITIREEEE
[4] 2 M NA NA + — — — — — + — — — + + NA NA
[5] 3 M ¢37G>T pGl3C NA  — — — — — + — — + + + NA NA
6] 4 NA 35G>A pGl2D  — + — + + — + — — — NA + NA TS
5 F  35G>A pGl2D  + + — — — — + — — — + — NA ZFOHEB
6 M  ¢34G>T pGl2C  + — + + — — + — — + + +  NA FETIFIEEE
7 M  34G>A p.Gl2S  + + — — + — + — — — + + 4+ BT PFIE A
[7] 8 M ¢35G>A p.Gl2D  + + — — — + + — — — + +  NA TP s,
B U 5 vy
[8] 9 M 34G>A p.Gl2S  — + — + — — + + — — + +  NA ZEFOghhds
10 F 34G>T pGl2c  + — — + — — — — + + + + T HRE R
11 F c34G>A pGl2S  + — — + — — + + — — + +  NA RFOHIEB
[9] 12 M 34G>T pGl2C  + — — + + — + + — — + +  NA TSR
13 F 35G>A pGl2D  + — — — — — + — + + + +  NA T
[10] 14 F ¢35_36GC> p.GI2E  + + — — — — + + — — + —  NA ZRFOHIEB
AA
[11] 15 M 34G>T p.Gl2C — — + — — + — — — + 4+ NA BT IR0
16 F  356>C pGI2A  + — — + — — + — — + + + NA NA
17 F  c34G>A pGl2S  + — — + — — + — — + + + NA NA
18 M 34G>A pGl2S NA  — — — — — + — — — + — + NA
19 F  34G>T pGl2Cc  + — — + — — + — — — + +  NA HFOHEE
[12] 20 M 34G>A pGl2S  + + — + — — + — — — + + NA NA
[13] 21 M 34G>A p.Gl2S  + + — — — — + + — — NA + NA WgFEHM
[14] 22 M 35G>A pGl2D  + — — + — — + — + + NA + NA  gFEN
[15] 23 F 34G>A pGl2S  + — — — — — + — + — NA + NA IWFEN
[16] 24 F  c35G>C pGI2A  + + — — — — — — + + — NA -0 30
L 1 25 M e35G>T pGl2v + + + — + + + — — — 4+ NA NA NA
it )L 2 26 M e34G>T pGl2C  + + — + + — + — — + 4+ NA NA NA
B 85 42 12 54 23 12 92 19 19 35 81 83 12
W NA AR,
p.Gly12Ser
p.Glyl2Arg | [p.Glu49Glu
p.Glyl12Asp p.Thr58lle
p.Gly12Val p.Ala59Thr
p.G{ylZAla p.Gly60Asp
p.Gly12Cys .Gly60Val
= Ef(on p.Gly12Glu E.Gl§6lAig p.Lysl17Arg
= 5'-UTR p.Gly13Asp | [p.Glu63Lys p.Vall25Ala
aCDS p.Glyl3Arg | [|p.Arg68Gln| |P-Leul33Phe YTV
3'-UTR p.Gly13Val | [|p.Arg68Trp| |P-Glul43Lys B elHi
p.GlylsVal | |[p.Arg73His | /| P-Alal46Thr p.Argl61His
p-Gly13Cys || [p.Gly75Arg|/ | P-Ala146Pro p.Argl69Trp
p.GIn22Term || [p.Ser89Cys || | P-Alal46Val p-Met182Thr
p.His27His p.Gln150fs* p.Argl64Arg
( Effecfor r¢gion Hype@n
32 40 166 185

7 : HGMD 5 Locus Specific Database list U4 SR AY 5 Costello £ A EAH B9 HRAS 3 K A8 500 fii 7s 7 18 b 3 1 g5 0 8o 2= 14,
HRASERZT RS G REREHIETEE

Fig.5 Schematic distribution of HRAS gene variants and protein structural domains
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