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2.3 Total RNA 1. RNeasy Mini Kit.
Extraction 2. QIAshredder.
3. RNase-free DNase set.
4. Cell scraper.
2.4 qRT-PCR 1. QuantiTect Probe one-step RT-PCR Kit.
2. 96-Well PCR plate.
3. Dual-labeled probe and primer.
4. TagMan GAPDH control reagents, human.
5. Applied Biosystems 7300 Real Time PCR systems.
3 Methods
3.1 Cell Culture 1. Add 3 or 5 mL of gelatin solution into a 60 or a 100 mm dish

3.1.1  MMC-Treated

SNL Cells 2.

10.

11.

3.1.2  hiPSC Culture 1.

on Feeder Cells

and incubate for 30 min.

Aspirate gelatin solution and use this dish as gelatin-coated
dish.

. Thaw quickly the 1x10°¢ cells of cryopreserved SNL cells in

water bath at 37 °C and suspend with 9 mL of SNL medium
ina 15 mL tube.

. Centrifuge the 15 mL tube a 170xg for 5 min and aspirate

supernatant.

. Suspend SNL cell pellet with 10 mL of SNL medium and

transfer into a gelatin-coated 10 cm dish.

. Culture in a humidified atmosphere of 95 % air with 5 % CO,

at 37 °C (see Note 1).

. When SNL cells reach confluence, add 12 pg/mL MMC and

incubate for 2 h and 30 min.

. Wash the MMC-treated SNL cells twice with 10 mL of PBS.
. Detach the cells with 1 mL of 0.25 % trypsin/EDTA solution,

add 10 mL of SNL medium, and then transfer into 15 mL
tube.

Centrifuge the 15 mL tube at 170 g for 5 min and aspirate
supernatant.

Suspend the cell pellet with 10 mL SNL medium, transfer the
cell suspension to a 60 mm dish (5 x 10° cells/dish), and incu-
bate in a humidified atmosphere of 95 % air with 5 % CO, at
37 °C for 1 day.

Culture hiPSC colonies in 60 mm dish (pre-seeded with
MMC-SNL feeder cells) until colonies reach 70-80 % conflu-
ency. Aspirate the medium, and wash twice the cells with 5 mL
of PBS per dish.
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10.
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Remove PBS completely, add 0.5 mL CTK solution, and
incubate at 37 °C for 3 min (see Note 2).

. Aspirate CTK solution, and wash twice with 5 mL of PBS.
. Remove PBS completely and add 5 mL of hiPSC medium.
. Cut hiPSC colonies using EZPassage (see Note 3).

. Detach hiPSC colonies using a cell scraper.

. Resuspend the cell clump in 5 mL of hiPSC medium and

through 100 pm cell strainer.

. Transfer the cell clump suspension to a 15 mL tube. Centrifuge

at 100 x4 for 5 min, and then aspirate the supernatant.

. Resuspend the cell clump in 5 mL of hiPSC medium and

transfer the cell clump suspension onto a 60 mm dish that is
pre-seeded with MMC-SNL feeder cells.

Incubate at 37 °C and 5 % CO2 until cells reach 70-80% con-
fluency (see Note 4). ’

. Culture primary RPE cells in 100 mm dish for 14 days.

2. Aspirate the medium, and wash the cells with 10 mL PBS.

. Remove PBS completely, add 0.5 mL 0.25 % trypsin/EDTA

solution, and incubate at 37 °C for 10 min. Add 10 mL RtEBM
medium (with 2 % FBS), and then transfer the cell suspension
to a 15 mL tube.

. Centrifuge at 200xg for 5 min, and then discard the
supernatant.
. Resuspend the cell in 5 mL of RtEBM medium (with 2 % FBS).

6. Seed 1 x10¢ cells into a 60 mm dish (see Note 5).

The procedure for differentiating hiPSCs into RPE cells was per-
formed as previously described [9, 10].

. Extract total RNA using the RNeasy Mini Kit, according to the

manufacturer’s instructions (see Note 6).

. The lysate was homogenized using a QIAshredder and on-

column DNase digestion was performed according to the
manufacturer’s instructions.

. The RNA quantity and quality were determined by measuring

the absorbance at 260 and 280 nm using NanoDrop. The
RNA concentration was calculated and the RNA samples were
stored at -80 °C.

. PCR primers and dual-labeled probes are listed in Table 1.

2. Preparation of a reaction mix using the QuantiTect Probe

RT-PCR kit. The primer and probe concentrations were
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Table 1
qRT-PCR probes and primers [9]

TGCTGAGGCCTTCTGCGTCACACC ACAGGTGAAGAC  TCCCTGGTGGTAGGAAGAGTAAA

' CGCATGGGGTTCGGCTTCCTGTCC X > GGGCATCT CCTTCCATGTGCAGCTTACTC

TTGTTCCTCCTCAGAGTCGCTGCTGGT  GCTCCATGAGGAGACACCG ~ CCACAGAAACAACATCGATTTCTTC

KLF4 ACCTGCGAACCCACACAGGTGAGAAAC  CCTACACAAAGAGTTCCCATCTCA  CCGTCCCAGTCACAGTGGTA

881
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3.5 Quantification

3.6 Detection
of Undifferentiated
hiPSCs Using qRT-PCR

3.6.1 ldentification
of Highly Selective Markers
for Undifferentiated hiPSCs

3.6.2 hiPSC-Spiked
Sample Analyzed Using
the Lin28/qRT-PCR Method

100

10

1

vs hiPSC (%)

0.1
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Fig. 1 The relative mRNA expressions in primary RPE cells of LIN28, 0CT3/4,
SOX2, NANOG, REX1, KLF4, and C-MYC were determined by gRT-PCR analysis
[9]. All values are expressed as mRNA levels relative to those in undifferentiated
hiPSCs. Results are means + standard deviation (n=3)

determined to be 400 nM and 100 nM, respectively, in a final
reaction volume of 25 pl. 250 ng of total RNA (5 pL of 50 ng/
pL total RNA) was used as template (see Note 7). Prior to
amplification, the contents of each reaction were mixed by
spinning the plate for 2 min at 700 x4. The optimal thermal
cycling conditions were 50 °C for 30 min and 95 °C for 15 min
followed by 45 cycles of 94 °C for 15 s and 60 °C for 1 min.

Data analysis based on a standard curve method: A 201B7 total
RNA dilution series (10, 3, 1, 0.3, 0.1, 0.03, 0.01, 0.003, and
0.001 ng/pL) was prepared as a standard curve.

Target gene expression levels were normalized to those of the
GAPDH transcript, which were quantified using TagMan human
GAPDH control reagents.

To identify highly selective markers for undifferentiated hiPSCs, we
compared the OCT3/4, KLF4, C-MYC, SOX2, NANOG, LIN2S,
and REX1 mRNA levels in hiPSCs and primary RPE cells (Fig. 1).
Primary RPE cells were found to endogenously express C-MYC at
25.49 % of the levels observed in hiPSC, which was consistent with
the previous finding that MEF expressed C-MYC at approximately
20 % of levels observed in mouse ES cells [11]. KLF4 and REX1
expression levels in primary RPE cells were 3.51 % and 2.23 %,
respectively, compared with hiPSCs. However, there was more than
a 1,000-fold difference in NANOG (0.07 %), SOX2 (0.06 %),
OCT3/4 (0.01 %), and LIN28 (not detected) gene expression
between primary RPE cells and hiPSCs. These results suggested
that the latter four genes are useful in detecting hiPSCs in RPE cells.

We then conducted two sets of QRT-PCR assays to evaluate the
utility of these marker genes to detect spiked hiPSCs in primary
RPE cells. We first measured NANOG, OCT3/4, and LIN28
mRNA levels in five lots of primary RPE cells (the negative control)
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107 NANOG

::‘llllllll

hiPSCs 1% 0.1% 0.01%

vs hiPSC (%)

primary RPE lot. A ' primary RPE
107 OCT3/4

1-
0.1 0.04% (Limit of detection)
0.01- II II II II
all
B C D E

hiPSCS 1% 0. 1% 0. 01% A

vs hiPSC (%)

primary RPE lot. A primary RPE
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0.01 4 I i
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hiPSCs 1% 0. 1% 0. 01% A

vs hiPSC (%)

primary RPE lot. A primary RPE

Fig. 2 gRT-PCR analysis of hiPSCs spiked into primary RPE cells and five lots of
primary RPE cells [9]. Single-cell hiPSCs were spiked into primary RPE cells, and
total RNA was isolated from the mixed cells. The mRNA levels of NANOG, 0CT3/4,
and LIN28 are shown as a relative expression. Limit of detection was calculated
as the mean plus 3.3-fold the standard deviation of the measurement of the five
lots of primary RPE cells. All values are expressed as mRNA levels relative to
those in undifferentiated hiPSCs. Results are means + standard deviation (n=3)

to determine the LLOD. Limit of detection was calculated as the
mean plus 3.3-fold the standard deviation of the measurement of
the five lots of primary RPE cells [12]. The LLOD for NANOG
and OCT3/4 mRNA was 0.45 % and 0.04 %, respectively, com-
pared with hiPSCs (Fig. 2). The LLOD for LIN28 could not be
calculated because no fluorescent signal for LIN28 expression was
detectable in the primary RPE cells. These results along with

— 282 —



In Vitro Detection of Residual Undifferentiated Cells in Retinal Pigment... 191

3.6.3 hiPSC-Derived RPE
Analyzed Using the LIN28/
gRT-PCR Method
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Fig. 3 LIN28 expression of hiPSCs differentiating into RPE and purified hiPSC-
derived RPE cells (passages 3 and 4) [9]. All values are expressed as mRNA
levels relative to those in undifferentiated hiPSCs. Results are means + standard
deviation (n=3)

experiments spiking 2.5 x 10% (1 %), 2.5x10% (0.1 %), and 2.5 x 10?
(0.01 %) hiPSCs into 2.5 x 10° primary RPE cells (Fig. 2) indicated
that measuring NANOG, OCT3/4, and LIN28 expression using
qRT-PCRs detected at least 1 %, 0.1 %, and 0.01 % contamination
of residual undifferentiated hiPSCs in RPE cells, respectively.

We examined whether qRT-PCR analysis of LIN28 was able to
detect residual undifferentiated cells in differentiated RPE cells
from hiPSCs. Total RNA extracted from the differentiating cells
(days 5, 20, and 40) and purified hiPSC-derived RPE cells (pas-
sages 3 and 4) underwent qRT-PCR analysis. The LIN28 mRNA
level was continuously downregulated during the differentiation
process, being 0.02 % that of hiPSCs at day 40. In early passage
culture (passage 3) after purification, LIN28 was still significantly
expressed at a level 0.002 % that of hiPSCs. From passage 4 onward,
however, there was no detectable level of LIN28 expression
observed in hiPSC-derived RPE cells (Fig. 3). These results suggest
that the LIN28/qRT-PCR method detects 0.002 % of residual
undifferentiated hiPSCs in hiPSC-induced RPE cells, which indi-
cates that a single hiPSC in 5.0 x 10* RPE cells is detectable.

4 Notes

1. Change the medium every 3 days until the next passage step.

2. To prevent inactivation of CTK, do not warm 37 °C before use.
Make sure that feeder cells are dissociated, while hiPS colonies
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remain attached on the plate. Then, remove CTK solution as
soon as possible to maintain good viability of the harvested cell.

. Cuts hiPS$ colonies into uniform-sized pieces for reproducible

and optimal passaging.

4. Change the medium every day until the next passage step.

. Next day, make sure that RPE cells are attached on plate, and

change the medium with RtEBM medium (without FBS).
Change the medium every 23 days until the next passage step.

. In the spiking study, 201B7 and RPE cells were mixed at a

defined cell number, before total RNA extraction.

. If sufficient total RNA sample were not available, it is possible

to use 50 ng total RNA as qRT-PCR template.
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