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Abstract

Integrins are a family of transmembrane glycoproteins that serve as
cell-cell and cell-substratum adhesion molecules and help regulate cellular

differentiation and proliferation. In malignant cells, which exhibit abnor
mal differentiation and growth properties, the expression of an altered
integrin repertoire could therefore be expected. From a tumorigenic hu
man Fibrosarcoma cell line we isolated a unique complementary DNA
corresponding to the 06 integrin subunit. Northern blot analysis using this
complementary DNA as probe indicated that 06 integrin niKNA was
abundantly expressed in all neoplastically transformed fibroblast cell lines
but not in normal diploid fibroblasts. In addition to its potential as a
marker for the neoplastic transformation of human fibroblasts, the 06
integrin mRNA was also found to be consistently expressed at higher levels
in tumorigenic fibroblasts than in immortalized but nontumorigenic fi
broblasts. This differential expression of 06 integrin was reflected at the
cell surface protein level using cytofluorometric analysis with specific
monoclonal antibody. In contrast, the levels of cell surface expression of
other integrins were unchanged (such as o3 and 01) or down-regulated

(such as io) when transformed cells were compared with normal fibro
blasts. The incremental up-regulation of a6 integrin was selective and

paralleled the progression of normal cells to immortalized cells and finally
to tumorigenic cells. This elevated <*<>subunit associated with the Â¡it
subunit to form a heterodimer receptor for laminin. Since fibrosarcoma
cell invasion of basement membrane has been shown to involve o601
integrin, then the induction or up-regulation of Â«6expression is an im

portant step in tumor progression and evolution to the invasive phenotype
in fibrosarcoma.

Introduction

Malignant cells are characterized by their invasiveness and ability
to metastasize. Both of these two properties are believed to be en
dowed in part by the expression of specific cell surface receptors that
interact with components of the basement membrane (1). Thus,
changes of the pattern of receptor expression, particularly up-regula

tion of those that interact with the basement membrane, could be
indicative of a "successful" malignant transformation. Because many

cell-extracellular matrix interactions are mediated by integrins, it has

been predicted that differential expression of specific integrins occurs
in cancer cells (2).

Integrins are heterodimers the functional unit of which is composed
of one a and one ÃŸsubunit that are noncovalently associated (2, 3).
Relative to the large number of integrins that have been identified to
date, only a few have been shown to be differentially expressed in
malignant cells. For example, a5ÃŸlintegrin, which binds to fibronec-

tin, was found to be expressed at a lower level in transformed fibro
blasts than in normal fibroblasts (4), and a7ÃŸl integrin, which binds
to laminin, was found to be expressed in malignant melanocytes but
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not in normal melanocytes (5). Additionally, in metastatic melanoma
expression of the avÃŸ3vitronectin receptor is restricted to cells in
vertical growth phase (6).

In our continuing effort to characterize genes that are differentially
regulated in normal and neoplastic human cells (7-10), we recognized
a cDNA3 that could detect an abundant RNA of the size of approxi

mately 6 kilobases in tumorigenic fibroblasts but could detect no RNA
in normal fibroblasts. By comparing its sequence with the Genbank
database we identified this cDNA as representing the a6 integrin
subunit. The a6 subunit forms a heterodimer with either the ÃŸlor ÃŸ4
subunit. While aoÃŸlintegrin is widely distributed in many cell types
as a receptor for the major basement membrane component, laminin
(11, 12), the expression of a6ÃŸ4integrin is limited mainly to epithelial
cells (13, 14). Two forms of a6 integrin (a6A and a6B) that are
generated by alternative RNA splicing are coexpressed in the majority
of cell lines and tissues (15). They differ in the cytoplasmic domain
sequence and therefore presumably interact differentially with certain
cytoplasmic components.

In the present study we found that the level of a6 integrin expres
sion correlated with the degree of tumorigenicity of various human
fibroblast cell lines, and this differential expression of the a6 integrin
gene also occurred at the cell surface protein level. It has been shown
previously that the a6 subunit is not expressed in normal fibroblasts
in vivo (12). Although previously we described the involvement of
aoÃŸl integrin in the invasive phenotype of HT 1080 fibrosarcoma
cells (16), we believe our present work is the first to show a correla
tion between the up-regulation of the a6 subunit and the tumorigenic

phenotype of neoplastic fibroblasts.

Materials and Methods

Cells. Normal diploid human fibroblast WI-38, SV40-transformed fibro
blasts WI-38VA13 and WI-26VA4, and human fibrosarcoma cell lines HT-

1080, Hs913T, and SW684 were purchased from American Type Culture
Collection (Rockville, MD). Normal diploid human fibroblast KD and fibro
sarcoma cell lines HuT-13, HuT-14, and HuT-14T were described previously
(7-10).

RNA, Northern Analysis, RT-PCR, and DNA Sequencing. Preparation

of cellular RNAs and Northern analyses were performed by standard proce
dures using formaldehyde agarose gels for fractionation of RNAs and 12P-

labeled DNAs as hybridization probes (9, 10). Hybridization probes were
prepared by random hexamer labeling of a6 and ÃŸlintegrin cDNAs with 12P

or by end-labeling of a 20-mer oligonucleotide that binds to rRNAs. Proce

dures for the hybridization and washing of Northern blots were the same as
described before (9, 10). RT-PCR was used to examine the presence of specific

integrin mRNAs and to amplify cDNAs for cloning; the procedure was de
scribed previously (17). DNA sequencing was performed as described previ
ously (9, 10).

Antibodies. Rat mAh to the ÃŸlsubunit (AIIB2) and to the Â«(>subunit
(J1B5) were generously provided by Dr. C. Damsky. University of California,
San Francisco, CA. Mouse mAb to a3ÃŸl (P1B5), and to a5ÃŸl (P1D6) were

3 The abbreviations used are: cDNA, complementary DNA; RT-PCR, reverse tran-
scription-polymerase chain reaction; mAb, monoclonal antibody; PBS, phosphate-buff
ered saline.
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kindly provided by Dr. William Carter, University of Washington, Seattle, WA.
Mouse anti-ÃŸ4mAb (3E1) was purchased from Telios Pharmaceuticals (San

Diego, CA). Antibodies for cytofluorometric analysis were purchased from
Jackson ImmunoResearch (West Grove, PA).

Cytofluorometric Analysis. Cultured cells were detached with a brief
treatment with trypsin (0.05%)-EDTA (2 IÃ•IM),washed with PBS containing

bovine serum albumin (1 mg/ml) and soybean trypsin inhibitor (100 fig/ml),
and washed again with PBS containing 1% normal goat serum. The cell
suspension was then incubated with appropriate dilutions of an anti-integrin
antibody for 45 min at 4Â°C.After washing with PBS, the cells were incubated

with secondary fluorescein isothiocyanate-labeled goat anti-mouse or goat
anti-rat antibody for 20 min (Jackson ImmunoResearch). The cells were
washed with PBS, fixed in 0.1% formaldehyde for 5 min at 4Â°C,and then

analyzed with a flow cytometer (FACScan; Laboratory for Cell Analysis,

University of California, San Francisco). Cell analysis was gated on forward
and size scatter intensities. The results were presented in single-parameter flow

cytometric histograms.

Results

We isolated a cDNA (designated m202) from a library (9, 10) that
was derived from the highly tumorigenic cell line, HuT-14, represent

ing an unknown mRNA which was expressed abundantly in fibrosa
rcoma cells, but not in diploid fibroblasts. This cDNA was sequenced
and found to be nearly identical to the sequence of an EcoRl fragment
(from base 2643 to 4558) located within the published Â«6integrin
cDNA ( 14).It represented a region encoding the carboxy-terrninal 241
amino acids of a6 integrin followed by 1193 bases of 3' untranslated

sequences.
As shown in Fig. }A, we used the m202 cDNA as probe to compare

a6 integrin mRNA expression between the fibrosarcoma cell line

Table 1 Correlation between levels of oro integrin mRNA expression and transformed
cellular properlies

(A) (B)

28s-

188-

rRNA-
tffÂ»Â»tl

28s

18s-

Fig. 1. Northern analysis of 06 integrin (A and B) and ÃŸ\integrin (C) expression in
transformed and Untransformed cells. Left ordinales, size markers 28S rRNA (5 kilobases)
and 18S rRNA (2 kilobases); the intact Â«6integrin mRNA (6 kilobases) and ÃŸlintegrin
mRNA (4 kilobases) are located slightly above and below the 28S RNA, respectively. On
the bottom of A and B. the 28S rRNA, which serves as a quantity marker for each cellular
RNA sample, is shown.

CelllineKDWI-38HuT-13

WI-38- VA 13
WI-26-VA4HuT-14

HuT-l4T
SW684
Hs913THT

1080a6/rRNA0001.510.42

0.764.14

4.52
4.13
4.084.39Cellular

propertiesUntransformedUntransformedImmortalized,

nontumorigenic
Immortalized, nontumorigenic
Immortalized,nontumorigenicTumorigenic

Tumorigenic
Tumorigenic
MetastaticMetastalic.

invasiveRef.7,

8,1717,267,

8
17,26
17.267.

8
8

17,26
17,2616,

17, 26
" Ratio between a6 mRNA and 28S rRNA, as determined by densitometry on Northern

blot shown in Fig. IA and IÃŸ.

HuT-14 and the diploid fibroblast strain KD. An abundant mRNA the

size of which (6 kilobases) was characteristic of a6 integrin (14) was
observed in HuT-14 while no mRNA was detected in KD. Rehybrid-

ization of the Northern blot with an oligo probe that detected rRNAs
demonstrated that slightly more KD RNA than HuT-14 RNA was

present in this blot.
Fig. IB presents a second Northern blot in which a6 integrin

mRNA expression was examined in total RNAs from 6 additional
fibroblastoid cell lines and one additional normal diploid fibroblast
cell strain (WI-38). By comparison with the two diploid fibroblast
strains (WI-38 and KD), a6 integrin mRNA was significantly elevated
in the nontumorigenic human fibroblast cell line, HuT-13, and in two
independent SV40-transformed fibroblast cell lines, WI-26VA4 and
WI-38VA13 (Table 1). The contrast in the expression of a6 integrin
mRNA between WI-38 and WI-38VA13 indicates that induction of a6

integrin occurred accompanying neoplastic transformation by SV40.
The HuT-14, HuT-14T, and SW684 cell lines, which form tumors in

the nude mouse (8), and the metastatic cell lines HT 1080 and Hs913T
exhibited a still higher level of expression of ad integrin mRNA than
the nontumorigenic cell lines (Fig. IÃŸ;Table 1).

The HuT-13 and HuT-14 cell lines were derived from cells that

survived the chemical carcinogen treatment of the nontumorigenic
human fibroblast cell line 8387 (18). While the HuT-13 cell line

exhibits the same nontumorigenic phenotypes as the parental cell line,
the HuT-14 cell line, however, represents a tumorigenically converted

clone from the parental cell. Therefore, the higher level of a6 integrin
mRNA expression in HuT-14 than in HuT-13 cells indicates a further
up-regulation of the a6 integrin gene in association with tumorigenic

conversion. This conclusion is supported by the observation that all of
the tumorigenic fibrosarcoma cell lines used in this study (n = 5)

uniformly expressed high levels of a6 integrin mRNA while all of the
nontumorigenic fibrosarcoma cell lines (n = 3) expressed only low to

moderate levels of a6 integrin mRNA (Table 1).
It has been shown that alternative RNA splicing produces two a6

integrin isoforms that differ in the cytoplasmic domain (15). The
m202 cDNA that we isolated from HuT-14 cDNA library corre
sponded to a6A isoform. By using RT-PCR we found that both a6A
and a6B integrin mRNAs were expressed in HuT-14 and HT 1080
cells with form A being more prominent (data not shown).

Since a6 integrin can form a heterodimer with either ÃŸlor ÃŸ4
integrin, we wished to know which of these two ÃŸintegrins is asso
ciated with the induced a6 integrin and whether this ÃŸintegrin is also
overexpressed in transformed fibroblasts. We designed oligonucle-

otide primers according to the published ÃŸland ÃŸ4integrin cDNA
sequences (19, 20), and we used them to perform RT-PCR with
HuT-14 cellular RNA. The results were that only ÃŸlintegrin cDNA

was generated (data not shown); therefore, the induced a6 integrin
was likely associated with the ÃŸlintegrin in fibrosarcoma cells. These
results are in agreement with other work that indicated that ÃŸlbut not
ÃŸ4integrin is expressed in fibroblasts (12, 20), and in the case of
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HT 1080 fibrosarcoma cells, a6 has been shown to be associated with
ÃŸlonly (16). We subsequently cloned the ÃŸlintegrin cDNA (a
2.4-kilobase complete coding cDNA) and used it as probe to examine

the expression of ÃŸlintegrin in diploid and transformed fibroblasts.
As shown in Fig. 1C, both diploid and transformed cells expressed
significant levels of ÃŸlintegrin mRNA, and in some cases there was
a correlation between the expression level of ÃŸl integrin and cellular
tumorigenicity (i.e., HuT-14 > HuT-13 > KD). However, this corre
lation was inconsistent, since the diploid fibroblast WI-38 had more
ÃŸlintegrin mRNA than the transformed fibroblast WI-38VA13. These

results were not unexpected as it has been shown that ÃŸlintegrin can
associate with several different a subunits and therefore its expression
is not necessarily coregulated with that of 06 integrin.

To ascertain that the selective up-regulation of a6 integrin was

reflected at the protein level and to determine whether other integrins
were differentially regulated, we used mAbs specific for each integrin
subunit in cytofluorometric analyses to compare cell surface integrin
expression among KD, HuT-13. and HuT-14 cells (Fig. 2). We found

that none of these cell lines expressed detectable levels of ÃŸ4integrin,
as is consistent with previous reports demonstrating the absence of the
ÃŸ4integrin subunit in fibroblast cell lines (12, 20). In the case of either
a3 or ÃŸlsubunit, we found that the expression levels were similar
among the 3 tested cell lines. Since our Northern analysis demon
strated differential expression of the ÃŸlintegrin mRNA in KD, HuT-
13, and HuT-14 cells (Fig. 1C), the identification of similar levels of

cell surface ÃŸlintegrin expression could perhaps be explained by the
fact that the majority of ÃŸlsubunit exists as intracellular precursor
(pre-ÃŸl)that fails to be expressed at the cell surface (21). In the case
of a5 subunit, we detected lower levels of expression in HuT-13 and
HuT-14 cells than in KD cells. This is consistent with earlier work that

showed a reduced level of a5 integrin expression in oncogenically
transformed cells when compared with untransformed cells (4). In
contrast, we found that cell surface expression of the a6 subunit
paralleled the Northern blot analyses and was highest in HuT-14 cells.

moderate in HuT-13 cells, and not detectable in KD cells (Fig. 2).

These results therefore further support that a6 integrin is an oncogenic

progression marker for human fibrosarcoma.

Discussion

In this study we demonstrated that a6 integrin, which forms a
laminin receptor with ÃŸlintegrin, was not expressed in normal fibro
blasts at a detectable level but was expressed abundantly in trans
formed fibroblasts. We also demonstrated that an incremental increase
in a6 integrin expression is likely associated with conversion from the
nontumorigenic state to the tumorigenic state. Previously, elevated
aoÃŸl integrin expression accompanying tumorigenic conversion has
been observed in osteosarcoma cell line MNNG-HOS (22). Higher

levels of a6ÃŸ4integrin expression have also been correlated with the
malignant conversion of mouse epidermal keratinocytes (23) and with
increased metastatic potential in Lewis lung carcinoma (24). We dem
onstrated in the present study that elevated a6 integrin expression
occurs at both the RNA and the protein levels, suggesting that the
incremental elevations of a6 integrin expression are either due to
enhanced transcription of the a6 integrin gene or a reduced rate of a6
mRNA degradation.

What is the functional significance of the up-regulation of Â«6

integrin expression in fibrosarcoma cells? aoÃŸl is a receptor for
laminin and has been shown to mediate fibrosarcoma adhesion to
laminin-rich basement membranes ( 16). It appears that up-regulation

of a6 integrin expression may allow enhanced adhesion to the base
ment membrane by fibrosarcoma cells. Additionally, aoÃŸl integrin
may also mediate the transduction of unique extracellular signals that
would ultimately lead to cell proliferation, migration, and protease
production. This hypothesis is consistent with observations that lami
nin induces, possibly through the aoÃŸlreceptor, up-regulation of type

IV collagenase in fibrosarcoma (25). Further work is needed to iden
tify the signals that this integrin may transmit during invasion.
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Fig. 2. Comparative cytofluorometric analysis of cell surface integrin expression. Cells were stained with control fluorescein isothi oc yana te- labeled rabbit anti-rat IgG antibody alone

(control), anti-a3 antibody (a3), anti-a5 antibody (a5), anti-oto antibody (a6), oranti-ÃŸl antibody (ÃŸl).Relative fluorescence staining profiles of integrin subunils are presented. Right

ordinate, cell lines.
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