
—Original—

Comparison of biological features between severely 
immuno-deficient NOD/Shi-scid Il2rgnull and  
NOD/LtSz-scid Il2rgnull mice

Mariko NagataNi1), tsutomu Kodera2), daisuke SuzuKi2), Saori igura2),  
Yachiyo FuKuNaga2), Hiroyuki KaNeMitSu2), daichi NaKaMura2),  
Masahiro MocHizuKi2), Masayuki KeMi3), Kazutoshi taMura1) and  
Kenichiro KaSaHara2)

1)BoZo Research Center Inc., Gotemba Research Institute, 1284 Kamado, Gotemba, Shizuoka 412-0039, Japan
2)BoZo Research Center Inc., Tsukuba Research Institute, 8 Okubo, Tsukuba, Ibaraki 300-2611, Japan
3)Fukushima Medical Device Industry Promotion Agency, Fukushima Medical Device Development Support Centre, 

Division of Safety and Biological Compatibility Assessment Veterinarian, 27-8 Mansuida, Tomitamachi, Koriyama, 
Fukushima 963-8041, Japan

Abstract: Biological background data up to 11 weeks of age and tumorigenic susceptibility to 
xenotransplantation with HeLa cells were compared between severely immuno-deficient NOG and 
NSG mice. The body weight was lower in NOG mice than in NSG mice. Severe depletion of peripheral 
blood lymphocytes and lymphoid hypoplasia that are well-known characteristics of these mice were 
equally observed. No lymphoproliferative lesions developed in any mouse of either strain. The 
occurrence of ectopic exocrine gland and cyst was a common finding in the thymus of both strains. 
In addition, minimal spongiotic change was observed in the medulla oblongata and spinal cord in 
both strains, and its incidence in female NOG mice was a little higher than that in NSG mice. In the 
adrenal, subcapsular cell hyperplasia that is known as an age-related change in non-genetically 
modified mice developed earlier and its incidence was higher in NSG mice than in NOG mice. The 
development of female genital organs of NOG mice was slightly retarded in comparison with that of 
NSG mice. To evaluate tumorigenic susceptibility to xenotransplantation, female mice were implanted 
in the dorsal subcutis with 1×103 to 1×106 cells/head of HeLa cells, and were checked up to 16 weeks 
after implantation. As a result, there was no significant strain difference on tumor formation rate and 
tumor volume. In conclusion, the present study clearly demonstrated that NOG and NSG mice showed 
no distinct strain differences in either biological features or biological disadvantages.
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Introduction

recently, the Nog mouse (formal name: Nod.cg-
Prkdcscid Il2rgtm1Sug/ShiJic mouse) and the NSg mouse 
(formal name: Nod.cg-Prkdcscid Il2rgtm1Wjl/SzJ mouse) 

have been established as severely immuno-deficient 
animals. Both strains of mice were generated by knock-
out of Il2rg responsible for development of NK cells on 
the Nod-scid mouse lacking functional t and B lym-
phocytes [4, 17]. consequently, both mice lack func-
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tional t and B lymphocytes and have multifunctional 
defects in NK cell activity, macrophage function, com-
plement activity and dendritic cell function, and the im-
munodeficiency mechanism is very similar.

the Nog mouse was developed by backcrossing the 
Il2rgnull mouse resulted from a truncation of the intracel-
lular signaling domain onto Nod/ShiJic-Prkdcscid mouse 
[4]. in contrast, the NSg mouse was developed by back-
crossing the Il2rgnull mouse resulted from a complete 
null mutation onto Nod/ShiLtSz-Prkdcscid mouse [17]. 
Thus, there is a difference in the Il2rg mutation between 
Nog and NSg mice. in Nog mice the Il2rg mutation 
produces a protein that is expressed and will bind cyto-
kines but cannot signal, while the mutation in NSg mice 
is a complete null so that no Il2rg is expressed and cy-
tokines cannot bind [16]. Moreover, it is suggested that 
the genetic backgrounds of these mice are not the same, 
because Nod/ShiJic mouse and Nod/ShiLtSz mouse 
were kept separate by different providers for a long time 
[12].

Up to the present, various strains of immuno-deficient 
mice have been developed for use in various fields in-
cluding cancer research, evaluation of pharmacological 
efficacy, safety assessment of regenerative medicine, 
establishment of humanized models for human diseases 
and drug discovery. However, such disadvantages as 
short life span due to early occurrence of thymic lym-
phoma and a low level of engraftment due to remaining 
activity of NK cells have also been reported in Nod-scid 
and Nod-scid B2mnull mice [17]. in this connection, we 
clarified in our previous study on the biological back-
ground data of Nog mice that the survival rate was 95% 
at 52 weeks of age in both sexes, and that focal spongi-
otic change in the nervous system and tubular aggregates 
in the skeletal muscle were observed as noticeable his-
tological changes. Moreover, we also clarified that al-
though tumorous lesions such as malignant lymphoma, 
intestinal adenoma, hepatocellular adenoma, leukemia, 
cerebral lipomatous hamartoma, Harderian gland ade-
noma and uterine polyp developed in Nog mice, their 
incidences were very low except for that of uterine 
polyp [6].

the usefulness of Nog mice as a host for xenotrans-
plantation has been reported by several researchers [2, 
7, 9]. in this connection, Kanaji et al. [5] compared the 
susceptibility to xenotransplantation among NSg, 
BaLB/c-nu, c.B-17 scid and Nod-scid mice, and they 
concluded that NSg mice might be the most suitable 

strain for testing tumorigenicity of lung cancer. How-
ever, there have been only a few reports of direct com-
parative studies on biological background data such as 
histopathology and tumorigenicity profile by xenotrans-
plantation with Hela cells, a representative positive 
control human tumor cell line, between Nog and NSg 
mice.

therefore, in the present study, we conducted two 
direct comparative experiments on biological features 
between NOG and NSG mice. The first was to evaluate 
the biological background data at 9 and 11 weeks of age, 
the termination age of 2- and 4-week toxicity studies, 
respectively. the second was to evaluate usefulness as 
a host for xenotransplantation by different numbers of 
HeLa cells. the present studies were performed accord-
ing to the protocol of the regulatory study for tumori-
genesis in regenerative medicine.

Materials and Methods

the present study was composed of two experiments. 
The first experiment was to compare the biological back-
ground data when the animals were housed untreated up 
to 11 weeks of age, and the second one was to compare 
the tumorigenesis by xenotransplantation with a human 
tumor cell line (HeLa cells, a human cervical cancer cell 
line).

these experiments were carried out after their ap-
proval at the institutional animal care and use com-
mittee, tsukuba research institute, Bozo research 
center inc. they were conducted in accordance with the 
guidelines for the control and welfare of experimental 
animals specified by the test facility.

Experiment 1 (Comparison on the background data)
animals: twenty-two males and 22 females each of 

NOG and NSG mice, a specific pathogen free, were ob-
tained at 5 weeks of age from the central institute for 
experimental animals (ciea) (Kanagawa, Japan) and 
charles river Laboratories Japan, inc. (Kanagawa, Ja-
pan), respectively. after an approximately 2-week quar-
antine/acclimation, animals of each strain were divided 
into the 2-week group and the 4-week group, which 
consisted of 10 mice/sex and 12 mice/sex, respectively. 
All animals were housed in polycarbonate flat-bottomed 
cages (W160 × d370 × H130 mm, tecniplast Japan co., 
Ltd., tokyo, Japan) installed in a positive pressure rack, 
individually for males and 3–5 animals per cage (W230 
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× d335 × H140 mm, clea Japan inc., tokyo, Japan) for 
females in a clean animal room controlled to maintain 
the temperature at 23 ± 3°c, the relative humidity at 50 
± 20%, the air ventilation at 10 to 20 times per hour and 
illumination for 12 h a day, and were allowed free access 
to pelleted diet, ce-2 (irradiation sterilized, clea Japan 
inc.) and sterilized tap water.

clinical signs, body weight, food consumptions: 
clinical signs including general condition and mortality 
were checked once every day, and body weights were 
measured once a week during the experimental period. 
Food consumption was calculated as an average value 
over three consecutive days.

ophthalmology: all animals were subjected to oph-
thalmologic examinations before necropsy. the anterior 
portion and intermediate optic media were examined by 
a slit lamp (SL-15: Kowa co., Ltd., Nagoya, Japan), and 
the fundus oculi after dilation of the pupil by mydriatic 
agent (Mydrin P: Santen Pharmaceutical co., Ltd., 
osaka, Japan) were examined by a binocular indirect 
ophthalmoscope (omega 500: HeiNe optotechnik 
gmbH & co. Kg., Bayern, germany).

Hematology: at each scheduled necropsy, all animals, 
without fasting, were subjected to laparotomy under 
isoflurane anesthesia and blood was collected via the 
vena cava inferior into blood collection tubes (Micro-
tainertM, Nippon Becton dickinson co., Ltd., tokyo, 
Japan) containing edta-2K using a syringe rinsed with 
heparin sodium. the parameters determined were red 
blood cell count (rBc), hemoglobin (HgB), hematocrit 
(Hct), mean corpuscular volume (McV), mean corpus-
cular hemoglobin (McH), mean corpuscular hemoglobin 
concentration (McHc), reticulocyte count, platelet count 
(PLT), white blood cell count (WBC) and differential 
leukocyte counts (adVia® 2120i Hematology System, 
Siemens Healthcare Diagnostics Inc., Deerfield, IL, 
uSa).

Blood chemistry: at the same time as hematological 
examination, plasma samples were obtained by cen-
trifugation of the blood collected in tubes containing 
heparin lithium (capiject Heparin Lithium: terumo co., 
Ltd., tokyo, Japan), and were subjected to examine the 
following parameters; aspartate aminotransferase (aSt), 
alanine aminotransferase (aLt), lactate dehydrogenase 
(LdH), creatine phosphokinase (cPK), alkaline phos-
phatase (aLP), total cholesterol (t-cHo), triglyceride 
(tg), phospholipid (PL), total bilirubin (t-BiL), glucose 
(gLu), blood urea nitrogen (BuN), creatinine (crNN), 

sodium (Na), potassium (K), chloride (cl), calcium (ca), 
inorganic phosphorus (P), total protein (tP), albumin 
(aLB) using clinical Laboratory System tBa-120Fr 
(toshiba Medical Systems corp., tokyo, Japan), and 
globulin, a/g ratio were calculated by the following 
formulas, globulin (g/dL) = TP − ALB, A/G = ALB / 
(TP − ALB) respectively.

Pathology: all animals were euthanized by exsangui-
nation via the abdominal aorta and subjected to complete 
necropsy. the brain, spleen, heart, lungs (including 
bronchi), liver and gall bladder (as liver), kidneys and 
testes were weighed (absolute weight), and then organ 
weight per 100 g body weight (relative weight) was cal-
culated based on the body weight at necropsy. in addition 
to these tissues, the following tissues were also dis-
sected: medulla oblongata, spinal cord, sciatic nerves, 
eyeballs, optic nerves, Harderian glands, pituitary, thy-
roids, parathyroids, adrenals, thymus, submandibular 
lymph nodes, mesenteric lymph nodes, thoracic aorta, 
trachea, tongue, esophagus, stomach, duodenum, jeju-
num, ileum (including Peyer’s patches), cecum, colon, 
rectum, mandibular glands, sublingual glands, pancreas, 
urinary bladder, epididymides, prostate, seminal vesicles, 
ovaries, uterus, vagina, mammary glands (inguinal re-
gion, females only), sternum (including the bone mar-
row), femurs (including knee joint and bone marrow), 
femoral skeletal muscles, nasal cavity, skin (inguinal 
region) and any gross lesions. When the thymus, sub-
mandibular and mesenteric lymph nodes and Peyer’s 
patches were invisible, their anatomically addressed site 
tissues were removed. all tissues except for the eyeballs, 
optic nerves and testes were fixed in 10% phosphate-
buffered formalin. The eyeballs and optic nerves were 
fixed in mixture of 3% glutaraldehyde and 2.5% forma-
lin, and the testes were fixed with Bouin’s fluid. These 
tissues were trimmed, embedded in paraffin, sectioned 
and stained with hematoxylin and eosin (H&e) and ex-
amined histopathologically.

Experiment 2 (Comparison of tumorigenesis by HeLa 
cell implantation)

Human cell lines: HeLa cells, a human cervical cancer 
cell line, were obtained from the Japanese collection of 
research Bioresources (JcrB) cell Bank in the Na-
tional institute of Biomedical innovation (osaka, Japan). 
the cells were maintained in eagle’s minimum essential 
medium (Thermo Fisher Scientific, Tokyo, Japan) sup-
plemented with 0.1 mM non-essential amino acids 
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(Thermo Fisher Scientific), 10% FBS (Fetal Bovine 
Serum, Thermo Fisher Scientific), 100 U/ml penicil-
lin/100 µg/ml streptomycin (Thermo Fisher Scientific), 
incubated in a humidified incubator (5% CO2, 37°c).

MRC-5 cells, a human embryonic lung fibroblast, were 
obtained from JcrB and were maintained in Basal Me-
dium Eagle (BME, Thermo Fisher Scientific) supple-
mented with 2 mM glutaMaX-i (thermo Fisher Scien-
tific), 10% FBS (Fetal Bovine Serum, Thermo Fisher 
Scientific), 100 U/ml penicillin/100 µg/ml streptomycin 
(Thermo Fisher Scientific), incubated in a humidified 
incubator (5% co2, 37°c). Mrc-5 cells were used as 
negative control.

animals and group composition: Forty females each 
of Nog and NSg mice were obtained at 6 weeks of age 
from ciea and charles river Laboratories, respec-
tively. One NSG mouse was sacrificed in a moribund 
state during the quarantine/acclimation period. after 
1-week of quarantine/acclimation, the animals were di-
vided into 5 groups, consisting 8 animals each except 
for group 5 of NSg mice (7 animals), and they were 
implanted with either HeLa cells or Mrc-5 cells in the 
right dorsal subcutaneous region. the animals in groups 
1 to 4 were implanted with 1×103, 1×104, 1×105 and 
1×106 cells/head of HeLa cells, respectively. group 5 
was a negative control group, which were implanted with 
1×106 cells/head of Mrc-5 cells.

Measurement of tumor volume: the length and width 
of the tumor developed from the transplanted cells was 
measured with a caliper once a week for up to 16 weeks 
after the implantation with HeLa cells or Mrc-5 cells. 
tumor volume was calculated using the following for-
mula.

tumor volume (mm3) = 
 Length (mm) × Width (mm)2 × 0.5
Pathology: at 13 weeks after implantation, one Nog 

mouse from Group 1 was euthanized under isoflurane 
gas anesthesia, due to rapid enlargement of a tumor 
which developed in the pubic region. at 16 weeks after 
implantation, all survivors were euthanized by exsan-
guination via the abdominal aorta and subjected to com-
plete necropsy. the implanted sites and all tumors in any 
sites detected at necropsy were resected and stored in 
10% phosphate-buffered formalin, and routinely pro-
cessed for histology slides. Histopathologic examination 
was conducted on hematoxylin and eosin stained slides. 
in addition, the tumor tissues were stained immunohis-
tochemically with HLa (anti-HLa class i-a, B, c, 

mouse monoclonal antibody, Hokudo co., Ltd., Hok-
kaido, Japan), HNa (anti-nuclei, clone 3e1.3, monoclo-
nal antibody, Merck Millipore, darmstadt, germany) 
and human specific Ki-67 (monoclonal mouse antibody 
anti-human Ki-67, Dako, Glostrup, Denmark) to confirm 
whether or not these tissues were derived from the im-
planted cells.

Statistical analysis: For numerical data including 
body weight, food consumption, hematology, blood 
chemistry and organ weights in experiment 1, and tumor 
volume in experiment 2, the significance of differences 
between Nog and NSg mice was tested after calculating 
Mean ± Sd or Mean ± Se in each mouse. Homogeneity 
of variance in each group was analyzed by F test [18] 
(level of significance: 5%, one-tailed), and the homoge-
neous data were analyzed by Student’s t-test [18] (level 
of significance: 5% and 1%, two-tailed) while the het-
erogeneous data were analyzed by aspin-Welch’s t-test 
[18] (level of significance: 5% and 1%, two-tailed) for 
the mean difference between NOG and NSG mice. Tu-
mor formation rates were analyzed by Fisher’s exact test 
(level of significance: 5%, two-tailed).

Results

Experiment 1
Mortality and clinical signs: all animals survived 

until the end of the experimental period. as for clinical 
signs, except for alopecia in the parietal region that was 
observed in 5 female NSg mice from 7 to 9 weeks of 
age, no abnormal clinical signs were found in any other 
mice through the experimental period.

Body weights and food consumption: the body weight 
of NOG mice was significantly lighter than that of NSG 
mice through the experimental period (Figs. 1a and B), 
while the body weight gain was almost similar between 
the two mouse strains. the mean food consumption was 
significantly lower in NOG mice than in NSG mice 
through the experimental period (Figs. 2a and B).

ophthalmology, hematology and blood chemistry: 
ophthlmologically, focal opacity in the lens and persis-
tence of tunica vasculosa lentis in the vitreous body were 
occasionally observed in both Nog and NSg mice, and 
their incidences showed no strain differences (Table 1).

among the hematological parameters examined, the 
value of rBc, Hct, McHc, McV, McH, PLt, lympho-
cytes and eosinophils showed a statistically significant 
difference between NOG and NSG mice, however, these 
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differences were generally small (Table 2).
among the blood chemical parameters, the values of 

aLt, aLP, t-BiL and crNN showed a statistically sig-
nificant difference between NOG and NSG mice, these 
differences were generally small (Table 3).

Pathology: the absolute organ weights of the brain, 
heart, lung, liver, kidney and testis were statistically 
significantly lighter in NOG mice than in NSG mice. The 

relative organ weights of the brain, heart, lung and liver 
were statistically significantly smaller in NSG mice than 
in Nog mice (table 4).

Macroscopically, the thymus, submandibular and mes-
enteric lymph nodes and Peyer’s patches were extreme-
ly small or undetectable in both Nod and NSg mice. 
However, there were no significant differences in their 
frequency and severity between the two mouse strains. 

Fig. 1. Mean body weights in males (A) and females (B) of NOG and NSG mice. **: Signifi-
cantly different from NOG mice at P<0.01 by Student’s t-test.

Fig. 2. Mean food consumption in males (a) and females (B) of Nog and NSg mice. * and **: 
Significantly different from NOG mice at P<0.05 and P<0.01 by Student’s t-test, respec-
tively.

Table 1. ophthalmological abnormalities in Nog and NSg mice

region Findings

Sex Male Female

age (weeks) 9 11 9 11

Strain Nog NSg Nog NSg Nog NSg Nog NSg
No. of mice 10 10 12 12 10 10 12 12

Lens Focal opacity, nucleus 0 2 1 2 0 1 0 1
Focal opacity, posterior capsule 0 0 1 2 0 1 1 3

Vitreous body Persistent tunica vasculosa lentis 2 1 1 0 1 2 1 1
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Furthermore, the following gross lesions were observed 
in a few Nog and/or NSg mice: white foci in the spleen 
and liver that were microscopically confirmed respec-
tively as osseous metaplasia and focal necrosis, jejunal 
diverticulum, and small-sized testes and epididymides 
(table 5).

Microscopically, hypoplasia of the lymphoid tissues 
was generally detected in Nog and NSg mice without 
any strain differences in its severity and incidence (Table 

6). this change was characterized by poor- or under-
development of the cortex and medulla in the thymus 
(Figs. 3a and 3B), the marginal zone of lymphofollicles 
and periarteriolar lymphoid sheath (PaLS) in the spleen 
(Figs. 3c and d), and the cortex and medulla in the sub-
mandibular and mesenteric lymph nodes (Figs. 3e and 
F), with lymphoid cell hypocellularity. the lymphoid 
tissues which normally distribute through the intestinal, 
bronchopulmonary and nasopharyngeal mucosa could 

Table 2. Hematological data in Nog and NSg mice

age  
(weeks)

Strain  
(No. of mice)

rBc  
(×104/µl)

Hct  
(%)

McV  
(fl)

McH  
(pg)

McHc  
(g/dl)

PLt  
(×104/µl)

WBc  
(×102/µl)

LYMP  
(×102/µl)

eoS  
(×102/µl)

Male 9 Nog (10) Mean 849 45.1 53.1 15.6 29.4 139.3 14.5 1.8 0.5
Sd 20 1.0 0.9 0.2 0.4 8.9 4.0 0.4 0.3

NSg (10) Mean 841 44.5 52.9 15.7 29.7 131.0 11.6 1.4 0.3**
Sd 25 1.3 0.8 0.2 0.3 12.0 1.9 0.5 0.1

11 Nog (12) Mean 859 44.2 51.5 15.4 29.9 139.8 12.9 1.8 0.5
Sd 16 0.9 0.5 0.2 0.3 12.9 2.5 0.4 0.2

NSg (12) Mean 842 44.0 52.3* 15.7* 30.0 128.2* 14.0 1.7 0.3*
Sd 33 1.4 1.0 0.2 0.5 8.2 3.6 0.5 0.2

Female 9 Nog (5) Mean 867 44.7 51.6 15.6 30.2 117.2 13.5 1.8 0.6
Sd 11 0.4 0.6 0.3 0.5 18.4 3.8 0.3 0.1

NSg (5) Mean 840** 43.7** 52.0 15.8 30.3 113.1 11.8 1.1** 0.3**
Sd 7 0.5 0.6 0.2 0.4 8.5 1.6 0.2 0.1

11 Nog (6) Mean 862 44.9 52.1 15.8 30.2 120.4 15.2 1.8 0.8
Sd 19 1.5 0.8 0.2 0.3 20.0 11.0 0.6 0.6

NSg (6) Mean 833 43.0* 51.6 15.8 30.7* 107.9 11.0 1.3 0.2
Sd 28 1.2 0.8 0.3 0.3 14.6 3.4 0.3 0.1

rBc: red blood cell, Hct: hematocrit, McV: mean corpuscular volume, McH: mean corpuscular hemoglobin, McHc: mean corpuscular 
hemoglobin concentration, PLT: platelet, WBC: white blood cell, LYMP: lymphocyte, EOS: eosinophil. * and **: Significantly different 
from Nog mice at P<0.05 and P<0.01by Student’s t-test, respectively.

Table 3. Blood chemical data in Nog and NSg mice

age  
(weeks)

Strain  
(No. of mice)

aLt  
(iu/l)

aLP  
(iu/l)

t-BiL  
(mg/dl)

crNN  
(mg/dl)

Male 9 Nog (10) Mean 36 352 0.1 0.08
Sd 6 61 0.0 0.02

NSg (10) Mean 32 291* 0.2 0.08
Sd 6 36 0.0 0.03

11 Nog (12) Mean 40 260 0.2 0.12
Sd 14 38 0.0 0.03

NSg (12) Mean 30 224* 0.2 0.09*
Sd 12 35 0.0 0.03

Female 9 Nog (5) Mean 30 443 0.1 0.08
Sd 6 25 0.0 0.00

NSg (5) Mean 33 356** 0.2** 0.07
Sd 4 25 0.0 0.01

11 Nog (6) Mean 47 396 0.1 0.08
Sd 9 34 0.0 0.02

NSg (6) Mean 31** 331** 0.2 0.08
Sd 5 25 0.1 0.02

aLt: alanine aminotransferase, aLP: alkaline phosphatase, t-BiL: total bilirubin, crNN: 
creatinine. * and **: Significantly different from NOG mice at P<0.05 and P<0.01 by 
Student’s t-test, respectively.



COMPARATIVE DATA BETWEEN NOG & NSG MICE 477

not be detected in any mice of either strain. Moreover, 
ectopic exocrine gland and cyst in the thymus were fre-
quently and equally observed in mice of both strains 
(table 6).

Minimal spongiotic change in the medulla oblongata 
and spinal cord was noted in both strains, and its inci-
dence in female Nog mice was a little higher than that 
in female NSg mice (table 6). Subcapsular cell hyper-
plasia in the adrenal developed earlier and its incidence 
was higher in NSg mice than in Nog mice. in the ster-
num, chondromucinous degeneration, showing similar 
severity, was noted in most mice of both strains. More-
over, immaturity of the female genital organs was found 
showing a little higher incidence in Nog mice than in 
NSg mice.

although other changes than the above-mentioned 
were also observed in various organs, they were all de-
tected only in a small number of Nog and/or NSg mice 
(table 6).

Experiment 2
at 16 weeks after inoculation, the tumor formation 

rate was 100% (8/8) in both Nog and NSg mice inocu-
lated with 1×105 and 1×106 cells/head, with no statisti-
cally significant strain differences (Table 7). in addition, 
the tumor growth curve was similar between Nog and 
NSg mice, when inoculated with 1×105 and 1×106 cells/
head (Figs. 4a and B). Moreover, the tumor volume 
showed no statistically significant differences between 
Nog and NSg mice at each point of measurement, al-

Table 4. absolute and relative organ weights in Nog and NSg mice

age  
(weeks)

Strain  
(No. of 
mice)

FBW Brain† Heart Lung Liver Kidney-rL testis-rL

g mg mg/100g mg mg/100g mg mg/100g mg mg/100g mg mg/100g mg mg/100g

Male 9 Nog (10) Mean 21.1 460 2,187 104 493 122 581 1,140 5,400 357 1,696 131 624
Sd 1.2 17 165 9 36 11 49 90 210 18 101 18 90

NSg (10) Mean 26.9 483** 1,797** 130** 482 153** 568 1,300** 4,820** 456** 1,691 183** 679
Sd 1.4 13 74 11 33 9 25 60 110 31 53 8 29

11 Nog (12) Mean 22.5 460 2,057 103 460 120 538 1,090 4,860 365 1,629 146 654
Sd 1.5 9 137 8 30 10 51 120 280 18 65 17 85

NSg (12) Mean 29.0 487** 1,681** 132** 456 157** 541 1,390** 4,800 487** 1,677 178** 616
Sd 1.3 17 86 10 26 16 49 100 270 48 124 20 78

Female 9 Nog (10) Mean 16.6 454 2,739 82 496 114 685 770 4,650 211 1,272
Sd 1.0 13 119 6 18 11 39 80 250 16 67

NSg (10) Mean 21.6 474** 2,202** 99** 461** 138** 640* 910** 4,200** 272** 1,261
Sd 1.9 17 131 7 25 18 54 120 270 26 45

11 Nog (5) Mean 18.9 471 2,501 90 477 118 623 840 4,450 231 1,223
Sd 1.4 27 131 9 40 13 38 110 390 21 40

NSg (5) Mean 22.9 496* 2,171** 103** 450 141** 616 940* 4,120* 280** 1,222
Sd 1.3 22 116 7 25 10 37 100 290 21 53

FBW: final body weight. †: Values in left and right columns show absolute and relative organ weight, respectively. * and **: Significantly different from NOG 
mice at P<0.05 and P<0.01 by Student's t-test, respectively.

Table 5. Macroscopic findings in NOG and NSG mice

tissue observation

Sex Male Female

age (weeks) 9 11 9 11

Strain Nog NSg Nog NSg Nog NSg Nog NSg
No. of mice 10 10 12 12 10 10 12 12

thymus rudimentary 10 10 12 12 10 10 12 12
Spleen Focus, white 1 0 0 0 0 0 1 0
Lymph node, submandibular rudimentary 10 10 12 12 10 10 12 12
Lymph node, mesenteric rudimentary 10 10 12 12 10 10 12 12
Peyer’s patch unobservable 10 10 12 12 10 10 12 12
intestine, jejunum diverticulum 0 0 0 1 0 0 0 0
Liver Focus, white 0 0 1 1 0 0 0 0
testis Small 1 0 0 1 – – – –
epididymis Small 1 0 0 0 – – – –
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Table 6. Microscopic findings in NOG and NSG mice

tissue observation

Sex Male Female

age (weeks) 9 11 9 11

Strain Nog NSg Nog NSg Nog NSg Nog NSg
No. of mice 10 10 12 12 10 10 12 12

thymus Number examined 10 8 11 10 7 8 11 11
Hypocellularity, lymphoid, cortex / medulla 10 8 11 10 7 8 11 11
Hypoplasia, cortex / medulla 10 8 11 10 7 8 11 11
debris, apoptotic 1 0 0 1 0 0 0 1
ectopic thyroid 0 0 0 0 1 0 0 2
ectopic exocrine gland 3 2 4 2 1 0 3 1
ectopic parathyroid 0 0 0 0 0 0 1 0
cyst 6 6 10 8 5 4 6 8

Spleen Hypocellularity, lymphoid, white pulp 10 10 12 12 10 10 12 12
Hypoplasia, follicle / marginal zone / PaLSa) 10 10 12 12 10 10 12 12
Metaplasia, osseous 1 0 0 0 0 0 1 0
Hematopoiesis, extramedullary 10 10 12 12 10 12 12 12

Lymph node, submandibular Number examined 10 8 10 12 9 8 10 11
Hypocellularity, lymphoid 10 8 10 12 9 8 10 11
Hypoplasia, cortex / medulla 10 8 10 12 9 8 10 11
debris, apoptotic 2 1 3 4 2 4 4 6

Lymph node, mesenteric Number examined 10 8 8 9 9 9 12 12
Hypocellularity, lymphoid 10 8 8 9 9 9 12 12
Hypoplasia, cortex / medulla 10 8 8 9 9 9 12 12
debris, apoptotic 7 2 6 9 7 9 11 11

other lymphoid tissuesb) Hypoplasia, lymphoid tissue 10 10 12 12 10 10 12 12
Medulla oblongata/ Spinal cord Spongiotic change 6 5 6 5 6 1 9 4
adrenal Hyperplasia, subcapsular cell 0 2 0 6 0 7 2 12
Liver Necrosis, focal 0 0 1 1 0 0 0 0
testis infarction 1 0 0 0 – – – –
Bone, sternal degeneration, chondromucinous 10 9 12 12 10 9 12 12
genimal organ, female immature – – – – 4 1 2 0
a)Periarterial lymphatic sheath. b)Mucosa associated lymphatic tissues including intestinal, bronchopulmonary and nasopharyngeal mucosa.

Fig. 3. representative histology images of the lymphoid tissues. image a, c and e were from male Nog mice and 
image B, d and F were from male NSg mice, 11 weeks of age. (a) and (B) thymus. Severe lymphoid deple-
tion with disappearance of the cortico-medullary junction. Bar=100 µm. (c) and (d) Spleen. Severe lymphoid 
depletion with loss of normal architectures of the white pulp and marginal zone. Bar=100 µm. (e) and (F) 
Mesenteric lymph node. Severe lymphoid depletion with loss of normal cortical and medullary architectures. 
Bar=100 µm. H&E stain. There was no histological difference in each tissue between NOG and NSG mice.



COMPARATIVE DATA BETWEEN NOG & NSG MICE 479

though it was slightly bigger in Nog mice than in NSg 
mice when inoculated with 1×105 cells/head while it was 
slightly smaller in Nog mice than in NSg mice when 
inoculated with 1×106 cells/head.

Histologically, the engrafted tumor was composed of 
large epithelium-like cells with nuclear pleomorphism 
and surrounded by fibrous tissues and infiltration of in-

flammatory cells excluding lymphocytes. Such histo-
logic features of the engrafted tumor were essentially 
similar between Nog and NSg mice (Figs. 5a and B).

the tumor observed in the pubic region of a Nog 
mouse in group 1 was diagnosed as a spontaneous os-
teosarcoma, and it was immunohistochemically negative 
for both anti-HLA antibody and anti-human specific Ki-

Table 7. tumor formation rate of HeLa cells in Nog and NSg mice

group inoculated cell cell dose  
(cells/head)

Number of mice with tumors (% formation)*

Nog NSg

1 HeLa 1 × 103 0/8 (0%) 0/8 (0%)
2 HeLa 1 × 104 0/8 (0%) 1/8 (13%)
3 HeLa 1 × 105 8/8 (100%) 8/8 (100%)
4 HeLa 1 × 106 8/8 (100%) 8/8 (100%)
5 Mrc-5 1 × 106 0/8 (0%) 0/7 (0%)

*: tumor formation rate was evaluated 16 weeks after inoculation by 1×103, 104, 105 and 
106 HeLa cells, and 1×106 Mrc-5 cells.

Fig. 4. Mean growth curve of engrafted subcutaneous HeLa tumors in Nog and NSg mice at 
1×105(a) and 1×106(B) cells/head.

Fig. 5. representative histology images of the engrafted tumor. image a and B were from Nog 
and NSg mice, respectively. Both tumors from Nog and NSg mice were composed of 
large epithelium-like cells with nuclear pleomorphism and increased mitotic figures. 
Bar=100 µm. H&e stain.
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67 antibody. therefore, the tumor was judged not to be 
derived from inoculated HeLa cells.

Discussion

to provide fundamental biological data of Nog and 
NSG mice, two experiments were conducted. The first 
was to collect biological background data up to 11 weeks 
of age, and the second was to assess their susceptibility 
to tumorigenesis by xenotransplantation using HeLa 
cells.

Neither death nor spontaneous tumors were noted in 
both strains during the experimental periods until 11 
weeks of age. the body and organ weights were sig-
nificantly lighter in NOG mice than in NSG mice. The 
food consumption was correspondingly lower in Nog 
mice than in NSg mice. With regard to the body weight 
difference, it is considered to reflect the genetic predis-
position, whereas exogenous factors such as breeding 
environment difference between the vendors could not 
be totally excluded. Moreover, in the clinical observa-
tion, alopecia in the parietal region was observed tran-
siently from 7 to 9 weeks of age only in a small number 
of female NSg mice, though its cause and meaning were 
obscure.

The most typical findings in NOG and NSG mice were 
extremely small numbers of peripheral blood lympho-
cytes and severe systemic hypoplasia of the lymphoid 
tissues, and the severities of such changes were almost 
similar between the two mouse strains. Hypoplastic lym-
phoid tissues were characterized by severe lymphocyte 
depletion with poorly developed tissue architecture. the 
above-mentioned hematological and histological chang-
es in Nog and NSg mice were consistent with those in 
previous reports [6, 8, 17]. on the other hand, some 
hematological parameters showed statistically signifi-
cant, but minimal, differences between NOG and NSG 
mice. Such differences were considered not to be bio-
logically meaningful. taken together with the similarity 
in gene mutation [4, 17], the severity of the immuno-
deficient state was judged to be similar between NOG 
and NSg mice.

as for the histological changes other than those in the 
lymphoid system, subcapsular cell hyperplasia in the 
adrenal was more frequently observed in NSg mice than 
in NOG mice. This finding is known as an age-related 
change and more commonly found in females than in 
males [11]. our previous study to collect biological 

background data of Nog mice up to 52 weeks of age 
revealed that subcapsular hyperplasia in the adrenal in-
creased with age, although the occurrence at 7 weeks of 
age was low (0.5%) in both sexes [6]. although the real 
meaning of this histological change is obscure, it is 
thought to be less meaningful because it is supposed to 
have less influence on adrenal function.

Nog and NSg mice have the genetic background of 
Nod-scid mice which develop thymic lymphoma. 
therefore, the occurrence of thymic lymphoma was the 
matter of main concern in Nog and NSg strains. How-
ever, the incidence of thymic lymphoma has been re-
ported to be very low in Nog mice [19], and its occur-
rence has not been reported in NSg mice [15]. in the 
present study, neither thymic lymphoma nor lymphoid 
hyperplasia was observed in mice of either strain.

Spongiotic changes having minimal severity appeared 
focally or multifocally in the medulla oblongata and 
spinal cord, and the incidence was slightly higher in 
Nog mice than in NSg mice. in addition, our previous 
study revealed that such change appeared at 7 weeks of 
age without neurological signs, and disappeared until 52 
weeks of age [6]. Further investigation of this change 
may be required, as its pathogenesis is still obscure.

the incidence of immaturity of female genital organs 
was slightly higher in Nog mice than in NSg mice at 9 
weeks of age. This seems to reflect minor differences in 
the developmental phase between the two strains of mice. 
Moreover, ectopic exocrine gland and cyst in the thymus 
were found in Nog and NSg mice without strain dif-
ferences, and the incidence of the latter was high. it 
seems to be reasonable to consider that the former is 
congenital in nature and the latter is secondary to thymic 
hypoplasia. therefore, these changes seem not to reduce 
the usefulness of Nog and NSg mice as a host of xe-
notransplantation.

there are many references in the literature that Nog 
or NSg mice were the most suitable mouse strain for 
human cell engraftment and human hematopoietic stem 
cell transplantation [1–3, 5, 9, 14, 17]. However, as men-
tioned in the introduction, there have been no publica-
tions of direct comparison between Nog and NSg mice 
except for the report by Mcdermott et al. [10]. they 
reported that as compared with Nog mice, NSg mice 
generated a higher graft in human cord blood engraft-
ment in the bone marrow. in the present study, there was 
no significant difference between NOG and NSG mice 
in HeLa cell engraftment. Xenograft efficiency is well 
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known to differ by type of tumor, site of implantation 
and tumor aggressiveness [13]. Therefore, the difference 
in the results between our present study and Mcdermott 
et al. might be due to the differences in the engrafted cell 
type and/or site. Both Nog and NSg mice are known 
to be superior in xenograft efficiency compared with 
other immune-deficient mouse strains [5, 7, 9, 10]. To 
confirm which strain of NOG and NSG mice is more 
useful to evaluate xenograft efficiency will require more 
direct comparative studies between Nog and NSg mice 
using various human tumor cell lines.

in conclusion, this study revealed that there were no 
biologically meaningful differences between NOG and 
NSg mice in clinical and histological background data 
up to 11 weeks of age and in tumorigenesis by HeLa cell 
implantation.
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