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Why Stem Cell Derived rybp Deficient Cardiomyocytes Are Not
» Contractible?

C Viktoria Szabo, Flora Vajda and Melinda Pirity
- Institute of Genetics, BRC-HAS, Szeged
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RATIONALE RESULTS
Congenital heart defects are heart problems that develop before birth. They can occur in the heart's chambers, valves or

blood vessels. The defects of heart development arise at an early stage because of the anomaly of molecular pathways rybp‘/' Cardiomyocytes Tgrybp Cardiomyocytes
governing embryonic heart development. g IS . R R R
Our laboratory focuses on the Ringl and YY1 binding protein (Rybp; also known as DEDAF (Death Effector Domain 5
Associated Factor), UniGene Mm.321633; MGI:1929059), which is a transcriptional regulator with essential role in
embryonic development [1]. Since rybp null embryos die at implantation [1] the in vivo function of this gene during later ;
stage organ development cannot be studied.
OBJECTIVE
The objective of this study was to determine to role of Rybp in murine cardiac differentiation in Embryonic Stem (ES) cells
based model system [2]. We utilized rybp null ES cells (Figure 1) [4] and differentiated them towards cardiac lineages in
vitro (Figure 2 and Materials and methods) in order to unreveal a novel role of rybp in heart development.
rybp** cardiomyocytes: rybp”-cardiomyocytes: Tg™e® cardmmyocytes: |
, O ([ ——— The cardiomyocytes derived from wild The cardiomyocytes derived from the Threbcardlomypcytes .de.r|ve.d from the
° 3 - type (rybp**) ES cell line grows in mutant (rybp”?) ES cell line is Tg™™ ES cell line exhibits similar gross
O Jf—— et —{ B -  Exon3 — Bond —  Eons ——f inner cell mass of the blastocyst stage 129Sv) | | . morphology and contractibility like the
3//;-_- -_-_- /, mouse embryo [3]. The wild type rybp gene multlple Iayers and shows contractile scattered, thin and does not show . .
contains five exons (Figure 1A). activity (Figure 3A). contractile activity (Figure 3B). wild type (Figure 3C).
A | rybp**
* rybp”": null mutant stem cell line: a functional null
o 3’ mutant. The gene product contains only the first Figure 3: Microscopic analysis of the cardiac myocytes (Olympus CellR Imaging, IX81 Microscope)
- Bl —{ Bon2_ - B8 e — (NG —/ 58 aminoacids of the Rybp protein in fusion with
5 Bent —{Ben2 - B8 e — (e — the fluorescent reporter EYFP (Enhanced Yellow
B | rybp”- Fluorescent Protein) cassette (Figure 1B) [1]. A Rybp B Oct 4
e y | * Tg”: rybp transgenic stem cell line: the Rybp dayo | ' | —
//_-__  Eon2 — Exons ——f coding cDNA was fusioned with the EGFP | day 0
Rosa26 locus (Enhanced Green Fluorescent Protein) and this . D
fusion protein was targeted into the ubiquitously |
C| Tgvr expressed, non-essential Rosa26 genomic locus
[4]. Therefore this cell line contains an extra copy : day 14 *
of the rybp (overexpresser)(Figure 1C). lay 14 ’
Figure 1: Stem Cell Lines J .
- ) 4 0.8 ] 1,2 1.4 0 0,5 1 1,5 2 2,5 3
MATERIALS AND METHODS . . bp+/+ W rybp /-
mid Body (EB) generating in hanging drops (HD) \ . ) ) ) ) . o ) ) ) ) ) ) o
| o o = T Expression of Rybp during in vitro cardiac differentiation. Expression of Oct4 during in vitro cardiac differentiation.
In vitro cardiac differentiation: | | b, In the wild type cells expression of rybp decreased by the Pluripotency marker Oct4 was expressed in proliferating ES
Cardiomyocytes differentiated in vitro from ES cells by using Hanging Drop (HD) : : L. . : : _ :
method [5]. In brief: Embryonic Bodyes (EBs) were formed using 800 cells per /o Growing Embryoid Bodies > progress of cardiac differentiation and it is not detectable in cells (day 0). By differentiation, the level of Oct4 expression
drop (4x10* cells/ml). Individual EBs were placed into wells of a 24-well plate ‘W—‘-H—‘-Q-HHQ-M the rybp null mutants (Figure 4A). (Rybp: Ring1 and YY1 binding was decreased and by d14, as it is expected, it was not
containing 0.1 % gelatin coated cover-slips on the second day (d2). The oo oz o7 s oay 1 protein - UniGene Mm.321633; MGI:1929059) detectable any longer in the cell lines (Figure 4B). (Oct4:
differentiation medium was changed every second day. Cardiomyocytes were l Octamer binding factor 4 - Unigene Mm.17031; MGI:101893) [6]
grown for 18 days and observed for beating daily, under a phase-contrast
microscope. Sampling time points were at day 0, 7 and 14 for further gene fit:i:iii;i) Z
expression studies (see below) and at day 18 for immunhistochemistry (see (]E;;z(EEW) C Zac 1 D ¢ Troponin T

g, B AT
below) (Figure 2). )@ EIE) B AN
24 well plate o Lysis and RNA isolation Lysis and RNA isolation
|
day 0

Figure 2: Generating EBs by the ,,Hanging Drops” method and |
cardiac differentiation

Quantitative Real-Time PCR (qRT-PCR):
RNA was isolated from the cardiomyocytes colonies using Qiagen Rneasy® Plus Mini Kit (Cat.:74143) according to the manufacturer’s protocol. day 7 day7 B®
RNA was translated to cDNA with Reverse Transcription Kit (Applied Biosystems). We used the cDNA in gRT-PCR reaction to determine gene
expression changes (rybp, Oct4, Zacl, cTnT). Reaction contained 5.4ul cDNA + 0.6ul primer mix + 6ul Applied Biosystems Sybr Select Master Mix
for CFX. Reactions were run in Bioer LineGeneK Real-time PCR System machine (Bioer, China). Relative gene expression changes were quantified oy 14 ! av 14 |

using the AACt method. The threshold cycle (Ct) values for each gene were normalized to expression level of Hprt and Gapdh. To calculate fold | T —— ’
change, the values compared to undifferentiated samples (dO, rybp**) (Figure 4).
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Immunhistochemistry (IHC) of cardiomyocytes: rybp +/+ Wrybp-/-

Cardiomyocytes were washed with phosphate-buffered saline (PBS) and fixed with 4% (v/v) paraformaldehyde (PFA) for 20 min at room Expression of Zac1 during in vitro cardiac differentiation. Expression of cTnT during in vitro cardiac differentiation.

temperature (RT). After permeab|l|zat|on in 0:26 Triton X 1QO in EBS for ZO.mm.at RT, cells were blogked in 3? Bovine Serum Albumin '(E?SA) in PBS The expression of the cardiac transcription factor Zacl was Cardiac Troponin T (cTnT) is a key marker of cardiac
for 1h at RT. Then sequentially incubated with the following primary antibodies in 3% BSA overnight at 4°C: Rybp (Rbx DEDAF; Millipore, Cat. _ _ _ . _ £at , . 4 by d q
AB3637, 1:1000), Oct4 (Octamer-binding transcription factor 4, Mouse Oct-3/4 (C-10); Santa Cruz, Cat. Sc-5279, 1:100), cardiac Troponin T (Anti- induced in the wild type ES cells durlng cardiac Speci Icatloh. |1ts expressmn was lnauce | y a7/ .(30x) an
Cardiac Troponin T; ABCAM, Cat. ab8295, 1:2000). The cultures were washed 5 times (10 min) with PBS and then blocked in BSA for 1h at RT. differentiation. Rybp null mutants exhibit deficiency in Zacl d14 (900x) in the wild type cells. Expression profile of cTnT
Incubated with fluorescent-labeled secondary antibodies (Alexa Fluor 647 G-A-R IgG, Cat. A-21244; Alexa Fluor 546 G-A-M IgG, Cat. A-11030; Alexa expression (Figure 4C). (Zacl: Zinc finger protein regulating was similar in both cell lines (Figure 4D). (cTnT: cardiac troponin
Fluor 647 D-A-M IgG, Cat. A-31571) and rhodamine-phalloidin for 1h and washed 3x in PBS. The cells were rinsed in 4’,6'-diamidino-2-phenylindole apoptosis and cell-cycle arrest - UniGene Mm287857: MGI:1100874) [7] T - UniGene Mm.247470; MGI:104597) [8]
(DAPI; Vector Laboratories, Cat. H-1200) for 20 min, 2x washed in PBS and mounted in 50% glycerol. The images were obtained using Olympus
Confocal microscope and Olympus CellR Imaging microscope (Figure 5,6,7). Figure 4: gRT-PCR showing relative gene expression levels during in vitro cardiac differentiation of the rybp** and rybp”- cardiomyocytes

DAPI GFP DEDAF V] erged Figure 5: DEDAF immunostaining analysis of cinT Actin Figure 6: Cardiac differentiation potential of EBs

derived from rybp**, rybp”- and Tg™?? ES cells
Cardiomyocytes were stained with the antibody
against cTnT (red; 6A,B,C) and with rhodamine-
phalloidin for actin (red; 6D,E,F). Nuclei were
stained with DAPI (blue; 6D,E, F). There is normal
sarcomere formation in the rybp** and Tg? cells
(6A,C). cTnT were not assembled into sarcomere
in the rybp”- cardiomyocytes (68). Rhodamine-
phalloidin staining was applied to visualize
distribution of F-actin. There is normal actin-
filament structure in the rybp** and Tg"?* cells
(6D,E,F).

cardiomyocytes derived from rybp**, rybp”
and Tg"™?r ES cells

Cardiomyocytes were stained with antibody for
Rybp (red; 5G,H,l). Nuclei were stained with
DAPI (blue; 5A,B,C). The subcellular localisation
of the knock-in EYFP construct in the rybp”
cells is cytoplasmic (5E) and in the Tg™?° cells
EGFP is nucleolar (5F) due to the presence of
Rybp in fusion with EGFP. The wild type cells E
express endogenous Rybp which is also
nucleolar (5G). As expected, Rybp is not
detectable in the rybp null mutants (5H) and
overexpressed in the Tg?? cardiomyocytes (5],
strong signal compare to the wild type).
NS  Notably, Rybp expression is non-uniform in the | Rh.Phall.+DAPI
rybp** and Tg™®P cardiomyocytes (5/,L).

rybp*’*

DAPI&DEDAF Rh.Phall.+DAPI

rybp”-

Materials:

 DAPI; Vector Laboratories, Cat. H-1200

e Anti-Cardiac Troponin T, ABCAM, Cat. ab8295
e Alexa Fluor 546 G-A-M IgG, Cat. A-11030

Materials:
 DAPI; Vector Laboratories, Cat. H-1200
* Rbx DEDAF; Millipore, Cat. AB3637 «  Rhodamine-phalloidin

* AlexaFluor 647 G-A-R IgG, Cat. A-21244 Actin; Objective: 40x, Olympus CellR Imaging m.
YCIEBEINE  Objective: 40x, Olympus CellR Imaging m. SIIEIRRINEY TN T; Objective: 40x, Olympus Confocal m.

Tg"ybp

: . e : The assembly/disassembly of multiprotein complexes during sarcomeregenesis Acline Normal mvofibrillogenesis
DAP' G FP OCt4 Merged Flgljlre 5 ImmunOStammg_c_)f cardiomyocytes follows ordered pathways, which are regulated on the transcriptional, translational A f : e ' g
derived from rybp**, rybp”- and Tg™? ES cells | . . o f "
_ and posttranslational level. Zacl is an important component in this process as
for the pluripotency marker Oct4 colocalizes with a-actinin, the member of Z-disk (Figure 8A). We hypothesize that
Cardiomyocytes were stained with antibody for Rybp is an upstream regulator of Zacl and regulates Zacl during sarcomerogenesis
Oct4 (7/G,H,/I). Nuclei were stained with DAPI (Figure 8C). When rybp is not present (rybp”- cardiomyocytes) Zacl is not expressed —
(blue; 7A,B,C). and sarcomeregenesis is impaired (Figure 8B). Most likely Rybp acts in this process as v —— p—
Immunostaining for Oct4 confirmed that during a part of a multimeric complex or heterodimers regulating sarcomeregenesis. "s T;i:f”ament ° Tmzomnc
in vitro cardiac differentiation the pluripotency 1 N Thickfilament @ TroponinT
DAPI+GFP+Oct4 of the cells was lost. (7G, /—/,/) CONCLUSION a-actinin  Troponin T Tropomyosin chain
We found that in the absence of Rybp cells show defect in cardiac differentiation. Our S - ~~
study revealed that lack of Rybp is not affecting the level of cTnT during in vitro B - %
cardiac differentiation, rather then may be important for the subcellular 1 |
L. . . a-actinin  FropeoninT Sarcomere disassembly
localisation/assembly of cTnT and subsequent sarcomeregenesis (Figure 8). Gene
expression analysis uncovered that Zacl is regulated by Rybp during in vitro cardiac C | (e nr.'c_)_ponin ——>[Troreng
differentiaton. Currently gene expression profile analysis is being performed to M;} a-actinin |
reveal the genetic network Rybp may affect. These findings are likely to place RYBP
~ DAPI+GFP+Oct4 in processes of cardiac differentiation and have implications for the understanding Figure 8: Schematic model for "Why rybp
of he.art diseaseg Together our data provide evidence for a previously unrecognized Deficient  Cardiomyocytes Are  Not
function of Rybp in heart development. Contractible?”
Materials:
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