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SUMMARY

Variation in the differentiation capacity of induced
pluripotent stem cells (iPSCs) to specific lineages is
a significant concern for their use in clinical applica-
tions and disease modeling. To identify factors that
affect differentiation capacity, we performed inte-
gration analyses between hematopoietic differentia-
tion performance and molecular signatures such as
gene expression, DNA methylation, and chromatin
status, using 35 human iPSC lines and four ESC lines.
Our analyses revealed that hematopoietic commit-
ment of PSCs to hematopoietic precursors correlates
with IGF2 expression level, which in turn depends on
signaling-dependent chromatin accessibility at mes-
endodermal genes. Maturation capacity for conver-
sion of PSC-derived hematopoietic precursors to
mature blood associateswith the amount andpattern
of DNA methylation acquired during reprogramming.
Our study therefore provides insight into the molecu-
lar features that determine the differential capacities
seen among human iPSC lines and, through the
predictive potential of this information, highlights a
way to select optimal iPSCs for clinical applications.

INTRODUCTION

The potential of human induced pluripotent stem cells (iPSCs)

(Takahashi et al., 2007; Takahashi and Yamanaka, 2006) to

differentiate intomany cell typesmakes them a promising source

for regeneration therapy, drug screening, and pathogenetic

study. However, this potential is compromised by the large vari-

ation that exists among human iPSC lines in their differentiation

capacity to specific lineages. One of the factors attributed to this

variation is the residual DNA methylation signatures that remain

after the reprogramming process to pluripotency, a phenome-

non known as somatic memory (Kim et al., 2010, 2011; Lister

et al., 2011; Ohi et al., 2011; Polo et al., 2010). Another factor

that could cause variation among iPSC lines is aberrations during

the reprogramming process, with aberrations in DNA methyl-

ation being most investigated (Huang et al., 2013; Koyanagi-

Aoi et al., 2013; Lister et al., 2011; Nazor et al., 2012; Ruiz

et al., 2012; Stadtfeld et al., 2010). A third factor is genetic differ-

ences among individual donors of human pluripotent stem cells

(PSCs) (Kajiwara et al., 2012). While all these theories deserve

consideration, overall, reports that have investigated variations

in human iPSC lines used sample numbers that were too small

for reliable conclusions.

In the present study, we assessed the hematopoietic differen-

tiation capacity of 35 human iPSC lines from four parental tissues

and four embryonic stem cell (ESC) lines by evaluating both the

early phase (commitment phase) and the late phase (maturation

phase) of hematopoietic differentiation. In addition, we investi-

gated gene expression, DNA methylation, and open chromatin

accessibility and performed correlation analysis of the differenti-

ation capacities and these molecular signatures. The analysis

revealed that in iPSCs, commitment capacity was associated

with insulin-like growth factor 2 (IGF2) gene expression, which

was under the control of fibroblast growth factor (FGF)-activin

signaling-dependent chromatin accessibility. In contrast, matu-

ration capacity was associated with aberrant DNA methylation

acquired during the reprogramming process. Our study provides

important insights on the molecular mechanism of differentia-

tion capacity and ways to select optimal iPSCs for clinical

applications.

RESULTS

Hematopoietic Commitment Capacity Is Associated
with Expression Levels of IGF2 in Undifferentiated
PSCs, but Not with Original Cell Type
To investigate the differentiation capacity among human iPSCs

from different origins, we first assessed the hematopoietic differ-

entiation capacities of 35 iPSC lines derived from four types of

somatic tissues—human dermal fibroblasts (HDFs), hematopoi-

etic cells such as cord blood (CB) and peripheral blood (PB),

dental pulp (DP) cells, and keratinocytes (Kera)—from 15 donors
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