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Abstract
Human S100A7 (psoriasin) is considered a marker for specific stages of breast cancer. hS100A15 is
almost identical to hS100A7 and difficult to discriminate. We developed specific probes to
distinguish hS100A7 and hS100A15, and demonstrate their differential distribution in normal breast
tissue. Further, hS100A7 and S100A15 transcripts are elevated in ER/PR negative breast cancers,
but hS100A15 protein is detected in all cancer specimens while hS100A7 protein is sporadically
expressed. The differential regulation, expression and distribution of hS100A7 and hS100A15 and
their reported distinct functions are compelling reasons to discriminate among these proteins in
normal breast and breast cancers.
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Introduction
Early diagnosis of breast cancer has prompted the search for molecular markers to predict the
risk of tumor progression. Upregulation of human S100A7 (hS100A7, psoriasin) is considered
a useful marker for recognizing in-situ carcinomas and pre-invasive foci of the primary breast
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epithelial tumors. hS100A7 expression often decreases in invading tumor foci, however its
persistent expression in invasive carcinomas is associated with poor prognosis [1–3].

hS100A7 belongs to the largest, multigenic family of calcium-binding EF-hand S100 proteins
[4]. Despite their small size and conserved functional domains, gene duplications and variations
throughout vertebrate evolution led to an increase in number and diversity within the S100
family [5]. Along with hS100A7 (psoriasin), the human S100A15 (hS100A15) was first
identified as upregulated in psoriatic skin, where the S100A15 gene transcribes two alternative
mRNA splice variants, S100A15-S (short) and hS100A15-L (long) [6;7]. hS100A7 and
hS100A15 are both intracellular and secreted proteins and are believed to contribute to the
inflammatory phenotype that characterizes psoriasis. Both hS100A7 and hS100A15 are
encoded by separate genes within the highly recombinant region of S100 gene cluster on
chromosome 1q21 (Epidermal Differentiation Complex). As evolutionary late genes, hS100A7
and hS100A15 are highly similar paralogs (93% sequence identity) diverging the least among
all S100 gene family. Recent studies indicate that secreted hS100A7 and S100A15 proteins
exert a pro-inflammatory function through distinct receptors and act synergistically as
chemoattractants when co-expressed[8].

The high homology of hS100A15 and hS100A7 makes them difficult to distinguish when co-
expressed. However, their distinct biological functions compel an analysis of their dual
presence and potential contribution to normal breast and cancers. By using specific PCR-
primers and antibodies, we demonstrate differential expression and distribution of hS100A7
and hS100A15 in both normal breast tissue and invasive carcinomas. The specific expression
patterns suggest both proteins contribute unique functional elements for breast physiology and
tumorigenesis.

Material and Methods
All the materials and methods used have been approved by the NCI. Breast tissues were
obtained for research from B.K.V., NCI, NIH, Bethesda and the Manitoba Breast Tumor Bank,
Canada under REB approved protocols.

Human breast cancer tissues
A cohort of invasive breast cancers was obtained from the Manitoba Breast Cancer Tumor
Bank. Cases and controls were selected for this study on the basis of hS100A7 status and
availability of frozen tissues to include ten hS100A7 positive and negative cases, respectively
as previously determined by immunohistochemistry [9]. All cases were associated with frozen
tissues containing invasive components that occupied more than 20% of the tumor section,
while normal epithelial areas comprised no more than 10% of the epithelial content. ER/PR
status were defined by ligand binding analysis of separate samples from each tumor (ER
positive status> 3 fmol/mg protein, PR positive status > 15 fmol/mg protein). Tumor grade
was determined using the Nottingham grading system.

Establishment of specific primers for hS100A7 and hS100A15 and quantitative reverse
transcriptase-polymerase chain reaction (RT-PCR) was performed based on extracted RNA
(1000 ng) that was reverse transcribed in a total volume of 20 μl as described previously [3].
qPCR was performed using fluorescence thermocycler (Biorad, Hercules, CA) and gene-
specific primers (forward, reverse): hS100A7:
(AGACGTGATGACAAGATTGAC,TGTCCTTTTTCTCAAAGACGTC); hS100A15-L:
(ACGTCACTCCTGTCTCTCTTTGCT,TGATGAATCAACCCATTTCCTGGG),
hS100A15-S:
(CAAGTTCCTTCTGCTCCATCTTAG,AGCCTTCAGGAAATAAAGACAATC). The
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specificity of the hS100A7, hS100A15-L and hS100A15-S products was verified by
sequencing. The ΔΔCt method was used to normalize transcript to hGAPDH.

Establishment of antibodies specific for hS100A7 and hS100A15
Monospecific antisera to human S100A15 were prepared in rabbits by injecting a synthetic
peptide which corresponds to the N-terminal amino acid sequence of the deduced hS100A15
protein (gene bank acc. number AAO40032). The antibodies were affinity purified using the
synthetic peptide-coupled to Affigel-15 (Biorad, St. Louis, MS) [10]. The polyclonal anti-
hS100A15 antibody 3923, several commercial (Imgenex, San Diego, CA; Abcam, Cambridge,
MA; Exalpha, Maynard, MA) and custom anti-hS100A7 antibodies (Fig 1, 4) [1;9] were tested
for specificity using recombinant hS100 proteins (custom, see above; Novus Biologicals,
Littleton, CO; 50 ng/lane) and human keratinocyte lysate (20ug/lane). Preabsorption studies
with the corresponding proteins blocked the appropriate S100 antibody staining as described
previously[8].

cDNA cloning, recombinant protein expression and purification of S100 gene family
members

cDNA was prepared by PCR-cloning of full-length transcripts (hS100A7: NM_002963;
hS100A15: AY189119) isolated from human skin [6]. Untagged proteins were expressed in
Escherichia coli BL21 (DE3) cells harboring plasmid his6-MBP-tev-human S100A15/-human
S100A7 and proteins were tev-cleaved and purified as described [11].

Immunoblotting and Immunohistochemistry
For immunoblot analysis, lysates of normal breast tissue and invasive carcinomas were
prepared using 1% Triton-containing lysis buffer (Cell Signaling). Proteins were separated
using a 12% polyacrylamide gel, transferred to reinforced nitrocellulose membranes and
visualized by Ponceau stain. Membranes were incubated with blocking buffer (TBS, pH 7.4,
with 5% milk, 0.1% Tween 20) for 30 min, primary antibody (anti-hS100A15, 1μg/mL;
monoclonal mouse anti-hS100A7 antibodies, 1μg/mL; polyclonal chicken anti-hS100A7,
1:2000 [1]; polyclonal rabbit anti-hS100A7, 1:2000 [9] overnight, and secondary antibody was
applied for 1 h with several washes (TBS, pH 7.4, 0.1% Tween 20) between incubations.

Immunohistochemistry was performed on serial 5 μm frozen sections of human normal breast
and invasive carcinomas fixed in acetone. The sections were treated with 96% methanol and
4% hydrogen peroxide to exhaust endogenous peroxidase activity, blocked in 10% normal goat
serum, and incubated overnight with anti-hS100A15 or monoclonal mouse anti-hS100A7 (5
μg/ml each). Slides were then treated the next day with biotinylated anti-rabbit or anti-mouse
IgG (H+L) (1:1000), followed by an Avidin-Biotin Complex incubation (Elite Vectastain).
Samples were exposed using the Vector DAB Kit and mounted. All reagents for
immunostaining were from Vector Laboratories, Burlington, CA. Serial dilution competition
assays were performed in the absence and presence of blocking peptide as indicated to
determine the optimal working concentration and specificity of the primary hS100A15
antibody using both immunohistochemistry and immunoblot analysis.

For immunofluorescence, donkey anti-rabbit cy3 (1:250) or donkey anti-mouse FITC (1:250)
(Jackson Laboratory, Bar Harbor, MI) was used as a secondary antibody for hS100A15 or
hS100A7, respectively. When sections were co-stained, monoclonal mouse anti-hS100A7 or
smooth muscle actin (1:25, Serotec, Raleigh, NC) were mixed with the primary hS100A15
antibody. All sections were nuclear stained with DAPI (Sigma) and mounted.

In preliminary studies, we tested antibodies previously used to study the expression of hS100A7
in breast cancer [1;9;12;13]. Both polyclonal chicken (Fig 1SA) and rabbit (Fig 1SB) hS100A7
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antibodies did not cross-react with hS100A8 and hS100A10 proteins but recognized both
hS100A7 and hS100A15 proteins. Further, both antibodies were able to detect corresponding
native S100 proteins in human keratinocyte lysates (Fig 1SA, B). Sensitivity and specificity
of tested commercial and custom antibodies generated against hS100A7 and hS100A15 are
summarized in Fig 1C.

Results
hS100A7 and hS100A15 can be discriminated

Using antibodies generated in rabbits to a unique N-terminal sequence in human S100A15
(hS100A15), immunoblotting revealed a single monomer band of recombinant hS100A15
distinct from hS100A7 as well as corresponding uncleaved recombinant protein (Fig 1A). The
hS100A15 antibody did not detect the highly homologous hS100A7 protein. Similarly, the
monoclonal hS100A7 antibodies (Abcam, Imgenex) revealed specific staining of the hS100A7
monomer in addition to high molecular weight bands of uncleaved recombinant hS100A7
protein (Fig 1B and not shown). In contrast, the commercial polyclonal hS100A7 antibody
(Exalpha Biologicals) detects both recombinant hS100A7 and hS100A15 proteins but not
related hS100A8 and hS100A10 (data not shown). Specificity of tested commercial and custom
antibodies generated against hS100A7 and hS100A15 are summarized in Fig 1 and Fig 1S.

Human S100A7 and S100A15 are differentially expressed in normal breast tissue
Because of the previous lack of a specific hS100A15 antibody, cell type specific expression
of hS100A7 and hS100A15 in normal breast structures has not been reported. Using hS100A7-
and hS100A15-specific antibodies, we analyzed the differential expression and distribution of
these highly homologous proteins in normal breast tissue. Both hS100A15 (Fig 2A, C) and
hS100A7 (Fig 2B) were expressed in normal lobular epithelial cells and more prominently by
breast ducts. Further, hS100A15 is expressed by epithelium-derived myoepithelial cells
(smooth muscle actin positive, Fig 2C) surrounding the breast alveoli, where hS100A7 could
not be detected. In the stromal compartment, hS100A15 staining was noted in endothelial cells
interior to vascular smooth muscle cells. This broader expression of hS100A15 and its presence
in endothelial cells and smooth muscle cells but absence in stromal fibroblasts has been noted
previously in human skin sections and speaks to specific functions of this protein in multiple
specialized cell types [8].

Human S100A7 and S100A15 are differentially regulated in ductal breast carcinoma
Previous studies suggest hS100A7 is upregulated in selective invasive carcinomas of the breast.
To study the expression of these highly homologous proteins, lysates and histological sections
of a pilot cohort of several ductal carcinomas was analyzed by immunoblotting and
immunostaining. Both low and high molecular weight forms of hS100A15 were detected in
normal breast lysates, and these were increased in invasive carcinomas along with additional
S100A15 multimers unique to tumors (Fig 3A, left panel). The absence of the 11kD hS100A15
monomer in normal breast and breast tumors is unexplained from these studies but consistent
with findings in keratinocyte lysates as previously reported [8]. In contrast, one of the
investigated tumors showed a pronounced expression of the hS100A7 monomer, and the
corresponding multimers were less prominent in both normal tissue and carcinomas. The
hS100A7 band pattern is distinct from that of hS100A15 (Fig 3A, right panel). Immunostaining
also revealed differential detection of hS100A7 and hS100A15 in tumor sections (Fig 3B).
Although low levels of hS100A7 were detected in immunoblot analysis of ductal carcinoma
I, only hS100A15 was detected by immunostaining. However, both hS100A7 and hS100A15
were detected in ductal carcinoma II stained sections, consistent with distinct detection of both
proteins in immunoblot analysis (compare Fig 3A).
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The differential regulation of hS100A7 and hS100A15 mRNAs and proteins was confirmed
in a larger previously documented sample case cohort of breast tumors (see material and
methods) using specific primers for qPCR analysis and antibodies for immunoblotting
(summarized in Table I and Fig 4). hS100A7 and hS100A15 transcript levels varied among
the investigated samples but both were co-upregulated in invasive carcinomas (9/20 cases)
particularly in ER/PR negative tumors (9/10). There, hS100A15 expression was associated
with the long S100A15-mRNA isoform, hS100A15-L, (9/10 ER/PR negative cases), whereas
the short RNA transcript, hS100A15-S, was elevated in only a few ER/PR negative cases (2/10,
data not shown). In cancer cell lysates, the hS100A15 protein was expressed ubiquitously at
similar levels in ER positive and ER negative invasive carcinomas and both low molecular
weight bands and multimers are detected (Fig 4). In contrast, hS100A7 protein expression
followed closely the corresponding RNA levels, suggesting a strong transcriptional regulation
of the S100A7 protein compared with hS100A15. In these samples, only hS100A7 low
molecular weight bands were detected.

Discussion
We have been able to discriminate specific expression patterns for almost identical hS100A7
and hS100A15 paralogs in human breast by overcoming the specificity issues inherent in
previous reports that used cross-reacting antibodies and primers. Upregulation of hS100A7 has
been previously associated with breast cancer, and it was identified by microarray analysis to
be expressed in normal breast, preferentially in myoepithelial cells [14]. However, much of
this previous work on hS100A7 has been at the mRNA level [3;14] and precedes the discovery
of the highly related hS100A15 gene. Here we use antibodies that specifically distinguish
hS100A7 and hS100A15 and first demonstrate that both proteins can be detected in specific
cellular subsets of alveolar and small duct luminal cells within normal breast. In addition,
hS100A15 but not hS100A7 is detected in myoepithelial cells and endothelial cells of the
stroma. In skin, both proteins have antimicrobial functions as part of an innate host defense
controlling and precedes the discovery of the highly related hS100A15 gene. Here we use
antibodies that specifically distinguish hS100A7 and hS100A15 and first demonstrate that both
proteins can be detected in specific cellular subsets of alveolar and small duct luminal cells
within normal breast. In addition, hS100A15 but not hS100A7 is detected in myoepithelial
cells and endothelial cells of the stroma. In skin, both proteins have antimicrobial functions as
part of an innate host defense controlling E. coli growth [15;16]. Thus, one potential function
of these proteins in normal breast tissue could be to regulate the microbial homeostasis within
the host as well as in the digestive tract of nursing newborns. That hS100A15 is expressed by
epithelial-derived myoepithelial cells around acini and in surrounding blood vessels may reflect
its biological diversity from hS100A7 with additional, distinct functions for hS100A15 [8]. In
particular the proteins have been shown to attract specific subtypes of inflammatory cells that
may play an important function in normal homeostasis and disease [8].

While little is known about the intracellular functions of hS100A15, hS100A7 has been
reported to regulate the expression of pro-survival genes in breast cancer through interaction
with Jab1 [17]. Identification of the Jab1-binding motif in the N-terminal sequence of hS100A7
that is different in hS100A15 suggests that Jab-1 might not be an intracellular target for
hS100A15. Similarly the binding of extracellular hS100A7 to the pattern receptor RAGE while
S100A15 binds to a G protein coupled receptor[8] indicates further distinct functions for these
closely related homologues. Because of the previous lack of awareness of the cross-reactivity
of certain hS100A7 antibodies with the recently discovered hS100A15, and similar problems
with RNA and DNA probes (unpublished data), hS100A15 might have contributed to the
reported hS100A7 association with tumor progression. However, mechanistic contributions of
these proteins inside the tumor cells as well as in the tumor stroma remain to be determined
[18;19]. In pre-neoplastic breast lesions, increased hS100A7 has been associated with atypical
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apocrine differentiation [20]. Further study will now be required to explore the contribution of
hS100A15 in this situation.

The ability to distinguish the closely related hS100A7 and hS100A15 at the RNA and protein
level has revealed significant distinctions in their regulation. The breast cancer specimens we
have studied link high expression levels of both hS100A7 and hS100A15 transcripts with ER
negativity and imply a correlation to clinical outcome as previously indicated for S100A7
[9]. However, while hS100A7 protein expression closely follows corresponding RNA levels,
hS100A15 protein is ubiquitous in invasive carcinomas and appears to be preferentially
modified/cross-linked, and thus providing a more stable and potentially longer lived protein
even when transcript levels are low. Interestingly, neither protein is detected as 11kD monomer
when extracted from tissues and analyzed by immunoelectrophoresis, suggesting the proteins
are modified in vivo by as yet undefined mechanisms.

The coincident but differential expression and intracellular localization of these almost
identical paralogs could have significant biological implications for normal breast and breast
cancer. Co- expression of transcripts for both S100A7 and hS100A15 proteins in ER/PR
negative tumors suggests a joint regulation related to tumor progression. While the secreted
proteins have distinct roles as chemoattractants [8], they also act synergistically to enhance
inflammation and thus could influence both normal breast epithelium and breast tumors.

This study shows that it is important to discriminate the highly related hS100A7 and hS100A15
paralogs and opens the opportunity to further dissect their differential roles in normal tissue
and their use as distinct markers in breast cancer pathogenesis.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Characterization of the human S100A7 and S100A15 antibodies
Indicated recombinant human S100 proteins (50 ng) were subjected to gel electrophoresis and
transferred to membranes and immunoblotted with the affinity-purified polyclonal anti-
hS100A15 antibody 3923 (custom, Fig 1A), or monoclonal anti-hS100A7 antibody (Abcam,
MA; Fig 1B). Solid arrows indicate the migration of the corresponding hS100A15 and
hS100A7 monomers. The immunoreactive bands above the recombinant S100 monomers
(open arrows) represent uncleaved recombinant MBP-hS100A7 and MBP-hS100A15 fusion
proteins. Specificity of tested commercial and custom antibodies generated against hS100A7
and hS100A15 and tested similarly is summarized in Fig 1C.
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Figure 2. Human S100A7 and S100A15 proteins are differentially expressed in normal breast tissue
Immunohistochemical staining of frozen sections of normal adult breast tissue stained with
hS100A15 custom antibodies (A, C) and hS100A7 monoclonal antibody (B). Co-staining of
hS100A15 with smooth muscle actin (C). Hollow arrows indicate breast acini, and full arrows
breast ducts. Nuclei were stained with DAPI (C, blue). Secondary antibody control (D). Bar
sizes: 100 μm
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Figure 3. Human S100A7 and S100A15 are differentially regulated in invasive breast carcinoma
A) Protein lysates of normal breast tissue and invasive breast carcinomas (20 μg), subjected
to immunoblotting by incubation with polyclonal anti-hS100A15 antibody 3923 or monoclonal
anti-hS100A7. Shown are low (arrow) and high (*) molecular weight forms in breast tissue
lysates. B) Co-staining of hS100A15 (red) with hS100A7 (green) in corresponding ductal
carcinomas (A) using indicated antibodies. Nuclei were stained with DAPI (blue). Bar sizes:
20 μm
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Figure 4. Human S100A7 and S100A15 are distinctly expressed in invasive breast carcinoma
A) Protein lysates of invasive carcinomas (5 μg), subjected to immunoblotting by incubation
with polyclonal anti-hS100A15 antibody 3923 or monoclonal anti-hS100A7. Shown are S100
low (arrow) and high (*) molecular weight forms in breast tissue lysates. hS100A7 high
molecular forms could not be detected in these samples (not shown). Numbers indicate the
expression of hS100A7 and hS100A15 relative to beta-actin.
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