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Abstract

To examine the molecular basis for efficient superovulation in the Mongolian gerbil, the cDNA sequences of follicte-stimulating
hormone (FSH) and luteinizing hormone (LH) p-subunits were determined and compared with those of other mammals. FSHp and
LHf cDNAs were 1637 and 507 bp long, respectively, from the 5'-end to putative polyA sites. The deduced sequences of the FSHB
and LHp precursor proteins were 129 and 141 amino acids in length, respectively. The amino acid sequences of both Mongolian
gerbil hormone subunits showed overall similarity to those of other rodents, confirming that the combination of equine chorionic
gonadotropin (eCG) and human chorionic gonadotropin (hCG) should be effective for induction of superovulation in Mongolian
gerbils, as in mice and rats. However, the use of hCG might need to be re-evaluated owing to its low homology to rodent LH.

© 2004 Elsevier Inc. All rights reserved.
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1. Introduction

The Mongolian gerbil (Meriones unguiculatus) is fre-
quently used as a rodent model in the study of epilepsy
(Loskota et al,, 1974) and gastric infection with Heli-
cobacter pylori (Hirayama et al., 1996). Embryo ma-
nipulation techniques, such as cryopreservation of
embryos/gametes and transgenic technologies, need to
be employed to improve the usability of laboratory an-
imals, but these techniques are not fully applicable to
gerbils yet. For these applications, many embryos/oo-
cytes are required, making induction of superovulation
an essential technique. In general, superovulation is in-
duced by injection of gonadotropins. In particular, the
combination of equine cherionic gonadotropin (eCG)
and human chorionic gonadotropin (hCG) is widely
used for induction of superovulation in many species.
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However, this method is not efficient in all species. In
rabbits, multiple injections of FSH are more effective
than a single injection of eCG (Hirabayashi et al., 2000).
In guinea pigs, human menopausal gonadotropin
(hMG) is a better inducer of superovulation than are the
chorionic gonadotropins (Suzuki et al., 2003). In Mon-
golian gerbils, the combination of eCG plus hCG is ef-
fective for superovulation, but a problem arises in that a
considerable number of oocytes remain trapped within
the corpora lutea (Fischer and Fisher, 1975). A careful
choice of gonadotropins is still needed for practical su-
perovulation in this animal.

In this paper, we describe the ¢cDNA sequences of
the FSH and LHB-subunits in order to develop a
molecular basis for efficient superovulation in the
Mongolian gerbil. Phylogenetic analyses of the deduced
proteins were also performed. The possibility of using
this sequence information as a criterion for selection of
gonadotropins for superovulation of Mongolian gerbils
is discussed.
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Abstract: Transgenes can affect transgenic mice via transgene expression or via the so-
called positional effect. DNA sequences can be localized in chromosomes using recently
established mouse genomic databases. In this study, we describe a chromosomal mapping
method that uses the genomic walking technique to analyze gencmic sequences that flank
fransgenes, in combination with mouse genome database searches. Genomic DNA was
collected from two transgenic mouse lines harboring pCAGGS-based transgenes, and
adaptor-ligated, enzyme restricted genomic libraries for each mouse fine were constructed.
Flanking sequences were determined by sequencing amplicons obtained by PCR
amplification of genomic libraries with transgene-specific and adaptor primers. The
insertion positions of the transgenes were located by BLAST searches of the Ensembl
genome database using the flanking sequences of the transgenes, and the transgenes of
the lwo transgenic mouse lines were mapped onto chromosomes 11 and 3. In addition,
flanking sequence information was used to construct flanking primers for a zygosity check.
The zygosily (homozygous transgenic, hemizygous transgenic and non-transgenic) of
animals could be identified by differential band formation in PCR analyses with the flanking
primers. These methods should prove useful for genetic quality control of transgenic
animals, even though the mode of transgene integration and the specificity of flanking
sequences needs to be taken into account.

Key words: chromosomal mapping, flanking primers, genomic walking, zygosity check

Introduction effect. Transgene expression often varies among mul-

tiple lines that have been derived from different

Transgenes can exert effects in transgenic animals  founders. This variation may result from the position
by transgene expression and by the so-called positional ~ of the transgene integration site as well as the copy
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Abstract

YPC is a mutant mouse strain with defective hair growth characterized by thin, short hairs and poorly
developed hair bulbs and dermal papillae. To identify the gene associated with the phenotype, we performed
genome-wide linkage analysis using 1010 backcross progeny and 123 microsatellite markers covering all
chromosomes. The mutant locus (ypc) was mapped to a 0.2-¢cM region in the proximal part of mouse
chromosome 1. This 0.2-¢cM region corresponds to a'450-kb region of genome sequence that contains two
genes with known functions and five ESTs or predicted genes with unknown functions. Sequence analysis
revealed a single C-to-A nucleotide substitution at nucleotide 1382 in the Sgkl gene, causing a nonsense
mutation at codon 461. Sgkl encodes serum and glucocorticoid-inducible kinase-like kinase (SGKL), which
belongs to a subfamily of serine/threonine protein kinases and has been suggested to have a role downstream
of lipid signals produced by activation of phosphoinositide 3-kinase (PI3K). In the mutant SGKL, a serine
residue in the C-terminal end of the protein (Serd486), which is indispensable for activation of SGKL upon
phosphorylation, is abolished by premature termination. Specific expression of the Sgkl gene in the inner
root sheath of growing hair follicles was also identified by in situ hybridization. Therefore, we concluded
that the nuclectide substitution in the Sgkl gene is the causative mutation for defective hair growth in the
ypc mutant mouse and that the signaling pathway involving SGKL plays an essential role in mammalian

hair development.

Key words: Hair follicle; SGKL/SGK3/CISK; WNT signaling; Mutant mouse; IRS

1. Introduction

Hair follicle morphogenesis and the hair growth cy-
cle are complex processes dependent on a series of
mesenchymal-epithelial interactions in skin.! Reciprocal
exchange of signals between dermal and epidermal cells of
skin regulates the formation of hair placodes during em-
bryonic development, and it also regulates cyclic trans-
formation of the growth (anagen), regression (catagen),
and quiescent (telogen) phases in the hair cycle in adult
skin. As these processes show a high degree of organiza-
ticn and self-renewal, hair follicle development and hair
cycling are thought to be excellent models for investigat-
ing the molecular mechanisms of mesenchymat-epithelial
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interactions.

Numerous growth factors and cytokines have been
shown to be involved in morphogenesis and eycling of hair
follicles. WNT,2® TGFa,*5 BMPs,57 and FGFs® in par-
ticular, as well as their signal transduction molecules,?1?
play essential roles in these processes. Experiments with
transgenic mice or those with knockout mutations in
these genes have demonstrated a number of abnormal-
ities in morphogenesis and cycling of hair follicles, in-
cluding a short-hair phenotype and cyclical balding in
transgenic mice overexpressing the Wntg gene in skin®
and abnormally long hair in Fgf5 knockout mice, which
is caused by defective regulation of the hair cycle.? On the
other hand, spontaneous mutant mouse strains showing
abnormalities in hair morphogenesis have also provided
useful information on the molecular mechanisms of these
processes. For example, the hairless (k) mutant, which
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Skeletal Muscle FOX01 (FKHR) Transgenic Mice Have Less Skeletal
Muscle Mass, Down-regulated Type I (Slow Twitch/Red Muscle)
Fiber Genes, and Impaired Glycemic Control*E

Received for publication, January 21, 2004, and in revised form, July 9, 2004
Published, JBC Papers in Press, July 21, 2004, DOI 10.1074/jbe. M400674200

Yasutomi Kamei}$1, Shinji Miura$, Miki Suzuki$§, Yuko Kai$, Junko Mizukamij,
Tomoyasu Taniguchil, Keiji Mochida**, Tomoko Hatatf, Junichiro Matsudatt,
Hiroyuki Aburatani$$, Ichizo Nishino1, and Osamu Ezaki§

From the $PRESTO, Japan Science and Technology Agency, §Division of Clinical Nutrition, National Institute

of Health and Nutrition, 1-23-1 Toyama, Shinjuku-ku, Tokyo 162-8636, |Lead Generation Research Laboratory,

Tanabe Seiyeku Co., Ltd., 3-16-89 Kashima, Yodogawa-ku, Osaka 532-8505, **Bioresource Center,

Institute of Physical and Chemical Research, 3-1-1 Kovadai, Tsukuba-shi, Ibaraki 305-0074, the $iDepartment

of Veterinary Science, National Institute of Infectious Diseases, 1-23-1 Toyama, Shinjuku-ku, Tokyo 162-8640,

§§Research Center for Advanced Science and Technology, University of Tokyo, 4-6-1 Komaba, Meguro-ku, Tokyo 153-8904,
and the 1Department of Neuromuscular Research, National Institute of Neuroscience, National Center of Neurology and
Psychiatry, 4-1-1 Ogawahigashi-cho, Kodaira, Tokyo 187-8502, Japan

FOXO01, a member of the FOX0O forkhead type tran-
scription factors, is markedly up-regulated in skeletal
muscle in energy-deprived statzs such as fasting and
severe diabetes, but its functions in skeletal muscle have
remained poorly understood. In this study, we created
transgenic mice specifically overexpressing FOXOI1 in
skeletal muscle. These mice weighed less than the wild-
type control mice, had a reduced skeletal muscle mass,
and the muscle was paler in color. Microarray analysis
revealed that the expression of many genes related to
the structural proteins of type I muscles (slow twitch,
red muscle) was decreased. Histological analyses
showed a marked decrease in size of both type I and type
1l fibers and a significant decrease in the number of type
I fibers in the skeletal muscle of FOXO1 mice. Enhanced
gene expression of a lysosomal proteinase, eathepsin L,
which is known to be up-regulated during skeletal mus-
cle atrophy, suggested increased protein degradation in
the skeletal muscle of FOXO1 mice. Running wheel ac-
tivity (spontaneous locomotive activity) was signifi-
cantly reduced in FOX0O1 mice compared with control
mice. Moreover, the FOX01 mice showed impaired gly-
cemic control after oral glucose and intraperitoneal in-
sulin administration. These results suggest that FOXO01
negatively regulates skeletal muscle mass and type I
fiber pene expression and leads to impaired skeletal
muscle function. Activation of FOX01 may be involved
in the pathogenesis of sarcopenia, the age-related de-
cline in muscle mass in humans, which leads to obesity
and diabetes.
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Skeletal muscle is the largest organ in the human body,
comprising about 40% of the body weight. The mass and com-
position of skeletal muscle are critical for its functions, such as
exercise, energy expenditure, and glucose metabolism (1, 2).
Elderly humans are known to undergo a progressive loss of
muscle fibers associated with diabetes, cbesity, and decreased
physical activity (sarcopenia) (3). In human skeletal muscle,
there are two major classifications of fiber type: type I (slow-
twitch oxidative, so-called red muscle) and type II (fast-twitch
glycolytic, so-called white muscle) fibers (2). Mass, fiber size,
and fiber composition in adult skeletal muscle are regulated in
response to changes in physical activity, environment, or path-
ological conditions. For example, space flight experiments us-
ing rats showed a reduction in total skeletal muscle mass of up
to 37% as well as a significant loss of contractile proteins in
type I but not type II fibers by 1-2 weeks of microgravity (4).
Furthermore, the ratio of type I to type II fibers is associated
with obesity and diabetes; the number of type I fibers is re-
duced in obese subjects and diabetic subjects compared with
that in controls (5-7).

Skeletal muscle mass is positively regulated by hormones
such as insulin-like growth factors (IGFs) and growth hor-
mone (8). Induction of hypertrophy in adult skeletal muscle by
increased load is accompanied by the increased expression of
IGF-1 (9). Systemic administration of IGF-1 results in in-
creased skeletal muscle protein and reduced protein degrada-
tion (10). In addition, overexpression of IGF-1 blocks the age-
related loss of skeletal muscle (11). Supplementation of IGF-1
to muscle cells in vitre promotes myotube hypertrophy, sug-
gesting that hypertrophy can be mediated by autocrine- or
paracrine-produced IGF-1 (12). Thus, delivery of the IGF-I
gene specifically into skeletal muscle has been proposed as a
genetic therapy for skeletal musecle disorders. A better under-
standing of the role of IGF-1 in skeletal muscle 1s therefore of
great importance.

Specialized/differentiated myofiber phenotypes, including
type I and type II fibers, are plastic and are physiclogically

! The abbreviaticns used are: IGF, insulin-like growth factor; CaMK,
calmodulin-dependent kinase; PGC-1la, peroxisome proliferator acti-
vated receptor-y coactivator-le; STZ, streptozotocing MLC, myosin light
chain; mtCK, mitochondrial creatine kinase; IGFBP, IGF-binding pro-
tein; COX, cytochrome ¢ oxidase; DEXA  dual energy X-ray absorptiom-
etry; EDL, extensor digitorum longus.
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Abstract

To examine the molecular basis of efficient superovulation in the Mastomys (Praomys coucha), the cDNA sequences of the fol-
licle-stimulating hormone (FSH) and luteinizing hormone (LH) B-subunits were determined and compared with those of other mam-
mals. FSHP and LHB ¢cDNAs were 1606 and 513bp long, respectively, from the 5’-ends to the putative polyA sites. The deduced
sequences of the FSHP and LHP precursor proteins were 130 and 141 amino acids in length, respectively. The amino acid sequences
of both mastornys hormone subunits showed overall similarity to those of other rodents, In particular, the N-terminus of the FSHB
precursor protein is of the MM-type, like those of mice and rats, which suggests that the MM-type is characteristic of the subfamily
Murinae. As we reported earlier for the Mongolian gerbil, the use of hCG for superovulation of mastomys might need to be re-eval-
uated, due to the low homology between hCG and rodent LH sequences.

© 2004 Elsevier Inc. All rights reserved.
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1. Introduction

The mastomys (multimammate mouse, Praomys cou-
cha) is an African rodent that is a well-known reservoir
of serious diseases, such as Yersinia pestis, the rickettsia
that causes bubonic plague (Dippenaar et al., 1993). It
is used as a laboratory animal for studies of virclogy,
oncology, and reproductive biology (Solleveld, 1987).
For instance, mastomys are used to study prostate endo-
crinology, since both males and females have functional
prostates (Ohta et al., 1994). Although there has been
some research on reproduction technology in mastomys
(Nohara et al., 1998; Ogonuki et al., 2003), it is quite dif-

" Corresponding author. Fax: +81-3-5285-1179.
E-mail address: osuzuki@nih.go.jp (0. Suzuki).
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ficult to apply standard embryo manipulation techniques,
such as transgenic technologies or cryopreservation of
embryos and gametes, to mastomys. Many embryos
and oocytes are required to establish these techniques,
necessitating the induction of superovulation. In masto-
mys, the combination of equine chorionic gonadotropin
(eCG) plus human chorionic gonadotropin (hCG) is
effective for superovulation, but a problem arises in that
treated females rarely have fertile matings, perhaps due
to a perturbation of estrous behavior by the exogenous
hormones (Ogura et al., 1997). More information is
needed to permit a careful selection of appropriate
gonadotropins that will be practical and functional for
superovulation in this animal.

This paper describes the cDNA sequences of the fol-
licle-stimulating hormone (FSH) and luteinizing hor-
mone (LH) p-subunits in order to develop a molecular
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Mastomys (Mastomys coucha) is a rodent which has been used as an laboratory animal in
biomedical researches such as oncology, parasitology and epidemiology. In this study, we
attempted to develop a suitable method for the cryopreservation of mastomys sperm. Four
sugars (sucrose, lactose, trehalose and raffinose), egg yolk and surface-active agents
(Equex Stem, SDS) were examined as cryopotectants for the mastomys sperm
cryopreservation. Sparmatozoa from cauda epididymides of mastomys were transferred
into different cryoprotectants containing solutions and the sperm suspension was loaded
into plastic straw and frozen in LN, vapor for 5 mins before being plunged into NL;. Thé
frozen sperm suspension was thawed in 37°C water and was diluted with incubation media

at 37°C to evaluate sperm motility. When the spermatozoa frozen in the solution of various
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ABSTRACT  The Mongoiian gerbil (Meriones
unguiculatus) has been used as a laboratory species in
many fields of research, including neurology, oncology,
and parasitology. Although the cryopreservation of
embryos has become a useful means to protect valua-
ble genetic resources, its application to the Mongolian
gerbil has not yet been reported. In this study, we
investigated the in vitro and in vivo developmenta!
competence of Mongolian gerbil embryos cryopre-
served by vitrification. In vivo-fertilized embryos were
vitritied on the day of collection using the ethylene
glycol (EG)-based solutions EFS20 and EFS40, which
contained 20% and 40% EG, respectively, in PB1
containing 30% (w/v) Ficoll 70 and 0.5M sucrose.
First, we compared one-step and two-step vitrification
protocols. In the one-step method, the embryos were
directly transferred into the vitrification solution
(EFS40), whereas in the two-step method, the em-
bryos were exposed serially to EFS20 and EFS40 and
then vitrified, After liquefying (thawing), late two-cell
embryos (collected on day 3) vitrified by the two-step
method showed significantly better rates of in vitro
development to the morula stage compared to those
vitrified by the one-step method (65% vs. 5%,
P <0.0001). We then examined whether the same
two-step method could be applied to early two-cell
embryos (collected on day 2), four-cell embryos (day
4), morulae {day 5), and blastocysts {day 6). After
liquefying, 87%—100% of the embryos were morpho-
logically normal in all groups, and 23% and 96%
developed to the compacted morula stage from early
two- and four-cell embryos, respectively. After transfer
into recipient females, 3% (4/123), 1% (1/102), 5%
(4/73), and 10% (15/155) developed to full-term
offspring from vitrified and liquefied early two-cell
embryos, late two-cell embryos, morulae, and blas-
tocysts, respectively. This demonstrates that Mongo-
lian gerbit embryos can be safely cryopreserved using
EG-based vitrification solutions. Mo/, Reprod. Dev.
70: 464—470, 2005. © 2005 Wiley-Liss, Inc.

© 2005 WILEY-LISS, INC.

Key Words: cryopreservation; ethylene glycol; em-
bryo transfer

INTRODUCTION

The Mongolian gerbil (Meriones unguiculatus), also
called the “laboratory gerbil”, is a myomorph rodent that
is native to China and Mongolia. It has been widely used
as alaboratory animal in biomedical research, including
the study of epilepsy (Jobe et al., 1991), tumor (Meckley
and Zwicker, 1979), hypercholesterolemia (Dictenberg
et al., 1995), and cerebral ischemia {Levine and Payan,
19266). This species has also been used to develop good
animal models for a variety of infectious diseases caused
by bacteria, viruses, and parasites; for example, Helico-
bacter pylori (Yokota et al,, 1991; Sugiyama et al., 1998),
Borna disease virus {(Nakamura et al., 1999), Echino-
coccus multilocularis (Williams and Oriol, 1976), Cryp-
tospordium muris (Koudela et al, 1998), Brugig-
pakangi (Klei et al., 1981), Giardia duodenalis (Buret
et al., 1991}, and Entamoeba histolytica (Chadee and
Meerovitch, 1984). Although gerbils were randomly
bred in closed laboratory colonies for the first decades of
their use, selective breeding has recently been con-
ducted to establish laboratory strains that are suited for
each research purpose. The best-characterized strains
include seizure-sensitive and -resistant strains (Loskota
et al., 1974; Robbins, 1976; Seto-Ohshima et al., 1997)
and mutant strains with different coat colors (Robinson,
1973; Shimizu et al., 1990).
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ABSTRACT. Matrix metalloporoteinases (MMPs), which are dominantly regulated by tissue inhibitors of metalloproteinase (TIMPs), play
important roles in extracellular matrix (ECM) degradation and are involved in the progression of kidney diseases. In glomeruli and tub-
ulointerstitom of hereditary nephrotic (ICR-derived glomernlonephritis: [CGN) mouse kidneys, hyper-accumulation of ECM compenents
occurred, and MMP activity decreased. In the present study, because lower levels of MMP activity may contribute to the progression
of renal fibrosis in ICGN mice, Westem blotting analysis and immunohistochemical staining for MMPs and TIMPs were performed to
verify the expression levels of these proteins. Levels of MMP-2, MMP-9, MT1-MMP, TIMP-1 and TIMP-2 in the kidneys were
decreased in ICGN mice in comparison with normal ICR mice. These results indicate that small amounts and low levels of activity of
MMPs cause the progression of renal fibrosis in [CGN mice.

KEY WORDs: extracellular matrix (ECM), ICR-derived glomerulonepiiritis (ICGN) mouse, matrix metalloproteinase (MMP), renal fibrosis,

tissue inhibitor of metalloproteinase (TIMP).

The quality and quantity of extracellular matrix (ECM)
components are tightly regulated in normal tissue, cell
migration, proliferation, apoptotic cell death and so on. A
balance between the production and degradation of the
ECM is maintained to achieve tissue homeostasis, but is dis-
rupted under pathological conditions [1}. Hyper-production
and/or hypo-degradation of the ECM can cause fibrosis in
many organs, ex. kidneys, liver, lungs and so on. ECMs are
dominantly degraded by serine proteinase, plasmin, and
matrix metalloproteinases (MMPs) [14, 15, 20]. Based on
substrate specificity, MMPs are classified as follows: (1)
MMP-1 (interstitial collagenase), primarily responsible for
the degradation of type I collagen; (2) MMP-2 and MMP-9
(gelatinases), dominantly degrade type IV collagen; (3)
MMP-3 (stromelysin), has a broad substrate specificity and
degrades type IV and V collagens, proteoglycans and lami-
nin; and (4) membrane type MMP (MT-MMP: membrane
associated MMP), degrades not only various ECM compo-
nents, such as type I collagen, but also processes the precur-
sor MMP. Each MMP is secreted as precursor enzyme {pro-
MMP; non-active form) into the extracellular space and
binds with tissue inhibitor of metalloproteinase (TIMP),
which is a dominant regulator of MMP activation. When
the degradation of ECM is required, the appropriate TIMP is
removed from the MMP via digestion by a proteolytic
enzyme (ex. Plasmin, MT-MMP and so on), and pro-MMP
is activated and the against ECM.

* CORRESPONDENCE TO: MaNaBe, N., Research Unit for Animal Life
Sciences, Animal Resource Science Center, Department of Vet-
erinary Medical Sciences, The University of Tokyo, Ago 3145,
Ibaraki-Iwama 3190206, Japan.

J. Vet. Med. Sci. 67(1): 3541, 2005

ICR-derived glomerulonephritis (ICGN) mice develop
severe proteinuria at an early age which progresses to neph-
rosis [7, 8]. This strain suffers from hypoalbuminemia,
hypercholesterolemia, and anemia. Histological studies
show a thickened glomerular basement membrane (GBM)
and effacement of podocyte foot processes [6-11]. We pre-
viously showed that components of the ECM accumulate in
glomeruli and tubulointerstitum of ICGN kidneys [11], and
that the accumulation was due to hyper-production and less
degradation of the ECM [17, 18]. We biochemically mea-
sured the activity of MMP-1, MMP-2 and MMP-9 in ICGN
kidneys, and found decreased levels in comparison with
normal ICR mice [17]. However, the reason for the
decrease was not clear. In the present study, to verify
whether lower expression levels of these proteins provoke
lower levels of activity or not, we compared the expression
levels of MMPs (MMP-2, MMP-9 and MT1-MMP) and
TIMPs (TIMP-1 and TIMP-2) in the kidneys of ICGN mice
and in of normal ICR mice by Western blotting and immu-
nohistochemical staining,

MATERIALS AND METHODS

Animals and tissue preparation: ICGN mice were pre-
pared by mating homozygous males (nep/nep) with het-
erozygous females (nep/-) at the laboratory of the National
Institute of Infectious Discases (NIID) [8-11]. Early stage
(8-week-old,; slightly renal fibrosis) and terminal stage (15-
week-old: progressed stage of renal fibrosis) male homozy-
gous [CGN mice from a specific-pathogen-free colony in
NIID [16-18] and age- and sex-matched ICR mice pur-
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Morphological appearance of the cryopreserved mouse
blastocyst as a tool to identify the type of cryoinjury
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BACKGROUND: If it were possible to deduce the mechanism of injury in cryopreserved embryos by their
appearance, it would help to optimize cryopreservation protocols. METHODS: Mouse blastocysts were treated so
that they were damaged by the six types of cryoinjuries listed below, and their appearance was observed at recovery
in sucrose solution and a modified phosphate-buffered saline (PB1), and after culture for 1 and 24 h. RESULTS:
(i) Intracellular ice: the embryos shrank normally in sucrose solution, but swelled in PB1 and collapsed after
culture, (ii) Chemical toxicity of the cryoprotectant: the embryos looked normal in sucrose solution and PB1. After
1 h of culture, however, the blastomeres showed decompaction and degenerated thereafter, If the toxicity was
extremely high, embryos looked nearly nermal in PB1, but the surface of the cytoplasm was wrinkled as if they
were ‘fixed’. (iii) Osmotic swelling: the embryos looked normal in PB1, but after culture they shrank. (iv) Osmotic
shrinkage: the embryos swelled in PB1, and then collapsed. (v) Fracture damage: the zona pellucida of the embryos
was dissected. (vi) Extracellular ice: the zona of the embryos was elongated. CONCLUSIONS: It was often possible
to deduce the type of injury that had occurred in cryopreserved embryos from their appearance at recovery and
during subsequent culture. This may help to improve cryopreservation protocols for embryos of many species,

including man.

Key words: blastocyst/cryopreservation/morphology/mouse/vitrification

Introduction

Embryo cryopreservation technology has been applied to the
preservation of genetic variants in laboratory animals, to
breeding in livestock, and to assisted reproduction in humans,
Since each embryo, having the ability to develop into an
individual, is valuable, it is important to minimize the decrease
in survival after cryopreservation. In some cases, e.g. for
mouse morulae, a reliable method without appreciable loss of
viability has been established (Kasai et al., 1990; Shaw and
Kasai, 2001). In most cases, however, improvement and
refinement of the procedure is necessary, or the development
of a reliable method is still underway. An example is the
human biastocyst. An improved culture system has made it
possible to develop IVF embryos to blastocysts, which seems
to be a promising option to raise the pregnancy rate (Gardner
et al,, 1998). Accordingly, the need to cryopreserve human
blastocysts is increasing. Various reports have been made on
the successful cryopreservation of human blastocysts (Cohen
et al., 1985; Ménézo er al., 1992). However, a reliable
method which can reproduce high survival rates has not been
established, probably because human blastocysts are much less
permeable not only to cryoprotectant but also to water {Mukaida
et al,, 2001).

For the cryopreservation of various mammalian embryos,
vitrification has proven to be the preferred strategy; embryos

© European Society of Human Reproduction and Embryology

of mice (Kasai et al., 1990), rabbits (Kasai er al., 1992a) and
cattle (Ishimori et al., 1993; Tachikawa et af., 1993) have been
successfully vitrified at quite high survival rates by a simple
method. As yet, limited application has been made in humans,
but vitrification also seems to be a promising strategy in
fertility centres, since successful vitrification of IVF embryos
has recently been reported using cryostraws (Mukaida et al.,
1998: Yokota er al., 2001) or cryoloops (Mukaida et al., 2001).
In vitrification, however, a slight difference in the conditions
for embryo handling will lead to a great difference in the
survival of cryopreserved embryos, because the time and
temperature of exposure of embryos to the vitrification solution
before cooling is critical, In addition, the concentration of
the vitrification solution surrounding each embryo may vary
depending on the skill of the handler and even on the instrument
(i.e. pipettes) used.

To find optimal conditions for embryo cryopreservation, it
is essential to identify the mechanism by which embryos are
injured in each protocol or procedure. Embryos are at risk of
various types of injuries during cryopreservation (Kasai, 1996,
2002). The main injuries are those from intracellular ice and
concentrated solutes. In slow freezing of embryos, intracellular
ice is a major cause of injury (Whittingham er al., 1972),
whereas in vitrification, the effect of the chemical toxicity of
a high concentration of cryoprotectant is a major obstacle (Rall
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Artificial Expression of Aquaporin-3 Improves the Survival of Mouse Oocytes

after Cryopreservation'

Keisuke Edashige,?* Yohei Yamaji,® FW. Kleinhans,* and Magosaburo Kasai®
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ABSTRACT

Successful cryopreservation of mammalian cells requires rap-
id transport of water and cryoprotective solutes across the plas-
ma membrane. Aquaperin-3 is known as a water/solute channel
that can transport water and neutral solutes such as glycerol, In
this study we examined whether artificial expression of aqua-
porin-3 in mouse oocytes can improve water and glycerol per-
meability and oocyte survival after cryopreservation, Immature
mouse oocytes were injected with aquaporin-3 cRNA and were
cultured for 12 h. Then the hydraulic conductivity (L,) and glyc-
erol permeability (P;,) of matured oocytes were determined
from the relative volume changes in 10% glycerol in PB1 me-
dium at 25°C, Mean = SD values of L, and P, of CRNA-injected
oocytes (3.09 * 1.22 pm min~' atm™ and 3.69 * 1.47 x 102
cm/min, respectively; numbers of oocytes = 25) were signifi-
cantly higher than those of noninjected cocytes (0.83 = 0.02
pm min~' atm~' and 0.07 % 0.02 X 10-% cm/min, respectively;
n = 13) and water-injected oocytes (0.87 =+ 0,10 pm min-'
atm-* and 0.08 = 0.02 x 10~ cm/min, respectively; n = 20).
After cryopreservation in a glycerol-based solution, 74% of
cRNA-injected oocytes (n = 27) survived as assessed by their
morphological appearance, whereas none of the water-injected
oocytes survived (n = 10). When cRNA-injected oocytes that
survived cryopreservation were inseminated in vitro, the pene-
tration rate was 40% (n = 48) and the cleavage rate was 31%
(n = 70), showing that oocytes retain their ability to be fertil-

ized. This is the first report to show that artificial expression of -

a water/solute channel in a cell improves its survival after cryo-
preservation. This approach may enable cryopreservation of cells
that have been difficult to cryopreserve.

vocyte development

INTRODUCTION

Cryopreservation of mammalian embryos has been used
for various purposes (i.e., for preservation of genetic vari-
ants in laboratory animals, for breeding and reproduction
of farm animals, and for treatment of infertility in humans)
[1]. Successful cryopreservation of oocytes would also
greatly assist the application of several reproductive bio-
technologies, such as in vitro production of embryos, treat-
ment of infertility, cloning, and gene banking {1]. However,
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oocyle cryopreservation has been achieved only in a lim-
ited number of mammalian species.

For successful cell cryopreservation to occur, it is im-
portant that water and cryoprotective solutes be transported
across the plasma membrane, There are two mechanisms
by which water and cryoprotectants move across the plas-
ma membrane: by simple diffusion across the membrane
and by a channel-mediated process. During the last decade,
small intrinsic membrane proteins that act as water chan-
nels were discovered and have been characterized [2].
These proteins, called aquaporins (AQPs), occur in two
types in mammals: one subgroup, including AQP1, AQP2,
AQP4, and AQP3, is highly selective for the passage of
water, and the other subgroup, including AQP3, AQP7, and
AQP9, transports water as well as neutral solutes with a
small molecular weight, such as glycerol. Because glycerol
is a representative cryoprotectant, expression of the latter
subgroup of AQPs might be relevant to the survival of
cryopreserved cells. Specifically, if a channel that trans-
ports water and neutral solutes such as AQP3 can be arti-
ficially expressed in cells, it may be possible to improve
the survival of the cells that presently suffer high mortality
during cryopreservation.

Vitrification, an innovative, rapid method for cryopre-
serving mammalian embryos and oocytes, has been exten-
sively studied by many cryobiologists because mammalian
embryos and oocytes can be cryopreserved quickly and
simply by this method [3]. However, for successful vitrifi-
cation to occur, high concentrations of cryoprotectants are
required, which may damage the cells, probably by cryo-
protectant toxicity. On the other hand, insufficient exposure
can cause intracellular ice formation. To minimize damag-
ing exposure times to cryoprotectants, rapid movement of
water and cryoprotectants through the plasma membranes
is essential. Mouse oocytes have been cryopreserved suc-
cessfully and effectively by slow-freezing methods, mostly
using DMSO as the cryoprotectant [4], and also by vitri-
fication using DMSO [5] or ethylene glycol [6]. However,
using a glycerol-based solution, mouse ococytes have not
been successfully cryopreserved by vitrification, because
the permeability of mouse oocytes tp glycerol is low [7, 8].
Therefore, vitrification of mouse oocytes coupled with
glycerol is a good model for examining changes in the per-
meability and survival after cryopreservation through arti-
ficial expression of water/cryoprotectant channels. In this
study we examined whether artificial expression of AQP3
in mouse oocytes can improve their water and glycerol per-
meability, and their survival after vitrification with glycerol.

MATERIALS AND METHODS
Preparation of AQP3 cRNA

AQP3 c¢DNA was cloned from rat kidney cDNA by polymerase chain
reaction (PCR). The sense strand was 5'-CGGGATCCCATGGGTCGA-
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outcome of 223 cycles™
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BACKGROUND: The need to cryopreserve human blastocysts Is increasing. The successful birth has been reported
of a baby from a blastocyst vitrified using the cryoloop fechnique. The present study expands on this earlier report
to confirm the effectiveness of this vitrification procedure. METHODS: In patients undergoing IVF at one of three
clinics, supernumecrary blastocysts on day 5 or 6 at various stages of development were vitrified using cryoloops.
RESULTS: Of 725 vitrified blastocysts, 583 (80.4%) survived. After the transfer of 493 blastocysts in 207 cycles, 76
women (37%) became clinically pregnant. Among these women, 21 pregnancies ended in miscarriage, 23 healthy
babies were born in 18 deliveries, and 37 pregnancies are ongoing. The survival rate of day 5 blastocysts (87 %) was
higher than that of day 6 blastocysts (55%), but implantation rates and pregnancy rates were not statistically signifi-
canily dilferent. CONCLUSIONS: Clinical outcomes with 725 blastocysts and 207 transfers showed that vitrification
using cryoloops is effective and practical for the cryopreservation of human blastocysts. Early blastocysts on day §
seem Lo be the most suitable in terms of stage and age for cryopreservation, but developed and day 6 blastocysts can

also be cryopreserved.

Key words: blastocyst/cryeloop vitrification/cryopreservation/embryo/human

Introduction

In assisted reproductive technology, the cryopreservation of
embryos has proved important for the best use of supernumer-
ary embryos. In the cryopreservation of embryos, there is a risk
of various types of injury (Kasai, 1996; Kasai et al., 2002),
among which the formation of intracellular ice appears to be
the most damaging. The first strategy to prevent intracellular
ice formation was to adopt a lower concentration of
cryoprotectant and a long slow-cooling stage. This slow-
freezing method has proven effective for embryos of a wide
range of mammalian species. Unlike embryos of laboratory
animals and domestic animals, in which dimethy] sulphoxide
{DMSO), glycerol or ethylene glycol (EG) is commonly used
as the cryoprotectant, human embryos at early cleavage stages
have most often been frozen in a solution of propanediol
supplemented with sucrose (Lassalle et al., 1985), although
those at the biastocyst stage have more frequently been frozen
with glycerol (Fehilly er al., 1985; Hartshorne et al., 1991;
Ménézo er al., 1992), With slow freezing, however, it is

*Part of this work (126 transfers) was presented in a symposium in
Williamsburg USA in April 2002, and a summary of the presentation
is published in RBM online (2003}
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difficult to eliminate injuries from ice completely,
Furthermore, the slow-freezing method requires a long period
of time before the embryos can be stored in liquid nitrogen.

In 1985, the first report was made of an innovative approach
called vitrification, in which injuries related to ice are
minimized by using very high concentrations of cryoprotectant
(Rall and Fahy, 1985). This approach simplifies the cooling
process, because embryos can be cooled directly in liquid
nitrogen. Although embryos subjected to vitrification are liable
to be injured by the toxicity of the high concentration of
cryoprotectant, the method has been refined and proven
effective for the cryopreservation of embryos at various stages
of development in laboratory and domestic species. In 1998, it
was shown that vitrification using an EG-based vitrification
solution (EF540) (Kasai et al., 1990) with conventional cryo-
straws was effective for human embryos at the 4- to 8-cell stage
(Mukaida et al., 1998). The effectiveness of vitrification was
confirmed for human embryos at the 8- to 16-cell stage (Saito
et al., 2000) and the morula stage (Yokota et al.,, 2001b), also
using EG-based solutions.

Recent advances in culture systems with sequential media
have made it possible to develop human IVF embryos into
blastocysts quite easily. Because the blastocyst is better suited
to the uterine environment, and because blastocyst formation is

© European Society of Human Reproduction and Embryology
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Abstract

The effect of developmental stage on the survival of cryopreserved rat embryos was examined.
‘Wistar rat embryos at various developmental stages were vitrified by a 1-step method with EFS40,
an ethylene glycol-based solution, or by a 2-step method with EFS20 and EFS40. After warming,
the survival of the embryos was assessed by their morphology, their ability to develop to
blastocysts (or expanded blastocysts for blastocysts) in culture, or their ability to develop to
term after transfer. Most (91-100%) of the embryos recovered after vitrification were morpho-
logically normal in all developmental stages. However, the developmental ability of l-cell
embryos was quite low; exposing them to EFS40 for just 0.5 min decreased the in vitro survival
rate from 76 to 9%. The survival rates of 2-cell embryos and blastocysts, both in vitro and in vivo,
were significantly higher with a 2-step vitrification process than with a 1-step vitrification process.
Very high in vitro survival rates (94-100%) were obtained in 4- to 8-cell embryos and morulae in
the 1-step method. Although survival rates in vivo of 4-cell (40%) and 8-cell (4%) embryos
vitrified by the 1-step method were comparatively low, the values were similar to those obtained in
non-vitrified fresh embryos. When morulae vitrified by the 1-step method were transferred to
recipients, the in vivo survival rate (61%) was high, and not significantly different from that of
fresh embryos (70%). These results show that rat embryos at the 2-cell to blastocyst stages can be
vitrified with EFS40, and that the morula stage is the most feasible stage for embryo cryopreserva-
tion in this species.
© 2002 Elsevier Science Inc. All rights reserved.
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Articles

Blastocyst cryopreservation: ultrarapid
vitrification using cryoloop technique

Dr T Mukaida

Dr Mukaida completed his certified training in Obstetrics and Gynaecology at the Kochi
Medical Schoo! Hospital, Japan, in 1930, During that training, he studied abroad to the
University of Miami School of Medicine, in the Biochemistry and Molecular Biology
department. His area of study was the mechanism of ovulation related to serine protease
(plasminogen, collagenase). Simultaneously he joined the IVF programme in the
Reproductive Endocrinology department at the same institution as an embryologist. A
period as lab director in a private fertility clinic, the Diamond Institute for Infertility in New
Jersey, USA, enabled him to study assisted reproductive technology. For the last 7 years,
he has worked as clinical director of the Hiroshima HART Clinic, where he is responsible for
managing assisted reproduction in patients for 500 oocyte retrievals per year. Or Mukaida’s
main interest lies in vitrification for gametes and embryos: he is responsible for the two first
reports in the world of successful birth from vitrified embryos. Both of these day 2-3
embryos were cryopreserved by vitrification with straw and the blastocysts by ultra-rapid

vitrification using a cryoloop technique.
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Abstract

Human embryos have been cryopreserved mainly by slow freezing, but vitrification has also proven effective for embryos
- at early cleavage stages. However, clinical results on blastocyst cryopreservation have not been consistent, A feasible option
appears to be ultrarapid vitrification, in which embryos are vitrified with a reduced amount of solution to achieve extremely
. high rates of ¢ooling and warming. The cryoloop is a tiny nylon loop connected to the lid by a small metal tube; a metal
insert on the lid enables the use of a stainless steel handling rod with a small magnet, and the loop can be stored in the
cryovial. In the HART Clinic group, of 444 supemumerary human blastocysts that were vitrified by cryoloops 79% survived
after warming, and of 126 recipients 36% became pregnant. The outline of ultrarapid vitrification using cryoloops is

described.

Keywords: blastocyst, cryoloop, cryopreservation, human, vitrification

Introduction

The cryopreservation of embryos has become a powerful tool
in human assisted reproduction. Various methods have been
developed for the cryopreservation of mammalian embryos.
Each method must prevent injury from intracellular ice
forming. To prevent this, cells must be solidified without
crystallization, i.e. the cells must be vitrified,

Cryopreservation methods can be broadly classified as slow
freezing and vitrification. The slow freezing method makes
use of relatively low concentrations of cryoprotectant and a
long slow cooling stage, by which cells are concentrated
gradually (Whittingham et al., 1972} (Figure 1). To alter and
program specific cooling rate, the use of a machine is
necessary. Vitrification, by contrast, enables rapid cooling of
samples by direct plunging into liquid nitrogen from
temperatures above 0°C without ice forming even in the
extracellular medium, by use of a very high concentration of
cryoprotectant (Rall and Fahy, 1985) (Figure 1). In

vitrification, the chance of intracellular ice forming can be
minimized, but toxic effect of cryoprotectant on the cell
becomes a great obstacle.

Recently, several modified vitrification methods have been
devised which require a reduced volume of concentrated
solution and thus enable ultrarapid cooling and warming
(Kasai, 2002} (Figure 1). Ultrarapid vitrification of human
blastocysts has been attempted, and one successful delivery
reported (Mukaida et al,, 2001). Subsequently, this approach
has been continued for the cryopreservation of human
blastocysts. This report gives an outline of a ultrarapid
vitrification method using cryoloops.

Cryopreservation of human
embryos
Human embryos are usually cryopreserved by slow freezing,

using propanediol as the cryoprotectant (Lassalle ef al., 1985).
However, it has been shown that vitrification using an ethylene
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ABSTRACT

In crycpreserved rat embryos, survival rates obtained in vitro
are not always consistent with the rates obtained in vivo. To
determine the optimal conditions for in vivo development to
term, rat embryos at the 4-cell, 8-cell, and morula stages were
vitrified in EFS40 by a one-step method and transferred into
oviducts or uterine horns of recipients at various times during
pseudopregnancy. Vitrified and fresh 4-cell embryos only devel-
oped after transfer into oviducts of asynchronous recipients on
Days —1 to —2 of synchrony (i.e., at a point in pseudopregnancy
1-2 days earlier than the embryos). Approximately half the vit-
rified embryos transferred into oviducts on Day ~1 developed
to term, but only a minority of embryos, whether vitrified
(10%—34%) or fresh (24%-33%), transferred at later times did
so, suggesting that this may not be the most suitable stage for
cryopreservation. Very few 8-cell embryos, either vitrified or
fresh, developed when transferred into oviducts on Day 0 to
—0.5. However, when transferred into uterine horns, high pro-
portions of vitrified 8-cell embryos (~63%) developed to term
in reasonably synchronous recipients (Day 0 to —0.5) but not
in more asynchronous ones (6%; Day —1). A majority of vitri-
fied morulae also developed to term (32%-68%) in a wider
range of recipients (Days 0 to —1), the greatest success occur-
ring in recipients on Day —0.5. Similar proportions of vitrified
and fresh 4-cell embryos, 8-cell embryos, and morulae devel-
oped to term when appropriate synchronization existed be-
tween embryo and recipient. Thus, vitrification of preimplanta-
tion-stage rat embryos does not appear to impair their devel-
opmental potential in vivo.

early development, embryo, oviduct, pregnancy, uterus

INTRODUCTION

Transfer of embryos to recipient females has become a
valuable experimental tool, particularly in the fields of em-
bryology and genetics [1]. Since Heape [2] performed the
first successful embryo transfer in the rabbit, many studies
have been carried out on the transfer of mammalian em-
bryos. In rats, the first transfer experiment constituted an
embryo viability test and established the importance of syn-
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chrony between donors and recipients [3). Later studies
demonstrated that the development of transferred embryos
1s dependent on close synchronization between embryonic
development and endometrial preparation in a number of
mammalian species, such as rabbits [4, 5], mice [6], sheep
[7], rats [8], cattle [9], and ferrets [10]. It has also been
shown that asynchrony is more tolerated when embryos are
at a more progressed stage than the recipient uteri [6, 8,
10].

Rat embryos have been successfully cryopreserved at
various developmental stages, such as the l-cell {11, 12],
2-cell [13-15], 4-cell [13], 8-cell [13, 16~18], morula [19],
and late-morula to early blastocyst [14] stages. In many
cases, survival of the embryos was assessed by transfer to
recipients, probably because the in vitro culture system for
rat embryos was not as effective as that for mouse embryos.
Consequently, reported survival rates have been variable
but generally low,

In a recent study [20], we compared the survival of vit-
rified rat embryos, ranging from the 1-cell to the blastocyst
stage, using an efficient culture system (in vitro) and a suc-
cesstul embryo-transfer technique (in vivo). Because very
high proportions (94%-100%) of vitrified embryos devel-
oped in vitro, we concluded that the 4-cell, 8-cell, and mor-
ula stages are suitable for embryo cryopreservation; fur-
thermore, the good developmental potential in vitro of these
embryos led us to expect they would develop equally well
in vivo. However, the in vivo survival rate of vitrified 4-
cell embryos was relatively low (40%) and that of 8-cell
embryos extremely low (4%), although similar poor results
were obtained with fresh embryos (29% and 5%, respec-
tively). In contrast, the in vivo survival rate of vitrified
morulae (61%) was high and very similar to that of fresh
embryos (70%). In that study, both fresh and vitrified 4-
and 8-cell embryos were transferred into oviducts of pseu-
dopregnant recipients that were at a point in pseudopreg-
nancy 1 day earlier than the embryos (Day —1 of synchro-
ny), whereas morulae were transferred to uterine homns of
synchronous recipients (Day 0).

We hypothesized that it might be possible to improve
the in vivo survival of vitrified embryos at all stages by
adjusting the synchrony/asynchrony with respect to the re-
cipient females and by altering the site of transfer. The pre- .
sent study was undertaken to test this hypothesis using rat
embryos vitrified at the 4-cell, 8-cell, and morula stages.

MATERIALS AND METHODS

All experiments were conducted in accordance with the International
Guiding Principles for Biomedical Research Involving Animals as pro-
mulgated by the Society for the Study of Reproduction.
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Abstract

Vitrification is a method in which not only cells but also the whole solution is solidified without the crystallization of ice.
For embryo cryopreservation, the vitrification method has advantages over the slow freezing method. For exampie, injuries
related to ice is less likely to oceur, embryo survival is more likely if the embryo treatment is optimized, and embryos can
be cryopreserved by a simple method in a short period without a programmed freezer. However, solutions for vitrification
must include a high concentration of permeating cryoprotectants, which may cause injury through the toxicity of the agents.
Since the development of the first vitrification sotution, which contained dimethylsulphoxide, acetamide, and propylene
glycol, numerous solutions have been composed and reported to be effective. However, ethylene glycol is now most widely
used as the permeating component. As supplements, a macromolecule and/or a small saccharide are frequently added.
Embryos of various species, inclnding humans, can be cryopreserved by conventional vitrification using insemination straws
or by ultrarapid vitrification using minute tools such as electron microscopic grids, thin capillaries, minute loops, or minute
sticks, or as microdrops. In the ultrarapid method, solutions with a lower concentration of permeating cryoprotectants, thus
having a lower toxicity, can be used, because ultrarapid cooling/warming helps to prevent ice formation.

Keywords: cryopreservation, embryo, ethylene glycol, human, vitrification

Introduction

In eryopreservation, cells are suspended in a suitable solution,
cooled, stored in liquid nitrogen, warmed to room temperature,
and returned to a physiological solution. During each step of
this process, cells are at risk for varicus types of injuries. The
primary injury is that caused by the formation of intracellular
ice during cooling and warming. To prevent this injury,
inclusion of a cryoprotectant is essential for large cells like
mammalian embryos. However, the cryoprotectant brings
other causes of injuries, i.e. chemical toxicity of the agent and
osmotic over-swelling of the cells during removal of the
permeated cryoprotectant. During the removal, embryoes are
usually exposed to a hypertonic solution with sucrose, and
embryos can be injured by osmotic over-shrinkage in some
cases. In addition, embryos can be dissected physically by a

fracture plane if such a plane is formed in the medium and
traverses the embryos during passage through the glass
transition temperature. Furthermore, certain types of embryos
are injured just by chilling at 20-0°C. In arder for embryos to
survive cryopreservation, the effect of each of these injuries
must be minimized (Kasali e al., 2002).

Vitrification is a reasonable and effective strategy for preventing
the primary cause of injury, that is, intracellular ice formation.
Fracture damage and chilling injury may also be minimized in
vitrification. Vitrification also has advaatages over slow
freezing in that survival of embryos is more likely if the embryo
treatment is optimized, and embryos can be cryopreserved by a
simple method in a short period without a programmed freezer,
This study provides a brief outline of cryopreservation of animal
and human embryos by vitrification.
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Abstract

The permeability of the plasma membrane plays a crucial role in the successful cryopreservation of oocytes/embryos.
To identify a stage feasible for the cryopreservation of teleost oocytes, we investigated the permeability to water and var-
lous cryoprotectants of medaka (Oryzias latipes) oocytes at the germinal vesicle (GV) and metaphase IT (MI1) stages. In
sucrose solutions, the volume changes were greater in GV oocytes than MII oocytes. Estimated values for osmotically
inactive volume were 0.41 for GV oocytes and 0.74 for MII oocytes. Water-permeability (um/min/atm) at 25 °C was
higher in GV oocytes (0.13 + 0.01) than MII oocytes (0.06 = 0.01). The permeability of MII cocytes to various eryopro-
tectants (glycerol, propylene glycol, ethylene glycol, and DMSO) was quite low because the cocytes remained shrunken
during 2 h of exposure in the cryoprotectant solutions at 25 °C. When the chorion of MII cocytes was removed, the vol-
ume change was not affected, except in DMSO solution, where dechononatsd oocytes shrunk and then regained their
volume slowly; the Ppyvso value was estimated to be 0.14 +0.01 x 10~ cm/mln On the other hand, the permeability
of GV oocytes to cryoprotectants were markedly high, the P; values (x107* em/min) for propylene glycol, ethylene gly-
col, and DMSO being 2.21 £ 0.29, 1.36  0.18, and 1.19 =+ 0.01, respectively. However, the permeability to glycerol was
oo low to be estimated, because GV cocytes remained shrunken after 2 b of exposure in glycerol solution. These results
suggest that, during maturation, medaka oocytes become less permeable to water and to small neutral solutes, probably
by acquiring resistance to hypotonic conditions before being spawned in fresh water. Since such changes would make it
difficult to cryopreserve mature oocytes, 1mmature oocytes would be more suitable for the cryopreservation of teleosts.
© 2004 Elsevier Inc. All rights reserved.
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ABSTRACT

We developed a new method of cryopreservation of whale
ovaries by vitrification using DAP213 (2 M dimethyl sulfoxide,
1 M acetamide, and M propylene glycol} as a cryoprotectant.
Four-week-old C57BL/6 mice that underwent partial ovariecto-
my were orthotopically transplanted with cryopreserved or fresh
ovaries (experimental or control group) isolated from 10-day-
old green fluorescent protein (GFP)-transgenic mice {(+/+).
GFP-positive pups were similarly obtained from both groups by
natural mating or in vitro fertilization (IVF) followed by embryo
transfer, indicating that the cryopreserved ovaries by vitrifica-
tion retain their fecundity. However, a statistically significant
difference (P < 0.05) was found between both groups with re-
spect to the following parameters: the number of GFP-positive
pups born by natural mating/grafted ovary (0.8 = 0.3 for the
experimental group versus 2.0 £ 0.7 for the control group,
mean = SEM), the number of collected oocytes by superovula-
tion per mouse (7.0 + 1.7 for the experimental group versus
22.7 * 3.2 for the control group), the percentage of two-cell
embryos obtained from GFP-positive oocytes by IVF (38.5% for
the experimental group versus 90.0% for the control group).
Histologically, normal development of follicles and formation of
corpora lutea were observed in frozen-thawed grafts. However,
estimated number of follicles decreased in frozen-thawed ova-
ries compared with fresh ovaries. Taken together, cryopreserva-
tion of the ovary by vitrification seems a promising method to
preserve ovarian function, but further studies are required to
overcome the possible inhibitory effects of this method on the
growth of the ovarian grait.

in vitro fertilization, ovary, ovulation, ovum pick-up/transport,
pregnancy

INTRODUCTION

The cryopreservation of ovarian tissue is potentially a
useful technology for preservation of genetic resources of
experimental, domestic, and wild animals, Moreover, it is
employed in clinical medicine to restore the fecundity of
young women suffering from infertility and premature men-
opause due to iatrogenic loss of ovarian function resulting
from chemotherapy and/or radiation therapy of malignant
neoplasms. Parrot reported the birth of live offspring after
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orthotopic transplantation of a slice of cryopreserved
mouse ovary [1]. Since then, various cryoprotectants have
been developed [2-7], and slow freezing methods to control
freezing rate have been employed for the cryopreservation
of ovaries.

The vitrification method was applied to the field of bi-
ology as a method of cryopreservation, and its recent de-
velopment has greatly simplified the cryopreservation pro-
cedures. Vitrification can essentially be defined as the so-
lidification of a liquid brought about not by crystallization
but by an extreme elevation in viscosity during cooling [8].
Extensive studies have proven the usefulness of this method
for cryopreservation of oocytes and embryos. The survival
rates of oocytes and embryos after the freezing-thawing
procedure by vitrification are comparable with those by
slow freezing methods [9). -

Although the technical simplicity of vitrification has rev-
olutionized cryopreservation of oocytes and embryos, its
application to whole ovaries has been considered to be dif-
ficult. In the present study, we examined whether ovaries
retain their fecundity after cryopreservation by vitrification
utilizing DAP213 solution [10] (2 M dimethyl sulfoxide, 1
M acetamide, and 3 M propylene glycol) as a cryoprotec-
tant. For this purpose, we investigated the fertility of mice
that had undergone orthotopic transplantation of the cryo-
preserved ovaries by natural mating and in vitro fertiliza-
tion (IVF) followed by embryo transfer (ET}. In order to
distinguish graft-derived pups and oocytes and embryos
from those derived from residual host ovarian tissue, we
employed jellyfish green fluorescent protein (GFP)-trans-
genic mice [11] that express the GFP transgene in the entire
body as sources of ovarian grafts.

MATERIALS AND METHODS
Animals

Female and male C57BL/6 and femate ICR mice were purchased from
CLEA Japan Inc. (Tokyo, Japan). GFP-transgenic CS7BL/6TgN(act-
EGFP} OsbY0Q! mice (+/+) [11], referred to as GFP-transgenic mice in
this article, were kindly provided by Dr. Okabe of the Genome Information
Research Center at Osaka University and were bred in our animal facilities
under specific pathogen-free conditions. Mice were housed under a 12L:
12D regimen at 22°C and 55% humidity, Food and water were freely
availabie at all times. All the experiments using animals were in accor-
dance with the International Guiding Principle for Biomedical Research
Involving Animals and the experimental protocol was approved by the
Ethics Committee for Experimental Animals of our institute.

Collection of GFP+ Ovaries

In vitro fertilization and embryo transfer were performed to obtain the
offspring of GFP-transgenic mice (+/+). Briefly, female homozygous
GFP-uransgenic mice were superovulated by injections of 5 IU pregnant
mare serum gonadotropin (serotropin} and 5 IU hCG (gonatropin), ob-
tained from Teikoku Hormone Mfg. Co., Ltd. (Tokyo, Japan), at 48-h



