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ABSTRACT

Introduction: The azoospermia factor (AZF), located on the long arm of the Y chromosome, is involved in
spermatogenesis. The gr/gr deletion, a partial deletion in the AZFc region, shows a high frequency in Asian
men with infertility. Generally, gr/gr deletions do not strongly influence fertility in Asians; however,
whether they affect intracytoplasmic sperm injection outcomes remains unclear. This study aimed to exam-
ine the effects of AZF deletions, particularly the gr/gr deletion, on intracytoplasmic sperm injection out-
comes in East Asian subjects.

Methods: East Asian patients (204) with a normal male karyotype who underwent AZF testing between
July 2014 and August 2018 were selected for this retrospective study (ethics committee approval number:
A18024).

Results: Of the 204 East Asian subjects, 83 exhibited AZF deletions, of which 65 exhibited the gr/gr dele-
tion. Thirty-seven patients in the gr/gr deletion group (56.9%) and seventy-seven in the group without AZF
deletion (65.3%) were subjected to testicular sperm extraction (TESE), including microdissection-TESE (MD-
TESE). Sperm retrieval was performed for 18 patients (48.6%) in the gr/gr deletion group and 36 patients
(46.8%) in the group without AZF deletion. The fertilization rate, as ascertained using the TESE-derived
sperms, was 54.8% (85/155) for the gr/gr deletion group and 66.5% (326/490) for the group without AZF dele-
tion (p < 0.01).

Conclusions: The fertilization rate was significantly lower for the sperm samples from the gr/gr deletion
group than the control group. AZF gr/gr deletion did not affect spermatogenesis, but it may affect the fertil-
izing capacity of testicular sperms in East Asians.
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Introduction

Y chromosome microdeletions are the second most com-
mon genetic cause of male infertility after Klinefelter syn-
drome.” The prevalence of Y chromosome microdeletions
in nonobstructive azoospermia (NOA) has been reported
to be 2%-10%.2" Although NOA invariably leads to infertil-
ity, focal sperm production may exist in the testicles of af-
fected patients, which can be retrieved and used for intra-
cytoplasmic sperm injection (ICSI) to generate healthy off-
spring.” The azoospermia factor (AZF), located on the long
arm of the Y chromosome, is involved in spermatogenesis.
The AZF region was discovered in 1976.” Vogt et al.” iden-
tified the three subregions of the AZF, namely, AZFa,
AZFDb, and AZFc. Testicular biopsies were performed to
show the corresponding phenotypes of the deletion of each
AZF subregion. Sertoli-cell-only syndrome was reported in
AZFa deletion patients, mutation arrest was reported in
AZFb-deletion patients, various histotypes were reported
in AZFc deletion patients, and testes with a dysfunctional
spermatogenesis were reported in AZFa- and AZFb-
deletion patients. In AZFa- and AZFb-deletion patients,
sperm retrieval was not possible even with testicular
sperm extraction (TESE).” According to the guidelines of
the European Academy of Andrology (EAA) and the
European Molecular Genetics Quality Network (EMQN),
TESE is not necessary in patients with complete AZFa,
AZFb, or AZFb+c. Therefore, AZF tests are recom-
mended for patients with azoospermia and severe oli-
gospermia who wish to undergo ICSI and/or TESE.? Fur-
thermore, male infants who are conceived via ICSI can po-
tentially inherit the genetic abnormalities of the paternal
Y chromosome. Therefore, AZF tests and genetic counsel-
ing are important in establishing efficient approaches for
treating infertility treatment.

In male patients with infertility, the frequency of re-
tained AZF deletions is estimated to be 7% (95% confi-
dence level [CL]: 6.74-6.79) worldwide.” The frequency of
microdeletions on the long arm of the Y chromosome is
race- or ethnicity-dependent. The incidence of microdele-
tions is estimated to be 3% (95% CL: 2.9-3.0) in Europe, 5.3%
(95% CL: 5.9-7.8) in Australia, and 8% in Asia.'” A categori-
zation of AZF deletions can also yield data regarding the
differences in their frequencies that arise due to ethnic-
ity

The gr/gr deletion, a partial deletion in the AZFc re-
gion, involves 1.6 megabases.” The frequency of this dele-
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tion is associated with ethnic variations, and this deletion
has been reported in 10%-15% of cases of male infertility in
Africans and Asians and in less than 5% of cases of male
infertility in other ethnicities.” The relationship between
the gr/gr deletion and infertility also involves geographic
and ethnic differences." In fact, this deletion reportedly
exhibits a strong relationship in Caucasians but a weak re-
lationship in East Asians.'” In a study involving 772 Japa-
nese patients who were mostly tested at infertility clinics,
the frequency of the gr/gr deletion was 33.7% (260 people),
whereas the analysis of their semen samples failed to es-
tablish a trend, with the results ranging from normal to
azoospermia.” These studies show that there are ethnic
and geographic differences in gr/gr deletion frequency
and in the relationship between the gr/gr deletion and in-
fertility. However, at present, very little information re-
garding the ethnic variations in gr/gr deletions and their
effects on ICSI outcomes in East Asian subjects is avail-
able.

Thus, in the present study, we determined the effects of
gr/gr deletions on the ICSI outcomes and sperm retrieval
rate, compared between subjects with the gr/gr deletion
and without AZF deletions via the results of TESE, includ-
ing microdissection-TESE (MD-TESE). Additionally, we
determined the AZF deletion frequency in East Asian sub-

jects at our hospital.
Methods

Subjects

Of the patients with azoospermia and severe oligosper-
mia who visited our hospital between July 2014 and Au-
gust 2018, 204 East Asians with a normal male karyotype
who underwent AZF testing were selected as subjects. Se-
vere oligospermia was defined as a sperm count per ejacu-
late of less than 5 X 10°. A retrospective study was per-
formed using data available in medical records (ethics
committee approval number: A18024).

AZF test

For the AZF test, the GENOSEARCH™ AZF Deletion
with 21 sequence-tagged site (STS) markers was consid-
ered. In this test, sY757, which is an X chromosome STS
probe, was used as the control, and 20 Y chromosome STS
probes were used, which have been designed in accor-
dance with the EAA/EMQN guidelines.” The chromo-
some regions to which the probes corresponded were as
follows: (i) sY1324, sY1316, and sY1714: AZFa regions; (ii)
sY1024, sY1967, sY1309, sY3199, sY1233, sY3010, sY2990,
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Fig. 1 Distribution of STS markers, primarily in the azoospermia factor (AZF) region of the Y chro-

mosome

As observed in the case of other chromosomes, the centromere on the Y chromosome was located be-
tween the long and short arms. The AZF region was located on Yqll. In the AZF tests used in the
present study, there were 3 sequence-tagged site (STS) markers corresponding to the AZFa region
and 13 STS markers corresponding to the AZFb and AZFc regions. Furthermore, diagnoses were for-
mulated based on the results with the indicated markers using the data provided in the judgment ta-

ble.

sY1197, sY1191, sY1291, sY1307, sY1206, and sY2858:
AZFb and AZFc regions; (iii) sY14 and sY3118: short arm
of the Y chromosome, with sY14 corresponding to the SRY
gene; and (iv) sY1251 and sY3159: long arm of the Y chro-
mosome, except for the AZF region, with sY1251 corre-
sponding to a region close to the Y chromosome cen-
tromere and sY3159 corresponding to the euchromatin
terminus (Fig. 1)."¥ Using the judgment table available for
these probes (Table 1), the AZF test results were deter-
mined.

ICSI

For most subjects for whom sperm retrieval by TESE
(including MD-TESE) was feasible, the sperm samples
were frozen. In the subjects for whom sperm retrieval was
performed, controlled ovarian stimulation was performed
with their sexual partners, which was followed by oocyte
retrieval and ICSI. Concerning the assessment of fertiliza-
tion, a fertilized oocyte has been observed to have two pro-
nuclei on Day 1 after ICSI. The embryo develops into a
blastocyst on Day 5 or Day 6. The fertilization rate was
calculated as the percentage of injected oocytes that trans-
formed into two pronuclei. The blastocyst formation rate
was set at Day 5 or Day 6 with a blastocyst (which refers
to the embryonic stage consisting of an endocytic mass
that becomes the fetus and an ectoderm cell that becomes
the placenta) divided by the number of two pronuclei em-
bryos. The decision as to whether blastocysts and early

embryos obtained by ICSI should be transferred while
fresh or frozen was made based on the ovarian stimulation
method and the endometrial condition.

Statistical analysis

Data were expressed as the median (range). All data
were subjected to analysis using Stata™, version 16 (Stata-
Corp LLC, College Station, TX, USA). We used the Mann-
Whitney U test for continuous data because all data fol-
lowed a non-normal distribution and the Fisher’s exact
test for categorical data. Differences with p-values of
<0.05 were considered statistically significant (p < 0.05;
“p < 0.01).

Results

Patients’ characteristics

The AZF test was performed for 253 patients with azoo-
spermia or severe oligospermia. Therefore, excluding the
44 karyotypically abnormal patients and the 5 patients
who were not East Asians, the final number of East Asians
subjects was 204. Of these 204 subjects, 196 presented
with azoospermia, and 200 of these 204 subjects were
Japanese. Of the 204 patients, 83 (40.7%) exhibited AZF de-
letions, 118 had no deletions, and 3 presented with an un-
determined result (Fig. 2). The categorization of the AZF
deletions is shown in Table 2. The following cases were
found: (i) P5/distal P1 deletion with complete AZFb + ¢ de-
letion, (i) P5/proximal P1 deletion with complete AZFb-
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Fig. 2 Categorization of subjects
AZF tests were performed for 253 patients with azoospermia or severe oligospermia. The
number of subjects, excluding the 44 with karyotypes that were not 46, XY and/or were
outside the normal range of variation and the 5 that were not East Asians, was 204. Of these
204 subjects, 83 exhibited AZF deletions (including 65 with gr/gr deletions), 118 did not harbor
deletions, and 3 presented with an undetermined status.

Table 2 Categorization of AZF deletions

AZF deletions n (%)

AZFDb + ¢ deletion (P5/distal P1) 3 (3.6%)
AZFb deletion (P5/proximal P1) 3 (3.6%)
AZFc deletion (b2/b4) 6 (7.2%)
AZFb + ¢ deletion (Ym-9 P3) 2 (2.4%)
AZFc deletion (Ym-12 gr/gr) 65 (78.3%)
AZFc deletion (Ym-11 b2/b3) 3 (3.6%)
AZFc deletion (Ym-8 b1/b3) 1 (1.2%)

Total 83 (100%)

deletion, and (iii) b2/b4 deletion with complete AZFc dele-
tion. Additionally, there were cases of partial AZFc dele-
tion, such as b1/b3, b2/b3, and gr/gr deletions, in which
only a relatively small region of the AZF was deleted. Par-
tial AZFc deletions demonstrated the highest frequency,
and gr/gr deletions were specifically found in 65 subjects
(78.3% of the subjects with AZF deletions).

The backgrounds of the patients in the gr/gr deletion
and no-AZF-deletion groups are presented in Table 3.

There were no significant differences between the gr/gr
deletion and no-AZF-deletion groups in terms of age, tes-
ticular volume, serum follicle-stimulating hormone (FSH)
and luteinizing hormone (LH) levels, and testosterone lev-
els.

Sperm retrieval rates

Further, TESE, including MD-TESE, was performed for
a total of 37 patients in the gr/gr deletion group (56.9%)
and 77 patients in the no-AZF-deletion group (65.3%).
Sperm samples were successfully retrieved from 18 pa-
tients (48.6%) in the gr/gr deletion group and from 36 pa-
tients (46.8%) in the no-AZF-deletion group (Table 4). No
significant difference was found between the no-AZF-
deletion and gr/gr deletion groups regarding the percent-
age of cases requiring TESE and the sperm retrieval rate.

Partners’ characteristics

In couples for whom sperm retrieval was successful, oo-
cyte retrieval was performed at the authors’ hospital after
TESE was performed for 34 cycles in 15 subjects from the
gr/gr deletion group and for 62 cycles in 29 subjects from
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Table 3 Clinical characteristics of patients

gr/gr deletion (+) AZF deletion ( —) p-value

(n=165) (n=118)
Age 37.2 (25-59) 35.5 (19-61) 15
Testicular volume (mL) 10.5 (4-20) 11.3 (2-25) A7
FSH (mIU/mL) 18.7 (2.7-53.0) 19.2 (2.1-94.1) 75
LH (mIU/mL) 8.37 (1.2-24.4) 8.66 (2.1-434) 78
Testosterone (ng/mL) 4.53 (0.95-9.88) 4.15 (0.27-9.34) 22

FSH: follicle-stimulating hormone

LH: luteinizing hormone

Data are expressed as the median (range).

Differences between the groups were evaluated by the Mann-Whitney U test.

Table 4 Comparison of sperm retrieval rates

gr/gr deletion (+) AZF deletion ( —) p-value

(n=65) n=118)
TESE=? required 37 (56.9%) 77 (65.3%) 34
MD-TESE 29 66
simple TESE 8 11
sperm retrieved 18 (18/37 =48.6%) 36 (36/77 = 46.8%) 1
MD-TESE 12 (12/29=41.4%) 26 (26/66 = 39.4%)
simple TESE 6 (6/8="75.0%) 10 (10/11=90.9%)

TESE: testicular sperm extraction

MD-TESE: microdissection-testicular sperm extraction

Data are expressed as the number (%).

Differences between the groups were evaluated by the Fisher's exact
test.

aTESE includes MD-TESE and simple TESE.

Table 5 Comparison of the background factors and oocyte retrieval cycles of the
subjects’ sexual partners

gr/gr deletion (+) AZF deletion ( —) p-value

(n=15) (n=29)

Maternal age 34.3 (25-43) 31.7 (24-38) 04 * T
AMH (ng/mL) 481 (0-12.2) 4.76 (0.98-15.2) 97 1
Oocyte retrieval cycles 34 62

fresh TESE 1 5

freeze TESE 33 57
Use of Pentoxifylline 31/31 (100%) 58/60 (96.7%) 55 %
Use of Calcium ionophore 23/31 (74.2%) 40/60 (66.7%) 63 F

AMH: anti-Miillerian hormone

TESE: testicular sperm extraction

Data are expressed as the median (range) or the number (%).

Differences between the groups were evaluated by the Mann-Whitney U test ¥ or
the Fisher’s exact test # (*p<<0.05).

the no-AZF-deletion group. Next, ICSI was performed us- terms of the anti-Miillerian hormone (AMH) levels in the

ing the sperm retrieved via TESE (Table 5). There were sexual partners of the subjects. The partners of the sub-

no significant differences between the two groups in jects in the gr/gr deletion groups were significantly older
Vol.9 No.2
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Table 6 Comparison of intracytoplasmic sperm injection (ICSI) outcomes

gr/gr deletion (+)

AZF deletion ( —) p-value

(n=15) n=29)
Oocyte retrieval cycles 34 62
Fertilization rate 85/155 (54.8%) 326/490 (66.5%) <0.01 **
Blastocysts/2PN 23/85 (27.1%) 80/326 (24.5%) 74
Number of cases of fresh ET's 12/15 (80%) 27/29 (93.1%) 32
or embryo freezing
Biochemical pregnancies/ETs 13/24 (54.2%) 35/89 (39.3%) 25
Clinical pregnancies/ETs 11/24 (45.8%) 28/89 (31.5%) 28
Live births/ETs 11/24 (45.8%) 20/89 (22.4%) 04 *

PN: pronucleus
ET: embryo transfer
Data are expressed as the number (%).

Differences between the groups were evaluated by the Fisher's exact test (*p<<0.05; **p

<0.01).

than those of the subjects in the no-AZF-deletion group.

ICSI outcomes

The outcomes of ICSI are presented in Table 6. The fer-
tilization rate of the subjects who underwent TESE was
54.8% (85/155) for the gr/gr deletion group and 66.5%
(326/490) for the no-AZF-deletion group. The sperm sam-
ples from the subjects in the gr/gr deletion group showed
a significantly lower fertilization rate than those from the
subjects in the no-AZF-deletion group (p < 0.01). There
were no significant differences in the blastocyst formation
rate per embryo or clinical pregnancy rate per embryo
transfer cycle. After the clinical achievement of preg-
nancy, spontaneous abortion was not experienced by the
partners of any of the subjects in the gr/gr deletion group.
Furthermore, the live birth rate per transfer was signifi-
cantly elevated in the gr/gr deletion group.

Discussion

The fertilization rate in East Asian subjects with normal
karyotype who underwent TESE (including MD-TESE)
was significantly lower for the gr/gr deletion group than
for the no-AZF-deletion group. However, there were no
significant differences between the two groups in terms of
the blastocyst formation and clinical pregnancy rates.

First, the fertilization rate via TESE (including MD-
TESE) was significantly lower for the gr/gr deletion group
than for the no-AZF-deletion group. In a reported meta-
analysis of the effects of the Y chromosome microdeletions
on ejaculated sperm and sperm obtained via TESE, the
fertilization rate of the Y chromosome microdeletions was
found to be significantly reduced (odds ratio: 0.75; 95% con-

fidence interval: 0.63-0.88; p < 0.01).” This report had no
limitations in terms of race and included not only testicular
sperm but also ejected sperm. Because the entire Y chro-
mosome microdeletion is targeted, deletions outside the
AZF regions and AZF deletions other than gr/gr deletions
were also included, but this study suggests that the gr/gr
deletion does affect fertility. Furthermore, in relation to
AZFc microdeletions, the fertilization rate with testicular
sperm was significantly lower than that observed with
ejaculated sperm (43.7% vs. 66.4%). Additionally, the fertili-
zation rate in the subjects who were subjected to the use
of testicular sperm was found to be significantly lower in
case of the AZFc microdeletion group than in case of the
no-AZF-deletion group (43.7% vs. 53.6%).*” This previous
report targeted AZFc¢ microdeletions and did not focus on
gr/gr deletions, but it suggests that gr/gr deletions may
influence the fertilization rate to some extent.

Furthermore, in this study, maternal age may be an-
other factor that reduced the fertilization rate. The age of
the partners of the subjects in the gr/gr deletion group
was significantly higher than that of the partners of the
subjects in the no-AZF-deletion group. However, the me-
dian age difference between the partners of the subjects
from the two groups is 2.6 years. As such, we believe that
the two-year period in the early 30s did not have a notable
effect on egg quality. In addition, because there was no sig-
nificant difference in the AMH levels between the two
groups, we do not believe that the statistical significance of
the maternal age between the two groups was signifi-
cantly involved in the decrease in fertility.

Second, it was revealed that there was no difference in

Toho Journal of Medicine * June 2023

i




|

N o winG ,&ﬂ (#) 2023.05.08 16.37.27 Page 9(1)

Kyor inWPS 68405—-8691. tohe02—01/ky33789186/9110056462

gr/gr Deletion Outcomes on ICSI 49

the blastocyst formation rate and clinical pregnancy rate
after fertilization between the two groups in case of the
subjects from the gr/gr deletion group. A meta-analysis of
Y chromosome microdeletion reported no significant dif-
ferences in good embryo rate, clinical pregnancy rate,
early miscarriage rate, miscarriage rate, or live birth
rate.”” In addition, it has been reported that there is no sig-
nificant difference between the clinical pregnancy rate
and miscarriage rate in subjects with AZFc microdele-

® These reports show that once the egg is fertilized,

tion.
there is no difference in the ICSI or pregnancy results.
This is consistent with the fact that there was no differ-
ence in the blastocyst formation rate and clinical preg-
nancy rate in the present study. In the present study, mis-
carriage did not occur in the gr/gr deletion group, and the
live birth rate per transfer in this group was significantly
higher than that in the no-AZF-deletion group. The factor
most related to the miscarriage rate is the age of the part-
ner, and according to the JSOG ART report, the miscar-
riage rate in the group of patients in their 30s is estimated
to be 17%-20%.*" In this previous study, the gr/gr deletion
group showed a significantly higher maternal age and a
higher miscarriage rate. However, the miscarriage rate
was lower and the live birth rate per transfer was higher
in the gr/gr deletion group. It is unlikely that the gr/gr de-
letion will affect miscarriage, and it is highly possible that
other factors are involved, but the examination of these as-
pects is outside the scope of this study.

Third, there were no significant differences in the
sperm retrieval rates achieved via TESE (including MD-
TESE) between the gr/gr deletion and no-AZF-deletion
groups. In a previous study, no significant differences
were reported between the sperm retrieval rates in the

# A similar re-

groups with and without the gr/gr deletion.
sult was observed in the present study. Conversely, it has
been reported that the sperm retrieval rate was 60.0%-
745% for the entire-AZFc deletion group (including the
subjects with the gr/gr deletion), which was significantly
higher than that for the group without the deletion.?**
The mechanism whereby the sperm retrieval rate in-
creases is unknown. However, there are no reports show-
ing that sperm recovery is lower in the gr/gr deletion
group; this information may be important during genetic
counseling for individuals with the gr/gr deletion.

Fourth, among the 204 karyotypically normal subjects
with oligospermia or azoospermia, 40.7% (n = 83) exhibited

AZF deletions, of whom 78.3% (n = 65) had gr/gr deletions.

Vol.9 No.2

In Japan, 11.8% of male patients with infertility present
with AZF deletions, and the gr/gr deletion frequency has
been reported to be markedly affected by ethnicity.” The
present study was performed on East Asians, which con-
stitute an ethnic group with a high frequency of AZF dele-
tion. However, the AZF deletion frequency among pa-
tients with azoospermia and oligospermia at the authors’
center herein was markedly higher than that reported in
previous studies. Among the AZF deletions documented,
the frequencies were as follows: AZFc¢ deletion, 80%; AZFa
deletion, 0.5%-4%; AZFb deletion, 1%-5%; and AZFb + ¢ de-
letion, 1%-3%.” Approximately the same frequencies were
observed in the present study. It has been reported that
the gr/gr deletion is highly common in East Asian sub-
jects. The frequency of the gr/gr deletion in Japanese peo-
ple has been reported to be 33.7% in infertility clinics.” In
the present study, the frequency of the gr/gr deletion was
found to be approximately the same (31.9%).

The present study has a few limitations. It was per-
formed at a single institution, and oocyte retrieval was
performed for 44 subjects at the authors’ hospital after the
successful retrieval of sperm. Hence, the possibility of se-
lection bias could not be ruled out. However, the perform-
ance of the study at a single institution facilitated
treatment-related standardization, and errors associated
with the treatment of each subject may not have occurred.

In conclusion, to the best of our knowledge, the fertiliza-
tion rates of TESE-derived sperms were significantly
lower for the East Asian subjects with the gr/gr deletion.
TESE-derived sperms from men with the gr/gr deletion
were morphologically completely mature spermatozoa
with some functional or quality issues. The AZF gr/gr de-
letion may affect the fertilizing capacity of testicular
sperms in East Asians. The sperm retrieval rate of these
subjects was similar to that of the no-AZF-deletion group
(despite the presence of the gr/gr deletion). Once the fer-
tilized egg was formed, the subsequent ICSI and preg-
nancy results for the subjects with the gr/gr deletion
were similar to those for the individuals without AZF dele-
tions. Our findings will be useful in providing explanations
prior to ART for subjects with the gr/gr deletion.
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