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The transcription factor Nfe2l2a is required for development of hematopoletic stem cells in the zebrafish

embryo
Sivam Bhatt*, Teerth Y. Patel*, Madeleine Seputro, Anubhav Thapaliya, Erich W. Damm

Department of Biology, Virginia Commonweath University, Richmond, VA

Abstract nfe2l2ais required for hematopoietic stem cell development Vascular morphology appears disrupted in nfe2l2a knockdown
Hematopoietic Stem Cells (HSCs) are the self-renewing population of cells that generate all erythrocytes and leukocytes Uninjected Nfe2l2aMO 3ng
over the lifetime of a vertebrate organism. HSCs are also the therapeutic units of curative bone marrow transplants used in nfe2l2a 5 UTR Exon 1 Exon 2 Exon 3 Exon 4 Exon 5 Exon 6/3' UTR
the treatment of blood malignancies and in gene therapy for genetic blood disorders. In all vertebrate embryos, HSCs MRNA B e [ ]
originate from the floor of the embryonic dorsal aorta during the endothelial to hematopoietic transition. Nascent HSCs will NFe212a moroholine 409 T
bud into the blood vessel and be carried to maturation sites by the embryonic blood flow. Despite the curative potential of binding region §30_ R
HSC transplants in blood disorders, this approach is limited by low numbers of immunologically compatible HSCs for Uninjected Nfe2|2aMO gng %
transplantation. A major objective is to generate unlimited numbers of patient matched HSCs from patient derived induced 24hpf runxl s 20- T
pluripotent stem cells (iPSCs) to alleviate this challenge to therapy, however it has not yet been possible to generate HSCs g
from IPSCs. This is likely because key developmental signals remain unknown. This makes the study of HSC development B [ ST W Y8 > ‘;210‘ :z
in the vertebrate embryo a key area of biomedical study. Previous work has suggested glucose metabolism generates s ; b ' Les 0 , M _%_ Tg(fli:EFGP) embryos express EGFP in endothelial cells under the control of the flil promoter. EGFP fluorescence
reactive oxygen species (ROS) which are needed for HSC development. Nfe2l2a is a transcription factor and master & 2 @ highlights the arterial and venous vasculature in the zebrafish embryo. The separation between the dorsal aorta (DA,
regulator of the cellular antioxidant response and is activated by increased levels of ROS in the cell. Nfe2l2a has been &3 runxl 115/175 runxl 56/74 R purple line and arrowhead) and the cardinal vein (CV, orange line and arrowhead) is clear in uninjected embryos. Nfe2I2a
previously indicated as a regulator of ROS mediated cytokine signaling in adult HSCs. Additionally, nfe2l2a is expressed in L 33hpf : : morphants em.bry.os show arterial-venous malformation§ (r_ed arrowhead), blpod vessel f_usion (blue. arrowhead) and
the embryonic vasculature of zebrafish embryos, which is the origin of HSCs. We sought to determine whether nfe2l2a is S [ — blood vessel dilation (yellow arrowhead). These results indicated morphological defects in embryonic blood vessel
required for the development of HSCs in the zebrafish embryo. The zebrafish pre-clinical animal model serves as an B | e 2 development in Nfe2[2a morphant embryos despite normal expression of vascular and arterial marker genes.
appropriate model due to evolutionary conservation of hematopoiesis between the zebrafish and humans. We examined the %.f" N "_"‘,pf \ E > » y e % o
expression of the conserved hematopoietic markers runxl, cmyb, and ragl in embryos injected with an antisense A ' "*‘I v ?;v g o < i % 20— I '
morpholino oligonucleotide which disrupts nfe2l2a mRNA translation. We observed a significant reduction in the expression K o ot .:”\ 3 cmyb ? T T HSC d evel Op mental | Che com pO nents are nOrmaI N nf62| 23.
of these markers, indicative of impaired HSC development. Since normal patterning of the embryonic dorsal aorta is required cmyb R 152/211 Emyb Lt E 10+ -: uw kn OC kd own
for HSC development, the embryonic vasculature of nfe2l2a morphants was also examined for expression of key marker 5 . IR,
_ge_nes, Wr_uch Indicated normal patterning of _these tissues. Inter_estlngly,_ exammat_lon_of fil:EGFP _transgenlc em_bryos % | Uninjected Nrf2aMO 3ng Nrf2aMO 6ng Uninjected Nfe2|2aMO 3ng
Injected with nfe2l2a morpholino revealed arterio-venous malformations which are indicative of defects in the segregation of 8 pr— sahof [
the dorsal aorta and cardinal vein. Overall, our work has revealed that nfe2l2a activity is required for the development of = 2 oo ragl expression m oical % LY
HSCs in the zebrafish embryo, possibly by controlling segregation of the dorsal aorta and cardinal vein blood vessels during rag 33/69 ragl E’ B Reduced O
: : : . : 2 [ Absent I
development. Future experiments will be aimed at determining how nfe2l2a regulates this process. Expression of the HSC marker genes runxl and cmyb (green arrowheads indicate g N % HSC developmental niche components are
HSCs) and the T cell marker rag in the embryonic thymus (red arrowheads) are 8 < ednrab 23/24 ednrab 28/42 ][g)a(lcr:lizd l:g;] dedr;cr)c';l(lgl(tr)leu(rsill ecrroetitmceellsc):eﬁg)d
| ' ' significantly reduced in Nfe2laMO embryos. T cells derive directly from HSCs by £ 8 | | :
nfe2l2ais expressed In the embryonlc vasculature 4dpf and are an additional indicator of defects in HSC development. 5 ke 24hPf.‘,_A Expression of these markers in Niezl2a
X Uninjocted Nrf2MO 3ng Nrf2MO 6ng AW | L, Morphants is similar to that of uninjected
Range Frequency TR . - o embryos suggesting that defects in HSC
. . : : . : O el i _
! Hemogenic endothelium patterning is defective in nfe2l2a knockdown = development are not a result of defects in
3 5 foxcla 20/21 foxcla 40/47 the assembly of the HSC developmental
4 B . .
; Uninjected Nfe2|2aMO 3ng S 24hpf niche environment.
embryonc'ﬁj\slfjrcmature i o 24hpf cdhb, efnb2a, notchlb, and gata2b are markers of the
g T o1 0 embryonic  vasculature and the hemogenic
Lo o . %‘—E P— oAy endothe!lum In the developing zebra_flsh embryo. foxclb 51/56 foxclb 31/53
3 2 2] . Expression of cdh5, efnb2a and notchlb in Nfe2l2aMO
m g A was similar to that of these markers in uninjected
— X 3 35/36 embryos indicating that the embryonic vasculature was
% V T i 5 2 normally patterned. HSCs originate from specialized
S| - . endothelial cells in the floor of the dorsal aorta called Results Sum mary
> . *g g e hemogenic endothelium. These cells are marked by
ot u < I~ - — the expression of the marker gene gata2b. While other e Expression of runxl, cmyb, and ragl show that nfe2l2a expression is required for HSC development as the
- g o il vascular markers are normal in morphant embryos, knockdown embryos lack expression of these key marker genes.
s 2 " e s gata2b is reduced indicating possible defects in the e Vascular patterning, however, appears normal in Nfe2l2aMO knockdown embryos based on the expression
; efnb2a 14/15 efnb2a 26/37 developmen_t of the hemogenic endothelium, which of cdh5, efnb2a and notchlb marker genes.
; g " % 24hpf [ _cquld explain why HSCs do not form in Nfe2l2aMO o Developme.nt qf the hemoger_uc endothellum might be disrupted in Nfe2l2a morphant embryos as indicated
% . R e ' ! Injected embryos. by a reduction in the expression of gata2b in the dorsal aorta.
7 | E——— e Despite normal vascular patterning, examination of flil:EGFP transgenic embryos has revealed defects in
" X% & £ _— _ vascular morphology in Nfe2l2a morphants indicating aspects of vascular development is perturbed.
L i = A 2 Lo gata2b expression e HSC developmental niche components appear to assembly normally in Nfe2l2a morphant embryos.
: = 2 Bl Typical e Nfe2l2a could be required for normal development of the hemogenic endothelium and thus HSCs.
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