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“Identification of markers of the invasive phenotype in human breast cancer”

Dr Peter H. Watson

INTRODUCTION.

The acquisition of the ability to invade is the single most important aspect of breast tumor
progression, as it is a crucial component of the process of metastasis and marks the transition
from local to life threatening disease. Assessment of risk of progression to invasive breast cancer
has recently become an increasingly recognizable and defined problem in clinical management L
This is partly due to the increasing number of patients who present with pre-invasive ductal
carcinoma in-situ, (DCIS). More recently, the demonstration that breast cancer can be delayed or
inhibited by tamoxifen therapy in women at high risk as defined in the NSABP trial has also

provided a new focus and impetus to improve the accuracy of risk determination.

The management of Ductal Carcinoma in-situ (DCIS) depends on the estimation of the risk or
likelihood of recurrence as in-situ or invasive disease’. Recent morphological studies have
provided useful potential improvements to older classifications of pre-invasive disease with
more accurate pfognostic significance, however there is clearly a need for better predicators of
biological potential’>. To address this critical issue we and others have begun to search for
molecular changes that may serve as such predictors. Our specific hypothesis is that alteration of
gene expression is responsible for the progression of DCIS to invasive breast cancer and the
acquisition of the invasive phenotype. Our method has been to use an approach that can directly
identify genes and alterations that occur in-vivo and that may contribute to the invasive
phenotype, through microdissection of histologically defined components within single breast
tumor sections’ and application of molecular techniques* to compare gene expression. The

approach is made feasible by the unique design of our tumor bank resource”.
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' BODY OF REPORT

The original grant contract was for 3 years from Sept 1997. However due to unforeseen changes
in personel an extension of one additional year was requested and granted to complete the
project. The accomplishments over the entire period of this award from Sept 1997 to Sept 2001

are detailed below in the context of the 2 major tasks defined in the statement of work.

Prior to the start of this project we had conducted an initial review of 388 invasive ductal
carcinomas in the Manitoba Breast Tumor Bank® and found that 32% contained an identifiable
in-situ component but less than 5% were suitable for microdissection. These cases comprised
early invasive cancer with >50% in-situ and associated invasive components, microdissectable
within a single tissue block and with similar cytology and stromal backgrounds. In preliminary
experiments pridr to this grant we had also developed microdissection techniques capable of
isolating high quality mRNA from histologically defined regions within breast tumor sections®
and a modified subtraction hybridization technique to accommodate approximately lug mRNA
as input material’, and completed analysis of one case (tumor **™ #1) and identified one gene,

psoriasin S100A7, as differentially expressed between in-situ and invasive component®.

ORIGINAL TECHNICAL OBJECTIVE 1 /AIM 1

e 1-12, microdissect 12 tumors,

e 3 -15 complete 12 subtraction experiments (12 screens to detect genes showing loss of
expression in DCIS relative to invasive components and 12 to detect genes with gain of

expression),

e 6-18 clone, sequence, and initiate screening of 100+ candidate genes by ISH and RT-PCR

to confirm expression patterns,
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‘ Year 1. In the first year of the project we applied our proven approach of microdissection,
subtractive hybridization, cDNA cloning and analysis to complete a second case (tumor %™
#2), and identified cDNA’s corresponding to 15 known genes, 5 ribosomal genes, and 4
unknown expressed sequences apparently overexpressed in either DCIS or invasive components.
To rapidly determine the potential of this approach we initially focused on 6 known cDNAs
(identified in other systems) from the two cases analyzed. We confirmed amongst these, real
differential expression (3 cDNA’s, see below), differential expression attributable to differences
in local regional composition (Ets-like cDNA expressed in the denser vascular endothelium of
invasive component in the sentinel case) and false positives (2 cDNA’s, tra-1 and OCP2) by in-
situ hybridization and RT-PCR. Consideration of the patterns of expression amongst the 3

differentially expressed cDNA’s encouraged us to pursue the potential role of psoriasin, lumican

and mammaglobin genes in invasion (see Aim 2).

Year 2. At this stage in the project and after microdissection of 3 additional tumors, we identified
a technical problem with the magnetic bead subtraction assay (attributable to changes in the
properties of the beads) that introduced contamination and discouraged us from further
experiments with this assay. So we began to assess alternative molecular assays for analysis of
differentially expressed mRNA. We next tested an RT-RDA protocol with small amounts (5-
10ug) of cell line RNA and tested this on breast cell lines and confirmed by dot blot that 8/36
potentially differentially expressed cDNAs showed differential expression in the original sample.
We concluded that RT-RDA was an acceptable assay as a first step to screen for differentially
expressed genes in tumor samples, even though it produced a large number of ‘false-positive’
cDNA'’s. However, after 5 experiments on 4 microdissected tumors we concluded that it was not
practical to obtain sufficient quantities of RNA from subregions within typical tumor sections for
the RT-RDA assay. Nevertheless, the advent of microarray technology with many advantages for
over our previous methodologies, and the commercial availability of microarray membranes and

analysis software, led us instead to select the Research Genetics GeneFilters system for future
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experiments. This was based on preliminary experiments to confirm that we could obtain

adequate signals from labeled probes from 1 ug of microdissected total RNA.

Years 3&4. At this stage, given the dramatically improved capacity offered by lazer
microdissection and microarray methodologies to analyse cases, we were now able to progress
with our original aims to identify patterns of genetic alterations that correlate with the onset of
the invasive phenotype and to expand the scope to analyze differential gene expression between

low and high risk DCIS as well as between DCIS and invasive components of selected tumors.

e To identify molecular alterations occurring between low risk and high risk DCIS we have
selected, microdissected, and compared gene expression within a cohort of 10 cases of DCIS
(4 low-grade DCIS without necrosis and 6 high and intermediate-grade DCIS with necrosis).
While the maturation and scale of the Manitoba Breast Tumor Bank® allowed us to select
several DCIS cases that were amenable to manual microdissection using our standard
protocol, the acquisition of lazer microdissection capability also enabled us to select and
microdissect additional DCIS cases where more accurate (but labor intensive) microdissection
was required. For the purpose of analysis, the six DCIS tumors with high or intermediate
grade nuclear morphology and necrosis were grouped together and compared with each of the
four low-grade tumors giving 24 pairs of comparisons. After masking those transcripts
showing expression levels lower than 10x background, we were left with approximately 1,500
cDNAs for our comparison analysis. To exclude those transcripts that might be differentially
expressed due to individual differences between the tumors or due to variations in
hybridization conditions between each experiment, we restricted our final list of differentially
expressed transcripts to only those that were differentially expressed in at least 9 pairs of
comparison, ensuring the inclusion of transcripts that were differentially expressed in at least
three different high-grade/intermediate-grade DCIS compared with the low-grade DCIS
samples. Using this selection ‘criterion, 14 transcripts (7 named genes and 7 ESTs) were
overexpressed in the low-grade DCIS compared with high-grade/intermediate grade DCIS,

whereas 28 transcripts (18 named genes and 10 ESTs) were overexpressed in high-
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grade/intermediate-grade DCIS compared with the low-grade DCIS lesions. The value of
these selection criteria was shown by a two-way pairwise average linkage cluster analysis to
cluster the 10 DCIS cases on the basis of the expression profile of these 42 cDNAs, where
apart from one high-grade tumor, all the high- and intermediate-grade DCIS were more
closely related to each other than they were to the low- grade DCIS lesions, which in turn
were more related to a normal breast sample.

To continue to work to identify molecular alterations occurring between DCIS and invasive
components we also microdissected 8 new tumors and subjected these to microarray analysis
to identify a number of cDNA’s ( total 593 ; mean 74; sd 3 ) that appeared to be differentially
expressed between adjacent in-situ DCIS and invasive elements within the same tumor.
Further assessment to identify patterns of highly and/or consistently differentially expressed
cDNA’s (ie those overexpressed in 3 or more DCIS/invasive tumor pairs) has found that 36
¢DNAs are consistently differentially overexpressed in the DCIS versus invasive component.
These 36 candidate cDNAs emerged from out of approximately 5000 ESTs and known genes
included on the filter array (amongst which approximately 1500 were considered to be
expressed above background level). Additional analysis has also found the following; a) the
number of cDNAs overexpressed in DCIS vs invasive elements is higher in cases where there
is necrosis in the DCIS component (mean # cDNAs = 135 in necrosis+ve DCIS versus 70 in
necrosis —ve DCIS, p=0.0325 t-test) and b) the number of cDNAs is also higher in cases
where the invasive component is high nuclear grade (mean #cDNAs = 112 where the
invasive component is high nuclear grade versus 51 in low/intermediate nuclear grade,
p=0.0104, t-test). Work is still in progress to confirm differential expression of these 36

candidates by other techniques including in-situ hybridization and RT-PCR.
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ORIGINAL TECHNICAL OBJECTIVE 2/ AIM 2

e 18 - 24, determine expression patterns and relation to ‘invasiveness’ of a subset of genes

isolated in tasks 1 to 3 in panels of pre-neoplastic, pre-invasive, invasive and metastatic breast

lesions 1

e 24 -30, clone full-length cDNA’s of a limited number of candidate invasion genes identified

in task 4 and construct expression vectors

e 30 - 36, create cell line models with overexpression of specific genes by stable transfection

for future testing of the influence on invasion in in-vitro assay and nude mouse models

Psoriasin (S100A7)

¢ We have continued to study the psoriasin (SI00A7) gene that we have previously identified as
differentially expressed between in-situ (DCIS) and invasive carcinoma 6 We developed an
anti-psoriasin polyclonal antibody to distinguish SI00A7 from other S100 proteins and
completed investigation of the role of persistent expression in invasive disease. Persistence of
psoriasin expression in invasive tumors was significantly associated with poor prognostic
markers including ER and PR negative (n=57, p<0.0001, p=0.0003) and lymph node positive
status (p=0.035). Psoriasin protein expression was also associated with inflammatory
infiltrates (all tumors excluding medullary subtypes where inflammation is a diagnostic
criteria, p=0.0022). These results suggest that psoriasin may be a marker of aggressive
behaviour in invasive tumors and are also consistent with a function as a chemotactic factor ”.

e We have examined the effect of psoriasin on invasive breast tumor cells in-vitro. On the basis
of our initial hypothesis in which we took the view that loss of psoriasin might facilitate
invasiveness in the neoplastic breast cell, we transfected a CMV-psoriasin construct into a
subline of MDA-MB-231 breast cells that do not express psoriasin and that are known to be

invasive , tumorigenic and metastatic in an in-vivo metastasis model. We isolated 2 MDA-
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231psoriasin clones that demonstrate high and low mRNA and protein expression. However,
assessment of these cells by in-vitro growth and in-vitro Boyden chamber invasion assays
showed no significant effect on the growth or invasiveness of this already invasive breast
tumor cell line. We next transfected CMV-psoriasin into a non-invasive breast cell, the MCF-
10AT3B cell (using zeocin as a marker since they have previously been transfected with ras-
neo) and have obtained a single clone with overexpression detected by northern and western
blot. We plan to repeat transfection to obtain further clones prior to in-vitro assessment of
growth and invasiveness and in-vivo study of the effect of psoriasin on early tumorigenesis
and progression.

e We have also pursued the cell biology of psoriasin in breast. In-situ hybridization consistently
shows that psoriasin mRNA expression is restricted to epithelial cells in breast tumors as well
as in hyperplastic epidermis in the skin. Psoriasin protein, studied by immunohistochemistry
is also localized predominantly but not exclusively to epithelial cells in both sites, but with
both cytoplasmic and nuclear staining (the latter most prominent in breast tumor cells).
Therefore to pursue the possible intracellular interactions of psoriasin we used the yeast 2-
hybrid assay to screen a normal breast cell library to identify interacting proteins, and
identified the apparently centrosome associated protein, RanBPM as a possible binding
partner. We next conducted co-immunoprecipitation of psoriasin and RanBPM, which was
achieved by cloning by PCR each ¢cDNA into T7 promoter expression vectors and by
subsequent in-vitro transcription-translation of 33S-Met labelled proteins and detection using
anti-HisG and anti-psoriasin antibody to confirm an interaction in-vitro. Co-localization of
psoriasin to the centrosome in breast cells in-vivo was also done using the two different
human mammary epithelial cell lines that had been stably transfected with psoriasin
(MCF10AT and MDA-MB-231). Psoriasin protein was detected and colocalized with the
peri-centrosomal protein pericentrin using confocal microscopy. Psoriasin protein was not
observed in non-transfected cells ®. We have however very recently become aware of a new
publication concerning RanBPM from the original group that had identified it, that suggests

that a) RanBPM is a larger protein than originally described and b) RanBPM localizes to the
10
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nucleus, as well as to the peri-nuclear and peri-centrosomal regions. Nevertheless, the
protein-protein interaction observed in yeast between the C-terminal portion of RanBPM and
psoriasin is supported by our co-immunoprecipitation and co-localization studies. However
this new publication does impact on our work over the last year to develop cell models as we
had already cloned the original RanBPM sequence into a CMV expression vector and were in
the process of screening several neomycin resistant MCF7 clones for expression of the
RanBPM transgene. We have therefore begun to reconstruct our vectors with the full length

RanBPM cDNA in preparation for a new round of cell transfection.

Lumican

We identified lumican as a gene that is differentially overexpressed in the in-situ versus the
invasive component of an initial microdissection case (tumor *“™ #2). Subsequent in-situ
hybridization study confirmed this finding and showed that as anticipated, lumican is
expressed by stromal cells that had been incorporated into the samples (despite our best
efforts at microdissection) and had emerged from our assay because of the differences in
expression in fibroblast-like cells immediately adjacent to in-situ and invasive epithelial
tumor cells °.

We then went on to study lumican in the context of other small leucine rich proteoglycans
(SLRPs) and showed that lumican and decorin are the most abundant of the SLRPs and are
expressed by similar fibroblast-like cells, while biglycan and fibromodulin are only detected
occasionally and at low levels in breast tissues. However, while lumican mRNA expression
was significantly increased in tumors (n=34, p<0.0001), decorin mRNA was decreased
(p=0.0002) in neoplastic relative to adjacent normal stroma. This was accompanied by similar
changes in both lumican (p=0.0122) and decorin (similar trend but p=ns) proteins. Alteration
of lumican expression in breast tumor stroma may also be manifested by discordance between
mRNA and protein localization in some tumors, where in some areas it is possible to

demonstrate mRNA expression by in-situ hybridization but no detectable protein is present in

11
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parallel sections assessed both by immunohistochemistry or by western blot performed on
microdissected material .

We have now gone on to examine the prognostic significance of lumican and decorin,
focusing first on a cohort of 140 early invasive breast carcinomas. All cases selected were
axillary lymph node negative and treated by adjuvant endocrine therapy, as these represent
early stage invasive disease and it is also in this subset of breast cancers that EGFR
expression has been shown to be predictive of outcome. The latter criteria is significant as it is
believed that decorin is a natural ligand for EGFR and related growth factor receptors.
Lumican and decorin expression analysed by western blot was highly correlated (1=0.45,
p<0.0001) in these invasive tumors. Low levels of lumican were associated with higher grade,
large size, negative estrogen receptor and progesterone receptor status and increased host
inflammatory response (all p<0.05) while decorin levels did not show significance with any
factor. However, using univariate analysis both were predictive of short recurrence free
survival (lumican p=0.0013, decorin p=0.026) and poor overall survival (lumican p=0.001,
decorin p=0.0076). Multivariate Cox analysis is currently being performed. These results
suggest that higher levels of SLRPs in breast tumors are associated with a worse prognosis in
a selected series of invasive breast carcinoma patients and support the notion that they may

play a role in invasion .

Mammaglobin

This gene had beén identified by others as a mammary specific gene expressed by
approximately 2/3 of invasive breast tumors. Mammaglobin is considered to be a member of
the uteroglobin gene family and also maps to a region, 11q13 that is frequently associated
with alterations in breast tumorigenesis. However the cellular origin of expression of
mammaglobin and the relationship between expression and tumor progression has not been
previously determined. We identified mammaglobin as a gene that is differentially

overexpressed in the in-situ versus the invasive component of an initial microdissection case

12
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(tumor “*™™ #2). However, our subsequent results showed that the pattern of mammaglobin
expression within breast tissues and tumor components is more complex. In-situ hybridization
analysis of 13 primary tumors containing normal, in-situ, invasive elements revealed that
mammaglobin expression occurs in all compartments and can overexpressed in either the in-
situ or invasive component. However, it is restricted to epithelial cells, and persists in axillary
lymph node metastases. Reverse transcription-PCR analysis of 20 tumors and matched lymph
nodes showed a direct correlation between mammaglobin mRNA expression and histological
detection of nodal metastases. So while this data suggested that mammaglobin is unlikely to
be relevant to invasion and we have not studied it further, our results indicated that
mammaglobin could be a marker of axillary lymph node breast metastases, and this concept

continues to be explored by others 12

Angio-Associated Migratory Protein (AAMP)

Amongst the 42 candidate ¢cDNAs identified in the most recent DCIS cohort analysed, the
angio-associated migratory protein (AAMP) was identified as a gene that is consistently

higher in high grade versus low grade DCIS and that is also induced by hypoxia in the T47D

‘breast cancer cell line. AAMP was differentially overexpressed in 11 pairs of tumor

comparisons (mean 2.1 fold across two high-grade DCIS and one intermediate-grade DCIS
compared with the low-grade DCIS lesions). Differential expression was confirmed by in situ
hybridization and quantitative reverse transcriptase polymerase chain reaction (RT-PCR)
analysis of the original cases of DCIS and a second non-microdissected set of 28 cases.
AAMP expression detected by ISH showed some relationship to grade and necrosis
(borderline significance at p=0.05). However by RT-PCR AAMP mRNA was associated with
high and intermediate-grade DCIS (p=0.0095) in the original cohort and total AAMP
expression within the tumor section tended to be associated with higher grade and necrosis
but did not reach statistical significance (P=0.08, Mann Whitney) in the non-microdissected
second cohort. However, no relationship was observed between AAMP and angiogenesis, and

. . . . . . . . 13
its functional role in tumorigenesis and breast cancer progression remains to be determined ™.
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KEY RESEARCH ACCOMPLISHMENTS

e Microdissection and molecular analysis of the patterns of gene expression at the

transition between DCIS and invasive cancer components within 13 invasive breast

tumor cases

e Microdissection and molecular analysis of the patterns of gene expression between low
and high risk DCIS within 10 pre-invasive DCIS breast tumor cases.

o Identification of several potentially important genes including psoriasin (S100A7),
lumican, mammaglobin, angio-associated migratory protein, as genes not previously
known to be overexpressed in DCIS or differentially expressed between DCIS and
invasive components.

e Establishing that psoriasin expression correlates with poor prognostic features in invasive
tumors and that an interaction occurs between psoriasin and a novel nuclear and peri-
nuclear protein, RanBPM.

e Establishing that lumican and decorin are the most abundant among the small leucine rich
proteoglycan (SLRP) genes in breast tissues, that their expression is altered in breast
tumors, and that low levels of these extracellular proteins may be predictive of outcome
in node negative invasive breast cancer.

o Establishing that the Angio-Associated Migratory Protein is hypoxia regulated and that

the altered expression of AAMP occurs between low and high grade DCIS.

14
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CONCLUSION

Elucidation of the molecular changes involved in the development of the invasive phenotype is a
critical clinical question. The lethal effects of distant metastasis can only occur after the onset of
invasive capability and the ability to assess these genetic alterations may offer markers of risk of
invasive disease in pre-invasive lesions. We have identified several genes that are differentially
expressed in association with the pathology of transition to the invasive disease, and some of
which are potentially involved in breast cancer cell invasion. Psoriasin (S100A7), a member of
the S100 calcium binding protein family, demonstrates an overall pattern of expression and
intracellular interaction, as well as a known capability to influence cell motility that is
compatible with the hypothesis that altered expression may be functionally involved with and a
marker of invasiveness. Lumican, a small leucine-rich proteoglycan, also shows a distinct
regional distribution within tumors in concert with its relative decorin, and an expression pattern
that relates to outcome in early invasive tumors. Although not previously studied in tumor
progression, the known role of these genes in cross linking of collagen supports the hypothesis
that changes in lumican and decorin expression may also influence invasiveness. Angio-
associated migratory protein (AAMP) also shows a pattern of expression within DCIS that
together with its known role in cell migration and angiogenesis warrants further study. Further
studies to examine the role of these genes in invasion through manipulation of cell models are in
progress to understand their possible functional contributions to progression. However these
genes, in particular psoriasin, have potential as biological markers that are directly relevant to
early progression to invasive disease, and again particularly in the case of psoriasin, offer targets

for new strategies to improve on current treatments for early invasive disease.

19




WATSON, P.H. DAMD17-97-1-7320

3

REFERENCES

1. A) Norton L, Rosen PP, Rosen N. Refining the origins of breast cancer. Editorial Nature
Medicine, 1: 1250-51 B) N.LLH. Consensus Development Conference Statement: early stage
breast cancef: June 18-21,1990. C) Ernster VL, Barclay J, Kerlikowske K, Grady D, Henderson
IC. Incidence of and treatment for ductal carcinoma in-situ of the breast. JAMA 275: 913-
918,1996

2. A) Silverstein ML Lagios MD Craig PH, Waisman JR Lewinsky BS Colburn WJ Poller DN A
prognostic index for ductal carcinoma in situ of the breast. Cancer 77: 2267-74 1996. B) Schnitt
SJ, Harris JR, Smith BL Developing a prognostic index for ductal carcinoma in situ of the breast.
Are we there yet? Editorial, Cancer 77: 2189-92, 1996, C) Morrow M. The natural history of
ductal carcinoma in-situ , Implications for clinical decision making. Editorial Cancer76: 1113-
1115, 1995. D) Kerlikowske K, Barclay J, Grady D, Sickles EA, Ernster V J Comparison of risk
factors for ductal carcinoma in situ and invasive breast cancer. Natl Cancer Inst Jan 1;89(1):76-
82 1997; E) Allred DC, O'Connell P, Fuqua SAW Biomarkers in early breast neoplasia. J Cell
Biochem 17G: 125,1993

3. A) Watson P, Snell L, Parisien M. “The Role of a Tumor Bank in Translational Research”
Canadian Medical Association Journal, 155, 281-283, 1996 B) Watson P.H. “Tumor tissue and
clinical databanks — a review of the importance, role and future of tumor banks”. Cancer Strategy
6:1-6, 1999

4. Hiller, T., L. Snell, Watson P. “Microdissection RT-PCR analysis of gene expression in
pathologically defined frozen tissue sections.” Biotechniques 21(1): 38-44, 1996.

5. Leygue, E. R., Watson,PH, Murphy LC. “Identification of differentially expressed genes using
minute amounts of RNA.” Biotechniques 21(6): 1008-12,1996.

6. Leygue E, Snell L, Hiller T, Dotzlaw H, Hole K, Murphy LC, Watson PH. Differential expression
of psoriasin messenger RNA between in situ and invasive human breast carcinoma Cancer

Research 56:4606-4609, 1996.

20




WATSON, P.H. DAMD17-97-1-7320

7.

10.

11.

12.

13.

Al-Haddad S, Zhang Z, Leygue E, Snell L, Huang A, Niu Y, Hiller T, Hone K, Murphy LC,
Watson PH. The role of psoriasin (SI00A7) in invasive breast cancer. Am J Pathology.
155(6):2057-66. 1999

Ethan D. Emberley, A. Kate Hole, R. Daniel Gietz, Leigh C. Murphy and Peter H. Watson.
Interaction of the Differentially Expressed S100A7 Gene With RanBPM. Manuscript in
preparation.

Leygue E, Snell L, Dotzlaw H, Hole K, Hiller-Hitchcock T, Roughley PJ, Watson PH, Murphy
LC. Expression of lumican in human breast carcinoma. Cancer Research 58:1348-1352, 1998.
Leygue E, Snell L, Dotzlaw H, Hole K, Hiller-Hitchcock T, Murphy LC, Roughley PJ, Watson
PH. Lumican and decorin are differentially expressed in human breast carcinoma. J Pathology.
Nov;192(3):313-20. 2000

Sandra Troup, Cal Roskelley, Shukti Chakravarti, Peter J. Roughley, Leigh C. Murphy, Peter H.
Watson. Reduced expression of the small leucine-rich proteoglycans, Lumican and Decorin, is
associated with poor outcome in node negative invasive breast cancer. In preparation.

Leygue E, Snell L, Dotzlaw H, Hole K, Troup S., Hiller T, Murphy L, Watson PH,
“Mammaglobin, a potential marker of breast cancer nodal metastasis” J Pathology 189: 28-33,
1999

Adewale Adéyinka, Ethan Emberley, Yulian Niu, Linda Snell, Leigh C. Murphy, Heidi Sowter,
Charlie Wykoff, Adrian Harris, and Peter H. Watson Angio-Associated Migratory Cell Protein
(AAMP) mRNA is a hypoxia-regulated protein associated with necrosis and is differentially
expressed between High-grade and Low-grade Ductal Carcinoma In Situ (DCIS) of the Breast.

Submitted to Am J Pathology

21




WATSON, P.H. DAMD17-97-1-7320

APPENDIX

1. List of Personnel receiving pay from the research effort

2. Publications arising from this work;

1.

i1

1ii.

iv.

vi.

Vil.

Viil.

Leygue E, Snell L, Dotzlaw H, Hole K, Hiller-Hitchcock T, Roughley PJ, Watson
PH, Murphy LC. Expression of lumican in human breast carcinoma. Cancer
Research 58:1348-1352, 1998.

Leygue E, Snell L, Dotzlaw H, Hole K, Troup S., Hiller T, Murphy L, Watsoﬁ
PH, “Mammaglobin, a potential marker of breast cancer nodal metastasis” J
Pathology 189: 28-33, 1999

Al-Haddad S, Zhang Z, Leygue E, Snell L, Huang A, Niu Y, Hiller T, Hone K,
Murphy LC, Watson PH. The role of psoriasin (S100A7) in invasive breast
cancer. Am J Pathology. 155(6):2057-66. 1999

Leygue E, Snell L, Dotzlaw H, Hole K, Hiller-Hitchcock T, Murphy LC,
Roughley PJ, Watson PH. Lumican and decorin are differentially expressed in
human breast carcinoma. J Pathology. Nov;192(3):313-20. 2000

Adewale Adeyinka, Ethan Emberley, Yulian Niu, Linda Snell, Leigh C. Murphy,
Heidi Sowter, Charlie Wykoff, Adrian Harris, and Peter H. Watson Angio-
Associated Migratory Cell Protein (AAMP) mRNA is a hypoxia-regulated protein
associated with necrosis and is differentially expressed between High-grade and
Low-grade Ductal Carcinoma In Situ (DCIS) of the Breast. Submitted to Am J
Path

Watson PH, Leygue E, Murphy LC. “Psoriasin (S100A7)” Int J Biochem Cell
Biol. 30(5): 567-571. 1998

Watson PH, Hiller T, Snell LS, Murphy LC, Leygue E, Dotzlaw H, Kossakowska
A, Kulakowski A. “Update to : microdissection RT-PCR analysis of gene
expression in pathologically defined frozen tissue sections” in “the PCR
technique: RT-PCR, editor Paul Siebert, Eaton Publishing, p28-29, 1998.

Watson PH, Hiller T, Snell LS, Murphy LC, Leygue E, Dotzlaw H,
“microdissection RT-PCR analysis of gene expression” in “Expression Genetics:
Differential Display”. Editors Arthur and Michael McClelland Eaton Publishing.
1999.

22




WATSON, P.H. DAMD17-97-1-7320

PERSONNEL RECEIVING PAY FROM THE RESEARCH EFFORT

Hole, Kate (Research Associate)

Pind, Molly (Research Associate)
Snell, Linda (Technologist)
Hitchcock, Tamara (Graduate Student)
Emberley, Ethan (Graduate Student)

23




)
[CANCER RESEARCH SK, LWR 1352 Apnl 1, 190K

Advances in Brief

Expression of Lumican in Human Breast Carcinoma'

Etienne Leygue,z Linda Snell, Helmut Dotzlaw, Kate Hole, Tamara Hiller-Hitchcock, Peter J. Roughley,

Peter H. Watson, and Leigh C. Murphy

Departments of Biachemistry and Molecular Biology [E. L. H.D.. L.C.M.] and Pathology [L.S.. K. H. T.H-H. P.H. W.], University of Manitoba. Faculty of Medicine.
Winnipeg, Manitoba. Canada. RIE OW3: and Genetic Unit. Shriners Hospital for Children. Montreal. Quebec, Canada, H3G 1A6 [P.J. R.]

4

Abstract

Lumican mRNA has been identified as being differentially expressed
between different regions of the same human breast tumor. In situ hy-
bridization study of 26 independent breast tumors confirmed the presence
of lumican mRNA in fibroblast-like cells within stroma and showed a
significant increase of its expression in tumor compared to adjacent
normal stroma (P < 0.001). Higher lumican expression was associated
with higher tumor grade, lower estrogen receptor levels in the tumor, and
younger age of the patients (P < 0.05). Reverse transcription-PCR anal-
ysis of total RNA extracted from 19 independent breast tissues exhibiting
lesions that are thought to parallel tumor progression also suggests that
this proteoglycan is differentially expressed during tumor progression.

Introduction

The molecular mechanisms underlying the transition of normal
breast tissue to invasive breast tumor in vivo are still poorly under-
stood. It is believed that sequential genetic alterations that contribute
to the development of phenotypic changes, such as deregulated pro-
liferation and the cytological appearance of malignancy, accumulate
in epithelial cells. Paralleling these changes in epithelial cells, changes
in expression of genes within fibroblasts surrounding tumor lesions
have been described (1-4) and are believed to signal complex inter-
actions between transformed epithelial cells and adjacent host stromal
cells that also contribute to the progression of the tumor (3). Knowl-
edge of the mechanisms underlying these interactions and identifica-
tion of genes differentially expressed during tumor progression would
allow a better understanding of tumorigenesis and might provide
targets for new therapies (5). To address this issue, we have under-
taken a study to identify genes differentially expressed during tumor-
igenesis (6). Using a recently described subtractive hybridization
technique (7), we have here identified lumican mRNA as being
differentially expressed between two regions of the same tumor bi-
opsy sample. The expression of lumican has then been investigated by
in situ hybridization and RT-PCR? in independent breast tissue spec-
imens.

Materials and Methods

Human Breast Tissues and Cell Lines. All breast tumor cases used for
this study were selected from the National Cancer Institute of Canada-Mani-
toba Breast Tumor Bank (Winnipeg, Manitoba, Canada). As described previ-
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ously (8. tissues from all cases are rapidly collected and processed to create
formalin-fixed and paraffin-embedded tissue blocks and mirror-image frozen
tissue blocks. The precise histological detail, interpreted in H&E-stained
sections from the former block, was used as a guide to microdissection of the
frozen block. Four groups of tissues or cell lines were used in this study, as
detailed below.

For initial microdissection, a single tumor case with extensive in situ and
limited (<25%) invasive components was selected from the Manitoba Breast
Tumor Bank. Both components were present within a single frozen tissue
block. For the in situ hybridization studies, 26 tumors were selected to allow
comparison of normal ducts/lobules and in situ and invasive tumor elements
within a single section in each case. For subsequent statistical analyses. cases
were divided into groups of lower-grade [Nottingham (9) scores of 4-6;
n = 12} and higher-grade (Nottingham scores of 7-9; n = 14) tumors; younger
(n = 14) and older (n = 12) than the mean patient age (54 years old); higher
ER (ER > 20 fmol/mg protein; n = 10) and lower ER (ER < 20 fmol/mg
protein: n = 16) status tumors, as determined by ligand-binding assay; higher
PR (PR > 15 fmol/mg protein; n = 14) and lower PR (PR < 15 fmol/mg
protein: n = 12) status, as determined by ligand-binding assay; or axillary
node-positive (n = 15) and -negative (n = 11) tumors.

For RT-PCR analysis of lumican expression in breast lesions that are
thought to parallel the development of breast cancer, a second panel of 19
breast tissue samples, corresponding to 19 different patients, was selected. This
panel consisted of five cases with normal breast tissue, four cases with
proliferative disease without atypia, five cases with ductal carcinoma in situ.
and five cases of invasive ductal carcinoma. In all cases, the histology of the
frozen tissue block that was used was determined by direct comparison with an
adjacent H&E-stained section from a mirror-image paraffin block.

For study of cell lines, both ER-positive and -negative breast cancer cells
(T47-D. T47-D5, MCE-7, BT20, MDA-MB-231, and MDA-MB-468) were
grown as described previously (10).

Microdissection, RNA Extraction, and Subtractive Hybridization Anal-
ysis. A single tumor case was microdissected as described previously (8), and
RNA was extracted from histologically defined regions of in situ and invasive
tumor using a small-scale RNA extraction protocol (Tri-reagent; MRCI, Cin-
cinnati, OH). The subtractive hybridization was performed as described pre-
viously. using the in situ and invasive component as the tester and the driver
respectively (7). Total RNA was similarly extracted from frozen sections o
other breast samples or cell lines.

In Situ Hybridization. Paraffin-embedded 5-pm breast tumor section:
corresponding to tumor specimens were analyzed by in situ hybridizatior
according to a previously described protocol (6). The plasmid Lumi-398
which consisted of PCRII plasmid (Invitrogen, San Diego. CA) containing -
398-bp insert of lumican cDNA between bases 1332 and 1729 (11), was usec
as a template to generate (*3S]JUPT-labeled sense and antisense riboprobe*
using Riboprobe Systems (Promega, Madison, WT1). according to the mant
facturer's instructions. Sections were then developed and counterstained wit.
H&E after 7-21 days. Levels of lumican expression were assessed in norm:.
and tumor regions within each section by brightfield microscopic examinatic
at low-power magnification and with reference to a positive control turm
section and a control normal tissue section. This was done by scoring i
estimated average signal intensity (on a scale of 0-3) and the proportion
stromal cells showing a positive signat (0. none; 0.1, less than %o; 0.5, le>
than Y:: 1.0, greater than Y2). The intensity and proportion scores were the
multiplied to give an overall score. Regions with a score lower than 1.0 wet
deemed negative or weakly positive.
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SDS-'PAGE and Immunoblotting, Total proteins were extracted from
frozen tissue sections corresponding to three tumors expressing lumican
mRNA (as shown by in situ hybridization) using 4 M guanidinium chloride in
the presence of proteinase inhibitors, as described previously (11). Proteins
present in the extracts were analyzed by SDS-PAGE and immunoblotting.
using antipeptide antibodies specific for the COOH-terminal regions of lumi-

11, 12). Prior to analysis, extracts were dialyzed into 10 mm sodium
___wate and treated with chondroitinase ABC. In some cases, the samples were
also treated with keratanase I or endo-B-galactosidase, which are capable of
degrading sulfated and nonsulfated polylactosamine chains, respectively.

RT-PCR Analysis. One ug of total RNA was reverse-transcribed in a final
volume of 15 pl, and 1 pl of the reaction mixture was subsequen’tly amplified
by PCR. as described previously (6). Primers used correqunded to lumican
(sense, 5'-TAAACCACAACAACCTGACA-3', located in lumican sequence
between bases 448 and 467; and antisense 5'-AGAAAAACATAACCATA-
AAA-3', located in lumican sequence between bases 1118 and 1138; Ref. 11)
and to the ubiquitously expressed GAPDH gene (sense, 5'-ACCCACTCCTC-
2 "TTTG-3'; and antisense, 5'-CTCTTGTGCTCTTGCTGGG-3'). To am-
p.... ~DNA corresponding to lumican, 30 cycles (I min at 94°C, 1 min at
52°C. and 2 min at 72°C) of PCR were used. For amplification of GAPDH
¢DNA, PCR consisted of 30 cycles (30 s at 94°C, 30 s at 52°C, and 30 s at
72°C). Ten pl of lumican PCR and GAPDH PCR were mixed before migration
on 2% agarose gels and staining with ethidium bromide (15 pg/ml). Identity of
the 691-bp-long fragment corresponding to lumican was confirmed after
subcloning and sequencing.

Results

Identification of Lumican mRNA in Breast Cancer. To identify
genes differentially expressed during tumor progression, a “microdis-
section case” containing high-grade lobular carcinoma in situ associ-
ated with invasive lobular carcinoma was selected. Two regions, one
rich in in situ and the other rich in invasive components, were
microdissected, and corresponding total RNA was extracted to pro-
vide the substrate for a recently described subtractive hybridization
technique (7). Upon completion of subtractive hybridization, a 398-
bp-long fragment was isolated as corresponding to a gene being
overexpressed in the in situ compartment of this single microdissec-
ion case (data not shown). Sequencing of this fragment identified
nucicotides 1332-1729 of the sequence encoding the core protein of
the keratan suifate proteoglycan lumican (11).

Fig. 1. Expression of lumican mRNA in breast
tumors studied by in siru hybridization. Consecu-
uve sections from a single breast tumor show
H&E-stained paraffin section with collagenous
stromal reaction surrounding ductal carcinoma in
situ (right) and invasive (leff) components (A), lu-
mican expression in stroma detected using an anti-
scnsg probe (B), and lumican sense probe (C). D,
lumican expression detected within a different tu-
mor. illustrating a gradient in the level of expres-
s1on between regions of in situ (top left) and inva-
“+e ductal carcinoma (middle) and normal tissue

" *. Original magnifications, X100 (A-C) and

=2,

In Situ Hybridization Analysis of the Pattern of Lumican
mRNA Expression within Tumors and Adjacent Normal Tissue.
To establish the cellular origin of expression and to examine the
distribution of lumican expression between different tumor compo-
nents in other tumors, 26 invasive tumors were studied by in situ
hybridization (Fig. 1). For cach case, an adjacent H&E-stained section
was used to facilitate the pathophysiofogical interpretation of the

_frozen section (Fig. 1A). In almost all cases. a similar pattern was

evident, with prominent mRNA expression, detected using an anti-
sense probe, in stromal fibroblast like cells within the tumor and
immediately adjacent to in situ and invasive tumor cells (Fig. 1B). No
signal was observed in any case using a lumican sense probe (Fig.
1C). In 24 of these cases. regions of normal tissue, in situ tumor, and
invasive tumor were present within the single section studied, there-
fore allowing comparison of lumican expression within the stromal
elements associated with these epithelial components. Expression of
lumican was evaluated within normal and tumor compartments using
a semiquantitative approach as detailed in “Materials and Methods”
(Table 1). Lumican was found to be expressed at very low levels (<1}
within the collagenous stromal tissues associated with normal ducts
and lobules in all but | of the 24 cases, whereas expression was
evident at higher levels (=1) in stromal fibroblast-like cells within the
collagenous stroma of 23 of 26 invasive tumors (P < 0.001; Fisher’s
exact test). Furthermore, a marked difference between stromal expres-
sion within adjacent matched regions of normal and invasive tumor
(i.e., difference between tumor and normal scores higher than 1) was
present in 16 of 24 cases in which this could be directly compared (see
Fig. 1D). In 16 of 23 cases in which lumican expression was high in
the invasive tumor, the ductal or lobular carcinoma in situ components
of the tumor were associated with equivalent or higher levels of
lumican expression in the immediately adjacent periductal or peri-
lobular stroma (see Fig. 1, B and D).

The relationship between lumican expression and prognostic fac-
tors was conducted by Fisher’s exact test analysis. For this purpose,
tumors were divided into two subgroups with high (>1; n = 17) or
low (=1; n = 9) levels of lumican expression and with different tumor
characteristics (high or low tumor grade, younger and older patients,
high or low ER status, high or low PR status, and presence or absence
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Table | Clinical and pathological features of breast wumors studied for lumican mRNA expression by in siw hybridization

Lumican score

Tumor characteristic

No. Normal Tumor Nottingham grade Age (yr) ER status PR status NS
1 0.1 (0.1 X 1.0) 0.1(0.1 X 1.0 5 48 - - +
2 0.0(0.0x0.1) 0.2(0.1 X 2.0) 6 56 + - +
3 0.1 (0.1 X 1.0) 0.3 (0.1 X 3.0) 7 80 - - +
4 0.0 (0.0 X 0.0) 1.0(1.0 X 1.0) 5 66 + - +
5 0.5(0.5 X 1.0) 1.0 (0.5 X 2.0) 5 7 + + -
6 0.0 (0.0 X 0.0) 1.0(0.5 X 2.0) 6 61 + + -
7 0.1 (0.1 X 1.0) 1.0 (0.5 X 2.0) 6 58 + + +
8 0.1 (0.1 X 1.0) 1.0(0.5 X 2.0) 9 46 - - +
9 0.1 (0.1 X 1.0) 1.0(05 X 2.0 5 75 + + -

10 0.0 (0.0 X 0.0) 1.5 (0.5 X 3.0) 9 38 - - -
11 0.1 (0.1 X 1.0) 2.0¢1.0 X 2.0) 8 72 + + -
12 2.0(1.0 X 2.0) 2.0(1.0 X 2.0) 8 45 - + -
13 0.1 (0.1 X 1.0) 20(1.0x2.0) 4 57 - + -
14 — 2.0 (1.0 X 2.0) 7 2 - + +
15 0.1 (0.1 X 1.0) 2.0(1.0 X 2.0) 8 48 - - +
16 0.1(0.1 X 1,0) 2.0(1.0 X 2.0) 7 36 + + +
17 — 2.0(1.0 X 2.0) 8 34 - - +
18 0.1 (0.1 X 1.0) 3.0(1.0 X 3.0) 6 72 + + -
19 0.1 (0.1 X 1.0) 3.0 (1.0 X 3.0) 4 44 - - -

20 0.1(0.1 X 1.0) 3.0(1.0 X 3.0) 7 63 ~ - +

21 0.1 (0.1 X 1.0) 3.0 (1.0 X 3.0) 5 51 - + +

22 0.5(0.5 X 1.0) 3.0 (1.0 X 3.0 8 37 - + +

23 0.1 (0.1 X 1.0) 3.0(1.0 X 3.0 9 51 - - -

24 0.0 (0.0 X 0.0) 3.0(1.0 X 3.0) 8 66 + - -

25 0.1(0.1 X 1.0) 3.0(1.0x3.0) 7 45 - + +

26 0.1(0.1 X 1.0) 3.0(1.0 X 3.0) 6 44 - + +

“ For each case, lumican score (proportion of positive cells X estimated average intensity), determined as indicated in “Materials and Methods,” is given for normal and tumor

components. —, compartment not present within studied section; NS, axillary nodal status.

of axillary nodes, as specified in “Materials and Methods”). Increased
lumican expression was associated with higher tumor grade
(P < 0.04), younger patient age (P < 0.04), and ER status (P < 0.05).
No correlation was observed between lumican expression and PR
levels or nodal status. The conclusion that lumican expression is
restricted to stromal cells was further supported by RT-PCR analysis
of RNA extracted from several epithelial breast cancer cell lines
(T47-D, T47-D5, MCF-7, MDA-MB-231, MDA-MB-468, and BT20)
that did not show detectable levels of lumican mRNA (data not
shown).

Analysis of Lumican mRNA Expression in Relation to Breast
Tumorigenesis. To determine the relationship between the increased
expression of lumican mRNA and breast lesions associated with
increasing risk of invasive cancer, a range of tissues containing
normal breast tissue, benign proliferative lesions, preinvasive ductal
carcinoma in situ, and invasive carcinoma were studied by RT-PCR
assay. This was performed on 1 mg of total RNA, extracted from
histologically defined frozen sections. Three independent PCR exper-
iments were performed that gave similar results as presented in Fig. 2.
A lumican-corresponding band was observed in all of the invasive
tumor samples but was undetectable or present only at low levels in all
of the normal samples, consistent with the results from in situ hybrid-
ization, as detailed above. Between these two extremes, a very faint
band or no band was detectable in proliferative disease without atypia
lesions, but high levels comparable with those seen in invasive tumors
were present in most pure -ductal carcinoma in siru samples. The
differences observed were not attributable to differences in input
c¢DNAs, as shown by the intensity of GAPDH signals in each samples.

SDS-PAGE Detection of Lumican Protein in Breast Tumors.
To characterize the lumican protein in breast tumor tissue, total
proteins were extracted from three cases expressing lumican mRNA,
as assessed by in situ hybridization. Western blot analysis of these
proteins using an antilumican serum revealed that lumican protein is
effectively expressed in breast tumor tissue (Fig. 3). Because several
forms of lumican have been described (11), which differ by their
glycosylated chains by sizes ranging from M, 65 to 150,000, the effect
of keratanase 11 and endo-B-galactosidase, which are capable of

degradating sulfated and nonsulfated polylactosamine chains, respec-
tively, was also investigated (Fig. 3). Keratanase II treatment had
little, if any, effect on the size of tumor-derived lumican, whereas the
endo-S3-galactosidase reduced the size of the lumican to a relatively
homogeneous component of M, 55,000. This corresponds in size to
the protein core of lumican observed in adult articular cartilage, which
is devoid of keratan sulfate or polylactosamine chains (11). Thus, the
tumor lumican appears to possess nonsulfated or poorly sulfated
polylactosamine chains rather than the more highly sulfated keratan
sulfate. Furthermore, there is no evidence of proteolytic degradation
of lumican occurring in the tumor because the protein core size
corresponds to that expected for the intact molecule following endo-
B-galactosidase treatment.

M NORMAL PDWA N

Fig. 2. RT-PCR analysis of lumican and GAPDH mRNA expression in normal samples
from reduction mammoplasties (VORMAL) and samples from proliferative disease with-
out atypia (PDWA; top), ductal carcinoma in siru (DCIS), and invasive ductal carcinoma
(INVASIVE; bottom). PCR products were mixed before separation on 2% agarose gels and
staining with ethidium bromide. Black arrow, product corresponding to lumican: gray
arrow, product corresponding to GAPDH. Lanes M, molecular weight marker (¢X 174 RF
DNA/Haelll fragments; Life Technologies, Inc., Grand Island, NY). Lane N, negative
control, no cDNA added during the PCR.
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Fig. 3. Immunoblotting analysis of lumican. Proteins were extracted from three human
breast tumors and lumican present in the extracts was analyzed by SDS-PAGE and
immunobiotting as described in “Materials and Methods.” An adult cartilage extract (Lane
) and three breast tumor extracts (Lanes 2-4) were analyzed directly. One breast tumor
extract was analyzed following treatment with keratanase II (Lane 5) and endo-S-
galactosidase (Lane 6). Left, migration position of molecular weight markers.

Discussion

{he data presented here demonstrate the presence and increased
expression of lumican mRNA in human breast tumors relative to
normal breast tissue. Lumican is a major constituent of the corneal
stroma that is thought to participate in the acquisition of corneal
transparency. by regulating collagen fibril diameter and interfibrillar
spacing (13, 14). Lumican expression has already been described in
several other human tissues, including skin, articular cartilage, heart,
placenta, skeletal muscle, kidney, and pancreas (11). This is, however,
to our knowledge, the first observation of lumican expression in breast
-i~ane, as well as its possible deregulation in tumorigenesis. Lumican
+viongs to the family of small interstitial leucine-rich proteoglycan
proteins. Like other members of this family (decorin, biglycan, and
fibromodulin), the lumican core protein contains a central region of
leucine-rich repeats flanked at either side by a disulfide-bonded do-
main. The central region of the molecule possesses four asparagine
residues capable of participating in N-linked glycosylation. Modifi-
cation of N-linked glycosaccharides by sulfation of their polylac-
tosamine units led to the classification of lumican as a keratan sulfate
proteoglycan. Small keratan sulfate proteoglycans have been shown to

rize collagen fibrils in extracellular matrix and may, therefore, be
- sived in the maintenance of tissue stromal structure (15, 16).
However, other potential functions include the ability to influence cell
adhesion or cell growth through interactions with growth factors (17,
18). Modifications of extracellular matrix components during tumor
progression have been extensively reported, and the potential impor-
tance of proteoglycans in particular has also been underlined in both
colon and breast cancer (19-24). In colon cancer, increased stromal
expression of both large and small proteoglycans has been observed in
tumor stroma, whereas ectopic expression of decorin in a colon tumor
~¢! line reduced growth and tumorigenic potential. In breast cancer,
different proteoglycans are distinct in their pattern of expression (21).
The large proteoglycan versican has been shown to be prominent in
the fibrous stroma within invasive tumor. as compared to surrounding
normal tissue stroma (24). This contrasts with the pattern of expres-
sion of small leucine-rich chondroitin and dermatan sulfate proteo-
$IYCans, which were predominantly localized by immunocytochem-
15try to surrounding normal tissues and were absent from the invasive
tumor stroma (24).

LUMICAN EXPRESSION IN BREAST CANCER

Our results suggest that increased expression of lumican can occur
in tumor stroma in a similar pattern to that of versican. We have also
found, albeit in a small cohort, an association between increased
lumican mRNA expression and high tumor grade, younger patient
age, and low ER levels, all of which are factors that are associated
with increased tumor aggressiveness. Further study is needed to
confirm this in a larger cohort and to distinguish whether this reflects
a cause or an effect of increased tumor progression.

Here, we show that lumican protein is present in breast tumors
mainly in its nonsulfated polylactosamine form. Such a nonsulfated
form of lumican has already been described in noncorneal tissues,
including articular cartilage and aorta (11, 25). The putative functions
of lumican in noncorneal tissues, as well as the possible influences of
its glycosylation state, remain to be established. In cornea, a conver-
sion from nonsulfated polylactosamine chains to keratan sulfate
chains, concurrent with eye opening, is suspected to contribute di-
rectly to corneal transparency (13, 26). Conversely, poorly sulfated
chains replace highly sulfated ones during pathological conditions of
the cornea including stromal inflammation and scarring (27, 28).
Funderburgh et al. (28) recently demonstrated that, in contrast to the
highly sulfated form of lumican, the nonsulfated form of the protein
promotes macrophage attachment and spreading. This action is
thought to be mediated through a high-affinity receptor for lumican,
expressed in a constitutive manner by macrophages and different from
the already described scavenger receptor or from receptors for other
extracellular matrix molecules. This receptor recognizes the lumican
protein both in glycosylated and deglycosylated forms through struc-
tures that can be masked by keratan sulfate chains. Poorly sulfated
lumican could, therefore, act to localize macrophages in regions of
inflammation. One could speculate that increased expression of lumi-
can in its nonsulfated state in breast cancer may be a mechanism that
encourages macrophage adhesion and localization within the tumor.
This increased macrophage concentration could in turn influence
angiogenesis and prognosis through the production of tumor-associ-
ated macrophage cytokine production (29, 30).

In conclusion, the detection of lumican in the stromal reaction
within breast carcinoma suggests than this proteoglycan may have a
role in breast tumorigenesis and progression. Further studies are
needed to determine the exact function of lumican in breast tissues
and how changes in its expression and in its glycosylation pattern
modify properties of the extracellular matrix or the adjacent tumor
cells.
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MAMMAGLOBIN, A POTENTIAL MARKER OF BREAST
CANCER NODAL METASTASIS
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SUMMARY

The Mammaglobin gene, a breast-specific member of the uteroglobin gene family, has been previously identified as being
overexpressed in some breast tumours, but the cellular origin and relationship to tumour progression are unknown. Using a subtractive
hybridization approach, mammaglobin mRNA has also been found to be overexpressed in the in situ compared to the invasive element
within an individual breast tumour. Further study by in situ hybridization performed in 13 breast tumours, selected to include normal,
in situ, and invasive primary tumour elements, and in most cases axillary lymph node metastases, revealed that mammaglobin expression
occurs in all elements, is restricted to epithelial cells, and is significantly increased in tumour cells compared with normal cells (p<0-04).
Analysis of mammaglobin expression within 20 independent primary breast tumours and their corresponding axillary lymph nodes
revealed that all 13 lymph nodes positive and none of the seven nodes negative for metastatic breast carcinoma by histology
were mammaglobin-positive by reverse transcription-polymerase chain reaction (RT-PCR) (p=0-0001). These results suggest that
mammaglobin could be a marker of axillary lymph node breast metastases. Copyright © 1999 John Wiley & Sons, Ltd.

KEY WORDS—breast cancer; tumour progression; mammaglobin; uteroglobin; metastasis; marker; lymph node; subtractive hybridization

INTRODUCTION

The detection of breast cancer metastases and
micrometastases based on specific genetic markers may
provide useful information to guide early therapeutic
decisions.! Various biological markers have been pro-
posed for the detection of breast cancer cells, including
Keratin-19 and Muc-1,% but the frequency of expression
of these markers is often related to tumour differenti-
ation and is not always confined to breast tissue.? This
relates in part to the fact that most potential markers are
derived initially from the study of other tissues and
systems.

In order better to understand the molecular alter-
ations that are specifically involved in breast tumour
progression and that might provide molecular targets
for detection, we:and others have undertaken direct
studies of human breast tumours. These studies aim to
identify genes differentially expressed between normal
and neoplastic tissue, or between different components
of the same human breast tumour.4-¢ Mammaglobin, a
member of the uteroglobin gene family, has recently
been identified by this approach as a gene that is
overexpressed in breast tumours.” In this study, we have
also identified mammaglobin mRNA as being differen-
tially expressed between the non-invasive in situ and
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invasive components of a single breast tumour. We have
gone on to investigate the cellular origin in vivo and the
pattern of expression of mammaglobin mRNA in
relation to tumour progession within primary tumours
and their nodal metastases by in situ hybridization
and reverse transcription-polymerase chain reaction
(RT-PCR).

MATERIALS AND METHODS

Human breast tissues

All breast tumour cases were selected from the NCIC-
Manitoba Breast Tumour Bank (Winnipeg, Manitoba,
Canada). As previously described, all cases in the bank
have been processed to create formalin-fixed and
paraffin-embedded tissue blocks and mirror-image
frozen tissue blocks.® Histopathological analysis has
been performed on haematoxylin and eosin (H&E)
stained paraffin sections from the former block in each
case to determine the tumour type, tumour grade
(Nottingham system),® and the distinction between
in situ and invasive elements. Steroid receptor status has
been determined for all cases by ligand binding assay
performed on an adjacent portion of tumour tissue.
Tumours with oestrogen and progesterone receptor
levels below 3 and 10 fmol/mg of total protein, respect-
ively, were considered ER- or PR-negative. Three
groups of cases were used in this study as detailed below.

The initial ‘microdissection case’ consisted of a single
tumour (tumour No. 2, Table I) with extensive in situ
lobular and limited (<25 per cent) invasive lobular
components.
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Table I—Clinical and
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pathological features of the breast tumours studied for mammaglobin mRNA expression by in situ

hybridization*
Mammaglobin score Tumour characteristics
Normal In situ Invasive Nodal Age
No.  ducts/lobules carcinoma carcinoma metastasis  Tumour type (years) Grade ER PR NS
1 0-:0(0-0x0-0) 01(1-0x01) 00(00x00) 01(1-0x01) Ductal NOS 56 11 47 49 +
2 02(20x01) 1530x05 00(0-0x%x00) 10(2:0x05) Lobular 45 11 35 28 +
3 0-1(1-0x01) 022:0x01) 00(00x00) na Lobular 75 I 74 91 -
4 01(1-0%x01) 05(1-:0%x05 01(1-0x01) 02(2:0x01) Ductal NOS 48 I 06 22 +
5 02(20%01) 20(2:0x1:0) 10(1-0x1-0) 20(2:0%x10) Lobular 58 11 37 159 +
6 01(10%x01) 01(1-0x01) 10(20x05) 15(30x0-5 Ductal NOS 63 11 1.8 122 +
7 02(20x01) 02Q20x01) 2002:0x10) na Lobular 70 I 92 53 -
8 0:0(10x00) 20(20x10) 3030x10) 30(30x10) Lobular 48 I 103 72 +
9 0:0(0:0x01) 20(2:0x1:0) 30(30x10) na Ductal NOS 72 111 32 46 -
10 01(1-0x01) 01(1-0x01) 30(30x10) 20(2:0x10) Duct-Lob mix 44 II 06 27 +
11 0:0(0-0x00) 00(0x00) 00(00x00) 00(00x00) Ductal NOS 80 It 1 85 +
12 0-5(1-0x0-5) 00(00x00) 00(00x00) 00(00x0-0) Ductal NOS 36 II 22 42 +
13 0-2(20x0-1) 0-0(0:0x0-0) 0-0(0-0x00) na Ductal NOS 32 I 58 41 +

*No=case number. The level of mammaglobin expression within normal ducts and lobules, in sizu tumour, invasive tumour, and nodal metastasis
components in each case is indicated by an overall score (shown in bold) derived from the product of the average signal intensity x the proportion
of positive epithelial cells in each region (shown in parentheses) as described in the Materials and Methods section. Tumour type: ductal
NOS=invasive ductal carcinoma; lobular=invasive lobular carcinoma; duct-lob mix=mixed invasive ductal and invasive lobular carcinoma. Grade:
Nottingham grade score. ER/PR: oestrogen and progesterone receptor levels in fmol/mg total protein. na: not available. NS: axillary nodal status,

+=node-positive; — =node-negative.

For the in situ hybridization studies, a series of 13
tumours was selected that contained normal ducts and
lobules, and ir situ and invasive tumour components,
within a single section. For nine of these cases,
axillary lymph node metastases were also available and
these tissue blocks were analysed simultaneously.
The histological features are summarized in Table 1.
These cases, which included the initial microdissection
case, comprised invasive ductal (n=7), invasive lobular
(n=5), and invasive mixed duct and lobular (n=1)
carcinoma types. The tumour grades ranged from high
(grade III, n=2), through intermediate (grade II, n=38),
to low (grade I, n=3), and the steroid receptor status
included both ER-positive (#=9) and ER-negative
cases (n=4).

For the RT-PCR analysis studies of mammaglobin
expression, a second panel of 20 primary breast tumours
and their corresponding axillary nodes was selected.
This panel included 13 node-positive tumours and seven
node-negative tumours and in each case, the nodal
status (i.e. absence, lymph node-negative; or presence,
lymph node-positive) of the frozen tissue lymph node
block that was used for this analysis was determined by
histological analysis of H&E-stained sections from the
adjacent mirror-image formalin-fixed and paraffin-
embedded block. In this series, 18 cases were invasive
ductal and two were invasive lobular carcinomas and the
majority were high (n=7) or intermediate (n=11) grade,
and ER-positive (n=16).

Subtractive hybridization analysis

The microdissection of the initial single tumour case
was performed as previously described.® After extraction

Copyright © 1999 John Wiley & Sons, Ltd.

of total RNA, the subtractive hybridization was per-
formed as previously described, using the in situ and the
invasive component of the initial microdissection case as
the tester and the driver, respectively.*

In situ hybridization

Paraffin-embedded 5 um breast tumour sections were
analysed by in situ hybridization according to a pre-
viously described protocol.> The plasmid Mam-503,
which consisted of PCR®II plasmid (Invitrogen, San
Diego, CA, US.A), containing a 503 bp insert of
mammaglobin cDNA between bases 1 and 503,7 was
used as a template to generate [35S] UTP-labelled sense
and antisense riboprobes using Riboprobe® Systems
(Promega, Madison, WI, U.S.A.) according to the
manufacturer’s instructions. Sections were then devel-
oped and counterstained with H&E after 15 days.
Levels of mammaglobin expression were assessed in
normal, in situ, invasive, and, when possible,
nodal metastastic regions by bright-field microscopic
examination at low magnification and using a previously
described semiquantitative approach.!® Scores were
obtained for each component by estimating the
average signal intensity (on a scale of 0-3) and the
proportion of epithelial cells showing a positive signal
(0, none; 01, less than one-tenth; 0-5, less than
one-half; 1-0 greater than one-half). The intensity and
proportion scores were then multiplied to give an over-
all score. Statistical comparisons between matched
compartments were performed using the two-tailed
Wilcoxon signed rank test. The correlation between
mammaglobin expression within the invasive component
and the corresponding nodal metastasis was established

J. Pathol. 189: 28-33 (1999)
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by calculation of the Spearman rank correlation
coefficient.

RT-PCR analysis

One microgram of total RNA was reverse-transcribed
in a final volumé of 20ul and 1yl of the reaction
mixture subsequently amplified by PCR as previously
described.® The primers used corresponded to mamma-
globin (sense, exon 1, 5-CCGACAGCAGCAGCC
TCAC-3', located in the mammaglobin sequence between
bases 41 and 597 and antisense, exon 3, 5-TCCGT
AGTTGGTTTCTCAC-3', located in the mammaglobin
sequence between bases 401 and 3837) and to the ubiqui-
tously expressed glyceraldehyde-3-phosphate dehydro-
genase (GAPDH) gene (sense 5-ACCCACTCCTC
CACCTTTG-3" and antisense 5'-CTCTTGTGCTCTT
GCTGGG-3'). To amplify ¢cDNA corresponding to
mammaglobin and GAPDH, 30 cycles (30 s at 94°C, 30 s
at 55°C, and 30s at 72°C) of PCR were used. Ten
microlitres of mammaglobin PCR and GAPDH PCR
were mixed and analysed by electrophoresis on
prestained (ethidium bromide, 15ug/ml) 2 per cent
agarose gels. The identity of the expected 361 bp long
fragment corresponding to mammaglobin was confirmed
by sequencing. Association between mammaglobin
expression within nodal metastasis and histopathologi-
cal determination of nodal status was tested using
Fisher’s exact test.

RESULTS

Identification of mammaglobin mRNA in breast cancer

A ‘microdissection case’ that contained lobular carci-
noma in situ associated with invasive carcinoma was
selected and frozen tissue blocks were subjected to
microdissection to obtain material for extraction of total
RNA corresponding to both regions.# This RNA pro-
vided the substrate for a recently described subtractive
hybridization technique.# Upon completion of subtrac-
tion, a 503 bp long fragment was isolated as correspond-
ing to a gene overexpressed in the in situ compartment
(data not shown). Sequencing of this fragment identified
nucleotides 1-503 of the sequence encoding mamma-
globin, a recently described putative member of the
uteroglobin famity.”

Assessment of mammaglobin mRNA expression in
normal breast tissue, in situ and invasive tumour
elements and corresponding axillary lymph nodes

To establish which cells express mammaglobin mRNA
within breast tumour tissues and to examine the distri-
bution of the expression of this mRNA within different
breast tumour components, 13 cases that included both
lobular and ductal tumours were selected from the
NCIC-Manitoba Breast Tumour Bank. For each case,
the age of the patient and clinical characteristics of the
tumour [i.e. Nottingham grade, oestrogen receptor
(ER), progesterone receptor (PR) levels, as determined

Copyright © 1999 John Wiley & Sons, Ltd.

by ligand binding assay, and nodal status] are given in
Table 1. Paraffin tissue sections containing normal ducts/
lobules, in situ and invasive elements were studied by
in situ hybridization, together (when available) with
corresponding axillary lymph node paraffin sections
(Fig. 1). No signal was detectable when a sense probe
was used (Fig. 1A). In contrast, a signal varying in
intensity was observed in epithelial cells when an anti-
sense probe was used (Figs 1B-1D). Mammaglobin
mRNA was not detected in stromal or inflammatory
cells in any of the sections studied. Expression of mam-
maglobin was quantified in each component using a
semi-quantitative approach described in the Materials
and Methods section (Table I). Although mammaglobin
mRNA was found to be overexpressed in the in situ
tumour cells compared with normal adjacent epithelial
cells in 7/13 cases, this difference did not reach statistical
significance (Wilcoxon signed rank test, n=9, p>0-05).
Similarly, even though mammaglobin expression
appeared higher within the invasive component com-
pared with normal adjacent elements in 6/13 cases, this
difference was not statistically significant (Wilcoxon
signed rank test, n=10, p>0-05). However, when both
in situ and invasive elements were combined, mamma-
globin expression observed in tumour was higher than
that seen in normal adjacent cells (Wilcoxon signed rank
test, n=12, p<0-02). This suggests that although mam-
maglobin mRNA is predominantly overexpressed in
cancer cells within the primary tumour, the exact stage
at which this increase in expression occurs varies
between tumours and the nature of the alteration is
complex. For example, when comparing matched in situ
and invasive components, the mammaglobin mRNA
level was found to be increased within in situ elements in
5/13 (40 per cent) cases (Table I, cases 1-5) but was
increased within invasive elements in 5/13 (40 per cent)
cases (Table I, cases 6-10) and was similar and low in
3/13 (20 per cent) cases (Table I, cases 11-13).

In nine cases, a paraffin tissue block from a synchro-
nous nodal metastasis was also available for study.
Mammaglobin expression was detectable within metas-
tastic tumour cells in 7/9 cases and was undetectable
only in the two cases where mammaglobin expression
was absent in the primary tumour (Table I). This
detection was possible in both early metastasis within
the subcapsular sinus (Fig. 1C) and established metasta-
sis (Fig. 1D). Evaluation of the level of mammaglobin
mRNA expression within these lymph node metastases
revealed a significantly (Wilcoxon signed rank test, n=38,
p<0-04) higher level than that detected in matched
normal breast tissue. The level of expression of mamma-
globin mRNA within axillary lymph node metastatic
cells was also found to correlate closely with the level
observed within matched invasive elements (Spearman
r=0.89, p<0-002).

Mammaglobin mRNA expression within the primary
invasive tumour component appeared to be unrelated to
several pathological indicators of tumour differentiation
and prognosis. Expression was observed in both invasive
ductal and lobular tumour types and increased expres-
sion showed no relation to tumour grade, the level of
steroid receptors, or the presence or absence of nodal
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Fig. 1—Expression of mammaglobin mRNA in a primary breast tumour and concurrent nodal metastases (case 10, Table I) studied by

in situ hybridization. Plates A and B illustrate consecutive sections from the primary tumour showing a normal lobular unit (in the
middle) surrounded by invasive lobular carcinoma. Plate C shows a focus of early metastatic tumour confined to the subcapsular lymph
node sinus. Plate D shows established nodal metastasis in an adjacent lymph node. (A) sense probe; (B, C, D) antisense probe

metastasis. Similarly, cases which showed an apparent
reduction in the level of expression between in situ and
invasive elements of the primary tumour showed no
distinguishing features from those which showed the
opposite changes.

Detection of mammaglobin mRNA expression in
axillary nodal metastases

Because it was possible to detect mammaglobin
mRNA in axillary lymph node metastases in seven out
of nine metastases by in situ hybridization, and because
this mRNA had previously been described as being
absent from normal lymph node tissue,” we investigated
the possibility that mammaglobin could be a marker of
axillary lymph node metastases. Twenty independent
cases were selected, 13 axillary lymph node-positive and
seven node-negative. Total RNA was extracted from
frozen primary tumour sections and frozen node sec-
tions of corresponding axillary lymph nodes. The histo-
logical status of all tissues was confirmed in paraffin
sections cut from adjacent mirror-image paraffin tissue
blocks that had been processed in parallel to the frozen
blocks.® Total RNA was reverse-transcribed and ana-
lysed by RT-PCR using primers recognizing specifically
mammaglobin ¢cDNA and chosen to span intronic
regions. PCRs were performed in triplicate with repro-

Copyright © 1999 John Wiley & Sons, Ltd.

ducible results. The identity of the PCR product
obtained was confirmed by sequencing. As shown in
Fig. 2, no mammaglobin expression was detected in
lymph nodes from cases without histologically detect-
able tumour cells (0/7 cases). In contrast, all lymph
nodes previously identified to contain metastatic breast
tumour cells following histopathological assessment had
detectable mammaglobin expression (13/13 cases). The
RT-PCR detection of mammaglobin mRNA in axillary
lymph nodes appeared, therefore, strongly associated
(Fisher’s exact test, p<0-0001) with the histopathological
detection of lymph node metastases.

Consideration of the frequency of mammaglobin
mRNA expression detectable by RT-PCR in this series
(as opposed to in situ hybridization as performed in the
first series) shows that 16/20 primary tumours were
positive overall. The absence of signal in four cases
could not be attributed to degraded RNA and/or
c¢DNA, as shown by the amplification of the ubiqui-
tously expressed GAPDH cDNA in the same cDNA
samples. These mammaglobin-negative cases included
ductal (n=3) and lobular (n=1) tumour types, both high
(n=3) and intermediate grade (n=1) and ER-positive
{n=2) and -negative (n=2) tumours. Mammaglobin was
detected at a higher frequency in primary tumours that
were node-positive (12/13 cases, 90 per cent) than in
primary tumours that were node-negative (4/7 cases, 60
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Fig. 2——RT-PCR analysis of mammaglobin and GAPDH mRNA expression in primary breast tumours (P) and their
corresponding axillary lymph nodes (N) histologically shown to contain (node-positive) or not to contain (node-negative)
metastases. PCR products were mixed before separation on 2 per cent agarose gels prestained with ethidium bromide. Black
arrow: product corresponding to mammaglobin; grey arrow: product corresponding to GAPDH. M: Molecular weight marker
(px174 RF DNA/Hae HI fragments; Gibco BRL, Grand Island, NY, U.S.A.). N: Negative control; no ¢cDNA added during

the PCR

per cent), although a similar trend was not seen in the
initial series studied by in situ hybridization.

DISCUSSION

Mammaglobin has recently been identified as a breast-
specific gene overexpressed by approximately 23 per cent
of primary breast tumours.” Mammaglobin is considered
to be a member of the uteroglobin gene family and also
maps to a region,!! 11q13, that is frequently associated
with alterations in breast tumourigenesis,'?-!8 but the
cellular origin of expression of mammaglobin and the
relationship between expression and tumour progression
has not been previously determined. Qur results show
that the pattern of mammaglobin expression within
breast tissues and tumour components is complex.
Expression, is however, restricted to mammary epithelial
cells, and in those tumours that show overexpression
of mammaglobin in the invasive primary tumour,
this expression appears invariably conserved in the
concurrent axillary nodal metastases.

Mammaglobin was identified in the present study
through detailed analysis of a single breast tumour to
distinguish genes differentially expressed at early stages
of tumour progression. The initial observation suggested
that mammaglobin might be more highly expressed in the
pre-invasive in situ than in the invasive elements of
breast tumours. This is a pattern of expression that

Copyright © 1999 John Wiley & Sons, Ltd.

would be consistent with data which suggest that expres-
sion of the uteroglobin can influence the invasiveness of
epithelial tumour cells in other tissues.!%2° However,
subsequent analysis revealed a more complex pattern of
expression. In some cases (=20 per cent), expression
was undetectable by in situ hybridization at all stages; in
some (~40 per cent), the expression changed little, or
even declined with progression from in situ to invasive
discase; and in others (x40 per cent), the expression
increased. We also found that mammaglobin mRNA
expression, measured by either in situ hybridization or
RT-PCR in the primary tumours, was unrelated to
tumour type, grade, or steroid receptor levels, as has
been previously reported.”.!!

This complexity in expression may be related to the
fact that the mammaglobin gene is localized to a chro-
mosomal region, 11q13, that has been previously shown
to be commonly modified during breast tumourigenesis.
Alterations at this locus inctude loss of heterozygosity at
markers adjacent to and on either side of the mamma-
globin gene (Pygm and Int-2) occurring at increasing
frequencies (from 9 per cent up to 67 per cent of
informative cases) in association with progression from
atypical ductal hyperplastic breast lesions, through lobu-
lar and ductal in situ neoplastic lesions, to invasive
breast cancer.1:13:18 Amplification of the 11q13 region
that includes several known genes such as int-2, cyclin
D1 and ems-1 has also been observed in up to 15 per
cent of invasive breast carcinomas,'#-'7 although the
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amplified region may not directly involve the mamma-
globin gene. The possible role of 11q13 modifications in
the differential expression of the mammaglobin gene
between normal and malignant breast tissue thus
remains to be addressed.

In the course of our own molecular studies, even
though based on the careful microdissection of regions
containing a majority of epithelial cells, we have ident-
ified genes expressed only by epithelial cells,> only by
fibroblastic cells,!® or by both tumour and stromal cell
types (our unpublished data). Therefore, the determi-
nation of the epithelial cellular origin and range of
tumour components that express a particular gene
in vivo, as opposed to within established cell lines, is of
crucial importance if we are to understand the molecular
functions of encoded proteins and their potential
applications as tumour cell markers.

Given the previous suggestion that mammaglobin
expression is restricted to breast tissues,” we have exam-
ined the potential of this gene to be a marker of breast
metastasis within axillary lymph nodes. Using RT-PCR,
it was possible to detect mammaglobin in 13 out of 13
sections from axillary lymph nodes shown by histo-
pathological examination of adjacent paraffin sections to
contain metastatic cells and in none of seven nodes that
were negative. The increased frequency of detection of
mammaglobin in breast tumour cells using RT-PCR
(primary 16/20 cases, 80 per cent; metastasis 13/13 cases,
100 per cent), compared with in situ hybridization
(primary 10/13 cases, 77 per cent; metastasis 7/9 cases, 77
per cent) or northern blot (primary 23 per cent) as used
by others,” is most likely due to differences in sensitivity
between assays.

The physiological role of mammaglobin in breast
tissue is unknown, as is its possible involvement in breast
tumourigenesis. OQur data suggest, however, that mam-
maglobin gene expression is modified during breast
tumourigenesis and that it may be a good candidate
marker for the detection and characterization of breast
cancer metastasis.
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Alteration of psoriasin (S100A7) expression has pre-
viously been identified in association with the transi-
tic: from preinvasive to invasive breast cancer. In
this study we have examined persistence of psoriasin
mRNA and protein expression in relation to prognos-
tic factors in a cohort of 57 invasive breast tumors,
comprising 34 invasive ductal carcinomas and 23
other invasive tumor types (lobular, mucinous, med-
ullary, tubular). We first developed an IgY polyclonal
chicken antibody and confirmed specificity for pso-
riasin by Western blot in transfected cells and tumors.
The protein was localized by immunohistochemistry
sredominantly to epithelial cells, with both nuclear
and cytoplasmic staining, as well as occasional stro-
mal cells in psoriatic skin and breast tumors; how-

ever, in situ hybridization showed that psoriasin

mRNA expression was restricted to epithelial cells. In
breast tumors, higher levels of psoriasin measured by
reverse transcriptase-polymerase chain reaction and
Western blot (93% concordance) were significantly
associated with estrogen and progesterone receptor-
negative status (P < 0.0001, P = 0.0003), and with
nodal metastasis in invasive ductal tumors (P =
0.035), but not with tumor type or grade. Psoriasin
expression also correlated with inflammatory infil-
trates (all tumors excluding medullary, P = 0.0022).
These results suggest that psoriasin may be a marker
of aggressive behavior in invasive tumors and are
consistent with a function as a chemotactic factor.
(Am J Patbol 1999, 155:2057-2066)

Earlier diagnosis of breast cancer has increased the
need for the identification of molecular alterations that
might serve as tissue markers to predict the risk of pro-
gression to metastatic disease. Among the most impor-
tant of these alterations are likely to be those associated
with the development of the invasive phenotype and the
transition from preinvasive to invasive cancer with the
capability for subsequent metastasis.

We have recently identified psoriasin (S100A7) as a
gene that is frequently overexpressed in preinvasive duc-
tal carcinoma in situ (DCIS) relative to adjacent invasive
carcinoma, suggesting a role in breast tumor progres-
sion.” Other members of the S100 gene family of calcium-
binding proteins have been implicated in a range of
biological processes, including tumor metastasis.?2 In
particular, ST00A2 has been shown to be down-regu-
lated in breast tumor cells relative to their normal epithe-
lial cell counterparts,® whereas up-regulation of S100A4
has been strongly implicated in breast tumor metasta-
sis.*"® In the latter case this may reflect the ability of
S100A4 to influence cell motility,” the cytoskeleton®®2 or
cell adhesion molecules.'® Psoriasin was initiafly identi-
fied as a highly abundant protein belonging to the S100
gene family,* expressed by abnormally proliferating ker-
atinocytes in psoriatic epidermis.’® '3 It has subsequently
been shown to be a secreted protein that can exert an
effect as a chemotactic factor for inflammatory cells. 415
However, the function of psoriasin in breast cancer re-
mains to be determined.’® in this study we have devei-
oped a psoriasin-specific antibody and evaluated the
persistence of psoriasin expression in invasive breast
tumors with different invasive and metastatic potential as
well as host inflammatory response.

Materials and Methods

Human Breast Tissues and Cell Lines

All breast tumor cases used for this study were selected
from the NCIC-Manitoba Breast Tumor Bank (Winnipeg,
Manitoba, Canada). As has previously been described,!”
tissues accrue to the Bank from cases at multiple centers
within Manitoba and are rapidly collected and processed
to create matched formalin-fixed embedded and frozen
tissue blocks for each case, with mirror-image surfaces
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oriented by colored inks. The histology of every sample in
the Bank is uniformiy interpreted in hematoxylin/eosin
(H&E)-stained sections from the face of the paraffin tissue
block by a pathologist. This information is available in a
computerized database along with relevant pathological
and clinical information and was used as a guide for the
selection of specific paraffin and frozen blocks from
cases for this study. For each case interpretations in-
cluded an estimate of the cellular composition (including
the percentage of invasive epithelial tumor cells, collag-
enous stroma, and fatty stroma), tumor type, and tumor
grade for ductal tumors (Nottingham score).'®® The in-
flammatory host response was scored semiquantitatively
on a scale of 1 (low) to 5 (high). Steroid receptor status
was determined for all cases by ligand binding assay
performed on an adjacent portion of tumor tissue. Tumors
with estrogen and progesterone receptor levels above 20
fmol/mg and 15 fmol/mg of total protein, respectively,
were considered ER- or PR-positive.

Two cohorts of tumors were selected. The first cohort

comprised 35 invasive ductal carcinomas selected to-

include.six subgroups differing with respect to estrogen
receptor status (ER-positive and ER-negative) and tumor
grade (low, intermediate, high). Additional selection cri-
teria also included high tissue quality, presence of inva-

sive tumor within >35% of the cross section of the frozen + ..
- block for invasive ductal cases, and minimal (<5%) nor-."
mal or in situ epithelial components. The second cohort .

comprised 23 invasive tumors selected to include four

subgroups of different tumor types™® that vary in differ- -
entiation and metastatic potential, including invasive lob- -

ular (six), medullary (five), tubular (six), and colloid (six).
Similar secondary criteria were also used for this cohort.
For analysis of antibody specificity and for positive

controls for tumor assays, MCF7 human breast cancer -

cells obtained from the American Type Culture Collection
(Manassas, VA) were used. MCF7 cells were grown as
previously described under normal conditions in the
presence of 5% fetal bovine serum, to providé a negative

control.2° Alternatively MCF7 cells were subjected to es- -

trogen-deprived conditions in the presence of charcoal-
stripped serum before stimulation by estradiol (10™2
mol/L) for 48 hours before harvesting to induce psoriasin
expression and provide a positive control. As an addi-
tional positive control MDA-MB-231 human breast cancer
cells were transfected with a plasmid containing the cy-
tomegalovirus (CMV) promotor adjacent to the psoriasin
cDNA (Hiller-Hitchcock T, Leygue E, Cummins-Leygue
C, Murphy LC, Watson PH, manuscript in preparation),
and stable transfectants (CL7FD3 cell clone) expressing
psoriasin mRNA were also used.

Antibody Reagents

A psoriasin-specific chicken IgY polyclonal antibody was
generated by immunization of chickens with a 14-amino
acid peptide corresponding to the carboxy terminus of
psoriasin (KQSHGAAPCSGGSQ; Bionostics, Toronto,
and Aves Labs). A >90% pure IgY fraction from chicken
egg yolk was obtained in phosphate-buffered saline

(PBS) and then further purified by passing it over a pso-
riasin peptide affinity column made by binding the syn.
thetic peptide to N-hydroxy-succinimide-activated
Sepharose 4B (Pharmacia Biotech), according to the
manufacturer's instructions. The bound IgY was then
eluted with 5.0 mol/L sodium thiocyanate, followed by
dialysis against PBS. Additional antibodies used in-
cluded a commercial anti-S100 antibody (Sigma, St.
Louis, MO) as well as a rabbit polyclonal antibody, raised
against the recombinant protein (kindly provided by Prof
J. Celis, University of Aarhus, Aarhus, Denmark).

Western Blot Analysis

For tumors, multiple sections (10-20 X 20 um) were cut
from the face of frozen tissue blocks immediately adja-
cent to the face of the matching paraffin block.” For cell
lines, trypsinized cell pellets were obtained from breast
cancer cell lines (grown to ~80% confluence). Total pro-
tein lysates were extracted from both the cell line peliets
and frozen tissue sections, using Tri-reagent (Sigma), as
described by the manufacturer. The recovered protein
was dissolved in SDS isolation buffer (50 mmol/L Tris, pH
6.8, 20 mmol/L EDTA, 5% sodium dodecyl sulfate (SDS),
5 mmol/L B-glycerophosphate) and a cocktait of protease

“inhibitors - (Boehringer Mannheim, Laval, PQ). Protein

concentrations were determined using the Micro-BCA
protein assay kit (Pierce, Rockford, IL). Sixty micrograms
of total protein lysates were run on a 16.5% sodium
dodecyl sulfate-polyacrylamide ge! electrophoresis
(SDS-PAGE) mini gel, using Tricine SDS-PAGE to sepa-
rate the proteins,®! and then transferred to 0.2-um Nitro-
cellulose (Bio-Rad, Mississauga, ON). After blocking in
10% skimmed milk powder in Tris-buffered saline-0.05%
Tween (TBST buffer), blots were incubated with chicken

- 1gY anti-psoriasin antibody (~15 ug/mi in TBST), followed

by incubation with secondary antibody, rabbit IgG anti-
chicken IgY conjugated to horseradish peroxidase (1:
5000 ditution in TBST; Jackson ImmunoResearch Labo-
ratories), and visualization by incubation with Supersignal
(Pierce), per the manufacturer's instructions. Exposed
x-ray films were photographed, and the band intensities
were determined by video image analysis, using MCID
M4 software (Imaging Research, ST. Catherine’s, ON). All
signals were adjusted with reference to the psoriasin-
transfected MDA-MB-231 cell control (CL7FD3), run on
each blot.

Immunohistochemistry

Immunohistochemistry was performed on 5-um paraffin-
embedded breast tumor tissue sections from tissué
blocks fixed in 10% neutral buffered formalin for 18-24
hours. After deparaffinizing, clearing, and hydrating 10
PBS buffer (pH 7.4) containing 0.05% Tween 20
(Mallinckrodt), the sections were pretreated with hydro-
gen peroxide (3%) for 10 minutes to remove endogenous
peroxidases, and nonspecific binding was blocked with
normal rabbit serum (1:50; Sigma). Primary chicken IgY




anti-psoriasin antibody (1:500 dilution in PBS) was ap-
. piied for 1 hour at 37°C followed by washing and incu-
sation with the secondary antibody, peroxidase-conju-
-z:2d affinity purified rabbit anti-chicken (1:200 dilution),
:or 1 hour at room temperature. Detection was performed
with 3,3'-diaminobenzidine tetrahydrochloride peroxi-
dase substrate (Sigma) and counterstaining with methyl
‘ green (2%), followed by dehydration, clearing, and
mounting. A positive tissue control and a negative re-
agent control (normal rabbit serum only/no primary anti-

hody) were run in parallel in all experiments. Immuno-:

staining was scored semiquantitatively by assessing the
average signal intensity (on a scale of 0 to 3) and the
sreportion of tumor cells showing a positive nuclear sig-
nal (0, none; 0.1, less than one-tenth; 0.5, less than
nne-half; 1.0 greater than one-half). The intensity and
proportion scores were then multiplied to give an overall
score, and tumors with a score equal to or higher than 1.0
-were deemed positive.

Sltu Hybr/d/zat/on

um) according to a prevrously descnbed protocol ALi

“ earized psoriasin plasmid CDNA (1 0 p.g/;rl) was used to:
~generate UTPS*-jabeled sence ‘and ‘antisense” RNA -
. probes with the Riboprobe System (Promega, Madison, -
-WI) accordrng to the manufacturer’s instructions. Sense EE

In situ hybndrzatron was performed on paraffln sectrons (5’-:—

and antisense probes were equahzed by dllutrng 1x 108

cpm/ul in hybridization solution. These were then applied -
tc caraffin sections (approximately 30 pul of probe per: -

.sectlon) that had undergone postfixation with 4% para-::
formaldehyde (pH 7.4) in PBS and further pretreatments -
with triethanolamine/acetic anhydride and proteinase K -

‘before hybridization. Sections were then coverslipped,

sealed, and incubated overnight in a humid chamber at

42°C. After coverslip removal, sections underwent i incu-
bation in posthybridization solution and buffered RNase
A (20 pg/ul), followed by several washes in descending
c'utians of standard saline citrate buffer to remove
weakiy bound nonspecific label. After dehydration in eth-
anol containing 300 mmol/L ammonium acetate, the sec-
tions were coated in NTB-2 Kodak emulsion, subse-
Quently developed after various time intervals from 2to 5
weeks, and counterstained with Lee’s methylene blue
and basic fuchsin. Psonasm expression was assessed by
bright-field microscopic examination at low power {10X

- Objective) magnification with reference to the negative
S=nse and positive contro! tumor sections run with each
=27, Levels were scored semiquantitatively as previ-

: °USly descnbed22 by assessing the average signal inten-
 Sity (on a scale of 0 to 3) and the proportion of tumor cells
. Showing a positive signal (0, none; 0.1, less than one-
: tenth; 0.5, less than one-half; 1.0 greater than one-half).
- e intensity and proportion scores were then multiplied

) 10 give an overall score, and tumors with a score equal to_

. Or higher than 1.0 were deemed’ posmve
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Reverse Transcriptase-Polymerase Chain
Reaction Analysis

Reverse transcriptase-polymerase chain reaction (RT-
PCR) was performed based on extracted RNA (600 ng)
that was reverse transcribed in a total volume of 20 ul as
described previously.® Briefly, reverse transcription was
completed with the following reaction mixture: for each
sample, 200 ng (2 p! of 0.1 ug/ul) of total RNA was added
to 16 ul of RT mix (4 ul of 5X RT buffer; 1 ul of each of
dATP, dCTP, dGTP, and dTTP, all at 2.5 mmol/L; 2 pl of
0.1% bovine serum albumin; 2 ! of 0.1 mol/L dithiothre-
itol; 1 wl of 0.25 mol/l. random hexamer primer; 2 pl of
dimethyl sulfoxide (DMSQ), and 1 ul of 200 units/ul of
Moloney murine leukemia virus reverse transcriptase)
and incubated at 37°C for 1.5 hours. Each PCR was
performed in 50-ul volume, using 1 ul of the completed -
RT reaction (cDNA); 30.8 u! of sterile water; 5 pl of 10X

PCR buffer; 5 ul of 25 mmol/L MgCl,; 200 mmol/L each of

dATP, dCTP, dGTP, and dTTP; 1 pl of DMSO; 1 unit of

':'Taq DNA polymerase and 0.5 pl of 50 mmol/L PCR
‘primers. The psoriasin primers were sense (5’-AAG AAA

GAT GAG CAA CAC-3’) and antisense (5'-CCA GCA
AGG ACA GAA ACT-3') corresponding to the cDNA se- -

_quence 13, or alternatlvely, PCR "was performed ‘with

G ‘3" and antlsense (5'-CTC TG TGC TCT.TGC TGG'
°G-3'). 23 For PCR ampllflcatlon the reaction compnsed an

initial step of 5 minutes at 94°C, and then 45 cycles (30

" seconds at 94°C 30 seconds at 56°C, 30 seconds at

72°C) for psoriasin or 35 cycles (45 seconds at 93°C, 45
seconds at 58°C, 30 seconds at 72°C) for GAPDH. PCR
products of the two genes amplified from the same RT
reaction were loaded into the same wells onto a 1.5%

© agarose gel before electrophoresis and ethidium bro-
_mide staining to visualize psoriasin (246 bp) and GAPDH

(198 bp) cDNAs under UV illumination.

Preliminary experiments were performed with cell l|ne
and tumor RNA samples to establish the appropriate
RNA input and PCR cycle number conditions to achieve
amplification with both psoriasin and GAPDH primers in
the linear range in a typical sample. Tumors from each
cohort were processed as a batch, from frozen section-
ing to RNA extraction, reverse transcription in triplicate,
and then duplicate PCRs from each RT reaction. For each
batch controls included RT-negative and RNA-negative
controls and both psoriasin-positive {estradiol-stimulated
MCF7) and psoriasin-negative (untransfected, wild-type
MDA-MB-231 cells) RNA controls. All primary tumor PCR
signals were assessed in gels and autoradiographs by
video image capture and with a MCID-M4 image analysis
program. Psoriasin expression was standardized to
GAPDH expression assessed from the same RT reaction
in separate PCR reactions and run in parallel on the same
gel, and the mean of each duplicate PCR was then ex-
pressed relative to the levels in the MCF7 cell line stan-
dard. The invasive tumor component within each section
was also assessed in the adjacent mirror image paraffin... .
section, and the percentage area occupied by tumor was

el
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used to correct for differences in epithetial cell - ontent of
the tumor sections used for RNA extraction.

Statistical Analysis

For analysis of associations, standardized psoriasin
mRNA levels were used either as a continuous variable or
transformed into low- or high-expression categories, us-
ing a level of one relative density unit. This cutpoint was
selected to correspond to the lowest level at which pro-
tein could be detected by Western blot. Correlations with
estrogen (ER) and progesterone (PR) receptor levels and
inflammation were tested using Spearman's test. Associ-
ations with categorical variables were tested by either
Mann-Whitney or analysis of variance tests for selected
dependent variables, or unpaired i-test for independent
variables, or a ¥ test. . :

Results

Character/zat/on of Psor/asm SpeC/f c Ant/body

Multlple S100 protelns are expressed in mdnwdual tissues
and cells. To specifically distinguish psoriasin expression
within archival formalin-fixed and paraffin-embedded tis-

~ sues we raised a polyclonal antibody in chickeri against .= .-
a synthetic peptide that corresponded to the COOH ter- - -
minus of psoriasin. This 14-amino acid region was se-
- “lected on the basis of very fow. homology to other S100 -
proteins. Western blot ana|y3|s of an MDA-MB-231 breast "

cell line transfected with a plasmld incorporating psoria-
sin ¢cDNA under the control of a CMV promotor (and
known to express psoriasin mRNA by Northern btot; un-
published data) and breast tumors showed a single band
corresponding to a protein of approx 11.7 kd with the

chicken IgY antibody (Figure 1A). This signal could be .

completely inhibited by preincubation of the primary an-
tibody with psoriasin synthetic peptide (data not shown)

-_and was absent from the wild-type and vector-alone.

transfected MDA-MB-231 control cells. By comparison, a
commercial anti-S100 antibody (Sigma), known to detect
several S100 proteins in MDA-MB-231 cells,?* weakly
recognized the same 11.7-kd protein in transfected cells
as well as several other S100 proteins in most samples
(Figure 1B). Both antibodies reacted with additional
higher molecular mass bands in tumor samples. How-
ever, specificity of the 11.7-kd psoriasin signal was fur-
ther confirmed by Western blot using another anti-pso-
riasin polyclonal rabbit aritibody previously raised
against a recombinant psoriasin protein (data not
shown).

s

Localization of Cellular Expression of Psoriasin .

To assess cellular localization of psoriasin we studied
paraffin-embedded tissue blocks from breast, 'skin, and
larynx by immunohistochemistry. The breast tumors stud-
ied possessed either high (six cases) or low "(seven
cases) levels of psoriasin mRNA and total protein expres-
sion (determined by Western blot and RT—PCR analysns of

- (approx 11.7 kd) protein band seen in A.

i CL7FD3

Figure 1. Western blot analysis of cell lines and tumors to démo St
anti-psoriasin IgY antibody specificity. A: A protein band (approx-11

several $100-like proteins, using a commeraal polyclonal 5100
‘applied to the same samples, in addition to weak detecuon of

protein and RNA extracted from sections cut from th
adjacent mirror-image frozen tissue blocks). Skin biop
sies from the margins of two psoriatic lesions and?
squamous carcinoma of larynx were also studied,
psoriasin was originally identified as a highly expre
protein in psoriatic skin and has also been identified a
an expressed sequence tag in a cDNA library from laryr'i !
geal squamous carcinoma (http://www.ncbi.nim.nih.gov/:
UniGene/Hs.112408). All cases were subjected to both
immunohistochemistry and in situ hybridization on adja-»
cent paraffin sections, and both signals were assessed , :
independently, using a semiquantitative scoring system,;
as described in Materials and Methods.
In breast tumors psoriasin protein was detected pre-e-
dominantly within epithelial tumor cells and was localized 1
within both tumor cell nuclei as well as cytoplasm. Pso-"
riasin was also present within some stromal cells and ln £
some cases also on the luminal aspects of endothehal,a
cells within small vessels (Figure 2). However, in sn‘u’%
hybridization demonstrated that mRNA expression was
limited to epithelial tumor cells in all cases (Figure 2). The ’;
nuclear immunohistochemical staining was completely
abolished by competition with the immunizing peptlde ¢
and was not present in tumors that were negative forjn
psoriasin but showed additional immunoreactive bands;
on Western biot (eg, see case 13402, Figure 1, and case '
8840, Figure 4). Immunohistochemistry and Western blot
were concordant in 12/13 cases. In one case Western &
blot analysis was negative and weak focal staining was?
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Figure 2, Immunochistochemical and #n situ hybridization analysis of the cellular distribution and pattems of expression of psoriasin within psoriatic skin and
breast carcinoma. Psoriasin protein is localized in hyperplastic epidermis of skin to both nuclei (A, white arrow) and cytoplasm (4, black arrow) of

eratinocytes. Similar nuclear and cytoplasmic staining is seen in breast epithelial tumor cells (C, black arrow; case 8963). Psoriasin protein is also detected within
Occasional stromal inflammatory cells (C, white arrow). E: H&E-stained section from the same region of the tumor shown in C. Psoriasin mRNA expression in
skin is restricted to epithelial cells in suprabasal layers of epidermis (B) and scattered invasive epithelial tumor cells in breast tumors (D), detected using antisense
probe (B and D) compared to sense probe (F). Original magnification for all panels at the microscope, X200.

Seen by immunohistochemistry. Specificity of the nuclear
£3nal was further confirmed by the fact that the presence
¢~ -unohistochemically detected protein expression,

. @ssessed on the basis of nuclear staining, was highly
- Concordant (92%) with expression detected by in situ

hybridization mRNA. :
In skin, immunohistochemical staining was localized to
€ratinocytes within the mid to upper zones of the epi-
dermis of skin showing psoriasiform hyperplasia. These
keratinocytes corresponded to the cells that also showed

mRNA expression by in situ hybridization in adjacent
sections (Figure 2). The adjoining normal skin was neg-
ative. Occasional positive immunchistochemical staining,
but no mRNA signal, was also observed in stromal cells in
the dermis underlying the psoriatic iesion. As seen in
breast tumor cells, psoriasin protein was localized both to
the nucleus and cytoplasm within keratinocytes (Figure
2). The same nuclear and cytoplasmic localization was

also detected in a squamous laryngeal carcinoma (data
not shown). However, the polyclonal rabbit anti-psoriasin
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antibody previously shown to provide immunofluorescent
staining in frozen skin sections'2® did not detect any
signal on paraffin sections from skin or breast. Additional
experiments were performed with the chicken IgY anti-
psoriasin antibody on skin and breast tumor sections in
which immunohistochemical conditions (microwave ver-
sus protease antigen retrieval) and tissue treatment/fixa-
tion conditions (formalin versus alcohol versus parafor-
maldehyde versus frozen) were varied, and nuclear
localization persisted under all conditions (data not
shown).

Expression of Psoriasin mRNA in Invasive
Breast Tumors

The changes in psoriasin expression previously ob-
served in association with the transition from in situ to
invasive carcinoma suggested a functional role in the
early stages of progression. However, alteration of pso-

riasin expression in normal skin has also been assocxated )
with abnormal keratinocyte differentiation.”To examine

further the relationship of psoriasin with differentiation

and invasive_ness, we used RT-PCR and Western blot to
examine psoriasin mRNA and protein levels in a cohort of .

invasive tumors.:These.tumors lncluded several dlffere )
tumor types and a range’of differentiation, as determmed

by tumor grade and estrogen receptor status (Table 1).-: -
Psoriasin mRNA was' detected in all tumors by .RT- -

" PCR, but the levels varied considerably and were mostly . - -
low (Figure 3). Within the invasive ductal subgroup there

was no significant difference in psoriasin expression with
tumor grade. There was also no significant difference
between tumor size or type, although there was a trend

toward lower levels of expression in both well- differenti-

ated tumor types, tubular -and mucinous carcinomas,
whereas lobular and medullary carcinomas showed a
trend toward higher expression than invasive ductal tu-
mors. However, higher levels of psoriasin mRNA expres-
sion showed a significant inverse correlation with both ER
and PR levels (r = —0.66, P = 0.0001; r = —047, P =
0.0003, Spearman) and with ER and PR negative status
(ER-ve vs. ER+ve; n = 28 vs. 29, mean (SD) 1.032 (0.7)
vs. 0.32 (0.36), P < 0.0001 Mann-Whitney; PR-ve vs.
PR+ve, n = 25 vs. 32, 1.05 (0.72) vs. 0.37 (0.40), P <
0.0001) in all tumors and within the invasive ductal sub-
group. Psoriasin expression was also higher in axillary
node-positive cases in all tumors (mean (SD) = 0.86
(0.73) vs. 0.59 (0.66), and the difference was statistically
significant for the invasive ductal subgroup (mean (SD) =
0.88 (0.79) vs. 0.38 (0.28), P = 0.035, t-test). These
relationships with ER, PR, and nodal status (Table 2) were
also evident and remained statistically. significant after
correction of psoriasin levels for the relative tumor cell
content, assessed as a percentage within the paraffin
sections adjacent to the frozen tissue sections studied.
Psoriasin protein was detected by Western blot analy-
sis in 10 tumors (Table 1 and Figure 4). These tumors (six
ductal, two lobular, two medullary) corresponded to
those with the highest mRNA levels observed by RT-PCR
(above 1.0 arbitrary expression units). Also consistent

"." ded ‘specimens. We' have " shown that there’is a

- Moreover, the chromosomal location of the S100 g

R

with RT-PCR analysis, Western blot-positive invasive dUe,_/
tal tumors were also significantly associated with ER,
negative (P < 0.0001) and PR-negative (P < 0.0012) and
node-positive (P = 0.0143) status (Table 2). -—- .73

The relationship between psoriasin mRNA and protelrﬁ‘i
expression and host inflammatory response was also
examined (Table 2). Psoriasin mRNA showed a signifis
cant positive correlation in the entire cohort (n = 57, r :_*_i
047, P =

0.0002), in the entire cohort excluding th‘?“r*
medullary carcinoma subgroup, which includes inflar?
matory infiltrates as a diagnostic criterion (n = 52, r g
0.42, P = 0.0022), and within the invasive ductal subg
group alone (n = 34, r = 0.39, P = 0.023). Cases w1th;l
Western blot-detectable psoriasin protein also showed«
increased inflammatory infiltrates, both in the entire co-:;
hort (mean (SD) = 3.6 (1.1) vs. 23 (1.2), P = 0004)_/an
in the entire cohort excluding the medullary subgro
{mean (SD) = 3. 3 (0.89) vs. 2.1 (0.98), P = 0. 007)

Discussion - -
We have developed a"psonasin specific antibody

confirmed its specificity as well as its ability to detect
psoriasin protein in _formalin-fixed and paraffln,e

concordance between psorlasm mRNA and protein
els in invasive tumors, and perS|stance of psorias
pression at higher levels is significantly associated wit
poor prognostic markers, including ER- and PR-nega
and lymph node-positive status. Psoriasin express
within breast tumor cells is also assocnated wnth infl
matory infiltrates. ,
Indirect support for a role for S100 genes in bre
tumor progressicn is provided by several observati !
Disruption of calcium signaling pathways has been im
plicated as a central mechanism in tumorigenesis; and‘
specifically in the process of invasion and metastasns

family lies in a region of chromosome 1 that frequently:
(>50%) shows loss of heterozygosity in invasive tu-
mors.?” Furthermore, several S100 genes are expressed_
in breast cell lines and tumors and are known to mamfest
alteration of their expression in association with tumon—‘
genesis and progression.*'?* In particular, S100A2 and.
S100A4 have been identified to be differentially ex-‘
pressed between normal and neoplastic cells®2%2° and
up-regulated in metastatic as compared to nonmetastatxc
cells in both mouse and rat mammary tumor cell lines.sgf»g
In vivo studies of breast tumors have also shown a cofre:
lation between high levels of S100A4 expression, nodal
metastasis, and ER-negative status.®' More direct evi;
dence has emerged from modulation of S100A4 expres:
sion in transfected cell lines that have shown that over:
expression of S100A4 can also induce the metastatlc
phenotype in mouse, rat, and human cells.532 Furthef
more, there is evidence that S100A4 may exert its effeg
on celt cytoskeleton®® and motility,” and it has also beet
demonstrated that up-regulation of S100A4 in moust
tumor cell lines can down regulate express:on 0
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Breast Carcinomas Assessed by RT-PCR and Western Blot

1. Clinicopathological Parameters, Histological Composition of the Tumor Section, and Psoriasin Expression in 57 Invasive
éw

Clinicopathological parameters Psoriasin
o= Type ER PR GrSc Size NS Inf RT-PCR RT-PCR/Inv% wB
BT muc 194 133 3 - 2 0.06 0.15 -
£ 10515 muc 341 176 3 - 1 0.08 0.14 -
¥ 9948 muc 46 22 6.5 - 1 Q.10 0.16 -
210582 muc 109 62 23 na 1 0.14 0.34 -
. 8832 muc 295 177 4 - 2 1.94 2.77 -
- 8021 muc 331 328 23 - 2 0.11 0.15 -
11387 tub 105 35 35 na 2 0.09 0.29 - ‘
3" 9483 tub 56 0 1.2 - 2 0.09 0.91 ‘ - :
¥ 11851 tub 67 24 2.2 - 3 0.23 0.77 -
S e84 tub 232 103 2 - 2 0.44 1.45 -
LA R tub 29 73 2 - 1 0.52 5.21 -
£oq2072 tub 8.3 5 23 + 3 0.67 1.34 -
& 13041 med 3.4 9 2 - 5 0.40 0.49 -
£ 13153 med 49 2.4 3 na 5 0.61 0.76 -
v 11867 med 14 9 1.6 + 5 1.60 267 . +
£ 13058 med 46 12 2.8 - 5 1.63 2.04 -
£ 12434 med 1 13 1.2 - 5 1.63 3.27 +
ilc 52 83 na - 1 0.20 0.67 ~ |
. ilc 111 139 6 +. 2 0.31 3.15 ~ |
fic 142 528 . 8 + 1 052 0.86 - T
ilc 24 " 98 na - 3 -0.56 ' 1.60 -
fc . 23 8.9 8 - 2 207 - 377 +
i 0.7 34 25 - 3 2.34 5.84 +
ide 392 596 7 25 - 1 0.07 0.09 -
ide 49 3B 4 28 - 2 007 017 -
ide. .- 97. . .25- . 4 ... 15 - 2 043 042 . -
idc ° 74 L A T SR SIPRRT o 7 SRR 1 X - ST
ide 173 83 9 48 + 74 0.15 N -
ide 74 68 7 1.8 S+ .3 $047 - .. 037 -
ide. - - 10 1470 B 2 - 2 0.17 0.34 .-
ide - 16.7 45 9. ' na - 2 019 ..., . 035 R
ide 225 144 4 35 + 2 020 . 7 040 -
ide 93 141 9 35 na 1 021" 028 - -
ide 58 81 4 35 - 1 0.24 0.79 - -
ide 0.9 38 9 3 + 4 0.24 0.40 -
ide - 33 72 5 3 + 2 027 - - 0.67 -
idec 155 59 5 41 - 2 028 . . . 0.56 -
ide 78 44 4 na - 3 0.29 073 - -~
idc . 130 47 9 3.2 + 2 0.32 0.81 ~
ide 42 26 7 1.8 - 1 0.44 0.89 -
idc 0.8 46 9 25 na 2 0.53 0.88 -
idc 1.1 35 7 na - 3 0.56 0.80 -
idc 114 27 -4 2 - 1 0.56 1.13 -
idc 46 6.6 9 45 na 5 0.58 0.64- -
idc 0.8 0.4 7 na na 3 0.66 1.64 -
ide 70 42 7 na ~ 1 0.67 1.68 -
ide 36 98 5 46 + 3 0.67 0.96 -
idc 17.2 9.2 9 3.2 - 2 0.69 0.87 - e
ide 1.9 12.9 9 3 - 4 1.00 1.42 -
ide 07 8 9 6 + 4 1.06 o132 +
ide 6 50 5 15 + 2 1.07 358 -
idc 6.6 1.8 5 85 + 2 1.10 2.20 -
ide 15 16 7 3 na 3 1.24 2.06 +
idc 0.7 - 45 9 na + 4 1.32 3.10 +
idc 04 9.9 7 na + 4 1.85 2.64 +
ide 0.8 14 9 37 + 4 201 . 5.04 +
ide 07 35 7 35 + 2 2.60 6.50 +

T8, tumor bank case number; type, mucinous (muc), tubular (tub), medultary (med), lobular (ilc), ductal (idc); ER, PR, estrogen/progesterone
receptor levels (fmol/mg protein); GrSc, Nottingham grade’ score; Size, tumor size (cms); NS, nodal status, positive (+), negative (=), not available
(na); Inf, estimate of inflammatory infiltrate, low (1) to high (5). RT-PCR, psoriasin mRNA level determined by RT-PCR; RT-PCR/Inv%, psoriasin mRNA
tevel determined by RT-PCR and adjusted for the percentage tumor cell content of the tissue section (as described in Materials and Methods); WB,
psoriasin protein level determined by Western biot. }
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Figure 3. RT-PCR analysis of psoriasin mRNA expression in invasive breast
tumors. Psoriasin (upper black arrow) and GAPDH (lower open arrow)
from duplicate PCRs of 10 representative tumors. Control lanes include
estradiol-treated MCF7-E2 cells, a tumor control 12077¢, and wild-type MDA-
MB-231 cells.

cadherin and disturb the intracellular distribution of
B-catenin.'®

A possible role for psoriasin (S100A7) in breast cancer
first emerged when it was also identified as a cDNA
down-regulated in a nodal metastasis relative to a pri-
mary breast tumor.®® Nevertheless, the significance of
the initial observation was unclear because of the fact
that expression was only detectable in a small proportion
of cells within invasive primary tumors studied by in situ
hybridization.and overall could be detected in only 18%
of primary tumor specimens assessed by Northern anal-
ysis. An explanation for this paradox became apparent
when psoriasin was also identified by us as a gene that is

- particularly highly expressed in the ductal epithelial cells .
- of preinvasive ductal.carcinoma in:situ,’swhich: can .be
" present as a significant component with invasive tumor . - :

specimens. We have now shown that when higher levels - -
- .of psoriasin expression persist within.invasive . tumors, - .
. this. correlates with:indicators -of “increased .metastatic:+ " -

potential: It should be noted that the strong relationship
with ER status is compatible with studies of S100A4%
and the in vitro observation®® (and our unpublished data)
that psoriasin is regulated by estradiol in MCF7 cells.
Although it is interesting that the nature of this correlation
is different between the in vitro and in vivo situations,

Table 2. Relationship between Psoriasin Expression and Prognostic and Tissue Factors

- might be mediated through an indirect influence

-.seen here with the degree of host mflammatory celf re
i.sponse within breast tumors and the previous evi ;i;
““that implicates psoriasin as a chemotactic factor.™* :How

-.mately 50% of medullary and ductal tumors with marked;

o om s;
a8 i
- - :
N= % A~ & a
S ® - & v o=
B W W B O W =
aKkd — o F P '
17.7Kd —j -
7.7Kd —

Figure 4. Western blot analysis of psoriasin protein expression in i
breast tumors. Psoriasin (black arrow) is detected in 3/12 represen'
tumors and within the positive control (CL7FD3).

similar differences have been found with other genes in:
breast tumors,®* suggesting that additional external fac:
tors may influence psoriasin regulation in vivo. -
Although the biological effect of alteration of psoriasin
in breast tumors is currently unknown, it is mterestmg L%
speculate from this pattern of expression that psoriasin;
may be important in the invasive phenotype.*® Th

effector cells of the host immune response or pe
through a more direct influence on the epithelial tu
cell. The first hypothesis is supported by the correlal

ever, psoriasin protein: was only detected in app

inflammatory responses. The ‘second hypothes:s is :
ported by our observation that psoriasin may not only be 3
secreted™'® but also can be localized in both nucIear;

- and cytoplasmic compartments in normal skin and breast’;

tumors. Although further studies beyond mmunohssto-%
chemistry are necessary to confirm this observation, the'
pattern of expression is consistent between cells in twm

Tt

All “ IDC
n Low Ps High Ps - n Low Ps High Ps a
ER - 28 14 4 P = 0.0001 19 10 9 P =0.0019 i
+ 29 28 1 15 15 0 :
PR - 25 13 12 P = 0.001 15 8 7 P =0.018 =
+ 32 29 3 19 17 2
NS - 30 24 6 ns(P=0095). 14 13 1 P = 0.0002
+ 19 1 8 15 8 7 -
INFL Low 34 29 5 P = 0.049 20 17 3 ns (P = 0.07)
High 18 . 1 7 14 8 6
Size <2 12 9 3 6 5 1 o
2-5 29 22 7 ns 18 14 4 ns E
=5 7 4 3 3 1 2
Grade Low 12 10 2
Mod 10 7 3 ns
High 12 8 4
Type idc 34 - 25 9 :
ilc 6 4 2
med 5 2 3 ns
muc 6 5 1
tub 6 6 o]

ER. PR, estrogen/progesterone receptor status; NS, nodal status; INFL, inflammatory infiltrate; Size, tumor size (cms); Grade, Nottingham grade
Type, mucinous {muc), tubular (tub), medullary (med), lobular (ilc), ductal (idc); Low Ps/High Ps, low/high psoriasin mRNA level determined by RT
PCR (cutpoint values used as described in Materials and Methods). P values determined by y® or ANOVA tests. ns, not significant.




closely related epithelia, epidermis and breast ductal
epithelium, and the detection of nuclear and cytoplasmic

St

ignal was unrelated to tissue fixation or immunohisto-

-~z mistry protocol, which may effect staining with some
antibodies.®*3¢ Dual localization and alteration of the
subcellular localization with disease has also been ob-
served with another S100 related keratinocyte protein,
profilaggrin, expressed in the epidermis.>*” Similarly, al-
tered cellular distribution of proteins such as BRCA1 and

B-

catenin are also recognized to be an important aspect

of tumor progression.®8~4° Furthermore, other S100 pro-
teins have previously been associated with both extra-
cellular and intracellular actions,*' and previous studies
~z .2 also indicated potential interactions for S100A4 with
both cytoskeletal®® and nuclear®? proteins. It has also
recently been shown that other secreted S100 proteins
can be localized to cytoplasm and nucleus,**** and
specifically S100A2 has been found in breast cell nuclei,

w

hereas S100A6 localizes to the cytoplasm?®*; however,

the functional significance of these flndlngs remains un-
known.

in conclusion, we have shown that expression of pso-

riasin (S100A7) mRNA and protein correlates with indi-
carors of poor prognosis in invasive breast tumors, in-

cl

uding ER, PR, and nodal status, but is not related to

differentiation,. as: manifested: by -invasive tumor type or.:
‘grade. The relationship observed between psoriasin and ::
the inflammatory response is also-compatible with arole ..
" as a chemotactic factor;. however, the possibility of addi-.: ,
" tional intracellular functions is raised by the presence of

“its nuclear localization in both skin and breast tumors. - .: 15

Further studies will be necessary to confirm the latter
cbservation and pursue the biological functions of pso-
rasin in relation to breast tumor progression.

Acknowledgments

The authors thank Prof. J. E. Celis (University of Aarhus,
Aarhus, Denmark) for kindly providing anti-psoriasin an-
tibody and Helmut Dotzlaw and Caroline Cummins-

Leygue for assistance with cell transfections. We also

thank Bionostics, North York, for assistance with antibody
.--oduction. The tissues used in this study were provided
by the Manitoba Breast Tumor Bank, which is funded by
the National Cancer Institute of Canada.

References

1.

Leygue E, Snelt L, Hiller T, Dotzlaw H, Hole K, Murphy LC, Watson PH:
Differential expression of psoriasin messenger RNA between in situ
and invasive human breast carcinoma. Cancer Res 1896, 56:4606-
4609

2. Schafer BW, Heizmann CW The $100 family of EF-harid calcium-

binding proteins: functions and pathology. Trends Biochem Sci 1996,
21:134-140

3. Lee SW, Tomasetto C, Swisshelm K, Keyomarsi K, Sager R: Down-

regulation of a member of the S100 gene family in mammary carci-
noma cells and reexpression by azadeoxycytidine treatment. Proc
Natt Acad Sci USA 1992, 89:2504~2508

4. Lloyd BH, Platt-Higgins A, Rudland PS, Barraclough R: Human

S100A4 (p9Ka) induces the metastatic phenotype upon benign tu-
mour cells. Oncogene 1998, 17:465-473

10.

11.

12.

Psoriasin (S100A7) Expressnon in Breast Cancer 2065
AJP December 1999, Vol. 155, No. 6

. Sherbet GV, Lakshmi MS: $100A4 (MTS1) calcium binding protein in

cancer growth, invasion and metastasis. Anticancer Res 1998, 18:
2415-2421

. Grigorian M, Ambartsumian N, Lykkesfeldt AE, Bastholm L, Elling F,

Georgiev G, Lukanidin E: Effect of mts1 (S100A4) expression on the
progression of human breast cancer cells. int J Cancer 1996, 67:831~
841

. Ford HL, Salim MM, Chakravarty R, Aluiddin V, Zain S$B: Expression of

Mts1, a metastasis-associated gene, increases motility but not inva-
sion of a nonmetastatic mouse mammary adenocarcinoma cell line.
Oncogene 1995, 11:2067-2075

. Bastholm L, Elling F, Georgiev G, Lukanidin EKM, Tarabykina S,

Bronstein |, Maitland N, Lomonosov M, Hansen K, Georgiev G, Lu-
kanidin E: Metastasis-associated Mts1 (S100A4) protein modulates
protein kinase C phospharylation of the heavy chain of nonmuscle
myosin. J Biol Chem 1998, 273:9852-9856

. Ford HL, Zain SB: Interaction of metastasis associated Mts1 protem

with nonmuscle myosin. Oncogene 1995, 10:1597-1605

Keirsebilck A, Bonne S, Bruyneel E, Vermassen P, Lukanidin E,
Mareel M, Van Roy F: E-cadherin and metastasin (mts-1/S100A4)
expression levels are inversely regulated in two tumor cell families.
Cancer Res 1998, 58:4587-4591 )

Borglum AD, Flint T, Madsen P, Celis JE, Kruse TA: Refined mapping

- of the psoriasin gene S100A7 to chromosome 1cen-g21. Hum Genet

1995, 96:592-596
Hoffmann HJ, Olsen E, Etzerodt M, Madsen P, Thogersen HC, Kruse

- T, Celis JE: Psoriasin binds calcium and is upregulated by calcium to

13.
E, Kiil J, Walbum E, Andersen AH, Basse B, et al.: Molecular cloning,

14,

16.

17.

18.
19.
20.
21.
22.
23.
24.
25.

26.

27.

levels that resemble those observed in normal skin. J Invest Dermatol
1994, 103:370-375 )
Madsen P, Rasmussen HH, Leffers H, Honore B, Dejgaard K Olsen

occurrence, and -expression of a. novel partially secreted pro'tem oo

novel chemotactic protein. J Invest Dermatol 1996, 107:5-10. -
Celis JE, Rasmussen HH, Vorum H, Madsen P, Honore B, Wolf H
Orntoft TF: Biadder squamous cell carcinomas express psoriasin and
externalize it to the urine. J Urol 1996, 155:2106-2112

Watson PH, Leygue ER, Murphy LC: Psoriasin (S100A7). Int J BlO-
chem Cell Biol 1998, 30:567-571

Hilter T, Snell L, Watson PH: Microdissection RT-PCR analysis of gene
expression in pathologically defined frozen tissue sections. Biotech-
niques 1996, 21:38-40

Ellis 10, Galea M, Broughton N, Locker A, Blamey RW, Elston CW:
Pathological prognostic factors in breast cancer. |I. Histological type.
Relationship with survival in a large study with long-term follow-up.
Histopathology 1992, 20:479-489

Elston CW, Eliis 10: Pathological prognostic factors in breast cancer.
i. The value of histological grade in breast cancer: experience from a
large study with long-term foilow-up. Histopathology 1991, 19:403-
410

Leygue ER, Watson PH, Murphy LC: Estrogen receptor variants in
normat human mammary tissue. J Natl Cancer Inst 1996, 88:284-290
Schagger H, von Jagow G: Tricine-sodium dodecy! sulfate-polyac-
rylamide gel electrophoresis for the separation of proteins in the
range from 1 to 100 kDa. Ana! Biochem 1987, 166:368-379
Leygue E, Snell L, Dotzlaw H, Hole K, Hiller-Hitchcock T, Roughley
PJ, Watson PH, Murphy LC: Expression of lumican in human breast
carcinoma. Cancer Res 1998, 58:1348~1352

Ercolani L, Florence B, Denaro M, Alexander M: Isolation and com-
plete sequence of a functional human glyceraldehyde-3-phosphate
dehydrogenase gene. J Biol Chem 1988, 263:15335~15341

fig EC, Schafer BW, Heizmann CW: Expression pattern of S100
calcium-binding proteins in human tumors. Int J Cancer 1996, 68:
325-332 ‘

Ostergaard M, Rasmussen HH, Nielsen HV, Vorum H, Orntoft TF, Wolf
H, Celis JE: Proteome profiling of bladder squamous cell carcinomas:
identification of markers that define their degree of differentiation.
Cancer Res 1997, 57:4111-4117 ) )
Kohn EC, Liotta LA: Molecular insights into cancer invasion: strate-
gies for prevention and intervention. Cancer Res 1995, 55:1856-~1862
Munn KE, Walker RA, Varley JM: Frequent alterations of chromosome

-+ “psoriasin” that is highly up-regulated in psona’uc skm J lnvest Der-" -
matol 1991, 97:701-712 -

Jinquan T, Vorum H, Larsen CG, Madsen P, Rasmussen HH Gesser i

B, Etzerodt M, Honore B, Celis JE, Thestrup-Pedersen K: Psoriasin:a .




o

2066 Al-Haddad et al
AJP December 1999, Vol. 155, No. 6

*v

28.

29.

30.

31.

32.

34,

35.
- J, Schnitt S, Livingston DM: Location of BRCA1 in human breast and

1in ductal carcinoma in situ of the breast. Oncogene 1995, 10:1653-
1657

Wicki R, Franz C, Scholl FA, Heizmann CW, Schafer BW: Repression
of the candidate tumor suppressor gene S100A2 in breast cancer is
mediated by site-specific hypermethylation. Cell Calcium 1997, 22:
243-254

Ebralidze A, Tulchinsky E, Grigorian M, Afanasyeva A, Senin V,
Revazova E, Lukanidin E: Isolation and characterization of a gene
specifically expressed in different metastatic cells and whose de-
duced gene product has a high degree of homology to a Ca2*-
binding protein family. Genes Dev 1989, 3:1086-1093

Barractough R, Rudland PS: The S-100-related calcium-binding pro-
tein, p9Ka, and metastasis in rodent and human mammary cells. Eur
J Cancer 1994, 30A:1570-1576

Albertazzi E, Cajone F, Leone BE, Naguib RN, Lakshmi MS, Sherbet
GV: Expression of metastasis-associated genes h-mts1 (S100A4)
and nm23 in carcinoma of breast is related to disease progression.
DNA Cell Biol 1998, 17:335-342

Grigorian MS, Tulchinsky EM, Zain S, Ebralidze AK, Kramerov DA,
Krigjevska MV, Georgiev GP, Lukanidin EM: The mis1 gene and
control of tumor metastasis. Gene 1993, 135:229-238

. Moog-Lutz C, Bouillet P, Regnier CH, Tomasetto C, Mattei MG, Che-

nard MP, Anglard P, Rio MC, Basset P. Comparative expression of
the psoriasin (S100A7) and S100C genes in breast carcinoma and
co-localization to human chromosome 1q21-g22. Int 4 Cancer 1995,
63:297-303 .

Yarden R, LauberAH El Ashry D Chrysogelos SA: Bimodal regula-
tion of epidermal growth factor receptor by estrogen in breast cancer
cells. Endocrinology 1996, 137:2739-2747

Scully R, Ganesan S, Brown M, De Caprio JA, Cannistra SA, Feunteun

<124, - S
Chen Y, Chen P-L Riley DJ Lee W-H Allred DC Osborne CK:~

36.

;ovarian cancercells (techmcal comments) Science:1996, 272 1231

37.

38.

39.

40.

41.

42.

43.

44,

- human smooth muscle cells and.their relocation i in respons

Location of BRCA1 in human breast and ovarian cancer cells (!e
nlcal comments). Science 1996 272:125-126

clei with fragmented DNA in normal human skin and loricrin kefa'
derma Lab Invest 1998 78:1245-1253 o

1999, 21:236-240
Chen 'Y, Chen CF, Riley DJ, Allred DC, Chen PL, Von Hoff D, Osb‘
CK, Lee WH: Aberrant subcellular localization of BRCA1 in b ast
cancer. Science 1995 270: 789—791

dant Ca(2+) binding protems of neutrophlls and monocytes J Le'
koc Biol 1993, 53:197-204 :
Albertazzi E, Cajone F, Lakshmi MS, Sherbet GV: Heat shock 03
lates the expression of the metastasis associated gene MTS1 anr
proliferation of murine and human cancer cells. DNA Cell Bioi 199
17:1-7
Yang Q, O'Hanlon D, Heizmann CW, Marks A: Demonstration :of
heterodlmer formation between $100B and S100A6 in the '{/east ﬁ o

509
Mandinova A, Atar D, Schafer BW, Sp|ess M Aebl U, Helzma'
Distinct subcellular localization of calcium binding $100 prot

in intracefiular calcium. J Cell Sci 1998, 111 120432054+




Journal of Pathology

] Pathol 2000; 192: 313-320.

Original Paper

Lumican and decorin are differentially expressed in
human breast carcinoma

Etienne Leygue', Linda Snell?, Helmut Dotzlaw', Sandra Troup?, Tamara Hiller-Hitchcock?, Leigh C. Murphy',
Peter |. Roughley® and Peter H, Watson**

" Department of Biochemistry and Molecular Biology, University of Manitoba, Faculty of Medicine, Winnipeg, Manitoba, Canada, R3E OW3
2 Department of Pathology, University of Manitoba, Faculty of Medicine, Winnipeg, Manitoba, Canada, R3E OW3
3 Genetics Unit, Shriners Hospital for Children, Montredl, Quebec, Canada, H3G 1A6

*Correspondence to:

Dr P. H. Watson, Department of
Pathology, D212-770 Bannatyne
Ave, University of Manitoba,
Winnipeg, Manitoba R3E OW3,
Canada.

E-mail:
pwatson@cc.umanitoba.ca

Received: 22 June 1999

Abstract

Previous studies have shown that lumican is expressed and increased in the stroma of breast
tumours. Lumican expression has now been examined relative to other members of the small
leucine-rich proteoglycan gene family in normal and neoplastic breast tissues, to begin to
determine its role in breast tumour progression. Western blot study showed that lumican protein is
highly abundant relative to decorin, while biglycan and fibromodulin are only detected
occasionally in breast tissues (n=15 cases). Further analysis of lumican and decorin expression
performed in matched normal and tumour tissues by in situ hybridization showed that both
mRNAs were expressed by similar fibroblast-like cells adjacent to epithelium. However,
lumican mRINA expression was significantly increased in tumours (n=34, p<0.0001), while
decorin mRNA was decreased (p=0.0002) in neoplastic relative to adjacent normal stroma. This
was accompanied by a significant increase in lumican protein (2 =12, p=0.0122), but not decorin.
Further evidence of altered lumican expression in breast cancer was manifested by discordance
between lumican mRNA and protein localization in some regions of tumours but not in adjacent
morphologically normal tissues. It is concluded that lumican is the most abundant of these
proteoglycans in breast tumours and that lumican and decorin are inversely regulated in

Revised: | February 2000
Accepted: [7 April 2000

Keywords:
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Introduction

The development and progression of breast carcinoma
are caused by alterations in the expression of multiple
genes, most of which are responsible for normal
physiological pathways and the necessary cellular
interactions to support these functions within the
mammary gland. These include alterations in the
interactions between the epithelial and stromal cells,
which are manifested in tumours by well-recognized
morphological changes known as the stromal reaction
[1]. Such alterations in stromal-epithelial interactions
may influence the risk of transformation of the breast
epithelial cell and may contribute to the very early
steps in tumourigenesis, as has recently been proposed
in other systems [2]. However, the net effect of these
alterations in the stroma on the later stages of tumour
progression is unresolved [3].

Resolution of this issue is complicated by the
recognition that the stroma is a highly complex tissue
that includes a variety of different types of fibroblasts
[4] and a range of proteins, glycoproteins, and
proteoglycans which may play a role in tumour
biology. We have recently extended this list by
identifying lumican, a member of the small leucine-
rich proteoglycans (SLRPs) as an mRNA that is
expressed in the stroma of normal breast tissues and

Copyright © 2000 john Wiley & Sons, Ltd.

is overexpressed in invasive carcinomas [5]. Members
of this family of proteoglycans have been implicated
principally in matrix assembly and structure [6], but
also more recently in the control of cell growth [7].
While studies of decorin have shown altered expression
in neoplastic stroma [3], lumican has previously been
studied only in the context of connective tissue and
corneal disease [8,9], and the role of SLRPs in human
breast cancer is relatively unexplored. To explore
further the potential role of lumican and related genes
in breast tumour progression, we have now examined
the expression of lumican relative to that of other
members of the SLRP family, decorin, biglycan and
fibromodulin, at both mRNA and protein level, in
normal and neoplastic breast tissues.

Materials and methods

Human breast tissues

All breast tumour cases used for this study were
selected from the NCIC-Manitoba Breast Tumor Bank
(Winnipeg, Manitoba, Canada). As has been pre-
viously described [10], tissues are accrued to the bank
from cases at multiple centres within Manitoba,
rapidly collected, and processed to create matched
formalin-fixed, paraffin-embedded, and frozen tissue
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blocks with the mirror image surfaces orientated by
coloured inks. The histology and cellular composition
of every sample in the bank are interpreted in
haematoxylin and eosin (H&E)-stained sections from
the face of the former tissue block.

For the initial study to compare broadly the
expression of different members of the SLRP gene
family, a mixed pilot cohort was selected from the
Tumor Bank to include nine different invasive carci-
nomas, three normal tissue samples from patients with
cancer, and three normal tissues from normal patients
without cancer. The invasive tumours included differ-
ent tumour types (five ductal, three lobular, and one
tubular carcinoma), grades (four high, one moderate,
four low Nottingham grades), and oestrogen receptor
(ER) levels (three ER <10 fmol/mg, three ER 10-20,
three ER 39-169), and total stromal fractions ranging
from 50 to 95% of the cross-sectional area. The mean
patient ages were 62, 70, and 28 years for each
subgroup, respectively (tumour tissues, normal tissues
adjacent to tumours, and normal tissues).

For the subsequent studies to compare lumican and
decorin expression, a second more defined and homo-
geneous cohort of 46 cases was selected to provide
matching primary tumour tissues and adjacent normal
tissue. This cohort included only invasive ductal carci-
nomas and was primarily selected to ensure availability
of histologically confirmed and distinct regions compris-
ing morphologically normal and tumour tissue elements
in different blocks (12 cases, for western blot studies) or
the same block (34 cases, for in situ hybridization
studies). The subset used for western blot studies was
also selected to possess equivalent cross-sectional areas
[mean section area®™ in tumour tissues =0.86C4? cm?,
adjacent normal tissues =0.85%*) ¢cm? and stromal
content [mean stromal area®™ in tumour tissues
=6819%, adjacent normal tissues =89©%) between
the matching blocks and to incorporate cancer cases
from both post-menopausal (six cases mean®® =76
years) and pre-menopausal patients (six cases
mean® =44 years).

Sodium dodecy! sulphate/polyacrylamide gel
electrophoresis (SDS/PAGE) and immunoblotting
Total proteins were extracted from frozen tissue
sections. These were cut from the face of frozen tissue
blocks immediately adjacent to the face of a matching
paraffin block [11] from which paraffin sections had
been previously cut for pathological assessment and
for in situ hybridization. For the first cohort of cases,
an average of 20 20 um tissue sections were cut from
each typical tissue block (0.5 x 1.0 cm? cross-sectional
area) and used for extraction; however, the number of
tissue sections was varied for each case according to
the measured area of the tissue within individual
blocks, to ensure that equivalent volumes of tissue
were used for the extraction, which was done as
described previously [12]. For the second cohort of
matching tissue samples, the same number of frozen
sections (20 x20 pm) was cut from the measured
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surface of each tissue block together with a single
section from the adjacent paraffin block. This was used
as a reference for composition and protein extraction
was then performed on the frozen sections with
equivalent volumes of extraction buffer. Proteins
present in equivalent volumes of extracts were analysed
by SDS/PAGE and immunoblotting, using anti-
peptide antibodies specific for the carboxyl-terminal
regions of the core proteins of lumican, decorin,
fibromodulin, and biglycan [12-14]. The specificity of
all antibodies was verified by peptide absorption and
SLRP cross-reactivity analysis. Protein signals were
detected by chemiluminescence and photographed
prior to quantitation by video-image analysis and
densitometry using an MCID M4 system and software
(Imaging Research, St Catherines, Ontario, Canada).
All signals were then adjusted with reference to control
cartilage samples run with each blot. For the second
cohort of matched tissue samples, signals were also
adjusted with reference to the measured cross-sectional
area and the stromal content of the tissue block to
control for equivalent loading. Additional analysis was
performed on all signals after further adjustment for
relative stromal content of the tissue sections assessed
in adjacent H&E sections.

Immunohistochemistry

Immunohistochemistry was performed on paraffin
sections using the same antibody to lumican as used
for immunoblotting [9,12]. Sections (5 um thick) were
obtained from paraffin-embedded tissue blocks match-
ing the frozen tissue blocks of those cases used for
reverse transcription-polymerase chain (RT-PCR) and
protein analysis. After deparaffinizing, clearing, and
hydrating in TBS buffer (Tris buffered saline, pH 7.6)
the sections were pretreated with 3% hydrogen peroxide
for 10 min to remove endogenous peroxidases and non-
specific binding was blocked with normal swine serum,
1:10 (Vector Laboratories S-4000). TBS was used
between steps to rinse and as a diluent. Primary
antibody to lumican was applied at a 1:400 dilution
overnight at 4°C, followed by biotinylated secondary
swine anti-rabbit IgG, 1:200 (DAKO) for 1 h at room
temperature. Tissue sections were incubated 45 min at
room temperature with an avidin/biotin horseradish
peroxidase system (Vectastain ABC Elite, Vector Lab.)
followed by detection with DAB (diaminobenzidine},
counterstaining with 2% methyl green, and mounting.
A positive tissue control (colonic mucosa) and a
negative reagent control (no primary antibody) were
run in parallel. Immunostaining patterns and intensity
were assessed by light microscopic visualization.

In situ hybridization

Paraffin-embedded 5 um sections of breast tissues were
analysed by in siru hybridization according to a
previously described protocol [5]. For lumican, the
plasmid Lumi-398, which consisted of pGEM-T plasmid
(Pharmacia Biotech), containing a 398 bp portion of
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lumican ¢cDNA between bases 1332 and 1729, was used
as a template to generate UTPS* labelled sense and
antisense riboprobes using Riboprobe Systems (Pro-
mega, Madison, WI, USA) and either the T7 or SP6
promotor at the 5’ or 3’ end of the lumican sequence
according to the manufacturer’s instructions. For
decorin, the plasmid Dec-322 was used as a template.
This consisted of pPGEM-T plasmid containing a decorin
insert with a comparable length (322 bp) to the lumican
probe generated by PCR amplification from the decorin
cDNA [12] using primers that corresponded to decorin
(sense S“AAATGCCCAAAACTCTTCAG-3' and anti-
sense 5“AAACTCAATCCCAACTTAGCC-3) [15].
All PCR ¢DNAs and plasmid inserts were sequenced to
confirm their identity. Levels of lumican and decorin
expression were assessed in normal and tumour regions
by microscopic examination at low magnification and
with reference to the negative sense and positive control
tumour sections, This was done as previously described
[5] by scoring the estimated average signal intensity (on a
scale of 0-3) and the proportion of stromal cells showing
a positive signal (0, none; 0.1, less than one-tenth; 0.5,
less than one-half; 1.0, greater than one-half). The
intensity and proportion scores were then multiplied to
give an overall score. Regions with a score lower than 1.0
were deemed negative or weakly positive.

Microdissection and protein extraction analysis

To assess protein localization within regions of
tumours, two cases were selected that showed marked
and well-defined regions within the same tissue section
with discrepancies between mRNA and protein expres-
sion. This was determined by ir situ hybridization and
immunohistochemistry in adjacent serial sections from
paraffin tissue blocks. The mirror image frozen tissue
blocks to these paraffin blocks were used for micro-
dissection as previously described [11] and protein was
extracted from these histologically defined regions as
described above. Briefly, thin 5pm frozen sections
were cut from the faces of the frozen tissue blocks and
stained by H&E, and the relevant histological regions
of approximately 1-2mm? distinguished and con-
firmed by reference to the paraffin sections already
studied. Multiple thick frozen sections (20 x 20 pum)
were then cut, rapidly stained, and microdissected at
room temperature from each section in turn, and the
microdissected tissue fragments were frozen again prior
to protein extraction.

Results

Identification of lumican as the most abundant
SLRP in normal and neoplastic breast tissues

To determine the relative importance of altered lumican
expression in breast tumourigenesis, the expression of
lumican protein was compared with that of three other
members of the SLRP family, decorin, fibromodulin and
biglycan, by western blot in a heterogeneous panel of
nine breast tumours and six normal tissues.

Copyright © 2000 John Wiley & Sons, Ltd.

315

Lumican was highly abundant in all samples and in
both neoplastic and normal tissues (Figurel). A
significant increase was seen in the mean level of
lumican protein between normal and tumour [meanS»?
tissue adjusted optical density units, normal =0.43%),
tumour =0.56', p=0.026, Mann-Whitney test].
Although an apparent difference in the level of lumican
between normal samples from normal patients and
normal samples adjacent to tumours was seen, this
difference did not persist when the different stromal
content of these samples was taken into account.
Similarly, there was no difference in the levels in
tumour tissues on comparing pre- and post-
menopausal patients. Nevertheless, an increase in the
overall molecular weight and polydiversity was noted
between normal tissues and morphologically normal
tissue adjacent to tumours, which might be attributable
to either different age or association with tumour in
the adjacent breast.

In comparison, decorin, although also present in
most samples examined by western blot, was much less
abundant relative to the cartilage control (Figure 1). It
should be noted that the decorin (in common with
biglycan and fibromodulin) signals shown in Figure 1
also required a three-fold longer chemiluminescent
exposure time (9 s) than that for lumican (3's). How-

7 T A\ A )}
I 23 436 789 100112131415 C

DECORIN

BIGLYCAN

FIBROMODULIN

Figure |. Immunoblotting study of lumican, decorin, biglycan,
and fibromodulin protein expression in human breast tumours
(lanes 1-9); normal tissues from normal patients (lanes 10-12);
and normal tissues adjacent to carcinomas (lanes [3-15). All
protein samples were extracted from sets of frozen tissue
sections bracketed by sections assessed by H&E stain and light
microscopy to confirm content. Chemiluminescent signals for
decorin, biglycan, and fibromodulin required three-fold longer
exposure times than that for lumican. Molecular markers (left)
and cartilage control sample (right) are present in all panels
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ever, in contrast to lumican, there was a marked
decrease in decorin between normal and tumour
samples [mean(SD) optical density units; normal=
0.2199) tumour =0.13!¥, p=0.066, Mann—Whitney
test]. No difference was seen in the signals between
normal samples from normal and cancer patients.

Fibromodulin expression was not detected in normal
tissues and at only low levels in 3/9 tumours, where
the presence of fibromodulin correlated with those
tumours with the highest content of epithelial tumour
cells. Biglycan was also only detected at low levels in
2/6 normal tissues and 3/9 tumours, where in contrast
to fibromodulin, its presence correlated directly with
those tumours with the highest content of collagenous
stroma.

Lumican and decorin are differentially expressed
between normal and neoplastic tissues

In order to examine further the distinct alterations in
the expression of lumican and decorin, the mRNA and
protein expression of both genes was examined in 46
cases by in situ hybridization (34 cases) and western
blot (12 cases) from the second cohort of cases,
comprising matched normal and tumour samples.

As previously shown, prominent lumican mRNA
expression was detected, using an antisense probe, in
stromal fibroblast-like cells within the tumour and
immediately adjacent to invasive tumour cells. Assess-
ment of mRNA levels using a semi-quantitative
approach, as detailed in the Materials and methods
section, also confirmed our previous observations [5]
made on a different set of tumours, and lumican
mRNA was found to be significantly elevated in the
majority of tumours when levels were compared with
those present in adjacent normal stroma (p<0.0001,
Wilcoxon test, Figures 2 and 3B). Higher levels of
lumican (>1) were present in tumour than in normal
tissue in 26/34 cases. At the same time, decorin levels
also showed a consistent and significant difference,
with lower levels seen in stroma associated with
tumour, relative to stroma associated with adjacent
normal tissue components (p<0.0002, Wilcoxon test,

Lumican Decorin
3.5 35 3. 35
P<0.0001 P<0.0002
3 3 3 3
2.5 25 2.5 25
4
S 2 2 2 2
2
z
Z 13 15 1.8 15
1 1 i 1
0.5| 0.5 0. 05
[ [
normal tumor normal tumor

Figure 2, Lumican and decorin mRNA levels in matched normal
and tumour tissues, assessed by in situ hybridization and semi-
quantitative scoring as described in the Materials and methods
section. The thickness of each line (on a scale of [-9)
corresponds to the number of cases showing the same
differences in scores (n=134 cases)
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Figures 2 and 3C), with lower levels of decorin (=1)
present in tumour than in normal tissue in 22/34 cases.
The pattern of expression of decorin was also identical
in sections from the same cases studied with a different
in situ hybridization riboprobe (data not shown).
Although we have previously noted a relationship
between lumican and poor prognostic factors, these
associations were not found in the present series.

In keeping with the pattern of mRNA expression,
the mean lumican protein signal assessed by western
blot was also higher in 9/12 tumours relative to
normal tissues [mean®D optical density units,
normal=0.22%19, tumour =0.43919, p=0.0122 Wil-
coxon test]. Once again, in contrast to this, decorin

Figure 3. Lumican and decorin mRNA expression detected by
in situ hybridization within a breast tumour section. Panel A
(H&E section) shows the histology including the invasive tumour
(upper area), the tumour margin (middle), and adjacent normal
tissue including lobular-ductal units (lower area). Lumican
expression (B) is high within the tumour and tumour margin
and lower in the normal fat and collagenous stroma adjacent to
the normal lobules. Decorin (C) shows high expression in the
normal stroma adjacent to normal lobules and reduced
expression in the tumour. x 340
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protein was lower in 7/12 tumours relative to normal
tissues, but in this case the differences were not
statistically significant [mean®™ optical density units,
normal =0.22%'?, tumour=0.17%?, p=ns (not sig-
nificant), Wilcoxon test]. These contrasting patterns of
lumican and decorin expression also persisted after
standardization of western blot signals for relative
stromal content (data not shown).

Lumican mRNA and protein expression can
occur in different regions within breast tumours

Immunohistochemical study of the lumican distribu-
tion within the same tissues that had already been
examined by in situ hybridization was performed using
the same antibody [9,12] that had been employed for
western blot analysis (Figure 4). This showed that
lumican was abundant throughout the collagenous
stroma of both normal and tumour sections, with
prominent deposition around small vessels, breast
duct, and lobular structures. There was increased
deposition within the collagenous stroma of tumours,
in particular at the invasive margins and in areas of
dense collagen within central regions of some tumours,
compared with adjacent normal tissues. However, in
some cases there were distinct regions, up to 2 mm in
area within the tumour sections, containing loose
stroma in which there was a complete absence of
lumican detectable by immunohistochemistry (Figures
4C and 4D); but the same regions showed high
expression when examined for lumican mRNA by in
situ hybridization in adjacent sections (Figures 4A and
4B). Similarly, other areas showed strong staining for
lumican protein, but low levels of mRNA.

To explore the possibility that the absence of
lumican expression detected by immunohistochemistry
might be due to the conformation of the native protein
or the binding of lumican to other proteins, resulting in
the masking of the carboxy-terminal epitope, specific
areas measuring approximately 1mm?® each were
microdissected from frozen sections of two tumours
and lumican protein was assessed under denaturing
conditions by SDS/PAGE and western blot. In both
cases, those regions with high mRNA expression and
negative by immunohistochemistry were also negative
by western blot, while areas showing very low mRNA
expression but strong staining by immunohisto-
chemistry were positive by western blot (Figure 5).

Discussion

We have shown that lumican is the most abundant
proteoglycan in comparison with several other mem-
bers of the family of small leucine-rich proteoglycans
(SLRPs) in breast cancer. We have also extended our
previous observations [5], based on the detection of
lumican mRNA, in showing that the total lumican
protein is also increased in breast tumours relative to
adjacent normal tissues. Qur results also demonstrate
that this pattern of up-regulation of lumican in relation
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to breast tumourigenesis is distinct from that of the
closely related decorin gene, which is inversely regu-
lated and reduced at mRNA and to a lesser extent at
protein levels, in tumour relative to adjacent normal
tissue. Finally, we have shown that lumican expression
in tumours may also be associated with an abnormal
distribution within the stroma, manifested by discor-
dance between mRNA and protein deposition within
subregions of breast tumours.

The family of SLRPs share several common
features, including a central region of leucine-rich
repeats bounded by flanking cysteine residues, and
localization in the extracellular matrix. The SLRPs can
be separated into three subgroups that include decorin
and biglycan, lumican and fibromodulin, and epiphy-
can and osteoglycin, which are distinguishable by
amino acid homologies and also by gene structure
[16]. Decorin, probably the best studied of these genes,
is known to interact with a variety of extracellular
matrix molecules and has been shown to be capable of
influencing collagen fibril growth and assembly both in
vitro and in vivo [6,7]. Decorin may also influence
tumour cell growth through indirect effects on the
availability of growth factors from the extracellular
matrix, or directly through activation of the EGF
receptor and induction of the p21 cell-cycle inhibitor
[18]. In contrast, less is known about lumican and
other SLRPs. However, in vitro and in vivo data
indicate that lumican is also important in the regula-
tion of collagen fibril assembly [19]. This view is
supported by recent observations based on mice with
homozygous deletion of the lumican gene, where loss
of corneal transparency and increased skin fragility are
associated with disorganized and loosely packed
collagen fibres related to increased and irregular fibril
size, and interfibrillar spacing, as viewed by light and
electron microscopy {8].

The observation that lumican is highly abundant
compared with other SLRPs in breast tumours cannot
be interpreted to mean that it is necessarily the most
important. This is underscored by the recent demon-
stration that although decorin is apparently more
abundant than versican in prostate cancer tissue, only
an increase in the larger chondroitin sulphate proteo-
glycan versican correlates with grade, and inversely
with progression-free survival, in prostate cancer [20].
Similarly, the increase in lumican as seen here in
association with breast tumourigenesis may be less
important than the parallel decrease in decorin. It
should also be noted that while the present study was
focused primarily on examining the relative expression
of SLRPs between matched normal and tumour tissues
and was not necessarily designed to compare levels
between cases, we did not observe any significant
relationship between lumican or decorin and prognos-
tic factors within this tumour cohort, as previously
noted [5]. While this leaves open the question of a role
for these SLRPs in later tumour progression, the
implication of altered expression for the earlier stages
of tumourigenesis remains intriguing. It is possible to
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Figure 4. In situ hybridization and immunohistochemical study showing regional discordance in lumican mRNA (A, B) and protein
expression (C, D} displayed in adjacent sections in breast tumours. Panels A and C show the overall pattern of mRNA (A, black
signal) and protein (C, brown staining) within a tissue section (0.4 x 0.8 cm in size) that includes regions of in situ and invasive tumour
(upper left and upper middle) and adjacent normal tissue (lower left and lower right). Panels B and D show a detailed microscopic
view ( x400) of the cellular localization of mRNA and protein within a small region at the invasive edge within the same section

(tumour component at left, normal component at right)

speculate that both induction of lumican and decrease
in decorin in stromal fibroblasts within the invasive
tumour may represent a positive host response, to
abrogate the disorganization of collagen within the
tumour stroma, encourage macrophage localization
[21], and inhibit the growth of epithelial cancer cells,
through the increased availability of growth factors
inhibitory to breast epithelial cell growth [22]. Alter-
natively, these alterations may represent a negative
host response contributing to early tumour develop-
ment. Increased lumican mRNA expression may reflect
a response to locally increased proteolysis or altered
deposition of the lumican protein that is the cause of
the disorganization of the collagenous stroma, which in
turn facilitates tumour cell invasion. Similarly, a
decrease in decorin may remove an inhibitory effect
on epithelial tumour cell growth through repression of
p21 [7]. A role for and the distinction between these
opposing potential effects will clearly require further
study.

The differences in lumican levels between normal
and tumour tissues observed by both immunohisto-
chemistry and western blot are not as marked as those
seen at the level of mRNA expression. While differ-
ences in the assays may account for some of this

Copyright © 2000 John Wiley & Sons, Ltd.

discrepancy, it is clear that it may also be attributable
to the discordance that can exist between lumican
mRNA and protein expression detected by in situ and
immunohistochemical techniques respectively, within
the same regions of breast tumour stroma. A similar
discordance between mRNA and protein expression
has been previously observed in the course of studies
on lumican and other large and small proteoglycans in
different tissues. For example, in corneal development
in the chicken, the mRNA levels for lumican and
decorin do not always reflect the rate of synthesis of
the corresponding proteins and the efficiency of
translation of lumican varies over time [23]. Similar
discordance between aggrecan and versican mRNA
and protein has been seen in normal tendon [24],
between decorin and biglycan mRNA and protein
localization in normal and reactive gastric mucosa [25],
and in regions of cartilage matrix around vascular
channels and the growth plates of long bones in
normal cartilage [26]. In this latter instance, the
discordance was attributed to a high rate of break-
down and removal at these sites. This conclusion is
supported by studies on endothelial cells which show
that growth factors such as bFGF can increase not
only both biglycan transcription and protein synthesis,
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Figure 5. Lumican protein expression detected by immunohistochemistry (upper panel) and western blot (lower panel)
demonstrating concordance in the assessment of protein levels in microdissected subregions within two breast tumour sections.
The upper panels show IHC sections (tumour A, left; tumour B, right; scale bar =5 mm). The mRNA and protein signals were
detected by in situ hybridization (ISH) and immunohistochemistry (IHC) in each region in adjacent sections and ISH/IHC levels were
assessed semi-quantitatively (negative, weak +, strong + +) as follows: tumour A: region | = + +/—, region 2 = —/+ +, region 3
(remainder of section) = -4/+ +; tumour B: region 4 = +/—, region 5 = —/+ +, region 6 =+ +/+ +. The lower panel shows
the western blot (C= cartilage control; lanes |6 correspond to regions assessed and microdissected above)

but also the corresponding rate of proteolysis [27]. The
absence of protein could also reflect masking of the
epitope by conformational changes in the native
protein, by changes in post-translational modification,
or by binding to another protein. Alternatively, this
could reflect reduced translation, increased breakdown,
or failure to bind within the immediate stroma and
rapid translocation of the protein to adjacent areas of
the tissue. Our microdissection experiments, applied to
small regions where lumican mRNA is highly
expressed, suggest that the corresponding protein is
truly absent in these areas and that epitope masking
due to conformation or binding proteins is an unlikely
explanation for the observation. However, it could also
be the case that the necessary binding sites are not
available in the immature stroma associated with rapid
growth of tumours and that this allows translocation
of newly synthesized Iumican to binding sites in
adjacent tissue.

The reciprocal nature of the changes in the expres-
sion of lumican and decorin is intriguing. Although
definitive characterization of the stromal cell types
awaits primary culture studies, direct comparison of in
situ hybridization performed on serial sections suggests
that expression of both genes apparently occurs in the
same fibroblast-like cells in breast tissue stroma. While
lumican has not previously been studied in human
tumours, the expression of decorin mRNA and
proteoglycans incorporating chondroitin sulphate epi-
topes has been shown to be increased in colon,
prostate, and basal cell carcinomas [28-30], but a
more recent study of multiple stromal genes in breast

Copyright © 2000 John Wiley & Sons, Ltd.

tumours found no difference in the levels of decorin
mRNA between tumour and normal tissue, although
noting increased expression in the stroma immediately
adjacent to in situ components [31]. However, the
normal tissue examined was selected to be well away
from the primary tumour and this, together with
differences in the method of quantitation, the defini-
tion of tumour regions, and the focus on matched
samples, limits a full comparison with our observa-
tions. For example, morphologically normal tissue
immediately adjacent to carcinomas may be influenced
by paracrine growth factors derived from the tumour
and may also harbour molecular alterations [32] that
might influence local gene expression. However, similar
immunohistochemical studies of breast tumours using
monoclonal antibodies raised against chondroitin
sulphate and dermatan sulphate small proteoglycan
have shown reduced decorin expression within invasive
as compared with surrounding normal stroma, con-
sistent with our findings [33). Decorin and other
SLRPs are known to be independently regulated and
mutually exclusive [26] and compensatory changes in
the expression between different SLRPs have been
observed [34]. However, this appears to be usually
manifested by genes within subgroups of the SLRP
family. At the same time, reciprocal changes in the
expression between lumican and decorin have not been
described in lumican or decorin ‘knockout’ mice [8,17].
The factors that influence altered expression of these
genes in breast tumour stroma remain to be elucidated.

In summary, we have shown that lumican is highly
abundant relative to decorin, biglycan, and fibro-

] Pathol 2000; 192: 313-320.




320

modulin in normal and neoplastic breast tissues. We
have also shown that increased lumican protein
expression and altered regional localization occur in
breast tumours and that different and reciprocal
alterations in expression occur between lumican and
decorin. The functional significance and the role of
alterations in these stromal proteoglycans in breast
tumourigenesis and progression remain to be deter-
mined.
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Abstract

The risk of recutrence and progression of ductal carcinoma
in-situ (DCIS) of the breast is best designated by
morphological indicators including nuclear grade and
presence of necrosis. To identify molecular alterations
undetlying these motphological features we have compared
gene exptession within a cohort of 10 cases of DCIS (6
high-grade or intermediate-grade DCIS with necrosis and 4
low-grade DCIS) using microdissection and c¢DNA
microartay. A set of 42 '¢DNAs, from a group of 1,500, was
identified that were consistently differentially expressed and
whose expression profile clustered with DCIS grade.
Amongst this set, the angio-associated migratoty protein
(AAMP) was identified as an mRNA that is consistently

higher in high-grade DCIS (p= 0.0095 ) and that is also
induced by hypoxia in the T47D breast cancer cell line.
Differential expression was confirmed by quantitative
reverse transcriptase polymerase chain reaction (RT-PCR)
and 27 sz hybridization analysis of 37 DCIS. AAMP mRNA
tended to be associated with high and intermediate-grade
DCIS and DCIS with necrosis. However, no relationship
was observed between AAMP and angiogenesis, and its
functional role in tumorigenesis and breast cancer
progression remains to be determined.

Introduction

In recent years there has been an increase in the
numbers of ductal carcinoma in-situ (DCIS) and other pre-
invasive breast lesions diagnosed.l: 2 As a result, these
lesions have become an increasingly significant problem in
the evaluation and management of patients with breast
disease. To predict the relative risk of recurrence and/or
the progression of DCIS to invasive tumors, different
classifications have been proposed3. These are based on a
combination of morphological features such as nuclear
grade, presence of necrosis, margin width and tumor size
and reflect a recognition that DCIS is in fact a spectrum of
disease with different morphological characteristics as well
as biological and clinical behavior. However, useful as
these classifications may be, discordance is common in
their use* underscoring the need for better predictors of
outcome and progression of DCIS.

As already noted, intraductal necrosis is a distinctive
morphological feature of some types of high risk DCIS’
and is believed to be attributable to the presence of severe
hypoxia that can arise within the duct through an
imbalance between metabolic requirements and blood
supply.” Thus although comparatively little is known about
the genetic and molecular events that are responsible for
the progression of some DCIS to invasive breast
carcinoma, alterations in the molecular mechanisms
associated with the hypoxia response or activation of the
notmal response to less severe hypoxia may therefore offer
potential indicators of risk of progression in DCIS lesions.

¢DNA microartay analysis is a useful technique for the
molecular profiling of the gene expression pattern of cells
representing  the  vatious  stages of  malignant
transformation.® Microdissection techniques, including
manual and laser capture microdissection (LCM) have
recently emerged as effective tools to isolate well defined
population of cells from heterogeneous tissue sections as is
often encountered in breast cancer.” & Combining
microdissection and microatray analysis we investigated the
differences between the gene expression patterns of low-
grade DCIS and high-grade DCIS in order to identify
differentially expressed genes that may be associated with
the known different risks of recurrence and progression of
these tumor types. It is anticipated that some of the
products of the genes identified may serve as molecular
biomatkers for assessing the risk of progression of DCIS
ot provide targets for new therapies.




Materials and Methods
Human breast tumor samples

Human DCIS samples wete obtained from the NCIC-
Manitoba Breast Tumor Bank (Department of Pathology,
University of Manitoba, Winnipeg, Canada).” All cases in
the bank have been trapidly frozen at 70 °C after surgical
removal and subsequently processed to create formalin-
fixed paraffin-embedded tissue blocks and matched frozen
tissue blocks with mirror image sutfaces corresponding to
the formalin-fixed tissue blocks. Histological interpretation
and assessment of every sample in the Bank is done on
hematoxylin/eosin  (H&E)-stained sections from the
paraffin dssue by a pathologist.

Two cohorts of tumors wete selected. The first cohort
of 10 tamors comptised DCIS lesions with homogenous
nuclear grade within each lesion. These included 4 high
grade and 2 intermediate grade (all with >10% of ducts
containing necrosis), and 4 low-grade DCIS cases and were
used as the primary microdissection series. The second
cohort comprised 28 DCIS specimens used to confirm the
differential expression observed in the microdissected
cases. Tumor classification and the evaluation of
intraductal nectosis wete done on high quality hematoxylin
and eosin stained slides detived from the formalin fixed
and paraffin embedded blocks by 2 pathologists (AA and
PHW), independent of the atray or subsequent gene
expression analysis. The classification of DCIS into
histological grades was done according to the Van Nuys
grading system. 10 and tumors were assigned to the highest
histological grade present in the tissue section studied.
Both cohorts combined (38 tumors) included 6 low-grade
DCIS, 11 intermediate-grade DCIS and 21 high-grade
DCIS. Twenty-seven tumors were estrogen receptor (ER)-
positive, 11 were ER-negative, 25 were progesterone
receptor (PR)-positive and 13 were PR-negative (Table 1).
Steroid receptor status was determined by ligand-binding
assay. A positive ER status and positive PR status were
defined as more than 3 fmol/mg protein and more than 15
fmol/mg protein, respectively.

Microdissection

Tumor samples were microdissected by two methods,
depending on the size and the geographical complexity of
the DCIS lesions. A manual dissection-microscope method
pteviously established in our laboratory” was used where
possible as it is rapid and reliable, however a laser-capture
mictodissection method using an Arcturus Pixell II
instrument (Arcturus Engineering, Inc. Mountain View,
CA) was used for two cases with a heavy inflammatory cell
infiltrate of the sttoma around the ducts and to obtain
epithelial cells from a normal breast sample. For the
manual microdissection, tumor cells were dissected from 6-
10 20-Um frozen sections of tumors mounted on agarose
gel dropped onto a plain glass slide and stained briefly with
H&E, as previously described 7. For laser microdissection,
tumor cells were microdissected from 14-17 10-im frozen
sections mounted onto plain glass slides and stained with
H&E according to the Arcturus Engineering protocol.!!

Tissue RNA extraction

Total RNA was extracted with Trizol Reagent (Life
Technologies, Inc.) from tumor cells obtained from all 10
microdissected DCIS using a small scale RNA extraction
protocol.” Total RNA was similarly extracted from six 20-
Mm frozen sections from each of the 28 DCIS tumots
constituting the second cohott.

Cell line culture and RNA extraction

The T47D human breast cancer cell line was obtained
from the Imperial Cancer Research Fund (ICRF) cell
service, and grown in DMEM , RPMI or Hams F-12
supplemented with 10% fetal calf serum (Globepharm), L-
glutamine (2 pM), penicillin (50 IU/ml) and streptomycin
sulphate (50 pg/ml). Parallel incubations were performed
on flasks of cells approaching confluence in normoxia
(humidified air with 5% COz or hypoxia. Hypoxic
conditions were generated in a Napco 7001 incubator
(Precision Scientific) with 0.1% O, 5% COs and balance
Na. Total RNA was prepared according to Chomczynski
and Sacchi®? and the quality assessed by absorbance at
260/280nm as well as by electrophoresis in 1% agarose
gels by staining of the 285 rRNA with ethidium bromide.

Microarray cDNA membranes

Human GF-200 cDNA Microatray membranes and the
Pathways 2.01 analysis software were purchased from
Research Genetics, Inc. Reverse transcription, 33P-labeling
and hybridization of RNA to array membranes were done
according manufacturer’s instructions. Briefly, for each
sample, 1lg of total RNA was reverse transcribed in the
presence of 10 ul [PP]dCTP at a concentration of 10
mCi/ml, dATP, dGTP, dTTP at 20 mM, 500ng of Oligo-
dT and 200 units of SuperScript II RT (Life Technologies,
Inc), all in a 30 Wl volume. The labeled cDNA was purified
by passing through a Bio-Spin 6 Chromatography column
(Bio-Rad), denatured and hybridized to human GF-200
c¢DNA microarray membranes. Membranes were pre-
hybridized at 42 °C for at least 2 houts in 5 ml microhyb
solution (Research Genetics, Inc) in the presence of 1.0
Hg/ml poly-dA and 1.0 pg/ml Cot 1 DNA. After an
overnight (20ht) hybridization with labeled cDNA,
membranes wete washed, exposed to Imaging screen-K
(Bio-Rad) and scanned in a phosphorimager (Bio-Rad).
The tff images (Figure 2) obtained from the
phosphotimager were imported into the Pathways 2.01
analysis software (Research Genetics, Inc.) for analysis and
comparison between different membranes from different
tumors. Membranes to which 3P-labeled reverse
transcribed RNA from high-grade ot intermediate—grade
DCIS was hybridized were compared with membranes to
which 33P-labeled reverse transcribed RNA from low-grade
DCIS was hybridized. To compate two membranes, an all-
data-point method of normalization was used and cDNA
showing expression levels lower than 10X background
were masked from comparison. A 1.8 fold or greater
differential expression was considered significant. Each
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cDNA spot on the Pathways pseudo-color membrane
showing >= 1.8 fold differential exptression was examined
by direct vizualization to eliminate those that might be false
positives ~— spots judged to be not propetly centered or
spots influenced by ‘bleed-over’ from adjacent spots. A
similar approach was used to compate profiles of gene
expression between normoxic and hypoxic T47D breast
cells.

Real time quantitative RT-PCR

Total RNA from the 10 microdissected samples used for
the GeneFilter hybridization and the 28 DCIS samples of the
second cohott were revetse transctibed in a total volume of
20 pl as described previously.” For each sample, 2 pl of 0.1
ug/Ml of total RNA was added to an 18 pl RT mix (4 pl of
5X RT buffer; 1 pl each of dATP, dCTP, dGTP, and dTTP,
all at a concentration of 2.5 mM; 2 Ul of 0.1% bovine serum
albumin (BSA); 2 i of 100 mM dithiothreitol (DTT); 2 pl of
dimethyl sulfoxide (DMSQ); 2 ul of 50 UM Oligo-dT primer,
and 2 | of 200 units/pl of Moloney murine leukemia virus
reverse transcriptase) and incubated at 37°C for 1.5 hrs. The
resulting cONA was diluted with 20 pl of sterile water and
used as template for the quantitative RT-PCR.

The mRNA sequences of the genes identified using the array
membranes and corresponding Research Genetics information
were determined by using the blast module of National Center
for Biotechnology Information database. Primers that
specifically detect these sequences were designed and employed
for the RT-PCR reaction using the LightCycler Instrument
(Roche Molecular Biochemicals) and the LightCycler-DNA
Master SYBR Green I reaction mix for PCR (Roche Molecular
Biochemicals), containing the SYBR Green I dye as detection
format. For each sample, triplicate reactions were set up in
capillaries with the following reaction mix: 0.33 gl DNA
template; 0.2 pl each of 50 mM sense and antisense primers; 1.6
ul of 25 mM MgCly; 2 Ml LightCycler-DNA Master SYBR
Green I reaction mix, and 16 Wl sterile water. For each batch of
reactions controls included RT-negative and RNA-negative
controls, and serial dilutions (1 ng, 0.01 ng and 0.0001 ng) of
plasmid DNA as standards for linear regression analysis of
unknown samples. The denaturation, amplification, melting
cutve analysis, and cooling programs of the LightCycler
instrument were set according to manufacturer’s specifications.
The annealing temperature and elongation time, however, were
set depending on primers and product length, respectively. PCR
products were run on a 1.5% agarose gel to confirm the PCR
specificity. The expression of Cyclophilin 33A, a house keeping
gene, was used to normalize for variances in RNA and cDNA
input. The AAMP primers were sense, 5~-CGC CTG CTT
ACT GAC TAC C-3 and antisense, 5-GTA TCT CTIT CCT
CCT TTC CAC-%, with annealing temperature of 57°C and
clongation time of 20 seconds. The cyclophilin 33A primers
were sense, 5-GCT GCG TTC ATT CCT TTT G-3 and
antisense 5-CTC CTG GGT CTC TGC TTIT G -3, with
annealing temperature of 60°C and elongation time of 10
seconds.

In situ hybridization

Paraffin embedded 5 im breast tumor sections were analyzed
for AAMP mRNA expression by in situ hybridization, according
to a previously described protocol'®. The plasmid pI7T3D-pac
containing a 460-bp insert of the human AAMP ¢cDNA (IMAGE
consortium clone Id 789011, GenBank accession no. AA452988)
was used as a template to generate sense and antisense probes.
UTP *S-labelled riboprobes were synthesized using Riboprobe
Systems (Promega, Madison, WI) according to manufacturet’s
instructions. Sense probes were used as controls. In situ
hybridization and washing conditions were as described
previously.!® Sections were developed, after 5 weeks, using Kodak
NTB-2 photographic emulsion and counterstained with Lee’s
stain.!3

Levels of AAMP mRNA expression were assessed in the
sections by microscopic examination using a semiquantitative
approach.! Scores were obtained by estimating the average signal
(on a scale of 0-3) and the proportion of ductal cells showing a
positive signal (0, none; 0.1, less than 10%; 0.5, less than 50%; 1.0,
greater than 50%). The intensity and proportion score were then
multiplied to give an overall scote

Immunohistochemistry

To assess the vascular pattern and vessel density in each of the
DCIS samples, tumor sections were stained for CD34 antigen
using a mouse anti-human monoclonal antibody to CD34 (Novo
Castra Laboratories) and DAKO EnVision™ System, Peroxidase
(DAKO Diagnositics Canada Inc.). 5um thick sections were cut,
mounted on Superfrost/Plus (Fisherbrand) slides, dried overnight
at 37 °C, dewaxed in xylene (4 min) and rehydrated in graded
alcohol. Blocking steps included peroxidase blocking reagent
(0.03% hydrogen peroxide containing sodium azide) for 5 min to
block endogenous peroxidase and Universal Blocker (DAKO
Diagnostics Canada Inc)) for 15min to prevent non-specific
staining, Tissue sections were incubated ovetnight at 4 °C with
the primary antibody (1:50 dilution in Antibody Diluting Buffer)
(DAKO Diagnositics Canada Inc.) after an initial incubation, with
the same antibody, at 37 °C for 30mins. Following the overnight
incubation, slides were treated with labeled Polymer (goat anti-
rabbit and goat anti-mouse immunoglobulin in Tris-HCI buffer
containing catrier protein and anti-microbial agent) for 30 min at
RT. Finally, slides were incubated for 10 min with Substrate AEC
Chromogen (3-amno-9-ethylcarbazole). Each incubation step was
followed by 2 min. TBS wash x2. The slides wete counterstained
with hematoxylin, immersed in a bath of ammonia water and a
cover slip was applied. Vascular endothelial cells were used as a
positive internal control. Tumors were classified into stromal or
fim type angiogenic patterns according to established criteria.!4
Microvascular density was assessed by comparing the density of
vessels in the tumor area with that of adjacent normal tissue,
whete available, in each tumor section.

Statistics

The Mann-Whitney U test, the Fishet’s exact test, and
Spearman’s correlation coefficient were used as appropriate. To
determine the reproducibility of hybridization results with the GF-
200 membrane, the normalized intensity values of all the 5,568
gene spots from duplicate hybridizations of the same RNA from




the hypoxic T47D cells were compared by linear regression and
cotrelation analyses. For all tests, statistical significance was
considered to be at the p<0.05 level (Graphpad ptism, Graphpad
Software, San Diego, CA.).

Results
Microdissection and microarray cDNA filters

The manual and laser assisted microdissection techniques
proved to be equally effective in isolating ductal carcinoma cells
from our DCIS specimens (Figure 1). We were able to isolate
approximately 2 Ug of total RNA from 14-17 10-um frozen
sections of the two tumors and the normal sample subjected to
the laser assisted method of dissection, whereas the manual
dissection method yielded approximately2-4 pg of total RNA
from 6-10 20-im frozen sections of tumor samples. The quality
of hybridization signals produced by the labeled reverse
transcribed total RNA obtained by both dissection techniques
wete also comparable as assessed by the exposure time needed to
obtain equivalent signal intensities for analysis.

For the purpose of analysis, the six DCIS tumors with high or
intermediate grade nuclear motphology and necrosis were
grouped together and signals from each hybridized cDNA
microarray membrane was compated with that for each of the
four low-grade tumors (Figure 2A-C) giving 24 pairs of
comparisons. After masking those transcripts showing expression
levels lower than 10X background, we were left with
approximately 1,500 cDNAs for our comparison analysis. The
level of consistency of the array hybridization was examined in
duplicate hybtidizations of RNA from the T47D cell line to the
GF-200 membrane, which demonstrated that a2 high level of
consistency could be obtained (t2 =0.88, data not shown).
Nevertheless, to exclude the transcripts that might be
differentially expressed due to individual differences between the
tumors or due to vatiations in hybridization conditions between
each experiment, we have included in our list of differentially
expressed transcripts only those that were differentially expressed
in at least 9 pairs of comparison (Table 2). This ensures only the
inclusion of transcripts that were differentially expressed in at least
three different high-grade/intermediate-grade DCIS compared
with the low-grade DCIS samples. Using this selection criterion,
14 transcripts (7 named genes and 7 ESTs) were overexpressed in
the low-grade DCIS compared with high-grade/intermediate
grade DCIS, whereas 28 transcripts (18 named genes and 10
ESTs) were overexpressed in high-grade/intermediate-grade
DCIS compared with the low-grade DCIS lesions.

To assess the relationship between patterns of gene expression
and DCIS histology, a two-way pairwise average linkage cluster
analysis was applied (with the Cluster program),'® to organize the
42 consistently differentially expressed genes and tumors such that
genes and tumors with similar expression patterns are clustered
together and adjacent to one another.’® Normalized gene
expression data were logarithmically transformed and average
linkage hierarchical clustering was performed using an uncentered
correlation for both array and gene-clustering dimensions. The
resulting phylogenetic tree (visualized with the Treeview
program)'S showed that, apart from one high-grade tumot, all the
high- and intermediate-grade DCIS were mote closely related to
each other than they were to the low- grade DCIS lesions, which

in turn were more related to a normal breast sample (Figure 2D),
To identify genes that were both differentially expressed and that
also might be associated with hypoxia, we compared the set of 28

. ¢cDNAs consistently overexpressed in high grade DCIS with 31

cDNAs found to be overexpressed in the T47D cell line subjected
to hypoxia, and analyzed in parallel with the DCIS lesions using
the same microarray filter. The AAMP gene was found to be
common to both sets of differentially expressed genes and was
assessed further. The mRNA for AAMP was differentially
overexpressed in 11 pairs of tumor compatisons (mean 2.1 fold
actoss two high-grade DCIS and one intermediate-grade DCIS
compated with the low-grade DCIS lesions). AAMP was similarly
ovetexpressed in T47D cells analyzed by array (mean 2.5 fold)
subjected to hypoxic as compated to normoxic conditions (Figure
3A).

Real time quantitative RT-PCR for AAMP mRNA

AAMP mRNA expression was then assessed by RT-PCR in
the 10 original microdissected tumots and subsequently in 28
additional non-microdissected DCIS samples. RT-PCR assay in
one sample from the second DCIS cohort failed to yield a product
with the control. AAMP expression in the microdissected ductal
epithelium from the initial 10 DCIS tumors was higher in high-
and intermediate-grade DCIS (P=0.0095, Mann Whitney)
compared with the low-grade DCIS (Figure 3B). Among the 27
non-microdissected DCIS series, total AAMP expression within
the tumor section tended to be associated with higher grade and
nectosis. (P=0.0427, one-tailed, Mann Whitney) (Figure 3C). The
overall expression level of AAMP in these 27 tumors did not
show any association with either the progesterone receptot
(p=0.55, Mann Whitney) or estrogen receptor (p=0.37, Mann
Whitney) status of the tumots.

In situ hybridization (ISH)

AAMP mRNA expression was also assessed by sz s
hybridization in all 37 tumors. The AAMP antisense probe
showed stronger signals for AAMP mRNA in high-grade DCIS
ducts and DCIS ducts with nectosis as compated with low-grade
ducts, with vatiation from duct to duct in individual tumors.
However there was no marked gradation in expression from
luminal to stromal aspect of ducts with central necrosis.
Expression was also observed in blood vessels in the stroma
around the ducts (Figure 4). The s s hybridization intensity
score assigned to each tumor was based on an average of the
epithelial expression assessed from all the ducts in the sections
examined. AAMP exptession detected by ISH showed some
relationship to grade and necrosis, though this association was at
best of bordetline significance. AAMP ISH scores wete higher in
intermediate/high grade DCIS (p=0.05, Fisher’s exact test) and in
tumors with necrosis (p=0.09, Fisher’s exact test) compated with
low grade and those without necrosis, respectively. There was no
association between the levels of AAMP detected by ISH and the
estrogen receptor (p=0.2, Fisher’s exact test) or progesterone
receptor (p= 0.5, Fisher’s exact test) status of tumots.

Immunohistochemistry

The two vascular patterns associated with DCIS lesions'* were
demonstrated among our samples using the CD34 antibody.
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CD34 immunostaining data was available for 31 of the 37 tumors
— two were not cvaluated due to background staining and
paraffin-embedded blocks had been exhausted for the remaining
four. Eight of the 31 tumors (25.8%) for which CD34
immunostaining data was available had the stromal pattern of
angiogenesis, whereas 17 (54.8%) had the rim type pattern and the
remaining 6 tumors (19.4%) had a mixed stromal and rim pattern,
Both the stromal and tim type angiogenic patterns were detected
in high-grade tumors showing high levels of AAMP mRNA
expression (Figure 4E and F). The circumference of ducts
surrounded by microvessels in tumors with the rim pattern varied
between 5% and 100%. Twenty-three of the 31 tumots that were
assessable for CD34 immunostaining had a higher vascular density
compared with adjacent normal tissue. No significant association
was observed between the level of AAMP expression and vascular
density or either of the angiogenic patterns observed.

Discussion

We have shown that while levels of gene expression are mostly
similar between morphologically different DCIS, consistent
differences in expression of a subset of genes can be identified
between low-grade and high-grade DCIS. Amongst these
differentially expressed genes the angio-associated-migratory
protein (AAMP) was found to be expressed at a higher level by
most high-grade DCIS and DCIS with necrosis and is also
overexpressed in a breast cancer cell line subjected to hypoxia.

The two microdissection techniques employed in the present
study wete effective in isolating ductal cells from our samples. The
laser-assisted microdissection, however, limits the thickness of
sections for dissection to 2 maximum of 10 m hence the need to
dissect more sections in order to obtain a reasonable yield of
RNA for hybridization. An alternate approach would be to dissect
a minimum number of cells to obtain enough RNA that could
serve as a template for transcriptional-based RNA amplification.?
Our approach of dissecting cells from several sections, though
seemingly burdensome, avoids the technical difficulties associated
with RNA amplification.

cDNA  microarray analysis is a powerful tool for the
simultaneous analysis of large sets of genes and for the profiling
of different tissue types. Studies have, however, shown that any
single microarray output is subject to some variability and that
pooling of data from replicates can provide a more reliable
classification of gene expression.!s In the present study, the small
amount of RNA available from some of our microdissected
samples precluded us from carrying out replicate array
expetiments on the same sample. We have, however, attempted to
address the issue of variability by pooling data from multiple
comparisons of different tumors and selecting only those
transcripts that are consistently differentially expressed in our
comparisons. This we believe may be more stringent than
teplicate experiments on the same sample.

Aside from the present study, there exists no gene expression
profiling data comparing different grades of DCIS. However,
similar to our findings, loss of heterozygosity (LOH)/allelic
imbalance studies as well as comparative genomic hybridization
(CGH) studies have shown that there are distinct genetic changes
associated with the level of differentiation/grade and morphology
of DCIS of the breast.!” '8 19 For example, LOH studies have

shown that allelic imbalances on 16q and 17p are associated with
low-grade or non-—comedo DCIS, wheteas allelic imbalances on
11q and 17q are associated with high-grade DCIS and/or the
presence of comedo necrosis.'> 18 In addition, these genetic
changes were independent of the steroid receptor status of the
tumors studied.!® CGH studies also have demonstrated that losses
of 16q material were seen most exclusively in well- and
intermediately-differentiated DCIS, gains of 1q and losses of l1q
material were seen in intermediately differentiated DCIS, whereas
a higher frequency of amplifications of 17q12 and 11q13 were
observed in poorly-differentiated DCIS." Nevertheless, our
present approach of using gene expression profiling has the
advantage of identifying specific genes that may be important in
the differentiation and progression of DCIS, whereas LOH and
CGH studies can only identify larger genomic ateas harboring
several genes.

The hierarchical cluster algorithm operating on a very small set
of samples (10 tumors and 1 normal breast sample) and
expression data (42 genes and ESTs), was, apart from one high-
grade tumor, able to group the DCIS lesions based on
morphological classification. The high/intermediate tumors
clustered together, whereas the low-grade and normal tissue
clustered together (Figure 2D). The two low-grade tumors on the
same limb of the phylogenetic tree as the higher-grade tumors
separated from them further down the limb to cluster togethet.
The genes and ESTs more highly expressed in the low grade-
tumors all clustered together (cluster 1, figure 2D) and showed
expression in the normal tissue sample, indicating that these
transctipts were probably downregulated in the higher grade
tumots showing low levels of expression. On the other hand, the
transctipts showing a high level of expression in the higher grade
tumors (clusters 2 and 3, figure 2D) all showed low levels of
expression in the normal tissue as well as in the low-grade tumors
(especially cluster 2), an indication that these transcripts were
upregulated in these higher grade tumors.

Of interest among the cluster 1 genes are syndecan 4 (SDCH),
metalloproteinase inhibitor 1, and AN-RA4S In addition to the
antiangiogenic function of metalloproteinase inhibitor 1, it shares
with SDCH a role in cell-extracellullar matrix interaction to inhibit
invasion.?0 /V-RAS, though able to induce anchorage independent
growth, is unable to induce an invasive phenotype in breast cancer
cells? In addition, matrix metalloproteinases are known to play
an important role in RAS-mediated invasiveness of human
epithelial cells.?!

Cluster 2 transcripts were of low expression in the low grade-
tumots, whereas cluster 3 transcripts showed a moderate level of
expression in the two low-grade tumors on the same limb of the
phylogenetic tree as the higher grade tumots. Among the cluster 2
(figure 2D) genes, the kinases, VDR and SGK and the
phosphatase PPP5C, are serine/threonine specific in their catalytic
activities and they have been implicated in cell cycle regulation.?>
.24.2 In addition, VDR and PPPSC regulate cell morphology,2>
#* whereas SGK is able to prevent the fork head transcription
factor (FKHRL1) induced apoptosis.®> UBEZ] the human
homolog of the yeast {/BCY that mediates the transition from G1
to S-phase of the cell cycle?, is known to interact with R4D57
and RADS2Z which are patt of the BRCA7 pathway,?>28 as well as
with 7725327 PRCC, the translocation gene in papillary renal cell




carcinoma is speculated to function in the signaling cascade
because it possesses a proline-rich domain.? Its recent association
with graft-versus-host reaction® raises the possibility that it might
play a role in inflammatory response that is frequently associated
with high-grade comedo type DCIS. Up-regulation of desmocollin
2 (an intracellular desmosome junction protein) mRNA in some
of the high-grade DCIS leaves room for one to speculate that loss
of this gene may be important for the transition of DCIS to
invasive tumor since a member of the desmocollin subfamily of
the cadherin superfamily, desmocollin 3, has been repotted to be
downregulated in invasive breast cancer.!

Carbonic anhydrase II (€24 7)), a cytosolic carbonic anhydrase
(CA) isoenzyme is highly expressed in several tumor types
including gastric, colorectal, and pancreatic carcinomas®? 33 34 as
well as malignant brain tumors. and its expression has been
shown to correlate with biological aggressiveness of rectal
cancer.3 Furthermore we have trecently found that altered
expression of other catbonic anhydrases, C4 ZX and CAXTT is a
frequent occurrence between low and high grade DCIS 3. The
expression of these transmembrane isoenzymes is influenced by
hypoxia and differentiation and they are expressed on different
aspects of the breast cell membrane where they may act to
influence the local extracellular pH surrounding the cancer cells
thereby possibly creating a2 microenvironment conducive for
tumot growth and spread.?” In preliminary expetiments we have
not be able to demonstrate hypoxia regulation of €4 Zin breast
cell lines (data not shown) and a similar role for the intracellular
CA4 [ in the progression of breast cancer remains to be
determined. However, higher levels of the intracellular 4 77in
high grade DCIS may be part of coordinated changes in pH
regulation, and by causing an increased generation of intracellular
CO», €4 /7 may facilitate the actions of the extracellular CA
isoenzymes. 38

The cluster 3 gene (figure 2D), human neutral amino acid
transporter B (JLC7.45) was reported to show elevated levels of
expression in multicellular hepatoma spheroids displaying central
necrosis, similar to that seen in high grade DCIS, when compared
with single cell suspension. This elevated level of SLL7.45 mRNA
paralleled changes in glutamine uptake by tumor cells in this
model, suggesting that a hypoxic tumor microenvironment
impacts on the uptake of specific nutrients® SAMARCD? is a
component of the SWI/SNF complex that enhances
transcriptional activation by the estrogen receptor and the retinoic
acid receptor.®0 CRABPZ (cluster 2, figure 2D) is another gene
that is associated with the retinoic acid receptor. It regulates the
access of retinoic acid to retinoic acid receptors in the nucleus and
exerts a regulatory feed back control on the effect of retinoic acid
on cell differentiation. Overexpression of CRABF? by DCIS
would seem to suggest that retinoids might have a role to play in
preventing DCIS progression. However, the effect of retinoid on
cancer cells is dependent on dose and the expression of nuclear
retinoid receptors.#l: 4% 43 The role of CRABP2Z and SJMARCDZin
the evolution of DCIS of the breast will require further
investigation. One important goal of expression profiling is to
develop a molecular based classification system for tumors. 4% 43
However, further expression-profiling studies of a larger series of
DCIS of the breast as well as proper identification of the genes
represented by the ESTs we have identified is necessary to give

insight into how the clustering we have observed may be useful in
developing a molecular signature for DCIS of the breast.
AAMP was first isolated from a human melanoma cell line as
a motility-associated cell protein and was found to be expressed
strongly in endothelial cells, cytotrophoblast, and pootly
differentiated colon adenocarcinoma cells found in lymphatics.*
The AAMP protein has two immunoglobulin domains and six
WD40 repeat domains, suggesting possible membership in both
the immunoglobulin supetfamily and the WD40 repeat family of
proteins.*: 47 Immunoglobulin superfamily members are binding
proteins that function extracellulatly as adhesion proteins.*’- 48 The
WD40 repeat proteins — so named because they are
characterized by a cluster of repeated sequences, each repeating
around 40 amino acids in length and usually ending in tryptophan-
aspartate (WD) — regulate cellular functions such as cell fate
determination, gene transcription, mRNA  modification,
transmembrane signaling, vesicle fusion, and cell division.# 50 The
presence of both the immunoglobulin type domains and WD40
repeats sequence motifs in AAMP implies a multifunctional role
for this protein.” Experimental evidence to date suggests that
AAMP may play a role in cell motility and angjogenesis. This has
been examined and demonstrated in endothelial cells.5! However,
we and others have shown that AAMP is expressed by other cells
and this property, which may be related to the fact that it shares a
common epitope with Ol-actinin and a fast twitch skeletal muscle
fiber protein,*” is not necessatily restricted to endothelial cells and
angiogenesis.’> Of possible interest is another related WD40
repeat protein, the MAPK activator with WD repeats (MAWD)
protein, that has been implicated in breast tumor progression.>?
There is ample evidence that the switch of a tumor to an
angiogenic phenotype is crucial for progression and metastasis,
therefore, increased angiogenesis in DCIS could precede the
switch to an invasive phenotype and be a marker of poor
prognosis.'% 3¢ We attempted —— based on the hypothesis that
DCIS cells expressing a high level of AAMP mRNA, and
subsequently the protein, are likely to have a dense rim of
microvessels around them — to correlate the different angiogenic
patterns within DCIS with the level of expression of AAMP
mRNA. Although our analysis did not show any association
between the level of expression of AAMP mRNA and any of the
angiogenic patterns associated with DCIS of the breast, this does
not completely exclude the fact that AAMP may play a role in
endothelial cell migration and angiogenesis in DCIS. Several
reasons may account for our inability to demonstrate a
relationship between AAMP mRNA expression within the
neoplastic ductal epithelium of DCIS and angiogenic pattern. First
is the small number of DCIS tumors, especially low-grade tumors
available for this study. Second is the complexity of the angiogenic
process itself; other angiogenic factors induced by hypoxia, for
example, VEGF and Endothelinl may also come into play
making it difficult to cotrelate only one factor with the angiogenic
pattern. Indeed, previous attempts to correlate angiogenic patterns
in DCIS with known angiogenic factors have resulted in
conflicting reports; for example, both the stromal and rim
angiogenic patterns have been correlated with thymidine
phosphotylase expression in DCIS in different reports.> 5 A
third factor is that AAMP mRNA expression levels may not
necessarily correlate with the level of AAMP protein and this is
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compounded by the additional source of expression of AAMP by
endothelial cells in the stroma. This extra-epithelial source of
AAMP probably accounts for the inability to fully reproduce the
AAMP-grade/necrosis  association  demonstrated in  our
microdissected series in the non-microdissected cohort and may
play an important role in determining the pattern of angiogenesis.
This, however, underscores the usefulness of microdissection
techniques in profiling ubiquitously expressed genes from specific
cell types in a heterogeneous tissue environment.

Necrosis is believed to represent the extreme manifestation of
hypoxia in tissues.5” The finding that AAMP is induced in-vitro in
a breast cell line subjected to hypoxia and also in-vivo in DCIS
associated with necrosis, suggest that AAMP may be a hypoxia
regulated gene that may influence growth and survival of DCIS.
However, necrosis may be attributable to other causes and
alternative stresses may influence gene expression in cells
subjected to hypoxia.®® Regulation by hypoxia in-vitro may also
not be the only or dominant factor in the complex in-vivo
environment.3 Further work will be required to establish if
AAMP expression is directly regulated by mediators of hypoxia
response and to confirm the observation here that expression in-
vivo may be indicative of hypoxia.

In summaty, we have shown that high grade DCIS can be
distinguished from low grade DCIS by the pattern of gene
expression and that upregulation of AAMP, a hypoxia regulated
gene in a breast cell line that has previously been associated with
angiogenesis and tumor progression, is also associated with
nectosis in DCIS. The previous observation that AAMP can also
be expressed in metastatic adenocarcinoma® coupled with the
ptesent findings indicate that AAMP may be involved in more
than one stage of tumor progression.
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Table 1a. Morphology, AAMP expression, and steroid receptor status of 10 microdissected DCIS of the beast

LAB# Nuclear grade %Necrosis' AAMP RT-PCR ER status? PR status®
12024 HG 75 0.21 - -
10046 HG 25 0.13 - -
13110 HG 20 0.34 + -
13049 HG 20 0.31 + +
11970 1G 75 0.31 - -
11722 1G 50 0.11 + +
10047 LG 10 0.10 + +
11161 LG 10 0.09 + +
9062 LG 0 0.10 + +
10919 LG 0 0.11 + +




Table 1b. Morphology, AAMP expression, and steroid receptor status of 27 DCIS of the beast

LAB# Nuclear grade %Necrosis! AAMP RT-PCR ER status? PR status®
12340 HG 100 1.30 - -
13115 HG 100 0.63 - +
15200 HG 90 1.03 + -
11972 HG 75 0.53 - -
12054 HG 75 0.56 -

12485 HG 75 0.39 + -
15242 HG 75 0.37 - +
11202 HG 75 0.72 + +
12354 HG 75 0.34 + +
13523 HG 75 0.39 + +
13423 HG 50 0.34 + -
12338 HG 50 1.08 + +
14815 HG 25 0.58 + +
15134 HG 25 0.49 + +
13005 HG 20 0.46 - -
11442 HG 0 1.33 + +
15344 IG 75 0.55 + +
11285 IG 50 0.72 + -
14902 1G 25 0.74 - +
15108 1G 25 0.46 + +
10351 1G 10 0.38 + +
15439 IG 5 0.32 + +
12438 IG 0 0.64 - -
12571 IG 0 0.44 + +
13686 LG 0 0.44 + +
15284 LG 0 0.47 + +
15010 IG 20 1.22 + +
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Table 2a. Classification of genes consistently upregulated in high/intermediate-grade DCIS compared with low-grade DCIS of the

breast

Accession Number Gene name Gene symbol Average fold S.D. Fold change Number of
change range compatisons!

Cell Adhesion/Cell

motility

AA428778 Human T cell leukemia LERK- EFNB7 6.9 5.3 2.1-10.0 12

. 2 (EPLG2)

AA452988 Homo sapiens angio-associated .443/P 2.1 0.2 1.8-2.4 11
migratory cell protein (AAMP)

AAQ74677 Human desmocollin-2 y2ite) 21 0.2 1.9-2.4 10

Cell cycle/Cell

proliferation regulator

H73724 Cyclin-dependent kinase 6 CDRs 4.4 2.7 2.1-10.3 12

R25074 Human transmembrane 4 SAS 8.1 7.1 2.3-14.0 12

. superfamily protein (SAS)

Kinase/Phosphatase

AAS521346 Ndr protein kinase NDR 2.6 0.6 2.0-4.0 13

AA486082 Putative serine/threonine SGK 3 0.7 2.0-3.6 12
protein kinase

AA521083 Protein phosphatase 6 PPP5C 2.6 0.4 2132 12

Transcription factor

AA488233 H.sapiens mRNA for prec PRCC 2.9 0.4 2.2-35 12
protein

AA478436 Human SWI/SNF complex 60 SAMARCD? 2.2 0.3 1.9-2.6 9
KDa subunit (BAF60b)

Receptors and signal

transduction

W39343 V-ral simian leukemia viral RALEB 9.5 2.2 6.5-13.5 12
oncogene homolog B (ras
related; GTP binding protein)

AA598508 Cellular retinoic CRABPZ2 21 0.3 1.8-2.6 9
acid-binding protein 2

Cellular Metabolism

H23187 Carbonic anhydrase II A2 23 0.2 2.0-2.7 9

AA487197 Ubiquitin-conjugating enzyme BEZ/ 23 0.4 1.8-2.9 9
E2I (homologous
to yeast UBC9)

AA070997 Proteasome (prosome, PSMBs 2.1 0.2 1.8-2.5 9
macropain) subunit, beta type, 6

Molecule Transporter

T70098 Human neutral amino acid JLCIAS 6.6 59 1.9-10.6 12
transporter B

RNA binding and RNA

processing

AA490991 Homo sapiens HnRNP F HNRNPF 2.1 0.2 1.8-2.6 11

HUGE

H75699 KIAA0297 gene KL440297 71 5 24-17.8 9
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Table 2b. Classification of genes consistently upregulated in low-grade DCIS compated with high/intermediate-grade DCIS

of the breast

Accession number Gene name Average fold S.D. Number of
Gene symbol change Fold change comparisons!
range

DNA binding

N54596 Human Krueppel-related zinc A-PLK 2.4 0.4 1.9-2.9 12
finger protein (H-plk)

AA452725 Nucleobindin precursor NUCB7 2 0.2 1.8-24 9

Cell surface protein

AA148736 Syndecan 4 (amphiglycan, SDCH 24 0.5 1.8-3.2 11
ryudocan)

Translation regulation

R86304 Eukatyotic translation initiation £Z/F282 19 0.1 1.8-21 9
factor 2B

Cell cycle/Cell

proliferation regulator

AA504682 Neuroblastoma RAS viral NRAS 2.2 0.3 1.8-2.8 12
(v-ras) oncogene homolog

R82299 S-adenosylmethionine AMD7 22 0.2 1.9-2.7 11
decarboxylase 1

Transcription factor

AA504682 SMARCAT 2.3 0.4 1.8-3.0 12

SNF2 (sucrose nonfermenting,
yeast, homolog)-like 1
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Table & Figure Legends

Table 1
Percentage of ducts with necrosis
2ER less than 3.0 fmol/mg protein = -; ER mote than 3.0 fmol/mg protein = +ve

3PR less than 15.0 fmol/mg protein = - ; PR more than 15.0 fmol/mg protein = +ve

Table 2

"Numbers of comparisons (maximum number 24) between pairs of DCIS that show differential expression for a particular gene
(i.e., comparisons between each of 6 intermediate/high-gtade DCIS with each of 4 low-grade DCIS).

Figure 1. Laser-capture microdissection of duct cells from H&E stained frozen section (10 (m) of a high-grade DCIS of the

breast. (A) Three ducts (1, 2 and 3) identified for dissection (B) Ducts after dissection (C) Cells from duct successfully captured

and transfetred.

Figure 2. A-C, Differential gene expression analysis employing the GF200 cDNA array membrane and the Pathways 2.01
analysis software. Hybridization of 33P-labeled reverse transctibed RNA from a high grade DCIS (A) and a low grade DCIS (B)
to Human GF200 cDNA array membranes. (C) Portion of synfilter generated by the Pathways 2.01 analysis software from
membranes A and B. Yellow spots show genes expressed equally by both samples, green spots; genes differentially expressed by
high grade tumor and red spots; genes differentially expressed by low grade tumor. AAMP is represented by green spot
sortounded by blue rectangle. D, Cluster map and phylogenetic tree resulting from an average-linkage cluster analysis of the 42
differentially expressed genes identified in our series of DCIS. Each color patch represents the expression level of the associated
gene in that tissue sample with a continuum of expression from bright green (lowest) to bright red (highest). N50 is a normal
breast sample, HG, high-grade DCIS; LG, low-grade DCIS; IG, intermediate grade DCIS; 1, cluster of genes and ESTs
differentially expressed in low-grade DCIS; 2 and 3, cluster of genes and ESTs differentially exptessed in intermediate/high-
grade DCIS.

Figure 3. A, comparative ratio analysis of AAMP by real-time quantitative RT-PCR and cDNA array hybridization of hypoxic and
normoxic T47D cell line. The PCR data is an average of triplicate reactions, and the array is an average of duplicate hybridization
comparison. B, AAMP mRNA expression detected by RT-PCR shown relative to grade and necrosis in 10 microdissected DCIS
samples. (necrosis +ve, high-grade DCIS or DCIS with >10% necrosis. n=6; necrosis —ve, non-high-grade DCIS with <10%
necrosis. n=4. C, AAMP mRNA expression detected by RT-PCR shown relative to grade and necrosis in 27 DCIS of the breast.
(necrosis +ve, high-grade DCIS or DCIS with >10% necrosis. n=21; necrosis ~ve, non-high-grade DCIS with <10% necrosis.

n=0.

Figure 4. In situ hybridization with 33S-labeled antisense probe for AAMP, showing strong signals for AAMP in high-grade
ducts with necrosis (A and B) and weaker signals in low-grade DCIS (D). There wete no signals with the sense probe (C), x 40.
Immunohistochemistty with antibody against the CD34 antigen showing the rim (arrows, E) and stromal (F) patterns of

angiogenesis in tumors A and B, respectively, X 100.
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Abstract

Psoriasin (S100A7) is a relatively new member of the S100 gene family that is located within the S100 gene cluster
on chromosome 1q21 and shares the typical calcium binding domains that define this family of proteins. It was first
identified as a 11.4 kDa cytoplasmic and secreted protein isolated from skin involved by psoriasis, which can be
induced in cultured squamous epithelial cells. It is now known to be expressed by both normal cultured and
malignant keratinocytes and malignant breast epithelial cells within ductal carcinoma in siru, suggesting an
association with abnormal pathways of differentiation. Current evidence supports a role in the pathogenesis of -
inflammatory skin disease, as a chemotactic factor for hematopoietic cells, and a role in early stages of breast tumor
progression in association with the development of the invasive phenotype. While therapeutic potential as a target
for modulation of the inflammatory response in psoriasis awaits further studies, potential clinical applications
already include a role as a detection marker for squamous cell carcinoma and a diagnostic marker to distinguish in
situ from invasive breast cancer cells. © 1998 Elsevier Science Ltd. All rights reserved.

Keywords: Psoriasin; S100; Chemotaxis; Invasion; Breast cancer; Bladder cancer

1. Introduction : their function as calcium binding proteins [14].
Broad roles have been proposed for these genes
Psoriasin is a relatively new member of the S100 in cell growth, differentiation and determination

gene family that was first identified by [9] as a of cell shape.
11.4 kDa protein induced in squamous epithelial
cells of the epidermis isolated from skin involved
by psoriasis. Psoriasin shares homology and

2. Structure
chromosomal proximity with other members of

the S100 gene family, justifying classification as The Psoriasin gene maps to chromosome
S100A7. The S100 genes encode small cyto- 1q21.2-q22, within a region that encompasses
plasmic and secreted proteins that share EF-hand at least 12 of the S100 gene family (see Fig. 1)
helix-loop-helix domains that are important for and several other epidermal differentiation

genes {1,13]. Although the gene has not been
sequenced it is likely that it conforms to the
* Corresponding author. organization of adjacent S100 genes. In most

1357-2725/98,;819.00 C 1998 Elsevier Science Lid. All rights reserved.
Pll: S1357-2725(97)00066-6
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Fig. 1. Diagram of physical map of the S100 gene cluster on
chromosome 1q21. Current nomenclature and previous

names/synonyms are given on the right and genes are ordered
by approximate relative locations.

cases, these possess a simple three exon/two
intron structure, with the first exon contributing
most of the 5 untranslated region to the
mRNA and the second and third exons cover-
ing the coding sequences and contributing one
of the two EF-hand-like calcium binding motifs
that characterize these proteins. The Psoriasin
protein includes an N-terminal calcium binding
signature that lacks the spacing provided by an
additional three amino acids when compared to
other S100 genes and a canonical C-terminal
EF-hand motif. It shares closest overall hom-
ologies at the amino acid level to two newly
described S100 genes [4], bovine CAAF2 (77%)
and CAAFI1/S100A12 (63%), as well as recog-
nizable association with MRP8/S100A8 (32%)
and pl11/S100A10 (23%).

3. Biological function

Psoriasin expression is restricted to keratino-
cytes and breast epithelial cells, in contrast to

the overlapping pattern of the related subgroup
of S100 genes A8, A9 and Al2. which are also
expressed in hematopoietic cells of myeloid line-
age. It is known to be both a cytoplasmic and
secreted protein that is upregulated in keratino-
cytes in response to calcium and retinoic acid
and during abnormal pathways of differen-
tiation in culture, where Psoriasin is amongst
the most highly induced proteins [5]. While the
normal function of this protein is unclear it
might be deduced from its close relatives. The
S100 proteins are believed to influence calcium
mediated signal transduction and cellular events
through direct target protein interactions, as
opposed to a function as mere storage buffers.
In this capacity, targets for related S100 pro-
teins include intermediate filaments (S100Ag8)
and annexin (S100A10), implying a role in
modulation of cell shape/cytoskeletal architec-
ture or intracellular signal transduction [14].
Heterodimers of the S100A8 and A9 proteins
may also have an intracellular activity (as a
calcium regulator and/or inhibitor of casein
kinase activity) in addition to a complex extra-
cellular activity, both as a migration inhibition
factor and a chemotactic factor for monocytes
and granulocytes under different circumstances [3].
In the case of Psoriasin, the association with psor-
iasiform hyperplasia of the skin and its known
regulation suggests a role in keratinocyte differen-
tiation. However, Psoriasin may also act as a che-
motactic agent [6] to stimulate the neutrophil and
CD4" T lymphocyte infiltration of the epidermis
that characterizes psoriasis. These putative func-
tions are summarized in Fig. 2.

4. Role in pathology

The monogram Psoriasin endorses its associ-
ation with psoriasis and high levels of expression
in psoriasiform epidermal hyperplasia adjacent to
traumatic skin ulcers have also been observed.
However, the gene is clearly also expressed under
conditions of abnormal epithelial differentiation
and is secreted by neoplastic keratinocytes in car-
cinoma of the bladder [2]. More recently,
Psoriasin and the related S100 A8 and A9 pro-
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teins have also been found in other abnormal 5. Role in breast cancer
epithelia, including neoplastic breast ductal epi-
thelium and bronchial epithelium in individuals Disruption of calcium signalling pathways has
with cystic fibrosis. been implicated as a central mechanism in tumor-

CELLULAR EXPRESSION UNDER PATHOLOGICAL CONDITIONS
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Fig. 2. A schematic representation to illustrate the possible influence of altered psoriasin expression on motility of immune and epi-

thelia) cells by intracellular actions {cell signalling and shape) and exiracellular actions (chemotaxis) to mediate ils role in the
pathogenesis of psoriasis in skin and invasion in breast cancer.
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igenesis and specifically in the process of invasion
and metastasis [7}. One important component of
the intracellular calcium signalling system is the
S100 family of genes, which are known to be fre-
quently expressed in breast cancer cell lines and
tissues [12], but with often intriguingly different
patterns of regulation that illustrate the cell type
and stage-specific regulation of expression that is
characteristic of the S100 family.

A possible role for Psoriasin in breast cancer
first emerged when it was identified as a cDNA
downregulated in a nodal metastasis relative to a
primary invasive breast tumor [10]. Nevertheless,
this initial observation contrasted with the fact
that expression was only detectable in scattered
invasive primary tumor cells by in situ hybridiz-
ation and overall could be detected in less than
18% of primary invasive carcinomas by
Northern analysis. The explanation for this para-
dox most probably lies in the composition of the
cases studied. This has become apparent since
Psoriasin was later identified as a gene highly
expressed in the ductal epithelial cells of pre-inva-
sive ductal carcinoma in situ (DCIS), which can
be present as a significant component within
invasive tumor tissue. Furthermore, study of
Psoriasin mRNA expression at different stages of

breast tumnorigenesis has shown it to be relatively -

low or undetectable in normal, benign and atypi-
cal hyperplastic proliferative ductal lesions, but
often highly expressed in DCIS and low or un-
detectable in invasive carcinomas [8]. This pat-
tern suggests that Psoriasin overexpression is
associated with altered differentiation in glandu-
lar epithelium of DCIS and may have a role in
early breast tumor progression. Additional sup-
port for involvement in breast tumor progression
is provided by its chromosomal location in a
region of chromosome 1 that frequently (> 50%)
shows loss of heterozygosity in invasive
tumors [11].

It is therefore interesting to speculate that
Psoriasin is important in the development of the
invasive phenotype. This might be mediated
through an indirect influence on the effector cells
of the host immune response or through a more
direct influence on epithelial cell motility (as illus-
trated in Fig. 2). While no chemotactic effect on

epithelial cells has been demonstrated as yet, it is
clear that the closely related S100 proteins A8
and A9 and their heterodimeric form can exert
inhibitory or stimulatory chemotactic effects on
different cell types under different conditions [3].
It is also known that other epithelial-derived pro-
teins can be chemotactic for both macrophages
and keratinocytes [15]. Thus, Psoriasin might
exert an epithelial migration inhibitory function
in in siru breast carcinoma cells that once lost
could contribute to the onset of successful inva-
sion.

6. In the future

It is now important to identify the receptor

and/or cellular targets of a protein that is so -

highly expressed under certain conditions and
stages of epithelial differention, in order to
understand its biological function in inflamma-
tory skin disease as well as in neoplasia. Such
knowledge might on the one hand become useful
in the development of new strategies to block the
local epidermal inflammatory response that
characterizes psoriasis, and on the other hand for
the application of a clinical marker for squamous
cell carcinoma of the bladder. In breast cancer,
current data suggest a potential role as a clinical
marker of an important aspect of cancer pathol-
ogy, the development of the invasive phenotype
from ductal carcinoma in siru. Detection of
Psoriasin might distinguish in situ from invasive
cancer in fine needle aspirates where this distine-
tion is not always easy. This potential, as well as
determination of any direct role in the process of
invasion, remains to be pursued.
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CHAPTER S

Microdissection RT-PCR Analysis of
Gene Expression in Pathologically
Defined Frozen Tissue Sections

Tamara Hiller, Linda Snell and Peter H. Watson

University of Manitoba, Winnipeg, MB, Canada

Molecular studies of mRNA gene expression in human solid tumors are
critically dependent on the ability to apply sensitive assays to tumor tissue
that is of the highest quality with respect to pathological definition and cellu-
lar preservation, In particular, the interpretation of any analysis must recog-
nize the problems that are posed by variability in cellular composition.

Although the level of mRNA can be assessed by a variety of techniques,
many such as Northern blot and RNase protection assay are not sensitive
enough to allow the study of small tumor samples that are usually available
for research. Alternatively, in situ hybridization allows the assessment of
individual cell expression. However, sensitivity, accurate quantitation and de- -
termination of mRNA structure can sometimes be a significant limitation.
The reverse transcription polymerase chain reaction (RT-PCR) assay offers a
sensitive alternative that can allow accurate measurement of both structure
and level of mRNA based on very small samples.

We and others have previously demonstrated the feasibility of extracting
DNA from microdissected regions within archival formalin-fixed and paraf-
fin-embedded tissue sections to assess alterations in gene structure by PCR
(4,10,11). Several groups have also reported RNA extraction from paraffin
sections (1,6-9). However, this can require specialized approaches to tissue
fixation (6), and our experience is that this allows the amplification of only
relatively stable and abundant RNA species, such as “housekeeping genes”
(3,8). Alternatively, RNA can be extracted from frozen tissues; however, this
has the limitation of suboptimal histological detail for the assessment of tu-
mor parameters and precise cellular composition. In this report, we describe
an approach to facilitate microdissection of small pathologically defined re-
gions from frozen tumor sections to provide mRNA for the analysis of gene
expression by RT-PCR.

Fresh tissue samples from breast cancer cases are obtained through a stan-
dardized and timed collection protocol instituted by the National Cancer

(Reprinted from BioTechniques 21:38-44, July 1996)
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Institute of Canada-Manitoba Breast Tumor Bank. Portions of these tissues
(typically 0.5 cm3) are then rapidly bisected, orientated on the external and
cut surfaces with different colored dyes (black india ink, alcian blue and mer-
curochrome) and one-half placed in 10% neutral buffered formalin, and the
other is snap-frozen in liquid nitrogen within a cryovial. The fixed-tissue
blocks are then processed routinely to produce matching and “mirror image”
formalin-fixed, paraffin-embedded and frozen tissue blocks. Thin (5 pm)
hematoxylin and eosin (H&E)-stained sections are then prepared from the
paraffin blocks to allow interpretation of the detailed histology and tumor
composition by light microscopy. The corresponding frozen blocks can then
be sectioned in a cryostat to provide thin 5- to 20-pim sections when required,
in which the distinction of tumor grade, mitotic rate, in situ tumor vs. florid
ductal hyperplasia and other subtle features can be determined by direct com-
parison with the adjacent high-quality paraffin section.

High-quality total RNA is extractable from whole 20-um frozen tumor
sections using a small scale extraction protocol (TRI Reagent™; Molecular
Research Center, Cincinnati, OH, USA) to provide an average yield of 4
ng/cm?/20-wm tumor section (consistently optical density [OD]ygp080 >1.8
as quantitated by spectrophotometer in a 50-uL. microcuvette). Although this
varies with the tumor cellularity, a typical tumor section measuring 0.25 cm?
yields 1 pg of total RNA, which is sufficient to be used as a substrate for mul-
tiple RT-PCR assays. We have used this approach to reliably amplify a range
of gene products such as c-myc, pS2 and CD44. We have also examined the
effect of reuse and storage on the yield and quality of RNA that can be ex-
tracted from frozen tissue sections. Glyceraldehyde-3-phosphate dehydroge-
nase (GAPDH) and estrogen receptor (ER) gene expression were assessed by
RT-PCR using RNA extracted from frozen tissue sections, obtained from four
different tumor cases. These had previously been sectioned for successful
RT-PCR analysis and then re-frozen from 1% to 2% years previously. We

Figure 1. RT-PCR analysis of ER and GAPDH expression within frozen sections from resectioned
tumor blocks. RNA was extracted from frozen sections obtained from tumor blocks that had been sec-
tioned and successfully used for RNA extraction and RT-PCR up to 2%z years previously. In all four tumors,
the expression of ER and GAPDH can be readily detected in the reused blocks (lanes 1-4), and this is sim-
ilar to the expression seen in the corresponding samples of RNA stored at -70°C since the original extrac-
tion (lanes 5-8). Note that the integrity of one stored RNA sample (lane 6) has been lost.
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toxylin solution (Mallinckrodt, Winnipeg, MB, Canada) for 2 s at room tem-
perature, rinsed in water for 10 s, immersed into Eosin Y in 95% ethanol
(Mallinckrodt) for 2 s, rinsed again in water for 10 s and then placed under a
dissection microscope (wild M3C; Leica). Sections can then be oriented and
the histological details confirmed with reference to a paraffin H&E-stained
section from the matching paraffin block. Using a scalpel blade and fine nee-
dle, specific tumor components within histologically defined areas less than
1-2 mm? can be rapidly microdissected within 2 min under a 20X objective at
room temperature and placed into a precooled microcentrifuge tube on ice.
After a brief centrifugation to pellet the dissected material, 10 uL. ddH,O are
added, and the material is snap-frozen by immersion in liquid nitrogen to dis-
rupt tissue architecture. RNA can then be extracted and used as a substrate for
RT-PCR assay. For a typical 20-mm breast tumor section, which may contain
104 cells within a 2-mm region, we obtain yields of between 0.5-1 ug RNA
from 4 microdissected serial sections. The brief H&E stain provides essential
cellular discrimination without significantly affecting the ability to perform
successful RT-PCR.

To demonstrate the feasibility of this approach, a microdissection experi-
ment performed on tissue from an ER- positive carcinoma is shown in Figure
2. The mRNA expression of the GAPDH “housekeeping™ gene is detected in
the entire unstained frozen tumor section, in the section following brief H&E
staining and in both microdissected tumor and stroma regions. Similarly, ex-
pression of ER is seen in the entire tumor section and in the region of inva-
sive carcinoma, but as expected, it is absent in the immediately adjacent lym-
phocyte-rich stroma. '

Following microdissection, 100 ng total RNA from each component were
reverse-transcribed in a volume of 20 pL of RT mixture (1x RT buffer and 200
U Moloney murine leukemia virus [MMLV] RTase (Life Technologies,
Burlington, ON, Canada); 0.5 mM each dGTP, dATP, dTTP, dCTP; 1 mM
bovine serum albumin [BSA]; 0.01 M dithiothreitol [DTT]; 1.25 mM
oligo(dT) primer; 5% dimethyl sulfoxide [DMSO]) and incubated for 60 min
at 37°C. PCR amplification of GAPDH and ER ¢cDNA was then performed in
a Model PTC-100™ thermal cycler (MJ Research, Watertown, MA, USA).
Each PCR was performed in a 50-pL volume utilizing 2 pL of the completed
RT reaction containing cDNA; 1x PCR buffer; 2 uM MgCl,; 1.1 U Tuq DNA
polymerase (Promega, Unionville, ON, Canada); 200 mM each dGTP, dATP,
dTTP and dCTP; and 0.5 mM PCR primers. The PCR protocol consisted of 5
min at 94°C; then 40 cycles of 45 s at 93°C, 45 s at 56°C and 90 s at 75°C; fol-
lowed by 7 min at 72°C. After thermal cycling was completed, 1.5 pL of gel
loading buffer were added to 15 pL of the PCR, and samples were elec-
trophoresed on a 2% agarose gel. PCR products were visualized by subse-
quent ethidium bromide staining and photography under UV light. The primer
sequences used were as follows; GAPDH?43 5 ACCCACTCCTCCAC-
CTTTG 3, GAPDH!102 5 CTCTTGTGCTCTTGCTGGG 3’, ER675 5’ TGC-
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Microdissection RT-PCR Analysis of Gene Expression
in Pathologically Defined Frozen Tissue Sections

P.H. Watson, T. Hiller, L. Snell, K. Hole, R. Singh, L.C. Murphy, E.T.
Leygue, H. Dotzlaw, A. Kossakowska! and A. Kulakowski?
University of Manitoba, Winnipeg, MB, Canada; ! Foothills Hospital, Cal-

gary, AB, Canada; *Maria Skoldowska-Curie Memorial Cancer Center,
Warsaw, Poland

We have used this approach to pursue the specific goal of identification of
genes that influence growth and invasiveness in human breast cancer (1,3).
Several indirect approaches to the latter problem have been taken by others,
including either assessment of known genes that may be important for inva-
sion on the basis of their discovery and their roles in other experimental sys-
tems, or the search for DNA loci with genetic damage (loss of heterozygos-
ity) that might indicate alteration of expression of genes involved in invasion.
However, through microdissection RT-PCR of pathologically defined in situ
and invasive elements within frozen breast tumor sections and examination
of RNA for alterations of gene expression, we have been able to take a more
direct approach to this problem. In pursuit of this direction we have made the
following progress.

To improve our ability to interpret alterations in levels of gene expression
in vivo, we have established a tissue collection protocol and studied the ef-
fect of tumor collection time on RNA expression in breast tumor specimens.
We have used competitive RT-PCR assays to measure the levels of expression
of both relatively stable (estrogen receptor [ER]) and unstable (c-myc) RNAs
expressed in breast tumors collected and frozen over different times. We have
found that the level of c-myc RNA declines more rapidly than ER, even in tis-
sues collected and maintained on ice, with mean c-myc levels falling to 80%
of initial level at 24 h as compared to mean ER levels of 94% of initial levels.
Therefore, although differences in RNA levels may not be significant with
shorter collection periods, our results show that standardization of the
method of tissue collection is important as time to collection can influence
mRNA levels of some genes which decay faster than others.

We have also examined the ability to apply our approach to tissue process-
ing, microdissection and RT-PCR to tissues obtained from distant sources by
examining breast tumor material transported from Poland, in collaboration
with the Warsaw Cancer Institute. Morphological tissue quality assessed on a
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We have continued to utilize this approach in our
research program (1) to pursue the specific goal of
identification of genes that influence the acquisition of
the invasive phenotype in human breast cancer.
Assessment of risk of progression to invasive breast
cancer has recently become an increasingly
recognizable and defined problem in clinical
management. This is partly due to the increasing
number of patients who present with pre-invasive
ductal carcinoma in-situ, (DCIS) (2). More recently,
the demonstration that breast cancer can be delayed
or inhibited by tamoxifen therapy in women at high
risk as defined in the NSABP trial has also provided a
new focus and impetus to improve the accuracy of
risk determination (3). But although there is clearly a
need for better predicators of biological potential and
there has also been an impressive growth in the
knowledge of genes involved in tumor invasion and
metastasis (4), the importance of most of these factors
in the development of the invasive phenotype in the
complex heterogeneous disease of human breast
cancer has been difficult to establish (5,6). This is
partly because many of these genes (including cell
adhesion molecules, proteases and motility factors)
were first identified in tumor cell lines and systems
other than epithelial breast carcinoma. This in turn
reflects a lack of suitable breast specific models or
breast cell lines that are representative of the pre-
invasive, in-situ stage of cancer.

To address this critical issue in the biology of early
breast tumor progression, many groups have based
their studies on human tissues and begun to survey
DCIS lesions with microsatellite markers in search of
regions of loss of heterozygosity (LOH) that may
harbor tumor invasion suppressor genes. This
approach has yielded some interesting loci but not
specific genes as yet (7). In contrast, our approach as
outlined previously, has been to directly study
differential gene expression within histologically
defined breast tissues, in order to identify potential
‘invasion’ genes (1).

This approach has been crucially dependent on the
design and maturation of the NCIC-Manitoba Breast
Tumor Bank resource to allows selection and
dissection of histologically defined frozen breast
tissues (8). To date we have identified a number of
cDNAs that are differentially expressed between
DCIS and invasive tumor components. To rapidly
determine the potential of this approach we have
initially focused on 6 known cDNAs identified in
other systems. We have confirmed amongst these,
real differential expression (3 ¢cDNA’s, see below),
differential expression attributable to differences in
local regional composition (1 ¢DNA) and false
positives (2 ¢DNA’s) by in-situ hybridization and
RT-PCR. Consideration of the patterns of expression
amongst the 3 differentially expressed cDNA’s has
encouraged us to pursue the potential role of two of
these, psoriasin (9) and lumican (10) in invasion.

Control
Cartilage

Fig 1. Microdissection and Western blot analysis of lumican protein expression
within 1-2mm diameter regions within a frozen breast tumor section that shows
discordance with the high (left) and low (right) levels of mRNA expression in eacl
region (indicated by density of black grains), as determined by in-situ
hybridization applied to a paraffin section of a mirror image block (shown above).

Psoriasin (S100 A7), a member of the S100 calcium
binding protein family (11) is differentially expressed
in DCIS vs invasive epithelial components.
Expression is relatively low or undetectable in normal
& proliferative lesions, high in DCIS, but low in
invasive carcinomas (9). Furthermore, its potential
capability to influence cell motility (12) is compatible
with the hypothesis that altered expression may be a
marker of invasiveness. Lumican is a small leucine-
rich proteoglycan (13), that we have also found
overexpressed in the stromal component of invasive
breast cancer (14). We have gone on recently to show
that it is the most abundant proteoglycan within its
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stromal gene family, using an adaptation of our
previous techniques to extract protein from
microdissected frozen sections. We have also applied
microdissection coupled to Western blot to frozen
tissue sections to compare lumican protein expression
within regions that show different levels of mRNA
expression, as determined by in-situ hybridization
applied to adjacent mirror image paraffin sections
{figure 1). This has clearly shown that altered lumican
expression in tumors also involves abnormal protein
deposition within subregions of breast tumors.

Although  not

previously studied in tumor

progression, its known role in cross linking of
collagen (15) supports the hypothesis that such
changes in lumican expression may influence
invasiveness.
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