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Iron Homeostasis Determines Fate of Human
Pluripotent Stem Cells Via GlycerophospholipidsEpigenetic Circuit
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ABSTRACT
Iron homeostasis is crucial for a variety of biological processes, but the biological role of iron
homeostasis in pluripotent stem cells (PSCs) remains largely unknown. The present study aimed
to determine whether iron homeostasis is involved in maintaining the pluripotency of human
PSCs (hPSCs). We found that the intracellular depletion of iron leads to a rapid downregulation
of NANOG and a dramatic decrease in the self-renewal of hPSCs as well as spontaneous and
nonspeciﬁc differentiation. Moreover, long-term depletion of iron can result in the remarkable
cell death of hPSCs via apoptosis and necrosis pathways. Additionally, we found that the depletion of iron increased the activity of lipoprotein-associated phospholipase A2 (LP-PLA2) and the
production of lysophosphatidylcholine, thereby suppressing NANOG expression by enhancer of
zeste homolog 2 (EZH2)-mediated trimethylation of histone H3 lysine 27. Consistently, LP-PLA2
inhibition abrogated iron depletion–induced loss of pluripotency and differentiation. Altogether,
the ﬁndings of our study demonstrates that iron homeostasis, acting through glycerophospholipid metabolic pathway, is essential for the pluripotency and survival of hPSCs. STEM CELLS

;9999:00–00

SIGNIFICANCE STATEMENT
Iron homeostasis is essential for various biological processes. In this study, we ﬁrst demonstrated that iron deﬁciency could severely impair the pluripotency and differentiation of hESCs/hiPSCs through the downregulation of NANOG by LysoPC-mediated H3K27me3. In addition,
long-term iron deﬁciency reduced the survival and promoted apoptosis in hESCs/hiPSCs. Our
ﬁndings provides novel insights into the underlying mechanisms of iron homeostasis in maintaining the pluripotency and self-renewal of hESCs/hiPSCs.

INTRODUCTION
Pluripotent stem cells (PSCs), including embryonic stem cells (ESCs) and induced pluripotent
stem cells (iPSCs), have the ability to selfrenew and differentiate into all somatic cell
types [1]. Thus, human PSCs (hESCs/hiPSCs)
have been considered as a prominent resource
for regenerative medicine. However, since its
biological control of self-renewal and differentiation property is not well understood, further
research is needed before its clinical application [2,3]. Therefore, it is necessary to further
explore the precise mechanism of the pluripotent state maintenance of hESCs/hiPSCs.
Iron homeostasis plays an important role in
a wide range of cellular activities, including
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proliferation, cell cycle, programmed cell
death, and development [4]. Also, it is important to keep iron homeostasis for maintaining
the normal structure and function of the brain,
nerves, heart, liver, and other organs [5,6]. The
disturbance of iron homeostasis has been
shown to be associated with a variety of pathological conditions, such as anemia, tumors,
heart failure, aging, and neurodegeneration
[7]. Chronic iron deﬁciency is the main cause
of anemia in patients worldwide. In addition,
iron deﬁciency also impairs the ability of the
body to ﬁght pathogens and leads to the
decreased activity of enzymes and biochemical
antioxidants [8]. Iron overload damages several
organs, such as the heart, bones, and liver by
producing a nimiety of reactive oxygen species
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(ROS) [4,9,10]. Growing evidence has shown that iron homeostasis is critical for stem cells. For example, iron overload can
affect the self-renewal, frequency, and functioning of hematopoietic stem and progenitor cells [11,12]. Thus far, little is
known regarding the role of iron homeostasis in maintaining
the biological property of PSCs.
Lately, increasing attention has been paid to the roles of
cellular metabolism in sustaining the self-renewal state and
pluripotency of PSCs [13,14]. It has recently been reported
that glucose and amino acid metabolism play a critical role in
the proliferation, self-renewal, and survival of PSCs. The depletion of threonine from culture medium has been shown to
cause differentiation and growth arrest of murine ESCs by
decreasing S-adenosylmethionine production and trimethylation of histone H3 lysine 4 (H3K4me3) [15]. The involvement
of methionine metabolism has also been shown in NANOG
expression by DNA and histone methylation [16]. Furthermore,
fatty acids have been shown to regulate the pluripotency of
iPSCs via controlling of the mitochondrial fusion [17]. In addition, numerous studies indicated that iron homeostasis is crucial in cellular metabolism [18]. Thus, we hypothesized that
iron dyshomeostasis may affect hESCs/hiPSCs through the
modiﬁcation of metabolism.
Glycerophospholipid metabolism plays important roles in
the generation of extracellular and intracellular signals and
thus regulates cell growth, survival, and inﬂammation. Lysophosphatidylcholine (LysoPC) is the major lysophospholipid
component with diverse physiological and pathological functions [19]. LysoPC has been also shown to regulate both apoptosis and proliferation of endothelial and smooth muscle cells
[20,21], and its alteration is closely associated with atherosclerosis, diabetes, dyslipidemia, cardiovascular diseases, and other
diseases [22–24]. Lipoprotein-associated phospholipase A2 (LPPLA2) is a key enzyme responsible for the production of
LysoPC, which has been also considered as a biomarker for
inﬂammatory diseases. Thus far, little is known regarding the
role of glycerophospholipid metabolism in pluripotent stem
cells.
Here, we examined how iron homeostasis regulates the
pluripotency and self-renewal of hESCs and hiPSCs. Using
CRISPR-Cas9-mediated LP-PLA2 knockout (KO) in hPSCs, we
ﬁrst showed that iron homeostasis controls the pluripotency
and differentiation of hPSCs via the LP-PLA2/LysoPC/enhancer
of zeste homolog 2 (EZH2)/NANOG pathway. Our study has
not only identiﬁed LP-PLA2 as a novel regulator critical for
human iPSCs/ESCs self-renewal, differentiation, and survival,
but also revealed the important role of glycerophospholipid
metabolic pathways in the maintenance of hPSCs.

MATERIALS AND METHODS

Transfection Assay
NANOG overexpression plasmid (YHO11901) was purchased
from YRbio. Transfection of the plasmid was performed using
FUGENE HD transfection reagent (E2691; Promega, Madison,
WI, USA) according to the manufacturer’s instructions. Brieﬂy,
8 μl transfection reagent was mixed with 2 μg NANOG overexpression plasmid. Next, reagent/DNA mixture was added to
12-well plates containing 1 ml cells in medium. Cells were
assayed 48 h following transfection.

Gene KO in hiPSCs/hESCs
The LP-PLA2 KO hiPS/hES cell lines was produced by homologous recombination with the CRISPR-Cas9 system. The CRISPRCas9 constructs of PLA2G7 (LP-PLA2) were made by ligation of
double-stranded oligo antisense/sense to the short guide RNAs
(sgRNAs) of interest into the BsmBI restriction sites of the LentiCRISPRv2GFP vector. The CRISPR vector was generated on
the basis of the protocol associated with Addgene plasmid
#82416. The CRISPR plasmid was cotransfected with the vector
into the hiPS/hES cell lines using FUGENE HD transfection
reagent. Forty-eight hours following transfection, green ﬂuorescent protein (GFP)-positive cells were seeded onto 24-well
plates and single clones were expanded. The insert sequences
of constructs are as follows:
sgRNA1-PLA2G7-S: CACCGGACCAATCTGCTGCAGAAAT;
sgRNA1-PLA2G7-AS: AAACATTTCTGCAGCAGATTGGTCC;
sgRNA2-PLA2G7-S: CACCGGCAGTAATTGGACATTCTTT;
sgRNA2-PLA2G7-AS: AAACAAAGAATGTCCAATTACTGCC.

Chromatin Immunoprecipitation Assays
ChIP assay was performed using the Chromatin Immunoprecipitation kit (49–2024; Invitrogen, Carlsbad, CA, USA) according
to the manufacturer’s instructions. Brieﬂy, cells were crosslinked using 1% paraformaldehyde (PFA) for 10 min at room
temperature before quenching by adding 0.125 M glycine for
5 min at room temperature. Sheared chromatin was immunoprecipitated with H3K27me3 (ab6002; Abcam, Cambridge, UK)
or mouse IgG antibody (Invitrogen). The puriﬁed DNA was
used in RT-qPCR. Data were normalized to the input DNA. The
ChIP primers are listed in Supplementary Table S2.

Alkaline Phosphatase (ALP) Staining
hESCs/hiPSCs were cultured in 12-well plates for ALP staining
using 5-bromo-4-chloro-3-indolyl phosphate (BCIP)/nitroblue
tetrazolium (NBT) ALP color development kit (C3206; Beyotime, Nantong, Jiangsu, China). Cells were ﬁxed with 4% PFA
for 30 min at room temperature and washed three times with
Dulbecco’s phosphate-buffered saline (PBS). Cells were then
incubated with the BCIP/NBT solution for 7 min, protected
from light. Distilled water was added to stop the reaction. Positive colonies were photographed under a standard light
microscope (Eclipse TS100; Nikon, Melville, NY, USA).

Cell Culture

Cellular Iron Content Assay

ESCs (H1-ESCs) and hiPSCs (AC-iPSC and ZSSY001-iPSC) were
maintained in PGM1 PSC culture medium (CA1001500; Cellapy) on basement membrane matrix-coated plates
(CA3003007; Cellapy) and subcultured with Ethylenediaminetetraacetic acid (EDTA) (Cellapy) every 3–4 days.

Cellular iron content was assessed using the iron assay kit
(K390-100; BioVision, Milpitas, CA, USA). Brieﬂy, cells were
lysed in 120 μl iron assay buffer (K3900-100-1; BioVision), and
insoluble materials were removed by centrifugation at
16,000 g for 10 min. Next, 35 μl samples were added to 65 μl
assay buffer in 96-well plates, and 5 μl iron reducer
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(K3900-100-3; BioVision) was added to each well. The plates
were then incubated at 25 C for 30 min. After incubation,
100 μl iron probe (K3900-100-2; BioVision) was added to each
well and mixed. The plates were then incubated at 25 C for
30 min, protected from light. Absorbance was measured on a
microplate reader at 593 nm.

Cardiomyocyte Differentiation of hPSCs
At 70%–85% conﬂuence, hiPSCs were incubated with basal
medium comprising RPMI 1640 (Invitrogen) plus B27 supplement minus insulin (A1895601; Thermo Fisher, Waltham, MA,
USA). For the ﬁrst 24 h, 6 μM CHIR-99021 (HY-10182; MCE,
Monmouth Junction, NJ, USA) was added to the basal medium.
On days 3–5, 2 μM wnt-C59 (HY-15659; MCE) was added to
the medium. On day 7 of differentiation, the medium was
changed to RPMI 1640 plus B27 supplement (17,504,044;
Thermo Fisher). The medium was changed every 48 h. Beating
hPSC cardiomyocytes appeared starting on day 7 of
differentiation.

Transmission Electron Microscopy
hiPSCs were treated with 150 μM deferoxamine (DFO) for 24 h
and centrifuged at 2000 rpm for 10 min. Cells were immediately ﬁxed with 3% glutaraldehyde in 0.1 M sodium cacodylate
buffer and then postﬁxed with 1% osmium tetroxide at room
temperature for 1 h. Fixed cells were rinsed with distilled
water then dehydrated with ethanol, inﬁltrated in epon. Next,
cells were visualized with a transmission electron microscopy
(TEM; 80 kV).

Propidium Iodide/Hoechst 33342 Staining
Propidium iodide (PI)/Hoechst 33342 staining was performed
using the Hoechst 33342/PI double staining kit (CA1120; Solarbio, Beijing, China). Brieﬂy, cells were ﬁxed with 4% PFA and
washed twice with PBS. Then, the staining solution was added
to cells and the mixture was incubated for 20 min at room
temperature, protected from light. Lastly, stained cells were
captured using a live cell imaging system (Olympus Fluoview
10i, Tokyo, Japan).

Liquid Chromatography/mass Spectrometry
Cells were incubated with PSCeasy (CA1001500) culture
medium supplemented with 150 μM DFO for 24 h. Brieﬂy, cells
were washed with PBS, 1 ml EDTA was added, and the solution was incubated at 37 C for 3 min. Then, using PBS blow
cells were transferred into frozen pipe and the samples were
stored in liquid nitrogen. The frozen samples were sent to
JRDUN BIOTE CHNOLOGY (CHINA) for metabolite detection.
Data analysis was performed using PCA and PLS/DA model
analysis. The differential metabolites were screened through
Variable Importance in the Projection (VIP > 1) of the PLS/DA
model analysis combined with t test (p < .05). The exact
molecular weight comparison of the differential metabolites
was performed using the Metlin and HMDB database. The list
of the differential metabolites is shown in Supplementary
Table S4.

Enzyme-Linked Immunosorbent Assay for LP-PLA2
LP-PLA2 protein levels were measured using the commercial
human LP-PLA2 Enzyme-linked immunosorbent assay (ELISA)
kit (E-EL-H2286c; Elabscience, Houston, TX, USA). All assays
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were prepared according to the manufacturer’s instructions.
The ﬁrst standard curve was detected at 20, 10, 5, 2.5, 1.25,
0.625, 0.313, and 0 ng/ml ﬁnal concentrations. The cell culture
medium was centrifuged at 1000 g for 20 min, and the supernatant liquid in micro-ELISA plate was incubated for 90 min.
Next, biotinylated detection antibody and horseradish peroxidase conjugate was added, and the mixture was incubated at
37 C for 30 min. After washing three times with washing
buffer, absorbance was read at 450 nm with BioTek
Instruments.

ELISA for LysoPC
LysoPC activity was detected using ELISA kit (CEK621Ge; CloudClone Corp., Katy, TX, USA). Brieﬂy, 50 μl standard or samples
and 50 μl detection reagent were added to the wells and incubated for 1 h at 37 C. After washing three times and adding
100 μl detection reagent B to each well, the mixture was then
incubated at 37 C for 30 min. The samples were aspirated ﬁve
times, 90 μl TMB substrate solution was added, and the mixture was incubated for 15 min at 37 C. Lastly, 50 μl stop solution was added to each well. Absorbance was detected
immediately on a microplate reader at 450 nm.

Terminal Deoxynucleotidyl Transferase-Mediated dUTP
Nick end Labeling Staining
To detect apoptotic cells, in situ cell death detection kit
(Roche Diagnostics GmbH, Mannheim, Germany) was used
according to the manufacturer’s instructions. Cells were ﬁxed
with 4% PFA and permeabilized using 0.5% Triton X-100
(Sigma, St. Louis, MO, USA). Cells were then incubated in the
transferase-mediated dUTP nick end labeling (TUNEL) reaction
mixture for 30 min. Lastly, cells were counterstained with
40 ,6-diamidino-2-phenylindole (DAPI). Images of apoptotic cells
were captured using a live cell imaging system (Olympus Fluoview 10i).

Total RNA Extraction and RT-qPCR
Total RNA was extracted using Trizol (Ambion by Life Technologies, Camarillo, CA, USA) according to the manufacturer’s
protocol. The concentration and purity of RNA was detected
using NanoDrop 8,000 spectrophotometer (Gene Co., Ltd.,
Shenyang, China) then using FastStart Universal SYBR Green
Master (Rox) and 7,500 Fast Real-Time PCR System (Applied
Biosystems, Foster City, CA, USA). Each sample was repeated
four times. All primer sequences are listed in Supplementary
Table S1.

Western Blotting
Cells were lysed using radioimmunoprecipitation buffer
(P0013; Beyotime). Cell lysates were separated by 10% or
12.5% sodium dodecyl sulfate-polyacrylamide gel electrophoresis and transferred to pure nitrocellulose blotting membrane
(Life Sciences, assembled in Mexico). Membranes were then
washed three times with PBS-Tween 20 (PBST) and incubated
overnight at 4 C with primary antibodies then with secondary
antibodies for 1 h at room temperature. Lastly, membranes
were washed three times with PBST followed by exposure to
Odyssey version 1.2 software (LI-COR Biosciences, Lincoln, NE,
USA). All antibodies and their dilutions are listed in Supplementary Table S3.
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Immunoﬂuorescence Assays
Cells were ﬁxed with 4% PFA for 15 min and then washed
three times with PBS and incubated with 0.3% Triton X-100.
Cells were then blocked using goat serum. After incubation
with primary antibodies overnight at 4 C, cells were incubated
with secondary antibody for 1 h at room temperature and
ﬁnally counterstained with DAPI. Images were captured using
a live cell imaging system (Olympus Fluoview 10i). All antibodies and their dilutions are listed in Supplementary
Table S3.

Statistics
Error bars represent the standard error of the mean. Data
were analyzed using Prism (GraphPad). The signiﬁcance of the
differences was analyzed using Student’s t test and presented
as *p < .05, **p < .01, and ***p < .001.

RESULTS
Iron Deﬁciency Impairs the Self-Renewal and
Pluripotency of hESCs/hiPSCs
First, we examined the effect of iron deﬁciency on the selfrenewal and differentiation of hESCs/hiPSCs. The iron chelator
DFO was used for inducing intracellular iron deﬁciency in hESCs/hiPSCs. After exposure to variable concentrations of DFO for
24 h, the intracellular iron level of hESCs/hiPSCs gradually
decreased in a concentration-dependent manner, which can be
rescued by ferric ammonium citrate (Fig. 1A). Interestingly, we
found that iron deﬁciency induced by DFO treatment caused a
rapid loss of typical undifferentiated morphology and ALP
staining of hESCs/hiPSCs (Fig. 1B; Fig. S1A), suggesting that
iron deﬁciency suppressed the pluripotency and self-renewal
of hESCs/hiPSCs. Furthermore, we found that iron deﬁciency
induced an early downregulation of the core pluripotency gene
NANOG at both protein and mRNA levels at 16 h and a late
decrease of OCT-4, SOX-2, KLF4, KLF5, and ICAM1 expression
at 24 h in hESCs/hiPSCs (Fig. 1C–1F; Fig. S1B, S1C, and S1F). In
contrast, the expression of endodermal markers GATA6, AFP,
FOXA2, and SOX-17 and ectodermal markers NEVROD1, CDX2
and SOX1 were signiﬁcantly upregulated while that of mesodermal markers Brachyury and MESP1 only slightly increased
by iron deﬁciency at 24 h in hESCs/hiPSCs (Fig. 1G). Moreover,
forced NANOG expression was sufﬁcient to overcome the iron
deﬁciency–induced reduction of NANOG. Meanwhile, NANOG
overexpression also prevented the loss of undifferentiated
morphology in hiPSCs treated with DFO (Fig. 1H and 1I). To
exclude the artiﬁcial effect of reagents, we next treated hiPSCs
with another iron chelator (deferiprone) and found that cells
also lost their typical undifferentiated morphology followed by
the reduction of NANOG, but not SOX-2, expression (Fig. S1D
and S1E). These results indicate that iron deﬁciency impaired
pluripotency and induced differentiation in hESCs/hiPSCs
through down-regulating NANOG.

Iron Deﬁciency Activates the Glycerophospholipid
metabolic Pathway in hESCs/hiPSCs
Cellular metabolism plays a crucial role in regulating the pluripotency and in determining the fate of stem cells [13,14]. For
determining whether cellular metabolism is involved in iron
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deﬁciency–induced loss of pluripotency, liquid chromatography
(LC)/ mass spectrometry (MS) was used to proﬁle the differential metabolites in hiPSCs with or without iron deﬁciency. A
total of 40 differential metabolites were screened, and pathway analysis showed that glycerophospholipid, purine, and cystine and methionine metabolism pathways were signiﬁcantly
altered by iron deﬁciency. In particular, 11 of the differential
metabolites belong to the glycerophospholipid pathway
(Fig. 2A–2C). Thus, we next investigated whether the glycerophospholipid pathway is involved in iron deﬁciency–induced
loss of pluripotency in hESCs/hiPSCs. On the basis of LC/MS
and bioinformatic analysis, we focused on the three metabolites that showed the most signiﬁcant increase: phosphorylcholine, LysoPC, and phosphatidylethanolamine (PE). We found
that the expression of ALP and pluripotent genes was markedly reduced by LysoPC in hESCs/hiPSCs but not by PE or phosphorylcholine (Fig. 2D and 2E), which indicated that iron
deﬁciency impaired the self-renewal in hESCs/hiPSCs and triggered their differentiation by promoting the production of
LysoPC. For verifying this hypothesis, we measured the concentration of LysoPC in hESCs/hiPSCs treated with different
concentrations of DFO by ELISA and found that intracellular
LysoPC activity was increased upon DFO treatment in a
concentration-dependent manner (Fig. 2F). Immunoﬂuorescent
staining also showed that NANOG expression was reduced
after LysoPC treatment in hPSCs (Fig. 2G). Three germ layer
markers were also signiﬁcantly upregulated by LysoPC
(Fig. 2H). These data suggested that intracellular iron deﬁciency inhibited NANOG expression in hESCs/hiPSCs by
enhancing the production of LysoPC.

Iron Deﬁciency and LysoPC Promote H3K27me3 of
hPSCs
Epigenetic modiﬁcations, especially histone modiﬁcations, are
reportedly involved in the regulation of NANOG expression
[26]. We thus examined whether iron deﬁciency and LysoPC
alter NANOG expression via histone modiﬁcations in hESCs/hiPSCs. We found that the level of H3K27me3 was dramatically increased by LysoPC (25 and 50 μM) in hiPSCs but that of
H3K4me3, H3K9me3, or H3K36me3 did not increase (Fig. 3A).
Consistently, H3K27me3 expression was also signiﬁcantly
increased in hiPSCs upon iron deﬁciency (Fig. 3B; Fig. S2A). We
next performed ChIP-quantitative PCR analysis for detecting
H3K27me3 at the NANOG promoter region, and found that
iron depletion by DFO caused an upregulation of H3K27me3
methylation at NANOG promoter region (Fig. 3C). It is well
known that H3K27me3 methylation is catalyzed by the enzymatic subunit EZH2 in the polycomb repressive complex
2 (PRC2) or methyltransferase G9a [27,28]. Thus, we detected
the expression of EZH2 and G9a proteins in hiPSCs exposed to
DFO (Fig. 3D and 3E; Fig. S2B) and found that EZH2 and G9a
expression were obviously upregulated by DFO treatment. Furthermore, the EZH2 speciﬁc inhibitor GSK-126 abrogated the
downregulation of NANOG in hiPSCs, whereas the G9a blocker
BIX-01294 did not rescue NANOG (Fig. 3D and 3F). Importantly,
these ﬁndings could be reproduced in human ESCs (Fig. 3G–
3I). Taken together, our data indicate that iron deﬁciency and
LysoPC increased H3K27me3 at the NANOG promoter region
through the EZH2 pathway.
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LP-PLA2 is Involved in the Iron Deﬁciency-Mediated
Accumulation of LysoPC

Iron Deﬁciency Causes Mesodermal Dysplasia in
hESCs/hiPSCs

Previous studies have shown that the generation of LysoPC
was controlled by LP-PLA2 and C-PLA2 [29]. Hence, we investigated whether iron deﬁciency up-regulated LysoPC by activiating LP-PLA2 and C-PLA2. We found that the activity of LP-PLA2
increased upon DFO treatment (50, 100, and 150 μM) in a
concentration-dependent manner. Consistently, the LP-PLA2
inhibitor DARAPLADIB was able to decrease the activity of LPPLA2 and prevent the accumulation of LysoPC and reduction
of normal undifferentiated morphology and NANOG expression
in hiPSCs upon DFO treatment (Fig. 4A–4E). The up-regulated
methylation of H3K27me3 was also blocked by DARAPLADIB in
hESCs/hiPSCs (Fig. 4F). To avoid the off-target effect of DARAPLADIB, we generated LP-PLA2 KO hESC/hiPSC lines using the
CRISPR-Cas9 technique (Fig. 5A). We demonstrated that LPPLA2−/− hiPSCs exhibited a normal undifferentiated morphology even treated by DFO (Fig. 5B), suggesting that iron deﬁciency inhibited pluripotency by upregulating LP-PLA2. We
further detected NANOG expression in LP-PLA2−/− hESCs/hiPSCs treated with DFO and found that the depletion of LPPLA2 in hESCs/hiPSCs blocked the downregulation of NANOG
protein induced by iron deﬁciency (Fig. 5C–5E). Additionally,
the downregulation of NANOG could not be rescued by CAY10650, which is an inhibitor of C-PLA2 (Fig. S3A). Together, our
data indicate that iron deﬁciency activates LP-PLA2 but not CPLA2, and thereby accelerates the synthesis of LysoPC, which
inhibits the expression of NANOG via up-regulating
EZH2-mediated H3K27me3 methylation of NANOG promoter
and induces human ESCs/iPSCs differentiation.

Our data above indicate that iron deﬁciency impaired pluripotency and induced mesodermal, endodermal, and ectodermal
differentiation in hESCs/hiPSCs. However, we also found that
hiPSCs with iron deﬁciency demonstrated lower expression of
mesodermal markers, including MESP1 and Brachyury (T). We
thus further investigated the inﬂuence of iron deﬁciency on
cardiomyocyte differentiation of hESCs/hiPSCs. hESCs/hiPSCs
were treated with 150 μM DFO for 24 h and induced differentiation into cardiomyocytes using a three-step protocol
(Fig. 7A). mRNA expression of the early mesoderm marker Brachyury (T) was signiﬁcantly down-regulated in the DFO-treated
group compared with that in the control group on day 2 of differentiation (Fig. 7B). Consistently, the number of beating
hiPSC-derived cardiomyocytes and the beating frequency were
signiﬁcantly decreased in the presence of DFO on day 9 of differentiation (Fig. 7C–7F). Immunostaining analysis showed that
DFO treatment caused a lower proportion of α-actinin-positive
cells compared with that in the control group (Fig. 7G). On day
9 of differentiation, the expression of cardiac speciﬁc markers
c-TNT, α-actinin, α-MHC, and β-MHC was signiﬁcantly
decreased in the DFO-treated group compared with that in the
control group (Fig. 7H). Together, these data indicated that
iron deﬁciency caused an abnormal mesodermal differentiation of hiPSCs.

Iron Deﬁciency Induces Dynamic Changes in the
Epigenetic-Metabolic Circuitry and hiPSC Identity
In all experiments described above, we determined the effect
of iron depletion on self-renewal and pluripotency of human
ESCs/iPSCs only at 16 or 24 h. We further examined the temporal characters of each event in iron deﬁciency–induced pluripotency loss. As shown in Figure 6A to 6E, the cellular
morphology, intracellular iron content, expression of pluripotent genes, and H3K27me3 modiﬁcation were not altered at
8 hour after DFO treatment. Until 12 hours after DFO treatment, the intracellular iron content and the activity of LP-PLA2
were signiﬁcantly changed (Fig. 6F–6H) while the methylation
of H3K27me3 was slightly increased as well (Fig. 6I), but the
expression of pluripotent genes remained unchanged (Fig. 6J).
The alteration of H3K27me3 methylation and cell morphology
became obvious until 16 h after DFO treatment (Fig. 6K and
6N). Meanwhile, NANOG expression was decreased, but OCT-4
and SOX-2 remained unchanged (Fig. 6O). Until 24 hour or longer after DFO treatment, the expression of OCT-4 and SOX-2
were signiﬁcantly down-regulated (Fig. 6P–6Y). These data further support that iron deﬁciency activates LP-PLA2, and
thereby up-regulates the level of LysoPC, which in turn promotes the tri-methylation of histone H3 lysine-27 (H3K27me3),
decrease NANOG expression, and ﬁnally induces hPSCs
differentiation.
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Prolonged Iron Deﬁciency Induces a Switchable Death
in hESCs/hiPSCs
We further observed the inﬂuence of iron deﬁciency on the
survival and apoptosis of hESCs/hiPSCs during differentiation.
We found that prolonged iron deﬁciency for as long as 36 h in
hESCs/hiPSCs caused more cellular death compared with that
in the control group. The quantity of TUNEL-positive hESCs/hiPSCs signiﬁcantly increased after exposure to DFO in a
concentration-dependent manner (Fig. 8A and 8B; Fig. S4A and
S4B). Exposure to DFO (100 and 150 μM) for 36 h induced a
signiﬁcant increase of cleaved caspase-3 in hiPSCs. Additionally, the expression of necrosis-related protein RIP-1 and RIP-3
were also upregulated by DFO treatment (Fig. 8C). Similar
results were obtained in hESCs (Fig. 8D). Electron microscopy
further conﬁrmed that both apoptosis and necrosis occurred
in hiPSCs after exposure to 150 μM DFO (Fig. S4C). These data
suggest that long-term iron deﬁciency suppressed cell survival
and caused cellular death in hESCs/hiPSCs. This notion was
veriﬁed by our ﬁndings with both apoptotic and necrotic
blockers. As shown in Figure 8A-F, an addition of z-vad-fmk, an
apoptotic inhibitor, to human ESCs/iPSCs that exposed to
150 μM DFO for 36 hrs dramatically decreased the quantity of
apoptotic cells but increased that of necrotic cells, whereas a
treatment with necrosis inhibitor necrostatin-1 (NEC-1)
achieved an opposite result. (Fig. 8A, B, E, and F). Consistently,
the expression of cleaved caspase-3 was upregulated by DFO
supplemented with NEC-1, while RIP1 and RIP3 expression was
upregulated by z-vad-fmk (Fig. 8G and 8H), suggesting that
blocking DFO-induced apoptosis aggravated cell necrosis and
blocking DFO-induced necrosis promoted cell apoptosis. Altogether, our data demonstrates that a long-term iron deﬁciency
reduced the survival and induced a switchable cellular death
between apoptosis and necrosis in hESCs/hiPSCs.
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DISCUSSION
PSCs are usually indeﬁnitely maintained in a self-renewing
state and have the capability of differentiating into speciﬁc cell
types. Thus, PSCs are emerging as a promising material in
regenerative medicine. For the ﬁrst time, we uncovered that
iron homeostasis controls self-renewal, differentiation, and
survival in hPSCs. Intracellular iron deﬁciency triggered the following pathological changes: (i) enhanced activity of LP-PLA2
leading to increased production of LysoPC, (ii) promotion of
H3K27me3 at the NANOG promoter region by upregulating the
histone lysine methyltransferase EZH2 but not G9a,
(iii) inhibition of pluripotency in hESCs/hiPSCs by downregulating the core pluripotency factor NANOG, (iv) non-lineagebiased differentiation with mesodermal dysplasia in hPSCs,
and (v) long-term iron deﬁciency–induced cell growth arrest,
apoptosis, and necrosis.
Numerous studies have shown that iron homeostasis is
critical for the survival of organs and tissues. It has previously
been reported that excessive iron could lead to damage in a
variety of organs, such as the liver and heart [30]. The ﬁndings
of this study uncovered that iron deﬁciency leads to detrimental effects in hESCs/hiPSCs. Long-term iron deﬁciency causes a
signiﬁcant reduction in the survival of hESCs/hiPSCs as well as
a switchable death between apoptosis and necrosis state.
However, further research is required on the precise molecular
mechanism that induces cell death.
A growing number of studies have recently uncovered that
cell metabolism plays a critical regulatory role in the pluripotency of stem cells. Most of these studies focused on the roles
of glucose metabolism and amino acid metabolism in pluripotency maintenance [13,16,31]. However, little is known regarding the contribution of the glycerophospholipid pathway in
hESCs/hiPSCs. Our study uncovered that LysoPC, a major phospholipid component of oxidized low-density lipoprotein [32],
plays a critical role in maintaining the pluripotency and differentiation of hPSCs. Iron deﬁciency enhances the activity of LPPLA2, which leads to the increased production of LysoPC. In
contrast, the CRISPR-Cas9-mediated KO of LP-PLA2 shows an
increased NANOG expression in hiPSCs. This supports the fact
that LP-PLA2-mediated LysoPC contributes to the differentiation of hESCs/hiPSCs. However, we did not illustrate the direct
mechanism wherein iron deﬁciency modulates LP-PLA2 activity.
LP-PLA2 is a known calcium-related enzyme [33]. We proposed
a hypothesis that cellular iron interacts with calcium and
affects LP-PLA2 activity. In contrast, DFO-induced iron deﬁciency decreases these anti-action phenomena. LysoPC serves
as a junction point between the glycerophospholipid pathway
and the inﬂammatory pathway. Meanwhile, LP-PLA2 and
LysoPC have been proposed as biomarkers of inﬂammatory
diseases [25]. This implies that inﬂammation also participates
in the pluripotency maintenance of hESCs/hiPSCs, and its activation triggers the differentiation of hPSCs. Thus, we established a link among iron deﬁciency, the glycerophospholipid
pathway, and pluripotency maintenance of hESCs/hiPSCs. However, it is necessary to further deﬁne the role of inﬂammation
in maintaining the self-renewal and pluripotency of
hESCs/hiPSCs.
It is well documented that PRC2 plays an essential role in
maintaining the cellular identity of PSCs [34–37]. The major
function of PRC2 is to mediate H3K27me3 methylation. It has
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recently been found that EZH2 expression as a core component of PRC2 is decreased during differentiation of hESCs into
mesenchymal stem cells. Reducing H3K27me3 methylation by
inhibiting EZH2 promotes the mesodermal differentiation of
hESCs [36]. Our data indicate that intracellular iron deprivation
upregulates EZH2 expression and thereby triggers the increase
of H3K27me3 and decrease of NANOG expression. Although
G9a expression was also signiﬁcantly increased with DFO treatment, it did not contribute to the downregulation of NANOG.
Furthermore, we found that the differentiation of PSCs into
mesoderm cells and cardiomyocytes was impaired after DFO
treatment. However, the effect of iron deﬁciency on cardiomyocyte differentiation of hESCs/hiPSCs was only brieﬂy investigated in this study. In addition, its molecular mechanism was
not further deﬁned. This is a major limitation of this study. We
proposed that mesodermal dysplasia induced by iron deﬁciency is also associated with the suppression of mesodermal
transcriptional factors such as MESP1.
In summary, we found that iron deﬁciency results in abnormalities in hESCs/hiPSCs. In particular, short-term iron deﬁciency suppresses the pluripotency and hampers mesodermal
differentiation in hESCs/hiPSCs via H3K27me3, and long-term
iron deﬁciency reduces the resistance of hESCs/hiPSCs during
differentiation to necrosis and apoptosis. These data suggest
that iron homeostasis is essential for the maintenance of selfrenewal and pluripotency of stem cells.

CONCLUSION
For the ﬁrst time, we demonstrate the critical role of iron
homeostasis in regulating the pluripotency, differentiation, and
survival of hESCs/hiPSCs through a glycerophospholipid metabolic pathway. The present study provided novel insights into
the underlying mechanisms of maintaining the pluripotency
and self-renewal of hESCs/hiPSCs.
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Figure 1. Iron deﬁciency impairs the self-renewal and pluripotency in hESCs/hiPSCs. (A): Cellular iron content in hiPSCs/hESCs treated
with different concentrations of DFO or 150 μM DFO supplemented with 150 μM FAC for 24 h normalized to the protein concentrations.
Data are shown as means  SEM (n = 3). *p < .05, ** p < .01, *** p < .001 compared with the control. (B): Morphology and ALP staining
of hiPSCs/hESCs treated with different concentrations of DFO or 150 μM DFO supplemented with 150 μM of FAC for 24 h. Scale bar:
100 μm. (C): Immunoﬂuorescence staining of NANOG OCT-4, and SOX-2 in hiPSCs or hESCs treated with different concentrations of DFO
or 150 μM DFO supplemented with 150 μM of FAC for 16 h. Nuclei are counterstained with DAPI (blue). (D): Western blot analysis of pluripotent marker genes in hiPSCs and hESCs treated with 0 (control), 50, 100, and 150 μM of DFO for 16 h. β-ACTIN was used as loading
control. (E): Western blot analysis of pluripotent marker genes in hiPSCs and hESCs treated with 0 (control), 50, 100, and 150 μM DFO for
24 h. β-ACTIN was used as control. (F): RT-qPCR analysis of the pluripotency markers NANOG, OCT-4, SOX-2, KLF4, KLF5 and ICAM1 in
hiPSCs and hESCs treated with different concentrations of DFO for 16 h. Data are shown as means  SEM (n = 3). *p < .05, ** p < .01,
*** p < .001 compared with the control. (G): RT-qPCR analysis of various cell lineage marker genes in hiPSCs and hESCs treated with different concentrations of DFO for 24 h. Data are shown as means  SEM (n = 3). *p < .05, ** p < .01, *** p < .001 compared with the
control. (H): ALP staining of hiPSCs after expression of exogenous NANOG and supplemented with 150 μM DFO. Scale bar: 50 μm. (I): The
downregulation of NANOG expression caused by DFO treatment can be partially rescued by expression of exogenous NANOG. Scale
bar = 100 μm.
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Figure 2. Iron deﬁciency activates the glycerophospholipid metabolic pathway in hESCs/hiPSCs. (A): Heatmap image of metabolome data
illustrating various differential metabolites in hiPSCs with or without DFO treatment. Red indicates increased expression, whereas blue
indicates decreased expression. (n = 6) (B): Analyze of differential metabolites pathway after DFO treatment. (C): Schematic drawing of
glycerophospholipid metabolic pathway. (D): Morphology and ALP staining of hiPSCs treated with PE (phosphotidylethanolamine), phosphoryl choline or LysoPC. Scale: bar: 100 μm. (E): RT-qPCR analysis for levels of pluripotency markers NANOG, OCT-4 and SOX-2 in hiPSCs
and hESCs treated with PE (phosphotidylethanolamine), phosphoryl choline or LysoPC. Values are the means  SEM of 3 independent
experiments. *p < .05, ** p < .01, *** p < .001 compared to the control. (F): Elisa analysis of LysoPC activity in hiPSCs treated with 0 (control), 50, 100, and 150 μM of DFO. Error bars represent SEM (n = 3).*p < .05, ** p < .01, *** p < .001 compared with the control. (G):
Immunoﬂuorescence staining of NANOG OCT-4, and SOX-2 in hiPSCs and hESCs treated with 0 (control), 25 and 50 μM of Lyso-PC. Nuclei
were counterstained with DAPI (blue). Scale bar = 40 μm. (H): RT-qPCR analysis of mRNA levels of cell lineage marker genes inhiPSCs treated with 0 (control), 25, and 50 μM of LysoPC. *p < .05, ** p < .01, *** p < .001 when compared to the control.
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Figure 3. Iron deﬁciency and LysoPC promote H3K27me3 methylation in hPSCs. (A): Western blot analysis of various H3 lysine methyl
modiﬁcations and NANOG in hiPSCs treated with 0 (control), 25, and 50 μM LysoPC. β-ACTIN and total H3 were used as controls. (B):
Western blot analysis of various H3 lysine methyl modiﬁcations and NANOG in hiPSCs treated with 0 (control), 150 μM DFO, or 150 μM
DFO supplemented with 150 μM FAC. β-ACTIN and total H3 were used as loading controls. (C): ChIP-qPCR analysis of H3K27me3 enrichment on Nanog promoter region in hiPSCs treated with 0 (control) and 150 μM DFO. *p < .05, ** p < .01, *** p < .001 compared with
the control. (D): Western blot analysis of G9A, H3K27me3,pluripotent marker genes NANOG and OCT-4 in hiPSCs treated with 0 (control),
150 μM DFO, or 150 μM DFO supplemented with 1, 5, and 10 μM BIX-01294. Total H3 and β-ACTIN was used as loading controls. (E):
Western blot analysis of EZH2 in hiPSCs treated with 0 (control), 50,100, and 150 μM DFO. β-ACTIN was used as loading control. (F): RTqPCR analysis of Nanog mRNA level in control, DFO, LPC, DFO + GSK126, LPC + GSK126 hiPSCs. *p < .05, ** p < .01, *** p < .001 compared with the control. (G): Western blot analysis of various H3 lysine methyl modiﬁcations and NANOG in hESCs treated with 0 (control),
25, and 50 μM LysoPC. β-ACTIN and total H3 were used as loading controls. (H): Western blot analysis of EZH2, H3K27me3, pluripotent
marker genes NANOG and OCT-4 expressions in hESCs treated with 0 (control), 50, 100, and 150 μM of DFO for 24 h. β-ACTIN and total
H3 were used as loading controls. (I): Western blot analysis of various H3 lysine methyl modiﬁcations and NANOG in hESCs treated with
0 (control), 150 μM DFO, and 150 μM DFO supplemented with 150 μM FAC. β-ACTIN and total H3 were used as loading controls.
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Figure 4. LP-PLA2 is involved in the iron deﬁciency-mediating the accumulation of Lyso-PC. (A): Elisa analysis of LP-PLA2 activity in
hiPSCs and hESCs treated with 0 (control), 50, 100, and 150 μM DFO or 150 μM DFO supplemented with 10 and 100 nM Darapladib. Error
bars represent SEM (n = 3). (B): Phase images of hiPSCs treated with 0 (control), 150 μM DFO or 150 μM DFO supplemented with
100 nM Darapladib. Scale bar: 100 μm. (C): Phase images of hiPSCs treated with 0 (control), 150 μM DFO or 150 μM DFO supplemented
with 100 nM Darapladib. Scale bar: 100 μm. (D): Immunoﬂuorescence staining of pluripotent marker genes NANOG, SOX-2 and OCT-4 in
hiPSCs and hESCs treated with 0 (control), 150 μM DFO or 150 μM DFO supplemented with 100 nM Darapladib. Scale bar = 40 μm. (E):
RT-qPCR analysis of pluripotent marker genes NANOG, OCT-4, SOX-2 in hiPSCs and hESCs treated with 0 (control), 150 μM DFO or
150 μM DFO supplemented with 100 nM Darapladib. Error bars represent SEM (n = 3). *p < .05, ** p < .01, *** p < .001 compared to
the control. (F): Western blot analysis of various H3 lysine methyl modiﬁcations in hiPSCs and hESCs treated with 0 (control), 150 μM
DFO or 150 μM DFO supplemented with 100 nM Darapladib. Total H3 was used as loading control.
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Figure 5. LP-PLA2 KO can rescue iron deﬁciency-induced pluripotency lose. (B): RT-qPCR analysis of the expression levels of each indicated gene in gene targeted hiPSCs. Wild-type hiPSCs serve as control. Error bars represent SEM (n = 3). *p < .05, ** p < .01, ***
p < .001. (B): Phase images of hiPSCs treated with CTL KO, LP-PLA2 KO1 and supplemented with 150 μM DFO. Scale bar: 50 μm. (C): Western blot analysis of pluripotent marker genes NANOG and OCT-4 in gene targeted hiPSCs and hESCs and supplemented with 150 μM DFO.
Wild-type AC and H1 cells serve as controls. (D): RT-qPCR analysis on the expression level of NANOG in gene targeted hiPSCs and hESCs
and supplemented with 150 μM DFO. Wild-type AC and H1 cells serve as controls. Error bars represent SEM (n = 3). *p < .05, ** p < .01,
*** p < .001 when compared to the control. (E): Immunoﬂuorescence staining of pluripotent marker genes NANOG and OCT-4 in gene
targeted hiPSCs and hESCs and supplemented with 150 μM DFO. Wild-type hiPSCs and hESCs were used as controls. Scale bar = 100 μm.
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Figure 6. Iron deﬁciency induces dynamic changes in the epigenetic-metabolic circuitry and hiPSC identity. (A): Phase image of hiPSCs
treated with150 μM DFO for 8 h. Scale bar: 100 μm. (B): Cellular iron content analysis of hiPSCs treated with150 μM DFO for 8 h. Data
are shown as means  SEM (n = 3). (C): RT-qPCR analysis of pluripotency marker genes in hiPSCs treated with 0 (control), 150 μM DFO
for 8 h. Data are shown as means  SEM (n = 3). (D, E): Representative results of western blot analysis for protein levels of pluripotency
marker genes and various H3 lysine methyl modiﬁcations in the samples described in (A). β-actin and total H3 were used as loading controls. (F): Phase image of hiPSCs treated with 0 (control), 150 μM DFO for 12 h. Scale bar: 100 μm. (G): Cellular iron content analysis of
hiPSCs treated with 0 (control), 150 μM DFO for 12 h. Data are shown as means  SEM (n = 3). *p < .05, ** p < .01, *** p < .001 compared with the control. (H): Elisa analysis of LP-PLA2 activity in samples described in (F). Data are shown as means  SEM (n = 3).
*p < .05, **p < .01, and ***p < .001 compared to the control. (I, J): Representative results of western blot analysis for protein levels of
pluripotency marker genes and various H3 lysine methyl modiﬁcations in the samples described in (F). β-actin and total H3 were used as
loading controls. (K): Phase image of hiPSCs treated with 0 (control), 150 μM DFO for 16 h. Scale bar: 100 μm. (L): Cellular iron content
analysis in hiPSCs treated with 0 (control), 150 μM DFO for 16 h. Data are shown as means  SEM (n = 3). *p < .05, ** p < .01, ***
p < .001 compared to the control. (M): Elisa analysis of LP-PLA2 activity in samples described in (K). Data are shown as means  SEM
(n = 3). *p < .05, **p < .01, and ***p < .001 compared to the control. (N, O): Representative results of western blot analysis for protein
levels of pluripotency marker genes and various H3 lysine methyl modiﬁcations in the samples described in (K). β-actin and total H3 were
used as loading controls. (P): Phase image of hiPSCs treated with 0 (control), 150 μM DFO for 24 h. Scale bar: 100 μm. (Q): Cellular iron
content analysis in hiPSCs treated with 0 (control), 150 μM DFO for 24 h. Data are shown as means  SEM (n = 3). *p < .05, ** p < .01,
*** p < .001 compared with the control. (R): Elisa analysis of LP-PLA2 activity in samples described in (P). Data are shown as means 
SEM (n = 3). *p < .05, **p < .01, and ***p < .001compared with the control. (N, O): Representative results of western blot analysis for
protein levels of pluripotency marker genes and various H3 lysine methyl modiﬁcations in the samples described in (P). β-actin and total
H3 were used as loading controls. (U): Phase image of hiPSCs treated with 0 (control), 150 μM DFO for 48 h. Scale bar: 100 μm. (V): Cellular iron content analysis in hiPSCs treated with 0 (control), 150 μM DFO for 48 h. Data are shown as means  SEM (n = 3). *p < .05, **
p < .01, *** p < .001 compared to control. (W): Elisa analysis of LP-PLA2 activity in samples described in (U): Data are shown as means 
SEM (n = 3). *p < .05, **p < .01, and ***p < .001 compared with the control. (X, Y): Representative results of western blot analysis for
protein levels of pluripotency marker genes and various H3 lysine methyl modiﬁcations in the samples described in (U). β-actin and total
H3 were used as loading controls.
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Figure 7. Iron deﬁciency causes mesodermal dysplasia in hESCs/hiPSCs. (A): Time axis of cardiomyocyte differentiation of hiPSCs. (B):
RT-qPCR analysis of mRNA levels of Brachyury in mesoderm differentiation day 2, Data are shown as means  SEM (n = 3). *p < .05,
**p < .01, and ***p < .001 compared with the control. (C): Immunoﬂuorescence staining of α-SMA in hiPSCs mesoderm at differentiation
day 2 after treated with150 μM DFO for 24 h. Nuclei were counterstained with DAPI (blue). Scale bar = 40 μm. (D): Number of beating
cardiomyocytes detected at day 8 of cardiomyocyte differentiation. Data are presented as means  SEM; *p < .05. (E): Phase image of
cardiomyocyte differentiated from hiPSCs which treated with 0, 150 μM of DFO for 24 h. Scale bar: 50 μm. (F): Beating frequency of iPSCMs at differentiation day 8. Data are presented as means  SEM (n = 3). *p < .05, **p < .01, and ***p < .001 compared to the control.
(G): Immunoﬂuorescence staining of α-actinin in hiPSCs at differentiation day 8 after treated with 150 μM DFO for 24 h. Nuclei were
counterstained with DAPI (blue). Scale bar = 30 μM. (H): RT-qPCR analysis of mature cardiomyocyte markers c-TNT, α-actinin, ɑ-MHC and
β-MHC in hiPSCs at day 8 of differentiation after treated with 0 (control), 150 μM DFO for 24 h. Data are shown as means  SEM (n = 3).
*p < .05, **p < .01, and ***p < .001 compared to the control.
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Figure 8. Prolonged iron deﬁciency induces a switchable death in hESCs/hiPSCs. (A): Images for TUNEL staining (green) and DAPI (blue)
in hiPSCs treated with control, 150 μM DFO or 150 μM DFO supplemented with z-vad-fmk (apopotosis inhibtor) or NEC-1 (necrosis inhibtor). Scale bar = 40 μm. Data are shown as means  SEM (n = 3). *p < .05, **p < .01, and ***p < .001 compared with the control. (B):
Images for TUNEL staining (green) and DAPI staining (blue) in hESCs treated with control, 150 μM DFO or 150 μM DFO supplemented with
z-vad-fmk (apopotosis inhibtor) or NEC-1 (necrosis inhibtor). Scale bar = 100 μm. *p < .05, **p < .01, and ***p < .001 compared with the
control. (C): Representative results of WB analysis for protein levels of Cleaved-Caspase-3, RIP1 and RIP3 in hiPSCs treated with 0, 100
and 150 μM of DFO. β-actin was used as a loading controls. (D): Western blot analysis for protein levels of Cleaved-Caspase-3, RIP1 and
RIP3 in hESCs treated with 0 (control), 100 μM DFO and 150 μM DFO. β-actin was used as loading control. (E): Images for PI staining (red)
and DAPI staining (blue) in hiPSCs treated with control, 150 μM DFO or 150 μM DFO supplemented with z-vad-fmk (apopotosis inhibtor)
or NEC-1 (necrosis inhibtor). Scale bar = 100 μm. (F): Images for PI staining (red) and DAPI staining (blue) in hESCs treated with control,
150 μM DFO or 150 μM DFO supplemented with z-vad-fmk (apopotosis inhibtor) or NEC-1 (necrosis inhibtor). Scale bar = 100 μm. (G):
Western blot analysis of Cleaved-Caspase-3, RIP1 and RIP3 in hiPSCs treated with control, 150 μM DFO or 150 μM DFO supplemented
with z-vad-fmk (apopotosis inhibtor) or NEC-1 (necrosis inhibtor). β-actin was used as a loading controls. (H): Western blot analysis of
Cleaved-Caspase-3, RIP1 and RIP3 expressions in hESCs treated with control, 150 μM DFO or 150 μM DFO supplemented with z-vad-fmk
(apopotosis inhibtor) or NEC-1 (necrosis inhibtor). β-actin was used as a loading control.

www.StemCells.com

©AlphaMed Press 2018

Iron is critical for hiPSC/ESC identity

19

Graphical abstract
Deferoxamine
LP-PLA2

Necrosis

Apoptosis

Short-term
Iron deficiency

Long-term
Iron deficiency

Pluripotency
genes
Endoderm
genes
Mesoderm
genes

Lyso-PC

Mesoderm
genes

Iron deficiency in
Human Pluripotent Stem Cells

NANOG

EZH2
Me3

H3K27

www.StemCells.com

Me3

Me3

Me3

Me3

Me3

H3K27

©AlphaMed Press 2018

