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[Abstract] Objective:To evaluate the dentofacial phenotype in non-syndromic tooth agenesis (NSTA) patients with paired box
gene 9 (PAXY9) mutation. Methods-Patients with NSTA who visited the Department of Second Dental Center of Shanghai Ninth
People’s Hospital, Shanghai Jiao Tong University School of Medicine, between January 2016 and December 2023 received whole-
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exome sequencing to screen P4X9 mutation. The location and number of missing teeth were evaluated by oral pantomography, and
dentofacial deformities were evaluated by X-ray cephalometrics. Results:Seven patients with PAX9 mutation were included in the
study, including 3 males (42.9%) and 4 females (57.1%). The patients were 7-31 years old at first visit, with a mean age of (19.7+
8.0) years old. All the 7 patients were PAX9 heterozygotes, of which 4 were missense and 3 were frameshift. The average number of
missing teeth was 15.942.9. The number of missing teeth in maxilla (9.6+2.6) was slightly higher than that in mandible (6.3£2.4) (P=
0.030). Maxillary second molar (100.0%), maxillary canine (85.7%) and mandibular second premolar (85.7%) were the three most
common missing teeth, while mandibular lateral incisor (14.3%) and mandibular canine (14.3%) were the two least missing teeth.
Patients with frameshift mutation had more missing teeth (18.3+2.1) than those with missense mutation (14.0+1.8) (P=0.032). X-ray
cephalometrics analysis results showed that the angle sella-nasion-subspinale (SNA), angle nasion-subspinale-subspinale-porion
(NA-Apo) and sella-nasion (S-N) in adult patients with PAX9 mutation were significantly lower than the normal reference values,
suggesting a shorter anterior cranial base and maxillary length. The frankfort horizontal plane-nasion-porion (FH-NPo) was higher
than the reference value, and the Y-axis was lower than the reference value, indicating a more prognathic mandible. The angle
subspinale-nasion-supramental (ANB) was lower than the reference value, indicating a skeletal angle Il malocclusion. The angle
upper central incisor-nasion-subspinale (angle UI-NA) was higher than the reference value, indicating a lip inclination of maxillary
central incisor. The angle lower central incisor-mandibular plane (IMPA) and lower central incisor-nasion-supramental (L1-NB)
were lower than the reference values, indicating a retroclination of the mandibular central incisor, and crossbite in the maxillary and
mandibular anterior teeth. Conclusion:The dentofacial phenotype of PAX9-mutated patients with NSTA is reported
comprehensively. It is helpful to improve the understanding of the role of P4X9 in human maxillofacial development.

[Key words] paired box gene 9 (PAXY); dentofacial deformities; X-ray cephalometrics; non-syndromic tooth agenesis; skeletal
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Tab 1 General information and summary of NSTA patients with P4X9 mutation

Patient Gender Agel/year Nucleotide change Amino acid change Exon Sub-domain Zygosity  Type of mutation

1 Male 19 ¢.305delT pI102Tfs*19 2 CSD Het Frameshift
2 Female 13 c.C365A p-S122Y 2 CSD Het Missense
3 Female 31 c.GI51A p-G51S 2 NSD Het Missense
4 Male 26 ¢.189delG p-G64Afs*21 2 NSD Het Frameshift
5 Female 23 c.GI51A p-G51S 2 NSD Het Missense
6 Female 19 c.131_134del p-Q45Y1{s*39 2 NSD Het Frameshift
7 Male 7 c.G337A p.D113N 2 CSD Het Missense

Note: NSD—N-terminal subdomain; CSD—C-terminal subdomain; Het—heterozygote.
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Note: A.A.—amino acid. N-terminus, 1-5; paired DNA-binding domain (PD), 6—131; N-terminal subdomain (NSD), 6—63; linking peptide (LP), 64—81;

C-terminal subdomain (CSD), 82—131; octapeptide motif (OM), 168—189.
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Fig 1 Distribution of variants in NSTA patients with PAX9 mutation

2.3 WL

BEF B JEF (15.942.9) B, B
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0.030), 71.4% YA i A0 A I o Bk 2 A2 A ) o 2L 2
W T E 4.0 (BT $4.0/0) . AR
B EoRE, BEEAWEFERTE [ (183+2.1)
W] Z TR X EBMEE [ (14.0+1.8) ] (P=
0.032), MM EARFE, 574800 T NSD iy B4 B A

[ (16.5+1.7) i ] 547 F CSD W & & ik F 44
[ (15.0+4.4) ] 22R g1t X (P=0.550)
A RS (100.0%) . BAiARE (85.7%) . AN
ST A (85.7%) NERHE WAER AL, TN AU
A (143%) . FRRT (14.3%) Ffe/b ik i
Mo (HSEREME, BT LEE Bz, BT
BB DA R AR S P AR R B R 4
RIULE 2,

) Right Left
Location
PM1 Ca LI CI CI LI Ca PM1 PM2 Mol Mo2
71.4% | 85.7% | 71.4% | 42.9% | 42.9% | 71.4% | 85.7% | 57.1% | 57.1% | 57.1%
42.9% 42.9% | 57.1% 42.9% | 85.7% | 57.1% 71.4%

Note: The prevalence of missing teeth is presented as a heat map. The darker the red, the higher the frequency of missing; the darker the blue, the lower the

frequency of missing. White background represent missing frequency close to the average missing frequency of all sites in the dentition (56.6%). Max—
maxilla; Mand—mandible; Mo2—the second molar; Mol—the first molar; PM2—the second premolar; PM1—the first premolar; Ca—canine; LI—lateral

incisor; CI—central incisor.
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Fig2 Pattern of missing teeth in PAX9-mutated NSTA patients
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Tab 2 Comparison between X-ray cephalometrics analysis parameters of patients with P4X9 mutation and classical norms

Parameter Adult PAX9-mutated patients
SNA/(°) 75.3+4.1
NA-APo(convexity)/(°) —-17.8+11.0
S-N/mm 62.3+2.4
FH-NPo/(°) 95.843.5
Y axis/(°) 53.6+2.9
ANB/(°) —-6.8+4.7
U1-SN/(°) 111.4+14.7
Angle UI-NA/(°) 36.1+16.9
Distance Ul-NA/mm 6.6£5.1
IMPA(L1-MP)/(°) 76.6+13.1
L1-NB/mm 0.3+2.9

Underage PAX9-mutated patients .
Classical norm

Patient 2 Patient 7

80.5 79.3 82.8+4.1
-25.0 -5.8 6.0+4.4
62.5 60.9 71.0£3.0
99.9 92.2 85.443.7
48.7 55.4 64.0+£2.3
-9.8 -34 2.742.0
110.9 109.4 105.7+6.3
30.4 30.1 22.8+5.2
5.8 3.7 5.142.4
76.2 76.0 96.7+6.4
0.7 0.7 6.742.1

Note: Parameters below the classical norms are shown in green, parameters above the classical norms are shown in red, and parameters within the classical

norms are shown in black.

Note: S—sella; N—nasion; Or—orbitale; A—subspinale; B—supramental;
Gn—gnathion; Go—gonion; Po—porion.
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Fig 3 Lateral X-ray cephalometric projection and cephalometic
landmarks of a typical PAX9-mutated patient
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analysis of the prevalence of dental agenesis of permanent teeth[J].
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