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Abstract: Five pairs of two-month-old NIH hairless mice were mated, and five pairs of two-month-old NIH normal 
mice were mated as the control. The number of pups and the survival rate of the pups after weaning were recorded. 
Statistical methods were used to analyze the organ coefficients of the heart, liver, spleen, lung, and kidney for the 
one-month-old and two-month-old normal mice and NIH hairless mice (five males, five females). Paraffin sections 
of the heart, liver, lung, kidney, and skin for the one-month-old NIH hairless mice and normal mice were prepared 
and observed under a light microscope and the dorsal skin of the one-week-old and two-week-old NIH hairless mice 
and normal mice were observed using scanning electron microscopy (SEM). Our results showed that the litter size 
and the survival rate of the pups after weaning of the NIH hairless mice were lower than those of the normal mice, 
with significant differences in some of the organ coefficients (P<0.05); no significant differences were found in the 
histological characteristics of the heart, liver, lung and kidney tissue. Manifestations of the dorsal skin in the NIH 
hairless mice included a small number of hair follicles in the dermis and subcutaneous tissue, with keratosis in the 
follicles, while no significant hair shaft structure was observed.
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Introduction

As mutations occurring under natural condi-
tions, the use of spontaneous mutations is an 
important approach to obtain transgenic ani-
mal models [1]. Common spontaneous mutant 
mouse models include mutant mice with dwarf-
ism, mice with muscular dystrophy, diabetic 
mice, obese mice, mice with bone sclerosis, 
mice with retinal degeneration, mice with asple-
nia, and nude mice, which are widely used in 
studies of drug development and pathogenesis 
[2-6].

This study primarily aimed to investigate select 
biological characteristics of NIH hairless mice 
created through a spontaneous gene mutation 
and obtain information regarding their repro-
ductive performance and histology, thereby 
providing a research basis for the study of this 
mouse model with a mutation affecting the 
coat and hair. 

Materials and methods

Ethics statement

The animal slaughter experiments were con-
ducted in accordance with the guidelines of Jilin 
University on the Review of Welfare and Ethics 
of Laboratory Animals approved by the Jilin 
Province Administration Office of Laboratory 
Animals. All animal procedures were approved 
by Institutional Animal Care and Use Committee 
(IACUC) of Jilin University (Permit Number: 
20140304). All surgery was performed under 
sodium pentobarbital anesthesia, and all 
efforts were made to minimize suffering.

Experimental animals and the feeding and 
rearing environment

SPF grade NIH hairless mice and normal mice 
were provided by the Changchun Institute of 
Biological Products Co., Ltd (SCXK-2011-003). 
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Sterile mouse feed and an IVC rearing system 
were provided by the Laboratory Animal Center 
of Jilin University (SYXK-2013-005).

Reagents and equipment

Formaldehyde solution (25%) and glutaralde-
hyde solution (25%) were purchased from 
Tianjin Fuchen Chemical Reagent Factory. 
Other reagents included eosin (AR), hematoxy-
lin (AR), neutral balsam, absolute alcohol, and 
xylene. The electronic scale was purchased 
from METTLER TOLEDO. Sodium pentobarbital 
were purchased from Sigma. The EG1150H 
paraffin embedding station and RM2245 rotary 
microtome were purchased from LEICA. The 
ES-2030 Freeze Dryer, E-1010 Ion Sputter, and 
S3400N scanning electron microscope were 
purchased from Hitachi.

Breeding of NIH mice 

Five pairs of two-month-old NIH hairless mice 
were mated, and five pairs of two-month-old 
normal mice were mated as the control. After 
the pups were born, the number of pups were 
recorded with routine observation and record-
ing. After weaning, the pups were divided by 
gender, and the males and females were reared 
in separated cages with observation. 

Sample collection

Five of each gender of one-month-old and two-
month-old NIH hairless mice and NIH normal 
mice were weighed and sacrificed by cervical 
dislocation, followed by dissection and obser-
vation. The heart, liver, lungs, kidneys, and dor-
sal skin were collected and stored in 4% formal-
dehyde solution after drying the blood and 
removing the blood clots and fascia. The one-
week-old and two-week-old NIH hairless pups 
and normal pups were sacrificed by cervical 
dislocation under sodium pentobarbital anes-
thesia, and the dorsal skin was collected and 
flattened on filter paper in 2.5% glutaraldehyde 
solution.

t test using SPSS 19, and P<0.05 was consid-
ered statistically significant.

The tissues of the heart, liver, lung, kidney, and 
skin from mice were fixed in 4% formaldehyde, 
embedded in paraffin, and sliced, and they 
were then observed under a light microscope 
after HE staining.

Scanning electron microscopy (SEM) of the 
dorsal skin

The dorsal skin was collected from the one-
week-old and two-week-old NIH hairless mice 
and normal mice and fixed with 2.5% glutaral-
dehyde solution overnight at 4°C, then washed, 
trimmed and fixed. Next, the samples were 
rinsed, dried, dehydrated and coated with gold 
on the ion sputtering coating apparatus.

Results

Litter size and survival rate of the pups after 
weaning of the NIH hairless mice

The results of the statistical analysis showed 
that the litter size of the NIH hairless mice was 
smaller than that of the NIH normal mice; the 
survival rate of the pups after weaning of the 
NIH hairless mice was also lower than that of 
the NIH normal mice, with statistically signifi-
cant differences (Table 1). The appearance of 
the one-month-old NIH hairless mice was sig-
nificantly different from that of the normal mice. 
The backs of the NIH hairless mice were cov-
ered with fine hair, with folds in the neck skin, 
and the internal organs were observable 
through the skin. The NIH normal mice had 
thick and shiny coats, and the dorsal skin was 
not visible (Figure 1).

Organ coefficients and histological characteris-
tics of select organs in the NIH hairless mice 

The results of our statistical analysis showed 
that the average organ coefficients of the heart, 

Table 1. Comparison of the litter size and survival rate 
of the pups after weaning of the NIH hairless mice and 
NIH normal mice 

Litter size Survival rate
NIH hairless mice 8.8000±1.7889 73.8560%±12.1411%
NIH normal mice 12.0000±1.4142 91.9680%±8.2354%
P 0.015* 0.028*
Note: *indicates that the two sets of data were significantly different 
(P<0.05).

Analysis of the organ coefficients and 
histological observations of the organs 
and skin 

The live mice were weighed, and the 
weights of the heart, liver, spleen, lung, 
kidney and thymus were routinely mea-
sured. Organ coefficient = organ weight/
body weight of the mouse ×100%. The 
data are presented as means ± SEM. 
Differences were analyzed by the Student 
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liver, spleen, lung, and kidney of the one-month-
old male hairless mice were higher than those 
of the male normal mice, and the differences of 
the lung were significant. The average organ 
coefficients of heart, lung, and kidney of the 
one-month-old female hairless mice were high-
er than those of the female normal mice, and 
the differences of the heart, lung, and left kid-
ney were significant. The average organ coeffi-
cients of the heart, liver, spleen, and kidney of 
the two-month-old male hairless mice were 
higher than those of the normal mice, and the 
differences in the coefficients of the liver, 
spleen, left kidney and right kidney were signifi-
cant. The average organ coefficients of the 
liver, spleen, lung, and kidney of the two-month-
old female hairless mice were higher than 

those of the normal mice, and the differences 
in the coefficients of the liver, spleen, and left 
kidney were significant. The average organ 
coefficient of the thymus of the NIH hairless 
mice was lower than that of the normal mice 
(Tables 2, 3). Accordingly, the main differences 
in the organ coefficients between the NIH hair-
less mice and the normal mice were that the 
organ coefficients of most organs in the NIH 
hairless mice were high, while the organ coeffi-
cient of the thymus was low.

Histological observation of the organs and skin

The heart, liver, lung, kidney tissues of the NIH 
hairless mice and the normal mice showed no 
significant difference (Figures 2-5), whereas 

Figure 1. Appearance of the one-month-old mice. A: One-month-old NIH hairless mice; B: One-month-old NIH normal 
mice. The appearance of the NIH hairless mice was significantly different from that of the normal mice. The backs 
of the NIH hairless mice were only covered with fine hair, and the internal organs were observable through the skin.

Table 2. Comparison of the organ coefficients of the one-month-old mice
Hairless mice (♂) Normal mice (♂) P Hairless mice (♀) Normal mice (♀) P

Heart 0.005912±0.000469 0.004974±0.000863 0.075 0.006425±0.000750 0.004356±0.000414 0.000*
Liver 0.051862±0.004755 0.046982±0.005575 0.175 0.049193±0.001634 0.050932±0.003631 0.317
Spleen 0.007934±0.002523 0.005386±0.000833 0.064 0.004375±0.001353 0.00542±0.000993 0.186
Lung 0.011122±0.001909 0.007452±0.001279 0.007* 0.010643±0.001698 0.006944±0.001126 0.002*
Left kidney 0.008484±0.002173 0.006458±0.000530 0.077 0.011670±0.002184 0.006362±0.000743 0.001*
Right kidney 0.007440±0.001215 0.006940±0.000662 0.443 0.007460±0.000947 0.006064±0.000806 0.029*
Thymus 0.004184±0.000449 0.005006±0.000690 0.056 0.003765±0.001312 0.005330±0.000898 0.051
Note: *indicates that the two sets of data were significantly different (P<0.05).

Table 3. Comparison of the organ coefficients of the two-month-old mice
Hairless mice (♂) Normal mice (♂) P Hairless mice (♀) Normal mice (♀) P

Heart 0.005248±0.000704 0.004994±0.000504 0.530 0.004636±0.000444 0.005176±0.000763 0.209
Liver 0.063626±0.003414 0.053298±0.001549 0.000* 0.060270±0.001804 0.049068±0.001672 0.000*
Spleen 0.004614±0.000543 0.00374±0.000385 0.019* 0.005502±0.000315 0.004626±0.000362 0.004*
Lung 0.004850±0.000648 0.004938±0.000378 0.800 0.005880±0.000471 0.005690±0.000205 0.432
Left kidney 0.009292±0.000785 0.007510±0.000786 0.007* 0.007360±0.000154 0.005888±0.000635 0.001*
Right kidney 0.008908±0.000753 0.007752±0.001005 0.074 0.007606±0.000959 0.006618±0.000676 0.096
Thymus 0.002142±0.000422 0.002442±0.000283 0.223 0.003382±0.000385 0.003626±0.0007128 0.520
Note: *indicates that the two sets of data were significantly different (P<0.05).
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the structures of the skin were significantly dif-
ferent. The subcutaneous tissue and dermis of 

the NIH hairless mice had fewer follicles, with 
no obvious hair root and hair shaft, whereas 

Figure 2. Sections of heart tissue for one-month-old mice (×200). A: NIH hairless mice; B: NIH normal mice. The 
cardiomyocytes of the NIH hairless mice are intact with no abnormalities.

Figure 3. Sections of lung tissue for one-month-old mice (×200). A: NIH hairless mice; B: NIH normal mice. The lungs 
of the NIH hairless mice are clear with no hyperemia or septal thickening.

Figure 4. Sections of liver tissue for one-month-old mice (×200). A: NIH hairless mice; B: NIH normal mice. The stem 
cells of the NIH hairless mice were intact with a clear boundary, showing no significant inflammatory cell infiltration.
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Figure 5. Sections of kidney tissue for one-month-old mice (×200). A: NIH hairless mice; B: NIH normal mice. The 
glomeruli of the NIH hairless mice showed no abnormalities, and the arrangements of the renal tubules were nor-
mal.

Figure 6. Sections of dorsal skin tissue for one-month-old mice (×200). (A) NIH hairless mice; (B) NIH normal mice. 
The number of follicles of the NIH hairless mice was significantly less than that of the normal mice; obvious hair 
shaft structures were not observed, and keratosis was found in the follicles. The → in (A) demonstrate the keratin-
ized follicles, while the → in (B) show the shaft in the obvious hollow-like structures.

Figure 7. SEM images for the dorsal skin of the 7-day-old mice (×350 100 μm). A: The dorsal skin of a 7-day-old 
hairless mouse; no obvious hair growth was observed, and → demonstrates the keratinized layer-like substances; 
B: The dorsal skin of a 7-day-old normal mouse; → demonstrates the normally developed hair, and the dorsal skin 
was still observable.
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hair shafts in a hollow-like structure could be 
observed in the normal mice (Figure 6).

Results of SEM for the dorsal skin

By SEM, growing hair can be clearly observed in 
the 7-day-old NIH normal mice, while almost no 
hair was growing in the 7-day-old NIH hairless 
mice, with the keratinized substances on the 
skin surface (Figure 7). The hair development 
in the 14-day-old NIH normal mice was normal, 
and the dorsal skin was not visible; in contrast, 
the hair development in the 14-day-old NIH 
hairless mice was incomplete, with extremely 
rare hair that showed defects in the hair struc-
ture (Figures 8 and 9).

Discussion

The litter size and survival rate of pups after 
weaning are two important indicators to mea-
sure the breeding ability of animals. The results 
of our statistical analysis showed that the litter 
size and the survival rate of pups after weaning 
of the NIH hairless mice were lower than those 
of the normal mice, indicating that the repro-
ductive performance of the NIH hairless mice 
was poor. The female NIH hairless mice were 
able to fertilize and lactate, but the litter size 
and the survival rate of pups after weaning 
were relatively low. Many known mutations in 
the skin or hair affect the reproductive perfor-
mance of mice. For example, neither male nor 

Figure 8. SEM images for the dorsal skin of the 14-day-old mice (×350 100 μm). A: The dorsal skin of a 14-day-old 
hairless mouse; → demonstrates the immature hair, with keratinized layer-like substances on the skin surface; B: 
The dorsal skin of a 14-day-old normal mouse; → demonstrates the normally developed hair, with a scaly surface in 
a regular arrangement. The dorsal skin was not observable.

Figure 9. SEM images for the dorsal skin of a 14-day-old hairless mouse (×850 50 μm). With further magnification, 
incomplete hair growth can be observed at →; the scaly structure in a regular arrangement on the skin surface was 
not observed, and the front part of some hair even broke off.
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female at mice are fertile; female nu/nu nude 
mice have no reproductive capacity; female 
hairless hr/hr mice have no lactating ability; 
female mc mice have no reproductive capacity; 
female sf mice are infertile; and female ab mice 
have reduced fertility [7]. Because of the poor 
reproductive performance of the NIH hairless 
mice, the reproductive capacity of the female 
mice will also decline with increasing age. 
Therefore, in the breeding process, healthy 2- 
to 3-month-old individual mice should be 
selected as the breeding mice.

The results of our statistical analysis showed 
that the main differences in the organ coeffi-
cients between the NIH hairless mice and the 
normal mice were that the organ coefficients of 
most organs in the NIH hairless mice were high, 
while the organ coefficient of the thymus was 
low. The light microscopy observations of the 
HE stained sections of the organ tissue demon-
strated that the development of these organs 
in the NIH hairless mice was normal, with no 
significant abnormalities. Research has also 
shown that the hairless gene mutation not only 
affects the skin but also affects immune organs 
such as the thymus [8]. Zhang found that there 
is premature atrophy of the thymus in Yuyi hair-
less (YYHL) mice, leading to decreased immu-
nity and a shortened life span in YYHL mice [9]. 
Autoimmune deficiency diseases were also 
observed in sf mice [10]. The organ coefficient 
of the thymus for the NIH hairless mice was low, 
suggesting that the thymus development of the 
NIH hairless mice may have defects, such as 
premature degradation.

The results of light microscopy observation 
showed that the number of follicles in the dor-
sal skin of the NIH hairless mice was less than 
that of the normal mice; further, keratosis 
occurred in the hair follicles, with no significant 
hair follicle structures. The SEM images illus-
trated that there was no hair growing on the 
skin surface of the 7-day-old NIH hairless mice, 
with keratinized layer-like substances on the 
skin surface. Although hair was observable on 
the skin surface in the 14-day-old mice, the 
hairs were significantly different compared to 
those of the normal mice, and the number of 
hair was very low. Zhu and Zhang observed a 
similar phenomena in YYHL mice [9, 11]; Wu 
also made similar observations in snthr-1bao 
hairless mice [12]. Development of hair is 

closely related to the development of hair folli-
cles, and abnormalities in follicle development 
will directly affect hair development. For exam-
ple, the sa gene has a direct impact on the hair 
bulb to affect the hair growth, resulting in the 
satin hair phenotype in mice [13, 14]. Currently, 
the hyperkeratosis in the hair follicles of the 
NIH hairless mice is speculated as the exact 
reason for the failure of normal hair growth, 
and whether the hyperkeratosis of follicles will 
become more severe with increasing age is not 
clear yet.

To date, more than 140 genes affecting the 
coating and the structure of hair have been 
reported, of which the hr gene is the one 
attracting the most research interest. The hr 
gene plays an irreplaceable role in catagen, 
and deficiency in the hr gene function can pre-
vent successful hair growth [15]. In the mutant 
mice carrying the hairless gene and its allele, 
their hair structure changed, and their thymus 
also showed structural changes of accelerated 
degeneration with age [16]. As a member of the 
family of the winged helix/forkhead transcrip-
tion factors, the Foxn1 gene is expressed in 
skin and TECs. Studies have shown that the 
Foxn1 gene plays a key role in the early devel-
opment of thymus and skin; the deletion of 
Foxn1 genes also affected the normal develop-
ment of thymus and skin [17]. Cunliffe VT con-
firmed that the nu mice phenotype is caused by 
a mutation in the Foxn1 gene [18]. Identifying 
the mutations causing the phenotype of the 
NIH hairless mice may contribute to further 
investigations of the NIH hairless mice model.

Gene mutations include spontaneous muta-
tions and induced mutations, and valuable ani-
mal models can be obtained by these two 
approaches. Zhang Jintao found mice that lose 
their hair in the breeding process of KM mice 
and successfully reproduced and established 
the inbred strain of YYHL mice. Mao obtained 
two new strains of hairless mice by ENU muta-
genesis. Li SR also established Uncv mice in 
the breeding process of BALB/c mice [19]. 
These mice with the obtained mutated gene 
showed differences from normal mice in not 
only skin and coat development but also repro-
ductive performance and histological charac-
teristics [20, 21]. Spontaneous mutations in 
mice are those mutations that are naturally 
occurring in the breeding process of mice; they 
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represent an important approach to acquiring 
new genetic variations and gene functions with 
a very low probability [22]. As a type of new 
mutant mice with a spontaneous mutation that 
affects the coat, the NIH hairless mice obtained 
in our laboratory showed significant differences 
from the NIH normal mice not only in the hair 
development on the skin surface but also in the 
reproductive performance and histological 
characteristics. Thus, these mice have great 
potential to be developed as a new animal 
model.
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