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Jack Yang, Daniela Fuller, Young Wook Chun, Charles Williams, and Charles Hong
Department of Cardiovascular Medicine, University of Maryland School of Medicine, Baltimore, MD

ABSTRACT:

INTRODUCTION:
Cardiomyopathies are diseases characterized by cardiac muscle 

dysfunction that makes it difficult to pump blood to the rest of the body. 
Congenital dilated cardiomyopathy (cDCM), the most prevalent form of 
pediatric cardiomyopathy, is characterized by reduced systolic function and 
progressive left ventricular dilatation. This disease can arise from birth as a 
result of genetic mutations causing overproliferation of cardiomyocytes 
(CMs), one of which is a mutation to RTTN, a gene that controls the protein 
Rotatin. Using the induced pluripotent stem cell-derived cardiomyocyte (iPSC-
CM) model, the Hong Lab has found that RTTN mutant CMs failed to undergo 
CM maturation, which is characterized by centrosome reduction. Centrosome 
reduction is a postnatal developmental program associated with the cessation 
of CM proliferation in which certain centrosome components become 
redistributed to the perinuclear region, where they serve as microtubule 
organizing centers (MTOCs) responsible for overall structure of mature CMs. 
Consequently, RTTN mutant iPSC-CMs exhibit defective CM structure and 
function as well as persistent CM proliferation.

The small molecules (SMs) LRN9 and LRN11 are both thought to 
affect the Wnt signaling pathway, an important pathway regulating tissue 
morphogenesis and proliferation, among other processes. In the canonical 
pathway, when a Wnt activator ligand binds to membrane receptors, one 
receptor inactivates multiple β-catenin destruction complexes through 
translocation to the plasma membrane. This leads to a buildup of β-catenin in 
the cytoplasm and increased translocation into the nucleus, activating 
transcription factors that transcribe genes for a variety of purposes, including 
proliferation. Furthermore, introducing Wnt activators at specific times during 
iPSC growth to mimic embryonic cardiogenesis, allowing for easy laboratory 
experiments on mature CMs. LRN9 is hypothesized to be a Wnt activator, 
leading to increased proliferation in CMs, whereas LRN11 is hypothesized to 
be a Wnt inhibitor, leading to decreased proliferation in CMs.

METHODS:

Frozen iPSCs were thawed and passaged using mTeSR media and ROCK 
inhibitor. The cells were plated onto Matrigel-coated 6-well plates. After 
reaching 80-90% confluency, the cells were passaged into 24-well plates and 
cultured in RPMI 1640 with B27 supplement. During cardiac differentiation 
from iPSCs, the Wnt signaling pathway plays a role in the determination of the 
fate of the cell. On D0, CHIR, a Wnt activator, was added and no insulin was 
introduced, differentiating the iPSCs into cardiac mesoderm cells. On D3, 
IWR-1, a Wnt inhibitor, was introduced, causing the cells to become cardiac 
progenitors. On D11, replace the media with glucose- and insulin-free RPMI 
with B27 in order to kill off any non-CMs. Finally, on D13, replace the media 
with RPMI that contains glucose and B27 that contains insulin, as well as T3 
and dexamethasone to stimulate CM maturation. Maintain until used.

Originally, it was planned to treat different plates of iPSCs with 10 μM 
each of LRN9, LRN11, CHIR, and DMSO control on D13, D23, D33, and 
D43. Two days later, the cells would be fixed using 4% PFA and stained with 
DAPI, α-actinin, Ki67, pHH3, and PY-489-β-catenin antibodies. However, 
after replating a plate of CMs on D18, the cells became unhealthy and 
unusable for the D23 staining. Thus, D14 expansion cells were reintroduced to 
maturation media, treated on D22, and fixed and stained on D24 due to a lack 
of time. The Ki67 and pHH3 stained cells were viewed using fluorescent 
microscopy under a Lionheart FX Automated Microscope and the PY-489-β-
catenin-stained cells were viewed using confocal microscopy. On the D33-
treated cells, RNA extraction and qRT-PCR were performed to quantify 
reporter gene expression indicating Wnt activation.

Three different cancer cell lines were used to test the effects of SMs on 
proliferation in non CMs. The three cell lines, SW480, RKO, and HCT116, all 
have mutations in Wnt signaling that cause increased nuclear levels of ß-
catenin and thus proliferation, making them cancerous. The cells were grown 
in D10 media, which consists of Dulbecco's modified Eagle's medium 
(DMEM) with 10% fetal bovine serum (FBS) until ~80% confluent. The cells 
were passaged and seeded with a dilution of 1:1000, then treated with 10 μM 
of either LRN9, LRN11, or DMSO control. After two days, the samples were 
fixed with 4% PFA and stained using DAPI, Ki67, and pHH3. Image 
cytometry was done with a Lionheart FX Automated Microscope to quantify 
the results.

FUTURE STEPS:
1. Repeat the CM experiment using expansion cells, which tended to look

healthier than iPSC-CMs grown from D0.
2. Quantify nuclear β-catenin levels in CMs during different stages of

development using PY489 and other β-catenin antibodies.
3. Conduct qRT-PCR on CMs during different stages of development to see

if there are any differences in Wnt-induced gene expression.
4. Test the small molecules on more non-CM cell lines, including HEK293.
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RESULTS:
From the experiments conducted with introducing the SMs on different 

days of cardiac development, it’s hard to draw any concrete conclusions. 
With Ki67 staining and to a certain degree pHH3 staining, it seems that 
overall proliferation of CMs decreases as time goes on, supporting the idea 
that CMs tend to proliferate less as they mature. From the Ki67 data, LRN11 
tends to cause a decrease in the proliferative marker on all days except D43 
(where the number of markers are striking low for all treatment groups), 
supporting the initial screening observation that LRN11 reduces CM 
proliferation. Similarly, with pHH3 staining on D13 and D43, it seems that 
LRN9 increases CM proliferation, but doesn’t have a statistically significant 
effect on the rest of the days.

The qRT-PCR results seem to suggest that LRN11 increases activation of 
the Wnt signaling pathway, as the cells treated with LRN11 all have 
upregulated expression of Wnt reporter genes. However, the lab has 
conducted reporter assays with the SMs and found that LRN11 indeed 
decreases the nuclear β-catenin levels, which may contradict these results. 

The results from treating the cancer cell lines with the SMs are also 
interesting, in that the %Ki67+ cells decreases for both of the SMs in almost 
all of the cell lines, but the %pHH3+ cells increases for both of the SMs. 
Further investigation is required, but from these results it seems that the SMs 
may not have an effect on non-CMs, which is promising with regards to 
using them as cardiac therapeutics.

Figure 2. Fluorescence and confocal microscopy images of D23 treated CMs. DAPI (blue) stains for
DNA to visualize nuclei. α-actinin antibodies (red) stain for Z lines of myofibrils to confirm the presence
of CMs. Ki67 (10X)/pHH3 (10X)/PY489 (60X) (green) are common proliferative markers and stain cells
actively in the cell cycle.

Figure 5. Proliferation markers of cancer cell treatment with SMs. Statistical analysis by chi-
squared test of each treatment compared with CTL, **p < 0.01, ***p < 0.001. (a) %Ki67+ cells seems
to drop in all of the cell lines when treated with either SM, but (b) %pHH3+ cells seem to increase
when treated with either SM.

Figure 4. qRT-PCR of Wnt reporter genes for D33 treated CMs. (a) Amplification plot indicating
successful and healthy PCR reaction. The genes targeted are (b) MYC, (c) LEF1, and (d) CCND1.
Statistical analysis by Students’ t-test, *p < 0.05, **p < 0.01, ***p < 0.001. LRN11 seems to have a
higher fold change for every gene.

Figure 1. Initial screening data of sixteen LRN drugs in 2D and 3D cell cultures. (a) LRN9 increased 
proliferative markers and LRN11 decreased proliferative markers in 2D iPSC-CM cell cultures. 16 SMs 
were screened, treating iPSC-CMs with 10 μM of each SM and using image cytometry to analyze Ki67 
fluorescence. (b) LRN9 increased proliferative markers in 3D organoids. iPSC-CM human cardiac 
organoids were cultured in maturation media for five days, then treated with 10µM LRN9 , 10µM 
LRN11, and 3µM AZ3, AZ3 being a positive control that increases proliferation.

Figure 3. %Ki67+ and %pHH3+ CMs across four different timepoints. Statistical analysis by chi-
squared test of each treatment compared with CTL, **p < 0.01, ***p < 0.001. (a) %Ki67+ cells
decreases as time progresses, indicating an overall decrease in proliferation. D13 and D33 CMs suggest
that LRN9 and LRN11 have their hypothesized effects, but CTL in D13 has the highest %Ki67+ cells.
(b) For pHH3, most of the results aren’t statistically significant, but LRN9 has the highest %pHH3+ cells
for D13 and D43.

Congenital dilated cardiomyopathy (cDCM) is a rare condition in 
which infants suffer heart failure in the absence of obvious causes such as 
toxins, infection/inflammation, global metabolic derangements, or gross 
structural defects. While the pathophysiology of cDCM is unclear, genetic 
etiologies have been suspected. The Hong Lab has found that mutations in the 
gene RTTN encoding the centrosome protein Rotatin causes poor contractile 
function in an induced pluripotent stem cell-derived cardiomyocytes (iPSC-
CMs) model. Interestingly, this mutation also causes centrosome defects and 
aberrant CM proliferation. We hypothesize that the iPSC-CM model can be 
implemented to discover new therapeutic strategies for cDCM and other heart 
diseases. Previously, we found that certain small molecules (SMs) that 
modulate Hippo signaling pathways can reverse the cDCM phenotype in the 
iPSC-CMs model. In an independent set of experiments, the Hong lab and 
collaborators found that a novel small molecule Wnt inhibitor LRN11 inhibits 
proliferation and may promote maturation of CMs, while another novel small 
molecule, named LRN9, promotes proliferation in wild-type CMs. To confirm 
these findings and to observe their effects on proliferation at different stages of 
CM differentiation, we treated human iPSC-CMs with the small molecules 
after 13, 23, 33, and 43 days of differentiation. The results somewhat 
replicated the earlier finding for LRN9 and LRN11 on CM proliferation, but 
they are not conclusive. To assess the effects of LRN9 and LRN11 on 
proliferation in non-CMs, we tested LRN9 and LRN11 on several cancer cell 
lines. Our initial results indicate that the small molecules either do not affect 
the proliferation of these non-CMs or affect them in a way that we cannot 
explain. Based on these promising preliminary results, we hypothesize that 
compounds such as LRN11 may be therapeutic for cDCM while LRN9 may 
be therapeutic as a regenerative therapy to replace heart tissue lost to heart 
attacks without promoting cancer formation.
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Over the summer, the aim was 
to reproduce the preliminary findings 
that LRN9 promotes proliferation and 
LRN11 impairs proliferation in 
wildtype CMs. To test this hypothesis, 
iPSC-CMs were grown and treated 
with the SMs, and the results would 
be measured using the proliferative 
markers Ki67 and pHH3, as well as 
staining for β-catenin levels in the 
nucleus.
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