
WO 2015/137885 PCT/SG2015/050035 

METHOD FOR INDUCING PLURIPOTENCY 

IN A HEMATOPOIETIC CELL 

CROSS-REFERENCE TO RELATED APPLICATION 

[0001] This application claims benefit of, and priority from, US provisional 

application No. 61/951,051, filed on March 11, 2014, the contents of which are 

hereby incorporated herein by reference. 

FIELD OF THE INVENTION 

[0002] The present invention relates to methods for inducing pluripotent stem cells 

from hematopoietic cells obtained from a blood sample. 

BACKGROUND 

[0003] Induced pluripotent stem cells (iPSCs) are important sources for stem cells for 

use in treating disease, for research of developmental stages and for examining 

disease mechansisms, in place of embryonic stem cells. This is particularly important 

when studying human cells and disease mechanisms and treatments due to ethical 

concerns relating to the use of human embryos. 

[0004] Human iPSCs (hiPSCs) were first generated by the overexpression of several 

transcription factors in dermal fibroblasts (Takahashi et al., 2007; Yu et al., 2007; 

Park et al., 2008). Like human embryonic stem cells (hESC), hiPSCs are capable of 

differentiation into functional cell lineages and therefore hold great potential for 

disease modeling, drug screening and future therapeutic medicine (Kondo et al., 2013; 

Park et al., 2008). 

[0005] A recent study used human urine samples for derivation of epithelial-like cells 

which can be reprogrammed to pluripotency (Zhou et al., 2011). This method 

provides an unlimited source of cells which can be collected conveniently and non-

invasively. Nevertheless, this approach requires the collection of large volume of 

urine samples resulting in logistic difficulties for downstream storage and 

transportation (Xue et al., 2013). 
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[0006] Blood is considered an ideal source of cells for reprogramming due to its 

abundance and accessibility. Progenitor blood cells from mobilized, bone-marrow 

and cord blood are highly amenable to reprogramming (Loh et al., 2009; Ye et al., 

2009; Giorgetti et al., 2009; Haase et al., 2009). However, cytokine-induced 

mobilization may result in side effects (Sohn et al., 2002), bone-marrow harvesting is 

invasive, and cord blood is limited to individuals who have deposited their samples at 

birth. 

[0007] In comparison, peripheral blood T-cells can be easily obtained from donors 

and reprogrammed with high efficiency (Loh et al., 2010; Seki et al., 2010; Staerk et 

al., 2010). However, T-cell derived hiPSCs carry pre-existing V(D)J rearrangement at 

the T-cell receptor (TCR) loci and it is unclear whether these hiPSCs can differentiate 

normally or if such cells demonstrate tendencies for development into T-cell 

lymphomas (Serwold et al., 2007). 

[0008] Recent studies report the reprogramming of non T-cell populations in 

peripheral blood. The reprogramming efficiencies in these studies are generally low, 

necessitating the addition of more factors (5-7 factors in some cases, including 

SV40LT, TP53 shRNA) in the reprogramming protocols (Chou et al., 2011; Mack et 

al., 2011; Okita et al., 2013). 

SUMMARY 

[0009] The present invention relates to methods for obtaining iPSCs from a small 

volume of peripheral blood. 

[0010] The methods require only small blood volumes, for example as little as 10 |jl 

of blood, due to the exclusion of polysaccharide preparations that are typically used to 

separate blood samples into various components. 

[0011] Thus, the blood sample may be obtained by finger-prick. Finger-prick 

samples can be easily and conveniently collected without the need for trained 

phlebotomists, including by the subject at home or in another non-laboratory setting. 
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[0012] The use of Sendai virus to transfect CD71+ cells with pluripotency protein 

factors can provide iPSCs that are transgene free and that do not contain genomic re­

arrangement. 

[0013] The methods may provide efficient rates of inducing pluripotency in an 

expanded finger-prick blood cell population. For example, using the method, finger-

prick derived hiPSCs were generated from human peripheral blood at very high 

efficiency (100-600 colonies/mL of blood). 

[0014] The ease of obtaining blood samples and the efficient rate of inducing 

pluripotency may allow for development of international hiPSC banking from large 

cohorts of donors. 

[0015] In one aspect, there is provided a method of inducing pluripotency in a 

hematopoietic cell, the method comprising: providing a blood sample collected from a 

subject in the absence of any polysaccharide preparation used for separating blood 

components; depleting the sample of red blood cells by treating the sample with a 

hypotonic erythrocyte lysis buffer in the absence of any polysaccharide preparation 

used for separating blood components, to obtain a remaining cell population; 

expanding the remaining cell population in the sample in a hematopoietic expansion 

medium to obtain an expanded cell population that contains CD71+ cells; and 

culturing the expanded cell population in the presence of Oct4, Sox2, and Klf4, and 

optionally c-MYC, in human embryonic stem cell medium to induce pluripotency. 

[0016] The sample may be stored for up to about 48 hours prior to use in the method, 

at a temperature of about 3°C to about 5°C or on ice. 

[0017] The volume of the blood sample may be about 250 |jl or less, including for 

example, from about 10 |jl to about 20 |Lil. 

[0018] In another aspect, there is provided a method of inducing pluripotency in a 

hematopoietic cell, the method comprising: providing a blood sample collected from a 

subject in the absence of any polysaccharide preparation used for separating blood 

components, the blood sample having a volume of from about 10 |jl to about 20 |jl 

and being a sample previously collected by the subject by finger prick in a non-

laboratory setting and which has been stored for up to about 48 hours, at a 
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temperature of about 3°C to about 5°C or on ice; depleting the sample of red blood 

cells by treating the sample with a hypotonic erythrocyte lysis buffer in the absence of 

any polysaccharide preparation used for separating blood components, to obtain a 

remaining cell population; expanding the remaining cell population in the sample in a 

hematopoietic expansion medium to obtain an expanded cell population that contains 

CD71+ cells; and culturing the expanded cell population in the presence of Oct4, 

Sox2, and Klf4, and optionally c-MYC, in human embryonic stem cell medium to 

induce pluripotency. 

[0019] As described herein, the hematopoietic cell may be a non-human 

hematopoietic cell, or may be a human hematopoietic cell. 

[0020] The hypotonic lysis buffer may comprise ammonium chloride. 

[0021] Expanding of the remaining cell population in the sample may be performed in 

a serum-free hematopoietic expansion medium. As well, the expanding may occur for 

a period of about 12 to about 16 days. 

[0022] The resulting expanded cell population may, prior to the culturing to induce 

pluripotency, comprise about 20 000 cells or greater. The expanded cell population 

may, prior to the culturing to induce pluripotency, comprise about 50 % or greater 

CD71+cells. 

[0023] Culturing to induce pluripotency may be performed in the presence or absence 

of feeder cells. In some embodiments, the Oct4, Sox2 and Klf4, and the optional c-

MYC, may be included in the human embryonic stem cell medium during the 

culturing. In some embodiments, the expanded cell population may be transfected or 

transduced the with one or more nucleic acid vectors encoding the Oct4, Sox2 and 

Klf4, and the optional c-MYC during the culturing. For example, the one or more 

nucleic acid vectors may be viral vectors, episomal vectors, minicircle vectors, or 

synthesized mRNA. Viral vectors that may be used include adenoviral vectors, 

baculoviral vectors or Sendai viral vectors. In some embodiments, Sendai viruses are 

used to transduce the expanded cell population, and, for example, the expanded cell 

population may be exposed to the one or more Sendai viruses over a period of about 

24 hours, including for example at an MOI of about 10 for each of the one or more 

Sendai viruses. 
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[0024] Once obtained, the resulting induced pluripotent cells may be stored in a cell 

bank or library. 

[0025] Additionally, a portion of the originally collected blood sample may be, prior 

to the depleting, reserved for characterization, for example DNA sequencing and/or 

blood serotyping. 

[0026] In another aspect, there is provided a kit for collecting a finger prick blood 

sample for use in inducing pluripotency in a hematopoietic cell, the kit comprising a 

finger-prick device, a collection tube, a thermo-box, and instructions for collecting the 

blood sample. The kit may also include a shipping box or packaging for delivering the 

sample once collected, and/or one or more blood analysis tests. 

[0027] Other aspects and features of the present invention will become apparent to 

those of ordinary skill in the art upon review of the following description of specific 

embodiments of the invention in conjunction with the accompanying figures. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0028] The figures, which illustrate, by way of example only, embodiments of the 

present invention, are as follows. 

[0029] Figure 1. Derivation of hiPSCs from finger-prick blood samples. (A) 

Schematic drawing of the strategy used for reprogramming human finger-pricked 

blood. (B) Immuno-fluorescent staining of FPiPSC colonies expressing pluripotency 

markers for TRA-1-60, SSEA4 and OCT4. (C) Bisulfite DNA methylation analysis 

on the promoter of OCT4 and NANOG in FPiPSCs and in their parental cells. (D) 

Dendrogram showing un-supervised hierarchical clustering of the global expression 

profiles of hESCs, hiPSCs and parental blood cells (Top). Heat-map analysis of the 

hESCs, hiPSCs and parental blood cells for expression of Pluripotency and 

Hematopoietic specific marker genes (Bottom). (E) Scatter plots comparing FPiPSCs 

global gene expression profiles to parental cells (left) and H7 human ESCs (right). 

(F) qRT-PCR analyses for the expression of ESC marker genes OCT4, SOX2, 

NANOG, LIN28, DNMT3B, REX1, KLF4 and c-MYC in FPiPSCs, H7 ESCs and 

parental cells. 
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[0030] Figure 2. FPiPSCs differentiate into derivatives of three germ layers. (A) 

Immuno-fluorescent staining of differentiation markers after in vitro differentiation of 

FPiPSCs. (B) Immuno-fluorescent staining of a-actinin, P-myosin heavy chain (P-

MHC) and titin in hiPSCs derived cardiomyocyctes. (C) Patch clamp analyses of 

hiPSCs derived cardiomyocyctes. (D) Hematoxylin and eosin staining of teratomas 

derived from immune-deficient mice injected with FPiPSCs. 

[0031] Figure 3. Characterizations of the FPiPSCs. (A) Transgene expression 

analysis of the FPiPSC lines derived. (B) Cytogenetic analysis on FPiPSCs. (C) IgH 

rearrangement analysis on the FPiPSCs clones. (D) TCRB rearrangement analysis on 

the FPiPSCs clones. (E) TCRG rearrangement analysis on the FPiPSCs clones. (F) 

The genomic DNA amplification control experiment performed on samples used in 

the V(D)J rearrangement analyses. 

[0032] Figure 4. DIY concept for FPiPSCs generation. (A) FP blood samples 

collected 12 hours, 24 hours and 48 hours prior to cell culture. (B) hiPSC colonies 

derived from Donor 1 DIY FP blood (12 hours and 24 hours) stained positive for a 

pluripotency marker, TRA-1-60. (C) hiPSC colonies derived from Donor 5 DIY FP 

blood (24 hours and 48 hours) stained positive for a pluripotency marker, TRA-1-60. 

(D) qRT-PCR analyses for the expression of ESC marker genes OCT4, SOX2, 

NANOG, LIN28, DNMT3B, REX1, and c-MYC in FP(DIY)iPSCs, HI ESCs and 

parental cells. (E) DNA fingerprinting analysis confirms that FPiPS cell lines are 

derived from their parental lines. (F) Summary of hiPSCs derived from donors. 

[0033] Figure 5. Blood typing and DNA genotype the finger-prick samples. (A) 

Blood grouping of the donors from finger-prick samples. (B) Genotyping of the 

donors' blood group from finger-prick blood and derived hiPSCs. (C) Rhesus D 

antigen genotyping of the finger-prick samples and derived hiPSCs. (D) Genotyping 

of the donors' blood group from DIY finger-prick blood derived hiPSCs. (E) Rhesus 

D antigen genotyping of the DIY finger-prick samples derived hiPSCs. (F) SNP on 

the ALDH2 loci. (G) Ethanol patch test on the donors. (H) The metabolic pathway for 

degradation of ethanol in the body and genotype/phenotype correlation for ALDH2. 

[0034] Figure 6. Derivation of Venipuncture (VP) Blood hiPSCs. (A) Schematic 

drawing of the timeline for VP blood reprogramming. (B) Immuno-fluorescent 
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staining of pluripotency markers on VPiPSCs. (C) Pluripotency gene expression 

analysis on VPiPSCs. The pluripotency genes examined are listed on the upper panel 

of the figure. (D) Transgene expression analysis of the VPiPSC lines after 4 passages. 

[0035] Figure 7. Characterization of VPiPSCs. (A) DNA methylation analysis on 

the promoter of OCT4 and NANOG in the VPiPSCs. The white and black circles 

represent unmethylated and methylated CpG islands in the promoter region, 

respectively. (B) Immuno-fluorescent staining of mesoderm markers, Desmin and 

SMA, of in vitro differentiated VPiPSCs. (C) Immuno-fluorescent staining of 

differentiation markers after in vitro differentiation of VPiPSCs. Ectoderm was 

stained by GFAP antibodies. 

[0036] Figure 8. Isolation and Expansion of FP Blood Cells. (A) Collection of FP 

blood. The figures are shown in a sequential manner (I to IV). (B) RBC depletion of 

FP blood. (C) Images of the purified FP blood cells from 5-12 days. All images were 

acquired with 20x objectives. (D) Cells were analyzed by flow cytometry to determine 

the cell-surface immunophenotype on specific days of culture (Day 0, 8, 15). Percentage 

of cells with cell-surface immunophenotypes, CD3(+), CD19(+), CD34 (+) or CD71(+) 

are summarized and represented in the table. 

[0037] Figure 9. V(D)J Rearrangement of VPiPSCs Derived. (A), (B) and (C) 

show the IgH, TCRB and TCRG rearrangement analysis on VPiPSCs derived. (D) 

Amplification control on VPiPSCs genomic DNA which was used in the analysis. In 

all figures, the expected PCR product ranges are stated on the left and the target 

regions are indicated below the gel images. 

[0038] Figure 10. V(D)J Rearrangement of FP(DIY)iPSCs Derived. (A), (B) and 

(C) show the IgH, TCRB and TCRG rearrangement analysis on FP(DIY)iPSCs 

derived. (D) Amplification control on FP(DIY)iPSCs genomic DNA which was used 

in the analysis. 

[0039] Figure 11. Blood typing and DNA genotyping of DIY Finger-prick blood 

and derivative iPSCs (A) Genotyping of the Donor 5 blood group from DIY finger-

prick samples. (B) Rhesus D antigen genotyping of Donor 5 DIY finger-prick 

samples. (C) Blood grouping of Donor 1 DIY finger-prick samples obtained 24 hours 
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and 48 hours prior to analysis. (D) Genotyping of the donors' blood group from DIY 

finger-prick blood derived hiPSCs. 

[0040] Figure 12. Genotyping of ALDH2, ADH2 and ADH3 on hiPSCs derived. 

(A) and (B) showed the sequencing alignment results on ALDH2 of Donor 1 and 

Donor 2 FP blood (A) and their respective hiPSCs (B). (C) Ethanol patch test on 

Donor 1. Caffeine, 70% ethanol, water and a blank patch were applied on Donor l's 

skin (0 min). After 10 minutes, the region which was applied with 70% ethanol 

showed flush reaction as indicated by the white arrow. (D) Summary of genotyping 

ADH2, ADH3 and ALDH2 on FPiPSCs. 

[0041] Figure 13. Contains Table 1: Fingerprint analysis data of iPSC clones. 

[0042] Figure 14. Contains Table 2: Summary of Characterizations performed 

on iPSC clones. 

[0043] Figure 15. Schematic depiction of an integrative strategy for hiPSCs 

banking. Illustration of an integrative strategy for hiPSCs banking using the method 

of the invention to derive hiPSCs. 

DETAILED DESCRIPTION 

[0044] The methods as described herein relate to collection of a blood sample 

containing peripheral blood cells that are non T-cells and which can be reprogrammed 

into pluripotent cells. The sample is collected under conditions free from 

polysaccharide additives or preparations, such as hydrophilic polysaccharides that are 

typically added to collected blood samples to assist with centrifugation separation of 

blood components within the sample. The sample is treated with a hypotonic 

erythrocyte lysis buffer to remove red blood cells, prior to expansion of cells and and 

reprogramming to obtain iPSCs. Due to the absence of the polysaccharide 

preparations under the collecting conditions, and due to the use of the ethrocyte lysis 

buffer, very small volumes of blood may be used for reprogramming, including as 

little as about 10 |jl of blood volume. 

[0045] Prior to the development of the methods described herein, previous studies 

reported the reprogramming of non T-cell populations in peripheral blood. However, 
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the reprogramming efficiencies in these studies are generally low, necessitating the 

addition of more factors (5-7 factors in some cases, including SV40LT, TP53 shRNA) 

in the reprogramming protocols (Chou et al., 2011; Mack et al., 2011; Okita et al., 

2013). 

[0046] To date, all described studies for reprogramming of peripheral blood cells 

require a considerable amount of starting material (about 10 mL), which are obtained 

via venipuncture performed by experienced phlebotomists. Such requirements make 

sample collection, transport and storage inconvenient. Furthermore, if samples are to 

be collected for inclusion in hiPSC banks, large scale collection of samples will be 

required, and previously described collection and reprogramming methods could limit 

the recruitment of large numbers of potential donors. Two studies described the 

generation of hiPSCs from a relatively small volume of peripheral blood; however, in 

these studies, from 2 mL to 6 mL of peripheral blood was still needed in order to 

purify enough CD34+ cells for reprogramming (Merling et al., 2013; Ye et al., 2013). 

[0047] Thus, in one aspect, there is provided a method of inducing pluripotency in a 

hematopoietic cell. The method is conducted in vitro on cells obtained from a 

peripheral blood sample collected from a patient in a manner as described herein. 

[0048] Inducing pluripotency in a hematopoietic cell refers to converting the 

hematopoietic cell, which is non-pluripotent, to a pluripotent cell. As used herein, an 

iPSC is a pluripotent stem cell that has been induced to a pluripotent state from a non-

pluripotent originator cell, for example a partially or fully differentiated cell that can 

be induced to become pluripotent by exposure to appropriate conditions and 

transcription factors or other protein factors that regulate gene expression profiles in 

pluripotent cells. The iPSC is thus a pluripotent cell that has been derived from a 

non-pluripotent originator cell and is not an embryonic stem cell. 

[0049] Thus, an iPSC is fully undifferentiated and can potentially be differentiated 

into any type of cell, for example a cell from one of the three germ layers, the 

mesoderm, the endoderm, and the ectoderm, and also for example partially 

differentiated or fully differentiated cells of any particular lineage, for example bone 

cells, neural cells, skin cells, muscles cells, or any partially differentiated precursor 

cells of such cell types. An iPSC can be identified by its expression of pluripotency 
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markers, for example, expression of one or more of OCT4, TRA-1-60, SSEA-4, 

SOX2, KLF4, c-MYC, REX1, NANOG, LIN28, and DNMT3B. 

[0050] The blood sample collected is a peripheral blood sample, meaning it is 

collected from circulating blood and contains circulating blood cells including 

erythrocytes, leukocytes, and platelets, as well as circulating hematopoietic cells. As 

used herein, reference to a hematopoietic cell is reference to a blood precursor cell 

that can differentiate to become the various types of red blood cells, and which may 

typically express the CD71 cell surface marker. 

[0051] As used herein, the term "cell' refers to and includes a single cell, a plurality 

of cells or a population of cells where context permits, unless otherwise specified. 

Similarly, reference to cells also includes reference to a single cell where context 

permits, unless otherwise specified. 

[0052] The hemapoietic cell or cells may be in an in vivo context prior to extraction 

from a subject, or may be in an in vitro context, including for example contained 

within an extracted sample, or may be contained within a culture, including batch 

culture or in tissue culture plates, and may be in suspension or may be attached to a 

culture support surface. 

[0053] Similarly, once induced to become pluripotent, the iPSC(s) may be in vitro 

and may be contained within a culture, including batch culture or in tissue culture 

plates, and may be in suspension or may be attached to a culture support surface. 

[0054] The subject from whom the blood is to be collected may be any animal, 

including any mammal, including a non-human mammal or a human. In some 

embodiments, the subject is a human subject. 

[0055] The method involves use of a blood sample collected from the subject in the 

absence of any polysaccharide preparation such as that typically used when collecting 

blood in a laboratory setting. 

[0056] Thus, the blood sample used in the method is collected in a manner that is free 

from polysaccharide preparations that are typically included with collected blood 

samples to assist with the separation of blood components. Typical laboratory 
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practice when collecting a blood sample is to extract several milliliters of blood, for 

example about 10 to 20 ml, collecting the extracted blood in a tube that may already 

contain a polysaccharide preparation, or to which a polysaccharide preparation may 

subsequently be added after collection, followed by gradient centrifugation to separate 

the different blood components into layers. Polysaccharide preparations that are 

typically used for blood collection and separation are commercially available. Such 

polysaccharide preparations tend to contain hydrophilic polysaccharides, for example, 

heparin or the branched polysaccharide FICOLL™. 

[0057] Thus, as used herein, reference to a blood sample that is free from a 

polysaccharide preparation, or that has been collected in the absence of a 

polysaccharide preparation, is reference to a blood sample that has been collected 

such that no polysaccharide preparation is present in the collection vessel and no 

polysaccharide preparation is subsequently added to the collected sample in order to 

assist with separation or isolation of blood components. 

[0058] The volume of blood sample used in the methods is small, and thus the sample 

collected can be small, for example less than about 250 |Lil, or from about 10 |J 1 to 

about 250 |jl in volume, or any volume falling within this range. As little as 10 |J 1 

may be used in the method to generate iPSC, and thus in some embodiments, the 

sample collected may be from about 10 |jl to about 20 |J 1 in volume, for example the 

volume of a typical drop of blood. 

[0059] Although the blood is collected in the absence of any polysaccharide 

preparation, the blood may be collected in the presence of an anticoagulant, such as 

EDTA. The anticoagulant may be already present in the vessel or tube to which the 

blood is added, or may be subsequently added to the vessel shortly after the blood is 

added. 

[0060] If an anticoagulant is used, sufficient anticoagulant should be added based on 

the volume of blood sample that is to be collected, so as to prevent the blood from 

coagulating prior to use in the method, but not so much as to result in cell lysis or to 

render any hematopoietic cells non-viable. 

[0061] Since a small volume of blood is being collected, there is no need to have the 

blood extracted by syringe by a trained phlebotomist. Thus, the sample may be 
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collected by pricking the pad of a finger or thumb of the subject, or any other location 

on the underside of the hand or foot, as such pricks are relatively low pain and the 

blood can easily be captured in a tube or other collection vessel. Since no syringe 

extraction is necessary, the sample does not need to be collected in a laboratory 

setting, and may, in some embodiments, be conveniently collected by the subject. 

[0062] Once collected, the blood sample may be used directly in the method. 

Alternatively, the blood sample may be stored on ice or may be refrigerated at a 

temperature of about 3°C to about 5°C, or about 4°C, prior to use in the method. 

Thus, the sample may be stored on ice for up to about 8 hours, up to about 12 hours, 

up to about 16 hours, up to about 20 hours, up to about 24 hours, up to about 28 

hours, up to about 32 hours, up to about 36 hours, up to about 40 hours, up to about 

44 hours, or up to about 48 hours. If the sample is to stored longer than 48 hours, the 

sample can be frozen using liquid nitrogen and stored for future use. 

[0063] The collected blood sample that is free from any polysaccharide preparation is 

treated with a hypotonic erythrocyte lysis buffer in order to deplete the sample of 

erythrocytes. Such lysis buffers are known, and may contain, for example, hypotonic 

lysis buffer may contain ammonium chloride. 

[0064] For example, the blood sample may be mixed with about 10 to about 20 parts 

hypotonic erythrocyte lysis buffer. The treated sample may then be centrifuged to 

remove cell debris from the lysed red blood cells. 

[0065] The treatment with hypotonic erythrocyte lysis buffer is also performed in the 

absence of any polysaccharide preparation. Thus, the resulting treated sample 

remains free from any polysaccharide preparation and has been depleted of red blood 

cells, leaving a remaining cell population that includes hematopoietic cells. 

[0066] The remaining cell population that contains hematopoietic cells is then 

expanded to increase the total population of hematopoietic cells. As indicated above, 

hematopoietic cells may include CD71+ cells, and thus the remaining cell population 

is expanded to obtain an expanded cell population that contains CD71+ cells. 

[0067] The cell expansion of the hematopoietic cells in the remaining cell population 

is performed using hematopoietic expansion medium. Such techniques are known 
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and expansion media are commercially available. For example, StemSpan™ 

(Stemcell Technologies) may be used. 

[0068] The expansion medium may contain other factors and supplements necessary 

to expand the remaining cell population contained within the remaining cell 

population of the sample, preferably without further differentiation of the cell 

population. For example, the expansion medium may be supplemented with amino 

acids, antioxidants or growth factors. As well, the medium may be supplemented 

with antibiotics or other components to prevent microbial contamination. 

[0069] In some embodiments, the expansion medium may be serum free, and thus the 

expansion of the remaining cell population may be done in the absence of serum, 

including human or non-human serum. 

[0070] For example, in some embodiments, the hematopoietic expansion medium 

used may be StemSpan™ Serum-Free Expansion Medium (09650, Stemcell 

Technologies) supplemented with 1 X Pen/Strep (Gibco), 1 X L-Glutamine (Gibco), 1 

X NEAA (Gibco), 50 |jg/mL L-ascorbic acid (Sigma), 50 ng/mL stem cell factor 

(Peprotech), 10 ng/mL interleukin-3 (Peprotech), 40 ng/mL insulin-like growth 

factor-1 (Peprotech), 2 U/mL erythropoietin (R&D Systems), 1 |JM dexamethasone 

(Sigma), with or without 10 ng/mL of interleukin-6 (Peprotech). 

[0071] The remaining cell population may undergo expansion in order to obtain a 

sufficient number of cells to allow for efficient induction of pluripotency. For 

example, the remaining cell population containing the hematopoietic cells including 

CD71+ cells may be expanded to obtain a total cell population of about 20 000 cells 

or greater, about 20 000 to about 30 000 cells. 

[0072] Depending on the growth conditions used and the expansion medium used, as 

well as the type of animal used as a subject, the length of time for expansion of the 

remaining cell population may vary. In some embodiments, the remaining cell 

population may undergo expansion for a period of up to 16 days, for example from 

about 12 days to about 16 days. 

[0073] At the end of the expansion period, an expanded cell population is obtained. 

The proportion of the CD71+ cells present in the expanded cell population may be at 
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least half, in order to improve the efficiency of the induction of pluripotency. For 

example, upon completion of the expansion period, the expanded cell population may 

contain about 50% or greater CD71+ cells, about 75% or greater CD71+ cells, about 

80% or greater CD71+ cells, about 85% or greater CD71+ cells, about 90% or greater 

CD71+ cells, about 95% or greater CD71+ cells, or about 98% or greater CD71+ 

cells. 

[0074] The expanded cell population containing the CD71+ cells is then induced to 

become pluripotent. 

[0075] Methods of inducing pluripotency are known, for example as described in 

Takahashi and Yamanaka (2006) Cell 126:663-676. 

[0076] The expanded cell population may be induced to become pluripotent by 

culturing the expanded cell population in the presence of pluripotency protein factors 

Sox2, Oct4, Klf4, and optionally c-Myc, in embryonic cell medium under conditions 

suitable for growth and that promote growth of embryonic stem cells. As used herein, 

reference to pluripotency protein factors is reference to Sox2, Oct4, Klf4, and 

optionally c-Myc. 

[0077] Culturing the expanded cell population in the presence of the pluripotency 

protein factors includes contacting the cells with the various pluripotency protein 

factors so that the pluripotency protein factors are taken up by the cells, as well as 

transfecting or transducing the cells with nucleic acids encoding the various 

pluripotency protein factors and co-expressing the pluripotency protein factors. 

[0078] Contacting the expanded cell population with the pluripotency protein factors 

may be achieved by including the pluripotency protein factors in the hematopoietic 

expansion medium at the end of the expansion period. The medium may be changed 

to embryonic stem cell medium, which may be from the pluripotency protein factors. 

[0079] Alternatively, the expanded cell population may be transfected or transformed 

with one or more nucleic acid molecules encoding the pluripotency protein factors. 

[0080] The one or more nucleic acid molecules encoding the pluripotency protein 

factors may be, for example, viral vectors, episomal vectors, minicircle vectors or 

14 



WO 2015/137885 PCT/SG2015/050035 

synthesized mRNA. Viral vectors that may be used include adenoviral vectors, 

baculoviral vectors, lentiviral vectors or Sendai viral vectors. 

[0081] In some embodiments, the one or more nucleic acid molecules are one or more 

Sendai viruses that encode the pluripotency protein factors. Such viruses are 

commercially available, for example as part of the CytoTune-iPS Reprogramming 

Kit™ (Life Technologies). The expanded cell population may be transduced by 

adding the appropriate Sendai viruses, at an MOI of about 10 for each virus, to the 

expansion medium. Following transduction, the medium may be changed for 

embryonic stem cell medium. 

[0082] As will be appreciated, co-expression of the pluripotency protein factors will 

involve expression from a suitable promoter that is operably linked to the coding 

region for the particular pluripotency protein factor. A first nucleic acid sequence is 

operably linked with a second nucleic acid sequence when the sequences are placed in 

a functional relationship. For example, a coding sequence is operably linked to a 

promoter if the promoter activates the transcription of the coding sequence. 

[0083] Once the cell has been contacted with the pluripotency protein factors, or once 

the cell has been transfected or transduced with nucleic acid molecules encoding each 

of the pluripotency protein factors and the cell has been exposed to conditions for co-

expression, the cells may be cultured under conditions suitable for growth of 

embryonic stem cells. 

[0084] Embryonic stem cell media are known and are commercially available. Such 

medium include, for example, DMEM/F12 (Gibco) or mTeSRl (Stemcell 

Technologies), which may be further supplemented with any necessary factors or 

components. For example, the stem cell medium may be supplemented with serum, 

amino acids, antioxidants or growth factors. As well, the medium may be 

supplemented with antibiotics or other components to prevent microbial 

contamination. Generally, mTeSRl is a defined medium that can be used for feeder-

free culturing of hESC and iPSC. In some embodiments, mTeSRl contains bovine 

serum albumin, rh bFGF, rh TGFp, lithium chloride, pipecolic- acid and GAB A. 

Although the mTeSRl defined medium may be commercially available, this medium 
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is known and protocols are available that allow a skilled person to readily prepare 

mTeSRl using routine laboratory methods. 

[0085] In some circumstances, it may be desirable to use feeder cells to promote stem 

cell growth in culture, in keeping with standard embryonic stem cell culture 

techniques, for example mouse embryonic fibroblasts. 

[0086] If preferred, individual colonies of induced pluripotent cells may be selected 

and then expanded in order to obtain a clonal population of an induced pluripotent 

cell, in accordance with standard cell culture techniques. 

[0087] The method as described herein may induce iPSCs at high efficiency. As 

compared to the work by Merling and colleagues which described the isolation of 20 

hiPSC colonies starting with 1 mL of human peripheral blood (Merling et al., 2013), 

the reprogramming yield of 100-600 colonies per mL in the present method using 

blood samples obtained by finger-prick is a significant improvement. 

[0088] While the method provides the possibility of collecting small volume of DIY 

finger-prick samples taken by a subject at a remote location, this does not eliminate 

the benefits of collecting the samples in a hospital or laboratory setting. That is, when 

obtained in a medical setting, it may be possible to obtain more complete and/or 

accurate patient medical and diagnostic information. 

[0089] As well, since only a small volume of blood is need to perform the method to 

obtain iPSCs from the blood sample, remaining blood from the sample, including a 

single drop of blood, may be used for other types of analysis. For example, the 

remaining volume of the blood sample not used in the method can be tested for 

disease genotype, or undergo deep genome sequencing to uncover an extensive 

catalogue of genetic variations, SNPs and haplotypes. Analysis of blood provides a 

general assessment of the donor's health and phenotype as the facility can perform 

serotyping, measure blood count and levels of various metabolites. 

[0090] Thus, due to the small volume of blood need for the method, a single drop of 

finger-prick blood sample can be used for parallel experiments in cellular 

reprogramming, DNA sequencing and blood typing/biochemistry. 
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[0091] The use of finger-prick samples can aid the recruitment of donors from 

geographically, genetically and ethnically diverse populations, which may help to 

build a diverse iPSC bank. This method of obtaining iPSCs may be used in 

conjuction with recent advances in gene-editing (Cong et al., 2013), as well as 

automation and miniaturization of iPSCs derivation technologies (Geti et al., 2012). 

Thus, this method may increase the functionality, throughput and feasibility of 

operating a large scale international iPSCs bank. 

[0092] The iPSCs obtained in the method can be used for stem cell banking, disease 

modeling, drug screening, toxicology tests and cell fate engineering. The method 

presents an opportunity for banking hiPSCs with full annotations of associated 

genotype (DNA sequencing), phenotype (Serological and DIY test) and clinical 

information (Blood biochemistry and Health questionnaires). 

[0093] Numerous hiPSC banking initiatives are currently being established around 

the world (Rao et al., 2013; Turner et al., 2013). The potential of such stem cell 

repositories can only be realized if they have access to a wide range of donors/patients 

of diverse ethnicity, genotype and disease. The ability to reprogram from a small 

volume of finger-prick samples provides a strategy for hiPSC banks to access a large 

cohort of donors. 

[0094] Using the current methods, the hiPSC facility could provide a package 

consisting of the DIY finger-prick collection kit, shipping thermo box, informed 

consent form, health questionnaire and DIY test kit to the donors. In particular, donors 

with difficulties in travelling due to logistics, financial or physical conditions (for 

example, the bed-ridden, elderly, disabled and infants) will benefit from this strategy. 

It will also be possible to recruit donors with rare disease phenotypes from remote 

locations. 

[0095] Thus, a kit or commercial package is also contemplated. The kit may contain 

a finger-prick device, a collection tube, a thermo-box, instructions, and optionally a 

shipping box or packaging for delivering the sample once collected. The kit may 

further include an informed consent form, and/or a health questionnaire, and/or 

various blood analysis test kits to allow for DIY analysis such as sugar levels, blood 

typing, etc. 
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[0096] Upon receipt of the DIY kit, the donor can perform a finger-prick to collect 

blood samples in a tube containing anticoagulant and store it at about 4°C or so. The 

health questionnaires may help to detail the clinical conditions and medical history of 

the donors. Lastly, the donors can perform specific DIY blood tests, such as 

measurement of sugar level. These tests can be tailored according to specific 

questions that the study or facility aims to address. The completed documents, 

consent form and finger-prick samples can simply be returned to the hiPSC bank via 

global courier services. 

[0097] The methods, cell populations, kits, and uses as described herein are further 

exemplified by way of the following non-limiting examples. 

EXAMPLES 

[0098] EXAMPLE 1 

[0099] Efficient derivation of transgene-free hiPSCs from human finger-prick blood 

is described. Single drop volumes of finger-prick samples were found to be sufficient 

for performing cellular reprogramming, DNA sequencing and blood serotyping in 

parallel. 

[0100] Materials and Methods 

[0101] Finger-pricked and venous blood samples. 10 |JL of finger-tip capillary blood 

was collected in a sterile laboratory setting. The samples were lysed in 2 mL of lx 

RBC lysis buffer (00-4300-54, eBioscience) for 10 minutes before spinning at 250g 

for 5 minutes. The lysis buffer was aspirated immediately after the centrifugation. 

Purified cells were resuspended with 500 |JL of cell expansion medium and seeded 

into one well of 24-well tissue culture plate (3536, Corning). For the DIY experiment, 

the donors were asked to perform a finger-prick themselves and to collect the blood 

into a Microtainer tube containing anti-coagulant ((422)365974, Becton Dickinson). 

The tube can be pre-sterilized over flame or under UV illumination. The DIY blood 

samples were stored on ice and RBC lysis was performed 12, 24 or 48 hours later. 

The FP blood cell expansion medium (Chou et al., 2011; van den Akker et al., 2010) 

contained StemSpan™ Serum-Free Expansion Medium (09650, Stemcell 

Technologies) supplemented with 1 X Pen/Strep (Gibco), 1 X L-Glutamine (Gibco), 1 
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X NEAA (Gibco), 50 |jg/mL L-ascorbic acid (Sigma), 50 ng/mL stem cell factor 

(Peprotech), 10 ng/mL interleukin-3 (Peprotech), 40 ng/mL insulin-like growth 

factor-1 (Peprotech), 2 U/mL erythropoietin (R&D Systems), 1 |JM dexamethasone 

(Sigma), with or without 10 ng/mL of interleukin-6 (Peprotech). Medium was 

changed every day by carefully pipetting out half of the medium and replacing with 

fresh medium. 12 to 16 days later, when the cell population reached 20-30K in 

numbers, they were transduced with Sendai virus. For VPiPSC derivation, 250 |J L or 

500 |j L of peripheral blood was collected through venipuncture. PBMCs was purified 

using Ficoll-Paque PLUS (p=1.077±0.001 g/mL) (17-1440-03, GE Healthcare) 

according to manufacturer's instructions. The cells were then cultured as described for 

finger-prick samples. The use of finger-prick blood samples was approved by the 

ethics committee of the National University of Singapore. Written informed consent 

was obtained from all donors. 

[0102] Cellular reprogramming. 20-30K of cells were transduced by OCT4, SOX2, 

KLF4, and c-MYC Sendai Virus (CytoTune™-iPS Reprogramming Kit, Life 

Technologies) with each factor at M01=10 (approximately 5 |J L of each factor) (Yang 

et al., 2012). The transduction was terminated after 24 hours by replacing with fresh 

cell expansion medium. At Day 3, cells were transferred to 4 or 5 wells of irradiated 

CFl-MEFs (seeded at density of 200K per well) in 6-well tissue culture plates (3516, 

Corning) and cultured with 1:1 ratio of expansion and hESC medium (DMEM/F12 

(Gibco) supplemented with 20% Knockout Serum Replacement (Gibco), 100 |JM 

MEM non-essential amino acid solution (Gibco), 100 |iM P-mercaptoethanol (Gibco), 

1 X Penicillin-Streptomycin (Gibco), 1 X L-Glutamine (Gibco) and 10 ng/mL bFGF 

(Gibco)). 2 days later, the medium was changed to hESC medium with daily media 

change. From Day 14, reprogramming continued with MEF-conditioned hESC 

medium and mTeSRl (Stemcell Technologies) in a 1 to 1 ratio. The volume of 

medium used for 6-well culture was 2 mL per well. Once hiPSC colonies resembling 

hESCs in morphology emerged, the colonies were mechanically picked and replated 

onto MEFs for expansion. 

[0103] Gene expression analysis. Direct application of PureZol (Bio-rad) onto 

adherent cells or cell pellets was performed for RNA isolation. RNA clean-up was 

performed using a QIAGEN RNeasy Kit. First strand cDNA synthesis was performed 
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using iScript cDNA synthesis kit (Bio-Rad). Quantitative PCR analyses were 

performed using the CXF384 Realtime System (Bio-Rad) and KAPA SYBR FAST 

qPCR Master Mix (2X) (KK4602). 

[0104] Immuno-histochemistry staining. Cells were fixed in 4% paraformaldehyde 

for 15 minutes. For non-surface marker staining, the cells were permeabilized with 

0.1% Triton X-100 for 30 minutes, and blocked in PBS containing 8% FBS for 30 

minutes. Cells were incubated with primary antibodies overnight at 4°C, washed, and 

incubated with Alexa Fluor (Invitrogen) secondary antibodies for 2 hours or incubated 

with fluorophore conjugated antibodies for 1 hour. The cells were stained by Hoechst 

33342 for 30 minutes before imaging. SSEA-4 Alexa 647 (560219) and TRA-1-60 

Alexa 647 (560173) antibodies were obtained from Becton Dickinson Biosciences. 

OCT3/4 antibodies were obtained from Abeam (abl9857). Antibodies against GFAP 

were obtained from Sigma (G9269); anti-P3-tubulin from Covance (MMS-435P); 

anti-GATA4 from Santa Cruz Biotechnology (Sc-25310); anti-SMA from Pierce 

(MA1-06110) and anti-Desmin from Cell Signalling (5332S). For live staining, 

StainAlive™ TRA-1-60 Antibody (DyLight™ 488) (09-0068, Stemgent) was used 

according to manufacturer's protocol. 

[0105] Bisulfite genomic sequencing. Bisulfite treatment of genomic DNA (gDNA) 

was carried out using a CpGenome DNA Modification Kit (Chemicon) according to 

the manufacturer's protocol. Briefly, converted gDNA was amplified by PCR OCT4 

primer set 3, as reported previously (Freberg et al., 2007). PCR products were gel-

purified and cloned into pCR2.1- TOPO using the TOPO TA cloning kit (Invitrogen). 

Bisulfite conversion efficiency of non-CpG cytosines ranged from 80% to 99% for all 

individual clones for each sample. Every clone of each sample was verified by 

sequencing with the M13 primers. 

[0106] Flow cytometry. The blood cells were stained with a panel of antibodies at the 

manufacturer's suggested dilution in PBS at 4°C for 20 minutes. This panel included 

APC-CD3, PE-CD34 and APC-CD19 from BD Bioscience and APC-CD71 from 

Miltenyi Biotech. Propidium iodide (Sigma) was used for live/dead discrimination 

except of samples stained with PE-CD34. Flow cytometry was performed on a FACS 

Canto II machine (BD Science), and data were analyzed using FACS Diva software. 
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[0107] DNA fingerprinting and karyotyping. Analysis of the DNA fingerprinting 

was performed on parental blood cells and their derivative hiPS cell lines. DNA was 

extracted using the DNeasy Blood and Tissue Kit (Qiagen) according to the 

manufacturer's protocol and sent to Health Sciences Authority (HSA, Singapore) for 

STR analysis. Alternatively, PCR using primers specific to genomic intervals 

containing highly variable numbers of tandem repeats (VNTR) were used for 

fingerprinting analysis as described previously (Prigione et al., 2010). In brief, the 

PCR was performed using KAPA SYBR FAST qPCR Master Mix (2X) (KK4602) 

with 1 ng genomic DNA and 0.4 |JM of primers in a 10 |J L reaction. The PCR 

conditions were set as 95 °C for 3 minutes, followed by 40 cycles of 95 °C for 3 

seconds and 58 °C for 30 seconds with a final extension at 72 °C for 10 minutes. The 

PCR products were analysed on a 2.5% agarose gel in 1 X TAE buffer with applied 

voltage 3 V/cm for 60 minutes. The gel with ethidium bromide stain was visualised 

under a UV transilluminator. For karyotyping, live hiPSC lines were sent to the 

Genome Institute of Singapore for analysis. 

[0108] Embryoid body formation. To form embryoid bodies, confluent 

undifferentiated hiPS cells were mechanically scraped into strips and transferred to 6-

well low attachment plates in a differentiation medium consisting of DMEM 

supplemented with 10% fetal bovine serum (PAN Biotech), 1 X non-essential amino 

acids (Gibco), 1 X L-glutamine (Gibco) and, 1 X of Pen/Strep (Gibco). 

[0109] Assay for teratoma formation. For teratoma formation, hiPSCs grown on 

MEF were collected by collagenase treatment, re-suspended in Matrigel and injected 

into the hind limb muscle of 6-week old SCID mice. 1 well of hiPSCs in 6-well plate 

of 70% confluency was used for each mouse. Three mice were injected for each 

hiPSC clone. After 6-10 weeks, teratomas were dissected and fixed in formalin, 

embedded in paraffin and subjected to hematoxylin and eosin staining for all 

histological determinations. 

[0110] TIB cell rearrangement assay. DNA was isolated from hiPSCs and control 

cell lines using DNeasy Blood and Tissue Kit (Qiagen) per the manufacturer's 

instructions. For the PCR assay on TCR P, y and IgH rearrangement, the primers used 

were described in a previous study (van Dongen et al., 2003). PCR (35 cycles of 94°C 

for 30 seconds, 60°C for 30 seconds, 72°C for 30 seconds) was performed using 1-2 
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units of Taq DNA Polymerase (Qiagen) in a 25 |JL reaction with 50 ng genomic 

DNA, 10 pmol of each primer and 200 |JM dNTP in 1 X PCR Buffer. All PCR started 

with initial denaturation (3 minutes at 95 °C) and ended with final extension (10 

minutes at 72°C) before holding at 4°C. Alternatively, the PCR was performed using 

KAPA SYBR FAST qPCR Master Mix (2X) (KK4602) with 1 ng genomic DNA and 

0.2 |JM of primers in a 10 |J L reaction. The PCR and gel running conditions were 

same as described in DNA fingerprinting and karyotyping except that annealing 

temperature for PCR was set to 65 °C. 

[0111] ABO/Rh groups typing. 1 |j L of finger-prick blood was mixed with 1 |JL 

antibody solution (Anti-A, Anti-B, Anti-A,B or Anti-D, from DIAGAST) on a glass 

slide. The reactions were incubated for 30 seconds and the solutions were then spread 

and allowed to dry. The glass slides were scanned and the results were documented. 

The ABO and Rhesus factor genotyping was carried out as described by Muro et al., 

2012 and Simsek et al., 1995, respectively. The PCR reaction and gel running 

conditions were same as described in DNA fingerprinting and karyotyping except that 

annealing temperature for PCR was set to 63.5°C and the cycle number was reduced 

to 35 cycles. 

[0112] ADH and ALDH genotyping. The primers and condition used in PCR of 

ADH2, ADH3 and ALDH2 are similar to those described by Chen et al., 1997, except 

that 5-10 ng of gDNA were used for each reaction and KAPA HiFi HotStart 

(KK2601) or KAPA SYBR FAST qPCR Master Mix (2X) (KK4602) were used for 

the amplifications. The PCR products were subsequently cloned into pcDNA3.3 by 

using a TA TOPO cloning kit (Invitrogen). At least 10 colonies were picked and 

sequenced. 

[0113] Cardiac differentiation. Human iPSCs were dissociated into single cells by 

incubating with Accutase (Sigma-Aldrich) at 37 °C for 5 minutes and then were 

seeded onto a Matrigel-coated cell culture dish at 100,000 cells/cm in mTeSRl 

medium supplemented with 5 [xM ROCK inhibitor (Y-27632, Stemgent) and 10 [iM 

CHIR99021 (Stemgent) for 24 hours. Cells were then cultured in RPMI1640 medium 

supplemented with B27 without insulin for two days. The medium was then changed 

to RPMI/B27-insulin supplemented with 5 |JM IWP-2 (Stemgent) for 2 more days, 

and then changed to RPMI/B27-insulin for another 2 days, after which the cells were 
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maintained in RPMI1640 medium with B27, with media change every 3 days (Lian et 

al., 2012). Staining for cardiomyocte markers were performed with mouse 

monoclonal antibodies against a-actinin (Sigma, A7811), P-myosin heavy chain (b-

MHC) (Alexis, F36), and titin (Millipore, MAB1553). 

[0114] Patch clamp analysis. Whole cell patch-clamp recordings were performed 

using Axon 200B patch clamp amplifier (Axon instrument, USA) and low-pass 

filtered at 2-5 kHz. Data acquisition was achieved using the Digidata 1440A. 

Borosilicate glass electrodes (1.5 mm OD) were pulled by a horizontal puller (Model 

P-97, Sutter Instrument, USA) and fired-polished to a final resistance of 2-3 MQ 

when filled with internal solution. The spontaneous APs were recorded from hiPSC-

CMs in normal Tyrode's solution containing (in mM): NaCl 140, KC1 5.4, CaCl2 1.8, 

MgCl2 1, glucose 10, HEPES 10, with the pH value adjusted to 7.40 with NaOH. 

Solution contained (in mM): KC1 130, NaCl 5, MgCl2 1, MgATP 3, EGTA 10, and 

HEPES 10 with the pH value adjusted to 7.20 with KOH. Cells were maintained by a 

TC-324B single channel heater controller (Warner Instruments) at 35-37°C during the 

recording. 

[0115] Ethanol patch test. Approximately one drop of 70% ethanol was added onto a 

10 x 10 mm lint pad fixed on an adhesive tape. The patch was attached to the inner 

surface of the upper arm for 7 minutes before removal. A patch area that shows 

erythema 10-15 minutes after removal is judged as positive. Controls include lint pad 

(without any fluid), lint pad with H2O and lint pad with caffeine (Muramatsu et al., 

1989). 

[0116] DNA microarray. Total RNA from PBMC, hES cells, or hiPS cells from 

PBMC was labeled with Cy3. Samples were hybridized to HumanHT-12v4 Beadchip 

(Illumina) according to manufacturer's protocol. Arrays were scanned with Beadchip 

Reader (Illumina). Data normalization was calculated with the Quantile normalization 

algorithm implemented in BioConductor lumi package. The cluster analysis was 

performed and scatter plots were generated in R packages. Raw data has been 

deposited at GEO under accession number GSE53485. 
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[0117] Figure Legends 

[0118] Figure 1. Derivation of hiPSCs from Finger-prick Blood Samples. (A) 

Schematic drawing of the strategy used in this study for reprogramming human 

finger-pricked blood. Images show the collection of finger-pricked blood, expansion 

of cells in culture and adherent colonies. The first hESC-like colony normally 

appeared between Day 18 to 20 and was picked after Day 21. The FPiPSCs derived 

can be passaged stably for long-term culture. (B) Immuno-fluorescent staining of 

FPiPSC colonies expressing pluripotency markers for TRA-1-60, SSEA4 and OCT4. 

Hoechst staining indicates the total cell content per field. (C) Bisulfite DNA 

methylation analysis on the promoter of OCT4 and NANOG in FPiPSCs and in their 

parental cells. The white and black circles represent unmethylated and methylated 

CpG islands in the promoter region, respectively. (D) Dendrogram showing un­

supervised hierarchical clustering of the global expression profiles of hESCs, hiPSCs 

and parental blood cells (Top). Heat-map analysis of the hESCs, hiPSCs and parental 

blood cells for expression of Pluripotency and Hematopoietic specific marker genes 

(Bottom). Red represents up-regulation, black represents down-regulation. (E) Scatter 

plots comparing FPiPSCs global gene expression profiles to parental cells (left) and 

H7 human ESCs (right). The black lines indicate the linear equivalent and 2-fold 

changes in gene expression levels between the paired cell types. Positions of 

pluripotency genes OCT4, SOX2, NANOG, and LIN28 in scatter plots are indicated. 

(F) qRT-PCR analyses for the expression of ESC marker genes OCT4, SOX2, 

NANOG, LIN28, DNMT3B, REX1, KLF4 and c-MYC in FPiPSCs, H7 ESCs and 

parental cells. Individual PCR reactions were normalized to H7 ESC and /3-ACTIN as 

internal control. All the FPiPSC lines examined showed similar expression of ESC 

marker genes to that of H7 ESCs. 

[0119] Figure 2. FPiPSCs Differentiate into Derivatives of Three Germ Layers. (A) 

Immuno-fluorescent staining of differentiation markers after in vitro differentiation of 

FPiPSCs. Ectoderm was stained by GFAP and P3-tubulin antibodies whereas 

endoderm was stained by antibody against GATA4. All images in the upper panel 

were acquired with lOx objectives except for GATA4 staining image which was 

acquired with 4x objectives. Lower panel images are shown in higher magnification. 

Hoechst staining indicates the nucleus. (B) Immuno-fluorescent staining of a-actinin, 
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P-myosin heavy chain (P-MHC) and titin in hiPSCs derived cardiomyocyctes. 

Hoechst staining indicates the nucleus. (C) Patch clamp analyses of hiPSCs derived 

cardiomyocyctes. (D) Hematoxylin and eosin staining of teratomas derived from 

immune-deficient mice injected with FPiPSCs show tissues representing all three 

embryonic germ layers including gut like epithelium (endoderm), cartilage 

(mesoderm) and neuro tissue (ectoderm). 

[0120] Figure 3. Characterizations of the FPiPSCs. (A) Transgene expression 

analysis of the FPiPSC lines derived. The SeV (Sendai virus) backbone and SeV 

OCT4 expression values were measured by qRT-PCR and normalized to SeV infected 

parental cell with /3-ACTIN as internal control. No SeV transgene was detected in the 

total RNA harvested from these hiPSC lines. (B) Cytogenetic analysis on FPiPSCs. 

The FPiPSCs showed normal human karyotype with 46 chromosomes. (C) IgH 

rearrangement analysis on the FPiPSCs clones. LTR-228 (B-cell line) was used as a 

positive control. No IgH recombination was observed in our FPiPSCs. (D) TCRB 

rearrangement analysis on the FPiPSCs clones. Jurkat (T-cell line) or CD3+ T-cells 

were used as positive controls for this analysis. (E) TCRG rearrangement analysis on 

the FPiPSCs clones. Jurkat cells (T-cell line) or CD3+ T-cells were used as positive 

controls for this analysis. Negative results from all the V(D)J rearrangement PCR 

implies that the FPiPSCs derived did not originate from B or T lymphocytes. In all 

figures in (C), (D) and (E), the expected PCR product range was stated on the left and 

the target regions were indicated below the gel images. The FP blood used in this 

assay had been cultured in cell expansion medium for at least 15 days before 

harvested. A water sample was always included in the PCR analysis as a negative 

control. (F) The genomic DNA amplification control experiment was performed on all 

the samples used in these V(D)J rearrangement analyses. 

[0121] Figure 4. DIY concept for FPiPSCs generation. (A) FP blood samples 

collected 12 hours, 24 hours and 48 hours prior to cell culture. The cells were RBC-

lysed at day 0 (left) and expanded for 12 days in medium. All images were acquired 

with 20x objectives. (B) hiPSC colonies derived from Donor 1 DIY FP blood (12 

hours and 24 hours) stained positive for a pluripotency marker, TRA-1-60. The upper 

image was acquired with 20x objectives whereas the lower image was acquired with 

4x objectives. (C) hiPSC colonies derived from Donor 5 DIY FP blood (24 hours and 
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48 hours) stained positive for a pluripotency marker, TRA-1-60. All image were 

acquired with lOx objectives. (D) qRT-PCR analyses for the expression of ESC 

marker genes OCT4, SOX2, NANOG, LIN28, DNMT3B, REX1, and c-MYC in 

FP(DIY)iPSCs, HI ESCs and parental cells. Individual PCR reactions were 

normalized to HI ESC and fi-ACTIN as internal control. All the FP(DIY)iPSC lines 

examined showed similar expression of ESC marker genes to that of HI ESCs. (E) 

DNA fingerprinting analysis confirms that FPiPS cell lines are derived from their 

parental lines. PCR primer sets D10S1214, D17S1290, D7S796, and D21S2055 were 

used to detect for variable tandem repeats. (F) Summary of hiPSCs derived from 

donors. The VP and FP indicated were the venipuncture blood and finger-pricked 

blood respectively. The reprogramming yield was calculated based on the TRA-1-60 

colonies observed and normalized to 1 mL of blood. 

[0122] Figure 5. Blood typing and DNA genotype the finger-prick samples. (A) 

Blood grouping of the donors from finger-prick samples. The upper panel show the 

antibodies used. If the erythrocytes of the donor carry the corresponding antigen, 

agglutination will take place and the donors' blood groups can be determined. The 

phenotypic blood group for Donor 1 and Donor 2 were Type B+, while Donor 5 was 

0-. (B) Genotyping of the donors' blood group from finger-prick blood and derived 

hiPSCs. Specific primers were used for ABO alleles detection. The upper panel shows 

the specific allele that the primers amplified. The primer 60, 6AB, 7AO and 7B were 

designed to target the O allele exon 6, A or B allele exon 6, A or O allele exon 7 and B 

allele exon 7 respectively. A clear DNA band (-100 bp) indicates a positive PCR 

result and shows that the donor carries these alleles. Donor 1 FP blood and FPiPSC 

shows the BB genotype (upper panel) whereas Donor 2 FP blood and FPiPSC shows 

the BO genotype (lower panel). The primers targeting the reference gene 36B4 was 

included as a positive control for genomic DNA amplification. (C) Rhesus D antigen 

genotyping of the finger-prick samples and derived hiPSCs. The primers were 

designed to target both Rh CcEe and Rh D region. The 1200 bp band is amplified 

from the Rh CcEe alleles and 600 bp is from Rh D allele. For Rh D positive samples, 

a clear 600 bp band and a 1200 bp band can be observed; otherwise, only 1200 bp 

band can be detected. Donor 1 and 2 and their hiPSCs showed a Rh D positive 

genotype. (D) Genotyping of the donors' blood group from DIY finger-prick blood 

derived hiPSCs. Donor 5 FP(DIY)iPSCs showed a OO genotype. (E) Rhesus D 
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antigen genotyping of the DIY finger-prick samples derived hiPSCs. Donor 1 

FP(DIY)iPSCs showed Rh D positive genotype while Donor 5 FP(DIY)iPSCs is Rh D 

negative. (F) SNP on the ALDH2 loci. ALDH2 is responsible for conversion of 

acetaldehyde to acetic acid. ALDH2*2 allele consists of the glutamate to lysine 

mutation (1510 G ~^A) and encodes a defective ALDH2. (G) Ethanol patch test on the 

donors. Donor 1 showed a flush reaction to ethanol whereas Donor 2 and 5 showed no 

effect to ethanol when it was applied onto the donor's skin. (H) The upper panel 

shows the metabolic pathway for degradation of ethanol in the body. The ethanol is 

first oxidized into toxic acetaldehyde by alcohol dehydrogenase and subsequently 

oxidized to acetic acid by ALDH. In our study, Donor 1 possesses an ALDH2*2 allele 

and thus manifested an intolerance to ethanol. 

[0123] Figure 6. Derivation of Venipuncture (VP) Blood hiPSCs. (A) Schematic 

drawing of the timeline for VP blood reprogramming. The small volume of VP blood 

(250 |jl and 500 JJ 1) was collected and cells were expanded for 12 days. The colonies 

were observed after 18 days of SeV transduction. The VPiPSCs derived were stable 

for long term culture. (B) Immuno-fluorescent staining of pluripotency markers on 

VPiPSCs. All the VPiPSCs stained positive for OCT4, TRA-1-60 and SSEA4. The 

corresponding Hoechst 33342 staining indicates the total cell content in the field. (C) 

Pluripotency gene expression analysis on VPiPSCs. The pluripotency genes examined 

are listed on the upper panel of the figure. Individual PCR reactions were normalized 

to H7 ESC and fi-ACTIN as internal controls. All the FPiPSC lines examined showed 

a similar expression of ESC marker genes as H7 ESC. (D) Transgene expression 

analysis of the VPiPSC lines after 4 passages. The SeV backbone expression values 

were measured by qRT-PCR and normalized to SeV-infected parental cells with [>-

ACTIN as internal control. No SeV backbone was detected in the total RNA harvested 

from these iPSC lines. 

[0124] Figure 7. Characterization of VPiPSCs. (A) DNA methylation analysis on 

the promoter of OCT4 and NANOG in the VPiPSCs. The white and black circles 

represent unmethylated and methylated CpG islands in the promoter region, 

respectively. (B) Immuno-fluorescent staining of mesoderm markers, Desmin and 

SMA, of in vitro differentiated VPiPSCs. (C) Immuno-fluorescent staining of 
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differentiation markers after in vitro differentiation of VPiPSCs. Ectoderm was 

stained by GFAP antibodies. 

[0125] Figure 8. Isolation and Expansion of FP Blood Cells. (A) Collection of FP 

blood. The figures are shown in a sequential manner (I to IV). The finger-prick was 

applied on the donor's finger tip (I) and the blood was subsequently collected into a 

Microtainer (II to IV). (B) RBC depletion of FP blood. 10 |jl of FP blood were lysed 

in RBC lysis buffer (from I to IV). (C) Images of the purified FP blood cells from 5-

12 days. All images were acquired with 20x objectives. (D) Cells were analyzed by 

flow cytometry to determine the cell-surface immunophenotype on specific days of 

culture (Day 0, 8, 15). Percentage of cells with cell-surface immunophenotypes, CD3(+), 

CD19(+), CD34 (+) or CD71(+) are summarized and represented in the table. Except for 

CD34 sample, dead cells were excluded by propidium iodide staining. 

[0126] Figure 9. V(D)J Rearrangement of VPiPSCs Derived. (A), (B) and (C) show 

the IgH, TCRB and TCRG rearrangement analysis on VPiPSCs derived. LTR-288 

was used as the positive control for the IgH rearrangement analysis whereas Jurkat 

and CD3+ T-cells were used as positive controls for both the TCRB and TCRG 

rearrangement analysis. Negative results from all the V(D)J rearrangement PCR 

implies that the VPiPSCs derived did not originate from B or T lymphocytes. (D) 

Amplification control on VPiPSCs genomic DNA which was used in the analysis. All 

the samples show 5 bands which indicates that the genomic DNA used was of good 

quality. In all figures, the expected PCR product ranges are stated on the left and the 

target regions are indicated below the gel images. Also, a water sample is always 

included in the PCR test as a negative control. 

[0127] Figure 10. V(D)J Rearrangement of FP(DIY)iPSCs Derived. (A), (B) and 

(C) show the IgH, TCRB and TCRG rearrangement analysis on FP(DIY)iPSCs 

derived. Results implies that the FP(DIY)iPSCs derived did not originate from B or T 

lymphocytes. (D) Amplification control on FP(DIY)iPSCs genomic DNA which was 

used in the analysis. All the samples show 5 bands which indicates that the genomic 

DNA used was of good quality. 

[0128] Figure 11. Blood typing and DNA genotyping of DIY Finger-prick blood 

and derivative iPSCs. (A) Genotyping of the Donor 5 blood group from DIY finger-
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prick samples. Result shows the expected 00 genotype. (B) Rhesus D antigen 

genotyping of Donor 5 DIY finger-prick samples. Result shows the expected Rhesus 

negative genotype. (C) Blood grouping of Donor 1 DIY finger-prick samples obtained 

24 hours and 48 hours prior to analysis. Donor 1 shows the expected B+ phenotype. 

(D) Genotyping of the donors' blood group from DIY finger-prick blood derived 

hiPSCs. Donor 1 FP(DIY)iPSC shows the expected BB genotype. 

[0129] Figure 12. Genotyping of ALDH2, ADH2 and ADH3 on hiPSCs derived. 

(A) and (B) showed the sequencing alignment results on ALDH2 of Donor 1 and 

Donor 2 FP blood (A) and their respective hiPSCs (B). Both the normal and the 

mutant ALDH2 allele were found in Donor l's sequencing results indicating that 

Donor 1 is heterozygous for ALDH2. Donor 2 on the other hand, carries only the 

normal allele. (C) Ethanol patch test on Donor 1. Caffeine, 70% ethanol, water and a 

blank patch were applied on Donor l's skin (0 min). After 10 minutes, the region 

which was applied with 70% ethanol showed flush reaction as indicated by the white 

arrow. (D) Summary of genotyping ADH2, ADH3 and ALDH2 on FPiPSCs. Donor 

l's hiPSCs show heterozygosity for all the 3 genes whereas Donor 2 and 3 hiPSCs 

show homozygote mutant alleles of ADH2 but homozygote normal alleles on both 

ADH3 and ALDH2. Donor 5 hiPSCs show heterozygosity for ADH3 but normal 

alleles for ADH2 and ALDH2. 

[0130] Figure 13. Contains Table 1: Fingerprint analysis data ofiPSC clones. 

[0131] Figure 14. Contains Table 2: Summary of Characterizations performed on 

iPSC clones. 

[0132] Figure 15. Schematic depiction of an integrative strategy for hiPSCs 

banking. Illustration of the integrative strategy for hiPSCs banking. Using FP blood 

reprogramming, hiPSC facilities can recruit a diverse cohort of donors world-wide. 

hiPSC facility provides a kit containing sterile finger-prick and blood container to the 

donor. The donors will complete the informed consent form and the health 

questionnaire and return them back to the facility together with their FP blood. The 

facility is able to do a series of DNA sequencing, serological assays as well as hiPSC 

derivation from a single drop of FP blood sample. 
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[0133] Results 

[0134] Generation of hiPSCs from sub-milliliter of human peripheral blood. Using 

2 mL of human peripheral blood mononuclear cells (PBMCs), T-cells and non T-cells 

were successfully reprogrammed from two individuals (data not shown). This is in 

good agreement with previous studies which start with similar volumes of blood 

samples for reprogramming (Merling et al., 2013; Ye et al., 2013). 

[0135] It was examined whether the same Ficoll purification protocol would yield 

enough cells from blood samples less than 1 mL in volume. The starting volume of 

blood was gradually reduced, and it was confirmed that reprogramming can be 

achieved with as little as 250 |JL to 500 |J L of venous blood (Figure 6A). Using 

immuno-fluorescence, venipuncture derived iPSCs (VPiPSCs) stained positive for 

OCT4, TRA-1-60 and SSEA-4 (Figure 6B). qRT-PCR results showed the re­

activation of pluripotency markers (Figure 6C). Notably, the Sendai virus transgenes 

were not detected in the VPiPSCs after 4 passages in culture (Figure 6D). Consistent 

with their hESC-like morphology, VPiPSCs show demethylation of CpG 

dinucleotides at the OCT4 and NANOG promoters (Figure 7A), and are able to 

differentiate into different lineages in vitro (Figure 7B and 7C). DNA fingerprinting 

analysis verified that these cells were indeed derived from the parental blood cells 

(Table 1 in Figure 13). 

[0136] However, when this approach of venipuncture followed by Ficoll-Paque 

centrifugation was used on samples for which the starting blood volume was below 

250 |JL, sufficient PBMCs for reprogramming were not obtained. One possibility for 

this result could be technical difficulties associated with isolating the buffy coat, 

resulting in loss of mononuclear cells. 

[0137] Derivation of hiPSCs from finger-prick blood samples. To investigate if 

hiPSCs could be generated from minute amounts of blood samples, the purification 

process was changed to exclude the use of conventional Ficoll purification. Finger-

prick samples were collected from different individuals (Figure 8A) and subjected the 

cells to hypotonic lysis solution for depletion of the red blood cells (Figure 8B). 

Strikingly, it was found that the RBC-lysed finger-prick cells from 10 |JL of blood can 
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be expanded in medium culture to yield enough dividing cells for reprogramming 

(Figure 8C). 

[0138] In total, 5 donors (19 to 36 years old) were recruited, out of which 4 donors 

resulted in successful reprogramming to yield hiPSCs. No noticeable reduction in 

reprogramming efficiency was observed as a function of donors' age. The one donor 

(aged 29 year old) did not give rise to enough cells in culture, and thus viral infection 

for reprogramming was not performed on samples from this donor. 

[0139] Consistent with previous reports (Chou et al., 2011; Yang et al, 2012), the 

cells after 15 days of culture expansion were largely CD71+ myeloid progenitors 

(Figure 8D). Using this approach, the appearance of hESC-like colonies were 

observed 20 days after transduction with Sendai virus (Figure 1A). All finger-prick 

derived iPSC (FPiPSC) clones were propagated for at least 20 passages and remained 

stable in culture. 

[0140] The expression of pluripotency markers in the FPiPSC lines was examined 

using immuno-staining. In line with the hESC-like morphology, expression of OCT4, 

TRA-1-60 and SSEA-4 was detected (Figure IB). Consistent with the activation of 

pluripotency-associated genes, reprogramming of the finger-prick blood cells was 

accompanied by the demethylation of CpG dinucleotides at the OCT4 and NANOG 

promoters (Figure 1C). 

[0141] Global gene expression analysis of the FPiPSCs was performed, with 

comparison to hESCs and somatic parental cells. Clustering dendrogram revealed a 

high degree of similarity among the reprogrammed hiPSCs which clustered together 

with the HI, H7 and H9 ESCs and were distant from the parental somatic cells 

(Figure ID, Top). Heat-map analysis indicates the re-activation of pluripotency genes 

and the suppression of hematopoietic genes in the hiPSC lines (Figure ID). Analysis 

of scatter plots similarly shows a tighter correlation between reprogrammed FPiPSCs 

and human ESCs (H7 ESCs) rather than with the parental blood cells (Figure IE). 

Quantitative PCR analysis confirmed the expression of endogenous pluripotency 

markers including OCT4, SOX2, KLF4, c-MYC, REX1, NANOG, LIN28 and DNMT3B 

(Figure IF). Notably, these genes were restored in the FPiPSCs to levels similar to 

that observed in H7 hESCs (Figure IF). 
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[0142] FPiPSCs differentiate into derivatives of three germ layers. The 

developmental potential of the FPiPSC lines was evaluated by in vitro embryoid body 

(EB) differentiation. The hiPSCs readily formed EBs upon induction and are capable 

of differentiating into mesodermal (Desmin and SMA), neural (P3-Tubulin, GFAP) 

and endodermal (GATA4) lineages (Figure 2A). 

[0143] Following specific in vitro differentiation, FiPSCs gave rise to rhythmically 

beating cardiomyocytes. Positive staining for a-actinin, P-MHC and titin confirmed 

their cardiomyocyte identities (Figure 2B). Using patch clamp analysis, individual 

cardiomyocytes were characterized and found to have developed distinct ventricular, 

atrial, and nodal action potentials (Figure 2C). 

[0144] The most rigorous test for the pluripotency of human iPSCs is the formation of 

teratomas in immune-deficient mouse hosts (Lensch et al., 2007). Upon injection into 

the hind limb muscle of SCID mice, the FPiPSC lines generated well-differentiated 

cystic teratomas comprising structures and tissues derived from the three embryonic 

germ layers. These included gut-like epithelium, cartilage, and neuro-tissues (Figure 

2D). 

[0145] FPiPSCs are free from transgenes and V(D) J rearrangement. Efficient 

transgene silencing is essential for the derivation of pluripotent hiPSC lines (Park et 

al., 2008). qRT-PCR using primers specific for the Sendai vector backbone and the 

exogenous Sendai OCT4 reprogramming factor confirmed that the FPiPSCs do not 

carry any Sendai transgenes (Figure 3A). The FPiPSC lines examined exhibited 

normal karyotypes (Figure 3B). The DNA fingerprinting analysis verified that these 

cells were indeed derived from the parental blood cells and were not a result of 

contamination from existing hESC or hiPSC lines (Table 1 in Figure 13). 

[0146] B-cells and T-cells are abundant in circulating blood and the latter can easily 

be reprogrammed (Loh et al., 2010; Seki et al., 2010; Staerk et al., 2010). The FPiPSC 

clones were therefore tested for TCR and IgH rearrangement using PCR-based 

detection. While the clonal controls (Jurkat and LTR-228) and CD3+ T-cells show 

bands indicative of rearrangement, all the FPiPSC and VPiPSC clones examined did 

not have any rearrangement at the TCR P, y and IgH loci (Figure 3C, 3D, 3E, 3F and 
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9). Thus, these results confirm that the FPiPSCs did not originate from lymphoid T 

and B cells. 

[0147] Reprogramming from DIY finger prick samples. Unlike venipuncture which 

can only be performed by trained phlebotomists, finger-prick blood can be collected 

by the donors themselves with proper instruction. To test this idea, donors were 

directed to prick their own fingers in a normal room environment and collect a single 

drop of blood sample into an EDTA tube. The tube was placed on ice and delivered to 

the lab for reprogramming. 12, 24 or 48-hours later, the cells were treated with RBC 

lysis buffer and observed under the microscope for viability and signs of 

contamination (Figure 4A). Interestingly, after 12 days of expansion in medium, the 

cells appeared healthy and were actively dividing (Figure 4A). 

[0148] To commence reprogramming, cells isolated from the finger-prick samples 

were transduced with Sendai virus. hESC-like colonies were observed about 20 days 

post-infection. In total, 8 TRA-1-60+ colonies were obtained from two donors in four 

independent experiments (Figure 4B). 

[0149] V(D)J re-arrangement PCR confirmed that the FP(DIY)iPSCs were not 

originated from lymphoid T and B cells (Figure 10). Quantitative PCR analysis 

indicates the expression of endogenous pluripotency marker genes to the level 

comparable with HI ESCs (Figure 4D). Notably, the FP(DIY)iPSCs were derived 

from respective donor FP cells and not due to contamination from existing hESCs or 

hiPSCs (Figure 4E). The efficiency of 100-300 colonies per mL is similar to the 

reprogramming results from fresh samples taken under a controlled and clean 

laboratory setting. Interestingly, no noticeable reduction in reprogramming efficiency 

was observed between freshly collected and DIY finger-prick samples (Figure 4F). 

[0150] In summary, transgene-free and V(D)J re-arrangement free hiPSCs were 

successfully derived from sub-milliliters volumes of venipuncture and single drop 

volumes of finger-prick samples (Figure 4F and Table 2 in Figure 14), with a high 

reprogramming yield of 100-600 colonies per mL of blood (Figure 4F). 

[0151] Integrative strategy for hiPSC banking. Since a single drop of blood is 

approximately 20 |JL and only 10 |J L is required for reprogramming, it was then 

assessed whether the remaining amount of the donors' blood could be used for other 
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analyses. Pluripotent stem cells can potentially be an unlimited resource for cell 

therapy, but immune rejection may pose problems during transplantation. Apart from 

the Human Leukocyte Antigen (HLA) (Taylor et al., 2012), a recent study discovered 

that in vitro hESCs differentiated hepatocytes and cardiomyocytes express ABO 

antigens (Molne et al., 2008). 

[0152] Using 4 |JL of finger-prick blood, a serological analysis of A, B and Rh 

antigen groups was performed for three donors (Figure 5A). gDNA was then 

harvested from finger-prick samples; 2 |j L of blood yielded approximately 150 ng of 

PCR-grade gDNA for molecular studies. ABO/Rh typing can also be determined 

using PCR based technology. Moreover, PCR analysis can decipher the exact 

genotype of the ABO groups. The results demonstrate that although both Donor 1 and 

2 have a phenotype of B+, Donor 1 has a genotype of BB+ while Donor 2 is BO+ 

(Figure 5B, 5C). On the other hand, Donor 5 is recessive for both the ABO and Rh 

antigens as shown by the O- phenotype (Figure 5A). Genotypic analysis of Donor 5 

finger-prick blood corroborated with the serological results (Figure 11 A, 1 IB). 

Interestingly, DIY finger-prick blood samples show no sign of deterioration (24 and 

48-hour after sample collection) as the donors' serological ABO/Rh blood type could 

still be accurately determined (Figure 11C). Expectedly, both the FPiPSCs and 

FP(DIY)iPSCs derived from the respective donors exhibited the same ABO and Rh 

genotype as the parental blood cells (Figure 5B, 5C, 5D, 5E and 11D). 

[0153] Expansion of the DIY finger-prick samples collected 72 hours prior to cell 

culture, a high degree of cell death was observed. 

[0154] To further evaluate if the gDNA isolated from the small amount of finger-

prick blood samples can be used to detect single nucleotide mutations, sequencing 

analysis was performed on the aldehyde dehydrogenase (ALDH) and alcohol 

dehydrogenase (ADH) genes involved in alcohol metabolism. Interestingly, the 

sequencing results on ALDH2 indicate that Donor 1 carries a mutant ALDH2 *2 allele 

(1510 G>A mutation) (Figure 4F). The mutation was observed in both the blood 

sample and the derivative hiPSCs (Figure 12A and 12B). Various reports have 

suggested that the single nucleotide polymorphism (SNP) on ALDH2 could lead to 

protein malfunction resulting in the accumulation of toxic acetaldehyde in the body, 

and manifests as a red flush on the skin (Rao et al., 2007; Xiao et al, 1995). 
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[0155] Donors were next asked to perform a simple test when the finger-prick 

samples were collected. Consistent with the ALDH2 genotype, an ethanol patch test 

performed by Donor 1 resulted in redness of the skin, whereas Donor 2 and 5 who 

carried the homozygous normal ALDH2*1 alleles did not display any flush syndrome 

(Figure 5G and Figure 12C). 

[0156] In summary, using a combination of DNA sequencing and a DIY ethanol test, 

the level of alcohol tolerance for Donor 1, 2 and 5 (Figure 5H and 12D) were profiled. 

Importantly, the hiPSCs generated faithfully recapitulate the mutant genotypes and 

will be a good resource for future study of alcohol metabolism (Figure 12D). 

[0157] A model of a system for finger prick blood collection by donors and 

integration into an analysis and hiPSC bank is shown in Figure 15. 

[0158] All publications and patent applications cited in this specification are herein 

incorporated by reference as if each individual publication or patent application were 

specifically and individually indicated to be incorporated by reference. The citation of 

any publication is for its disclosure prior to the filing date and should not be construed 

as an admission that the present invention is not entitled to antedate such publication 

by virtue of prior invention. 

[0159] As used in this specification and the appended claims, the singular forms "a", 

"an" and "the" include plural reference unless the context clearly dictates otherwise. 

[0160] As used in this specification and the appended claims, the terms "comprise", 

"comprising", "comprises" and other forms of these terms are intended in the non-

limiting inclusive sense, that is, to include particular recited elements or components 

without excluding any other element or component. 

[0161] As used in this specification and the appended claims, all ranges or lists as 

given are intended to convey any intermediate value or range or any sublist contained 

therein. 

[0162] Unless defined otherwise all technical and scientific terms used herein have 

the same meaning as commonly understood to one of ordinary skill in the art to which 

this invention belongs. 
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[0163] Although the foregoing invention has been described in some detail by way of 

illustration and example for purposes of clarity of understanding, it is readily apparent 

to those of ordinary skill in the art in light of the teachings of this invention that 

certain changes and modifications may be made thereto without departing from the 

spirit or scope of the appended claims. 
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WHAT IS CLAIMED IS: 

1. A method of inducing pluripotency in a hematopoietic cell, the method 

comprising: 

providing a blood sample collected from a subject in the absence of any 

polysaccharide preparation used for separating blood components; 

depleting the sample of red blood cells by treating the sample with a hypotonic 

erythrocyte lysis buffer in the absence of any polysaccharide preparation used for 

separating blood components, to obtain a remaining cell population; 

expanding the remaining cell population in the sample in a hematopoietic 

expansion medium to obtain an expanded cell population that contains CD71+ cells; 

and 

culturing the expanded cell population in the presence of Oct4, Sox2, and 

Klf4, and optionally c-MYC, in human embryonic stem cell medium to induce 

pluripotency. 

2. The method of any one of claims 1 to 4, wherein the sample has been stored 

for up to about 48 hours prior to use in the method, at a temperature of about 3°C to 

about 5°C or on ice. 

3. The method of claim 1 or 2, wherein the volume of the blood sample is about 

250 |jl or less. 

4. The method of claim 1 or 2, wherein the volume of the blood sample is from 

about 10 |jl to about 20 |Lil. 

5. A method of inducing pluripotency in a hematopoietic cell, the method 
comprising: 

providing a blood sample collected from a subject in the absence of any 

polysaccharide preparation used for separating blood components, the blood sample 

having a volume of from about 10 |jl to about 20 |J 1 and being a sample previously 

collected by the subject by finger prick in a non-laboratory setting and which has been 

stored for up to about 48 hours, at a temperature of about 3°C to about 5°C or on ice; 

depleting the sample of red blood cells by treating the sample with a hypotonic 

erythrocyte lysis buffer in the absence of any polysaccharide preparation used for 

separating blood components, to obtain a remaining cell population; 
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expanding the remaining cell population in the sample in a hematopoietic 

expansion medium to obtain an expanded cell population that contains CD71+ cells; 

and 

culturing the expanded cell population in the presence of Oct4, Sox2, and 

Klf4, and optionally c-MYC, in human embryonic stem cell medium to induce 

pluripotency. 

6. The method of any one of claims 1 to 5, wherein the hematopoietic cell is a 

non-human hematopoietic cell. 

7. The method of any one of claims 1 to 5, wherein the hematopoietic cell is a 

human hematopoietic cell. 

8. The method of any one of claims 1 to 7, wherein the hypotonic lysis buffer 

comprises ammonium chloride. 

9. The method of any one of claims 1 to 8, wherein the expanding is performed 

in a serum-free hematopoietic expansion medium. 

10. The method of any one of claims 1 to 9, wherein the expanding occurs for a 

period of about 12 to about 16 days. 

11. The method of any one of claims 1 to 10, wherein the expanded cell 

population, prior to the culturing to induce pluripotency, comprises about 20 000 cells 

or greater. 

12. The method of any one of claims 1 to 11, wherein prior to the culturing to 

induce pluripotency, the expanded cell population comprises about 50 % or greater 

CD71+cells. 

13. The method of any one of claims 1 to 12, wherein the culturing to induce 

pluripotency is performed in the presence of feeder cells. 

14. The method of any one of claims 1 to 13, wherein the culturing to induce 

pluripotency comprises including the Oct4, Sox2 and Klf4, and the optional c-MYC, 

in the human embryonic stem cell medium. 

15. The method of any one of claims 1 to 13, wherein the culturing to induce 

pluripotency comprises transfecting or transducing the expanded cell population with 
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one or more nucleic acid vectors encoding the Oct4, Sox2 and Klf4, and the optional 

c-MYC. 

16. The method of claim 15, wherein the one or more nucleic acid vectors are 

viral vectors, episomal vectors, minicircle vectors, or synthesized mRNA. 

17. The method of claim 16, wherein the one or more nucleic acid vectors are 

viral vectors that are adenoviral vectors, baculoviral vectors or Sendai viral vectors. 

18. The method of claim 16, wherein the one or more viral vectors are Sendai 

viral vectors. 

19. The method of claim 18, wherein the transducing comprises exposing the 

expanded cell population to the one or more Sendai viral vectors over a period of 

about 24 hours. 

20. The method of claim 18 or 19, wherein transducing comprises transducing 

with an MOI of about 10 for each of the one or more Sendai viruses. 

21. The method of any one of claims 1 to 20, further comprising storing the 

resulting induced pluripotent cells in a cell bank or library. 

22. The method of any one of claims 1 to 21, wherein a portion of the blood 

sample is, prior to the depleting, reserved for characterization, for example DNA 

sequencing and/or blood serotyping. 

23. A kit for collecting a finger prick blood sample for use in inducing 

pluripotency in a hematopoietic cell, the kit comprising a finger-prick device, a 

collection tube, a thermo-box, and instructions for collecting the blood sample. 

24. The kit of claim 23 further comprising a shipping box or packaging for 

delivering the sample once collected. 

25. The kit of claim 23 or 24 further comprising one or more blood analysis tests. 
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