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Abstract

Primary failure of eruption (PFE) is observed as a defect in the tooth eruption mechanism with the heterozygous
mutations of parathyroid hormone receptor gene (PTH1R). The present study reported 2 families suffered from non-
syndromic tooth eruption disorder in successive generations. Genetic analysis and standardized assessments, including
clinical and radiographic examinations, of the dental condition of all patients were performed to give a clear understanding
of the disease. The mutation of PTHIR was detected in patient 11-1 (Family I) by PCR and sanger sequencing.
Sequencing analysis reviewed heterozygous presence of ¢.439C>T in exon 2 of PTH1R. According to the UniprotKB
database, PTH1R is highly conserved among several mammalian species. RNA-seq was performed to further analyze the
role of PTHIR in tooth development and eruption. It showed that during tooth development, the expression of PTH1R
decreased in the early stage of tooth development in rat and mouse. However, the mutations of PTH1R were not detected
in 2 patients from family I1. With extensive analysis of the radiographs and physical examination, we attemptedto use
orthodontic methods to create enough room for tooth eruption, which shows therapeutic result to the submerged tooth.
The results suggested new orthodontic scheme for the PFE patient without PTH1R mutation. Both clinical and genetic
diagnosis should be considered in the treatment planning.
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Introduction

Primary Failure of Eruption (PFE; OMIM 125350) is a rare autosomal dominant disorder characterized by incomplete
eruption of teeth without mechanical obstruction or ankylosis [1]. Both primary and permanent teeth could be involved
with no other identifiable local or systemic involvement [2]. Epidemiological studies evaluated that the prevalence of
PFE is about 0.06% [3]. Tooth involvement might be anterior- posterior axis, affecting molar rather than anterior teeth,
resulting in open bite in posterior teeth. So far, the treatment for PFE is limited. Orthodontic treatment has beenproved no
beneficial effect for tooth eruption, even cause ankylosis, which makes it important to establish a clinical genetic
diagnosis before planning any orthodontic treatment plan for the patient [4]. The heterozygous mutations of Parathyroid
Hormone Receptor Gene (PTH1R) has beenreported to be associated with PFE [8-10]. PTH1R is a receptor for
Parathyroidhormone (PTH) and Parathyroid Hormone-Like Hormone (PTHLH), which relates to bone remodeling and
metabolism. Since the first reported 3 PTH1R mutations (c.463G>T, ¢.543+1G>A, ¢.1050-3C>G) in patients with PFE,
the spectrum of PTH1R mutations has been expanded to more than 40 potentially pathogenic mutations (including 8
nonsense mutations, 12 missense mutations, 9 splicing mutations, 9deletion mutations, 3 insertion mutations) [16-
19]. However, the road to unravel the genotype-phenotype correlation is still quite elusive and even more puzzling since
the spectrum of disorders arising from PTH1R mutations is so broad. Reporters indicated that dominant mutations in
PTH1R could also cause skeletal disorders, such as Jansen’s metaphyseal chondrodysplasia, which cause a disorder of
bone and cartilage development, leading to short limbed dwarfism [13-15]. The complete understanding of this wide
phenotypic spectrum for similar mutations is enigmatic, requiring a complete understanding of the structure and function
of the PTHLR gene. This report presented 2 cases suffered from non-syndromic tooth eruption disorder in successive
generations, who are referred to the department of orthodontics at the afflicted stomatological hospital of Fudan
University. Genetic analysis was conducted for causative gene identification in each proband with PFE phenotype. One
proband was found to carry a reported PTH1R variant (c.439C>T). However, the mutation of PTH1R was not detected in
the second case, whose father showed same symptoms withimpact upper left second molar. Standardized assessment,
including clinical and radiographic examinations, of the dental condition of all patients was performed to givea clear
understanding of the disease. We attempted to apply orthodontic force in patientwithout PTH1R mutation, which obtained
therapeutic outcome. We therefore posit thateven in isolated cases of PFE, the genetic analysis offers a valuable metric to
predict the potential success of orthodontic intervention. Better defining the clinical presentation of PFE in relationship
to mutations will aid in elucidating the mechanismof PTH1R in the somatic system, and allow us to add to the body of

knowledge definingthe eruption process in general.

Materials and Methods

Ethical approval. The scientific research ethics committee of the Shanghai Stomatological Hospital approved the study
protocols. Written informed consents for genetic testing, clinical examination & pictures and radiographs (panoramic,
orthopantomograms) were obtained from all available subjects prior to participation. Incase of minors (participants under
the age of 18), informed consents were obtained fromparents. This study included 2 families with 3 individuals (2 males and
1 female) havingprimary failure of tooth eruption. Samples collection. 3 ml peripheral blood samples were drawn for the
present study from 6 available individuals, including 3 affected patients and 2 normal individuals (Figurel). DNA samples
from these individuals were available for molecular analysis. Clinical examination of patients. A comprehensive
radiographic and clinical evaluationwas performed to determine a positive diagnosis of PFE. Any possible involvement

of mechanical or secondary obstacles were ruled out. All participants were in good state of health. General physical
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examination and extra oral examination did not show any abnormalities. Mutation analysis. After informed consent was
obtained per approval by the Medical Ethics Committee of Fudan University, venous blood samples were obtained from
the affected patients and a number of unaffected members of the PFE family. An unaffected member [Family I: I-1] was
chosen as the control. Whole blood samples were processedfor genomic Deoxyribonucleic Acid (DNA) extraction using
the TIANamp genomic DNA kit (TIANamp, DP304, China). The concentration and purity of DNA were determined
using absorbance- and fluorescence-based quantification methods. Based on the nucleotide sequence of the parathyroid
hormone 1 receptor (PTH1R) (GenBank: NM_000316.2) (https://www.ncbi.nlm.nih.gov/nuccore/1519313 776), we
designed 11pairs of primers for 16 exons (Table 1). The PTH1R gene was amplified by polymerasechain reaction (PCR)
and sequenced using our PTH1R primers. ClustalW2 software was used to align the sequencing results

(http://www.ebi.ac.uk/Tools/msa/clustalw?), and the DNA sequence was viewed with Chromas software.

Table 1: The primers of PTH1R.

Primer Name Primer (5’ to 3') Sizes (bp)
PTHIR F1 GGTCTTTTCTTGTCCCCAGC 242
PTHIR R1 IAGCACGGCCCAGGTATTTAG

PTHI1R F2 CACCCTCGTGGAAACTAAAC 168
PTH1R R2 GAGTCTGGGCTAAGCAACAG

PTHI1R F3 IAGCTCTGCACCCCCTACC 232
PTH1R R3 IAAGACTGCGTGCCTTAGACC

PTHIR F4 CTGCCTGTGGTCTGACCTTC 226
PTHI1R R4 IAGCCTTCACCTGGCTCTGTA

PTHI1R F5 TACCACCCTGGTTTCTCCAG 233
PTH1R R5 TCACATCAGAGGGACAGTGC

PTHIR F6+7+8 TGTATTCATCCTTCTGGGTCAC 701
PTH1R R6+7+8 CCACCTAAAGTAGGCCAGGA

PTH1R F9+10 IACAACCCAGCTTCCTGTCC 854
PTH1R R9+10 TGTGAAGCCCCACAGGTACT

PTHIR F11+12 GAATGACCTTGTGGACAGCA 514
PTHIR R11+12 CACAATGGAGGCCAGGAT

PTHI1R F13 CCCAGAGATGCAGTGACAGA 325
PTHIR R13 AGTCAGACGCTGGGTCCTTT

PTH1R F14+15 TGCTTGTTGAAGGGGAAGTG 394
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PTH1R R14+15 GGAGAAATGAGCCTTGAGGA

PTHI1R F16 CCATTTTCATTCCGTGCTG 666

PTH1R R16 GGAGTGAGTCCCCAGTTTGG

Sanger sequencing. Sanger sequencing was used to validate the potentially causative variant in all available family
members and ethnically matched healthy control chromosomes. The reference sequence of PTH1IR (ENSG00000160801)
was obtainedfrom the Ensembl genome browser (http://www.ensembl.org/). The amplicon was amplified in each sample
and screened by DNA cycle sequencing using a Big Dye Terminator v3.1Cycle Sequencing Kit in an ABI 3500 Genetic
Analyzer (Applied Biosytems, Foster City, CA). Sequence variants were identified via BioEdit sequence alignment
editor version 6.0.7 (http://www. mbio.ncsu.edu /bioedit/bioedit.html). RNA-Seq. To construct the cDNA library, total
RNA from first pre-molars of healthy teenagers and mouse/rat dental germ cells in the Embryonic (E) and postnatal (PN)
phases (E13.5, E14.5, E16.5, E18.5, PN1, PN3, PN5, PN7) were extracted using Trizol reagent (Invitrogen, USA,
California, Carlsbad). Library construction was performed following the manufacturer’s suggestions. The libraries were
sequenced on the Illumina HiSeq 2000 platform. RNA- seq analysis was performed to identify and visualize the

expression of the PTH1R gene in human teeth and mouse/rat tooth germ development.

Results

Clinical features

Case I: 23-year-old male (11-1) was referred to the Orthodontic Department because ofposterior teeth open-bite (Figure
1A). The parents declined the history of any relevant medical condition, dental trauma, inflammation of the relevant
alveolar area, or congenital anomalies such as cleft lip and palate or craniofacial malformations. Clinically, both sides of
posterior teeth, including second premolars, first molars and second molars were submerged (Figure 1B). Besides the
left mandibular first molar, the panoramic radiograph showed no mechanical interference of all affected teeth. The
panoramic radiograph showed inclusion of all primary pre-molars and molars of the affected side, with no discernible
mechanical interference (Figure 1C). A CBCT was carried out, showing a clear eruption pathway for all submerged
teeth (Figure 1D). Physical examination revealed no exceptional skeletal deformation or enchondromatosis. His parents
(1-1 and 1-2) showed no relative signs of PFE (Figure 1A). Blood samples for genetic analysis were taken only after the
patient and his father received a detailed explanation of the nature and possible consequence of the study and granted

informed consent.
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Figure 1: Pedigree of the Primary Failure of Eruption (PFE) family 1. (A) Pedigree ofthe 23-year-old proband’s family 1
from China; (B) Oral examination of the PFE family; (C) Panoramic radiograph of the PFE patient; (D) CBCT

tomographic imagesof affected teeth.

Case 11: 8-year-old girl (11-1) was referred to the Orthodontic Department because of anterior teeth crossbite (Figure
2A). A unilateral posterior open bite was observed at the right side. The teeth were severely submerged from both
maxillary and mandibular primary canines to second molar. The mandible right permanent first molar was submerged
(Figure 2E). However, the right permanent maxillary first molar was completely present in the oral cavity. Her 40-year-
old father (I-1), also suffered from unilateral posterior teeth submerge, affecting maxillary left first and second
molar (Figure 2A and B). A dental panoramic radiograph and CBCT were carried out, showing overlying bone
resorption and a clear eruption pathway (Figure 2C-G). Physical examination of both patients revealed no exceptional
skeletal deformation or enchondromatosis. No obvious signs of metabolic impairment. Blood samples for genetic
analysis were taken only after each patient received a detailed explanation of the nature and possible consequences of the

study and granted informed consent.
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Figure 2: Pedigree of the Primary Failure of Eruption (PFE) family 2. (A) Pedigree of the 8-year-old proband’s family 2
from China; (B) Oral examination of the 40-year- old proband’s father (I-1). Left upper first and second molar are
impacted; (C) Panoramic radiograph of proband’s father; (D) CBCT tomographic images of affectedteeth; (E) Oral

examination of the 8-year-old proband (11-1); (F) Panoramic radiograph of the patient; (G) CBCT tomographic images of

affected teeth.

Mutation analysis

Mutation analysis revealed that PTH1R was the key mutation associated with submerged teeth in family | (Figure 3).
The mutation was confirmed by PCR and subsequent sequencing of the PCR products, which revealed one mutation in
the PTH1R gene when compared with the Single Nucleotide Polymorphism (SNP) Database in NCBI (http://
www.ncbi.nlm.nih.gov/snp/) and the Human Gene Mutation Database (http://www.hgmd.org/). it revealed the
heterozygous presence of ¢.439C>T in patient I1-1 (Figure 3A). Together with a clear clinical presentation, c.439C>T
was classified as the genetic cause of PFE in Family |. The genotyping failed to detect a common region of homozygosity
among the family Il. However, to date, 40 variants ofPTH1R have been reported for the pathogenicity of PTH1R in PFE
patients. This mutation was verified homozygous in the affected individuals. The unaffected parentswere homozygous
for the wild-type allele (Figure 3B). The mutation lies in exon 2 of PTH1R, and results in the substitution of T with C at
cDNA position 439. According to the UniprotkKB database, PTH1R is highly conserved among several mammalian
species (Figure 4).

www.megajournalofcasereports.com



http://www.ncbi.nlm.nih.gov/snp/)
http://www.hgmd.org/)

5 C 439C>T

2a0 270 280 o0 200
OO ACC TOCADOCCATOCCTACC OATOC TOT O .ACCOGC.AATO S ACCT

Patient
-1

B » Norm

b

Figure 3: Partial DNA sequences of exon 2 of the PTHIR gene from the proband’s family 1. (A) The arrow indicates the
substitution of T with C at cDNA position 439,which is associated with submerged teeth in PFE patient 11-1; (B) The

normal DNA sequence of PTH1R in normal proband I-1. The arrow indicates the normal sequenceat position 439.
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Human WGTARTAPGLALLLCCPYLS SAYALYDADDYMT KEEQTFLLHRAGAQCERRLKE VL ORP AS IMESDKGY TS AST SGKP RKDEAS GRLYFESEEDKEAPTESRY RGRP CLPEWDHILCHPL

Orangutan WGTARTAPGLALLLCCPYLSSAYALYDADDYMT KEEQIFLLHRAQAQCEKRLKE YLORP AD IMESDKGN TSAST SGKP RKDEAS GKLYPESEE DKEAPTGERY RGRP CLPEWDHILCHPL

Chimpanzee MGTARIAPGLALLLCCPVLSSAYALVDADDVMTHEEGIFLLHRAQAQCEKRLKEVLQRPAN%mESDKGWTSASTSGKPRHDKASGKLYPESEEDKEAPTGSRVRGRPCLPEWDHILCWPL
SIM

Gorilla WGTARTAPGLALLLCGPYLS SAYALYDADDYMT KEEQTFLLHRAQAQCEKRLKE VL ORP AN TMESDKGY TS AST SGKP RKDIAS GRLYPESEEDKEAPTGSRY RGRP CLPEWDHILCHPL
Wacapue MGTARIAPGLALLLGCPYLSSAYALYDADDYMTHEEQIFLLHRAGAGCEKRLKE YL ORPASTMESDRG TS TS TS GRPRKDKPS GHLY PESEEDKEART GSRY RGRP CLPENDHILCYPL
Warmoset WGAARTAPGLAFLLCCPYLSSAYALYDADDYMT KEEQTFLL HRAQAQCEKRLKE VL ORP AD IMESDKGY TS AST SGKP RKDIPS GKLYPESE - DKEAPT GSRHOGRP CLPEWDHILCHPL
Pig WGAARTAPGLALLL CCPYLSSAYALYDADDYMT KEEQTFLLHRAQAQCEKRLKE YL ORP AD IMESDKGNAS APT SGIP RKEIAS GRLYPESGED - -~ -TGSRHOGRP CLPEWDHILCHPL
Goat WGAARTAPGLALLL CCPYLSSAYALYDADDYMT KEEQIFLLHRAQAQCEKRLKE YLORP AD IMESDKGYAS AST SGRP RKERAS GRLDPESEEDKEVPTGSRP QGRP CLPEWDHILCHPL
Dankey WGAARTAPGLALLL CCPYLSSAYALYDADDYMT KEEQIFLLHRAQAQCEKRLKE YOOKP AN IMESDKGY ASAST SGKP RKEKPS GKLYPESEE DK -- -EDPRHRGRP CLPEWDHILCHPL
Cat WGAARTAPGLALLLCCPYLSSAYALYDADDYMT KEEQIFLLHRAQAQCOKRLKE YLORP AD IMESDKGY ASAST SGKP KKDIAS GKLYPESEE DKEAPTGEERR RGRP CLPEWDHILCHPL
Rabhit WGAARTAPGLALLL CCPYLSSAYALYDADDYFTREEQIFLLHRAQAQCDKLLKE YLRAPAD IMESDKGYMS AST SGRP KKERAS GRLYAESKEDTEVPTGSRH RGRP CLPEWDHILCHPL
Wousge WGTARTAPSLALLLCCPYLS SAYALYDADDYFTREEQTFLLHRAGAQCDKLLKE VLHTAAN IMESDKGY TP AST SGKP RKERAP GRFYFESKENKDYPTGSRR RGRP CLPEWDNIYCHPL
Rat WGAARTAPSLALLLCCPYLS SAYALVDADDYFTREEQTFLLHRAGAQCDKLLKE YLHTAAN IMESDKGY TP AST SGKF RKERAS GRFYFESKENKDYPTGSRR RGRP CLPENDNIYCHPL
Sauirrel WGAARTAPGLALLLCCPYLSSAYALYDADDYFTIREEQIFLLHRAGAQCDKLLKEVLRTAANINESDKGN TS AST SGKP RKERASERLYPESKEDKEY ATGERR RGRP CLPENDY IYCHPL

RECERREE KR DRRR AR RN AR R RO RE R DR AR R R RN A LR KRR K ERRRRERE L LRRERRINIEL. 21 8% 1 L TERNKEERNE K IRREK
Human GAPGEYYAYPCPDY T YDENHKEHAY RRCORNGEWE LY PGHNR TWANYSECYKFLTHE TREREYFORLGH IV TVGYSVSLASLTVAYLILAYFRRLHCTRNYT HMHLF LSFMLRAYS TF YK,

YD
Orangutan GAPGEVYAYPCPDYTYDFNHKGHAY RRCDRNGEWE LY PGHNR TWANYEECYOFLTHE TREREYFORLGH IV TVGYS VS LASLTVAYLILAYFRRLHCTRNYT HMHLF LEFMLRAYS TF VI,
Chimpanzes  GAPGEYWAYPCPDYIYDFNHKGHAYRRCORNGSYELYPGHNRTHAN YSECYKFLTNETREREY FDRLGH IV T YGYSYSLASLTVAYLILAYFRRLHCTRNYT HMHLFLSFMLRAYSIFYE
Gorilla GAPGEVVAVFCPDY{xBFNHKGHAYRRCDRNGSWELVPGHNRTWRNYSECVKFLTNETREREVFDRLGMIYTVGYSVSLASLTVAVLILAYFRRLHCTRNYIHMHLFLSFMLRAVSIFVK
YD
[0

Wacapus GAPGEYYAYPCPDYIYDFNHKGHAYRR CORNGEWE LYPGHNR TWAN YSECYKFLTNE TREREYFDRLGH IV TYGYSYSLASLTVAYLILAYFRRLHCTRNYTHMHLF LSFMLRALS IF YK
Warmoset GAPGEVYAYPCPDYTYDENHKGHAY RRCDRNGSWE LY PGHNR T AN YSECYKFLTHE TREREYFORLGH IV TVGYSVSLASLTVAYLILAYFRRLHCTRNYT HMHLF LSFHLRAYS TF VK,
Pig GAPGEYYAMPCPDY TYDFNHKGHAY RECORNGSWE LY PGHNR T AN Y SECYKFLTHE TREREYFORLGH IV TVGYS VS LASLTVAYLILAYFRRLHCTRNYT HMHLF LSFMLRAYS TFVE
Goat GAPGEYVYAMPCRDY T YDFNHKGHAY RRCDRNGSWE LY PGHNR T AN Y SECLKFLTHE TREREYFORLGH IV TVGYSVSLASLTVAYLILAYFRRLHCTRNYT HMHLF LSFMLRAYS TFVE
Donkey GAPGEYYAYPCPDYTYDENHKGHAY RRCDRNGEWE LY PGHNR TWANYSECYKFLTHE TREREYFORLGH IV TVGYS VS LASLTVAYLILAYFRRLHCTRNYT HMHLF LSFMLRAYS TF VI
Cat GAPGEVYAYPCPDYTYDFNHKGHAYRRCDRNGEWE LY PGHNR TWAN Y SECYKFLTHE TREREYFORLGH IV TVGYSVELASLTVAYLILAYFRRLHCTRNYT HMHLF LEFMLRAYS TF VI,
Rabhit GAPGEYYAYPCPDYTYDFNHKGHAY RRCORNGSWE LY PGHNR T AN Y TECLKFMSHE TREREYFORLGLIYTVGYSHS LASLTVAYLILAYFRRLHCTRNYT HMHLF LSFMLRAYS TFVE
Wouse GAPGEYYAYPCPDY T YDFNHKEHAY RRCDRNGEWE VY PGHNR TWANYSECLKFMTHE TREREYFORLGH IV TVGYSMSLASLTVAYLILAYFRRLHCTRNYT HMHMF LSFMLRAAS TF YK,
Rat GAPGEYYAYPCPDY I YDFNHKEHAY RRCDRNGEWE VY PGHNR TWANYEECLIKFMTHE TREREYFORLGH IV TVGYSMS LASLTVAYLILAYFRRLHCTRNYT HMHMF LEFMLRAAS TF VI,
Sauirrel GAPGEYYAYPCPDY TYDFNHKGHAY RRCDRNGSWE VY PGHNR T AN Y SECLKFMTHE TREREYFORLGH IV TVGYSMS LASL TV AYLILAYFRRLHCTRNYT HMHMF LSFMLRAAS TFVE
EEERRREE D RRERREER KR AL KRR RRER R DR R KRR RN L DR DR R R R DR KR DR KRR R KRR KL KR KRR KRR £ TR R KR RE K RRAE
Human DAYLYSGATLDEAERLTEEELRATAQAPPPPATAALGY AGCRYAYTEFLYELATHYYWILYEGLYLHSLIFMAFF SERIYLNGETVEGUGLPAVEYAYIYEYRATLANTGCWDLES GHKK
Orangut an DAYLYSGATLDEAERLTEEELRATAQAPPPPATAAAGY AGCRYVAYTFFLYFLATHYY W ILYEGLYLHSLIF MAFF SERKYLNGFTYF GV GLPAYFYAYNYEYRATLANT -——--- SSGHE,
Chimpanzes  DAVLYSGATLDEAERLTEEELRATAGAPPPPATAAAGY AGCRYAY TFFLYFLATNYY W ILYEGLYLHSLIF MAFF SEKKYLWGFTYF G GLPAYFYAYIVEYRATLANTGOWDLES GHKE
Gorilla DAYLYSGATLDEAERLTEEEL RATAQAPPPPX XS Xx X s AGCRYAY TEFLYELATHYYWILYEGLYLHSLIFMAFF SEKIYLNGETVE GUGLPAVEYAYNYEYRATLANTGCWDLES GNIK,
Wacapue DAYLYSGATLDEAERLTEEELRATACAPLPPATAAAGY AGCRYAY TFFLYFLATNYY W ILYEGLYLHSL IF MAFF SEKKYLWGFTYF G GLPAYFYAYIVEYRATLANTGOWDLES GRII
Warmoset DAYLYSGATLDEAERLTEEELRATAQAPPPPAASASGY AGCRYAY TFFLYFLATNYYWLLYEGLYLHSLIFMAFF SEREYLRGETVE G GLPAVEYAYWYSYRATLANTGCYDLSS GKE,
Pig DAYLYSGATLDEAERLTEEEL RATAQAPLPPYAATS - YV GORVAVTFFLYFLATNYYWILYEGLYLHSLIFMAFF SEKKYLWGFTVE GUGLPA TFYAYNVSYRATLANTGCWDLES GNKK,
Goat DAYLYSGTALDEAERLTEEELRATAQAPPPPAAAAG-YY GCRYAYTFFLYFLATNYYWILYEGLYLHSLIF MAFF SEKIYLWGFTVE GUGLPA TFYAYWYGYRATLANTGCWDLES GNKK,
Donkey DAYLYSGATLDEAERLTEEEL RATAQAPLP PAAS A& GYYGCRYAY TEFLYFLATHYY W ILYEGLYLHSLIFMAFF SERRYLNGETVEGH GLPATFY TYWYSYRATLANTGCYDLES GHKE,
Cat DAYLY SGATLDEAERLTEEELRATAQAPPPPRRRRR-———-RYAYTFFLYFLATNY YW ILYEGLYLHSLIF MAFF SEREYLNGFTVE --GLPA TF VAVIVSYRASLANTGCYDLES GNKE
Rabhit DAYLYSGFTLDEAERLTEEEL RLIAQAPPPP-AAT AGYAGCRYAYTFFLYFLATHYYWILYEGLYLHSLIFMAFF SEKIYLNGETVE GUGLPAVEYAYNYEYRATLANTGCWDLES GHIK,
Wousge DAYLYSGFTLDEAERLTEEELHI TAQYPPPPARAAYGY AGCRYAYTEFLYELATHYYWILYEGLYLHSLIFMAFF SERIYLNGET [FGUGLPAVEYAYWYGYRATLANTGCWDLES GHIK
Rat DAYLYSGFTLDEAERLTEEELHI TAQYPPPPAAAAYGY AGCRYAYTFFLYFLATHYYW ILYEGLYLHSLIFMAFF SERRYLNGET IF GHGLPAVEYAYWYGYRATLANTGCYDLES GHKE,
Sauirrel DAVLYSGFTLDEAERLTEEELHIIAQAPPPPAAAAVGYAGCRVAVTFFLYFLATNYYWILVEGLYLHSLIFMAFFSEKKYLWGFTVFGWGLPAVFVAVWVGVRATLANTGCWDLSSGHKK
RREXRKE DRRERROEEEREE ] EEE K £X BREEROEEROUERRNE S DORE RN RO RO DR EE 0E KRR DR REE KRR RN . 1
Human WTTQVPILASIVLNFILFINIYRYLATKLRE THAGRCD TRQOYRKLLKS TLYLMPLFGYHYTVEMATPY TEVSGTLWQVOMHYEMLFNSF OGFFY AT 1Y CF CNGEYOAETIKSWERNTLA

Oranzutan WTTQVPILASIVLNFILFINIYRYLATKLRETHAGRCD TRQOYRILLKS TLYLMPLFGYHY TVFMATPY TEVSGTLWQVOMHYEMLFNSF OGFFY AT 1Y CF CNGEYOAETIIKSNERNT LA
Chimpanzee  WITQVPILASIVLNFILFINIYRYLATKLRETHAGRCD TROOYRELLKSTLYLMPLEGYHY TVEMATPY TEVSGTLYOVOMHYEMLFNSF QGEFY AT 1Y CF CHGEYOAETRESHSRRT LA
Gorilla NTTOVPTLASIVLNFILFINIYRYLATKLRETHAGRCD TROOYRKLLKS TLYLMPLFGYHY TVEMATPY TEVSGTLYQVOMHYEMLFNSF QGFFYAT 1Y CFCNGEYOAETRESNSRRT LA

Wacapue WTTQYPILASIVLNFILFINIVRYLATKLRE THAGRCD TRQOYRKELLKSTLYLMPLFGYHY TVFMATPY TEVSGTLWQVOMHYEMLFNSF OGFFYAT I CF CNGEVOAETRKSWERNTLA
Warmoset WTTQVPTLASIVLNFILFINIYRYLATKLRETHAGRCD TROOYRILLKS TLYLMPLFGYHYYYEMATPY TEVSGTLWQVOMHYEMLFNSF QGFFY AT Y CF CHGEYOAETIKENERNT LA
Pig NTTQVPTLASIVLNFILFINIYRYLATKLRETHAGRCD TROOYRELLKS TLYLMPLFGYHY IVEMATPY TEVSGTLYQVOMHYEMLFNSF QGFFYAT Y CF CHGEYOAET RSN ERRT LA
Goat NTTOVPTLASIVLNFILFINIYRYLATKLRETHAGRCD TROOYRKELLKS TLYLMFLFGYHY TVFMATPY TEVSGTLYQVOMHYEMLFNSF QGFFYAT 1Y CF CNGEYOAETRESNSRRTLA
Dankey WTTQVPILASIVLNFILFINIYRYLATKLRE THAGRCD TRQOYRILLKSTLYLMPLEGYHY TVEMATPY TEVSGTLWQVOMHYEMLENSF OGFFY AT 1Y CF CHGEYOAETIKENERNT LA
Cat WTTQVPTLASIVLNFILFINIYRYLATKLRETHAGRCD TROOYRKLLKS TLYLMPLFGYHY IVFMATPY TEVSGTLWQVOMHYEMLFNSF OGFFY AT 1Y CF CHGEYOAETIKENERNTLA
Rabhit W TOVPTLASYYLNF ILFLNIYRYLATKLRETHAGRCD TROOYRELLKS TLYLMPLFGYHYTYEMANPY TEVSGTLYQIOMHYEMLFNSF QGFFYAT IY CFCNGEYOAETRESNSRRT LA
Wouse WTTQYPILASYYLNFILFINITRYLATKLRE THAGRCD TRQOYRELLRSTLYLYPLFGYHYTVEMALPY TEVSGTLWQIOMHYEMLFNSF OGFFYAT 1Y CF CNGEVOAETRKSWERNTLA
Rat WTTQVPILASYYLNFILFINITRYLATKLRE THAGRCD TRQOYRKLLRS TLYLYPLFGYHYTYEMALPY TEVSGTLWQIOMHYEMLFNSF OGFFYAT 1Y CF CNGEYOAETRKSWERNTLA
Sauirrel NTTOVPTLASYYLNFILFINITRYLATKLRETHAGRCD TROOYRELLKS TLY LMPLFGYHYTYFMALPY TEVSGTLWQIOMHYEMLFNSF OGFFY AT 1Y CF CHGEYOAETRESNERNTLA

RRERRRELRRDEERRLER DL DR AR RE KRR RRR LR KR AL KRR XK R R AR I RRERRRE KRRE KRLERREERR DERRRRRXRELXRXOLRRR LR R XL RRRRLRL IRRRLL KR L
Human LDFKRKARS GEES VS Y GPMYSHTSWTHY GPRY GLGLPLEPRLLPTAT THGHPOLPGHAKP GTPALETLETTPP AN A&PIDDGFLHGSCEGLDEEASGRERPPALLOEEWET VM

Orangut an LDFKRKARS GE S5 YS Y GPMYSHTSWTHY GPRY GLGLPLSPRLLPTAT THGHPQLPGHAKP GTPALETLETTPPAT AAPKDDGFLHGECSGLDEEASGPERPPALLOEEWET VM
Chimpanzee  LDFKRKARSGSSSYSYGPMYSHTSYTNY GPRY GLGLPLSPRLLPAAT THGHPOLPGHAKP GTPALETLETTPP AMAAPKDDGFLNGECSGLOEE ASGPERPPALLOEEWET VM

Garllla LDFKRKARSGSBSYS Y GPMYSHTSYTNYGPRY GLGLPLEPRLLPTAT THGHPOLPGHAKP GTPALETLETTPPAMATPIDDGFLNGECSGLOEEASGPERPPALLOEEWET VM
Wacapue LDFKREARS GE S Y Y GPMYSHTS W THY GRRY GLGLPLSPRLLPTAT THGHPQLPGHAKP GAPALETLETTPP AY AAPKDDGFLNGECEGLDEEASGPERPPALLOEEWET VM
Warmoset LDFKRKARSGS S5 VS Y GPMYSHTSWTNF GPRY GLGLPLSPRLLPAAT THGHAGLPGHAKP GAPALEALE TTPP AAASKODGFLNGSCSGLDEDASGRERPPALLOEEWET VM
Pig LDFKREARSGS S5 VS Y GPMYSHTSYTNYGPRT GLGLPLSPRLLPAAT THGHROLPCHTKPET - -PALOT TP PYY AAPKDDGE LN GS CSGLDEE AS APERPSYLLOEERET YN
Goat LDFKRKARSGSBSYSYGPMYSHTSYTNYGPRT GLGLPLEPRLLPAAT THGHPPLPGHTKEGE - -PALOATPPAY AAPKEDGF LNGSCSALDEE ACAPERPPYLLOEEWET YN
Donkey LDFKRKARSGE S5 YS Y GPMYSHTSYTHYGPRT GLGLPLSPRLLPAAT THGHPOLPSHTKP GA - -PALOT TPPAY AT PKDONGE LN GS CSGLDEE ASYPERPPTLLOEERET Y
Cat LDFKRKARSGE S5 YS Y GPMYSHTSYTNYGPRT GLGLPLSPRLLPAAT THGHPPLPGHTKP GA —- -PALOT TPPAY AAPKDDGE LN GS CSGLDEE AS APERPP ALLOEEWET Y
Rabhit LDFKRKARSGESS VS Y GPMYSHTSWTNYGPRAGLGLPLSPRLLPAAT THGHROLPGHTKP GAP - - - ALETTLRATAAPKDDGF LN GS CSGLDEEPS GP ARPPALLOEEWET YN
Wouse LDFKRKARSGEESYS Y GPMYSHTSYTHY GPRAGLELPLEPRLLPATTH-GHEQLPGHARPGAPATEN-ETIPYTHTYPKDDGF LNGSCSGLDEE AS GS ARPPPLLOEEWETYM
Rat LDFKRKARS GEESYEYGPMYSHTSWTHY GPRAGLELPLEPRLPPATTH-GHEOLPGHARPGAPATET-ETLPYTHAY PKDDGF LNGSCSGLDEE A5 GE ARPPPLLOEEWETYM
Sauirrel LDFKRKARSGSSSYSYGPMVSHTSVTNVGPRTGLGLFLSPRLLPAATTNGHSQLPGHAKPGAPVLETLDTTPTVTAAPKEDGFLNGSCSGLDEEASGPERPFFLLGEEWETVM
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Figure 4: A portion of the amino acid sequence of PTHIR is shown from 14 diverse species. Alignments of amino acid
sequences for human, orangutan, chimpanzee, gorilla, macapue, marmoset, pig, goat, donkey, cat, rabbit, mouse, rat,
squirrel PTH1Rproteins. Red means published associated mutations in PTHIR gene; “*” means that the residues or

nucleotides in that column are identical in all sequences in the
alignment; “:” means that conserved substitutions have been observed; “.” means thatsemi-conserved substitutions are

observed.

Functional analysis

To further analyze the role of PTHIR in tooth development and eruption. We generatedthe odontoblast from rat, mouse
from different time point of tooth development (E14.5,E16.5, E18.5, P1, P3, P5, P7). In addition, human dental pulp stem
cells and odontoblasts derived from teenager pre-molars were cultured to demonstrate the expression of PTH1R in tooth

development (Figure 5). Results showed that during tooth development, the expression of PTH1R decreased in the early
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stage of tooth development in rat and mouse (Figure 5A and B). However, it mainly expressed in human odontoblast

than pulp tissue, indicating its role in dentin development and tootheruption (Figure 5C).
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Figure 5: PTH1R expression profile in mouse and rat tooth germ, human pulp tissues and odontoblasts. (A) PTH1R
expression levels in rat teeth germ indifferent ages (E14.5, E16.5, E18.5, P1 and P7) based on RNA-seq; (B) PTH1R
expression profile analysis of mouse tooth germ development by RNA-seq. (C) PTHLR expression profile analysis of

human dental pulp tissues and odontoblastsgenerated from healthy pre-molar by RNA-seq.

Clinical intervention

To further explore the effective treatment for PFE, we carefully analyze the radiographsand the physical examination of
two patients. We found that the upper right second premolar of 11-1 (family I1) may be impacted because of the distal
inclined first premolar and mesial inclined first molar. Although orthodontic treatment has been proved no beneficial
effect for tooth eruption, even cause ankylosis for PFE, we thoughtthat create the enough space for eruption would do no
harm to the situation. Then coil-spring was used to create enough room for tooth eruption (Figure 6A). After 6 months of
effort, the second premolar was successfully erupted into the dentition with no signs ofankylosis or inclination of adjacent
teeth (Fig.6B). This result suggested that there maybe other potential treatment for PFE to clear the pathway for tooth

eruption. The pathogenesis and diagnosis of the disease still needs to be discovered.

Figure 6: Clinical intervention for patient I1-1 in family 2. (A) Spring-coil was used to expand room for tooth eruption.
Arrow shows the submerge of second premolar. (B) Right upper second pre-molar was successfully erupted into the

dentition. Arrow indicates no ankylosis in second pre-molar or inclination of adjacent teeth.
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Discussion

All patients showed typical clinical features of PFE, with submerged teeth, clear eruption pathway and no ankylosis in this
report. Mutation analysis revealed a nonsense mutation, ¢.439C>T, in the second exon of PTHI1R in case I. The patient
showed bilateral openbite in posterior teeth. However, in case Il, with the inherited history fromthe proband’s father and
all the related symptoms, we didn’t detect any mutation in PTH1R. Till now, orthodontic treatment was convinced to
show no beneficial to the situation [20]. After careful examination in the oral cavity and analysis of radiographs,we found
that the upper right second premolar of 11-1 (case I1) may be impacted becauseof the distal inclined first premolar. Then
coil-spring was used to create enough room for tooth eruption. After 6 months of effort, the second premolar was
successfully erupted into the dentition with no signs of ankylosis or inclination of adjacent teeth. This result suggesting
that there may be other potential genes and therapeutic target associated with PFE. The pathogenesis and diagnosis of the
disease still needs to be discovered. Tooth eruption is a unique biological process determined by many aspects, including
tooth formation, root development, bone resorption and periodontal attachment. Dental Follicle Cells (DFCs) are
mesenchymal progenitor cells surrounding the tooth germ, which coordinates with multiple pathways to establish tooth
morphology and eruption. Many pathways and transcription factors like Glil, Notch, RANKL, MMPs, Nfic, Wnt, and
Runx2 are responsible for tooth development and alveolar bone turnover, which are critical for tooth eruption and normal
dentition development [21]. In this study, none of the mutation in PTHLR is detected in family Il, suggesting that the
underlying mechanism of PFE still remains unclear. To further analyze the possible gene that maybe related to PFE, a
whole-exome sequencing needs to be carried out. The odontoblasts, periodontal ligament stem cells from extracted teeth
from PFE patient and normal individuals can be collected and cultured under consent to figure out the mechanisms.
Parathyroid Hormone Type | Receptor (PTHLR), is highly expressed in osteoblasts and renal tubular cells, which
mediates a number of important biological processes, such asendochondral bone formation and plasma calcium levels.
PTH1R is a critical gene during life cycle. Various autosomal dominant or recessive mutations in the PTH1R gene have
been identified to be associated with different diseases, like Jansen’s metaphyseal chondrodysplasia, Eiken syndrome,
Blomstrand osteochondrodysplasia, and Ollier disease [13-15]. PTH1R knockout mice usually die at mid-gestation. A
complete loss of PTH1R function in human results in lethal Blomstrand chondrodysplasia (BOCD, OMIM #215045),
characterized by advanced endochondralbone maturation and premature ossification of all skeletal elements. PTH1R can
be activated by PTHrP, a paracrine hormone that also regulates epithelial-mesenchymal interactions in developing teeth.
PTHrP cKO mice molars showed a delayed eruption, root malformation and defective formation of the inter-radicular
bone [24]. During tooth development, PTH1R is expressed both in the alveolar bone and in the adjacent dental
mesenchyme [25]. In our study, PTH1R is highly expressed in human odontoblasts and early stage of tooth germ,
suggesting its pivotal role in tooth development. During tooth root formation and after tooth eruption, DFCs on the root
surface robustly expressed PTH1R. PTH1R+ DFCs differentiate into PDLCs, alveolar cryptal bone osteoblasts, and
cementoblasts in acellular cementum, which facilitates tooth formation and dentition development. However, insufficient
studies have provided plausible explanations for the role of PTHLR in tooth defects or craniofacial development in
PTH1R knockout mice as expected. A genetic diagnosis aimed at excluding or confirming the presence of pathogenic
variants in the PTH1R gene should be carried out in every patient with suspected PFEto help confirm the diagnosis for
further treatment planning. The traditional treatment like surgical intervention for PFE has resulted insufficient
establishment of occlusion [26]. Prosthetic approaches appear to be the most feasible option. However, it needs tobe
replaced frequently till children to grow into adults [27]. There are still several gapsin the comprehensive understanding

of PFE pathogenesis and treatment plans. Orthodontic treatment appears to be a possible option to bring the teeth into
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dentition. However, the continuous archwire in orthodontic treatment was convinced worsen posterior open bite [20]. In
this report, we underlined the importance of careful clinicalexaminations and radiographic studies to analyze the nature
cause of tooth impairment.Moreover, we proved that the orthodontic treatment can be applied to create enough room for
tooth eruption, giving an opportunity for children and teenagers to gain a functional dentition. Therefore, the early
diagnosis and intervention of PFE are pivotalfor tooth and dentition development. Considering the incomplete penetrance,
as well asvariable expressivity in the patients suffering from PFE, clinical examination and genetic diagnosis need to be
fully considered in treatment planning [28]. This case highlighted the utilization of conservative treatment options until a
diagnosis was confirmed to minimize the risk of iatrogenic damage and unnecessary treatment. Alongwith the genetic
diagnosis, appropriate intervention can be carried out or improved at the early stage, which may provide new insights

into the pathological mechanisms of PFE.
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