
 
 

 
 

 
Biol. Life Sci. Forum 2022, 2, x. https://doi.org/10.3390/xxxxx www.mdpi.com/journal/blsf 

Mesoderm subset derived from human pluripotent stem cells from dia- 1 

betic and nondiabetics improve retinal pathology in a model of type 2 dia- 2 

betes.  3 

Chang-Hyun Gil 1 2, Dibyendu Chakraborty 3, Cristiano P Vieira 3, Nutan Prasain 1 4, Sergio Li 4 
Calzi 3, Seth D Fortmann 3 5, Ping Hu 3, Kimihiko Banno 1 6, Mohamed Jamal 7 8, Chao 5 
Huang 3, Micheli S Sielski 3, Yang Lin 1 9, Xinxin Huang 10 11, Mariana D Dupont 3, Jason L 6 
Floyd 3, Ram Prasad 3, Ana Leda F Longhini 3 12, Trevor J McGill 13, Hyung-Min Chung 14, Michael P 7 
Murphy 2, Darrell N Kotton 7, Michael E Boulton 3, Mervin C Yoder 1 15, Maria B. Grant3  8 
1Department of Pediatrics, Indiana University School of Medicine, Indianapolis, IN 46202, USA. 9 
2Department of Surgery, Indiana University School of Medicine, Indianapolis, IN 46202, USA. 10 
3Department of Ophthalmology and Visual Sciences, University of Alabama at Birmingham (UAB), Birmingham, AL 11 
35294, USA. 12 
4Astellas Institute for Regenerative Medicine (AIRM), Westborough, MA 01581, USA. 13 
5Medical Scientist Training Program (MSTP), School of Medicine, University of Alabama at Birmingham, Birmingham, 14 
AL 35294, USA. 15 
6Department of Physiology II, Nara Medical University, Kashihara, Nara 634-8521, Japan. 16 
7Center for Regenerative Medicine, Pulmonary Center, and Department of Medicine, Boston University School of Medi- 17 
cine, Boston, MA 02118, USA. 18 
8Department of Endodontics, Hamdan Bin Mohammed College of Dental Medicine, Mohammed Bin Rashid University 19 
of Medicine and Health Sciences, Dubai 00000, UAE. 20 
9Department of Medicine, Ansary Stem Cell Institute, Weill Cornell Medicine, New York, NY 10021, USA. 21 
10Department of Microbiology and Immunology, Indiana University School of Medicine, Indianapolis, IN 46202, USA. 22 
11Zhongshan-Xuhui Hospital and Shanghai Key Laboratory of Medical Epigenetics, Institutes of Biomedical Sciences, 23 
Fudan University, Shanghai 310104, China. 24 
12Flow Cytometry Core Facility, Memorial Sloan Kettering Cancer Center (MSKCC), New York, NY 10065, USA. 25 
13Department of Ophthalmology, Casey Eye Institute, Oregon Health and Science University, Portland, OR 97239, USA. 26 
14Department of Stem Cell Biology, School of Medicine, Konkuk University, Seoul 05029, Republic of Korea. 27 
15Indiana Center for Regenerative Medicine and Engineering, Indiana University School of Medicine, Indianapolis, IN 28 
46202, USA. 29 

Keywords: Human induced pluripotent stem cells; vascular repair; diabetes; diabetic retinopathy 30 

Human induced pluripotent stem cells (hiPSCs) isolated from diabetics and controls were differenti- 31 
ated into a specific mesoderm subset characterized by KDR+CD56+APLNR+ (KNA+) expression. These 32 
cells have robust proliferative potential and ability to differentiate into vascular wall derived repara- 33 
tive cells, called endothelial colony-forming cell (ECFCs). These cells incorporate into blood vessels 34 
when implanted subcutaneously into the flank of non-obese diabetic/severe combined immunode- 35 
ficient mice. KNA cells+ of diabetic or nondiabetic origin when injected into the vitreous of diabetic 36 
mice with retinopathy incorporated into blood vessels and increased the number of perfused 37 
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capillaries in the damaged retina. Transcriptomic analysis demonstrated that differentiation of hiP- 1 
SCs derived from diabetics into KNA+ cells reprogram diabetic cells to a pattern like KNA+ cells de- 2 
rived from nondiabetic hiPSCs. Proteomic studies performed on retinas of diabetic mice injected 3 
with either control or diabetic donor-derived KNA+ cells showed correction of aberrant signaling 4 
in diabetic retinas toward normal healthy retina. These studies support that KNA+ cells and ECFCs 5 
can correct vascular dysfunction in diabetic mice. 6 
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