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A B S T R A C T

The transcription factor Yin Yang 1 (YY1) is known to be present in some human cancer cell

lines and its expression correlates with immune-mediated apoptosis. By using Western

blot analysis, we have shown that the YY1 protein is strongly expressed in human osteo-

sarcoma cells and localised mainly in the nucleus. Moreover, by using immunohistochem-

istry and RT-PCR techniques, we have analysed the expression of YY1 protein in biopsies

from human osteosarcomas. The YY1 protein was not detectable by immunohistochemis-

try in osteoid tissue. However, its expression was restricted to osteosarcoma tissues. These

data were confirmed by densitometric analysis of RT-PCR for YY1 expression. Thus, YY1

gene activation appears to be an early event in the process of osteoblastic transformation

and its detection may represent, together with the analysis of other established markers, a

useful diagnostic tool in human osteosarcomas.

� 2006 Elsevier Ltd. All rights reserved.
1. Introduction

Osteosarcoma is the most common primary malignant bone

tumour in children and adolescents.1–3 Although osteosarcoma

is primarily a disease of adolescents and young adults, a differ-

ent type of osteosarcoma linked to Paget’s disease occurs in

older adults. The outcome for patients with osteosarcomas is

poor with a 2-year overall survival rate of 15–20% following sur-

gical resection, chemotherapy and radiotherapy.2,4,5 The most

frequent site for metastasis is the lung.6 However, metastasis

can also occur in other bones and soft tissue.6–9 Death from oste-

osarcoma is usually the result of progressive pulmonary metas-

tasis with respiratory failure due to widespread disease.1,10,11
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Increasing the understanding of the basic biology of oste-

osarcoma is a priority for tumour prognosis as well as for pro-

viding indications of possible tumour targets for selective

therapy. The transcription factor Yin Yang 1 (YY1) is a multi-

functional DNA binding protein and an ubiquitously ex-

pressed member of a polycomb group of proteins.12–14 The

transcription factor YY1 is known to be present in some

human cancer cell lines and its expression correlates to

immune-mediated apoptosis.15–20 Here, we demonstrate for

the first time that the transcription factor YY1 is selecti-

vely expressed in human osteosarcoma cells and biopsies.

The RT-PCR analysis confirmed the data obtained with

immunohistochemistry.
.
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2. Materials and methods

2.1. Tissue samples

Tissue sections from 10 osteosarcoma tissues for immunohisto-

chemistry were obtained from routinely processed, paraffin-

embedded samples obtained both from the Division of Human

Pathology of the National Institute of Tumours and the Division

of Human Pathology, 1st School of Medicine of the II University

of Naples, Italy. The study was approved by the Local Ethical

Committee. RNA for RT-PCR was extracted from paraffin

blocks on 32 samples including samples before and after chem-

iotherapy obtained from the National Institute of Tumours of

Naples. The age of patients was between 15 and 20 years old.

2.2. Osteosarcoma and normal bone cell lines

The human osteosarcomas SAOS and U2OS and normal

osteoblastic 7F2 cell lines were derived from the ATCC cata-

logue. They were incubated at 37 �C for 7 days in a humidified

atmosphere of 95 �C air and 5% CO2. The incubation medium

(DMEM, a MEM GIBCO) was supplemented with 10% FBS, pen-

icillin/streptomycin and glutamine, as described.21

2.3. Western blot analysis

Samples containing protein extracts from SAOS-2 and 7F2

cells were analysed by Western blot, as described.21,22 For iso-

lation of nuclear and cytoplasm proteins, we followed the

procedure described previously in detail.21 Briefly, 107 cells

were resuspended in 1 ml of ice-cold buffer, 10 mM Hepes,

pH 7.5, 10 mM KCl, 2 mM MgCl2, 1 mM DTT, 1 mM PMSF,

2 lg/ml aprotinin, 10 lg/ml pepstatin, 200 mM NaF, on ice

for 5 min, centrifugated at 1200 rpm for 5 min, resuspended

in 1 ml of the same buffer and incubated in ice for 20 min,

then homogenised. The cytosolic fraction was harvested after

centrifugation at 1200 rpm for 30 min. Nuclei were obtained

by overlaying the homogenised cell solution on a 50% sucrose

cushion, followed by centrifugation at 3000 rpm for 1 min and

resuspension of the nucleus pellet in sample buffer.

Approximately 30 lg of nuclear protein and 30 lg of cyto-

plasm protein extracts were separated by 10% SDS–PAGE.22

The gel was transblotted onto a nitro-cellulose membrane,

blocked with 10% milk powder in Tris–buffered saline (pH

7.4) with 0.1% Tween 20 (TBS-T) overnight, and incubated with

YY1 antibody purchased from Santa Cruz Biotechnology, as

described.21,22 After five washes with TBS-T, the signal was

detected with the aid of a chemiluminescence kit (Amersham

Pharmacia enhanced chemiluminescence kit). The same filter

was stripped and reprobed with cyclin A antibodies H-432

(Santa Cruz) to normalise the nuclear protein fractions and

with mouse monoclonal antibody against c-tubulin protein

T6557 (Sigma) for cytoplasm proteins.

2.4. Immunohistochemistry

Ten osteosarcoma and 10 normal bone tissues from 5 to 6 mm

thick paraffin-embedded samples were deparaffinised and

then placed in a solution of absolute methanol and 0.3%

hydrogen peroxide for 30 min and then washed in PBS before
immunoperoxidase staining. Slides were then incubated over-

night at 4 �C in a humidified chamber with the primary anti-

bodies diluted 1:100 in PBS and subsequently incubated, first

with biotinylated goat antirabbit IgG for 20 min (Vectostain

ABC kits; Vector Laboratories) and then with premixed reagent

ABC (Vector) for 20 min. The immunostaining was performed

by incubating slides in diaminobenzidine (Dako) solution con-

taining 0.06 mM diaminobenzidine and 2 mM hydrogen per-

oxide in 0.05% PBS (pH 7.6) for 5 min, and after chromogen

development, slides were washed, dehydrated with alcohol

and xylene, and mounted with coverslips using a permanent

mounting medium (Permount). Micrographs were taken on

Kodak Ektachrome film with a photo Zeiss system. The anti-

bodies used in this study were rabbit polyclonal raised against

the full length of YY1 protein (sc281 Santa Cruz).

The specificity of the reaction was checked by the lack of

tissue immunoreactivity after incubation with molar excess

of the specific YY1 recombinant Escherichia coli protein (sc-

4125 Santa Cruz). Immunostained samples were blindly read

by two independent investigators and repeated three times.

2.5. Immunofluorescence

Cells were grown on coverslips and were then fixed in parafor-

maldehyde for 5 min and stained with YY1 antibodies (sc-281,

1:100). The secondary antibodies used were anti-rabbit Alexa

594, (1:800). Preparations were viewed in a Leica confocal

TCSS82 microscope and in a Zeiss microscope Axophoto.

2.6. RT-PCR analysis of YY1 expression

RNA was extracted from paraffin-embedded blocks on 22

osteosarcoma biopsies with different histological phenotypes

from different cases and 10 normal tissue sections. RNA

extraction was performed as described.23 Briefly, single 6–

8 mm tissue sections, cut from paraffin blocks, were stirred

overnight in 1.5 ml tubes with 1 ml of xylene. After centrifu-

gation, the pellet was washed with 0.5 ml of ethanol and

air-dried. The dried pellet was resuspended in 1 ml of RNa-

gent (Promega) and extracted following the manufacturer’s

instruction.23 One-fifth of RNA of total RNA, digested with

DNase, was reverse transcribed using random exanucleotides

as primers (100 mM) and 12 U of AMV reverse transcriptase

(Life Technologies, Inc.), and subsequent PCR amplification

was performed as reported previously. Two hundred nano-

grams of cDNA was amplified in a 25 ll reaction mixture con-

taining Taq DNA in polymerase buffer, 0.2 mM

deoxynucleotide triphosphates, 1.5 mM MgCl2, 0.4 mM of

each primer, and 1 U of Taq DNA polymerase (Perkin–Elmer).

The PCR amplification was performed for 30 cycles (94 �C for

30 s, 55 �C for 2 min, and 72 �C for 2 min). The specific primers

for YY1 were forward, 5 0-ATGGCCTCGGGCGACACCCT-3 0; and

reverse, 5 0-GTCGTCGTCCTCCTCCTCCT-3 0, corresponding to

the nucleotides 481–500 and 611–630, respectively. Amplifica-

tion of contaminating genomic DNA was excluded by control

experiments in the absence of reverse transcriptase. In addi-

tion, a set of primers specific for the constitutively expressed

enzyme GAPDH were added to each reaction after 20 cycles of

PCR to serve as internal control for the amount of cDNA

tested. The GAPDH-specific primers were: forward, 59-ACA-



Fig. 1 – (a) Western blot of YY1 expression in osteosarcoma

and normal bone cells. Lanes 1 and 2, nuclear and cytoplasm

proteins from normal cells; Lanes 3 and 4, nuclear and

cytoplasm proteins from osteosarcoma Saos-2 cell; Lanes 5

and 6, nuclear and cytoplasm proteins from U2OS

osteosarcoma cells. Densitometric analysis was performed by

a PhosphoImager and represents the median values of two

different experiments. (b) Cellular localisation of YY1 protein

in osteosarcoma cells (SAOS-2) by immunofluorescence. (A)

Nuclei stained by Hoechst; (B) immunofluorescence for YY1

protein with the same antibody used in Western blot

analysis; (C) negative control cells stained with IgG; (D)

merged imaging between Hoechst and YY1 immunostaining.
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TGTTCCAATATGATTCC-39 corresponding to the nucleotides

194–214; and reverse 59-TGGACTCCACGACGTACTCAG-39 cor-

responding to the 336–356 nucleotides.

The product of the reaction was analysed on a 2% agarose

gel and then transferred by electroblotting to GeneScreen plus

nylon membrane (Du-Pont, Boston, MA). DNA was fixed to the

membranes by air drying, UV cross-linking and was hybri-

dised with YY1 probe. The relative level of YY1 expression

was assessed in comparison with the level of GAPDH in the

same sample by PhosphorImager (Perkin–Elmer).

3. Results

3.1. Western blot analysis of proteins overexpressed in
osteosarcoma cell lines

We analysed, by Western blot, the expression level and distri-

bution nucleus/cytosol of YY1 protein. We have fractionated

the protein extracts from osteosarcoma cell lines Saos-2,

U2OS and normal osteoblastic cells (7F2). Fig. 1 shows a repre-

sentative gel in which 30 lg of nuclear protein extract and

30 lg of cytosol proteins were loaded and analysed with the

YY1 antibody. Results revealed a strong expression of YY1 pro-

tein in osteosarcoma cell lines compared to normal, with a

predominant localisation in the nucleus (10/1 nucleus versus

cytosol). To show that the nuclear and cytosol proteins from

different samples were equally loaded, the same blot was

hybridised with cyclin A and c-tubulin antibodies; the lower

panel shows the densitometric analysis. Data showed that

the protein YY1 was increased by 10-fold in osteosarcoma

samples compared to the control and 90% of the protein was

localised in the nucleus. Moreover, we analysed YY1 subcellu-

lar localisation by immunofluorescence. Fig. 1 (panel B) shows

a representative immunofluorescence performed on Saos-2

cells by using the same antibody as for Western blot. As indi-

cated, the nuclei (stained with Hoechst) were positive to YY1

antibody. The IgG was used as control of specificity and the

merge represents the overlap of YY1 and Hoechst staining.

3.2. Immunohistochemical analysis of YY1 expression

We analysed 10 different osteosarcoma samples and 10 nor-

mal bone controls. All osteosarcomas analysed (n = 10) were

positive for YY1 (from panels D to H); no immunostaining

was observed in normal tissue (panels A and B). Fig. 2 shows

a panel of immunohistochemistry staining among our sam-

ples. This result is consistent with the published data that

showed YY1 protein change localisation translocating from

the cytoplasm to the nucleus during the DNA synthesis.24

Our preliminary data indicated that the staining intensity

and frequency measures for both nucleus and cytoplasm

expression were higher in neoplastic tissue compared to nor-

mal tissue with 60% of nuclei versus cells stained.

3.3. RT-PCR analysis of YY1 expression

To quantify the expression level of the YY1 gene expression

and validate the immunohistochemical data, we analysed

32 samples for the YY1 mRNA levels by a semiquantitative

RT-PCR assay. Fig. 3 shows a representative RT-PCR analysis.
As shown, the normal bone tissue (Fig. 3, lanes 4 and 5) ex-

pressed at very low level mRNA for YY1, while the tumours

showed a 10-fold increase of YY1 expression (lanes 2, 3 and

lanes 6–11). The GAPDH amplification was used as an internal

control. Densitometric analysis performed on all samples

(analysed by RT-PCR) revealed that the mean value of YY1

mRNA expression in osteosarcoma samples was 10-fold high-

er than normal tissues (Fig. 3, panel B). Metastasis samples

(n = 3) showed a 12-fold increase, the chondrosarcoma (n = 3)

fivefold increase, fibrosarcoma threefold and Ewing’s tumour

(n = 3) 10-fold increase, respectively. Table 1 reported the



Fig. 2 – Representative immunohistochemistry patterns of YY1 protein expression in osteosarcoma tissues and normal bone

(200·). (a,b) Two different normal bone tissues immunostained for YY1 protein; (c) osteosarcoma sample in which the YY1

antibody was preincubated with an excess molar of YY1 recombinant E. coli protein negative control; (d) another

osteosarcoma sample with immunostaining to YY1 antibodies localised predominantly in the cytoplasm and some nuclei, as

indicated by arrows; (e) another representative osteosarcoma with less aggressive phenotype and diffuse staining localised

in the cytoplasm; (f) an osteosarcoma sample with high grade phenotype with fine nuclear staining, as indicated by arrows;

(g) a different area of the same sample shown in (f) with diffuse staining localised in the cytoplasm and in some nuclei, as

indicated by the arrows; (h) osteosarcoma with high grade phenotype with both nuclei and cytoplasm which resulted in a

strong immunostaining.

Fig. 3 – (a) RT-PCR analysis of the YY1 gene expression in

osteosarcomas. The mRNA was extracted from normal and

osteosarcoma tissues and amplified by RT-PCR using

specific primers (see Section 2). The cDNA was coamplified

for GAPDH as the internal control source of RNA.

Representative experiment: lane 1, ladder; lanes 2 and 3,

two different osteosarcoma samples; lanes 4 and 5, two

samples of normal bone tissues; lanes 6–11, other

osteosarcoma samples. This experiment was repeated three

times. (b) Densitometric analysis of YY1 mRNA (RT-PCR

products) expressed in all tissues samples (n = 32). Samples

were divided into histologic categories and each sample

was normalised for GAPDH.

Table 1 – YY1 expression by immunohistochemistry and
RT-PCR in human bone tumours

Histological diagnosis No. of positive case/no. of cases
analysed by RT-PCR (%)

Osteosarcoma (n = 14) 13/14 (90)

Chondrosarcoma (n = 3) 2/3 (75)

Fibrosarcoma (n = 1) 0/1 (0)

Ewing’s sarcoma (n = 1) 1/1 (100)

Metastasis (n = 3) 3/3 (100)

Normal tissue (n = 10) 0/10 (0)

Tissue samples were scored as positive for RT-PCR when the

amount of YY1 mRNA (measured by densitometric analysis per-

formed on three different experiments) was at least threefold

higher than the control.

E U R O P E A N J O U R N A L O F C A N C E R 4 2 ( 2 0 0 6 ) 2 4 2 0 – 2 4 2 4 2423
samples analysed by RT-PCR and divided by histologic catego-

ries. Taken together, these data indicate that the YY1 protein

was very lowly expressed in normal tissue, whereas tumour

tissues showed increased expression levels with higher de-

grees in more malignant histological phenotypes.

4. Discussion

Here, we have examined the expression pattern of YY1 protein

in normal and osteosarcoma tissues. The genesis of this inves-

tigation stemmed from results using a cell culture system

which demonstrated that YY1 expression is associated with

osteosarcoma malignancy. Based on this observation, we
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started to examine the expression level of YY1 in human and

in malignant bone tissue. We examined YY1 protein expres-

sion level using immunohistochemistry and observed an in-

crease in nuclear and cytoplasmic expression in

osteosarcomas compared to normal bone tissue. Notably, this

represents the first association of YY1 expression with osteo-

sarcoma samples. In normal bone tissue, YY1 was almost ab-

sent or in some cases expressed at a very low level in the

nucleus (consistent with its activity in transcription regula-

tion). YY1 has been described as a positive or negative regula-

tor of transcription. However, the exact molecular mechanism

of action is currently unknown.13,14 In a very recent study car-

ried out on prostate carcinomas, YY1 protein was present in

both the nucleus and in the cytoplasm. In 95% of malignant

samples, the YY1 protein was detected mainly in the nu-

cleus.16 Recently, Palko et al.24 reported that YY1 transits from

the cytoplasm to the nucleus at various stages of the cell cycle.

The mechanism that regulates the migration of YY1 from cyto-

plasm to the nucleus is unknown but may depend on nuclear

localisation signals and the specific protein signals. It is inter-

esting to consider that the high correlation of expression of

YY1 in both nuclear and cytoplasmic compartments in malig-

nant cells may contribute to dysfunction of YY1 activity. The

results that we obtained by RT-PCR analysis confirmed the data

obtained by immunohistochemistry. The expression of YY1

mRNA in chondrosarcoma and in fibrosarcoma samples was

the same as that observed in normal tissue. We considered

chondrosarcoma and fibrosarcoma negative for YY1 mRNA.

However, further studies in large samples of chondrosarcoma

and fibrosarcoma will specifically address this issue. In conclu-

sion, YY1 gene activation appears to be an early event in the

process of osteoblastic transformation and its detection may

represent, together with the analysis of other markers, a useful

tool in the diagnosis of human osteosarcomas.
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