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EXPRESSION OF SSEA-1 IN DIFFERENT CLONES OF
REPROGRAMMED MURINE EMBRYONIC FIBROBLASTS

Murine embryonic fibroblasts were reprogrammed with Sleeping Beauty transposon system towards
proliferating cells that formed embryonic stem cell-like colonies on feeder-coated plates. The emerged
colonies were picked-up and expanded. Passaged further clones demonstrated typical for embryonic stem
cell morphology. Fluorescent-labeled antibody staining for one of the most reliable extracellular pluripo-
tency markers — stage-specific embryonic antigen 1 (SSEA-1) was performed. The percentage of SSEA-1
positive cells in obtained clones was estimated via flow cytometry. The SSEA-1 expression level varied
among the clones but appeared to be comparable to it’s rate in established murine embryonic stem cell and
induced pluripotent stem cell lines.
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Introduction

The era of induced pluripotency started in 2006
with pioneer work of Jamanaka et al. First iPS colo-
nies in murine and human systems were obtained
due to the stable integration of only 4 pluripotency
genes — Oct4, Sox2, Klf4 and c-Myc (OSKM) into
the genome of somatic cells. Obtained colonies were
called induced pluripotent stem cells (iPSCs), as
they performed the characteristics of pluripotent
embryonic stem (ES) cells — expression of pluripo-
tency markers on various levels, in vivo and in vitro
differentiational potential ezc. [1]. This finding gave
rise to the development of various reprogramming
strategies to improve the process of reprogramming
in terms of efficiency and quality. Various constructs
exploited as gene-delivery systems to perform sta-
ble integration — lentiviruses [2] or transient expres-
sion of pluripotency markers — adenoviruses [3] or
episomes [4] etc.

To make the efficiency of reprogramming hig-
her (especially for “hard to transfect cells”), trans-
poson-based methods were developed and tuned to
be promising. Among the emerged ones, most fa-
mous are Piggy-Bac transposon- and Sleeping-
beauty transposon-based gene delivery systems
[5]. Transposon-based system usually consists with
two plasmids. The first one is transposon itself. It
harbors gene of interest (in our case the reprogram-
ming cassette with OSKM genes) flanked by re-
cognition sites for transposase. The second plas-
mid encodes transposase that catalyses the inser-
tion of the gene of interest into the genome. First
transposon-based successful reprogramming of so-
matic cells towards induced pluripotent cells was
performed on PiggyBac system by Woltjen et al in
2009 [6].

Sleeping beauty (SB) transposones have several
advantages as a gene-delivery system, among which
are: activity of transposase, cargo size, no tendency
for the transposition into coding sequences etc [7].
Moreover, the construct of SB transposon system
harbors the means for further removal of the inte-
grated cassette to generate integration-free iPS cell
lines. Hence, this system was used to reprogram
murine embryonic fibroblasts towards induced
pluripotent stem cells.

There is a conventional panel of tests to check
the newly reprogrammed clones for pluripotency.
Among them are morphology, the expression of
pluripotency markers on mRNA and protein level
(both intra- and extracellular), methylation of pro-
moters, in vivo and in vitro differentiational poten-
tial etc. One of the most reliable pluripotency mar-
kers is stage specific antigen antigen 1 (SSEA-1),
expressed at morula stage, teratoma cells, undiffe-
rentiated murine ES cells and cease to express after
induction of differentiation [8]. Due to its extracel-
lular expression, the percentage of the positive for
SSEA-1 cells can be estimated. Therefore, generat-
ed from reprogrammed murine embryonic fibro-
blasts clones were checked for SSEA-1 expression
to choose the most promising ones for further cha-
racterization.

Materials and methods Cell culture

Murine embryonic fibroblasts (MEFs) were cul-
tured in DMEM Glutamax high glucose, supple-
mented with 10 % fetal bovine serum (FBS), 1x
non-essential ~amino-acids (NEAA), 50mM
B-mercaptoethanol and 2 % penicillin/streptomycin.
During reprogramming, the medium was changed
for ES medium (DMEM Glutamax high glucose,
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15 % FBS, 1x NEAA, 50mM B-mercaptoethanol,
Leukemia inhibitory Factor (LIF), 1 U/ul) supple-
mented with ascorbic and valproic acid to accelerate
the reprogramming process. Cells were kept at ab-
solute humidity in incubator with 5 % of CO, in the
atmosphere. Passaging was performed with Trypsin-
EDTA.

Reprogramming of murine embryonic
fibroblasts

Plasmids of Sleeping Beauty transposon-besed
gene-delivery system were kindly provided by Zs.
Izsvak and Z. Ivics, Max Max-Delbriick-Centrum
fiir Molekulare Medizin (MDC), Berlin. Those plas-
mids were 1) transposase encoding pCMV(CAT)
T7-SB100x, 2) reprogramming cassette harboring
pT2/RMCE-OSKM-puDTk(PB ITR deleted) or
3) pT2/RMCE-OSKML-puDTk(PB ITR deleted)
and 4) pT2venus — venus fluorescent protein flanked
by sites to transposase. Freshly generated MEFs
(passage 1) from 13,5 day embryos of c57Bl/6J
mice were transfected with the pare of plasmids —
transposase and reprogramming cassette or pT2ve-
nus as control. The transfection was performed on
Neon Invitrogen transfection system following the
Invitrogen protocol for MEF transfection. On Day 2
transfected MEFs were plated on feeder cells (inac-
tivated murine embryonic fibroblasts) and the me-
dium was changed for murine ES medium. The cells
were observed daily for the emergence of colony-
like structures under the benchtop stereomicroscope
(Leica Stereomicroscope).

Pick-up of the colonies

Emerged on the § day after transfection colonies
were cultured to grow till the condition to be ready
for pick-up. In 3 more days 3D round colonies were
picked-up using stereomicroscope (Leica Stereomi-
croscope) and passaged into 24-well feeder-coated
plates for further expansion.

SSEA-1 staining

Antibody staining was performed on trypsinised
cells of the clones with SSEA-1 antibody for spe-
cific binding and mouse IgM non-conjugated as iso-
type control (Santa Cruz Biotechnology) and labeled
with FITC- or Alexa-fluor-555-conjugated anti-IlgM
(Santa Cruz Biotechnology). The percentage of
SSEA-1 — positive cells was measured via Flow Cy-
tometry on fluorescence intensity FACS SCAN (BD
Biosciences), and the data analysis was carried out
with CellQuest software (BD).

Results

The first signs of reprogramming — colony like
structures, potential iPS colonies — started occurring

on the Day 8 after transfection. No colonies ap-
peared in MEFs, tranfected with transposase and
venus-coding plasmid. Emerged colony-like struc-
tured are shown on Figure 1 (/). The colonies were
allowed to grow for 3—4 days more to reach the ap-
propriate for picking-up size like on Figure 1 (2)
and then picked-up and passaged each one sepa-
rately.

Fig. 1. Colony-like structures on feeder-coated plates during
the reprogramming of murine embryonic fibroblasts, x5: 7 —
on day 8, x2,5 and 2 — day 11

Twenty tree clones that demonstrated nice ES-
like morphology and best proliferation rate (num-
bered clone 1-23) were regularly passaged up to
passage 10 for complete reprogramming and ex-
panded for pluripotency marker analysis. Alkaline-
phosphatase staining was performed. All the clones
were positive. The intensity of staining was compa-
rable to established ES and iPS cell lines (data not
shown).

On the passage 10 reprogrammed murine em-
bryonic fibroblasts performed nice ES-like mor-
phology like on Figure 2 (/—4), compared to estab-
lished murine embryonic stem cell line aPIG44 and
induced pluripotent stem cell line AT25 on Figure 2

(5) and (06).
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Fig. 2. ES-like morphology of some obtained clones, x10: / — clone 6, 2 — clone 7, 3 — clone 9, 4 — clone 22 and established
ES and iPS cell lines: 5 —aPIG44 and 6 — AT25
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Fig. 3. FACS data for SSEA-1 staining of reprogrammed murine embryonic fibroblasts on passage 10: / — gated populations
of live cells in isotype control and SSEA-1 stained samples; 2 — detection of the signal from SSEA-1 positive cells in isotype
control and SSEA-1 stained sample

After passage 10 various clones of reprogrammed  is shown on the clone 6 SSEA-1 staining data. The
murine fibroblasts were checked for the expression  population of the live cells was gated appropriate-
levels of extracellular pluripotency marker SSEA-1. 1y — Fig. 3 (1), the same gates were used for all
The example of FACS measurements and analysis  clones and cell lines. Only very few cells look posi-
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Histogram Statistics

File: mTiPSC cl 6 p 10 SSEA-1 555.006
Sample ID: mTiPSC ¢l 6 p 10 SSEA-1 555
Tube: Untitled

Acquisition Date: 25-Feb-70

Gated Events: 15740

X Parameter: Pl (Log)

Log Data Units: Linear Values
Patient ID:

Panel: Untitled Acquisition Tube List
Gate: G1

Total Events: 22099

Marker Left, Right Events % Gated % Total Mean CV Median Peak Ch
All 1, 9910 15740 100.00 71.22 81355 17155 349.12 9910
M1 1, 25 1533 9.74 6.94 10.68 67.32 9.06 6
M2 29, 8354 13826 87.84 6256 769.63 120.28 417.92 250

Fig. 4. Example of FACS data analysis of SSEA-1 positive cells

tive due to the unspecific binding of isotype control,
a large amount of positive cells was detected in
SSEA-1 stained samples Fig. 3 (2).

The analysis of the obtained FACS data was per-
formed on CellQuest software (BD). The example is
shown on Fig. 4.

SSEA-1 is a surface marker that can be expressed
in a very wide range even in established ES/iPS cell
lines, rarely can be detected in 100 % of the cells in
the cell line, which is confirmed by the results in
Table 1. Coming to numbers, SSEA-1 staining anal-
ysis showed wide range of expression levels of this
marker. Even in the established embryonic stem cell
line aPIG44 and induced pluripotant stem cell line
AT25 the percentage of SSEA-1 positive cells was
93 % and 91 %, respectively. The expression of
SSEA-1 in different clones of reprogrammed mu-
rine embryonic fibroblasts ranged from almost 60 %
in clone 20 and up to 94 % of SSEA-1 positive cells
in the clones 9 and 17. No positive signal of SSEA-1
expression was detected in murine embryonic fibro-
blasts — the cell line of origin. So, the expression of
pluripotency marker SSEA-1 emerged due to the
certain intracellular events after the transfection
with reprogramming cassette. Based on the FACS
data clones 5, 7, 11, 17 and 22 appeared to be more

promising in terms of reprogramming towards pluri-
potency.

Table 1. Expression of SSEA-1 in the clones of repro-
grammed murine embryonic fibroblasts and establishes
ES and iPS cell lines

Cell line / | % of SSEA-1 Cellline/ | % of SSEA-1
clone positive cells clone positive cells
Clone 5 91,36 Clone 13 82,09
Clone 6* 87,84 Clone 17 94,00
Clone 7 71,56 Clone 20* 59,57
Clone 8* 63,41 Clone 22 90,15
Clone 9 94,32 AT25%* 91,54
Clone 10* 75,57 aP1G44* 93,07
Clone 11 90,20 MEF 0,66
Clone 12* 66,38

* Jabeled with Alexa fluor-555 conjugates secondary an-
tibody

Discussion

Sleeping Beauty transposon system appeared to
be helpful tool for murine fibroblast reprogram-
ming. It took about 8 days after transfection for the
first colonies to appear. The whole procedure of re-
programming appeared to be quite effective and
easy, as no special manipulations or supplements
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were applied. Colony like structures that emerged
proliferated and demonstrated nice ES-like mor-
phology.

The measurement of the expression of pluripo-
tency marker SSEA-1 is good start point to quantify
the pluripotency of freshly obtained clones. SSEA-1
marker was not expressed in the cell line of origin,
but was highly expressed (although in various range)
freshly generated clones. This can be the evidence
of dramatic change in the cell fate, such as repro-
gramming towards pluripotency.

The obtained clones should further be checked
for other crucial pluripotency characteristics, such
as the expression of various markers and differentia-
tion potential. Based on the obtained data proliferat-
ing clones can be considered potentially repro-
grammed towards iPS murine embryonic fibroblasts
and several best clones can be chosen for further
studies.

Conclusions

Transfection of murine embryonic fibroblasts
with Sleeping Beauty transposon system caused re-
programming of somatic cells to proliferating colo-

nies. The obtained clones demonstrated typical for
murine embryonic and induced pluripotent stem
cells morphology.

SSEA-1 pluripotency marker was detected in re-
programmed cells and was not expressed in the cells
of origin — murine embryonic fibroblasts.

The expression of extracellular pluripotency
marker SSEA-1 in obtained clones was comparable
to its rate in established murine embryonic and in-
duced pluripotent stem cell lines.

According to the results of SSEA-1 staining,
clones 5, 9, 11, 17 and are most promising and can
be taken for further analysis for pluripotency.
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EKCIIPECIA SSEA-1 Y PI3BHUX KJIOHAX
PEITPOT'PAMOBAHUX MUITAYUX ®IBPOBJIACTIB

Embpionanvui gpiopobracmu muwii 6y10 penpocpamosaro 3a 00NomMo20 cucmemu mpancno3onis Sleeping
Beauty y nponighepyroui knimunu, wo gpopmyeanu na ioepax KonoHienodioni cmpykmypu, nooibHi 00 Koio-
Hill eMOPIOHANbHUX cTM08OYPOsUX KuimuH. Ompumarni okpemi KOIOHIT 8i0i6paHO 018 NOOANLUOT eKCHAHCII.
Ipu nacascysanni K1oHU 0eMOHCINPYBANYU MUNOGT 011 eMOPIOHANLHUX MA THOYKOBAHUX NAIOPUNOMEHMHUX
cmoebyposux Kiimuu mopgonozito ma npoiaigepayir. [Iposedeno 3a6apsnenHs KIOHI8 3a 00NOMO20H
@ryopecyenmo mivenux aHmumin Oas UAGNEHHS 0OHO20 13 HAOINbUL HAOTUHUX MAPKePi8 NAIOPUNOMEHM-
Hocmi — cmadit-cneyughiunoeo anmueeny 1 (SSEA-1). 3a donomozoro npomouroi yumogyopumempii 6yno
KIMbKICHO oyiHeno pigensb excnpecii ybo2o mapkepa. Pieens excnpecii 6apilo6as 6 ompumanux KioHax, npo-
me He NOCMYNABCA MAKOMY IHC Y BUBHEHUX THOYKOBAHUX NITOPUROMEHMHUX A eMOPIOHATbHUX COBOYPO-
6UX KITMUHHUX JITHISX.

KurouoBi ciioBa: emOpioHanbHi pibpodracTu MuIi, penporpaMyBaHHsl, ILTIOPUIIOTEHTHICTb, CTaJie-
cenudiuHni eMOpioHaIbHUIT aHTUTeH-1.
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