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Abstract: Mutations in Parkin gene are responsible of 50% of cases with autosomal recessive juvenile-onset
Parkinson’s disease (ARJP). Although 21 parkin alternative splice variants have been cloned so far, most of the
studies have focused their attention on the full-length protein. Despite the expression of the originally cloned
protein has been observed in human blood cells, there is currently no study that has investigated the expression
profile of parkin isoforms in human lymphomonocyte (LMN). In the present study, we have explored the
expression pattern of parkin proteins in total LMN and in specific subpopulations like T lymphocyte (CD2+),
monocyte (CD14+) and B lymphocyte (CD19+).

Peripheral blood was collected from healthy volunteers (n=5). Total LMN homogenate expresses H1, H5 and
H6 parkin isoforms. These data have been confirmed by immunoprecipitation analysis, by using three
antibodies recognizing different domains of the full-length. In human CD2+, CD14+ and CD19+
subpopulations, two bands of ~58 and ~52 kDa molecular weight have been revealed. These proteins are
distributed both in cytoplasm and nucleus, as demonstrated by fluorescence immunolocalization. The expression
of parkin isoforms in human blood cells is subpopulation-specific, and is likely altered in PD patients. A future
investigation of the parkin splicing profile in human blood cells could represent a useful tool for identify early
non-invasive biomarkers in patients affected by ARJP.

Keywords: Parkin protein; alternative splicing; T lymphocyte; monocyte; B lymphocyte.

Abbreviations: ARJP, autosomal recessive juvenile-onset Parkinson disease; LMN, human lymphomonocytes;
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1. INTRODUCTION

Parkin gene (also known as PARK2) is one of the largest in the human genome. It is located on the
long arm of chromosome 6 (6025.2-g27) and its mutations cause autosomal recessive juvenile-onset
Parkinson's disease (ARJP) [1]. Affected patients commonly present atypical clinical symptoms, such
as the onset dystonia, hyperreflexia and diurnal fluctuations [2]. Moreover, the brain of most ARJP
patients with parkin mutations lacks Lewy Bodies suggesting its the involvement in the formation of
these highly ubiquitinated intracytoplasmic inclusions. Accordingly, Parkin has been previously
demonstrated to act as an E3 ubiquitin ligase that regulates the degradation of misfolded proteins
through proteasomal pathway [3-5], and specifically it catalyzes the transfer of ubiquitin from an E2
ubiquitin-conjugating enzyme to a protein substrate. Along with the involvement in the proteasomal
pathway, many other functions of parkin are currently known. It promotes the removal of damaged
mitochondria via mitophagy by interacting physically with the outer mitochondrial membranes:
therefore, the loss of Parkin activity causes mitochondrial dysfunction and the consequent loss of
neurons in ARJPD brain [6]. Parkin reduction causes endoplasmic reticulum degeneration, another
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condition involved in disease progression [7]. More recently, it has been suggested that parkin acts as
a tumor suppressor gene. Although, the mechanism whereby it plays this role is still unknown, a
feedback between parkin and p53 has been identified [8-10]. In particular, parkin decreases p53
expression at transcriptional level whereas p53 induces an upregulation of parkin levels [11]. This
balance is abolished in ARJP as a consequence of parkin mutation and loss of its ability to suppress
p53 expression by contributing to exacerbated cell death in the brains of ARJP patients [11].

The multiplicity of parkin functions could be related to the transcription of different variants and
consequently isoforms. To date, GenBank reports at least 26 different human PARK2 transcripts
corresponding to 21 alternative splice variants, encoding a wide spectrum of protein isoforms. These
isoforms present a molecular architecture and domain compositions different from the first cloned one
[12]. In fact, the first cloned PARK2 transcript (presently referred as canonical) encoded a predicted
protein including an N-terminal ubiquitin-like domain (UBQ), two C-terminal domains in-between
ring fingers (IBR), and a cysteine-rich RINGO domain [13-15]. The UBQ domain targets specific
protein substrates for proteasomal degradation, whereas IBR domains occur between pairs of ring
fingers and play a role in protein quality control. The different parkin isoforms structurally diverge
from the canonic one for the presence or absence of the UBQ domain and one or both IBR domains.
Moreover, when the UBQ domain is present, it often differs in length from that of the canonical
sequence. Interestingly, some isoforms miss all of these domains [16].

Parkin expression profile has been showed both in physiological and pathological conditions [12, 16-
21]. In the central nervous system, parkin immunoreactivity has been observed in different brain
areas, including substantia nigra, locus coeruleus, putamen and frontal cortex [22-25]. It has also
been observed in human blood, however, little is known about the isoforms expression profile in
human LMN. Sunada et al. [26] have demonstrated that, through alternative splicing mechanism,
distinct parkin transcripts are expressed in different human tissues including leukocytes. A shorter and
hardly detectable isoform compared to the full length was revealed in these cells. Instead, Kasap et al.
[27] found a variant of about ~52 kDa molecular weight in the serum of nine patients with Parkinson
disease.

In light of these evidence, in the present study, we investigated the possibility of detection of
different parkin isoforms in total LMN and isolated subpopulations of a control cohort group. Our
analysis revealed that human lymphmonocytes express H20, H1/H5 and H6 parkin isoforms.
However, the use of more sensitive methods for the detection of these transcripts in isolated LMN
subpopulation is necessary. The characterization of parkin expression profile in ARJP patients
samples might allow to identify biomarkers useful in the diagnosis of this neurodegenerative disease.

2. MATERIALS AND METHODS
2.1.Blood Samples

Peripheral blood from healthy volunteers (n=5) was collected in heparin tubes, after obtaining signed
informed consent. Lymphomonocytes were isolated from blood by using Ficoll-plaque plus density
gradient centrifugation medium (GE Healthcare). Briefly, each heparinized blood sample was diluted
with the same quantity of balanced salt solution (BSS). Then, it was layered on 3 mL of Ficoll-Plague
medium and centrifuged at 400 x g for 40 min with no brake. The buffy layer containing LMN was
collected by using a sterile glass pipetteand transferred into a clean conical tube and washed 2 times
with BSS.

2.2.Isolation of T Cells, Monocytes and B Cells

Isolation of T lymphocyte (CD2+), monocytes (CD14+) and B lymphocyte (CD19+), was performed
by using respectively Dynabeads CD2, Dynabeads CD14 and Dynabeads CD19 pan B, as specified in
the instruction manuals (Invitrogen by Life Technologies). Briefly, 1 x 10" cells/mL LMN (to isolate
T cells and monocytes) and 2,5 x 10’ cells/'mL LMN (to isolate B cells) were incubated with 25 pl
pre-washed beads for 20 min on ice. Then, each sample was washed twice with isolation buffer. Cells
pellet was resuspended in culture medium and was incubated at 37 °C in a humidified atmosphere
with 5% CO2.
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2.3. Immunoprecipitation Protocol

Immunoprecipitation was performed by using Dynabeads Protein A Immunoprecipitation Kit as
specified in the instruction manual to isolate purified parkin isoforms (Invitrogen by Life
Technologies). Briefly, 1 pg of rabbit anti-Park2 polyclonal antibody (cat n. AB5112, Millipore) or 1
ug of rabbit anti-Parkin (cat n. PAB1105, Abnova) or 1 pg of mouse anti-Parkin (cat n. SC32282,
Santa Cruz Biotechnology), was conjugated with dynabeads and stored in PBS with 0.1% tween 20.
To allow antigen binding, 400 pg of total LMN protein homogenate was added to each tube
containing dynabeads-conjugated antibody. Each tube containing dynabeads-Ab-Ag complex was
placed on magnet and supernatant was removed. The complex was resuspended in 20 pl elution buffer
with 2X Laemmli buffer and processed for western blot analysis.

2.4.Western Blot Analysis

To determine the expression of parkin isoforms protein, western blot analysis was performed as
previously described by [28]. Briefly, proteins were extracted with buffer containing 20 mMTris (pH
7.4), 2 mM EDTA, 0.5 mM EGTA,; 50 mM mercaptoethanol, 0.32 mM sucrose and a protease
inhibitor cocktail (Roche Diagnostics) using a Teflon-glass homogenizer and then sonicated twice for
20 sec using an ultrasonic probe, followed by centrifugation at 10.000 g for 10 min at 4 °C. Protein
concentrations were determined by the Quant-iT Protein Assay Kit (Invitrogen). About 17 pug of T
lymphocyte (CD2+), monocytes (CD14+), B lymphocyte (CD19+), or 50 ug of total LMN or 400 pg
of immunoprecipitated homogenate was diluted in 2X Laemmli buffer (Invitrogen, Carlsbad, CA,
USA), heated at 70°C for 10 min. Proteins were separated on a Biorad Criterion XT 4-15% Bis-tris
gel (Invitrogen), by electrophoresis, and then transferred to a nitrocellulose membrane (Invitrogen).
Blots were blocked using the Odyssey Blocking Buffer (Li-Cor Biosciences) and hybridized to each
of the following antibodies: 1:1000 rabbit anti-Park2 polyclonal antibody (cat n. AB5112, Millipore),
1:500 rabbit anti-Parkin antibody (cat n. PAB1105, Abnova), 1:200 mouse anti-Parkin (cat n.
SC32282, Santa Cruz Biotechnology), 1:500 rabbit anti-B-tubulin (cat n.sc-9104, Santa Cruz
Biotechnology). A goat anti-rabbit IRDye 800 CWantibody, (cat #926-32211; Li-Cor Biosciences) or
goat antimouse IRDye 680CW (cat #926-68020D, Li-Cor Biosciences) were used. Blots were
scanned with an Odyssey Infrared Imaging System (Odyssey).

2.5. Immunofluorescence Analysis

To determine the cellular distribution of parkin isoforms, immunofluorescence analysis was
performed on LMN, T cells (CD2+), monocytes (CD14+) and B cells (CD19+). Briefly, cells cultured
on glass cover slip were fixed in 4% paraformaldehyde in PBS (15’ at room temperature),
permeabilized with 0.2% Triton X100, blocked with 0.1% BSA in PBS, and then probed with primary
antibody previously described. Signals were revealed with Alexa Fluor 488 goat anti-rabbit antibody
after incubation for 1.5 h at room temperature and shielded from light. DNA was counterstained with
DAPI (#940110, Vector Laboratories). After a series of PBS and double-distilled water washes, the
fixed cells were cover-slipped with Vectashield mounting medium (Vector Laboratories, Inc.,
Burlingame, CA, USA). Parkin immunoreactivity was analyzed by using confocal laser scanning
microscopy (CLSM; Zeiss LSM700). Green and blue signals were detected with laser 488nm/10mwW
and 405nm/5mW respectively, and using the objective "PLAN-APOCHROMAT" 63X/1,40 OIL DIC
M27. Each scanning was individually digitalized by a high sensitivity PMT using the following
acquisition setup: Gain master: 776; digital offset: -202; digital gain: 1.0. All acquisitions were
performed with ZEN-2010 software.

3. RESULTS
3.1. Expression Profile of Parkin Isoforms in Human Lymphomonocytes

In order to identify parkin isoforms expressed in human blood cells, we used a previous published
table (Table 1) that reports the predicted molecular weight of all 21 predicted parkin isoforms [16].
This table also indicates which isoform might be identified by the antibodies used in our experiments.
The prediction has been performed by aligning the amino acid sequences of the isoforms with the
epitope sequence recognized by each antibody. As displayed, when these sequences perfectly
matched, it was indicated in the table by ‘Yes’. If the antibody recognized at least 8 consecutive
amino acids, it was indicated in the table by ‘May be’. Instead, if the antibody recognized less than 8
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consecutive amino acids, this was indicated in the table by ‘No’. H1 isoform is the originally cloned
Parkin protein (GenBank Accession Number: BAA25751.1) and here considered as the canonical
sequence.

Tablel. Parkin isoforms recognized by AB5112, PAB1105 and SC32282 antibody

Code identifier Predicted MW AB5112 PAB1105 SC32282
H20 58,13 yes yes yes
*H1 51,65 yes yes yes

H5 48,71 yes yes yes
H10 46,41 no yes yes
H14 43,49 no yes yes

H4 42,41 yes yes no

H8 42,52 yes no yes
H17 42,52 yes no yes
H21 39,59 yes no yes

H6 35,63 yes no yes
H11l 30,615 yes no yes

H2 30,16 yes no yes

H3 22,19 yes no no
H12 19,20 may be no yes

H9 15,521 no yes no
H13 15,521 no yes no

H7 15,41 no no yes
H18 15,39 no no yes
H15 10,531 no no no
H19 6,83 no no yes
H16 5,35 no no no

*H1 is the originally cloned Parkin isoform (GenBank: BAA25751.1)
Yes: perfect match between predicted protein sequence and antibody epitope.
No: matching between predicted protein sequence and antibody epitope is less than 8 consecutive amino acids.

Representative immunoblots of signals detected on total (A, B, C) and immunoprecipitated (D, E, F) LMN by
AB5112 (A, D), PAB1105 (B, E) and SC32282 antibody (C, F). p-tubulin was used as loading control.

In total LMN protein homogenate, signals corresponding to parkin proteins with a molecular weight
ranging between ~58 and ~48 kDa, corresponding to H20 and H1/H5 isoforms, have been detected by
AB5112, PAB1105 and SC32282 antibodies on blot (Fig. 1 A, B and C). A band of ~42 kDa
molecular weight has been only observed on blot hybridized with AB5112 antibody. As predicted in
Table 1, it may correspond to H4/H8/H17 isoforms (Fig. 1A). A further very faint band of ~35 kDa
molecular weight, representing H6 isoform, has also been visualized by AB5112 and SC32282
antibodies (Fig. 1A and C). Moreover, a faint band of ~19 kDa, corresponding to H12 isoform, has
been observed on blot by using SC32282 antibody (Fig. 1C). Unpredicted bands visualized on blots
could represent aspecific signals or isoforms not identified yet. Therefore, to discriminate among
specific signals, proteins have been immunoprecipitated from cell lysate by using all antibodies. As
shown in Fig. 1 (D, E and F), a band of ~52 kDa has been detected. Furthermore, as previously
described, a band of ~35 kDa molecular weight has also been visualized by AB5112 and SC32282
antibody (Fig. 1D and F). Instead, it is not detected the presence of the band of ~58 kDa molecular
weight. As shown in Fig. 1, this might be due to low expression of this transcript in total LMN.

After this overall analysis, we focus our attention into the expression profile of parkin isoforms in
human LMN subpopulations, including T lymphocyte (CD2+), monocyte (CD14+) and B lymphocyte
(CD19+). A band of ~52 kDa molecular weight, corresponding to H1 and H5 isoforms, has been
detected in all of the three subpopulation analyzed. However, the signal was more evident on the blot
by using the antibody PAB1105 (Fig. 2B), whereas this band was visualized only in monocyte
(CD14+) by using the other two antibodies (Fig. 2A and C). Furthermore, a band of ~58 kDa,
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corresponding to H20 isoform, was also revealed in all three LMN subpopulations, but the signal was
most evident by using AB5112 antibody (Fig. 2A). These discordant results might depend on the
different affinity of each antibody toward the various isoforms.
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Figl. Expression profile of parkin isoforms in human lymphomonocytes
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Fig2. Expression profile of parkin isoforms in T lymphocyte CD2+, monocyte CD14+ and Blymphocyte
CD19+

Representative immunoblots of cell lysate from T lymphocyte CD2+, monocyte CD14+ and B lymphocyte
CD19+ detected by AB5112 (A), PAB1105 (B) and SC32282 (C) antibody. p-tubulin was used as loading
control

3.2. Immunolocalization of Parkin Isoforms in LMN Subpopulations

Parkin isoforms distribution in LMN subpopulations has been detected by using immunofluorescence
analysis. As previously described [16], and here highlighted in Table 1, to date, there are not currently
commercially available antibodies which allow to discriminate among specific isoforms. This limits
the immunolocalization analysis because the detected immunofluorescence represents the
combination of signals generated by the isoforms expressed in each cell. However, the data obtained
have confirmed the results of western blot. In all cells, parkin is highly expressed both in cytoplasm
and nucleus (Fig. 3A and B), but nuclear immunoreactivity has been predominantly revealed by
SC32282 antibody (Fig. 3B). This could be explained by a higher affinity of this antibody against
isoforms present in the nucleus or by its better permeation in cellular preparation.
A B

AB5112 SC32282 DAPI

Fig3. Immunolocalization of parkin isoforms in human lymphomonocytes

Representative photomicrographs show parkin isoforms expression (green) in T lymphocyte CD2+, monocyte
CD14+ and B lymphocyte CD19+, detected by AB5112 (A) and SC32282 (B) antibody, respectively. Nuclei
were stained with DAPI (blue). Photomicrographs are representative results visualized from different fields
randomly selected on slide and scanned by confocal laser scanning microscopy (CLSM; Zeiss LSM700). CD2+,
CD14+, and CD19+ cells were selected using respectively Dynabeads CD2, Dynabeads CD14 and Dynabeads
CD19 pan B. The dynabeads were indicated by asterisks. In the cases they were not clearly visible, a small
insert at the upper right has been added (in the inserts, green signals have been brought to saturation, to show
the dynabeads)
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4. DISCUSSION

In the present paper, we have described, for the first time, parkin isoforms expression both in total and
LMN subpopulations such as T lymphocyte (CD2+), monocyte (CD14+) and B lymphocyte (CD19+).
To date, few papers have studied parkin expression in human blood [26, 27].

Previously, Sunada et al. [26] have identified parkin splice variants in healthy human peripheral
leucocytes, even if they underlined that the full-length transcript was hardly detectable in this cellular
population. They observed that through alternative splicing a distinct parkin transcript is expressed in
leukocytes by splicing out 3-5 exons. More recently, Kasap et al. [27] through a detailed analysis of
Parkin mRNA secondary structure, found that the full-length variant contains many hairpins which
might interfere with the amplification reactions. Therefore, they optimized the protocol and finally a
1.4-kb full-length park2 cDNA product was generated. They found that the protein is expressed in the
peripheral leucocytes at not detectable level, while in serum, after reduction of albumin, a signal of
~52 kDa was visualized on blot. Therefore, the authors concluded that low albumin reduction fails to
give a signal. This suggests that albumin hides parkin immunoreactivity. To confirm their results, they
performed MALDI-TOF analysis on pieces of area cutted off from blots with a molecular weight
ranging between ~50-55 kDa. This analysis revealed the presence of six different proteins with similar
molecular weight.

Despite previous papers, in the present study, we have been able to detect parkin isoforms in human
LMN by using consistent amount of proteins as compared to other works. To validate results, we have
hybridized blot by using three antibodies that recognize different domain of the full-length protein,
and their expression has been confirmed following immunoprecipitation with each antibody. Our
results have shown that total LMN express high levels of H1 and H5 parkin proteins, and low levels
of H6 isoform.

Parkin isoforms identified in the present study are differentially expressed in the brain of healthy or
PD patients. In fact, recently, Brudek et al. [29] have demonstrated that the PARK2 TV1 variant
(corresponding to H1 isoform) is significantly increased in normal substantia nigra, whereas TV3
isoform (corresponding to H6), weakly detected in control brain, is highly expressed in the cerebellar
cortex of PD patients. These evidences suggest a likely correlation between parkin isoforms
expression in the brain and peripheral blood, indicating this latter as an useful brain tissue surrogate
[30]. Further investigations are needed to evaluate parkin isoforms expression profile in LMN of PD
patients.

The H20 / H4 / H8 / H17 / H21 / H12 isoforms have been detected on blot of total LMN but not on
immunoprecipitated proteins. This could be due to a low affinity of these antibodies against the
various isoforms or because some proteins are weakly expressed. Furthermore, the expression of
proteins with ~42 kDa molecular weight has been previously demonstrated [27].

Since total LMN include a heterogeneous cell population, in this study we have also focused our
attention on some of these cells like T lymphocyte (CD2+), monocyte (CD14+) and B lymphocyte
(CD19+). All of them express H20, H1 and H5 isoforms, although the presence of others isoforms at
low levels, and therefore undetectable, cannot be ruled out.The presence of parkin proteins in LMN
subpopulations have been confirmed by immunofluorescence analysis. Our data have suggested that
they are present not only in the cytoplasm but also at the nuclear level as previously described [23, 31,
32].

The present study demonstrate that parkin isoforms are expressed in lymphomonocytes, however,
more sensitive experimental protocols should be developed for their detection. It is also desirable the
production of new antibodies able to selectively identify each isoform. These latter ones may allow to
characterize better parkin proteins expression profile in peripheral blood cells, and may be useful as a
tool for early, minimally invasive diagnoses and outcome of patients affected by ARJP.
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