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Abstract: The effect of cryopreservation and
subsequent xenotransplantation on the follicular reserve
of the canine ovary by using non chese diabelic-severe
combined immunodeficient (NOD-SCID) mice was
examined. Vitrified-warmed canine ovarian lissues were
placed into the ovarian bursa of mice, and then were
removed and subjected to histological examination af 4
weeks after the transplantation. Over 30% of primordial
foliicles and 65% of early primary follicles survived after
cryopreservation. However, regardfess of breed or age,
percentages of survived prirnordial follicles and early
primary follicles after the transplantation ranged from 0—
7% and from 0—15%, respectively. These results

indicate that the majority of primordial follicles and early

primary follicles in vitrified-warmed canine ovarian
tissues disappear after xenotransplantation. Further
studies will be required to be able to enhance the
survival of transplanted cryopreserved ovarian follicles
in canine.
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Introduction

Advances in the diagnosis and treatment of cancer
have resulted in a growing population of adolescent and
adult long-term survivers of malignancies [1] with
infertility problems due to induced premature ovarian
failure [2]. Although several options are currently
available to preserve fertility in cancer patients,
cryopreservation of ovarian tissue is the only option
availlable for prepubertal girls and women in need of
immediate chemotherapy [3—8]. On the other hand, the
cryopreservation of ovarian tissues is a potentially
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significant technology for the preservation of the genetic
resources of working dogs as well as other target
animals [9]. However, it has been reported that a large
proportion of follicles are lost during the initial ischemia
which occurs after transplantatien of mouse [10, 11},
sheep |12, 13] and human ovaries [14, 15]. Thus, to
corroborate the evidence for possible follicular loss after
transplantation in canine ovarian tissues, we examined
the effect of cryopreservation and subsequent
xenotransplantation on the follicular reserve of the
canine ovary by using non obese diabetic-severe
combined immunodeficient (NOD-SCID) mice.

Materials and Methods

Female NCD-SCID mice were purchased from a

. commercial supplier (Charles River Japan, Kanagawa,

Japan}. All animals were housed in polycarbonate
cages, and maintained in a specific pathogen-free
environment in light-controlled (lights-on from 07:00 to
19:00} and air-conditioned rooms {temperature: 24 +
1°C, humidity: 50 + 10%). They had access to standard
laboratory chow (CE-2; CLEA Japan, Tokyeo, Japan)
and water ad libifum. The ovaries from 5-month-old and
6 month-old mixed breeds, a 4-month-old miniature
dachshund and a 11-month-old toy poodle were frozen-
thawed and transplanted into the ovarian bursa of 8-wk-
old NOD-SCID mice. The cryopreservation procedures
and ovarian transplantation were performed according
to the method of Ishijima et al. [9]. Briefly, ovarian
tissue was minced into 1.0-1.5 mm cubes, which were
immersed in 1 M dimethyl sulfoxide (DMSQ) at room
temperature for 60 sec and then placed in a 1-ml
cryotube (Nalge Nunc International KK, Tokyo, Japan)
centaining 5 4 of DMSO, and the tube was cooled on
ice for 5 min. After addition of DAP 213 (2 M DMSOQ, 1
M acetamide, 3 M propylene glycol) solution [18]
precooled on ice, the tube was cooled on ice for 5 min
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then immersed in liquid nitrogen. The grafis were

stored in the liquid nitrogen for 2-6 months. For
warming, the tube was removed from the liquid nitrogen,
the liquid nitrogen in the tube was discarded and then
the tube was allowed to stand at room temperature for
60 sec. After the addition of 900 4l of 0.25 M sucrose
prewarmed to 37°C into the tube, the suspension was
quickly stirred by mild pipetting and washed with PBI
[17] five times. A portion of the excised ovaries was
fixed with 10% formalin to prepare pre-transplant
ovarian tissue samples.

NOD-SCID mice (n = 13) were anesthetized by
intraperitoneal administration of sodium pentobarbital (5
mg/ml, Nembutal, Dainippon Pharmaceutical Co., Lid.,
Osaka, Japan), then the dorsal skin was incised to draw
out the ovaries. An incision was made in the lateral side
of each ovary to remove the mouse ovary in the ovarian
bursa, leaving a part to ensure blood flow to the canine
ovarian xenograft after transplantation, and a piece of
frozen-thawed canine ovarian tissue was introduced
into the ovarian bursa. A hemostatic gelatin sponge
(Spongel, S022Y01, Asteflas, Japan)} was alsc placed in
thhe ovarian bursa. The skin incision was closed with a
clip {9-mm auto clip, 427631, Becton Dickinson). The
operated mice were placed on a warm plate until
sufficient recovery had occurred to allow movement. At
4 weeks after the operation, the transplanted ovaries
were removed and fixed with 10% formalin and
subjected to hematoxylin and eosin staining together
with the pre-transplant ovarian tissue samples. To
evaluate the effects of freezing and thawing, and
subsequent xenotransplantation, follicles that visibly
contained an ovum (cocyte) with a nucleus were
counted according to the classification of Oktay et al.
[18] as follows, Primordial follicles comprise follicles
containing an ococyte partially or completely
- encapsulated by squamous pregranulosa cells; Early
primary follicles are follicles in which at least one of the
pregranulosa cells had become columnar (enlarged);
Primary follicles are follicles in which all of the
granulosa cells exhibit enlargement and a single layer
of granulosa cells; Transitional follicles comprise
follicles containing an oocyte encapsulated by a 1-2
layer of columnar granulesa cells; Preantral follicles are
made up of follicles containing an cocyte encapsulated
by more than 2 layers of granulesa cells with no antrum
formation; Antral follicles are follicles containing an
oocyte encapsulated by more than 2 layers of granulosa
cells with antrum formation. For pre-transplant ovarian
tissues, ten tissue samples were randomly selected and
the number of follicles in the ten tissue samples was

counted. The number of follicles in a circle of 900 um in
diameter, i. e., a view field of 0.64 mm?, containing the
highest number of follicles in each selected tissue
sample was countéd (for a total 10 view fields). This
number was recorded as the number of follicles before
transplantation. For transplanted ovarian tissue, five
sections (7 xm in thickness) were sequentially prepared
for a tissue specimen {a block). A tetal of six graft
samples were examined for each experimental group.
The distance between sections was 4050 um. The
number of follicles in a circle of 200 um in diameter, 1.
e., a view field of 0.64 mm?, containing the highest
number of follicles in each section, was counted (in a
total of 5 fields of view). The survival rates of follicles
were calculated as the number of follicles in pre-
fransplant ovarian tissues / number of follicles in fresh
ovarian tissue samples x 100, and the number of
follicles in transplanted ovarian tissues / number of
follicles in pre-transplant ovarian tissue samples x 100,
The tissues and animals used in this study were
treated under the Guiding Principles for the Care and
Use of Research Animals established by Cbihiro
University of Agriculture and Veterinary Medicine.

Results

On autopsy, cryopreserved canine xenografts were
distinguishable and were recovered in 13 of 13 mice
(100%), and were identified in 20 of 26 (78%) of the
transplanted sites. The average number of primordial,
early primary, primary, transitional, preantral and antral
follicles and the ratio of each developmental stage of
follictes in fresh ovarian sections from the four bitches
were varied. Namely, the mean numbers of primordial,
early primary, primary, and transitional and preantral
follicles per 0.64 square millimeter in the fresh ovary of
the 6-month-old mixed breed were 38.4, 2.0, 0.2, and 0,
respectively. While, for the 5-month-old mixed breed,
the mean numbers of primordial, early primary, primary,
transitional and preantral follicles per 0.64 square
millimeter in fresh ovary of 6-month-old mixed breed
were 8.2, 1.0, 2.4, 1.7 and 1.2 respectively. There were
individual differences in the developmental stage of
oocytes rather than the breed andfor age differences
(Table 1). In addition, it seems that follicles are
unevenly distributed in ovarian tissues, because the
numbers of primordial and early primary follicles in the
5-month-cld mixed breed and the 11-month-old toy
poodle showed an increase in the number of follicles
after cryopreservation. Namely, survival rates of
primordial and early primary follicles after the
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Table 1. Follicular loss of canine ovary after cryopreservation and subsequent Xenotransplantation at 4 weeks after

transplantation

Exp. Mean number of follicles (/0.64 mm?)

Breed and age G 5 . : - —
roup Primordial  Early primary Primary Transitional Pre antral Antral

Mixed Fresh 384 2.0 02 0 0 0
6M Cryo* 116 13 03 0 0.1 0

Tp** 08 02 0.1 0.1 0.1 0.1
Mixed Fresh 82 1.0 24 1.7 1.2 0
SM Cryo 15.5 14 15 0.7 04 0

Tp 0 0 0 0 0 0
Toy Fresh 153 2.1 3.0 2.0 2.0 0.1
Poodle Cryo 475 2.6 29 1.6 14 0
11M Tp 1.5 0.1 0.1 0.1 0.7 0
Miniature Fresh 14.8 33 4.1 3.6 0.8 0
Dachshund Cryo 13.4 23 24 0.9 0.4 0
4M Tp 03 03 0.1 0 0 0

*: Crypreserved ovarian tissues. **: Transplanted ovarian tissues.
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Fig. 1. Percentages of surviving follicles in cryopreserved and subsequently transplanted canine ovaries. The survival
rates of follicles were calculated as number of follicles in cryopreserved ovarian tissues / number of follicles
in fresh ovarian tissue samples x 100, and number of follicles in transplanted ovarian tissues / number of
follicles in cryopreserved ovarian tissue samples x 100.

cryopreservation were 188% and 135% in the 5-month- shown in Fig. 1, the survival rates of primordial and
old mixed breed, and 310% and 124% in the 11-month-  early primary follicles after the cryopreservation in the 6-
old toy poodle, respectively (Fig. 1). However, as month-old mixed breed were 30% and 65%,
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respectively. These results indicate that the follicular
loss of the canine ovary was not drastically extended by
the cryopreservation procedure itself. On the other
hand, the detrimental effect of transplantation on the
follicular survival was remarkable, even though the
follicles were unevenly distributed in the ovarian tissues.
The percentages of surviving primordial follicles and
early primary follicles ranged from 0—-7% and from 0-
15%, respectively (Fig. 1).

Discussion

Although the uneven distribution of follicles in the
canine ovary make it difficult to interpret the results, it
seems that a large proportion of follicles are lost after
transplantation of ovaries in canine (Table 1 and Figs.1
and 2) as well as other mammalian species [10-15, 19].
In fact, a high percentage of oocytes as well as
granulosa cells survived the cryopreservation and
thawing procedure [9, 20-22]. Previously we showed
that there was no difference in the morphology and in
the average number of primordial and primary follicles
between the vitrified-warmed by DAP213 and fresh
ovarian canine tissues [9]. Itis believed that the reason
the primordial follicle is observably resistant to cryoinjury
is because the oocyte it contains has a relatively inactive
metabolism, as well as the lack of a meiotic spindle,
zona-pellucida and cortical granules [2]. Although it has
been shown that proliferating cell nuclear antigen was
detectable in many of the granulosa cells in the primary
follicles of the grafts when canine ovarian tissues were
cryopreserved in DAP213 and transferred into the
ovarian bursa of NOD-SCID mice [9], the majority of
primordial follicles in vitrified-warmed canine ovarian
tissues disappeared after transplantation (Table 1 and
Fig. 1). The main reason for the follicular loss after
cryopreservation and xenografting seems to be the
ischemic effect which takes place after transplantation
rather than cryopreservation per se [11, 23]. Several
attempts have been made to prevent the follicular loss of
cryopreserved ovarian tissues after transplantation.
However, an effective solution has not been found to
date. Kim et al. [24] showed that a water soluble
antioxidant (ascorbic acid) reduces apoptosis in the
ovarian cortex by up to 24 h in vitro. It has been
reported that treatment with vitamin E, a lipid soluble
antioxidant, improved the survival of follicles in ovarian
grafts by reducing ischemic injury [25]. Further studies
will be required to be able to enhance the survival of
transplanted cryopreserved ovarian follicles in canine as
well as other mammalian species.

Hematoxylin and eosin staining of ovarian tissues
from a 5-month-old mixed breed. Canine ovaries
were cryopreserved by vitrification. The fresh
(A) and cryopreserved ovarian tissues (B) are
morphologically equivalent. Panel C shows an
ovarian tissue recovered from NOD-SCID mice 4
weeks after transplantation of the vitrified-
warmed canine ovarian tissues into the bursa.
Note the much deeper stain seen in the mouse
ovarian tissue (lower) compared to the canine
ovary (upper). Canine ovarian grafts (pale stain)
successfully adhered to the mouse ovary. Many
follicles are seen in canine fresh (A) and
cryopreserved (B) ovarian tissues but not in
transplanted tissue (C). White bar = 100 zm.
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