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ABSTRACT

Techniques to evaluate gene expression profiling, such as sufficiently sensitive cDNA microarrays or real-time quan-
titative PCR, are efficient methods for monitoring human pluripotent stem cell (hESC/iPSC) cultures. However, most
of these high-throughput tests have a limited use due to high cost, extended turn-around time, and the involvement
of highly specialized technical expertise. Hence, there is an urgency of rapid, cost-effective, robust, yet sensitive me-
thod development for routine screening of hESCs/hiPSCs. A critical requirement in hESC/hiPSC cultures is to maintain
a uniform undifferentiated state and to determine their differentiation capacity by showing the expression of gene
markers representing all three germ layers, including ectoderm, mesoderm, and endoderm. To quantify the modula-
tion of gene expression in hESCs/hiPSC during their propagation, expansion, and differentiation via embryoid body
(EB) formation, we developed a simple, rapid, inexpensive, and definitive multimarker, semiquantitative multiplex
RT-PCR platform technology. Among the 9 gene primers tested, 5 were pluripotent markers comprising set 1, and
3 lineage-specific markers were combined as set 2, respectively. We found that these 2 sets were not only effective
in determining the relative differentiation in hESCs/hiPSCs, but were easily reproducible. In this study, we used the
hES/hiPS cell lines to standardize the technique. This multiplex RT-PCR assay is flexible and, by selecting appropriate
reporter genes, can be designed for characterization of different hESC/hiPSC lines during routine maintenance and

directed differentiation.
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Fig. 1. Morphological characterization of human emkryonic stem
cells (hES), human induced pluripotent stem cells (hiPS) and
human embryoid bodies (hEBs). (A) Phase contrast images of
compact day 6 undifferentiated hESCs colony and AP staining x10
magnification at passage 57 maintained on mouse embryonic
fibroblast(MEF) feeders. (B) Phase contrast images of compact day
3 undifferentiated hiPSCs colony and AP staining x10 magnification
at passage 7 maintained on mouse embryonic fibroblast(MEF)
feeders. (C) Image of day 6 embryoid body x10 magnification. Scale
bars are 100 ym.
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Table 1. List of gene primers classified in separate sets Pluripotency specific markers along with the sequences, annealing temperature and
region of amplification by the multiplexPCR technique

Accessi T Product
No Markers sion If‘ size Primers (5—3)
rumber ()
(bp)
F TGAAGGTCGGAGTCAACGGATTTGGT
1 GAPDH Normalizing NM_002046 983
R CATGTGGGCCATGAGGTCCACCAC
F GCCAAGACCTGCAGGCGGAAA
2 ZFP42 NM_174900.3 713
R TCCCCCGTGTGGATGCGCAC
E GCAATTTGCCAAGCTCCTGAAGCAG
3  POUSBF1 NM_002701 536
R CATAGCCTGGGGTACCAAAATGGGG
60
F GGGAACTCTCCCGGCACGTAG
4 DPPA5  Pluripotency NM_001025290.1 349
R TCACTTCATCCAAGGGCCTA
F GCTTGCCTTGCTTTGAAGCA
5  NANOG NM_024865.2 255
R TTCTTGACTGGGACCTTGTC
F CCGTCGCTGAACACCGCCCTGCTG
6 UTFl NM_003577.2 171
R CGCGCTGCCCAGAATGAAGCCCAC
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Fig. 2. Molecular characterization of undifferentiated human em-
bryonic stem cells(hESCs) and human neonatal tissue by single PCR
and multiplex PCR. Standardization of 2 different sets of multiplex
PCRs, wherein each set constitutes a group of pluripotency gene
primers and three germ layer gene primers. Image A, B represent
1.5% agarose pictures of setl: pluripotency markers, set2: differen-
tiation markers. (A) Genes associated with pluripotency; ZFP42,
POUSF1, DPPA5, NANOG, UTF1 in hESCs. (B) Genes associated
with pluripotency(POUSF1), endoderm(AFP), mesoderm(ACTC1),
ectoderm(SOX1) in hESCs and 17-week-old human neonatal tissues.
Marker is 100-bp molecular marker(ladder). Scale bars are 100 pm.
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Fig. 3. Establishment of multiplex PCR as a sensitive method for
defining the state of human embryonic stem cells (hESCs), spon-
taneously differentiated hESCs and human induced pluripotent
stem cells (hiPSCs). (A) Represent 1.5% agarose pictures and hESCs
morphology of single undifferentiation hESCs colony. (B) Represent
1.5% agarose pictures and spontaneous differentiated hESCs mor-
phology of single spontaneously differentiated hESCs colony. (C)
Represent 1.5% agarose pictures and undifferentiated hESCs and
hiPSCs morphology of single undifferentiated hESCs and hiPSCs
colonies. Scale bars are 100 um.
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Table 2. List of gene primers Pluripotency, Endoderm, Mesoderm, Ectoderm specific markers along with the sequences, annealing
temperature and region of amplification by the multiplexPCR technique

Accessi T Product
No Markers SSIon Dm size Primers (5'—3")
number ()
(bp)

F TGAAGGTCGGAGTCAACGGATTTGGT

1 GAPDH  Normalizing NM_002046 983
R CATGTGGGCCATGAGGTCCACCAC
F GCAATTTGCCAAGCTCCTGAAGCAG

2 POUSF1  Pluripotency ~ NM_002701 536
R CATAGCCTGGGGTACCAAAATGGGG
F GAAATGACTCCAGTAAACCCTGGIG

3 AFP Endoderm NM 001134 60 400
R AGACTCGTITTTGTCTTCTCTTCCCC
F CATCCTGACCCTGAAGTATCCCATC

4 ACTC1 Mesoderm NM_005159 315
R CCCTCATAGATGGGGACATTGTGAG
F GTGTCCAATTGTTGGCATCTAGGTC

5 SOX1 Ectoderm NM._ 005986 202
R CAAGGAAATAAGGTGGTTGGAGCAC

Table 3. Details of the gene markers used in this study
Gene mapping . .
No Gene/name K Actvity and function Reference
in humans
GAPDH
Glyceraldehyde-3- Chromosome: 12; . i . Brimble &

1 phosphate location: 12p13 Housekeeping gene; glucose metabolism (2004)
dehydrogenase

5 Zﬁz%h(}g{frxb; Chromosome: 4; Transcription factor activity; binding of metal ions and controls Irene
protein 42 homolog location: 4q35.2 cell division (2004)

Transcription factor activity; regulation of key processes =
POUSF1 (OCT4); Chromosome: 12; . . . . Irene -5
3 POU class 5 homeobox 1 location: 6p21.31 m er.nbryom.c development by miRNA, DNA and nucleotide (2004)
binding, maintenance of stem cell pool
Involved in the maintenance of embryonic stem (ES) cell plu-
DPPA5 : i =

4 Developmental pluripotency- Chromosome 6 ripotency. Brimble -5

P punp ¥ location: 6q Dispensable for self-renewal of pluripotent ES cells and (2004)
associated 5 protein .
establishment of germ cells.

5 NANOG Chromosome: 12; Transcription factor activity; Clark &
Nanog homeobox location: 12p13.31 regulates cell proliferation and cell differentiation (2004)
UTFl . . Chromosome: 10; ]nvo}ved in the maintenance of embryonic stem (ES) cell p. o0 =

6 Undifferentjated embryonic location: 1026 pluripotency. 2004
cell transcription factor 1 ocation: g Acts as a transcriptional coactivator of ATF2 (2004)
AFP Chromosome: 4 Metal' ion bh:ldin.g activity; Irene %

7 Al . . associated with liver and pancreas development, transport,

pha-fetoprotein location: 4q11-q13 . (2004)
and organ regeneration
ACTCH ATP binding and ATPase activity; )
. . Chromosome: 15; regulates actin filament-based movement, muscle contraction, Irene &
8 Actin, alpha, cardiac , o . Y
muscle 1 location: 15q11-q14  maintains cardiac myofibril assembly and (2004)
actomyosin structure organization
SOX1 o ' Chromosome: 13; Transcription factor activity; Brimble =
9 Sex determining region Y-

box 11

location: 13g34

regulation of embryonic development and in the determination 2004
of the cell (2004)
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hESC  #1 #2 #3 #4
B hESC- neonatal tissue
derived cell drived cell

#2

heart liver  skin

AR

Fig. 4. Establishment of multiplex PCR as a sensitive method for
defining the state of human embryoid bodies (hEBs), human em-
bryonic stem cell derived cell, human neonatal tissue drived cells.
(A) Represent 1.5% agarose pictures and hEBs morphology of single
hEBs. (B) Represent 1.5% agarose pictures and cell morphology of
hESCs-derived cell, and represent human neonatal tissue derived
cells. Scale bars are 100 pm.
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