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Exploring the Function of Heart Regeneration in Survival of Anoxia in Embryos
of the Annual Killifish Austrofundulus limnaeus
Connor Kime · Jason Podrabsky
Research Question

Methods

Does heart regeneration induced by GATA4 transcription factor activity help support anoxia
tolerance in embryos of the annual killifish Austrofundulus limnaeus?

RNA Sequencing Data Collection and Analysis

Abstract
Cardiovascular disease is the leading cause of death in the world, half of which is caused by myocardial
infarction (MI) also known as heart attack. The major causes of tissue damage and cell death during an
MI event is the lack of oxygen supplied to the tissues. The resulting cardiac scarring due to MI is chronic
in humans and is not yet treatable; the only method of restoration being heat transplantation. Other
organisms such as teleost fishes, however, show great cardiac regenerative capacity. In addition, the
annual killifish, Austrofundulus limnaeus, also shows extreme anoxia tolerance in some developmental
phases which allows normal development after several months of oxygen deprivation. Examining gene
expression responses during anoxic exposure and recovery from anoxia in killifish embryos may offer a
more robust model for heart regeneration and offer insights into gene pathways that may support
cardioregenerative processes in vertebrates, including humans. My research will focus on the
expression patterns of GATA4, a transcription factor that is strongly expressed in correlation with
heart regeneration in mice, during anoxic exposure and recovery periods using whole embryo gene
expression data. Weighted gene correlation network analysis (WGCNA) will also be used to find genes
whose expression correlates with GATA4 to discover gene pathways which may underly anoxia
tolerance. Additionally, the use of 3i-1000, a small molecule inhibitor of GATA4’s activity will be used to
elaborate on the importance of GATA4 in supporting anoxic tolerance in A. limnaeus.

Embryos were pooled from multiple spawn dates to account for variation between spawning events. DII embryos were then exposed to 48 hours of
continuous light at 30 degrees C to artificially break diapause. At this point, the pool of embryos was allowed to develop normally and treatment groups
of 0, 4, 12, and 20 days post-diapause II (dpd) were transferred to an anoxic chamber in which they were either exposed to short term anoxia (4 hr, SA) or
long-term anoxia (24 hr, LA). After 24 hr of anoxic exposure, embryos were also sampled during short-term normoxic recovery (2 hr, SR) and a long-term
recovery period (24 hr, SR). Groups of 20 embryos for each developmental stage and treatment were collected, flash-frozen in liquid nitrogen, and total
RNA was isolated using Trizol Reagent. Total RNA was used to prepare RNA sequencing libraries using Illumina 150 bp paired-end reads. GATA4 and NKX25 mRNA expression data were graphed by treatment group and expression quantity of using GraphPad Prism 6.0 software.

Results

Background
Injury Models Used to Study Heart Regeneration
Figure 1: Heart anatomy and injury models used in heart regeneration studies in
teleost fishes (bony fish). (A) Shows the structure of a two chambered heart and
anatomical positioning of the heart in zebrafish - another teleost. (B) Shows the
tissue components essential in the function of the heart. (C) Apex amputation
removes 20% of the heart tissue from the apex and results in a fibrin clot. (D)
Cryoinjury is local, surgically induced cell death via contact with extremely cold
loop. 20% of heart tissue is targeted. (E) Cardiomyocyte genetic ablation triggers
selective, 60% death of just cardiomyocyte cells. (F) Hypoxia/reoxygenation
triggers low amounts of diffuse cardiac tissue cell death which closely resembles
the damage that may occur due to a heart attack event. AT, atrium; BA, bulbus
arteriosus; CM, cardiomyocyte; CV, coronary vasculature; Dor, dorsal; EC,
endocardium; EP, epicardium; M, myocardium; Post, posterior; V, ventricle; Ven,
ventral. Figure from González-Rosa et al. (2017).
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Figure 4. Whole-embryo expression of GATA4 in Austrofundulus limnaeus embryos exposed to 24 hr of anoxia and 24 hr of recovery. GATA4 expression during normoxia is inversely related to
anoxia tolerance. The expression of a partner protein of GATA4, NKX2-5, is not correlated with anoxia tolerance. Expression of GATA4 in heart tissues is needed to explore if there is a role for
GATA4 in supporting heart regeneration in response to damage caused by anoxia. SA= 4 hr anoxia; LA – 24 hr anoxia ; SN = 2 hr normoxic recovery; LN = 24 hr normoxic recovery.

Conclusions + Future Goals
• RNA sequencing data clearly demonstrates that their stage-specific and anoxia treatment-specific expression of GATA4, especially in response to anoxia
in 12 dpd embryos. Interestingly, this pattern is opposite of that observed in mammals and other anoxia intolerant species.
• Future experiments will explore the role of GATA4 and its function in the anoxic response in killifish embryos using inhibition of GATA4 by the small
molecule inhibitor 3i-1000. This molecule inhibits interactions between GATA4 and NKX2-5 and has been shown in multiple studies to improve cardiac
function after injury. Figure 5 communicates a tentative procedure.

Experimental Treatment Groups and Dosage
Figure 5. Experimental design for exploring if inhibition of GATA4 alters anoxia tolerance in
embryos of Austrofundulus limnaeus. Groups of 50 embryos in each stage will be exposed to
normoxic and anoxic conditions. Different stages 0dpd, 4dpd, 12dpd, 20dpd will all be exposed
to a combination of 3i-1000 exposure and anoxic/ normoxic exposure. Dosage is to be
determined.

Figure 2. Four stages of embryonic development were chosen for this study based on their tolerance of anoxia. (A) Diapause II
embryos are dormant with an lethal time to 50% mortality (LT50) for anoxia of 62 days at 25oC. (B) Wourms’ Stage 36 embryos are
actively developing with an anoxia LT50 of 74.3 days. (C) Wourms’ Stage 40 embryos have and LT50 of 6.7 days. (D) Wourms’ Stage 42
embryos have an LT50 of only 0.66 days.

Cardiomyocytes marked by gata4:EGFP are activated by injury and proliferate at
the injury site (zebrafish)
Figure 3. Role of GATA4 expression in heart regeneration in zebrafish. Cells
highly expressing GATA4 appear to respond at the site of cardiac injury induced
by heart resection and regeneration. GATA4 positive cells are visualized by
expression of a GATA4 and Green fluorescent Protein (EGFP) fusion protein that
is easily detected using fluorescence microscopy. Figure is from Kikuchi et al.
(2010).
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