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The recent development of human induced pluripotent stem cells (hiPSCs) proved that mature somatic cells can return to an undifferentiated,
pluripotent state. Now, reprogramming is done with various types of adult somatic cells: keratinocytes, urine cells, fibroblasts, etc. Early
experiments were usually done with dermal fibroblasts. However, this required an invasive surgical procedure to obtain fibroblasts from the
patients. Therefore, suspension cells, such as blood and urine cells, were considered ideal for reprogramming because of the convenience
of obtaining the primary cells. Here, we report an efficient protocol for iPSC generation from peripheral blood mononuclear cells (PBMCs).

By plating the transduced PBMCs serially to a new, matrix-coated plate using centrifugation, this protocol can easily provide iPSC colonies.
This method is also applicable to umbilical cord blood mononuclear cells (CBMCs). This study presents a simple and efficient protocol for the
reprogramming of PBMCs and CBMCs.

Video Link

The video component of this article can be found at https://www.jove.com/video/54650/

Introduction

Stem cells have been one of the most attractive materials in clinical therapy for the last several decades’. The attractive properties of stem cells
are pluripotency and the ability to self-renew. In 1981, the first embryonic stem cells (ESCs) were isolated from the mouse embryoz. However,
when the technique was applied to human embryos, it faced several ethical issues.

In 2006, when Dr. Yamanaka and his team reprogrammed the first pluripotent cell from mouse somatic cells, the stem cell field regained its
possibility and interest was rekindled®. By delivering several defined factors, pluripotent stem cells were successfully "induced" from adult
somatic cells, and were thus named "induced pluripotent stem cells (iPSCs)." In 2007, this technique was applied to human ceIIs4, yielding cells
with the exact characteristics of ESCs but none of the ethical debate. Theoretically, iPSCs can be generated from any cell type obtained from
any individual or patient. Patient-specific iPSCs are rising as a potential tool that can simulate the disease phenotypes and epigenetic conditions
of each individual patient. Using gene editing or other methods that can reverse the pathogenic condition, patient-specific iPSCs can also be
used in personalized medicine”. Moreover, iPSCs are less associated with immune rejection because they have the same immune identity as
the donor, making auto-transplantation more feasible®. Therefore, iPSCs have become the most promising platform in disease modeling, drug
screening, and regenerative therapies. Given these benefits, improved protocols that can give purer and higher yields in the least amount of
time from the smallest cell source are constantly under development. One major consideration of finding the most efficient protocol for future
application is the primary cell type. Most of the early iPSC generation protocols are optimized for adherent cells since the original iPSC lines
were induced from skin fibroblasts*. However, the isolation and preparation of these cells are labor intensive. Also, the isolation of skin fibroblasts
includes invasive surgical procedures that can become a major shortcoming for broader application.

Therefore, for the further use of iPSCs, a cell source with convenient acquisition is required. Blood is regarded as an ideal cell source since it is
obtained through a rather minimally invasive procedure7'9. In this study, we developed a simple modification to the protocol generating hiPSCs
from peripheral blood mononuclear cells (PBMCs). Without the difficult expansion process of a specific cell type, such as CD34+ cells, whole
blood cells or PBMCs were serially plated onto matrix-coated plates by centrifugation after transduction with Sendai virus containing Yamanaka
factors. This method reduced the time required for the attachment of transduced floating cells and decreased the loss of reprogrammed cells that
were not able to attach on their own.

Copyright © 2016 Journal of Visualized Experiments December 2016 | 118 | 54650 | Page 1 of 7


https://www.jove.com
https://www.jove.com
https://www.jove.com
mailto:juji@catholic.ac.kr
https://www.jove.com/video/54650
http://dx.doi.org/10.3791/54650
https://www.jove.com/video/54650/

L]
lee Journal of Visualized Experiments www.jove.com
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1. Isolation of Monocytic Cells from Blood

1. Isolation of monocytic cells (Day -5)

1.
2.
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Obtain at least 10 ml of fresh blood from a blood draw in a cell preparation tube (CPT).

Transfer the blood to a new 50-ml conical tube and dilute it with sterile phosphate-buffered saline (PBS) at a 1:4 ratio.

NOTE: A higher ratio of dilution can be used for higher purity.

Add 10 ml of density gradient media to a new 50-ml conical tube and carefully layer the diluted blood on top of the density gradient
media. Centrifuge at 750 x g for 30 min at room temperature (RT) without a centrifugation brake.

Carefully transfer the buffy layer to a new 50-ml conical tube, add 30 ml of PBS to the tube, and wash the cells.

Centrifuge the cells at 515 x g for 5 min at RT.

Discard the PBS and resuspend the cells in 0.5 ml of blood cell media.

Count the cells and plate 1 x 10° cells per well of a 24-well plate. Add PBS to the surrounding wells to prevent evaporation.
Stabilize the cells for 5 days at 37 °C in 5% CO, before transduction. Add an additional 0.5 ml of fresh blood cell media on days 3-4
without disturbing the cells.

2. Transduction by Sendai Virus

1. Transduction (Day 0)
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Collect and transfer the blood cells to a 15-ml conical tube and count them using a hemocytometer.

Prepare 3 x 10° cells per transduction and centrifuge the cells at 515 x g for 5 min at RT.

Discard the supernatant by suction and resuspend the cells in 0.5 ml of blood cell media.

Transfer the cells to a well of a non-coated 24-well plate.

Thaw the Sendai virus mixture in ice and add it to the suspended cells. Add Sendai virus to the cells based on the manufacturer's
recommendations.

Seal the plate with a sealing film and centrifuge it at 1,150 x g for 30 min at 30 °C.

After centrifugation, incubate the cells at 37 °C in 5% CO, overnight (O/N).

2. Cell transfer to feeder matrix (Day 1)

1.
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The next day, coat a 24-well plate with vitronectin. Dilute the vitronectin solution in PBS for a final 5 pg/ml concentration. Add 1 ml of
vitronectin to a well of a 24-well plate and incubate it at RT for at least 1 hr. Remove the coating solution before use. Coated plates can
be stored in RT for 3 days.

Transfer all the media containing the cells and the virus to the coated well.

Collect the remaining cells with an additional 0.5 ml of fresh blood cell media and add it to the cell-containing well.

Centrifuge the plate at 1,150 x g for 10 min at 35 °C.

After centrifugation, remove the supernatant, add 1 ml of iPSC media, and maintain the cells at 37 °C in 5% CO, O/N.

3. Second cell transfer (Day 2)
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Coat the wells of a new 24-well plate with 5 pg/ml vitronectin, as described in step 2.2.1. Use one well of the plate for each
transduction.

Transfer the cell suspension from the first plate to the newly coated vitronectin plate.

NOTE: If not needed, suspension cells can be discarded. The procedure mentioned in step 2.3 can be repeated 2-3 times with the
suspension cells. If the steps will be repeated, harvest the cells.

Meanwhile, add 1 ml of iPSC media to the well of the first plate, for maintenance, and incubate it at 37 °C in 5% CO, O/N.

Maintain the attached cells at 37 °C and 5% CO, and perform a daily media change with fresh iPSC media. Colonies will appear on
days 14-21 after transduction.

Centrifuge the newly coated plate containing the suspension cells at 1,150 x g and 35 °C for 10 min.

After centrifugation, incubate the cells at 37 °C in 5% CO, O/N.

The next day, remove the supernatant and replace it with fresh iPSC media.

NOTE: The procedure mentioned in step 2.3 can be repeated 2-3 times with the suspension cells. If the steps will be repeated, harvest
the cells in the supernatant and repeat step 2.3.

Maintain the attached cells with daily media changes until 80% confluency is reached.

3. Reprogrammed Cell Maintenance

1. Early maintenance after the 24-well plate culture

1.

2.
3.
4

7-10 days after transduction, once the cells are confluent, prepare a vitronectin-coated, 60-mm dish. Dilute vitronectin solution in PBS
for a final 5 pg/ml concentration. Add 1 ml of vitronectin to the dish and incubate it at RT for at least 1 hr.

Wash the cells with PBS and add 1 ml of PBS/1 mM EDTA to detach the cells.

Incubate them at 37 °C and 5% CO, for 2 min.

Harvest the cells and centrifuge them at 250 x g and RT for 2 min. Remove the supernatant and resuspend the cells in 3 ml of fresh
iPSC media.
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5. Plate all resuspended cells onto the newly coated 60-mm dish.
6. Add 10 mM RHO kinase inhibitor to the cells and maintain them at 37 °C in 5% CO, until the cells are 80% confluent.

2. Split for colony appearance (Subcloning Preparation)

1. Prepare a vitronectin-coated, 100-mm dish, as described in step 3.1.2.

2. Wash the cells with PBS and add 1 ml of PBS/1 mM EDTA to detach the cells.

3. Incubate them at 37 °C and 5% CO, for 2 min.

4. Harvest the cells and centrifuge them at 250 x g and RT for 2 min.

5. Count the cells using a hemocytometer and prepare 1 x 10* cells per dish.

6. Centrifuge the cells at 250 x g and RT for 2 min.

7. Resuspend 1 x 10* cells in 6 ml of iPSC media, plate them onto the coated 100-mm dish, and add 10 mM RHO kinase inhibitor to the
media.

8. Incubate the cells at 37 °C in 5% CO, for a week until large colonies appear.

NOTE: Maintain and expand the colonies for subcloning. Subcloning is usually done in under 5 passages.

3. Colony picking using iPSC colony detaching solutlon

1. A week before colony picking, seed 1 x 10* cells in a vitronectin-coated, 100-mm dish, as mentioned in step 3.2.7.

2. Prepare a vitronectin-coated, 60-mm dish by adding 2 ml of vitronectin solution and incubating at RT for at least 1 hr.

3. By observing through a microscope (40X or 100X magnification), mark colonies with clear boundaries using a marker pen. Remove the
vitronectin solution from the new plate made in step 3.3.2 and add 6 ml of iPSC media supplemented with 10 mM RHO kinase.
Remove the culture medium from the cells and wash them with 3 ml of PBS.

Add 1 ml of iPSC colony detaching solution and incubate them for 30 s at RT.

Remove the solution from the plate and incubate it at RT for additional 30 sec.

Using a P200 pipette, draw 200 pl of media from the plate and detach the targeted colonies by pipetting. Transfer the scattered
colonies to the new 100-mm dish.

Incubate and maintain the cells at 37 °C in 5% CO,,

NOTE: After obtaining a pure iPSC colony, cells were maintained until they reached passage 10. Characterization was done after at
least 10 passages. Antibody dilutions and primer information are shown in Tables 1 and 2.

Representative Results

This protocol presents a simple method to reprogram PBMCs isolated from blood. Using the combination of serial plating and centrifugation,
iPSCs were successfully generated. With this method, iPSCs could be generated with a small amount of whole blood cells without isolating or
expanding a specific cell type. We successfully generated iPSCs from only 1x10* cells in a small cell culture plate.

No oM

©

Before reprogramming, blood cells were isolated using density gradient media. Blood cells were transduced 5 days after isolation. Figure

1A illustrates the scheme of the reprogramming method for the suspension cells. After isolation, PBMCs were transduced with Sendai virus
containing Yamanaka factors in a non-coated well. The next day, the suspension cells were harvested and plated onto a vitronectin-coated plate
using centrifugation, while the cells attached to the non-coated well were discarded. The attached cells that appeared on the vitronectin-coated
plate were retained and expanded further. Attached cells were maintained with daily media changes using iPSC media. The plating process with
centrifugation was repeated for the remaining suspension cells.

Reprogrammed iPSCs could be distinguished by their distinct morphology several days after transduction. However, during reprogramming,

it was hard to expand the reprogrammed cells in a pure form. At the early stage of reprogramming, the iPSCs were mixed with attached non-
reprogrammed differentiated cells (Figure 2A). The arrow in Figure 2A shows the iPSC-like cell types in the image. Before expansion, the iPSCs
and other cells were difficult to discriminate. Therefore, a pure colony was only obtained by the colony picking process. By seeding the cells

in a low density, colonies that were large enough for picking were obtained, as shown in Figure 2B. After isolating the colony, the cell clumps
were dissociated into single cells and cultured (Figure 2C). Pure iPSC colonies were seen afterwards (Figure 2D). After the pure iPSCs were
expanded, the quality of the cells was tested. Cells were stained with alkaline phosphatase to confirm the undifferentiated state of the iPSCs
(Figure 3A). Colonies derived from isolated iPSCs all showed positive staining. Pluripotent markers were confirmed by immunofluorescence
staining, shown in Figure 3B. The reprogrammed cells highly expressed pluripotent markers such as SSEA4, OCT4, SOX2, TRA-1-81, KLF4,
and, most importantly, TRA-1-60. The expression of pluripotent markers was confirmed by RT-PCR, shown in Figure 3C. OCT4 and SOX2 were
detected, as shown in the fluorescence data. Additional markers such as NANOG, DPPA5, TDGF1 were positively expressed as well.

For further analysis, a karyotype analysis was done. As shown in Figure 4A, the generated iPSCs showed a normal chromosomal pattern. To
confirm true pluripotency, the cells were differentiated into ectoderm, mesoderm, and endoderm. The generated iPSCs successfully differentiated
into all three germ layers, seen in Figure 4B. Since Sendai virus is known for its integration-free property, the removal of viral DNA is shown in
Figure 4C. One out of three cells tended to have viral DNA remain, even after several passages. However, the integrated gene was removable
by subcloning processes.

In conclusion, we have shown a protocol generating iPSCs from floating PBMCs. The protocol showed high efficiency and required only a small
amount of blood. The generated iPSCs had high pluripotency and avoided viral integration.
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Figure 1: Scheme of the iPSC generation protocol from PBMCs. A detailed diagram of the designed protocol based on the medium type and
timeline. Please click here to view a larger version of this figure.

Figure 2: Bright-field image of iPSCs generated from PBMCs. (A) Early morphology of reprogrammed cells. (B) Image of a colony before
picking. (C) Cells after the colony picking purification process. (D) Morphology of a pure colony. All scale bars indicate 200 pm. Please click here
to view a larger version of this figure.

OCT4 [
SOX2 [wem
NANOG [ ]
DPPAS :
TDGF1 :
GAPDH E

Figure 3: Pluripotency of iPSCs generated from PBMCs. (A) Colonies stained with alkaline phosphatase. (B) Fluorescence image of the
generated iPSCs. The antibody dilution ratio is shown in Table 1. (C) PCR analysis of pluripotent markers. Primer information is provided in
Table 2. All scale bars indicate 200 um. Please click here to view a larger version of this figure.
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Figure 4: Further analysis of the generated iPSCs. (A) Normal karyogram of the iPSC. (B) Fluorescence image of the cells after three-germ
layer differentiation. (C) PCR analysis of Sendai viral vectors. Non-transduced cells were used as negative control, and cells harvested a day
after transduction were used as positive control. Primer information is provided in Table 2. All scale bars indicate 200 um. Please click here to

view a larger version of this figure.

Antibody Name Concentration
SSEA4 1:200
Oct3/4 1:100
TRA-1-60 1:200
Sox2 1:100
TRA-1-81 1:100
Klif4 1:250
Alexa Fluor 488 goat anti-mouse 1gG (H+L) antibody 1:400
Alexa Fluor 594 goat anti-rabbit IgG (H+L) antibody 1:400

Table 1. Antibody dilutions.
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Target Name Direction Primer Sequence Size
OCT3/4 Forward ACC CCT GGT GCC GTG AA 190
Reverse GGC TGA ATA CCT TCC CAA
ATA
SOX2 Forward CAG CGC ATG GAC AGT TAC 321
Reverse GGA GTG GGA GGA AGA GGT
NANOG Forward AAA GGC AAA CAA CCC ACT 270
Reverse GCTATT CTT CGG CCAGTT
LIN28 Forward GTT CGG CTT CCT GTC CAT 122
Reverse CTG CCT CAC CCT CCT TCA
DPPB5 Forward CGG CTG CTG AAAGCCATT TT (215
Reverse AGT TTG AGC ATC CCT CGC TC
TDGF1 Forward TCC TTC TAC GGA CGG AAC TG (140
Reverse AGA AAT GCC TGA GGA AAG CA
SeV Forward GGA TCA CTA GGT GAT ATC 181
GAGC
Reverse ACC AGA CAA GAG TTT AAG
AGA TAT GTATC
KOS Forward ATG CAC CGC TAC GAC GTG 528
AGC GC
Reverse ACC TTG ACA ATC CTG ATG
TGG
Kif4 Forward TTC CTG CAT GCC AGA GGA 410
GCCC
Reverse AAT GTA TCG AAG GTG CTC AA

Table 2. Primer information.

Since embryonic stem cells (ESCs) showed several shortcomings, the need of an alternative tool was required. Therefore, the development

of induced pluripotent stem cells (iPSCs) by Yamanaka came under the international spotlight. It has been almost a decade since Yamanaka
discovered that pluripotency can be induced by adding only four genes into adult somatic cells. Since iPSCs are "induced" from mature somatic
cells, they can evade ethical issues that had once been the concern relating to ESCs. Unlike ESCs, iPSCs can be generated from each
individual. Therefore, they can be used in personalized medical research and other studies, such as drug screening, disease modeling, or
regenerative medicines.

The first human iPSC was generated from dermal fibroblasts in 2007. Various groups successfully reprogrammed this cell type, but an invasive
surgical procedure was required to obtain this primary cell. Therefore, it was not the ideal source for generating various disease iPSCs or
designing regenerative medicine. An alternative and easily obtained cell types were needed, such as keratinocytes, urine monocytes, and blood
cells. However, these cells are hard to expand, and some of them have a higher chance of contamination'°.

In this study, we presented a protocol that can successfully generate iPSCs from whole blood cells such as PBMCs. Without any expansion
process of a specific cell type, this protocol suggests a relatively simple method to generate iPSCs, even from a small amount of primary blood
cells. Once the PBMCs were isolated from the blood, the cells were stabilized in blood cell media for 5 days. The stabilization step before
transduction was critical in this protocol. The reprogramming efficiency was better after incubating the cells in blood cell media. This media
was used for the expansion of CD34+ cells. However, when whole blood cells were maintained in this media for 5 days, the cell number was
nearly identical with the first count. Using whole blood cells, it was hard to confirm if the CD34+ cells had been expanded. Nevertheless, the
stabilization step itself seemed to be important for successful reprogramming.

After transduction, we serially plated the cells onto a vitronectin-coated plate by centrifugation. Originally, the reprogrammed cells sank to the
bottom of the well after transduction. By boosting the cells with mechanical force or centrifugation, the transduced cells were able to attach and
proliferate. However, since the protocol used whole blood cells, half of the attempted trials with different samples resulted in various types of
morphologies when expanded. Therefore, isolation of pure iPSC colonies by colony picking was critical in this protocol. The cells expanded from
the isolated colony showed all the characteristics of a pure iPSCs.

Despite other benefits, iPSCs have several hurdles to overcome. Since several Yamanaka factors are known oncogenes, there are concerns that
iPSCs can develop into tumors in vivo. Therefore, it is important that the reprogrammed cells have no remaining exogenous gene expression

by integration. In the early years after the development of iPSCs, viruses, such as retroviruses and lentiviruses, were used for reprogramming.
The reprogramming rate was successfully high, yet these viruses required random integration into the cell genome. For this reason, several
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other methods have been developed. Viruses like Sendai virus are known to transduce the cells without integration, and other methods using
small molecules and episomal vectors have been developed as well. In this study, we used Sendai virus for the reprogramming. The integration
rate was relatively low compared to lentiviruses. We also confirmed that there were some remaining viral components in the generated iPSCs.
One out of three trials resulted in integration, even after 15-20 passages. However, this integration was removable by subcloning the colonies
derived from one single cell. In our experience, the density to obtain a healthy colony derived from a single cell was 1x10* cells per 100-mm dish.
The colonies that resulted in a perfect circular form were picked and expanded for PCR re-confirmation of the remaining viral components. The
colonies derived from non-integrated cells were maintained for further use. Once deleted, the cells maintained the non-integrated state.

In this study, we suggest a protocol for blood cell reprogramming. We added several steps, such as serial plating and centrifugation, to increase
the reprogramming rate of the floating cells. This method was done with PBMCs and cord blood mononuclear cells (CBMCs). This protocol was
used to generate homozygote iPSCs in GMP facilities in South Korea. Our group looks forward to the acceleration of the iPSC reprogramming
process using our protocol.

The authors have nothing to disclose.
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