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The eukaryotic Y-box binding protein-1 (YB-1) functions in vari-
ous biological processes, including transcriptional and transla-
tional control, DNA repair, drug resistance, and cell proliferation.
To elucidate the physiological role of the YB-1 protein, we dis-
rupted one allele of mouse YB-1 in embryonic stem (ES) cells.
Northern blot analysis revealed that YB-1+/−−−− ES cells with one in-
tact allele contain approximately one-half the amount of mRNA
detected in wild-type (YB-1+/+) cells. We further found that the
protein level of YB-1+/ −−−− cells was reduced to approximately 50–
60% compared with that of YB-1+/+ cells. However, no apparent
growth difference was found between YB-1+/ −−−− and YB-1+/+ cells.
YB-1+/ −−−− cells showed increased sensitivity to cisplatin and mito-
mycin C, but not to etoposide, X-ray or UV irradiation, as com-
pared to YB-1+/+ cells. YB-1 may have the capacity to exert a
protective role against cytotoxic effects of DNA damaging agents,
and may be involved in certain aspects of drug resistance. (Cancer
Sci 2004; 95: 348–353)

he Y-box protein family, which is widely distributed from
bacteria to mammals, contains a cold-shock domain which

is highly conserved from prokaryotic cold-shock proteins.1) The
human Y-box binding protein, YB-1, which is located on chro-
mosome 1p34, was initially identified as a transcription factor
which associates with the Y-box sequence appearing in the ma-
jor histocompatibility complex class II genes.2–4)

It has been hypothesized that YB-1 might play a role in pro-
moting cell proliferation through the transcriptional regulation
of various relevant genes, including proliferating cell nuclear
antigen, epidermal growth factor receptor, DNA topoisomerase
IIα, thymidine kinase, and DNA polymerase α.5, 6) In our labo-
ratory, we have shown that YB-1 is involved in transcriptional
activation of the human multidrug resistance 1 gene.7–9) and
also the DNA topoisomerase IIα gene10) in response to various
environmental stimuli. YB-1 appears to play a critical role in
cell proliferation, DNA replication, and drug resistance. The bi-
ological roles of YB-1 include modification of chromatin,
translational masking of mRNA, participation in the redox sig-
naling pathway, RNA chaperoning, and stress response regula-
tion.11) It has also been demonstrated that eukaryotic Y-box
proteins regulate gene expression at the translational level by
recognizing RNA.12, 13) The murine YB-1 protein (MSY1) is
specifically expressed in testis rather than other tissues, and
regulates the translation of germ cell RNA.14) The Y-box bind-
ing proteins thus appear to play critical roles in both mRNA
turnover and translational control.

YB-1 also appears to protect mammalian cells from the cyto-
toxic effects induced by DNA damage. We have previously re-

ported that human cancer cell lines overexpressing YB-1
showed resistance to cisplatin, while the reduction of YB-1 it-
self leads to increased drug sensitivity to cisplatin, other DNA-
interacting drugs, and UV irradiation.15) We also demonstrated
that YB-1 protein is localized mainly in the cytoplasm, but
translocates to the nucleus when cells are irradiated with UV or
treated with anticancer drugs.16) YB-1 specifically binds to cis-
platin-modified DNA, apurinic DNA and also 8-oxo-guanine-
containing RNA.17–19) We have further demonstrated that YB-1
binds directly to repair-associated proteins such as proliferating
cell nuclear antigen and p53 protein.18, 20) YB-1 may thus be in-
volved in the process of DNA repair and/or DNA damage re-
sponse. In clinical studies on YB-1, the cellular level of YB-1
was found to be closely associated with tumor growth and
prognosis in ovarian cancers, lung cancers, and breast
cancers.21–23)

To gain more insight into how YB-1 proteins exert their mul-
tiple functions, we carried out a targeted disruption of the
mouse YB-1 gene (MSY1) in mouse embryonic stem (ES) cells.
We have established ES cell lines with a heterozygously tar-
geted disruption of the YB-1 gene (YB-1+/−), which we found to
result in hypersensitivity to cytotoxic agents, such as cisplatin
and mitomycin C.

Materials and Methods

Cell growth characteristics. CCE ES cells and YB-1 knockout
cells were maintained on a feeder cell layer in DMEM supple-
mented with 20% heat-inactivated fetal bovine serum and 100
units/ml of recombinant leukemia inhibitory factor at 37°C in
an atmosphere of 10% CO2 in air.

Construction of the targeting vector. The mouse YB-1 gene was
isolated from a 129/Sv genomic library by the standard plaque
hybridization method, using mouse YB-1 cDNA as a probe. The
targeting vector contained approximately 8.4 kb of genomic se-
quence interrupted by a polII-neo-poly(A) cassette. Insertion of
the neomycin (neo) cassette resulted in deletion of a 1.8-kb
SalI /BglII fragment of the YB-1 gene, containing 43 nucle-
otides of exon 5 and 84 nucleotides of exon 6, as well as 240
nucleotides of intron 5 and 1.4 kb of intron 6. A pair of herpes
simplex virus thymidine kinase (TK) cassettes (TK1 and TK2,
both under control of the MC1 promoter) were placed flanking
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the YB-1 genomic sequence in the targeting vector to allow for
positive and negative selection of DNA when introduced into
ES cells.24) The targeting construct was linearized at a unique
NotI site located on the plasmid vector.

Isolation of heterozygous mutant embryonic stem cell lines. The
ES cell line CCE was cultured on a feeder cell layer and elec-
troporated, using 5×107 cells and 50 µg of the linearized target-
ing vector DNA, as described.25) The transfected cells were
subjected to positive and negative selection, using G418 (250
µg/ml; Geneticin, GIBCO/BRL) and ganciclovir (GANC) (5
mM; a gift of Nihon Syntex) as selective agents. Colonies dou-
bly resistant to G418 and GANC were grown on 24-well plates
to expand them for Southern blot analysis. DNA was isolated
from each cell line and analyzed by Southern blot hybridiza-
tion.

Southern blot analysis. Genomic DNA (8 µg) was digested
with EcoRV and BglII, then run on a 0.7% agarose gel and
transferred to a nylon membrane filter (Hybond N1; Amer-
sham). The filter was hybridized with a 0.3-kb EcoRV/EcoRI
fragment (5′ internal probe A) and a 0.3-kb XhoI/HindIII frag-
ment (3′ flanking probe B), labeled with [α-32P]dCTP. The
membrane was washed, applied to an imaging plate, and ana-
lyzed using a Bio-image analyzer BAS 2000 (Fuji Photo Film
Co., Kanagawa).

RNA isolation and northern blot analysis. Cells in the exponen-
tial growth phase were transferred to a medium without feeder
layer cells and further cultured on a gelatin-coated dish for 4
days to avoid contamination with YB-1 mRNA derived from
feeder cells. Total RNA was isolated using an RNeasy spin col-
umn (Qiagen, Hilden, Germany). RNA samples (10 µg/lane)
were separated on a 1% formaldehyde-agarose gel and were
transferred to a membrane. The membranes were hybridized
with 32P-labeled mouse YB-1 1.2-kb cDNA as a probe.15) Ra-
dioactivity was visualized by autoradiography and was ana-
lyzed using a Fujix Bas 2000 bioimaging analyzer (Fuji Photo
Film Co., Tokyo).

Immunoblotting of the YB-1 protein. The cells were lysed in
TNE buffer (50 mM Tris-HCl (pH 7.5), 150 mM NaCl, 1 mM
EDTA, 0.5% NP-40, 1 mM PMSF, 10 µg/ml leupeptin, 10 µg/
ml aprotinin), and boiled in western sample buffer for 10.0%
SDS-PAGE and western blot analysis. An antibody to YB-1
was generated as described previously.15) PCNA-specific anti-
body (PC10; Santa Cruz) and p21 (sc-817; Santa Cruz) were
used for western blotting.

Proliferation rates. To determine the proliferation rates of ES
cells, 5×105 cells were plated in triplicate in 6-well plates and
the cell numbers were determined at the indicated time points
using a CASYR cell counter.

Clonogenic survival assay. ES cells were plated on gelatin-
coated 6-well plates at a density of approximately 500 cells/
well. Twenty-four hours after plating, ES cells were treated
with various chemical agents, X-rays or UV irradiation. Plates
were incubated for 7 days and the surviving ES cell colonies in
each well were counted after staining with Giemsa. The plating
efficiency was ~60–80%. The relative sensitivity of each clone
of YB-1+/−  ES cells was determined by dividing the IC90 value
for each cell line by that of wild-type (YB-1+/+) ES cells.

MTS survival assay. CellTiter 96 Aqueous One Solution cell
proliferation Assay (Promega) was used to evaluate drug sensi-
tivities. The 96-well plates were inoculated with 4000 cells/
well in a volume of 100 µl of ES medium. Twenty-four hours
later, drugs were added at various concentrations. Seventy-two
hours later, 20 µl of MTS/PES was added, and incubation was
continued for 2 h at 37°C. In the presence of the electron-cou-
pling reagent PES, MTS is reduced by dehydrogenase enzymes
found in metabolically active cells into a formazan product that
is readily soluble in tissue culture medium. The quantity of for-
mazan product was measured in terms of the absorbance at 490

nm. At least five different drug concentrations were used to de-
termine the IC50 values, and each drug concentration was repli-
cated in 4 wells for each individual experiment. The relative
sensitivity of each YB-1+/−  ES cell clone was determined by di-
viding the IC50 value for each cell line by the YB-1+/+  ES cell
line IC50 value.

Results

Targeted disruption of the YB-1 gene. The mouse YB-1 gene,
which encodes a 49-kDa protein, is composed of 8 exons, spans
more than 16 kb, and is 99% identical to human YB-1. A re-
gion of genomic DNA carrying part of two exons and the adja-
cent intron region, was replaced by a neo cassette (Fig. 1A).
This region was chosen as the target since it encodes the C-ter-
minal domain of the YB-1 protein, which is essential for pro-
tein interaction and nucleoside binding.26) The resulting
construct was electroporated into ES cells, and cells showing
increased resistance to both G418 and GANC were selected.
The DNAs of resistant clones were digested with restriction en-
zymes and hybridized with several different probes. Homolo-
gous recombinants were characterized by the appearance of a
5.5-kb EcoRV fragment with the 5′-internal probe A, and a
10.3-kb BglII fragment with the 3′-flanking probe B (Fig. 1, B
and C). Additional Southern blot analysis using other restriction
enzymes confirmed the targeted disruption of one allele of
mouse YB-1 (data not shown). Furthermore, hybridization with
the neo probe showed that the predicted genomic DNA frag-
ment size is similar in all of these clones. Approximately 4% of
G418- and GANC-doubly resistant cells carried the expected
structure for the mutated allele.

Decrease in mRNA expression and protein levels in heterozygous
YB-1+/ −−−− ES cells. Northern blot analysis of YB-1 mRNA, using
the full-length YB-1 cDNA as a probe, was performed in YB-
1+/+ cells and three different clones of YB-1+/−  cells. We found
that YB-1+/−  cells contain approximately half the amount of
mRNA detected in YB-1+/+  cells (Fig. 2A). Consistent with this
observation, western blot analysis of heterozygously disrupted
mutant cells also showed a reduction in YB-1 protein levels.
For semi-quantitative analysis, various amounts of cell lysate
were applied to the same gel, and we estimated that the protein
level of YB-1+/−  cells was reduced to approximately 50–60% of
the wild-type level (Fig. 2B). YB-1+/−  cells thus established
grew normally in ES medium, despite these characteristics. The
doubling time of YB-1+/+  and three clones (1, 2, and 5) of YB-
1+/−  cells were 10.2, 10.0, 9.0, and 10.2 h, respectively (Table
1). Thus, no apparent growth retardation or abnormal cell mor-
phology was found in YB-1+ /−  cells, in spite of the reduced con-
tent of YB-1 protein.

Drug, X-ray, and UV irradiation sensitivity of targeted cells to DNA
damaging agents. YB-1 has been proposed to be involved in the
sensitivity of cells to DNA-damaging agents such as cisplatin
and mitomycin C.15) We therefore explored the role of YB-1
heterozygosity in sensitizing ES cells to a variety of cytotoxic
agents using both MTS and clonogenic survival assays. As
shown in Table 2, we found that YB-1+/−  cells are more sensi-
tive to cisplatin and mitomycin C, and moderately more sensi-
tive to etoposide than YB-1+/+ cells. This enhanced sensitivity
was seen in three independently isolated YB-1+/−  clones (1, 2,
and 5), and the depletion of YB-1 was required for drug sensiti-
zation. Comparisons made at the IC50 dose for cisplatin re-
vealed that YB-1+/−  cells were approximately 3-fold more
sensitive to cisplatin than YB-1+/+  cells (IC50=20.0 µM). Simi-
larly, comparisons made at the IC50 dose for mitomycin C re-
vealed that YB-1+/−  cells were approximately 5-fold more
sensitive to mitomycin C than YB-1+/+ cells (IC50=9.0 µM).
Also, comparisons made at the IC50 dose for etoposide revealed
that YB-1+/−  cells showed a moderate level of sensitivity (1.4-
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fold), compared with YB-1+/+  cells (IC50=0.6 µM) (Table 2A).
Taken together, the results described above suggest that the
concentration of YB-1 appears to correlate inversely with cellu-
lar sensitivity to DNA-damaging agents. Clonogenic survival
assays were also performed on YB-1+/+  and YB-1+/−  cells to de-
termine whether differences observed in MTS survival assays
would translate into differences in clonogenicity. We treated
cells with a variety of chemotherapeutic drugs, X-ray or UV ir-
radiation and then incubated them for 7 days before counting
colonies with greater than 50 cells per colony. This assay pro-
vides a longer-term assessment of cell growth than the MTS as-
say and directly assesses the ability of individual cells to
proliferate into viable colonies. We tested the cytotoxicity of
cisplatin, mitomycin C, etoposide, X-rays, and UV irradiation
against YB-1+/+  and YB-1+/−  cells. The dose of agent required to
reduce colony formation to 10% (IC90) of that by the control
non-treated cells is shown in Table 2B. Consistent with data
gained in MTS assays and previous observations in KB cells,15)

YB-1+/−  cells exhibited greater sensitivity to cisplatin and mito-
mycin C than YB-1+/+  cells. The dose-modifying factor for
equivalent cell killing (IC90) was approximately 2.0-fold for cis-
platin and mitomycin C. In contrast, YB-1+ /−  cells were found
to be as sensitive as YB-1+/+  cells to etoposide, X-ray and UV
irradiation (Table 2B, Fig. 3). Our results suggested that the re-
duction of YB-1 level in ES cells preferentially enhances their
sensitivity to DNA cross-linking agents.

No change of p21 levels between YB-1++++/ ++++  and YB-1+/ −−−−  cells.
Swamynathan et al. established DT40 cells, in which one allele

of Chk-YB-1b is disrupted.27) The DT40YB1b (+ /−) cells
showed multiple abnormalities, such as slow growth rate, in-
creased cell size, increased genomic DNA content, and reduced
p21 levels.27) We found no apparent growth retardation or ab-
normal cell morphology in YB-1+/−  cells, in spite of the reduced
content of YB-1 protein. We examined whether p21 levels were
changed in these wild-type and mutant ES cells. Western blot
analysis of heterozygously disrupted mutant cells (YB-1+/−)
also showed a reduction in YB-1 protein levels, but no change
of p21 levels was observed in these wild and mutant ES cells
(Fig. 4).

Discussion

To clarify the biological role of YB-1 by modulating the
amount of cellular YB-1, cell lines defective in the YB-1 gene
should be useful. In the present study, we have generated YB-
1+/−  cell lines using a gene-targeting techniques. The cell lines
established have a sequence alteration in a defined region of
one allele of the YB-1 gene, and display a significant depletion
of YB-1 mRNA (approximately 50%). Consistent with the re-
duction in mRNA transcripts, the protein level of the YB-1+/−

cells was reduced to approximately 50–60%, compared with
that of YB-1+/+  cells. In this study, insertion of the neomycin
(neo) cassette resulted in deletion of a 1.8-kb region of the YB-1
gene, containing a part of exon 5 and all of exon 6. The mutant
allele may produce a truncated protein and this protein may
function in a dominant-negative manner. We could not detect
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the NH2-terminally truncated form of the YB-1 protein by im-
munoblotting using an antibody against the NH2-terminus of
YB-1 (data not shown). Although we tried to establish double
knockout ES cells (YB-1− /−) by subsequent culture of heterozy-
gous mutant cells in an elevated concentration of G418, we
could not isolate homozygous null mutant ES cells, suggesting
that a complete lack of YB-1 may be lethal in ES cells. We
have previously shown that YB-1 is directly involved in multi-
drug-resistance 1 gene activation at the transcriptional level.

YB-1 is directly required for basal promoter activation in re-
sponse to genotoxic stresses, including carcinogens, anticancer
agents, and UV irradiation.7–9) Also, varying levels of expres-
sion of the YB-1 protein are associated with many biological
phenomena, including cell proliferation and transforma-
tion.5, 21, 22, 28, 29) Determining how YB-1 plays a role in biologi-
cal processes in eukaryotic cells is therefore important. We
have shown that YB-1 is located mainly in the cytoplasm,
and then accumulates in the nucleus when cells are exposed
to genotoxic stress.16) We have observed that YB-1 is overex-
pressed in human cancer cells lines that are resistant to cisplat-
in, and that the amount of YB-1 correlates with the sensitivity
of these cells to anti-cancer drugs, cisplatin, mitomycin C and
UV irradiation.15) However, the previously observed inverse
correlation between YB-1 levels and drug sensitivity in human
cancer cell lines may result from genetic and epigenetic differ-
ences unrelated to YB-1 among these cell lines. Single knock-
out ES cells of various genes, such as O6-methylguanine-DNA
methyltransferase (MGMT) and multiple drug related protein
1 (MRP1), which are associated with DNA repair and drug
resistance, respectively, displayed a higher sensitivity to anti-
cancer drugs as compared with their wild-type counter-
parts.30, 31) In principle, these particular ES cell lines, having
a defect in one allele of the YB-1 gene, could facilitate studies
on the biological role of the YB-1 protein.

Cisplatin is widely used in treating a variety of human malig-
nancies. Resistance to this agent is mediated through pleiotro-
pic mechanisms, including decreased drug accumulation,
detoxification of the drug, and DNA repair.32, 33) We have also
shown that YB-1 levels correlate with sensitivity to cisplatin,
suggesting that YB-1 is directly involved in both the cellular re-
sponse to cisplatin and cisplatin resistance.15) We therefore ex-
amined the sensitivity of the YB-1+/−  cells to various anticancer
drugs, X-rays, and UV irradiation. YB-1+/− cells showed an in-
creased sensitivity to cisplatin and mitomycin C; drugs which
induce cross-linking of DNA. Conversely, no dramatic differ-
ence in sensitivity to etoposide compared to YB-1+/+  cells was
noted in the MTS assay, or the colony formation assay. Essen-
tially, these results are consistent with the sensitivity levels of
YB-1 antisense transfectants, in terms of colony formation.15)
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Fig. 2. (A) Northern blot analysis of the YB-1 mRNA isolated from the
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were applied to adjacent lanes. The amount of YB-1 in each cell line
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Table 1. Doubling time of YB-1++++/++++ and YB-1++++/−−−− ES cells

Cell lines Doubling time (h)

YB-1+ /+ 10.2
YB-1+ /−

Clone 1 10.0
Clone 2 9.0
Clone 5 10.2

Each value is the mean of duplicate determinations.

Table 2. A.  Sensitivity of YB-1+/+ and YB-1+/– ES cells to various drugs
on MTS assay

Agent IC50
1) for

YB-1+/+

Relative sensitivity2)

YB-1+ /−

Clone 1 Clone 2 Clone 5

Cisplatin (µM) 20.0 0.5 0.3 0.2
Mitomycin C (µM) 9.0 0.3 0.2 0.1
Etoposide (µM) 0.6 1.5 0.5 0.2

B.  Sensitivity of YB-1++++/++++ and YB-1++++/ −−−− ES cells to various drugs on colo-
nogenic assay

Agent C90
1) for 

YB-1+/+

Relative sensitivity2)

YB-1+ /−

Clone 1 Clone 2 Clone 5

Cisplatin (µM) 1.5 0.6 0.7 0.4
Mitomycin C (µM) 0.16 0.6 0.6 0.5
Etoposide (µM) 0.07 1.2 1.2 0.9
UV (J/m2) 3.8 1.1 0.9 0.9
γ-Rays (Gy) 5.4 1.0 1.2 0.8

1) The IC50 of YB-1+/+ and YB-1+/− cells for each agent was determined
by MTS assay and the IC90 was determined by colony formation assays.  
2) The relative sensitivity of each clone of YB-1+ /− ES cells was deter-
mined by dividing the IC50 or IC90 value for each cell line by that of
YB-1+/+ ES cell line. Values are means derived from two separate ex-
periments.
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We consider that the MTS assay can be markedly affected by
the rate of cell death, rather than clonogenic survival, and that
in turn, can be dependent on the proportion of cells undergoing
apoptosis. This may be the reason why we still observed a sen-
sitivity to etoposide in the MTS assay of YB-1+/− cells. ES cells
with the YB-1+/− background had a 60% expression level of
YB-1 protein compared to YB-1+/+  cells. This reduced protein
level in YB-1+/− cells clearly reflects the sensitivity level of the
heterozygous mutant cells, as expected from the findings that
stoichiometric amounts of YB-1 protein are needed for sensitiv-
ity to cisplatin and mytomicin C. These results indicate that
YB-1 is involved in the cellular response to DNA-damaging
agents, especially DNA-cross-linking agents. However, in this
study no apparent difference in sensitivity to UV irradiation
was found between YB-1+/− and YB-1+/+  cells, as compared with
the previous study.15) The IC50 dose for UV irradiation of wild-
type ES cell was 3.8 (J/m2), compared to 7.0 (J/m2) in KB
cells. This finding may be a result of the genetic and epigenetic
differences between human cancer cell lines and ES cells.

YB-1 has been shown to bind preferentially to cisplatin-mod-
ified DNA, apurinic DNA, and RNA containing 8-
oxoguanine,18, 19, 26) suggesting that this protein may bind prefer-
entially to structurally altered DNA.17) Several nuclear proteins
that recognize cisplatin-DNA adducts have been char-
acterized.32, 34) Among the HMG protein family, HMG1 and
HMG2 have been shown to bind specifically to DNA that con-
tains cisplatin-induced intrastrand cross-links35) and to sensitize
cancer cells to cisplatin.36. 37) Also, IXRI, a yeast protein con-
taining an HMG box, confers sensitivity to cisplatin, though a
correlation between the cellular levels of HMG proteins and the
repair of damaged DNA has not been demonstrated.38) It has
been established that various repair processes, mainly nucle-

otide excision repair and mismatch repair, are involved in repair
of the cisplatin-induced DNA damage.39) Cells deficient in
DNA repair have been found to be particularly sensitive to cis-
platin. Mammalian cells defective in XPF- and ERCC-1,
among the proteins involved in nucleotide excision repair, are
extremely sensitive to cisplatin.40) In fact, DNA repair activity
has been implicated as a main cause of the resistance of many
cell lines to cisplatin. Thus, the cellular sensitivity to cisplatin
may be determined by a dynamic interaction between DNA
damage recognition processes and DNA repair proteins. We
have demonstrated that YB-1 interacts directly with proliferat-
ing cell nuclear antigen and p53, which are essential proteins in
DNA replication and repair.18, 20) We have also shown that over-
expression of the p53-associated protein p73, involved in DNA
repair and apoptosis, increases cellular levels of YB-1,41) and
that YB-1 possesses 3′-5′ DNA exonuclease activity. YB-1 may
recognize DNA damaged by a DNA-cross-linking agent, such
as cisplatin, and be involved in the process of DNA repair, pos-
sibly through interaction with other repair-related proteins.

Recent studies using heterozygous DT40 YB1b (+/−) cells
with one copy of the wild-type Chk-YB-1b allele showed a
slower rate of growth, abnormal cell morphology, increased cell
size, and increased genomic DNA content, compared to wild-
type DT40 cells, and it was concluded that YB-1 plays an im-
portant role in cell proliferation.27) In contrast, we found no
such apparent growth retardation or abnormal cell morphology
of YB-1+/−  ES cells compared with the wild type. We also found
no difference of p21 levels between the two (Fig. 4). This may
be due to the following reasons: 1) The level of YB-1 protein in
YB-1+/−  cells was approximately 60% of that of YB-1+/+  cells
and this level of YB-1 protein may be sufficient for the prolif-
eration of YB-1+/−  cells. 2) DT40 cells were derived from
chicken B lymphocytes and do not express p53. Therefore,
mouse ES cells may differ greatly from DT40 cells with respect
to genetic background, especially regarding the cell cycle and
apoptosis control processes. Additional studies are required to
determine the differences in phenotype between mouse ES and
chicken DT40 cells. Also, the cellular level of YB-1 is associ-
ated with tumor growth in ovarian cancers, lung cancers, and
breast cancers.21–23) At present, we have not been able to estab-
lish a homozygous null mutant in ES cells. Taken together,
these findings suggest that the YB-1 function may be essential
for cell viability and proliferation.

In conclusion, we have established YB-1 single knockout cell
lines, using gene targeting techniques, and shown that the ex-
tent of YB-1 expression correlates with cellular sensitivity to
the cytotoxic effects of cisplatin and mitomycin C. YB-1 ap-
pears to protect cells or DNA integrity from the toxic insults as-
sociated with exposure to DNA-damaging agents. YB-1 is
therefore expected to be involved in variety of biological roles,
including transcription, cell proliferation, drug resistance, and
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Fig. 3. Dose-response curve to anti-
cancer drugs of YB-1+/+ and YB-1+ /−

ES cells. Approximately 500 cells
were plated on gelatin-coated 6-
well plates and incubated in the ab-
sence of any drug for 24 h. The cells
were then exposed to various con-
centrations of drugs for 7 days, and
the remaining number of colonies
was counted; 100% corresponds to
the colony number of the same cell
line in the absence of any drug.
Data points: average values for trip-
licate dishes.

YB-1
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+/+ +/–

Fig. 4. Immunoblot analysis of the YB-1 and p21 proteins isolated
from the germ-line-transmitted embryonic stem cell lines. Total cell ly-
sate (20 µg) was applied to adjacent lanes. In both cases, genotypes of
cells are shown as follows: lane 1, YB-1+/+ ES; lane 2, clone 1 of YB-1+ /−

ES; lane 3, clone 2 of YB-1+ /− ES.
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DNA repair. To elucidate these physiological roles of the YB-1
protein, establishment of mouse lines defective in YB-1 genes is
in progress. For more definitive studies, designed to evaluate
the precise role of the YB-1 protein in vivo, the generation of
conditional YB-1 mutants may be necessary.
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