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Rybp-deficient cardiogenesis reveals disruption of sarcomere remodeling

Viktoria Szabo, Gergd Kovacs and Melinda K. Pirity
BRC Institute of Genetics, BRC-HAS, Szeged

BACKGROUND DAPI GFP Rybp Merged
Objective: 40x
The congenital heart defects arise at an early stage of embryonic development caused by abnormal changes of molecular
pathways that governing embryonic heart development. Sarcomeric disfunction plays a central role in reduced cardiac $Q .
pump function in heart failure. Our laboratory focuses on the Ringl and Yyl binding protein (Rybp; also known as DEDAF < . atDeAr'sls'
(Death effector domain associated factor), UniGene Mm.321633; MGI:1929059), which is a transcriptional regulator with = e Rbx DEDAF
essential role in embryonic development [1]. The objective of this work was to determine the role of Rybp in murine GFP DEDAF I ©  Alexa Fluor 647 G-A-R
cardiac differentiation and sarcomere remodeling in Embryonic Stem (ES) cells based model system [2]. E . '
X
A rybp ** (wild type) ES cell line [3] S
> 3 Isolated from inner cell mass of the blastocyst stage = ‘
¢ —Een {56 PEGEN — e —EESEN—7  1295v) mouse embryo [3]. The wild type rybp gene N
3 f—Eet — (6 EGEN —6e —EEEN—7/  contains five exons (Figure 1A). GFP DEDAF DAPI&GFP

Figure 4: Rybp immunostaining analysis of cardiomyocytes derived from rybp*/* and rybp”- ES cells
Cardiomyocytes were stained with anti-Rybp antibody (red; 4£,F). Nuclei were stained with DAPI (blue; 4A,B). The subcellular localisation of the knock-

c o _/_ 5 o c 5 :
B rybp - (null mutant) S cell line [4] in EYFP construct in the rybp” cells is cytoplasmic (green, 4D). The wild type cells express endogenous Rybp which is also nuclear (4£). As expected,

» N A functional null mutant. The gene product contains Rybp is not detectable in the rybp null mutants (4F).
2 /— g o | / only the first 58 aminoacids of the Rybp protein in
Yy E - — G ~#  fusion with the fluorescent reporter EYFP (Enhanced DAP] GFP Oct4 Merged
' Yellow Fluorescent Protein) cassette (Figure 1B) [1]. Objective: 4x
Figure 1: Stem Cell Lines
Materials:
* DAPI
M ETHODS Embryoid Body (EB) generating 24 well plate 1 Mouse OCt_3/4
in hanging drops (HDs) ° “A-
In vitro cardiac differentiation via hanging drop method: SR DAPI+GFP+Oct4 Alexa Fluor 647 D-A-M
We utilized rybp** (wild type) [4] and rybp” (null mutant) [5] mouse ES i
cells (Figure 1) and differentiated them towards cardiac lineages in vitro pamics "?"’:j —
(Figure 2) [5]. Embryoid Bodies (EBs) were formed using 1000 cells per .
drop (4x10% cells/ml). Individual EBs were placed into wells of a 24-well | |7‘ |7‘ vl ]
plate containing 0.1 % gelatin coated cover-slips on the second day (d2). days | = | ——t | ———T1 L L
The differentiation medium was changed every second day. do d2 d7 d14 d18 d21
Cardiomyocytes were grown for 21 days and observed for beating daily, Sampling  Plating Sampling Sampling and fixing  Fixing Fixing
under a phase-contrast microscope. Sampling time points were at day 0, 7 (ESCs) (HDs) ‘ESLZ f,:ﬁ%ﬁﬂ&:fiﬂe) L&fii??!!.‘;ﬁfniﬁi?& ce Icc ~ DAPI+GFP+Oct4
and 14 for further gene expression studies (see below) and at day 14, 18, Figure 5: Immunostaining of cardiomyocytes derived from rybp** and rybp”- ES cells for the pluripotency marker Oct4

21 for immunocytochemistry (see below) (Figure 2). Cardiomyocytes were stained with anti-Oct4 antibody (5E,F). Nuclei were stained with DAPI (blue; 5A,B). During cardiac differentiation silencing of Oct4

Figure 2: Time line of the cardiac differentiation _ _ ,
is properly executed in both cell lines (5E,F).

Quantitative Real-Time PCR (qRT-PCR):
RNA was isolated from the cardiomyocytes colonies using Gene Jet RNA Purification Kit (Thermo Scientific, Cat. KO739) according to the manufacturer’s protocol. DAP] Tnnt2 7acl I\/Ierged
RNA was translated to cDNA with High Capacity cDNA Reverse Transcription Kit (Applied Biosystems, Ca. 4368814). We used the cDNA in gRT-PCR reaction to |
determine gene expression changes (Rybp, Oct4, Zacl, Tnnt2). Reactions were performed in SYBR® Select Master Mix for CFX (Applied Biosystems, REF 4472942) : Objective: 40x
using Bioer LineGeneK Real-time PCR System machine (Bioer, China). Relative gene expression changes were quantified using the AACt method. The expression of =
the indicated markers were normalized to Hprt expression, which used as an internal control. To calculate fold change, the values compared to undifferentiated W .
samples (d0, rybp*”*) (Figure 3) We s g y’ Mafrflf:: diac Troponin T
s o e o . nti-Cardiac Troponin
S L o+ ZAC1 (M-300)
e Ea Af ] * Alexa Fluor 546 G-A-M
: — * Alexa Fluor 647 G-A-R

Immunocytochemistry (ICC) of cardiomyocytes:

Cardiomyocytes were fixed with 4% (v/v) paraformaldehyde for 20 min at room temperature (RT), permeabillized with 0.2% Triton X-100 for 20 min at RT and
blocked with blocking buffer (5% Bovine Serum Albumin) for 1h at RT, then sequentially incubated with the following primary antibodies at 4°C:
* Alpha-actinin (Anti-alpha Actinin antibody; [MAC276], BABRAHAM, Cat. BT-GB-276P, 1:400)

e Zacl (ZAC1 (M-300); Santa Cruz Biotechnology, Cat. sc-22812, 1:1000)

* Rybp (Rbx DEDAF; Millipore, Cat. AB3637, 1:1000)

* QOct4 (Octamer-binding transcription factor 4, Mouse Oct-3/4 (C-10); Santa Cruz, Cat. Sc-5279, 1:100)

e Cardiac Troponin T (Anti-Cardiac Troponin T; ABCAM, Cat. ab8295, 1:2000)

After that the cultures were incubated with fluorescent-labeled secondary antibodies for 1h:

* Alexa Fluor 546 G-A-M IgG, Cat. A-11030

* Alexa Fluor 546 G-A-R IgG, Cat. A-11081

DAPI+Tn nt2+Zacl

e Alexa Fluor 647 G-A-R IgG, Cat. A-21244 Figure 6: Immunostaining of cardiomyocytes derived from rybp** and rybp”- ES cells for the terminal cardiac marker troponin T (Tnnt2) and for Zacl
» Alexa Fluor 647 D-A-M IgG, Cat. A-31571 Cardiomyocytes were stained with anti-Tnnt2 antibody (green; 6C,D) and with anti-Zacl antibody (red; 6F,F). Nuclei were stained with DAPI (blue;
The cells were rinsed in 4’,6’-diamidino-2-phenylindole (DAPI; Vector Laboratories, Cat. H-1200) for 20 min and mounted in 50% glycerol. The images were 6A,B). Cardiac Tnnt2 is down-regulated in the mutant and showed a complete absence of Zac1 protein (6E,F).
obtained using Olympus Confocal LSM (Figure 6), Leica Confocal LSM (Figure 7), and Olympus CellR Imaging microscope (Figure 4,5,8).
DAPI Alpha-actinin Merged
S & o Figure 7: Immunostaining of cardiomyocytes derived
+/+ -/- _ ini
RESULTS from.rybp and rybp”- ES ceI.Is for Alpha Actln.ln
3 iy Cardiomyocytes were stained with anti-Alpha
% e & Actinin antibody (green; 7C,D). Nuclei were stained
A Rybp B Oct4 o ‘ with DAPI (blue; 7A,B). There is more Alpha-Actinin
s e # in the nuclei of the wild type cells whilst in the
' * 5k ’ " mutant cells the staining reveals more cytoplasmic
1,6 1,4 [ localisation (7E,F).
14 . * % . Materials:
<  DAP]
b2 1 - [ Q. * Alpha-Actinin antibody
Q
1 N $
mryb 0,8 W rybp+/+ . e o
08 Vop B Objective: 60x
: rybp-/- rybp-/- £
0,6 e DAPI+Actn
04 T
0,4
0,2 . v .
0.2 ) : rybp*’* cardiomyocytes rybp”- cardiomyocytes
0 - 0 — TR ST e THENR ‘ -
do d7 d14 do d7 d14
Expression of Rybp during in vitro cardiac differentiation. Expression of Oct4 during in vitro cardiac differentiation. =
Rybp (Ringl and YY1 binding protein - UniGene Mm.321633; Pluripotency marker Oct4 (Octamer binding factor 4 - Unigene S
MGI:1929059) is not detectable in the rybp null mutants. Mm.17031;, MGI:101893) is downregulated in both cell lines <
during differentiation. [7]
Rh.Phall.+DAPI Rh.Phall.+DAPI
C Zacl D Tnnt2 , o o , . — SRR~ - AN -
1500 00 Figure 8: Cardiac differentiation potential of EBs derived from Figure 9: Microscopic analysis of 14 day old cardiomyocytes
* o ** rybp*’* and rybp”- cells * rybp*/*cardiomyocytes grow in multiple layers and show contractile
1600 - Cardiomyocytes were stained with rhodamine-phalloidin for activity (Figure 9A).
1400 actin (red; 8A,B). Nuclei were stained with DAPI (blue; 8A,B). * rybp” cardiomyocytes are scattered, thin and do not show
500 Rhodamine-phalloidin  staining was applied to visualize contractile activity (Figure 9B).
1200 distribution of F-actin, microfilament of the sarcomere. There Objective: 4x
1000 400 is underdeveloped actin-filament structure in the rybp” cells
W rybp+/+ W rybp+/+ (8B). Objective: 40x
500 el 300 ybp-/- Materials:
600 * DAPI
200 * Rhodamine-phalloidin
400
200 100 * 1
. i % % % % i 0 . *x . — - A"Ai”e gy Normal myofibrillogenesis
o . " d7 CONCLUSIONS I = s
Expression of Zac1 during in vitro cardiac differentiation. Expression of Tnnt2 during in vitro cardiac differentiation. , ,
[ [ ) [ [ [ [ [ [ 4 h . /
Zacl (Zinc finger protein requlating apoptosis and cell-cycle arrest - Expression of terminal cardiogenic marker, Tnnt2 (Cardiac ES cells exhibit defects in cardiac differentiation in the absence of Rybp. The lack of -
UniGene Mm287857; MGI:1100874) is elevated at later stage of Troponin T - UniGene Mm.247470; MGI:104597) is upregulated in Rybp is affecting the level of Thnt2 during in vitro cardiac differentiation and may be 5 o
cardiac differentiation in wild type, while its nearly absent in the wild type during cardiac differentiation, but remains low in important for the subcellular localisation/assembly of Tnnt2 and subsequent ) ' < =
it it @l e poliits. [2) the ryiepp eieficiznt cells. 2] sarcomerogenesis. Alpha-actinin expressed in the mutant but it has different T Zil o T
] ] . ] ] . X, ™ Actin Troponin C
Figure 3: Relative gene expression changes during in vitro cardiac differentiation subcellular localisation than the wild type and the actin filament structure is £ ? S Myosin ) TepeninT
Means are standard deviation + SD. Values of p<0.05 were accepted as significant (*p<0.05; **p<0.01; ***p<0.001). Statistical method: T test underdeveloped, as well. Zacl is an essential transcription factor for cardiac aactinin ¢ Troponin T Tropomyosin chain
type 3 morphogenesis [8] and when rybp is not present (rybp”- cardiomyocytes) Zacl is not . % ; ~~
<
o o . . o e % —_
EFERENCES exptressed andI iarcor;\ezroglenesz is |rlnr:a|rezd. lNZ h.ypothe5|ze that Ryl.op :;, an | " —
upstream reguiator o dCl ana reguiates Zac uring sarcomerogenesis. ese R A I :
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