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Objective: To compare physical and cognitive development of babies born after round spermatid injection (ROSI) with those born after
natural conception.

Design: Comparison of efficiencies of ROSI and ICSI using testicular spermatozoa, performed in the St. Mother Clinic. Physical and
cognitive development of ROSI babies recorded by parents in the government-issued Mother-Child Handbook was checked and
verified by attending pediatricians. Data included baby’s weight gain and response to parents’ voice/gesture.

Setting: Assisted reproduction technology practice.

Patient(s): A total of 721 men participated in ROSI; 90 ROSI babies were followed for 2 years for their physical and cognitive devel-
opment. Control subjects were 1,818 naturally born babies.

Intervention(s): Surgical retrieval of spermatogenic cells from testes; selection and injection of round spermatids into oocytes; oocyte
activation, in vitro culture of fertilized eggs, and embryo transfer to mothers.

Main Outcome Measure(s): Physical and cognitive development of ROSI babies (e.g., body weight increase, response to parents, and
understanding and speaking simple language) compared with naturally born babies.

Result(s): Of 90 ROSI babies, three had congenital aberrations at birth, which corrected spontaneously (ventricular septa) or after sur-
gery (cleft lip and omphalocele). Physical and cognitive development of ROSI babies was similar to those of naturally born babies.
Conclusion(s): There were no significant differences between ROSI and naturally conceived babies in either physical or cognitive
development during the first 2 years after birth.

Clinical Trial Registration Number: UMIN Clinical Trials Registry UMINO0O0006117. (Fertil Steril® 2018;110:443-51. Copyright ©
2018 The Authors. Published by Elsevier Inc. on behalf of the American Society for Reproductive Medicine. This is an open access article
under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).)

El resumen esta disponible en Espaiiol al final del articulo.
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stage immediately before their transformation into

tail-bearing spermatozoa. After live offspring were
born following the introduction of round spermatids into
mouse oocytes (1), Edwards et al. (2) proposed the use of round
spermatids as substitutes for mature spermatozoa for some
infertile men who are unable to produce spermatozoa. The
process is referred to as round spermatid injection (ROSI).
Although the birth of several ROSI babies was reported by Te-
sarik et al. (3) and others (4, 5), some investigators questioned
the value of ROSI owing to its low efficiency (6-8).

Subsequently, since the Practice Committee of the Amer-
ican Society for Reproductive Medicine (9) considered ROSI to
be an experimental rather than a recommended practice, cli-
nicians’ interest in ROSI quickly faded. We nevertheless
continued our endeavor to improve ROSI technique and re-
ported the birth of 14 healthy babies in 2015 (10).

The key to our success was careful selection of presump-
tive round spermatids based on their morphologic and phys-
ical characteristics. Here, we report fertilization rates, the
preimplantation development of ROSI-generated embryos,
and the physical and cognitive development of 90 babies
born after ROSI compared with babies conceived naturally.
These 90 ROSI babies include the 14 babies previously re-
ported (10).

R ound spermatids are haploid male germ cells at the

MATERIALS AND METHODS
Ethical Aspects

ROSI was conducted at the Saint Mother Obstetrics and Gyne-
cology Clinic with the informed consents of all participating
patients. The Institutional Review Board of the Saint Mother
Obstetrics and Gynecology Clinic approved ROSI on Dec,
20, 2009. ROSI was registered and adhered to International
Committee of Medical Journal Editors criteria. The University
Hospital Medical Information Network Clinical Trial Registry
number was UMINO00006117.

Subjects

This study reports the outcome of 2,657 ROSI interventions
performed in the St. Mother Obstetrics and Gynecology Clinic
from September 2011 to December 2014, culminating in the
birth of 90 babies from 83 couples, including the 14 babies
whose developmental details were partly reported previously
(10). All of the men, including 12 whose testicular status (John-
sen score) and ROSI results were reported previously (10), were
diagnosed as azoospermic after semen and microscopic testic-
ular sperm extraction (Micro-TESE) analyses in the St. Mother
Clinic as well as other clinics that the male patients previously
visited. They were 25-47 years of age (mean 33.7 + 4.9), and all
except one had high blood FSH (27.6 + 14.5 IU/mL). The mean
age of their wives was 33.7 + 4.1 years (range 23-43).

Steps Before ROSI and the ROSI Procedure

Whenever ours or other clinics found that a male patient was
totally azoospermic after examination of several semen sam-
ples, we performed palpitation of testicles as well as measure-
ments of FSH and T levels. Based on these parameters, we

could differentiate men with obstructive azoospermia from
those with nonobstructive azoospermia with >900% accuracy
(11, 12). Obstructive azoospermic men have swollen and hard
epididymides and normal values of FSH. From these men,
concentrated and motile spermatozoa suitable for ICSI could
be collected. Men with high FSH level and soft small
testicles, indications of nonobstructive azoospermia, were
candidates for testicular sperm extraction (Micro-TESE). The
procedures of TESE and ROSI were reported in detail
previously (10). We collected seminiferous tubules not only
from the surface of testis, but also from deep inside of the
testis, first looking for normal-looking spermatozoa.

When biopsied samples contained normal-headed motile
spermatozoa, we used them for ICSI, regardless of their
motility intensity. When none of them showed motility, not
even twitching, we performed a hypo-osmolality test, a live/
dead sperm staining test, and exposure to 3.6 mmol/L pentox-
ifylline (13) to see if they were alive. Normal-headed sperma-
tozoa were preferentially used for ICSI. We also used
spermatozoa with round heads, megalo-heads, elongated
heads, and even slightly deformed heads as well as normal-
and nearly-normal-looking elongated spermatids.

When none of above were found after an intensive
search, yet the men had normal-looking round spermatids,
we presented to the couples the choices of ROSI treatment,
sperm donation, or adoption. Even though we stressed the
low success rate of ROSI, 95% of couples desired to try ROSI
first. Details of ROSI, cryopreservation of ROSI embryos
before transfer to mothers and assessment of pregnancy 4-
5 weeks after transfer, were previously published by Tanaka
et al. (10). ROSI procedures starting from collection of testic-
ular cells, identification of round spermatids, and injection of
a spermatid into an egg are shown in Supplemental Video 1
(available online at www.fertstert.org) of the present paper.

Figure 1 shows various cell types seen after maceration of
testicular cells of an azoospermic man. Large Sertoli cells and
large primary spermatocytes could be readily identified.
Smaller spermatogonia and round spermatids may be difficult
to distinguish from each other, even though round spermatids
had a slightly higher nucleus-cytoplasm ratio than spermato-
gonia. Unlike spermatids, some spermatogonia had pseudo-
podia (10).

We could visually distinguish spermatogonia from sper-
matids by the presence or absence of nucleoli within the nu-
cleus (Fig. 1). Some somatic cells may look like spermatogenic
cells, but we could easily distinguish them from germ cells by
aspirating them into a micropipette. When a spermatid is
sucked in and out of the pipette, its plasma membrane is dis-
rupted and the nucleus appears as a clear homogeneous
sphere (Fig. 2A). A similarly treated spermatogonium also
has disrupted plasma membrane but its nucleus has one or,
more commonly, a few nucleoli (Fig. 2B). In contrast, the
plasma membranes of somatic cells could not be disrupted
readily (Fig. 2C). Supplemental Video 1 shows how we
collected and macerated seminiferous tubes, identified round
spermatids, and electrostimulated and injected round sperma-
tids into the oocytes.

Pregnancy care and deliveries were performed at hospi-
tals in the patients’ own residential areas, and congenital
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FIGURE 1

Spermatogonium

™

Spermatid

Testicular cells after mechanical maceration of seminiferous tubules followed by treatment with collagenase and DNAse: Sertoli cell (purple arrow);
round spermatids (red arrows); spermatogonia (yellow arrows), and primary spermatocytes (green arrows). Photographed under an interference-

contrast microscope. The nucleus of a spermatogonium (A1-A4) has one or, more commonly, a few nucleoli within the nucleus, whereas that of
spermatid (B1-B4) does not.

Tanaka. Round spermatid injection. Fertil Steril 2018.
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Round spermatid

Spermatogonium

Somatic cell

How to distinguish spermatids and spermatogonia from somatic cells. (A) When a spermatid is sucked in and out of a micropipette, its plasma
membrane is readily broken and the nucleus and cytoplasm are separated. Its nucleus appears as a clear sphere. (B) A spermatogonium also
can be separated into the nucleus and cytoplasm by pipetting. Its nucleus, unlike spermatid nucleus, contains clearly visible one or, more
commonly, a few nucleoli. (C) Somatic cells (such as interstitial cells, fibroblasts, blood cells, and Leydig cells) released in the medium during
maceration of seminiferous tubules have flexible plasma membranes which can not be readily broken by pipetting.

Tanaka. Round spermatid injection. Fertil Steril 2018.

aberrations in newborns, if any, were recorded by the
attending physicians.

Follow-Up of Physical and Cognitive Development
of Infants

Data on ROSI babies were gathered by the St. Mother Obstet-
rics and Gynecology Clinic and those of naturally born babies
by Seibo Hospital. All ROSI babies reported here were born
from September 2011 to December 2014 in clinics in various
parts of Japan. Anthropometric data of the natural babies was
collected as a part of an ongoing research project funded by
the Japan Agency for Medical Research and Development.
In Japan, all mothers receive a Boshi Kenko Techo
(Maternal and Child Health Handbook) which is distributed
through local governments (14). This handbook, given to all
pregnant women free of charge when they register their preg-
nancy, instructs parents to keep records of the mothers during
pregnancy, delivery, and post-delivery period, as well as the
physical and cognitive states of infants/babies. Information re-
corded by parents in the handbook was checked and verified by
attending pediatricians. The value of this book for the objective

screening and early detection of children’s disorders and ab-
normalities by physicians has already been established (15).
For the present study, questionnaires were prepared referring
to a paper published in Japan (16) and sent to parents.
Questions concerned maternal history of pregnancy and deliv-
ery, fertility treatment (only in the case of the “natural” group),
gestational week at birth, the number of the reported preg-
nancy, sex of the child/children, weight and height at birth
and at the ages of 1.0, 1.5, and 2.0 years, and motor and cogni-
tive functions. Information recorded in the book had been
checked and verified by attending pediatricians. Because St.
Mother Clinic, like most other Japanese clinics that specialize
in assisted reproduction, does not perform pregnancy care
and delivery services, anthropometric data of naturally born
babies were obtained through the Seibo Clinic (Shinjuku, To-
kyo), one of the clinics in Japan with some of the highest
and most active pregnancy care and delivery services.

In Japan any aberrations (medical, physical, mental, social)
found in children born after assisted reproductive technology
(ART) treatments are to be reported by attending physicians
to the central office of the Japan Society of Obstetrics and

Gynecology.
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Data Analysis
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and the outcomes were, respectively, the method of concep- = 5 e
tion (ROSI or natural conception) and anthropometric data LS

(body weight, height, and body mass index at birth and 12,
18, and 24 months of age). Multiple linear regression models
were used to assess the growth of ROSI infants. Variables of
parity, gestational weeks, sex, and multiple births were used
as covariates.
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study factor. To assess cognitive capacity, the following bi- 3 £ Keno é’f
nary questions were used: Does the baby display any gesture k] £ 5
in response to greeting such as hello and goodbye? (12 months g E 5 § = § g %
of age, question 1); Does the baby move his/her body happily S §u wees 8 %
when he/she hears music from radio or television? (12 months e 8RN 3¢
of age, question 2); 3) Does the baby understand simple com- s g
mands such as “come” and “give me”? (12 months of age, s g 8 =558 %g
question 3); 4) Can the baby utter recognizable words such °E XM ég
as “mama” and/or “booboo”? (18 months of age, question 4). - 8
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TESE samples. As presented in Table 1, fertilization and cleav- - Ede
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and P<.001, respectively) when transferred embryos had E nemn g4 5T
been kept frozen before transfer. = 2 ES i
A total of 90 babies (55 male and 35 female) were born to g 5 5; 2%
83 women; 76 women delivered singletons once, six had § P Qe =3 55 53
twins after embryo transfer, and one had two ROSI babies 5 g g o g% =2
2 years apart. Three (3.3%) of the 90 ROSI babies had congen- 2 = ‘g’j 25 ; E
ital abnormalities at birth: one cleft lip, one ventricular septal 2 > I gg
defect (VSD), and one omphalocele. The cleft lip was corrected g s, g qu g =
surgically at 6 months after birth and the VSD closed sponta- 3 S5 _mww S8 S
neously within 1 year. The omphalocele was 1.5 cm in diam- 5 g § NP g %Ei _
eter and the length of extending intestine was 1 cm. A second 8 2 g% 33 °§°
operation at 6 months after birth was necessary to resuture E gé; E 3
the initial incision. This baby is developing normally with =z é " igg g =
no chromosomal aberrations. Cytogenetic analyses of 53 = s2 x5 %% =
aborted ROSI fetuses showed that one was a complete hyda- S 2 e éézgg $
tidiform mole with normal karyotype, five were trisomic, 6 §-§ o £5 Q% ;é
and all of the others were normal. In Japan, aberrations in E‘ 5 gded ééﬁ z T
children born after any kinds of ART diagnosed by attending 2 g£%s g g
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ROSI babies covered by this paper.
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Crude means of anthropometric data at 1, 1.5, and 2 years of age.

Male Female
Children born from round Children born from Children born from round Children born from
spermatid injection natural conception spermatid injection natural conception

Variable n Mean SD n Mean SD P value n Mean SD n Mean SD

Gestational duration (wk) 50 38.4 1.6 288 39.2 1.2 .002 34 38.2 1.8 250 39.0 1.4
Birth weight (g) 50 3012.9 496.8 288 3109 376 2 34 2841.9 402.4 250 2966.9 396.9
Height at birth (cm) 50 491 2.6 288 491 1.8 9 34 48.1 2.4 250 48.3 1.9
Body mass index at birth (kg/m?) 50 12.4 1.3 288 12.9 1.0 02 34 12.3 1.3 250 12.7 1.2
Age at 1-year measurement (mo) 22 12.2 1.2 126 12.3 1.0 7 13 12.7 1.0 123 12.3 0.8
Body weight at 1y (g) 22 8455.5 2101 126 9314.5 970.5 07 13 9015 1300.3 123 8721.4 847.8
Height at 1y (cm) 22 73.4 3.8 126 74.5 2.8 2 13 72.9 2.4 123 72.8 2.3
Body mass index at 1y (kg/mz) 22 15.8 3.6 126 16.8 1.1 2 13 16.9 1.8 123 16.4 1.4
Age at 1.5-year measurement (mo) 32 18.6 0.8 193 18.5 0.8 4 23 18.6 0.8 176 18.4 0.8
Body weight at 1.5y (g) 32 9352.4 3231.9 193  10,666.5 980.2 .03 23 10,337.8 11411 176 10,014.9 964.5
Height at 1.5y (cm) 32 79.9 3.4 193 80.9 2.7 08 23 79.6 3.0 176 79.4 2.5
Body mass index at 1.5 y (kg/m?) 32 14.7 4.9 193 16.3 1.3 07 23 16.3 1.3 176 15.9 1.2
Age at 2-year measurement (mo) 12 25.0 2.5 48 24.2 0.9 3 8 259 3.5 32 24.3 0.8
Body weight at 2 y (g) 12 10,517.9 3571.6 48 11,866.4 1097.2 2 8 11,795 1301.5 32 11,223.1 1131.2
Height at 2 y (cm) 12 85.5 43 48 85.7 2.8 9 8 84.2 4.1 32 83.8 2.7
Body mass index at 2 y (kg/m?) 12 14.6 4.7 48 16.1 1.0 B8 8 16.6 1.4 32 16.0 13

Tanaka. Round spermatid injection. Fertil Steril 2018.
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Table 2 summarizes anthropometric data in ROSI and in
naturally conceived babies. First, gestation was significantly
shorter (male: P=.002; female: P=.02) in the ROSI group
than in the natural group. Body mass index at birth was signif-
icantly smaller (male: P=.02; female: P=.04) in the ROSI
group than in natural group, as was male birth weight (P=.07).

After controlling for confounding factors (such as birth
order, gestational duration, sex of child, multiple pregnancy),
the birth weight of ROSI babies was significantly greater than
naturally conceived babies (102.26 g; P=.02; Supplemental
Table 1, available online at www.fertstert.org). However,
body weights at 12 and 18 months of age in the ROSI group
were significantly lower than those of natural babies
(473.66 g [P=.02] and 740.30 g [P<.001], respectively).
Furthermore, body mass index at 18 months in the ROSI
group was significantly lower than in the natural group
(0.931 kg/m?; P=.002). Nevertheless, it should be noted that
there was no statistical significant difference of childhood
growth between the groups at 24 months of age. None of
ROSI babies up to 2 years of age had signs of Prader-Willi
syndrome, Angelman syndrome, Wiskott-Alrich syndrome,
or any other unusual physical or mental aberrations.

Finally, to compare the cognitive development of babies
born after ROSI and natural conception, questionnaires
were sent to the parents of 90 babies born after ROSI and to
the parents of 1,818 natural babies. Ninety-eight percent of
the former and 37% of the latter responded to the survey
(Supplemental Table 2, available online at www.fertstert.org).
No statistical differences regarding their cognitive develop-
ment were found, although a part of the response at 1 year
of age in the ROSI group was significantly lower than in the
natural group (Supplemental Table 3, available online at
www.fertstert.org).

DISCUSSION

Although the success rate of ROSI is currently much lower
than that of ICSI (Table 1), ROSI enabled at least some azoo-
spermic men to have their own genetic offspring as they
wanted.

There must be many reasons for the low efficiency of ROSIL
It is possible that some of the round spermatids that we used
for ROSI were in the process of degeneration. We need to be
able to distinguish “young” spermatids from “senescent”
ones. Because round spermatids and elongated spermatids
are known to be sensitive to genotoxins (17), DNA strand
breaks may accumulate in the cells that remain as round sper-
matids for an excessively long time (18). Furthermore, the pos-
sibility can not be ruled out that many of the round spermatids
we used were incompletely imprinted even though it is known
that, at least in mice, imprinting is complete at the spermatid
stage (19) and even before meiosis (20). Further study is defi-
nitely needed to better identify spermatids competent to
participate in normal embryo development.

One of reasons that many previous investigators failed to
achieve pregnancy after ROSI could have been improper acti-
vation of oocytes. We can not expect good embryo develop-
ment without good oocyte activation. In this study, we
applied an electric current to oocytes before ROSI (10). We

Fertility and Sterility®

used stainless steel electrodes, because this approach yielded
much better oocyte activation and preimplantation develop-
ment embryos than the use of platinum electrodes. The reason
for this difference is not clear, but we found that far more
electric current runs between two steel electrodes (chopstick
type electrode) than platinum electrodes under the same
voltage setting. Because phospholipase C zeta has been pro-
moted as the intrinsic sperm-born oocyte-activating protein
in mammals (21, 22) and injection of phospholipase C zeta
RNA induces good activation of human oocytes (23), we
must do more systematic work to determine if injection of
such substances into oocytes yields better embryo
development than electrostimulation.

The safety of any ART is a prime concern. Three of the 90
ROSI babies reported here had congenital aberrations at birth:
a cleft lip and an omphalocele were successfully corrected
without complications. A ventricular septal defect in one
baby healed spontaneously. According to a survey by Hira-
hara (24), the incidences of these aberrations in the general
Japanese population from 1997 to 2005 were: cleft lip, one
in 1,724; ventricular septal defect, one in 575; and omphalo-
cele, one in 2,564. Because of the small number of ROSI babies
in our survey, we were unable to determine if there were sta-
tistical differences between ROSI and naturally conceived ba-
bies regarding the incidence of these congenital aberrations.

The body weight gains of ROSI babies were the same as
those of naturally conceived babies except that at age
1.5 years ROSI boys were significantly lighter, but ROSI
boys caught up by 2.0 years of age. Moreover, the cognitive
development of the ROSI group was similar to that of the nat-
ural group except for the baby’s response to parental greet-
ings from 12 to 18 months.

Because this report is based on a rather small population of
participants, more and longer-term studies are needed to assess
the medical safety of ROSI St. Mother Clinic (Atsushi Tanaka)
and Aichi Medical University (Kohta Suzuki) plan to continue
the follow-up study of the ROSI children reported here until the
age of 6 years. Currently, about one-third of human azoo-
spermia is thought to have genetic causes (25). Whether the re-
maining two-thirds of cases are genetic (dominant or
recessive) or nongenetic must also be studied intensively.
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Noventa ninos nacidos después de inyeccion de espermatides redondas (ROSI) en ovocitos: encuesta de su desarrollo desde
fecundacion hasta los dos anos de edad

Objetivo: Comparar el desarrollo fisico y cognitivo de ninos nacidos tras inyeccién de espermatides redondas (ROSI) con aquellos ninos
nacidos de una concepcién natural.

Diseno: Eficiencia de ROSI utilizando espermatozoides testiculares realizadas en St. Mother Clinic. El desarrollo cognitivo y fisico
registrado por los padres en el Manual Madre-Hijo emitido por el gobierno fue revisado y verificado por pediatras adjuntos. Los datos
incluyeron la ganancia de peso de los ninos y la respuesta a los gestos y voces de los padres.

Escenario: Centro de reproduccion asistida.

Pacientes: Un total de 721 hombres participaron en ROSI; se realiz6 seguimiento del desarrollo fisico y cognitivo a 90 bebés de ROSI
durante dos anos. Los sujetos control fueron 1.818 bebés nacidos de una concepcién natural.

Intervencion: Recuperacién quirdrgica de células espermaticas de los testiculos; seleccion e inyeccién de espermédtides redondas en los
ovocitos; activacién ovocitaria, cultivo embrionario in vitro y transferencia embrionaria a las madres.

Resultado Principal: El desarrollo fisico y cognitivo de los nifios nacidos tras ROSI (ejemplo: incremento del peso corporal, respuesta a
los padres, y entendimiento y habla de lenguaje simple) comparado con bebés nacidos tras concepcion natural.

Resultados: De los 90 ninos nacidos tras ROSI, tres presentaron alteraciones congénitas al momento del nacimiento, que se corrigieron
de forma espontanea (septos ventriculares) o quirurgica (labio leporino y onfalocele). El desarrollo cognitivo y fisico de los bebés ROSI
fue similar al del grupo control.

Conclusiones: El desarrollo fisico y cognitivo durante los dos primeros afios de vida de los ninos nacidos tras ROSI y de los concebidos
de forma natural no presenta diferencias significativas.
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