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Human Scribble (Scrib) is an evolutionary-conserved
cell polarity protein, but its potential role in human
cancer is controversial. Herein, we show that Scrib is
nearly universally overexpressed in cultured tumor
cell lines and genetically disparate cancer patient se-
ries compared with matched normal tissues in vivo.
Instead of a membrane association seen in normal
epithelia, tumor-associated Scrib is mislocalized and
found predominantly in the cytosol. Small-interfering
RNA silencing of Scrib in model lung adenocarcinoma
A549 cells inhibited cell migration in wound-healing
assays, suppressed tumor cell invasion across Matrigel-
coated inserts, and down-regulated the expression of
cell motility markers and mediators of epithelial-mes-
enchymal transition. These data uncover a previously
unrecognized exploitation of Scrib for aberrant tumor
cell motility and invasion, thus potentially contributing
to disease progression in humans. (4m J Pathol 2011,
178:2478-2483; DOI: 10.1016/j.ajpath.2011.02.028)

Human Scribble (Scrib) is an evolutionary-conserved mem-
ber of the LAP (PDZ and LRR) gene family” that localizes to
basolateral aspects of adherent junctions and maintains
apical-basal polarity in normal epithelia.? Experimental evi-
dence, first collected in Drosophila melanogaster® and later
extended to mammalian cells,* implicates Scrib as a gen-
eral regulator of directional cell matility, largely via the as-
sembly of multiprotein complexes and the activation of
small GTPase signaling at the leading edge of migrating
cells.>® Accordingly, loss-of-function Scrib mutants” or de-
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pletion of Scrib* has disrupted apical-basal polarity® and
has cooperated with oncogenic signals® to enhance tumor
cell migration, invasion, and survival.®

Although these data have prompted a model that Scrib
may function in an evolutionary-conserved pathway of tu-
mor suppression, - its role in human cancer, in vivo, has
remained vehemently debated. Although initial evidence
suggested that Scrib expression is lost during human tu-
morigenesis, other reports have shown that Scrib levels are
increased'’ and potentially subcellularly mislocalized™ in
at least certain human tumors and that overexpressed Scrib
may contribute to the progression of hepatocellular carci-
noma in humans.'® Similar conflicting results have been
reported® ' for other cell polarity proteins of the Par com-
plex (Par6B and « protein kinase C), which have been
associated with both tumor suppression and oncogenic
functions.

In this study, we used a global expression strategy
to map the distribution of Scrib in human cancer and to
test the impact of this pathway on mechanisms of tu-
mor progression.

Materials and Methods

Patients

Representative samples of cancers of the colon, liver,
prostate, uterus, thyroid, lung, bladder, breast, ovary,
and stomach (10 cases each) were selected for Cancer
Universal TMA construction. An equal number of cases of
lymphomas, tumors of the central nervous system, and
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testicular cancer were also included in the Cancer Uni-
versal TMA. The clinical-pathological characteristics of
the patients used in this study are given in Supplemental
Table S1 (available at http.//ajp.amjpathol.org). For TMA
construction of non-small cell lung cancer (NSCLC), 226
patients who underwent surgical resection for curative
purposes from September 1999 to December 2004 were
selected. Of these patients, 154 (68%) had adenocarcino-
mas, 64 (28%) had squamous cell carcinomas (SCCs), 5
(2%) had adenosquamous carcinomas, and 3 (1%) had
large-cell carcinomas. Twenty paired NSCLC and normal
counterparts from this series were selected for mRNA anal-
ysis, including 9 adenocarcinomas (45%), 9 SCCs (45%), 1
adenosquamous carcinoma (5%), and 1 large-cell carci-
noma (5%).

The breast cancer series used in these studies included
five ductal in situ carcinomas, 38 invasive ductal carcino-
mas, two papillary carcinomas, one mucinous cancer,
and one lobular cancer. Three breast specimens col-
lected from plastic surgery procedures, with no evidence
of neoplasia, were used as normal controls.

Biopsy specimens from five cervical dysplasias (four
cervical intraepithelial neoplasias Il and 1 cervical intra-
epithelial neoplasia Ill), one carcinoma in situ, and two
infiltrating cervical cancers were used. All patients in this
series were positive for human papillomavirus (HPV) in-
fection by PCR amplification using HPV-specific prim-
ers'® and direct sequencing.

TMA Construction

Representative tissue blocks from each patient were
used to construct TMA, as previously described.'® For
Cancer Universal TMA, one tumoral area from each spec-
imen was punched. For NSCLC and breast cancer TMAs,
four tumor areas were selected from each tissue block.
Samples of nonneoplastic parenchyma, including 16
cores of normal lung and 20 cores of normal mammary
glands, were added to each TMA block. For quality con-
trol, a 4-um-thick section was cut from each TMA block,
stained with H&E, and analyzed by immunohistochemis-
try (IHC).

IHC

For antigen retrieval, slides were microwaved for 35 min-
utes in citrate solution. Sections (4-um thick) were cut
from TMA or full-section blocks and stained with a goat
polyclonal antibody specific to Scrib (see Supplemental
Figure S1A at http://ajp.amjpathol.org) (1:100, D-8; Santa
Cruz Biotechnology, Santa Cruz, CA) for 1 hour at 22°C.
IHC was performed using an autostainer (Optimax i6000;
Biogenex, San Ramon, CA), with detection of antibody
reactivity with a kit (EnVision Detection Kit; Dako, Milan,
Italy) using peroxidase-diaminobenzidine as the chromo-
gen. All slides were counterstained with hematoxylin. Im-
munoreactivity for Scrib in the various samples was eval-
uated by two pathologists (M.M. and S.B.) and
independently scored for membrane-associated or cyto-
plasmic localization. When discrepancies in Scrib scor-
ing occurred, a consensus interpretation was reached
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after reexamination. Because Scrib immunoreactivity was
either present or absent in all epithelial cells, normal and
neoplastic samples were scored as follows (according to
immunoreactivity intensity): 0, negative; 1, weak; 2, mod-
erate; or 3, strong.

Cell Lines, Transfections, and Immunoblotting

Human tumor cell lines representative of malignant me-
sothelioma (MSTO-211H) and cancers of the colon (LoVo
and SW1116), breast (MCF-7, MDA-MB231, and SKBR3),
lung (A549), stomach (MKN45 and KATO-IIl), uterus
(Hela), prostate (DU145), and liver (HepG2) were pur-
chased from American Type Culture Collection (Manas-
sas, VA) and maintained in culture, as recommended by
the supplier. A549 cells (2 x 10° per well in six-well
plates) were transfected with 100 pmol of nontargeting or
Scrib-directed small-interfering RNA (siRNA) (siGENOME
Smart Pool, catalogue numbers M-010500, D-001206;
Dharmacon, Lafayette, CO) and 5 uL Lipofectamine 2000
(Invitrogen, Life Technologies Corporation, Carlsbad,
CA). In some experiments, transfected A549 cells were
harvested after 48 hours and solubilized in 150 L radioim-
munoprecipitation assay buffer plus protease inhibitors
(Roche, Basel, Switzerland); aliquots of cell lysates (50 n.g)
were probed with antibodies (1 ug/ulL) to Scrib (Santa Cruz
Biotechnology), Snai2 (LifeSpan Biosciences, Seattle, WA),
B-catenin  (Thermoscientific, Waltham, MA), vimentin
(Dako), Zeb-1 (Sigma-Aldrich, Milan, Italy), FAK-Ptk2 (Santa
Cruz Biotechnology), or B-actin (Sigma-Aldrich). Reactive
bands were visualized with ECL Plus (GE Healthcare, Milan,
Italy).

Real-Time RT-PCR

Total RNA, isolated from 20 cases of NSCLC and
matched normal tissue using reagent (Trizol; Invitrogen),
was reverse transcribed'” and analyzed for changes in
Scrib mRNA expression relative to B2-microglobulin using
TagMan gene expression assays (Hs00363005_m1 and
Hs99999907_m1, respectively; Applied Biosystems, Life
Technologies Corporation, Carlsbad, CA), according to the
22 formula.

Cell Migration and Cell Invasion Assays

Monolayers of transfected A549 cells (70% confluency)
were analyzed for changes in cell migration using a
wound-healing assay during a 24-hour interval. Quantifi-
cation of migration distance was determined as the re-
duction in the wound’s gap using computer software (NIH
Imaged). In other experiments, transfected A549 cells
were analyzed for cell invasion across Matrigel-coated
8.0-um inserts (Transwell; BD Bioscience, Milan, lItaly)
using serum as the chemoattractant for 24 hours. The
cells on the apical surface of each insert were scraped
off; and membranes with invaded cells were fixed in
100% methanol, stained with toluidine blue (Sigma-Al-
drich), and mounted on microscope slides. Invading cells
were counted after photographing the membranes, and
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both peripheral and central areas of the insert were an-
alyzed.

Relative expression data of Scrib were collected from solid
malignancies only, using P = 0.001 as the cutoff (t-statistic

provided within the data sets in Oncomine).

Oncomine Analysis

. . . , , , Statistical Analysis
Differential Scrib expression was analyzed in published

microarray data sets using a Web-based data-mining plat-
form (Oncomine; available at http.//www.oncomine.org).

All cell-based experiments were performed at least three
times in duplicate. Differences among sample groups
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Figure 1. Scrib expression in human cancers. A: Left: Representative image from the Cancer Universal TMA (CaU-TMA). Right: Quantification of IHC intensity.
B and C: Scrib immunoreactivity in human tumors (B) or tumor cell lines (C). Original magnification: X80 (cores); X200 (cells); X400 (enlargements). ADCa
indicates adenocarcinoma; LN, lymph node; CNS, central nervous system.
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Figure 2. Scrib expression in NSCLCs. A: Repre-
sentative images of Scrib immunoreactivity in nor-
mal lung parenchyma (scored 0, first core), non-
neoplastic bronchus (pink inset in the second
core) adjacent to cancer (scored 1 and 3, respec-
tively), squamous cell carcinoma (scored 2, third
core), and adenocarcinoma (scored 3, forth core)
cores. B: Scrib protein expression (IHC intensity)
in 226 NSCLCs and 16 normal counterparts. C:
Scrib mRNA levels (RQ) in 20 paired histotypes of
NSCLC cases and normal parenchyma. *P < 0.05,
P < 0.01, and **P < 0.0001 (obtained by unpaired
test). ADCa indicates adenocarcinoma; qPCR, quan-
titative PCR.

Lung SCC ADCa Lung

were analyzed using the unpaired Student’s t-test func-
tion of GraphPad Prism version 4 software. P < 0.05 was
considered statistically significant.

Results

All tumor tissues in the Cancer Universal TMA displayed
strong Scrib immunoreactivity, in vivo (IHC intensity >1,
Figure 1A), except for thyroid cancers (IHC intensity = 0.7,
Figure 1A). The highest expression of Scrib was ob-
served in cancers of the colon, bladder, prostate, uterus,
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and ovaries (IHC intensity >2; Figure 1, A and B), thus
independently of tumor histotype (see Supplemental Ta-
ble S1 at http.//ajp.amjpathol.org). Scrib was also promi-
nently expressed in all 11 cultured tumor cell lines exam-
ined by IHC (Figure 1C).

Analysis of normal pneumocytes or normal bronchial
epithelia revealed undetectable to low levels of Scrib,
respectively (Figure 2A). In contrast, Scrib was prom-
inently expressed in tumor tissues of a large series
(226 patients) of NSCLCs (IHC average immunoreac-
tivity = 1.34; tumor versus normal, P = 1.87 x 1078,
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Figure 3. Scrib regulation of tumor cell motility.
A: A549 cells were transfected with control non-
targeting or Scrib-directed siRNA and analyzed
for Scrib mRNA expression. B: Transfected A549
cells were analyzed for cell migration in a
wound-healing assay. C: The experimental con-
ditions are as in B, except that transfected A549
cells were analyzed for cell invasion across
Matrigel-coated chambers (Transwell). D: Trans-
fected A549 cells were analyzed by Western
blotting. B-actin (B-Act) was a loading control.
*P < 0.05 and **P < 0.01. gPCR indicates quan-
titative PCR; siScrib, small-interfering Scrib; Ptk2,
Protein tyrosin kinase 2; B-Cat, B-Catenin; Vim,
Vimentin.
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Figure 2B). For NSCLC subtypes, adenocarcinomas
expressed comparatively higher levels of Scrib protein
(Figure 2B) and Scrib mRNA (Figure 2C) than SCCs
[[HC mean immunoreactivity: adenocarcinoma, 1.54;
and SCC, 0.83 (P = 2.9 X 1079); and fold increase of
mRNA levels in adenocarcinoma over SCC, 2.5 (P =
0.0082)]. However, either histotype had higher levels of
Scrib compared with normal parenchyma (adenocarci-
noma versus normal, P = 2,78 X 107" and P = 0.0017 for
IHC and gene expression analysis, respectively; and SCC
versus normal, P = 0.0002 and P = 0.04 for IHC and gene
expression analysis, respectively; Figure 2, B and C).

In a series of breast cancers (n = 46; see Supplemen-
tal Figure S1B at http://ajp.amjpathol.org), Scrib was ubig-
uitously overexpressed in tumors compared with normal
matched tissues (P = 0.002, P = 0.0007, and P = 0.027;
see Supplemental Figure S1C at http://ajp.amjpathol.org),
irrespective of hormonal receptor and HER2 status and
consistent with the frequent amplification of the Scrib
locus in breast'® and ovarian'® cancers. Although Scrib
was detectable in normal mammary glands with a mem-
branous distribution at cell-cell junctions, tumor-associ-
ated Scrib was subcellularly mislocalized and exhibited a
predominantly diffuse cytoplasmic reactivity (see Supple-
mental Figure S1D at http://ajp.amjpathol.org), similar to
earlier reports'? in colon cancer.

Bioinformatic analysis of published microarray data
sets (Oncomine) revealed that Scrib was uniformly ex-
pressed at high levels in genetically disparate cancer
types, compared with matched normal tissues (see Sup-
plemental Figure S2A at http://ajp.amjpathol.org). Al-
though Scrib deregulation cooperates with mutant k-Ras”
or HPV E6 protein®® to enhance tumorigenesis, in our anal-
ysis, Scrib levels in human tumors were independent of
mutant k-Ras or HPV protein expression (see Supplemental
Figure S2, B and C, at http://ajp.amjpathol.org). Accord-
ingly, strong Scrib immunoreactivity was observed in
dysplastic or cancerous cervical lesions, compared with
moderate positivity detected in matched nontransformed
epithelium (n = 8; see Supplemental Figure S3A at http.//
ajp.amjpathol.org). In this series and similar to the IHC
results obtained with breast cancer, Scrib localization in
cervical lesions was primarily diffuse and cytosolic, as
opposed to its predominant membrane association ob-
served for the normal mucosa (see Supplemental Figure
S3B at http://ajp.amjpathol.org).

Transfection of lung adenocarcinoma A549 cells with
Scrib-directed siRNA efficiently silenced the intended tar-
get, whereas control siRNA had no effect (Figure 3A).
Under these conditions, siRNA depletion of Scrib strongly
impaired tumor cell migration in a wound closure assay,
in vitro (P < 0.0001, Figure 3B); and profoundly inhibited
tumor cell invasion across Matrigel-coated inserts (P =
0.02, Figure 3C). In contrast, control nontargeting siRNA
had no effect on Scrib levels (Figure 3A) and did not impair
tumor cell migration or invasion (Figure 3, B and C). In
addition, siRNA depletion of Scrib in A549 cells resulted in
reduced expression of cell motility markers and proteins
associated with epithelial-mesenchymal transition, includ-
ing focal adhesion kinase (Ptk2-Fak), B-catenin, and Snai2
(Figure 3D). In contrast, the expression of vimentin or Zeb-1

was only modestly affected; and a control siRNA had no
effect on protein levels (Figure 3D).

Discussion

In this study, we showed that Scrib, a pivotal cell polarity
module®" with putative tumor suppression functions,’ 2 is
almost universally overexpressed and subcellularly mis-
localized in disparate human cancers, in vivo, indepen-
dently of oncogenic signaling or viral (ie, HPV) transfor-
mation. Nevertheless, Scrib diffusion into the cytoplasm
could also be related to saturation of membrane-free
positions consequent to Scrib overexpression. Mechanis-
tically, short-term silencing of Scrib in model lung cancer
cells profoundly impairs tumor cell migration and invasion
and down-regulates several pivotal markers of cell motil-
ity and epithelial-mesenchymal transition. These results
are at variance with a prevailing model that implicates
Scrib in an evolutionary-conserved mechanism of tumor
suppression' and suggest that this pathway is broadly
exploited during human tumorigenesis, in vivo, enhancing
aberrant tumor cell motility and invasion. Thus, the find-
ings potentially contribute to metastatic dissemination
and disease progression in humans.?? This alternative
model is consistent with other mechanistic results show-
ing that Scrib overexpression in astrocytes perturbed
cellular polarity and induced randomly oriented cellular
protrusions®: conversely, depletion of Scrib in breast can-
cer cells inhibited migration,*® potentially by disrupting
the activation of Rac and PAK motility factors at the lead-
ing edge.® Loss of Scrib at early stages of cellular trans-
formation may disrupt the apical-basal polarity of epithe-
lial cells,? which is potentially consistent with a putative
role in tumor suppression.’® Future investigations should
address whether Scrib mutations are common events in
human cancers or whether mutations are responsible for
Scrib delocalization into the cytosol.

However, taken together, our data indicate a more
complex scenario, in which aberrant overexpression of
Scrib in established tumors and potentially other polarity
proteins,®® coupled to their subcellular mislocalization
away from cell-cell contacts,® globally disrupts cell mo-
tility pathways, favoring random, as opposed to direc-
tional, cell migration.?" This further contributes to the
acquisition of a migratory epithelial-mesenchymal transi-
tion-like cellular phenotype. In this context, therapeutic
targeting of the Scrib pathway may selectively disrupt
pivotal mechanisms of random tumor cell motility and
invasion®? in tumors, creating concrete new prospects for
the development of directed antimetastatic therapies in
humans.
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