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Podocalyxin is a CD34-related marker of murine hematopoietic stem cells
and embryonic erythroid cells

Regis Doyonnas, Julie S. Nielsen, Shierley Chelliah, Erin Drew, Takahiko Hara, Atsushi Miyajima, and Kelly M. McNagny

Podocalyxin/podocalyxin-like protein 1
[PCLP1]/thrombomucin/MEP21 is a CD34-
related sialomucin. We have performed a
detailed analysis of its expression during
murine development and assessed its
utility as a marker of hematopoietic stem
cells (HSCs) and their more differentiated
progeny. We find that podocalyxin is
highly expressed by the first primitive
hematopoietic progenitors and nucleated
red blood cells to form in the embryonic
yolk sac. Likewise, podocalyxin is ex-
pressed by definitive multilineage hema-

topoietic progenitors and erythroid precur-
sors in fetal liver. The level of podocalyxin
expression gradually declines with fur-
ther embryo maturation and reaches near-
background levels at birth. This is fol-
lowed by a postnatal burst of expression
that correlates with the seeding of new
hematopoietic progenitors to the spleen
and bone marrow. Shortly thereafter,
podocalyxin expression gradually de-
clines, and by 4 weeks postpartum it is
restricted to a rare population of Sca-1+,
c-kit*, lineage marker~ (Lin~) cells in the

bone marrow. These rare podocalyxin-
expressing cells are capable of serially
reconstituting myeloid and lymphoid lin-
eages in lethally irradiated recipients, sug-
gesting they have HSC activity. In sum-
mary, we find that podocalyxin is a marker
of embryonic HSCs and erythroid cells
and of adult HSCs and that it may be a
valuable marker for the purification of
these cells for transplantation. (Blood.
2005;105:4170-4178)

© 2005 by The American Society of Hematology

Introduction

The first circulating blood cells to form during vertebrate ontogeny
are large, nucleated, primitive red cells produced in the blood
islands of the yolk sac (YS). These cells are essential for the
survival and rapid growth of the embryo, and in mice they emerge
at 7.5 to 8.5 days postcoitum (dpc) (reviewed by Palis and Yoder!
and Keller et al?). Shortly thereafter, primitive YS hematopoietic
precursors enter the newly formed vasculature and continue to
divide and differentiate within the bloodstream until 13 dpc (E13),?
when they migrate through endothelial layers and enter new
intraembryonic hematopoietic tissues.* Subsequently, primitive YS
precursors gradually disappear and are supplanted by definitive
hematopoietic cells derived from the intracmbryonic aorta-gonad-
mesonephros (AGM).? Soon after they appear, definitive hemato-
poietic precursors migrate across endothelial barriers and seed the
fetal liver (FTL), which then becomes the major site of fetal
hematopoiesis. Hematopoietic activity then shifts transiently to the
fetal spleen (SPL) before becoming firmly established within the
bone marrow (BM) just prior to and after birth.® The cellular and
molecular mechanisms that govern the shift of hematopoiesis to
distinct anatomic sites during development are poorly understood.

Podocalyxin (also called podocalyxin-like protein 1 [PCLP1],
Myb-Ets progenitor antigen 21 {[MEP21], and thrombomucin) was
first defined immunologically as a heavily sialylated and sulfated

membrane protein expressed on the apical surface of glomerular
epithelial cells, or podocytes, in kidney.”® Subsequently, podoca-
lyxin was also detected on vascular endothelia, mesothelial cells
lining the coelomic cavity, hemangioblasts, early hematopoietic
progenitors, and platelets.>!> Podocalyxin belongs to a large
family of cell surface sialomucins and is most closely related to
2 other molecules: CD34 and endoglycan.!>16-19 A1l 3 molecules
exhibit a strikingly similar genomic organization and pattern of
alternative splicing, and they each encode proteins with similar
biochemical motifs, suggesting they are derived from a common
ancestral gene.13:17

Although their function remains enigmatic, recent experiments
suggest that the CD34 family of sialomucins can play a role in
blocking adhesion. For example, overexpression of podocalyxin in
Chinese hamster ovary (CHO) or Madin-Darby canine kidney
(MDCK) cells has been shown to block homotypic cell aggregation
and the formation of cell-cell junctions.® Similarly, we have
recently shown that podocalyxin is up-regulated on the most highly
invasive human breast cancers and that it is capable of disrupting
cell polarity and junction formation in these cells.!? Conversely, we
have shown that disruption of the podocalyxin-encoding gene in
mice leads to perinatal lethality due to profound defects in kidney
and gut formation that are consistent with excessive cell-cell
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