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Alteration of psoriasin (S100A7) expression has pre-
viously been identified in association with the transi-
tion 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
predominantly 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 Pathol 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.® In
particular, S100A2 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.*7% In the latter case this may reflect the ability of
S100A4 to influence cell motility,” the cytoskeleton®®° or
cell adhesion molecules.'® Psoriasin was initially identi-
fied as a highly abundant protein belonging to the S100
gene family," expressed by abnormally proliferating ker-
atinocytes in psoriatic epidermis.’® '3 |t has subsequently
been shown to be a secreted protein that can exert an
effect as a chemotactic factor for inflammatory cells.'*®
However, the function of psoriasin in breast cancer re-
mains to be determined."® In this study we have devel-
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 uniformly 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 provide 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 (1078
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 pellets
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 dodecy! sulfate (SDS),
5 mmol/L B-glycerophosphate) and a cocktail 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 gel 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
IgY anti-psoriasin antibody (~15 ug/mlin TBST), followed
by incubation with secondary antibody, rabbit IgG anti-
chicken IgY conjugated to horseradish peroxidase (1:
5000 dilution 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 tissue
blocks fixed in 10% neutral buffered formalin for 18-24
hours. After deparaffinizing, clearing, and hydrating to
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-
plied for 1 hour at 37°C followed by washing and incu-
bation with the secondary antibody, peroxidase-conju-
gated affinity purified rabbit anti-chicken (1:200 dilution),
for 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-
body) 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
proportion of tumor cells showing a positive nuclear sig-
nal (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, and tumors with a score equal to or higher than 1.0
were deemed positive.

In Situ Hybridization

In situ hybridization was performed on paraffin sections (5
wm) according to a previously described protocol.” Lin-
earized psoriasin plasmid cDNA (1.0 ug/ul) was used to
generate UTP®%®-jabeled sense and antisense RNA
probes with the Riboprobe System (Promega, Madison,
WI) according to the manufacturer’s instructions. Sense
and antisense probes were equalized by diluting 1 x 10°
cpm/ul in hybridization solution. These were then applied
to paraffin sections (approximately 30 wl of probe per
section) 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 incu-
bation in posthybridization solution and buffered RNase
A (20 pg/ul), followed by several washes in descending
dilutions of standard saline citrate buffer to remove
weakly 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 2 to 5
weeks, and counterstained with Lee’s methylene blue
and basic fuchsin. Psoriasin expression was assessed by
bright-field microscopic examination at low power (10X
objective) magnification with reference to the negative
sense and positive control tumor sections run with each
patch. Levels were scored semiquantitatively as previ-
ously described®? 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).
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.
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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 wl 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 ul of
0.1% bovine serum albumin; 2 wl of 0.1 mol/L dithiothre-
itol; 1 wl of 0.25 mol/L random hexamer primer; 2 ul of
dimethy! sulfoxide (DMSQO), 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 ul of sterile water; 5 ul of 10X
PCR buffer; 5 ul of 25 mmol/L MgCl,; 200 mmol/L each of
dATP, dCTP, dGTP, and dTTP; 1 ul of DMSO; 1 unit of
Tag DNA polymerase; and 0.5 ul 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,' or alternatively, PCR was performed with
GAPDH primers, sense (5'-ACC CAC TCC TCC ACC TTT
G-3’) and antisense (5’-CTC TTG TGC TCT TGC TGG
G-3").2% For PCR amplification the reaction comprised 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 line
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
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used to correct for differences in epithelial cell content 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 t-test for independent
variables, or a * test.

Results

Characterization of Psoriasin-Specific Antibody

Multiple S100 proteins are expressed in individual tissues
and cells. To specifically distinguish psoriasin expression
within archival formalin-fixed and paraffin-embedded tis-
sues we raised a polyclonal antibody in chicken 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 low homology to other S100
proteins. Western blot analysis of an MDA-MB-231 breast
cell line transfected with a plasmid incorporating psoria-
sin cDNA under the control of a CMV promotor (and
known to express psoriasin mRNA by Northern blot; 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 antibody previously raised
against a recombinant psoriasin protein (data not
shown).

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 mMRNA and total protein expres-
sion (determined by Western blot and RT-PCR analysis of
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Figure 1. Western blot analysis of cell lines and tumors to demonstrate
anti-psoriasin IgY antibody specificity. A: A protein band (approx 11.7 kd)
detected using a chicken IgY anti-psoriasin antibody in a psoriasin-trans-
fected MDA-MB-231 breast cell line and two tumors (10049, 12434), but
absent in tumor 13402 and wild-type MDA-MB-231 cells. B: Detection of
several S100-like proteins, using a commercial polyclonal S100 antibody
applied to the same samples, in addition to weak detection of the same
(approx 11.7 kd) protein band seen in A.

protein and RNA extracted from sections cut from the
adjacent mirror-image frozen tissue blocks). Skin biop-
sies from the margins of two psoriatic lesions and a
squamous carcinoma of larynx were also studied, as
psoriasin was originally identified as a highly expressed
protein in psoriatic skin and has also been identified as
an expressed sequence tag in a cDNA library from laryn-
geal squamous carcinoma (http://www.ncbi.nlm.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-
dominantly within epithelial tumor cells and was localized
within both tumor cell nuclei as well as cytoplasm. Pso-
riasin was also present within some stromal cells and in
some cases also on the luminal aspects of endothelial
cells within small vessels (Figure 2). However, in situ
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 peptide
and was not present in tumors that were negative for
psoriasin but showed additional immunoreactive bands
on Western blot (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. Immunohistochemical and in situ hybridization analysis of the cellular distribution and patterns 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 (A, black arrow) of
keratinocytes. Similar nuclear and cytoplasmic staining is seen in breast epithelial tumor cells (C, black arrow; case 8965). 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
signal was further confirmed by the fact that the presence
of immunohistochemically detected protein expression,
assessed 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
keratinocytes 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 immunohistochemical staining,
but no mMRNA signal, was also observed in stromal cells in
the dermis underlying the psoriatic lesion. 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'?° 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 associated
with abnormal keratinocyte differentiation. To examine
further the relationship of psoriasin with differentiation
and invasiveness, we used RT-PCR and Western blot to
examine psoriasin mRNA and protein levels in a cohort of
invasive tumors. These tumors included several different
tumor types and a range of differentiation, as determined
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 = —0.47, 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-
sisin 10 tumors (Table 1 and Figure 4). These tumors (six
ductal, two lobular, two medullary) corresponded to
those with the highest mMRNA levels observed by RT-PCR
(above 1.0 arbitrary expression units). Also consistent

with RT-PCR analysis, Western blot-positive invasive duc-
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).

The relationship between psoriasin mMRNA and protein
expression and host inflammatory response was also
examined (Table 2). Psoriasin mRNA showed a signifi-
cant positive correlation in the entire cohort (n = 57, r =
0.47, P = 0.0002), in the entire cohort excluding the
medullary carcinoma subgroup, which includes inflam-
matory infiltrates as a diagnostic criterion (n = 52, r =
0.42, P = 0.0022), and within the invasive ductal sub-
group alone (n = 34, r = 0.39, P = 0.023). Cases with
Western blot-detectable psoriasin protein also showed
increased inflammatory infiltrates, both in the entire co-
hort (mean (SD) = 3.6 (1.1) vs. 2.3 (1.2), P = 0.004) and
in the entire cohort excluding the medullary subgroup
(mean (SD) = 3.3 (0.89) vs. 2.1 (0.98), P = 0.007).

Discussion

We have developed a psoriasin-specific antibody and
confirmed its specificity as well as its ability to detect the
psoriasin protein in formalin-fixed and paraffin-embed-
ded specimens. We have shown that there is a high
concordance between psoriasin mMRNA and protein lev-
els in invasive tumors, and persistance of psoriasin ex-
pression at higher levels is significantly associated with
poor prognostic markers, including ER- and PR-negative
and lymph node-positive status. Psoriasin expression
within breast tumor cells is also associated with inflam-
matory infiltrates.

Indirect support for a role for S100 genes in breast
tumor progression is provided by several observations.
Disruption of calcium signaling pathways has been im-
plicated as a central mechanism in tumorigenesis and
specifically in the process of invasion and metastasis.?®
Moreover, the chromosomal location of the S100 gene
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 manifest
alteration of their expression in association with tumori-
genesis and progression.'"24 In particular, S1T00A2 and
S100A4 have been identified to be differentially ex-
pressed between normal and neoplastic cells®?%2° and
up-regulated in metastatic as compared to nonmetastatic
cells in both mouse and rat mammary tumor cell lines.>3°
In vivo studies of breast tumors have also shown a corre-
lation between high levels of S100A4 expression, nodal
metastasis, and ER-negative status.®' More direct evi-
dence has emerged from modulation of ST00A4 expres-
sion in transfected cell lines that have shown that over-
expression of S100A4 can also induce the metastatic
phenotype in mouse, rat, and human cells.*¢32 Further-
more, there is evidence that S100A4 may exert its effect
on cell cytoskeleton®® and motility,” and it has also been
demonstrated that up-regulation of S100A4 in mouse
tumor cell lines can down-regulate expression of E-
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Table 1. Clinicopathological Parameters, Histological Composition of the Tumor Section, and Psoriasin Expression in 57 Invasive
Breast Carcinomas Assessed by RT-PCR and Western Blot

Clinicopathological parameters Psoriasin
TB# Type ER PR GrSc Size NS Inf RT-PCR RT-PCR/Inv% WB
11549 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 0.10 0.16 -
10582 muc 109 62 2.3 na 1 0.14 0.34 -
8832 muc 295 177 4 - 2 1.94 2.77 -
8021 muc 331 328 2.3 - 2 0.11 0.15 -
11387 tub 105 35 3.5 na 2 0.09 0.29 -
9483 tub 56 0 1.2 - 2 0.09 0.91 -
11651 tub 67 24 2.2 - 3 0.23 0.77 -
8814 tub 232 103 2 - 2 0.44 1.45 -
8720 tub 29 73 2 - 1 0.52 5.21 -
12072 tub 8.3 5 2.3 + 3 0.67 1.34 -
13041 med 3.4 9 2 - 5 0.40 0.49 -
13153 med 4.9 2.4 3 na 5 0.61 0.76 -
11867 med 1.4 9 1.6 + 5 1.60 2.67 +
13058 med 4.6 12 2.8 - 5 1.63 2.04 -
12434 med 1 1.3 1.2 - 5 1.63 3.27 +
8639 ilc 52 83 na - 1 0.20 0.67 -
8799 ilc 111 139 6 + 2 0.31 3.15 -
8993 ilc 142 528 8 + 1 0.52 0.86 -
9801 ilc 2.1 9.8 na - 3 0.56 1.60 -
8921 ilc 2.3 8.9 8 - 2 2.07 3.77 +
8961 ilc 0.7 3.4 25 - 3 2.34 5.84 +
9000 idc 392 596 7 2.5 - 1 0.07 0.09 -
13402 idc 49 35 4 2.8 - 2 0.07 0.17 -
11971 idc 97 25 4 1.5 - 2 0.13 0.42 -
8684 idc 74 43 7 5 + 1 0.14 0.35 -
12853 idc 17.3 83 9 4.8 + 4 0.15 0.22 -
8840 idc 74 68 7 1.8 + 3 0.17 0.37 -
8834 idc 10 147 5 2 - 2 0.17 0.34 -
8674 idc 16.7 4.5 9 na - 2 0.19 0.35 -
12037 idc 225 144 4 3.5 + 2 0.20 0.40 -
12868 idc 93 141 9 3.5 na 1 0.21 0.28 -
8599 idc 58 81 4 3.5 - 1 0.24 0.79 -
10105 idc 0.9 3.8 9 3 + 4 0.24 0.40 -
7928 idc 33 72 5 3 + 2 0.27 0.67 -
13414 idc 15.5 59 5 4.1 - 2 0.28 0.56 -
11343 idc 78 44 4 na - 3 0.29 0.73 -
10644 idc 130 4.7 9 3.2 + 2 0.32 0.81 -
10137 idc 42 26 7 1.8 - 1 0.44 0.89 -
10064 idc 0.8 4.6 9 25 na 2 0.53 0.88 -
11769 idc 1.1 3.5 7 na - 3 0.56 0.80 -
8932 idc 114 27 4 2 - 1 0.56 1.13 -
10906 idc 46 6.6 9 4.5 na 5 0.58 0.64 -
8789 idc 0.8 0.4 7 na na 3 0.66 1.64 -
10150 idc 70 42 7 na - 1 0.67 1.68 -
11459 idc 3.6 98 5 4.6 + 3 0.67 0.96 -
13191 idc 17.2 9.2 9 3.2 - 2 0.69 0.87 -
10124 idc 1.9 12.9 9 3 - 4 1.00 1.42 -
8830 idc 0.7 8 9 6 + 4 1.06 1.32 +
8790 idc 6 50 5 15 + 2 1.07 3.58 -
11118 idc 6.6 1.8 5 8.5 + 2 1.10 2.20 -
12715 idc 1.5 16 7 3 na 3 1.24 2.06 +
9631 idc 0.7 4.5 9 na + 4 1.32 3.10 +
8965 idc 0.4 9.9 7 na + 4 1.85 2.64 +
10049 idc 0.8 14 9 3.7 + 4 2.01 5.04 +
8704 idc 0.7 35 7 3.5 + 2 2.60 6.50 +

TB, tumor bank case number; type, mucinous (muc), tubular (tub), medullary (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
level 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 blot.
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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," which 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,

m'-
2 d
- o o T > T — S
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Figure 4. Western blot analysis of psoriasin protein expression in invasive
breast tumors. Psoriasin (black arrow) is detected in 3/12 representative
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 interesting to
speculate from this pattern of expression that psoriasin
may be important in the invasive phenotype.'® This role
might be mediated through an indirect influence on the
effector cells of the host immune response or perhaps
through a more direct influence on the epithelial tumor
cell. The first hypothesis is supported by the correlation
seen here with the degree of host inflammatory cell re-
sponse within breast tumors and the previous evidence
that implicates psoriasin as a chemotactic factor.' How-
ever, psoriasin protein was only detected in approxi-
mately 50% of medullary and ductal tumors with marked
inflammatory responses. The second hypothesis is sup-
ported by our observation that psoriasin may not only be
secreted'™'® but also can be localized in both nuclear
and cytoplasmic compartments in normal skin and breast
tumors. Although further studies beyond immunohisto-
chemistry are necessary to confirm this observation, the
pattern of expression is consistent between cells in two

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

All IDC
n Low Ps High Ps n Low Ps High Ps
ER — 28 14 4 P = 0.0001 19 10 9 P = 0.0019
+ 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 = 0.095) 14 13 1 P = 0.0002
+ 19 11 8 15 8 7
INFL Low 34 29 5 P = 0.049 20 17 3 ns (P = 0.07)
High 18 11 7 14 8 6
Size <2 12 9 3 6 5 1
2-5 29 22 7 ns 18 14 4 ns
=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 0

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 x® or ANOVA tests. ns, not significant.



closely related epithelia, epidermis and breast ductal
epithelium, and the detection of nuclear and cytoplasmic
signal was unrelated to tissue fixation or immunohisto-
chemistry 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.3” Similarly, al-
tered cellular distribution of proteins such as BRCA1 and
B-catenin are also recognized to be an important aspect
of tumor progression.®®~4° Furthermore, other S100 pro-
teins have previously been associated with both extra-
cellular and intracellular actions,*” and previous studies
have 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,*®4* and
specifically S100A2 has been found in breast cell nuclei,
whereas S100A6 localizes to the cytoplasm?®?; however,
the functional significance of these findings remains un-
known.

In conclusion, we have shown that expression of pso-
riasin (S100A7) mRNA and protein correlates with indi-
cators of poor prognosis in invasive breast tumors, in-
cluding 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 a role
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.
Further studies will be necessary to confirm the latter
observation and pursue the biological functions of pso-
riasin in relation to breast tumor progression.
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