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Abstract 
Objective: Brain-derived neurotrophic factor (BDNF) promotes the development and differentiation of neurons and 
synapses, as well as neuronal survival, by acting on specific neuronal groups in the central and peripheral nervous 
systems. However, the direct effect of BDNF on apoptosis in peripheral tissues is not known. The aim of this study was 
to investigate the relationship between BDNF and apoptosis, and the density and distribution of BDNF receptors in 
liver and kidney tissues by histological and immunehistochemical methods.  

Methods: Seven wild-type and 7 BDNF heterozygous (reduced BDNF levels) male mice were used in the study. 
Caspase-3 and TUNEL immunehistochemical stainings were performed in order to investigate the presence of 
apoptosis in the liver and kidney tissues of the studied groups. Apoptosis-entering cells were counted and the groups 
were compared. Concentration and distribution of BDNF receptors, tropomyosin-related kinase B (TrkB) and nerve 
growth factor receptor p75 (NGFR p75), in liver and kidney tissues were also examined by immunehistochemical 
analyzes.  

Results: As a result of Caspase-3 and TUNEL immunehistochemical staining, more cells were counted to enter the 
apoptotic process in sections of BDNF heterozygous group compared to control group (p<0.0001). In both groups 
TrkB and NGFR p75 receptors in liver and kidney tissues were determined in trace amounts, but there was no 
difference in intensity and distribution between the studied groups.  

Conclusion: According to our histological and immunehistochemical stainings and statistical analysis of cell count 
between groups, it was found that BDNF is protective against apoptosis in liver and kidney. The lack of difference 
between the studied groups in terms of intensity and distribution of BDNF receptors, suggests that BDNF receptor 
distribution in the liver and kidney tissues may be different from the nervous system or that BDNF may differ in 
affinity for these receptors. 
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Azaltılmış Beyin Kaynaklı Nörotrofik Faktörün (BDNF), Fare Karaciğer ve Böbrek 
Dokusuna Apoptotik Etkileri 
 
Özet 
Amaç: Beyin kökenli nörotrofik faktör (BDNF), merkezi ve periferik sinir sisteminde belirli nöron grupları üzerine etki 
ederek, nöron ve sinapsların gelişimini ve farklılaşmasını, bunun yanında nöronal sağkalımı desteklemektedir. 
Periferik dokularda ise BDNF'nin apoptoz ile direkt ilişkisi bilinmemektedir. Bu çalışmada, karaciğer ve böbrek 
dokularında BDNF’nin apoptoz ile ilişkisi ve bu dokulardaki BDNF reseptörlerinin yoğunluk ve dağılımının histolojik 
ve immünohistokimyasal yöntemler kullanılarak araştırılması amaçlanmıştır.  

Yöntemler: Araştırmada 7 adet yabanıl tip ve 7 adet BDNF heterozigot (BDNF düzeyleri yarı yarıya azaltılmış) erkek 
fare kullanılmıştır. Karaciğer ve böbrek dokusunda apoptozun varlığını araştırmak amacıyla Kaspaz-3 ve TUNEL 
immünohistokimyasal boyamaları gerçekleştirilmiş ve apoptoza giren hücreler sayılarak gruplar arası karşılaştırma 
yapılmıştır. BDNF reseptörleri olan tropomiyozin-ilişkili kinaz B (TrkB) ve nerve growth factor receptor p75 (NGFR 
p75)’in karaciğer ve böbrek dokularındaki yoğunluk ve dağılımı da immünohistokimyasal analizler ile incelenmiştir.  

Bulgular: Kaspaz-3 ve TUNEL immünohistokimyasal boyamaları sonucunda kontrol grubuna göre, BDNF heterozigot 
gruba ait kesitlerde daha fazla sayıda apoptoza girmiş hücre sayılmıştır (p<0.0001). İmmünohistokimyasal boyamalar 
sonucunda karaciğer ve böbrek dokusunda TrkB ve NGFR p75 reseptörlerinin eser miktarda bulunduğu saptanmış, 
ancak çalışma grupları arasında yoğunluk ve dağılımları açısından farklılık gözlenmemiştir. 

Sonuç: Yapılan histolojik ve immünohistokimyasal boyamalar ve gruplar arası hücre sayımına ait istatistiksel analizler 
sonucunda BDNF'nin karaciğer ve böbrekte apoptoza karşı koruyucu etkisinin olduğu saptanmıştır. BDNF 
reseptörlerinin yoğunluğu ve dağılımı açısından çalışma grupları arasında fark bulunmaması, karaciğer ve böbrek 
dokusunda BDNF reseptör dağılımının sinir sisteminden farklı olabileceğini veya BDNF’nin bu reseptörlere 
afinitesinde farklılıklar olabileceğini düşündürmüştür. 

Anahtar kelimeler: BDNF, Apoptoz, Karaciğer, Böbrek, İmmunohistokimya 

 
 

INTRODUCTION 

Neurotrophins are members of the polypeptide 
growth factors family that affect the 
proliferation, differentiation, survival and death 
of neurons and other cells1,2. Brain-derived 
neurotrophic factor (BDNF) is the second 
member of this family, defined in 19823. Others 
are nerve growth factor (NGF), neurotrophin-3 
(NT-3), neurotrophin-4/5 (NT-4/5) and 
neurotrophin-6 (NT-6)4-6. The activity of 
neurotrophins depends on their availability 
levels, their affinity for binding to 
transmembrane receptors, and the induction of 
signaling pathways after receptor activation. 
BDNF is a secretory protein of the 
neurotrophin family encoded by the BDNF gene 
in humans1,7. BDNF promotes the development 
and differentiation of neurons and synapses, as 
well as neuronal survival, by acting on specific 
groups of neurons in both the central and 

peripheral nervous systems8,9. An important 
neurotrophic factor that affects the neurons' 
life, growth and function, provides synaptic 
stabilization, synaptic function, regulates axon 
and dendritic branching1,8. In addition to its 
classic role on neuronal growth, survival and 
differentiation, BDNF has been reported to 
alter lipid oxidation in muscle cells, affecting 
blood glucose and lipid levels10. These effects 
are the reason why BDNF is also defined as 
metabotropin as well as being neurotrophin11. 
Furthermore, in recent study it has been found 
that BDNF also has protective effects against 
immobilization stress by reducing oxidative 
stress damage12. BDNF expression was 
primarily detected in the hippocampus, cortex, 
and basal forebrain, areas where the brain 
performs learning, memory, and high-level 
thinking tasks13. Later, it was found that BDNF 
was presented not only in the brain but also in 
peripheral tissues such as skeletal muscle, 
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adipose tissue, kidneys, liver and 
prostate5,10,11,14-21.  

Two types of BDNF receptors have been 
identified: activation of the nerve growth factor 
receptor p75 (NGFR p75) receptors leads to 
apoptosis, while activation of tropomyosin-
related kinase B (TrkB) receptors leads to 
cellular proliferation and differentiation15,22,23. 
Studies have shown that BDNF has high affinity 
for TrkB receptors, whereas it has low affinity 
for NGFR p75 receptors24. It has been noted 
that the BDNF and TrkB receptors are also 
expressed in many non-neuronal tissues 
including muscle, thymus, heart, vascular 
smooth muscle cells, lung and spleen19,25.  

Expression of neurotrophins and neurotrophin 
receptors in non-neuronal tissues is associated 
with migration, proliferation, differentiation, 
and tissue restructuring of target cells14. The 
increase in the expression of BDNF and its 
receptors in cells has been demonstrated by 
clinical studies generally in pathological 
conditions or after damage11,14,15,20. 

In multicellular organisms, the number of cells 
increased by cell division is compensated by 
cell death. If, in an organism, a cell is no longer 
needed, intracellular messenger systems are 
activated and the cell suicide process is 
initiated. This suicide process occurs in 
apoptosis or programmed cell death26,27. 

Apoptotic cells are constantly formed in some 
tissues and cells of the organism and this 
formation continues for life. Thus, death 
(apoptosis) and remodeling (mitosis) persist in 
these tissues in a dynamic balance to form 
tissue homeostasis28,29.  

Like other neurotrophic factors during 
development, BDNF protects developing 
neurons by inhibiting apoptosis30. 
Neuroprotective effects of BDNF in 
hippocampus, especially in ischemic injury, 
have been reported31,32. The irreversible cell 
death is caused by the activation of Caspases, 

especially the Caspase-333. It has been found 
that BDNF prevents glutamate-induced 
apoptotic cell death by reducing the efficacy of 
Caspase-3 like enzymes34.  

In the literature, the apoptosis regulatory 
effects of BDNF were generally studied in the 
central nervous system. In the peripheral 
tissues, some studies on BDNF and/or its 
receptors have been performed after 
pathological conditions or tissue damage. It is 
not known how BDNF is directly related to 
apoptosis and how BDNF affects apoptosis. In 
this study, we aimed to compare apoptosis in 
liver and kidney tissues of BDNF heterozygous 
mice and wild-type mice, and to investigate the 
concentration and distribution of BDNF 
receptors in studied groups.  

METHODS 

In the experiments, 10-12 week old 7 wild-type 
male mice (control group) and 7 BDNF 
heterozygous male mice (heterozygous group) 
were used. In BDNF heterozygous transgenic 
mouse model established by Korte and 
colleagues35 one allele of the BDNF coding 
region was replaced by the neomycine-
resistant gene. The heterozygous mice were 
viable, fertile and indistinguishable from their 
wild type littermates. The transgenic mice were 
donated by Dr. Thomas Mittmann, University of 
Meinz, Germany to Karadeniz Technical 
University (KTU) in 2011. Since then the BDNF 
heterozygous mice are produced and kept in 
KTU animal facility. Verification of the 
transgene was done by Dr. I. Abidin and Dr. S. 
Aydın-Abidin by following the existance of 
neomicin gene with Polimerase Chain Reaction 
(PCR) from the tail tissue. Small pieces of tail 
tissue were homogenized in a lysis buffer (500 
mM KCl, 100 mM Tris-HCl, 0.1 mg/ml gelatin, 
0.45 % Nonidet P-40, 0.45 %Tween 20; and 
500 Mg/ml proteinase K, added just before 
lysis process). PCR primers designed to 
recognize BDNF and Neomycine were 5′-ACC 
ATA AGG ACG CGG ACT TGT AC-3′ and 5′-GAT 
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TCG CAG CGC ATC GCC TT-3′, respectively. The 
sequence of reverse primer was 5′-GAA GTG 
TCT ATC CTT ATG AAT CGC-3′. In this study 
animal rights have been preserved in line with 
the principles of Guide for the Care and Use of 
Laboratory Animals and have received animal 
ethics approval from Giresun University local 
ethics committee. 

Animals were perfused with 0.01 M phosphate 
buffer (pH:7,4) containing 4% formaldehyde 
via heart under ketamine anesthesia and liver 
and kidney tissues were removed and quickly 
fixed in 10% neutral formol overnight. Both 
right and left kidneys were used in the study. 
For the liver, any region where the parenchyma 
can be clearly observed was selected. Then 
tissues were washed in tap water for two 
hours. Increased alcohol series were used to 
purify the tissues from water. The tissues were 
transparentized with xylene and paraffin 
blocks were prepared to allow examination the 
parenchyma of the livers and the cortex of the 
kidneys. Routine hematoxylin-eosin (H-E) 
staining was first applied to sections of 5 μm 
thickness from paraffin blocks to reveal the 
histologic structure of the tissues.  

Caspase-3 and TUNEL immunohistochemical 
analyses were performed to determine the 
apoptotic differences between studied groups. 
The density and distribution of BDNF receptors 
TrkB and NGFR p75 were also examined by 
immunohistochemistry.  

The Caspase-3, TrkB and NGFR p75 primer 
antibodies and chemicals used in 
immunohistochemical stainings are supplied 
from Santa Cruz Biotechnology, Inc. (sc-2018). 
Immunohistochemically, avidin biotin 
peroxidase method was used. Firstly, 
deparaffinization and rehydration procedures 
were applied to paraffin tissue sections 
according to the staining protocol. Ten minutes 
antigen retrieval (with sodium citrate buffer in 
95°C microwave oven) and 10 minutes 3% 
hydrogen peroxide incubation was performed 

to prevent nonspecific staining. After 60 
minutes of %1.5 blocking serum application, 
sections were treated with Caspase-3 (sc-
98785), TrkB (sc-8316) and NGFR p75 (sc-
8317) primer antibodies (dilution: 1:100) 
overnight. After washing with phosphate 
buffered saline (PBS), the secondary antibody 
and then the Avidin Biotin Complex were 
applied. Following PBS washing step, 
Peroxidase Substrate containing DAB was 
dropped. All sections were contrasted with 
hematoxylin.  

The TUNEL kit was obtained from Merck 
Millipore (S7100). Firstly, deparaffinization and 
rehydration procedures were applied to 
paraffin tissue sections according to the 
staining protocol. Ten minutes antigen retrieval 
(with sodium citrate buffer in 95°C microwave 
oven) and 10 minutes 3% hydrogen peroxide 
incubation was performed to prevent 
nonspecific staining. After washing with PBS, 
equilibration buffer, working strength TdT 
enzyme and working strength stop/wash 
buffer was used. Following PBS washing step 
anti-digoxigenin conjugate and peroxidase 
substrate was performed. All sections were 
contrasted with methyl green. 

Cells that positive staining with Caspase-3 and 
TUNEL were counted on a light microscope at a 
magnification of 40X by randomly selecting 5 
areas in each section. In each section, staining 
for Caspase-3 and TUNEL, the ratio of positive 
stained cells to the total number of cells in the 
same field (Caspase-3 index and apoptotic 
index) was calculated. The Caspase-3 index was 
calculated according to the following formula: 
[the number of Caspase-3 immunopositive 
cells/the number of total cells]x100. The 
apoptotic index was calculated according to the 
following formula: [the number of apoptotic 
cells/the number of total cells]x100. The 
counting of the cells was performed by two 
observers who were blinded to the experiment 
protocol. Sections stained with TrkB and NGFR 
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p75 were examined histologically under light 
microscope. 

The data was analyzed using SPSS Statistics 
version 17.0. Mann-Whitney U test was used 
for between-group comparisons. The results 
are given as mean ± standard deviation. Values 
of p<0.05 were considered statistically 
significant. 

RESULTS 

H-E staining of the first five consecutive 
sections taken from paraffin tissue block of 
each animal was examined histologically and 
comparisons were made between the groups. 
In the H-E-stained sections, the BDNF 
heterozygous group showed slight 
deterioration in both liver parenchyma and 
kidney cortex tissue structure compared to the 
control group (Figure 1).  

In the second and third consecutive sections, 
Caspase-3 and TUNEL immunohistochemical 
analyzes were performed, respectively. In both 

stainings, BDNF heterozygous cross-sections 
showed positive staining of cells with 
apoptosis, compared to control group (Figure 
2-3). Positive stained cells were counted on a 
light microscope at a magnification of 40X by 
randomly selecting 5 areas in each section 
(Figure 4-5) and statistical evaluation by Mann-
Whitney U test (Table 1), was found to be 
significant (p<0.0001). 

The ratio of Caspase-3 positive cells to total 
cells (Caspase-3 index) in BDNF heterozygous 
group higher than the control group both the 
liver and kidney tissues. The ratio of TUNEL 
positive cells to total cells (apoptotic index) in 
BDNF heterozygous group higher than the 
control group both the liver and kidney tissues 
(Figure 6-7). Statistical evaluation by Mann-
Whitney U test (Table 1), was found to be 
significant (p<0.0001). 

The statistical results show that BDNF has a 
protective effect against apoptosis in liver and 
kidney tissues. 

 

Table 1: Statistical evaluation of the cell count and index after Caspase-3 and TUNEL immunohistochemical analyses 
applied to liver and kidney tissue sections (5 sections randomly from each animal) of Control and BDNF Heterozygous 
Group (40X magnification) *p<0.0001 (compared to control group). 

Tissue Parameters 
Control Group (n=7) BDNF Heterozygous Group (n=7) 

Mean±SD Mean±SD 

Liver 

 Caspase-3 10.28±1.60 32.14±4.45* 

 Caspase-3 Index 7.07±0.74 18.60±2.39* 

 TUNEL 10.00±2.16 33.00±3.05* 

 Apoptotic Index 6.98±1.49 19.41±1.62* 

Kidney 

 Caspase-3 9.28±1.80 27.57±3.95* 

 Caspase-3 Index 3.32±0.61 9.22±1.64* 

 TUNEL 11.14±2.27 34.57±3.69* 

Apoptotic Index 3.92±0.82 11.53±2.94* 

 

Immunohistochemical analyses were 
performed to determine the density and 
distribution of TrkB and NGFR p75 receptors, 
respectively. Immunohistochemical staining 
revealed that the TrkB and NGFR p75 receptors 

in liver and kidney tissues were in trace 
amounts, but there was no difference in 
intensity and distribution of these receptors 
between the experimental groups (Figure 8-9).  
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Figure 1: H-E analysis, 40X magnification a) Control 
kidney tissue b) BDNF heterozygous kidney tissue c) 
Control liver tissue d) BDNF heterozygous liver tissue 

 

 

Figure 2: Caspase-3 immunohistochemical analysis, 40X 
magnification a) Control kidney tissue b) BDNF 
heterozygous kidney tissue c) Control liver tissue d) 
BDNF heterozygous liver tissue. Arrows indicate positive 
staining cells. 

 

 

 

 

Figure 3: TUNEL immunohistochemical analysis, 40X 
magnification a) Control kidney tissue b) BDNF 
heterozygous kidney tissue c) Control liver tissue d) 
BDNF heterozygous liver tissue. Arrows indicate positive 
staining cells. 

 

 

Figure 4: Statistical evaluation of the cell count after the 
Caspase-3 immunohistochemical analyses applied to 
liver and kidney tissue sections. *p<0.0001 (compared to 
control group). 
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Figure 5: Statistical evaluation of the cell count after the 
TUNEL immunohistochemical analyses applied to liver 
and kidney tissue sections. *p<0.0001 (compared to 
control group). 

 

 

Figure 6: Statistical evaluation of the ratio of Caspase-3 
positive cells to total cells (Caspase-3 index) after the 
Caspase-3 immunohistochemical analyses applied to 
liver and kidney tissue sections. *p<0.0001 (compared to 
control group). 

 

 

 

 

 

 

Figure 7: Statistical evaluation of the ratio of TUNEL 
positive cells to total cells (apoptotic index) after the 
TUNEL immunohistochemical analyses applied to liver 
and kidney tissue sections. *p<0.0001 (compared to 
control group). 

 

 

Figure 8: TrkB receptor immunohistochemical analysis, 
40X magnification a) Control kidney tissue b) BDNF 
heterozygous kidney tissue c) Control liver tissue d) 
BDNF heterozygous liver tissue. Arrows indicate cells 
showing slight positive staining. 
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Figure 9: NGFR p75 receptor immunohistochemical 
analysis, 40X magnification a) Control kidney tissue b) 

BDNF heterozygous kidney tissue c) Control liver tissue 
d) BDNF heterozygous liver tissue. Arrows indicate the 

cell showing slight positive staining. 

 

DISCUSSION 

It is known that BDNF promotes the 
development and differentiation of neurons 
and synapses, as well as neuronal survival, by 
acting on specific neuronal groups in the 
central and peripheral nervous system8,9 . 
Protective effects of BDNF in apoptosis of 
neuronal cells have been demonstrated by 
immunofluorescent method by examinating cell 
survival and nucleus density among groups34. It 
has been reported that administration of BDNF 
in ischemic damaged brain reduces neuronal 
death and even supports new neuron 
formation31. In another study, BDNF mRNA and 
BDNF protein levels were measured in various 
regions of brain in time-dependent cerebral 
ischemia, and it was observed that the amount 
of post-ischemic BDNF mRNA and protein 
significantly increased in different regions of 
the brain after ischemia32. Different research 
showed that BDNF, like other neurotrophic 
factors, protects developing neurons by 
inhibiting apoptosis during developmental 
stage30. Although the protective effects of BDNF 

in the nervous system have been demonstrated 
in many studies, its direct association with 
apoptosis in peripheral tissues is not known. In 
this study, histopathological and 
immunohistochemical studies were performed 
to determine whether BDNF is protective in 
liver and kidney tissues, thus the number of 
cells entering apoptosis was counted and 
compared between the groups. The histological 
findings and statistical results obtained after 
cell counting showed that BDNF prevents 
apoptosis of cells in liver and kidney, and 
increases cell survival and contributes to tissue 
integrity. 

Activation of NGFR p75 receptors leads to 
apoptosis, while activation of TrkB receptors of 
BDNF in the nervous system increases neuronal 
survival22. It has been reported that the BDNF 
and TrkB receptors are also expressed in many 
non-neuronal tissues including muscle, thymus, 
vascular smooth muscle cells, lung and 
spleen5,10,14,16,18,19,36. However, in a number of 
different studies it has been found that BDNF 
receptors are not expressed in peripheral 
tissues. For example, Shibayama et al. did not 
found any immunoreactivity against TrkB 
antibodies in human liver37. Again, in other 
studies conducted by RT-PCR or 
immunohistochemistry, trace amounts of TrkB 
receptors have been demonstrated in human or 
rat liver21,36. Lomen-Hoerth and Shooter 
identified that low levels of the NGFR p75 
receptor were expressed in the rat liver, 
whereas no TrkA or TrkB receptor 
transcription was presented by using the 
ribonuclease protection assay16. Furthermore, 
Lommatzsch and colleagues found that BDNF 
protein expression was presented in many 
visceral cells, while no BDNF receptor 
expression was observed in studies in mice17. 
Based on this information, the concentration 
and distribution of BDNF receptors TrkB and 
NGFR p75 in liver and kidney tissues were 
examined. In our study, immunohistochemical 
stainings revealed that in both groups TrkB and 
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NGFR p75 receptors in liver and kidney tissues 
were determined in trace amounts, but there 
was no difference in intensity and distribution 
among the studied groups. It is thought that the 
BDNF receptor distribution in the liver and 
kidney tissue may be different from the 
nervous system, or that BDNF may differ in 
affinity for these receptors. It may be useful to 
conduct further research using more detailed 
and different methods in this regard.  
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