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Abstract

Object: To summarize the clinical phenotypes and genetic characteristics of Verheij syndrome
caused by PUF60 gene variation. Methods: The clinical data and molecular genetic test results of a
child with Verheij syndrome caused by PUF60 gene mutation in Qingdao Women'’s and Children’s
Hospital in August 2019 were retrospectively analyzed. The relevant literatures up to August 2020
were searched on China knowledge Network, Wanfang data knowledge Service platform, PubMed
and Human Genome mutation Database with the search term of “PUF60”, “PUF60 gene”, “Verheij
syndrome” and “Verheij syndrome” respectively. The clinical phenotype and genotype of patients
with PUF60 gene mutation were summarized. Results: The patient was 10 years old and 2 months
old with “slow growth since childhood”, at the same time, mental retardation, special facial fea-
tures, heart, eye tissue, spine and hand and other system deformities. The child was 121.1 cm in
height (<-3SD) and 29.1 kg in weight. Growth hormone stimulation test showed partial growth
hormone deficiency (peak value 8.93 ug/ml), insulin-like growth factor 1 (IGF-1) 188 ug/L, chro-
mosome 46, XX; bone age was equivalent to 9.5 years; pituitary CT plain scan showed no obvious
enlargement of sella, and the structure of sella was unclear. Anteroposterior radiograph of the
spine showed a slight right convex curve centered on chest 12. High-throughput sequencing of the
whole exon revealed that there was a heterozygous mutation of PUF60 gene (c.407_410DELTCTA)
in the child, which could lead to frame-coding mutation, and no relevant frequency was reported
in the normal reference population gene database. As verified by the parents’ samples, there was
no mutation at this site in both parents, which was a new mutation. According to the American So-
ciety of Medical Genetics and Genomics Variation Classification Guidelines, this variant is patho-
genic and has been reported before. Conclusion: The clinical manifestations of Verheij syndrome
include psychomotor retardation, special facial features, and multi-system deformities of heart,
kidney, eye tissue, spine, and hand and foot. The mutation of PUF60 gene c.407_410DELTCTA was
the pathogenic cause of this child. Genetic testing can help diagnose the disease early.
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Verheij 2541 (Verheij syndrome, VRIS)& — KUK K HIRLE. B IS RRRHA . BHEEH T
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2.1. EFEGIFTR

BIL, 2, 105 2 H, PL“AAEKZEE” whi2, k2 FAKEREL) 35em. EILRREESE 6 %
277, B “MRBRIEE” W 4k, HEE39 Bk, NI, 5. U Sl . Z
PERL R BB )LAE KR E 2R . 22 40 A “BR A AN IE 7 8 Fe i o BB L ZE AR E 3 kg, HAE &K 50 em,
Apgar VAT, EJEEE 2 KRR “AEF 2L HATFARBIT; 7~8 AR H ISR | 515, w2
%, RMHPEHEIRRAE. 1 BEAT Ik FEHEAR” , 5~6 SIF KM “ LR REFRAR. £
BRAER” , BFrIERITES s 9 SR HIUCHTE 1 Ik, RIVIUEERE, DEEE. TREM, FFed s
SRR 10 SBTE)LFE R I 1k, RILEFT, 568 CT RWHE R, 11 FREJLEI R
I 2 chhidE, 5EE 2 /NI EDR R IR R AR, U IR “ e ZRIPEIR RIT R, iR R
ERE. T8 MASk, UAHSE, BERKERBUER. W E/ANFAREL, 52 G B3 st
10~20 43). SCBHALE, FINAEUDELSHD, 036 5 F 172 cm, B¢ 163 cm, H— 24 L 4HIH, BL5 7 163 cm,
fg . NS R IR B IR 25 o S st A s

BT P10 £ 2 AW 55 121.1 cm (<—3SD). K 29.1 kg, &, M m—8, KE%G,
2 By R R RSEOR W gy nERE, ZER ARMIE, WY 0OEE, RRRRINACEIW: 7R, AiEiE, SUAR
R s, AR A BAR. J5RPREAR) . WIR-PAR, XURIRIR EH, AR &R,
OHIX TR, KMbIGEE, OEH T, 55, SRS XK E RS, B8, BT Kk
Ko, BXTEEE, AL, PURCTCESE, XUNFLE BL B, VeSS, Tanner | A, XU gk s 5 1k
walh, VUMUK imT, FRERAER M .

HWBRE: MHEA. AFEThEE. M. RO =T, MK +-HCG. 25-FH4iE R D. HA%E
FL P R REE R s AIARE RS R PIRP 25950 AT A KRR ER B 7 AR IR T 43
Z (I8 8.93 ug/ml), IGF-175 188 ug/L: Hi#/mAH=T 9.5 % A EHIESEAN, RTHEAE MR 0 E, #
i CT ~PH/REEECR W YK, BN R R ERIEA B, DU 12 JydhCag a4
M2 (L1 1) HFRHJBRRR S IR R W58 s RPN T 5 K/ 24 x 6 mm, Al BN S K/ 21 x 7
mm, P RLZAN NI, Ao GRS R AN, ST E R A MO S RN s 8 S OB RS S R
(F3FH8 8 mm, HmFELANFAE 3.2 mm).

BAEERE: SN MR o 46, XX; AR THARBEENF: £8)LRXEHMmEREE,
FHEUE LA A RS IS 2 ml BEAT RGN, 45 57~ PUF60 5K 44 445 5(c.407_410delTCTA), %4 5H S5
MR RAZ (WL 2), SIEEEE 136 2 B8 HH 7 5o 2 MR AL N IR IR (p. 1136 Tfs*31), T3 JINHE& AR i 2% 1k
(PVS1); %48 AE IEH 278 N H 2 DR H0H e h G AH DO il (B A ZE I A% EXAC:.; 1000 Genome:.;
gnomAD:.) (PM2): ZAXBEFEARIKIE, %48 5 AH K AL 5 (PS2): Mk 36 B BR 2t AL 2 B DN S A 4 s
(ACMG)ZE 534 K8 HI[13], %A 7 NBUR AL 5 (ACMG: PVS + PS + PM).  A4L5 51 72 kLA BITHIF 72 1 A
OGS L) L3 PR BiAe 3 23 01 2 ikt

22. XBRERER

PL “Verheij ZE A 1E” « “PUF60 2£[K” . “8024.3” . “Verheij syndrome” . “PUF60” A& & i,
A3 WS 2R 5 7 B+ v [ 0 X B E (CNIKI) « Pubmed BL A2 HGMD %54/ i [ 4 P 28 2020 4 8 H Ui 11
SCHR, HEA 12 R SCRRIRIE AR A AE, [ AR 10 B BN 2 B o 34T 28 5] PUF60 5[4 48 5 (1) VRIS i #[2]-[12]
AFEAIIL 29 3, Hoh 5 12 ], 22 16 9. FE% 28 Ji~22 % . IGIRERM: Ba11(28/29); 1K
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Figure 1. Positive radiography of spine in children with Verheij syn-
drome: scoliosis, slightly convex to the right with chest 12 as the

center
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Figure 2. Sequence map An of exon 8 of PUF60 gene in children with Verheij syn-
drome and their parents. (a) Heterozygous variation of PUF60 gene in children (c.407
to 410delTCTA. 1136Tfsvariant 31); (b) The sequence diagram of the mother is nor-
mal; (c) The sequencing map of the child's father is also normal

2. Verheij ZZE&HEE ) LR E R & PUF60 £ [# 8 S/ME FMIFE.(a) &)L PUF60
HEZETTF(c.407_410delTCTA, p.1136Tfs*31); (b) %)Ll%}"ﬂf‘ EIEE; (c)
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T(28/28); LIERETE(19/29); ' AEHE Y (6/26); HRZHZA5%5(19/29); W J1REAS(8/18): H AL (16/28); X%
FIREAL(11/26); T2 78 (14127); FRkZ BIE(5/16); PEIEFME(L13/22); R (6/21) 5 55k A THI BB HRAE -
KA H(19/26). 5 E5%(8/26). T L J=(14/26). /N FH(9/26). FH#I(15/26). R CEAEIEE, A 2020
TF 8 HRIBE % T PUFGO J: K B0 48 7 (14T 24 4>, 2 41 ¢.407_410del TCTA 22 5%, A 3 i i JLtH I ¢.541G >
AR AR RS 8 A, LB 44, BT AR 5 8 A, BUERAT s AR ST 7 ), 1K AR S R A 30.43%(7/23)
PRATER 7 &I EL T, A 21.74% (5123)MAARAM BT RRML X, A 13.04% (3/23)M148 741 B A7 T
RRM3 [X, £ 4.34% (U/23)f17A AL EALT RRM2 [X, H 13.04% (3/23)1A8 AL BAL T B2k 4k, &
17.39% (4/23) ()78 - for BAL T B it kb

3. g

VRIS & —Fi 2 R RIS H LA, WA REEGZH/E RS, 1E 2009 1 Verheij ZE[1]H
WRINZEEEAE, RIAE 8g24 XIRAFAE R B R IIE L, &3 R4 3L A ok X 38 8.35Mb, 3t
A 22 AR, B S 7E 2013 4 Dauber S5 [ 2] 7t R I 12 Bk A4 R L IR R DX 1) g /)N (1 B 2 X H 4 =
ANJER: PUF60. SCRIB. NRBP2, {5t PUF60 1%L K 42 &40 o i EUR R K . TR, KT
PUF60 K&Kl A 7832 i 16 22 [9], PUF60 s2dmtd iz R4 & B F 2L, & 14 MR FF 13 M &1, 559
NRIER, VENBTHER FAERTAG A RNA FRESE sl fR b R IEEEEH .. AHF5TIEH, PUF6G0 Af
i I 40 ) i e R T FUSE 454 2K [ (far upstream element binding protein, FBP)#iH#% A KB HEE c-myc
MIFIE . BEDfa iR sc i R WI[2], Mifk SCRIB K. PUF60 FEE—R R SEFMIEN. /Ky
T MR A, AR SCRIB JEK Al SEURES . HHEm L, PAMERR PUF60 JE K ml 80 IF 45+
S . AR EEER SCRIB A1 PUF60 JEKIXTHRALZL. O IF. Sk, BERI4NE R MR IE LA, (HIFS
INE T GRS FR/E PUF60 J RIAR 5 88 Lt 0 T AR AR, 48 Hh IR S A vl REAS A2 e
SCRIB # [A {51 EE /Y . 7F 2017 4 Santos-Simarro F 25 [419\ IR BB 7 PUF60 JiE A28 72 () VRIS
BFPR AR IR, X5 Graziano Z[5]EMRE S — 5, JEELIILTR T 1 0 AIRA RIS RF
SR LI SR A A 3L R MBI B3, (5 PUFG0 7EHR MG & B 12 A i BARTh 8 i AN B, 810K PUF60
TR INE] T I AR S e R I B R, R T BIH BTN IR, MR KA ISEE ST SCRIB
NRBP2 BL/MZ IR 175 57 (10 A5 . 7F 2018 4F Abdin 25 [91WF 7T UE B 47 7E PUF60-SCRIB fili & 4% 3 A<, PUF60
F1 SCRIB 45 & AR AN i T HFA IR KRR I, 110 B AL T il & 3 AR MIAF/E . B Zhao Jin J 55
[10]IAH PUF60 Xt T-#h 22 o BT H e A4 dE % RBE M E A, RIS B M AR G, ASC IR UE B PUF60 2 ]
& FHVRIS B i) E RN . 75— TXF 28 44 8 F BRI B o AT A4 L R I gL
i ] CADD P43 K fliy A8 S A7 A i aomi v, v PUF60 3£ [R128 52 1) £ )L CADD > 30 43, s,
FKFEOR . PERIE, £ OMIM %= d, CADD $F/0#it 20 4r IS0 AR S B35 hn, Frg iAs
S A A BRI Re B0 [14] .

T AR A A TEGE PR 31 61 VRIS SR I PRARFAE, R RR AL, 5 Charge
CRAAEMELLES ], YR RINAERK KBV . FFRIIA &2 RA e RERITY . BEE VRIS ZEEEmH1HK
E L, RIMFIFRE LIRMEEESR, W Charge ZEAMEEE & il BISZ. H AR ks s
FRIE. ARG LIT IR, o B R RriE, JEHIIEE. AT S 2 KRERTEIEN, WS VRIS
MR . AR [8], BT IX Le LR [RI7E [A]— N 5 G 5 7 A g b, R b2 s e % €2 52 11
HH K DNA [HE55%, FERIRIE A 200 4 0 F Beo 5 BT R 1928 R7EAS R B 4 s S AN [R], BRI Rp
G R R INA EBRT S, ARILEEIEE 2T & R R AR B2 A — 2R e A i, R
KMINE %5, A5 Chehadeh S E Z5[6]43 4B 1 #5717 ¢.407_410del TCTA Bt RALH) 2 &3 . Ja
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BERINENEKKEZR. BIHKERE. BERKE®E. AR ERER, HAG S LER
41 LESE 30t 3007 PR R SR R, & O A, 7E 53 /b — M 58 L B ARAT I L e R A, (RIF Rk
At 5B LI AES LR IEE 1, EARGE LS. R, B3, Lowkd Z5[3].
Santos-Simarro F Z£[4]81 Graziano %5 [5]4) i 1 #5417 7 PUF60 %K ¢.541G>A i AL 71 3 7l 4,
Hf 2 GIFEEHE AR IR, 40 LI ek, o 1 58 L BT 7 i R & 5 R
WAL, 2 B IATEEE K E R, AR B A R AR 2 . A B LIR & I HoAh Sk b R iE
FIGACREAR, a8 LA RPR R HE R 2o U 51 SEAREANTE, A0 5 5% 75 s H AT S0 B AH 0T 5T 58
H PUF60 &K 2 5 520 U9 (1T B IR I R TR B i 2. VRIS LA TEIRRRAE ] A 7, SE30 =
I B S AT B TE B S, R R AR, WG IR S W R . A 5 N o I PR R, K S
Bl ) LR D e i 225 (1 A 6

Wells C [7]557F 2016 4F 55 ik4ikiE 1 1 4 27 Ji i )L T EK FRIAR G, & Array-CGH 1 FISH 404112
Wik 8g24.3 YLt ki . A LIEE NWRIUN PG S IR L3k 5 KB A4, . BRE.
WFE TR R S HME R S R A, 1 28 AT S FR. M VRIS & TeWiG, N RKEH
BEP= T2 W 8 e F AR B LR LI ME— 7. BAR H AT O RIE 1) PUF60 SRR S 8 8 kAR 57, 24
PR BILULRMK, EARHERR R ZENT %L A FE IRk G 357 4 ORI RE, DRI S R i 7 2 WA T
FERTE W .

4, g5ig

25 bRk, PUF60 KA 5+ FEH VRIS LR A IE LR IUNAE KK BHIG . BIRENG . RRERH .
SRMEGHER . BT HEEL RAWY, R EARGET k. W TANEKNNRFIEEMEIL, NE
JERIASR I AT RE, IS AT il I SR8 AL A A W R B, Dk — B PRl B L . ROLIEAE
W B A2 iS5 5 T PR AR -
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