
FAT10 Protects Cardiac Myocytes Against Apoptosis

Xiaogang Peng1,2,#, Jianghua Shao2,3,#, Yang Shen1, Yunguo Zhou1, Qing Cao1,2, Jinzhu
Hu1, Wenfeng He2, Xin Yu2,3, Xiuxia Liu2, Ali J. Marian4,*, and Kui Hong1,2,*

1Cardiovascular Department, the Second Affiliated Hospital of Nanchang University, Nanchang,
China, 330006
2The Key Laboratory of Molecular Medicine, the Second Affiliated Hospital of Nanchang
University, Nanchang, China, 330006
3General Surgery Department, the Second Affiliated Hospital of Nanchang University, Nanchang,
China, 330006
4Center for Cardiovascular Genetics at The University of Texas Health Science Center-Houston
and Texas Heart Institute at St Luke’s Episcopal Hospital, Houston, TX 77030

Abstract
FAT10 is a new member of the ubiquitin-like protein family with yet-to-be defined biological
functions in the heart. Our objective was to determine the role of FAT10 in the heart. FAT10 is
expressed in the normal human and murine hearts, as detected by qPCR and Western blotting.
Expression of FAT10 is increased in the heart at the border zone of myocardial infarction and in
cultured neonatal rat cardiac myocytes (NRCM) subjected to hypoxia/reoxygenation (H/R) stress.
Lentiviral-mediated overexpression of FAT10 in NRCM reduced p53 (TP53) and its target
miR-34a levels, while BCL2 level, a target of miR-34a, was increased and BAX level, a pro-
apoptotic protein, was reduced. These changes were associated with reduced apoptosis, detected
by FACS analysis of annexin-V expression and TUNEL assay, in response to H/R injury. Knock
down of FAT10 by shRNA targeting had the opposite effects. Likewise, lentiviral mediated
expression of miR-34a was associated with reduced BCL2 and increased BAX levels in NRCM
and also reversed changes in BCL-2 and BAX levels observed upon over-expression of FAT10.
Treatment of NRCM with proteasome inhibitor MG132 increased p53 and miR-34a levels and
reduced BLC2/BAX ratio. These changes were not reversed upon over-expression of FAT10.

Thus, FAT10 is upregulated in the heart and NRCM in response to H/R stress, which protects
cardiac myocytes against apoptosis. The anti-apoptotic effects of FAT10 are associated with
suppression of p53, probably through fatylation and proteasomal degradation, reduced miR-34a
expression, and a shift in the BCL2/BAX proteins against apoptosis. Thus, FAT10 is a
cardioprotective protein.
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1.0. INTRODUCTION
The ubiquitin-proteasome system (UPS) regulates degradation of most cellular proteins. [1]
UPS is a key regulator of cardiac function under both physiological and pathological
conditions. [2–4] Impaired cardiac UPS functions have been demonstrated in a variety of
cardiac pathological states including myocardial ischemia, cardiomyopathies and heart
failure. [4–6] Recently several ubiquitin-like proteins with structural and functional
similarities to ubiquitin, such as SUMO and NEDD8 have been identified and implicated in
targeting protein substrates for possible degradation. [7–9]

FAT10 encodes FAT10 (human leukocyte antigen F-associated transcript 10); also known as
ubiquitin D (UbD) is an enigmatic ubiquitin-like protein modifier with poorly defined
biological functions. [10, 11] It contains two tandem ubiquitin-like (UBL) domains with
30% sequence identity to ubiquitin that might form covalent conjugates with its substrates
and target them for 26S proteasomal degradation. [12, 13] Expression of FAT10 is induced
in response to inflammatory cytokines, such as TNF-α and suppressed by tumor suppressor
protein p53 (TP53) [14, 15]. The role of FAT10 in apoptosis is unsettled. FAT10-deficient
mice are prone to spontaneous apoptosis of lymphocytes. [16] Over-expression of FAT10 in
cultured cells, however, is associated with apoptosis. [12]

Expression and potential biological functions of FAT10 in the heart are unknown. We show
that FAT10 is expressed in cardiac myocytes and its expression protects the myocytes
against apoptosis through suppression of p53 and miR-34a and increased expression of
BCL2. These findings render FAT10 as a novel cardioprotective gene that is upregulated in
response to hypoxic/ischemic injury.

2.0. MATERIALS AND METHODS
2.1. Animals and Surgical Procedures

All animal studies were approved by the Animal Ethics and Experimentation Committee of
Nanchang University, and performed in accordance with the “Guide for the Care and Use of
Laboratory animals” (revised 1996). The research protocol for human is reviewed and
approved by the Ethical Committee at the Hospital of Nanchang University, and confirmed
to the guidelines of the World Medical Assembly.

Myocardial infarction (MI) was produced in 20 male 10-week old Sprague Dawley
anesthetized open-chest adult rats by ligating the left anterior descending artery (LAD).
Regional ischemia was confirmed by the detection of ST-segment elevation on the
electrocardiogram and the presence of a pale myocardium (Online Figure 1). Sham-operated
(control) rats underwent an identical operation without ligation of the LAD.

2.2. Isolation of neonatal rat cardiac myocytes (NRCM) and Hypoxia/Reoxygenation (H/R)
injury

Cultured cardiac myocytes were isolated from the ventricular myocardium of 2-day-old
Sprague Dawley rats by enzymatic digestion according to a published protocol. 1718 NRCM
were sequentially exposed to hypoxia for 3 h (CO2/N2 at a 95:5 ratio) and reoxygenation
(O2/CO2, a 95:5 ratio).
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2.3. Immunoblotting
Myocardial tissue samples from hearts of adult males with no apparent cardiovascular
diseases were used in immunoblotting. In brief, aliquots of 100 ug protein were subjected to
polyacrylamide gel electrophoresis, transferred to a membrane and probed with antibodies
against FAT10, p53, BCL2, and BAX.

2.4. RT-PCR, and qPCR
RT-PCR and qPCR were performed per conventional methods 19.

2.5. H&E staining and Immunohistochemical Study
One portion of the cardiac tissue was fixed in 10% buffered formalin, embedded in paraffin,
sectioned. Deparaffinized sections were used to H&E staining, which applied to determine
morphological changes. Another portion of fresh cardiac tissue, embedded in O.C.T.
compound and snap-frozen in n-hexane cooled with a mixture of dry ice, was cut at 7µm on
a cryostat. Frozen sections were used to detect Fat10. For staining of Fat10, sections were
incubated with goat anti-Fat10 polyclonal antibody. Thereafter, the sections were incubated
with biotinylated secondary antibody. After washing with phosphate-buffered saline
containing 0.01% Tween, the sections were stained with 3,3’-diaminobenzidine solution and
then counters stained with hematoxylin.

2.6. Construction of Fat10, si-Fat10 and miR-34a lentiviral constructs
Briefly, full-length Fat10 cDNA was synthetized and were subcloned into a lentivirus shuttle
vector (pLenti6.3_MCS_IRES2-GFP). We designed oligonucleotides targeting rat Fat10
mRNA and the sequence complementary to miR-34a, cloned the designed oligonucleotides
into lentivirus vector pcDNA™6.2-GW/EmGFP-miR. Then, lentivirus vectors transfected
the packing cells (Invitrogen) for the generation of recombinant lentivirus.

2.7. Cell culture, lentiviral Fat10, si-Fat10 and miR-34a transfection
One day before transfection, NRCM were seeded in 6-well plate at density 1×105 cells/well.
Confluence will reach approximately 70% at the time of transfection. NRCM were infected
with lentiviral particles carrying Fat10, si-Fat10 and miR-34a at MOI of 50 for 48 hours.
Medium were refreshed and cells were allow to grow for another 24hours, then cells were
either lysed for protein/ RNA extraction for further analysis at the experimental groups
indicated.

2.8. Cardiac myocyte apoptosis
Apoptosis was detected by flow cytometry after mixing the cell with fluorescein
isothicyanate (FITC)-labeled annexin-V and propidium iodide.

In situ TUNEL assay was performed in accordance with the manufacturer’s protocol (In Situ
Cell Death Detection Kit, POD; Roche diagnostics).

2.9. Treatment with proteasome inhibitor MG132
NRCM was transduced with recombinant lentiviruses for 72 h and then were treated with
MG132 (15 µmol/L) for 4 h. Immunoblotting and qPCR were performed as described above.

2.10. Statistical analysis
Each experiment was performed for a minimum of three different myocyte isolations or
three different animals and was repeated at least 3 times. Data were presented as Mean ±
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SEM and compared by one-way ANOVA and Student–Newman Keuls test, the latter for
multiple group comparisons (Sigma-Stat software, San Francisco, CA).

3.0. RESULTS
3.1. FAT10 is expressed in normal myocardial tissue

We determined expression of FAT10 in the human, mouse and rat hearts by RT-PCR,
immunoblotting and immunocytochemistry. As shown in Figure 1 (A and B), FAT10 is
expressed in the human myocardial tissue as well as in mouse and rat hearts.

3.2. Fat10 is a ubiquitously expressed gene
We detected expression of the Fat10 gene in multiple rat tissues by RT-PCR and Western
blotting analyses of total RNA and proteins, respectively, isolated from 6- to 8- week-old
rats. The results (Figure 1 C and D) indicate that Fat10 mRNA and protein are expressed in
the rat heart, kidney, liver, spleen, brain and lung.

3.3. Expression of FAT10 is increased in myocardial ischemia and in cardiac myocytes
subjected to H/R

To begin investigating the functional role of FAT10 in the heart, we determined mRNA and
protein levels of FAT10 in control and ischemic myocardium as well as in cardiac myocytes
subjected to H/R. Total RNA and proteins were extracted from the border zones of MI and
the viable myocardium remote from the site of MI. The results of qPCR and Western
blotting showed about a 2-fold increase in the mRNA and protein levels of FAT10,
respectively, in the infarct border zone as compared with the viable tissue or the
myocardium from the sham-operated rat (Figure 1, E-H).

To determine the effects of H/R stress on FAT10 expression in cardiac myocytes, isolated
NRCM were subjected to H/R and Fat10 mRNA and protein levels were quantified by
qPCR and Immunoblotting, respectively. Fat10 mRNA and protein were increased by about
2.0 fold in NRCM subjected to H/R as compared to NRCM cultured under a normoxic
condition (Figure 1, I-L).

3.4. Over-expression of FAT10 prevents hypoxia-induced myocyte apoptosis
To explore the effects of FAT10 on cardiac myocytes apoptosis, NRCM were transduced
with recombinant lentiviruses expressing FAT10 for 72 h and then exposed to H/R. As
expected, H/R stress markedly increased the number of apoptotic NRCM. Over-expression
of FAT10 attenuated myocyte apoptosis in response to H/R by ~ 65 %, as compared to
control non-transduced myocytes, detected by FCM and by ~ 75 %, as detected by the
TUNEL assay (Figure 2, A-F).

3.5. FAT10 downregulates p53 and suppresses expression of miR-34a in cardiac myocytes
The p53 protein, which is known to be upregulated in cardiac myocytes in response to
hypoxia [20, 21] has been implicated in regulation of FAT10 [15, 22]. To determine whether
over-expression of FAT10 affected p53 level, we quantified p53 level in NRCM transduced
with lentiviruses expressing FAT10. Expression of FAT10 was associated with a significant
reduction in the p53 protein level under normoxic conditions and attenuated the increase in
p53 protein level in response to H/R stress (Figure 3, A-B). H/R per se had no significant
effect on miR-34a level (Figure 3C).

Because p53 is a known transactivator of miR-34a [23, 24], which is known to target anti-
apoptotic protein BCL2 [23, 25], we quantified miR-34a level by qPCR. As shown in Figure
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3C), over-expression of FAT10 in NRCM was associated with a significant down-regulation
of miR-34a level under normoxic estate as well as in NRCM exposed to H/R stress.

In conjunction with reduced expression level of p53 and miR-34a, BCL2 level was
increased. Over-expression of FAT10 rescued the H/R-induced suppression of BCL2 level
(Figure 3 D,E, F).

3.6. FAT10 knock down is associated with up-regulation of p53 and miR-34a and down-
regulation of BCL2

To further substantiate the effects of FAT10 on p53 protein, we targeted Fat10 by RNAi
(Figure 4). Suppression of FAT10 level was associated with increased p53 and miR-34a
levels and reduced BCL2 level (Figure 4A-C). Likewise, suppression of FAT10 level
accentuated hypoxia-mediated up-regulation of p53 and down-regulation of BCL2 (Figure
4A-B).

To determine whether BCL2 and BAX were direct targets of FAT10, we detected co-
immunoprecipitation (Co-IP) of BCL2 and BAX with FAT10 and repeated the experiments
in the reverse order. Under the experimental conditions used in these experiments, we could
not detect fatylated BCL2 or BAX, suggesting that FAT10 did not directly bind to BCL2 or
BAX (data not shown).

3.7. Over-expression of miR-34a is associated with suppression of BCL2 and up-regulation
of BAX

To determine whether miR-34a target BCL2, we transduced NRCM with lentiviruses
expressing miR-34a. Expression of miR34-a was associated with reduced BCL2 and
increased BAX levels under normoxic as well as hypoxic conditions (Figure 4D-F).

3.8. Expression of miR-34a revokes the anti-apoptotic molecular profile of FAT10
To determine whether miR-34a was a major effector of FAT10 in exerting an anti-apoptotic
profile, NRCM were co-transduced with recombinant lenti-viruses (MOI of 100) expressing
FAT10 and miR-34a. Over-expression of FAT10 exerted an anti-apoptotic and that of
miR-34a pro-apoptotic effects on BCL-2 and BAX levels. However, over-expression of
miR-34a in the background of over-expression of FAT10 largely nullifies the anti-apoptotic
effects of FAT10 on the BCL2/BAX ratio (Figure 5, panels A-C). These findings identify
miR-34a a major effector of FAT10 in NRCM.

3.9. Inhibition of the Ubiquitin-Proteasome System (UPS) abrogates the anti-apoptotic
effects of FAT10

Treatment of NRCM with MG132, an inhibitor of proteasome, was associated with
increased p53 and miR-34a level and a decreased BCL2/BAX ratio, indicative of a pro-
apoptotic profile. Over-expression of FAT10 in NRCM suppressed p53 and increased BCL2
levels in NRCM under normoxia and in the absence of MG132, as expected. However, in
the presence of MG132, over-expression of FAT10 did not significantly attenuate p53 level
or restore BCL2 level under the normoxic condition. In response to H/R stress, FAT10 and
BCL2 levels were decreased while p53 and BAX levels were increased in NRCM not
treated with MG132. However, over-expression of FAT10 in NRCM treated with MG132
did not significantly change p53, BCL2, BAX or miR-34a levels (Figure 5A-C). These
findings suggest that FAT10 exerts its anti-apoptotic effects through UPS-mediated
degradation of p53.
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4.1. DISCUSSION
FAT10 is a relatively new member of the UBL family, with poorly understood biological
functions, particularly in the heart. We provide the first set of data on expression and
potential biological role of FAT10 in the heart. We show that FAT10 is expressed in cardiac
myocytes and its expression is up-regulated in response to H/R stress and myocardial
ischemia. Functionally, over-expression of FAT10 reduced H/R-induced apoptosis in
cultured cardiac myocytes, as determined by two complementary methods of Flow
Cytometry and TUNEL assay. At the mechanistic level, over-expression of FAT10 was
associated with suppressed expression of p53, which is a known transactivator of miR-34a.
Consequently, overexpression of FAT10 was associated with decreased miR-34a level and
increased level of BCL2, which is a known miR-34a target. In contrast, level of pro-
apoptotic protein BAX, which is upregulated by p53 was reduced [28]. These changes
shifted the BCL2/BAX ratio toward protection from apoptosis. Thus, our data implicate the
FAT10/p53/miR-34a/BCL2 pathway as a mechanism responsible for the anti-apoptotic
effects of FAT10 on cardiac myocytes (Figure 5D). The anti-apoptotic molecular profile of
FAT10 was effectively blocked through inhibition of the UPS with MG132, which
implicated FAT10 exerts its anti-apoptotic effects through fatylation of p53 and its
degradation by the UPS. The findings offer the first line of evidence for the potential
biological role of FAT10 in the heart and set the stage for additional studies to delineate
other biological functions of FAT10 in the heart and elucidate additional responsible
mechanisms.

Over-expression of FAT10 was associated with reduced expression of p53. This finding is in
accord with data showing that FAT10 Fatylates p53 and co-localizes with p53 in the
nucleus.[22] Fatylation of p53 is expected to target the protein to the proteasome for
degradation. We could not detect direct interactions between FAT10 and p53 or FAT10 and
BCL2 by co-immunoprecipitation studies, which might reflect the experimental conditions.
Nevertheless, treatment with proteasomal inhibitor MG132 mitigated the effects of FAT10
on p53 levels, which suggest fatylation and UPS-mediated degradation of p53 as a potential
mechanism for the anti-apoptotic effects of FAT10. In spite of these data, interactions
between FAT10 and p53 remain to be fully defined and might be complex, as p53 was also
shown to suppress FAT10 expression [15]. Indirect evidence also supports interactions
between FAT10 and p53, as the former is upregulated in various cancers, probably as a
consequence of loss of p53. While the findings implicate FAT10/p53/miR-34a/BCL2
pathway as a responsible mechanism for the anti-apoptotic effect of FAT10, additional and
alternative mechanisms remain to be explored.

H/R and ischemia can lead to myocyte death by apoptosis and necrosis.[29] Extrinsic death
receptor and intrinsic mitochondrial pathway both contribute to ischemic-induced apoptosis.
[29] In the present studies, over-expression of FAT10 significantly promoted expression of
BCL2 and suppressed expression of BAX under H/R condition, leading to an increased
BCL2/BAX ratio and reduced hypoxic-induced apoptosis. These data suggest that FAT10
modulates ischemic-induced apoptosis via the intrinsic apoptotic pathway. However, these
changes were most notable in myocytes exposed to H/R stress and less so in cardiac
myocytes under normoxic condition. Thus, the findings suggest that over-expression of
FAT10 attenuated sensitivity of cardiac myocytes to apoptosis under hypoxic stress but
might not constitutively activate the anti-apoptotic pathway in cultured cardiac myocytes.

In summary, data in the present study show that over-expression of FAT10 leads to reduced
p53 level in cardiac myocytes exposed to H/R, which results in reduced miR-34a and
increased BCL2 levels. The latter in conjunction with reduced BAX level shifts the cardiac
myocyte survival homeostasis against H/R-induced apoptosis. These results underscore the
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potential significance of FAT10 in regulating myocardial survival during ischemia and
imply that FAT10 up-regulation might serve as a therapeutic target in ischemic heart
disease.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Non-standard Abbreviations and Acronyms

NRCM neonatal rat cardiac myocytes

H/R hypoxia/reoxygenation

UPS ubiquitin-proteasome system

MI Myocardial infarction

LAD left anterior descending artery

FITC fluorescein isothicyanate

Co-IP co-immunoprecipitation

Lt-FAT10 lentivirus containing Fat10 gene
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Highlights

• FAT10 is an ubiquitin-like protein family whose functions in the heart are
unknown

• FAT10 is expressed in the human and murine hearts

• Ischemia and hypoxia increase expression of FAT10

• FAT10 suppresses p53 and miR-34a levels but increases BCL2 level

• FAT10 protects against cardiac myocyte apoptosis
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Figure 1. Expression of FAT10 in the heart and its up-regulation in response to ischemia
A. Detection of expression of Fat10 mRNA by RT-PCR and agarose gel electrophoresis in
human, mouse and rat hearts, as identified by the label in each lane. The expected products,
based on the design of PCR primers, were 180bp for rat Fat10 cDNA, 360bp for mouse
Fat10 cDNA and 366bp for human FAT10 cDNA. Positive control group used the
construction of vector expressing rat Fat10 cDNA as template. GADPH served as an internal
control.
B. FAT10 protein, detected in myocardial tissues from rat, mouse and human, by Western
blotting. Positive control group used proteins from 293T cells after transfection the vector
expressing rat Fat10 cDNA. β-actin is used as a control for loading conditions.
C-D. Expression of FAT10 mRNA in different rat tissues as detected by RT-PCR, and
western blot showing expression of FAT10 protein. Tissue source of RNA and protein are
indicated above the panel. GADPH is used as an internal control for mRNA expression and
β-actin is used as a control for loading conditions for protein expression.
E. Representative images of rat heart sections stained with H&E and immunocytochemistry
from the sham-operated group and the MI group respectively. FAT10 is distributed
abundantly in the border zone of myocardial infraction. Bar: 10 µm
F. Bar graph showing Fat10 mRNA level was significantly increased in the border zone of
myocardial infarction as compared with sham-operated rats. The data were compared to the
Gapdh level and normalized to the mean value of controls, n=6, * P<0.05 compared to
sham-operated group.
G. Expression of FAT10 protein in heart tissues of sham and MI rats, as detected by
Western blotting. β-actin is used as a loading control.
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H. Quantitative analysis of FAT10 protein level in control and ischemic border zone, (n=3
experiments for each groups). *P<0.05 vs. sham-group.
I -K. Illustrate changes in Fat10 mRNA, as detected by qPCR (I), and FAT10 protein level
as detected by Western blotting (K) and quantitative data (H) in cultured cardiac myocytes
exposed to hypoxia. β-actin is used as a control for loading conditions. Quantitative analysis
is in right panels (n=3 experiments for each groups). *P < 0.05 compared to normoxic
condition.
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Figure 2. Effect of over-expression of FAT10 on cardiac myocyte apoptosis following H/R
A Cultured cardiac myocytes were transfected with Lt-FAT10 (transfection of lentivirus
containing Fat10 gene) as well as Lt-GFP (transfection of negative lentivirus). 72 h after
transfection, expression of FAT10 was analyzed by Western blotting. Transfection
efficiency of lentivirus was estimated to be about 80% as determined by the percent cells
expressing GFP protein by fluorescent microscopy (magnification, x400).
B. Shows increased expression of FAT10 in cardiac myocytes transduced with Lt-FAT10
viruses.
C. Cardiac myocytes apoptosis was analyzed with flow cytometry and the percentage of
apoptotic cells was determined according to cells expressing Annexin.
D. The bar graphs represented the Mean ± SEM of data from six replicate experiments.
E. Apoptosis was detected by TUNEL assay in the experimental groups. Cells were counter-
stained with hematoxylin. A representative field is shown for each group.
F. Quantitative analysis of TUNEL-positive cells from 3 independent experiments
(magnification, x200). Apoptosis in cardiac myocytes was quantified by the number of
apoptotic nuclei in the total nuclei in 10 continuous microscopic fields.
*P<0.05 vs. normoxic; **P<0.05 vs. H/R group
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Figure 3. Molecular anti-apoptotic effects of over-expression of FAT10
A. Western blot showing FAT10 and p53 levels in cardiac myocytes transduced with
lentiviruses under normoxic condition and in response to H/R. β-actin is used as a control
for loading conditions.
B. The bar graphs represented the Mean ± SEM of results from three replicate experiments.
*p<0.05 vs. normoxic; # p<0.05 vs. H/R group.
C. Decreased miR-34a level in cardiac myocytes transduced with Lt-FAT under nomoxic
and H/R conditions. Data were shown as Mean ± SEM in 3 tests from different experiments
for each group. *p<0.05 vs. normoxic; # p<0.05 vs. H/R group.
D. Western blot showing over-expression of FAT10 attenuates H/R-induced suppression of
BCL2 and up-regulation of BAX. β-actin is used as a control for loading conditions.
E. Quantitative data of three independent experiments per each group is shown. &P<0.05,
*p<0.05 vs. control in normoxic groups and #p<0.05 vs. control in the H/R groups;.
F. BCL2/BAX ratio in cardiac myocytes exposed to H/R. Each bar presents the Mean ±
SEM of 3 tests from different experiments. *p<0.05 vs. normoxic; # p<0.05 vs. H/R group.
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Figure 4. Lentiviral shRNA-mediated knock-down of FAT10 and over-expression of miR-34a
induce a pro-apoptotic profile
A. Western blot and quantitative data showing knock down of FAT10 is associated with
increased p53 and down-regulation of BCL2 levels in NRCM under normoxic condition and
in response to H/R. β-actin is used as a control for loading conditions.
B. The bar graphs represent the Mean ± SEM of results from 3 replicate experiments.
*P<0.05 vs. normoxic group. #P<0.05 vs. H/R group.
C. BCL2/BAX ratio in shRNA knockdown of FAT10 in cardiac myocytes exposed to H/R.
Each bar presents the Mean ± SEM of 3 tests from different experiments. *P<0.05 vs.
normoxic group; #P<0.05 vs. H/R group.
D-F. Lentiviral mediated over-expression of miR-34a induces a pro-apoptotic profile, as
shown by reduced expression of BCL2 and increased level of BAX (Panels D, E), and
reduced ratio of BCL2/BAX under normoxic conditions. β-actin is used as a control for
loading conditions. The pro-apoptotic molecular profile is accentuated under H/R condition.
Data were shown as Mean ± SEM in 3 tests from different experiments for each group.
*p<0.05 vs. normoxic group; #p<0.05 vs. H/R group.
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Figure 5. Over-expression of miR-34a abrogates the anti-apoptotic effects of over-expression of
FAT10
A. Western blots showing BCL-2 and BAX proteins in cardiac myocytes in the experimental
groups. H/R reduced BCL-2 and increased BAX levels. Transduction of the NRCM,
subjected to H/R, with the recombinant viruses (at a MOI of 100) expressing FAT10 had the
opposite effects. In contrast, over-expression of miR-34a produced a pro-apoptotic
molecular profile (reduced BCL-2 and increased BAX levels). Likewise, over-expression of
miR-34a in the background of over-expression of FAT10 also was associated with reduced
BCL2 and increased BAX levels. Quantitative data of the protein levels are shown in Panel
B and relative miR-34a levels in Panel C. * p<0.05
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Figure 6. Inhibition of the Ubiquitin-Proteasome System (UPS) abrogates the anti-apoptotic
effects of FAT10
A. Western blots showing levels of p53, BCL2 and BAX proteins in cardiac myocytes
transduced with recombinant lentiviruses expressing FAT10 before and after treatment with
MG132 for 4 h under normoxic conditions as well as before and after exposure to H/R. β-
actin was used as a control for loading conditions. Over-expression of FAT10 is associated
with reduced p53 and BAX levels and increased BCL2 level. Treatment with MG132
attenuates the molecular anti-apoptotic effects observed upon over-expression of FAT10.
B. Quantitative analysis of p53, BCL2 and BAX proteins levels in the experimental groups.
*p<0.05 under normoxic, and #p<0.05 vs. normoxic groups.
C. qPCR analysis of miR-34a level in the experimental group. Data were shown as Mean ±
SEM in 3 tests from different experiments for each group. *p<0.05 vs normoxic group.
D. A proposed mechanism for the anti-apoptotic role of FAT10 in NRCM. FAT10 through
fatylation and UPS-mediated degradation reduced level of p53 and its trans-regulated miR,
miR34-a, which in turn results in increased expression of anti-apoptotic protein BCL2 and
reduced apoptosis.
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