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ABSTRACT: Octamer-binding protein 4 (OCT4) is a key player in pluripotent embryonic stem (ES) cells and is essential for the generation
of induced pluripotent stem cells. Recently, several reports indicated the spontaneous recovery of pluripotency in cultured adult human
testis-derived cells. This was evidenced also by the detection of OCT4 using antibodies. However, the soundness of some data was recently
put into question. During our attempts to derive pluripotent cells from the common marmoset monkey (Callithrix jacchus) testis, we obtained
inconsistent data which prompted us to analyze deeper the characteristics of three independent OCT4 antibodies that were used in numer-
ous published studies that received greatest attention. All antibodies detected OCT4 by immunofluorescence (IF) in a marmoset monkey ES
cell line. Two of the three OCT4 antibodies also gave robust nuclear signals in testis-derived cells. However, the latter cells expressed no
OCT4 mRNA as revealed by quantitative RT—PCR and turned out to be mesenchymal cells. When tested in western blot analyses, all anti-
bodies detected heterologously expressed marmoset monkey OCT4 protein. But, importantly, those antibodies that resulted in non-specific
signals in IF also showed additional non-specific bands in western blots. In summary, some commercially available OCT4 antibodies result in
false-positive signals which may provoke erroneous conclusions when used in studies aiming at the generation of pluripotent cells in vitro.
We conclude that (i) antibodies must be carefully characterized before use to prevent misleading observations and (i) OCT4 expression

must be monitored by a second antibody-independent method.
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Introduction

Octamer-binding protein 4 (OCT4, also POUSFI) is a key player in
pluripotent cells (Nichols et al, 1998; Niwa et al, 2000; Boyer
et al., 2005). This transcription factor is essential for the reprogram-
ming of differentiated cells into induced pluripotent stem cells (Taka-
hashi and Yamanaka, 2006; Okita et al., 2007; Takahashi et al., 2007)
and OCT4 alone is sufficient, but also essential to reprogram adult
neural stem cells to pluripotency (Kim et al., 2009). Recent publica-
tions presented data indicating that OCT4 is quickly and robustly
up-regulated in human cultured testis-derived cells even without any
genetic modification of the cells (Conrad et al., 2008; Golestaneh
et al, 2009; Gonzalez et al., 2009; Kossack et al, 2009; Mizrak
et al., 2010). Altogether, these facts indicate the vital importance of
specific and reliable detection of the key pluripotency marker OCT4
in cell culture experiments aiming at the generation of pluripotent

cells from differentiated cells lacking OCT4. This issue is even more
critical when studies with human or non-human primate cells are per-
formed, where no transgenic OCT4-green fluorescent protein-
reporter cells are available.

OCTH4 exists basically as two isoforms that differ by the alternative
use of the leader exons encoding the N-terminal part of the respective
OCT4 proteins. Importantly, these different OCT4 proteins have dif-
ferent functional properties (Wang and Dai, 2010). While the OCT4A
isoform is clearly related to stemness and pluripotency, OCT4B seems
to be involved in the cellular stress response. The role of the recently
discovered OCT4BI isoform is still unclear. The basic cellular localiza-
tion of OCT4A and -B is different. OCT4A is present in the nucleus,
while OCT4B is mainly cytoplasmic (Cauffman et al., 2005). Important
for functional analyses, the ‘pluripotency isoform” OCT4A is the only
isoform that includes exon |. Thus, exon | is a unique and specific part
of OCT4A and hence its presence is the only reliable indicator of
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pluripotency (Liedtke et al., 2008; Wang and Dai, 2010). All other
OCT4 exons (and the corresponding parts of the proteins) are not
meaningful with regard to pluripotency.

The common marmoset monkey (Callithrix jacchus) is a well-
established non-human primate species in preclinical and especially
in reproduction research, since its testicular development and histo-
logical organization are very similar to those of the human testis
(Weinbauer et al, 2001; Millar et al, 2000; Mitchell et al., 2008).
During our attempts to derive pluripotent cells from the common
marmoset monkey testis, as it was recently published for the human
testis (Conrad et al, 2008), we used three different antibodies to
detect OCT4 in cultured cells by immunofluorescence (IF).
However, our data were inconsistent, prompting us to further charac-
terize the different frequently used polyclonal OCT4 antibodies. The
first antibody (Abcam ab19857) was generated against the C-terminal
part of the human OCT4, which is common to both OCT4A and
OCT4B. The second antibody was from Santa Cruz (Sc-9081) and
was generated against the OCT4A-specific part [amino acids (aa)
[-134 of OCT4A]. The third antibody was also from Santa Cruz
(Sc-8628) and directed against the OCT4A-specific |9 N-terminal
aa of OCT4A. Importantly, two of these antibodies (Abcam
ab 19857 and Sc-9081) generated signals in IF which can easily be mis-
interpreted and eventually lead to erroneous conclusions when used
in studies aiming at the generation of pluripotent cells.

Materials and Methods

Cell culture

Embryonic stem cells

Common marmoset monkey (C. jacchus) embryonic stem cells (ESCs; line
cjesO01; Muller et al., 2009) were cultured on 3000-rad v-irradiated
mouse embryonic fibroblasts in medium consisting of 80% knockout Dul-
becco’s modified Eagle’s medium (DMEM; GIBCO) and 20% Knockout
Serum Replacement (GIBCO) supplemented with 2 mM GlutaMAX™
(GIBCO), 0.1 mM minimum essential medium (MEM) non-essential aa
(GIBCO), 0. mM B-mercaptoethanol (GIBCO), 100 IU/ml penicillin
and 100 mg/ml streptomycin as described previously (Muller et al., 2009).

Derivation and primary culture of testicular multipotent stromal cells

Common marmoset testis were kept on ice in DMEM/F-12 immediately
after recovery and further processed in a sterile environment. After re-
moving capsule and epididymis, the tubules were digested using DMEM/
F-12 (GIBCO) containing | mg/ml hyaluronidase (Sigma), | mg/ml col-
lagenase (Sigma) and |5 U/ml DNase (Roche) for 35-40 min at 37°C
under constant mild rotation. Resulting single cells were seeded at a cell
density of 2 x 10° cells/cm? to plastic culture dishes. Testicular multipo-
tent stromal cell (TMSC)-culture medium was based on a |:| mixture of
DMEM (GIBCO) and F-12 nutrient mixture (GIBCO), which was supple-
mented with 10% fetal bovine serum (FBS; GIBCO), 100 U/I penicillin—
streptomycin (GIBCO), 0.25 wg/ml Fungizone® Antimycotic (GIBCO)
and 5 ng/ml recombinant human basic fibroblast growth factor (ProSpec-
Tany). Following overnight incubation, any non-adherent cells were
removed from the dish and remaining adherent cells were cultured until
they reached confluency. Generally, TMSCs were cultured at 37°C
under 5% CO, and the medium was changed every 2—3 days. Passaging
was performed with 0.05% trypsin in phosphate-buffered saline (PBS)

(GIBCO) every 3—5 days (in general upon confluency) at a dilution of
1:3—1:5 (Eildermann et al., 2012a).

Cloning of marmoset monkey OCT4A and SOX2 and transfection into
Human Embryonic Kidney-293 cells

Marmoset monkey OCT4A and SOX2 cDNA were amplified from single-
strand cDNA of the marmoset ES cell line cjesO0I (passage 51) with
the following primers including restriction sites: OCT4 fw 5-GATCG
GATCCTTGGGGCGCCTTCCTTC-3/, OCT4 rev 5-CTGATCTAGACT
CCTCTCCCTGTCCCCC-3; SOX2 fw 5-GCTAGGATCCACAGC
GCCCGCATG-3', and SOX2 rev 5'-CCGCTCGAGAATGCCTCCCCC
GTCCAGTTCG-3', respectively. The OCT4-PCR product of 1159 bp
and the SOX2-PCR product of 1023 bp were digested with BamHI/Xbal
and BamHI/Xhol, respectively, cloned into the vector pBluecsriptll SK—
(Stratagene) and sequenced. Compared with the published OCT4 se-
quence [UCSC Genome Bioinformatics, http://genome.ucsc.edu/, the
March 2009 C. jacchus draft assembly (WUGSC 3.2 (GCA_
000004665.1)] the amplified open reading frame (ORF) had two silent
mutations: C363T and T1014A, whereas the sequence of the amplified
SOX2 ORF is identical to the published one. The complete sequence of
the amplified OCT4 ORF has been deposited in GenBank (http://www.
ncbi.nlm.nih.gov/genbank/), accession number JQ627833. Subsequently,
the OCT4 ORF and SOX2 ORF were amplified with primers OCT4 fw
5-CGGGATCCCCACCATGGCGGGACACCTGGCTTCG, OCT4 rev
3'-GCTCTAGATCAGTTGGAATGCATGGGAGAGC; SOX2 fw
5'-CGGGATCCCCACCATGTACAACATGATGGAGACGGAG and
SOX2 rev 3'-GCTCTAGATCACATGTGCGAGAGCGGCAG. These
primers included additional restriction sites (BamHI/Xbal and BamHI/
Xhol, respectively) for ligation into the expression vector pcDNA3.|*
(Invitrogen).

For a more robust expression of the OCT4 protein the cytomegalovirus
(CMV) promoter was replaced by the CAG promoter, which was synthe-
sized by GenScript (www.genscript.com) and cloned into the pUC57
vector by digestion with BamHI| and EcoRI. Subsequent digestion of
vectors pcDNA3.1T -OCT4 and pcDNA3.11-SOX2, respectively and
pUC57-CAG with Bglll and Nhel allowed the replacement of the CMV
promoter by the CAG promoter resulting in the final expression vectors
pcDNA3.| T-CAG-OCT4 and pcDNA3.I*T -CAG-SOX2, respectively,
which were sequenced and used in this study.

Twenty-four hours prior transfection 4.5 x 10° human embryonic
kidney (HEK)-293 cells were seeded to a 9 cm culture dish and maintained
in DMEM (GlutaMAX, Invitrogen) containing 10% fetal bovine serum
(GIBCO/BRL), 1% penicillin/streptomycin  (GIBCO/BRL) and 1%
non-essential-aa (GIBCO/BRL) at 37°C under 5% CO,. The transfection
was performed using 0.02 pg/pl  pcDNA3.IT  -CAG-OCT4 or
pcDNA3.IT -CAG-SOX2 expression vector and the FUuGENE HD
Reagent (Promega) according to the manufacturer’s manual. The cells
were harvested for protein isolation 48 h post-transfection.

Immunofluorescence

For IF, cells were grown in 48-well-plastic dishes and fixed for 30 min in 4%
paraformaldehyde. The cells were permeabilized with 0.04% Triton X-100
for 10 min. After rinsing with PBS, the primary antibodies (see Table I),
diluted in PBS/5% bovine serum albumin (BSA), were applied for | h at
37°C. Following two PBS washing steps the appropriate Alexa fluor
(AF) 488-linked secondary antibodies (Table II), diluted in PBS/5%
BSA, were applied for 30 min at room temperature in the dark. Controls
were performed omitting the primary antibody and with the corres-
ponding immunoglobulin G (IgG) fraction at the same protein concentra-
tion as the primary antibodies. Cells were counter-stained with
4’ ,6-diamidino-2-phenylindole (DAPI), covered with citifluor (Citifluor
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Table I Primary antibodies used in this study.

Immunogenl/isoform specificity Company Cat. no
aa 300-360 (OCT4A and OCT4B Abcam #ab19857
aa |-19 (OCT4A) Santa Cruz #sc-8628
aa |-134 (OCT4A) Santa Cruz #sc-9081

Species/isotype Times cited according to supplier’s webpage
Rabbit I1gG 42
Goat IgG 41
Rabbit I1gG 86

Table Il Secondary antibodies forimmunofluorescence.

Antigen Linked Host Company Cat. no.
fluorophore species
Anti-goat Alexa fluor 488  Donkey Invitrogen  #A11055
1eG
Anti-rabbit Alexa fluor 488  Donkey Invitrogen  #A21206
1sG
Anti-rabbit Alexa fluor 594 Donkey Invitrogen  #A21207
1gG

Ltd) and images were taken on an Axio Observer Z| fluorescence micro-
scope from Zeiss (Germany).

Western blot analysis

Western blots were basically performed as previously described (Eilder-
mann et al. 2012b). Cytoplasmic and nuclear protein from wild-type,
OCT4 or ¢SOX2 expressing HEK-293 cells were isolated with the
Qproteom nuclear protein kit from Qiagen (Hilden, Germany) according
to the manufacturer’s instructions. Protein concentrations were deter-
mined using the Bradford-assay and 20 g of protein per sample was sepa-
rated by electrophoresis on a [0% SDS—polyacrylamide gel and
transferred to a polyvinylidene difluoride membrane (Immobilon-P,
Millipore). Membranes were incubated with one of the three different
OCT4 primary antibodies (see Table I), followed by incubation with the
according horse-radish peroxidise (HRP)-coupled secondary antibody
(Table III). Signals were detected with enhanced chemiluminescence
western blot detection reagents (GE Healthcare) and the ChemoCam-
System (INTAS, Goettingen, Germany).

Quantitative (q) RT—PCR

Relative qRT-PCR was performed on common marmoset TMSCs, ESCs
and testis material. Design and testing of the qRT-PCR primers (OCT4
fw 5’AAACCCACACTTCAGCAGATCA 3, re 5'CACACGGACC
ACATCCTTCTC 3; SOX2 fw 5" GAGAACCCCAAGATGCACAAC 3/,
re 5TCTCGGACAGCAGCTTCCA 3') as well as the qRT-PCR proced-
ure was performed as previously described (Eildermann et al. 2012a). In
brief, 2 g testicular RNA were reverse-transcribed, using random hexam-
ers, by Superscript Il (Invitrogen, Karlsruhe, Germany) to obtain cDNA.
Two microlitres of 1:2 diluted cDNA was used for each 20 wl PCR with
Power SYBR Green Mastermix (Applied Biosystems), and different
primer concentrations ranging between 50 and 900 nM. The extent of
fluorescence of the Power SYBR green dye was detected and analyzed
using the 2~ (Pl Delta M) mathod and the ABI Prism® 7000 SDS soft-
ware (Applied Biosystems). Each sample was assayed in triplicate und nor-
malized to glyceraldehyde-3-phosphate dehydrogenase expression.

Table 11l Secondary antibodies for western blots.

Antigen Host species Company Cat. no,
Anti-rabbit IgG-HRP Goat R&D #HAF008
Anti-goat 1gG-HRP Rabbit R&D H#HAFOI7

Results

All three tested antibodies detect OCT4 in
ES cells

We used marmoset monkey ES cells as a positive control for
OCT4-expressing cells (Muller et al., 2009). All three antibodies irre-
spective of the epitope used for immunization of the animals, detected
OCT4 in the nuclei of the marmoset monkey ES cells (Fig. I). Anti-
body ab19857 also produced a slight cytoplasmic signal (Fig. |, left
panel).

Two out of three OCT4 antibodies stain
primary TMSCs

Importantly, two of the OCT4 antibodies also showed robust
nuclear staining in marmoset monkey TMSCs, which are non-
pluripotent cells from connective tissue (Fig. 2) (Eildermann et al.,
2012b). The abl9857 OCT4 antibody displayed a strong nuclear
signal in TMSCs, which was comparable with the one seen in pluripo-
tent ES cells. Additionally, weak cytoplasmic staining was visible (Fig. 2,
left panels). The sc-9081 OCT3/4 antibody displayed moderate
nuclear and also faint cytoplasmic signals. Only the sc-8628 OCT4
antibody displayed no signal in TMSCs. A comparable result was
obtained when HEK-293 cells of human origin were stained: very
intense staining with the ab19857 OCT4 antibody, moderate staining
with the sc-9081 OCT3/4 antibody and only faint signals with the
sc-8628 OCT4 antibody (data not shown) indicating a staining
pattern of the different OCT4 antibodies which is neither species-
nor cell type-specific.

qRT-PCR reveals that TMSCs do not express
the pluripotency markers OCT4A and SOX2

In order to either confirm or disprove the unexpected IF OCT4 stain-
ings in marmoset testicular cells, we performed gqRT-PCR for OCT4
(Fig. 3). The primers bind to exons 4 and 5 so that both OCT4A
and OCT4B would be detected. Importantly, the TMSCs did not
express any OCT4 mRNA. In contrast, pluripotent ES cells, which
were included as positive controls, expressed OCT4 mRNA, while
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Figure I OCT4 signals obtained in marmoset monkey ESCs with three different polyclonal antibodies. (A) Abcam ab19857 OCT#4 antibody direc-
ted against the C-terminus recognizing OCT4A and OCT4B (upper panel). Nuclei were stained with DAPI, which is shown as an overlay in the re-
spective lower panels. Scale bar: 100 wm in all panels. (B) Santa Cruz Sc-9081 OCT4 antibody directed against the N-terminus recognizing only
OCTH4A. (C) Santa Cruz Sc-8626 OCT4 antibody directed against the N-terminus recognizing only OCT4A.

OCT-4 (ab19857)

OCT4

TMSCs

DAPI - OCT4

OCT-3/4 (sc-9081)
.
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Figure 2 OCT4 signals obtained in marmoset monkey TMSCs with three different polyclonal antibodies. (A) Abcam abl9857 OCT4 antibody
(upper panel). This antibody showed strong signals in testis-derived stromal cells. Nuclei were stained with DAPI (respective lower panels). Scale
bar: 100 pwm in all panels. (B) Santa Cruz Sc-908| OCT4 antibody showing signals of intermediate intensity. (C) Santa Cruz Sc-8626 OCT4 antibody

showing no signals.

OCT4 was also not detectable in the adult marmoset testis. To further
verify that the pluripotency-determining transcriptional network is not
activated in the TMSCs, we also tested the expression of SOX2,
another key player in pluripotency (Boyer et al., 2005). Confirming
the OCT4 mRNA data, SOX2 was also absent from the TMSCs,
while it was detectable at low levels in whole testis mMRNA and at
high levels in ES cell RNA.

Western blot analysis

Following the contradictory results from IF and gRT-PCR, we tested
the antibodies in western blot analysis on a variety of samples from
which we isolated nuclear and cytoplasmic protein fractions. We
included ES cells, TMSCs, OCT4A-transfected and non-transfected
HEK-293 cells. As an additional control for the OCT4 abl9857

antibody, we included SOX2-transfected HEK-293 cells also (Fig. 4).
The sc8626 OCT4 antibody, which was negative in IF on TMSCs,
also revealed no band for TMSCs and non-transfected HEK-293
cells in western blot analysis (Fig. 4A). However, single bands of the
expected size of ~45 kDa were obtained with ES cells and OCT4-
transfected HEK-293 cells. The same band was also obtained with
the other antibodies. However, importantly, both antibodies also
detected additional unspecific bands. The sc908| OCT4 antibody
showed an additional signal in the cytoplasmic fraction of TMSCs, mis-
leadingly indicating the same apparent molecular weight as the band in
ES cells (Fig. 4B). Moreover, there was an additional smaller band that
was also present in the OCT4-transfected HEK cells. The OCT4
ab19857 antibody also showed an additional band at ~50 kDa in
the OCT4-transfected HEK-293 cells (Fig. 4C). It seems most likely
that this band did not represent post-translational modification of
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Figure 3 Quantitative real-time RT—PCR for OCT4 and SOX2 on marmoset monkey testis-, TMSC- and ESC RNA. (A) OCT4 was detected only in
ES cell RNA, while it was undetectable in testis and testicular multipotent stromal cell RNA. (B) SOX2 was detected at high levels in ES cell RNA, at

lower levels in testis RNA and was not detected in testicular multipotent stromal cell RNA.
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Figure 4 OCT4 antibody specificity analysis by western blot analysis. (A) Santa Cruz Sc-8626 OCT4 antibody detected exclusively and specifically
one band in the positive controls (ES cells and transfected HEK-293 cells, red arrow). With non-transfected cells and TMSCs no signals were obtained.
(B) Santa Cruz Sc-908| OCT4 antibody detected the OCT4-positive controls (red arrow). Additional non-specific bands were present in OCT4-
transfected HEK cells as well as in TMSCs and ES cells. (C) Abcam ab19857 OCT4 antibody detected the OCT4-positive control in transfected
cells (red arrow). The ES cell positive control signal showed up only very weakly. Additional unspecific bands were detected in OCT4-transfected
HEK cells. The upper unspecific band migrating at ~50 kDa was also present in non-transfected and SOX2-transfected HEK cells as well as in the
nuclear fraction of TMSCs. An additional unspecific band (~ | 10 kDa) was detected in the cytoplasmic fraction of TMSCs.
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OCT4 since it was also present in control cells transfected with SOX2.
Moreover, the same band was also obtained with non-transfected
HEK cells as well as TMSCs. In addition, in the cytoplasmic fraction
of TMSCs there appeared a band of apparently ~ |10 kDa.

Discussion

The human and the marmoset OCT4 genes are very well conserved with
regard to the gene structure and the encoded aa sequence. Both the
human and the marmoset OCT4A isoform encodes a protein consisting
of 360 aa. The marmoset OCT4 gene displays 97% nucleotide homology
to the human gene. The protein products derived from the human
OCT4B mRNA variant range between |64 and 265 aa depending on
the translational start site and the use of an internal ribosomal entry
site (Wang and Dai, 2010). Assuming that no post-translational modi-
fications occur which significantly influence the migration during electro-
phoresis, the pluripotency-associated OCT4A isoform has a higher
apparent molecular weight than those OCT4 isoforms that are not
associated with pluripotency (Liedtke et al., 2008; Wang and Dai,
2010). In order to analyze whether the double bands on the western
blot with the OCT4 antibody ab 19857 resulted from post-translational
modifications of OCT4, or whether they just represent unspecific
binding of the antibody to an OCT4-unrelated epitope, we also
probed HEK-293 cells overexpressing SOX2 instead of OCT4. The
western blot analysis of the nuclear fraction of the SOX2-transfected
cells exhibited also a predominant band of ~50kDa comparable
with the bands present in the untransfected and OCT4 overexpressing
HEK-293 cells. Importantly, this band was also present in the nuclear
fraction of the TMSCs (Fig. 4), which have no OCT4 mRNA (Fig. 3). Al-
together, this strongly suggests that the signals that were obtained in
western blots above the OCT4A-positive controls are not related to
OCT#4 and are thus unspecific. However, to finally investigate the oc-
currence of post-translational modifications other than phospohoryla-
tion (Brumbaugh et al, 2012), substantial additional biochemical
analyses have to be performed in future studies.

In general, the appearance of the presumably unspecific band

at ~50kDa in the nuclear fraction in western blot analysis using
the isoform-non-distinctive ab19857 OCT4 antibody correlates
very well with the IF signals, which also show strong nuclear
staining. Notably, this unspecific band was already observed earlier
(Bhartiya et al., 2010), see also (http://www.abcam.com/index.html?
pageconfig=reviews&intAbreview|D=22268&intAblD=19857).
Similar false-positive results were obtained with the OCT4A-directed
sc-9081 antibody, although the additional bands appeared at an appar-
ent molecular weight below |5 kDa. Only the OCT4A-specific anti-
body sc-8628 detected specifically the positive control band in an
ES cell sample and in OCT4-transfected HEK-293 cells. Furthermore,
this antibody did not produce any signals with protein from TMSCs,
further confirming its specificity. These western blot results correlate
very well with the IF signals in ESCs and TMSCs. In summary, all
three tested antibodies detect OCT4 in ESCs and in OCT4-transfected
HEK293 cells. However, if they are used to demonstrate the
pluripotency-indicating OCT4A isoform, two of the tested antibodies
are inappropriate since they also may detect OCT4B or an even com-
pletely OCT4-unrelated epitope. This may result in false-positive signals,
which probably provoke erroneous interpretations when they are used
in studies on pluripotent cells.

For the OCT4 analysis on protein levels, antibodies with possibly
insufficient specificity were used in studies on testis-derived cells.
Conrad and colleagues (Conrad et al., 2008) used a rabbit polyclonal
OCT4 antibody from abcam, which was not further specified in this
report. However, it is likely that this antibody was the same as in
the present study. Importantly, this antibody does not discriminate
between OCT4A and OCT4B and detects an additional epitope un-
related to OCT4 (this study Figs 2 and 4 and Bhartiya et al., 2010).
Mizrak et al. (2010) used an antibody (Santa Cruz Sc-8629) that was
directed against the C-terminal epitope of human OCT4. Hence,
this antibody was also unable to differentiate between OCT4A and
OCT4B. Meanwhile, this group questioned its own data and
showed that those cells reported previously (Mizrak et al., 2010) are
indeed not pluripotent but multipotent cells (Chikhovskaya et dl.,
2012). Gonzalez et al. (2009) used an ‘OCT3/4 H-134" antibody
from Santa Cruz, which is probably the same (sc-9081) we used in
the present study. In our study, this antibody produced false-positive
signals delusively suggesting the presence of OCT4A. Golestaneh et al.
(2009) also used an OCT3/4 antibody from Santa Cruz, which was
also not further specified. This lack of information prevents an evalu-
ation of the validity of the signals. The same is true for Kossack et al.
(2009). Altogether, the expression analysis of the pluripotency factor
OCTA4A as well as the corresponding conclusions with regard to the
derivation of pluripotent stem cells in recent publications on testis-
derived multi- or pluripotent cells should be received with caution.

Over the past years, other researchers investigated the expression
of OCT4 in different human tissues and cell lines (e.g. Cantz et dl.,
2008; Kristensen et al., 2010). All studies showed, like our present
one, that the antibodies against OCT4 must be carefully characterized.
However, our present study provides additional significant informa-
tion. Cantz et al. (2008) focused on the expression of OCT4 in
somatic tumor cell lines, which exhibit some characteristics of (pluri-
potent) stem cells. Therefore, the focus of the study by Cantz et al.
(2008) was whether tumor cell lines and pluripotent stem cells also
share the expression of OCT4 or whether this is a differential charac-
teristic of both cell types. Moreover, in that study, OCT4 antibodies
different from the ones used in our study were characterized. Also,
those highly relevant studies on testis-derived stem cells that were
the starting point for this investigation were not yet published when
Cantz et al. (2008) investigated OCT4 in tumor cells. Kristensen
et al. (2010) focused on OCT4 expression in human somatic urogen-
tial epihelia from prostate and epididymis. Hence, in contrast to the
previous studies, we show here for the first time that OCT4 staining
of primary cells from a primate testis with insufficiently characterized,
but frequently used antibodies can result in severely misleading data.
This is of great relevance for reproductive and stem cell research, es-
pecially with regard to the ‘launch’ of pluripotent cells from the human
testis. We currently believe that these reports are based in part on
misinterpretations which in turn are based on insufficiently controlled
experiments (see also Eildermann et al., 2012a).

To prevent misleading antibody-based studies on OCT#4 in pluripo-
tent cells researchers should consider (i) appropriate positive and
negative controls including western blot analyses, (i) the use of the ap-
propriate OCT4A-specific antibody and (jii) confirming their results
with an independent and meaningful method on the DNA or RNA
level circumventing different pitfalls like the detection of pseudogenes
(Liedtke et al., 2008; Tapia et al., 2011).
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