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Differentiation of human pluripotent stem cellsinto red blood
cells

Sile Wang, Ning Wang, Yuanxing Cai, and Huayan Wang

Shaanxi Center for Sem Cell Engineering and Technology, College of Veterinary Medicine, Northwest A&F University, Yangling 712100,
Shaanxi, China

Abstract: At present, the experimental technique to produce human red blood cells in vitro is complicated, and in order to
optimize the induction steps, human pluripotent stem cells were differentiated into red blood cells through two induction steps.
First, human pluripotent stem cells (including Rh negative A type umbilical cord mesenchymal stem cells (hUCM SCR™) and
human iPS cells (hiPS)) were differentiated into CD31" and CD34" cells in BVF medium. PCR and flow cytometry were used
to exam the expression of CD31 and CD34. We found that hUCMSCR"™ derived CD31" and CD34" cells were 5.3% and
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22.7%, respectively; hiPS derived CD31" and CD34" cells were 31.2% and 8.2%, respectively. For the second induction step,
the obtained CD31" and CD34" cells were differentiated into mature erythrocytes for 36 days under the addition of various
growth factors. Through Giemsa staining, we found that the obtained mature erythrocytes were similar in morphology and size
to normal human erythrocytes, and some obtained erythrocytes were enucleated. Globin expression was detected by real time
RT-PCR, and the expression of S-globin was more than 20%. The obtained erythrocytes are collected into the centrifuge tube,
and then erythrocytes were naturally settled and showed the red color. Our findings provide a novel and effective method for
the quantity generation of human red blood cellsin vitro.

Keywords: induced pluripotent stem cells, differentiation, CD31 and CD34 markers, red blood cells
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Fig. 1 Scheme of two stages of cell differentiation.
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Fig. 2 Culture and evaluation of hUCMSC®™. (A) Morphology of hUCMSCR™. (B) PCR analysis of cell surface
markersin hUCMSCR™. (C) Flow cytometry analysis of cell surface markersin hUCMSC™,
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Fig. 3 Differentiation of hUCMSC®™ into CD31" and CD34" cells. (A) Morphology of induced hUCMSCR™ cellsin
different time points. (B) RT-PCR analysis of cell surface markers from induced hUCMSC®™ cells. (C, D) Flow
cytometry analysis of CD31" and CD34" cells derived from hUCMSCR™ cells.
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Fig. 4 Differentiation of hiPS into CD31" and CD34" cells. (A) Morphology of induced hiPS in different time points.
(B) Flow cytometry analysis of CD31" and CD34" cells.
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Fig. 5 Differentiation of CD31" and CD34" cells into RBC. (A) Giemsa staining of induced RBC. NC: negative
control. (B) qRT-PCR analysis of globin expression in induced RBCs. (C) Static settlement of induced RBCs. (D) Static
settlement of human whole blood.
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