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Background: Kidney has long been thought to be a body’s largest organ of
elimination for maintaining acid-base balance. In recent years, the research on
kidneys has mainly focused on the structural characteristics of the kidney of single
age group animals. In this paper we used histological and immunohistochemical
methods to observe and compare the structure characteristics of yak kidney and
the expression of epidermal growth factor receptor (EGFR), bone morphogenetic
protein-2 (BMP-2) and p53 in the kidney of yaks of three different age groups. The
aim of the study was to investigate histological characteristics of age-related chan-
ges in the kidney of yak and expression and localisation of kidney-related factors.
Materials and methods: Fifteen healthy male and female yaks from highland
plateaus (three groups: newborn, adult and old yaks, n = 5 per group). Histo-
logical methods were used to compare the relevant characteristics of the kidney
of yaks. The immunohistochemistry method was used to observe the expression
and localisation of EGFR, BMIP-2, and p53 of the kidney of different ages, and the
optical density value was measured and analysed by using image analysis software.
Results: This is an overall observation of the kidney tissue section, which includes the
surface of the renal capsule and the internal parenchyma. In the renal parenchyma,
there are renal corpuscles, renal tubules. The internal substance included cortex and
medulla, which were bounded by the arched artery. In the cortex, there were renal
corpuscles, convoluted part of renal tubules (proximal convoluted tubule and distal
convoluted tubule) and collecting tubules. The medulla included straight parts of
renal tubules (proximal straight tubule and diistal straight tubule), thin segments and
collecting tubules. It was observed that the organisational structure of the kidney of
yaks did not change with age, but the degree of development of the internal structure
(glomeruli, renal tubules and collecting tubules) of the kidney changed with age.
Immunohistochemical results demonstrated that EGFR and BMP-2-positive reaction in
the newborn group was mainly distributed in the proximal tubule epithelial cells, and
widely distributed in the adult and old groups. However, the p53-positive reaction
was widely distributed in the newborn, adult and old groups.

Conclusions: The results revealed that the kidney structure tended to be com-
pleted with age, and the function of the kidney gradually improved. EGFR and
BMP-2 had the effect of promoting kidney development. However, p53 had been
widely distributed in the newborn kidney of the yaks. It is suggested that p53 had
been involved in cell migration and metabolic differentiation and self-renewal in
the new stage. (Folia Morphol 2019; 78, 1: 114-123)
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INTRODUCTION

As the largest excretory organ in the body, the
kidney plays a vital role in regulating metabolism and
acid-base balance in the body. The existing research
on kidneys has been mainly focused on the structural
characteristics of the kidney of single age group an-
imals such as dog, rat, mouse and, Bactrian Camels
[2, 36]. However, studies on the kidney of different
ages were found only in mouse [37] and human [18].
So far, since the yak (Bos grunniens) is a species that
reproduced in the alpine zone of the Qinghai-Tibet
Plateau and the study focused on respiratory system
[38], circulatory system [13], immune system [40]
and reproductive system [25], including organisation-
al structure, ultrastructure and some factors. There
is no detailed information from histological stud-
ies on the impact of kidney-related factors and age
on yak kidneys.

Epidermal growth factor receptor (EGFR) is a kind
of glycoprotein, which belongs to the tyrosine kinase
receptor, and its molecular weight is 170 kDa. EGFR
is located on the surface of the cell membrane and is
activated by binding to a ligand, including EGF and
transforming growth factor (TGF)-alpha [8]. EGFR
plays an important role in physiological processes
such as growth, proliferation, and differentiation of
cells [30]. Studies have shown that EGFR is widely dis-
tributed in the kidney [33]. The distribution of EGFR in
human kidney tissue is the same as that in mouse and
rat kidney tissue [11]. It has recently been reported
that activation of EGFR leads to phosphorylation of
Smad 1, the downstream target of bone morphoge-
netic protein, by a mitogen-activated protein kinase
(MAPK)-dependent mechanism [22].

Bone morphogenetic proteins (BMPs) are a group
of osteogenic factors, and structurally, BMPs are highly
homologous to TGF-beta family of proteins [14, 27].
BMPs exert their biologic effects via type Il and type
| serine-threonine kinase receptors [1, 14, 27]. In the
current study, BMPs have been shown to play an im-
portant role in the development of gut, heart, skin,
teeth, lung and kidney [16]. High-affinity binding sites
for BMP-2, a specific member of this family of proteins,
had been identified in different cells and tissues includ-
ing the kidney [19]. BMP-2 may regulate both kidney
development and adult tissue maintenance [35].

The tumour suppressive gene p53 is widely known
as a key regulator of apoptosis by acting both as
an active component of the apoptosis cascade and
as a transcription factor [3]. p53 is one of the key
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regulatory genes activated during kidney develop-
ment which induces cell cycle arrest or apoptosis to
maintain genome integrity [15]. A previous study
demonstrated that p53 phosphorylation is involved
in the development of the kidney [5]. Intrauterine
growth restriction (IUGR) model established by uter-
ine artery ligation observed a parallel increase in p53
protein level and apoptosis in the kidneys of IUGR
rats after birth [3]. p53 signalling is highly complex
and involved in kidney development through multiple
pathways [12].

In this study, we used histological and immu-
nohistochemical methods to observe and compare
the structure characteristics of yak kidney and the
expression of EGFR, BMP-2 and p53 in the kidney of
yaks of three different age groups. The purpose of
this study was to explore the age-related changes
of healthy plateau yaks and the expression of renal-
-related factors in the kidney yaks of different ages.
It laid the biological and pathological foundation for
the study of the urinary system in this plateau animal.

MATERIALS AND METHODS

Animals

Fifteen highland-plateau yaks were used for the
study. Five of them were purchased in Gannan Tibetan
Autonomous Prefecture, and the rest were purchased
in Qinghai Province. This study was approved by the
State Forestry Administration, and all procedures
were performed in compliance with guidelines for the
care and use of laboratory animals adopted by the
Ministry of Science and Technology of the People’s
Republic of China.

Fifteen clinically normal yaks were divided into
the following three age groups: newborn (1-7 days,
n = 5), adult (3-6 years, n = 5) and old (7-10 years,
n = 5). All groups included both males and females.
Each yak was euthanized with pentobarbital sodium
(200 mg/kg, IV). The kidney was harvested at 10-30 min
after euthanasia. For histologic and immunohisto-
chemical analyses, small specimens of kidney tissue
were fixed in a solution of 4% paraformaldehyde in
a phosphate buffer (pH, 7.3).

Light microscopy

Paraformaldehyde-fixed tissue specimens were
embedded in paraffin. The tissue was then sliced
into four um-thick sections, and the distribution of
collagen and basic structure in the kidney was ob-
served by Masson’s trichrome (aniline blue) staining,
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and the structure of the arched artery was observed
by AB-PAS/Masson’s trichrome (aniline blue) double
staining. Haematoxylin and eosin (H&E) staining was
used to observe the difference in kidney structure at
a different age. The above structures were observed
by optical microscope (Olympus DP71, Tokyo).

Immunohistochemical analysis

For immunohistochemical staining to investigate
EGFR, BMP-2 and p53 expression levels, kidney tissue
sections were deparaffinised in xylene and rehydrat-
ed through a graded series of alcohols. The antigen
was repaired with 3% deionised H202 (15-20 min)
and sealed with goat serum (15-20 min). Primary
rabbit anti-EGFR, anti-BMP-2 and anti-p53 polyclon-
al antibodies (Bioss, Beijing, 1:200 dilution) were
applied and sections were incubated at 4°C over-
night. The sections were then incubated with the
goat anti-rabbit antibody and peroxidase complex.
The labelled sections were then counterstained with
3-3'diaminobenzidine [10] and the nucleus lightly
counterstained with haematoxylin.

Statistical analysis

Intensity measurements for immunohistochemical
assay were performed using integrated optical density
and measured by Image analysis software (Image-Pro
Plus version 6.0 Media Cybernetics, USA). Statistical
analysis was performed using the Statistical Package
for Social Science software (version 19.0, IBM Corp,
Armonk). Values of p < 0.05 were considered significant.

RESULTS

Histologic characteristics

The surface of the yak kidney was covered by
amembrane that composed of collagen fibres (Fig. 1A)
and under the membrane was the substance. Sub-
stance included cortex (Fig. 1C) and medulla (Fig. 1D)
which were bounded by the arched artery (Fig. 1B). In
the cortex, there were renal corpuscles, renal tubules
and collecting tubules. The ellipsoidal renal corpuscles
were respectively glomeruli and renal capsule from in-
side to outside. The glomeruli were mainly composed
of a network of capillaries and the wall of the renal
capsule was rich in collagen fibres (Fig. 1A). The bend
part of renal tubules included proximal convoluted
tubule and distal convoluted tubule. In the cortex,
the collecting tubules were divided into two parts,
which were bow type tubules and straight set tubules
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(Fig. 1C). The medulla included straight parts of renal
tubules (proximal straight tubule and distal straight
tubule); thin segments and collecting tubules in the
depths of the medulla were generally referred to
nipple tubes (Fig. 1D). In addition, the cortical and
medullary tubules were rich in collagen fibres.

The number of glomerular in the kidney cortex
of yak decreased with age. The size of glomeruli
increased with age and the distribution of cells in
the newborn yak glomeruli was closed, especially
in the marginal region, where the cells were closely
aligned. However, the gap between adult and elderly
glomeruli cells became larger, the cells were loosely
arranged, and the number of cells in the marginal
zone decreased (Fig. 2A-C).

The study on the structure of renal tubules and
collecting tubules in yak kidney of all age groups
were shown in Figure 2A-F. The results showed that
compared with the adult and old yak renal tubules,
newborn yak renal tubular structure had not been
fully developed, and distal tubule wall was not obvi-
ous, but the proximal tubule was obvious.

Immunohistochemical localisations

Distribution characteristics of EGFR in the kid-
ney of the yak. The EGFR positive reaction was mainly
distributed in the proximal tubule epithelial cells of
the newborn group (Fig. 3A, D), but in the adult
(Fig. 3B, E) and old group (Fig. 3C, F), the renal tubular
epithelial cells were extensively distributed and the
collecting tubule epithelial cells and glomerular cells
demonstrated slight distribution.

Distribution characteristics of BMP-2 in the
kidney of the yak. The positive reaction of BMP-2 in
the newborn group mainly distributed in the prox-
imal tubule epithelial cells (Fig. 4A, D). The positive
reaction of BMP-2 in the adult group (Fig. 4B, E) and
the old group (Fig. 4C, F) was widely distributed in
the renal tubular epithelial cells and the collecting
tubule epithelial cells. The macroscopic observation
found that distal tubules positive reaction was more
than the proximal tubule positive reaction.

Distribution characteristics of p53 in the kidney
of the yak. p53 positive reactions were widely dis-
tributed in all age groups of glomerular cells, renal
tubular epithelial cells and collecting tubule epithelial
cells. The macroscopic observation found that the
positive reaction was more intense in distal tubular
epithelial cells (Fig. 5A-F).
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Figure 1. Representative photomicrographs of kidney sections from healthy highland-plateau yaks in two age groups (newborn [1 to 7 days
old; A and B], old [7 to 10 years old; C and D]) illustrating histologic characteristics (A through D). To assess the histologic characteristics,
sections were stained with Masson’s trichrome (aniline blue) and AB-PAS/Masson'’s trichrome (aniline blue) double stain. Bar = 100 um.
Inserts in panels C through D: Higher-magnification views of the arched artery, renal capsule and renal tubules. Bar = 20 um. Ca — capsule;
MC — malpighian corpuscle; G — glomeruli; RC — renal capsule; PCT — proximal convoluted tubule; DCT — distal convoluted tubule;

Aa — arched artery; JCM — junction of cortex and medulla; CT — collecting tubule; CF — collagen fibre; PST — proximal straight tubule;
DST — distal straight tubule; TS — thin segment.

Figure 2. Representative photomicrographs of kidney sections from healthy highland-plateau yaks in three age groups (newborn [1 to 7 days
old; A and D], adult [3 to 6 years old; B and E], or old [7 to 10 years old; C and F]) illustrating histologic changes (A through F). To assess the
histologic changes, sections were stained with H&E stain. A through C: bar = 100 um. D through F: bar = 50 um; G — glomeruli; PCT — prox-
imal convoluted tubule; DCT — distal convoluted tubule; CT — collecting tubule; PST — proximal straight tubule; DST — distal straight tubule.
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Figure 3. Representative photomicrographs of kidney sections from healthy highland-plateau yaks in three age groups (newborn [1 to 7 days
old; A and D], adult [3 to 6 years old; B and E], or old [7 to 10 years old; C and F]) illustrating the localisation of epidermal growth factor
receptor (EGFR) (A through F). Immunohistochemical staining was used to identify EGFR, which appears in yellow. Bar = 100 um. Inserts in
panels A through F: Higher-magnification views of the positive expression of EGFR in the kidney. Bar = 20 um; C — cortex; M — medulla.
See Figure 1 for the remainder of the key.

Figure 4. Representative photomicrographs of kidney sections from healthy highland-plateau yaks in three age groups (newborn [1 to 7 days
old; A and D], adult [3 to 6 years old; B and E], or old [7 to 10 years old; C and F]) illustrating the localisation of bone morphogenetic protein-2
(BMP-2) (A through F). Immunohistochemical staining was used to identify BMP-2, which appears in yellow. Bar = 100 um. Inserts in panels
A through F: Higher-magnification views of the positive expression of BMP-2 in the kidney. Bar = 20 um; C — cortex; M — medulla. See
Figure 1 for the remainder of the key.
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Figure 5. Representative photomicrographs of kidney sections from healthy highland-plateau yaks in three age groups (newborn [1 to 7 days old;
A and D], adult [3 to 6 years old; B and E], or old [7 to 10 years old; C and F]) illustrating the localisation of p53 (A through F). Immunohistochem-
ical staining was used to identify p53, which appears in yellow. Bar = 100 um. Inserts in panels A through F. Higher-magnification views of the
positive expression of p53 in the kidney. Bar = 20 um; C — cortex; M — medulla. See Figures 1 and 2 for the remainder of the key.

Measurements of immunohistochemistry
Optical density values of EGFR
in the kidney of the yak

Different regions. EGFR positive responses were
different in different regions of the same age group.
In the newborn group, the positive expression of
EGFR in the medulla was significantly higher than
the cortex and the junction of cortex and medulla
(Fig. 6A, p < 0.05); In the adult group, the posi-
tive expression of EGFR in the junction of the cor-
tex and medulla was lower than the cortex and
medulla; In the old group, the positive expression
of EGFR in the medulla of the old group was low-
er than the cortex and the junction of cortex and
medulla. There was no significant difference be-
tween the adult and the old groups in three regions
(Fig. 6A, p > 0.05).

Different age groups. With age, the positive
expression of EGFR in the cortex and the junction of
cortex and medulla of the newborn group was signif-
icantly lower than the adult group and the old group
(Fig. 6B, p < 0.05), while the EGFR positive expression
in medulla were the largest in aged, followed by the
differences in the newborn, with those in the adult
being the smallest and there were significant differ-
ences between the newborn and the adult group
and the adult and old age groups (Fig. 6B, p < 0.05).

119

Optical density values of BMP-2
in the kidney of the yak

Different regions. The positive expression of
BMP-2 in the cortex of the newborn and the old group
was higher than the junction of cortex and medulla
and the medulla, and there was no significant differ-
ence between the three regions (Fig. 7A, p > 0.05).
The positive expression of BMP-2 in the medulla of
the adult group was significantly lower than the cor-
tex and the junction of cortex and medulla (Fig. 7A,
p < 0.05).

Different age groups. The expression of BMP-2
positive expression in cortex, the junction of cortex
and medulla and medulla were increased with age.
The positive expression in the cortex and medulla of
the old group was significantly different from the new-
born group and the adult group (Fig. 7B, p < 0.05).
However, there was no significant difference between
the different age groups of the junction of cortex and
medulla (Fig. 7B, p > 0.05).

Optical density values of p53
in the kidney of the yak

Different regions. The positive expression of p53
in the cortex of the newborn group was higher than
the junction of cortex and medulla and the medulla.
The positive expression of p53 in the medulla of the



Folia Morphol., 2019, Vol. 78, No. 1

=
(=~}

g b 2 2 . € 230; b b b

S 225 a . 2 2 225 b a

£ 220] 5 4 £ 200{ 2 :

w w

= 215 5 2.15] a

£ 2.10; 8 210 . ﬂ

s 1 s L

z 27 z 27

2 2

3 1] [ 3z 1] Hl Newborn

g = JCM B m Adult

g. ol -\ E. 0l = 0id
Newborn Adult oid C JCM M

Figure 6. The optical density value distribution of epidermal growth factor receptor (EGFR) in the different regions of the kidney of same age
groups of yaks (Fig. 4A). The optical density value distribution of EGFR in the same regions of the kidney of different age groups of yaks (Fig. 4B);
C — cortex; JCM — junction of cortex and medulla; M — medulla. Data are reported as mean = standard deviation. Mean values with different
letters are significantly different (p < 0.05) and same letters are not significantly different (p > 0.05). ®Not significantly; "Significantly different.
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Figure 7. The optical density value distribution of bone morphogenetic protein-2 (BMP-2) in the different regions of the kidney of same age
groups of yaks (Fig. 6A). The optical density value distribution of BMP-2 in the same regions of the kidney of different age groups of yaks (Fig. 6B);

C — cortex; JCM — junction of cortex and medulla; M — medulla. Data are reported as mean + standard deviation. Mean values with
different letters are significantly different (p< 0.05) and same letters are not significantly different (p > 0.05). Not significantly; "Significantly
different.
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Figure 8. The optical density value distribution of p53 in the different regions of the kidney of same age groups of yaks (Fig. 8A). The optical
density value distribution of p53 in the same regions of the kidney of different age groups of yaks (Fig. 8B); C — cortex; JCM — junction of
cortex and medulla; M — medulla. Data are reported as mean = standard deviation. Mean values with different letters are significantly different
(p < 0.05) and same letters are not significantly different (p > 0.05). ®Not significantly; ®Significantly different.

adult group was higher than the cortex and the junc- Different regions among the three groups were not
tion of cortex and medulla. The positive expression significant (Fig. 8A, p > 0.05).

of p53 in the junction of cortex and medulla of the Different age groups. The positive expression
old group was higher than the cortex and medulla. of p53 in the cortex of the old group was higher
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Figure 9. The optical density values of epidermal growth factor
receptor (EGFR), bone morphogenetic protein-2 (BMP-2) and p53
in the kidney of different age groups of yaks. Data are reported as
mean = standard deviation. Mean values with different letters are
significantly different (p < 0.05) and same letters are not significantly
different (p > 0.05). ®Not significantly; ®Significantly different.

than the adult and the newborn, and there was no
significant difference between the three age groups
(Fig. 8B, p > 0.05). The positive expression of p53 in
the junction of cortex and medulla and medulla of
the newborn group was significantly lower than the
adult and the old (Fig. 8B, p < 0.05).

Comparison of the optical density values
of EGFR, BMP-2 and p53 in different age
of the yak kidneys

The total positive expression of EGFR and BMP-2
increased with age, while the total positive expression
of p53 first increased and then decreased. The total
positive expression of EGFR and p53 in the newborn
was significantly different from the adult and the
old (Fig. 9, p < 0.05); the total positive expression of
BMP-2 in the old was significantly different from the
newborn and the adult (Fig. 9, p < 0.05).

DISCUSSION

In this study, the tissue structure of yak kidney was
demonstrated by Masson'’s trichrome (aniline blue)
stain and AB-PAS/Masson’s trichrome (aniline blue)
double stains. The results showed that the kidney of
yaks was like human [28], mouse [24], rabbit [21],
Bactrian camels [36] and African white rhinoceros
[26]. This result provided a reference for the histo-
logical changes of clinically normal yak kidney. Histo-
logical characteristics of postnatal day 11 rat kidney
show that the most glomeruli, particularly in the outer
cortex are immature appearing. Tubules are not fully
mature [32]. This study found that the kidney struc-
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ture of newborn yak was not fully developed, which
was consistent with the previous research. However,
we also found that there was no intrinsic change in
the internal tissue structure of yak kidney, but the
development degree of the glomerular, renal tubule
and the collection tubule had changed. This result is
consistent with the studies of the human kidney [18,
34]. It showed that the kidney structure tended to be
completed with age, and the function of the kidney
gradually increased [7].

Epidermal growth factor receptor positive reac-
tions were widely distributed in the kidneys, includ-
ing mesangial cells, proximal tubule, and cortical
and inner medullary collecting duct, as well as in
medullary interstitial cells [11]. We found that the
EGFR positive reaction was mainly distributed in
the proximal tubule epithelium of the newborn yak
and were widely distributed in the adult and old
yak kidneys. Our results were not consistent with
the above researchers. It indicated that the func-
tion of the nephron of the newborn yak was not
fully developed and its function was not compre-
hensive. However, EGFR was present in the kidney
before birth and was involved in cell proliferation
and differentiation. In the newborn, the proximal
tubules are developed and mature and the existence
of EGFR is to maintain the integrity of the mature
tubule epithelium [20]. BMP-2 was essential for early
embryonic development [39]. In vertebrates, BMP
genes were multi-effect growth/differentiation fac-
tors and expressed in many embryonic organs and
tissues, including epithelial and mesenchymal cells
[16]. Previous studies found that BMP-2 was highly
expressed in the heart myocardial layer and uterine
epithelial cells of the mice [23]. Up to now, there
is no relevant literature on BMP-2 expression in the
kidney. Our study found that the positive reaction
of BMP-2 in the newborn group was mainly in the
proximal tubule epithelium and that in the adult
group and the old group they were widely distribut-
ed in the kidney. Therefore, we speculate that BMP-2
may have a role in promoting kidney development.
Molchadsky et al. [29] found that p53 expression
is ubiquitous early in mouse embryogenesis, after
which time expression is restricted to specific tis-
sues during organogenesis. The study found that
p53 positive reaction was widely distributed in the
newborn yak, suggesting that p53 was involved
in cell migration, metabolism, differentiation, and
self-renewal during this period [9, 31].
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The results of the average optical density values of
the kidney cortex, the junction of cortex and medulla
and medulla of different age groups indicate that
the positive expression of EGFR in the cortex and the
junction of cortex and medulla increased with age,
while the positive expression of EGFR in the medulla
decreased first and then increased. The results indi-
cate that EGFR promoted kidney development [30].
EGFR has existed from embryonic stage, and the
tissues derived from endoderm and ectoderm can
promote mitosis and stimulate the synthesis and
metabolism, and stimulate the proliferation of epider-
mal cells, epithelial cells, interstitial cells and vascular
endothelial cells. Therefore, there was a change in
the degree of epithelial cell integrity with age, and
there was an incremental change in the cortex and
the junction of the cortex and medulla, and the EGFR
content in the tubules of the medulla were reduced
after birth. With age, EGF binds to the receptor to
form a dimer, which activates the tyrosine kinase re-
ceptor in the receptor cell. The enzyme receptor itself
or substrate phosphorylation on tyrosine residues,
result in a series of downstream signal protein and
enzyme phosphorylation (activation). By means of
MAPK, the proliferation signal was introduced into
the nucleus, which eventually caused the cell to enter
the S stage, leading to cell proliferation and increasing
the expression of EGFR [4]. In addition, some results
suggested that BMP-2 could promote embryonic de-
velopment. In this study, the positive expression of
BMP-2 in the cortex, medulla and the junction of
cortex and medulla increased with age. Therefore,
it is speculated that BMP-2 has been involved in the
proliferation and differentiation of cells in the kidney
at the beginning of the embryonic period and pro-
moted the development of the kidneys [17]. At the
same time, the study showed that positive expression
of p53 in cortex increased with age, while positive
expression of p53 in the medulla and the junction of
cortex and medulla first increased and then decreased
with age. The results indicated that the development
of the cortex, the junction of cortex and medulla and
medulla in the kidney was different, and the p53
showed different positive expression changes with
the development degree of each structure [29].

Finally, the results also demonstrated that the total
positive expression of EGFR and BMP-2 increased with
age and the total positive expression of p53 decreased
with age. Previous literature confirms that EGFR and
BMP-2 are expressed in organs such as kidneys [6]
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and uterus [23] and increased expression with age.
Therefore, we hypothesize that EGFR and BMP-2 have
the effect of promoting kidney development. He et
al. [12] found that p53 protein expression levels de-
creased in the kidneys of rats with age, which was
consistent with our results, indicating that p53 was
a key regulatory factor in the development of kidney.

CONCLUSIONS

The results revealed that the development of the
kidney of the yak internal structure changed with
age, indicating that the yak kidney structure tended
to complete with age and the function of kidneys
gradually improved. EGFR and BMP-2 positive reaction
in the newborn group was mainly distributed in the
proximal tubule epithelial cells, and widely distributed
in the adult and old groups, indicating that EGFR and
BMP-2 had the effect of promoting kidney develop-
ment. However, p53 had been widely distributed in
newborn kidney of the yaks. It is suggested that p53
had been involved in cell migration and metabolic
differentiation and self-renewal in the new stage.
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