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Abstract. The cryopreservation of ovarian tissues is a technology with signific世 ltpotential for the 
preservation of the genetic resource materials of working dogs， inc1uding guide dogs for the blind 
However， no attempt has been reported on cryopreservation of.the canine ovary. Thus， we evaluated 
a vitrification method for cryopreservation of canine ovaries and determined the potential 
functionality of vitrified-warmed canine ovaries by means of transplantation into non-obese diabetic-
severe combined irnmunodeficiency (NOD-SCID) mice. All ovarian tissues cryopreserved by 
vitrification were morphologically normal in t~rms of histology. Cryopreserved ovaries were 
t阻 splantedinto出eovarian bursa of the NOD-SCID mice， and the xenografts were recovered仕om
23 of 23 mice (100%) 4 weeks after the operation. The廿ansplantedcanine tissue was tightly adhered 
旬 themouse ovary. Although antral follicle fonnation did not occur after grafting， proliferating cell 
nuclear antigen immunoreactivity was detectable-in many of the granulosa -cells in the primary 
follic1es of the grafts. These results indicate that cryopreservation of the canine ovary by vitrification 
appears to have the potential to restore endocrine function and ovulation potential 
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l n I叩 n，current figures indicate that 
approximately 950 dogs are actively engaged in 

guiding blind people. However， this number is low 
in light of the estimated demand， which ranges 
between 4800-7800， including latent need. 

Annually， the Society {or the Blind目 provided"止血
about 120 newly trained dogs. Considering， 
however， that at presert about 90-100 guide dogs 
are retired due to ageing every year， the actual 
increase is only 20-30 animals per year. Thus， this 
rate is far from meeting the demand for dogs for the 

blind. One of the most contributing features of the 
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lack of guide dogs is the spaying of both female and 
males in advance of the beginning of training 
Thus， even if the newly trained animals were to 

distinguish themselves as superior guide dogs， 
unfortunately， they could never produce offspring， 
wh凶 maybe especially fit for such trainin、
Generally， the males and females used for breeding 

are not evaluated for their potential to serve as 
guide dogs. These distinctly different systems 

applied to the raising and training of dogs for the 
blind considerably influences the efficiency of 
establishment of the replenishing colony. In 

addition， the Labrador retriever breed， which is 
extensively used as a guide dog for the blind in 

Japan， is a high仕equencycarrier of certain severe 

¥ 



294 ISHIjlMA et al 

genetic defects， manifesting such s戸nptomsas hip 
and elbow joint dysplasia， as well as cataracts and 
retinopathy， which are undesirable for an animal 
with a role in guiding the blind. Consequently， the 
percentages of successful guide dogs have ranged 
from 30-40% each year in Japan. This current 
situation urgently requires countermeasures to 
meet and sustain the supply of high quality guide 
dogs in Japan. If excised ovaries of candidate guide 
dogs could be cryopreserved and then transferred 
as a graft once the animals have been determined to 
be superior dogs， their germ cells might be 
transmitted to the next generation. This system 
would help make it possible to overcome one of the 
problems described above. Thus， we have 
proposed the establishment of a genetic resource 
bank for breeding guide dogs for the blind， which 
would also include the genetic material of other 
working dogs. The cryopreservation of ovarian 
tissues is potentially a significant t号chnologyfor the 
preservation of the genetic resources of working 
dogs as well as other target animals. However， no 
a社emptcryopreservation of the canine ovary has 
yet appeared in the literature. In the mouse， 
successful ovarian cryopreservation hy a 
vitrification method has been reported [1， 2]， 
although it is generally considered that application 
of this method to other ovarian tissues is difficult. 
In humans， cryopreservation of the ovary has been 
employed in clinical medicine to restore the 
fecundi ty of young women suffering from 
infertility and premature menopause due to 
iatrogenic 1055 of ovarian function resulting from 
chemotherapy and/or radiation therapy for 
malignant neoplasms. The establishment of human 
ovarian tissue banking for patients has been 
proposed [3]， and recently， a live birth after 
orthotopic transplantation of cryopreserved 
ovarian tissues in humans has been reported [4， 5]， 
although the possibility that the eggs were derived 
from the native ovary could not be completely 
ruled out. On the other hand， the potential 
technical simplicity of vitrification could 
revolutionize cryopreservation of the ovary and 
contribute to the establishment of an ovarian bank 
for guide dogs for the blind， as well as for clinical 
medidne in humans 
The objectives of our study were 1) to evaluate a 

s加 plevitrification method for cryopreservation of 
canine ovaries and 2) to determine the potential of 
the vitrified-warmed canine ovary by means of 

transplantation to non-obese diabetic-severe 
combined町田unodeficiency(NOD-SCID) mice 

Materials and Methods 

Vitrification of the u印α叩nu
Canine ovarie白swere collected from bitche田s 

9 unde町rgoin、groutine ovariohys計trect旬omy(aged 5-9 
months， n~10). The ovaries were回 nsportedto the 
laboratory in a jar containing sterile saline at 4 C 
The fresh canine ovaries were dissected in a 10 cm 
diameter Petri dish half-filled with HTF medium 
[6] to separate the cortex and medulla. The cortex 
was further sectioned into 1 mm  x 1 mm  x 1 mm， 3 
江田1X 3rnm x 3mm， or5mm x5在日nx 5 mm  slices， 
and maintained at 37 C in HTF medium. The 
ovarian slices were pretreated with PBI medium [7] 
containing 1 M dimethyl sulfoxide (DMSO) at room 

temperature. The slices were transferred into a 1一
ml cryotube (Nalge Nunc International， Tokyo， 
Japan) containing 5μ1 of 1M DMSO， which was 
then placed in ice water for 5 min to allow DMSO to 
thoroughly bathe血eovaries. Subsequently， 95μl 
of DAP 213 solution (2 M DMSO， 1 M ac泡tamide，3
M propylene glycol) [8]， maintained at 0 C， was 
added to each cryotube. After placing the 
cryotubes in ice water for 5 min， they were plunged 
directly into liquid nitrogen and stored until use 
The samples were taken from the liquid nitrogen 
and allowed to stand at room temperature for 60 
sec， and then diluted with 900μ，1 of PBI medium (37 
c) containing 0.25 M sucrose. The recovered 
ovaries were transferred to PBr mediuffi， washed 5 
times， and仕ansferredto HTF medium; both media 
were maintained at 0 C. The fresh and vitrified-
warmed ovaries were fixed with 10% buffered 
formalin. The fixed tissues were embedded in 
paraffin wax， sectioned， and stained with 
hematoxylin and eosin 

Tr仰 sp}antationof ovari凶
Female and male NOD-SCID mice were 

purchased from a commercial supplier (CLEA 
Japan， Tokyo， Japan) and were bred in the animal 
faci1ity of the National Research Center for 
Protozoan Diseases at Obihiro University of 
Agriculture and Veterinary Medicine， Obihiro， 
Jap町，.All animals were housed in polycarbonate 
cages and were maintained in a specific pathogen目

free environment in light-controlled (lights-on from 
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07:00 to 19・00).and air-conditioned rooms 

(temperature: 24 :t 1 C; humidity: 50 :t 10%). The 
animals had free access to standard laboratory 
chow (CE-2; CLEA Japan) and water ad libitum. The 
vitri白ed-waロnedovaries were transplanted into 8-
wk-old female NOO-SCIO rnice. Recipients were 
anesthetized with 5 rng/rnl of sodiurn 
pentobarbital (Oainippon Pharrnaceutical Co.， Ltd.， 
Osaka， Japan). Each anesthetized rnouse was 
placed under a dissecting rnicroscope. A single 
rnedian longitudinal skin incision was rnade on the 
lumber portion to expose the subcutaneous tissue 
over the ovary. A srnall incision was rnade on the 
fascia and rnuscles irnrnediately above the ovary， 
thereby exteriorizing the recipient' s reproductive 
tract. A slit was rnade on the ovarian bursa through 
the fat tissue to expose the ovary， and both ovaries 
were removed仕omthe re口pient.A srnall portion 
(approxirnately 20-30%) of the recipient's ovarian 
tissue was left in situ in order to facilitate 
regeneration of the blood supply into the grafted 
tissues. Fresh or vitrified-warmed canine ovaries 
were inserted into the ovarian bursa on each side 
The bursal rnernbrane was then closed， and the 
reproductive tract was returned to the abdorninal 
cavity官官 skinincision was closed with a clip (9 
rnrn auto clip， 427631， Becton Oickinson). The 
operated mice were placed on a wa口nplate until 
sufficient recovery had occurred to allow 
movement. The mice were then returned to their 
cages. At 4 weeks after the transplantation， the 
recipients were sacrificed by cervical dislocation. 
The ovaries were isolated under a 
stereomicroscope. Histological examination was 
perforrned as described above. In ad~ition， ovarian 
tissue sections originating frorn the grafts were 
randornly selected and evaluated for 
irnrnunolocalization of proliferating cell nuclear 
antigen (PCNA) [9]. An anti-PCNA rnouse 
rnonoclonal antibody (PC-lO， prediluted， Nichirei 
Corp.， Tokyo， Japan) was used as the prirnary 
antibody. Oeparaffinized sections were heated in 
citrate buffer to enhance antigen retrieval and 
subjected to the peroxidase-labeled streptavidin-
biotin (SAB-PO) rnethod with diaminobenzidine as 
the chromogen. The reagents used were frorn a 
Histfine SAB-PO kit (Nichirei Corp.). Sections o/ere 
counterstained with hematoxylin. 
The animals used in this study were treated 

under the Guiding Prin口plesfor the Care叩 dUse 
of Research Animals established by the Obihiro 

U四 versityof Agriculture and Veterinary Medicine 

Results 

After cryopreservation of the canine ovaries by 
vitrification， as shown in Fig. 1， histological 
examination revealed that none of the 
cryopreserved ovarian fragrnents exhibited 
structural organ damage. Since there was no 
difference in the morphology of the vitrified-
warmed tissues between the different sample 
volume (1 mm3 to 125 mm3)パヘreutilized the 3 mm  x 
3ロロnx 3 mm  fragments for further experiments. 
All of the 30 frozen-thawed ovarian tissues were 
morphologically normal on histological 
exarnination. Furthermore， there was no difference 
in the average number of primordial and primary 
follicles between the vitrified-warmed and fresh 
ovarian tissues (data not shown). All animals 
recovered from surgeries and survived the 
postoperative period. The ovarian grafts were 
examined 4 weeks after transplantation. On 
autopsy， the cryopreserved 白川nexenografts were 
distinguishable and were recovered in 23 of 23 mice 
(100%). The xenografts were identified in 39 of 46 
(85%) of the transplanted sites. On the other hand， 
when fresh canine ovarian tissues were 
transplanted to the ovarian bursa of NOO-SCIO 
m 同 thexenografts were recovered in 3 of 4 (75%) 
recipients. The transplanted ca凶netissue tight!y 
adhered to the mouse ovaries but not to the bursal 
membrane (Figs. 2・Cand -0). The presence of red 
blood cells was observed in the parenchyrna of 
canine as well as mouse ovaries， indicating 
reintegration of the bloodstream in the canine 
ovary into the ovarian bursa of the host animal. No 
adhesive inflarnmation was seen. Although antral 
follicle formation did not take place within 4 weeks 
postgrafting as shown in Figs. 3-B and -0， PCNA 
immunoreactivity was detectablein many of the 
granulosa cells in the primary follicles. These 
results indicate that canine ovaries cryopreserved 
by vitrification appear to have the potential to 
restore endocrine function and ovulation potential. 

Discussion 

A bank of frozen ovarian tissues for guide dogs 
for the blind has the potential to contribute to 
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established to determine the potential of gonadal 

function and fertility of cryopreserved ovaries from 
mice [18]， cats [19]， marsupials [20]， sheep [18]， 
marmoset monkeys [21]， elephants [22]， and 

humans [23; 24]. lmmunodeficient mice are 
promising research models for ovarian 

xenografting. Nude and SCID mouse strains are 
commonly used for this purpose. However， the 
SCID mutation is not entirely stable in blocking 

恥nphocytedevelopment， and 2-20% of SCID mice 
produce detectable levels of IgG， the so-called 
"leaky" mice [25]. Incomplete immunosuppression 

SCID mice may become a serious problem when 
these anirnals are used for long-term ovarian 
xenografting. In order to obviate potential 吋ection
problems， we uti1ized NOD-SCID mice， a NOD 

strain congenic for the SCID mutation [26]. Since 
NOD-SCID mice are not on1y deficient in functional 
B and T lymphocytes， but also are markedly 
deficient in natural killer cells， macrophages， and 
complement activity，出eyappear to be suitable as 
an experimental model for the transplantation of 
canine ovarian tissues. When fresh canine ovarian 
tissues were transplanted into the kidney capsule 
of ovariectomized SCID mice， a significant shift 
from primordial follic1es to early primary follic1es 
was observed， but follicular development to the 
antral stage was not observed [17]. Our data clearly 
show that NOD-SCID mice are a useful tool for 

evaluation of the potential of vitrified-warmed 
canine ovaries (Figs. 2 and 3). The higher 
percentages of successful adhesion of transplanted 

ovaries to the mouse ovaries seem to indicate白at

transplantation fallure might be caused by the loss 
of grafted tissues via escape from the slit in the 

bursa， rather than degeneration of the grafts after 
transfer. To induce antral follicle development of 

the grafts， exogenous gonadotropin support might 
be required. An important factor for successful 
ovarian仕ansがantationin immunode白cientmice is 
the quick establishment of blood supply. Graft 

revascularization is crucial for the survival of 
ovarian follicles after xenografting. Therefore， 
many studies choose the subcapsular region of the 

kidney or the ovarian bursa as the site for 
仕anspl町 llation.Although revascularization of the 

graft is known to be initiated within 48 h after 
transplantation [27]， the factors responsible for 

stimulating angiogenesis after ovarian 
transplantation remain to be determined. To 
minimize the degree of cellular damage of the 

grafts， further studies are required fnto 
revascularization and protecting against damage 
by the reactive oxygen species generated during 
isd四町ua-reperfusion
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