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Abstract

Purpose: We investigated the clinical results of Japanese men with Y chromosome
microdeletions.

Methods: This study retrospectively examined 2163 azoospermic or severe oligozoo-
spermic patients. We investigated the frequency of azoospermia factor (AZF) dele-
tions and sperm retrieval rate (SRR) by microTESE in patients with these deletions,
then analyzed the ICSI outcomes.

Results: Azoospermia factor deletions were found in 201 patients. SRR was signifi-
cantly higher than that of the control group (74.0% vs 20.4%, P < .001). Thirty-three
couples underwent ICSI using testicular spermatozoa retrieved by microTESE, and
eight couples underwent ICSI using ejaculatory spermatozoa. The fertilization rate
and clinical pregnancy rate per embryo transfer cycle were significantly higher in the
ejaculatory group than that of the testicular group (66.4% vs 43.7%, P < .001, 53.3%
vs 24.7%, P = .03, respectively). When compared with the control group, the fertili-
zation rate was significantly lower in the testicular group with AZFc microdeletions
(43.7% vs 53.6%, P < .001).

Conclusions: Our study highlights that although microTESE in azoospermic men
with AZFc microdeletions led to a higher SRR, ICSI outcomes of these men were
worse than that of men without AZF deletions, even if testicular spermatozoa were

retrieved.
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1 | INTRODUCTION

After Klinefelter syndrome, Y chromosome microdeletions are the
second most frequent genetic cause of male infertility, with a prev-
alence of 2%-10% in non-obstructive azoospermia (NOA).® Three
spermatogenesis loci in the Y chromosome long arm (Yq11) have been
classified as AZFa, AZFb, and AZFc.* The classical correlation of histo-
pathology phenotypes with these three microdeletions comprises of
complete absence of germ cells (Sertoli cell-only syndrome) in patients
with AZFa microdeletions, maturation arrest of meiosis in patients with
AZFb microdeletions, and hypospermatogenesis in patients with AZFc
microdeletions.*** However, individual variation in the extent of dele-
tions has led to various spermatogenic phenotypes.

Patients with azoospermia factor (AZF) deletions, especially
AZFc microdeletions, have a chance to father offspring through
sperm extraction techniques such as microTESE and in vitro fertil-
ization with 1CSI.'21> Stahl et al*® reported that, using microTESE,
sperm retrieval is higher from NOA patients with AZFc microdele-
tions than from idiopathic azoospermic men.

Azoospermia factor deletions are associated not only with dis-
ruption of spermatogenesis, but also with ICSI outcomes. Mateu et
al'” reported a high percentage of aneuploidies in spermatozoa and
embryos from patients with Y chromosome microdeletions. In ad-
dition, both fertilization rate and embryo quality were significantly
lower in patients with AZFc microdeletions, but pregnancy, implan-
tation, and take-home baby rates were not significantly affected.'®
Although various findings have been reported, the phenotypic influ-
ence of AZF deletions clearly depends on the ethnic and geographic
origin of the study population.'? In the present study, we sought to
clarify the frequency of each type of AZF deletion in Japanese azo-
ospermic or very severe oligozoospermic patients, the SRR following
microTESE in these patients with AZF deletions, and the ICSI out-
comes from testicular or ejaculatory spermatozoa of these patients.
Furthermore, we compared these results with their respective con-

trol groups.

2 | MATERIALS AND METHODS

A total of 2065 azoospermic and 98 very severe oligozoospermic
patients were enrolled. All men suffering from infertility presented
themselves to one of 16 reproductive centers in Japan from 2007 to
2017. They underwent semen analysis at least two times. After the
diagnosis of azoospermia or very severe oligozoospermia (a sperm
count of <1 million per mL), karyotype analysis and detection of Y
chromosome microdeletions were performed on peripheral blood

lymphocytes of these patients.

2.1 | Y chromosome microdeletions

Y chromosome microdeletions in AZFa, AZFb, and AZFc regions

were detected using Promega Y Chromosome AZF Analysis System
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version 2.0 following the manufacturer's instructions (Promega Co.).
Twenty sequence-tagged sites within the AZF region of Yq11 and the
sex-determining region Y gene were targeted for polymerase chain
reaction (PCR) amplification. This system covers all of the loci rec-
ommended by the European Academy of Andrology and European
Quality Monitoring Network Group. Multiplex PCR was performed
for analysis of microdeletions.

2.2 | MicroTESE procedure

If no spermatozoa were identified within the semen pellet, mi-
croTESE was performed under local anesthesia by experienced
surgeons as previously described.?® We utilized the operating micro-
scope and one transverse incision in the tunica albuginea through
which spermatogenic tubules were selected for extraction. Almost
all testicular spermatozoa retrieved by microTESE were cryopre-

served for later ICSI use.

2.3 | Controlled ovarian stimulation and allocation

Most women underwent controlled ovarian stimulation with a gon-
adotropin-releasing hormone (GnRH) short antagonist or a GnRH
short/long agonist protocol.?*?? For ovarian stimulation, human
menopausal gonadotropin was mainly used. Transvaginal ultra-
sound-guided oocyte retrieval was conducted 34-36 hours after the
stimulation. One or two embryos were frozen by vitrification on the
third day following oocyte retrieval, and the other embryos were
placed in extended culture, from which blastocysts were frozen on
day 5 or day 6.

2.4 | Endometrium preparation and embryo transfer

Hormone replacement therapy was employed for endometrium
preparation in most cases. Briefly, oral ethinyl estradiol was adminis-
tered from day 3 to attain an endometrial thickness >7-8 mm. At that
time, patients were given luteal supplementation via intravaginal
and/or oral administration of progesterone. Freeze-thawed ET (FET)
of day 3 embryos or day 5 or day 6 blastocysts were scheduled based
on the embryo and endometrium synchronization. Clinical preg-
nancy was established by ultrasonography at 5 or 6 weeks of gesta-
tion. Oral estradiol and progestin were continued until 10 weeks of

gestation when pregnant.

2.5 | Statistical analysis

The data are presented as the mean * standard deviation. Mann-
Whitney U-test was used for continuous data and Fisher's exact test
was used for categorical data to evaluate comparisons between the

groups. A P value <.05 was regarded as significant.



YAMAGUCHI ET AL.

Reproductive Medicine and Biology

TABLE 1 Prevalence of Y chromosome microdeletions

No. of patients in each deletion group

No. of
Diagnosis from screened No. of patients
semen analysis patients with deletions AZFa
Azoospermia 2065 184 20
Severe 98 17 0

oligozoospermia

Total no. of patients 2163
(%)

201 (9.3) 20(0.9)

AZF, azoospermia factor.

3 | RESULTS

3.1 | Incidence of AZF microdeletions in the
Japanese population

One hundred and eighty-four AZF microdeletions were detected
in the azoospermic patients, and 17 microdeletions in patients with
very severe oligozoospermia. The number of patients found to have
each AZF deletion is shown in Table 1. All men with AZFa, AZFb,
AZFa + b, and AZFb + c microdeletions in Yq11 had azoospermia.
The 17 men with AZFc microdeletions had very severe oligozoo-
spermia. The most common deleted region was AZFc (3.7%). Among
the entire cohort, we performed subsequent examinations on cases
in which the details of treatment were confirmed.

3.2 | SRRin AZF deletions

Fifty azoospermic men with AZFc microdeletions underwent micro-
TESE, and spermatozoa were detected in 74% (37/50) of these men.
In contrast, we detected spermatozoa in only 20.4% (109/534) of the
azoospermic men without AZF deletions. The characteristics and
SRR of each group are shown in Table 2. The SRR was much higher in
patients with AZFc microdeletions than that of patients without AZF
deletions. Although three azoospermic men with AZFb + ¢ microde-
letions had also undergone microTESE following patient request, we

did not detect spermatozoa.

3.3 | ICSI outcomes

Thirty-three couples underwent ICSI using testicular spermatozoa
retrieved by microTESE, and eight couples underwent ICSI using
ejaculatory spermatozoa. In this study, no couple underwent ICSI
using both testicular and ejaculatory spermatozoa. The outcomes of
ICSl are shown in Table 3. The fertilization rate was 47.6% (291/611).
We performed 92 embryo transfer (ET) cycles, and the mean num-
ber of replaced embryos was 1.42 per ET. The clinical pregnancy
rate per ET cycle was 29.3% (27/92). The abortion rate was 22.2%
(6/27). The fertilization rate was significantly higher in the ejacula-
tory group than in the testicular group (66.4% vs 43.7%, P < .001).

AZFb AZFc AZFa+b AZFb + c Yq (AZFa+b +c)
15 64 1 61 23

17 0 0 0
15(0.7) 81(3.7) 1(0.05) 61(2.8) 23(1.1)

TABLE 2 Clinical characteristics of azoospermic patients and
outcomes of microTESE

AZFc No AZF
microdeletions deletions
(n =50) (n=534) P-value
Age (y.0.) 35.1+5.0 34.0+5.5 .08*
Testicular 12.1+4.5 12.0+x4.1 .63*
volume (mL)
FSH (mIU/mL) 20.4+10.4 19.9+9.8 72*
LH (mlU/mL) 71+4.2 6.8+3.7 91*
Testosterone 42+1.6 4.6+1.8 .10
(ng/mL)
Sperm retrieved 74.0 (37/50) 20.4 (109/534) <.001**

rate (%)

AZF, azoospermia factor.
*Mann-Whitney U-test.
**Fisher's exact test.

The clinical pregnancy rate per ET cycle was also significantly higher
in the ejaculatory group (53.3% vs 24.7%, P < .03).

The two groups were also compared with their respective con-
trol groups. The fertilization rate was significantly lower in the tes-
ticular group than in the control group (218 ICSI treatments in 105
couples comprised of men without AZF deletions; 43.7% vs 53.6%,
P < .001; Table 4). In contrast, there were no significant differences
in any parameters of the ejaculatory group compared with the con-
trol group of 109 ICSI treatments in 46 couples consisting of men
without AZF deletions (Table 5).

4 | DISCUSSION

In this study, the incidence of Y chromosome microdeletions in
patients with NOA was 8.9% (184/2065). Other studies from vari-
ous populations have reported Y chromosome microdeletions in
2%-10% of azoospermic patients.l'3 In contrast, we diagnosed Y
chromosome microdeletions in 17.3% (17/98) of very severe oligo-
zoospermic men. This is high compared with the 6%-10% reported
incidence of Y chromosome microdeletions in severe oligozoosper-
mic men that were tested and treated at other centers throughout

the world.>*2%2% This result may reflect selection bias of our limited
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TABLE 3 ICSI outcomes of couples
with AZFc microdeletions

Testicular sperm
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Ejaculated

Total (n = 41) (n=33) sperm (n = 8) P-value
Maternal age (y.o.) 339+4.2 34.0+4.2 339+45 .61*
Qocyte retrieval 86 67 19
cycles
Two PN (%) 47.6 (291/611) 43.7 (220/504) 66.4(71/107) <.001**
ET cycles 92 77 15
Embryos replaced 142 +£0.56 1.40+0.57 1.53+0.50 .38*
(n)
Clinical 29.3(27/92) 24.7 (19/77) 53.3(8/15) .03**
pregnancies/cycle
(%)
Miscarriage (%) 22.2(6/27) 26.3(5/19) 12.5(1/8) .63%*
Abbreviations: AZF, azoospermia factor; ET, embryo transfer; PN, pronucleaous.
*Mann-Whitney U-test.
**Fisher's exact test.
TABLE 4 ICSl outcomes using testicular sperm TABLE 5 |ICSl outcomes using ejaculated sperm
AZFc No AZF AZFc
microdeletions deletions microdeletions No AZF deletions
(n=33) (n = 105) P-value (n=8) (n=46) P-value
Maternal age 34.0+£4.2 34.9£3.9 .09* Maternal age 33.9+4.5 31.9+6.0 .10*
(y.0) (y.0.)
QOocyte 67 218 Qocyte 19 109
retrieval retrieval
cycles cycles
Two PN (%) 43.7 (220/504) 53.6 (958/1787) <.001** Two PN (%) 66.4(71/107) 69.9 (334/478) 49**
ET cycles 77 291 ET cycles 15 87
Embryos 1.40+£0.57 1.34+0.57 40" Embryos 1.53+0.50 1.39 £0.62 .35*
replaced (n) replaced (n)
Clinical 24.7 (19/77) 28.9 (84/291) S57** Clinical 53.3(8/15) 34.5(30/87) .25%*
pregnancies/ pregnancies/
cycle (%) cycle (%)
Miscarriage (%)  26.3(5/19) 20.2(17/84) .55** Miscarriage (%)  12.5(1/8) 20.0 (6/30) 1.00**

Abbreviations: AZF, azoospermia factor; ET, embryo transfer; PN,
pronucleaous.

*Mann-Whitney U-test.

**Fisher's exact test.

screened population. However, the substantial rate of Y chromo-
some microdeletions in very severe oligozoospermic men supports
the necessity to perform screening of Y chromosome microdeletions
in these men, even in cases where enough spermatozoa for assisted
reproductive technology (ART) has already been collected. Failure to
do so may compromise the treating physician's ability to adequately
counsel these patients before ART about the risks of subfertility in
their male offspring.

Spermatid arrest and even crypto/oligozoospermia have been
reported in association with complete AZFb or AZFb + ¢ mi-
crodeletions.?t?® With very few exceptions reported in the lit-
erature, complete deletion of AZFa or AZFb clinically implies that

the chance for testicular spermatozoa retrieval is virtually zero,

Abbreviations: AZF, azoospermia factor; ET, embryo transfer; PN,
pronucleaous.

*Mann-Whitney U-test.
**Fisher's exact test.

even with microTESE."?” Therefore, these patients are not rec-
ommended to undergo this procedure. In contrast, we identified
testicular spermatozoa in over 70% of azoospermic patients with
AZFc microdeletions. This SRR is much higher than that of non-AZF
deleted, idiopathic NOA men. The biological explanation of this
result remains unclear, but a previous study of the US population
reported similar results.!® In the present study, we compared the
ICSI outcomes between spermatozoa of different origins. Although
the number of cases was limited, fertilization rate and clinical preg-
nancy rate were significantly higher in the ejaculatory group than
in the testicular group. Furthermore, when compared with their re-
spective control group, the fertilization rate was significantly lower

in the testicular group, but there were no significant differences in
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any parameters in the ejaculatory group. As described by Van et al, '
the results of our study indicate that the main function of the AZFc
region in the Y chromosome is involvement in spermatozoa quality
or function rather than in spermatogenesis. However, our results
also indicate that the loss of spermatozoa quality associated with
AZFc microdeletions may be restored by modification when passing
through the epididymis.

Regardless of this hypothesis, our results revealed a number of
important factors to be considered during pre-treatment counsel-
ing of couples comprised of men with AZFc microdeletions. At first,
when ejaculate spermatozoa are detected in pre-treatment semen
analyses, even if there are only small amounts of sperm, we should
clinically recommend primary use of ejaculatory, rather than testic-
ular, spermatozoa. Secondly, if the patient must undergo microTESE,
we have to inform them that, although microTESE leads to a higher
SRR, ICSI may lead to a lower fertilization rate relative to the control
group.

To our knowledge, the present study has investigated the clin-
ical outcomes, including microTESE and ICSI, of the largest cohort
of Japanese subfertile men with Y chromosome microdeletions to
date. Nevertheless, generalizing our findings may be limited. The co-
hort size of this study is relatively small, and, therefore, our screened
population of infertile men may be biased. The high incidence of Y
chromosome microdeletions, especially in patients with very se-
vere oligozoospermia, may reflect selection bias due to our referral
pattern. The ICSI or ET protocol was also not consistent among all
centers. Moreover, genetic testing data from male offspring were
not available, so we cannot examine the inheritance of Y chromo-
some microdeletions. Further investigations using a larger number
of couples with AZFc microdeletions, including their male offspring,
are required to study the prognosis of these deletions after ICSI
treatment.

In conclusion, NOA patients with AZFc microdeletions had a
high percentage of successful sperm retrieval by microTESE, but the
ICSI outcomes, especially fertilization rate, were not good. Although
analysis of Y chromosome microdeletions is still not offered in some
centers, our study emphasizes that diagnosis of Y chromosome mi-
crodeletions is critical for preconception genetic counseling and
provides clinically valuable prognostic information to couples con-

sidering surgical sperm retrieval and ICSI.
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