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Pluripotency refers to the ability of cells to studies. Pluripotent cells are found during a

MO LECU LAR differentiate into all cell types of the three short window of time in developing embryos.

embryonic germ layers. Deriving and maintaining  They progress from a naive (‘ground’) state to a

pluripotent stem cells thus offers the possibility primed state before lineage commitment.
CE LL B I 0 Lo GY of generating valuable sources of cells for tissue Different culture conditions are being developed

replacement therapies and for developmental to maintain or induce these states in vitro.

Pluripotent cells in developing embryos

Pluripotency is a transient state in vivo. It is acquired within the Human Mouse

ICM of developing pre-implantation blastocysts, when cells of

the ICM segregate into PE and pluripotent pre-implantation ' : : . : .

naive epiblasts, and is gradually lost during early post- ( ‘ Signalling pathways that affect naive and primed pluripotency

implantation development, before cells differentiate into Zygote (. in mice

somatic lineages. This transition from a pre-implantation \ 4 " Mouse naive ESCs and primed EpiSCs can be artificially maintained in a self-

pluripotent state to a post-implantation pluripotent state, Morula renewing state in vitro by the continuous supplementation of various exogenous

which are referred to as naive and primed states, cytokines and/or small-molecule inhibitors. These factors regulate signalling

respectively, is associated with changes in molecular pathways that can positively or negatively affect the stability of naive and

and functional characteristics. primed pluripotency, which is regulated by a network of transcription factors.
Differences between human and mouse pre- and LIF WNT Additional regulatory pathways may yet be revealed.

post-implantation embryos may be reflected by the v /—LIFR- _ These pathways affect primed pluripotency similarly in humans and mice, but

different characteristics of naive and primed
pluripotent cells in vitro and by the different
requirements for their maintenance.

Frizzled little is known about their effects on human naive pluripotency. However, some
differences have been identified between humans and mice in the regulation of
naive pluripotency: low doses of FGF2, activin A and BMP4 may have opposing

effects on its stability in different species.
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Naive and primed states can be classified on the basis of multiple
characteristics that each state can retain in vitro. Different combinations
of exogenous factors confer distinct characteristics to pluripotent stem

.. . . .. . . LIF WNT
cells in vitro. As a result, cells acquire a distinct set of naive and primed Potential cross-species differences
properties. In mice, ESCs cultured in a medium supplemented with 2i
(two inhibitors of MEK and GSK3) and LIF, and EpiSCs cultured in a ======3 Potential link
medium containing FGF2 and activin A, constitute the two extremes of
the naive and primed pluripotency spectrum; cells maintained in other Mouse
media are in ‘intermediate states’ that display a r.nixture of ne.live and Stabilized by MEK inhibition i Destabilized by MEK inhibition
primed features. Human ‘conventional’ ESCs, which are considered to be

In vitro derivation in primed conditions

Primed EpiSCs

1
1
‘primed’, are distinct from mouse primed EpiSCs and have various naive %’ i Rat Human Rhesus
features. Optimizing conditions to derive and maintain human naive cells 2 @ i @ @ 2i, LIF, 2i, BRAFi,
with properties identical to mouse naive pluripotent cells is an ongoing Z | Naive ESCs 1 p38i, ROCK:i, FGF2, FGF2,
challenge. Moreover, primed cells can be stabilised in a distinct Differentiation priming s FGF2, JNKi, 2i,LIF,  SRCi, LIF, TGFBor 2i,LIF, TGFpor
pluripotent state in the presence of FGF2 and WNT inhibitors. FGF2, activinA OCT4, PKCi, PKCi, activinA, FGF2, JNKi,  FGF2,
activin A LIF, or KLF2, ROCKi, MEF MEF 2i, activin A p38i, activin A
SRCi, MEKi, BMP4, GSK3pi, orFGF2, 2i,LIFF MEKi, FGF2, KLF4, FGF2, (KLF2, (FGF2, BMPi, or FGF2, FGF2, orFGF2,
Pluripotency-associated property Naive @ Primed O 2i, LIF FBS, LIF GSK3pi LIF LIF AXINs TGFpB MEF PKCi TGFpB 2i,LIF TGFp NANOG) JNKi) LIFF MEF MEF MEF MEF
MEK-ERK dependence No Yes @ @ @ @ @ Q) Q) @ @ Q) @ @ @ @ @ Q) @ Q)
Long-term dependence on FGF2 signalling No Yes (0] (0] (O) (0] (O] (0] Q) (O] (0] Q) Q) Q) Q) Q) Q)
Long-term dependence on TGFp-activin A signalling No Yes @ @ @ @ @ @ Q) @ @ Q) Q) Q) Q) Q) Q)
Dominant OCT4 enhancer Distal Proximal @ @ @ Q) Q) @ @ @ @ Q)
H3K27me3 on developmental regulators Low High @ Q) Q) @ @ @ Q]
Global DNA hypomethylation Yes No 0 Q) Q) @M“d @5"0"9 Q) Q)
X chromosome inactivation No Yes @ Q @ Q) Q) @ @ Q) Q) Q) @ Q)
Dependence on DNMT1, DICER, METTL3, MBD3 No Yes @ @ Q) Q)
Priming markers (OTX2, ZIC2) d T (0] (0] (0] Q) Q) Q) (0] Q) (0] (O] (0] Q) Q)
Pluripotency markers (NANOG, KLFs, ESRR{) T 3 O @ @ 0 @ O O @ @ O @* @Mild* @Strong* @Strong* @Mild* O* @Mild* O*
TFE3 nuclear localization High Low (0] (0] (0] Q) (O] (0] Q) Q)
CD24/MHC class 1 Low/low High/mod (0) (0] Q) (O) (0] (0) Q)
HERV-H and HERV-K expression High Low Primate specific @ @ @ @ Q)
Expressed adhesion molecules E-cadherin N-cadherin @ @ @ @ @ Q) Q) @ @ Q) @ @ @ @ @ @ @
Promotion of pluripotency maintenance viaNanog  Yes No (0] (O] 2‘:{;09 (O] (O] ’;‘:l;°9 Q) (O) (O] (O] (O) (O]
or Prdm14
Metabolism OxPhos, glycolytic Glycolytic (O] (O] Q) (O] Q)
Competence as initial starting cells for PGCLC High Low O Q) Q) @ Q]
induction
Capacity of colonization of host pre-implantation High Low @ @ @ @ @ Q) Q) @ @ Q) @* @* O+ Q] @* Q)

ICM and contribution to chimaeras
* No ESRRp; * Mouse host embryos.
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