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Abstract: Introduction: Survivin is a member of inhibitor of apoptosis protein (IAP) family that has been 
implicated in both apoptosis inhibition and regulation of mitosis. Nowadays, involvement of survivin in renal repair 
mechanisms is considered as a matter of controversy. Aim of the study:  This study was done to detect the 
expression of survivin in the normal renal cortices and in experimentally induced acute renal failure of adult male 
albino rats. Materials & Methods: Twenty healthy adult male albino rats were used in this study. They were 
equally divided into two groups; control (I) and experimentally induced acute renal failure; ERF (II). Rats in group 
(II) were injected by 20 mg cisplatin per kg body weight intraperitoneally dissolved in saline and then subdivided 
into two subgroups according to the time of sacrifice after ERF. Subgroup A (IIA) sacrificed after 24 hours while 
subgroup B (IIB) rats were sacrificed at the fourth day. Rats of control group (I) were injected with saline by the 
same dose and route of administration. They were also subdivided into two subgroups (IA&IB) according to the 
time of sacrifice. Renal cortices were dissected out and were processed for examination by light microscope. 
Immune reaction of survivin and P53 were carried out. Area percentage and optical density of both survivin and P53 
were estimated and statistically analyzed. Results: Twenty four hours after induction of ERF, renal cortices 
contained apparently normal corpuscles and markedly dilated convoluted tubules with luminal casts in some of 
them. Most of the tubular cells had deeply stained nuclei and vacuolated cytoplasm. Others had deeply acidophilic 
cytoplasm. Thin collagen fibers still present around renal tubules, corpuscles and within the corpuscles between the 
glomerular capillary tuft. Few blood capillaries were also observed among the tubules. Concomitant with these 
changes, marked reduction of survivin expression with highly expressed P53 were observed. Four days after ERF, 
moderate improvement of renal tubular architecture with focally affected tubules. Most of the tubules were lined by 
cuboidal cells with pale stained cytoplasm and round pale nuclei. Some tubules still had vacuolated cytoplasm. 
Flattened cells with flattened nuclei were observed around renal tubules. Many blood capillaries were observed 
among the renal tubules. Moderate aggregations of collagen fibers were observed around the renal corpuscles and 
the affected tubules. Strong positive immune reaction for survivin was observed in the apparently improved renal 
tubules. While weak positive one was still noticed in renal corpuscles and the affected tubules. P53 immune reaction 
was negative in apparently normal tubules and corpuscles. Weak positive P53 immune reaction was noticed in the 
affected tubules. Estimated and analyzed data of area percentage and optical density of survivin and P53 confirmed 
the results. Conclusion: Variable structural changes were observed in renal cortices after experimentally induced 
acute renal failure. These changes were correlated with marked reduction in survivin expression and high expression 
of P53. After that, moderate improvement of renal structure was associated over expression of surviving and marked 
reduction of P53 and. These results encourage further evaluation of survivin for prevention and /or treatment of 
acute renal failure. 
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1. Introduction 
 In adult human body, several thousands of 

cells are produced every second by mitosis and a 
similar number die by apoptosis for maintenance of 
homeostasis. The process of cell division and loss 
must be balanced not only in order to generate and 
maintain tissue architecture but also to allow 
adaptation to environmental changes. So, various 
anti-apoptotic molecules and mechanisms as well as 
proapoptotic factors are involved in cell homeostasis 
[1,2]. 

Among the cell homeostasis, considerable 
interest has been focused on the Inhibitor of 
Apoptosis (IAP) family. IAP is a family of regulatory 
proteins that bind and inhibit caspases activity.  It is 
also modulates cell division, cell cycle progression 
and signal transduction pathways. Nine IAP family 
members have been identified: X-linked IAP, cIAP1, 
cIAP2, neuronal apoptosis inhibitor protein, 
melanoma IAP, IAP-like protein 2, livin, apollon and 
survivin[2,3]. 

Survivin is a unique protein that is highly 
expressed during embryonic development and with 
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less expression in most normal non-dividing adult 
tissues. It is notably present in all tumors making it a 
potential diagnostic marker and therapeutic target for 
cancer[4,5]. The main established function of 
survivin is the regulation of cell division potentially 
by regulating spindle microtubule assembly [6]. 

For many years, there was a prevalent concept 
that survivin was not or hardly expressed in adult 
differentiated tissues. However, numerous studies 
have demonstrated survivin expression in various 
normal cells and tissues as ovaries, oviducts and 
kidney. Therefore, careful descriptions of survivin 
expression and its role in adult non-cancerous tissues 
are urgently required [7].  

P53 is a tumor suppressor protein synthesized 
in the cytoplasm of various cells. It is usually 
expressed at high level during embryogenesis with 
persistent expression in some tissues undergoing 
differentiation. P53 can block cell cycle progression 
and/or induce apoptosis by transactivation of specific 
target genes.  It is triggered by a wide variety of 
insults as ultraviolet radiation, chemotherapeutic 
agents, free radicals and hypoxia [8]. 

It had been established that p53 
transcriptionally regulates a number of genes that 
control apoptosis as Bcl-2. Survivin can block 
apoptosis induced by a variety of apoptotic triggers. 
The exact biochemical mechanism by which survivin 
suppresses apoptosis has been debated. However, it 
was found that disturbances of the correlation 
between P53 and survivin expression are common 
events in various medical problems suggesting a 
functional link between them [9]. 

Kidney is an organ with a variety of highly 
specific tasks as blood pressure control, regulation of 
erythropoiesis in addition to maintenance of water 
and electrolyte homeostasis. Acute renal failure 
(ARF) is one of the most important socioeconomic 
problems that usually occur as a result of reversible 
decline in glomerular filtration rate. ARF occurs at 
least in 5% of hospitalized patients and in 30-50% of 
those admitted to the intensive care unit[10-12].Until 
now, the majority of patients with ARF will die. Most 
of the survivors will become independent from renal 
replacement therapy within a year. Involvement of 
survivin in renal repair mechanisms is considered as 
a matter of controversy [13,14]. So, this study was 
done to detect the expression of survivin in the 
normal renal cortices and in experimentally induced 
acute renal failure of adult male albino rats.  

 
2.Materials and Methods 

Twenty healthy adult male albino rats (3-6 
months) weighing 180-200 g were utilized in this 
study. They were housed in stainless-steel cages and 
were maintained in room temperature at 23ºC. They 

were allowed water ad libitum and were fed a 
standard diet. They were equally divided into two 
main groups; a control group (I) and an 
experimentally induced acute renal failure (ERF) one 
(II). ERF was done by a single intraperitoneal 
injection of 20 mg cisplatin per kg body weight 
dissolved in saline. Cisplatin was manufactured by 
Mylan Co. Rats in group (II) were subdivided into 
two subgroups according to the time of sacrifice after 
ERF. Subgroup A (IIA) rats were sacrificed after 24 
hours from induction while subgroup B (IIB) rats 
were sacrificed at the fourth day. Rats of control 
group (I) were injected with saline by the same dose 
and route of administration. They were also 
subdivided into two subgroups (IA&IB) according to 
the time of sacrifice [15]. 
 Before the time of sacrifice of each 
subgroup of both groups, the blood samples from the 
rats’ tails were collected for estimation of serum 
creatinine level. After that, rats were anesthetized 
with 50 mg sodium pentobarbital per kg body weight 
intraperitoneally. Renal cortices of all rats were 
dissected out carefully and their renal cortical regions 
were processed for light microscope examination. 
They were fixed in 10%formal saline and were 
processed to prepare 5μm thick paraffin sections for 
Haematoxylin &Eosin, Mallory Trichrome and 
immunohistochemical stains [16]. 

For immunohistochemical staining of survivin 
(anti-apoptotic) and P53 (pro-apoptotic), paraffin 
sections were cleaned in xylene, hydrated and then 
placed in PBS (pH 7.6). They were treated with 
0.01M citrate buffer (pH 6.0) for 10 minutes to 
unmask antigen. Then, they were incubated with 
0.3% H2O2 for 30 minutes to abolish endogenous 
peroxidase activity before blocking with 5% horse 
serum for 1-2 h then washed with PBS. Slides were 
incubated with the primary antibody (Thermo 
scientific company) (1:50 monoclonal mouse anti 
surviving or anti P53) at 4°C for overnight, then 
washed and incubated with biotinylated secondary 
antibodies followed with avidin–biotin complex. 
Finally, sections were developed with 0.05% 
diaminobenzidine slides, were counter stained with 
Mayer’s hematoxylin, dehydrated, cleared and 
mounted. Positive cells for survivin and P53 
exhibited brown color in their cytoplasm with blue 
stained nuclei [17,18]. 
Morphometric study:  

Area percentage and optical density of 
survivin and P53were measured using the Leica 
Qwin 500 image analyzer computer system (Leica 
Imaging System Ltd, Cambridge, UK) at the 
Histology and Cell Biology Department, Faculty of 
Medicine, Cairo University. The procedure was done 



Journal of American Science 2013;9(12s)      http://www.jofamericanscience.org 

 

   77 

 

in ten non overlapping fields for each group at ×40 
magnification. 
 
 
Statistical analysis 
Data for both groups (I&II) were expressed as mean 
± SD (X ± SD). The data obtained from the image 
analyzer were subjected to the SPSS program version 
17 (Chicago, USA). Statistically significant 
differences were determined by one-way analysis of 
variance, followed by a Post-hoc test for multiple 
comparisons between different groups. The P values 
<0.05, <0.001, and >0.05 were considered 
significant, highly significant and non-significant 
respectively. 
 
3.Results 
I-Histological results: 

 Haematoxylin and Eosin stained sections of 
the renal cortex of the control adult male albino rats 
(IA&IB) showed that the renal cortex was formed of 
renal corpuscles and convoluted tubules with 
minimal interstitium in between. Each renal 
corpuscle was formed of a glomerulus; tuft of blood 
capillaries surrounded by Bowman’s capsule with 
narrow urinary space. Two types of cortical renal 
tubules were present; proximal convoluted tubules 
(PCT) and distal convoluted tubules (DCT).Both 
tubules were lined by cuboidal epithelial cells with 
round pale nuclei and prominent nucleoli. PCT had 
relatively narrow lumina with few epithelial cell 
lining. DCT had wider lumina with more epithelial 
cell lining (Fig. 1). Mallory trichrome stained 
sections revealed thin collagen fibers arranged 
around renal tubules, corpuscles and between loops 
of glomerular capillary tuft (Fig. 2). 
Immunohistochemically, strong positive cytoplasmic 
immune reaction for surviving was observed in cells 
of both renal tubules and corpuscles (Fig. 3).Weak 
positive cytoplasmic immune reaction for P53 was 
detected in some tubular cells and corpuscles (Fig. 
4).  
 Haematoxylin and Eosin stained sections of 
the renal cortex in ERF subgroup A(IIA) revealed 
that renal cortex contained apparently normal renal 

corpuscles and markedly dilated convoluted tubules 
with luminal casts in some of them (Fig. 5). Most of 
the renal tubular cells had deeply stained nuclei and 
vacuolated cytoplasm. Others had deeply acidophilic 
cytoplasm (Fig.6). Mallory trichrome stained sections 
revealed that thin collagen fibers still present around 
renal tubules, corpuscles and within the corpuscles 
between the glomerular capillary tuft. Also, few 
blood capillaries were observed among the tubules 
(Fig. 7). Survivin immunohictochemical stained 
sections showed weak positive immune reaction in 
cytoplasm of the tubular cells and renal corpuscles in 
comparison with that observed in control group (Fig. 
8).Most of renal tubular cells and corpuscles showed 
strong positive P53 immune reaction in their 
cytoplasm in comparison with the control group (Fig. 
9). 

Haematoxylin and Eosin stained sections of 
the renal cortex in ERF subgroup B (IIB) showed 
moderate improvement of renal tubular architecture 
with focally affected tubules. Most of the tubules 
were lined by cuboidal epithelial cells with pale 
stained cytoplasm and round pale nuclei. Some 
tubules still had vacuolated cytoplasm. Flattened cells 
with flattened nuclei were observed around renal 
tubules. Many blood capillaries were observed 
among the renal tubules (Fig. 10). Mallory trichrome 
stained sections showed moderate aggregations of 
collagen fibers around the renal corpuscles and the 
affected tubules (Fig. 11).Strong positive immune 
reaction for survivin was observed in the apparently 
improved renal tubules. While weak positive one was 
still noticed in renal corpuscles and the affected 
tubules (Fig 12). P53 immune reaction was negative 
in apparently normal tubules and corpuscles. Weak 
positive P53 immune reaction was noticed in the 
affected tubules (Fig. 13). 
 
II- Morphometrical and Statistical results 
a- Regarding Survivin: 

The mean value of the area percentage of 
survivin in the renal cortex in random fields using 
ANOVA test showed that survivin area percentage 
was decreased in subgroup A and markedly increased 
in subgroup B with statistically significant difference. 

 
Table (1): Comparison between mean values of survivin area percentage in different group using ANOVA. 

             Survivin area percentage Mean±SD Range F test P value 
Control 42.4±2.1 40.53-45.77 

47.811 *<0.001 ERF; Subgroup (A) 11.8±3.8 7.30-17.44 
ERF; Subgroup (B) 64.1±14.1 45.44-80.51 

 
The mean value of survivin optical density in 

the renal cortex in different studied group using 
ANOVA test showed that survivin optical density 

was decreased in subgroup A after cisplatin injection 
and markedly increased in subgroup B with 
statistically significant difference. 
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Table (2): Comparison between mean values of survivin optical density in different group using ANOVA. 
                Survivin optical density Mean±SD Range F test P value 

Control 49.8±6.9 44.12-57.76 

59.705 *<0.001 ERF; Subgroup (A) 22.7±4.8 15.12-26.97 

ERF; Subgroup (B) 70.1±1.8 67.74-72.46 

 
b- Regarding P53: 

Statistical analysis of the morphometrical 
results of the area percentage of P53 in the renal 
cortex using ANOVA test showed that P53 area 

percentage was increased in subgroup A after 
cisplatin injection and markedly decreased in 
subgroup B with statistically significant difference. 

 
Table (3):  Comparison between mean values of survivin area percentage in different group using ANOVA. 
               P53 area percentage Mean±SD Range F test P value 

Control 20.8±4.3 13.59-24.58  
112.657 

 
*<0.001 ERF; Subgroup (A) 67.2±8.4 57.53-78.19 

ERF; Subgroup (B) 0.31±0.2 0.03-0.76 
 

Statistical analysis of the morphometrical 
results of P53 optical density in the renal cortex in 
different group  using ANOVA test showed that P53 

optical density was increased in subgroup A after 
cisplatin injection and markedly decreased in 
subgroup B with statistically significant difference. 

 
Table (4): Comparison between the mean values of P53 optical density in different studied groups using ANOVA test. 

               P53optical density Mean±SD Range F test P value 
Control            21.3±4.3         18.05-28.55  

153.228 
 
*<0.001 ERF; Subgroup (A) 64.3±1.0 62.83-65.27 

ERF; Subgroup (B) 9.5±1.4 8.04-11.45 

 
III- Serological results: 
 Measurement of serum creatinine level in the control and experimental groups was so necessary for 
assessment of renal function 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure (1): A photomicrograph of a section in the control renal 
cortex showing renal corpuscles and convoluted tubules with 
minimal interstitium in between. Renal corpuscle is formed of 
glomerulus; tuft of blood capillaries (C) surrounded by 
Bowman’s capsule (arrow) with narrow urinary space (arrow 
head). Two types of cortical renal tubules are present; proximal 
(P) and distal (D) convoluted tubules. Both tubules are lined by 
cuboidal epithelial cells with round pale nuclei and prominent 
nucleoli. PCT have relatively narrow lumina with few 
epithelial cell lining. DCT have wider lumina with more 
epithelial cell lining. (H&E X400). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure (2): A photomicrograph of a section in the control renal 
cortex showing thin collagen fibers (arrows) arranged around 
renal tubules, corpuscles and between loops of glomerular 
capillary tuft. (Mallory trichrome stain X400). 
 
 

 Control ERF; Subgroup (A) ERF; Subgroup (B) 
S. creatinine levelmg/dl 0.53±0.06 1.12 ±0.05 0.89±0.02 
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Figure (3): A photomicrograph of a section in the control renal 
cortex showing strong positive cytoplasmic immune reaction 
of survivin in cells of tubules (arrows) and corpuscles (arrow 
head). (Survivin immunostaining X 400). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure (4): A photomicrograph of a section in the control renal 
cortex showing weak positive cytoplasmic immune reaction for 
P53 in some tubular cells (arrows) and corpuscle (arrow head). 
(P53immunostaining X 400). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure (5):A photomicrograph of a section in the renal cortex 
of subgroup IIA adult rats showing apparently normal renal 
corpuscle (arrow) and markedly dilated convoluted tubules 
(curved arrows) with luminal casts (arrowheads) in some of 
them. (H&E X400). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure (6): A photomicrograph of a section in the renal cortex 
of subgroup IIA adult rats showing that most of renal tubular 
cells (arrow heads) have deeply stained nuclei and vacuolated 
cytoplasm. Others have deeply acidophilic cytoplasm (arrows). 
(H&E X400). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure (7): A photomicrograph of a section in the renal cortex 
of subgroup IIA adult rats showing thin collagen fibers 
(arrows) around the renal tubules, corpuscles and within the 
corpuscles between the glomerular capillary tuft. Few blood 
capillaries (arrow heads) are observed among the tubules 
(Mallory trichrome stain X400). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure (8):A photomicrograph of a section in the renal cortex 
of subgroup IIA adult rats showing weak positive immune 
reaction of survivin in cytoplasm of the tubular cells (arrows) 
and renal corpuscles (arrow heads)in comparison with that 
observed in fig 3. (Survivin immunostaining X 400). 
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Figure (9): A photomicrograph of a section in the renal cortex 
of subgroup IIA adult rats showing strong positive immune 
reaction of P53in the cytoplasm of most tubular cells (arrows) 
and corpuscles (arrow head) in comparison with fig 4. 
(P53immunostaining X 400). 

 
 
 
 
 
 
 
 
 
 
Figure (10):A photomicrograph of a section in the renal cortex 
of subgroup IIB adult male albino rats showing moderate 
improvement of renal tubular architecture with focally affected 
tubules (curved arrows). Most of the tubules are lined by 
cuboidal cells with pale stained cytoplasm and round pale 
nuclei. Some tubules still have cytoplasmic vacuoles 
(V).Flattened cells (arrows) with flattened nuclei are observed 
around renal tubules. Many blood capillaries (arrowheads)are 
observed among the renal tubules. (H&E X 400). 

 
 
 
 
 
 
 
 
 
 
 
 
Figure (11): A photomicrograph of a section in the renal 
cortex of subgroup IIB adult male albino rats showing 
moderate aggregations of collagen fibers (arrows) around the 
renal corpuscle and affected tubules. (Mallory trichrome stain 
X400). 

 
 
 
 
 
 
 
 
 
 
 
Figure (12): A photomicrograph of a section in the renal 
cortex of subgroup IIB adult male albino rats showing strong 
positive survivin immune reaction (arrows) in the apparently 
improved renal tubules. Weak positive immune reaction (arrow 
heads)is still noticed in renal corpuscles and the affected 
tubules. (Survivin immunostaining X 400). 

 
 
 
 
 
  
 
 
 
 
 
Figure (13): A photomicrograph of a section in the renal cortex of subgroup IIB adult male albino rats showing that P53 immune 
reaction is negative in apparently normal tubules and corpuscles (double arrows).Weak positive P53 immune reaction (arrows) is 
noticed in the affected tubules. (P53 immunostaining X 400). 
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4.Discussion 
 For many years, there was a prevalent 

concept that survivin was not or hardly expressed in 
adult differentiated tissues. However, some studies 
have demonstrated survivin in some tissues and cells. 
Therefore, careful description of survivin expression 
and function in adult tissues are urgently required. 
Survivin expression was prominently observed in 
renal tubular epithelial cells and podocytes. The high 
level of survivin expression in these cells may be of 
importance for renal physiology. Furthermore, the 
involvement of survivin in renal repair mechanisms 
could be postulated [7,19]. 

In contrast to the heart or brain, the kidney can 
completely recover from an ischemic or toxic insult 
that resulting in cell death. During recovery, 
surviving tubular epithelial cells can redifferentiate 
and divide at low rate, eventually replacing the 
irreversibly injured tubular epithelial cells and 
restoring tubular integrity. This turnover rate must be 
strictly controlled. Imbalance between cell division 
and cell loss may lead to nephron loss or marked 
increase in nephron and kidney size [20]. 

This study was performed on rats because rat’s 
survivin is homologous to human survivin and the 
sequences homology of human and rat’s survivin 
protein molecules exceed 70% [21]. The renal 
cortices were chosen due to easily detection of 
survivin in renal cells where it may play a central role 
in renal physiology and in response to injury [7].  

In this study, induction of ARF was done by 
cisplatin. It was found [22] that cisplatin induces 
ARF mimic in vivo condition as can as possible. The 
majority of cisplatin administered systemically at a 
high dose is largely cleared via the kidney within few 
hours. Toxicological studies suggest that critical 
effects of cisplatin on the kidney occur within the 
first four hours after administration. Also, it was 
reported [23,24] that the kidney accumulates cisplatin 
to a greater degree than other organs as it is the major 
route for its excretion. Cisplatin concentration in 
proximal tubular epithelial cells is about five times 
higher than the serum concentration.  The 
disproportionate accumulation of cisplatin in kidney 
tissue contributes to cisplatin-induced nephrotoxicity 
that can be diagnosed by tubular cell death and 
deterioration renal functions. 

In this study, serum creatinine level was 
progressively increased in ERF subgroup A.  It was 
reported [25] that serum creatinine level is the most 
widely used and commonly accepted measure of 
renal function in clinical medicine.  It was stated [26] 
that the normal kidneys are able to filter large amount 
of creatinine which is formed as a result of the non 
enzymatic dehydration of muscle creatine. But as a 
result of acute nephrotoxicity, kidneys became unable 

to excrete creatinine due to marked reduction in 
glomerular filtration rate. 

Additionally, in this study after four days 
(IIB), serum creatinine begins to decrease. Previous 
studies [27,28] about acute renal injury were found 
that serum creatinine returned to its normal level after 
two weeks. They attributed this to return of the 
glomerular filtration rate to baseline values. 
However, the complete restoration of renal 
morphology may take up to four weeks. Some 
scientists [20] correlate between the proliferation of 
the renal cells as a trial of repair and the 
improvement renal function. 

In this study, kidney of ERF subgroup A 
revealed that renal cortex contained apparently 
normal renal corpuscles and markedly dilated 
convoluted tubules with luminal casts in some of 
them. Most of the renal tubular cells had deeply 
stained nuclei and vacuolated cytoplasm. Others had 
deeply acidophilic cytoplasm. Many studies were 
done in attempt to explain the pathogenesis of acute 
renal failure. Some scientists suggested [29] that 
tubular cell apoptosis occurred as a result of 
aggregation of lethal cytokines such as TNF-α and 
Fas ligand. These cytokines may leak from the 
affected glomeruli and subsequently reach the tubular 
epithelium. Others [30] reported that cisplatin 
induced nephrotoxicity occurred through marked 
reduction of renal blood flow that subsequently led to 
not only marked hypoxia but also mitochondrial 
injury. PCT is the most liable part of the kidney to 
hypoxia and usually precedes the alteration of renal 
hemodynamics. However, some scientists [23] 
attributed cisplatin nephrotoxicity to the conjugation 
of cisplatin to intracellular glutathione and 
subsequently formation of reactive thiol; a potent 
nephrotoxin that may induce oxidative stress, 
apoptosis and inflammation. Other researchers 
suggested [31-33] that cisplatin nephrotoxicity 
occurred as a result of oxidative stress and 
subsequently increased generation of reactive oxygen 
species(ROS) as superoxide anion, hydrogen 
peroxide and hydroxyl radicals. Increased production 
of ROS not only decreases the activity of the 
antioxidant enzymes (catalase, SOD and glutathione 
peroxidase) but also depletes glutathione and 
subsequently enhances lipid peroxidation in renal 
tissue.  

In this work, after 24 hours of induction of 
ERF (IIA), survivin immunohictochemical stained 
sections showed weak positive immune reaction in 
cytoplasm of the tubular cells and renal corpuscles in 
comparison with that observed in control group. 
Survivin area percentage and optical density was 
statistically decreased. In many types of cells, it was 
claimed [34] that leakage of cytochrome c from 
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mitochondria destroys cells not only by activation of 
caspases but also through cessation of mitochondrial 
electron chain transport with subsequent ATP 
depletion. Survivin is able to suppress caspases and 
subsequently prevent cytochrome c-induced 
apoptosis. However, it is not necessarily stop cell 
death induced by caspase-independent mechanisms. 
Some investigators [35-37] stated that cytoplasmic 
expression of survivin in normal fetal and adult cells 
reflect the activity of the cells. Survivin exists in two 
strikingly different subcellular pools comprising a 
predominant cytoplasmic and a smaller nuclear pool 
that localizes to kinetochores. The approximate ratio 
of cytoplasmic survivin to nuclear one was 6:1. 
Nuclear survivin controls cell division whereas 
cytoplasmic survivin is cytoprotective.  

However, most of renal tubular cells and 
corpuscles of the same group showed strong positive 
P53 immune reaction in their cytoplasm in 
comparison with the control group. Statistically, P53 
area percentage and optical density was increased. It 
was found [38-40] that there was an inverse 
relationship between survivin and P53. ARF may be 
initiated by depletion of intracellular Guanosine 
triphosphate (GTP) which is usually associated with 
rapid increase in the concentration of P53 that 
subsequently promote cell death. It was noticed [15] 
that renal expression of P53 was suppressed after 
survivin gene therapy. So, administration of survivin 
usually prevents renal tubular epithelial cell death in 
some forms of toxin-induced ARF. Some 
investigators [24,33]attributed the renal injury and 
dysfunction after cisplatin injection to excessive 
aggregation of P53. High level of P53 increases the 
permeability of outer mitochondrial membrane to 
various apoptotic factors as cytochrome c. 

In the current work, ERF subgroup B showed 
moderate improvement of renal tubular architecture 
with focally affected tubules. Most of the tubules 
were lined by cuboidal epithelial cells with pale 
stained cytoplasm and round pale nuclei. Some 
tubules still had vacuolated cytoplasm. In acute renal 
injury [41], it was noticed that viable and nonviable 
tubular epithelial cells are desquamated leaving 
regions where the basement membrane remains as the 
only barrier between the filtrate and the peritubular 
interstitium. Recovery from acute injury led to a 
sequence of events includes epithelial cells spreading 
and possibly migration to cover the exposed areas of 
the basement membrane. Then, the cells 
redifferentiate and proliferate to restore cell number 
followed by differentiation and restoration of the 
functional integrity of the kidney. Furthermore, 
during the repair process of the kidney, it was 
reported [42,43]that certain matrix molecules may 
play an important role in the epithelial cell migration. 

Deposition of fibronectin was observed within three 
hours after acute renal injury. This may stimulate 
redifferentiation and subsequently proliferation. 
Osteopontin (OPN) is another molecule which was 
detected [44] in the loop of Henle of normal kidneys. 
In a trial of repair, it continues to be localized in all 
tubule segments and glomeruli as long as the seventh 
day after injury. OPN has some renoprotective 
actions in renal injury. It increases tolerance to acute 
ischemia through inhibition of inducible nitric oxide 
synthase responsible for nitric oxide synthesis, 
reduction of cell peroxide, decreasing cell apoptosis 
and participating in the regeneration of cells. At later 
times after ischemia, it was noticed [45] that laminin 
expression is markedly elevated.  It has been 
proposed that laminin deposition may regulate 
redifferentiation and repolarization of the epithelial 
cells. 

In this study, renal cortices of ERF subgroup B 
revealed flattened cells with flattened nuclei around 
renal tubules. Physiologically, It was reported 
[29,46,47] that renal cortex contains relatively few 
interstitial fibroblasts which usually present in a 
perivascular or peritubular location. In ARF, these 
fibroblasts have the ability to secrete excess amount 
of TNF-α which may be involved in the pathogenesis 
of tubular cell apoptosis. Injured tubular cells as well 
as interstitial infiltrating cells secrete many cytokines 
such as transforming growth factor-β, connective 
tissue growth factor, fibroblast growth factor and 
platelet-derived growth factor. These factors are able 
to transform interstitial fibroblasts to myofibroblasts. 
In addition, it was stated [48] that renal OPN plays a 
significant role in the recruitment and activation of 
interstitial fibroblasts to myofibroblasts.  It was 
claimed [27] that peritubular myofibroblasts play an 
important role in cellular recovery in ARF model. 
Myofibroblasts were firmly attached to denuded 
tubular basement membranes. In addition to the 
possible supporting function of the basement 
membrane, myofibroblasts provide the extracellular 
matrix components by cytokines as paracrine 
mitogens which might promote cellular recovery 
from ARF. 

In this work, thin collagen fibers were still 
present around the renal tubules, corpuscles and 
within the corpuscles between glomerular capillary 
tuft in ERF subgroup A. Among the tubules, few 
blood capillaries were observed. In ERF subgroup B, 
moderate aggregations of collagen fibers were 
noticed around the renal corpuscles and the affected 
tubules. Many blood capillaries were observed 
among the renal tubules. It has been shown [49] that 
acute renal injury usually affects the integrity of 
peritubular capillaries. Other scientists [23,28]added 
that marked reduction in renal microvessels that 
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occur in early stage of ARF usually exacerbate renal 
hypoxia. Hypoxia triggers overproduction of a 
transforming growth factor-beta (TGF-β) and other 
pro-fibrotic molecules that contribute the 
development of tubule-interstitial fibrosis. Post-
ischemic renal fibrosis is usually reversible and 
replaced by regenerated renal tubules. 

At the fourth day of ERF subgroup B, strong 
positive immune reaction of survivin was observed in 
the apparently improved renal tubules. While weak 
positive immune reaction was still noticed in renal 
corpuscles and the affected tubules. Area percentage 
as well as optical density of survivin in the renal 
cortex was statistically increased. Previously [50], 
stated that mitochondria play a pivotal role in 
orchestrating apoptosis and provide a site of 
assembly for various pro and anti-apoptotic 
regulators. Furthermore [51], cytoplasmic survivin is 
usually present in the inter-mitochondrial membrane 
space. Hazardous stimulus to the cell not only 
disturbs the mitochondrial membrane but also 
stimulate the cells to increase IAP expression. 
Leakage of survivin through the affected 
mitochondrial membrane towards the cytoplasm is 
considered as a cytoprotective trial from the cell. In 
addition [5], there is a reserve pool of survivin within 
the mitochondria. Mitochondrial survivin is dynamic 
component meaning that this pool is rapidly 
expanded by cell stress stimuli like hypoxia and is 
promptly discharged in the cytosol in response to full 
blown apoptotic stimulation. So [15], overexpression 
of survivin can protect cells from Fas- and injury-
induced apoptosis by interfering with effector 
caspases and also by stabilizing mitochondrial 
function. 

In ERF subgroup B, P53 immune reaction was 
negative in apparently normal tubules and corpuscles. 
Weak positive P53 immune reaction was noticed in 
the affected tubules. Statistical analysis of area 
percentage and optical density was markedly 
decreased. It has been previously determined [52] 
that P53 can suppress survivin expression and so 
reduction of survivin expression plays an important 
role in P53-mediated apoptosis.  In contrary 
[9,53,54],over-expression of exogenous surviving 
protein rescues cells from P53-induced apoptosis. 
Survivin regulates P53 expression not only by 
modification of P53 degradation but also through 
suppression of gene expression. 
 
Conclusion: 
       From the results of this work, we concluded that 
the structural changes that occurred in renal cortices 
after experimentally induced acute renal failure was 
correlated with marked reduction in survivin 
expression and high expression ofP53. After 4 days 

of ERF, survivin expression was elevated that was 
associated with marked reduction of P53 and 
moderate improvement of renal structure. 
Recommendations: These results encourage further 
evaluation of survivin for prevention and /or 
treatment of acute renal failure. 
 
Corresponding author:  
Maha A. Abdallah Histology and Cell Biology 
Department, Faculty of Medicine, Zagazig 
University, Egypt. 
 Email: maha18770@gmail.com   

 
References 

1. Basu A and Halder S. The relationship of 
BcL2, Bax and P53: Consequences for cell cycle 
progression and death. Mol Human Reprod1998; 
4(12): 1099-1109. 

2. deAlmagro Mc and Vucic D. The Inhibitor of 
Apoptosis (IAP) proteins are critical regulators 
of signaling pathways and targets for anti-cancer 
therapy. Exp Oncol 2012; 34(3): 200-211. 

3. Schimmer AD. Inhibitor of Apoptosis: 
Translating basic knowledge in clinical practice. 
Cancer Res 2004; 64: 7183-7190. 

4. Blanc-Brude OP, Mesri M, Wall NR, Plescia 
J, Dohi T and Altieri DC. Therapeutic targeting 
of the survivin pathway in cancer: Initiation of 
mitochondrial apoptosis and suppression of 
tumor-associated angiogenesis. Clin Cancer Res 
2003; 9: 2683-2692. 

5. Dohi T and Altieri DC. Mitochondrial 
dynamics of survivin and for dimensional control 
of tumor cell apoptosis. Cell Cycle 2005; 4(1): 
21-23. 

6. Mita AC, Mita MM, Nawrocki ST and Giles 
FJ. Survivin: Key regulator of mitosis and 
apoptosis and novel target for cancer 
therapeutics. Clin Cancer Res 2008; 
14(16):5000-5005. 

7. Lechler P, Wu X, Bernhardt W, Campean V, 
Gastiger S, Hackenbeck T, Klanke B, 
Weidemann A, Warnecke C, Amann K, 
Engehausen D, Willam C, Eckardt KU, Rödel 
F and Wiesener MS. The tumor gene survivin is 
highly expressed in adult renal tubular cells: 
Implications for a pathophysiological role in the 
kidney. Am J Pathol 2007; 171: 1483-1498. 

8. Saifudeen Z, Dipp S and El-Dahr. A role for 
P53 in terminal epithelial differentiation. J Clin 
Invest 2002; 109:1021-1030. 

9. Wang Z, Fukuda S and Pelus LM. Survivin 
regulates the P53 tumor suppressor gene family. 
Oncogene 2004; 23:8146-8153. 



Journal of American Science 2013;9(12s)      http://www.jofamericanscience.org 

 

   84 

 

10. Liu KD. Molecular mechanisms of recovery 
from acute renal failure. Crit Care Med 2003; 31: 
572-581. 

11. Schrier RW, Wang W, Poole B and Mitra A. 
Acute renal failure: Definitions, diagnosis, 
pathogenesis and therapy. J Clin Invest 2004; 
114: 5-14. 

12. Gill N, Nally JV and Fatica RA. Renal failure 
secondary to acute tubular necrosis: 
Epidemiology, diagnosis and management. Chest 
2005; 128: 2847–2863. 

13. Li F and Brattain MG. Role of the survivin 
gene in pathophysiology. Am J Pathol 2006; 
169:1-11. 

14. Fukuda S and Pelus LM. Survivin, a cancer 
target with an emerging role in normal adult 
tissues. Mol Cancer Ther 2006; 5: 1087-1098. 

15. Kindt N, Menzebach A, de Wouwer MV, Betz 
I, De VrieseA and Conway EM. Protective role 
of the inhibitor of apoptosis protein, survivin in 
toxin-induced acute renal failure. FASEB J 
2008; 22: 510-521. 

16. Bancroft J. and Gamble A. Theory and 
Practice of Histology Techniques. 6th ed., Pp: 
83-92, Churchil Livingstone, New York and 
London, 2008. 

17. Hirao A, Kong YY, Matsuoka S, Wakeham A 
and Ruland J.  DNA damage-induced activation 
of P53 by the checkpoint kinase Chk2. Science 
2000; 287:1824-1827. 

18. Kiernan J. Histological and Histochemical 
Methods. Theory and Practice. 4th ed., 
Butterworth-Heinmann. Oxford, Boston, 2008. 

19. ChiouSK, Jones MK and Tarnawski AS. 
Survivin; an antiapoptosis protein: Its biological 
role and implications for cancer and beyond. 
Med SciMonit2003; 9(4):143-147. 

20. Bonventre JV. Dedifferentiation and 
proliferation of surviving epithelial cells in acute 
renal failure. J Am SocNephrol 2003; 14: 55-61. 

21. Uren AG, Wong L, Pakusch M, Fowler KJ, 
Burrows FJ, Vaux DL and Choo KH. Survivin 
and the inner centromere protein INCENP show 
similar cell-cycle localization and gene knockout 
phenotype. Current Biol. 2000; 10: 1319-1328. 

22. Kröning R, Katz D, Lichtenstein AK and 
Nagami GT. Differential effects of cisplatin in 
proximal and distal renal tubule epithelial cell 
lines. Br J Cancer 1999; 79(2): 293-299. 

23. Yao X, Panichpisal K, Kurtzman N and 
Nugent K. Cisplatin Nephrotoxicity: A review. 
Med Sci 2007; 334(2): 115-124.  

24. Wei Q, Dong G, Yang T, Megyesi J, Price PM 
and Dong Z. Activation and involvement of P53 
in cisplatin-induced nephrotoxicity. Am J 
Physiol Renal Physiol 2007; 293: F1282-1291. 

25. PerroneRD, Madias NE and Levey AS. Serum 
creatinine as an index of renal function: New 
insights into old concepts. Clin Chem 1992; 
38(10): 1933-1953. 

26. Ferguson MA, Vaidya VS and Bonventre JV. 
Biomarkers of nephrotoxic acute kidney injury. 
Toxicology2008; 245:182-193. 

27. Sun DF, Fujigaki Y, Fujimoto T, Yonemura K 
and Hishida A. Possible involvement of 
myofibroblasts in cellular recovery of uranyl 
acetate-induced acute renal failure in rats. Am J 
Pathology 2000; 4:1321-1335. 

28. Basile DP, Donohoe D, Roethe K and Osborn 
JL. Renal ischemic injury results in permanent 
damage to peritubular capillaries and influences 
long term function. Am J Renal Physiology 
2001; 281:887-899. 

29. Ortiz A, Lorz C, Catalán MP and Danoof 
TM. Expression of apoptosis regulatory proteins 
in tubular epithelium stressed in culture or 
following acute renal failure. Kidney 
international 2000; 57:969-981. 

30. Tanaka H, Ishikawa E, Teshima S, Kojima I 
and Ohse T. Histopathological study of human 
cisplatin nephropathy. Toxicol Pathol 2005; 14: 
247–257. 

31. Ali BH, Al Moundhri MS, Tag Eldin MT, 
Nemmar A, Tanira MO. The ameliorative 
effect of cysteine prodrug L-2-oxothiazolidine-4-
carboxylic acid on cisplatin-induced 
nephrotoxicity in rats. Fundam Clin Pharmacol 
2007; l21: 547–553. 

32. Chirino YI, Sánchez-González DJ, Martínez-
Martínez CM, Cruz C and Pedraza- Chaverri 
J. Protective effects of apocynin against 
cisplatin-induced oxidative stress and 
nephrotoxicity. Toxicology 2008; 245: 18–23. 

33. Fouad AA, Al-Sultan AL, Refaie SM and 
Yacoubi MT. Coenzyme Q10 treatment 
ameliorates acute cisplatin nephrotoxicity in 
mice. Toxicology 2010; 274: 49-56. 

34. Deveraux QL and Reed JC. IAP family 
proteins-suppressors of apoptosis. Genes 
Dev1999; 13:239-252. 

35. Fortugno P, Wall NR, Giodini A, O’Connor 
DS, Plescia J, Padgett KM, Tognin S, 
Marchisio PC and Altieri DC. Survivin exists 
in immunochemically distinct subcellular pools 
and is involved in spindle microtubule function, 
J. Cell Sci 2002; 115: 575-585. 



Journal of American Science 2013;9(12s)      http://www.jofamericanscience.org 

 

   85 

 

36. Iskandar ZA and Al-Joudi FS. Expression of 
survivin in fetal and adult normal tissues of rat. 
Malaysian J Pathol2006; 28(2): 101-105. 

37. Stauber RH, Mann W and Knauer SK. 
Nuclear and cytoplasmic survivin: Molecular 
mechanism, prognostic and therapeutic potential. 
Cancer Res 2007; 67: 5999-6002. 

38. Kelly KJ, Plotkin Z and Dagher PC. 
Guanosine supplementation reduces apoptosis 
and protects renal function in the setting of 
ischemic injury. J Clin Invest 2001; 108: 1291-
1298. 

39. Grossman D, Kim PJ, Blanc-Brude OP, Brash 
DE, Tognin S, Marchisio PC and Altieri DC.  
Transgenic expression of survivin in 
keratinocytes counteracts UVB induced 
apoptosis and cooperates with loss of P53. J Clin 
Invest2001; 108: 991–999. 

40. Beltrami E, Plescia J, Wilkinson JC, Duckett 
CS and Altieri DC. Acute ablation of survivin 
uncovers P53-dependent mitotic checkpoint 
functions and control of mitochondrial apoptosis. 
J BiolChem2004; 279: 2077-2084. 

41. Zuk A, Bonventre JV, Brown D and Matlin 
KS. Polarity, integrin and extracellular matrix 
dynamics in the post-ischemic rat kidney. Am J 
Physiology 1998; 275: 711–731.  

42. Lewington AJ, Padanilam BJ, Martin DR and 
Hammerman MR. Expression of CD44 in 
kidney after acute ischemic injury in rats. Am J 
Physiol Regul Integr Comp Physiol 2000; 278: 
247–254. 

43. Zuk A, Bonventre JV and Matlin KS. 
Expression of fibronectin splices variants in the 
postischemic rat kidney. Am J Physiol Renal 
Physiol 2001; 280: 1037–1053. 

44. Xie Y, Sakatsume M, Nishi S, Narita I, 
Arakawa M and Gejyo F. Expression, roles, 
receptors and regulation of osteopontin in the 
kidney. Kidney International 2001; 60:1645-
1657. 

45. Zuk A and Matlin KS. Induction of a laminin 
isoform and alpha (3) beta (1) integrin in renal 
ischemic injury and repair in vivo. Am J 
Physiology 2002; 283(5):971-984. 

46. Yamate JY, Ishida A, Tsujino K, Tatsumi M, 
Nakatsuji S, Kuwamura M, Kotani T and 
Sakuma S. Immunohistochemical study of rat 
interstitial fibrosis induced by repeated injection 
of cisplatin with special reference to kinetics of 
macrophages and myofibroblasts. Toxicol Pathol 
1996; 24(2): 199-206. 

47. Meran S and Steadman R. Fibroblasts and 
myofibroblasts in renal fibrosis. Int J Exp 
Pathology 2011; 92:158-167. 

48. Yoo KH, Thornhill BA, Forbes MS, Coleman 
CM, Marcinko ES, Liaw L and Chevalier RL. 
Osteopontin regulates renal apoptosis and 
interstitial fibrosis in neonatal chronic unilateral 
ureteral obstruction. Kidney International 2006; 
70: 1735–1741. 

49. Johnson RJ and Schreiner GF. Hypothesis: 
The role of acquired tubule-interstitial disease in 
the pathogenesis of salt dependent hypertension. 
Kidney Int 1997; 52: 1169–1179. 

50. Shi Y. Mechanisms of caspase activation and 
inhibition during apoptosis. Mol Cell 2002; 9: 
459-470. 

51. Dohi T, Beltrami E, Wall NR, Plescia J and 
Altieri DC. Mitochondrial survivin inhibits 
apoptosis and promotes tumorigenesis. J Clin 
Invest 2004; 114: 1117-1127. 

52. Zhou M, Gu L, Li F, Zhu Y, Woods WG and 
Findley HW. DNA damage induces a novel 
P53-survivin signaling pathway regulating cell 
cycle and apoptosis in acute lymphoblastic 
leukemia cells. J Pharmacology and 
Experimental Therapeutics 2002; 303:124-131. 

53. Mirza A, McGuirk M, Hockenberry TN, Wu 
Q, AsharH, Black S, Wen SF, Wang L, 
Kirschmeier P, Bishop WR, Nielsen LL, 
Pickett CB and Liu S. Human survivin is 
negatively regulated by wild-type P53 and 
participates in P53 dependent apoptotic pathway. 
Oncogene 2002; 21:2613-2622. 

54. Chen J, Chen JK, Conway EM and Harris R. 
Survivin mediates renal proximal tubules 
recovery from AKI. J Am Soc Nephrol 2013; 
24(12):2023-2033. 

 
 
12/11/2013 


