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TrulyStem Human Embryonic Stem Cell Characterization

Background

Human embryonic stem cells (hESC) show, besides their importance in basic
research, promising future applications including cell replacement therapies,
drug discovery and toxicology testing.

The most important characteristic of ESCs is their pluripotency, or ability to dif-
ferentiate into all three primitive cell lineages in the body -- endoderm, ecto-
derm and mesoderm. In other words, they can develop into each of the more
than 200 cell types of the adult body when given sufficient and necessary stim-
ulation for a specific cell type. Researchers working with hESCs must continu-
ally screen them to ascertain pluripotency.

Populations of pluripotent hESC can be derived from the inner cell mass (ICM)
of blastocysts or earlier morula stage embryos and have the capacity for indefi-
nite, undifferentiated proliferation in vitro. Differentiation of hESC may occur
spontaneously in vitro, especially during sub-optimal culture conditions. In ad-
dition, hESC can be hoaxed to differentiate in a directed fashion along specific
pathways forming a variety of specialized cell types. However, relatively little is
currently known about how to control and manipulate hESC differentiation to
produce exclusive populations of specific cell types.

House keeping genes (HKGs) are assumed to be constitutively expressed at a
constant level and are therefore frequently used for normalization of gene ex-
pression data. Synnergren, J. et al (2007) (13) have showed that commonly used
HKGs that have been used in studies of somatic cells are not stably expressed in
hESC. They defined a novel set of HKGs specifically for hESCs.

Human ESC are most often grown on a feeder layer of embryonic fibroblasts
and require the presence of basic Fibroblast Growth Factor. Without optimal
culture conditions or genetic manipulation, embryonic stem cells will rapidly
differentiate. A human embryonic stem cell is defined by the presence of sever-
al transcription factors and cell surface proteins. The transcription factors Oct-4,
Nanog, and Sox2 among others are commonly used to identify hES cells. The
cell surface antigens most commonly used to identify hES cells are the glycolip-
ids SSEA3 and SSEA4 and the keratan sulfate antigens Tra-1-60 and Tra-1-81.
There is a general lack of rapid, sensitive and quantitative methods for the
detection of differentiating human embryonic stem cells.

The TrulyStem kit is a robust and sensitive multi-marker quantitative real-time
PCR method, with which you can measure 13 genes regulated upon differen-

tiation. The relative differentiation state of the cells can be determined by cal-
culating a collective expression index based on the mRNA levels of the genes.

Contents

« Control cDNA from differentiated and non-differetiated stem cells, cell lineage
AS002. 13 rxns, one reaction for each gene.

« Primer solutions for 13 stem cell differentiation markers. 100 rxns.

Full Name Marker for Expected regula-
tion upon differen-
tiation

Oct-4 POU domain, class 5, transcrip- ~ pluripotency state down (3)

tion factor 1

Nanog Homeobox transcription factor ~ pluripotency state down (4)
Nanog

Sox-2* Transcription factor SOX-2 pluripotency state down (5)

Cripto Teratocarcinoma-derived mesoderm lineage down (8)
growth factor 1

Gdf-3 Growth/differentiation factor 3 pluripotency state down (6)

BllITub Tubulin beta-3 chain ectoderm lineage up (11)

AFP Alpha-fetoprotein endoderm lineage up (7)

NESTIN NESTIN ectoderm lineage up (12)

DESMIN  DESMIN mesoderm lineage up (10)

0C90 Otoconin 90 undifferentiated state  down (9)

Lin28 Zinc finger CCHC domain-con-  undifferentiated state  down (9)
taining protein 1

DNMT3B DNA (cytosine-5)-methyltrans-  undifferentiated state  down (6)
ferase 3B

hTERT human telomerase reverse undifferentiated state  down (6)
transcriptase

*The SOX-2 gene has only one exon. Consequently the assay may amplify genomic DNA.

Primers were designed to form minimum amount of primer- dimer and to span
exon-boundaries not to amplify genomic DNA. Efficiency of amplification was
determined for each assay on VisiBlue Master Mix containing SYBR Green |. Pre-
vious results with OC90 have shown that depending on when the differenti-
ated stem cells (AS002) are harvested the transcription might be down or up
regulated. For the cell lineage SA002, DESMIN exhibits slight down regulation
or no difference upon differentiation. Literature indicates up regulation for
DESMIN but can vary with cell lineage .
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Additionally required materials and devices

« Real-time PCR instrumentation.
This kit has been validated on several different instrument platforms. It is suit-
able for use on all gPCR instruments.

» Mastermix or mastermix components
This kit has been validated using VisiBlue MasterMix. The kit should also be
compatible with most other commercially available mastermixes.

- Pipettes and tips

«Vortex and centrifuge

- Sample cDNA

Itis recommended to use cDNA of high quality. Quality of RNA can be measured
prior to cDNA synthesis using Agilent 2100 Bioanalyzer or BioRad Experion.

Storage

The primer solutions can be stored at +4°C for a period of 12 months. For long
term storage -20°C is recommended. The mastermix can be stored at -20°C for
six month and at +4°C for shorter periods. Repeated freeze-thaw cycles are not
recommended.

Amplification protocol

The amplification protocol below is recommended together with 10 min at
95°C for enzyme activation, if VisiBlue MasterMix is used.

After amplification it is recommended to perform dissociation curve analysis

from 65°C to 95°C. This is programmed according to the instrument manufac-
turers’instructions.

UNG step (optional) according to mix instructions

Enzyme activation

10 min, 95°C or according to
mix instructions

Cycling (x40) denaturation 20s 950C
annealing 20s 60°C
elongation 20s 72°C

Pipetting protocol

We recommend that each sample is quantified in duplicate or triplicate for
each gene in the kit. The different genes will be down or up regulated more or
less, due to differentiation, depending on stem cell lineage. Measurements of
all genes give a complex analysis of the differentiation state. Often it may be
sufficient to measure a subset of genes to get a good estimation of the differ-
entiation state. A suggestion is to evaluate this for each cell line. For the control
cDNA run a reaction with each gene and calculate the expression index. Save
the Ct values and calculations for comparison with your samples.

Make a mastermix for each gene according to the protocol below. Make at least
1 rxn extra so that you do not run out of mastermix during the pipetting. Rec-
ommended amount of cDNA is 10ng/reaction. Larger volumes of cDNA may be
added. In this case change

the volume of water accord-
ingly. Use 2 pl of the control A Gl waEr 7,2ul

cDNA included in the kit,

Primermix 0,8ul
which corresponds to 10ng. Mastermix (2x) 104
It is recommended to use

cDNA 2ul
the same amount of cDNA

Final Volume 20pl

for all samples.

Quantification of gene expression

Quantification of gene expression is based on the Ct value for each sample. The
Ctvalues are calculated as the average of duplicate or triplicate measurements.
A mathematical model, previously described in detail (1), can be used to de-
termine the expression ratio of two or more genes. The general mathematical
formula to calculate an expression index, based on the geometric average of
several reporter genes, is given by (equation 1)(2):

Clgene Ct Ct
Q/ (+E ) OX(A+E, ) O x X(HE ., )0
gene(l) gene(2) gene(n)

”‘*{‘/(1+E Yo (1+E, . ) 0% X(HE L, )
gene(n+1) gene(n+2) gene(m)

Index =K,

gene(m)

Eisthe PCRefficiency, Ctis the threshold cycle, and nand (m-n) are the numbers
of genes that are up and down regulated, respectively, upon differentiation of
hESCs. The PCR efficiencies were evaluated from dilution series of purified PCR
products [1]. All the primers in the kit have an efficiency of about 90 %.
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The graph shows the great
difference in expression in-
dex comparing SSEA+ and
SSEA- cells. The expression
index was calculated from
the relative RNA levels of

KRS is the relative sensitivity constant that, among other things, accounts for
the differences in the fragment lengths of templates. It does not affect relative
comparisons of samples and is therefore not necessary to determine.

:

Calculation example

Expression Index
¥ g

A gPCR experiment with SSEA+ €I Template  Ct Average OCt.4’ Nanog, Cripto ?nd AFF: 1009
(differentiated) and SSEA- (non-  AFP SSEA+ 245 24 585 which were determined us- 0-

: _ ; : ing QPCR. SSEA-4 (+) SSEA4 ()
differentiated) human embry- 24,67
onic stem cells were performed .
to determine the differentiation 2oEA 218 273 TrOUbIeShOOtlng
state. The cells (SA121) were 2166 « 1 do not get any amplification/signal?
cultured and harvested on  Oct4 SSEA+ 1317 131 The instrument may not have been programmed correctly or there may be a
day 7 and fractionated using 13,03 problem with your mastermix. Evaluate if the problem is in the detection or the
SSEA-4-antibody-coated mag- SSEA- 1425 14,12 amplification by running the samples on gel. Run a new test using the positive
netic beads, followed by RNA 13,99 control DNA provided with the kit.
extractlop and cDNA synthesis. Nanog SR 1682 16775 . . N ' '
The relative RNA levels of Oct4, « My negative controls give a positive amplification?
Nanog, Cripto and AFP were ez Since the assays are based on SYBR Green detection, all dsDNA is detected, in-
determined using QPCR. The SSEA- 1819 18,02 cluding primer-dimers. Depending on which mix is used, varying amounts of
genes were run in duplicates, 17,85 primer-dimers are formed. Typically negative controls give Ct-values well above
and the expression index was  Cripto SSEA+ 1474 1528 35 cycles. Evaluate whether amplification is due to primer-dimers or contami-
calculated with the data in the 15,82 nation using melt-curve analysis.
et SSEA- 1684 171 « My samples have same/higher Ct-value than my negative controls?

17,36

An average value for each sam-

ple was calculated. By using

equation 1 and the average values together with 90% efficiency two expres-
sion indexes were calculated, one for SSEA+ and one for SSEA-. All the primers
in the kit have approximately 90% efficiency.

(1+0,9)24,585
Index..,, = 4544133
oA §(1+0,9)" x(1+0,9)* " x(1+0,9)*”
1 0,9 21,73
INdEX ey (1+0.9) — 30,3417

 3f+0,9) 2 x(1+0,9) % (1+0,9)"

The equations show how to calculate expression indexes. The mathematical
formula used is equation 1.

This indicates that you have added too little cDNA. Add more cDNA and try
again. The cDNA may be of low quality. Check the quality of the RNA before
doing cDNA synthesis.

« My replicates are not very tight?

With good quality cDNA and good pipetting technique, very high reproduc-
ibility is possible. Low amounts of cDNA can lead to higher variation. Also, low
quality cDNA can lead to big differences between replicates. Check the accu-
racy and reproducibility of your pipettes.

- | get a positive amplification from genomic DNA

Where possible the assays in the TrulyStem kit have been designed to span
exon-boundaries. However, when intron-less pseudogenes are present in the
genome, genomic DNA may still give a positive amplification. Try removing
DNA contamination by DNAse treatment of the RNA sample.
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License information

PCR is covered by several patents owned by Hoffman-La Ro-
che Inc. and Hoffman-LaRoche, Ltd. Purchase of the TrulyStem kit
does not include or provide a license with respect to any PCR-
related patent owned by Hoffman-La Roche or others. TATAA Biocenter does
not encourage or support the unauthorised or unlicensed use of the PCR
process.

Contact
For more information about the products please contact us at info@tataa.com
or visit our homepage, www.tataa.com.

Other products from TATAA

Human Endogenous Control Gene Panel

A panel containing primer sets for 12 commonly used human reference genes.
A perfect product for finding the most optimal reference gene for your sam-
ples. GenEx Standard software is also included in the kit.

Mouse Endogenous Control Gene Panel

A panel containing primer sets for 12 commonly used mouse reference genes.
A perfect product for finding the most optimal reference gene for your sam-
ples. GenEx Standard software is also included in the kit.

Chromofy A new dye for qPCR and HRM

Chromofy is a dye developed by TATAA Biocenter which can be used as an un-
specific dye in gPCR applications and High-Resolution Melt. The dye shows a
strong fluorescence increase when bound to dsDNA and has similar excitation
and detection wavelengths as SYBR and FAM.

GenEx software

A software for gene expression analysis. GenEx provides the appropriate tools
to analyze real-time PCR gene expression data and to extract valuable informa-
tion from the measurements.

CelluLyser - for rapid and easy lysis and cDNA synthesis

The CelluLyser Lysis and cDNA Synthesis Kit enables you to generate cDNA
from small samples with minimal losses and hands-on time, allowing even a
single cell to be analysed. A rapid and sensitive lysis is followed by reverse tran-
scription without the need of purification.

VisiBlue mastermix colorant

The VisiBlue mastermix colorant enables you to quickly color your favourite
gPCR mastermix to easily visualize where the reagent has been added to your
plates and tubes. VisiBlue is very easy to use by a simple addition to your mas-
termix.

11



Express your
genius

TATAA Biocenter, with offices in
Gothenburg, San Francisco and
Prague, is the leading provider of
real-time PCR services and the prime
organizer of real-time PCR work-
shops globally. TATAA Biocenter
conducts commissioned research
and training within field of molecu-

@ tataabiocenter

lar diagnostics and gene expression
analysis, along with developing real-
time PCR expression panels. TATAA
Biocenter has great experience and
expertise in high resolution gene
expression profiling, pathogen de-
tection, and small sample/single cell
analysis.

TATAA Biocenter AB
Odinsgatan 28, 411 03 Goteborg
Tel: +46 31 761 57 00, Fax: +46 31 152890

E-mail: info@tataa.com, Website: www.tataa.com



