
Introduction

In breast cancer, Y-box binding protein-1 (YB-1) func-

tionality has been linked to various tumor progression

events. As in other entities such as cancer of cervix, ovary,

and prostate, YB-1 expression is frequently upregulated

also in breast cancer and clinically correlated with patients’

poor outcome [1–5]. YB-1 is a pleiotropic gene expression

factor and recently thought to play key roles in tumor

growth and multidrug resistance, as well as in invasiveness

and metastasis. On the molecular level, YB-1 has shown

governing cell cycle control, apoptosis, and autocrine/

paracrine growth factor secretion, which implies that YB-

1 has an explicit impact on the tumor growth behaviour [1,

6, 7].

Recent findings including in the present authors’ own

data indicate a complex interaction of YB-1 and the estro-

gen receptor (ER) demonstrated by the direct protein-protein

interaction and, as a result, by functional interference of both

factors [1, 8, 9]. Accordingly, antagonistic modulation of

ER properties during antihormonal breast cancer therapy

may be directed by YB-1 expression levels and activities.

In the clinical context of breast cancer treatment this means,

that during endocrine therapy of ER-positive breast cancer

the control of ER activities by antiestrogens such as 4-hy-

droxytamoxifen (4-OHT) and fulvestrant (FUL) may de-

pend on intratumoral YB-1 concentrations [10].

The aim of the experimental study presented here is to

examine antiestrogen’s antiproliferative efficacy on ER-

positive breast cancer cells in the presence of low and high

protein levels of YB-1.
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Summary

Purpose of investigation: The pleiotropic factor Y-box binding protein-1 (YB-1) is clinically correlated with breast can-

cer patients’ poor outcome. Due to the intereference of YB-1 with the estrogen receptor, the authors examined the an-

tiproliferative efficacy of 4-hydroxytamoxifen (4-OHT) and fulvestrant (FUL) in the presence of low and high levels of

YB-1. Materials and Methods: The human breast cancer cell line MCF-7 was transfected to overexpress YB-1 protein. 4-

OHT and FUL incubation experiments were performed and cell growth behaviour of YB-1 overexpressing MCF-7 cells

were compared to unmodified MCF-7 cells expressing endogenous YB-1 levels. Results: The incubation of MCF-7 cells

with 100 nM 4-OHT and 1 nM FUL over a period of 120 hours clearly demonstrated the antiproliferative properties of both

antiestrogens as expected. Notably, high levels of YB-1 led to an increase of antiproliferative properties in the presence

of 4-OHT and FUL. Conclusion: The data presented here demonstrated YB-1 enhances the antiestrogenic efficacy of 4-

OHT and FUL. Thus, the group of high level YB-1 mamma carcinoma patients might increasingly benefit from endocrine

therapy.

Key words: Breast cancer; YB-1; Endocrine therapy; 4-hydroxytamoxifen;
Fulvestrant.
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Materials and Methods

The human breast cancer cell line MCF-7 was propagated in

Dulbecco’s Modified Eagle’s Medium (DMEM)/F12 with glu-

cose (4.5 g/l), fetal bovine serum (5%), sodium pyruvate (1 mM),

and gentamycin (50 μg/ml). Cells were cultivated at 37 °C, 5%

CO

2

and saturated humidity and passaged twice per week. For

cell growth characterization, MCF-7 cells were plated in tripli-

cate into 24- well cell culture dishes at a density of 2 x 10

4

cells

per well. On the next day, medium was changed and fresh medium

containing 4-OHT (100 nM), FUL (1 nM) or equal volumes of

control vehicle (EtOH) was added. Cells were harvested 72 and

120 hours after treatment began and live cell counting was per-

formed using a cell counter. The number of living cells was de-

termined in duplicates for each sample.

For YB-1 overexpression, 1x10

5

cells/3.5-cm dish were incu-

bated for 24 hours and transfected applying 500 ng YB-1 over-

expression vector pCMV6-YB1 and the control vector pCMV6

and effectene transfection reagent. Subsequently, MCF-7 cells

were lysed and comparable amounts of total protein were sepa-

rated by sodium dodecyl sulfate-polyacrylamide gel elec-

trophoresis (SDS–PAGE) and blotted onto a nitrocellulose

membrane. After blocking procedure (5% nonfat dry milk), YB-

1 was detected by specific antibodies utilizing LumiGLO

reagent according to the distributor’s instructions.

Cell growth data are given as the mean ± the standard deviation

(SD). Statistical comparison of controls and 4-OHT and FUL

treated cells was performed using the unpaired Student’s t-test. p
≤ 0.01 (**) and p ≤ 0.001 (***) were defined as significant.

Results

Transient with YB-1 overexpression vector pCMV6-YB1

(MCF-7 cells + YB-1) showed an obvious increase of in-

tracellular YB-1 protein compared to controls (MCF-7 cells)

(Figure 1a). Notably, the overexpression of YB-1 thereby

showed no significant differences in cell growth of MCF-7

cells compared to control cells (data not shown). Incubation

of low level MCF-7 cells with both antiestrogens 4-OHT

(100 nM) and FUL (1 nM) over a period of 120 hours was

followed by distinct reduction of cell growth of 1.5-fold and

2.7-fold, respectively (Figures 1b and 1c). Overexpression

of YB-1 in MCF-7 cells with YB-1 overexpression vector

pCMV6-YB1 (MCF-7 cells + YB-1) resulted a significant

decrease of cell growth when treated with 4-OHT and FUL.

Thereby an incubation of 4-OHT for 120 hours caused a 2.6-

fold reduction of cell growth (Figure 1b) whereas an incu-

bation of FUL was followed by a 4.0-fold lower cell growth

rate compared to control cells (Figure 1c).

Discussion

For examination of YB-1’s impact on growth inhibitory

effects of 4-OHT and FUL, YB-1 protein levels were ge-

netically modified in the in vitro breast cancer cell model

system MCF-7. As shown in Figure 1a, transiently overex-

pressed YB-1 (MCF-7 cells + YB-1) led to distinctly ele-

vated levels of intracellular YB-1 protein compared to

controls (MCF-7 cells), thereby exhibiting no significant

differences in cell growth of YB-1 overexpressing versus
control cells (data not shown). The incubation with 100 nM

4-OHT and 1 nM FUL over a period of 120 hours clearly

demonstrated the antiproliferative properties of both com-

pounds. As expected, low level YB-1 cells (MCF-7 cells)

incubated with 4-OHT (Figure 1b) and FUL (Figure 1c)

showed a 1.5-fold and 2.7-fold reduction of cell growth, re-

spectively. These differences in antiestrogenic properties

of 4-OHT and FUL reflect the differences of both drugs’

pharmacological mode of action. 4-OHT has partial ago-

nistic activity, whereas FUL has pure antagonistic activity,

and thus, FUL has an approximately 100-fold higher effi-

Figure 1. — Cell growth inhibition

of MCF-7 breast cancer cells by the

antiestrogens 4-hydroxytamoxifen

(4-OHT) and fulvestrant (FUL) is

enhanced by YB-1 protein. (a) West-

ern blot analysis of endogenous YB-

1 expression in control cells (MCF-7

cells) and in MCF-7 cells transiently

overexpressing YB-1 (MCF-7 cells

+ YB-1). (b, c) 4-hydroxytamoxifen

(4-OHT) (b) and Fulvestrant (FUL)

(c) incubation of MCF-7 cells with

endogenous YB-1 expression (MCF-

7 cells) compared to YB-1 overex-

pressing MCF-7 cells (MCF-7 cells

+ YB-1) over a period of 120 hours.

Cell growth was normalized to con-

trol treated cells. Statistical compar-

ison was performed using the

unpaired Student’s t-test. Columns,

mean; bars, ±SD; ** p ≤ 0.01, ** p ≤

0.001.
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cacy than 4-OHT as well [11, 12]. Notably, overexpression

of YB-1 (MCF-7 cells + YB-1) intensified the antiestro-

genic effect of both drugs significantly. After an incubation

of 120 hours, 4-OHT caused a 2.6-fold reduction of cell

growth (Figure 1b) and FUL led to a cell growth rate which

was 4.0-fold lower than that of control cells (Figure 1c).

Taken together, the present results indicate that YB-1 pos-

itively modulates antiestrogens’ efficacy by strengthening

4-OHT and FUL-mediated inhibition of tumor growth.

In contrast to the results presented here, Ito et al. have pos-

tulated in 2012 that YB-1 functions as a resistance factor

[13]. This hypothesis, however, appears to be questionable

when considering the experimental methodology used in this

study: Antiestrogens’ growth inhibitory efficacy was detected

by a tetrazolium-based metabolic assay which detects a gen-

eral subset of enzymatic activities and which are correlated

to changes in the biomass. In case of cell growth, however,

live cell counting based on membrane integrity measurement

has become the gold standard for proliferation assessment.

This may explain the slight and highly variable alterations

in cell growth as described by Ito et al. Moreover, for the

overexpression of YB-1 in MCF-7 cells a cDNA vector was

used encoding not only for the YB-1 protein (324 amino

acids), but also for the green fluorescent protein (GFP; 238

amino acids) and a FLAG tag (eight amino acids) to distin-

guish between endogenous and recombinant YB-1. From this

it follows that the recombinant YB-1 protein exhibited a

clearly higher molecular weight than the wild-type YB-1.

Moreover, additional amino acids may affect protein folding

and the steric architecture of the protein, and as a conse-

quence, YB-1’s biological functionality.

Based on the present experimental data the authors hy-

pothesize that YB-1 properties may facilitate antiestrogen’s

attenuation of the ER itself or of parts of the ER signaling

network which is primarily responsible for breast cancer cell

growth. Classification of YB-1 as an oncogene or a tumor

suppressive factor in breast cancerogenesis, however, proved

to be difficult. Despite of YB-1 being an apparent marker for

poor prognosis in several carcinoma including breast cancer,

the tumorbiological role of the protein seems to be complex

and may depend on cancer subtype and cancer stage.

Conclusion

It can be assumed that YB-1 enhances antiestrogenic effi-

cacy of 4-OHT and FUL in breast cancer cells. Thus, the group

of high level YB-1 mamma carcinoma patients might increas-

ingly benefit from endocrine therapy applying 4-OHT or FUL.
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