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Efficient production of immunodeficient
non-obese diabetic/Shi-scid IL2rcnull mice
via the superovulation technique using
inhibin antiserum and gonadotropin

Motohito Goto1 , Toru Takeo2 , Riichi Takahashi1 and
Naomi Nakagata2

Abstract
Severe immunodeficient mice are an essential tool for the examination of the efficacy and safety of new
therapeutic technologies as a humanized model. Previously, non-obese diabetic (NOD)/Shi-scid IL2rcnull

(NOG) mice were established as immunodeficient mice by combining interleukin-2 receptor-c chain-
knockout mice and NOD/Shi-scid mice. The NOG mice are used frequently in the research of therapeutic
monoclonal antibodies and regenerative medicine for human diseases. Establishment of an efficient produc-
tion system of NOG mice, using optimized reproductive techniques, is required to accelerate research. In this
study, we investigated the efficacy of the superovulation technique using equine chorionic gonadotropin (eCG)
and inhibin antiserum (IAS) in NOG mice of various ages (4, 8, 12, 24, or 54 weeks). Additionally, we examined
the fertilizing and developmental ability of the oocytes through in-vitro fertilization using frozen–thawed
sperm, embryo culture and embryo transfer. The results showed that NOG mice produced the highest
number of oocytes at 12 weeks old following the co-administration of eCG and IAS (collectively IASe)
(70 oocytes/female). IASe was more effective in increasing the number of oocytes v. eCG at all ages. The
IASe-derived oocytes demonstrated the ability to fertilize and develop into blastocysts and pups. Finally, we
demonstrated that three strains of genetically modified NOG mice were efficiently produced through the
optimized reproductive techniques. In summary, we developed an efficient system for the production of
immunodeficient mice using 12-week-old, IASe-treated female NOG mice.
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Introduction

Severe immunodeficient mice are widely used as a host

for human cells or tissues to examine the efficacy and

safety of new therapeutic technologies in preclinical

and translational research. Recently, several institutes

and companies started to establish repositories of

patient-derived tumour xenograft models for cancer

research.1–4 The demand for immunodeficient mice in

the scientific community – to systemically conduct

large-scale studies using patient-derived tumour xeno-

graft models – is rapidly increasing.
Thus far, various severe immunodeficient mice have

been developed based on non-obese diabetic (NOD)5

and severe combined immunodeficient (SCID) mice6

backgrounds. In 2002, NOD/Shi-scid IL2rcnull (NOG)
mice were established by combining interleukin-2
receptor-c chain-knockout mice and NOD/Shi-scid
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mice in the Central Institute of Experimental Animals,
Kawasaki, Japan.7,8 The NOG mice are characterized
by lack of T-, B- and natural killer cells and poor func-
tion of macrophages and dendritic cells. Therefore, the
NOG mice are widely used in cancer research and
regenerative medicine using induced pluripotent stem
cell-derived cell products.9

In general, a colony of NOG mice is maintained
through natural mating in a breeding facility. The aver-
age production efficiency of an NOG mouse is 5.3
pups/female mouse by natural mating. The high
demand for NOG mice strongly requires an improve-
ment of the productivity of the animal breeding system.
Such an advancement may accelerate the research of
cancer treatment using patient-derived tumour xeno-
graft models and regenerative medicine using induced
pluripotent stem cells. Previously, we developed an effi-
cient production system using reproductive engineering
techniques for the C57BL/6J mouse – the most widely
used inbred strain to produce genetically modified
mice.10–12 Additionally, the reproductive engineering
techniques are applicable to major inbred strains of
mice.13 Especially, the ultrasuperovulation technique
drastically enhanced the yield of ovulated oocytes and
animal production through the co-administration of
inhibin antiserum (IAS) and equine chorionic gonado-
tropin (eCG).12 This superovulation technique involv-
ing the co-administration of IAS and eCG (collectively
IASe) may be effective in increasing the productivity of
NOG mice. However, the optimal conditions for this
technique have not been determined.

In the present study, we examined the yield of ovu-
lated oocytes in eCG- or IASe-treated NOG mice at
various ages (4, 8, 12, 24, and 54 weeks).
Additionally, the fertilization and developmental abili-
ty of the oocytes was evaluated through in-vitro fertil-
ization (IVF) using frozen–thawed sperm, in-vitro
embryo culture and embryo transfer. Finally, we dem-
onstrated the productivity of genetically modified
NOG mice using an optimized superovulation
protocol.

Materials and methods

Animals

Female (aged 4, 8, 12, 24, 54 weeks) or male (aged 12
weeks) mice of the NOD/ShiJic/scid/IL-2Rcnull (NOG)
strain (CLEA Japan Inc., Tokyo, Japan) were used as
oocyte or sperm donors, respectively. Three strains of
genetically engineered mice with a NOG background
(aged 12 weeks) were similarly used as sperm donors.
Jcl:MCH(ICR) mice (aged 8–16 weeks) (CLEA Japan
Inc, Tokyo, Japan) were used as recipients of two-cell
embryos. The mice were reared under the following

conditions: room temperature, 22� 0.5�C; humidity,

55� 5%; lights on 07:00–19:00. Food (CA-1; CLEA

Japan Inc, Tokyo, Japan) and water were provided

ad libitum. All mice were maintained in the Central

Institute for Experimental Animals under specific

pathogen-free conditions. All animal experiments

were approved by the Institutional Animal Care and

Use Committee (certification number: 16031) and were

conducted according to the institutional guidelines.

This study is described in accordance with the

ARRIVE guidelines.14

Media

A mixed solution produced from 18% raffinose penta-

hydrate and 3% skim milk (R18S3) was used for sperm

cryopreservation.15 Calcium-enhanced human tubal

fluid (mHTF) containing 1.0 mM reduced glutathione

was used as fertilization medium.11,16,17 Sperm prein-

cubation was performed in mHTF containing 1.0 mM

methyl-b-cyclodextrin.10,18 Modified Whitten’s

medium (mWM) was used to wash the oocytes and

culture the two-cell embryos.19 Potassium simplex opti-

mized medium (KSOM) was used to culture two-cell

embryos to the blastocyst stage.20 Embryo cryopreser-

vation was performed using a pre-treatment solution

(P10: 10% propylene glycol in phosphate-buffered

saline (PB1)) and vitrification solution (PEPeS: 10%

propylene glycol, 30% ethylene glycol, 0.3 M sucrose

and 20% Percoll in PB1).21 SPB1 (0.3 M sucrose in

PB1) was used to warm the vitrified embryos. Percoll

was obtained from GE Healthcare (Uppsala, Sweden).

Other reagents used to prepare the solutions were pur-

chased from Sigma–Aldrich Co.

Sperm freezing and thawing

The procedure for sperm freezing and thawing was

performed as described previously with slight modifi-

cation.15,22 An aliquot of R18S3 solution (120 ml) was
placed in a 35-mm culture dish and covered with par-

affin oil. After euthanasia of male NOG or genetically

engineered NOG mice through cervical dislocation,

their cauda epididymides were removed and completely

cleansed of all fat and blood under a microscope before

transfer to a drop of R18S3. Subsequently, they were

cut into five or six pieces using micro-spring scissors.

Freezing straws (0.25 ml plastic straw; IMV) were

loaded with 100 ml mHTF and 10 ml sperm suspension,

and both sides of the straw were heat sealed. The sealed

straws were cooled in the liquid nitrogen gas layer for

10 min. The straws were plunged directly into liquid

nitrogen and stored until use.
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Superovulation and collection of oocytes

Female NOG mice were intra-peritoneally injected with

3.75 IU of eCG (ASKA Pharmaceutical Co. Ltd,

Tokyo, Japan) or 0.2 ml IASe (a mixed solution of

0.1 ml of inhibin antiserum and 3.75 IU eCG, CARD

HyperOva, Kyudo Co Ltd, Saga, Japan) at 17:00. At

48 h after the administration of these reagents, 7.5 IU

human chorionic gonadotropin (hCG, ASKA

Pharmaceutical Co. Ltd., Tokyo, Japan) were intra-

peritoneally administered to the mice. At 17 h after

injection of hCG, the mice were sacrificed through cer-

vical dislocation and their oviducts were promptly col-

lected and transferred to a fertilization dish covered

with paraffin oil. Under microscopic observation,

cumulus–oocytes complexes were collected from the

oviducts and transferred to 90 ml of fertilization

medium. The number of ovulated oocytes and the fer-

tilization ability of oocytes in each group were exam-

ined. Genetically modified NOG mice received IASe

and hCG to induce superovulation.

In-vitro fertilization

The procedure for preincubation and IVF using

frozen–thawed sperm was performed as described pre-

viously with slight modification.11 A straw containing

cryopreserved sperm was removed from liquid nitrogen

and thawed in a 37�C water bath for 2 min. The thawed

sperm suspension (10 ml) was added to 90 ml of sperm
preincubation medium covered with paraffin oil. The

thawed sperm were preincubated for 30 min at 37�C in

an atmosphere containing 5% CO2 to induce capacita-

tion. Subsequently, the sperm suspension (10 ml) was

carefully collected, transferred to 90 ml of IVF medium

containing cumulus–oocytes complexes (female mouse/

drop), and cultured for 3 h at 37�C in an atmosphere

containing 5% CO2. The final concentration of motile

sperm in the fertilization medium was 400–800 sperm/

ml. At 3 h after insemination, the oocytes were washed

using three drops of mWM (50 ml) and the number of

ovulated oocytes was counted. At 24 h after insemina-

tion, the rate of fertilization was calculated as the total

number of two-cell embryos divided by the total

number of inseminated oocytes and multiplied by

100. Two-cell embryos of NOG mice were divided

into two groups to be used in embryo culture with

KSOM and cryopreservation. In embryo culture, a

number of the two-cell embryos of NOG mice were

transferred to 50 ml of KSOM and incubated for 72 h.

The developmental rate of blastocysts was calculated as

the total number of blastocysts divided by the total

number of two-cell embryos and multiplied by 100.

Embryo cryopreservation

Embryo cryopreservation was performed as described
previously.21 After IVF, two-cell embryos of NOG
mice were added to approximately 100 ml of P10 solu-
tion and subsequently transferred into other drops of
100 ml of P10 solution for 5 min at room temperature.
An aliquot of P10 solution (5 ml) containing the embry-
os was placed and equilibrated in a cryotube for 1 min
at 0�C. An aliquot of PEPeS (95 ml) was added to the
cryotube and incubated for 1 min at 0�C. After equil-
ibration for 1 min, the cryotube containing the embry-
os was immersed in liquid nitrogen and stored. The
vitrified embryos were warmed by adding 0.9 ml of
sucrose solution pre-warmed to 37�C. The vitrified-
warmed embryos were collected from the sucrose solu-
tion and transferred to 50 ml of mWM. After 10 min,
the survival rate was calculated by counting the
number of morphologically normal embryos. Embryo
transfer was then performed using the morphologically
normal embryos.

Embryo transfer

Embryo transfer was performed as described previous-
ly.23 Vitrified-warmed or freshly harvested two-cell
embryos of NOG or genetically engineered NOG
mice were transferred into the oviducts of Jcl:MCH
(ICR) females (8–12 embryos/oviduct) on the day a
vaginal plug was present (day 0.5 of pseudopregnancy).
Embryo transfer was carried out under three mixed
anaesthetics (0.75 mg/kg medetomidine, 4.00 mg/kg
midazolam and 5.00 mg/kg butorphanol).24 After
embryo transfer, medetomidine antagonists as pain-
killers (0.75 mg/kg atipamezole) was administered.
The embryos were transferred through the wall of the
fallopian tube. The number of offspring was recorded
after 19 days.

Statistics

Results are expressed as the mean� SD. Group results
were compared using analysis of variance after arcsine
transformation of the percentages; p< 0.05 denoted
statistical significance.

Results

Administration of IASe in mice aged
12 weeks produced the highest number
of oocytes

IASe-treated NOG mice produced more oocytes than
eCG-treated NOG mice at all ages (Figure 1). The
highest number of ovulated oocytes was produced by
12-week-old IASe-treated mice. The responsiveness to
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IASe differed among female mice of varying ages

(54 weeks <4 weeks <24 weeks <8 weeks <12 weeks).

IASe-derived oocytes had fertilizing ability
at various ages of NOG mice

Fertilized oocytes were obtained from eCG- or

IASe-treated female NOG mice through IVF using

frozen–thawed sperm (Table 1). The fertilization rates

of IASe-derived oocytes were decreased at 12 and 24

weeks of age.

IASe-derived embryos developed to
blastocysts in vitro

Two-cell embryos derived from IASe-treated NOG

mice developed normally into blastocysts at all ages

(Table 2). There was no significant difference between

eCG- and IASe-treated female mice at same age in the

developmental rates from two-cell embryos to blasto-

cysts in vitro.

IASe-derived embryos developed to pups

After vitrification and warming of two-cell embryos

derived from IASe-treated NOG mice, the embryos

developed normally into pups (Table 3). The birth rate

of IASe-derived two-cell embryos was lower than that of

eCG-derived two-cell embryos at 4- or 8-weeks old.

Efficient production of genetically
engineered NOG mice through IVF using
IASe-treated female mice aged 10–15 weeks

The production efficiency of genetically engineered

NOG mice was evaluated by superovulation using

IASe, IVF and embryo transfer. Oocyte and sperm

donors were from three strains (strain A, B and C) of

homozygous female and male mice. On average, 59

oocytes were obtained from each female mouse via

treatment with IASe (Table 4). After the IVF, 83%

of the ovulated oocytes were fertilized and 56% of

the two-cell embryos developed to pups by embryo

transfer. Theoretically, 27.4 pups of NOG mice with

a genetic modification can be produced from an

oocyte donor by IASe treatment.
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Figure 1. Effect of eCG or IASe on the numbers of ovulated
oocytes in NOG mice aged 4–54 weeks. At 17 h after
injection of hCG, oocytes were collected from eCG- or
IASe-treated female mice. The number of morphologically
normal oocytes was counted at 3 h after insemination.
*p< 0.05 for IASe compared with eCG at the same age
(n¼ 3–7).
eCG and hCG, equine and human chorionic gonadotropin;
IASe, eCG and inhibin antiserum.

Table 1. Effect of IASe or eCG on the fertilization ability of oocytes derived from NOG mice aged 4–54 weeks.

Superovulation
Female
age (weeks)

Oocyte
donors (n)

Inseminated
oocytes (n)

Two-cell
embryos (n)

Fertilization
ratea (%)

eCG 4 7 140 121 86.4� 5.9
8 7 206 170 82.5� 6.6

12 7 225 192 85.3� 12.2
24 7 136 124 91.2� 8.9
54 3 22 22 100

IASe 4 7 271 209 77.1� 19.7
8 7 451 365 80.9� 8.3

12 7 497 387 77.9� 10.0*
24 7 329 229 69.6� 16.4*
54 4 65 64 98.5� 4.2

aFertilization rates are expressed as the mean�SD (n¼ 3–7).
*p< 0.05 for IASe compared with eCG at the same age.
eCG, equine chorionic gonadotropin; IASe, eCG and inhibin antiserum.
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Discussion

In this study, we firstly reported the effect of IASe on

superovulation in immunodeficient mice. The highest

number of oocytes was obtained from 12-week-old

IASe-treated NOG mice. The oocytes were
fertilized via IVF using frozen–thawed sperm. The
IASe-derived two-cell embryos were subjected to cryo-
preservation and embryo transfer. Using the IASe
treatment, genetically engineered NOG mice were

Table 2. Effect of IASe or eCG on the developmental ability of two-cell embryos derived from NOG mice aged 4–24 weeks.

Superovulation
Female
age (weeks)

Two-cell
embryos (n)

Blastocysts
(n)

Developmental
ratea (%)

eCG 4 60 52 86.7� 2.9
8 60 57 95.0� 5.0

12 60 56 93.3� 2.9
24 43 39 90.7� 5.4

IASe 4 60 55 91.7� 2.9
8 60 57 95.0� 5.0

12 60 56 93.3� 2.9
24 60 58 96.7� 2.9

aDevelopmental rates are expressed as the mean�SD (n¼ 3).
eCG, equine chorionic gonadotropin; IASe, eCG and inhibin antiserum.

Table 3. Effect of IASe or eCG on the birth rates of cryopreserved two-cell embryos.

Super-
ovulation

Female
age (weeks)

Cryopreserved
embryos (n)

Embryos recovered
post-warming
(n (%))

Transferred
two-cell
embryosa (n)

Offspring
(n)

Birth rateb

Recipients
(n) (%)

eCG 4 120 111 (92.5) 4 73 38 52.1� 6.0
8 120 118 (98.3) 4 78 47 60.3� 12.2

12 100 98 (98.0) 4 79 46 58.2� 18.2
24 80 73 (91.3) 4 73 27 37.0� 18.5
54 22 19 (86.4) 1 19 11 57.9

IASe 4 120 120 (100) 4 80 28 35.0� 14.7*
8 120 116 (96.7) 4 77 33 42.9� 6.8*

12 120 117 (97.5) 4 79 39 49.4� 7.9
24 100 97 (97.0) 4 77 40 51.9� 24.1
54 64 63 (98.4) 3 63 26 41.3� 7.3

aEmbryo transfer required 16 to 24 embryos per recipient. Due to the low yield of ovulated oocytes by eCG-treated female mice at
54 weeks old, the embryo transfer was performed only once.
bBirth rates are expressed as the mean�SD (n¼ 3–4).
*p< 0.05 for IASe compared with eCG at the same age.
eCG, equine chorionic gonadotropin; IASe, eCG and inhibin antiserum.

Table 4. Efficient production of genetically engineered NOG mice through IVF: IAS-derived oocytes and frozen–thawed
sperm.

Male and female
strains

Female
age (week)

Oocyte
donors (n)

Ovulated
oocytes (n)

Two-cell
embryos
(n (%)) Recipients (n)

Transferred
two-cell
embryos (n)

Offspring
(n (%))

Strain A 10 1 76 54 (71) 3 54 29 (54)
Strain B 12 3 103 97 (94) 5 97 63 (65)
Strain C 15 6 414 343 (83) 4 80 37 (46)
Average 　 59 49 (83) 19 11 (56)

NOG, non-obese diabetic/Shi-scid IL2rcnull; IVF, in-vitro fertilization; IAS, inhibin antiserum.
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efficiently produced from a minimal number of oocyte
donors.

Previous studies have investigated superovulation in
immunodeficient mice using treatment with eCG and
hCG. In NOD mice, 22 or 29.3 oocytes were ovulated
in mice aged 3–4 or 8–16 weeks.21,25 NOD/SCID mice
aged 8–16 weeks ovulated 17.4 oocytes.21 NOD-Rag1�/
�IL2rccnull (NRG) mice aged 4 or 8 weeks ovulated 15
or 26.7 oocytes26. In this study, NOG mice – aged 4 or
8 weeks and treated with eCG and hCG – ovulated 18.3
or 29 oocytes We demonstrated for the first time that
IASe possesses the ability to increase the number of
ovulated oocytes in NOG mice at various ages (i.e. 4
weeks old, 34.8; 8 weeks old, 63.8; and 12 weeks old,
71.1). This result suggests the treatment with IASe may
be effective in increasing the yield of oocytes in different
strains of immunodeficient mice.

Our previous study of the ultrasuperovulation tech-
nique using IASe showed that >100 oocytes were pro-
duced in 4-week-old C57BL/6J female mice.12

Recently, we demonstrated that the effect of IASe
strongly depends on the age of female C57BL/6J
mice, with the highest number of oocytes produced at
4 weeks of age.27 Similarly, after treatment with eCG,
female C57BL/6N mice aged 25 days produced a higher
number of oocytes compared with mice aged 50 or 90
days.28 However, the present study revealed that 12
weeks was a suitable age in NOG mice. The optimal
age to obtain the highest number of oocytes differed
between C57BL/6 and NOG mice. Previously, we
observed that IASe was more effective in producing
large numbers of oocytes v. eCG in major inbred (i.e.
A/J, BALB/cByJ, C3HeJ, DBA/2J and FVB/NJ) and
outbred (i.e. CD1) 4-week-old mice. Based on the
results of this study, optimizing the female age for the
injection of IASe may be effective in increasing the
number of oocytes obtained from individual strains.

Treatment with IASe to increase the number of ovu-
lated oocytes is used for the efficient production and
archiving of genetically engineered mice in mouse
repositories and transgenic facilities.12,13,29,30 Oocytes
derived from juvenile female mice treated with IASe
were used in IVF to produce offspring through
embryo transfer or store cryopreserved embryos in
liquid nitrogen as bioresources. Additionally, IASe-
derived fertilized oocytes at the pronuclear stage are
used in gene modification through microinjection or
electroporation.31–33 In this study, we demonstrated
that our optimized superovulation protocol for NOG
mice was effective in efficiently and promptly expand-
ing a colony of genetically engineered NOG mice.
Additionally, an efficient production and storage
system of NOG mice was developed through embryo
and sperm cryopreservation. This technique is relevant
to the strong demand for immunodeficient mice by the

academic research community and pharmaceutical
industry.

In summary, we developed an efficient production
system of immunodeficient NOG mice using reproduc-
tive technology. Using an optimized protocol of super-
ovulation, treatment with IASe yielded the most
efficient production of NOG mice, while minimizing
the number of oocyte donors. We strongly suggest
that this improved system for the supply of immuno-
deficient mice may reduce the number of animals used
and accelerate innovation to address currently unmet
medical needs.
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R�esum�e
Les souris s�ev�erement immunod�eficientes sont un outil essentiel pour examiner l’efficacit�e et l’innocuit�e des
nouvelles technologies th�erapeutiques comme mod�ele humanis�e. Auparavant, les souris diab�etiques non
ob�eses (NOD)/Shi-scid IL2rcnull (NOG) �etaient �etablies comme souris immunod�eficientes en combinant des
souris knockout pour la chaı̂ne c du r�ecepteur à l’IL-2 et des souris NOD/Shi-scid. Les souris NOG sont
fr�equemment utilis�ees dans la recherche des anticorps monoclonaux th�erapeutiques et de la m�edecine
r�eg�en�eratrice pour les maladies humaines. La mise en place d’un syst�eme de production efficace de
souris NOG, en utilisant des techniques de reproduction optimis�ees, est n�ecessaire pour acc�el�erer la
recherche. Dans cette �etude, nous avons �etudi�e l’efficacit�e de la technique de superovulation en utilisant
de la gonadotropine chorionique �equine (eCG) et un antis�erum inhibine (IAse) chez des souris NOG de divers
âges (à savoir, 4, 8, 12, 24 ou 54 semaines). En outre, nous avons examin�e la capacit�e de d�eveloppement et de

Goto et al. 7



fertilisation d’ovules par f�econdation in vitro à l’aide de sperme congel�e-d�econgel�e, de culture d’embryons, et
de transfert d’embryons. Les r�esultats ont montr�e que les souris NOG produisaient le plus grand nombre
d’ovocytes à 12 semaines apr�es l’administration simultan�ee d’eCG et d’IAse (70 ovocytes/femelle). L’IAse
�etait plus efficace pour augmenter le nombre d’ovocytes par rapport à l’eCG, tous âges confondus. Les
ovocytes d�eriv�es de l’IAse ont d�emontr�e leur capacit�e à être fertilis�es et à se d�evelopper en blastocystes
et petits. Enfin, nous avons d�emontr�e que les trois souches de souris NOG g�en�etiquement modifi�ees ont �et�e
efficacement produites grâce aux techniques de reproduction optimis�ees. En r�esum�e, nous avons mis au
point un syst�eme efficace de production de souris immunod�eficientes en utilisant des souris NOG femelles de
12 semaines trait�ees à l’IAse.

Abstract
Stark immundefiziente M€ause sind ein wichtiges Mittel zur Untersuchung der Wirksamkeit und Sicherheit
neuer therapeutischer Techniken als humanisiertes Modell. Früher wurden bereits nicht adip€ose diabetische
(NOD)/Shi-scid IL2rcnull (NOG)-M€ause als immundefiziente M€ause ermittelt, indem Interleukin-2-Rezeptor-
c-Ketten-Knockout-M€ause und NOD/Shi-scid-M€ause kombiniert wurden. NOG-M€ause werden h€aufig zur
Erforschung therapeutischer monoklonaler Antik€orper und für die Regenerative Medizin bei menschlichen
Erkrankungen eingesetzt. Die Etablierung eines effizienten Systems zur Herstellung von NOG-M€ausen unter
Verwendung optimierter Reproduktionstechniken ist für eine beschleunigte Forschung erforderlich. In der vorlie-
genden Studie untersuchten wir die Wirksamkeit der Superovulationstechnik mit equinem Choriongonadotropin
(eCG) und Inhibin-Antiserum (IAS) bei NOG-M€ausen verschiedenen Alters (d. h. 4, 8, 12, 24 oder 54 Wochen).
Zus€atzlich untersuchten wir die Befruchtungs- und Entwicklungsf€ahigkeit der Eizellen durch In-vitro-Fertilisation
mit tiefgefrorenem und wieder aufgetautem Sperma, Embryokultur und Embryotransfer. Die Ergebnisse zeigten,
dass NOG-M€ause im Alter von 12 Wochen nach der parallelen Verabreichung von eCG und IAS (IASe) die h€ochste
Anzahl von Eizellen produzierten (70 Eizellen/Weibchen). IASe erwies sich in allen Altersgruppen als effektiver für
die Erh€ohung der Eizellenzahl als eCG. Die vom IASe stammenden Eizellen zeigten die F€ahigkeit zur Befruchtung
und zur Entwicklung zu Blastozysten und Feten (Jungtiere). Schließlich zeigten wir, dass drei St€amme genetisch
ver€anderter NOG-M€ause durch die optimierten Reproduktionstechniken effizient hergestellt wurden. Als Fazit
l€asst sich feststellen, dass wir ein effizientes System zur Herstellung von immundefizienten M€ausen mit 12
Wochen alten, mit IASe behandelten weiblichen NOG-M€ausen entwickelt haben.

Resumen
Los roedores con una inmunodeficiencia grave son una herramienta esencial para la examinaci�on de la
eficacia y seguridad de nuevas tecnolog�ıas terap�euticas como modelo humanizado. Anteriormente, se esta-
blecieron roedores diab�eticos no obesos (NOD)/Shi-scid IL2rcnull (NOG) como roedores inmunodeficientes
combinando roedores interleucina-2 receptor-c chain-knockout y roedores NOD/Shi-scid. Los roedores NOG
son utilizados frecuentemente en la investigaci�on de anticuerpos monoclonales terap�euticos y en la medicina
regeneradora para enfermedades de humanos. Es necesario un establecimiento de un sistema de
producci�on eficiente de roedores NOG utilizando t�ecnicas optimizadas de reproducci�on para acelerar la
investigaci�on. En este estudio, investigamos la eficiencia de la t�ecnica de la superovulaci�on utilizando gona-
dotropina cori�onica equina (eCG) y antisuero inhibin (IAS) en roedores NOG de varias edades (es decir, de 4, 8,
12, 24 o 54 semanas). Asimismo, examinamos la capacidad de desarrollo y fertilidad de los ovocitos mediante
fertilizaci�on in vitro usando esperma congelado/descongelado, cultivo de embriones y transferencia de
embriones. Los resultados mostraron que los roedores NOG produjeron el mayor n�umero de ovocitos a
las 12 semanas de edad despu�es de una coadministraci�on de eCG e IAS (IASe) (70 ovocitos/hembra). IASe
result�o más eficaz para incrementar el n�umero de ovocitos frente a eCG en todas las edades. Los ovocitos
derivados de IASe demostraron la capacidad de fertilizar y desarrollar blastocitos y cr�ıas. Finalmente,
demostramos que tres cepas de roedores NOG gen�eticamente modificados fueron producidas eficientemente
mediante t�ecnicas de reproducci�on optimizadas. En resumen, desarrollamos un sistema eficiente para la
producci�on de roedores inmunodeficientes utilizando roedores NOG hembras tratados con IASe de 12
semanas.
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