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Abstract

Background—How canonical Wnt/B-catenin signals in adult hearts, especially in different
diseased states, remains unclear. The proto-oncogene, c-Myc, is a Wnt target and an early response
gene during cardiac stress. It is not clear if c-Myc is activated or how it is regulated during heart
failure.

Methods and Results—We investigated canonical Wnt/B-catenin signaling and how it
regulated c-Myc expression in failing hearts of human ischemic heart disease (IHD), idiopathic
dilated cardiomyopathy (IDC), and murine desmin-related cardiomyopathy (DES). Our data
demonstrated that canonical Wnt/p-catenin signaling was activated through nuclear accumulation
of B-catenin in IDC, IHD and DES when compared to non-failing controls and Transcription
Factor 7-like 2 (TCF7L2) was the main p-catenin partner of the T-cell factor (TCF) family in adult
hearts. We further revealed that c-Myc mRNA and protein levels were significantly elevated in
failing hearts by real-time RT-PCR, Western blotting, and immunohistochemical staining.
Immunoprecipitation and confocal microscopy further showed that p-catenin interacted and co-
localized with TCF7L2. More importantly, chromatin immunoprecipitation confirmed that p-
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catenin and TCF7L2 were recruited to the regulatory elements of c-Myc. This recruitment was
associated with increased histone H3 acetylation and transcriptional upregulation of c-Myc. With
lentiviral infection, TCF7L2 overexpression increased c-Myc expression and cardiomyocyte size
while shRNA mediated knockdown of TCF7L2 suppressed c-Myc expression and cardiomyocyte
growth in cultured neonatal rat cardiomyocytes.

Conclusions—This study indicates that TCF7L2 mediates canonic Wnt/B-catenin signaling and
c-Myc upregulation during abnormal cardiac remodeling in heart failure and suppression of Wnt/
[B-catenin to c-Myc axis can be explored for preventing and treating heart failure.
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acetylation; cardiomyopathy; cell signaling/signal transduction; desmin; heart failure

Heart failure is a major health problem that affects over 5 million Americans 1. With the
aging population, this problem has become epidemic with over 500,000 new cases
diagnosed each year. Despite new therapeutic interventions, heart failure has a poor
prognosis with high morbidity and mortality. Identifying key molecular drivers leading to
heart failure will be essential to designing effective therapy?. The proto-oncogene, c-Myrc,
is misregulated or genetically altered in a variety of neoplastic processes. Its role in chronic
non-neoplastic diseases such as heart failure is not clearly defined. As an immediate early
response gene, c-Myc is upregulated within hours of hypertrophic stimulation, but returns to
normal levels within 48 hours > 6. However, a recent investigation has shown that c-Myc
protein elevation can persist for days after mechanical challenge 7. Whether c-Myc is also
activated or how it is regulated in diseased hearts remain important unanswered questions.

The canonical Wnt pathway controls cardiac progenitor cell renewal and differentiation 8. In
the nucleus, p-catenin forms a complex with T-cell factor/lymphoid enhancer factor (TCF/
LEF) family transcriptional factors, activating transcription of target genes such as c-My/c®.
It is not clear which TCF/LEF family member is expressed in adult hearts. Furthermore, it is
debatable whether canonical Wnt/B-catenin signaling is active in cardiomyocytes as recent
studies with the TCF/LEF responsive promoter controlling f-gal expression in transgenic
mice revealed little enzyme activity in the myocardium 10, On the other hand, B-catenin is
widely expressed in the developing myocardium as well as in adult hearts 11 12 |t is well
known that the lack of reporter activity does not mean the absence of direct B-catenin targets
since thousands of TCF/LEF consensus sequences have been identified in the genome, but
only a small portion of them are selectively occupied by TCF/LEF and B-catenin in a given
cell type in a context-dependent manner 13, Epigenetic modifications and sequences
surrounding the core consensus site have been shown to drive tissue-specific and
developmental stage-dependent engagement of B-catenin with potential Wnt responsive
genes.

In this study, we tested the hypothesis that canonical Wnt/B-catenin signaling directly
controls c-Myc expression in failing hearts. Our results showed that p-catenin translocated to
the nucleus and interacted with Transcription Factor 7-like 2 (TCF7L2) in failing human and
mouse hearts. More importantly, TCF7L2 and B-catenin co-occupied the regulatory element
of c-Myc gene, resulting in elevated histone H3 acetylation and transcriptional activity.
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Furthermore, overexpression and knockdown of 7CF7LZ2in cultured neonatal rat
cardiomyocytes positively and negatively control c-Myc expression and cardiomyocyte
hypertrophy, respectively. These results indicate that Wnt/p-catenin signaling is activated in
heart failure and can directly regulate target gene expression.

For an extended Methods sections, please refer to the online-only Data Supplement.

Human samples

Animals

The study was approved by Institutional Review Boards at University of Pennsylvania and
University of Rochester. Written informed consent was obtained from participating
individuals or next kins of heart donors. The clinical information of the patients used in this
study was summarized in the Table and listed in Supplemental Table 1. All researches were
conducted in compliance with Good Clinical Practice standards and all applicable NIH
research requirements.

The mouse model of desmin-related cardiomyopathy was generated by a 7-amino acid
(R172 through E178) deletion in the desmin gene (D7-Des) according to the previous study.
Mice were maintained in the FVB/N inbred background and five 14- to 16-week-old D7-Des
mice and their non-transgenic littermates of mixed sex were used in this study. One to two
day old Sprague Dawley rats were used for the isolation of neonatal rat cardiomyocytes
(NRCMs). Animal experiments performed in this study were approved by the Animal Care
and Use Committee of the University of South Dakota and University of Rochester.

Viral production and infection of NRCMs

Statistics

A full length short form of Tcf712 obtained from Dr. Elaine Fuchs (The Rockefeller
University, New York, NY) 1° was cloned to lentiviral vector (pLVX-IRES-zsGreen,
Clonetech, Mountain View, CA). Tcf7/2 shRNA was acquired from Sigma (St. Louis, MO).
These viruses were propagated and amplified in 293T cells according to standard protocols.
The virus-containing supernatant was collected at 48 hours after transfection for infecting
cultured NRCMs that were isolated with the Neonatal Cardiomyocyte Isolation System from
Worthington (Lakewood, NJ) according to the manufacturer's instruction based on Simpson's
method 16, After 24 hours of culture, NRCMs were incubated with supernatant of lentivirus
with full length 7cf7/2, Tef712shRNA, or GFP (pGIPZ). Forty-eight hours after infection,
cells were measured for their size and perimeter by NIH ImageJ and extracted for real time
RT-PCR and Western blotting. Each experiment was repeated at least five times
independently.

All data were presented as mean = SEM. Differences among means were analyzed with
SPSS 18.0 software (IBM Corporation, Armonk, NY). The Levene tests for equal variances
were performed before all t-tests or one-way ANOVA. Student #test was used for 2-group
analysis with equal variances. If equal variance was not assumed, the Satterthwaite
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approximate ftest was used for 2-group analysis. For differences of more than two means,
One-way ANOVA followed by Bonferroni test was used for multiple groups comparison
when equal variances were present. If equal variances were not assumed, Tamhane T2 test
was used for multiple comparison tests. A P value smaller than 0.05 was considered
statistically significant.

Canonical Wnt/p-catenin signaling was activated in FHHs

The main difference among ischemic heart disease (IHD), idiopathic dilated cardiomyopathy
(IDC), and nonfailing heart (NFH) was ejection fraction by echocardiography (Table). In
cardiomyocytes, p-catenin mainly binds to the cadherin cytoplasmic domain at adherens
junctions of the intercalated disk and anchors the contractile apparatus to the cell-cell
adhesion through a-catenin 1. 12 In the cytoplasm, B-catenin interacts with adenomatous
polyposis coli (APC), glycogen synthase kinase-3p (GSK-3p), and Axin in the so called
destruction complex which mediates B-catenin phosphorylation and subsequent
degradation 17. A hallmark of canonical Wnt/B-catenin signaling is p-catenin nuclear
accumulation. Therefore, we performed cellular fractionation to analyze total, cytoplasmic,
and nuclear p-catenin levels. Western blots with histone H3 and p-tubulin antibodies
confirmed good separation of nuclear and cytoplasmic proteins (Supplemental Figure 1).
Both total and active p-catenin (ABC) which is not phosphorylated at serines 33/37 and
threonine 41 indeed accumulated significantly (Fig. 1A and 1B, £<0.01) in the nuclear
fraction of heart lysates from IDC and IHD compared with NFH. Total p-catenin was also
higher in the cytoplasmic fraction and whole lysate from IDC and IHD than from NFH, but
only the difference in whole lysate had statistical significance (Fig. 1B, A<0.05). The
changes of ABC in cytoplasmic and whole lysates showed no statistical significance (Fig.
1B, P>0.05). The mRNA levels of B-catenin were significantly increased FHHSs (Fig. 1B).
Immunohistochemical and immunofluorescent staining revealed more nuclear p-catenin in
cardiomyocytes from IDC and IHD than from NFH (Fig. 1C). These p-catenin positive
nuclei were enlarged and had irregular contours (Fig. 1C).

Desmin related cardiomyopathy also showed canonical Wnt/p-catenin signaling activation

Desmin is increased in human and animal models of heart failure 1819, Mouse hearts with
the D7-Des mutation (DES) develop cardiomyopathy similar to human hearts with the
desmin mutation 14, In this study, we found that cardiomyocytes from 14- to 16-week DES
mice demonstrated nuclear enlargement (Fig. 2A) and hypertrophy (Fig. 2B) similar to
failing human cardiomyocytes (Fig. 1C). Total p-catenin and ABC demonstrated significant
increases in all 3 fractions: whole, cytoplasmic and nuclear from DES relative to that from
wild type (WT) littermates (Fig. 2C and 2D). Immunohistochemical staining showed more
nuclear B-catenin in cardiomyocytes from DES than from WT (Fig. 2E).

TCF7L2 was a main TCF/LEF isoform expressed in the heart and showed upregulation in

heart failure

Although p-catenin does not have any DNA binding domain, it is a strong transcriptional
activator and controls specific target gene expression through interaction with other DNA
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binding transcriptional factors, especially TCF/LEFs. Among all four TCF/LEF members,
LEF1, TCF7, and TCF7L1 are not detectable in most adult mouse tissues including the heart
by Northern blotting or in-situ hybridization, except the presence of TCF7 and LEF1 in
lymphoid organs 2% 21, By immunohistochemistry, we did not detect LEF1, TCF7, and
TCF7L1 in cardiomyocytes of adult human and mouse hearts (Supplemental Figure 2). Rare
lymphocytes in FHH are positive for LEF1 and TCF7. A low level of TCF7L2 mRNA has
been reported in the outer compact myocardium by RT-PCR during embryonic

development 10, When using enriched Poly(A)* mRNA, TCF7L2 is found by Northern
blotting in adult mouse hearts 22. Genetic tracing further confirms that there are adult mouse
cardiomyocytes expressing TCF7L2 or deriving from TCF7L2 active precursors 23, We
detected TCF7L2 by RT-PCR and Western blotting in adult human and mouse hearts (Fig.3).
Although TCF7L2 mRNA levels were only slightly upregulated, its protein levels were
significantly increased in FHHs with IDC and IHD and DES hearts compared with their
controls (Fig. 3). Two major bands of TCF7L2 around 78 and 55KD representing long and
short isoforms were detected and both were dramatically increased. More importantly,
TCF7L2 was mainly present in cardiomyocytes by immunolabeling (Fig. 31 and 3J,
Supplemental Figure 2). Immunohistochemical staining also revealed an increase of nuclear
TCF7L2 in failing cardiomyocytes compared to controls (Fig. 31 and 3J). These data
indicate that TCF7L2 is most likely the main binding partner of p-catenin in the TCF/LEF
family during cardiac development and in response to stresses.

Protein and mRNA levels of c-Myc were increased in failing human and mouse hearts

The proto-oncogene, ¢c-Myrz, is not detectable by Northern blotting in normal adult hearts
and its mMRNA is transiently induced during hypertrophic response to stresses > 24, In
idiopathic hypertrophic cardiomyopathy (IHC), there is also a significant increase in c-Myc
expression 22, 1t is not clear whether c-Myc is expressed in FHH. Western blots clearly
showed that there was a significant upregulation of c-Myc protein in FHH (Fig. 3A and B)
and DES (Fig. 3E and F) compared with NFH or WT controls. Real time quantitative RT-
PCR data also demonstrated that c-Myc mRNA was dramatically elevated in FHH (Fig. 3C
and D) and DES (Fig. 3G and H) in contrast to their controls. Furthermore,
immunohistochemical staining revealed that c-Myc was mainly present in the nuclei of
cardiomyocytes from FHH (Fig. 31) and DES (Fig. 3J). Cardiomyocyte nuclei with elliptical
or ovoid shape and blunt ends were larger than non-cardiomyocyte nuclei with spindle shape
and pointed ends. Cardiomyocyte nuclei of FHH and DES often had irregular contours.

p-Catenin interacted with TCF7L2 and was recruited to the regulatory element of c-Myc

To determine if there was an increase of p-catenin and TCF7L2 interaction in failing hearts,
we conducted immunoprecipitation with human hearts. More TCF7L2 was pulled down by
B-catenin immunoprecipitation in FHH (Fig. 4B) than in NFH. Similarly, more p-catenin
was immunoprecipitated by TCF7L2 antibody in FHH than in NFH. This suggests that more
[B-catenin is associated with TCF7L2 in failing than non-failing hearts. Double labeling
confirmed that both B-catenin and TCF7L2 colocalized in cardiomyocyte nuclei of human
hearts (Fig. 4A). To determine whether B-catenin and TCF7L2 directly regulate gene
transcription in adult hearts, we performed chromatin immunoprecipitation (ChIP)-PCR
with primers (Supplemental Table 2) targeting the TCF/LEF consensus binding site
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(Supplemental Figure 3) in human and mouse c-Myc promoters 9. As shown in Fig. 4, both
TCF7L2 and B-catenin were recruited to the regulatory element of c-Mycin FHH (Fig. 4C)
and DES (Fig. 4D), but not in controls. This recruitment was associated with increased
histone H3 acetylation indicating transcriptional activation (Fig. 4C and 4D). These data
strongly imply that canonical Wnt/p-catenin signaling directly control ¢-Myc expression in
failing hearts (Supplemental Figure 4).

TCF7L2 levels regulated c-Myc expression and controlled hypertrophy in NRCM

Cultured NRCM is a good in vitro model to study cardiomyocyte hypertrophy 6. We found
that TCF7L2 levels modulated cellular morphology of cultured NRCMs. No differences in
profile area and perimeter were detected between non-infected and pGP1Z-infected NRCM.
Tcf712 shRNA infection effectively reduced TCF7L2 levels and led to smaller cell size
compared with non-infected or pGPIZ controls (Fig. 5A). Forty-eight hours after sShRNA
mediated TCF7L2 knockdown, the mean profile area and perimeter of NRCMs decreased by
43.6% and 13.9% (Fig. 5B and 5C). Conversely, the size and perimeter of NRCMs infected
with a full-length short form of 7¢f7/2increased significantly to 870.8+55.4 pm? and
143.7+3.4 um respectively compared with 545.8+20.6 um? and 114.9+3.7 um in the non-
infected controls (Fig. 5B and 5C). By real-time RT-PCR, hypertrophic markers: natriuretic
peptide A (Nppa) and B-myosin heavy chain (Myh7), were accordingly downregulated by
Tcf7I2 shRNA and upregulated by overexpression of full-length 7¢f7/2 (Fig. 5D and 5E). In
parallel, TCF7L2 overexpression increased c-Myc protein and mRNA levels. On the other
hand, downregulation of TCF7L2 by shRNA decreased c-Myc protein and mRNA levels
(Fig. 5F-K). These results further confirm that TCF7L2 can modulate cardiac gene
expression and regulate cardiac remodeling.

Discussion

Many signaling pathways have been implicated in the transition from cardiac hypertrophy to
failure 2 3. The canonical Wnt/B-catenin pathway and its target, c-Myc, are activated in
animal models of cardiac hypertrophy 5-7. Their roles in human heart diseases, especially
end-stage heart failure remain poorly understood. Our results have shown that p-catenin is
stabilized and translocated into the nucleus of cardiomyocytes in failing human hearts with
IHD and IDC and mouse hearts with DES. More importantly, our data indicate that -
catenin interacts with TCF7L2 and is recruited by TCF7L2 to the promoter region of c-Myc
leading to histone H3 acetylation and transcriptional activation. Furthermore, TCF7L2 levels
control c-Myc expression and hypertrophy in NRCMs. All these findings strongly support
our hypothesis that canonical Wnt/B-catenin signaling is activated and controls cardiac
remodeling and Whnt target gene expression in heart failure.

In adults, p-catenin is not required for the mechanic coupling of adjacent cardiac myocytes
due to the upregulation of -y-catenin, a close relative of B-catenin 12. Most, but not all studies
suggest that canonical Wnt/B-catenin signaling promotes pathologic hypertrophy. Haq et al
has shown that B-catenin is stabilized in cardiomyocytes in response to hypertrophic stimuli
in vitro and in vivo?8. Furthermore, cardiac expression of a stabilized mutant B-catenin was
sufficient to promote hypertrophic growth. More importantly, Wnt/g-catenin inhibition can
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effectively attenuate cardiac hypertrophy 27. Cardiac specific homozygous or even
heterozygous deletion of B-catenin significantly attenuates pathological cardiac response to
pressure overload by transverse aortic constriction 28: 29, These findings clearly demonstrate
the importance of pB-catenin signaling during cardiac remodeling in response to hypertrophic
stimuli. Myocardial hypertrophy is an independent risk factor for heart failure as well as
mortality, Wnt/p-catenin inhibition can be explored as potential therapeutic targets for
intervention. Wnt inhibition has also been shown to reduce myocardial infarct size and
alleviated cardiac dysfunction 30 31, However, B-catenin overexpression reduced myocardial
infarct size in a rat myocardial infarction model32. An opposite role of B-catenin has been
observed in the cardiac response to angiotensin 11 infusion 33, These contradictory findings
uncover the complexity of the Wnt pathway in term of its role in different disease stages as
well as cell-autonomous vs non-cell-autonomous actions. The other limitation is that most
investigations have only explored the short-term effects of p-catenin activation and
inhibition in the heart. Therefore, low level and short term activation of p-catenin in the
heart may not be harmful, its prolonged and sustained stimulation is potentially detrimental
and can lead to cardiac dysfunction. Long-term follow-up investigations in animal models as
well as human clinical trials are required to determine whether Wnt or p-catenin inhibition
can prevent adverse cardiac remodeling and pump dysfunction in a variety of heart diseases.

TCF/LEF transcription factors are major nuclear B-catenin partners during Wnt signaling.
We have shown that TCF7L2 is expressed in the epicardium and is involved in pericardial
fibrosis in heart allografts 34. Here, we further reveal that TCF7L2 is the only TCF/LEF
family member detected in adult cardiomyocytes and its protein levels are significantly
increased in failing human and mouse hearts. More importantly, TCF7L2 interacts with p-
catenin and co-occupies the c-Myc promoter to activate its transcriptional activity. It has
been widely accepted that c-Myc plays an important role in initiation as well as the
maintenance of cardiac hypertrophy 5 35-39, As a traditional effector of Wnt pathway, c-Myc
has been found possessing TCF/LEF binding elements within its promoter region and can be
activated by Wnt/B-catenin signaling through these elements in tumor cells*: 41, Our results
indicate that c-Myc is dramatically upregulated in FHH and DES hearts. Moreover, TCF7L2
levels control c-Myc expression in NRCMs. Whether c-Myc activation is beneficial or
harmful remains controversial. In mouse models, the outcome of c-Myc activation varies
dependent on dosage, duration, and timing. Transgenic c-Myc overexpression driven by the
a-myosin heavy chain (MHC) promoter enhances cardiac proliferation, but also accelerates
the cell cycle withdrawal of cardiomyocytes during the perinatal period 42. Tamoxifen-
activated c-Myc driven by the same MHC promoter results in cell cycle reentry and cardiac
hypertrophy and has protective function in mitochondria and energy metabolism after
tamoxifen injection 7. On the other hand, c-Myc controlled by a tetracycline-inducible
promoter causes heart failure and mitochondrial dysfunction two weeks after induced
overexpression by doxycycline 39. Despite this controversy, c-Myc inhibition has been
proposed as a therapeutic approach to attenuate cardiac hypertrophy because cardiac specific
c-Myc deletion reduces hypertrophic growth without adverse effect in heart function 3.

In summary, our results demonstrate that c-Myc is upregulated by the canonical Wnt/p-
catenin pathway through TCF7L2 in FHHs and mouse hearts with desmin-related
cardiomyopathy. Both Wnt/B-catenin and c-Myc inhibition have been targeted for inhibition
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to treat neoplastic diseases. Similar approaches can be harnessed to treat heart diseases.
Experimental animal models have shown c-Myc or B-catenin inhibition can prevent cardiac
hypertrophy without compromising heart function 29: 30. 35,

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Clinical Perspective

The canonical Wnt/p-catenin pathway has been implicated in many disease processes and
its activation can cause heart failure in animal models. It is not clear whether this
pathway is involved in human heart failure. Moreover, how B-catenin is transmitted to the
nucleus in the heart remains undefined. In this study, we demonstrate that g-catenin is
stabilized and translocated into the nucleus of cardiomyocytes in human ischemic and
dilated cardiomyopathy and mouse desmin cardiomyopathy. More importantly, we show
that TCF7L2 is the main TCF/LEF family member expressed in adult human and mouse
hearts. TCF7L2 is upregulated in dysfunctional human and murine hearts and interacts
with B-catenin to upregulate Wnt target gene, c-myc. Furthermore, TCF7L2 can
sufficiently promote hypertrophy, fetal gene expression, and c-myc upregulation in
cultured neonatal rat cardiomyocytes. Conversely, TCF7L2 knockdown significantly
suppresses these activities. All these findings support our hypothesis that TCF7L2
mediates canonical Wnt/p-catenin signaling and c-Myc upregulation during abnormal
cardiac remodeling in heart failure, and that suppression of Wnt/B-catenin to c-Myc axis
can be explored for preventing and treating heart failure.
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Figure 1.
Accumulation of p-catenin in the nucleus of CMs from human failing hearts. A:

Representative Western blots of total (B-catenin) and non-phosphorylated active p-catenin
(ABC) in the cytoplasmic (25 pug), nuclear (25 pg), and whole (12.5 pg) lysates from
idiopathic dilated cardiomyopathy (IDC), ischemic heart disease (IHD), and non-failing
heart (NFH). B: Fold increases in B-catenin mRNA levels by real-time RT-PCR and in
protein levels of total B-catenin and ABC by relative densitometric values of Western blots
(N=10 in each group).C: Immunohistochemical staining (top row) revealed that there was no
significant difference in B-catenin at intercalated disks (IDs) of CMs from IDC, IHD, and
NFH; but increased nuclear p-catenin was observed in CMs of IDC and IHD compared to
that of NFH. Representative confocal microscopy of triple stains with desmin, p-catenin, and
4’ 6-diamidino-2-phenylindole (DAPI, bottom row). Desmin increased in CMs from IDC
and IHD relative to that of NFH. Again, all CMs in IDC, IHD, and NFH showed B-catenin
positivity at IDs. Nuclear p-catenin was strong in CMs of IDC and IHD, but not readily
detected in CMs of NFH. Representative images from 5 sets of staining were shown. Data
were mean + SEM, A<0.05 indicated statistically significant differences compared with
NFH. Scale bar, 50um.
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Figure 2.
Accumulation of p-catenin in the nucleus of CMs from 14- to 16-week-old mice with D7-

Des mutation (DES). A: Histology demonstrated cardiac hypertrophy with nuclear
enlargement in DES hearts similar to human failing hearts compared with wild type (WT)
mice. B: Heart weight/body weight ratio and left ventricle weight/body weight ratio were
increased in DES hearts. C: Representative Western blots of total (B-catenin) and non-
phosphorylated active p-catenin (ABC) in the cytoplasmic (25 ug), nuclear (25 pg), and
whole (12.5 pg) lysates from DES and WT hearts. D: Fold increases in f-catenin mRNA
levels by real-time RT-PCR and in protein levels of total p-catenin and ABC by relative
densitometric values of Western blots from DES over WT hearts. N=5 in each group. E:
Representative images of immunohistochemical staining from 5 mice in each group revealed
similar B-catenin intensity at intercalated disks (IDs) between DES and WT CMs; but
obvious nuclear B-catenin was present in CMs from DES, but not detected that from WT.
Data were mean + SEM, P<0.05 indicated statistically significant differences between DES
and WT. Scale bar, 50um.
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Figure 3.
Upregulation of TCF7L2 and c-Myc in human failing and mouse DES hearts. A and B:

Representative Western blots (A) of whole lysate and fold increases (B) in relative
densitometric values of c-Myc and total long (78 kDa) and short (55 kDa) isoforms of
TCF7L2 in idiopathic dilated cardiomyopathy (IDC) and ischemic heart disease (IHD) over
non-failing heart (NFH). C and D: Semi-quantitative RT-PCR (C) and fold increases by real-
time (D) RT-PCR of TCF7L2with primers common to both long and short isoforms and c-
Myc in IDC, IHD, and NFH. E and F: Representative Western blots (E) and fold increases
(F) in relative densitometric values of c-Myc and total long (78 kDa) and short (55 kDa)
isoforms of TCF7L2 in mouse DES and WT hearts. G and H: Semi-quantitative RT-PCR (G)
and fold increases by real-time (H) RT-PCR of 7CF7L2 with primers common to both long
and short isoforms and c-Myc in mouse DES and WT hearts. Ten hearts were included in
IDC, IHD and NFH while 5 hearts were used in DES and WT groups for every analysis.|
and J: Representative images of immunohistochemical staining of TCF7L2 and c-Myc in 5
sets of human and mouse hearts in each group. Data were mean + SEM, A<0.05 indicated
statistically significant differences compared to control groups. Scale bar, 50um.
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Figure 4.
Colocalization and co-recruitment of g-catenin with TCF7L2. A: Colocalization of TCF7L2

(red) with B-catenin (green) by confocal microscopy in idiopathic dilated cardiomyopathy
(IDC, top row), ischemic heart disease (IHD, middle row), and non-failing heart (NFH,
bottom row); nuclear counterstaining of DAPI (blue) and bar=10um. Representative images
are from 5 sets of staining in each group. B: Immunoprecipitation and Western blotting of
TCF7L2 and p-catenin in IDC, IHD and NFH. Ten human samples were used in each group.
C and D: Semi-quantitative PCR of c-Myc promoter after chromatin immunoprecipitation
with B-catenin, TCF7L2, and acetylated histone H3 (acetylH3) in human (C) and mouse (D)
hearts. Data are representative of PCR and the densitometric analysis from 10 human and 5
mouse hearts in each group. DES indicates D7-Des mutation; and WT, wild-type.

Circ Heart Fail. Author manuscript; available in PMC 2017 June 14.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

Hou et al. Page 16

>
=
a

Mean area
of CM (pm)
Mean perimeter
of CM (um)

D E
3 307 P<0.01 ° P<0.01
> ()
= 2 P<0.01
<Zt 209  p<0.0s :Z:
& P=1.00 =
s 1.0 e B
<
g =
= S
RS
CQ QO Q* e,‘&
F G "
TCF7L2 O -78KD I
TCF7L2 MW ~55KD
— 3.0 _
[}
T%;;VBZ E P<0.01 P<0.01 E
(High) .§ 201 pegos P<0.01 E
o
a -1 P-1. =
MYC ;1.0 P=1.00 .00 §_
Tubulin % %
LRI émﬁ QgVare
C}o‘ié O\Q é v ‘& CPQ QO ,\\ 6 @
! J
Tef712
oy ——
(exon7-8)
o E :
(exonl-2) 3 E
_ = <
= = = =
660\ 0\{‘) @Y’ \QX&
¢ &
Figureb5.

TCF7L2 levels control c-Myc expression in cultured neonatal rat cardiomyocytes (NRCMs).
A to C: Morphological changes of NRCMs by TCF7L2 transfection. Cells transferred with
Tcf712 shRNA were narrow and thin spindle-like shape (A, left lower) with smaller size (B)
and perimeter (C) compared with non-infected control group. NRCMs enlarged and varied
from round-spindle to polygonal by transfection with short form full-length 7¢f7/2 (Lenti
WT) (A, right lower), while the size and perimeter of cells dramatically increased (B and C).
D and E, Njppaand Myh7 mRNA levels were downregulated by 7¢f7/2shRNA, but
upregulated by infection with full-length 7¢£7/2 F to H: Representative TCF7L2 and c-Myc
Western blots (F) as well as fold changes of TCF7L2 (G) and c-Myc (H) in NRCMs
transfected with no virus, control virus (pGP1Z), 7c¢f7/2shRNA, and full-length short form
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Tcf7/2. 1 to K: Semi-quantitative RT-PCR () and fold increases by real-time RT-PCR of
7cf712 (J) and c-Myc (K) in NRCMs transfected with no virus, control virus (pGPIZ),
Tcf712 shRNA, and full-length short form 7¢f7/2. Data are representative of five
independent repeats. £<0.05 indicated statistically significant differences compared to
control groups. Scale bar, 100um.
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Table

Patient's information of heart tissues used in this study

NFH IHD IDC
P-value

N=10 N=10 N=10
Gender (M/F) 5/5 8/2 6/4
Age 49(4) 54(3) 52(2) 0.571
HW (g) 381(17)  473(35)  429(24)  0.062
BW (kg) 715(43) 84.9(5.1) 77.9(5.2) 0.172
HW/BW (g/kg) 5.5(0.3) 5.6(0.4) 5.6(0.2) 0.921
EF % 60.7(34) 17.423) 166(21) _ 001"

M, male; F, female; HW, heart weight; BW, body weight; EF: ejection fraction; NFH, non-failing heart; IHD, ischemic heart disease; IDC,
idiopathic dilated cardiomyopathy.

Data are presented as mean (sem).

*
P<0.05 indicates statistically significant differences among NFH, IHD and IDC groups.
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