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ABSTRACT

Objectives: FAM83H is a critical gene implicated in amelogenesis imperfecta type IIIA (Al
type IIIA), but its precise role in enamel formation remains poorly understood. Fragmented
datasets, inconsistent terminology, and limited integrative analyses hinder functional
interpretation. This study presents a comprehensive multi-omics analysis of FAM83H-
associated Al type IIIA.
Methods: A systematic literature search (February 2008-June 2025) was conducted in
PubMed and Web of Science using targeted keywords spanning genomics, transcriptomics,
epigenomics, miRNomics, proteomics, interactomics, epiproteomics, metabolomics, glyco-
mics, lipidomics, intracellular localization, phenomics, pharmacogenomics, and environ-
mental omics. Data were extracted using 13 bioinformatic tools and databases including
Ensembl, ENCODE, OMIM, HGNC, HGMD, dbSNP, gnomAD, miRBase, TargetScanHuman,
MethPrimer, dbPTM, STRING, and MalaCards.
Results: Of 150 screened publications, 62 met the inclusion criteria and were categorized
across 12 omics layers. Key findings, derived from both published studies and bioinfor-
matic databases/tools, include 38 single nucleotide polymorphisms (SNPs), two CpG
islands, 932 predicted micro RNA (miRNA) binding sites, and multiple post-translational
modifications. A protein—protein interaction network constructed from 18 Al-associated
proteins, including FAMS83H, revealed significant connectivity among enamel matrix
—related proteins and provided a framework for exploring potential functional
associations.
Conclusion: This study presents a multi-omics regulatory atlas of FAM83H, encompassing
genetic variants, epigenetic changes, and post-translational modifications that are pre-
dicted to influence its biological function and role in disease.
Clinical Relevance: The integrative methodology supports FAM83H as a model gene for eluci-
dating the molecular mechanisms of amelogenesis imperfecta and may facilitate improved
diagnosis and targeted therapeutic strategies for Al type IIIA.
© 2025 The Authors. Published by Elsevier Inc. on behalf of FDI World Dental Federation.
This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/)

Introduction

broadly classified into four main types: hypoplastic, hypoma-
turation, hypocalcified, and hypomaturation—hypoplastic

Amelogenesis imperfecta (Al) is a heterogeneous group of
inherited enamel defects that may present with or without
systemic manifestations.” Based on clinical phenotype, Al is
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with taurodontism.! The hypocalcified form, considered one
of the most severe, typically follows an autosomal dominant
inheritance pattern (amelogenesis imperfecta type IIIA, AI3A;
OMIM #130900). In this type, the enamel is of normal thick-
ness but cheesy-soft, significantly reduced in mineral con-
tent, and prone to staining. After eruption, it rapidly breaks
down. On panoramic radiographs, the enamel and dentin
show similar radiopacity.

Sequence variants in genes encoding secreted enamel
matrix proteins (AMELX, ENAM, AMBN), enamel proteases
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(MMP20, KLK4), biomineralization proteins (C4orf26), ion
transport proteins (SLC24A4, STIMI), cytoskeletal organiza-
tion proteins (FAM83H, Family with Sequence Similarity 83
Member H), intracellular vesicular trafficking proteins
(WDR?72), and cellular adhesion proteins (LAMB3, ITGB6) have
been identified as causes of non-syndromic Al, with varying
inheritance patterns.” Variants in the FAM83H gene have
been specifically associated with Al type IIIA,*>” and account
for more Al cases than any other single gene.®° The FAM83H
gene is listed under multiple genetic database identifiers:
FLJ46072 (synonym), ENSG00000180921 (Ensembl), 611927
(OMIM), 286077 (NCBI), 24797 (HGNC), and NM_198488.5
(RefSeq mRNA). It encodes the FAM83H protein (UniProt ID:
Q6ZRV2; CCDS ID: CCDS6410.2). Although FAM83H is thought
to function intracellularly in ameloblasts, its precise role in
enamel formation remains unclear; it is expressed from the
presecretory to secretory stages, with uncertain involvement
in maturation.’”

Recent advances in high-throughput technologies have
enabled comprehensive investigations across genomics, tran-
scriptomics, and proteomics, thereby supporting integrated
approaches to the study of complex diseases. Multi-omics
integration has emerged as a central theme in biomedical
research,® providing a powerful framework for identifying
previously unrecognized molecular mechanisms.’ Despite
this progress, research on FAMS83H in the context of Al
remains limited, particularly with regard to its role across
multiple omic layers. Integrating genomic, epigenomic, tran-
scriptomic, and proteomic data has proven valuable for
uncovering molecular mechanisms underlying various dis-
eases, and such an approach may also help elucidate the
functional role of FAM83H and its involvement in Al

This study aims to address this gap by synthesizing and
integrating availeble data on FAMS83H variants associated
with AI type IIIA, organizing available genetic and molecular
information across multiple omics domains, and presenting
a cohesive overview to advance understanding in a broader
biomedical context.

Materials and methods
Systematic literature search and data extraction

A comprehensive literature review was conducted using the
PubMed and Web of Science databases, covering the period
from February 2008, when FAMS83H was first documented,
through June 2025.

To ensure reproducibility, the following search strings
were used. PubMed: ("amelogenesis imperfecta"[Title/
Abstract] OR "Al"[Title/Abstract]) AND ("FAMS83H"[Title/
Abstract]) AND ("genomics" OR "transcriptomics" OR "proteo-
mics" OR "epigenomics" OR "multi-omics"). Web of Science:
Topic Search (TS) = ("amelogenesis imperfecta" OR Al) AND
TS = (FAM83H) AND TS = (genomics OR transcriptomics OR
proteomics OR epigenomics OR "multi-omics").

Searches were limited to English-language articles and
original studies involving FAM83H-related Al in humans or
experimental models. Reference lists of included papers were

also manually screened to identify additional relevant stud-
ies.

The screening was performed independently by two
authors (T.L., T.K.), with discrepancies resolved by consensus.
Given the heterogeneity of study designs, no formal risk-of-
bias tool was applicable.

Bioinformatic analyses

Gene annotations were verified using the Online Mendelian
Inheritance in Man database (OMIM,'® accessed May 2025,
https://omim.org). Additional genomic data, including chro-
mosomal location, synteny, sequence variants, Genomic Evo-
lutionary Rate Profiling (GERP) scores, and Gene Ontology
(GO) annotations, were retrieved from the Ensembl Genome
Browser (Release 113,'" accessed March 2025, https://www.
ensembl.org), the HUGO Gene Nomenclature Committee
database (HGNC,"” accessed June 2025, https://www.gene
names.org/), and the Human Gene Mutation Database
(HGMD, ™ accessed June 2025, https://www.hgmd.cf.ac.uk).

Single nucleotide polymorphisms (SNPs) were obtained
from the dbSNP database (Build 155, accessed June 2025,
https://www.ncbi.nlm.nih.gov/snp/) and referenced by their
corresponding rs numbers. To complement these data and
examine allele frequency information, the gnomAD data-
base® (accessed June 2025, https://gnomad.broadinstitute.
org/) was also consulted. In addition, constrained elements
were obtained from Ensembl (Release 113 and 115, accessed
October 2025, https://www.ensembl.org). These elements,
defined as highly conserved genomic regions based on analy-
ses across 92 mammalian species, were used to assess biolog-
ical relevance and evolutionary conservation of the FAM83H
gene.

MicroRNA (miRNA) annotations were retrieved from both
the Ensembl database and the ENCODE Project (The
ENCODE,'® accessed May 2025, https://www.encodeproject.
org). MiRNA gene symbols were aligned with miRBase v22
standards'’ (accessed May 2025, http://www.mirbase.org).
MiRNA binding sites within the 3’ untranslated region (3'UTR)
of FAM83H were identified using TargetScanHuman (Release
8.0," accessed June 2025, http://www.targetscan.org).

CpG island prediction was performed using MethPrimer,
applying the following criteria: CpG island length >200 bp, GC
content >50.0%, and observed/expected CpG ratio >0.6"°
(accessed May 2025, http://www.urogene.org/methprimer/).
The analysis encompassed a 6,000 bp upstream region, the 5’
untranslated region (5UTR), and the first intron of FAM83H.

Post-translational modification (PTM) data were retrieved
from the dbPTM database®® (accessed June 2025, http://
dbPTM.mbc.nctu.edu.tw/), focusing on experimentally vali-
dated modification sites. Protein—protein interaction (PPI)
networks were constructed using STRING (v12.0,>! accessed
October 22nd, 2025; https://string-db.org), with all default
parameters accepted and applying minimum required inter-
action score thresholds of 0.7 (high confidence). Depending
on the level of biological relevance and informativeness,
between 10 and 50 interactors were displayed. The statistical
significance of network connectivity was evaluated using
STRING’s built-in PPI enrichment test, which determines
whether the observed number of interactions is greater than
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expected by chance. Networks with p < 0.05 were considered
significantly enriched.

Genes associated with non-syndromic Al were obtained
from the OMIM database and further verified using data from
recent literature and the MalaCards database®” (accessed
June 2025, https://www.malacards.org).

To ensure data reliability and cross-validation across
omics layers, all retrieved data were cross-referenced among
multiple independent databases, including OMIM, Ensembl,
HGMD, dbSNP, STRING, and dbPTM. Each variant and annota-
tion was manually verified to confirm consistency in genomic
position, transcript identity, and corresponding protein iso-
form. Concordance across databases and analysis layers was
used as an internal validation criterion to enhance the
robustness of the integrative synthesis.

Results and discussion

The integrative analysis combined data from published stud-
ies and publicly available bioinformatic databases to provide
a comprehensive overview of molecular insights related to
FAMS83H in Al. The results present findings across multiple
omic layers, including genomic, transcriptomic, proteomic,
and epigenomic data.

Systematic literature search and and multi-omics data
organization

An initial search of the PubMed and Web of Science databases
identified 150 potentially relevant studies. Titles, abstracts,
and full texts were reviewed to assess the availability of clini-
cal or molecular data. Ultimately, 62 studies published
between February 2008 and June 2025 met the inclusion crite-
ria for interpretation and further analysis (Figure 1).

These studies were systematically categorized into 13 ana-
lytical perspectives, encompassing 12 distinct omics layers
(Figure 2) and an additional subcellular localization analysis.
Data were extracted and interpreted using 13 different bioin-
formatic tools and databases, which enabled the integration
of multi-source molecular information across different bio-
logical domains. The omics layers include: genomics (DNA-
level; 34 studies), epigenomics (including miRNomics; 2 stud-
ies), transcriptomics (11), proteomics (including interactom-
ics; 14), epiproteomics (post-translational modifications; 2),
metabolomics (including lipidomics; 2), intracellular location
studies (13); phenomics (17), pharmacogenomics (2), environ-
mental omics (1), and multi-omics (1). The studies employed
either single-locus or genome-wide approaches and were
conducted using both human and mouse models.

Although miRNomics is often regarded as a standalone
omics layer, it is classified under epigenomics due to its gene-
regulatory role without altering the DNA sequence. Similarly,
interactomics was classified under proteomics due to its
focus on protein—protein interactions.

Genomics-DNA level

The region on chromosome 8 (chr8: 143,723,933—-143,733,801)
encompassing FAM83H has been investigated in 34 publica-
tions reporting its implication in Al. Multiple early reports

used a candidate-gene strategy, employing PCR amplification
and Sanger sequencing of all exons and splice junctions of
FAMS83H.7>*?* In the Hart et al.”® study, the authors also per-
formed STRP (short tandem repeat polymorphism) genotyp-
ing for haplotype analysis. Subsequent linkage-confirming
studies include Kim et al.®> and Haubek et al.”> Two studies
used targeted NGS panels,”®?” and more recent ones applied
whole-exome sequencing (WES).

The studies reporting FAM83H variants associated with Al
spanned a wide range of populations, including African
American,?®?° Asian,*®?® Caucasian, 28 Chinese,*>
37-402941 Chilean,’Colombian,** Danish,”” Hispanic,***%*® Ira-
nian,** Jewish,” Korean,*>** Taiwanese,”*> Thai,*’*° and
Turkish**” families.

Over 30 distinct FAM83H sequence variants associated
with AI have been identified, several reported multiple times
(Supplementary Table S1). All confirmed pathogenic variants
are nonsense or frameshift variants producing premature
stop codons between amino acids Ser?®” and Glu®** within
exon 5. Two missense variants have also been reported.**?
Because termination variants in the final exon typically
escape nonsense-mediated mRNA decay (NMD),” the result-
ing truncated proteins are likely to exert a dominant gain-of-
function effect, contributing to the development of Al. Of the
38 identified FAM83H variants, 21 have assigned reference
SNP (rs) IDs in dbSNP. One variant is annotated as a Clinical
Insertion (CI) and another as a Clinical Missense (CM) in the
HGMD.

Evolutionary studies have also examined FAM83H in the
context of Al Huang et al.”" traced its trajectory across verte-
brates to clarify its role in enamel formation and how its dis-
ruption leads to Al. Based on our analysis using Ensembl, 22
constrained elements ranging from 25 to 466 bp were identi-
fied across 92 eutherian mammals, including primates (Sup-
plementary Fig. S1). These findings indicate that FAMS83H is
conserved among species, highlighting its potential func-
tional importance.

FAMBS83H is also annotated as a host gene for a miRNA.
According to Ensembl and ENCODE data, hsa-mir-4664 is
located within intron 1 of FAM83H (Supplementary Figure S2).
Intragenic miRNAs, such as hsa-mir-4664, may be co-tran-
scribed with their host gene or transcribed independently via
their own promoters, and can regulate downstream targets
either synergistically or antagonistically relative to their host
gene.>’

The IQANKI1 gene, overlapping with the FAM83H-203 tran-
script, is annotated in Ensembl and ENCODE (Supplementary
Figure S2). Previously known as FAM83H-AS1 (antisense RNA
1), it is also referred to as ONCO-LNCRNA-3 and CACClInc, and
is transcribed in the antisense orientation relative to
FAMS83H. Functionally, IQANK1 has been implicated in various
pathological processes. It is strongly associated with multiple
cancers, including breast, colorectal, lung, prostate, and
esophageal,”™’ where it contributes to tumor progression
and chemoresistance. Beyond oncology, IQANK1 has also
been linked to intervertebral disc degeneration (IVDD), where
it promotes nucleus pulposus cell proliferation by sponging
hsa-miR-22-3p, thereby supporting disc homeostasis and
reducing inflammation-related pain.”® Although no direct
association between IQANK1 and Al has been reported, its
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Studies identified through database searching
(n=150)

Identification

Studies screened (n = 140)

———— | Studies excluded with reasons (n = 78):

Screening

Included

Studies included (n = 62%):

- Genomics (n = 34)

- Epigenomics (including MiRNomics; n = 2)
- Transcriptomics (n = 11)

- Proteomics (including Interactomics; n = 14)

- Epiproteomics (PTMs; n = 2)

- Metabolomics (including Lipidomics; n = 2)
- Intracellular location (n = 13)

- Phenomics (n=17)

- Pharmacogenomics (n = 2)

- Environmental omics (n =1)

- Multi-omics (n = 1)

Studies removed before screening:
Duplicate studies removed (n = 10)

- 13 studies focused on other dental
abnormalities

- 2 studies published in non-English
language

- 63 studies focused on cancer-related
involvement of the FAM83H gene

Fig. 1-Flow diagram illustrating the study selection process. () Some studies contained data corresponding to multiple
omics levels. Abbreviations: PTMs indicates post translational modifications.

diverse regulatory functions suggest potential relevance for

further exploration in enamel-related pathways.

Epigenomics

Epigenetics refers to regulatory mechanisms such as DNA meth-
ylation, histone modifications, chromatin remodeling, and non-

FAMB83H gene

coding RNA (ncRNA)—mediated control, which modulate gene
expression without altering the underlying DNA sequence.*

DNA methylation. DNA methylation, a key epigenetic modifi-
cation, involves the addition of methyl groups to cytosine res-
idues, typically at CpG dinucleotides, often resulting in
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transcriptional repression. Approximately 60—70% of human
genes contain CpG islands within their promoter regions,
where methylation can block transcription factor binding
and suppress gene expression.®°

While no studies have specifically examined FAM83H
methylation in the context of Al, our MethPrimer analysis
identified two CpG islands in the FAM83H promoter region.
The smaller island is 207 bp long and located 4,700—4,900 bp
upstream of the transcription start site, whereas the larger
island spans 1,316 bp, covering the upstream region, 5
untranslated region (5UTR), and first intron (Figure 3 and
Figure 4). These findings suggest regions with potential for
epigenetic modification. Notably, even under stringent crite-
ria (e.g., GC content >80%), an 834 bp island remained detect-
able.

Histone modifications. Histone modifications are critical for
chromatin organization and gene regulation, with post-trans-
lational modifications such as methylation, acetylation,
phosphorylation, ubiquitination, and sumoylation altering
chromatin structure and influencing transcription.®® For
example, H3K4 methylation is typically linked to gene activa-
tion, whereas H3K9 methylation promotes gene silencing and
heterochromatin formation. DNA methylation and histone
modifications often act synergistically to repress transcrip-
tion, frequently through recruitment of histone deacetylase
complexes that condense chromatin and block transcription
factor access.®?

Beyond transcription, histone modifications are vital in
development, including dental differentiation. Epigenetic
silencing, via H3 trimethylation, H2A ubiquitination, and
DNA methylation, regulates gene expression during odonto-
genesis.®®> The histone demethylase KDM6B (previously
known as JMJD3) also influences dental pulp stem cell differ-
entiation; its silencing reduces osteogenic markers and tran-
scription factors, impairing mineralization and dentin matrix
formation.®® These findings highlight the importance of
studying epigenetic regulation of FAM83H in enamel develop-
ment and disease.

Non-coding RNA gene regulation. Non-coding RNAs can be
analyzed across genomics, transcriptomics, and epigenom-
ics, but due to their complexity and diverse regulatory roles,
they are often studied as a distinct domain - ncRNA-omics.
NcRNAs are broadly divided into short (<200 nucleotides) and

long (>200 nucleotides) types. Among short ncRNAs, miRNAs
are the most extensively studied, regulating gene expression
through epigenetic and post-transcriptional mechanisms.
Long non-coding RNAs (IncRNAs) include subtypes such as
miRNA host genes, snoRNA host genes, lincRNAs, antisense
RNAs, and intronic IncRNAs.®® It remains unclear whether
FAMBS83H interacts with any IncRNAs in AL

MiRNAs were first implicated in tooth development by Jev-
naker and Osmundsen.®® Conditional deletion of epithelial
Dicer]l in the mouse disrupted early tooth development,®’
underscoring the role of miRNAs in enamel formation. Nota-
bly, in a murine model, mmu-miR-153 was shown to regulate
ameloblast-mediated endocytic and lysosomal pathways,
and its overexpression during maturation stage of amelogen-
esis was associated with enamel defects resembling AI.°%%°

MiRNAs primarily bind to the 3’ untranslated region
(3’'UTR) of mRNAs via their seed regions. In our study, using
TargetScanHuman, we identified 932 potential miRNA bind-
ing sites within FAM83H, though most are poorly conserved
(Figure 4).

According to miRBase, hsa-mir-4664, located within intron
1 of FAMB83H, gives rise to two mature forms: hsa-miR-4664-5p
and -3p. Liu et al.’° found hsa-miR-4664-3p upregulated in
non-small cell lung cancer (NSCLC), promoting proliferation,
migration, and angiogenesis, indicating its potential as a bio-
marker and therapeutic target. However, no evidence cur-
rently links hsa-mir-4664 to FAM83H regulation or Al.

Transcriptomics
Transcriptomics examines gene expression by analyzing dif-
ferential profiles of messenger RNAs (mRNAs), and ncRNAs,
such as IncRNAs, and miRNAs. Studies on FAM83H in Al pri-
marily rely on animal models because they allow experimen-
tal control and genetic modification. A literature review
identified 11 transcriptomic studies using systems such as
cell cultures, plasmid transfection, and animal
models.36,23,3,71—74,7,38,41,75

FAMS83H is expressed in various tissues, including skin,
hair follicles,®*” and has also been detected in the eyes, kid-
neys, liver, bladder, and larynx.?>*’? In addition to its role in
tooth development,73 FAMS83H overexpression has been
linked to several cancers, including colorectal,”® hepatocellu-
lar,”” prostate,”® lung,”® and gastric cancer.®

FAMS83H expression peaks during the pre-secretory and
secretory stages of ameloblasts, then declines during
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signaling (e.g.,).”*

maturation.>*® Lower levels are observed in odontoblasts and
alveolar bone.”® In transgenic mice, overexpression of
Fam83h does not affect enamel thickness or hardness,’” and
Fam83h-null mice show no significant reduction in hardness
compared to wild-type.’

In vitro, altered FAM83H expression, via overexpression,
knockdown, or truncation, disrupts keratin cytoskeleton
organization.”! Nonsense variants produce truncated mRNAs
with reduced transcript levels but increased protein accumu-
lation, likely due to impaired degradation.***' In HAT-7 odon-
togenic epithelial cells, siRNA-mediated knockdown of
Fam83h decreases Enam, Amelx, and Klk4 expression, while
increasing Ambn. Additionally, in a mouse model, transform-
ing growth factor-beta (TGF-83) signaling downregulates
Fam83h during ameloblast maturation,’* indicating a role in
enamel gene regulation (Figure 4).

A knock-in mouse model with truncated Fam83h impairs
enamel matrix secretion and mineralization by disrupting
iron transport, Amelx trafficking, and cell adhesion in

ameloblasts.”” In humans, variants in FAM83H similarly
affect enamel matrix protein secretion and ameloblast differ-
entiation.?® These findings highlight FAM83H as a key regula-
tor of enamel protein secretion and ameloblast function,
suggesting that expression variability may underlie differen-
ces in enamel development and related pathologies.

Proteomics
Proteomics examines proteins on a large scale, including
their structure, function and interactions, using methods
such as mass spectrometry and bioinformatics.®" It also ena-
bles the analysis of protein-protein interactions (PPIs), post-
translational modifications (PTMs), and differential protein
expression.®?

Ten studies have investigated the enamel proteins and
their COmpOSitiOn.36’71'5’83’37’7’84'24’38'41

The human FAMS83H protein comprises 1,179 amino acids.
It is encoded by five exons, with exon 5 being the largest and
encoding for 933 aminoacids, which represents about 80% of
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the total protein length (based on Ensembl data, Release 115).
Most variants lead to truncated proteins missing the
DUF1669/PACK1 domain (Ser’®”-Glu®®%).?* The N-terminal
domain, featuring alternating g-strands and «-helices, shares
homology with the phospholipase D superfamily, forms
dimers, and interacts with casein kinase I (CK1). The C-termi-
nal domain, less structured except for some coiled regions,
binds keratins.”* Structural predictions link N-terminal var-
iants to glycosyltransferase-like activity, and C-terminal var-
iants to defective enamel calcification.” Without a signal
peptide, FAM83H is likely intracellular in human ameloblasts.
Studies in Fam83h-null mice support this, showing it is not
secreted into the enamel matrix.”

Histological studies of hypocalcified enamel in Al type IIIA
reveal altered enamel protein profiles. Wright et al.®*
observed a broad protein size range (6—200 kDa), increased
tyrosine and leucine levels, but no rise in proline, compared
to normal enamel. These proteins also cross-reacted with
anti-amelogenin antibodies. Takagi et al.?® identified a domi-
nant 26 kDa amelogenin band, primarily composed of amelo-
genin peptides. Wright et al.>* reported higher total protein
content (1.3-5.5% vol/wt) and unique amino acid profiles
enriched in serine, leucine, tyrosine, and lysine. In contrast,
Wang et al.’” found no significant differences in enamel
matrix proteins, including amelogenin, among different
Fam83h genotypes in mouse models.

Functional studies show that FAM83H sequence variants
may elevate protein levels due to extended half-life and
impaired degradation via autophagy and the proteasome.***!
Some variants disrupt «-helix formation, affecting protein
stability, interactions, membrane assembly, and signaling,
with site-specific changes producing distinct functional
consequences.*’*®

Following synthesis, the maturation and activity of both
wild-type and truncated FAM83H proteins may be regulated
by post-translational modifications.

Post-translational modifications (PTMs). Post-translational

modifications are critical for regulating FAM83H function, sta-
bility, and interactions. Two key studies have highlighted

their importance.””” Wang et al.” identified multiple phos-
phorylation sites in C-terminal region of Fam83h in mice and
showed that recombinant human FAMS83H is phosphorylated
by CK1 in vitro. Two conserved regions (residues 1025-1055
and 1114-1139) were proposed as functional or structural
domains. The study concluded that FAM83H functions as a
scaffold protein, recruiting CK1 to specific cellular sites. Trun-
cated variants mislocalize CK1, disrupting phosphorylation
and potentially contributing to disease. Similarly, Kuga et
al.”' demonstrated FAM83H’s role in organizing the keratin
cytoskeleton. CK1 inhibition using the small-molecule inhibi-
tor D4476 disrupted the keratin network, altered desmoplakin
phosphorylation, and reduced phosphorylation at Ser®® of
keratin 8, suggesting FAMS83H recruits CKla to keratin fila-
ments to regulate their structure.

In analysis using the dbPTM database, we identified multi-
ple PTMs in FAM83H. The data indicate that FAM83H under-
goes multiple phosphorylation from residue 297 onward.
Additionally, 11 methylation, 8 ubiquitination, and one acety-
lation site (residue 1166) were identified, likely influencing its
cellular functions and interactions (Figure 4).

One of the two reported missense variants in the FAM83H
gene, ¢.1024T>A (p.Ser342Thr),** is located a known phos-
phorylation site (dbPTM) (Figure 5). Although both serine and
threonine residues can undergo phosphorylation, this substi-
tution may alter phosphorylation dynamics and thereby
influence downstream signaling pathways.

Interactomics. Interactomics examines molecular interac-
tions, including DNA—protein, RNA—protein, RNA—RNA inter-
actions, to map networks governing gene expression,
signaling, and regulation.®

Using the SPRING online algorithm,®” Wang et al.” compu-
tationally predicted 89 high-confidence protein—protein
interactions involving Fama83h in mice (p < 0.05). They pro-
posed that FAM83H dimerizes via its N-terminal phospholi-
pase D-like (PLD-like) domain and experimentally confirmed
its interaction with CK1, mediated by a conserved F¥°-X-X
—X—-F?*-X—X—-X~F?"® motif. This interaction was facilitated
by the DUF1669 domain, which was later renamed PACK1.5%%”

Phosphorylation
at position 342

HHSFEKIHRSLHHVFQGELVSSFDEEFRILFRquPLVPSRHHLRRHDHVBLHPVHERGPLUGVPGVGRPTPFSFPKRRHLLFPPPREEGLGFPSFLI]PI]F!HFLSRFRREEPPRHPGGR\

250 260 300

Intron 4-5

Exon 5 ENSE00001373626

GACCGeCACT\CCTG
GCTGGRACCGCRACGCECEEE

:gmcﬁceﬁeefc T
GCACCTEETETTCC
TEEG

310 320 330 340 350 360

CGG PGCCGG

—.A.:Ef‘ LGC

2ecRcGEEAAGAGEECCTEE!

CETCCGHCGEE-6

rCl

ccelceccere CGGG",:- GGCGC

Fig. 5-Missense variant p.Ser342Thr in FAM83H located at a predicted phosphorylation site. Data and figure adapted from
the Ensembl Genome Browser (lower pannel) and the dbPTM database (upper pannel).
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FAMZ20A

MMP20

. CSNK1D

FAM83H ‘

‘ CSNK1E

ARHGAP39

Fig. 6 - Protein—protein interaction (PPI) network associated with the FAM83H protein, generated using the STRING database.
The network displays both predicted and experimentally validated interactions, including direct (physical) and indirect
(functional) associations. Nodes represent proteins, and edges indicate interactions supported by curated databases, experi-

mental evidence, or computational predictions.

In human cells, Tachie-Menson et al.*® demonstrated
interactions with NCK1/2 via C-terminal proline-rich motifs,
while White et al.® and Kuga et al.”* showed roles in epithe-
lial architecture, keratin cytoskeleton organization, and des-
mosome formation.

We used the STRING database to explore potential PPI
involving FAM83H. The analysis generated a PPl network
with 11 nodes, exhibiting significantly more interactions than
expected (p = 0.00014). Predicted partners include AMELX,
ENAM, MMP20, FAM20A, WDR72, ODAPH, ARHGAP39, and
CK1isoforms (CSNK1A1, CSNK1D, and CSNK1E) (Figure 6).

Six proteins, AMELX, ENAM, MMP20, FAM20A, WDR72, and
ODAPH, are key regulators of amelogenesis, the process
responsible for enamel formation. Although not all predicted
interactions have been experimentally confirmed, CK1 dys-
function has been linked to disrupted circadian rhythms,”
aberrant Wnt signaling,”’ enamel defects due to impaired
ameloblast function,®” and genomic instability in amelo-
blasts,” all of which are critical to proper enamel develop-
ment. While, ARHGAP39 regulates actin cytoskeletal
dynamics via Rho GTPase signaling, influencing neuronal
migration and synaptic function.”*

Understanding these pathways not only clarifies the
molecular mechanisms underlying enamel formation
but also offers insights into the broader regulation of ame-
logenesis.

Metabolomics, glycomics and lipidomics

Metabolomics analyzes changes in small-molecule metabo-
lites to reveal cellular processes, while specialized subfields
such as glycomics and lipidomics focus on carbohydrates

lipids, respectively. To date, no comprehensive metabolomic
or glycomic studies specifically addressing FAM83H variants
have been reported.

Lipidomics, a growing omics field, identifies and quanti-
fies lipid species and their interactions with proteins,
metabolites, and other lipids. Studies by Shore et al.””> and
El-Sayed et al.*® suggest a potential role for FAM83H in lipid
metabolism or signal transduction. Shore et al. observed
abnormal lipid or lipid—protein complex retention in the
enamel matrix via energy-dispersive X-ray (EDX) analysis,
proposing it as a mechanism in some Al cases. Similarly,
El-Sayed et al. reported elevated carbon levels in severely
affected enamel, suggesting increased lipid content.

These findings offer novel insights into FAM83H’s role in
enamel biomineralization. However, direct links between
FAMBS83H and lipidomic pathways remain largely uninvesti-
gated. Further research is needed to clarify its broader cellular
functions, especially in lipid metabolism and signaling.

Intracellular location
In eukaryotic cells, mRNA is transcribed in the nucleus and
translated in the cytoplasm. Since protein localization is criti-
cal to function, 13 studies have examined the intracellular
distl’ibution Of FAM83H.31’96’71’ 97, 98,4,99,7,100,39,101,40, 41

Ding et al.** found Fam83h primarily in the cytoplasm of
mouse ameloblasts, near the Golgi apparatus. In human, cer-
tain variants of FAM83H increase nuclear accumulation.*
Wang et al.” suggested Fam83h/FAM83H acts as a scaffold for
CK1, influencing its subcellular localization. Kuga et al.”* con-
firmed FAMB83H binds CK1l« and localizes to perinuclear kera-
tin filaments, extending to cell junctions.
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Later studies in human cells reported that wild-type
FAMS83H localizes mainly to the cytoplasm, while some variants
cause nuclear mislocalization.””***' This mislocalization has
functional consequences, disrupting Wnt/g-catenin signaling
by misdirecting CK1«, thereby blocking g-catenin nuclear entry
and impairing osteogenic differentiation.”*?%%!

These findings suggest that altered localization of
FAMS83H, particularly due to truncating variants, may directly
drive disease pathology. In AI3A, such variants alter protein
localization and exert pathogenic effects through a neomor-
phic rather than a loss-of-function mechanism.***° The C-
terminal region appears to be crucial for cytoplasmic reten-
tion, although its precise role remains unclear.*

Notably, not all disease-associated truncating variants
result in nuclear speckle localization, indicating that misloc-
alization alone does not fully explain the AI3A phenotype.”®
Structurally, the DUF1669 domain enables FAM83H to access
nuclear speckles and recruit CKle, but adjacent flanking
sequences are also required for complete functionality.’®
Thus, although disrupted CKle localization and signaling
likely contribute to disease pathogenesis, additional mecha-
nisms, such as altered CK1 binding, dysregulated Wnt/g-cate-
nin signaling, or other as yet unidentified pathways, may also
be involved.?

Phenomics

Phenomics explores how sequence variants and environmen-
tal factors influence the phenome. To date, 17 studies have
examined the  phenotypic effects of FAMS3H
Variants.36’6’43'102‘23’96'47’3’4’48’103’49‘37’2’35‘24’29

Al type IIIA features enamel of normal thickness but
impaired prism nucleation and mineralization, resulting in
soft enamel that is prone to wear.®**'%? Two patterns are rec-
ognized: (1) a generalized form with reduced mineral content
and elevated protein levels, despite near-normal prismatic
structure; and (2) a localized form affecting primarily cervical
enamel. Truncations yielding proteins with 677 or fewer
amino acids typically cause the generalized phenotype, while
those with 694 or more tend to result in localized defects.”*
Lee et al.* showed that the central region (Ser’®”—Glu®®) is
critical for normal ameloblast function, with truncations
beyond this region causing nuclear mislocalization and
milder phenotypes.

The first reported missense variant in FAMS83H,
reported by Urzua et al,” was associated with a milder
generalized phenotype and predicted to impair disulfide
bond formation, destabilizing the protein. Emerging data
suggest FAMS83H also influences dentin formation.?”-*°
Nowwarote et al.**'%® observed reduced mineralization in
periodontal ligament and alveolar bone cells from mouse
models carrying the p.Glu421Ter variant, indicating
impaired osteogenic differentiation.

Subsequent studies expanded the phenotypic spectrum.
Sriwattanapong et al.*’ reported age-dependent severity;
Wang et al.>® noted delayed eruption of canines or second
molars and enamel hypoplasia. Bai et al.?® building on Kanta-
putra et al.* showed intra-familial variability and the first
evidence of incomplete penetrance in FAM83H-related Al

Craniofacial abnormalities have also been reported. Kim et
al.®> and Wright et al.>* identified increased rates of Class III

malocclusion and anterior open bite. He et al.”® found that
Fam83hCin396Ter/GIn39%6Ter ice exhibited reduced serum alka-
line phosphatase (ALP) levels and bone calcium, suggesting
impaired osteogenic differentiation, possibly via disrupted
Wnt/g-catenin signaling, contributing to delayed skeletal
development and reduced mandibular bone mass.

These findings illustrate the diverse and variable pheno-
types associated with FAM83H variants, some overlapping
with other disorders. To explore these links, we used Mala-
Cards to identify diseases sharing one or more genes with Al
type IIIA (AI3A) and constructed a disease network where
nodes represent diseases and edges reflect shared genetic
associations (Supplementary Figure S3).

This analysis revealed genetic links between AI3A and
other Al subtypes. For istance, type IIIB is linked to AMTN var-
iants and displays a similarly hypocalcified enamel pheno-
type; type IIIC, associated with RELT variants, causes enamel
hypomineralization; and type IV (DLX3-related) often features
taurodontism. Hypomaturation types IIA1 and IIAS, associ-
ated with KLK4 and SLC24A4 variants respectively, disrupt
enamel maturation, while type IB (ENAM-related) results in
localized hypoplasia. Beyond AI, AI3A shares gene-based
associations with conditions like pulp degeneration, dentin
erosion, and tooth erosion, suggesting overlapping molecular
pathways. While MalaCards lists Kohler’s disease as a geneti-
cally linked condition, current evidence does not strongly
support this association, which should be interpreted cau-
tiously.

Pharmacogenomics

Pharmacogenomics explores how genetic variation influen-
ces drug responses. In dentistry, fluoride is widely used to
reduce enamel demineralization, promote remineralization,
and inhibit bacterial activity. While its benefits for enamel
are well known, its interaction with genetic factors during
odontogenesis is a growing research focus.

Two studies have examined the impact of fluoride on
FAM83H expression.’?*'%> Jia et al. showed that fluoride
downregulated Fam83h in mouse ameloblast-like cells by
inhibiting JNK and p38 mitogen-activated protein kinase
pathways, impairing mineralization. Similarly, Shi et al.’*
reported that excessive fluoride reduced Fam83h expression
in mice, leading to enamel defects and fluorosis-like pheno-
types.

These findings suggest that elevated fluoride during tooth
development may contribute to enamel abnormalities by
modulating FAM83H through gene—environment interac-
tions.

Environmental omics
Most human traits result from complex gene—environment
interactions, though the mechanisms remain incompletely
understood.'® Such interactions contribute to various devel-
opmental disorders, yet their role in enamel formation
remains underexplored.'”” Environmental factors, including
nutrition, exposure to toxins, and disrupted signaling, may
influence phenotypic outcomes through epigenetic modifica-
tions and miRNA-mediated regulation.'®®

Nutritional deficiencies, early childhood illness, or exces-
sive fluoride intake are linked to enamel defects but are not
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directly associated with Al type IIIA. In genetically predis-
posed individuals, however, these factors may exacerbate
enamel abnormalities through gene—environment interac-
tions.

Winter'® observed that hereditary Al, particularly forms
with enamel opacities and taurodontism, can be misdiag-
nosed as environmental conditions such as fluorosis. This
illustrates the challenge of distinguishing genetic from envi-
ronmental causes and the need for genetic testing in uncer-
tain cases. To date, no direct causal relationship between
environmental exposures and Al type IIIA has been demon-
strated.

Multi-omics

Multi-omics approaches combine data from genomics, tran-
scriptomics, proteomics, and epigenomics to explore biologi-
cal functions across molecular layers. This integration offers
a holistic view of complex traits and diseases by capturing
interactions between pathways.?

To date, no multi-omics studies have used a positional
integrative framework to identify genomic regions or regu-
latory networks involving FAM83H in the context of AL
However, recent work has begun examining broader roles
of the FAMS83 gene family, including links to tumorigene-
sis.

Snijders et al."'® analyzed gene expression and DNA copy
number variations (CNVs) across cancers and found consis-
tent FAM83H upregulation, particularly in the frequently
amplified 8q region. Though rooted in cancer biology, these
findings highlight the gene’s broader regulatory importance
and support its investigation in enamel development via inte-
grative multi-omics.

ITGB6

COL17A1 LAMB3

WDR72

SLC24A4

®

_FAM83H

DLX3

ARHGAP6

Integration of FAMS83H in the interactome of non-syndromic Al
candidate genes
Over 100 genes have been implicated in both syndromic and
non-syndromic forms of Al, with the latter limited to isolated
enamel defects.?®' %17

We used the STRING database to construct a PPI network
based on 18 Al-associated proteins, including FAMS83H
(AMELX, ARHGAP6, ENAM, AMBN, MMP20, KLK4, WDR72,
ODAPH, SLC24A4, GPR68, FAM20A, LAMB3, COL17A1, ACP4,
ITGB6, AMTN, and DLX3). The analysis of these 18 proteins
resulted in a 15-node PPI network, including FAM83H. The
network displayed significantly more interactions than
expected (p < 1.0 x 107%9) (Figure 7). In contrast, three proteins
(ARHGAPS6, GPR68, and SLC24A4) showed no detectable inter-
actions, suggesting they may be less functionally integrated.
FAMS83H showed interactions with AMBN, DLX3, FAM20A,
MMP20, ODAPH, and WDR?72, indicating its integration within
a highly interconnected enamel matrix cluster; however,
most interactions of FAM83H were predicted based on gene
neighborhood. As STRING integrates computational predic-
tions, text mining, and available experimental data, experi-
mental validation is required to confirm the biological
relevance of the predicted associations.

Integrative multi-omics perspective

The combined evidence across omics layers suggests a multi-
step pathogenic cascade underlying FAMS83H-related AL
Genomic variants, particularly nonsense or missense
changes within the conserved DUF1669 domain, may not
only truncate the FAM83H protein but could also potentially
affect local chromatin organization. To date, all pathogenic
FAMS83H variants linked to Al have been identified within
exon 5. Available data indicate that no FAMS83H variants

KLK4

ACP4

AMTN

ODAPH

Fig. 7 - Protein—protein interaction (PPI) network constructed using the STRING database based on 18 Al-associated proteins,
including FAMS83H. The network shows significant interconnectivity among enamel matrix—related proteins, while three
proteins (ARHGAP6, GPR68, and SLG24A4) display no detectable interactions.
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linked to Al have been reported downstream of the gene;
however, one missense variant occurs within a known post-
translational modification site, potentially affecting protein
phosphorylation, stability, and the gain and/or loss of protein
—protein interactions.

At the proteomic level, our findings align with previous
reports suggesting that the truncated protein may lose key
phosphorylation and interaction sites, impairing binding
with enamel matrix proteins such as AMELX, ENAM, and
MMP20. Together, these cross-layer insights integrate previ-
ously published mechanisms with our new findings, outlin-
ing how genomic and proteomic alterations converge to
produce the characteristic hypocalcified enamel phenotype
observed in FAM83H-related AL

This holistic approach and integrative protocol applied in
this study serves as a model for single-gene analysis in rare
diseases, demonstrating how systematic synthesis across
omics layers can contribute to understanding potential
molecular mechanisms underlying gene function and disease
pathogenesis. Furthermore, this perspective highlights the
potential for developing novel biomarkers to support early
diagnosis and patient stratification, and provides opportuni-
ties for translational applications to guide personalized man-
agement and inform future targeted therapeutic strategies.

Limitation of the study

Although this study integrates data from multiple omics
approaches, several limitations should be noted. Methodolog-
ical differences, varying sample sizes, and inconsistent data
processing across the referenced studies may affect compara-
bility. Furthermore, the evidence base is largely derived from
case reports or small cohort studies, warranting cautious
interpretation. Most available data come from human and
mouse studies, with limited experimental models to clarify
the mechanistic role of FAM83H in enamel development.
Environmental influences and gene—environment (GxE)
interactions were conceptually addressed but not empirically
evaluated. Certain omics layers, particularly lipidomics and
glycomics, remain underexplored in relation to FAM83H and
deserve further investigation. Finally, phenotypic variability
and incomplete penetrance in FAM83H-associated Al under-
score the need to examine potential modifier genes, epige-
netic factors, and other modulators of disease expression.

Future directions

To adress current limitations, future research should priotize
large-scale, multi-omics and single-cell studies supported by
experimental validation to deepen understanding of
FAM83H-associated Al Collaboration among research groups
will be essential for generating robust and diverse datasets
across populations and developmental stages. Emerging tech-
nologies, such as single-cell RNA sequencing (scRNA-seq),
spatial transcriptomics, and pathway mapping, offer high-
resolution insights into the cellular and molecular basis of Al
Notably, no scRNA-seq studies have yet examined FAM83H
expression or Al, whereas similar approaches have

successfully revealed molecular and genetic drivers in dental
caries,’'? highlighting an opportunity for future targeted sin-
gle-cell transcriptomic analyses in Al Public resources like
the GTEx database'"® can also be leveraged to explore broader
gene expression patterns.

Conclusions

This study proposes a comprehensive framework for map-
ping FAMS83H regulation by integrating data from 13 bioinfor-
matic databases and tools, complemented by evidence from
the literature, across 12 omics layers. Unlike prior research
limited to isolated factors, our multi-omics approach unifies
diverse datasets into a cohesive model, offering a deeper,
more interconnected view of FAM83H’s biological roles and
clinical relevance. Its pleiotropic functions, in enamel forma-
tion, cytoskeletal organization, vesicle transport, and cancer
biology, highlight its significance beyond dental pathology.

The resulting multi-omics integrative atlas identifies
potential molecular drivers underlying phenotypic variability.
It also serves as a model for studying rare genetic disorders
and as a comparative reference for studies of gene function
and enamel development across mammalian species. Future
research should apply high-resolution, experimentally vali-
dated approaches that account both regulatory mechanisms
and environmental influences to further elucidate FAM83H-
associated conditions.
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