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NF-κB is a transcriptional regulator involved in many biological 
processes including proliferation, survival, and differentiation. 
Recently, we reported that expression and activity of NF-κB is 
comparatively low in undifferentiated human embryonic stem 
(ES) cells, but increases during differentiation. Here, we found a 
lower expression of NF-κB p65 protein in mouse ES cells when 
compared with mouse embryonic fibroblast cells. Protein levels 
of NF-κB p65 and relB were clearly enhanced during retinoic 
acid-induced differentiation. Furthermore, increased DNA bind-
ing activity of NF-κB in response to TNF-α, an agonist of NF-κB 
signaling, was seen in differentiated but not undifferentiated 
mouse ES cells. Taken together with our previous data in human 
ES cells, it is likely that NF-κB expression and activity of the 
NF-κB signaling pathway is comparatively low in undifferentiated 
ES cells, but increases during differentiation of ES cells in general. 
[BMB reports 2008; 41(10): 705-709]

INTRODUCTION

Embryonic stem (ES) cells have the ability to self-renew, main-
taining their stemness on mouse embryonic fibroblast (MEF) 
cells (1, 2), and have pluripotent differentiation ability so as to 
produce multiple tissue lineages under specific conditions 
(3-5). Studies on ES cells are producing insights into embryonic 
development and will provide critical information on these 
promising tissue sources for use in cell therapy (6, 7). 
    Mouse and human ES cells have differences in morphology, 
patterns of embryonic antigen immunostaining, expression of 
differentiation markers, and population doubling times (8). 
Mouse ES cells can be cultured and kept in an undifferentiated 
state and maintain their pluripotency when grown in culture me-
dium containing leukemia inhibitory factor (LIF), but this is not 
the case for human ES cells (9, 10). Mouse and human ES cells al-

so have many similar features: they express classical markers of 
pluripotent stem cell lines such as Oct4, Nanog, and alkaline 
phosphatase (AP) as well as display high levels of telomerase ac-
tivity (2, 11, 12). As studies on mouse ES cells have several advan-
tages over human ES cells, mouse ES cells are a useful model sys-
tem even though the results from mouse ES cell experiments may 
have limited translation for application in humans (13, 14). 
    NF-κB, an inducible dimeric transcription factor that belongs 
to the Rel family of transcription factors, is a major mediator of 
the cellular response to a variety of extracellular stimulation and 
is involved in diverse biological processes including embryo de-
velopment, hematopoiesis, and immune regulation, as well as 
neuronal functions via the induction of certain growth and tran-
scription factors (15, 16). There are five different Rel/NF-κB pro-
teins expressed in mammals: p65 (RelA), p50 (NF-κB1), p52 
(NF-κB2), c-Rel (Rel), and RelB (17). These NF-κB proteins form 
homo- or heterodimers and are bound in the cytoplasm by the in-
hibitor of κB proteins (IκB) (18). Infection or inflammation signals 
activate the IκB kinase (IKK), and this activated IKK complex 
phosphorylates IκB at two conserved serines within the IκB 
N-terminus. Phosphorylated IκB becomes a target for ubiquitina-
tion and subsequent proteosomal degradation (19). Subsequently, 
the freed NF-κB dimers translocate to the nucleus where, as a 
transcription factor, they activate the expression of genes in-
volved in cell growth, differentiation, and proliferation (20, 21). 
However, little is known about the role of NF-κB in ES cell 
functions. Recently, we reported that expression and activity of 
the transcription factor NF-κB was enhanced during differ-
entiation of human ES cells (22). In this study, we investigated ex-
pression and activity of NF-kB in mouse ES cells to see if our result 
from humans is relevant to different species. We found that the 
expression and activity of NF-κB protein was up-regulated upon 
differentiation of mouse ES cells.

RESULTS AND DISCUSSION

Low expression of NF-κB in mouse ES cells
NF-κB complexes of p50/p65 heterodimers are rapid response 
transcription factors influencing the expression of multiple 
genes (20, 21). To evaluate the contribution of NF-κB signaling 
in mouse ES cells, we compaired expression of NF-κB p50 and 
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Fig. 1. NF-κB expression in mouse ES cells and mouse embryonic 
fibroblast cells. Protein samples from the mouse ES cell line TC-1, 
primary MEF cells from CF-1 mice, and the MEF cell line STO 
were prepared and resolved by SDS-PAGE. Protein expression lev-
els of NF-κB p50 and p65 were determined by Western blotting. 
The Oct4 protein was used as a stem cell marker. The amount of 
GAPDH protein was used as a loading control.

Fig. 2. Expression levels of the NF-κB protein during differentiation
of mouse ES cells. Undifferentiated cells were maintained on MEFs,
and differentiation of mouse ES cells was induced by 10-5 M of reti-
noic acid (ES/RA) for the indicated time periods. (A) Morphology of 
ES cell colonies and RA-differentiated cells. (B) RT-PCR analysis of 
stem cell markers and NF-κB p50 and p65 during differentiation. (C) 
Protein expression levels of NF-κB p65 and RelB were determined 
by Western blotting. Oct4 was used as a stem cell marker. The 
amount of GAPDH was used as a loading control.

p65 proteins in the mouse ES cell line TC-1 with primary CF-1 
mouse embryonic fibroblast cells and a mouse embryonic fi-
broblast cell line, STO (23, 24). As shown in Fig. 1, expression 
levels of NF-κB p65 in the mouse ES cells was significantly 
lower than the other cells. Expression of NF-κB p50 was sim-

ilar to that of p65. In contrast, expression of Oct4, an essential 
gene for ES cell self-renewal (25), was clearly detected only in 
the mouse ES cells. The results obtained from another mouse 
ES cell line, R1, were similar (data not shown).

Enhanced expression of NF-κB in differentiated mouse ES cells
As the expression levels of NF-κB p50 and p65 were lower in 
mouse ES cells relative to other mature cells, we decided to in-
duce differentiation of mouse ES cells and compare expression 
levels of NF-κB in differentiated cells and undifferentiated ES 
cells. We used retinoic acid as a differentiation inducing reagent 
and cultured ES cells for up to 5 days. As shown in Fig. 2A, the 
morphology of the differentiated cells clearly differs from the 
undifferentiated ES cells grown on feeder cells. When we exam-
ined expression of the NF-κB p50 and p65 genes by RT-PCR, ex-
pression of NF-κB p50 and p65 mRNA in differentiated mouse 
ES cells was comparable to undifferentiated cells (Fig. 2B). 
However, expression of NF-κB p65 proteins markedly in-
creased with time during the differentiation process (Fig. 2C). In 
contrast, expression of NF-κB p50 was unchanged. It is likely 
that post-transcriptional control is critical for the regulation of 
NF-κB p65 during differentiation. Additionally, we found that 
RelB protein levels also increased during differentiation. As ex-
pected, Oct4 protein levels were markedly decreased during 
differentiation in a time-dependent manner. The results from 
the two different mouse ES cell lines, TC-1 and R1, were similar. 
Therefore, we can conclude that expression of NF-κB in un-
differentiated mouse ES cells is lower than other cells and grad-
ually increases during retinoic acid-induced differentiation. 
Studies on the promoter regions of genes encoding the NF-κB/ 
Rel/IκB family suggest that a high number of NF-κB binding 
sites can assist in their self- and inter-family regulation (26, 27). 
This is in accordance with the similar expression patterns ob-
served for NF-κB p65 and relB in our study. 

Expression of TNF receptor 1 and activation of the NF-κB 
signaling pathway in differentiated mouse ES cells
As expression of NF-κB p65 at the protein level was very low in 
mouse ES cells, but was increased after induced differentiation, 
it is likely that activation of the NF-κB signaling pathway is more 
prominent in differentiated cells than in undifferentiated ES 
cells. TNF-α is a pleiotrophic cytokine that possesses strong 
proinflammatory and immunostimulatory activities. TNF-α can 
induce various cellular responses, from proliferation to apopto-
sis, depending on the cell type and cellular context (28). As it is 
widely known that TNF-α activates NF-κB signaling as well as 
MAP kinase pathways in many cells, we checked the TNF-α re-
sponse of ES cells before and after differentiation (28). First, we 
checked expression of the cellular receptors for TNF-α TNFR1 
and TNFR2, by RT-PCR. We found comparable expression of 
TNFR1 both in undifferentiated and differentiated mouse ES 
cells (data not shown). Expression of TNFR2 was not detected in 
either of these cell types. This is in agreement with previously re-
ported our human data (22). As TNFR1 is expressed, we consid-
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Fig. 3. DNA binding activity of NF-κB in
differentiated TC-1 cells after stimulation
with TNF-α. MO7e cells before and after
30 min of stimulation with TNF-α (10 
ng/ml) were used as positive controls 
(A). TC-1 cells maintained on MEFs (B) 
and the cells differentiated from TC-1 
cells in the presence of retinoic acid for
5 days (C) were stimulated with control 
medium or TNF-α for the indicated time 
periods. Nuclear extracts were prepared
and gel shift assays were performed us-
ing consensus oligonucleotides for the 
NF-κB binding site. Competition assays 
were performed with cold probe or mu-
tant oligonucleotides.

ered that TNF-α might initiate upstream signaling both in un-
differentiated and differentiated mouse ES cells. 
    In order to investigate NF-kB activation in response to TNF-α, 
we investigated the DNA binding activity of NF-κB after stim-
ulation with TNF-α (29, 30). A human growth factor dependent 
cell line, MO7e, was used as a positive control (Fig. 3A). DNA 
binding activity of NF-κB was clearly detected after TNF-α stim-
ulation in MO7e cells (30). In undifferentiated mouse ES cells, 
DNA binding activity of NF-κB was not detected before or after 
stimulation with TNF-α (Fig. 3B). Interestingly, strong non-spe-
cific bands were consistently observed in repeated experiments. 
In contrast, an increase in NF-κB binding activity following 
TNF-α stimulation was clearly seen in ES-derived differentiated 
cells (Fig. 3C) These results suggest that lower expression of 
NF-κB may be associated with lower activity of NF-κB signaling 
in undifferentiated ES cells relative to differentiated cells. As we 
can see in Fig. 3A and 3C, induced NF-κB binding activity of 
ES-derived differentiated cells was much weaker than that of 
MO7e cells. This may be in part a result of lower expression of 
NF-κB proteins or lower expression of the TNF receptor as pre-
viously reported (31).
    In this study, we investigated the expression levels of NF-κB 
in undifferentiated mouse ES cells and found comparatively 
low expression of NF-κB in mouse ES cells and upregulation of 
NF-κB during differentiation induced by retinoic acid. This is 
exactly the same conclusion that we previously drew from ex-
periments in human ES cells (22). Therefore, it is possible that 
this phenomenon is common to ES cells from different species. 
Even though NF-κB expression and its activity are low, we still 
cannot exclude the possibility that NF-κB plays some role in 
undifferentiated ES cells. A potential contribution of NF-κB sig-
naling to self renewal of human ES cells was suggested based 

on the higher expression level of phospho-p65(Ser536), as de-
termined by immunostaining and confocal microscopy, along 
with the results obtained from inhibitor studies (32). NF-κB sig-
naling was also suggested to be involved in the increase of glu-
cose uptake upon hydrogen peroxide treatment in mouse ES 
cells, which was determined by immunostaining and inhibitor 
studies (33). Taken together with its low expression in ES cells, 
an attempt to increase NF-κB expression or activity in ES cells 
without impairing their stemness may be one of strategy for 
achieving better maintenance of ES cells.

MATERIALS AND METHODS

Maintenance of mouse ES cells
Mouse ES cell lines TC-1 and R1 were maintained on mouse 
embryonic fibroblasts (MEF) in ES medium, which contains 
Dulbecco's modified Eagle's medium (DMEM), 15% fetal bo-
vine serum (FBS, Hyclone Inc., Logan, UT, USA), 2 mM L-glu-
tamine, 0.1 mM β-mercaptoethanol, 1 mM sodium pyruvate, 
0.1 mM nonessential amino acids, 100 U/ml penicillin, and 
100 mg/ml streptomycin. Cultures were passaged as cells be-
came confluent (i.e., about two or three times a week). ES cells 
were dissociated with 0.025% trypsin-EDTA and then seeded 
on MEF prepared as follows. MEF cells were harvested and irra-
diated with 30 Gy and seeded at a density of ~5.5 × 104 
cells/ml in MEF medium (DMEM, 10% FBS, 2 mM L-glutamine, 
0.1 mM β-mercaptoethanol, 1 mM sodium pyruvate, and 0.1 
mM nonessential amino acids) a day before ES cell seeding. 

Differentiation of mouse ES cells with retinoic acid and 
stimulation of the differentiated cells with TNF-α
Plates were coated with gelatin (Sigma Aldrich, St. Louis, MO, 
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USA) diluted at a ratio of 1:20 (final 0.1%) in PBS at room temper-
ature for 1hr. MEF-conditioned medium (CM) was prepared by 
harvesting the overnight culture medium from the irradiated MEF 
cell cultures. 5 × 105~1 × 106 mouse ES cells were placed into 
gelatin-coated 6-well plates and grown overnight with MEF-CM 
in feeder free condition (24). Differentiation of mouse ES cells 
was stimulated by treating the cells in MEF medium with 10−5 M 
retinoic acid (all-trans, Sigma-Aldrich) for 5 days. 
    In order to examine intracellular signaling in mouse ES cells 
in response to TNF-α, cells were washed with MEF medium and 
treated with TNF-α at a concentration of 10 ng/ml (CytoLab, 
Rehovot, Israel). 

RT-PCR analysis 
Total RNA was isolated using TRI REAGENTⓇ according to the in-
structions provided by the manufacturer (MRC, Cincinnati, OH, 
USA). 5 μg of total RNA was reverse-transcribed in first-strand buf-
fer containing 6 μg/ml oligo (dT) primer, 50 U M-MLV reverse 
transcriptase (Invitrogen, Carlsbad, CA, USA), 2 mM dNTP, and 
40 U RNase block ribonuclease inhibitor. The reaction was con-
ducted at 42 oC for 1 h. One microliter of the cDNA synthesis was 
subjected to the standard PCR reaction for 30 cycles of denatura-
tion for 60 sec at 95 oC, annealing for 60 sec at 58 oC, and elonga-
tion for 60 sec at 72 oC. The primer sequences used were as 
follows. GAPDH, 5’-ACCACAGTCCATGCCATCAC-3’ (sense) 
and 5’-TCCACCACCCTGTTGCTGTA-3’ (anti-sense). Oct4, 5’-G 
AGAACAATGAGAACCTTCAGGAGA-3’ (sense) and 5’-TTCTG 
GCGCCGGTTACAGAACCA-3’ (antisense). Nanog, 5’-AGGGT 
CTGCTACTGAGATGCTCTG-3’ (sense) and 5’-CAACCACTGG 
TTTTTCTGCCAC-3’. NF-κB p65, 5’-CTTGGCAACAGCACAGA 
CC-3’ (sense) and 5’-GAGAAGTCCATGTCCGCAAT-3’ (antisense). 
NF-κB p50, 5’-AGGAAGAAAATGGCGGAGTT-3’ (sense) and 5’-GC 
ATAAGCTTCTGGCGTTTC-3’ (antisense). TNFR1, 5’-GTGTCC 
CCAAGGAAAATATATCCAC-3’ (sense) and 5’-AAAGGCAAAG 
ACCAAAGAAAATGAC-3’ (antisense). TNFR2, 5’-GGATAAAG 
GAGAAGGCATGAAATTG-3’ (sense) 5’-AACTTTCATTGTCTT 
GGGATCAACA -3’ (antisense).

Western blotting
Cells on culture plates were washed with PBS once and directly 
lysed in 50 μl of lysis buffer (20 mM Tris-HCl, pH 8.0, 137 mM 
NaCl, 10% glycerol, 1 mM phenylmethylsulfonyl fluoride, 0.15 
U/mL aprotonin, 10 mM EDTA, 10 μg/mL leupeptin, 100 mM 
NaF, 2 mM Na3VO4, and 1% NP-40). Samples were resolved by 
SDS-polyacrylamide gel electrophoresis and electro-transferred 
to polyvinylidene fluoride (PVDF) membranes (Millipore Corp, 
Bedford, MA, USA). Membranes were blocked with 5% dry 
milk and probed with the appropriate primary antibody. 
Immunoreactive proteins were detected by horseradish perox-
idase-conjugated secondary antibody and an ECL reagent 
(iNtRon, Seongnam, Korea). Membranes were stripped and 
then probed with another primary antibody when necessary. 
Antibodies to NF-κB p65 (C20) were purchased from Delta 
Biolabs (Vandell Way Campbell, CA, USA). Antibodies to 

GAPDH (6C5) and NF-κB p50 (E-10) were purchased from 
Santa Cruz Biotechnology Inc. (Santa Cruz, CA, USA). The anti-
body against RelB was acquired from Cell Signaling Technology 
(Beverly, MA).

Electrophoretic mobility shift assay
Nuclear extracts from untreated and TNF-α-treated cells were 
prepared as previously described (34). The electrophoretic mo-
bility shift assay (EMSA) was performed using a Nushift NF-kB 
assay kit (Active Motif, Tokyo, Japan) according to the manu-
facturer’s protocol. 20,000 cpm of 32P-labeled consensus NF-kB 
binding sequence (5’-AGCTTGGGGTATTTCCAGCCG-3’) was 
incubated with 20 μg of nuclear-extract proteins at 4oC for 30 
min and then resolved on 4% polyacrylamide gels containing 
0.25X TBE (1X TBE: 89 mM Tris borate and 1 mM EDTA, pH 
8.0) and 2.5% glycerol. The oligonucleotide competition assay 
was performed by preincubating nuclear extracts with 100-fold 
excess cold NF-kB consensus or mutant (5’-AGCTTGGcaTAgg 
TCCAGCCG-3’, mutated sequences are shown in lower case) 
oligonucleotides for 30 min at 4 oC before the addition of la-
beled probe. 

Acknowledgments
This work was supported by a grant from the Stem Cell Research 
Center of the 21st Century Frontier Research Program funded by 
the Ministry of Science and Technology, Republic of Korea 
(SC2260) and by the Korea Research Foundation Grants 
(MOEHRD, Basic Research Promotion Fund, KRF-2005-005- 
J15001 and KRF-2005-070-C00091). We appreciate the Stem 
Cell Research Center in the Korea Research Institute of Bioscience 
and Biotechnology (KRIBB, Daejeon, Korea) for technical assis-
tance in using the gamma irradiator.

REFERENCES

1. Evans, M. J. and Kaufman, M. H. (1981) Establishment in 
culture of pluripotential cells from mouse embryos. 
Nature 292, 154-156.

2. Thomson, J. A., Itskovitz-Eldor, J., Shapiro, S. S., Waknitz, 
M. A., Swiergiel, J. J., Marshall, V. S. and Jones, J. M. 
(1998) Embryonic stem cell lines derived from human 
blastocysts. Science 282, 1145-1147.

3. Kehat, I., Kenyagin-Karsenti, D., Snir, M., Segev, H., Amit, 
M., Gepstein, A., Livne, E., Binah, O., Itskovitz-Eldor, J. 
and Gepstein, L. (2001) Human embryonic stem cells can 
differentiate into myocytes with structural and functional 
properties of cardiomyocytes. J. Clin. Invest. 108, 407-414.

4. Lumelsky, N., Blondel, O., Laeng, P., Velasco, I., Ravin, 
R. and McKay, R. (2001) Differentiation of embryonic 
stem cells to insulin-secreting structures similar to pancre-
atic islets. Science 292, 1389-1394.

5. Bjorklund, L. M., Sanchez-Pernaute, R., Chung, S., Andersson, 
T., Chen, I. Y., McNaught, K. S., Brownell, A. L., Jenkins, B. 
G., Wahlestedt, C., Kim, K. S. and Isacson, O. (2002) 
Embryonic stem cells develop into functional dopaminergic 
neurons after transplantation in a Parkinson rat model. Proc. 



Upregulation of NF-κB in differentiated mouse ES cells
Young-Eun Kim, et al.

709http://bmbreports.org BMB reports

Natl. Acad. Sci. U.S.A. 99, 2344-2349.
6. Bjorklund, A. and Lindvall, O. (2000) Cell replacement 

therapies for central nervous system disorders. Nat. Neurosci. 
3, 537-544.

7. Pera, M. F. and Trounson, A. O. (2004) Human embryonic 
stem cells: prospects for development. Development 131, 
5515-5525.

8. Ginis, I., Luo, Y., Miura, T., Thies, S., Brandenberger, R., 
Gerecht-Nir, S., Amit, M., Hoke, A., Carpenter, M. K., 
Itskovitz-Eldor, J. and Rao, M. S. (2004) Differences be-
tween human and mouse embryonic stem cells. Dev. 
Biol. 269, 360-380.

9. Daheron, L, Opitz, S. L., Zaehres, H., Lensch, W. M., 
Andrews, P.W., Itskovitz-Eldor, J. and Daley, G. Q. (2004) 
LIF/STAT3 signaling fails to maintain self-renewal of hu-
man embryonic stem cells. Stem Cells 22, 770-778.

10. Kang, H. B., Kim, J. S., Kwon, H. J., Nam, K. H., Youn, H. 
S., Sok D. E. and Lee Y. (2005) Basic fibroblast growth fac-
tor activates ERK and induces c-fos in human embryonic 
stem cell line MizhES1. Stem Cells Dev. 14, 395-401.

11. Nichols, J., Zevnik, B., Anastassiadis, K., Niwa, H., 
Klewe-Nebenius, D., Chambers, I., Scholer, H. and Smith, 
A. (1998) Formation of pluripotent stem cells in the mam-
malian embryo depends on the POU transcription factor 
Oct4. Cell 95, 379-391.

12. Chambers, I., Colby, D., Robertson, M., Nichols, J., Lee, S., 
Tweedie, S. and Smith, A. (2003) Functional expression 
cloning of Nanog, a pluripotency sustaining factor in em-
bryonic stem cells. Cell 113, 643-655.

13. Mitsui, K., Tokuzawa, Y., Itoh, H., Segawa, K., Murakami, 
M., Takahashi, K., Maruyama, M., Maeda, M. and 
Yamanaka, S. (2003) The homeoprotein Nanog is required 
for maintenance of pluripotency in mouse epiblast and ES 
cells. Cell 113, 631-642.

14. Hyun, I., Hochedlinger, K., Jaenisch, R. and Yamanaka, S. 
(2007) New advances in iPS cell research do not obviate 
the need for human embryonic stem cells. Cell Stem Cell 
1, 367-368.

15. Denk, A., Wirth, T. and Baumann, B. (2000) NF-kappaB 
transcription factors: critical regulators of hematopoiesis 
and neuronal survival. Cytokine Growth Factor Rev. 11, 
303-320.

16. Qiu, P., Pan, P. C. and Govind, S. (1998) A role for the 
Drosophila Toll/Cactus pathway in larval hematopoiesis. 
Development 125, 1909-1920.

17. Ghosh, S., May, M. J. and Kopp, E. B. (1998) NF-kappa B 
and Rel proteins: evolutionarily conserved mediators of 
immune responses. Annu. Rev. Immunol. 16, 225-260.

18. Liou, H.C. and Baltimore, D. (1993) Regulation of the 
NF-kappa B/rel transcription factor and I kappa B inhibitor 
system. Curr. Opin. Cell Biol. 5, 477-487.

19. Hu, J., Haseebuddin, M., Young M. and Colburn, N. H. 
(2005) Suppression of p65 phosphorylation coincides 
with inhibition of IkappaBalpha polyubiquitination and 
degradation. Mol. Carcinog. 44, 274-284.

20. Ghosh, S. and Karin, M. (2002) Missing pieces in the 
NF-kappaB puzzle. Cell 109, Suppl:S81-96.

21. Lee, J. I. and Burckart, G. J. (1998) Nuclear factor kappa 
B: important transcription factor and therapeutic target. J. 
Clin. Pharmacol. 38, 981-993. 

22. Kang, H. B., Kim, Y. E., Kwon, H. J., Sok, D. E. and Lee, 
Y. (2007) Enhancement of NF-kappaB expression and ac-
tivity upon differentiation of human embryonic stem cell 
line SNUhES3. Stem Cells Dev. 16, 615-623.

23. Chia, R., Achilli, F., Festing, M. F. and Fisher, E. M. (2005) 
The origins and uses of mouse outbred stocks. Nat. Genet. 
37, 1181-1186.

24. Martin, G. R. and Evans, M. J. (1975) Differentiation of clo-
nal lines of teratocarcinoma cells: formation of embryoid 
bodies in vitro. Proc. Natl. Acad. Sci. USA. 72, 1441-1445.

25. Scholer, H. R., Ruppert, S., Suzuki, N., Chowdhury, K. 
and Gruss, P. (1990) New type of POU domain in germ 
line-specific protein Oct-4. Nature 344, 435-439.

26. Cogswell, P. C., Scheinman, R. I. and Baldwin, A. S. Jr. 
(1993) Promoter of the human NF-kappa B p50/p105 gene: 
Regulation by NF-kappa B subunits and by c-REL. J. Immunol. 
150, 2794-804.

27. Viswanathan, M., Yu, M., Mendoza, L. and Yunis, J. J. (1996) 
Cloning and transcription factor-binding sites of the human 
c-rel proto-oncogene promoter. Gene 170, 271-276.

28. Wajant, H., Pfizenmaier, K. and Scheurich, P. (2003) Tumor 
necrosis factor signaling. Cell Death Differ. 10, 45-65.

29. Lee, Y., Sohn, W. J., Kim, D. S. and Kwon, H. J. (2004) 
NF-kappaB- and c-Jun-dependent regulation of human cyto-
megalovirus immediate-early gene enhancer/promoter in 
response to lipopolysaccharide and bacterial CpG-oligo-
deoxynucleotides in macrophage cell line RAW 264.7. Eur. 
J. Biochem 271, 1094-105.

30. Lee, Y., Gotoh, A., Kwon, H. J., You, M., Kohli, L., Mantel, 
C., Cooper, S., Hangoc, G., Miyazawa, K., Ohyashiki, K. 
and Broxmeyer, H. E. (2002) Enhancement of intracellular 
signaling associated with hematopoietic progenitor cell 
survival in response to SDF-1/CXCL12 in synergy with oth-
er cytokines. Blood 99, 4307-4317.

31. Zampetaki, A., Zeng, L., Xiao, Q., Margariti, A., Hu, Y. and 
Xu, Q. (2007) Lacking cytokine production in ES cells and 
ES-cell-derived vascular cells stimulated by TNF-alpha is 
rescued by HDAC inhibitor trichostatin A. Am. J. Physiol. 
Cell Physiol. 293, C1226-C1238.

32. Armstrong, L., Hughes, O., Yung, S., Hyslop, L., Stewart, 
R., Wappler, I., Peters, H., Walter, T., Stojkovic, P., Evans, 
J., Stojkovic, M. and Lako, M. (2006) The role of PI3K/AKT, 
MAPK/ERK and NFkappabeta signalling in the maintenance 
of human embryonic stem cell pluripotency and viability 
highlighted by transcriptional profiling and functional 
analysis. Hum. Mol. Genet. 15, 1894-1913.

33. Na, S. I., Lee, M. Y., Heo, J. S. and Han, H. J. (2007) 
Hydrogen peroxide increases [3H]-2-deoxyglucose uptake 
via MAPKs, cPLA2, and NF-kappaB signaling pathways in 
mouse embryonic stem cells. Cell. Physiol. Biochem. 20, 
1007-1018

34. Sadowski, H. B. and Gilman, M. Z. (1993) Cell-free acti-
vation of a DNA-binding protein by epidermal growth 
factor. Nature 362, 79-83.


