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1 | INTRODUCTION

Abstract

Purpose: This study aimed to analyze whether the presence of refractile bodies (RFs)
negatively affects fertilization, embryo development, and/or implantation rates fol-
lowing intracytoplasmic sperm injection (ICSI).

Methods: This retrospective embryo cohort study involved a total of 272 patients
undergoing ICSI treatment of blastocyst cryopreservation.

Results: In the study, no significant differences were found regarding 2PN formation
rates between RF(+) (76.5%) and RF(-) oocytes (77.2%). However, the blastocyst for-
mation rate on Day 5 in RF(+) oocytes was 45.8%, which was significantly lower than
that of 52.2% in RF(-) oocytes (aOR 0.74, 95% Cl 0.59-0.93, P = .011). Implantation
rates were also significantly lower in RF(+) oocytes (24.2%) as compared to RF(-) oo-
cytes (42.2%) (aOR 0.46, 95% Cl 0.26-0.78, P = .005). Furthermore, the implantation
rate of RF(+) oocytes (28.6%), when high-quality blastocysts were transferred, was
significantly lower than that of RF(-) oocytes (46.1%) (aOR 0.50, 95% CI 0.25-0.96,
P =.043).

Conclusion: Our results suggest that oocytes with the presence of RFs have a lower
potential for blastocyst development. Even when they develop into high-quality blas-

tocysts, the chances of implantation are reduced.
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with IVF, but not ICSI, have also been reported.1 Lower embryo
development rates L2 of embryos with the presence of RFs have

A refractile body (RF) is one of the main morphological abnormal-
ities, which can be observed in the cytoplasm of human oocytes
(Figure 1). We previously found that RFs consist of a mixture of lip-
ids and dense granular materials, have a yellow autofluorescence,
which is consistent with the typical autofluorescence of lipofuscin,
and have a positive reaction in the Schmorl reaction test, which
demonstrates the presence of lipofuscin.! Lower fertilization rates

also been consistently reported. However, few reports have de-
scribed any divergence in embryo quality between oocytes with
or without RFs.>* Furthermore, the implantation potential of oo-
cytes with RFs has not yet been investigated. Thus, in this study we
aimed to investigate whether RFs negatively affect embryo devel-
opment and implantation rates following intracytoplasmic sperm
injection (ICSI).
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FIGURE 1 Animage of a typical large refractile body (RF). An
image of a typical large refractile body (RF) in a human Mll oocyte.
The refractile body is indicated by the arrow

2 | MATERIALS AND METHODS

This retrospective study included 316 RF(+) cycles, which had both
RF(+) and RF(-) oocytes, involving 272 patients who underwent ICSI
treatment of blastocyst cryopreservation between January 2013 and
June 2016. A total of 1190 blastocysts were cryopreserved, and of

these, 438 were used for single embryo transfer by December 2016.

2.1 | Stimulation protocols

The ovarian stimulation protocols were chosen depending on
each patient's age and serum anti-Mdillerian hormone (AMH) level
(Table 1). Patients in the long protocol group and the short pro-
tocol group were treated with the GnRH agonist (Nafarelil, Fuji
Pharma), which continued until the day on which 10 000 IU of
human chorionic gonadotropins (hCG) (HCG, Fuji Pharma) was ad-
ministered. For the long protocol, administration of the GnRH ago-
nist commenced a week after the previous ovulation. For the short
protocol, administration of the GnRH agonist commenced on the
2nd day of the menstrual cycle. For the GnRH antagonist protocol,
the GnRH antagonist ganirelix (Ganirest, Merck & Co) was admin-
istered when the leading follicle diameter reached 14-15 mm in
diameter and it was administered until the day of hCG administra-
tion. For the long, short, and antagonist protocols, ovarian stimu-
lation began on the 3rd day of the cycle using hMG (Folyrmon-P,
Fuji Pharma; F, Fuji Pharma; HMG TEIZO, ASKA Pharmaceutical;
Ferring, Ferring Pharmaceuticals) or rFSH (Gonalef, Merck Serono),
and continued until the day of hCG administration. The starting
dose for the clomiphene citrate (CC) protocol was 50 mg/day of
(CC) (Clomid, Fuji Pharma) administered orally once a day, on the

third day of the menstrual cycle, and continuing until the day of

TABLE 1 Ovarian stimulation protocols

AMH level (ng/mL) <40y 240y

4< AMH Antagonist, long Antagonist, long
1< AMH =4 Long, antagonist Antagonist, long,
short

0.5< AMH <1 Short, antagonist, CC, Al, short,
CC, Al antagonist

0.1< AMH £0.5 CC, Al, short, CC, Al
antagonist

AMH £0.1 CC, Al CC, Al, natural

hCG administration. h(MG was administered until the day of hCG
administration. The starting dose for the aromatase inhibitor (Al)
protocol was 5 mg/day of Al (Letrozole “TEVA,” Pharmaceutical
Industries Ltd), administered orally on the third day of the men-
strual cycle and continuing for 5 days. hMG was administered until
the day of hCG administration. When at least two follicles reached
a diameter of 18 mm or larger, 10 000 IU hCG was administered
for ovulation induction.

2.2 | Oocyte retrieval and denuding

Oocyte retrieval was performed 35.5 hours after hCG adminis-
tration, with transvaginal ultrasound-guided aspiration. Oocytes
were collected from the follicular fluid and washed in freshly
equilibrated human tubal fluid medium with HEPES (Multipurpose
Handling Medium, Irvine Scientific). They were then incubated
in an insemination medium (Universal IVF, Origio) covered with
mineral oil (Light Mineral Oil for Embryo Culture) for 2-4 hours
with 6.5% CO,/5% 0,/88.5% N, at 37°C in an incubator MINC™
(COOK MEDICAL INC). The oocytes were denuded of the cumu-
lus oophorus by a brief exposure to 40 IU/mL hyaluronidase (ICSI
Cumulase, Origio). This was followed by the mechanical removal
of the oocytes from the surrounding cumulus cells with the use of
a pipette (STRIPPER, Origio). Denuded oocytes were incubated in
single-step medium (ONE STEP Medium, NAKA ivf Medium) cov-
ered with mineral oil.

2.3 | ICSI procedures and embryo culture

ICSI was performed on Ml stage oocytes 4 hours after retrieval. Ml
stage oocytes were used for ICSI only when they reached MII stage
maturity within 8 hours of oocyte retrieval (delayed MII). At the time
of ICSI, oocytes were morphologically evaluated under inverted mi-
croscopes (OLYMPUS) at x400 magnification. MIl oocytes with the
presence of RF =5 um in diameter were recorded as RF(+), and M|
oocytes with the presence of RF <5 pum in diameter were recorded
as RF(-). This classification was based on our previous data, which
showed that large RFs (>5 pm) were associated with significantly

lower blastocyst development rates.*
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The diameter of the (RFs) was measured by means of a scale
bar displayed on a monitor connected to an OLYMPUS inverted
microscope, at x400 magnification. When the size of an RF was
greater than the length of the scale bar, the RF was defined as RF(+).
Sperm were prepared using a density-gradient centrifugation tech-
nique with Isolate (Irvine, Cal., USA) and the swim-up method with
Universal IVF. Fertilization was confirmed by the presence of two
pronuclei 16-18 hours after ICSI (Day 1). The zygotes were placed
into the well-of-the-well (WOW) culture system (LinKID® micro25,
DNP) using a single-step medium, and covered with mineral oil.
Cleaving embryos were evaluated on the third day after oocyte
retrieval using Veeck's classification.® Blastocyst development was
evaluated on the fifth and sixth days after oocyte retrieval by means
of Gardner's classification.’ High-quality blastocysts were defined
as having a grade of at least 3BB on Day 5.

2.4 | Vitrified-thawed blastocyst transfer

The timing of cryopreservation depended entirely on blastocyst
development. Blastocysts (grades 3-6) with good/fair ICM-TE
morphology (AA, AB, AC, BA, BB, BC, CA, and CB) were selec-
tively cryopreserved on Day 5, with the exception of those with
poor ICM-TE morphology (CC). Blastocysts not reaching this
benchmark were given a further day in culture, after which they
were cryopreserved with vitrification media (Cryotop, KITAZATO)
on Day 6. Thawing procedures were performed with a thawing
media (Cryotop, KITAZATO), and laser-assisted hatching was per-
formed immediately after thawing. Embryo transfers were carried
out with a transfer medium (UTM™, Origio), after 2-3 hours of ad-
ditional culture in the single-step medium. Frozen-thawed embryo
transfers were performed with endometrial preparation by means
of either the natural ovulation cycle or a cycle of hormone replace-
ment therapy. All single embryo transfer procedures were per-
formed under transabdominal ultrasound guidance, with the use
of catheters for the embryo transfer (Wallace® Sure-Pro®, Smiths
Medical). Pregnancy was confirmed by serum hCG concentration,
10 days after the embryo transfer. Clinical pregnancy was defined

as the presence of a gestational sac, detected by ultrasound, while
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miscarriage was defined as the failed continuation of a pregnancy
at under 22 weeks. Both miscarriages and stillbirths were consid-

ered as loss of pregnancy.

2.5 | Statistical analyses

The differences in fertilization rates, blastocyst formation rates,
and implantation rates were compared between RF(+) and RF(-)
oocytes. The difference in fertilization rates was compared by the
chi-squared test. The difference in blastocyst formation rates, im-
plantation rates, live birth rates, and pregnancy loss rates was
investigated using a mixed-effects logistic regression model (gener-
alized linear mixed model, GLMM). GLMM provides a broad range
of models for the analysis of grouped data, allowing the differences
between groups to be modeled as random effects. Furthermore,
as embryo transfer is repeated more than once for some patients,
GLMM makes it possible to eliminate individual differences. The dif-
ference in blastocyst formation rates was investigated with a GLMM
containing terms for RF(+) and patients' age as fixed effects, and pa-
tients as a random effect, taking inter-subject correlation into con-
sideration. Implantation, live birth, and pregnancy loss rates were
analyzed with GLMM, containing terms for RF(+), age, and the pres-
ence of high-quality blastocyst development (0/1) as fixed effects,
and patients as a random effect, taking inter-subject correlation
into consideration. In all analyses, two-sided statistical tests were
performed, and differences were considered statistically significant
when the P-value was <.05. R software (version 3.4.4) was used for

all statistical analyses.

3 | RESULTS

The average age of participants was 37.8 years. A total of 3085 MII
oocytes were retrieved. Of these, 648 (21.0%) were RF(+) oocytes.
There were 241 delayed MIl oocytes (7.8%), and the rate of RF(+)
found among these oocytes was 16.6%. There was no significant
difference between the occurrence of RFs in Mll oocytes and occur-
rence in delayed MIl oocytes (Table 2).

TABLE 2 The occurrence of RF according to type of oocyte and ovarian stimulation protocol

Ovarian stimulation RF(+) in matured Ml oocytes

RF(+) in delayed Ml oocytes

protocol (95% Cl) (95% Cl) OR (95% Cl) P-value
Total 21.4% (19.9-22.9) 16.6% (12.4-21.8) 0.73(0.52-1.04) .073
Long 19.9% (17.3-22.9) 16.9% (9.7-27.8) 0.82 (0.42-1.60) .549
Short 26.1% (21.0-31.9) 38.1% (20.8-59.1) 1.74 (0.69-4.39) .250
Antagonist 18.1% (16.1-20.4) 11.8% (7.1-18.8) 0.60 (0.34-1.07) .067
Antagonist + Al 20.7% (16.4-25.8) 8.7% (2.4-26.8) 0.36(0.08-1.60) 129
CcCc 36.8% (30.8-43.1) 45.5% (21.3-72.0) 1.43(0.43-4.84) .564
Al 36.8% (23.4-52.7) 0% 0 182

Abbreviations: Cl, confidence intervals; OR, odds ratio.
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The data were analyzed by GLMM to clarify whether the stim-
ulation protocol affected the outcomes and/or presence of RFs. No
significant differences were found regarding 2PN formation rates
between RF(+) (76.5%) and RF(-) (77.2%) oocytes. 1PN formation
rates were 2.2% in RF(+) oocytes vs 2.4% in RF(-) oocytes, and no
statistical differences were detected. In addition, multiple pronuclei
formation (>3PN) rates were 2.2% in RF(+) oocytes vs 1.9% in RF(-)
oocytes, with no significant differences being detected (Table 3).
However, the blastocyst formation rate on Day 5 in RF(+) oocytes
was 45.8%, which was significantly lower than that of 52.2% in RF(-)
oocytes (aOR 0.74, 95% Cl 0.59-0.93, P = .011; Table 3). The rate of
blastocysts that reached blastocysts on Day 6 for RF(+) was 10.5%,
while it was 9.6% for RF(-) oocytes. No significant differences
were found between the two groups (aOR 1.11; 95% CI 0.79-1.56,
P = .536; Table 3). The rate of Day 6 blastocysts that were trans-
ferred during vitrified-thawed blastocyst transfer cycles was 20.2%
for RF(+) and 13.9% for RF(-) oocytes, respectively. No significant
differences were detected between the two groups (OR 1.57, 95%
Cl 0.87-2.76, P = .125). Implantation rates were significantly lower
in RF(+) oocytes (24.2%) as compared to RF(-) oocytes (42.2%)
(aOR 0.46, 95% Cl 0.26-0.78, P = .005). Furthermore, the implan-
tation rate in RF(+) oocytes (28.6%) when high-quality blastocysts
were transferred was significantly lower than that in RF(-) oocytes
(46.1%) (aOR 0.50, 95% Cl 0.25-0.96, P = .043; Table 4). However,
no significant differences were found regarding pregnancy loss rates
(20.8% in RF(+), 30.8% in RF(-) oocytes, aOR 0.57; 95% Cl 0.17-1.59,
P = .318; Table 4). Neither were any significant differences detected
in the birth rates (19.2% in RF(+), 29.2% in RF(-) oocytes, aOR 0.60,
95% Cl1 0.31-1.08, P = .101; Table 4).

4 | DISCUSSION

With this study, we revealed that oocytes with the presence of RFs
have a lower potential to develop into blastocysts and that even
when they do develop into high-quality blastocysts, the chances
of implantation are reduced. With regard to fertilization rates, no
significant differences were detected between RF(+) and RF(-) oo-
cytes. Several studies have demonstrated that oocytes with the
presence of RFs impair fertilization by IVF.%>7 However, our results
demonstrate that the potential for fertilization is not negatively af-
fected by the use of ICSI. As previously described by Otsuki et al,®
the variance between RF(+) and RF(-) oocytes may account for some
of the differences arising between fertilization rates with IVF and
ICSI. The blastocyst formation rates of RF(+) oocytes on Day 5 were
significantly lower than those of RF(-) oocytes. This was consistent
with the data reported by Xia et al,” demonstrating that the presence
of RFs correlates strongly with poor embryo quality. Interestingly,
although oocytes with the presence of RFs have been associated
with significantly lower implantation rates than oocytes without the
presence of RFs, even when high-quality blastocysts are transferred,
no significant difference was detected in the miscarriage or live
birth rates in this study. This may suggest that the presence of RFs

negatively affects the implantation process. As it has been reported
that patients with severe endometriosis display a significantly higher
proportion of RFs in their oocytes, the association of this tendency
with the lower implantation rates found in our study should be fur-
ther investigated in a future study. This would further elucidate
whether the presence of RFs itself lowers the implantation potential
or whether other molecular factors caused by endometriosis result
in the impairment of embryo implantation.'®

Regarding the outcome of in vitro-matured oocytes, there was
no significant difference between the occurrence of RFs in matured
oocytes (MIl) vs the occurrence found in oocytes with delayed mat-

uration (delayed MII). Conversely, Omidi et al'!

have reported that
the occurrence of RFs was significantly higher in IVM MIl oocytes,
which were matured from GV and Ml oocytes, as compared to ma-
tured MIl oocytes. The subject of our study was oocytes, which had
reached MIl stage maturity within 8 hours of oocyte retrieval. RFs
were detected in both mature and immature oocytes,l'5 and there
was a strong tendency for recurrence in the same patient in cases of
repeat treatment®; ergo, the development of RFs may occur before
or during folliculogenesis.

As this study did not extend to oocytes with single or multiple
RFs, it is still unclear whether the size and number of RFs influence
embryo development and/or implantation rates. The occurrence
mechanisms of RFs and their relationship to oocyte maturation and
viability are also not yet fully understood. Further research is re-
quired to gain a more complete understanding of these factors and

thus improve implantation rates.
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