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Bi-allelic variants in human TCTE1/DRC5 cause asthenospermia
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Asthenozoospermia (AZS) is a common male infertility phenotype, accounting for 18% of infertile patients. The N-DRC (Nexin-
dynein Regulatory Complex) complex is the motor regulating device in the flagellum, which is found in most eukaryotic organisms
with flagellum. The deletion of TCTE1 (T-Complex-Associated Testis-Expressed 1), a component of the N-DRC complex also known
as DRC5 (Dynein regulatory complex subunit 5), has been shown to cause asthenospermia in mice. This study mainly introduces a
clinical case of male infertility with normal sperm count, normal morphological structure, but low motility and weak forward
movement. By whole-exome sequencing, we found that TCTET became a frameshift mutant, ENST00000371505.5: c.396_397insTC

(p.Arg133Serfs*33), resulting in the rapid degradation of TCTE1 protein and male infertility. This phenotype is similar to the Tctel

—/—

(Tcte1 knockout) mice, which showed structural integrity but reduced motility. Further, different from mice, in vitro Fertilization (IVF)
could successfully solve the patient’s problem of infertility. Our data provides a better understanding of the biological functions of

TCTE1 in human flagellum assembly and male fertility.
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INTRODUCTION

Asthenospermia (AZS) is a broadly defined condition of low
sperm motility, wherein the forward sperm motility is <32% or
the total motility is <40%. Interestingly, in most cases of
dysfunctional sperm motility, the phenotype is not entirely
asthenozoospermic, but is a combination of AZS and oligo- and/
or teratozoospermia [1]. Therefore, along with low sperm
motility, numerous anatomical aberrations are usually evident
in the sperm flagella [2-18]. In the early study of AZS cases,
nearly a quarter of the AZS patients (about 18.71%) displayed no
apparent structural defects in the sperm axoneme [1, 19]. For
instance, the SPAG17 deficient sperm exhibited a complete lack
of mobility. However, apart from the absence of its own central
pair complex (CPC), no obvious anomalies was detected in the
sperm morphology under optical microscope, therefore, estab-
lishing a pure AZS phenotype [20]. In addition, some genetic
defects, such as, DNAH5, CCDC40, RSPH9, ARL2BP, and so on
produce syndromic AZS, with an assortment of concurrent
clinical symptoms [21-24].

The N-DRC complex is a structural hub located between two
groups of doublet microtubules, dynein arms, and radial spoke on
the axoneme of cilia and flagellum, and it regulates beating of the
cilia and flagellum [25, 26]. TCTE1 (T-Complex-Associated Testis-
Expressed 1), also known as DRC5 (Dynein regulatory complex
subunit 5), is a subcomponent of N-DRC.

Thus far, Tctel was only reported in mice, and its deficiency was
shown to cause male infertility. Spermatozoa from Tctel ™~ mice
exhibited decreased motility and poor forward movement. More-
over, although Tcte1™~ sperm flagella function was abrogated,
flagellum ultrastructure remained normal [27]. This study suggests
that loss of TCTE1 may lead to a purely AZS phenotype in male
mice. However, whether TCTE1 deletion affects the N-DRC
complex and whether this deletion affects human sterility and
how to restore this condition remained a mystery.

Using whole exome sequencing (WES) as a clinical genetic
diagnostic, we were the first to identify a patient with a pathological
homozygous variant in the TCTET gene. Moreover, unlike mice, we
demonstrated that IVF can be successfully used to solve the
infertility problem of TCTE1-deficient sperm, suggesting the
possibility of functional differences in the human and mice sperms.

MATERIALS AND METHODS

Human specimen

Human sperm sample were acquired from the First Affiliated Hospital of
Anhui Medical University. The patient diagnosis was as follows: primary
infertility with AZS. Karyotypic analyses of the patient was normal (46, XY), as
were hormone levels, bilateral testicular size distributions, and secondary sex
characteristics. This patient provided informed consent to participate, and
the study was in accordance with the Declaration of Helsinki.
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WES

130 patients with abnormal sperm motility were recruited, including 88
patients with multiple morphological abnormalities of the sperm flagella
(MMAF) and 42 patients with asthenospermia. WES was conducted for the
enrolled patients using gDNA isolated from peripheral blood via a DNeasy
Blood and Tissue kit (QIAGEN). An Agilent SureSelectXT Human All Exon Kit
was utilized to isolate and enrich exonic sequences, following which the
samples were sequenced on the lllumina HiSeq X-TEN platform. Standard
assembly (Burrows-Wheeler Aligner), calling (Genome Analysis Toolkit),
and annotation (ANNOVAR) were then performed as part of the
sequencing analyses, as detailed previously [14].

Animals

The mice were maintained in standard animal housing (20-22 °C; 50-70%
humidity; 12 h light/dark cycle) with open access to food and water. The
Institutional Animal Care and Use Committees of Nanjing Medical
University provided approval for this study (Approval No. IACUC-
2004020), and all animal protocols abided by the Care and Use of
Laboratory Animals and institutional guidelines.

Antibodies

Rabbit anti-RSPH9 (23253-1-AP) was obtained from Proteintech (Wuhan,
China). Mice anti-B-Tubulin (AC021) was from Abclonal (Wuhan, China).
Rabbit anti-Acetylated Tubulin was purchased from Cell Signaling
Technology (MA, USA). Lastly, mice anti-Acetylated Tubulin (T6793) was
from Sigma-Aldrich. Antibodies targeting DRC1, DRC2, DRC3, DRC4, TCTE1,
and DRC7 were prepared as per prior published protocols [28]. Briefly, mice
DRC1 (aa 1-146), CCDC65/DRC2 (aa 1-126), DRC3 (aa 182-300), GAS8/DRC4
(aa 1-478), TCTE1/DRC5 (aa 334-498), and DRC7 (aa 1-292) were expressed
as His fusion proteins in E. coli, using the pET-28a (+) vector. Subsequently,
the Ni-NTA His Bind Resin was used to affinity purify these proteins, before
immunization of the resultant fusion proteins, yielding the six following
antiserum preparations: anti-DRC1, anti-DRC2, anti-DRC3, anti-DRC4, anti-
DRC5, and anti-DRC7.

Cell strains
HEK293T cell strains were obtained from ATCC and cultured in a 37°C cell
incubator.

Plasmid

The original pCAG plasmid was a gift from the lkawa laboratory, Osaka
University [29]. Based on the original plasmid, we constructed a WT
plasmid with human TCTET CDS sequence and a flag tag. The MUT plasmid
was generated via insertion of TC bases in between the 396 and 397 bases
of the TCTET CDS sequence of WT plasmid.

Tcte1 mutant mice generation
The establishment of the Tctel mutant mice model was as previously
reported (Castaneda, et al., [27]).

H&E staining

Paraffin embedded tissue sections were first dewaxed in xylene, then
received staining, and hydration from 100% alcohol to 70% alcohol, with 2
min incubations in each step, before being submerged in double distilled
water. Hematoxylin (Servicebio) staining was done for 1 min with shaking
in 10% HCI to remove excess hematoxylin from the tissue surface, prior to
washing with tap water for 10 min. Alcohol soluble eosin (Servicebio)
staining was performed for 2-3 min, with subsequent immersion in 100%
alcohol for 2min, and two times exposure to xylene for 15min each,
before resin (Sangon) sealing.

Western blotting

A lysis buffer (50 mM Tris-HCl pH 8.2, 75Mm NaCl, 8 M urea) with 1x
CompleteTM EDTA-free Protease Inhibitor Cocktail (Roche, Basel, Switzer-
land) was employed for protein isolation. The resulting proteins were
separated on SDS-PAGE, transferred to PVDF membranes, blocked in 5%
non-fat milk in TBS at room temperature (RT) for 2 h, kept overnight (ON) in
relevant primary antibodies (PAb) at 4 °C, rinsed with TBST, and exposed to
corresponding secondary antibodies (SAb) for 2 h at RT, before protein
visualization with the High-sig ECL Western Blotting Substrate (Tanon,
Shanghai, China).
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Immunofluorescence

Spermatozoa samples were PBS-rinsed three times (10 min/wash), and
placed in a microwave oven in 10 mM citrate buffer (pH 6.0) for 10 min to
recover antigen. Following three additional PBS washes, the slides were
blocked with 5% BSA for 2 h, before ON staining with relevant PAb at 4 °C.
Following SAb staining for 2 h at RT, the slides were exposed to Hoechst
33342 counterstaining for 5min, before PBS-rinse and mounting with
glycerol prior to imaging with an LSM800 confocal microscope (Carl Zeiss
AG) or a TCS SP8X confocal microscope (Leica Microsystems).

Cycloheximide test

Cycloheximide (Sigma-Aldrich) was introduced 12 h after cell transfection
and fluid change. The cells in the Omin groups were immediately
harvested, and the cocktail protease inhibitor (Thermo Scientific) was
added. Cells in the second group were harvested 15 min after dosing, and
those in the third group were harvested 30 min after dosing. Next, total
proteins were extracted for follow-up experiments.

Superovulation (SO) and IVF

To induce SO, female mice (21-23 days old) were intraperitoneally
administered with 5 IU of pregnant mare’s serum gonadotropin (PMSG)
(Ningbo Sansheng Pharmaceutical Corporation, Zhejiang, China). Follow-
ing a 44 h incubation period, the mice were given 5 IU of human chorionic
gonadotropin (HCG) (Ningbo Sansheng Pharmaceutical Corporation,
Zhejiang, China). After 14 h, the resulting eggs were harvested from the
SO females and maintained in 150 uL of HTF medium under a thin layer of
paraffin oil. Meanwhile, epididymal sperms were harvested from 3-mo-old
male mice and kept in HTF (AIBI Bio-Technology Co.Nanjing, China)
medium for 40 min to induce capacitation. Next, 2x 105 sperm/ml
capacitated sperms were introduced to eggs and incubated for 4 h, until
the pronuclei became evident. The fertilized eggs were finally blown clean,
maintained in KSOM (AIBI Bio-Technology Co.Nanjing, China) medium, and
imaged with a Ti2-U microscope (Nikon, Tokyo, Japan).

TEM

Ultrastructural analyses of testes and spermatozoa using TEM were
conducted as previously described. [27, 30] To assess microstructural
anatomy, tracheal and epididymal specimen were fixed ON in 2.5%
glutaraldehyde, with subsequent exposure to 2% OsO4, and then Araldite
for embedding purposes. Ultrathin 80 nm sections staining were then

Table 1. Semen data of the patient.

Semen parameters Patient sample Normal values

Color Gray-white Milk-white, gray-
white, yellowwish

Semen volume(ml) 24 >1.5

PH 7.5 7.2-8.5

Sperm 93.5 215

concentration (M/ml)

Sperm count (M/ml) 2243 >39

Progressive 17.9 =232

motility (%)

Total motility (%) 326 >40

Vitality (%) NA >58

Typical forms (%) NA >4

Round cells (M/ml) 1.9 <5

VCL (pm/s) 46.6

VSL (pm/s) 20

VAP (pm/s) 27

LIN (%) 433

STR (%) 74

WOB (%) 58.6

Normal Values based on the World Health Organization, 2015; M, Million;
NA, Not Available; VCL, curvilinear velocity; VSL, straight line velocity; VAP,
average path velocity; LIN, linearity; STR, straightness; WOB, wobble.
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Fig. 1

Schematic representation of the mutated TCTE1 variant and its expression profile. A The sterile patient pedigree. B Sanger

sequencing confirming the TCTE1 variant, ¢.396_397ins TC. The proband harbored the homozygous variant. The patient’s parents possessed
the heterozygous allele, whereas his elder sister carried wild-type alleles. The variant located is represented by a black arrow and the inserted
bases are highlighted with a red box. C the TCTE1 antibody could specifically identify the overexpressed TCTE1-FLAG fusion protein; 3-TUB, -
TUBULIN. D TCTE1 is missing in spermatozoa from the patient. E Cycloheximide exposure and subsequent Western Blot analysis illustrating
the rapid degradation of the truncated TCTE1 protein, expressed by the TCTE1T™“"-FLAG vector, in relation to the control TCTE1 protein,
expressed by the TCTE1-FLAG vector at time points 0 min, 15 min, and 30 min after dosing.

done with uranyl acetate and lead citrate, and analysis with an electron
microscope (JEM.1010, JEOL). Cross sections of more than 30 spermatozoa
from 3 discontinuous sections were observed in each sample. The N-DRC
structure can always be found in the cross sections with clear microtubules
and RS.

RESULT
Basic information and semen analysis of patients
A couple was not pregnant for 5 years after cohabitation without
contraception. In 2015, the couple (both 25 years old) was
examined in the reproductive medical center of Obstetrics and
Gynecology of the First Affiliated Hospital of Anhui Medical
University. Upon examination, it was discovered that the husband
suffered from primary infertility.

The patient was asked to abstain from sexual intercourse for
3 days prior to the collection of sperm samples via masturbation.
These samples were maintained at 37°C for 30 min to induce
liquefaction before dilution, according to the ratio of 1:1, for
analysis. The 2015 WHO (World Health Organization) parameters
were followed in the collection of semen data. Our analysis
revealed that the semen color, smell, pH, and volume from one
control ejaculation were normal. Analysis of semen density and
motility showed that the sperm density was normal, but the
proportion of forward motile sperm was only 17.9%, and the total
motility rate was 32.6%, suggesting the existence of the AZS
phenotype (Normal range: >32%) forward motile sperms or >40%
total motility rate (WHO, 2015) (Table 1) [31]. Further, Chest X-ray
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scan was performed and we excluded pulmonary disease and
situs inversus in the TCTE1-mutant proband (Figure S1).

WES of patient blood sample uncovered that the patient carried
a homozygous frame shift insertion (c.396_397insTC) in the TCTE1
gene, which likely caused the premature translational arrest of the
nascent TCTE1 peptide (p.Arg133Serfs*33). We verified the TCTE1
variant in the blood samples of the patient and his immediate
relatives via Sanger sequencing (Fig. 1A and B).

Due to a lack of sufficient patient sperm protein, we
simulated the patient’s gene variant and constructed gene
expression vectors carrying either the TCTE?T mutant or a
normal genotype for further in vitro cell exploration. Using
cycloheximide to block new protein production, we revealed
that the mutant TCTE7T vector produced a truncated protein
that degraded faster than the control vector (Fig. 1C). There-
fore, we suspected that the AZS of this patient originated from
a defect in the TCTET gene. Since sperm analysis showed no
abnormality in sperm morphology, IVF was used to make
successful fertilization and the couple was able to obtain
embryos in vitro (Table 2).

Normal flagellar axoneme structure in the TCTE1 deficient
sperm

TCTE1 or DRC5 is one of the structural proteins in the N-DRC
complex of Chlamydomonas (Fig. 2A), which could cause severe
defects in the sperm flagellum [32-34]. To examine the sperm
morphology in more detail, we used immunofluorescence
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staining to examine the sperm head and axoneme, both of which
appeared normal in the TCTER'®3™33 and control sperms
(Fig. 2B). Next, we compared the TCTE1 deficient sperm with
control sperm using Transmission Electron Microscopy (TEM), and
found that the TCTER'33%%"33 sperm exhibited normal “9 + 2"
microtubules in the axoneme of sperm tail, along with normal
inner and outer dynein arms and spokes, compared to controls.
Moreover, the N-DRC could be found between microtubule
dublets in the spermatozoa of patient, which is different from the
results in the sperm of patients with DRC1 deficiency [35]
(Fig. 2C). Given these evidence, TCTE1 deletion did not affect the
normal construction of the main structure of the sperm flagellum
axoneme. This conclusion is consistent with a previous study on
sperms from the Tctel™™ mice [27]. Collectively, aIthou%h there
was no obvious defect in the axoneme structure, TCTE1R1335fs"33
produced an AZS phenotype, marked with low sperm motility
and male sterility.

Table 2. IVF data of the patient.
Stage Counts
Egg 27
Mil 13
Zygote 8
Blastocyst 8
N
/ N
Y B
/ — = — — ODA
¢ 7
J % TCTEYD
N, N-DRC
v
CcPC IDA

TCTE1 deficiency does not affect the expression and
localization of basic N-DRC components on the sperm
flagellum

The N-DRC complex harbors 11 subunits, including DRC1-11
[25, 36, 37]. Some defects in the DRC component cause local or
large N-DRC assembly loss between the two adjacent outer
microtubules [25, 38], which may contribute to an abnormal
microtubule arrangement and axoneme structure. To clarify the
effect of TCTE1 deficiency on N-DRC in human and mice sperm
flagellum, we carried out immunofluorescence (human sperm)
and western blot (mice sperm) analysis of different DRC proteins
within the sperm flagellum. Based on our results, apart from the
low DRC5 expression, due to DRC5 deletion, other DRC proteins
like DRC1-4 and DRC7 exhibited normal expression and localiza-
tion within the sperm flagellum, relative to controls (Fig. 3A-G).
Hence TCTE1 deletion did not influence the expression and
localization of other N-DRC subunits in the flagellum of human
and mice sperms.

IVF was successful in impregnating the couple

The reproductive center of the First Affiliated Hospital of Anhui
Medical University successfully resolved infertility of the AZS
patient, resulting in impregnation of the female partner via IVF.
Among the 27 oocytes obtained during IVF, 8 oocytes were
fertilized to form 2 PN (two pronucleus), and entered the cleavage
phase successfully (Table 2). The couple carried the baby to term
and gave birth in 2016, confirming that TCTE1 deficiency can be
resolved with IVF technology.

B [ Nc ] Ppatient |

At

RS2

Patient

Fig. 2 Morphological observations of the patient sperm using TEM and immunofluorescence. A A cross-sectional model of the axonemal
components of the sperm flagellum; N-DRC, nexin-dynein regulatory complex; CPC, central-pair complex; ODA, out dynein arm; IDA, inner
dynein arm; At, A-tubule; Bt, B-tubule; Rs2, radial spoke 2. B Immunofluorescent evaluation of acetylated-TUBULIN (green), Peanut arachis
hypogaea agglutinin (PNA, red), and Hoechst (blue) in control and patient sperms; scale bar = 10 um. C The flagellar cross sectional structure
of control human and patient using TEM. The N-DRC complex is represented by a red arrow; scale bar =200 nm.
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Fig. 3 Expression and localization of N-DRC components in the human and mice sperm flagellum. A-F Immunofluorescence depicting
different DRCs' locations on the human sperm flagella. TCTE1/DRC5 was not detected in the patient sample (A). However, DRC1 (B), CCDC65/
DRC2 (C), DRC3(D), GAS8/DRC4(E), and DRC7 (F) were detected. DRCs (red), acetylated-TUBULIN (green), and Hoechst (blue); scale bar = 10 pm.
G Western Blot evaluation of mice sperm proteins. DRC1, CCDC65/DRC2, DRC3, GAS8/DRC4, and DRC7 were expressed, but not TCTE1/DRC5.

In mice, however, the success of IVF was remarkably low,
compared to wild type mice (Fig. 4A, B). In 6 distinct experiments,
726 eggs were subjected to fertilization. But, only 21 eggs were
successfully fertilized, among which, only 2 reached the cleavage
phase, and developed into blastocysts (Table 3). Using the Bohboh
software to assess sperm trajectory movement [39], we next
demonstrated that the amplitude of the sperm swing decreased
remarkably in the Tctel ™~ mice, compared to controls (Fig. 4C).
Therefore, the significantly low fertilization rate may be due to
poor sperm motility. Based on these data, it was suspected that
certain unidentified functional differences between mice and
human sperms may have prevented the Tcte? ™~ micesperm from
fertilizing in vitro, whereas, this is easily achieved with humans
sperms via IVF.

No obvious hydrocephalus and tracheal ciliary defectswas
observed in the Tctel deficient mice

Being an essential component of the sperm flagella and cilia,
N-DRCs deficiency is likely to cause primary ciliary dyskinesia
(PCD)-related phenotypes, owing to the ciliary defects. We thus
investigated whether the PCD-related phenotype exists in the
Tcte1™”~ mice. Upon initial observation, we noticed that the
Tcte1™ ™ mice can live to adulthood. Next, immunofluorescent
staining and immunoblotting confirmed the absense of TCTE1 in
the respiratory tract cilia of Tctel™™ mice (Fig. 5A, B). Further, we
compared the brain and trachea of the Tctel ™~ mice with wild-
type mice. Using H & E staining of the coronal sections of mice
brain tissues, we demonstrated that the four ventricles of Tctel ™~
mice displayed no significant enlargement, indicating that Tctel
deficiency does not produce severe hydrocephalus in mice
(Fig. 5Q). In addition, analysis of the cilia length suggested that
mice TCTE1 deletion did not affect tracheal cilia (Fig. 5D, E). Hence,
Tctel deficiency in mice does not induce obvious hydrocephalus
and tracheal ciliary defects.

European Journal of Human Genetics (2022) 30:721 -729

DISCUSSION

Here, we reported a case of AZS in a male patient with low sperm
motility and no apparent structural defects. In order to further
explore the exact cause of AZS, we conducted genetic testing via
WES and detected a two-base insertion between the 396th and
397th bases of the TCTE1 gene coding sequence, which generated
an amino acid termination code earlier in the gene sequence. The
variant, ENST0000371505.5: ¢.396_397insTC(p.Arg133Serfs*33),
therefore, resulted in a truncated and dysfunctional TCTE1 protein,
which lead to infertility.

N-DRC is a highly conserved structural complex located in the
axoneme of the cilium and flagellum. Based on the Chlamydomo-
nas flagellar study, N-DRC contributes to the oscillation of the
flagellum axoneme. In addition, a recent report demonstrated that
the DRC1®>¥/R35%X yariant is intricately associated with severe
axonemal disorganization and unassembled microtubule doublets
[35]. Following examination of the sperm flagellum axoneme
structure in our patient, we discovered no obvious abnormality in
the axoneme structure, which is similar to the Tctel™™ mice.
Unlike the Drc1 knock-out phenotype, there was no disorder in the
“9 4 2" microtubule, as evidenced by TEM. Moreover, the N-DRC
complex was still present.

N-DRCs deficiency raises the possibility of PCD-related
phenotypes, due to ciliary motility defects. In fact, deficiencies
in DRC1, CCDC65/DRC2, and GAS8/DRC4 often produce a PCD
phenotype [30, 40-45]. In our study, the patient did not show
clinical features of PCD other than infertility. Whether Tctel-
defects lead to other PCD-related phenotypes requires additional
clinical tests, such as nasal nitric oxide measurement, assessment
of ciliary waveform by high speed video microscopy [46]. In this
study, we evaluated the pathogenicity of TCTE1 deficiency in
relation to PCD in a mice model, and no obvious abnormalities
were found in the Tcte?7™~ mice brain and tracheal cilia, relative
to wild type mice.

SPRINGER NATURE

725



S. Zhou et al.

726

Rate of fertilization

0% -
X\x

5
I

80% = c
60% =

40% =

20%

Tcte1**

Patient

Tcte1'-

Fig. 4 Mice IVF experiment and movement analysis. A, B Mice IVF assessment. Images of egg fertilization with spermatozoa from wild-type

and Tctel™~ mice; scale bar =500 pm. A Column chart depicting the drastically low fertilization rates of Tctel ™™ mice, as compared to control
mice (n=5) (B). € The Bohboh analysis software revealing the movement mode of spermatozoa from both wild-type and Tcte? ™~ mice.

Table 3. IVF data of mice.

Mus Egg Zygote 2-cell 4-cell 8-cell Blastocyst

WT-1 147 70 64 62 62 62

WT-2 140 65 61 61 53 53

WT-3 81 36 36 34 17 14

WT-4 70 34 34 34 26 25

WT-5 80 68 58 42 38 34

Hom-1 156 9 9 5 4 2

Hom-2 178 3 3 1 0 0

Hom-3 127 0 0 0 0 0

Hom-4 62 0 0 0 0 0

Hom-5 78 5 3 0 (0] 0

In a study examining the Chlamydomonas flagella, ~11 proteins
(DRC1-11) were attributed to the N-DRC complex. In the N-DRC
complex, DRC1/2/4 forms a core complex that behaves as the
docking site for “functional subunits” like DRC3/5-8/11 [34]. Hence,
being a “functional subunit’, TCTE1 loss does not significantly
affect assembly of other components. Notably, this structure may
vary slightly between species. For example, DRC1 deletion in
Chlamydomonas results in the complete failure of the N-DRC
structural assembly, followed by abnormal motility. However, the
basic axoneme structure remained normal. In contrast, DRC1
deletion in mice flagella produced severe axoneme basic
structural disorganization (Zhang et al. [35]). Prior evidences
suggested that the sperm axoneme structure in Tctel™"~ mice
remains normal, whereas the normal function of forward sperm
motility is lost [27]. In this study, we verified that the TCTE1 loss
did not affect expression of DRC1-4/7 protein within the sperm
flagella. Additionally, we also observed the same results using
immunofluorescence in our AZS patient. Collectively, we
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demonstrated here, for the first time, that TCTE1 loss in our
patient and in mice does not influence assembly of other essential
N-DRC components like DRC1-4/7.

It is well known that human and mice oocytes require distinct
incubation periods for maturation before fertilization [47, 48].
Hence, incomplete incubation times can lead to markedly
different IVF outcomes for both human and mice sperms, with
similar AZS phenotype. In our study, we demonstrated that the
TCTE1 deficient human sperms had higher fertilization rates, using
IVF, than mice sperms. This suggests that the Tctel deficient mice
model is likely not a good reference for the assessment of assisted
reproductive measures of patients with TCTE1 defects. Further-
more, this difference also suggests that fertilization in the two
species may be not equally dependent on sperm motility. Since
only one TCTE1-deficient patient was screened, more experiments
are needed to confirm our conclusions.

In general, we screened a case of AZS, brought on by a variant
in the TCTET gene. Similar to the Tctel ™~ mice, the sperm viability
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Fig. 5 Morphological observation of brain and tracheal cilia in mice. A The respiratory epithelial cells were dual-stained with an antibody
marker specific for the ciliary axoneme (acetylated-tubulin, green) and TCTE1. The TCTE1 could be detected in the Tcte1™" group, while no
signal was evident in Tcte1™~ samples. B TCTE1 expression could be detected in the Tcte1™" respiratory epithelial cells using Western blot.
C Coronal mice brain sections stained with HE. Lateral ventricles (LV), third ventricles (3V), and fourth ventricles (4V) are marked in
corresponding positions on the images; scale bar = 1 mm. D Immunofluorescent evaluation of acetylated-tubulin (green) and Hoechst
(blue) in the tracheal ciliated columnar epithelial cells; scale bar = 10 um. (E) Harvested respiratory cilia length evaluation from wild-type and
Tcte1™~ mice. Each dot represents the average cilia length of one analyzed specimen (n =71 vs. 68 cells). AC-TUB, acetylated-TUBULIN; ns, no
significance.
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