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ABSTRACT To investigate the protein expression changes of c.878T>G mutant and wild-type Ectodysplasin-A (EDA)
gene on prokaryotic vectors from hypohidrotic ectodermal dysplasia (HED) families. The c.878T>G mutant and wild-type
EDA genes were amplified, screened, and double-enzyme digested to obtain the target fragments. The recombinant plasmids
were constructed and introduced into Escherichia coli. Lactosidase (IPTG) induces the expression of the target gene. The
EDA protein expression content was determined by Western blot and enzyme-linked immunosorbent method.  On the
prokaryotic expression vector, the c.878T>G mutant and wild-type EDA protein expression increased with the increase of
induction time, and the mutant protein expression was lower than the wild-type protein expression at the same point
(P<0.05). In conclusion, the c.878T>G gene mutation in this family caused one amino acid of the EDA protein to become
another amino acid, and the c.878T>G mutation site can lead to a significant decrease in the expression of EDA protein on
the prokaryotic expression vector, is highly pathogenic and may be the cause of the HED family.
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INTRODUCTION

Hypohidrotic ectodermal dysplasia (HED) is
a congenital anomaly characterized by hypohy-
drosis, hypotrichosis and hypodontia (Khan et
al. 2020; Anbouba et al. 2020).  This type of syn-
drome affects the development of two or more
ectodermal-derived organs, such as hair, teeth,
nails, exocrine glands (Shwayder et al. 2019). The
typical clinical manifestations are: sparse hair,
loss of sweat glands, and abnormal tooth devel-
opment (Liu et al. 2018). Ocular anomalies were
less frequently observed, the most common ones
being dysplasia of the lacrimal gland or meibo-
mian gland that leads to dry eye and variable
corneal involvement (Prat et al. 2021). Oral man-
ifestations were mainly congenital absence of
most teeth, or even complete edentulousness,

which generally involved deciduous teeth and
permanent dentition, and had a great impact on
the physical and mental health of patients and
seriously reduces the quality of life of patients.

During the development of human early em-
bryos, Ectodysplasin-A (EDA) is gradually ex-
pressed in the epidermis of various parts of the
embryo. As the embryonic development contin-
ues to improve, EDA begins to be expressed in
hair follicles (Wu et al. 2019). The expression
position of EDA in the embryonic development
process had a certain connection with the clini-
cal symptoms of HED patients, that is, the ecto-
derm-derived organs of HED patients were of-
ten congenital underdevelopment, such as
sparse hair, missing teeth, missing nails or in-
complete phenotypes (Wiœniewski et al. 2002;
Mintoff et al. 2020; Wang et al. 2020). These
studies indicated the close relationship between
EDA and HED from the perspective of develop-
mental biology. As a disease-causing gene, HED
patients due to its mutation account for 95 per-
cent of the total number of patients (Deshmukh
and Prashanth 2012), including nonsense muta-
tions, missense mutations, and small fragment
deletions and other types of mutations.
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The researchers’ group collected 4 unrelat-
ed HED families in the early stage. Through com-
plete clinical examination, the 4 probands all had
typical clinical manifestations and were male
patients. The family inheritance law conformed
to the X chromosome recessive inheritance type.
Gene sequencing results showed that all fami-
lies had mutations in the EDA gene, and they
were all different, including 2 point mutations
(c.466C>T, c.878T>G) and 2 deletion mutations
(c.663-697del, c.587-615del) (Lu et al. 2013). By
comparing with the reported mutation sites, the
point mutation (c.466C>T) in one family is a
known pathogenic mutation (Monreal et al.
1998), and the remaining three mutation sites
(c.878T>G, c.663-697del, c.587-615del) are new
unknown mutations. The online gene prediction
software SIFT and PolyPhen-2 were used to pre-
dict the conservation and pathogenicity of the
mutation site c.878T>G, and the EDA gene muta-
tion site p.L293R (c.878T>G) and p.T221fsX6
(c.663-697del) and p.P196fsX33 (c.587-615del)
were found, which had strong amino acid conser-
vation among different species, suggesting that
during species evolution, this newly discovered
3 EDA gene mutation sites may be located in an
important functional area of the coding gene.
Evaluation of the pathogenicity of the mutation
site c.878T>G indicated that the mutation site was
theoretically highly pathogenic (He et al. 2018).

Objectives

In order to further study the difference in
protein expression between the c.878T>G mu-
tant and the wild EDA gene, prokaryotic expres-
sion vectors of EDA gene (c.878T>G) mutant
and wild-type in HED were constructed, and in-
duced recombinant plasmid expression in E. coli,
laying an experimental foundation for exploring
the molecular mechanism of HED pathogenicity.

MATERIAL  AND  METHODS

Test Specimen

The peripheral blood of one representative
patient with EDA gene mutation (c.878T>G) and
peripheral blood of one representative normal
control were used in this study. Before study,
two subjects signed informed consent.

Instruments and Reagents

ABI 2720 polymerase chain reaction (PCR)
instrument (Applied Biosystems, USA), low-
voltage power electrophoresis instrument (Bio-
Rad, USA), Du-640 UV spectrophotometer (Beck-
man, Germany), gel imaging system (Bio-Rad,
USA), multifunctional Microplate reader (Tecan,
Australia), ultrasonic cell crusher (Ningbo Sci-
entz Company, China), TRIzol reagent (Shang-
hai Bioengineering Co., Ltd., China), ampicillin
(Wuhan Fuxin Chemical Co., Ltd. , China), Kit
reverse transcription kit (Dalian Bao Biotech-
nology company, China), PCR kit (Dalian TaKa-
Ra Company, China), DNA gel recovery kit
(Shanghai Yili Co., Ltd., China), T4DNA ligase
(NEB, USA), restriction enzyme BamHI (NEB,
USA), restriction Endonuclease Sac (NEB, USA),
DEPC (Beijing Dingguo Biotechnology Co., Ltd.,
China), DNA molecular marker (Beijing Tiangen
Biotechnology Co., Ltd. , China), common plas-
mid kit (Beijing Tiangen Biotechnology Co., Ltd.
, China), pTZ57R/ T cloning kit (Thermo Scien-
tific, USA), isopropyl beta-D-thiogalactopyra-
noside (IPTG) (Gene Co., Ltd., Hong Kong, Chi-
na), primary antibody diluent (Shanghai Beyo-
time Biotechnology Company, China), sodium
dodecyl sulfate-polyacrylamide gel electrophore-
sis (SDS-PAGE) electrophoresis solution
(Shanghai Beyotime Biotechnology Company,
China), EDA primary antibody (Wuhan Boster
Biological Technology Co., Ltd., China), HRP-
labeled goat anti-rabbit secondary antibody
(Wuhan Boster Biological Technology Co., Ltd.,
China), EDA Enzyme-linked immunosorbent as-
say (ELISA) (Wuhan Boster Biological Technol-
ogy Co., Ltd., China), Tris base (Majorbio Co.,
Ltd., China) , DH5α competent cells (Beijing Tian-
gen Biochemical Technology Co., Ltd., China),
pET-25b(+) plasmid (Thermo Fisher Scientific,
USA), E.coli BL21 (Beijing Tiangen Biochemical
Technology Co., Ltd., China).

Peripheral Blood Sample Collection and Total
RNA Extraction

Blood from patients with EDA gene muta-
tions (c.878T>G) and normal control were col-
lected, and placed in 2% EDTA anticoagulation
tubes. The basic patient information was regis-
tered. According to the instructions of TRIzol
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Reagent, total RNA from all subjects were extract-
ed, and RNA integrity and concentration were
detected by 1 percent  agarose gel electrophoresis.

RNA Reverse Transcription

According to the reverse transcription kit in-
structions, reverse transcription was performed
at 37°C for 15 min, the reverse transcriptase was
inactivated at 85°C for 5 s, and held at 4°C to
reverse transcription of mRNA into cDNA.

PCR Amplification of Wild-Type Gene Fragments

The reaction system included 10 μL ExTaq, 1
μL wild-type EDA cDNA ,1 μL F-EDA Primer(10
μM), 1 μL R-EDA Primer(10μM), and 7 μL ddH

2
O.

After the reaction system was prepared, the liquid
was concentrated at the bottom by instant centrif-
ugation. The PCR amplification conditions were:

Pre-denaturation at 94°C for 2 min, 35 cycles
(94°C for 30s, 55°C for 30s, 72°C for 45s), 72°C
extension for 5 min.

Overlap PCR Site-directed Mutation of EDA Gene

Log in to University of California Santa Cruz
(UCSC)  Genome Brower, query the human EDA
gene sequence, design specific primers. The prim-
ers were synthesized by BGI Genomics, China.
The primers F-EDA (ATCGGATCCATGGGC-
TACCCGGAGG) and R-EDA (GACAAGCT-
TCTAGGATGCAGGGGCTTC) were specific
primers at both ends of the EDA gene. Among
them, the primers F-M-EDA (AGCGGGGAGCG
(mutation site) GGAGGTACTG) and R-M-EDA
(CAGTACCTCCC (mutation site) GCTC-
CCCGCT) were intermediate primers. PCR ampli-
fication with F-EDA and RM-EDA, R-EDA and
FM-EDA was performed to obtain PCR prod-
ucts from the upper and lower ends respective-
ly. The products at both ends are recovered and
mixed to make each other as template and primer.
The overlapping PCR was performed by using
this product as a template, primers (F-EDA and
R-EDA) were added for amplification to obtain
the full mutant gene. PCR amplification condi-
tions are: 940C pre-denaturation for 2 min, 35
cycles (940C 30 s, 550C 30 s, 720C 45 s), 720C
extension for 5 min.

Target Gene Cloning

After the above PCR products were detect-
ed by 1 percent agarose gel electrophoresis, the
target DNA fragments were recovered and puri-
fied, and connected to the ready-to-use cloning
vector pTZ57R/T, and transformed into DH5β
competent cells. The blue protein screening on
penicillin (Amp, 100 ìg/mL) plates was performed,
white colonies were picked. After PCR and restric-
tion enzyme digestion, sequence was performed
to determine positive clones.

Construction of Prokaryotic Expression Vector

The positive clone product and the pET-
25b(+) vector plasmid were double-enzyme di-
gested with BamHI and SacI, respectively, and
the target gene fragment was ligated with the
expression vector (16°C, 10h) after digestion, and
then transformed into DH5α competent cells by
the ligation system. The transformed product
was spread on LB solid agar medium containing
ampicillin (100 μg/mL) and cultured in a 37°C
incubator for 16 hours to obtain a prokaryotic
expression vector containing the target gene.
After identification by PCR and restriction en-
zyme digestion, it was transformed into the host
strain E. coli BL21 for expression.

Target Protein Expression Induced By IPTG and
Determination of Total Protein Concentration

A cloned strain was selected from the petri
dish, inoculated on LB solid medium containing
ampicillin (100 ìg/mL), and cultured at 37°C, and
induced time gradient. After culturing for 4h,
IPTG (final concentration 0.5 μg/mL) was added
to induce the expression of the target protein,
the induced bacteria solution at 0h, 1h, 2h, 3h,
4h, and 5h were taken and centrifuged at 6000r/
min for 30S. The bacteria were collected. After
washing, PBS was added to resuspend the bac-
teria solution, broken with ultrasound, centri-
fuged at 40C, 12000r/min for 10 min, and the su-
pernatant was taken. The protein standard solu-
tion was prepared and diluted, sample was add-
ed, and it was detected by multifunctional mi-
croplate reader with the absorbance at 562 nm
wavelength. The standard curve was drawn with
absorbance as the x-axis and concentration as
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the y-axis, and the concentration of the target
protein was calculated based on the standard
curve and the absorbance of the target protein.

Western Blot to Detect the Expression of EDA
Protein

After measuring the total protein concentra-
tion of the supernatant, the sample volume of
each sample was adjusted to unify the total pro-
tein loading volume of 20 μg, separated by 10
percent  SDS-PAGE, and transferred to polyvi-
nylidene fluoride (PVDF) membrane, incubated
with EDA antibody (1:300 dilution) on a hori-
zontal shaker overnight at 4°C, and washed.
PVDF membrane and horseradish peroxidase-
labeled goat anti-rabbit IgG were incubated at
37°C for 2h. ECL luminescence was performed,
the film was placed in the film press box for de-
velopment, the developer and fixer kit were used
to prepare the developer and fixer for manual
washing, the film was dried, and scanned. β-actin
served as an internal control.

ELISA Method to Detect the Expression of EDA
Protein

The supernatant of the sample after sonica-
tion was centrifuged. Total of 25 μL each of the
antibody standard solution diluted according
to the required multiples and the sample to be
tested were added into the wells of the sample
to be tested, and incubated at 37°C for 90 min.
After washed, 100 μL of diluted biotin anti-hu-
man EDA antibody working solution according
to the instructions (except tetramethylbenzidine
(TMB)  blank chromogenic wells) were added,
sealed, incubated at 37°C for 60 min. After
washed, 100 μL of ABC working solution (TMB
blank chromogenic wells were excluded) were
added, incubated at 37°C for 30 min and then
washed the plate again, and added 90 ìL of TMB
chromogenic solution in order, avoiding light
for 15-20 min (depending on the color develop-
ment situation), then added 100 μL of TMB stop
solution, immediately measured the absorbance
of the specimen on a 450 nm microplate reader,
drew a standard curve, and calculated the sam-
ple concentration. The testing was carried out
by the same operator to avoid human error and
strict quality control.

Statistical Analysis

The SPSS19.0 statistical software was used
for analysis. The difference in the mean between
and within the group was analyzed by F test and
independent sample test. The difference was statisti-
cally significant with a two-sided P<0.05, and the re-
sults were expressed as mean±standard deviation.

RESULTS

The bands of agarose gel electrophoresis were
shown in the Figure 1, including three bands of
28S, 18S, and 5S. The brightness of 28S band was
about twice of 18S band, and the bands were clear
without dispersion phenomenon. The RNA con-
centration measured on the multifunctional mi-
croplate reader were between 300-2000 ng/μL, and
the ratios of A260/A280 were between 1.8 and
2.1, indicating that the extracted RNA was of good
quality without degradation or breakage.

PCR amplification products were detected by
1 percent agarose gel electrophoresis, the point
mutations showed specific bands around 250
bp and 900 bp, and the target gene showed a
specific band around 1000 bp, and the size was
consistent with the theory value (Fig. 2).

One ml of the bacterial solution was sent to
the sequencing company. The sequencing re-
sult was shown in Figure 3A. The clone con-
taining the sequence of the target gene frag-
ment was a positive clone. Subsequently, the
recombinant plasmid verified by sequencing was
extracted for double enzyme digestion, and the
gene fragments were recovered. After detection
by 1 percent agarose gel electrophoresis, a spe-

Fig. 1. Agarose gel electrophoresis of total RNA
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cific band was shown near 1000 bp, and the size
was consistent with the theoretical value (Fig.
3B).

he double enzyme digestion detected by 1
percent agarose gel electrophoresis showed
bands with the same size as expected. The smaller
band was about 1.2Kb and the larger band was
about 5.2Kb, indicating that the target gene had

been successfully inserted into the prokaryotic
expression carrier (Fig. 4).

Protein Expression Induced by IPTG

IPTG-induced bacterial solution for 1h, 2h,
3h, 4h, and 5h were detected by SDS-PAGE, and
results showed that the expression of the target
protein gradually increased and tended to stabi-

Fig. 2. (A) Agarose gel electrophoresis of the frag-
ment before and after the mutation site c.878T>G
amplified by PCR and the amplified fragment of
wild-type EDA, note: 1: 250bp DNA marker, 2: Frag-
ment 298bp after the mutation site, 3: Fragment
878bp before mutation site, 4: wild-type EDA 1176bp;
(B) EDA-PCR agarose gel electrophoresis, note: 1:
250bp DNA marker, 2: mutant EDA fragment, 3: wild-
type EDA fragment

Fig. 3. (A) Sequencing comparison map of EDA-pTZ57R/T plasmid
(B) Agarose gel electrophoresis of EDA-pTZ57R/T double enzyme digestion,
Note: 1: 1kb DNA marker; 2: mutant EDA-pTZ57R/T double digestion; 3: wild-type EDA-pTZ57R/T double digestion

Fig. 4. Agarose gel electrophoresis diagram of
EDA-pET-25b(+) double digestion
Note: 1: 1kb DNA marker; 2: mutant EDA-pET-
25b(+) double digestion; 3: Wild-type EDA-pET-
25b(+) double enzyme digestion; 4: pET-25b(+)
empty plasmid control
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lize, and the difference between the expression
of each group protein before the induction was
statistically significant (P<0.05), indicating that
the researchers’ induced expression was suc-
cessful (Fig. 5). The mutant EDA protein began
to be expressed at a later time, and the expres-
sion was significantly lower than the wild-type
EDA protein at the same point. The difference
between the two groups was statistically significant
(P<0.05) (Table 1).

Wild-type and Mutant EDA Protein Detected by
Western Blot

The results showed that the expression of
wild-type and mutant EDA protein gradually in-
creased and stabilized with the increase of in-

duction time, and the difference was statistical-
ly significant compared with the expression of
each group before induction (P<0.05). The mu-
tant EDA protein began to be expressed at a
later time, and the expression level was signifi-
cantly lower than that of the wild-type EDA pro-
tein at the same point. The difference between
the groups was statistically significant (P<0.05)
(Table 2).

Wild-type and Mutant EDA Protein Detected by
ELISA

In order to further verify the results of West-
ern blot, ELISA was used to analyze the expres-
sion products, and relatively accurately showed
the differences in expression levels when differ-

Fig. 5. SDS-PAGE electrophoresis diagram of the expression product of the prokaryotic expression
vector induced by IPTG.
(A) Wild type EDA expression vector;
(B) Mutant EDA expression vector

Table 1: Total protein optical density values of wild type and mutant type expression vectors at different time
points (±s)

Groups    N                     Optical density values of IPTG Pa

value
  0h                     1h                     2h                  3h                     4h                   5h

EDA 3 593.6±37.7 3745±237.9 4817.2±132.8 6962.8±442.2 9085.7±577.0 9195.5±584.0 0.000
M-EDA 3 498.6±31.7 697.9± 44.3 2597.6±165.0 2964.4±188.2 3408.4±216.5 3625.2±230.2 0.000
F value 0.101 4.280 0.093 1.867 2.290 2.124
Pb value 0.029 0.000 0.000 0.000 0.000 0.000

Note: M-EDA meant mutant EDA, a meant P<0.05 when the optical density value of IPTG induced 1-5h in the same group
was compared with that before induction, b meant P<0.05 when the optical density value at the same point was compared
between different groups.
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ent time gradients were induced. The results
showed that with the increase of the induction
time, the expression of the target protein grad-
ually increased, and the expression of the mutant
EDA protein was significantly lower than the ex-
pression of the wild-type EDA protein at the same
time, the difference was statistically significant
(P< 0.05) (Table 3).

 DISCUSSION

The EDA gene is a pathogenic gene for hy-
pohidrosis-type ectodermal hypoplasia. The
EDA protein is a type II transmembrane protein
and has multiple subtypes (EDA-A1 and EDA-
A2 are the most common and longest subtypes),
which mainly mediates signal transduction be-
tween epidermis and mesenchyme and between
cells (Rasouliha et al. 2018). As an important
member of the tumor necrosis factor ligand fam-
ily, EDA protein has been fully studied in the
field of developmental biology (Podzus et al.
2017). EDA was recently identified as a liver-
secreted protein that is increased in the liver
and plasma of obese mice and causes skeletal

muscle insulin resistance (Bayliss et al. 2021). It
can regulate the morphogenesis of the body and
maintain the development of ectoderm-derived
organs such as teeth, hair, sweat glands and
other skin accessory organs (Xue et al. 2019)
.This study found that the c.878T>G mutation
family belonged to the clinical family, and the
proband’s nephew and cousin had similar be-
haviors. Genetic testing showed that base at
position 878 of exon 7 of the EDA gene was
changed from thymine to guanine, and the code
was changed from CTG to CGG, resulting in the
encoded amino acid at position 293 changed from
leucine to arginine (p.Leu293Arg). It was con-
firmed from the genetic level that this mutation
is the cause of ectoderm hypoplasia in this fam-
ily. It is found that this mutation site is located in
the TNF family ligand domain composed of 150
amino acids at the C-terminus of the EDA gene,
and is one of the four important functional re-
gions of the EDA gene (Christine and Schneider
2014), and its main function is to mediate specif-
ic binding to the receptor EDAR. Mutations in
this region affect the binding of EDA protein to
receptor EDAR, and fail to activate the NF-κB

Table 2: Optical density of each band at different time points (±s) detected by Western blot

Groups    N                                    Optical density values of IPTG Pa

value
    0                1                          2                       3                    4                        5

EDA 3 570.9±48.4 4304.1± 364.8 5627.0±477.0 6342.7±537.6 6550.2± 555.2 6925.7±587.1
M-EDA 3 189.7±11.4 1727.0± 104.1 2020.4±121.8 3938.9±237.5 4039.9± 243.6 4758.1±286.9
F value 2.420 2.057 2.275 1.105 1.120 0.881
Pb value 0.000 0.000 0.000 0.002 0.002 0.005

Note: M-EDA meant mutant EDA, a meant P<0.05 when the optical density value of IPTG induced 1-5h in the same group
was compared with that before induction, b meant P<0.05 when the optical density value at the same point was compared
between different groups

Table 3: Protein expression of each group at different time points (pg/ml, ±s) detected by ELISA

Groups N            Protein expression at each point of induction of IPTG Pa

value
0h 1h 2h 3h 4h 5h

EDA 3 3.97±0.28 116.31±0.30 123.36±3.08 161.22±3.84 225.18±5.51 238.65±3.21 0.000
M-EDA 3 2.70±0.40 92.04±0.40 101.99±2.41 119.25±0.98 164.04±1.58 181.22±3.64 0.000
F value 0.632 0.326 0.515 6.395 6.976 0.049
Pb value 0.011 0.000 0.001 0.000 0.000 0.000

Note: M-EDA meant mutant EDA, a meant P<0.05 when the protein expression of IPTG induced 1-5h in the same group
was compared with that before induction, b meant P<0.05 when the protein expression at the same point was compared
between different groups.
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signaling pathway, leading to defects in the de-
velopment of tissues and organs derived from
ectoderm. NF-κB signaling pathway has been
recognized as a classic signaling pathway related
to HED (Smahi et al. 2002; Clauss et al. 2008).

In order to study the function of the protein,
the researchers’ must first obtain the expression
of the target protein under in vitro conditions.
At present, the foreign gene expression target
protein mainly has two expression systems,
prokaryotic and eukaryotic. Among them, the
prokaryotic expression system is the first to be
adopted and the research is the most mature.
Compared with eukaryotic expression systems,
it has the advantages of low price, efficient and
fast expression, and easy purification, and is
widely used in bioengineering. However, the
prokaryotic expression system lacks the post-
translational processing and modification pro-
cess of eukaryotic proteins, thus losing part of
the protein activity, and the expressed protein
often forms inclusion bodies and is not easy to
purify and separate, it is often used in basic re-
search (Garcia et al. 1993). The E. coli expres-
sion system is the host most used for foreign
genes to express the target protein (Terol et al.
2021). Therefore, the classic pET system was
chosen in the prokaryotic expression system,
pET-25b (+) as the expression vector, with a to-
tal length of 5547bp, which can obtain high-effi-
ciency transient expression in E. coli.

The pCMV-EDA-A1 and pGEX-4T-3 plas-
mids were digested by Sma I and Xho I and then
ligated, and identified by EcoRI digestion, the
EDA gene prokaryotic expression vector pGEX-
4T-3-EDA was successfully constructed, in-
duced by IPTG, and the supernatant was taken,
SDS-PAGE electrophoresis detection showed
that a specific band was seen at 49KD, and the
protein expression increased slightly with the
increase of induction time (Gan et al. 2003). The
results were consistent with this result. The pET-
25b(+)-W/M-EDA recombinant plasmid was suc-
cessfully constructed and induced the recombi-
nant plasmid to express efficiently in prokaryot-
ic cells, proving that the EDA gene induced in
vitro can be obtained in prokaryotic cells.

Constructing an animal model of HED will
help us further understand the pathogenesis of
the disease and provide a reference for clinical
treatment. As a very common biological model,
mice have some genetic diseases that are sur-

prisingly similar to humans, and HED is a typical
type. The pathogenic gene Ta of Tabby disease
in mice is highly similar to EDA in humans
(Mandy et al. 2018; Risnes et al. 2005). During
the embryonic development of normal mice, the
expression of Ta can be detected in the teeth,
skin epithelium and its accessory organs, but
Tabby mice do not express. When the mouse
EDA-A1 subtype gene was transferred to Tab-
by mice through transgenic technology, some
skin appendages of male Tabby mice began to
develop, and the growth of their hair, dermis,
sweat glands, and molar teeth were almost com-
pletely restored (Srivastava et al. 2001) , the num-
ber of hair follicles can even approach the nor-
mal level. Study had confirmed that pregnant
Tabby mice were treated with recombinant EDA-
A1, the molecule can enter the mouse embryo
through the placental barrier, thereby improving
the Tabby phenotype of the mouse after birth,
including the normalization of sweat gland de-
velopment (Gaide and Schneider. 2003). Srivas-
tava et al. (1997) observed the expression of Ta
gene in normal mice by in situ hybridization with
a labeled reverse RNA probe, and the results
showed that Ta can be detected in the epidermis
within 14 days (E14) of mouse embryos. Early
postnatal treatment with EDA1 leading to de-
layed hair follicle formation attenuated the kink,
and Tabby mice born after prenatal administra-
tion of EDA1, however, showed normal tail skin
proliferation, no signs of kinking and, interest-
ingly, a normalized vertebral bone density (Kos-
sel et al. 2021). On the contrary, Tabby mice de-
ficient in Ta gene is highly homologous to hu-
man EDA gene, it is not expressed in the affect-
ed tissues and organs.

Montonen et al. (1998) studied the expres-
sion and location of various spliceosome of EDA
gene and found that EDA-A1 and EDA-A2 were
expressed in human liver, brain, kidney, heart,
lung, pancreas, skeletal muscle and placenta. But
the expression level was low. The above results
showed that although the expression level of
EDA gene was very low, it was essential to main-
tain the formation and function of ectoderm-de-
rived skin and its accessory organs. This exper-
iment also confirmed that under the same induc-
tion conditions, the expression of mutant EDA
protein was significantly lower than that of wild-
type, indicating that the mutation had a signifi-
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cant impact on the expression of EDA gene, lead-
ing to the occurrence of ectodermal hypoplasia
in the proband, which was also corroborated
the previous prediction of its pathogenicity.

CONCLUSION

The c.878T>G gene mutation in this family
caused one amino acid of the EDA protein to be-
come another amino acid, which may cause chang-
es in the folding and spatial structure of the EDA
protein during translation and processing, and
affect the binding and transportation of the EDA
protein to its receptor, resulting in different clini-
cal manifestations. The specific mechanism re-
mains to be further studied in order to achieve
the purpose of guiding clinical treatment.

RECOMMENDATIONS

In the next step, the researchers’ will trans-
fect eukaryotic cells related to tooth develop-
ment, and further explore the effect of mutant
EDA genes on ectoderm-derived tissues and
organs from the protein level.
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