
Cell Research | Vol 23 No 2 | February 2013

176
npg

RESEARCH HIGHLIGHT

In vitro generation of platelets through direct conversion: 
first report in My Knowledge (iMK)
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Blood transfusion medicine re-
quires a constant supply of platelets, 
which is now totally donor dependent. 
Recent advances in the generation of 
platelets in vitro through megakaryo-
cytes (MKs) may provide protocols 
not only via pluripotent stem cells, 
including induced pluripotent stem 
cells (iPSCs) and embryonic stem 
cells (ESCs), but also via induced 
MKs (iMKs). For the first time, 
mouse and human fibroblasts are 
successfully transdifferentiated into 
iMKs by the introduction of three fac-
tors, p45NF-E2, Maf G, and Maf K. 

Platelets are essential for hemosta-
sis, and adhesive functions of platelets 
play key roles in stopping bleeding 
[1]. Patients with thrombocytopenia 
receive platelet transfusions, which are 
supplied by donors. A donor-dependent 
supply of platelets is clearly unstable; 
furthermore, platelets are known to have 
a short shelf life because they cannot 
be frozen and should be used within 
3-4 days after collection. In order to 
reduce the total amount of platelets 
needed for transfusion into patients, 
a new strategy has recently been pro-
posed; it is a “therapeutic strategy”, in 
which patients receive a platelet transfu-
sion when bleeding occurs, compared 
with the conventional “prophylactic 
strategy”, in which patients receive 
a platelet transfusion when platelet 
counts are below the threshold [2]. This 
study clearly reflects the seriousness of 
an insufficient and unstable supply of 
platelets, despite a long-term pursuit of 
a donor-independent system.

 Recently, Matsubara and colleagues 

[3] have demonstrated that mouse and 
human fibroblasts can be directly con-
verted into megakaryocytes (MKs), 
from which platelets are released. The 
authors identified three factors as MK-
inducing factors, i.e., p45NF-E2, Maf 
G, and Maf K (Figure 1). How did they 
find these factors? In their previous 
studies, they obtained abundant MKs 
and platelets from human subcutaneous 
adipose tissues [4], which were cultured 
in megakaryocyte lineage induction 
(MKLI) medium. MKLI medium, 
which was also used in the present 
research [3], contained thrombopoietin 
(TPO). Furthermore, they examined the 
ability of mouse fibroblast 3T3 cells and 
3T3-L1 cells (preadipocyte cell line) to 
differentiate into the MK lineage [5]. 
They clearly showed in vitro differentia-
tion potential of 3T3-L1 cells, but not 
of 3T3 cells, into the MK lineage. In 
the present research [3], to screen for 
MK-inducing factors, gene expressions 
were compared between 3T3-L1  and 
3T3 cells. The candidate genes were 
p45NF-E2 and CEBP-α, and the lat-
ter is a determinant adipocyte marker. 
They also selected Maf G and Maf 
K, which are known binding partners 
of p45NF-E2 [6]. Among the several 
combinations tested, transfection of 
p45NF-E2/Maf G/Maf K into mouse 
and human fibroblasts led to the highest 
frequency of cells that were positive for 
CD41, a marker for MKs and platelets. 
When adult human dermal fibroblasts 
(HDFs) were examined, more than 90% 
of the MK-sized cells expressed CD41, 
and were thus designated induced MKs 
(iMKs) (Figure 1). It took only 2 weeks 

to obtain iMK cells (from which plate-
lets are released), which is more rapid 
than other methods using induced pluri-
potent stem cells (iPSCs) or embryonic 
stem cells (ESCs). However, iMK cells 
in this system yield fewer platelets (5-
10 platelets per iMK cell) than MKs do 
in vivo, where 2 000 platelets can be 
generated per MK.

 On the other hand, iPSC- or ESC-
mediated generation of platelets in 
humans has been demonstrated by Eto 
and colleagues [7, 8]. They revealed that 
a transient activation of c-Myc during 
megakaryopoiesis is critical for efficient 
platelet production from human iPSCs 
[8] (Figure 1); that is, reactivation of 
c-Myc after reprogramming should 
be followed by reduction of c-Myc 
expression for further maturation. In 
contrast, sustained and excessive c-Myc 
expression in MKs was accompanied by 
increased p14 (ARF) and p16 (INK4A) 
expression, and decreased GATA1 and 
NF-E2 expression, eventually leading to 
MK senescence and apoptosis, as well 
as impaired production of functional 
platelets [8]. It took approximately 2 
months to obtain MKs by reprogram-
ming HDFs into iPSCs and then by dif-
ferentiating iPSCs into MKs. More re-
cently, in order to obtain large numbers 
of platelets rapidly, Eto and colleagues 
have established an immortalized MK 
cell line (MKCL) derived from human 
iPSCs [9] (Figure 1). The immortal-
ized MKCL could potentially provide 
a stable supply of high quality platelets  
for transfusion medicine.

 Now, we can compare iMKs with 
iPSC-mediated MKs or with MKCLs on 
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several points. i) Regarding cell num-
bers, Matsubara and colleagues obtained 
8-10 × 105 iMKs from 20 × 106 HDFs 
[3]. Although HDFs are easy to expand 
once direct conversion is initiated, the 
number of transfected cells is limited. 
Eto and colleagues generated 200-300 
iPS clones from 105 HDFs, and 1 × 105 
cultured iPSCs produced approximately 
17 × 105 MKs [8]. Although it is difficult 
to precisely compare reprogramming 
efficiency between the iMK study and 
the iPSC study, the number of platelets 
per MK was similarly low in both cases, 
which may reflect the inefficiencies of 
producing human platelets via in vitro 
protocols. ii) With regard to the time 
required for the production of MKs 
and platelets, iMKs and iPSC-mediated 
MKs are induced in approximately 
2 weeks and 2 months, respectively. 
MKCLs may represent a readily ac-
cessible source for platelet production. 
iii) In terms of risk of contamination 
of undifferentiated cells, although 
iPSC-mediated MKs may contain some 
residual undifferentiated cells, it will be 
safe to transfuse platelets from these 
MKs, because platelets (anucleated 
cells) may be irradiated before transfu-
sion. iv) Regarding cryopreservation, 
iPSCs and MKCLs are immortal cell 
lines and easy to freeze down. If HDFs 
are used as starting materials for iMK 
induction, HDFs are able to be expand-
ed to some extent and are suitable for 
cryopreservation. Platelets are known 
to be unsuitable for cryopreservation. 
v) With regard to functionality, Mat-
subara and colleagues [3] infused iMKs 
into irradiated NOG mice to examine 
whether iMKs can release platelets 
in vivo. Tail vein blood samples were 
obtained around 3 h after iMK infusion, 
and it was demonstrated that iMKs 
released human platelets in vivo with 
an estimated 5-10 platelets per infused 
iMK cell. To examine whether iMK-
derived platelets are functional, ex vivo 
thrombus formation under flow condi-
tion was also tested, and functionality 
was confirmed [3]. As demonstrated 

in previous papers [8, 10], it should be 
proved in the future that iMK-derived 
platelets circulate in NOG mice and are 
able to form thrombus in vivo.

 iMKs have been reported for the 
first time, and may provide us valu-
able options for transfusion medicine. 
However, there remain some concerns 
to be addressed.

 First, the molecular mechanism by 
which iMKs are induced through the 
p45NF-E2 transcriptional complex has 
yet to be elucidated. Moreover, whether  
p45NF-E2, Maf G, and Maf K represent 
the optimal factor combination should 
be investigated. Key regulators of MK 
maturation, such as GATA1 and β1-
tubulin, were checked, but were not ac-
tually transduced into HDFs [3]. Based 
on the findings by Eto and colleagues, 
it would be interesting to examine the 
role of transient expression of c-Myc 
and/or BMI1 (negative regulator for 
both INK4A and ARF genes) [9] in iMK 
induction.

 Second, what kinds of cells are suit-
able for direct conversion into iMKs 
(or for establishment of MKCLs via 
iPSCs)? For example, the variability 
in hepatic differentiation of different 

iPSC lines depends on the genetic 
background of the donor rather than the 
starting cell type [11]. On the contrary, 
other studies suggested the effect of 
epigenetic memory on differentiation 
potential [12]. If epigenetic memory 
is also important for iMK induction, 
peripheral blood cells would be useful, 
and they have the added advantage of 
being easily accessible. However, they 
are more difficult to expand than HDFs. 
Thus, further improvements are needed 
for direct conversion of white blood 
cells into platelets. Another candidate 
for starting samples would be adipose 
tissues; as mentioned above, human 
subcutaneous adipose tissues are the 
original source for MK induction [4], 
and MK induction might be enhanced 
by the addition of the three factors. If 
cells responsible for MK induction in 
the conventional context [4] could be 
isolated and identified among human 
adipose tissues, and if immortalized cell 
lines could be established from those 
cells, it may be possible to induce MKs 
more efficiently with or without three 
factors from human adipose-derived 
immortalized cell lines.

 Finally, is it necessary to generate 

Figure 1 Schematic diagrams of MK induction from human dermal fibroblasts. i) 
Direct conversion (iMK) method: three factors (p45MF-E2, Maf G, and Maf K) are 
required for direct conversion into iMK, which takes only 2 weeks [3]. ii) iPSC-
mediated method: transient activation of c-Myc in iPSCs is required for efficient MK 
induction [8]. If megakaryocyte progenitor cells are immortalized (designated as MK-
CLs), MKCLs are valuable sources for MK production [9]. MK, megakaryocyte; iMK, 
induced megakaryocyte; iPSC, induced pluripotent stem cell; MKCL, megakaryocyte 
cell line.
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autologous iMKs through direct con-
version? In general, platelet transfusion 
does not require matching of human 
leukocyte antigen (HLA) between the 
donor and recipient; ABO-identical 
(non-HLA-typed) platelets are enough 
for transfusions. Although it is relatively 
rare, repeated platelet transfusions 
would result in undesired production 
of antibodies against HLA or human 
platelet antigen (HPA) on transfused 
platelets, which could lead to refrac-
toriness to platelet transfusion unless 
HLA-matched platelets are transfused 
[1]. In such cases, it takes much effort 
and time to prepare HLA-matched 
platelets from donors to avoid immune 
rejections mediated by antibodies 
against HLA or HPA. Autologous iMKs 
through direct conversion could resolve 
this problem. Another way to resolve 
this issue is to utilize iPSC banks, in 
which homozygous HLA-typed iPSCs 
would be deposited for HLA-matched 
tissue transplantation [13]. It was shown 
that a tissue bank from 150 selected 
homozygous HLA-typed volunteers 
could match 93% of the UK popula-
tion [13]. Similarly, Yamanaka and 
colleagues calculated that 140 unique 
HLA homozygous donors could pro-
vide a match for 90% of the Japanese 
population [14]. Additionally, it might 
be a practical approach to use existing 
HLA-typed samples, such as those in a 
bone-marrow-donor bank or in a cord-

blood bank. More recently, Yamanaka 
and his team [15] revealed their new 
plan to generate 75 iPSC lines from 
HLA homozygous cord-blood cells, 
which will provide a match for 80% of 
the Japanese population. Moreover, if 
MKCLs are established from each ho-
mozygous HLA-typed iPSC, this could 
contribute to the resolution of unrespon-
siveness to platelet transfusion.

 In summary, to our knowledge, the 
study by Matsubara and colleagues [3] 
is the first report of iMKs, which are 
directly converted from mouse and hu-
man fibroblasts. Although the precise 
mechanism of iMK induction is poorly 
understood, and efficient platelet release 
remains to be achieved, recent progress 
opens up a new era in platelet produc-
tion in vitro. Since hematopoietic stem 
cells are difficult to maintain or expand 
in vitro, either direct conversion into 
MKs or directed differentiation to MKs 
from iPSCs/ESCs (or MKCLs) can be 
potential options for cultured platelets 
(Figure 1). Platelets contain no nucleus 
(anucleate) and are not affected by 
genetic manipulations, which would 
suggest no risk of transformation and 
would be an advantage for future clini-
cal trials, while platelet production from 
MKCLs might also be relatively close 
to clinical trials.
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