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[Abstract] Objective:To explore EDAR (ectodysplasin A receptor) gene variants that lead to congenital tooth agenesis, and
preliminarily analyze the reasons why variants in EDAR can cause both syndromic and non-syndromic tooth agenesis. Methods*
Patients with congenital tooth agenesis admitted to the Department of 2nd Dental Center, Shanghai Ninth People’'s Hospital,
Shanghai Jiao Tong University School of Medicine and their family members were included, and genomic DNA from their
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peripheral blood was extracted for whole exome sequencing (WES). After preliminary screening, PolyPhen-2, Mutation Taster, and
Provean were used to predict the harmfulness of potential variants. The screened variants in patients and their families were verified
by Sanger sequencing. Conservation analysis of variants was performed, and Swiss-Model was used to analyze the changes in the
three-dimensional structure of EDAR. The teeth and syndromic phenotype of the patients and their family members were
investigated. Results* Among the included congenital tooth agenesis patients, five patients with EDAR mutations were found, one
with EDAR frameshift mutation c.368 369insC(p.L123fs) and the other four with EDAR missense mutations. Two of these four
patients were diagnosed as non-syndromic tooth agenesis (NSTA), resulted from c.77C>A(p. A26E) homozygous mutation and
¢.380C>T(p.P127L) heterozygous mutation, respectively. The other two patients with two variants were diagnosed as hypohidrotic
ectodermal dysplasia (HED). One compound heterozygous missense mutation patient carried EDAR ¢.77C>T(p.A26V) from her father
and EDAR c.1281G>C (p.L427F) from her mother; the other patient with both EDAR and EDA mutations carried EDAR c.1138A>C
(p-S380R) heterozygous mutation and EDA ¢.1013C>T(p. T338M) hemizygous mutation. Both variants were from his mother and
were reported to be related with NSTA. Two of these missense mutations, EDAR c.1281G>C(p.L427F) and EDAR c.77C>A (p.
A26E), had not been reported before. The missense mutations affected the protein’s spatial conformation by altering the polarity,
charge, or volume of the amino acid residues. The frameshift mutation caused a non-triplet base addition, which probably led to
protein truncation or degradation. Conclusion-Two new EDAR missense mutations are discovered. An NSTA patients with EDAR
homozygous mutations and an HED patient with both £DA4 and EDAR mutations are reported. It expands the understanding of
pathogenic mechanisms of EDAR mutations causing HED and NSTA.
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Tab 1 Pathogenicity prediction of EDAR and EDA mutations in five patients

ID Gene

1 EDAR

EDAR

EDAR

EDAR

EDA

4 EDAR

5 EDAR

Nucleotide
Age/ Pheno- i . Mutation L. Polyphen-2 Mutation Provean Novel or
Gender change (amino  Zygosity ACMG criteria
year  type . type (score) taster (score) reported
acid change)

¢.368_369insC LP(PVSI, Disease

Female 31 HED Hom Frameshift NA . NA YU, etal.”®)
(p.L123fs) PM2, PP1) causing
c.77C>T . LP(PS1, PM2, Polymor- Neutral PLAISANCIE,
Female 9 HED cHet Missense PD (0.99) . 1
(p-A26V) PP3) phism (-1.399) et al.
c.1281G>C i LP(PMI, PM2, Disease Neutral
Female 9 HED cHet Missense PD (1.00) . Novel
(p.L427F) PP3, PM3) causing (-1.061)
c.1138A>C . VUS(PM3, Polymor-  Neutral ZHANG,
Male 9 HED Het Missense PD (1.00) . 10}
(p-S380R) BP3, BPS) phism (-0.948) etal.
c.1013C>T X . P(PS3, PM1, Disease Neutral [
Male 9 HED Hemi Missense PD (1.00) . LL etal.
(p.T338M) PM2, PP1, PP3) causing (-2.145)
¢.380C>T . VUS(PM2, Disease Neutral ®
Male 16 NSTA Het Missense PD (0.99) . YU, et al.
(p-P127L) PP1, PP3) causing (-0.335)
c.77C>A . VUS(PM2, Polymor-  Neutral
Male 19 NSTA Hom Missense PD (0.99) . Novel
(p-A26E) PM3, PM5) phism (-1.271)

Note: Hom—homozygous; Hemi—hemizygous; Het—heterozygous; cHet—compound heterozygous; P—pathogenic; LP—likely pathogenic; VUS—

uncertain significance; NA—not available; PD—probably damaging.

Hom Het
c.77C>A ¢.380C>T
(p.A26E) (p.P127L)

13 148 190211 428

N’ (T) c’
LBD M) { DD }——

cHet Hom Het cHet
c.77C>T ¢.368 369insC c.1138A>C| ¢.1281G>C
(p.A26V) (p.L123fs) (p.S380R) || (p.L427F) (
A26V
A26 B
Human MCSARAEYSNC ......
Wt-P127 P127L l

A
C
* ([Ef= == 0EFD00E0T_=_J*
Wt—A26( [A26E (

House mouse ~ MCSAKAEDSNC ......
Zebrafish MSTVSAEYSSC ......
Norway rat MCSAKAEDSNC ... ..
Rhesus monkey MCSARAEYSNC ......
Cattle VCRAGAEEASC ......
Chimpanzee  MCSARAEYSNC ......

% - % o kekokok - okadok
$380 L427
Human RHLAHSFGLEKR ...... DAVEJLPADIL ......
House mouse  RHLAHSFGLKR ...... DAVESLCADIL ......
Zebrafish RHLAESFGLKR ...... DAVETLCCDIL .. ....
Norway rat RHLAHSFGLEKR ...... DAVESLCADIL ......
Rhesus monkey RHLAHSFGLKR ...... DAVESLCADIL ......
Cattle RHLAESFGLKR ...... DAVEYLCADIL - ... ..
Chimpanzee  RHLAHSFGLKR ...... DAVEQLCADIL - ---
soksiestsfokskskskokok sokokok - skok skolok

Note: A. Schematic diagram of wild-type EDAR protein and the localization of identified EDAR variants (red squares indicate variants found in NSTA

patients, and yellow ones represent those in HED patients). B. Conservation analysis of affected amino acids among seven vertebrate species. C. Three-
dimensional structure of wild-type EDAR and five missense variants (p. A26E, p.A26V, p.P127L, p.S380R, and p.L427F). E—exon; TM—transmembrane
domain; Wt—wild-type.
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Fig1 Conservation analysis of EDAR variants and the structure prediction of mutant proteins
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B, Hrh 3 {7 HED B & Pk (25.743.3) i,
20 NSTA B E- PR EH A (10.543.5) il (&12).
YA 5 91 £ R R H DL B R F 8L Ry b A —
7, BRI 100% (10/10), Hk A 66— R
7 R S O 319737 SN O T B 7) 7 R & R S
80% (8/10); @K FRAANH A EATEE B 2F . Tl
BB, R40% (4/10), Hrb, 247 NSTA &
B B Ak bR R N AR — R

#2 EDAR ¢.77C>T(p.A26V); EDAR ¢.1281G>C(p.L427F)

-

Right quadrants

Left quadrants

7654321 1234567
Max IHNHENEEE EEEEEEN

MAND HHENEEEE | HEEEEEN

#4 EDAR ¢.380C>T(p.P127L)

Right quadrants Left quadrants

7654321123456 °7
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-+

2%

Left quadrants

7654321

1 234567

MAXOOONERO | ONMERCO0On
MAND [ MENENE (NENENC0O

Note: A. #1 HED patient with all the teeth and/or germs missing. B. #2 HED patient with all the teeth and/or germs missing. C. #3 HED patient with 21 teeth
and/or germs missing, and 6 deciduous teeth retained. D. #4 NSTA patient with 7 teeth and/or germs missing, and 5 deciduous teeth retained. E. #5 NSTA

patient with 14 teeth missing.

B2 EDARRTWFERELT BE BT /IEF FIEERKIER

Fig 2 Permanent teeth and/or permanent teeth germs missing in congenital tooth agenesis patients with EDAR variants
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#2 1I:1 (Proband)
heterozygous

#2 1I:1 (Proband)
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EDAR c.1281G>C
[:2 (Mother)
heterozygous

1:1 (Father)
heterozygous

o [l f
N /"/\A N\ 1/\/\ KNM N A
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L427F) istfe AH:5E, BCEHIAR LGS (K3A). #3
SEUFFH WA EDAR ¢ 1138A>C (p.S380R) ZRE 575 H
EDA ¢.1013C>T (p.T338M) k& TR, X2/ %
AR A BEE . FERTCE M B R A, (HILREE
IR (E3B),

#3 IV:1 (Proband)

heterozygous

#3 IV:1 (Proband)
heterozygous

TR I
M bt

EDA c.1013C>T
#3 1lI:2 (Mother)

EDAR c.1138A>C
#3 ll:2 (Mother)

EDAR ¢.77C>T " EDARc.1281G>C
¢.77C>T .1281G>C
I:1 1:2

EDAR c.77C>T
I EDAR ¢.1281G>C

I:1 1:2 I:3
EDA ¢c.1013C>T
EDAR ¢.1138A>C

V:1

Note: A. #2 proband carried compound heterozygous missense mutation, EDAR ¢.77C>T(p.A26V) from her father and EDAR ¢.1281G>C(p.L427F) from her
mother; B. #3 proband carried EDAR c.1138A>C(p. S380R) heterozygous mutation and £DA c.1013C>T(p. T338M) hemizygous mutation, both from his
mother. Squares indicate males, and circles indicate females. Filled squares/circles represent individuals with tooth agenesis, and empty ones represent

unaffected subjects. Red knots mean that variants were verified by Sanger sequencing.

3 2fEHEWREA A HED BE R F 534 & Sanger MU F 45 R

Fig 3 Pedigree analysis and Sanger sequencing of two HED patients with two variants
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EDARADD [ 3% Fl f1 0 55 . A#F5ERiE 17 54
EDARE L7 . ¢ 77C>T (p.A26V) (142 KL i 4
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RS R THEIR, ¢.1281G>C (p.L427F) HY7ZE4k
5 Z M K5 c 1138A>C (p. S380R) Al c. 77C>A
(p.A26E) FMRFUFNA B34 & A T o0AE , X S 3k
PR 1 722 Ak T BT 3 1 2 [R) A 4 32 B SE I

TN N T3 —Fh G AB KRN R 545 . 1L
HED (& #4741l & EDAR ¢.368_369insC (p.L123fs),
BN T AR 3 FEAT R BRI N . %A S AR AT R i
B KFE I, B A LS B mRNA Y IR 2 HE
PPERTZC RS T, RIS B e R, DAk o e
HARHBL T, Besh, A EDAR T XA A
F AT LA NSTA, A] fEflif5 EDAR 25 (1 B2 A
Kk, PSS AR R B 1Y

AN [7) 5 DR 28 A5 3 B Y B 28 5 45 N AR ], fH
EDA R EDAR 4% ) & 0 T [F]— (5 S, ef%
ARG R A B SR ARL S R R )
FHTEE 28 IX, EDA 9878 8\ 5 7 65 rp 1 2F il 2k 5
AR, B S IX E EDA Ml EDAR 58 7% th #8485 /0 %
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210 RSN A EDAR 5578 SR B e 2 W,
T LA —mr B (10/10), /b B s
F. T —EF (4/10), Hop, 240 NSTA &
77 O o N1 137 R 11 P11 57 R | o
EDAR & X X5 7k 2 %0 B 19 52 el 1 B A R 5 1k
ZHANG %5 ") FI CHEN £ "' A}y EDAR () 5K R
ZABMERIER RAZATRE 5 2 A A (B 6 9 M LA
) Ak, WETHFSE RIS iH45 R R EDAR 5878 G5
() NSTA -2 1 30 10 22 47 (9 2F e 2, ifii HED £
B A B 1 0 £ T Ol e (O S AR ST
Fl: 247 NSTA SBF-FHH 2 (10.543.5) i, 31
HED B EH- P A (25.743.3) i,

Hur, 78 A3 &2 5% F  (Human Gene
Mutation Database, HGMD; http://www.hgmd.cf.ac.
uk/) HREAE R F K 25 70 F 5 HED # 5¢ 1) EDAR %
A% TAE SR HRIE 1Y 5 NSTA M 564 EDAR 587545 1T 20
Fifp (1278 EDAR 5875 i AN TR 950 % R A TR it
ANHIHG, AHOR B2 Y 22 3 )0h NSTA FTHED J& T
[l Pl A [l 72 FE R JEE G e B X

P 2 B 2 (8] (19 22 5 1T g J2& A O EDA/EDAR/
NF-«B i % X &5 B &K & MG B A A8 5 5 0.
CASAL % ') F] i 41 EDA-A1JA YT 84 X 3% 4 HED
B, NFIHE T4 EDA-AL DA B ks % . T
K HREG BN, (ARG G RS
20 EDA-A1 $EATIR YT B, SR F 16 DL A 2 4 e o
EDA/EDAR/NF-«B il [ (1) 3015 X T 4 1 & & 19 5%
I —E RN, AR A R A A
(ZB/EEAIPEET) s mst A5G ol . A< A1 BRI
RIgE 2 45 R R 0T 4955 B EDA 5 EDAR Z
[E) B4 L 45 5 9 0 4 BELAS ) e 25 R BUHED 19 & 2
IMER 3 HI 55 BT A A 231 M NSTA. EDAR ¢.1258C
>T (p.R420W) Z4& 7B 8N 5 NSTA LA K,
B 244 R %A 5 Al 2828 ] LU SUHED (1)
R B R A R R BRI . BARA
BE (25U ) #EA 4 Ik A ACE LR EDAR
¢.77C>T (p.A26V) Hl EDAR ¢.1281G>C (p.L427F)
AR, W ARGEIEAR BB, (HAeIEH AT 21
H R FTHED (I R F I, T AT B N EDAR
BAMA BE TR AR B e FE A R Y,
XAHEIR T EDAR 5875 BUR A7 16 7] it MM

#3 S UE # #EH oR H L BESE Y EDAR ¢.1138A>C
(p.S380R) Z& A& %78 F1 EDA ¢.1013C>T (p.T338M)
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KA TRA, HIRKREM L FbhE ., DT, DE,
{RILRE I TORE MR . AAEHRIE N EDAR ¢.1138A>C
(p.S380R) Z& 4 %€ 78 1l fig 5 NSTA A1 5 )5 EDA
c.1013C>T (p.T338M) 5 NSTAF X, JfH K H
T XY tafk, MEEF T XA 245
R BB R & A 7E ) — MRS 25 R BRIR A
L FHgRR oy A EUE” (synthetic lethality) ,
F T B 2 A A TA) 3 IR A 58 A8 BLA P TR 8800 2L
7 2B R UCTE EDA B ok IR 2 AN LR 5%
AR R I IR o BERTAF Y Y R T WNT
i B Wnt 8 H 10A (Wnt family member 10A,
WNTI104) 1AK% B g % 1 %% /& 6 (low-density
lipoprotein receptor-related protein 6, LRP6) k[ %
AR AL 23 B[R] 7 A T R A R R X
NSTA F1 HED 1R A G2 ™ 5 % B A [7] 1Y [ Ffr s

ZHANG % ") 3K 34 EDAR %l 4 53 25 i % 5 5L
HED, 1fii NSTA —f i EDAR 22 & %7851 . AHF5%
RIT S5 1Bt EDAR 2l & 5528 R B NSTA: #5 %%
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14 e 2, fFA LA A IR 2 3 A0 b (1 U5 1 445
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NF-«B il i F PR 14 28 0035k 1 181 s S ) 2 35 (AL G A
i, HOnx T EDAR 2875 AH2& NSTA I HED 1 20k L
Hil A g AR A e 38, Bt — L.
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