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Abstract

To study renalase’s expression and distribution in renal tissues and cells, renalase coded DNA vaccine was constructed, and
anti-renalase monoclonal antibodies were produced using DNA immunization and hybridoma technique, followed by
further investigation with immunological testing and western blotting to detect the expression and distribution of renalase
among the renal tissue and cells. Anti-renalase monoclonal antibodies were successfully prepared by using DNA
immunization technique. Further studies with anti-renalase monoclonal antibody showed that renalase expressed in
glomeruli, tubule, mesangial cells, podocytes, renal tubule epithelial cells and its cells supernatant. Renalase is wildly
expressed in kidney, including glomeruli, tubule, mesangial cells, podocytes and tubule epithelial cells, and may be secreted
by tubule epithelial cells primarily.
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Introduction

Renalase is a newly discovered monoamine oxidase enzyme

originating from renal tissues [1]. It degrades circulating

catecholamines, regulates blood pressure and cardiac function,

and is closely associated with cardiovascular diseases and chronic

kidney disease (CKD) [2–4]. Renalase is a protein made of 342

amino acids with a molecular weight of 37.8 KDa approximately.

The N-terminate of renalase contains one signal peptide, one

flavin adenine dinucleotide binding site and one monoamine

oxidase domain, and 13.2% of its amino acid sequence is similar to

the monoamine oxidase A.

Obtaining recombinant renalase protein and preparation of

monoclonal antibodies are the essential steps for the study of

renalase’s function, expression and distribution in renal tissues and

cells. Recently we have been using recombinant renalase protein

produced by prokaryotic expression system to develop monoclonal

antibodies, and we also have tried to use recombinant protein

produced by eukaryotic expression systems such as baculovirus etc,

to develop monoclonal antibodies. However, obtaining large

volume of eukaryotic expressed recombinant renalase protein has

not been such an easy task [5,6].

DNA immunization technique is a vaccination method, which is

a fast and effective way of stimulating body to generate immune

reaction against target protein [7–8]. After DNA vaccine’s uptake

and processing by muscle cells, the natural structure of target

protein remains well preserved. In recent years, DNA vaccine

techniques have been used to obtain monoclonal antibodies,

especially when it is difficult to get protein antigens. Recently we

have successfully utilized such techniques to prepare monoclonal

antibodies for retinol binding protein (RBP4) [9], and established

immunological testing methods as well as explored renalase related

DNA vaccine techniques [10]. On this basis, we utilized DNA

immunization technique to prepare anti-renalase monoclonal

antibodies and those antibodies were used to analyze renalase

expression in renal tissues and cells.

Materials and Methods

Renalase plasmid
Primer for renalase gene was designed as Sp 59- ATAA-

GAATGCGGCCGCATGGCGCAGGT GCTGATC -39, As 59-

GGAAGATCTCTAAATATAATTCTTTAAAGCTT -39, and

then renalase gene was replicated using RT-PCR technique.

Renalase gene was then inserted in pBudCE4.1 (Invitrogen,

Carlsbad, CA, USA) vector plasmid, after which the immunization

plasmid was completed.

Preparation of renalase protein
Renalase protein was obtained using prokaryotic expression

system. After being purified and measured for concentration, it

then was stored at 220uC [5].

Transfection of renalase plasmid
HEK293T cells purchased from ATCC (ATCC No. CRL-

11268TM, USA) were cultured in Dulbecco’s Modified Eagle
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Medium (Invitrogen, USA) containing 10% fetal bovine serum.

Plasmids were transfected into HEK 293T cells using Lipofecta-

mine 2000 Reagent (Invitrogen, USA), and this process was

carried out according to the manual guidelines. After 48 hours,

culture media was removed and rinsed once with PBS (pH 7.4),

and then dissolved (0.2 ml/hole). After the collection, the sample

was heated for 5 min at 100uC, and then stored at 220uC.

Animal immunization
Six weeks old BALB/c mice (Shanghai Experimental Animal

Center of Chinese Academy of Sciences) were kept in SPF grade

animal room. Animals were used according to the feeding and

utilization guidelines prescribed by Chinese Academy of Science.

Animal immunization was done as per the recommended methods

in the literature [11]: 100 mg plasmids (100 ml sterile PBS, pH 7.4)

was given intramuscularly in the quadriceps. Immediately after the

injection, electric impulse stimulation was given with ECM830

(BTX, Holliston, USA). Stimulation parameters were square wave,

100 V/50 ms, positive and negative impulses given three times

each, with an interval of 1 second. A total of three injections were

given with an interval of 3 weeks. Three weeks after the last

injection, cell fusion was carried out. A shot of intra-abdominal

booster of recombinant renalase protein was given three days

before the cell fusion. 10 days after the third injection, blood was

withdrawn from the orbit, kept for 1 hour at the temperature of

37uC, followed by 24 hours at 4uC, and then centrifuged. Upper

layer of colorless or pale yellow serum was collected and stored at

220uC for further use.

Preparation of monoclonal antibodies
The classic method of monoclonal antibody preparation was

used [12,13]. In brief, selected one mouse that had high sensitive

activation to renalase protein, harvested the spleen, then extracted

spleen cells and myeloma cell line SP2/0, and then performed cell

fusion with 50%(w/v)polyethylene glycol in a 50 ml centrifuge

tube (Corning, New York, USA). Following the cell fusion, cells

were subjected to centrifugation and transferred to 96-well plate,

and then with HAT added, cell selection was performed. Ten days

after the cell-fusion, cells selection was performed with selecting

ELISA positive holes.

Immunohistochemical detection of renalase’s expression
in renal tissues

Anti-renalase monoclonal antibodies were used as primary

antibodies and SABC testing kit (Boster, Wuhan, China) was used

to detect renalase’s expression in renal tissues. Each testing step

was performed according to the testing manual guidelines. The

renal tissues subjected to testing were from a post-traumatic

kidney.

Western blot detection of renalase’s expression in renal
cells

With self-prepared anti-renalase antibodies used as primary

antibodies and HRP labeled goat-anti-mouse IgG (Shanghai

Immune Biotech, China) used as secondary antibodies, western

blotting was carried out to detect renalase’s expression in renal

proximal tubule cells (HK2 cell line, ATCC, USA), mesangial cells

(MC cell line, ATCC, USA) and podocytes (MPC5 cell line, gift

from H. Xu, Children’s Hospital of Fudan University, Shanghai,

China).

Immunofluoroscence detection of renalase’s expression
in renal tissues and cells

After the renal tissues were obtained, 3 mm thickness frozen

sections or renal cell climbing slices were made and fixed with

acetone, and self-prepared anti-renalase monoclonal antibodies

were added as primary antibodies. Then, FITC labeled goat-anti-

mouse IgG (Santa Cruz, USA) were added as secondary antibody,

slide sealed with glycerol and observed under fluorescence

microscope.

Results

Construction and validation of renalase plasmid
Renalase coded gene was inserted into the expression vector

pBudCE4.1 (contains one His Tag gene after the sequence of

multiple cloning sites), and the correct sequencing was verified.

After transfection in vitro expression of pBudCE4.1-Renalase was

verified by western blotting demonstrated in Fig. 1, renalase was

detected by anti-His Tag monoclonal antibody. No response was

observed in empty vector, indicating that renalase can be

expressed in mammalian cells.

Anti-renalase monoclonal antibody presented high
sensitivity

The titer of antibody from mice serum was tested before the cell

fusion. One mouse with high titer was selected as spleen cells

donor and cell fusion was done with cell line SP2/0. The serum

titer of anti-renalase was 1:32000 and the titer of normal mouse

was below 1:1000. After 3 cycles of cloning, two hybridoma cell

lines were obtained. Culture supernatant was collected and ascites

was prepared. Analysis of culture supernatant showed an antibody

titer of 1:128000, and an antibody sub type IgG1/k. Titration

ELISA of purified anti-renalase monoclonal antibody was over

1:512000, higher than that of poly-serum titer 1:128000. Western

blotting was performed by using prokaryotic expressed renalase

protein as the sample and the prepared anti-renalase monoclonal

antibodies as primary antibodies. The results showed the

recombinant renalase protein can be recognized by the monoclo-

nal antibody (Fig. 2).

Figure 1. Western blotting of the expression of pBudCE4.1-
Renalase in 293T cells. 1: empty pBudCE4.1vector, 2: pBudCE4.1-
Renalase.
doi:10.1371/journal.pone.0046442.g001
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Renalase’s expression in renal tissues can be detected by
immunofluorescence

Indirect immunofluorescence testing was conducted by using

anti-renalase monoclonal antibody. The results showed that

renalase expressed in cytoplasm of glomerular mesangial cells

(Fig. 3A). And renalase can also be detected for its expression in

cytoplasm of tubule epithelial cells (Fig. 3C).

Renalase’s expression in renal tissues can be detected by
immunohistochemistry

Immunohistochemical testing was carried out with renalase

monoclonal antibodies as the primary antibodies. The results

showed that renalase expressed in renal glomeruli (Fig. 4A) and

tubule (Fig. 4C).

Renalase’s expression in renal cells can be detected by
immunofluorescence

Indirect immunofluorescence testing was conducted with anti-

renalase monoclonal antibodies as the primary antibodies. The

results showed that renalase expressed in cytoplasm of mesangial

cells (Fig. 5A), podocytes (Fig. 5C) and renal tubular epithelial cells

(Fig. 5E).

Renalase’s expression in renal cells can be detected by
western blotting

Western blotting was done with anti-renalase monoclonal

antibodies as the primary antibodies. The results showed that

mesangial cells (Fig. 6A), podocytes (Fig. 6C) and renal tubular

epithelial cells (Fig. 6E) cultured in vitro also could express

renalase. But only tubular epithelial cells’ supernatant could be

detected the expression of renalase, as shown in Fig. 6F.

Discussion

Recent studies showed that elevated levels of catecholamine in

renal failure patients compared to normal individuals may be

associated with hypertension and cardiovascular complications of

CKD. But the exact mechanism of it is still unclear [14]. Renalase

was discovered in 2005, it is an enzyme expressed in kidneys that

can degrade circulating catecholamines. This finding has changed

the previous understanding about renal physiology and neuro-

physiology [15–17]. In patients with CKD, renalase production in

serum and tissues decreases. Current studies indicate that the

decreased renalase production is associated with hypertension, as

well as increased levels of circulating catecholamines [18]. In 2007,

Figure 2. Western blotting verification of anti-renalase mono-
clonal antibody. 1: recombinant renalase protein.
doi:10.1371/journal.pone.0046442.g002

Figure 3. Immunofluorescence testing of renalase’s expression in renal tissue. A: renalase expressed in glomeruli (Anti-renalase
monoclonal antibody was used as primary antibody) (4006). B: glomeruli negative control (PBS was used as control) (4006). C: renalase expressed in
renal proximal tubules (Anti-renalase monoclonal antibody was used as primary antibody) (4006). D: renal proximal tubule negative control (PBS was
used as control) (4006).
doi:10.1371/journal.pone.0046442.g003
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renalase-like substance was successfully cloned from mice by Wang

[19].

Renalase is a highly conserved protein, of which 95% of amino

acids are similar to that of primates. This is probably because

renalase coded genes have evolved from a same ancestor gene [4].

Studies have shown that kidneys are the main source of renalase

production. In vitro study has shown that renalase can degrade

catecholamines and has strongest enzymatic hydrolysis action

against dopamine, followed by adrenaline and noradrenaline. In

vivo studies indicate that catecholamine activates renalase

precursor which promotes deactivation of catecholamines and

regulation of cardiovascular function [20,21].

As of today, renalase is the only enzyme known to be secreted

into blood that can degrade circulating catecholamine and may

have a great value in prevention of kidney diseases and

cardiovascular diseases. Discovery of renalase has drawn the

attention of the scientific world [22–24]. Even though there have

been some debates (Boomsma F), much importance is given to its

significance as further studies are carried out [25]. It may have a

great value in further understanding increased sympathetic activity

and mechanism of cardiovascular complications in CKD patients

as well as a prevention of CKD and cardiovascular diseases [26–

28]. Both in vitro and animal studies have demonstrated the

possible effects of renalase in chronic renal failure and cardiovas-

cular diseases [29]. It can be speculated that replacement or

supplementation of renalase may bring up a promising treatment.

At present, there are many ongoing studies on genetic

background of renalase. Zhao et al have found that renalase gene

polymorphysim is associated with primary hypertension, indicat-

ing this gene may become the novel marker of genetic

susceptibility in essential hypertension [30]. Farzaneh-Far discov-

ered that renalase gene polymorphism also is associated with

ventricular hypertrophy [31]. Buraczynska found that an associ-

ation between renalase gene polymorphism and hypertension in

type 2 diabetes [32]. Stec et al investigated patients with end stage

renal disease and found that renalase gene polymorphism is

associated with hypertension among these patients [33].

Despite the role of renalase in regulating serum catecholamines

and blood pressure, recent studies demonstrated that extra-renal

renalase is also important. In renalase gene knocked-out mice,

serum urea nitrogen, creatinine and aldosterone levels were

unaffected, and cardiac systolic function was intact. However, mild

ventricular hypertrophy was presented with decreased tolerance to

ischemia, and increased risk of myocardial infarction, as much as 3

times higher than that of wild mice. Recombinant renalase

replacement therapy could abort such abnormal changes [34]. Gu

et al recently reported that renalase’s expression is influenced by

renal perfusion and abnormality of the renal perfusion is probably

implicated in elevated serum catecholamine levels in cardiac

failure [35]. Both renalase gene and protein are also observed in

central and peripheral nerve systems [26]. Renalase is found in

hypothalamus, pons, medulla oblongata and spinal cord, where

the presympathetic and preganglionic neurons are located. It is

highly plausible that renalase is also involved in regulating the

central sympathetic output. Other extra-renal sources of renalase

(i.e. skeletal muscles, small intestine and vasculature) are yet to be

determined.

Figure 4. Immunohistochemical detection of renalase’s expression in kidney tissues. A: renalase expressed in glomeruli (Anti-renalase
monoclonal antibody was used as primary antibody) (4006). B: glomeruli negative control (PBS was used as control) (4006). C: renalase expressed in
renal proximal tubules (Anti-renalase monoclonal antibody was used as primary antibody) (4006). D: Renal proximal tubule negative control (PBS was
used as control) (4006).
doi:10.1371/journal.pone.0046442.g004
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The regulation of renalase’s expression is another enigma that

requires further studies. As of today, there have been some animal

experiments that showed decreased renalase production associated

with high intake of sodium and phosphate [36]. Renal denerva-

tion, a potential anti-hypertension treatment [37], was reported to

increase plasma renalase content and renalase expression in the

kidneys in spontaneously hypertensive rats [38]. Data from clinical

studies has shown that renalase level significantly decrease in

patients with stroke and chronic kidney diseases, especially those

on renal replacement therapy [39–41], and is normalized in

kidney and heart transplant recipients [42,43].

However what parts of kidney and which renal cell renalase is

expressed in are not clear yet. In order to obtain high sensitive

anti-renalase antibody, this study used DNA immunization which

is an established laboratory technique that has been done

successfully. Study was conducted using self-made anti-renalase

monoclonal antibody, and findings were consistent with the

literature, that is, renalase was expressed in both glomeruli and

renal tubule [1]. Further in vitro testing showed renalase expressed

in mesangial cells, podocytes and tubular epithelial cells, especially

only tubular epithelial cells can secrete renalase to the supernatant.

Therefore, tubular epithelial cells may be the major cells that can

secrete renalase. Such observation has not been reported. These

study findings indicate that anti-renalase monoclonal antobodies

used in this study could identify natural renalase protein and it is a

good experiment tool.

Renalase is widely expressed in glomeruli, tubules, mesangial

cells, podocytes and tubular epithelial cells, but its physiological

function is not clear yet. Further studies about this novel protein’s

molecular structure as well as function, carry a great value. At

present, a lot more works need to be done on renalase’s expression,

regulation, function and replacement therapy etc.
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