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Abstract
Abro1 (also known as KIAA0157) is a scaffold protein that recruits polypeptides to assemble the
BRISC (BRCC36-containing isopeptidase complex) deubiquitinating (DUB) enzyme. The four
subunits of BRISC enzyme include Abro1, NBA1, BRE, and BRCC36 proteins. The DUB activity
of the BRISC enzyme is exclusively directed against Lys63-linked polyubiquitin that does not
have a proteolytic role but regulates protein function. In this report, we identified Abro1 as a
specific interactor of THAP5, a zinc finger transcription factor that is involved in G2/M control
and apoptosis. Abro1 was predominantly expressed in the heart and its protein level was regulated
following experimentally induced myocardial ischemia/reperfusion (MI/R) injury. Furthermore, in
patients with coronary artery disease (CAD), there was a dramatic increase in Abro1 protein level
in the myocardial infarction (MI) area. Increase in Abro1 lead to a significant reduction in Lys63-
linked ubiquitination of specific protein targets. Reducing the Abro1 protein level exacerbated
cellular damage and cell death of cardiomyocytes due to MI/R injury. Additionally,
overexpression of Abro1 in a heterologous system provided significant protection against
oxidative stress-induced apoptosis. In conclusion, our results demonstrate that Abro1 protein level
substantially increases in myocardial injury and coronary artery disease and this up-regulation is
part of a novel cardioprotective mechanism. In addition, our data suggest a potential new link
between Lys63-specific ubiquitination, its modulation by the BRISC DUB enzyme, and the
development and progression of heart disease.
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1. Introduction
Protein ubiquitination is a posttranslational modification that affects many cellular processes
including protein degradation, transcription, DNA repair, cell cycle, and apoptosis (for a
recent review see Chen et al. [1]). Ubiquitin is a small polypeptide that can be covalently
attached to target proteins via its carboxyl-terminus [2]. Ubiquitination can occur as a single
molecule attached to the target protein via a lysine (monoubiquitination) or as a ubiquitin
chain (polyubiquitination) [1]. Ubiquitin chains are formed by the conjugation of monomers
employing one of the seven lysine residues present in ubiquitin [2]. The most common and
understood forms of polyubiquitination involve Lys48 (K48) or Lys63 (K63)-linked chains.
K48-linked polyubiquitin chains usually target a protein for degradation by the proteasome
[3,4]. K63-linked polyubiquitin has a non-proteolytic role and regulates protein function,
subcellular localization, and protein-protein interactions [5]. Ubiquitin modifications on a
protein can be reversed by a process that involves numerous enzymes known as
deubiquitinating enzymes (DUBs) [6]. There are over 100 DUBs in mammalian cells,
belonging to five distinct families [4]. As is the case with ubiquitination, deubiquitination is
a highly regulated process and has been implicated in many cellular functions including
gene expression [7], DNA repair [8], cell cycle control [9], kinase activation [10], and
apoptosis [11].

An important role for protein polyubiquitination in the normal function of the heart as well
as in the development of human heart disease has begun to emerge [12-14]. Recent reports
suggest that the ubiquitinproteasome system (UPS) can be involved in myocardial ischemia/
reperfusion (MI/R) injury and cardiac hypertrophy [4,13,15-17]. In other studies,
hyperubiquitination of proteins was found in the heart of patients with dilated
cardiomyopathy (DCM) [18]. Limited information exists on the role of deubiquitination
enzymes (DUBs) in cardiomyocytes. Most DUBs consist of multi-protein complexes, and in
many cases the constituent subunits or the physiological substrates of these enzymes remain
unknown [4]. The normal function of DUBs is very important because mutations in DUB
genes have been implicated in the development of several human diseases including cancer
and neurodegeneration [19-21].

We have recently reported the isolation and characterization of THAP5, a human zinc finger
nuclear protein that is hyper-expressed in the human heart [22]. The normal function of
THAP5 in cardiomyocytes is unclear but when it was overexpressed in a heterologous
system, it induced cell cycle arrest [22]. To further investigate the molecular mechanism of
THAP5 function, we used the yeast two-hybrid system to isolate THAP5 interactors. One
such interactor isolated in this screen was the Abro1 protein. Abro1 has recently been shown
to be a component of the BRISC (BRCC36-containing isopeptidase complex) enzyme [23].
This complex has DUB activity that is specifically directed towards K63-linked
polyubiquitin chains. Abro1 functions as a scaffold protein that recruits the rest of the
proteins found in the BRISC enzyme [24]. These proteins include NBA1 [25], BRE, and
BRCC36 [23]. The same polypeptides are also components of yet another BRCC36
containing complex, the BRCA1-A complex, which includes BRCA1, RAP80, Abraxas, and
BARD1 [26]. Abraxas is a homolog of Abro1 and these proteins share 39% sequence
homology at their amino-terminus. This homologous sequence represents the interaction
domain for the common subunits NBA1, BRE, and BRCC36 [23] that are present in both
BRISC and BRCA1-A complexes [27,28]. Abraxas and Abro1 have different carboxyl-
terminal sequences, and in Abraxas this domain binds the BRCA1 protein that targets the
BRCA1-A complex to specific DNA damage foci [26].

In the present work, we show that THAP5 interacts with the carboxyl-terminal domain of
Abro1 to become part of the BRISC enzyme. Since Abro1 is expressed predominantly in the
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heart, we investigated the normal function of this protein and its potential involvement in
heart disease. Abro1 protein levels show a dramatic increase in the myocardial infarction
area in patients with CAD. A similar increase in Abro1 protein levels was also observed in
the hearts of mice following MI/R injury. Inhibiting the Abro1 protein induction exacerbated
the cellular damage and apoptosis of cardiomyocytes following MI/R. Overexpression of
Abro1 provided substantial protection against oxidative stress-induced apoptosis. Abro1
induction was associated with an increase in Lys63-linked deubiquitination of specific target
proteins. Our results clearly demonstrate that Abro1 protein is regulated in experimentally
induced MI/R and in the hearts of patients with CAD. Furthermore, we show that the
upregulation of Abro1 is part of a cardioprotective mechanism that may play a significant
role in the development and/or progression of heart disease.

2. Materials and Methods
2.1. Yeast Two-Hybrid Screen

We used the yeast two-hybrid system to screen a HeLa as well as a melanocyte cDNA
library as previously described [22,29,30]. The bait used was THAP5 protein (aa 1-395)
expressed from the pGilda vector (Clontech) as a LexA fusion protein. Several interacting
proteins were identified in this screen. One of these interactors isolated from the melanocyte
cDNA library was a partial cDNA clone of a previously described protein called Abro1, also
known as KIAA0157 [26]. The full-length cDNA for Abro1 encodes 415 amino acids and
was isolated from a Marathon Ready human heart cDNA library (Clontech). The presence
and stability of the recombinant proteins in yeast cells were monitored by Western blot
analysis using LexA-antibodies (for bait) or HA-antibodies (for preys).

2.2. Cell Culture
Rat embryonic ventricular myocardial cell line (H9c2) was obtained from ATCC and grown
in Dulbecco's modified Eagle's medium (DMEM), supplemented with 10% fetal calf serum,
2mM L-glutamine, 100units/ml penicillin, and 100μg/ml streptomycin (Invitrogen) [31].

2.3. Interaction Between THAP5 and Abro1 Proteins in Human Cardiomyocytes
Human heart tissue (100mg) was ground in liquid nitrogen and homogenized using an Ultra-
Turrax T8 (IKA-werke) in ice-cold lysis buffer (150mM NaCl, 20mM Tris-HCl pH 7.6,
1mM CaCl, 1mM MgCl, 10% Glycerol, 1% NP40) that included a protease and a
phosphatase inhibitor cocktail (Roche). Homogenate was cleared by centrifugation for
10min at 14,000g and the protein concentration was determined using the BioRad assay
(BioRad). Approximately 400μg of total lysate was pre-cleared by mixing it with protein G-
Agarose beads (Roche) for 1 hour followed by incubation with THAP5 polyclonal antibody
[22] for 2 hours at 4°C. Protein G-Agarose beads were then added and allowed to bind
overnight at 4°C. Immunoprecipitates were collected by brief centrifugation, washed
extensively with lysis buffer, and resolved by SDS-PAGE. They were then electro-
transferred onto a PVDF membrane and probed with a rabbit polyclonal Abro1 antibody
(Bethyl Laboratories) followed by a secondary anti-rabbit-IgG trueBlot HRP-conjugated
(eBioscience). The immunocomplex was visualized using the ECL substrate (Pierce).

2.4. Northern Blot Analysis of Abro1 mRNA Expression in Human Tissues
A human mRNA tissue blot (Clontech) representing twelve human tissues was probed with
a radiolabeled Abro1 cDNA. The blot was hybridized with the radiolabeled probe at 42°C,
washed at 65°C, and subjected to autoradiography [32]. To verify that an equal amount of
mRNA was present on each lane, the blot was stripped and re-probed for β-actin mRNA
expression.
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2.5. Localization of Abro1 Protein in human cardiomyocytes
To investigate the subcellular localization of Abro1 protein in cardiomyocytes, we used
adult human myocytes isolated from donor hearts as previously described [33-35]. Fixed
cells were permeabilized, and double-stained with rabbit anti-Abro1 (Bethyl Laboratories)
and mouse anti-α actinin (sarcomeric) (Sigma) followed by secondary anti-Rabbit-CY3 and
anti-mouse-FITC antibodies (Jackson). Auto-fluorescence due to lipofuscins was blocked
using Sudan black and the slides were mounted using Fluoromount-G solution containing
DAPI to stain nuclei. The slides were observed using a Leica SP5II confocal microscope
system (Leica).

2.6. Abro1 mRNA expression (RT-PCR) in cardiomyocytes
Primary neonatal rat and mouse cardiomyocytes were isolated from the hearts of 2-day-old
Sprague-Dawley rats or 3-day-old C57BL6 mouse pups respectively, as previously
described [36-38]. Total RNA was isolated from adult human cardiomyocytes, and neonatal
mouse or rat cardiomyocytes cultured for 48 hours, using RNeasy mini kit according to the
manufacturer's instructions (Qiagen). Equal amounts of RNA (1μg) were treated with DNase
and reverse transcribed using a cDNA synthesis kit for RT-PCR (Roche). A semi-
quantitative RT-PCR was performed with the following primers: Abro1 mouse and rat
specific primers: Fw 5′-CCCAATCTAGGCAATACT AGCC-3′, Rw 5′-
GGTCCTCGTCAGGATGT; Abro1 human specific: Fw 5′-
GAATCTTGTCAGGCAGAAG-3′; Rw 5′- TTAAATCTGGGAGGTCTGAGTG-3′. The
following GAPDH primers were used as an internal control: Fw 5′-CATCACCATCTTC
CAGGAGCGAG-3′ and Rw 5′-CACCACCTTCTTGATGTCATCA-3′. PCR products were
analyzed on a 1.5% agarose gel. The relative levels of Abro1 mRNA expression were
normalized to GAPDH levels.

2.7. Expression of Abro1 Protein in the Heart of Patients With Coronary Artery Disease
(CAD)

Human cardiac tissues were prepared as described [39]. Briefly, human cardiac tissue
samples were taken from the left ventricles of failing human hearts that were explanted in
the course of heart transplantation. The study's protocol was approved by the local ethics
committee, and written informed consent given by patients, according to the National
Disease Research Interchange (NDRI). Hearts from patients with end-stage heart failure
who were undergoing cardiac transplantation because of CAD (Coronary Artery Disease) or
Dilated Cardiomyopathy (DCM) were investigated. Healthy donor hearts that were
ultimately rejected for transplantation because of technical reasons were also included in this
study as healthy tissue control. Human heart tissue lysates were prepared as described in
Method section 2.3. Approximately 20μg of heart extract was resuspended in SDS-sample
buffer and boiled for 3 minutes. Samples were resolved by SDS-PAGE and electro-
transferred onto PVDF membranes (Pall Life Sciences) using a Semi-Dry cell Transfer Blot
(Bio-Rad). 4% nonfat dry milk in TBST buffer was used to block any non-specific binding.
The membrane was incubated with Abro1 (Bethyl Laboratories) polyclonal antibody
(1:500), followed by a secondary HRPconjugated goat anti-rabbit antibody (Jackson
ImmunoResearch) (1:15000), and visualized by ECL (Pierce).

2.8. Myocardial Ischemia/Reperfusion
Mice were anesthetized with 2% isoflurane. Myocardial I/R was induced by temporarily
exteriorizing the heart, via a left thoracic incision, and placing a 6-0 silk suture slipknot
around the left anterior descending coronary artery. After 30 minutes of MI, the slipknot was
released and the myocardium was reperfused for 3 hours. At the end of the reperfusion, the
heart was quickly removed and the heart ventricles were harvested for protein analysis.
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Sham operated control mice (Sham, MI/R) underwent the same surgical procedure except
that the suture placed under the left coronary artery was not tied.

2.9. In vivo siRNA-mediated Abro1 Knock-down (Abro1-KD)
We utilized siRNA gene silencing technique to knock-down Abro1 expression in mouse
hearts as described [40]. Two mouse-specific Abro1 siRNAs with the following nucleotide
sequences GGCAGUAUGUGCAGAUGUA and GGACAUCAGGGCAAUUUAU were
used together. For control, siRNA oligos of the same size having scrambled nucleotide
sequences were used. All siRNAs were obtained from Dharmacon. The siRNAs were
diluted in 5% glucose and mixed with in vivojet PEI (Genesee Scientific). Adult wild type
mice C57BL/6 were anesthetized with 2% isoflurane, and their hearts were exposed via left
thoracotomy at the fifth intercostals space. Abro1 specific siRNA, 20μl (0.8μg/μl), or
negative control was delivered via three separate intramyocardial injections (32G needle) to
temporarily blanch the left ventricular free wall [40,41]. Forty-eight hours after siRNA
injection, the mice were subjected to MI/R.

2.10. Measurement of Caspase-3 Activity
Apoptotic cell death was determined by caspase-3 activation using a fluorometric kit (R&D
System). Briefly, myocardial tissue was homogenized in ice-cold caspase lysis buffer
(50mM Hepes pH 7.4, 0.1% Chaps, 5mM DTT, 0.1mM EDTA, 0.1% Triton-X100). 50μg of
tissue lysates were used to perform the fluorometric assay according to the manufacturer's
instructions. The fluorescence emission of the 7-amino-4-trifluoromethylcoumarin (AFC),
released on proteolytic cleavage of the fluorogenic substrate DEVDAFC by active
caspase-3, was measured using the Biotek FL600 microplate fluorescence reader (400 nm
excitation; 505 emission wavelength). Caspase-3 activity was directly proportional to the
fluorescence signal and was expressed as nmol AFC per hour per milligram protein.

2.11. Over-expression of Abro1 and Apoptosis Assay
H9c2 cells were plated in 6-well plates and transfected with either EGFP-C1 empty vector
or EGFP-Abro1 plasmid using Fugene HD transfection reagent (Promega). Eighteen hours
after transfection, cells were treated with two concentrations of H2O2 (100 or 200μM) for
18hours [42,43]. The percentage of apoptotic cells in the transfected population was
estimated by staining with phycoerythrinconjugated Annexin V at room temperature for 15
min in 1X binding buffer followed by analysis on a FACSCalibur flow cytometer (BD
Biosciences).

2.12. Western Blot Analysis
Sham or MI/R tissues were prepared as described above. Lysates (50μg for Abro1 analysis
or 100μg for Ub-K63 detection) were separated by SDS-PAGE, transferred to PVDF
membranes and blocked using 4% skim milk in TBST. Membranes were then probed with
the following primary antibodies: rabbit anti-Abro1 (Bethyl Laboratories) or mouse anti-Ub-
K63 (eBioscience). The membranes were washed and incubated with either goat anti-rabbit
or goat anti-mouse horseradish peroxidase-conjugate antibodies (Jackson Immunoresearch)
for 1 hour. The immunoblot was visualized using SuperSignal West Pico Chemiluminescent
Substrate (Thermo Scientific). The blot densities were analyzed with GeneTools analysis
software.

2.13. Statistical Analysis
All quantitative data were expressed as mean ± standard deviation. Differences among
groups were analyzed by one-way analysis of variance followed by Tukey's post hoc t-test.
A value of p < 0.05 was considered significant.
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3. Results
3.1. Isolation of Abro1 and its Interaction with THAP5

We used the yeast two-hybrid system to isolate THAP5 interacting proteins. Two different
cDNA libraries prepared from either HeLa cells or from human primary melanocytes were
used in order to screen as many diverse proteins as possible. The bait used was the full
length THAP5 protein fused to LexA (LexA-THAP51-395). The screen was performed as
previously described [29] and several THAP5 interactors were identified. One such specific
interactor was isolated from both cDNA libraries. Further analysis identified this cDNA to
encode a partial polypeptide of Abro1. Using specific primers and rapid amplification of
cDNA ends we were able to isolate the full-length cDNA for the human Abro1 protein. A
cDNA fragment encoding the full length Abro11-415 protein was cloned back into the
pJG4-5 vector. The interaction of Abro11-415 with the different domains of THAP5 was
monitored. Figure 1A shows that Abro11-415 interacts with the full-length THAP5 protein.
This interaction involves two specific areas of the THAP5 protein: one that is present at the
amino-terminus (aa 1-162) and another at the carboxyl-terminus (aa 162-395). THAP5 is
predominantly expressed in the human heart [22]. Therefore, we used human heart extracts
to verify that THAP5 and Abro1 proteins can interact in vivo. A specific antibody [22] was
used to precipitate endogenous THAP5 protein, and the presence of Abro1 protein in the
complex was monitored by Western blot analysis. Figure 1B shows that THAP5 protein
interacts with Abro1 in human heart to form a stable complex that is easily precipitated. Pre-
immune serum was used as a control to verify the specificity of THAP5-Abro1 interaction.

3.2. Expression of Abro1 mRNA in Various Human Tissues
Abro1 protein can be divided into three functional domains. There is an ABR domain at the
amino-terminus, a coiled-coil domain (c-c) in the middle of the protein, and a targeting
domain in the carboxyl-terminus (Figure 2A). Both the ABR domain and the coiled-coil
regions have been previously shown to mediate specific interactions with NBA1, BRE, and
BRCC36 [23]. These two domains show 39% homology to another scaffold protein,
Abraxas (Abra1) [26]. The carboxyl-terminal sequence (aa 260-415) is unique and shows no
similarity to any protein currently present in the GenBank. The targeting domain mediates
the specific interaction of Abro1 with THAP5 (results not shown). To investigate the
expression of Abro1 in human tissues, a Northern blot was probed with a radioactive cDNA
fragment that corresponds to the full-length protein (aa 1-415). Figure 2B shows Abro1
mRNA is expressed at high level in the human heart but some expression is also present in
the muscle, brain, kidney, and small intestine. The high expression of Abro1 mRNA in the
human heart suggests this protein might have a significant role in this tissue.

3.3. Subcellular Localization of Abro1 Protein
Human adult cardiomyocytes were stained with Abro1 antibody and the subcellular
localization of the protein was monitored using confocal microscopy. Figure 3A shows
Abro1 is predominantly found in the cytoplasm of cardiomyocytes. These results are also
supported by a recent study that has also found the BRISC enzyme to be present in the
cytoplasm [24,27]. We monitored Abro1 mRNA levels in human, mouse and rat
cardiomyocytes to verify the expression and relative levels. Adult human cardiomyocytes,
and neonatal mouse as well as rat cardiomyocytes were used for these experiments. Figure
3B shows that Abro1 mRNA is clearly expressed in all isolated cardiomyocytes and the
highest level was found in human cells.
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3.4. Expression of Abro1 Protein in the Human Heart and Deregulation in Patients With
Coronary Artery Disease

Abro1 mRNA is predominantly expressed in the human heart suggesting this protein may
play an important role in the normal function of cardiomyocytes and/or the development of
heart disease. Therefore, we monitored Abro1 protein levels in the hearts from six patients
with coronary artery disease (CAD). Using Western blot analysis, we compared Abro1
protein levels at the remote zone (RZ) and the myocardial infarction area (MI) on each heart.
Figure 4A shows that there was a significant increase in Abro1 protein level in the MI area
compared to the RZ on the same heart. The MI area is the part of the heart that sustains the
maximum damage in CAD. Figure 4B shows the expression of Abro1 protein in healthy
human heart tissues. The Abro1 protein level in these normal heart tissues is low compared
to the protein level seen in the MI area. There was also no significant difference in Abro1
protein levels between the hearts of patients with Dilated Cardiomyopathy (DCM) and
control (donor) hearts (Supplemental Figure 1S).

3.5. Abro1 Protein Level is Regulated in Mice Following MI/R Injury
We investigated the potential regulation of Abro1 protein levels in mouse hearts following
ischemia/reperfusion (MI/R) injury. For this experiment, four sham operated animals and
four MI/R animals were used. In the Western blot, only two animals from each group are
shown since the rest had similar levels of Abro1 expression. The expression of Abro1
protein in the heart extracts of these mice was monitored as described in the methods. Figure
5 shows that the expression of Abro1 protein substantially increased (at least three-fold) in
the hearts of mice that underwent MI/R compared to sham operated controls.

3.6. Downregulation of Abro1 Protein During MI/R Exacerbates Cell Injury and Apoptosis
We utilized an in vivo siRNA gene silencing technique to reduce Abro1 protein levels in
mouse hearts. We used a mixture of two different siRNAs that were specific for Abro1
mRNA. As a control, we used a siRNA of the same size but with scrambled nucleotide
sequence. Following siRNA injections, MI/R was induced and the expression of Abro1 was
monitored by Western blot analysis (Figure 6A). We also monitored the levels of the K63-
linked ubiquitinated proteins under the same conditions. Figure 6B shows MI/R leads to a
reduction of the K63-linked ubiquitination, but the ubiquitination is partially restored when
specific siRNA was used to inhibit the Abro1 protein level. These results clearly show an
inverse correlation between the level of Abro1 protein and the specific K63-ubiquitination
observed in the heart extracts from animals that underwent MI/R.

The degree of cellular damage and apoptosis in the heart was estimated by measuring
caspase-3 activity. Figure 6C shows the substantial induction in Abro1 protein level after
MI/R caused a significant increase in caspase-3 activity. In the mice that were treated with
Abro1 siRNAs prior to MI/R, caspase-3 activity showed a further increase over the control,
suggesting that Abro1 inhibition led to more cellular damage and apoptosis.

3.7. Abro1 Overexpression has a Protective Role Against H2O2-Induced Apoptosis
H9c2 cells were transfected with GFPAbro1 or GFP vector alone and H2O2 was used to
induce apoptosis. The percentage of apoptotic cells in the population of transfected cells was
monitored by Annexin V staining and flow cytometry. Figure 7 shows that when cells were
treated with 100μM H2O2, approximately 32% of the GFP transfected cells stained positive
for Annexin V. In contrast, cells that were transfected with GFPAbro1 under the same
conditions showed substantial resistance to apoptosis and only 15% stained positive for
Annexin V. A similar result was obtained when a higher concentration (200μM) of H2O2
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was used. In this case, the GFP vector-alone transfected cells sustained over 50% apoptosis
compared to 30% for the GFP-Abro1 expressing cells.

3.8. Abro1 Upregulation Following MI/R Leads to a Significant Decrease in K63-linked
Ubiquitination of Specific Proteins

Since Abro1 is part of the BRISC enzyme, we investigated if its upregulation during MI/R
would be associated with an increase in K63-linked deubiquitination. We used specific
antibodies that recognize K63-linked ubiquitinated proteins on a Western blot to probe
mouse heart lysates. This antibody recognized three major K63-ubiquitinated polypeptides
in the heart lysates. These proteins had an approximate molecular weight of 62, 55, and 48
kDa (Figure 8, lanes 1 and 2) respectively. These polypeptides could represent distinct
proteins or could be one protein with different ubiquitin ratio. Alternatively, they could be
proteolytic products. The intensity of these K63-linked ubiquitinated protein bands showed a
dramatic decrease in the two mouse hearts that underwent MI/R (Figure 8, lanes 3 and 4).
These results suggest that Abro1 induction leads to K63-specific deubiquitination of specific
target protein(s) in the mouse heart.

4. Discussion
We have previously reported the characterization of THAP5, a zinc finger protein that is
hyper-expressed in the human heart [22]. The normal function of THAP5 remains unknown,
but studies using HEK293 cells suggested a potential involvement of this protein in the
regulation of cell cycle as well as cell death [22]. To further investigate the normal function
of THAP5, we used a yeast two-hybrid system to isolate potential interactors of this protein.
In this screen, we isolated Abro1 as a specific THAP5 interactor. Abro1 is a homolog of
Abraxas, a scaffold protein used to assemble the various polypeptides that compose the
BRCA1-A complex [26]. This complex includes Abraxas, BRCA1, BARD1, RAP80,
BRCC36, BRE and NBA1 [25,26]. The BRCA1-A complex is required for DNA damage
response, and Abraxas has been shown to be necessary for G2/M checkpoint control,
resistance to DNA damage, and DNA repair [44,45]. The BRCA1-A complex has both E3
ligase as well as deubiquitination activity and operates exclusively in the nucleus whereas
the BRISC complex is found in the cytoplasm [27,46]. There is a 39% amino acid sequence
similarity between Abro1 and Abraxas at the amino-terminal part of the proteins that
encompasses the ABR (aa 1-200) and the coiled-coil domains (aa 201-260) [26]. The
carboxyl-terminus is unique in both proteins and for Abraxas, this domain interacts with
BRCA1. Abro1 does not interact with BRCA1 and its carboxyl-terminus shows no
homology to any protein currently present in the GenBank. This unique carboxyl-terminus
of Abro1 is involved in the specific interaction with the THAP5 protein that we observed in
both the yeast and in mammalian cells. A recent study identified Abro1 to be part of a K63-
linked DUB enzyme called BRISC (BRCC36-containing isopeptidase complex) [23].
BRISC is a four-subunit DUB enzyme that includes Abro1, BRCC36 (a zinc
metalloprotease, member of the JAMM/MPN+ family) [23], BRE and NBA1 [25]. In this
BRISC enzyme, Abro1 acts as a scaffold protein that brings together the other three
polypeptides to form the complex. Furthermore, Abro1 binding to BRCC36 promotes the
catalytic activity of the enzyme, although this heterodimer has minimal activity when
compared to the complete four-subunit BRISC complex [23,24,27].

We monitored the expression of Abro1 in various human tissues as well as in isolated
cardiomyocytes derived from human, mouse and rat tissues. The isolated cardiomyocytes
clearly expressed Abro1. Abro1 mRNA was predominantly expressed in the human heart,
but lower expression was also detected in the skeletal muscle, brain, kidney and small
intestine. In addition, using coimmunoprecipitation experiments we were able to detect an
Abro1-THAP5 complex in human heart. These results suggested that Abro1 like its
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interactor THAP5, might have an important function in normal cardiomyocytes and/or heart
disease. We have previously reported that THAP5 is regulated in the MI area, in the heart of
patients with CAD [22]. In this report, we show that Abro1 protein is also regulated in CAD.
There was a significant increase in Abro1 protein level in the MI area, when compared to the
RZ of the same heart. The MI area is the part of the heart that sustains maximum damage
and cell death in CAD patients. To expand on these studies, we performed MI/R injury in
mice using standard procedures. These experiments showed that Abro1 protein level
significantly increased in the heart of mice that underwent MI/R.

The induction of Abro1 protein in CAD that was also replicated in MI/R could have a
proapoptotic function or could be part of a cardioprotective response. To further investigate
the role of Abro1 in MI/R injury, we used specific siRNAs to inhibit the level of this protein
in the hearts of mice prior to MI/R. In these experiments, inhibition of Abro1 led to an
increase in K63-linked ubiquitination and significantly elevated caspase-3 activity in
cardiomyocytes when compared to the control mice. These results suggested that Abro1 has
a cardioprotective function in this animal model of cardiac injury. Furthermore, we
expanded on these studies using the rat myocardial cell line, H9c2. H9c2 cells were
transfected with GFP-Abro1 and apoptosis was induced using two different concentrations
of H2O2 as previously described [29]. The overexpression of Abro1 provided significant
protection of these cells against H2O2 induced apoptosis suggesting Abro1 induction is part
of a protective mechanism against cell death.

Since Abro1 is part of BRISC, a K63-linked DUB enzyme, we investigated if induction of
Abro1 protein during MI/R coincides with a decrease in K63-linked ubiquitination in heart
lysates. We used a specific antibody that recognizes K63-linked ubiquitinated proteins and
detected several K63-linked ubiquitinated polypeptides in the heart extracts. These K63-
ubiquitinated proteins could represent a single polypeptide with a different ubiquitin ratio or
they could be proteolytic fragments of a larger precursor. The degree of the ubiquitination of
these polypeptides, as indicated by the intensity of the bands, was dramatically reduced in
the heart of mice following MI/R.

These results suggest that Abro1 induction is associated with an increase in K63-linked
deubiquitination of specific cardiac protein(s) and that this activity has a cardioprotective
function. The identity of the K63-linked polyubiquitinated protein(s) that are substrates of
the BRISC enzyme in the heart and how their function is regulated via K63-linked
deubiquitination are currently unknown.

The identification of this novel cardioprotective mechanism involving K63-linked DUB can
provide new therapeutic targets for the development of drugs that could be used in patients
with CAD. We expect drugs that are able to increase the protein level of Abro1, or the K63-
linked DUB activity of the BRISC enzyme would protect cardiomyocytes from apoptosis.

• Lys63-specific deubiquitination by the BRISC complex is regulated following
heart injury and CAD

• Lys63-specific deubiquitination protects cardiomyocytes from oxidative stress
and MI/R injury

• Abro1/KIAA0157, the scaffold protein of the BRISC complex is expressed
predominantly in human heart

• Abro1/KIAA0157 protein level are regulated in the heart of patients with CAD
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Fig. 1.
Interaction of Abro1 with THAP5 in yeast and in human cardiomyocytes. (A) Yeast
colonies were transformed with plasmids encoding the indicated baits. Full-length Abro1
was used as prey. Blue color results from a positive protein-protein interaction. (B) THAP5
antibody was used to precipitate the endogenous protein as well as any THAP5 associated
proteins in human heart lysate. The precipitated complex was resolved by SDS-PAGE, and
the presence of Abro1 in the complex was monitored using a specific antibody. Lane 3
shows that Abro1 co-precipitated with THAP5, and there was no interaction when pre-
immune serum was used (lane 2). Lane 1 shows total heart lysate. The “*” indicates a non-
specific protein band seen in all our co-IP experiments.
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Fig. 2.
Functional domains and expression of Abro1 mRNA in human tissues. (A) Schematic
representation of the different domains of Abro1 protein. The protein can be divided into
three functionally and structurally distinct domains. The amino-terminal ABR domain has
been previously shown to mediate interaction with BRE and NBA1 proteins. The coiled-coil
(c-c) domain has also been shown to interact with BRCC36. The carboxyl-terminal domain
of Abro1 (targeting domain) is unique in its amino acid sequence and interacts with THAP5.
(B) A commercially available Northern blot (Clontech) containing 2μg/lane poly mRNA
from various adult human tissues was probed with 32P-Abro1 cDNA. A single transcript of
about 3.0 kb long was detected. Abro1 is predominantly expressed in the heart although
some expression is also seen in muscle, brain, kidney, and small intestine. β-actin probe was
used to verify that equal amounts of mRNA were present in each lane.
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Fig. 3.
Subcellular localization of Abro1 protein and mRNA expression in human, mouse, and rat
cardiomyocytes. (A) Adult human cardiomyocytes were stained with Abro1 antibody (panel
A) as well as the sarcomeric specific marker anti-α-actinin (panel B). Panel C shows DAPI
staining of the same cells and panel D shows the merged images including differential
interference contrast (DIC). Abro1 is predominantly found in the cytoplasm of the
cardiomyocytes. (B) Abro1 mRNA expression in cardiomyocytes was detected by RT-PCR.
PCR products were obtained using species-specific PCR primers and analyzed on a 1.5%
agarose gel. The first and last lanes represent DNA size markers. “Abro” indicates the PCR
product obtained with human Abro1-specific primers (560bp), or mouse and rat specific
primers (730bp). Abro1 gene expression was normalized to GAPDH (Gh) (570bp).
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Fig. 4.
Abro1 protein levels in heart tissues from patients with coronary artery disease (CAD) and
healthy donors. (A) Heart tissue extracts from six patients (A to F) with CAD were used in a
Western blot to monitor the expression of Abro1 protein. Extracts were prepared from two
areas on each heart that corresponded to the remote zone (RZ) and the myocardial infarction
area (MI). In most patients, there was a substantial increase in Abro1 protein level in the MI
area as compared to the RZ area of the same heart. The same blot was also probed with
GAPDH antibody to verify equal loading. The bottom panel shows Abro1/GAPDH ratio
calculated after densitometry analysis. (B) Heart tissue lysates from four healthy donors
(donors 1 to 4) and one CAD patient (patient G) were used in a Western blot analysis using
Abro1 antibodies. The same blot was also probed with GAPDH antibody to verify equal
loading. Bottom panel shows Abro1/GAPDH ratio calculated after densitometry analysis.
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Fig. 5.
Regulation of Abro1 protein in the mouse heart following MI/R injury. Myocardial ischemia
was induced for 30 minutes followed by 3 hours of reperfusion. Heart tissue extracts from
sham-operated mice (n=4, two representative samples were used) or mice that underwent
MI/R (n=4, two representative samples were used) were analyzed by a Western blot. There
was an increase in the Abro1 protein level in the ischemic hearts (lanes 3 and 4) compared to
the sham operated (lane 1 and 2). GAPDH antibody was used to verify the amount of protein
present in each lane. Bottom panel shows Abro1/GAPDH ratio after densitometry analysis.
Data are means ± standard deviation in animal group (n=4 hearts/group). ‡ P<0.05 vs. sham.
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Fig. 6.
Downregulation of Abro1 protein followed by MI/R exacerbates cell injury and apoptosis.
Following siRNA injection, the mice underwent MI/R, and the expression of Abro1 was
monitored by Western blot analysis. (A) Western blot analysis of Abro1 protein expression
from heart lysates (n=7-13 hearts/group, two representative samples of each group are
presented). Lanes 1 and 2 show Abro1 protein expression in sham-operated mice. Lanes 3
and 4 show the expression of Abro1 in heart lysates from mice treated with a non-specific
siRNA (negative siRNA) followed by MI/R. Lanes 5 and 6 show Abro1 expression from
heart lysates in mice treated with Abro1 a specific siRNA (positive siRNA). The same blot
was also probed for GAPDH expression to verify equal protein loading on each lane. The
Abro1/GAPDH ratio was calculated after densitometry analysis. (B) The same heart extracts
were also analyzed for K63-linked ubiquitination in MI/R+non-specific siRNA and MI/R
+Abro1 specific siRNA. GAPDH antibody was used to verify the amount of protein present
in each lane and the ratio of UbK63/GAPDH is shown in the bottom panel. (C) The degree
of cellular damage and apoptosis was estimated by monitoring caspase-3 activity. MI/R led
to a significant increase in caspase-3 activity (MI/R+non-specific siRNA) compared to
control sham-operated animals. In mice that were treated with Abro1 specific siRNAs,
caspase-3 activity showed a further, significant increase (MI/R+Abro1 specific siRNA).
Data are means ± standard deviation in animal group (n=7-13 hearts/group).
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Fig. 7.
Abro1 overexpression protects H9c2 cells from H2O2 induced apoptosis. H9c2 cells were
transfected with empty GFP vector or GFP-Abro1 and apoptosis was induced using 100μM
or 200μM of H2O2 for 18 hours. Cells were stained with Annexin V and analyzed using a
FACScalibur Flow Cytometer (BD Biosciences). Data are mean ± standard deviation of four
independent experiments. ‡ P<0.05 vs. GFP-vector.

Cilenti et al. Page 19

J Mol Cell Cardiol. Author manuscript; available in PMC 2012 April 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Fig. 8.
MI/R leads to a decrease in K63-linked polyubiquitination of specific target proteins.
Western blot analysis of heart extracts prepared from mouse hearts that underwent MI/R
(lanes 3 and 4) or sham operated (lanes 1 and 2). A specific antibody that recognizes K63-
linked ubiquitinated proteins was used as described in the experimental procedures. The
bottom panel shows the Ub-K63/GAPDH ratio of the two major K63-linked ubiquitinated
polypeptides found in the heart extracts. The K63-linked ubiquitination on these proteins
was significantly reduced in the heart extracts from mice that underwent MI/R. GAPDH
antibody was used to verify equal loading per lane. The bottom panel shows Ub-K63/
GAPDH ratio that was calculated after densitometry analysis of the respective upper and
lower bands.
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