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Abstract
Osteopontin (OPN) is a secreted glycoprotein implicated to function in cancer development and
metastasis. Although elevated expression of OPN are observed in cancer cells of various types, in
some cases, only the cells in the stromal region surrounding the tumor express OPN, suggesting
distinct functional roles for this protein derived from host cells and from cancer cells. To provide a
model for addressing the functions and mechanisms of host-derived OPN in cancer progression
and metastasis, a cutaneous squamous cell carcinoma cell line (ONSC) that lacks the OPN gene,
Spp1, was established. This line of cells was derived from a squamous cell carcinoma that
developed in a female, OPN-null mouse subjected to two-stage skin carcinogenesis.
Morphologically, ONSC cells resemble epithelial cells, and they express the epithelial markers,
K1, K14, and p63, as confirmed by immunohistochemical analyses. Genomic analyses indicate the
presence of mutated H-Ras and p53 genes. ONSC cells form colonies in soft agar and,
subcutaneously injected into athymic nude mice, develop into squamous cell carcinomas that
metastasize to the lungs. Lacking OPN expression, these SCC cells provide a model to address the
function of host OPN in the context of cancer progression and metastasis.
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Squamous cell carcinoma (SCC) is one of the most prevalent cancers, and can be deadly
because of its tendency to metastasize. Patients diagnosed with SCC of the head and neck
have a poor survival rate (Menzin et al., 2007). Elderly and immune-suppressed individuals
are at higher risk of developing cutaneous SCC with the propensity to metastasize
(Weinberg et al., 2007). An understanding of the mechanisms of SCC progression and
metastasis would enhance the design of therapy to prevent these processes. To elucidate the
mechanisms of SCC progression and metastasis, appropriate cancer cell models that can be
studied in an immune-competent mouse are necessary. Here we report the establishment and
preliminary characterization of a murine cutaneous SCC cell line that has the capacity to
develop tumors subcutaneously and to metastasize, not only in nude mice, but also in
immune-competent mice (Hsieh et al., manuscripts in preparation). This SCC cell line lacks
the Spp1 gene, which codes for the matricellular protein, osteopontin (OPN), a protein
implicated to function in tumorigenesis (Rittling & Chambers, 2004; Hsieh et al., 2006),
tumor progression, and metastasis (Crawford et al., 1998; Wai & Kuo, 2008).

1 To whom correspondence should be addressed at Department of Nutrition Sciences, University of Alabama at Birmingham, 1530
3rd Avenue South, 311 Webb, Birmingham, AL 35294 plchang@uab.edu.

NIH Public Access
Author Manuscript
In Vitro Cell Dev Biol Anim. Author manuscript; available in PMC 2013 May 25.

Published in final edited form as:
In Vitro Cell Dev Biol Anim. 2010 February ; 46(2): 87–91. doi:10.1007/s11626-009-9248-8.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



OPN is an acidic glycoprotein found mainly in the extracellular environment. Its elevated
expression during tumorigenesis, tumor progression, and metastasis is consistent with its
function in enhancing cell survival, cell proliferation, and migration (Rittling & Chambers,
2004; Hsieh et al., 2006; Wai & Kuo, 2008). Immunohistochemical analyses indicate that, in
various cancer types, OPN is expressed by cancer cells, but, in some cases, it is expressed
mainly by cells in the stromal surrounding the cancer (Brown et al., 1994; Crawford et al.,
1998; Tunio et al., 1998; Hoshi et al., 2005), suggesting that the functional roles of OPN-
derived from the host cells maybe distinct from those derived from cancer cells. Thus, an
SSC cell line lacking OPN expression would allow assessment on the function of host-
derived OPN in the tumor microenvironment and at the systemic level. The establishment
and characterization of a cutaneous, OPN-null squamous cell carcinoma cell line, named
ONSC, are described below.

Mice used in these experiments were housed under germ-free conditions in the Animal
Resource Program facility (AAALAC approved) at the University of Alabama at
Birmingham (UAB). Procedures for animal studies were approved by the UAB IACUC.

The ONSC line was derived from SCCs, which arose in mice subjected to two-stage skin
chemical carcinogenesis (Hsieh et al., 2006). In this procedure, the dorsal regions of 129S6/
SvEv female OPN-/- mice were shaved and naired (< 1 min) two days prior to topical
application of 7,12-dimethyl-benz[a]anthracene (43.7 nmol) and followed a week later by
application of 4 μg of 12-O-tetradecanoylphorbol-13-acetate (TPA) twice weekly for 27
weeks. To monitor for SCC development, the mice were kept for an additional 10 weeks or
more following termination of TPA treatment. SCCs were excised and incubated with
collagenase to disperse the cells, which were rinsed prior to plating on a dish coated with
collagen type I (Sigma, St. Louis, MO). After the ONSC cells began to proliferate and to be
passaged, they were continuously subcultured. About passage 21, the cells grew on uncoated
culture plates.

The ONSC cells were maintained in high-glucose, low-calcium DMEM containing 10%
fetal bovine serum (FBS) (Hyclone, Logan, UT), 2 mM of L-glutamine (Irvine Scientific,
Santa Ana, CA), and 100 μg/ml of penicillin/streptomycin (Fisher Scientific, Pittsburgh,
PA). Cells were routinely tested for mycoplasma by a previously described procedure
(McGarrity et al., 1983). In characterizing ONSC cells in vitro and in vivo, cell passages of
35-45 were used.

To confirm that the OPN gene (Spp1) is not present in ONSC cells, their genomic DNA was
analyzed by PCR by use of specific primers (Liaw et al., 1998). DNA analysis of OPN
heterozygous (OPN+/-) control mice yielded an OPN band of 600 bp and a disrupted OPN
band of 500 bp (Fig. 1A). In contrast, PCR analysis of DNA from ONSC cells resulted in a
single band corresponding with the disrupted Spp1 gene. Lack of the Spp1 gene in ONSC
cells resulted in a lack of expression of OPN mRNA. Control cells, CC4B, a cutaneous SCC
derived from wild-type (WT) mice subjected to a chemical carcinogenesis procedure
(Ruggeri et al., 1994), and JB6 Cl41.5a, a promotable murine epidermal-like cell line
(Colburn, 1980), along with ONSC cells, were exposed to 0.001% DMSO as a vehicle or to
10 ng/ml of TPA. Total RNA isolation and Northern blot analyses were accomplished as
previously described (Chang et al., 2002). JB6 cells expressed minimal basal OPN mRNA,
but the amount was elevated in the presence of TPA (Fig. 1B). CC4B cells expressed OPN
mRNA in the presence of the solvent, but this mRNA was not induced by TPA. In contrast,
no OPN mRNA was detected in ONSC cells even after TPA stimulation (Fig. 1B).

Examined by phase-contrast microscopy (Nikon, Japan), ONSC cells resembled epithelial
cells and were similar to cells of the SCC line CC4B, but they were morphologically distinct
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from cells of CC4A, a poorly differentiated spindle cell carcinoma (Fig. 1C). To verify that
ONSC cells are of cutaneous epithelial origin, immunohistochemical analyses were
performed to determine their expression of the epithelial markers, K1, K14 and p63 (Reis-
Filho et al., 2002). ONSC cells were seeded in two-well chamber slides and cultured until
85-95% confluence. Cells were fixed in methanol, treated with 3% hydrogen peroxide, and
blocked. Primary antibodies to p63 (Ab-1, mouse monoclonal antibody, 1 μg/ml,
NeoMarkers, Fremont, CA), K14 (NCL-LL002, mouse monoclonal antibody 1:20,
Novocastra Laboratories Ltd, UK), and K1 (AF 109, polyclonal antibody, 1 μg/ml, Covance
Research Products, Berkeley, CA) or their respective isotype-matched immunoglobulins at
the same concentration were added to the cells for 2 hours. This was followed by the
addition of secondary antibody conjugated to biotin. To detect positive staining, cells were
incubated with streptavidin conjugated to horseradish peroxidase followed by the addition of
the substrate, 3′,3′-diaminobenzidine tetrahydrochloride (BioGenex, San Ramon, CA).
Slides were counterstained with hematoxylin and coverslipped. Photos were taken with a
Nikon Eclipse TS100 microscope.

ONSC cells were positive for K1and K14 in their cytoplasm and for nuclear p63 (Fig. 1D).
These cells exhibited only minimal background staining with the corresponding isotype
controls for K1, K14, and p63.

Additionally, ONSC cells were assessed for H-Ras and p53 mutations, which are
characteristics of SCC derived from cancers induced in the two-stage skin carcinogenesis
procedure (Frame et al., 1998). To detect mutated H-Ras and p53 genes, purified DNA from
ONSC cells was analyzed with PCR primers, as previously reported (Nelson et al., 1992;
Melnikova et al., 2005). The PCR products, sequenced to verify the mutation sites, revealed
that the H-ras and p53 genes of ONSC cells exhibited an H-Ras mutation at the 61st codon
(A → T) and p53 mutations at the 270th and 275th codons (C → T), respectively (Table 1).
In contrast, the non-tumorigenic JB6 cells did not exhibit mutated H-Ras or p53 (Sun et al.,
1993). CC4B cells are known to have p53 mutations (Ruggeri et al., 1994).

To assess the tumorigenicity of ONSC cells in vitro, anchorage-independent growth studies
were performed. ONSC, JB6 Cl41.5a, or CC4B cells (10,000) were embedded in 0.3% agar
and layered on top of 0.5% agar for 14 days as previously described (Chang & Prince,
1991). ONSC cells grew independent of anchorage (Table 1), a property that correlates with
tumorigenesis in vivo (Shin et al., 1975). CC4B and JB6 cells showed minimal colony
formation.

To test ONSC cells for tumorigenicity in intact animals, 2 × 106 cells were injected
subcutaneously (s.c.) into the lower dorsal regions of 10 athymic NCr-nu/nu nude mice
(Frederick Cancer Research Center, Frederick, MD). Tumor growth was monitored daily,
and tumor volume was measured weekly by caliper for 7 wk, except on wk 3. At the 1st and
2nd weeks of tumor growth, one mouse was sacrificed. Tumors and all internal organs were
harvested, fixed in 10% buffered formaldehyde, and embedded in paraffin blocks. Tumor
and tissue sections were stained with hematoxylin and eosin (H&E) for histopathological
analyses. Photographs were taken with a digital Nikon camera (coolpix 4500) attached to
Olympus CX31 microscope. The remaining mice were sacrificed at 10 wk after injection of
ONSC cells. As shown in Fig. 2A, ONSC cells developed into SCCs, the size of which
increased with time.

Histopathological examination of sections of tumors collected at wk 1 showed the
development of well differentiated SCC with keratin pearls (Fig. 2B, a and b). Additionally,
examination of H&E sections of tissues harvested at 10 wk showed that all 8 mice had
developed well-differentiated SCC with metastasis to the lung (Fig. 2B, c and d). One of the
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athymic mice also showed multiple organ metastases. In addition to the capacity of ONSC
cells to develop SCC and metastasize in nude mice, these cells also develop into tumors and
metastasize in syngeneic WT and OPN-null mice (Hsieh et al., manuscripts in preparation).

In summary, we have established a cutaneous SCC cell line that lacks the Spp1 gene. To our
knowledge, this cutaneous SCC is the only murine line of this type that develops tumors in
immune-competent mice. One SCC line lacking the OPN gene has been reported; however,
this line does not develop into tumors in syngeneic mice (Crawford et al., 1998). The
capacity of ONSC cells to develop into tumors in immune-competent mice and their lack of
inducible OPN expression provide an appropriate model to address the function of host-
derived OPN in the context of SCC tumor progression and metastasis.
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Figure 1.
Characterization of ONSC cells as OPN-null SCCs. (A) ONSC cells lack the Spp1 gene.
PCR analyses were performed with DNA purified from ONSC cells and from OPN
heterozygous (+/-) mice. Lane M, DNA molecular marker; 600 bp indicates OPN+ alleles;
500 bp indicates OPN- alleles; Spp1, OPN gene. (B) Northern blot analysis of OPN mRNA.
Total RNA extracted from JB6 Cl41.5a, CC4B, and ONSC cells was probed with
radiolabeled OPN or β-actin cDNA, used as a loading control (lower panel). The observed
OPN in the lower panel is due to non-stripped radiolabeled OPN probe. (C) Comparison of
cell morphology with epidermal cell lines. ONSC, an OPN-null cutaneous SCC line; CC4A,
an undifferentiated spindle cell carcinoma cell line; CC4B, a well-differentiated cutaneous
SCC cell line; JB6 Cl41.5a, a preneoplastic mouse epidermal-like cell line. Magnification,
×200. (D) Immunohistochemical analyses for the expression of p63, K1 and K14 in ONSC
cells. ONSC cells were immunostained with anti-p63, K1, and K14 antibodies or their
isotype controls (IgG). Magnification, ×200; ×400 (inserted panel).
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Figure 2.
Time course of tumor development and tumor size and histology of SCCs from athymic
nude mice injected s.c. with ONSC cells. (A) Time course of ONSC tumor development.
ONSC cells (2×106) were injected into the lower dorsal regions of female nude mice.
Tumors were measured each week (except wk 3) for 7 wk. The curved line represents mean
tumor volumes at each week (n=8/group/wk). (B) Histology of SCC in athymic nude mice
injected with ONSC cells. Athymic nude mice were injected s.c. with ONSC cells. (a and b)
Well differentiated SCC at 1 wk after injection of ONSC cells. (c and d) SCC metastasized
to the lung of athymic nude mice. (a and c), magnification 10x; (b d), magnification 40x. □,
magnified regions in b and d; ○, region with SCC in the lung.
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Table 1

Characterization of tumor properties of ONSC cells

Properties JB6 C141.5a CC4B ONSC

p53 mutation No Yes Yes

H-Ras mutation No No Yes

Anchorage-independent growth Minimal Minimal Yes

Tumor growth in athymic nude mice ND
Yes

a
Yes

b

Metastasis in athymic nude mice ND ND
Yes

c

S.C., subcutaneous; ND, not determined

a
Ruggeri et al., 1994

b
Female athymic nude mice, n=8

c
Observed in all 8 mice post 10 wk injection s.c. with 2× 106 ONSC cells/mouse
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