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Peripheral blood provides easy access to adult human cell types for reprogramming purposes.
In late 2012, two groups demonstrated the effective isolation, expansion, and subsequent 10E4 10E4 - | A

; . : : ; . ; 17.38% 0.04% 12.84% 10.63%
generation of retrovirally-induced iPS cell lines from endothelial progenitor cells (EPCs) : g i
derived from human peripheral blood'-Z. While circulating EPCs are a rare population of cells iGEs R 35
in blood, we have effectively isolated and established multiple adherent and expandable 1 3. ] %Y
primary EPC from fresh and frozen human peripheral and cord blood samples, some from as o :;;.;;:_-_:I._'_; | 1 , BT i g
little as 1 x 107 mononuclear cells (MNCs) (Figure 1). The EPCs adherent nature and high - 10B2 e % e S 34 R f} -1
proliferative capacity while maintaining their cell identity makes them highly desirable for o & | @ ﬂi.ﬂw ~_1,fh3; ______ :
transfection, and ultimately reprogramming with RNA. é 10E1 - o é 10E1 ng; X a i
Here we present data demonstrating the unique combined application of non-modified O | 1opo N &h | o 0.08% B | soes g ?ﬁ" 13!2-555‘1_+52"fﬂ5
reprogramming mRNAs (Oct4, Sox2, KIf4, cMyc, Nanog and Lin28) and immune evasion 10E0  10E1 10E2  10E3  10E4 10E0  10E1 10E2  10E3  10E4 b
mRNAs (E3, K3, and B18) derived from Vaccinia virus with reprogramming-associated mature —_— T— *
double stranded microRNAs (302/367 cluster) for the cellular reprogramming of human EPC eGFP Fluorescence eGFP Fluorescence
lines derived from peripheral blood and cord blood into stable, pluripotent and clinically C
relevant iPS cells (Figure 4). Inclusion of the E3, K3, and B18 immune evasion mRNAs in the FIGURE 2: l?:fﬁ-'.:i.ent delivery -:.rf non-modified GFP mRNA to EPCs. Graph of mean fluorescence intensity
RNA transfection cocktail eliminates the need to supplement cell culture medium with versus cell viability as determined by flow cytometry. EPCs were plated at 2.5 x 'IEII:fl per well of a 12-wel|_

; ; , ; - e plate and cultured at 37°C and 5% CO,. The next day, the cells were transfected with 0.7 pg of non-modified
I'ECCII‘I‘IbII‘IEII'It. B18 protein during thF'_' Ijeprngr:ammll‘lg process. Addltlnﬁally, Ell:ljl_.lstll‘lg GFP mRNA. 18 to 24h post-transfection, Propidium lodide (Pl) was added and samples analyzed by flow
reprogramming factor mRNA molar stoichiometries to elevate Oct4 transcript levels in the cytometry for GFP expression and cell viability. Overnight transfection resulted in >90 % transfection
RNA cocktail resulted in a four transfection protocol (Figure 3) that efficiently generated efficiency (right panel) with high cell viability as compared to the untransfected control (left panel).
TRA-1-81 positive iPS cell colonies from both human blood-derived EPCs (<0.02%) and
HUVECs (<0.40%) within 10 days. Moreover by increasing the total number of RNA ¥ -
transfections from 4 to 6, the reprogramming efficiency for EPCs increased to <0.25% while AL Hazanennt ECLie
HUVECs increased to <0.60%. Equivalent application of the non-modified reprogramming : ” . . _ _ _ _ _ _
RNA technology to human fibroblasts resulted in a four transfection protocol (Figure 5) Protocol timeline and mﬂrphﬂlﬂgy progression for reprogramming F[GURE. A, Plurlpute."ty 'm"'.'unﬂwtuc:hemlsw o) ':ff ERC IS cal I'"'.E (P15) der"’fe'.j fm"."' suman £ FLs:{p5) and sxpanded

_ L _ _ " _ - : : : 2 on Corning Matrigel with NutriStemn XF/FF Culture Medium. Nuclear pluripotency staining with Rex1, Nanog, and Oct4
v‘;:ﬁ;i;dnwgl?;riiiiizzfdI;?E%E':IlsnS;:;T;;KEE;S#E;;TE ffr N;;'_E'_i;g?;g iﬁgurriph:c?;rl'gzhﬁ:g EPCs into iPS cells using 4 cocktail of non-modified RNAs antibodies is seen in red. Cell surface pluripotency staining with SSEA4, TRA-1-81, and TRA-1-60 antibodies is seen in green.
€ Merged images are shown.
efficiencies of both neonatal (0.5%) and adult dermal fibroblasts (1.6 Table 1). The
effective application of this nuri—m:{jiﬁed RNA platform for efficient JEIIUT;]' :Eprngral‘a'lming A ; BFGF 1_ FIGI..IRE 4B. Normal karyotype of EPC-iP5 cell line (p13) expanded on Corning Matrigel with NutriStem XF/FF Culture
of multiple human cell types with only 4-6 repeat transfections demonstrates both the m bAERiE
flexibility and robustness of the system, potentially opening the door to the use of non- '3.”' [-:_ 1 2 3 % 95 8 7 & 2 10 qy 12 A3y | s 18 ‘E e 59 A - FIGURE 4C. Histological analysis of teratoma resulting from the injection of EPC-iP5 cells (p13) into the kidney capsule of
modified RNA in cell fate conversions to nnn-pr.n"ferative populations of cells which appear I ' : ' ' ' | | ' I : : ' | : ' ' ' : MNOD-SCID mice. Prior to injection, EPC-iPS cells expanded on Corning Matrigel with NutriStem XF/FF Culture Medium.
refractory to existing modified RNA technologies. Plate
FIGURE 3A: Timeline for the reprogramming of human EPCs using non-modified reprogramming mRNAs
(OSKMNL), non-modified interferon-ablating mRNAs (EKB), and microRNA (302/367) reprogramming cocktail. i ) )
- : _ _ : Daily RNA transfections were carried out in Lonza EGM-2 medium. Culture medium was transitioned to Protocol timeline for reprogramming human fibroblasts
Establishment and immunocytochemical characterization of NutriStem XF/FF Culture Medium on Day14. with a cocktail of non-modified RNAs
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FIGURE 5A: Timeline for the reprogramming of human fibroblasts using non-modified reprogramming mRNAs (OSKMNL),
- el non-modified interferon-ablating mRNAs (EKB), and microRNA (302/367) reprogramming cocktail. Daily RNA transfections
':'ID}I:-'i:L':ly 2pﬂ ‘ (1.8 pg total). Reprogramming culture as well as maintenance of iPS cells were carried out in NutriStem XF/FF Culture
LA L s e Medium.
_.’*5:. : CELL LINE CELL # (K) ST?ESHéﬂﬂErHY MEDIA Eﬂ-[gfd:h:l }:ESGNT EFFICIENCY IN %
"o AN 50 1:1:1:1:1:1 NutriStem to NutritStem-CM 0 0
- F | e 100 1:1:1:1:1:1 NutriStem to NutritStem-CM 0 0
10x.- Déy 17 pl- . Nuffs 50 3:1:1:1:1:1 NutriStem to MutritStem-CM 81 0.162
: ' | | Ll et O < 100 3:1:1:1:1:1 NutriStem to NutritStem-CM ' 7 0.007
FIGURE 1A: Derivation timeline of adherent EPCs from peripheral blood. — : .~ Nuffs | 50 3:1:1:1:1:1 NutriStem Only _ 262 0.524
A minimum of 1x107 human mononuclear cells (MNCs) were seeded into a single T75 flask coated FIGURE 3B: Pri : It sl . itine f i : . Nuffs 100 3:1:1:1:1:1 NutriStem Only 54 0.054
with collagen | and cultured at 37°C, 5% CO,, and 21% O, in Lonza EGM-2 medium, where supplied oGkl dip slsl R St e ke el e i e Sl i et sl Sl Al | s
_ _ EPCs with non-modified RNA reprogramming cocktail. Day O: EPCs (p6) were seeded at 2.5 x 10* cells per e : :
ERSwes replated with. DyClone™ E5 qualified, aehngd Fes to 2000 we g, Il of a 6-well Corning Matrigel-coated plate. Days 1 — 8: EPCs were transfected with non-modified HDFa 4 s SsiEl il ol i 2 0,23
Day 2 - Primary (p0) suspension culture of human mononuclear cells. NSRRI b & e ' . : HDFa 100 1:1:1:1:1:1 NutriStem to NutritStem-CM 0 0
y Y P s reprogramming mRNAs (OSKMNL), non-modified interferon-ablating mRNAs (EKB), and microRNA (302/367) 50 3141341 NutriStem to NutritStem-CM >500 1
Ddyid” = Emergln.g RELcojang, reprogramming cocktail. Culture was maintained at 37°C, 5% CO,, and 5% O, in Lonza EGM-2 medium. Day HDF2 100 3:]:1:1:1 :1 ﬁ“—rfs il ”u rfts Em-cﬁ 500 0.5
gay :? : hﬁaéu;?:t'm?tﬂf E;E EEI|DI1F‘_;F. : 14: Culture medium was changed to NutriStem XF/FF Culture Medium. Days 10 - 15: EPC-iP5S cell amen T e T R OO T e 2 e
D:; = pc i r-‘;::l plilrEPC .-?ymiu?e ?;gj;igt;ggﬁassaﬂe d T;rphulugies emerge as ear!y as Day 10 .::md are aF-IE tcn. be isnllated from the |:nri|.'n::|r;.ur culture by Day 15. Day T 25 311-1:141 NutriStem Only 393 16
and Day 12 primary EPC-iP5 cell colonies were identified using Stemgent StainAlive TRA-1-81 and nE 50 3:1:1:1:1+1 NutriStem Only 713 14
B TRA-1-60 antibodies, respectively. HDFa 100 3:1:1:1:1:1 NutriStem Only 121 0.1
- TABLE 1. Reprogramming efficiencies for non-modified RNA reprogramming of human fibroblasts into iP5 cells. Adult
human HDFa and neonatal newborn foreskin fibroblasts (NuFFs) were plated at 25k , 50k or 100k on Corning Matrigel-
coated 6-well plates. Each reprogramming well was transfected for 4 consecutive days with non-modified
CD144 ® @ . @® R efe re n ce S reprogramming mRNAs (OSKMNL), non-modified interferon-ablating mRNAs (EKB), and microRNA (302/367)
- - reprogramming cocktail. Cells were either cultured exclusively in NutriStem XF/FF Culture Medium or transitioned from
1. Geti, I. et al. (2012) A practical and efficient cellular substrate for the generation of induced pluripotent stem cells from NutriStem to human foreskin fibroblast conditioned NutriStem on day 5.
adults: blood-derived endothelial progenitor cells. Stem Cells Transl Med.; 1:855-65.
2. Chang, W.Y. et al. (2013) Feeder-independent derivation of induced-pluripotent stem cells from peripheral blood endothelial
progenitor cells. Stem Cell Res.; 10:195-202.
ORON EC Summary
« Generation of stable, pluripotent EPC-iPS cell lines using a non-modified RNA
= Only 4-6 RNA cocktail transfections
REPROCELL GROUP COMPANIES - Two weeks for iPS cell colony establishment (No screening required)
: Be = Protocol does not require rB18 protein
= i : | = : = Protocol does not require conditioned medium or feeder cells
- . ; | .;d‘?:-!"" b Loserve § StE T g E'nt 3' recnner VatE - Generation of stable, p?uriputent adult and neonatal fibroblast-iPS cell lines using a non-modified RNA
__ i 0.s0’ * Only 4 RNA cocktail transfections
' . i » Ten days for iPS cell colony establishment (No screening required)
Ul » Protocol does NOT require rB18 protein
N = Establishment of fibroblasts iPS cells in Xeno-free NutriStem XF/FF Culture Medium
Corning and Matrigel are registered trademarks of Corning Incorporated. Nutristem is a registered trademark of Biclogical - Simple, efficient primary EPC line establishment
FIGURE 1B: Immunocytochemistry (ICC) of EPCs. EPCs at p5 were seeded at a density of 5x 10¢ Industries. Unless otherwise noted, ReproCELL, Inc. and ReproCELL, Inc. logo, BioServe Biotechnologies Ltd. and BioServe « Human peripheral and cord blood samples
cells per well of a 12-well plate. Cells were fixed the following day with 4% paraformaldehyde (PFA) Biotechnologies Ltd. Logo, Stemgent, Inc. and Stemgent, Inc. logo, Reinnervate Ltd, and Reinnervate Ltd, Logo - Fresh or frozen samples

' ' ' ibodi ' izati ' and all other trademarks are the property of ReproCELL, Inc. © 2015 ReproCELLL, Inc. All rights reserved _ :
and stained with the appropriate antibodies and DAPI for visualization. Merged images are shown. IC L emarxs are the propert! | C | nc. Allrig erve . Two week primary culture establishment




