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Background: Although the emerging
complementary DNA (cDNA) array
technology holds great promise to dis-
cern complex patterns of gene expres-
sion, its novelty means that there are no
well-established standards to guide
analysis and interpretation of the data
that it produces. We have used prelimi-
nary data generated with the CLON-
TECH Atlas™ human cDNA array to
develop a practical approach to the sta-
tistical analysis of these data by study-
ing changes in gene expression during
the development of acquired tamoxifen
resistance in breast cancer.Methods:
For hybridization to the array, we pre-
pared RNA from MCF-7 human breast
cell tumors, isolated from our athymic
nude mouse xenograft model of ac-
quired tamoxifen resistance during es-
trogen-stimulated, tamoxifen-sensitive,
and tamoxifen-resistant growth. Princi-
pal components analysis was used to
identify genes with altered expression.
Results and ConclusionsPrincipal
components analysis yielded three
principal components that are inter-
preted as 1) the average level of gene
expression, 2) the difference between
estrogen-stimulated gene expression
and the average of tamoxifen-sensitive
and tamoxifen-resistant gene expres-
sion, and 3) the difference between
tamoxifen-sensitive and tamoxifen-
resistant gene expression. A bivariate
(second and third principal compo-
nents) 99% prediction region was used
to identify outlier genes that exhibit al-
tered expression. Two representative
outlier genes, erk-2 and HSF-1 (heat
shock transcription factor-1), were cho-
sen for confirmatory study, and their
predicted relative expression levels
were confirmed in western blot analy-
sis, suggesting that semiquantitative
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estimates are possible with array tech-
nology. Implications: Principal compo-
nents analysis provides a useful and
practical method to analyze gene ex-
pression data from a cDNA array. The
method can identify broad patterns of
expression alteration and, based on a
small simulation study, will likely pro-
vide reasonable power to detect moder-

advanced metastatic disea®, to adju-
vant therapy after surgery for primary dis-
ease(9), and possibly to prevent breast
cancer(10). Acquired tamoxifen resis-
tance is a clinically important problem be-
cause a majority of patients with breast
cancer will be offered tamoxifen at some
time during their treatment, and although
tamoxifen is initially effective in many
patients, resistance eventually develops.
Clinical resistance is almost certainly het-
erogeneous and multifactorial. Changes
may be at the level of the target estrogen

. receptor(11-14),at a postreceptor point
Tremendous effort in cancer research h h
has been devoted to identifying biologi- the estrogen-receptor-response path-
: ; way (15-18), and/or downstream of the
cally relevant, differentially expressedresponse pathwagl9—21). With cDNA
genes by comparing, for exa'mple, tumo%lrray technology(6,22,23), we may be
CG.}”S with ”OFma' cells or primary cells able to discern the potentially complex
with metastatic cells. Until recently, most

dies h b i mited L rPatterns of gene expression that are in-
studies have been limited to quantitation,,|yeq in the acquisition of resistance.

o_f expression of at most a few genes ata |, this study, we have used principal
time. Complementary DNA (cDNA) ar- components analysis as a practical, but
rays offer the potential to simultaneouslygiagistically valid, approach to simulta-
quantify expression of many genes. Adygqusly examine array data from several
vances in cDNA array technology to ad+ime points in anin vivo model of ac-
dress issues, such as array size, proRgjired resistance. The model simulates
density, probe content, and readout, nOwhe clinical tamoxifen-resistant phenotype
maketh|stechnologySUff|C|ent|yﬂeX|b|e, by using estrogen receptor-positive
accessible, and pl’aCtical fOI’ application |rMCF_7 breast cancer tumors growing in
the laboratory(1). The novelty of this athymic nude micg24). We demonstrate
technology means that there are no wellhat principal components analysis can re-
established and widely accepted standargigply detect moderately sized alterations

to guide ana|ySiS and interpretation of thQn gene expression that we have con-
data that it produces. Thus far, cDNA arfirmed by western blot analysis.
rays of one type or another have been
most often used in paired comparison®1ATERIALS AND METHODS
e.g., control versus cancer) to identi .
giﬁ%rentially expressed gengs in onnyyTurm.)r.S ar_1d Microarray
few types of cancer, such as melanom ybridization
(2), Ewing’s sarcomd3), oral cancei(4), MCF-7 breast cancer cells were injected into the
glioblastoma multiforme tumorg), and mammary fat pads of athymic nude mice supple-
gastrointestinal tumorg6). After stan- mented with an estrogen pellet as described previ-
dardization, rules for gene selection werg&!SY (24) until tumors grew. The estrogen pellets

. - .~ Wwere removed and the animals were treated with
typically based on ratios of expression
[for example, greater than twofold differ-
ence(7), greater than three standard de- affiiations of authors:S. G. Hilsenbeck, W. E.
viations of control genes rati(2), or an  Friedrichs, R. Schiff, R. K. Hansen, C. K. Osborne,
arbitrary percent]. Application of the S. A. wW. Fuqua (Departments of Medicine/
technology to more complex experimenOncology), P. O'Connell (Department of Pathol-
tal designs involving simultaneous ana|y_ogy), The Univgrsity of Texas Health Science Cen-
sis of multiple experimental conditions or®®": San Antonio.
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tamoxifen. Tumor volumes then declined and reStatistical Considerations gously, in a trivariate principal components analysis
mained stable for several months. Invariably, how- (estrogen-stimulated, tamoxifen-sensitive, and
ever, after initial growth suppression, the tumors be- In this pilot study, each hybridization (& three  tamoxifen-resistant gene expression), we computed
came resistant and growth resumed. Animals werarrays) resulted in expression values for 588 geneg99u bivariate normal prediction ellip&&7,29)for
killed at various times to obtain estrogen-stimulatednd 21 control genes (putative housekeeping gengemponents P2 versus P3, and genes outside the
tumors before tamoxifen treatment, tamoxifen-and negative control genes). The control genessllipse were selected for investigation.

sensitive tumors during tamoxifen treatment but bewhich were arrayed in a separate row at the bottom This “robust prediction interval” approach seems
fore acquired resistance, and tamoxifen-resistant t@f the array and were more difficult to quantitatejystified on the following basis. Although the distri-
mors after tumor growth had resumed. We collectedeliably in replicated experiments using the sam@ution of P1 is highly skewed, higher-order compo-
five tumors from each group. We then prepared totaRNA (data not shown), were not included in thenents are roughly symmetric. When there is no dif-
RNA with RNeasy kits (Qiagen Inc., Valencia, CA), statistical analyses. Expression of the highest anfrential expression, as in a bivariate analysis of two
and isolated messenger RNA on Dynabeads (Dynwest expressed genes on the array varied by two rray hybridizations using the same pool of RNA,
Oslo, Norway) according to manufacturer’s instructhree orders of magnitude. Logarithmic transformathe higher-order components are approximately nor-
tions. For each group, the RNAs were pooled andion of the raw data reduced this range and helpeghally distributed (data not shown). In experiments
used to synthesiz&P-radiolabeled cDNAs for hy- €equalize variability. This also means that additivecomparing different pools of RNA, where some
bridization to the Atlas™ human cDNA expres- effects on the log scale can be interpreted as folgenes may be differentially expressed, the observed
sion array-1, according to the manufacturer's inchanges in actual expression. distribution of each higher-order component (P2, P3,
structions (25) with SuperScriptll reverse  Because of the expense, limited amounts of RNAetc.) should be a mixture of centrah (= 0) and
transcriptase (Life Technologies, Inc. [Gibco BRL],and other considerations, array experiments usuallyoncentral . # 0) distributions. By using a robust
Gaithersburg, MD). The CLONTECH Atlas™ hu- have few replications and invariably have orders okstimator that focuses on the middle of the observed
man cDNA expression array is a positively chargednagnitude more variables (genes and expressed sfistribution, which should represent primarily
nylon membrane (8 x 12 c¢m) that is spotted in duguence tags) than observations (hybridizations). lgnaltered genes, we hope to increase sensitivity to
plicate with 200- to 600-base-pair cDNA fragmentsthis study, we switch the roles of variables and obidentify truly altered genes. The prediction level
representing 588 genes and 21 housekeeping ger&yvations, treating each tumor type as a variable (199%), which is analogous to the specificity of a
or control sequence@5). Genes are arrayed in six = three arrays) and each expressed gene sequenfiggnostic test, was chosen arbitrarily as represent-
quadrants with genes of like function (i.e., onco-as an observation (s 588 genes). ing a reasonable balance between identifying too
genes, assorted receptors, etc.) grouped togetherPrincipal components analysis of mean-centereghany spuriously “significant” genes and missing
geographically. The hybridization data were col-log-transformed data, based on the variancetrye alterations. For display purposes, we have back-
lected with a Molecular Dynamics Phospholm-covariance matriX27), was then used to standardizetransformed the data by exponentiation of P2 and P3
ager™ (Molecular Dyanmics, Sunnyvale, CA). Thisacross the three hybridizations and to extract threo that the data are shown as approximate fold in-
array was essentially the only one available whefeéw axes (components P1, P2, and P3), expressed@gases or decreases in expression.

these experiments were done. Although the arraljnear combinations of the original axes (variables The ability of this methodology to detect true al-
does not include the estrogen receptor, it does ifES [estrogen-stimulated], TS [tamoxifen-sensitive]terations was examined in a small simulation study.

clude many other genes of potential interest in breagind TR [tamoxifen-resistant]). Log-transformed values from a hypothetical bivari-
cancer, including two that we have studied previ- Ple A *ES +B. *TS + C *TR ate array experiment with 588 genes were generated
ously, hsp27 and heregulin- We collected data - 1 1 to have a common log-normally distributed compo-
from three arrays, one array for each tumor type. — A * * * nent for level of expression [i.e., exXf)+ 8, where
P2=A"ES+B7 TS+ &7 TR XON(p = 0,0 = 0.6)], and independent normally
Western Blot Analysis P3 =A;*ES+B;* TS+ C,* TR distributed errors [i.e., lag(Control) = exp(X) + 8

+ Y and log (Experimental)= exp(X) + 8 + Z,
Pulverized frozen tumors were manually homog-  In principal components analysis, the coeffi-yherey, ZON(w = 0,0 = 0.17)].

enized in 5% sodium dodecyl sulfate. After boilingcients (As, Bs, and Cs) are chosen so that the first the gistributional parameters were chosen to
and microcentrifugation (10 minutes at 10 000 rpmcomponent (P1) explains the maximal amount ofnimic data seen in our real experiments. A small
room temperature), clear supernatants were colaariance in the data. The second component (P2) [Sercentage of truly altered genes (2% or 4%) were
lected, and the protein concentration was determinegerpendicular to the first and explains the maximag eated by shifting the error distribution for the ex-
by the bicinchoninic acid method (Pierce Chemicatesidual squared variation, and the third componerierimental member of the pair up or down (with
Co., Rockford, IL) as previously describe@6). (P3) is perpendicular to the first two. Meaning wasso, probability) to represent an average 2- or 2.5-
Twenty-five micrograms of protein was separatedascribed to the new axes by visual examination ofy|q change from baseline [i.e., lpgExperimental)

on a denaturing polyacrylamide gel and transferrethe coefficients. In these array experiments, P1 rep= exp(x) + 8 + W, whereW ON(p = +0.7,0 =

by electroblotting to nitrocellulose membranesresents the average level of expression across te17y]. The generated data were then analyzed as
(Schleicher and Schuell, Inc., Keene, NH). The blotsumor types and P2 and P3 represent differencegescrined above, and the numbers of truly altered
were first stained with StainAll dye (Alpha Diag- between tumor types. A bivariate analysis that rexnq spuriously altered genes falling outside the 99%
nostic Intl., Inc., San Antonio, TX), to confirm uni- sults in two new axes (P1 and P2) was also pefpyrediction region were tabulated. Each scenario was
form transfer of all samples, and then incubated iformed to compare tamoxifen-sensitive gene expresgplicated 100 times, and the results were summa-
blocking solution (5% nonfat dry milk in Tris-HCI sion with tamoxifen-resistant gene expression. Theizeq over all replications. All analyses were per-
buffered saline—Tween [TBS¥ 50 mM Tris-HCI  coefficents do not always have a nice biologicallyformed with the SAS program package (Version
at pH 7.5, 150 vl NaCl, and 0.05% Tween 20]). sensible interpretation, although the higher-ordeg 11 SAS Institute, Cary, NC).

After brief washes with TBST, the filters then werecomponents can still be used to identify outlier

reacted with primary antibodies to erk-2 (UBI, Lakegenes, regardless of interpretaticeé below RESuULTS

Placid, NY) or heat shock transcription factor-1 We used P2 (and P3 in the higher-order analysis)

(HSF-1) (Stressgen, Victoria, Canada) for 1 hour ato identify outlier genes that might represent trueBivariate Analysis

room temperature followed by extensive washeslterations in gene expression. In the bivariate prin-

with TBST. Blots were then incubated with horse-cipal components analysis of tamoxifen-sensitive  Fig. 1 shows the three bivariate log-log
radish peroxidase-conjugated secondary antibodyene expression versus tamoxifen-resistant gene egcatter p|0tS that arise from pairwise com-
(Amersham Life Science Inc., Arlington Heights, pression, we used a normal approximation to conparisons of the data from the three cDNA
IL) for 1 hour, washed with TBST, and developedstruct a 99% prediction region for component P2array hybridizations (one for estrogen-
by the ECL procedure (Amersham Life Science(i.e, 0 + 257*SD,, where SD = interquartile . .

Inc.). The autoradiograms from the western blotsange/1.35). A robust estimate of the standard des-tlmgl.ated tumors, one for tamox'fen_
were scanned with a densitometer, and the data awéation (SD) was used to reduce the variance—sensmve tumors, and one for tamoxifen-
presented as the area determined for each individuifiating effects of outlierg28). Genes outside the resistant tumors). Each gene of the 588
tumor sample. region were identified for further study. Analo- genes on the array (excluding housekeep-

454 REPORTS Journal of the National Cancer Institute, Vol. 91, No. 5, January 26, 1999



A 1,000,000
[C]
. " hsp27
100,000 HSF1 .-
) erka " ‘:_ | Ty Fig. 1. Scatter plot matrix of densitometric quantitation of ex-
[ PRI RS T i pression data from estrogen-stimulated (ES), tamoxifen-
deprrist sensitive (TS), and tamoxifen-resistant (TR) tumors for 588
10.000 ﬂ%«g{ genes. Data for four genes (HSF-1, erk-2, hsp27, and heregulin-
’ Wl ) are identified.
heregulin-o.
1,000 {, . ; , T
1,000 10,000 100,000 1,000,000 10,000,000
B 1000000 ® C 10000007 Py
. hsp27 i hsp27
’ Lot + !
100,000 L e 100,000 . o5
AT B
I P ﬂ’*#”z}"{ 4 m
I_ :r:?’: + I"—
©® & HSF-1
leu
¥
10,000 + o 10,000
heregulin-a * heregulin-oc
1,0004, . ..., , . 10007 . ... ; : .
1,000 10,000 100,000 1,000,000 10,000,000 1,000 10,000 100,000 1,000,000 10,000,000

ing and control genes) is represented by letween hsp27 and heregutin-The per- diction interval identified 35 outlier genes
point on the scatter plots. The individualpendicular distance away from the linethat may be over- or under-expressed in
values ranged over two to three orders afienotes differences in expression withinamoxifen-resistant tumors relative to
magnitude, indicating that the most highlythe same gene between tumor types. tamoxifen-sensitive tumors (Fig. 2, B).
expressed genes were expressed at 100-Principal components analysis of th
or 1000-fold higher levels than the lowestiog-transformed expression data was us
expressed genes. For example, the 27-kd produce a new set of axes (Fig. 2). For Bivariate principal components analy-
heat shock protein (hsp27) was the mosamoxifen-sensitive tumors versussis could be performed for each pair of
highly expressed gene on the array in alamoxifen-resistant tumors (Fig. 2, A), thetumor types; however, a more compre-
three tumor types. This finding is consis-new x axis or first principal component hensive three-way analysis is preferred
tent with our previously published result(P1) roughly corresponds to the line ofand is more biologically relevant. Princi-
that hsp27 is amplified and overexpressetidentity” and represents level of exprespal components analysis of the mean-
in the late-passage MCF-7 cells used ision. The second principal componententered log-transformed data (for estro-
this model(30). Similarly, the array re- (P2) is perpendicular to the first and repgen-stimulated tumors, tamoxifen-
sults are consistent with previous findinggesents difference in expression betweesensitive tumors, and tamoxifen-resistant
(31) that heregulinx is expressed at rela-tumor types. In the bivariate analysistumors) yields three new axes (P1, P2,
tively low levels in all three types of tu- more than 97% of the total variation in theand P3) that account for 90.5%, 8%, and
mor cells. log-transformed data was associated witth.5% of the variation in the data, respec-
In each scatter plot, most genes li€P1, leaving about 3% for P2. The twotively. By inspection of the coefficients,
fairly close to a diagonal line of “iden- components are, by definition, not correthe first principal component (P1) is again
tity.” This line may not be centered on thelated ¢ = 0). The distribution of P1 is interpreted as the “average level of ex-
graph if there are differences in the averskewed, because many genes on the arrgyession” because the coefficients were
age level of radioactivity of probes usedare expressed at low to moderate levelsll positive and similar in value (0.63,
in each hybridization. The distance alondut only a few are expressed at extremel.55, and 0.55, respectively). The second
this line denotes differences in the level ohigh levels. The distribution of P2 is principal component (P2) clearly con-
expression between genes, such as we seeighly symmetric, and a 99% robust pretrasts data from estrogen-stimulated tu-

ggnvarlate Analysis
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Fig. 2. A) Scatter plot of log-transformed expression data for tamoxifen-sensitive (TS) and tamoxifen-resistant (TR) tumors showing the line of iktbiitig) (so
and 99% prediction region (dashed line). The open and solid circles indicate genes that are overexpressed or underexpressed, respectiifely;rasistarx
tumors relative to tamoxifen-sensitive tumors. Dots indicate genes that are not affected by tan®)X#eatter plot of first and second principal components from
the same data shown in A.

mors to the average of tamoxifen-example, expression of genes to the faB, lanes 1-15) from the athymic nude
sensitive and tamoxifen-resistant tumorsight in Fig. 3 (i.e., near erk-2) is in- mouse model. As predicted by Figs. 1, A,
because the P2 coefficient for the estroereased by tamoxifen relative to the exand 3, A, western blot results for HSF-1
gen-stimulated data is negative (—0.78pression of genes in estrogen-stimulatethdicate a substantial increase in expres-
and roughly equal to the sum of thetumors but expression of genes in thision in tamoxifen-sensitive tumors rela-
tamoxifen-sensitive and tamoxifen-area is unchanged in tamoxifen-resistaritve to estrogen-stimulated tumors, which
resistant coefficients (0.46 and 0.43, retumors relative to tamoxifen-sensitive tu-is followed by a decrease in tamoxifen-
spectively). The third principal compo-mors. In contrast, expression of genes teesistant tumors to approximately the lev-
nent (P3) primarily represents differenceshe lower right in Fig. 3 (i.e., near HSF-1)els in estrogen-stimulated tumors (Fig. 1,
between the tamoxifen-sensitive and thés increased in tamoxifen-sensitive tumor®8). Similarly for erk-2, there is an in-
tamoxifen-resistant tumors, because theelative to estrogen-stimulated tumors butrease in expression in tamoxifen-
P3 coefficient for the estrogen-stimulateds decreased in tamoxifen-resistant tusensitive tumors relative to estrogen-
tumors is small (0.02) and the tamoxifen-mors. stimulated tumors (Fig. 1, A), but there is
sensitive and tamoxifen-resistant coeffi- relatively less change between tamoxifen-
cients are nearly equal but opposite irConfirmation of Gene Expression by  sensitive and tamoxifen-resistant tumors.
sign (0.69 and —0.72, respectively). Fig. 3Vestern Blot Analysis
shows a scatter plot of P2 versus P3. Power Considerations
Points near the center represent genes that We selected two genes just outside of
were similarly expressed in all three tuthe 99% prediction ellipse (erk-2 and Using distributional parameters from
mor types, whereas points on the periphHSF-1) for quantitation by western blotsome of our pilot studies, we ran a series
ery exhibit alterations in expression. Datanalysis. These two genes were chosesf simulations to investigate the likely
have been back-transformed to show thbecause of their relatively low expressiorsensitivity of these methods to detect real
approximate fold changes in expressionFig. 1) and modest alteration, so that welifferences of moderate size (Table 1).
We used a bivariate normal approximacould address sensitivity questions andlvith modest changes (twofold) in 2%—
tion with robust estimates of standard dethe ready availability of specific antibod- 4% of genes, 99% of the unchanged genes
viations to compute a 99% prediction eldes. The erk-2 kinase is a known mediatowere correctly classified as unchanged by
lipse. Genes lying outside the region mayf the growth factor signaling pathway,the 99% prediction interval, and 59% of
exhibit real alterations in the level of ex-and it has been shown that the estrogethe altered genes were correctly identified
pression that are associated with the biaeceptor can activate its activity in MCF-7as outliers. With larger differences (e.g.,
logic effects during the transition from es-cells (32). HSF-1 is involved in cellular 2.5-fold), the proportion of correctly iden-
trogen-stimulated to tamoxifen-sensitivestress responsg83) and is thus a poten- tified outliers goes up (85%). Although
status and tamoxifen-sensitive to tamoxitial marker of tamoxifen-induced stressthe outliers will always be contaminated
fen-resistant status. We found that the relative levels of erk-2by a few spuriously identified genes,
In addition, different regions of the P2and HSF-1 predicted in the array experithese results suggest that the method has
x P3 plane correspond to different tempoment were indeed confirmed in an indereasonable power to detect real differ-
ral patterns of expression alteration. Fopendent set of individual tumors (Fig. 3,ences.
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Fig. 3. A) Scatter plot of second and third principal components from principgroup). The positions of molecular weight (M.W.) markers (ir°L@d) are
components analysis of log-transformed gene expression data from estrogown to the right. Densitometric scan values (in relative units) for each lane are
stimulated (ES), tamoxifen-sensitive (TS), and tamoxifen-resistant (TR) tumosbown in the boxed area below each western blot lane. For HSF-1 protein
back-transformed to show approximate fold alterations. Axis labels describe theression, there was a fivefold increase in the tamoxifen-sensitive tumors and
qualitative interpretation of principal components analysis coefficients. Genesl.8-fold increase in the tamoxifen-resistant tumors relative to the estrogen-
inside or outside the 99% prediction ellipse (solid line) are shown as openstimulated tumor group. For erk-2 expression, there was a fourfold increase in
solid circles, respectively. Data for four genes (HSF-1, erk-2, hsp27, and liee tamoxifen-sensitive tumors and a 1.6-fold increase in the tamoxifen-resistant
regulin«) are identified.B) Western blot analysis with erk-2 and HSF-1 anti-tumors relative to the estrogen-stimulated tumor group; the slight difference in
bodies in estrogen-stimulated (ES, lanes 1-5), tamoxifen-sensitive (TS, lapestein levels compared with that predicted by the RNA array analysis may
6-10), and tamoxifen-resistant (TR, lanes 11-15) tumors (five tumors are in eaeftect posttranscriptional and/or translational control of erk-2 protein.

Table 1.Results of simulation study involving 588 genes in two tumor types and using a 99% the roles of variables and observations
prediction interval and used principal components analysis,
coupled with robust estimates of 99% pre-

0, i 0, i . . . .
Average fold change in % of genes with unglt%frggr;i;r\gg};ion aﬁe?ét?i?(?jevswstign diction regions Qn higher-order compo_-
altered gene expression altered expression inside interval* outside intervalt NeNts, as a pra_ct|cal appr_oach to screening
20 ) % - array data for likely candidates for further
' 4 99 60 study. The method presumes that the vast
25 2 99 86 majority of genes will be altered very
4 99 85 little and uses information from all genes

to obtain more stable estimates of vari-
ability. The method is not limited to pair-
wise comparisons but can be used to
study several tumor types or experimental
DISCUSSION variability only. In a traditional study of conditions simultaneously. In a small
one or a few genes, statistical analysis afimulation study, we have shown that this
cDNA microarray expression profiling experimental replicates would be used tapproach is capable of reliably identifying
offers tremendous potential to simulta-estimate variability in expression for eact60%—-85% of genes exhibiting moderate
neously characterize the expression ajene to determine whether expression idegrees of differential expression (2- to
large numbers of gene sequences. laltered. Variability between replicates is2.5-fold), without increasing the number
theory, comparisons of hybridization dateoften large, and moderate-sized differof spuriously identified outliers.
from pairs or a series of RNA pools, rep-ences (two- to 10-fold) can require many In this study, we used am vivo athy-
resenting cells from various tumors or exexperimental replications. Due to ex-mic mouse model of acquired tamoxifen
perimental conditions, should allow us topense, limited amounts of RNA, and otheresistance(24) to explore the power of
identify differentially expressed genes orconsiderations, array experiments usuallynicroarray expression profiling. In this
sequences that may be involved in théaave few replications and invariably havaamoxifen-resistance model, we have pre-
biologic process under investigation. Inorders of magnitude more variablessiously shown that one potential resis-
practice, it is not so easy to distinguish(genes and expressed sequence tags) thtance mechanism is stimulation of the tu-
true differences in expression from differ-observations. In our study of acquiredmor by tamoxifen, which acts as a partial
ences in expression due to experimentahmoxifen resistance, we have switchedgonist. As our first analysis, we used the

*This is the observed specificity and is analogous to prediction level ). -
TThis is the observed sensitivity and is analogous to power.
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array technology to identify those genes(4) Chang DD, Park NH, Denny CT, Nelson SF,
that might be associated with this growth Pe M. Charat;terization of transformation re-
stimulation. We hypothesized that the lated genes in oral cancer cells. Oncogene
tamoxifen-stimulated phenotype could re- . 1398:16:1921-30. @n
. Sehgal A, Boynton AL, Young RF, Vermeulen
sult from the deregulated expression of SS, Yonemura KS, Kohler EP, et al. Applica-
downstream growth-regulatory pathways  tion of the differential hybridization of
that liberate the cell cycle from normal Atlas Human expression arrays technique in
steroid control. Indeed, it has been re- the identification of differentially expressed
ported that overexpression of single genes in human glioblastoma multiforme(18)
growth regulatory genes such as cyclin  tumor tissue. J Surg Oncol 1998;67:
D1 (34), protein kinase A35),and trans- 234-41.
forming growth factorp (21) can () LEE G o e Gone oxpres
influence a cell's response to tamoxifen sion profileé in normal ar;d cancer cells. Sci-(19)
treatment. However, there are probably ¢ ce 1997:276:1268-72.
multiple mechanisms that coexist in tu- (7) schena M, Shalon D, Heller R, Chai A, Brown
mors and in conjunction contribute to PO, Davis RW. Parallel human genome analy-
the clinical tamoxifen-resistant pheno- sis: microarray-based expression monitoring of
type. The microarray expression prof|||ng 1000 genes. Proc Natl Acad Sci U S A 1996;(20)
technology is well-suited for this clini-  93:10614-9.
cal problem. Principal components analy- & Bezwoda WR, Esser JD, Dansey R, Kessel |,

. L Lange M. The value of estrogen and proges{21)
SIS Of. O.UI‘ preliminary data suggests terone receptor determinations in advanced
that distinct patterns of temporal alter- breast cancer. Estrogen receptor level but not
ation in gene expression can be distin-  progesterone receptor level correlates with
guished. Our future studies will be aimed  response to tamoxifen. Cancer 1991;68:
at identifying which of the outlier genes 867-72. (22)
are most contributory to the tamoxifen- (9) Systemic treatment of early breast cancer by
stimulated phenotype and testing these hormonal, cytotoxic, or immune therapy. 133
genes in clinical samples on custom randomised trials involving 31,000 recurrences

. . and 24,000 deaths among 75,000 women(23)
mlcroarre}ys' _From these StUdIQS, we Early Breast Cancer Trialists’ Collaborative
expect to identify the gene expression pat-  group. Lancet 1992;339:71-85.
terns predictive of tamoxifen-resistanti1o) Fisher B, Costantino JP, Wickerham DL, Red-
growth. mond CK, Kavanah M, Cronin WM, et al. (24)

In summary, principal components Tamoxifen for prevention of breast cancer: re-
analysis of Iog-transformed array data port of the National Surgical Adjuvant Breast
provides a practical approach to data ggig?;ﬂ; -1 Study. J Natl Cancer Inst 1998;(25)
r_eductlon_, v!s_uallzatlon_, and |dent|f|ca-(11) Fuqua SA, Fitzgerald SD, Chamness GC, Tan-
tion of “significant” outlier genes. As a don AK, McDonnell DP, Nawaz Z, et al. Vari-
result, analysis of cDNA expression ar-  ant human breast tumor estrogen receptor with
rays can identify genes and pathways that constitutive transcriptional activity. Cancer (26)
are altered during the process of resis- Res 1991:51:105-9.
tance. We predict that principal compo-(lz) Fuqua SA, Wiltschke C, Castles C, Wolf D
nents analysis or related methods of AIIreq DC. A r_ole for‘estrogen receptor vari-

. . . ants in endocrine resistance. Endocrine-relate(27)
analysis of microarray expression data  ancer 1995:2:19-25.
growth pathways that are important for  King N, Dowsett M. Exon 5 deletion variant
the generation of tamoxifen resistance estrogen receptor messenger RNA expressiof28)

and thus will generate new predictive in relation to tamoxifen resistance and proges-
clinical paradigms terone receptor/pS2 status in human breast can-

cer, Cancer Res 1995;55:288-93. (29)
(14) Gallacchi P, Schoumacher F, Eppenberger-
Castori S, Von Landenberg EM, Kueng W, Ep-
penberger U, et al. Increased expression of e$30)
trogen-receptor exon-5-deletion variant in re-
27-31. lapse tissues of human breast cancer. Int J
(2) DeRisi J, Penland L, Brown PO, Bittner ML, Cancer 1998;79:44-8.
Meltzer PS, Ray M, et al. Use of a cDNA mi- (15) Smith CL, Nawaz Z, O’'Malley BW. Coactiva-
croarray to analyze gene expression patterns in  tor and corepressor regulation of the agonist/
human cancer. Nat Genet 1996;14:457—-60. antagonist activity of the mixed antiestrogen,(31)
(3) Welford SM, Gregg J, Chen E, Garrison D, 4-hydroxytamoxifen. Mol Endocrinol 1997;11:
Sorensen PH, Denny CT, et al. Detection of 657—-66.
differentially expressed genes in primary tumor(16) Jackson TA, Richer JK, Bain DL, Takimoto
tissues using representational differences  GS, Tung L, Horwitz KB. The partial agonist
analysis coupled to microarray hybridization, activity of antagonist-occupied steroid recep-(32)
Nucleic Acids Res 1998;26:3059-65. tors is controlled by a novel hinge domain-

®)
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