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[ Abstract] Objective To investigate the clinical manifestations and genetic characteristics of a Chinese Han
family with Axenfeld-Rieger syndrome ( ARS). Methods A pedigree study was conducted. Three people from a
Chinese Han family with ARS who visited Henan Eye Hospital in January 2024 were included, including 1 patient.
Clinical data of the proband and her parents were collected. Comprehensive ophthalmic examination and general
physical examination were performed on the proband and her parents. Peripheral blood samples were obtained from
family members for DNA extraction. Whole exome sequencing was performed on the proband,and the copy number of
the ZBEDI1P1 ,ENPEP ,PITX2 ,and FAM241A genes in family members were validated using the real-time fluorescent
quantitative PCR. Axenfeld-Rieger syndrome, Axenfeld-Rieger Syndrome,and PITX2 were used as keywords to search
across databases such as OMIM, ClinVar, PubMed, CNKI, Wanfang, VIP, DECIPHER, and Google Scholar. The
clinical manifestations and microdeletion types of different patients in ARS literature related to PITX2 microdeletions
in China population were summarized , and the relationship between genotype and clinical phenotype was analyzed. The
study followed the Declaration of Helsinki,and the study protocol was approved by the Ethics Committee of Henan Eye
Hospital ( No. HNEEC-2024 [ 34 ]). All subjects understood the purpose of the study and voluntarily signed the
informed consent form. Results The proband was a 25-year-old female, exhibiting diminutive cornea in both eyes,
polycoria, deformation and displacement of pupils, a flat mid-face, maxillary dysplasia, tooth loss, and a protruding

umbilicus, among other symptoms. Parents of the proband were phenotypically normal. DNA sequencing identified a
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1.06 MB microdeletion on chromosome 4q25 in the proband. Real-time quantitative PCR confirmed that this
microdeletion encompassed the PITX2 and ENPEP genes, and it was absent in the proband’s parents. The ClinGen
CNYV pathogenicity scoring indicated that the deletion involving the PITX2 gene represented a novel pathogenic copy
number variation ( CNV ). Five studies related to 425 microdeletion in Chinese families with Axenfeld-Rieger
syndrome was screened ,including 13 patients. Clinical manefestations of the 13 patients included corneal disorders
(‘accounting for 100% ) ,umbilical hernia and dental anomalies (‘accounting for 92% ) , irregular intraocular pressure
(‘accounting for 62% ) , iris atrophy ( accounting for 46% ) , and posterior corneal embryotoxon ( accounting for
31%) .

encompassing the PITX2 gene was found in the proband,which is associated with characteristic phenotypes including

Conclusions For this Chinese family diagnosed with ARS,a novel pathogenic 4q25 microdeletion variant

microcornea, congenital iris dysplasia,polycoria,tooth loss,and a protruding umbilicus.
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SYBR Green Master Mix ( 7§ &% i ME 22 A W B B2 IR0 &
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Table 1 Primer sets used for realtime fluorescent
quantitative PCR analysis

Er S| S5 (5'-3")
ZBEDIPI 1E 1 : AGGGGTGGCTTACTTCTACTTG
Il : GGCAGAATGGGACAAACG
ENPEP iF [i] : CCCCACATGCCAGCAACTAA
JZ Ii] : CAGAACACCTCCAGCATCGT
PITX2 1E T : GAAGGGCACTAGAGGATCGC
JZ 1] : AACGAGCTGACGAAGAGGTG
FAM241A IF 7] : ACATGGGCTTCACAAGGATG
JZ I : CAAGGCAAAGAACAGCAACTA
GAPDH iE ] : TGCCTTCTTGCCTCTTGTCT

J2 [a] : TCACCATGTAGCACTCACCA
T : PCR: 5 Bl 2 S 5 GAPDH : 1 il 2 - 3-8 R It L Al
Note : PCR : ploymerase chain reaction; GAPDH : glyceraldehyde-3-phosphate

dehydrogenase
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FHHRHR A 15. 8 mmHg ( ImmHg =0. 133kPa) , £ R
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JIN B 43 ML S 0 P T SR O PR TS KB 43 MG I , A B
B4 FRIEXE£HGWRE IR E T A oE, AT 6 HF
W R A ESIEAFEAR B AFWEAL  CHBFIRR S
Figure 1 Color imaging of the anterior segment of both eyes of the
proband Small corneas, atrophy of the iris stroma layer, formation of
multiple pupils, obvious deformation, displacement and irregularity of the
pupils, shallow peripheral anterior chamber, partial anterior adhesion of the
iris roots,and a visible white posterior embryotoxon (arrows) at the corneal
edge were seen  A: Right eye B:Left eye Figure 2 Panoramic
fundus color imaging of both eyes of the proband Clear boundaries of
the optic discs in both eyes and flat retina were seen A Right eye
B:Left eye Figure 3 Ultrabiomicroscopy examination of both eyes
of the proband Consistent interruptions and defects in the iris of both
eyes, anterior adhesion of the majority of iris roots,and narrowed angle of
the anterior chamber were seen Figure 4 Comprehensive physical
examination of both eyes of the proband Tooth loss partialy, with
only 6 lower teeth and a protruding umbilicus were seen A Maxillary

dysplasia B :Loss of teeth  C:Protruding umbilicus
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76 1.06 Mb [ B2k (chrd:g. 111397570 112465250) , %
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Figure 5 Test results of gene copy number variation on

chromosome 4 of the proband
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1453 =0.99 73 Z R S BOR 2 R .
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ZBEDIPI .ENPEP PITX2, FAM241A % D1 ¢ /73 % K
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Figure 6 Realtime fluorescent quantitative PCR validation of gene

copy numbers
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Table 2 4q25 microdeletion and clinical characteristics of ARS in Chinese families

o AR &

4 ik =1 M 3 e P A AT

%5 Sk B A e ] 78 S5 P 531 (4% ,mmHg) T Z PR AE

1 Yang %' PITX2,  c. [0.47 Mb deletion including % R FAIRE B T OGN T LS 2 AT SR S R B A

ENPEP  PITX2 and ENPEP] ;[ =] W S

2 Yang %% PITX2  ¢.[0.216 Mb deletion including % 24.1/34.8  FFOCHR A 20 0 B BRSO I BE G ST L ST S RN
PITX2 and ENPEP] ;[ =] o

3 Fan %' PITX2 . [0.43 Mb deletion including % A 6 TR et D 000 TR I S B 0 S
PITX2] ;[ =]

4 Qin %" PITX2  c. [1.6 Mb deletion including 5 * 5 Rt A B T S AR RO L R R e
PITX2] ;[ =]

5 Qin 2511 PITX2  c.[53 kb incl. entire gene+ex. 1 4 13/15 AN AR S VR R R 2 R R L S R

of PANCR] ;[ =]

6 Qin 13 PITX2  c¢.[53 kb incl. entire genetex. 1 4 27/27 N Bz 5 B R T S 45 R e IR ERIE B Z R
of PANCR] ;[ =]

7 Qin 21 PITX2  c.[53 kb incl. entire gene+ex. 1 % 30731 PN B % B WA A R R i B O I IR BR IS B 2 IR
of PANCR] ;[ =]

3 Qin 21 PITX2  c.[53 kb incl. entire gene+ex. 16/15 B FRAN R 5 VR G 35 0T K 35 46 | 2 B RE L
of PANCR] ;[ =] T 5w

&

9 Qin %[15] PITX2 c. [ 53 kb incl. entire gene+ex. 1 #r EH/IEH N R e A B L 22 R R T A SR
of PANCR] ;[ =]

10 Qin 215 PITX2  c.[53 kb incl. entire gene+ex. 1 5 IE#/IE# PR L H e A ORI B S 4 B A R
of PANCR] ;[ =]

11 Qin 213 PITX2  c.[53 kb including PITX2 and %t F 25 FI PR L RSB AL L TS VR AR BR L0 S 35 4 L L 0
exon 1 of PANCR] ;[ =] SR

12 Zhang %“b' PITX2 c. [ 1.95 Mb deletion including E:) oA G R s BRIk & ARG IR R O I SN
entire gene & others] ;[ =]

13 Zhou %17 PITX2  ¢.[0.701 Mb deletion including % 52.4/39.8  fRMEIR R R OGHR LA 100 I TR L B L SR 07 iR S
PITX2] ;[ =] (AN IR

14 A5 PITX2  c.[1.06 Mb deletion including  Z¢ 15.8/15.2 /MO e R R A B 2 MEAE T ek L

PITX2] ;5[ =]

W[ =]RnzFAERTLESS | mmHg=0. 133 kPa

Note: [ = Jindicated that there was no variation in the allele 1 mmHg=0.133 kPa

V4 . AR R JEZE ARS A5 PITX2 Stpdas ARSI F 48 5 52 5% mi A~ 44 1) I R 5 3 &8 ¢
Sh R UL R R R BB T PITX2 B 95 DNA B2 X PITX2 #15CHY9 ARS, BR T #6477 6 AR
(13245 45 R 3 T SR R D, A PR s R g 0k 5o O IR B OQTRIGT R D 2 1A R SR/ W I [ A At
0,0 W T S o A SO B 4 b R prrx2 CEICKCEBRE . ARS I RIS BT RS T
LM SE ARS SCHR L B HL IR R R I A e PR SR BV 45 B B TR AL SR HE T A R T
e T R B AR 4 O T e A R ARS IR PR, A e A7 b 3k — 25 BF 58 LD RE AR AR BIL I . A
SARFIU K R Y A sk o T PITX gy UL ORI PITXZ JLIRG 4025 B A5 0
WA RIS B R AR T by ) Mgk AR RIUMAIR JERARAT UL F AR SR
SO L B SR 2 o s sy g, Y BROR BRI S ORTEY ARS A AR, SR T
4 ARS B95LEE X0 R iy OO ARPTISRAR DT, A5 B) T ARS A Ak
MR, FOBIR AL ARS &Y B, i
e e A
EETTERA R SENS . FETR R B S AT 5T o0 A A R R
I A DS G AN IE SRR UG SE o DI, AT s s i SRR 9 L i 4 MO0 L 22 W PR 1 5 2 e 1 SR 9 00
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