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Abstract

Background. The protective effects of brain-derived neurotrophic factor (BDNF) against endoplasmic
reticulum (ER) stress in neuronal tissue and endometrial cells have been reported.

Objectives. The aim of this study was to determine whether endogenously produced BDNF protects the kid-
neys against tunicamycin-induced (Tm) ER stress.

Material and methods. Brain-derived neurotrophic factor heterozygous knockout mice (BDNF*/~) and
their wild-type (WT) littermates were used. The animals were divided into 4 groups: WT, BDNF*=), WT+Tm,
and BDNF/-+Tm (n = 7 in each group). After 3 days of saline or Tm injection (0.5 mg/kg; intraperitone-
ally (i.p.)), renal BDNF, glucose-requlated protein 78 (GRP78), and caspase-12 levels as well as serum BDNF
concentration were measured with enzyme-linked immunosorbent assay (ELISA). In the kidney sections,
hematoxylin & eosin (H&E) staining, GADD153 immunostaining and TUNEL staining were performed. Serum
creatinine levels were measured as an indicator of renal function.

Results. Circulating and tissue BDNF levels were significantly lower in the BDNF*/~ and BDNF*/~+Tm
groups. Renal levels of GRP78 and caspase-12, apoptotic index, and GADD153 staining were sig-
nificantly higher in the WT+Tm and BDNF*/~+Tm groups. However, apoptosis was more pronounced
in the BDNF/~-+Tm group than in the WT+Tm group (p < 0.01). Similarly, GADD153 staining was more
pronounced in the BDNF*/~+Tm group than in the WT+Tm group (p < 0.05). Tm caused a mild deteriora-
tion in the kidney tissue of the WT+Tm group, while general deterioration, pyknotic nuclei and swollen
cells were observed in the BDNF*/~'+Tm group. Serum creatinine concentrations were significantly higher
in the WT-Tm (p < 0.05) and BDNF*/=+Tm (p < 0.05) groups.

Conclusions. This study showed that endogenous BDNF may play a protective role in kidneys against
ER stress-induced apoptosis via the suppression of GADD153. As a result, BDNF and related signaling pathways
could be considered for therapeutic/protective approaches in kidney disorders.
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Introduction

The endoplasmic reticulum (ER) is a multifunctional
organelle necessary for the folding and processing of na-
scent proteins, the synthesis of cholesterol, steroids and
other lipids, as well as for calcium storage. The protein
folding capacity of the ER is impaired under different
physiological and pathological conditions which induce
ER stress.”> During ER stress, unfolded proteins which
accumulate in the ER lumen trigger an adaptive cell re-
sponse, called unfolded protein response (UPR), in order
to maintain cell homeostasis.>3 As an ER resident chap-
erone, glucose-regulated protein 78 (GRP78) recognizes
unfolded proteins and plays an important role in the regu-
lation of UPR through the activation of 3 pathways: PKR-
like ER kinase (PERK), activated transcription factor 6
(ATF6) and inositol-requiring enzyme 1 (IRE1). Activa-
tion of UPR pathways first results in the global attenuation
of protein synthesis and prevents any further accumula-
tion of unfolded proteins. Upregulation of chaperones
such as GRP78 and GRP94, which improve ER folding
capacity, and upregulation of the ER-associated degrada-
tion system, which activates the degradation of misfolded
proteins, are 2 other major adaptive responses.!3 Despite
these defense mechanisms, ER stress can trigger apop-
tosis, depending on the severity and duration of stress.
Transcriptional activation of the C/EBP homologous pro-
tein (CHOP) — also known as a growth arrest or the DNA
damage-inducible gene 153 (GADD153) — as well as acti-
vation of the cJUN NH2-terminal kinase (JNK) pathway
and activation of ER-associated caspase-12, are involved
in ER stress-mediated apoptosis.*> Endoplasmic reticu-
lum stress-induced apoptosis and tissue injury have been
implicated in various diseases, including neurodegenera-
tive diseases such as Alzheimer’s, Parkinson’s and Hun-
tington’s diseases, ischemia-reperfusion injury, diabetes,
and atherosclerosis.®?

As a trophic factor, brain-derived neurotrophic fac-
tor (BDNF) promotes neuronal development, differen-
tiation and survival in the central and peripheral ner-
vous systems.!0 Although it was originally discovered
in brain tissue, the expression of BDNF and its main
receptor — tropomyosin-related kinase B (TrkB) — have
been found in different non-neuronal tissues such
as the heart, kidney, liver, lungs, skeletal muscle, blood
vessels, adipose tissue, and prostate.!'~13In addition to its
well-known neuroprotective effects, BDNF participates
in the regulation of energy metabolism, mood, blood
pressure, and angiogenesis. Plasma levels of BDNF have
been shown to be reduced in patients with type 2 dia-
betes, acute coronary syndrome, major depressive syn-
drome, and chronic kidney disease.!*!” The protective
effect of BDNF against ER stress-induced apoptosis has
been reported in neuronal cells as well as in endometrial
epithelial cells.’®-20 It has been suggested that the sup-
pression of CHOP and/or caspase-12 activation may play

S. Cirrik, et al. The role of BDNF in renal ER stress

important role in BDNF-mediated neuroprotection dur-
ing ER stress.!819

Though the expression of BDNF and the Trk receptor has
been shown in kidneys,!*222 there is little knowledge avail-
able about the physiological roles of BDNF on glomerular
or tubular functions. However, in vitro and in vivo stud-
ies have shown that exogenous administration of BDNF
inhibits podocyte damage and prevents the glomerular
lesions and proteinuria associated with adriamycin ne-
phropathy.?! Recently, Kurajoh et al. have demonstrated
that patients with chronic kidney disease have reduced
plasma BDNF concentration and suggested that plasma
BDNF level is a predictor of chronic kidney disease.l” These
findings indicate the protective role of BDNF in normal
kidney physiology. However, it remains unclear whether
BDNF protects the kidneys against ER stress. Since ER
stress is associated with various renal pathologies, such
as diabetic nephropathy, idiopathic focal segmental glo-
merulosclerosis, membranous nephropathy, and minimal
change disorders, we believe that answering this question
will be valuable in elucidating the mechanisms of these
renal pathophysiological states.?=*” For this purpose,
the effects of reduced endogenous concentrations of BDNF
on ER stress-induced kidney damage was examined both
in physiological and tunicamycin-induced conditions.
Brain-derived neurotrophic factor heterozygous mice were
used because they are characterized by reduced BDNF
expression. The results of the BDNF heterozygous mice
and their wild-type littermates were compared.

Material and methods
Animals

In the present study, we used a transgenic mouse mod-
el originally established by Korte et al.?® In heterozygous
knockout mice, 1 allele of the BDNF coding region is re-
placed by a neomycine-resistance gene (BDNF*"), which
results in completely viable, fertile and BDNF-deficient
animals. Male BDNF*~ mice aged 6 to 8 months and their
wild-type littermates (as control) were used in current
study. The presence of the transgene in each subject was
confirmed with polymerase chain reaction (PCR) analysis
of tail tissue as described in earlier studies.?® All experi-
ments were approved by the Local Institutional Animal
Care and Use Committee of the Faculty of Medicine,
Karadeniz Technical University, Trabzon, Turkey.

Groups

The animals were divided into 4 groups (n = 7 in each
group): wild-type (WT), wild-type mice injected with tu-
nicamycin (WT+Tm), BDNF heterozygous (BDNF*/-),
and BDNF heterozygous mice injected with tunicamycin
(BDNF“ +Tm).
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Tunicamycin injection

The endoplasmic reticulum stress was induced with tu-
nicamycin (Tm, Sigma-Aldrich T7765; Sigma-Aldrich, St.
Louis, USA), which inhibits N-glycosylation in ER 18:20:30.31
A single dose of Tm (0.5 mg/kg) was injected intraperi-
toneally (i.p.) in the WT+Tm and BDNF*+Tm groups,
while the same volume of saline solution was given i.p.
as a vehicle in the WT and BDNF*~) groups. Three days
after Tm or saline injection, the animals were sacrificed
and blood and tissue samples were harvested. The blood
samples were allowed to clot for 1 h at room temperature
and then centrifuged at 1,000xg for 15 min. Serum samples
were used for creatinine and BDNF measurements. For
histological and immunohistochemical analysis, the right
kidney was fixed in 10% neutral formalin. The left kidneys
taken from the animals were homogenized in ice-cold PBS
and then centrifuged at 5,000xg for 5 min. The superna-
tants were used for enzyme-linked immunosorbent assay
(ELISA) measurements.

Serum creatinine measurement

Serum creatinine levels were measured spectrophoto-
metrically as described in previous research.3?

Measurements of serum BDNF levels

The circulating BDNF levels in the serum samples were
measured with a commercial ELISA kit (E-EL-M0203;
Elabscience Biotechnology, Wuhan, China), accord-
ing to the manufacturer’s instructions. Prior to analysis,
the samples were diluted (1:2) and added to the appropriate
micro ELISA plate wells which were pre-coated with an an-
tibody specific to mouse BDNF. The absorbance of the re-
sulting yellow product was measured at a wavelength
of 450 nm with a microplate reader (BioTek ELx800 brand
REF ELX508 SN1310149; Thermo Fisher, Waltham, USA).
The concentrations of BDNF in the samples were calcu-
lated by comparing the optical density (OD) of the samples
to the standard curve and multiplying by the dilution factor.

Measurements of renal BDNF, GRP78
and caspase-12 levels

In tissue homogenates, BDNF, GRP78 and caspase-12
levels were assayed using the appropriate ELISA Kkits
(E-EL-MO0203, Elabscience Biotechnology; E-EL-M2696,
Elabscience Biotechnology; and E0781Mo, Bioassay
Technology Laboratory, Shanghai, China, respectively).
The analyses were performed according to the manu-
facturer’s instructions and read using an absorbance
microplate reader (BioTek ELx800). BDNF, GRP78 and
caspase-12 levels were expressed as the proportion of to-
tal protein, which was determined with the Breadford
method (ThermoFisher; 23200).
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Histological evaluations

The kidney tissues were quickly fixed in 10% neutral
formalin. Routine hematoxylin & eosin (H&E) staining
was applied to sections 5 pm in thickness from paraffin
blocks, following tissue attachment and paraffin embed-
ding procedures, in order to reveal the structure of the tis-
sues. GADD153 and TUNEL staining were also performed.

TUNEL assay

The detection of apoptotic cells in renal tissue slides
was performed using an In Situ Apoptosis Detection Kit
(ab206386; Abcam, Cambridge, UK), according to the
manufacturer’s instructions. First, deparaffinization and
rehydration procedures were performed on the paraffin
tissue sections. Then, the proteinase K digestion method
was used to unmask the antigens. After treatment with
TdT Equilibration Buffer, the TdT labeling reaction mix
was applied at 37°C. Following treatment with stop buf-
fer and blocking buffer, 1X Conjugate and DAB solutions
were used. All sections were contrasted with methyl green.
The TUNEL-positive cells in the tissue sections were
counted under a light microscope at a x40 magnification
by randomly selecting 5 areas from each section. Cell death
was reported as the percentage of TUNEL-positive cells
vs total cells (apoptotic index).

GADD153 immunuhistochemistry

GADDI153 was detected in paraffin-embedded tis-
sues using an immunoperoxidase technique. The kidney
sections were deparaffinized in xylene and rehydrated
through graded alcohols to water. Antigen retrieval was
performed with citrate buffer (pH 6.0) in a microwave
oven. All subsequent staining incubation steps were done
at room temperature, and Tris-buffered saline (pH 7.4)
was used for all washes and diluents. The slides were thor-
oughly washed after antibody incubation and were blocked
with protein blocking solution for 15 min. Then, primary
antibody for mouse GADD153 (Santa Cruz Biotechnology,
Santa Cruz, USA) was added to the slides at 1:100 dilu-
tion and they were incubated overnight. A biotinylated
link antibody plus streptavidin-horseradish peroxidase
kit (ThermoFisher) was applied, along with a 3-amino-
9-ethylcarbazole (AEC) chromogen and peroxide substrate
to detect the labeled antibodies. The slides were coun-
terstained with Mayer’s hematoxylin and cover slipped
with an aqueous mounting medium. The image analysis
included the calculation of positive staining (intensity) area
per section at x40 magnification and was carried out with
Image] software v. 1.46r. For each image, the immunola-
beled tissue area was determined, normalized by the total
tissue area, and presented as a percentage of total tissue
cross-sectional area.
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Statistical analysis

All data is given as mean + standard deviation (SD).
Statistical analysis was performed with one-way analysis
of variance (ANOVA) and Tukey’s post-hoc tests using
Graphpad Prism v. 4.0 software (Graphpad Software, San
Diego, USA). Correlations were analyzed using Pearson’s
correlation analysis. Values of p < 0.05 were considered
statistically significant.

Results

In animals injected with Tm, weight loss was observed
3 days after the injection. Body weight decreased from
23.1£2.3gt019.9 1.7 gand from 25.3 +2.8 gt020.7+2.0 g
in the WT+Tm and BDNF*?+Tm groups, respectively. These
changes in body weight were not statistically significant.

BDNF level in serum and kidney

Serum BDNF levels were significantly lower among
the BDNF®~ mice (0.14 +0.04 ng/mL) than the wild-type
group (0.22 £0.02 ng/mL; p < 0.01). As seen in Fig. 1A, Tm
injection did not cause a significant change in serum BDNF
levels, and the difference between wild-type and hetero-
zygous subjects was preserved (W T+Tm vs BDNF*/)+Tm;
p <0.05). The BDNF levels in kidney tissue were markedly
lower among the BDNF heterozygous animals, and were
not affected by Tm injection (Fig. 1B).

GRP78 level in kidney

The concentration of GRP78 as an ER stress marker was
measured with ELISA in mice treated with saline solu-
tion or Tm. In the saline-injected animals, no difference
in renal GRP78 levels was noted between the WT and
BDNF®*) groups (3.08 +1.8 and 2.94 +1.1 ng/mg protein,
respectively). As shown in Fig. 2, Tm caused a significant
increase in the GRP78 kidney levels of both the wild-
type (6.24 +1.9 ng/mg protein; p < 0.05) and the BDNF
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heterozygous mice (6.14 +2.1 ng/mg protein; p < 0.05).
There was no significant difference between the WT+Im
and BDNF*+Tm groups (Fig. 2).

Histological analysis

The kidney tissue was examined histologically using
H&E staining to evaluate the effects of ER stress and BDNF
deficiency. In comparison to the WT group, a slight de-
terioration in tubular structures and cells was observed
in the kidney sections of the BDNF*-) group. Tunicamycin
injection caused a mild deterioration in the tubular struc-
tures of the kidneys of the WT+Tm group, while general
tissue deterioration, pyknotic nucleus, and swollen cells
were observed in the BDNF*/~) +Tm group (Fig. 3A-D).

Renal apoptosis

Apoptosis in kidney tissue was demonstrated with TUNEL
immunohistochemical analysis; the results are present-
ed in Fig. 4. The apoptotic index was 0.144 +0.06 and
0.476 +0.19 in the WT and BDNF®~) groups, respectively.
Tunicamycin-induced ER stress caused a significant in-
crease in apoptosis in both the WT+Tm (p < 0.01 vs WT)
and BDNF*+Tm (p < 0.001 vs WT) groups. Apoptotic
index was calculated as 1.636 +0.96 and 3.422 +0.99 for
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Fig. 2. GRP78 concentration in the kidneys of the WT, BDNF*2, WT+Tm,
and BDNF*“+Tm groups. Data is presented as mean £SD (n = 7 mice per
group). *p < 0.05 vs the WT group; #p < 0.05 vs the BDNF*~ group
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Fig. 1. BDNF level in serum (A) and kidney homogenates (B) in the WT, BDNF®*, WT+Tm, and BDNF*+Tm groups. Data is presented as mean +SE (n = 7
mice per group). *p < 0.05, **p < 0.01 vs the WT group; #p < 0.05, ##p < 0.01 vs the WT+Tm group
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Fig. 3. Representative images of H&E analysis (x20 magnification) of WT kidney tissue (A), BDNF* kidney tissue (B), WT+Tm kidney tissue (C) and
BDNF*2+Tm (D) kidney tissue. Arrows indicate swollen cells

the WT+Tm and BDNF*-+Tm groups, respectively. Tu-
nicamycin-induced renal apoptosis was more pronounced
in the BDNF*-+Tm group than in the WT+Tm group
(p < 0.01).

Caspase-12 level in kidney

The caspase-12 levels in the kidney tissue were simi-
lar between the WT (0.75 £0.50 pg/mg of protein) and
BDNF*-) groups (0.71 +0.63 pg/mg of protein). A single
dose of Tm caused a significant increase in both the WT+Tm
(1.59 +0.42 pg/mg of protein; p < 0.05) and BDNF*/+Tm
groups (1.65 +0.60 pg/mg of protein; p < 0.05). This value
was not statistically significant in the WT+Tm group com-
pared to the BDNF*?+Tm group.

GADD153 immunohistochemistry

Positive GADDI153 staining was detected in all
groups with weak to moderate positive cytoplasmic

staining (intensity) in the glomeruli and tubule cells
(Fig. 5). The proportion of immunopositively stained area
for GADD153 was 7.55 £1.41% and 7.84 £1.20% in the WT
and BDNF*) groups, respectively. Tm injection caused
a significant increase in both the WT+Tm (10.44 +1.12%;
p < 0.01) and BDNF*+Tm groups (12.35 +1.30%;
p < 0.001). GADD153 immunostaining was significantly
higher in the BDNF*~+Tm group than in the WT+Tm
group (p < 0.05).

Serum creatinine

Serum creatinine concentration was at a similar level
in the WT and BDNF*) groups (0.29 +0.07 mg/dL and
0.31 £0.06 mg/dL, respectively). Creatinine levels were
higher among Tm-injected animals: 0.40 £0.06 mg/dL
in the WT+Tm group (p < 0.05) and 0.42 +0.07 mg/dL
in the BDNF*-+Tm group (p < 0.05). There was no sta-
tistical difference between the WT+Tm and BDNF*/~+Tm
groups.
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The results of correlation analysis

Correlation analysis showed a positive correlation be-
tween serum BDNF concentration and renal BDNF level
(r = 0.3909; p < 0.05). However, there is no correlation
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Fig. 4. TUNEL immunohistochemical analysis. Representative images
of WT (A), BDNF* (B), WT+Tm (C), and BDNF&2+Tm (D) kidney

tissue sections. Arrows indicate positive staining cells. Bar graph
shows mean +SD of the percentage of TUNEL-positive cell number

in kidney sections (E). *p < 0.01, **p < 0.001 vs the WT group; #p < 0.05,
##p < 0.001 vs the BDNF*) group; +p < 0.01 vs the WT+Tm group

between serum BDNF levels and the other parameters
studied. As shown in Fig. 6, there was a negative correlation
between renal BDNF concentration and serum creatinine
level, apoptotic index, and GADD153 immunostaining.
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Discussion

The present study demonstrated that 1) chronic BDNF
deficiency did not affect parameters of ER stress such
as GRP78, caspase-12 and CHOP/GADDI53 or apoptosis
under baseline conditions, 2) chronic BDNF deficiency
made kidneys more susceptible to ER stress-induced
apoptosis, and 3) endogenously produced BDNF may have
a protective effect in kidneys by suppressing the CHOP/
GADD153 pathway, which mediates ER stress-induced
apoptosis.

The transgenic animal model used in this study is char-
acterized by a lack of 1 of the 2 alleles which code for BDNF,
which results in reduced BDNF expression. In previous
studies, lower expression of BDNF in both the brain and
peripheral tissues (such as the heart and intestines) has
been reported in BDNF*-) mice, as well as lower circu-
lating BDNF levels.>*-3* It is known that reduced BDNF
levels induce hyperphagia, obesity, hyperglycemia, insulin
resistance, and behavioral abnormalities (including in-
creased aggression and hyperactivity) in these transgenic
mice.?*%” In the present study, the presence of a transgene
in each animal was confirmed using PCR in the tail tissue
and chronic BDNF deficiency was confirmed with mea-
surements of BDNF, showing significantly lower serum
and tissue levels among the BDNF*/~) mice than in their
wild-type littermates. Furthermore, increased food in-
take, body weight, aggression, and fat mass were observed
in BDNF*~ mice during the experiments (data not shown).

The endoplasmic reticulum stress refers to physiologi-
cal or pathological states such as oxidative stress, hypoxia
and energy depletion which result in the accumulation
of misfolded or unfolded proteins in the ER lumen.!2
As the ER stress-induced tissue injury has been impli-
cated in a variety of diseases, ER research is attracting
more and more attention. Tunicamycin, thapsigargin and
brefeldin A are defined as ER stress-inducing agents with
different mechanisms of action.®® Tunicamycin induces
ER stress by inhibiting N-linked glycosylation and can be
used in both in vivo and in vitro studies.!32%-303! Previous
studies reported increased GRP78 levels in kidneys follow-
ing Tm-induced renal ER stress, as well as reduced renal
function after 1-5 days of Tm injection.?*3! In the present
study, comparing to the saline injected control groups,
renal GRP78 levels found to be increased in both wild-type
and BDNF heterozygous mice after 3 days of Tm injection.
Furthermore, in accordance with previous studies, higher
creatinine levels were detected in serum samples, signify-
ing reduced renal function.

The results of our BDNF assays showed that Tm-induced
ER stress did not alter serum or renal BDNF levels. Since
BDNEF is a secretory protein, a decrease in BDNF levels
can be expected during ER dysfunction. Indeed, Wei et al.
demonstrated that homocysteine-induced ER stress mod-
eling was associated with a decrease in BDNF expression
as well as increased ER stress in the hippocampus following
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7 days of intracerebroventricular homocysteine admin-
istration.® Although there is no study in the literature
to compare our results with, we propose that the short
duration of the experiment (3 days) may have been insuf-
ficient for such an effect.

During ER stress, UPR can lead to cell repair and survival
through the upregulation of ER chaperones and the glob-
al attenuation of protein synthesis, both of which result
in a reduction of unfolded protein load in the ER lumen.2~*
However, when ER functions are critically impaired, apop-
tosis can be triggered in order to protect the organism
by eliminating the damaged cells. It has been reported
that at least 3 pathways are involved in ER stress-induced
apoptosis: transcriptional activation of CHOP/GADD153,
activation of the JNK pathway and caspase-12.°

In this study, ER stress-induced apoptosis was proven
by the increased apoptotic index in the Tm-injected mice.
Although there were no differences in renal GRP78 levels
between the WT+Tm and BDNF*+Tm groups, apopto-
sis was more prominent in the BDNF-deficient animals.
Furthermore, histological analysis of the renal sections re-
vealed that the kidneys in the BDNF-deficient mice were
more susceptible to Tm-induced tissue injury. These results
may point to a protective role of endogenous BDNF against
ER stress-induced apoptosis and renal injury. In previous
studies, the protective effect of BNDF has been shown
in neuronal tissue and endometrial epithelial cells during
ER stress!®2%as well as in adriamycin-induced nephropa-
thy.2! Although ER stress-induced apoptosis was greater
in BDNF-deficient mice, the serum creatinine levels (an in-
dicator for renal function) in these mice were not different
from those of the WT+Tm group. Nevertheless, a negative
correlation between renal BDNF expression and serum
creatinine concentration suggests that BDNF may also be
important in terms of renal function. The effect of BDNF
would be important in preserving kidney function in renal
diseases involving ER stress. It has been reported that base-
line serum BDNF levels were significantly lower in hemo-
dialysis patients than in the age-matched control group.*
This finding is also consistent with the study by Kurajoh
et al.,, in which serum BDNF levels were lower in patients
with chronic kidney disease.!”” Considering the contribu-
tion of ER stress to deteriorating kidney function in chronic
kidney disease,?>2* it can be suggested that in patients with
both chronic ER stress and BDNF deficiency, renal function
would be more vulnerable.

The molecular mechanisms involved in the protective
effects of BDNF against ER stress have been studied in neu-
ronal cells. Shimoke et al. revealed that BDNF prevents
ER stress-induced apoptosis by suppressing the activa-
tion of caspase-12 through a phosphatidylinositol 3-ki-
nase (PI3-K) dependent mechanism, while Chen et al.
suggested that the suppression of CHOP activation con-
tributes to BDNF-mediated neuroprotection during ER
stress.'®1° In the present study, caspase-12 and GADD153
levels were measured in renal tissue and our results showed
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that Tm administration significantly increased caspase-12
and GADDI153 levels in both wild-type and BDNF hetero-
zygous mice. Although the Tm-induced increase of cas-
pase-12 levels were similar in both groups, the increase
in GADDI153 was greater in the BDNF heterozygous mice
than the wild-type ones. These results suggest the possibil-
ity that endogenous BDNF could protect kidneys against
ER stress-induced apoptosis by reducing the GADD153
increase.

The role of the CHOP/GADDI153 pathway in Tm-in-
duced renal damage has been demonstrated in both in vitro
and in vivo studies. Carlisle et al. have shown that a siRNA-
mediated inhibition of CHOP expression significantly re-
duced Tm-induced apoptosis in HK-2 cells (a cell model
of human renal proximal epithelial cells).* The same
study concluded that Tm-induced renal damage was less
pronounced in CHOP~'~ mice than in their wild-type lit-
termates.* The positive correlation between GADD153
staining and renal apoptotic index in our study is consis-
tent with previous findings. Additionally, the negative cor-
relation between GADD153 and renal BDNF concentration
and the higher expression of GADDI153 during ER stress
in the BDNF-deficient group both suggest the possibility
that the protective effect of BDNF on ER stress-induced
renal injury may be related to GADD153 expression.

As a result, this study showed that endogenous BDNF
may play a protective role in kidneys against ER stress-
induced apoptosis through the suppression of CHOP/
GADD153. BDNF concentration could be associated with
kidney function/kidney diseases. Patients with kidney dis-
ease might be examined for BDNF deficiency. Although
further studies are needed, BDNF and its signaling path-
ways can be considered to have potential for protective/
therapeutic strategies.
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