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L E T T E R  T O  T H E  E D I T O R

Inhibition of ferroptosis promotes megakaryocyte 
differentiation and platelet production

Iron overload (IO), as a consequence of chronic blood transfusions, 
ineffective haematopoiesis or abnormal regulation of hepcidin, 
is a common condition in patients with haematological malignan-
cies and haematopoietic stem cell transplantation (HSCT) recipi-
ents.1 Researches have shown that iron overload can damage bone 

marrow microenvironment and vital organs, injuring the haemato-
poiesis.2,3 Ferroptosis, an iron-dependent nonapoptotic cell death, 
has been identified in cancer cells, tissue injury and T-cell immu-
nity.4-6 Recently, it has been shown that ferroptosis regulated sev-
eral fundamental cellular processes including cell proliferation and 
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F I G U R E  1  Ferroptosis contributed to megakaryopoiesis dysfunction in IO recipients. (A) Macroscopic findings of iron-overloaded mice, 
intraperitoneally injected with 50 mg of iron-dextran in total. Control mice were injected with phosphate-buffered saline. (B) Serum iron 
concentration after 4 weeks of injection. (C) Histological examinations (iron stain) of vital organs. In IO mice, depositions of excess iron 
(stained in blue) are distributed in the heart, liver, spleen and bone marrow (×200). (D) Schematic diagram of bone marrow transplantation 
(BMT). (E) Flow cytometric analysis of reactive oxidative species (FITC-ROS) in bone marrow mononuclear cells (MNCs). (F) WBC (white 
blood cells), Hb (haemoglobin) and PLT (platelet) in the peripheral blood of control and IO recipients after BMT. (G) qRT-PCR detecting 
ferroptosis related genes expression, including PTGS2, FTH1and GPx4. Values are mean SD calculated in 8 control and 8 iron-overloaded 
mice *p < 0.05 and **p < 0.01
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differentiation.7,8 Herein, we explored the potential role of ferropto-
sis in the impaired haematopoiesis caused by IO.

Iron overload mouse model was established by intraperitoneally 
injecting with iron dextran (25 mg/ml) every 3 days for 4 weeks ac-
cording to the previous study. IO mice showed significantly higher 
serum iron concentration and excess iron accumulation in vital or-
gans including heart, liver, spleen and bone marrow when compared 
with control group (**p < 0.01; Figure 1A-C). Peripheral blood counts 
of IO mice were not remarkably affected (p  >  0.05; Figure  S1A). 
However, IO recipients that received bone marrow transplantation 
(BMT) from normal donors showed delayed platelet reconstruction, 
while the number of white blood cells (WBCs) did not show signifi-
cant difference between IO and normal recipients. Compared with 
normal recipients, there is a slight increase in haemoglobin (Hb) level 
in IO recipients. (*p < 0.05, **p < 0.01; Figure 1D,F). These findings 
indicated that excess iron affect platelet recovery in IO mice after 
bone marrow transplantation.

Ferroptosis is a nonapoptotic cell death that can be activated by 
excess iron. A low iron environment promotes megakaryocyte (MK) 
bias of megakaryocytic-erythroid progenitors (MEP) and low iron 
context favours platelet synthesis.9,10 Therefore, in order to explore 
whether excess iron cause delayed platelet reconstruction by induc-
ing ferroptosis, we detected reactive oxygen species (ROS) level, 
which plays critical role in ferroptosis, in bone marrow mononuclear 
cells (BM MNCs). We found that there was a significant increase 
in ROS level in the IO recipients (*p < 0.05; Figure 1E). Ferroptosis 
regulation-related genes, such as FTH1, GPx4 and PTGS2, were also 
assessed by quantitative RT-PCR (qRT-PCR). The primers used for 
qRT-PCR are listed in Table  1. The expression of FTH1 and GPx4 
in the IO recipients was decreased while the expression of PTGS2 
was increased when compared with normal recipients (*p  <  0.05, 
**p < 0.01; Figure 1G). These findings indicated that ferroptosis may 
involve in the delayed platelet reconstruction caused by IO.

In order to study the effect of excess iron on megakaryocyto-
poiesis, we established an in vitro iron overload culture system. 
Peripheral blood derived CD34+ cells (haematopoietic stem cells, 
HSCs) were incubated in serum free medium supplied with TPO, 
SCF and IL-3 for 9  days. Megakaryocyte specific integrin CD41a 
and CD42b gradually appear in the process of megakaryocyte dif-
ferentiation (FigureS 1B). We found that in the presence of 200 μM 
ferric ammonium citrate (FAC), the percentage of CD41a+ MKs and 
CD41a+CD42b+ MKs (represent mature MKs), was significantly de-
creased when compared with control group (Figure 2A). In addition, 

FAC also decreased CD41a+ platelet-like particles (PLPs) produc-
tion while CD41a+CD42b+PI− PLPs could hardly be detected in FAC 
group (Figure  2A). In order to explore whether excessive iron im-
paired megakaryocytopoiesis by inducing ferroptosis, we analysed 
the expression of GPx4, FTH1 and PTGS2. GPx4 and FTH1 mRNA 
levels were dramatically decreased in FAC treated MKs while PTGS2 
mRNA level was increased (Figure 2A). To further support the no-
tion that excess iron could induce ferroptosis in MKs, ferrostatin-1 
(Fer-1), a specific inhibitor of ferroptosis, was added to the medium, 
and we found that the above changes could be reversed by Fer-1. 
Therefore, we think that excess iron impaired megakaryocytopoiesis 
by inducing ferroptosis.

To further explore whether ferroptosis participate in megakaryo-
cyte differentiation, we investigated the concentration of glutathi-
one (GSH) during the process of differentiation of CD34+ cells into 
MKs. We found that at the late stage of differentiation (Day 9), the 
concentration of GSH was significantly lower than that in the early 
stage of differentiation (Day 6; Figure  2C). Accumulation of lipid-
based reactive oxygen species (ROS) is an important feature of fer-
roptosis. Lipid ROS was measured with C11-BODIPY and detected 
by flow cytometry. We observed enhanced lipid ROS levels in MKs 
on Day 9 than on Day 6 of differentiation (Figure 2C). In addition, we 
investigated in vitro mRNA expression of FTH1, GPx4 and PTGS2 
during MK differentiation. The expression of PTGS2 was markedly 
elevated, and the level of FTH1 and GPx4 mRNA was decreased on 
Day 9 of differentiation compared with Day 6(*p < 0.05, **p < 0.01; 
Figure 2B). The alteration of FTH1, GPx4 and PTGS2 expression was 
further confirmed by Western blots (Figure 2B).

Furthermore, we explored whether Ferrostatin-1 (Fer-1), a spe-
cific inhibitor of ferroptosis could increase MK differentiation and 
platelet production. CD 34+ cells were induced into MK at the op-
timal concentration of Fer-1 (10 μM) and cells were detected on 6 
and 9 days of culture (Figure S2A). Fer-1 treatment increased GPx4 
and FTH1 gene expression and decreased PTGS2 expression. As 
well, GPx4 and FTH1 protein expression was significantly elevated 
while PTGS2 protein expression was reduced after incubation with 
Fer-1 for 9 days (Figure 2D). In the Fer-1 treated group, the percent-
age of CD41a+ MKs and CD41a+CD42b+ MKs was significantly in-
creased when compared with the control group on Day 6 and Day 
9 of culture (**p < 0.05; Figure 2E, Figure S2B). Meanwhile, we ob-
served that more PLPs (CD41a+ or CD41a+CD42b+PI−) were gen-
erated from Fer-1-treated groups (*p < 0.05, **p < 0.01; Figure 2F). 
However, there was no significant influence on polyploidization of 

TA B L E  1  Primer sequences of genes evaluated by qRT-PCR

Gene Primer (forward) 5′−3′ Primer (Reverse) 5′−3′

PTGs2 (Human) CTGCGCCTTTTCAAGGATGG GGGGATACACCTCTCCACCA

FTH1 (Human) TCCTACGTTTACCTGTCCATG CTGCAGCTTCATCAGTTTCTC

GPx4 (Human) GCAACCAGTTTGGGAGGCAGGAG CCTCCATGGGACCATAGCGCTTC

PTGs2 (mouse) CTGCGCCTTTTCAAGGATGG GGGGATACACCTCTCCACCA

FTH1 (mouse) GCCGAGAAACTGATGAAGCTGC GCACACTCCATTGCATTCAGCC

GPx4 (mouse) CCTCCCCAGTACTGCAACAG GGCTGAGAATTCGTGCATGG
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F I G U R E  2  Suppressed ferroptosis promoted MK differentiation and platelet production. (A) Excessive iron impaired megakaryoctopoiesis 
by inducing ferroptosis. The percentage of CD41a+ and CD41a+CD42b+ MKs after treated with or without ferric ammonium citrate 
(FAC, 200 μM) for 9 days. The effect of FAC on expression of ferroptotic markers. (B) qRT-PCR and Western-blot analysis of expression 
of ferroptosis related factors (FTH1, GPx4 and PTGS2) during MK differentiation. (C) The reduction of GSH level and elevated lipid ROS 
level during MK differentiation. (D) Fer-1 suppressed ferroptosis at the late stage of MK differentiation (day 9). (E) Flow cytometer analysis 
for percentage of CD41a+ CD42b+ MKs after Fer-1 treatment on Day 6 and Day 9 of differentiation. (F) Percentage change of CD41a+, 
CD41a+CD42b+PI- PLPs in control or Fer-1 groups, respectively. Data shown as mean ± SD. *p < 0.05 and **p < 0.01
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MKs (Figure S2C). These findings indicated that in vitro megakaryo-
cyte differentiation process may be accompanied by the activation 
of ferroptosis and Fer-1 could significantly enhanced MK differenti-
ation and platelet production.

In summary, this study demonstrated that ferroptosis may par-
ticipate in the process of megakaryopoiesis, and the inhibition of 
ferroptosis may be an alternative approach to counteract mega-
karyopoiesis dysfunction caused by IO.
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