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ABSTRACT

HET/SAF-B was originally cloned as a nuclear matrix
protein that bound to matrix attachment regions and as a
transcriptional repressor of the small heat shock protein
hsp27. In addition, we have found recently that HET/SAF-B
is also a corepressor of estrogen receptor activity. Estrogen
receptor has a very well-described role in breast cancer, and
aberrant expression of nuclear matrix and heat shock pro-
teins has also been implicated in breast tumorigenesis.
Therefore, we asked whether HET/SAF-B itself could be
important in breast cancer. Toward this goal we examined
its expression in breast cancer cell lines and asked whether
HET/SAF-B can affect breast cancer cell proliferation. Fi-
nally, we studied HET/SAF-B expression in clinical breast
cancer samples.

HET/SAF-B protein and mRNA were detected at vary-
ing levels in all of the eight breast cancer cell lines examined.
Using a number of different approaches to modulate the
level of HET/SAF-B protein in the cell, we found that HET/
SAF-B levels are inversely correlated with cell proliferation.
In addition, transfection of HET/SAF-B fused to the green
fluorescent protein led to the formation of multinucleated
cells not observed in cells transfected with green fluorescent
protein alone, suggesting that this effect is a direct result of
HET/SAF-B overexpression. Western blot analysis of HET/
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SAF-B in 61 human breast tumors revealed widely varying

levels of HET/SAF-B expression, with some tumors (16%)
lacking any detectable HET/SAF-B. Statistical analysis
showed that high HET/SAF-B expression in these tumors
was associated with low S-phase fraction and with aneu-
ploidy, consistent with our results from transfection exper-

iments in tissue culture cells. We conclude that HET/SAF-B
plays an important role in breast cancer, and we discuss
possible mechanisms of the involvement of HET/SAF-B in
cell proliferation and division.

INTRODUCTION

HET/SAF-B was originally cloned as a protein binding to
matrix/scaffold attachment regions (1) and as a NNMfding
to the hsp27 promoter in human breast cancer cells (2). Subse-
quently, it was shown to bind to the COOH-terminal domain of
RNA polymerase Il and to a subset of serine/arginine-rich RNA
processing factors (SR proteins) and to function in mRNA
splicing (3). This suggests that HET/SAF-B is involved in the
formation of a “transcriptosomal” complex, bringing transcrip-
tion and mRNA processing together. These macromolecular
complexes have been shown previously to be associated with
the nuclear matrix (4, 5).

The nuclear matrix consists of a protein-RNA network that
is involved in structural organization of DNA within the nu-
cleus, thereby controlling important regulatory processes such
as transcription and DNA replication (reviewed in Ref. 6). Not
surprisingly, many NMPs have been shown to be important in
cell transformation. The NMP pattern of expression shows sig-
nificant differences between normal and cancer tissue in bladder
(7), colon (8), head and neck (9), prostate (10), and breast (11).
Consistent with this, various NMPs were found to have potential
as prognostic markers for cancer add (12, 13). Additionally, a
role for the nuclear matrix in steroid hormone action was pos-
tulated many years ago (14—18) but only recently have specific
NMPs been characterized that directly bind to hormone recep-
tors and modulate their activity (19). For example, recently, the
gluticorticoid receptor-interacting protein GRIP 120 has been
identified as the NMP hnRNPU (20). We have shown recently
that the NMP HET/SAF-B regulates the activity of the estrogen
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recently identified ER-interacting proteins, REA (repressor of Cell Lines and Tumors. Breast cancer cell lines MCF-
estrogen receptor activity; Ref. 22), SMRT (the silencing me-7/MG, MDA-MB-468, MCF-7, MDA-MB-231, MCF-7/BK,
diator of retinoid and thyroid receptors; Refs. 23 and 24), andMIDA-MB-330, ZR-75, and T47D, along with CHO-K1 (Chi-
NcoR (nuclear receptor corepressor; Ref. 25), all of which alsonese hamster ovary) cells and T24 (human bladder carcinoma),
act as corepressors. Because estrogen is one of the most potaygre maintained in IMEM supplemented with 10% FBS, 2 m
mitogens for breast cancer cells and is a known risk factor foiglutamine, 50 IU/ml penicillin, and 5Qug/ml streptomycin.
breast cancer, a role of HET/SAF-B in estrogen action impliesNIH3T3 (mouse embryo) and 293 (transformed human embry-
a role in ER-positive breast cancer cell growth control. Alter- onic kidney) cell lines were kept in DMEM (Life Technologies,
natively, it is also possible that HET/SAF-B can act as a tran-Inc., Grand Island, NY), with the same supplements as IMEM.
scriptional repressor independent of ER by interacting withSFM consisted of IMEM+ 10 mv HEPES (pH 7.4), Jug/ml
other transcription factors. It has been shown that known steroidransferrin, 1pg/ml fibronectin, 2 nw glutamine, 50 1U/ml
receptor-interacting proteins such as the coactivator SRC1 (2@enicillin, 50 wg/ml streptomycin, and trace elements (Bioflu-
27), which was originally cloned as a steroid receptor cofactorjds, Rockville, MD). The clinical breast tumor specimens for the
also mediates transactivation by other transcription factors in¥Vestern blot study were obtained from the National Tissue
cluding AP1 (28), serum response factor (28), nuclear facBr- Resource maintained by our Breast Cancer Specialized Program
(29), cyclic AMP-responsive element binding protein, and sig-0f Research Excellence. These specimens were originally sent
nal transducers and activators of transcription (30). More reby hospitals throughout the United States to Nichols Institute
cently SRC1 has also been found to bind to p53 and potentiat®esearch Laboratories in San Juan Capistrano, CA, for routine
its transactivation, whereas two other ER coactivators, amplifiedneasurements of steroid receptors and cell cycle analyses by
in breast cancer (AIB1) andenopussteroid receptor coactiva- flow cytometry. The flow cytometric assays were performed
tor (xXSRC-3), were found to repress p53-mediated transactivausing methods described previously (35).
tion (31). This suggests that these factors might have important ~ Transfections, Cell Growth, and Cell Cycle Analysis.
and distinct roles in tumorigenesis independent of their functionAll transfections were performed using Lipofectamine (Life
as a steroid hormone receptor regu|at0r_ Technologies, Inc.) or Fugene (Roche Molecular Biochemicals,
HET/SAF-B is involved in a number of cellular processes Indianapolis, IN). Transient transfections were analyzed 48 h
that are associated with tumorigenesis. These include its role igfter transfection. To establish stable cell lines, NIH3T3 cells
the repression of hsp27, which has been shown to positivelyvere cotransfected with p)cDNA1 only or HET/SAF-B-pcDNAL
regulate breast cancer cell proliferation (32), as well as it role ag2) and pSVneo, and transfected clones were selected in 1000
a NMP and as an ER corepressor. Therefore, we have set out teo/ml G418.
analyze whether HET/SAF-B plays a role in breast cancer. Here ~ For growth analysis, cells were plated in quadruplicate at
we report that overexpression of HET/SAF-B causes growth2500 cells/well in a 96-well plate. The next day (day 0), cell
inhibition and multinuclearity in cultured cells. Consistent with Number was assessed by MTT assay as described previously by
these findings from tissue culture, HET/SAF-B expression isus (36). Cells were then incubated in SFM or medium with 10%
associated with lower proliferation but also with aneuploidy in FBS, and cell number was determined at days 2, 4, and 6.
human breast tumor specimens. Thus, as predicted, HET/SAF-B  For colony formation assays, MCF-7/MG cells were trans-

plays a role in breast tumor behavior. Possible mechanism(sected with 20p.g of pPCDNAL vector control or HET/SAF-B-
will be discussed in more detail. pcDNA1 sense and antisense, respectively, along wiily bf

pSVneo. After 3 weeks incubation in 4Q@/ml G418, colonies
were stained with 1% crystal violet.

MATERIALS AND METHODS 293 cells, which display very high transfection efficiency,

Plasmid Constructs and Chemicals. The cloning of the  were used for proliferation assays measurifgl]fhymidine
HET/SAF-B expression construct in pcDNA1 has been de-incorporation into DNA. Cells (8< 10% were plated in tripli-
scribed previously (2). To generate an antisense construct, theate in six-well plates and transfected on day 2 with increasing
full-length EcoRI-digested HET/SAF-B construct was cloned amounts of pcDNAL1 or HET/SAF-B- pcDNAL1 antisense con-
into pcDNAL in the antisense direction, which was verified by structs. On day 4, the cells were incubated¥d with 1 pl/ml
sequencing. For the RNase protection assayApa-EcoRV [®H]thymidine (Amersham; 1 mCi/ml). After washing in cold
HET/SAF-B fragment (99-443 bp) was cloned into PBS and cold 5% trichloroacetic acid, the cells were kept on ice
pPGEMS5Zf(+) (Promega Corp., Madison, WI) and restriction- for 30 min in the presence of 5% trichloroacetic acid and finally
digested withxhd (200 bp), and the probe was made using a T7lysed in 0.5 NaOH.
polymerase. The 36B4 probe has been described previously For generation of inducible HET/SAF-B-expressing cells,
(33). A GFP-HET/SAF-B fusion protein with GFP positioned at we used the tetracycline inducible expression system, which has
the COOH-terminal of HET/SAF-B was cloned by ligating the been described in detail previously (34, 37). The tetracycline
full-length HET/SAF-B into theéEcaRl site of pPEGFP-C3 (Clon-  inducible MDA-MB-453rtTA cells were given to us by Dr.
tech, Palo Alto, CA). To generate an inducible HET/SAF-B Douglas Yee (University of Minnesota). Briefly, cells were
construct, HET/SAF-B cDNA1 was subcloned from pcDNAL stably transfected with a plasmid (pUHD172-1-neo) expressing
using EcoRl and cloned into the uniqueEcdRl site in a protein termed rtTA (VP16 linked to a tetracycline binding
pUHD10-3 (34) to generate pUHDHET. The orientation wasprotein). Stable clones were selected in 100§/ml G418,
confirmed by sequencing. All chemicals were purchased fromexpanded, and then tested for expression of rtTA by transient
Sigma Chemical Co. (St. Louis, MO) unless stated otherwise. transfection with a reporter plasmid (pUHD16—3) consisting of
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seven tetracycline operator sequences upstream of a luciferas S S o
gene. Treatment of cells with doxycycline (an analogue of Q}P‘ q;?’ éa‘b‘.\'
tetracycline) at Jug/ml for 24 h indicated inducible luciferase N N A <
expression (2—10-fold) in a number of clones. We used the clone Q ) 07"@(5‘ QV'
: ighest inducibili : SELEES
with the highest inducibility (MDA-435rtTA1) for transfection
with an expression plasmid containing HET/SAF-B under the 130 kDa i - HET/SAF-B

control of a tetracycline-inducible CMV promoter (pUHDHET).
After transfection, these cells were selected in ¢@ml hy-
gromycin and analyzed for inducible HET/SAF-B expression by
Western blot analysis.

For the analysis of cell cycle distribution, cells were har- M P
vested, washed with PBS, fixed in 70% ethanol, and stored at
—20°C. Immediately before analysis on a FACS STAR PLUS 307bp — - hd
(Becton Dickinson, San Jose, CA), propidium iodide and RNase -
were added to the cell pellet to final concentrations of 0.1 and , .., Yt I TIlY HET/SAF-B
0.5 mg/ml, respectively. Data were analyzed using CellQuest
software. ST ]

-
The expression of HET/SAF-B throughout the cell cycle ig; :r, = ; r"" 36B4
-

was investigated in T24 bladder carcinoma cells grown in  180bp —

IMEM containing 5% FBS by first growing the cells to conflu- _. N .
. . Fig.1 HET/SAF-B expression in breast cancer cell lines. For the
ence and then leaving them for 3 days to arrest 4Gz (37). Western blot ), 50 ng of SDS-protein extracts were loaded onto 6%
The cells were then subcultured into 10-cm plates and plated a§DS-PAGE, transferred to nitrocellulose, and blotted with HET/SAF-B-
a density of 1x 10° per well. Cells lysates were produced at anltli |F_>85-S|OeC(ijfi.C c’iﬂtib\?\;ﬁiet& Fotr>|thte RP&,(ZS rg ?jftF:]NA fr(t)mtthdeHET/
different time points after subculture by first washing the cells in €€" !INés used in e Western biot were used, and the protected !
PBS and then lysing them in high salt buffer [S&rfiris-HCI fgﬁ;g.fragment of 240 bp is shown. 3684 was used as a loading
(pH 7.8), 0.2 nm EDTA, 0.4m NaCl, 10% glycerol, and 1%
NaPQ)] containing Protease Inhibitor Cocktail Tablets (Roche
Molecular Biochemicals, Indianapolis, IN) used at the concen-
tration suggested by the manufacturer. T24 cells were blocked inwveen HET/SAF-B expression and ploidy was analyzed using a
G,-M using nocodazole. Cells were grown in 15-cm culture t test.
dishes and blocked by the addition of nocodazole at 40 ng/ml for
18 h. Cell lysates were produced as described above. HETRESULTS
SAF-B protein levels in the cell lysates were determined by Expression of HET/SAF-B in Breast Cancer Cell Lines.
Western blotting using 5@ug of total protein and our mono- Renz and Fackelmayer (1) have shown previously H&T/
clonal HET/SAF-B antibody (21). SAF-Bis a ubiquitously expressed gene. Northern blot analysis
RNA and Protein Analysis. The RPAs were performed sing a variety of different human cancer cell lines and different
as described previously (32) using a HET/SAF-B-specific probeijssues detected HET/SAF-B mRNA in all analyzed samples. To
as well as a probe for 36B4 as a loading control. For Westerrsee how it is expressed in various breast cancer cell lines, we
blot analysis, cell pellets were resuspended in 5% SDS or higyerformed Western blot analysis using the HET/SAF-B anti-
salt buffer and sonicated, and 50y of total protein were body and a p85 antibody as a loading control (Fig. 1). HET/
analyzed by Western blotting using HET/SAF-B antibody asSAF-B protein levels varied between cell lines, with the highest
well as a polyclonal antibody against the p85 subunit of PI3Kexpression in MDA-MB-231, ranging to almost undetectable
(Upstate Biotechnology, Lake Placid, NY) as a loading control.levels in ZR-75 cells. The subsequent RPA (FiB) indicated
For the quantitative Western blot analysis of human tumorsthat ZR-75 cells do express HET/SAF-B mRNA. Thus, although
each gel contained 50g of MCF-7 SDS extract as an internal HET/SAF-Bis a ubiquitously expressed gene, the levels in
standard. The HET/SAF-B bands were quantitated by densitobreast cancer cell lines vary.
metric scanning using NIH Image 1.6 software, and the levels  Overexpression of HET/SAF-B in Tissue Culture Cell
were calculated in arbitrary units by the ratio of the integratedLines and Effect on Cell Growth. To establish the relation-
densitometry signal in the tumor sample relative to the internakhip between HET/SAF-B expression and cell proliferation, we
standard on each gel. For the detection of GFP-HET/SAF-Battempted to transfect HET/SAF-B into cell lines. A number of
fusion protein, an anti-GFP antibody was used at a 1:1000nitial efforts to isolate stable breast cancer cell lines that con-
dilution (Clontech, Palo Alto, CA). stitutively overexpressed HET/SAF-B were unsuccessful; after
Statistical Analysis. All statistical analyses were per- transfection with HET/SAF-B-pcDNA1, some drug-resistant
formed using SAS (Version 6.11; SAS Institute, Cary, NC) clones formed, but none survived further passaging in culture. In
running on a Sun Microsystems SparcServer 1000. Relationeontrast, we were able to select several hundred control clones
ships between HET/SAF-B expression and S-phase fraction anglansfected with pcDNA1 alone. These results indicate that
between HET/SAF-B and ER expression were analyzed usingdET/SAF-B either inhibits proliferation or is toxic to the cells.
Spearman’s rank correlation coefficients. The relationship beTo circumvent this problem, we used a tetracycline-inducible

85kDa W8 w9 w» = - - p85
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A or to the inability of the antibody raised against human HET/
Control HET/SAF-B SAF-B to recognize murine HET/SAF-B. Just as in breast

dox(1ug/ml) - + - + - + - + cancer cells, drug-resistant colonies formed after transfection in
NIH3T3 cells, but most did not survive passaging, although we

Pl e b e D = ) +—— were able to select a high number of control clones transfected
? e R Ll S with the empty vector pcDNAL. Finally, we were able to gen-
erate one HET/SAF-B overexpressing clone (#25), as confirmed
clone o £& Bl had by Western blotting (Fig. 8). Anchorage-dependent growth
B assays (MTT assay) showed that the HET/SAF-B-overexpress-
1.5- ing clone grew much slower than two vector-alone control
) clones, either in SFM or in 10% FBS (FigBB Furthermore,
cell cycle analysis confirmed that the slower growth of the
HET/SAF-B-overexpressing clone was accompanied by a de-
crease in S-phase (15.6—-4.0%). Thus, HET/SAF-B overexpres-
sion results in growth inhibition. This growth inhibition seems
to be independent of ER, because it can be observed in ER-
negative cells.
Overexpression of a GFP-HET/SAF-B Fusion Protein
in Tissue Culture Cell Lines. As a final approach to generate
¢l ¢2 h1 h30 ¢l ¢2 hl h30 HET/SAF-B-overexpressing clones, we used a GFP-HET/
SAF-B fusion protein for our transfection studies. We hypoth-
10%FBS SFM esized that using the fluorescently tagged HET/SAF-B would
’l\:/ligD-AZMlgd‘lUgCSibtl? AeXprltIESSan QEQEJ/BSgﬁT?d glfIOWth itrmhipition in improve our screening procedure, because only fluorescent
- = I cells. - - I cells containing a i
HET/SAF-B plasmid under’ control of a tet-inducible CMV pro?noter clone§ would be picked, e)_<pande_d, and analyze_d for overex-
were induced with doxycycline for 24 h, lysed in 5% SDS, and analyzedpress'on' GFP'HE_T_/SAF'B is functional, b_ec_ause it WaS_ ab_le to
by Western blotting using HET/SAF-B-specific antibodiBscells were ~ corepress ER activity (data not shown), similar to our findings
plated in 96-well plates in quadruplicate in 10% serd &nd in SFM using the HET/SAF-B construct (21).
(), and doxycycline was added the next day. On day 5, MTT assay was  \\e transfected MDA-MB-435 cells using the GFP-HET/
performed, a_nd the data are presented as percentage growth inhibition &NF-B construct and GFP only as a control. Of 20 fluorescent
compared with control celldars, SD. . .
clones that were transfected with GFP alone, all 20 were still
brightly fluorescent after keeping them in culture for 4—6 weeks
(data not shown). However, of 120 fluorescent GFP-HET/
system in MDA-MB-435 cells (MDA-435 rtTAl1). These cells SAF-B clones that we originally isolated, only 4 were still
were transfected previously with an inducible transactivatorfluorescent after expanding them (2—-3 weeks). In two of those
(etoposide linked to a tetracycline binding protein) and showclones, HET/SAF-B localized to the cytoplasm (data not
5-10-fold induction of reporter gene activity in the presence ofshown), which has not been described before and which might
the inducer doxycycline. We therefore cloned the HET/SAF-Brepresent an “escape mechanism” from the growth-inhibitory
cDNA downstream of a tetracycline-regulated CMV promoter and/or toxic effects of HET/SAF-B overexpression. The other
and generated inducible HET/SAF-B clones. We were able tawo clones showed only very faint fluorescence, in only approx-
isolate two inducible clones, which showed increased HET/imately 1-3% of the cells, and HET/SAF-B was not detectable
SAF-B expression when cells were stimulated with doxycyclineby Western blotting using the HET/SAF-B antibody, presum-
for 24 h (Fig. ). We performed MTT growth assays to ably because of the low level of expression in a small number of
measure proliferation rate in these clones as compared witkells. However, a very weak signal could be detected using an
control clones and detected a significant decrease in cell numbemti-GFP antibody on Western blots (data not shown). We did
when cells were stimulated with doxycycline (FigB)2 The not perform any growth assays with theses clones because the
HET/SAF-B overexpressing cells showed growth inhibition in expression of the exogenous HET/SAF-B was considerably
10% serum as well as in serum-free medium. However, furthefower than endogenously expressed HET/SAF-B, so that signif-
passaging of those cells resulted in loss of inducibility of HET/ icant effects were unlikely to be observed. Thus, although the
SAF-B expression. Because we detected a slight leakiness of these of a GFP-HET/SAF-B fusion protein allowed us to perform
system in transient assay®., expression of HET/SAF-B in the a more efficient primary screen of the colonies, subsequently we
absence of inducer (data not shown), we suggest that the clonegere again unable to keep HET/SAF-B-overexpressing cells in
were lost because of a low overexpression of HET/SAF-B, everculture.
in the absence of doxycycline. We did, however, notice an obvious morphological change
Because NIH3T3 cells are known to be less sensitive tan the GFP-HET/SAF-B-expressing MDA-MB-435 cells as
overexpression of exogenous genes as compared with breasbtmpared with the GFP-expressing cells (Fig).Many GFP-
cancer cells, we attempted to generate stable HET/SAF-B trandHET/SAF-B cells were polynucleated, with some cells having
fectant overexpression clones with these cells. We could noas many as 20 nuclei. We did not detect any polynucleated cells
detect any HET/SAF-B by Western blot in parental NIH3T3 in the control GFP-transfected cells. We confirmed this result in
cells, which could be attributable either to very low expressiontransiently transfected CHO-K1 cells (data not shown), where

1.07

0.57

Fold over control
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Fig. 3 Overexpression of HET/SAF-B and growth inhibition in NIH3T3 cels for the Western blot, 5Q.g of SDS-protein extracts were loaded
onto 6% SDS-PAGE, transferred to nitrocellulose, and blotted with HET/SAF-B-specific antibBdisls were plated in quadruplicate in 96-well
plates in 10% serum or SFM, and MTT assays were performed on the next day (day O) and on day 2, BaaedSB.

GFP-HET/

A SAF-B

GFP

Fig. 4 Generation of multinucleated
cells after GFP-HET/SAF-B transfec-
tion. A, MDA-MB-435 cells were
transfected with GFP only or with
GFP-HET/SAF-B. Cells were ob-
served using a FITC filter on an
Olympus CK40 fluorescence micro-
scope. Representative pictures of one
control clone (GFP) and two GFP-

<
MDA-MB- of

435

4

C

- HET/SAF-B clones are shownB,
GFP GFP-HET/ 293 cells were transiently transfected
SAF-B GFP GFP-HET/ with GFP or GFP-HET/SAF-B, and
SAF-B representative pictures were tak€n.
transfected 293 cells were sorted on a
203 FACS, and DNA histogram analysis
G0/G1 43% 44% was performed on fluorescent cells
s 4% 12% onl.
G2/M 23% 44%

again we detected many polynucleated cells in the GFP-HETSAF-B-overexpressing cells. We also observed a block MG
SAF-B-overexpressing cells but not in the GFP cells. Finally,in the HET/SAF-B-overexpressing cells (23—44%). Thus, over-
we repeated the transient transfection in 293 cells, which displagxpression of GFP-HET/SAF-B was associated with multi-
very high transfection efficiency. As seen in MDA-MB-435 and nuclearity and significant changes in cell cycle.

CHO-K1 cells, we again observed many polynucleated cells Because overexpression of HET/SAF-B seemed to block
among the HET/SAF-B-overexpressing cells. Depending on thesells in G-M, we asked whether HET/SAF-B protein levels
cell line used, we detected multinucleated cells in 1-5% of thevary through the cell cycle. To answer this question, we used
cells. We analyzed the cell cycle distribution of the transfectedT24 human bladder carcinoma cells that can be easily synchro-
293 cells by sorting the fluorescent cells and subjecting them tanized by contact inhibition as described previously (38). They
DNA histogram analysis (Fig.[). As shown previously (in the reenter the cell cycle upon replating at a lower dilution. Breast
NIH3T3 transfection in Fig. 3), the number of cells in S-phasecancer cells do not synchronize upon confluence but can be
was decreased, from 34% in control cells to 12% in GFP-HET/synchronized by withdrawal of serum. However, reentry into the
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A Stage Cell Cycle Distribution (in %)

G0/G1 52.8 92.3 | 87.9 58.9 34 28.4 0.7

Fig. 5 Cell cycle-dependent expres- & il el N3 AR S 314
sion of HET/SAF-B.A, the cell cycle G2IM 10.9 | 4.0 5.4 0.5 41.7 | 371 63.7
distribution for the cell populations
used in the Western blot iB. Col-
umnscorrespond to théaneson the

Western blot belowB, Western blot g

of HET/SAF-B in T24 cells either B o o b
synchronized or blocked in &MV by o b N
nocodazole. The lanes represent ex- [ o o )
tract from duplicate plates. T24 cells S e = i S 2
were synchronized, and samples were = 5 (2] (2] §. =
taken at 8, 12, 24, and 30 h after = > & & ® = o
synchronization to investigate HET/

SAF-B expression. T24 cells were

also blocked in GM using nocoda- d
zole at 40 ng/ml. HET/SAF-B protein - + we WD — HETISAF-B

levels were determined using our
HET/SAF-B antibody. p85 was used
as a loading control.

.---.‘—-.--“-. +— pé5

hrs after block: 12 18 24 30
cell cycle by serum stimglation may produce artifactual results pcDNAI HET/SAF-B
because serum stimulation may affect HET/SAF-B levels or antisense

phosphorylation. Thus, we used synchronized T24 cells. In
addition, we analyzed T24 cells that were blocked yNEby
treatment with nocodazole. Cell cycle analysis was performed
by FACS, and as expected, we were able to obtain cells syn-
chronized in G-G;, G;-S, and G-M (Fig. 5A). Subsequent
Western blot analysis demonstrated that HET/SAF-B was ex-
pressed throughout the cell cycle, but the levels of HET/SAF-B
protein increased during S-phase and peaked,#VIGFig. 5B).
The expression of HET/SAF-B in nocodazole-treated cells con-
firmed the increase of HET/SAF-B expression ip-K. Thus,
HET/SAF-B protein levels are at their highest in-®, which HET/SAF-B
is the stage at which overexpressed HET/SAF-B blocks cells. sense

Trans'ent_MOdmauon of HE_T/SAF'B Levels in Tlssue . Fig. 6 Transient modulation of HET/SAF-B levels in MCF-7 cells.
Culture Cell Lines. As shown in the above experiments, it Colony formation assay in MCF-7 breast cancer cells is shown. MCF-
was difficult to stably integrate HET/SAF-B into the genome of 7/MG cells were transfected with pcDNA1 vector control or with

various cell lines. Thus, as a final approach to prove the effecPCDNAL-HET/SAF-B in antisense or sense orientation, along with
of HET/SAF-B on proliferation, we used a transient tissue pSVneo, and incubated in G418 for 3 weeks. After staining with crystal

. violet, pictures were taken.
culture assay in breast cancer cells commonly used by other

investigators (39) to demonstrate negative effects of genes on

growth. In this assay, cells are transfected with the gene of

interest and a selection marker and then grown in selectioronly. The inhibition of colony growth after HET/SAF-B over-
media until colonies can be stained and counted. We transfectesikpression confirms its growth inhibition. We were, however,
MCF-7/MG cells with pSV-neo plasmid and empty vector only surprised by the finding that antisense transfection did not
(pcDNAL) or HET/SAF-B cDNA in sense or antisense orienta- increase colony formation in this experiment, and this could
tion. Transfection of the antisense construct resulted in dehave several reasons. For instance, it is possible that we did not
creased HET/SAF-B expression at both RNA and protein levelslecrease the endogenous levels enough for generation of a
(data not shown). The cells were selected for resistance to G41®henotype in the transfected MCF-7 cells. Therefore, we re-
and after 3 weeks, colonies were stained with crystal violet (Figpeated the transfection of the antisense DNA in 293 cells, which
6A). The number of colonies was dramatically reduced afterare known to display very high transfection efficiency. Deter-
transfection of HET/SAF-B sense cDNA, whereas antisensemining [*H]thymidine incorporation into DNA as a direct mea-
transfection had no significant effect compared with pcDNA1 surement of cell proliferation, we were able to detect a dose-
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(L) with proliferation, which is consistent with our findings from

= tissue culture experiments.

—
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O Tumors DISCUSSION

EI 123 45 6 7 8 | HET/SAF-B is a NMP that was cloned in our laboratory as
200 kD z a negative regulator of hsp27 expression (2) and in the labora-

g Lo v I tory of Renz and Fackelmayer (1) as a scaffold/matrix attach-
-_ Tl ment site binding protein. The nuclear matrix was postulated

3 many years ago to interact with nuclear hormone receptors
97 kDa : 140 (14-18), but only recently have specific NMPs been identified
that bind directly to hormone receptors and modulate their
Fig. 7 Expression of HET/SAF-B in clinical breast cancer samples. A activity (19). Because ER, like HET/SAF-B, is also involved in
LVS_IS_}‘;Z‘F%MS U;éfl}g: i%?bé’gig’fi zﬁg\i‘lﬁs Igotmfgisé gjnmggsand regulating hsp27 expression (40), we asked whether HET/
extract from MpCF-7 breast cancer cells was loaded as a [‘Dositive contro?AF'B interacts with this receptor and modulates its activity and
Arrow, position of HET/SAF-B. found that HET/SAF-B acts as an ER corepressor. Here we
show more generally that HET/SAF-B is a growth inhibitor
independent of its interaction with ER, blocking the cell in
G,-M, and in some situations causing multinuclearity.
dependent increase in the proliferative index after transfection  \we provide several lines of evidence that HET/SAF-B
of the antisense construct (data not shown), thus again supporiffects proliferation: 4) breast cancer cells with inducible HET/
ing our other data describing HET/SAF-B as a negative growthSAF-B expression grew significantly slower than their appro-
regulator. priate control clones;b) NIH3T3 cells overexpressing HET/
Expression of HET/SAF-B in Clinical Breast Cancer  SAF-B also showed a significant decrease in growth; and (
Specimens. Lastly, we asked whether in tumor samples we transient overexpression and underexpression of HET/SAF-B
could detect an association of HET/SAF-B with proliferative results in decreased colony formation and increased cell prolif-
markers in a way reflective of our findings from tissue culture eration, respectively. Although interpretation of results from a
experiments. Therefore, we analyzed HET/SAF-B expression irsingle overexpressing NIH3T3 clone is limited because of the
human breast cancer specimens and correlated this with prolifhossible unpredictable effect of integration, the parallel evi-
eration rate as measured by S-phase fraction. We measurgfénce from HET/SAF-B-inducible MDA-MB-435rtTA cells
HET/SAF-B levels in 61 primary breast tumors by Western blotand additional results from transient transfection assays in
(arepresentative blot is shown in Fig. 7) and found that, as in theCE-7 and 293 cells allow us to conclude that HET/SAF-B
cell lines, HET/SAF-B protein content varied widely. Some overexpression results in growth inhibition. In addition, in cul-
tumors expressed high amountsg., no. 5), some moderate tyred cells as well as in clinical breast tumors, HET/SAF-B
(e.g.,no. 6), and in 10 tumors (16%), no HET/SAF-B could be protein levels were inversely correlated with S-phase fraction,
detected€.g.,no. 8), even after prolonged exposure of the film. which is a direct measure of proliferation rate. In the present
The same extracts were analyzed for histone H3 leVeisd  relatively small sample of breast tumors £ 61), this correla-
samples that were HET/SAF-B negative still showed abundantion did not quite reach statistical significande € 0.08), and
histone H3 expression. ThUS, we can exclude artifacts such afe are Currenﬂy designing a |arger Study to address how well
nonspecific protein degradation. We quantified HET/SAF-B HET/SAF-B correlates with S-phase and other prognostic fac-
protein levels by densitometry, and statistical analysis revealegors and whether HET/SAF-B levels could predict clinical out-
a trend toward a negative correlation with S-phase fraction. Th&omes of breast cancer patients. We have also shown that
correlation was only borderline significant (Spearman’s rankdown-regulation of endogenous HET/SAF-B can lead to a
correlation,—0.22;P = 0.08), but the sample size was relatively higher growth rate, consistent with HET/SAF-B being a nega-
small, and a larger analysis is planned to verify this correlationtive growth regulator, the absence of which may lead to exces-
We also detected an association between HET/SAF-B andijve growth in tumors. Indeed, we have found that some breast
ploidy; high HET/SAF-B levels were associated with increasedtumors did not express HET/SAF-B protein at a detectable level.
aneuploidy P = 0.021). HET/SAF-B levels did not correlate The growth-inhibitory effects of overexpressed HET/
with ER levels (Spearman’s rank correlation0.064; P =  SAF-B in ER positive cells can be readily explained by HET/
0.62), although as shown in a number of previous studies, W&AF-B being an ER corepressor. It is feasible that HET/SAF-B
were able to detect a correlation between hlgh ER levels and |OV§uppresseS estrogen_dependent transcriptiona| pathways related
S-phase (Spearman’s rank correlation0.23; P = 0.025).  to breast epithelial cell proliferation, thus resulting in growth
Thus, in human breast tumors, HET/SAF-B protein expressiomrrest. It is of interest to mention that the breast cancer suscep-
varied widely, and higher levels were associated with aneutibility geneBRCAlwas shown recently to inhibit ER activity in
ploidy. Also, we detected a trend toward a negative associatiofransient transfection assays (41).
The exact mechanism of estrogen-induced proliferation is
yet to be defined, but we think that HET/SAF-B could play a
role. When cells are primed to respond to estrogengiGgand
4C. K. Osborne, unpublished results. in G;-S-phase transition (42), HET/SAF-B levels are at their
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lowest. In contrast, when cells do not respond to estrogen (in Mappropriate protein machinery to continue through the cell cycle
phase), HET/SAF-B levels are high. Overexpression of HET/and they become blocked.
SAF-B, for instance as a result of our transfection studies, In addition to the growth-inhibitory effects of overex-
results in high HET/SAF-B levels at all parts of the cell cycle, pressed HET/SAF-B, our experiments with GFP-HET/SAF-B
including the phases when cells are primed to respond to estreshow that overexpression causes cells to be multinucleated.
gen. This presumably leads to inappropriate ER corepressiorf;urthermore, in breast tumors, HET/SAF-B was strongly asso-
thus resulting in growth arrest. ciated with aneuploidy. Multinuclearity and aneuploidy are two
As described by us (21) and others (1, 3), HET/SAF-B of the most common features of tumor cells, but the exact
clearly has other functions, independent of its ER corepressofolecular basis for these phenotypes is unknown (44, 45).
activity. These characteristics or other functions of HET/SAF-B Because HET/SAF-B overexpression results in a block M3
yet to be defined might explain the growth-inhibitory effect of ©ne could imagine that overexpressed HET/SAF-B somehow
HET/SAF-B in ER-negative cells. For instance, hsp27 hasdisrupts mitosis, either directly by altering the condensation of
clearly been shown to be associated with increased breast cancgiromatin or indirectly by repressing genes involved in spindle
cell growth, so that its down-regulation by HET/SAF-B could formation and cytokinesis.
result in growth inhibition. It is also likely, just as discovered for In summary, we have provided evidence that the NMP
other steroid receptor cofactors (42), that HET/SAF-B does notiET/SAF-B plays several roles in human breast cancer. Our
interact exclusively with ER. Indeed, our preliminary data Ccurrent studies are aimed at further identifying the mecha-
indicate that HET/SAF-B can also inhibit the activity of other NiSM(S) of HET/SAF-B-mediated growth inhibition and multi-
members of the steroid receptor as well as the retinoic acidfuclearity.
thyroid receptor families. Again, this regulation of other pro-
teins besides the ER could explain the observed ER-independef{EFERENCES
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