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Evolution of multicellularity relies on low oxygen R BNor

| . on Stedingk, LU

or Cancer research encourages explorations of hypoxic condifons as a necessity for multicellularity
4.5 Ga or How animals solved the challenge of life in the oxic setting \0’0
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Complex multicellularity accessed the oxic niche

first at the PC/C boundary... Animals possess unique biological tools
to build tissue despite oxic conditions.
-

—
— \
e
— _"“

S
\a ~10 Ga OXiC deepP wa S

0 C Ce)
“lzllllllllllll...l.l.....'IOO% V
R S = \ 00
. : 2 °
o* - ‘%
+* =
) : @

. <
IEEEEENERREN llllllllllllllllllllllllll“ Q

* ¥ |

e Tissue renewal requires stem cells.

e Stem cells require hypoxia (<1-3% O)) [1, 2].

Animal-specific keys for building tissue ... I e o o i o i oy L

Animal life & evolution requires continuous tissue renewal.
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HIF-2a protein appears to facilitate the activation of pathways HIF-2d is present in vascularizec.l both in (B) tumor tissue : 100%
promoting (A) stem cell-like features [4], called the pseudohy- (neuroblastoma) [5] and (C) during normal tissue develop- . >
poxic phenotype [3]. Scale bar 20 pm. Modified from [4]. ment (human) [6], where cell immaturity (high stemness) is . %
indicated by how (D) endothelian cells are CD31-positive or 1 o
(E) sympathetic ganglia are TH-positive. Scale bar: 200 pm. : o
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bilateral O : We propose that an evolution of stemness control through HIFs allowed the generation and re-genera-
animals /)), O : tion of complex tissue in conditions with oxygen concentrations >1-3 % O2 [7]. Eumetazoa first and
possess HIFs > : most efhciently gained access to the oxic niche. This evolution of stemness control occurred in at least
[9-11]. HIE-2 O O : O two steps, with each level defined by how its control of cell stemness is adjoined by the abilities and vul-
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) hypoxic.-| meiofauna® ' poxia-machinery through the presenceof ~ 2f “=-=--=--- -
HIFs. Comb jelly fish appears to be an ex- :
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| ception (by lacking HIF).
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Biological action occurs at hypoxia, see [7] for refs. Compared to estimated maximum concentrations of atmospheric oxygen in the Neopro-
terozoic/Paleozoic [8], the function of HIF-2a protein spans into higher O2 concentrations. The HIF system can be considered an adaption
to niches with high (>1-2%) and flucutating oxygen concentrations [7].

Stemnessvia: O, gradients Hypoxia response Pseudohypoxia (HIF-2)

Advantage: Cope with Can regulate stemness

animals diverSiﬁed changesin O, also in the oxic niche
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Implications: Vulnerable to Limited capacity Vulnerable to low O,
changesin O, for life in the oxic & to the development
& struggles in of transformed tissue

the oxic niche (cancer).

as a result of
improved
stemness control...

-------------------------—

...then, transient hypoxia
and pseudohypoxia remain
key for tissue development
& tor animal evolution.
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Biology: Tissue oxygen tension — and HIF expression — is measured within
the chick embryo at different developmental stages, particularly during the
development of the sympathetic nervous system.

Geology: Were early and complex multicellular life forms
confined to stable environments?
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