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A recent publication in Stem Cells states that 
human ES cells do not express ABCG2 and 
“….absence of ABCG2 is a novel feature of 
human pluripotent stem cells, which 
distinguishes them from many other stem cells 
including mouse ES cells” [1]. This is in sharp 
contrast to our observations [2], and the report of 
several other investigators who detected ABCG2 
mRNA in various human embryonic stem cells 
[3-6]. The presence of multidrug resistance ABC 
(MDR-ABC) transporters may significantly 
contribute to stem cell defense mechanisms, thus 
this is an important question that should be 
addressed properly. 

Our interest in ABC transporters dates back to 
the discovery of their role in cancer drug 
resistance over two decades ago. Ever since, we 
have had ample opportunity to experience how 
insufficient methodology and a simplifying 
approach may obscure the assessment of the 
impact of MDR-ABC transporters on cancer 
patient survival. Measuring the functional 

expression of ABC transporters proved 
challenging because of the heterogeneity of 
tumors, the varying levels of expression, and the 
unreliability of the assay systems used 
throughout the trials. As a result, most reports 
were considered controversial, and the true 
contribution of MDR-ABC transporters to 
therapy failure could only be established once 
assay conditions were standardized [7]. The key 
teaching of these extensive studies have 
immediate relevance to exploring transporter 
expression in stem cells: 1. MDR-ABC 
transporters are active extrusion pumps that may 
significantly modify cellular homeostasis or 
endo- and xenobiotic resistance even at low 
levels. Therefore, the assays measuring their 
impact should be sensitive, quantitative, and 
should preferably target the function of the 
MDR-ABC transporters. 2. Samples are often 
heterogeneous for MDR-ABC expression, as 
these proteins are rapidly regulated by numerous 
mechanisms, both at the transcriptional and 
processing levels. However, this initial 
heterogeneity may be relevant in circumstances 
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of stress, survival, or proliferation. 3. In many 
cases, the cell type, the mechanism of cell 
transformation or differentiation does not 
determine the expression or function of MDR-
ABC transporters. Rather, ABC transporters are 
modulated by numerous environmental 
conditions [7, 8].

In the case of the Zeng paper [1] the appreciation 
of these features is not possible, as there are 
many experimental flaws that are reminiscent of 
the limitations that our field had to overcome to 
evaluate cancer MDR: i) the RT-PCR results are 
not quantitated, there is no effort to perform 
qPCR studies for the detection of the relevant 
messages; ii) the Hoechst dye efflux studies lack 
the essential negative control; iii) instead of 
using a highly specific ABCG2-inhibitor, the 
authors make their case based on the effect of 
verapamil, which is a weak and non-specific 
inhibitor of ABCG2; iv) the immuno-staining 
studies are not convincing, the antibody used 
needs cell permeabilization, and the membrane 
localization of ABCG2 is not examined; v) 
detection of sub-populations is contradictory, not 
evaluated in the context of co-expression of stem 
cell markers. Therefore this study does not allow 
drawing conclusions regarding the presence, or 
up- and down-regulation of ABCG2 in human 
ES cells. 

In contrast, we emphasize again that with 
appropriate experimental tools, the functional, 
although heterogeneous expression of membrane 
ABCG2 is detectable in undifferentiated human 

stem cells. A detailed documentation is not 
possible here, but the key features of ABCG2 
expression in four different ES cell lines are 
depicted in Fig. 1 and in the supplemental video. 
Here we used properly quantitated real-time 
PCR measurements, flow cytometry and 
confocal microscopy with co-staining of relevant 
surface markers. Furthermore, we compare 
embryonic stem cells grown on MEF or 
Matrigel, and also evaluate the expression 
pattern of a mesenchymal-like cell line (F2). We 
also document a microscopic measurement of 
Hoechst dye uptake in undifferentiated stem 
cells, modulated by a specific ABCG2 inhibitor. 
All these measurements suggest that ABCG2 is 
present at relatively high levels in the 
undifferentiated human ES cells, underlying its 
role in the protection of this valuable sanctuary 
against the damage by toxins, drugs or hypoxia 
(see [8, 9]).
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Figure 1. Expression of stem cell markers and ABCG2 in various human embryonic stem cell lines. 
(A) Real-time qPCR assessment of stem-cell markers (Oct4, Nanog) and ABCG2 in four 
undifferentiated human ES cell lines (BG01V, HUES1, HUES4, HUES9). In addition, data are shown 
for the F2 cell line, which is a partially differentiated mesenchymal-like derivative of the HUES9 cell 
line with no functional ABCG2 expression. Pre-developed real-time TaqMan® assays for the examined 
genes were purchased from Applied Biosystems. Values represent expression levels relative to the 
ribosomal P0 housekeeping gene ± S.E.M. as determined by the standard Ct methodology. (B) Flow-
cytometry documentation of the co-expression of the undifferentiated stem cell marker SSEA4, and the 
cell surface expression of the ABCG2 protein, detected by a specific mAb, 5D3 (see ref [2]) in various 
human undifferentiated ES cell lines; minimum of 10000 living cells from passage number between 25 
and 35 were used for the measurements. A variable level of co-expression is shown by the percentage 
of co-staining levels. SSEA4 antibody was APC-labeled (R and D Systems) and detected by a Becton 
Dickinson FACSCalibur (excitation red-diode laser at 633 nm, detection filter set 661/16 (FL4)). For 
ABCG2 labeling, primary 5D3 monoclonal antibody (eBioscience) was detected using a goat 
antimouse-IgG2B-PE secondary antibody (Molecular Probes) by a Becton Dickinson FACSCalibur 
(excitation He-Ar laser at 488 nm, detection filter set 585/42 (FL2)). Dead cells were gated out based 
on 7AAD staining (FL3-H); quadrant boundaries were set to completely exclude fluorescent signals 
from the appropriate isotype controls. (C) Flow-cytometry analysis of SSEA4 and ABCG2 on 
undifferentiated HUES9 cells at identical passage numbers (p25), cultured on mouse embryonic 
feeders (MEF) or Matrigel. The Matrigel support used in the experiments of Zeng et al. [1]
significantly decreases ABCG2 protein expression. As a negative control, measurements for the 
mesenchymal-like F2 cell line are also presented; black lines indicate signals from the isotype controls. 
Antibodies and detection parameters were the same as on panel B. (D) Confocal microscopy image 
demonstrating membrane expression of the ABCG2 protein in an undifferentiated human ES cell 
clump. HUES9 cells grown on MEF were immunostained by the ABCG2-specific monoclonal 
antibody, 5D3 (green); the cell nuclei were visualized by DAPI counterstaining (blue). Feeder cells can 
be distinguished by their larger nuclei and the lack of 5D3 staining. (E) Demonstration of ABCG2 
function in undifferentiated human embryonic stem cells assessed by Hoechst dye uptake (see ref [2]). 
HUES9 cells grown on MEF cells were subjected to 1 M of Hoechst 33342; the specific ABCG2 
inhibitor (Ko143, 1 M) was added to the cells as indicated on the graph (approx. at 6 min). Kinetics 
of dye uptake was determined in cells within the stem cell clump, as well as in the surrounding cells 
(average of 12 cells in each group). As demonstrated, in ABCG2-expressing stem cells the basal 
Hoechst dye uptake is significantly slower and greatly accelerated by the addition of the specific 
inhibitor. The multidrug resistance activity factor (MAF - see ref [2]) was calculated from the steady 
state fluorescence accumulation rates before and after Ko143 addition. MAF was found to be 0.72 in 
cells in the stem cell clump, while practically zero in adjacent cells. 
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