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Abstract

Background: Amelogenesis imperfecta (Al) is known to be a monogenic ge-
netic disease caused by a variety of genes demonstrating a wide spectrum of pen-
etrance. FAM83H is reported to be involved in Al: however, whether FAM83H
causes Al with incomplete penetrance is unclear.

Methods: Whole-exome sequencing was performed on two patients with Al,
and putative disease-related variants were validated by Sanger sequencing.
Bioinformatic and in vitro functional analyses were performed to functionally
characterize the identified disease-causing variants.

Results: We identified a novel heterozygous nonsense variant of FAM83H
(NM_198488:¢.1975G > T, p.Glu659Ter); in vitro functional analysis showed that
this mutant produced mislocalized proteins and was deleterious. Surprisingly,
the clinical manifestations of each of the six individuals carrying this variant were
different, with one carrier appearing to be completely asymptomatic for AL
Conclusion: Our findings expand the variant spectrum for FAM83H and the phe-
notypic spectrum for FAM83H-associated Al and suggest that FAM83H-mediated
Al exhibits incomplete penetrance.
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1 | INTRODUCTION

Amelogenesis imperfecta (AI) refers to abnormal enamel
production during tooth development. Al, a group of he-
reditary diseases without systemic symptoms, is associ-
ated with a global incidence of between 1 in 14,000 and 1
in 700 (Bickman & Holm, 1986). Clinically, there are four
types of AI (Witkop, 1988; Nusier et al., 2004): hypoplastic
Al hypocalcified AI, hypomaturation Al, and complex Al;
the major manifestations include the quality and extent
of enamel defects in the affected individual. Enamel de-
fects affect not only esthetic appearance, but also normal
tooth function. Therefore, it is important to identify the
cause of Al and ensure appropriate measures to reduce its
incidence.

Al is reported to be a single-gene genetic disorder
(Gadhia et al., 2012; Wright, Carrion, & Morris, 2015) and
is associated with mutations in more than 10 different
genes (Hart et al., 2004; Kim, 2005; Kim et al., 2005; Lu
et al., 2018; Poulter et al., 2014; Wang et al., 2015), includ-
ing FAM83H (MIM *611927), which is associated with an
autosomal dominant inheritance pattern. Approximately
20 inactivating mutations have been identified (Wang
et al., 2021). Here, we investigated the case of four gen-
erations of a Chinese family diagnosed with AI using
whole-exome sequencing (WES), Sanger sequencing and
in vitro analysis. Our evaluations identified a novel non-
sense mutation in FAMS83H (c.1975G>T, p.Glu659Ter)
which is likely to be the genetic etiology of Al in these
patients. More importantly, we observed, for the first time,
an incomplete penetrance in the FAM83H mutation that
causes Al

2 | MATERIALS AND METHODS
2.1 | Editorial policies and ethical
considerations

This study was approved by the Ethics Committee of
the Xiangya Stomatological Hospital of Central South
University. The study participants or their guardians pro-
vided written informed consent.

2.2 | Subjects

A Chinese family with Al was recruited for this genetic
study. Peripheral blood samples were obtained from
all participants. Clinical examinations were performed
on the five participants, and additional x-ray examina-
tions were performed on the proband and her mother to
characterize their dental phenotype. Moreover, all the

participants were enquired about systemic diseases, tet-
racycline treatment, fluoride consumption, and any other
information that might affect their tooth development
process. Additionally, the patients were clinically assessed
for skin, hair, nail, and bone development to exclude syn-
dromic enamel hypoplasia

2.3 | WES, variant filtering, and
Sanger sequencing

The gDNA of the proband and her mother was subjected to
WES according to the protocol described earlier (Aittomiki
et al., 1995; He et al., 2018). Whole exomes were captured
using an xGen Exome Research Panel v2 0.0 (Integrated
DNA Technologies, Coralville, Iowa, USA), and then se-
quencing was performed using a DNBSEQ-T7 sequencing
platform (MGI, Shenzhen, Guangdong, China). The WES
data were analyzed using the Genome Analysis Toolkit
(GATK) and data analysis involved removing adaptors,
mapping WES raw reads to a reference human genome
sequence (NCBI GRCh37, reference genome Hg19) using
the Burrows-Wheeler Aligner, eliminating PCR dupli-
cates, and sorting sequences using Picard (http://broad
institute.github.io/picard/). Variant identification was
performed using the GATK package according to the rec-
ommended best practices, including base recalibration of
variant calls using HaplotypeCaller, and recalibration of
variant quality score and annotation using ANNOVAR
software

We set the inclusion criteria for all candidate variants
as follows: (a) absent or occurring at a frequency of less
than 0.01 in any of the following databases: 1000 Genomes
Variant Database, Genome Aggregation Database (gno-
mAD), or NHLBI-GO Exome Sequencing Project; (b) co-
existing in the proband and her mother were prioritized;
(c) predicted to be deleterious, and (d) relating to the clin-
ical phenotype.

We designed and validated specific PCR primers for
targeting the variants of the FAM83H gene (NM_198488).
The primers are listed in Table S1.

2.4 | Plasmid constructs

The cDNA of the wild-type (WT) FAM83H gene was
cloned into pcDNA3.1-3xFlag, as described previ-
ously (Aittomi#ki et al., 1995), generating 3xFlag, and
then human FAMS83H (3xFlag-FAM83H-WT). The
c.1975G>T mutation was introduced into the 3xFlag-
FAMS83H-WT plasmid vector using a MutExpress II Fast
Mutagenesis Kit V2 (Vazyme). Sequencing of all the
expression constructs was performed to determine the
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presence of the desired mutations and to exclude PCR-
induced mutations.

2.5 | Cell culture and transient
transfection

Chinese hamster ovary (CHO) cells were seeded in a 12-
well plate at a density of 2.5 X 105 cells and grown to 70-
80% confluence under standard conditions in complete
media (DMEM/F12, Gibco; 10% FBS; 37°C; 5% CO,).
According to the manufacturer's instructions, expres-
sion vectors containing different receptors (WT or mu-
tated) were transiently transfected into CHO cells using
Lipofectamine® 3000 (Thermo Fisher Scientific). Empty
vector (without FAM83H) was also transfected into CHO
cells as a negative control

2.6 | Western blot analysis

Western blot analysis was performed as previously re-
ported (He et al., 2021). Briefly, cells were harvested 48 hr
of post-transfection and homogenized using RIPA lysis
buffer (Beyotime Biotechnology) supplemented with a
protease inhibitor cocktail (Thermo Fisher Scientific).
Proteins extracted from the transfected cells were blot-
ted onto a polyvinylidene difluoride membrane and incu-
bated overnight at 4°C with anti-FLAG antibody (1:1000
dilution, Abways). The subsequent morning, the mem-
brane was incubated with secondary antibodies (goat
anti-rabbit IgG; 1:5000 dilution; Abcam). Finally, the blots
were developed using an ECL western blotting kit (Pierce
Biotechnology). Cells transfected with an empty vector
(without FAM83H) served as the negative control.

2.7 | Immunofluorescence analysis
Immunofluorescence analysis was performed as previ-
ously reported (He et al., 2021), and transfected CHO cells
were grown on coverslips with anti-FLAG (1:800 dilution)
primary antibodies. All fluorescent images were captured
using a confocal microscope (Olympus FV1000).

2.8 | Real-time RT-PCR analysis

Real-time RT-PCR was employed to quantify the expres-
sion level of FAM83H in CHO cells using a LightCycler480
(Roche). After 48 hr of transfection, total RNA was ex-
tracted from the CHO cells and then reverse-transcribed
to cDNA using Thermo Scientific RevertAid RT kit. The
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cDNA was used as a template in the real-time RT-PCR,
which was performed according to the manufacturer's in-
structions using FastStart Universal SYBR® Green Master
Mix (Roche). The primers, as listed in Table S1, were de-
signed using Primer3.

2.9 | Statistical analyses

We repeated the experiment three times. The Student ¢ test
was used for statistical analysis, and SPSS software (ver-
sion 19.0; SPSS) was used for one-way analysis of variance.

3 | RESULTS

3.1 | Clinical features
We investigated 33 members of a four-generation Chinese
family with six active cases of AI (Figure 1a).

The proband (I1I-15), a 16-year-old girl, who never had
dental treatment in another hospital, was admitted to the
Xiangya Stomatological Hospital of the Central South
University due to irregular tooth alignment and shape.
Her teeth were crowded, with rough, yellow surfaces and
a very small amount of enamel visible in the neck of some
teeth. Periodontitis and caries were also evident, and pan-
orama imaging confirmed these observations. The patient
claims that her teeth presented normally when they first
erupted (Figure 1b).

The proband’s mother (II-7), who was 51 years old, had
yellow teeth with relatively smooth surfaces, although
some of her teeth had a light black appearance, which is
likely the result of hyperpigmentation. Her teeth were sig-
nificantly worn, and the clinical crowns were shortened.
Teeth 15, 16, 25, 26, 35, 46, and 47 had almost no crown,
and there was no tooth 36 (Figure 1b).

Periodontitis and abrasion were noted in the teeth
of the proband's aunt (II-1), but no enamel defects
(Figure 1b). However, she was diagnosed with breast can-
cer at the age of 53. The teeth of the proband's father (II-
8) and one cousin (III-3) were all fine, whereas another
cousin had her teeth repaired a few years ago, despite an
enamel defect (III-2).

3.2 | Identification of the FAMS83H variant
The original WES was collected at an average depth of
~120.00-fold, indicating that the sequencing was of high
quality. The WES data are shown in Table S2, and our
evaluations identified a heterozygous nonsense variant of
FAMS83H (NM_198488: c.1975G>T, p.Glu659Ter) in both
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FIGURE 1 Pedigree and clinical manifestations. (a) The pedigree of the family with enamel defects. Males are marked as squares and

females as circles. Affected members are indicated with filled symbols; unaffected relatives are indicated by open symbols. Family members

affected by enamel defects have solid black symbols; The symbols filled with gray color indicate individuals affected by breast cancer. Arrows

and “P” indicate the proband. Sanger sequencing confirmed that the proband, proband'’s mother, another patient (III-2), and her mother (II-1)

carried the ¢.1975G>T in FAM83H. The proband's father and cousin (III-3) were free of this variant. (b) Intraoral photographs and panorama

of infected members represented by the proband and his mother showed that the family had a typical clinical phenotype of hypocalcified Al

Other members, such as the proband's aunt, had no enamel defect. (c) The FAM83H protein consists of 1179 amino acids, including two main

domains. The variant discovered in this study is shown at the top of the Figure. M and W indicate the mutation and wild type, respectively

the proband and her mother (Table S3). Sanger sequenc-
ing showed that another patient (III-2) and her mother
who was unaffected by AI (II-1) also carried this variant.
Additionally, the proband’s father and cousin (III-3) did
not carry this variant (Figure 1a).

3.3 | Effects of FAMS83H variant on
protein expression

Western blot analysis showed that the expression of the
mutant FAMS3H protein was higher than that of the
WT protein (Figure 2a). However, real-time RT-PCR
analysis showed that the mRNA expression of FAMS3H
was significantly reduced in cells transfected with the

mutant FAMS83H plasmid compared to that in cells
transfected with the WT FAMS83H plasmid (Figure 2b).
Immunofluorescence analysis showed that the subcel-
lular localization of the WT and mutant FAM83H were
also different (Figure 2c). WT FAM83H was localized to
the cytoplasm in a diffuse manner, whereas the mutant
FAMS83H was primarily localized within the nucleus.
Cells transfected with the empty vector displayed scat-
tered signal across the whole cell.

4 | DISCUSSION

FAMS83H is located on chromosome 8q24.3, and this locus
has been shown to house ~20 pathogenic mutations, with
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FIGURE 2 Functional studies of the mutated variant in vitro. (a) Western blot analysis showed that the expression of the mutant

FAMB83H protein in cells transfected with the mutant FAM83H plasmid was higher than that of the wild-type protein in cells transfected
with the wild-type FAMS83H plasmid. (b) Real-time RT-PCR analysis showed that the mRNA expression of FAM83H in cells transfected
with the mutant FAM83H plasmid was significantly reduced compared with that in cells transfected with the wild-type FAMS83H plasmid.

(c) Immunofluorescence analysis showed that wild-type FAM83H was localized in the cytoplasm in a diffuse manner, whereas the mutant

FAMS83H was primarily localized in the nucleus. Cells transfected with the empty vector displayed a scattered signal throughout the cell. WT

and EV indicate the wild type and empty vector, respectively

most of these being nonsense or frameshift mutations lo-
cated in exon 5. The novel mutation identified in our study
was also found to be in exon 5, and western blot demon-
strated that this mutation produced a truncated protein.
Our evaluations also demonstrated that this mutation re-
duced the overall mRNA expression of this gene while in-
creasing its protein expression, which might be explained
by the fact that the mutant FAMS83H proteins displayed
an extended half-life and alterations in their degrada-
tion pathway, consistent with an earlier report (Zheng
et al., 2021). Furthermore, the subcellular localization of
mutant FAMS83H was different from that of WT FAMS83H,
which might affect its normal function. Therefore, our
data suggest that this novel mutation is both deleterious
and disease-forming in this family.

It is well known that clinical heterogeneity is a com-
mon phenomenon in genetic disorders, such as VEXAS
syndrome and DICER1 syndrome (Koster et al., 2021;
Azzollini et al., 2021). Similarly, Al also demonstrates
significant clinical heterogeneity (Crawford et al., 2007).
Studies have shown that AI caused by ENAM muta-
tions exhibits incomplete penetrance (Kim et al., 2005;
Seymen et al., 2014). However, even though AI caused
by other genes, including FAM83H, demonstrates pheno-
typic heterogeneity (Crawford et al., 2007), its incomplete
penetrance has not been reported. Here, our proband's
teeth were rough, whereas her mother's teeth, although
darker, were relatively smooth, which suggests that the

same FAMS83H mutation may result in different levels of
enamel defects, consistent with data from an earlier re-
port(Kantaputra et al., 2016). We speculated that the dif-
ferent clinical manifestations in patients with the same
FAMS83H were the result of differences in the individual
genetic background of each patient (Victoria et al., 2015).
Furthermore, we found that the proband's aunt (II-1) car-
ried the FAMS83H mutation, but her tooth enamel was nor-
mal, which suggests that this FAM83H variant causes Al
with incomplete penetrance. Therefore, our study is the
first to report incomplete penetrance in Al caused by an
FAMS83H defect.

Although AI caused by ENAM mutation showed in-
complete penetrance, the mechanism is still unclear.
There might be various reasons for the incomplete pen-
etrance, such as genotype quality, (epi) genetic modifi-
cation, environmental impact, and mosaicism (Victoria
et al.,, 2015; Sundell & Valentin, 1986; Shawky &
Rabah, 2014; Raj et al., 2010; Gruber & Bogunovic, 2020).
For instance, Mendelian susceptibility to mycobacterial
disease is related to the degree of IFNGRI defect, that
is, the quality of genotype, while different phenotypes
of CVID-like disorders suggest the role of (epi) genetic
modification in incomplete penetrance. Our discovery of
this family provides a new clue for exploring the mecha-
nism underlying incomplete penetrance of AI. However,
the understanding the specific mechanism necessitates
further investigation.
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In clinical practice, we usually assume that individ-
uals with normal phenotypes do not carry any disease-
causing mutations for autosomal dominant disorders and
therefore are not routinely evaluated by genetic testing.
However, individuals with normal phenotypes may carry
deleterious mutations associated with autosomal domi-
nant disorders when these mutations demonstrate incom-
plete penetrance. These asymptomatic carriers still have
a 50% risk of passing disease-causative mutations to their
offspring. Therefore, it is also necessary to conduct genetic
testing on normal individuals with a family history of au-
tosomal dominant disorders.

It has been reported that the FAM83 family of onco-
genes are broadly involved in human cancers, including
both breast cancer and glioma (Snijders et al., 2017). In
our study, subject II-1 who carried the FAM83H mutation
was diagnosed with breast cancer, providing new evidence
that FAM83H may be associated with tumorigenesis.

In conclusion, we demonstrate the pathogenicity of our
FAMS83H mutation using in vitro functional evaluation.
Additionally, we found that this mutation can produce a
variety of phenotypes even in related individuals with the
same mutation suggesting incomplete penetrance. Our re-
sults broaden the variant spectrum for FAM83H and the
phenotypic spectrum for AI. We believe that further re-
search into the pathogenesis of this disease will further
our understanding of the clinical phenotypes of Al caused
by FAMS83H variants.

ACKNOWLEDGMENTS

The authors would like to thank the patients and their
family members for their participation in our study.
This work was supported by the National Natural
Science Foundation of China (81771645 and 81971447),
Hunan Provincial Natural Science Foundation of China
(20191J51006), Hunan Provincial Grant for Innovative
Province Construction (2019SK4012), the Key Grant of
Prevention and Treatment of Birth Defect from Hunan
Province (2019SK1012), and the Research Grant of CITIC-
Xiangya (YNXM-202002).

CONFLICT OF INTEREST
The authors have declared no conflict of interest.

AUTHORS CONTRIBUTIONS

BR contributed to validation, resources, writing-original
draft, and writing-review & editing. HW contributed to
methodology, investigation, data curation, and formal
analysis. PQ, SS, and YQ helped in providing basic in-
formation of patients, capturing photographs, and draw-
ing blood. TY directed the conception and design of the
study. WY and LB contributed to supervision and funding
acquisition.

ORCID
Yue-Qiu Tan
Bin-Jie Liu

https://orcid.org/0000-0002-8359-4654
https://orcid.org/0000-0002-9446-7263

REFERENCES

Azzollini, J., Ferrari, A., Stracuzzi, A., Chiaravalli, S., Terenziani, M.,
Spreafico, F., Grasso, M., Collini, P., Pensotti, V., Massimino,
M., & Arbustini, E. (2021). Clinical heterogeneity and reduced
penetrance in DICER1 syndrome: A report of three families.
Tumori, 107(6), P144-P148. https://doi.org/10.1177/03008
916211058788

Aittomdki, K., Dieguez Lucena, J., Pakarinen, P., Sistonen,
P., Tapanainen, J., Gromoll, J., Kaskikari, R., Sankila, E.
M., Lehvislaiho, H., Engel, A. R., & Nieschlag, E. (1995).
Mutation in the follicle-stimulating hormone receptor
gene causes hereditary hypergonadotropic ovarian failure.
Cell, 82(6), 959-968. https://doi.org/10.1016/0092-8674(95)
90275-9

Backman, B., & Holm, A. (1986). Amelogenesis imperfecta:
Prevalence and incidence in a northern Swedish county.
Community Dentistry and Oral Epidemiology, 14(1), 43-47.
https://doi.org/10.1111/j.1600-0528.1986.tb01493.x

Crawford, P. J., Aldred, M., & Bloch-Zupan, A. (2007). Amelogenesis
imperfecta. Orphanet Journal of Rare Diseases, 2(1), 17. https://
doi.org/10.1186/1750-1172-2-17

Gadhia, K., McDonald, S., Arkutu, N., & Malik, K. (2012). Amelogenesis
imperfecta: An introduction. British Dental Journal, 212(8), 377-
379. https://doi.org/10.1038/sj.bd}.2012.314

Gruber, C., & Bogunovic, D. (2020). Incomplete penetrance in pri-
mary immunodeficiency: A skeleton in the closet. Human
Genetics, 139(6-7), 745-757. https://doi.org/10.1007/s00439-
020-02131-9

Hart, P. S., Hart, T. C., Michalec, M. D., Ryu, O. H., Simmons, D.,
Hong, S., & Wright, J. T. (2004). Mutation in kallikrein 4 causes
autosomal recessive hypomaturation amelogenesis imper-
fecta. Journal of Medical Genetics, 41(7), 545-549. https://doi.
org/10.1136/jmg.2003.017657

He, W, Tan, C., Zhang, Y., Meng, L., Gong, F., Lu, G. X,, Lin, G., Du, J,,
& Tan, Y. Q. (2021). Homozygous variants inSYCP2L cause pre-
mature ovarian insufficiency. Journal of Medical Genetics, 58(3),
168-172. https://doi.org/10.1136/jmedgenet-2019-106789

He, W,, Tu, C,, Liu, Q., Meng, L., Yuan, S. M,, Luo, A. X,, He, F. S,,
Shen, J., Li, W,, Du, J., & Zhong, C. G. (2018). DMC1 mutation
that causes human non-obstructive azoospermia and prema-
ture ovarian insufficiency identified by whole-exome sequenc-
ing. Journal of Medical Genetics, 55(3), 198-204. https://doi.
org/10.1136/jmedgenet-2017-104992

Koster, M. J., Kourelis, T., Reichard, K. K., Kermani, T. A., Beck, D.
B., Cardona, D. O., Samec, M. J., Mangaonkar, A. A., Begna,
K. H., Hook, C. C., & Oliveira, J. L. (2021). Clinical hetero-
geneity of the VEXAS syndrome: A case series. Mayo Clinic
Proceedings, 96(10), 2653-2659. https://doi.org/10.1016/j.
mayocp.2021.06.006

Kantaputra, P. N., Intachai, W., & Auychai, P. (2016). All enamel is
not created equal: Supports from a novel FAM83H mutation.
American Journal of Medical Genetics Part A, 170(1), 273-276.
https://doi.org/10.1002/ajmg.a.37406

Kim, J. W,, Seymen, F., Lin, B. P,, Kiziltan, B., Gencay, K., Simmer, J.
P., & Hu, J. C. (2005). ENAM mutations in autosomal-dominant


https://orcid.org/0000-0002-8359-4654
https://orcid.org/0000-0002-8359-4654
https://orcid.org/0000-0002-9446-7263
https://orcid.org/0000-0002-9446-7263
https://doi.org/10.1177/03008916211058788
https://doi.org/10.1177/03008916211058788
https://doi.org/10.1016/0092-8674(95)90275-9
https://doi.org/10.1016/0092-8674(95)90275-9
https://doi.org/10.1111/j.1600-0528.1986.tb01493.x
https://doi.org/10.1186/1750-1172-2-17
https://doi.org/10.1186/1750-1172-2-17
https://doi.org/10.1038/sj.bdj.2012.314
https://doi.org/10.1007/s00439-020-02131-9
https://doi.org/10.1007/s00439-020-02131-9
https://doi.org/10.1136/jmg.2003.017657
https://doi.org/10.1136/jmg.2003.017657
https://doi.org/10.1136/jmedgenet-2019-106789
https://doi.org/10.1136/jmedgenet-2017-104992
https://doi.org/10.1136/jmedgenet-2017-104992
https://doi.org/10.1016/j.mayocp.2021.06.006
https://doi.org/10.1016/j.mayocp.2021.06.006
https://doi.org/10.1002/ajmg.a.37406

BAIET AL.

Molecular Genetics & Genomic Medicine_Wl LEYJ7_°”

amelogenesis imperfecta. Journal of Dental Research, 84(3),
278-282. https://doi.org/10.1177/154405910508400314

Kim, J. (2005). MMP-20 mutation in autosomal recessive pig-
mented hypomaturation amelogenesis imperfecta. Journal
of Medical Genetics, 42(3), 271-275. https://doi.org/10.1136/
jmg.2004.024505

Lu, T., Li, M., Xu, X., Xiong, J., Huang, C., Zhang, X., Hu, A., Peng,
L., Cai, D., Zhang, L., & Wu, B. (2018). Whole exome sequenc-
ing identifies an AMBN missense mutation causing severe
autosomal-dominant amelogenesis imperfecta and dentin dis-
orders. International Journal of Oral Science, 10(3), 26. https://
doi.org/10.1038/s41368-018-0027-9

Nusier, M., Yassin, O., Hart, T. C., Samimi, A., & Wright, J. T. (2004).
Phenotypic diversity and revision of the nomenclature for au-
tosomal recessive amelogenesis imperfecta. Oral Surgery, Oral
Medicine, Oral Pathology, Oral Radiology and Endodontology,
97(2), 220-230. https://doi.org/10.1016/j.tripleo.2003.08.007

Poulter, J. A., Brookes, S. J., Shore, R. C., Smith, C. E., Abi Farraj,
L., Kirkham, J., Inglehearn, C. F., & Mighell, A. J. (2014). A
missense mutation in ITGB6 causes pitted hypomineralized
amelogenesis imperfecta. Human Molecular Genetics, 23(8),
2189-2197. https://doi.org/10.1093/hmg/ddt616

Rabah, M. S. (2014). Reduced penetrance in human inherited dis-
ease. Egyptian Journal of Medical Human Genetics, 15(2), 103—
111. https://doi.org/10.1016/j.ejmhg.2014.01.003

Raj, A., Rifkin, S. A., Andersen, E., & van Oudenaarden, A. (2010).
Variability in gene expression underlies incomplete pene-
trance. Nature, 463(7283), 913-918. https://doi.org/10.1038/
nature08781

Seymen, F,, Lee, K. E., Koruyucu, M., Gencay, K., Bayram, M., Tuna,
E.B., Lee, Z. H., & Kim, J. W. (2014). ENAM mutations with in-
complete penetrance. Journal of Dental Research, 93(10), 988—
992. https://doi.org/10.1177/0022034514548222

Snijders, A. M., Lee, S., Hang, B., Hao, W,, Bissell, M. J., & Mao,
J. H. (2017). FAMS83 family oncogenes are broadly in-
volved in human cancers: An integrative multi-omics ap-
proach. Molecular Oncology, 11(2), 167-179. https://doi.
0rg/10.1002/1878-0261.12016

Sundell, S., & Valentin, J. (1986). Hereditary aspects and classifi-
cation of hereditary amelogenesis imperfecta. Community
Dentistry and Oral Epidemiology, 14(4), 211-216. https://doi.
0rg/10.1111/§.1600-0528.1986.tb01537.x

Open Access,

Victoria, V., Adrian, J. V., Michael, S., Tungalag, C., Mark, S., Djina, P.,
Hart, G. T., Moffat, J., & Andrew, G. F. (2015). Natural variation
in gene expression modulates the severity of mutant phenotypes.
Cell, 162(2), 391-402. https://doi.org/10.1016/j.cell.2015.06.037

Wang, S. K., Zhang, H., Hu, C. Y., Liu, J. F., Chadha, S., Kim, J. W.,
Simmer, J. P., & Hu, J. C. (2021). FAMS83H and autosomal dom-
inant hypocalcified amelogenesis imperfecta. Journal of Dental
Research, 100(3), 293-301. https://doi.org/10.1177/0022034520
962731

Wang, X., Zhao, Y., Yang, Y., & Qin, M. (2015). Novel ENAM and
LAMB3 mutations in Chinese families with hypoplastic amelo-
genesis imperfecta. PLoS One, 10(3), el16514. https://doi.
org/10.1371/journal.pone.0116514

Witkop, C. J., Jr. (1988). Amelogenesis imperfecta, dentinogenesis
imperfecta and dentin dysplasia revisited: Problems in classi-
fication. Journal of Oral Pathology & Medicine, 17(9-10), 547-
553. https://doi.org/10.1111/j.1600-0714.1988.tb01332.x

Wright, J. T., Carrion, I. A., & Morris, C. (2015). The molecular basis
of hereditary enamel defects in humans. Journal of Dental
Research, 94(1), 52-61. https://doi.org/10.1177/0022034514
556708

Zheng, Y., Lu, T., Chen, J,, Li, M., Xiong, J., He, F., Gan, Z., Guo, Y.,
Zhang, L., & Xiong, F. (2021). The gain-of-function FAM83H
mutation caused hypocalcification amelogenesis imperfecta in
a Chinese family. Clinical Oral Investigations, 25(5), 2915-2923.
https://doi.org/10.1007/s00784-020-03609-6

SUPPORTING INFORMATION
Additional supporting information may be found in the
online version of the article at the publisher’s website.

How to cite this article: Bai, R-Q, He, W-B, Peng,
Q., Shen, S-H, Yu, Q-Q, Du, J., Tan, Y-Q, Wang, Y-H
& Liu, B-J (2022). A novel FAM83H variant causes
familial amelogenesis imperfecta with incomplete
penetrance. Molecular Genetics & Genomic Medicine,
10, €1902. https://doi.org/10.1002/mgg3.1902



https://doi.org/10.1177/154405910508400314
https://doi.org/10.1136/jmg.2004.024505
https://doi.org/10.1136/jmg.2004.024505
https://doi.org/10.1038/s41368-018-0027-9
https://doi.org/10.1038/s41368-018-0027-9
https://doi.org/10.1016/j.tripleo.2003.08.007
https://doi.org/10.1093/hmg/ddt616
https://doi.org/10.1016/j.ejmhg.2014.01.003
https://doi.org/10.1038/nature08781
https://doi.org/10.1038/nature08781
https://doi.org/10.1177/0022034514548222
https://doi.org/10.1002/1878-0261.12016
https://doi.org/10.1002/1878-0261.12016
https://doi.org/10.1111/j.1600-0528.1986.tb01537.x
https://doi.org/10.1111/j.1600-0528.1986.tb01537.x
https://doi.org/10.1016/j.cell.2015.06.037
https://doi.org/10.1177/0022034520962731
https://doi.org/10.1177/0022034520962731
https://doi.org/10.1371/journal.pone.0116514
https://doi.org/10.1371/journal.pone.0116514
https://doi.org/10.1111/j.1600-0714.1988.tb01332.x
https://doi.org/10.1177/0022034514556708
https://doi.org/10.1177/0022034514556708
https://doi.org/10.1007/s00784-020-03609-6
https://doi.org/10.1002/mgg3.1902

