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Abstract Nuclear transfer of an oocyte into the cytoplasm of another enucleated oocyte has shown that embryogenesis and implan-
tation are influenced by cytoplasmic factors. We report a case of a 30-year-old nulligravida woman who had two failed IVF cycles
characterized by all her embryos arresting at the two-cell stage and ultimately had pronuclear transfer using donor oocytes. After
her third IVF cycle, eight out of 12 patient oocytes and 12 out of 15 donor oocytes were fertilized. The patient’s pronuclei were
transferred subzonally into an enucleated donor cytoplasm resulting in seven reconstructed zygotes. Five viable reconstructed embryos
were transferred into the patient’s uterus resulting in a triplet pregnancy with fetal heartbeats, normal karyotypes and nuclear genetic
fingerprinting matching the mother’s genetic fingerprinting. Fetal mitochondrial DNA profiles were identical to those from donor cy-
toplasm with no detection of patient’s mitochondrial DNA. This report suggests that a potentially viable pregnancy with normal karyo-
type can be achieved through pronuclear transfer. Ongoing work to establish the efficacy and safety of pronuclear transfer will result
in its use as an aid for human reproduction.
© 2016 Reproductive Healthcare Ltd. Published by Elsevier Ltd. All rights reserved.
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Introduction

Developmental arrest of embryos is a well-characterized phe-
nomenon (Chi et al., 2000; Favetta et al., 2004; Hardy et al.,
2001; Zamora et al., 2011). In humans, 50% of in-vitro pro-
duced embryos arrest during the first week of development
(Hardy et al., 2001). Additionally, about 8% of embryos arrest
at the two-cell stage when cultured in vitro after oocyte re-
trieval for IVF treatment (Chi et al., 2000). Although 48%
of arrested embryos show chromosomal abnormalities
(Almeida and Bolton, 1998; Benkhalifa et al., 2003), other
reasons for this high rate of early developmental failure remain
unclear.

Ooplasmic factors have been shown to be critical for the
continued development of the zygote, particularly during the
early cleavage stage (Cohen et al., 1998; Lanzendorf et al.,
1999; Yao et al., 2014). A limited series of clinical ooplas-
mic transplantations were carried out nearly 20 years ago
(Cohen et al., 1998; Lanzendorf et al., 1999). It was shown
that, in couples that experienced repeated implantation failure
as a result of poor embryo development, ooplasm transfer from
donor oocytes at metaphase II (MII) stage into patient MII
oocytes can be compatible with fertilization and preg-
nancy. These case series reports provided some interesting
findings, but evidence of improved embryo development and
implantation after ooplasmic augmentation remained elusive.
Both nuclear and cytoplasmic deficiencies have been shown
to be responsible for poor oocyte quality by contributing to
meiotic defects and subsequent impaired embryo develop-
ment (Fulka et al., 2001; Huang et al., 1999; Liu et al., 2000,
2003; Liu and Keefe, 2004; Moor et al., 1998). In assisted re-
production, it has been shown that the ooplasm of mature
oocytes from young women could be applied to restore normal
growth and viability in developmentally compromised embryos,
where the underlying cause was attributed to ooplasmic de-
ficiency (Fulka et al., 2001; Huang et al., 1999; Liu et al., 2000,
2003; Liu and Keefe, 2004; Moor et al., 1998). We have pre-
viously reported in humans (Zhang et al., 1999) and mice (Liu
et al., 2000, 2003) that normal meiosis can occur after the
transfer of germinal vesicle into an enucleated host oocyte.
We have shown in mice that oocytes reconstructed by ger-
minal vesicle transfer into a cytoplasm of the same devel-
opmental stage mature normally in vitro through the MII stage
(Liu et al., 1999). Additionally, we have recently shown that
germinal vesicle transfer can restore normal meiosis in mei-
otically arrested oocytes (Zhang and Liu, 2015). These data
corroborate that a healthy cytoplasm is required for a normal
nuclear function. We report herein a patient who had repeti-
tive embryo arrest at the two-cell stage after two failed IVF
cycles, and was subsequently able to conceive a normal preg-
nancy after pronuclear transfer into a donor cytoplasm.

Materials and methods

Clinical presentation

A 30-year-old nulligravida healthy woman had two failed IVF
cycles characterized by all her embryos arresting at the two-
cell stage. She was diagnosed with unexplained infertility after
a complete work-up showing a normal ovarian reserve, normal

semen analysis and patent fallopian tubes. The patient con-
sented to the use of cytoplasm from a donated oocyte. The
procedures used in this study were verbally approved by Sun
Yat-Sen University Hospital Ethics Committee in China. Ovarian
stimulation was then carried out and was synchronized for the
patient and her oocyte donor so that their MII stage oocytes
were retrieved within a 2-h period. After intracytoplasmic
sperm injection, eight out of 12 patient oocytes and 12 out
of 15 donor oocytes were fertilized with the sperm of the pa-
tient’s partner. All pronuclei were then removed from the
donor zygotes and discarded. The patient’s (male and female)
procnuclei were removed from each of her zygotes and
transferred subzonally into the donor cytoplast (enucleated
zygote).

Pronuclear karyoplast fusion

Electrofusion was then carried out as previously described
(Zhang, 2015; Zhang et al., 2003, 2013). The donor’s cytoplast
with the male and female patient procnuclei were exposed
to modified human tubal fluid medium with 10% serum supple-
mented with 7.5 μg/ml cytochalasin B (Sigma, St. Louis, MO,
USA) for 15 min at room temperature to disrupt the micro-
filaments and increase plasmamembrane flexibility before ma-
nipulation. The dish was then placed onto the stage of on
Olympus IX71 inverted microscope equipped with microma-
nipulators. A slot was made in the zona pellucida of each
oocyte by applying a sharp-tipped pipette that penetrates the
zona while holding the oocyte against the wall of the holding
pipette. This allowed the enucleation pipette to pass through
the zona slot and approach the pronuclei before gently ap-
plying negative pressure to aspirate the procnuclei. Once a
pronucleus was separated from the cytoplasm, it was trans-
ferred into the perivitelline space of the donor’s enucle-
ated cytoplast. The membrane fusion between both pronuclei
and the donor’s cytoplast was initiated by placing it into a
fusion medium (0.3 M mannitol, 0.1 mM CaCl2, and 0.05 mM
MgSO4) between platinum electrodes aligned in response to
AC (6–8 V) current for 5–10 s before an electrical pulse (1.8–
2.5 kV/cm DC for 50 μs) was delivered by a Model 2001 Electro
Cell Manipulator BTX (Holliston, MA). The formed com-
plexes were rinsed three times in modified human tubal fluid
and then incubated in human tubal fluid medium at 5% CO2

and 37°C. Membrane fusion usually occurred 30 min after the
start of the electric pulse.

DNA extraction and mitochondrial genotype
analysis

Nuclear and cytoplasmic DNA profiles were analysed in blood
samples from the patient, the oocyte donor and the fetuses
(after pregnancy loss). Nuclear DNA fingerprinting was carried
out at 5 microsatellite loci with subtraction of the hus-
band’s genotype, as previously described (Epplen et al., 1997).
Mitochondrial (mt) DNA was analysed by amplification and se-
quencing of a 524-bp segment in the D-loop region (16024–
577). In brief, DNA was extracted from the embryos using the
DNeasy Blood and Tissue kit (Qiagen, Valencia, CA) accord-
ing to the manufacturer’s recommendation. The mtDNA
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