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Abstract

Although the glia derived neurotrophic factor (GDNF) is defined as a molecule that maintains neuronal cells, it possesses a

range of functions outside the nervous system. For example, it is essential for uretric branching in kidney morphogenesis and for

regulating the differentiation of stem cells during spermatogenesis, cardiac, hair follicle and vascular differentiation and the

maintenance of immune cells. In the present work, the presence of GDNF in carp peripheral blood leukocytes (PBL) and head

kidney cells (HK) was evidenced and its evolutionary importance in both neural and immune systems development was

suggested. Using the northern-blot technique, we could observe the expression of two different transcripts of this gene. GDNF

upregulation was detected using semi-quantitative PCR, following ex vivo treatment of PBL and HK cells with the

immunomodulator AS101 which was previously shown to inhibit IL-10 and to up-regulate GDNF protein levels in human SVG

astrocyte cell line, in 6-OHDA hemi-parkinsonian mice in vivo and in rat glomerular mesengial cells in vitro.

q 2005 Elsevier Ltd. All rights reserved.
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1. Introduction

GDNF, a distinct member of the transforming

growth factor-b family, promotes survival and
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differentiation of several types of cells [1,2] and

regulates uretric branching in the embryonic kidney.

Originally, GDNF was shown to be involved in

mesostriatal dopaminergic system regulation and

consequently proposed as a possible treatment for

Parkinson disease [3,4]. Recombinant GDNF pro-

moted the survival and differentiation of dopamin-

ergic neurons in embryonic midbrain cultures and

promoted their uptake of dopamine and could rescue
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motor neurons from programmed cell death caused by

axotomy [5]. GDNF injected over the substantia nigra

or in the striatum could protect cells from the effects

of the neurotoxin MPTP (1-methyl-4-phenyl-1,2,3,

6-tetrahydropyridine), suggesting a possible use in the

treatment of Parkinson disease [6,7]. GDNF was used

to prevent loss of tyrosine hydroxylase-expressing

neurons in the SN of adult rat brains after transfection

of their axons within the medial forebrain bundle [8].

The signaling receptor complex of GDNF includes

Ret receptor tyrosine kinase and GDNF family

receptor a1 (GFRa1) [9]. GDNF was described for

several mammals (human, rat, mouse and bovine),

Avian (Chicken and Ibis) and recently in zebrafish.

Expression patterns of zebrafish mRNA orthologues

of GDNF and its receptor, GFRa1, were previously

described in the developing zebrafish immune

(kidneys) and nervous systems (PMN and ENS), and

a possible functional significance of the correlated

expression patterns of GDNF and GFRa1 mRNA was

suggested in fish [10–12].

The nontoxic immunomodulator ammonium tri-

chloro(dioxoethylene-o,o 0)tellurate (AS101), is a

synthetic organo-tellurium compound with a molecu-

lar weight of 312. Most of its activities have been

primarily attributed to the direct inhibition of the anti-

inflammatory cytokine interleukin (IL)-10 [13],

followed by the simultaneous increase of specific

cytokines, e.g.: IL-2, IFN-g, TNF-a, IL-1a [14–16].

These immunomodulatory properties were found to

be crucial for the clinical activities of AS101,

demonstrating the protective effects of AS101 in

parasite model [17], in autoimmune diseases [18],

in septic mice [19], and in a variety of tumor models

in mice and humans where AS101 had a clear anti-

tumoral effect [14,20]. Phase I clinical trials with

advanced cancer patients treated with AS101 showed

increased production and secretion of a variety of

cytokines, leading to a clear dominance in TH1

responses with a concurrent decrease in the TH2

responses which was shown to be related to AS101

anti-tumoral activity [20]. All AS101 activities were

associated with minimal toxicity. Recently, we

described IL-10 and GDNF as mesangial autocrine

growth factors that play a major role in rat mesengial

cell (MC) proliferation in vitro, the regulation of these

factors by AS101 and the mechanism for that

regulation. IL-10 was found to be a potent MC growth
factor that negatively regulates GDNF expression.

The close regulation between IL-10 and GDNF and

the release of GDNF by immune cells [21] implies an

important role for GDNF in these cells. The close

evolutionary distance between carp and zebrafish

enabled us to clone the GDNF mRNA using

conserved areas in the GDNF mRNA as primers for

PCR. The results in this work provide a functional

insight into the expression of GDNF in carp PBL and

HK and its regulation by the immunomodulator

AS101, and reveal yet another link between the

neural and the immune systems in the fish.
2. Materials and methods
2.1. Fish

Carp (Cyprinus carpio) of 100–150 g, commer-

cially supplied by Kibbutz Gan-Shmuel, Israel, were

used in this study. The fish were kept in 300 l aquaria

connected to a water recirculatory system. The water

temperature was thermo-regulated to 25G1 8C.
2.2. AS101

AS101 was supplied by M. Albeck from the

chemistry department in Bar Ilan University, in a

solution of PBS, pH 7.4, and maintained at 4 8C.
2.3. PBL separation and culture

Fish were bled from the caudal fin and PBL were

isolated from heparinized blood by Ficoll-paque

PLUS (Amersham) density gradient in vitro culture

of PBL was performed as previously reported [27].

Briefly, 4 million cells/ml were cultured in Dulbeccos

modified Eagle’s medium (DMEM) (Biological

industries, Beit haemek, Israel) supplemented with

2% Pooled carp serum, 1% L-glutamin, 1% Penicillin–

Streptomycin–Amphotericin solution (Biological

industries, Beit haemek, Israel) and 0.5 mg/ml LPS

in 60 mm cell culture dishes (Nunclon). When noted,

AS101 at concentration of 0.5 mg/ml was added to

the cultures.
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2.4. Harvest of head kidney cells

Head kidneys (HK) were maintained in PBS

supplemented with 0.3% heparin (Choay) to prevent

blood coagulation, and pressed through stainless-steel

mesh nets. Cultures were initiated at 4!106 cells/ml

and cultured as mentioned above.
2.5. Oligonucleotides used for RT-PCR

Oligonucleotides used for amplifying the GDNF

mRNA—forward (5 0-ATG GAC TTC ATC GAA

GCC AC 3 0 sense). Reverse (5 0-CAC ACT TTT TAG

CGG AAT GCT T 3 0 antisense).
2.6. Oligonucleotides for northern analysis of GDNF

Specific oligonucleotide for carp GDNF mRNA—

(5 0-TGT GCC CGG CGA CGT CAT CGC CTT CTA

GTC GAG GAG AAA CCA GGA CAT TGG GTT C

3 0 antisense) was complementary to carp GDNF.
2.7. RT-PCR analysis

Total RNA was isolated using the EZ-RNA II kit

(Biological industries, Beit haemek, Israel). Reverse
Fig. 1. Multiple alignment using CLUSTAL W (1.82) of GDNF sequence

18858753, 47480729, 2137597, respectively). Carp and zebrafish GDNF

share 63.4% identity and 75.3% similarity.
transcription of RNA to cDNA was carried out using

EZ-first strand cDNA synthesis kit (Biological

industries, Beit haemek, Israel). The cDNA syn-

thesized was subjected to PCR amplification with

GDNF primers pair in the presence of universal 18S

ribosomal RNA subunit primers pair (Ambion). PCR

was performed using PTC-200 (MJ research) PCR

system. PCR products were analyzed by TAE-agarose

gel electrophoresis and stained with ethidium

bromide. PCR amplification consisted of 35 cycles

of 30 s denaturation at 94 8C, 1 min annealing at

60 8C, and 1 min of elongation at 72 8C. Densitometry

of PCR products for quantification was obtained using

ImageJ software (http://rsb.info.nih.gov/ij/). GDNF

mRNA level was normalized according to 18S rRNA

amplification products.
2.8. Northern-blot analysis

Total RNA was prepared using the EZ-RNA II kit

(Biological industries, Beit haemek, Israel) and

30 mg/lane were fractionated on a 1.2% agarose,

2.2 M formaldehyde gel. The RNA was visualized

with ethidium bromide. The RNA was transferred to a

nylon membrane (Hybond; Amersham Biosciences)

and probed with g-32P-end-labeled oligonucleotide.
s from carp, zebrafish, human and mouse (genbank GI: 49356889,

share 93.5% identity and 95.7% similarity. Carp and human GDNF

http://rsb.info.nih.gov/ij/


Fig. 2. Carp PBL express 2 transcripts of GDNF. Total RNA was

isolated from PBL of four different adult carps (lanes 2–5) and

tilapia (lane 1), and analyzed by northern blotting technique using a

55 bases P32 end-labeled oligonucleotide complementary to carp

GDNF. Tilapia RNA served as control to eliminate option of non-

specific binding to rRNA.
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3. Results and discussion

3.1. Cloning of carp GDNF

Partial cDNA of carp GDNF was isolated by RT-

PCR using the above oligonucleotide primers

designed by us. GDNF cDNA were subsequently

sequenced (HyLabs, Israel), and BLAST analysis

revealed that the carp mRNA is most similar to other

GDNF orthologues. Sequence alignments were

performed using CLUSTAL W version 1.82 [22].
Fig. 3. AS101 up-regulates carp GDNF mRNA both in peripheral blood le

extracted from adult carps, and total RNA was extracted. mRNA was rever

are from products generated after 35 cycles. This result is a representa

densitometry of PCR products. Densitometry of PCR products was carr

mRNA levels were normalized against the 18S rRNA expression, and exp
The partial carp mRNA sequence that we obtained

and its parallel area in the zebrafish GDNF mRNA

share 93.5% identity and 95.7% similarity. The partial

carp mRNA sequence that we obtained and its parallel

area in the human GDNF mRNA share 63.4% identity

and 75.3% similarity (Fig. 1).
3.2. Northern analysis of carp PBL GDNF

Northern analysis using a 55 bases P32 end-labeled

oligonucleotide complementary to carp GDNF

revealed two mRNA transcripts that are expressed in

carp PBL. Our finding that carp GDNF expression in

PBL has 2 splice forms (Fig. 2) is in accordance with

its expression in other vertebrates. Human GDNF was

reported to express two forms in many tissues outside

the CNS [23]. Trupp et al. reported two splice variant

of GDNF in different organs and peripheral neurons of

the developing rat [24]. Grimm et al. concluded that at

least three different GDNF transcripts are found and

suggested that GDNF transcriptional regulation is a

target of exogenous signals [25]. At least two

alternative spliced GDNF products suggest spatio-

temporal regulation of GDNF expression, which

would be consistent with the many different functions

associated with GDNF. Further, elucidation of this

gene’s regulation, protein expression and protein

diversity should advance our understanding of the

signaling and function of this important neurotrophic

factor within carp fish genetics, immunology,
ukocytes (PBL) and head kidney (HK) cultures. HK and PBL were

se transcribed into cDNA and amplified by PCR The images shown

tive of 3 repeating experiments, (*P!0.05). (A) PCR results (B)

ied using ImageJ software (http://rsb.info.nih.gov/ij/), and GDNF

ressed as arbitrary units.

http://rsb.info.nih.gov/ij/
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development, and disease and perhaps even elucidate

the higher ability of lower vertebrates to regenerate

neuronal injuries.

3.3. Upregulation of carp GDNF mRNA by AS101

AS101 has been previously shown to up-regulate

GDNF mRNA levels in rat glomerular mesengial cells,

on the protein level [16], in human SVG astrocyte cell-

line (unpublished results) and in 6-OHDA hemi-

parkinsonian mice in vivo (unpublished results). Our

results show that AS101 up-regulates carp GDNF in rat

glomerular mesangial cells peripheral blood leukocytes

(PBL) and head kidney (HK) (Fig. 3). This is in

correlation with GDNF involvement in mammalian

kidney development, neural tissues and immune cells.

The proposed mechanism for this regulation in rat cells

by AS101 is via IL-10 inhibition [16]. IL-10 gene

expression was recently described in carps [26]. In a

recent study we found that in vitro stimulation of PBL

with mitogens significantly increased the level of

intracellular IL10 in carp. An addition of AS101 to

these mitogens shows a dose dependant inhibition of the

PBL IL-10 synthesis (unpublished results). Therefore, it

is plausible to suggest that the transcriptional regulation

of GDNF by AS101 in carp PBL involves also IL-10.

The ability of AS101 to up-regulate carp GDNF mRNA

in PBL suggests that the mechanism for its regulation is

highly conserved along the evolution of vertebrates.
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