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ABSTRACT

Comparing patterns of gene expression in cell lines
and tissues has important applications in a variety of
biological systems. In this study we have examined
whether the emerging technology of cDNA microarrays
will allow a high throughput analysis of expression of
cDNA clones generated by suppression subtractive
hybridization (SSH). A set of cDNA clones including
332 SSH inserts amplified by PCR was arrayed using
robotic printing. The cDNA arrays were hybridized with
fluorescent labeled probes prepared from RNA from
ER-positive (MCF7 and T47D) and ER-negative (MDA-
MB-231 and HBL-100) breast cancer cell lines. Ten
clones were identified that were over-expressed by at
least a factor of five in the ER-positive cell lines.
Northern blot analysis confirmed over-expression of
these 10 cDNAs. Sequence analysis identified four of
these clones as cytokeratin 19, GATA-3, CD24 and
glutathione-S-transferase  p-3. Of the remaining six
cDNA clones, four clones matched EST sequences
from two different genes and two clones were novel
sequences. Flow cytometry and immunofluorescence
confirmed that CD24 protein was over-expressed in the
ER-positive cell lines. We conclude that SSH and
microarray technology can be successfully applied to
identify differentially expressed genes. This approach
allowed the identification of differentially expressed
genes without the need to obtain previously cloned
cDNAs.

INTRODUCTION

subtractive library construction (2), representational difference
analysis (RDA) (3,4), differgtial display (5,6), @nventional
cDNA array hybridizatior{7) and serial analysis of gene expression
(SAGE) (8,9). A technique calledugpression subtractive
hybridization (SSH) has recently been described which is based
on technology similar to RDA but with modifications to
normalize for mMRNA abundang#O0).

SSH has previously been used to compare patterns of gene
expression in breast cancer cell lines discordant for ER expression
(11,12). In a tdy to identify genes differentially expressed in
ER-positive cells, RNA from ER-positive MCF7 cells was used
as ‘tester’ and RNA from ER-negative MDA-MB-231 cells was
used as ‘driver’ (11). Individual cDNA clones generated by SSH
were used as probes on northern blot to identify differentially
expressed genes. Of 48 clones randomly chosen for analysis,
42 had inserts that were used as probes for northern blot analysis
and of these, 29 clones were confirmed to be differentially
expressed in ER-positive MCF7 cells. Although these experiments
were successful, screening for differentially expressed clones
with northern blot is tedious and expensive. The emerging
technology of cDNA microarray hybridization offers the possibility
of providing a rapid, high throughput method to screen an SSH
cDNA library for expression in a panel of cell lines.

Microarrays containing cDNA clones have been used to
compare patterns of gene expression in which thousands of genes
can be examined in a single hybridizat{@3-15). As usually
applied, cloned cDNAs of known genes are placed on the array
and these cDNAs are chosen to include then8 of the mRNA.
Fluorescent probes are prepared from mRNA using an oligo(dT)
primer and reverse transcriptase. We hypothesized that cDNA
microarray chips could be used to efficiently screen an SSH
library. However, SSH generates small cDNA clones ranging

Methods to define patterns of gene expression have applicatidngm 50 to[1L000 bp. The cDNA clones generated by SSH can be
in a wide range of biological systems. One approach tisom any part of the mRNA and are nés8lected. One possible
understanding physiological mechanisms is to identify patterns eflvantage of this approach is that differentially expressed genes
gene expression associated with varying physiological states. Fmuld be identified without the need to examine previously cloned
example, investigators have been interested in examining differentignes. In addition, the SSH selection step increases the number
gene expression in different cell types, in cells during differemf differentially expressed genes, thereby decreasing the examin-
stages of differentiation, under various growth conditions andtion of multiple ‘house-keeping’ genes. This study was designed
after introduction of a cloned gene such as a new transcription determine the feasibility of combing the technologies of SSH
factor. Various methods to compare patterns of gene expression hamel cDNA microarrays as a means of obtaining differentially
been described, including differential hybridization screening (1gxpressed genes.
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MATERIALS AND METHODS antibody ML5 (Pharmingen) at a concentration of 10 mg/ml for

30 min, followed by three washes in PBS. The secondary
antibody was an FITC-conjugated goat anti-mouse 1gG (Sigma)
MCF7, MDA-MB-231, T47D and HBL-100 cells were obtaineddiluted 1/100, followed by two washes in PBS. Cells were

from ATCC. Al cell lines were maintained in DME supplementec@nalyzed on a FACScan (Becton Dickinson) using LYSIS

with 10% fetal calf serum as previously descritis). software and were gated to include only whole cells.

Cell culture

RNA isolation Immunofluorescence

Cell lines were grown tGBB0-90% confluence prior to lysis for Cells were grown to confluence on Falcon CultureSlides (Becton
preparation of MRNA. Approximately 1@ells were used for each Dickinson). Cells were fixed with 4% paraformaldehyde for 10 min,
batch. Cells were lysed and mRNA isolated using the Fast Track 2qowed by permeabilization with methanol for 2 min. The ML5
Kit (Invitrogen) according to the manufacturer’s instructions. RNAMonoclonal antibody (Pharmingen) was used as the primary

yield was determined by measuring absorbency at 260 nm.  antibody followed by detection with an FITC-conjugated goat
anti-mouse IgG (Sigma). Cells were washed three times with PBS

following each antibody. Cells were imaged with Zeiss Axioskop
(Carl zeiss) and images were captured using a Zeiss digital
A cDNA microarray chip containing 332 SSH clones was madeamera using Adobe Photoshop.

as previously describegd 3,14). Briefly, inserts in the pCR I

vector (Clontech) were amplified with PCR using primers frorRESULTS

sequences flanking the cloning site. PCR fragments were _

visualized on 1% agarose gel to ensure adequate PCR amplificat@NA microarrays

prior to being robatically printed onto glass slides. One microgral - .
of MRNA from each cell line was used to make cDNA probes f(l)%e have previously described the use of SSH to generate cDNA

hybridization to the microarray. Probes were made by reverélones of genes differentially expressed in ER-positive (11) and

e : . i ER-negativg12) breast cancer cell lines. However, ourjaes
transcription of mRNA in the presence of either Cy-5 or Cy xperiments relied on screening cDNA clones with northern blot

labeled dUTP (Amersham) using SuperScript Il (Gibco-BRL) a3 1 is “\yhich severely restricted the number of clones that
previously described (15). Hybridizations and subsequent scanning, |+~ pa analyzed. In this study we sought to use cDNA

\éggg;éggoagaff) quantitation were performed as prewous%icroarray technology to perform a high throughput analysis of
e cDNA clones with the intent of identifying genes expressed in

association with the ER phenotype in breast cancer cell lines.
Northern blot assay A set of 332 clones was generated by SSH in which ER-positive

Different mRNA isolates from the same cell line were pooled }1CF7 MRNA was used as ‘tester’ and ER-negative MDA-
minimize variability from batch to batch. One microgram of each1B-231 CDNA was used as ‘driver’. This set of cDNA clones
mMRNA was electrophoresed on a standard 1.2% formamidiould be enriched for genes over-expressed in MCF7 cells
agarose gel prior to mRNA transfer to Nytran using the Turboblﬁ%}mpafed to MDA-MB-231 cells. The cDNA inserts of each

cDNA microarray

System (Schleicher and Schuell). Probes were made from tA@ne were amplified with PCR and spotted on a microarray using
previously isolated SSH fragments using a random primed DNIPPOtIC printing. Multiple housekeeping genes and randomly
labeling kit (Boehringer Mannheim) in the presence of€lected CDNAs were also printed on the same array to serve as
[a-32P]dCTP (Amersham). Blots were hybridized and washed dg_ternal controls. The microarrays were subsequently hybridized

reviously described. All autoradiographs shown are following/ith cONA probes labeled with fluorochromes. Probes were
gn overni)g/]ht exposure to film. grap %/repared from two ER-positive cell lines (MCF7 and T47D) and

two ER-negative cell lines (MDA-MB-231 and HBL-100). An
DNA . example of one such hybridization is shown in Figure 1 in which
sequencing the MCF7 cDNA probe is labeled with Cy-5 fluorochrome (red)

Each clone from SSH was subcloned into the vector pCR Il thafd MDA-MB-231 is labeled with Cy-3 fluorochrome (green).
has SP6 and T7 promoter sequences flanking the cloning sifked and green fluorescence indicates greater relative expression
Dideoxynucleotide sequencing was performed usiadPB]dATP  in MCF7 and MDA-MB-231, respectively; yellow fluorescence
and the Sequenase protocol (USB) with primers that annealedigicates equal expression. The portions of the array imprinted with
the SP6 and T7 sequences. Sequencing reaction products w2k generated clones are outlined by boxes. As noted in Figure 1,
subsequently electrophoresed on 4% acrylamide gels and expoBearly every red hybridizing clone indicating over-expression in

to film. Homology searches were performed using the BLASTCF7 was generated by SSH. Randomly selected human cDNAs
program. are unlikely to demonstrate relative over-expression in MCF7 cells.

Three separate mMRNA isolations were obtained from each cell
line and pair-wise hybridizations were performed in which each
ER-positive cell line (MCF7 and T47D) was compared to each
Cell lines were grown to confluence prior to harvest for flowER-negative cell line (MDA-MB-231 and HBL-100). The
cytometry. Cell monolayers were washed twice with phosphat&ybridizations were scanned and quantitative information was
buffered saline (PBS) and were detached with 0.5 mM EDTA inbtained for each hybridization. In previous studies, northern blot
PBS. Cells were collected by centrifugation and washed onemalysis was performed for clones 1-48 of which 42 had cDNA
with PBS. Cells were labeled with the CD24 monoclonalnserts (11). In these northern blots, mRNA from MCF7 and

Flow cytometry
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MCF7: RED MDA-MB-231: GREEN

GATA-3

Figure 1. Microarray hybridized with MCF7 and MDA-MB-231. A cDNA microarray was hybridized with fluorescent labeled probes prepatd@karired)
and MDA-MB-231 (green) mRNA. Red color indicates relative over-expression in MCF7 and green color indicates relative ssiemerpdA-MB-231. Yellow
color indicates equal expression in both cell lines. The portions of the array imprinted with clones generated by S8ethngtbiitixes. The locations of GATA-3
and CD24 are also indicated.

MDA-MB-231 were hybridized to each cloned insert, and aorthern blot
guantitative value for differential expression was obtained using
densitometry. By northern blot analysis, 29 cDNA clonesNorthern blot analysis was used to confirm the results of
demonstrated differential expression in MCF7 by a factor of fivenicroarray hybridizations. Clones 87, 99, 129, 154, 173, 189,
or more. Using the same criteria of differential expression by 91, 198, 219 and 236 all demonstrated consistent over-expression
factor of five comparing MCF7 and MDA-MB-231, five of the in ER-positive cell lines by a factor of five or more. Figure 2
42 clones were determined to be over-expressed in MCF7 basgthws the results of northern blots probed with each cloned insert.
on microarray data. These data were also analyzed usin®rthern blots hybridized with probes for ER and actin are shown
differential expression ratios of four, three and two. At a ratio ais controls. As seen in Figure 2, each clone hybridizes to an
four, six clones were identified by microarray, all of which weremRNA with over-expression in ER-positive cell lines (MCF7 and
also determined to be differentially expressed by northern blor47D) compared to ER-negative cell lines (MDA-MB-231 and
Lowering the level of differential expression to a factor of thre¢4BL-100). These results confirm that the microarray hybridization
or more, 14 clones would be considered differentially expresseat a ratio of differential expression of a factor of five or more
Thirteen of these 14 clones were also identified as differentialigentified genes over-expressed in ER-positive cells.
expressed by northern blot. At a ratio of two, 21 clones were Each of these cloned inserts was sequenced and the sequenct
identified with microarray of which 17 were differentially was compared to known sequences in the GenBank database.
expressed by northern blot. These results are summarized in Table 1. Clones 99, 154 and 191
The data for hybridization comparisons for the entire set of 33&ere identified as expressed sequence tags (ESTs) that map to ¢
cDNA clones were also analyzed. At a differential ratio of threesingle cDNA encoding a protein with unknown function (accession
76 of the 332 cDNA clones (23%) were considered differentiallyjo. AA442829). Clone 236 was identified to another EST
expressed based on the two-cell line comparison (MCF7 vers(atcession no. T08550). Clones 173 and 189 did not match a
MDA-MB-231). The hybridization comparisons were consideregreviously reported sequence; however, the size of the mRNA
for all four cell lines with the requirement that a clone beand the pattern of hybridization makes it likely that these two
differentially over-expressed in the two ER-positive cell linexlones are from the same gene.
compared to the two ER-negative cell lines. At a differential Among the known genes, none had previously been reported to
expression ratio of three, 22 cDNA clones (7%) were differentiallppe differentially expressed in ER-positive compared to ER-negative
expressed. When the differential ratio was increased to a factortweast cancer cell lines. Clones 87, 129, 198 and 219 were from
five or more, 10 cDNA clones (3%) were considered differentiallthe genes cytokeratin 19, GATA-3, CD24 and glutathione-
expressed. These 10 cDNA clones were subsequently analyZedransferasqi-3, respectively. CD24 is a membrane antigen
by northern blot. previously reported to be involved in differentiation of hemato-
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poietic and neural celld7-19). One prgous report examined & o
CD24 expression in a group of cancer cell lines one of which was g & pod S
derived f b 20). H EDTiaith F5 F S
erived from a breast cancer (20). However, no aggoTiait &R LR
ER expression has been reported. Further experiments were FErEL FEEL
performed to determine if CD24 protein was expressed in these
breast cancer cell lines. 87 '. 191 ..
Table 1. Differentially expressed clones .
99 .. 198 4 ™
Clone Sequence mMRNA Fold Over- ™
identity size (kb) expression
Na Mma 129 o 219 - -
87 Cytokeratin 19 14 5 13
[
99 EST 1.0 5 17 154 .. 236 w- -
129 GATA-3 2.0 8 14
154 ESP 1.0 4 14
173 unknows 0.9 16 13 173 . . ER R
189 unknow§f 0.9 9 53
191  ESP 1.0 4 11 189 B p-Actin ...
198 CD24 2.0 6 19
219 Glutathione-S-transferage8 0.8 8 15
236 EST 15 10 24

Figure 2. Northern blots of selected clones. Northern blots were performed
with RNA from cell lines as indicated. Each blot was probed with inserts from
aN, northern blot; M, microarray. Fold over-expression for northern blots basedhe SSH clones as numbered, ER or actin. These results demonstrate
upon densitometry from MCF7 mRNA compared to MDA-MB-231 mRNA over-expression of each of the 10 cDNA clones in MCF7 and T47D compared
usingp-actin levels for normalization. Fold over-expression for microarray datato MDA-MB-231 and HBL-100.

based upon ratio of fluorescence for MCF7 probe compared to MDA-

MB-231 probe.

bClones 99, 154 and 191 were each identical to separate ESTs that have baalea confirm that CD24 protein is over-expressed in the
found to map to a single expressed cDNA.

CThe sequences of clones 173 and 189 did not match any other sequence inl%hRe-pOSItIVe cell lines compared to the ER-negative lines.

GenBank database. However, based upon the similarity of their mobility in
RNA gels and banding patterns, we believe these clones are separate isolatdfI SCUSSION
the identical expressed mRNA.

The recently developed technique of SSH has allowed the
i ati ; isolation of cDNA clones differentially expressed comparing two
Characterization of CD24 expression RNA populationg10). We have prgously used SSH to identify
Flow cytometry utilizing a commercially available antibody togenes expressed in breast cancer cells in association with ER
CD24 was performed on the ER-positive and ER-negative cadkpression (11,12). However, our yimgis experience screening
lines. As seen in Figure 3, CD24 is expressed in the ER-positi@SH generated clones by northern blot analysis proved to be
cell lines MCF7 and T47D. As expected, there is no CD2#edious and inefficient. In this study we have successfully
expression detected in the ER-negative cell line MDA-MB-231combined the technologies of SSH and cDNA microarrays to
There was a slight shift in fluorescence noted in HBL-100 evedevelop a high throughput screening procedure to identify genes
though no CD24 mRNA was detected by northern blot. differentially expressed in association with the ER phenotype.
Indirect immunofluorescence was used to further characterizeThe use of cDNA arrays for genetic screening has the obvious
the expression of CD24. As expected for a cell surface moleculgdvantage of allowing the analysis of multiple clones with a
MCF7 and T47D cells demonstrated strong fluorescence on teigle hybridization. However, conventional arrays necessitate a
cell membrane while no fluorescence was detected in MDAmanual comparison of two hybridizations to identify differentially
MB-231 cells or in the negative controls (Fig. 4). HBL-100 celleexpressed genes. Microarray technology offers several advantages
had a unigue fluorescence pattern where signal was detected iovar conventional cDNA arrays. First, the use of different
punctate pattern that was not present in the negative contflorescenttags allows a direct comparison of the relative mMRNA
(Fig. 4d and h). The immunofluorescence was not clearlgbundance in two RNA populations. Second, the small size of the
associated with the cell surface or with any specific subcellularray allows hybridizations in decreased volumes with less probe
organelle. HBL-100 cells are transformed normal mammarthan conventional technology. Computerized scanning of the
epithelial cells and were not derived from a primary breast tumagrray provides a quantitative value of the relative abundance
There are a number of possibilities to explain this findingcomparing two cell types (based on color). Screening clones
however, in light of this unusual pattern of fluorescence and ttgenerated by SSH resulted in a smaller array enriched for
fact that no CD24 mRNA was detected, this result is likely dudifferentially expressed genes. In addition, the use of the array to
to cross reactivity with an antigen expressed in HBL-100. Thesereen cDNA clones generated by SSH allowed the identification
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Figure 3. Flow cytometry with CD24 antibody. Flow cytometry was used to examine CD24 protein expression in the four cell lineseals Trticavo curves
represent fluorescence with CD24 antibody compared to control (secondary antibody only). A shift in the curve indicaies expt€s5 and T47D. The slight
shift noted in HBL-100 is likely due to cross reactivity (see text for details).

of previously unknown genes—a finding that would not have beamay be factors in reliably identifying differentially expressed
possible using conventional arrays of previously cloned genes. genes. In addition, microarray technology, as previously reported,
Microarrays may have some disadvantages compared to thilized cloned cDNAs that include théehd of the cDNA with
more tedious technique of northern blot screening. The SSptobes prepared using oligo(dT) primer. Short SSH clones from
clones placed on the array included 48 cDNA clones that halde 8 end of cDNAs are less likely to give reliable hybridization
previously been screened by northern blot analysis. Microarraygnals than full-length cDNAs. Improvements in hybridization
screening failed to identify some genes that were known to l®nditions to improve signal to noise ratio and refinements in
differentially expressed by northern blot. Of particular interesstatistical analysis of the data will improve the ability to
were clones 19 and 35, both of which were derived frongonsistently identify low copy number mRNAs and clones with
cytokeratin 18. By northern blot, both clones demonstratesimall inserts. The use of cDNA probes generated with random
differential hybridization in MCF7 by a factor of 7—8-fold (11). primed oligonucleotides rather than oligo dT would also likely
Microarray hybridization correctly identified clone 19 but not 35improve detection of clones.
Clone 19 contains a 292 bp insert from the cytokeratin 18 cDNA Despite possible limitations, the ability to screen large numbers
positions 499—790 and clone 35 contains a 95 bp insert froof clones offers advantages over northern blot screening and
nucleotides 791-885. This result suggests that smaller insepiovides information of biological interest. The 10 clones
may provide less reliable information. Clones from less abundaittentified with over-expression in the ER-positive compared to
MRNAs may also fall within the ‘noise’ of the hybridization ER-negative cell lines included four previously identified genes:
signals. For example, microarrays failed to detect clones 6 and@okeratin 19, glutathione-S-transferage3, GATA-3 and
which had previously been reported to be differentially expresseiD24. Cytokeratin 8 and 18 have previously been reported to
by northern blot (11). However, these mRNAs were of lowhave an association with the ER-positive phenot(pg).
abundance and clones 6 and 8 had insert sizes of 111 and 358®ygpkeratin 19 has recently been reported to be co-expressed with
respectively. Therefore, cDNA insert size and mRNA abundanagtokeratins 8 and 18 and appears to be associated with tumor
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MCF7 MDA-MB-231 T47D HBL-100
.

Figure 4. Immunofluorescence with CD24 antibody. Immunofluorescence with CD24 antifseDy &nd negative contraE(H) with secondary antibody only. Cell
lines are indicated. Membrane fluorescence is noted in MCF7 and T47D. MDA-MB-231 do not demonstrate expression. HBL-1R0elamanstate staining
(D), indicating cross reactivity with unknown antigen (see text for details).

.

grade (21,22). The co-expression of thegwleratins may rapid analysis of gene expression in a panel of primary cancers.
reflect common mechanisms of transcriptional regulationA recently published report similarly demonstrated the use of
Studies of glutathione-S-transferase expression in breast canB®A and cDNA microarray hybridization with RNA derived
indicate that expression may be important for development &fom two Ewing’s sarcomg89). We aticipate that in the future,
drug resistance (23,24). Genetic studies have also linked inheritatice genetic pattern of gene expression will serve to refine
of certain polymorphisms to breast cancer suscepti@iy26). We  histological information to provide a better characterization of
have recently demonstrated a striking association betweéneast cancer phenotype.

GATA-3 and ER expression in breast cancer cell lines and
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