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Abstract
Depth of invasion, a quantifier of vertical growth, is a major cutaneous melanoma staging factor.
Stromal penetrance requires pericellular proteolysis regulated by the serine protease and matrix
metalloproteinase cascades. The serine protease inhibitor SERPINE1, a poor prognosis biomarker
in various cancers, promotes tumor progression likely by titrating the extent and local of plasmin-
initiated matrix remodeling. SERPINE1 in human melanoma was assessed using tissue arrays that
included primary/ metastatic tumors and normal skin. SERPINE1 was basal layer-restricted in the
normal epidermis. SERPINE1 immunoreactivity was evident in 27/28 primary (96%) and 24/26
metastatic tumors (92%); cutaneous metastases (80%) had significantly elevated SERPINE1 levels
compared to low signals characteristic of lymph node lesions. Moderate SERPINE1 expression
was a general finding in primary melanoma whereas reduced or increased SERPINE1
immunolocalization typified metastatic deposits. The amplitude of SERPINE1 expression may
impact melanoma site-specific dissemination, with cutaneous metastases representing a high-
SERPINE1 tumor subtype.
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Background
Conversion of plasminogen to the broad-spectrum protease plasmin via receptor-tethered
urokinase-type plasminogen activator (uPA), initiates a serine and matrix metallo-proteinase
(MMP) cascade that facilitates cutaneous tumor invasion and metastases (1–3). The
predominant physiologic negative regulator of this proteolytic network, the serine protease
inhibitor, clade E member 1 (SERPINE1; plasminogen activator inhibitor-1) is itself,
paradoxically, linked to aggressive behavior. Elevated tumor SERPINE1 levels signal a poor
prognosis and reduced disease-free survival in patients with breast, lung, ovarian and oral
carcinomas (1,4–7). This SERPIN maintains an angiogenic `scaffold', stabilizes nascent
capillary structure and facilitates tumor stromal penetration through precise control of the
proteolytic microenvironment (1,8–10) suggesting an important, perhaps stage-dependent,
function in cutaneous tumor dissemination (11–13). SERPINE1 often localizes to incipient
epidermal squamous cell carcinoma (SCC) tumor cells and cancer-associated myofibroblasts
at the invasive front (2,14–16) likely signaling through engagement of the low-density
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lipoprotein receptor-related protein 1 (LRP1) to stimulate Jak/Stat1 pathway mobilization
and stromal migration (17–19).

TGF-β stimulates both SERPINE1 transcription and melanoma growth/tumor progression.
The SKI protein, an inhibitor of the TGF-β-initiated tumor suppression program, is up-
regulated in human melanoma and promotes melanoma cell proliferation/migration in vitro
as well as melanoma xenograft growth in vivo (20). SKI facilitates TGF-β-dependent c-
MYC and SERPINE1 induction in human melanoma and sequesters SMADs in the
cytoplasm effectively attenuating p21Waf-1 synthesis. Melanoma resistence to autocrine
TGF-β growth inhibition is due to elevated SKI levels and not to defective receptor
signaling (20,21). To assess the relevance of this pathway in melanoma in more detail,
SERPINE1 expression was evaluated using an array panel of human primary and metastatic
melanomas. The data suggest that SERPINE1 immunocytochemistry can be used to stratify
patients with respect to metastatic risk and identify cutaneous metastases as a high-
expression tumor subtype.

Questions addressed
To evaluate (a) SERPINE1 levels in primary and metastatic melanocytic tumors and (b)
define site-associated expression variance.

Experimental design
Human Tumors

Human melanoma and normal skin high-density tissue arrays (#ME207; US Biomax)
included 207 tissue samples from 69 biopsied cases (Table S1). Only cases with triplicate
representative cores were used in the final data analysis.

Immunohistochemistry
Deparaffinized/rehydrated sections were immersed in 0.1M citric acid buffer (pH 6.0),
treated with 0.3% H2O2 in methanol for 30 min then incubated sequentially in blocking
buffer (containing 1.5% normal goat serum), rabbit anti-SERPINE1 serum (1:500) (3) and
PBS-washed. Following overlay with biotinylated antibodies (Vector Laboratories), sections
were washed, incubated in VectaStain Elite ABC reagent for 30 min, signal developed using
diaminobenzidine tetrachloride and hematoxylin QS counterstained. Images were acquired
using a NanoZoomer digital pathology system (Hamamatsu Photonics K.K.).
Semiquantitative assessment of SERPINE1 immunoreactivity utilized the 'Quickscore'
method (22) and following criteria: 0 (negative), 1 (weak), 2 (moderate), 3 (strong) and 4
(intense). The average H-score from three tissue cores was calculated for each case.

Results
SERPINE1 immunoreactivity was primarily restricted to the basal epithelium of the
epidermis (Fig. S1). Spinous keratinocytes displayed weak, homogenous staining and the
cornified layer was negative. SERPINE1 also localized to capillaries (not shown), as
reported previously (3), although the surrounding stroma was negative.

SERPINE1 was detected in 94.4% of the melanomas assayed; only 3 of 54 cases were
negative with the majority (68.5%) exhibiting either reduced or increased SERPINE1
expression relative to normal skin (Fig. 1A,B). H-score analysis confirmed that staining
intensity was weak in 16/54 tumors and strong in 21/54 with considerable positional
variability (Fig. S2). Individual melanoma cells exhibited membranous and cytoplasmic
SERPINE1 immunolocalization with additional signal observed in the stroma. Negative
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staining (H-score = 0) was evident in 1/28 primary tumors (Fig. 1C,H). Compared to normal
skin, 5/28 cases had reduced expression (Fig. 1D,H) while the majority (14/28) of primary
cutaneous melanomas exhibited moderate signal intensity similar in H-score to normal
epidermis (Fig. 1E,H). Significantly elevated SERPINE1 levels were evident in 8/28
primary tumors (Fig 1F–H).

The percentage of unchanged SERPINE1 immunoreactive cases (H-score mean ± SD =
2.24±1.13) declined from 71.4% in primary malignancies to 46.2% in metastatic melanomas
(Fig. 2A). Such extreme variations in SERPINE1 staining intensity suggested a need to
assess metastatic deposits. Compared to primary tumors, distal metastases demonstrating
reduced SERPINE1 staining (H-score = 0 – 1.11) increased 16.5%. Markedly elevated
SERPINE1 expression H-scores (3.37 – 4) were also more frequently associated with
metastases (14.3% primary vs. 23.1% metastatic tumors) (Figs. 2B,S2) although there was
an obvious metastatic site-related variation in SERPINE1 levels. Indeed, 62% of lymph
node metastasis exhibited reduced SERPINE1 immunoreactivity (H-score = 0 – 1.11) (Fig.
2B) while a majority (80%) of cutaneous metastasis partitioned to the high-expressing group
(H-score = 3.37 – 4) (Fig. 2B,C).

Conclusions
The main findings are: SERPINE1 (a) is frequently expressed in both primary and metastatic
melanomas and (b) elevated expression characterizes cutaneous vs. lymph node metastases.
Focal proteolysis at the cell surface is controlled primarily by regulation of plasmin
generation with subsequent mobilization of a complex tissue remodeling cascade (2). During
tumor progression, increased MMP-10 expression and its activation by catalytic-levels of
plasmin, create a proteolytic axis that accelerates collagen degradation through
MMP-1“superactivation” while enhancing MMP-7, -8,-9, and -13-dependent matrix
proteolysis (2,3). Recent transcript profiling has, in fact, identified increased MMP1 and
SERPINB3/B4 in primary melanoma (23). SERPINE1 upregulation in melanoma cells or
stromal elements within the tumor microenvironment, may shift this proteolytic balance to
optimize creation of a migratory “scaffold.” SERPINE1, moreover, is itself a substrate for
extracellular proteases (2,24,25) and the “cleaved” molecule is unable to bind its target
plasminogen activators (uPA/tPA) to limit plasmin-based proteolysis. The active, latent,
plasmin- or MMP-processed forms of SERPINE1 still can interact with LRP1 to enhance
cell migration into physiological scaffolds (17) and stimulate LRP1-dependent motility via
engagement of Jak/Stat1 signaling (17–19,24,26). While active SERPINE1 is internalized in
a complex with uPA/uPAR/LRP1, the latent and cleaved species, with preserved motile
function, remain matrix-embedded likely serving as a reservoir to maintain cell movement
(24). Since increased melanoma SERPINE1 expression correlates with metastases, promotes
migratory/invasive behavior and has prognostic implications (24,27–30), it may be a
candidate for focused therapies.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Overview of SERPINE1 expression in human melanoma
SERPINE1 immunoreactivity is frequently altered in melanoma. Graph (in A) illustrates H-
score variability of SERPINE1 staining intensity (range: 0 = negative to 4 = intense) among
54 melanoma samples. Data plotted (in B) depicts SERPINE1 expression in melanoma
tumor tissue relative to normal skin. Representative images of negative (C), weak (D),
moderate (E), strong (F) and intense (G) SERPINE1 staining of primary malignant
melanoma tissue sections. Scale bar = 200 μm for all images. (H) Graphical representation
of H-scores derived from SERPINE1 immunoreactivity: (0 = negative, 1 = weak, 2 =
moderate, 3 = strong and 4 = intense) displayed as the percentage of cases associated with
the indicated immunostaining intensities.
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Figure 2. Increased SERPINE1 expression correlates with melanoma metastasis
A switch in SERPINE1 immunoreactivity is associated with the progression from primary to
metastatic melanoma. Graphed (in A) is the percentage of cases associated with reduced (H-
score = 0 – 1.11), unchanged (H-score = 1.12 – 3.36) and elevated (H-score = 3.37 – 4)
immunostaining. Graph (in B) depicts the anatomical site distribution of metastatic
melanoma tissue sections. The plot reflects the percentage of cases with weak + moderate vs
strong + intense SERPINE1 staining. Representative images of SERPINE1 localization in
melanoma in a negative lymph node (C) and a positive cutaneous (D) metastases. Scale bar
= 200 μm for all images.
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