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Abstract

The intercellular adhesion molecule-1 (ICAM-1, CD54) serves as a counter-receptor for the p2-
integrins, LFA-1 and Mac-1, which are expressed on leukocytes. Although expression of ICAM-1
on tumor cells has a role in tumor progression and development, information on ICAM-1
expression and its role in oral cancer has not been established. Normal human oral keratinocytes
(NHOK), human papilloma virus (HPV)-immortalized human oral keratinocyte lines (HOK-16B,
HOK-18A, and HOK-18C), and six human oral neoplastic cell lines (HOK-16B-BaP-T1, SCC-4,
SCC-9, HEp-2, Tu-177 and 1483) were used to study ICAM-1 expression and its functional role in
vitro. Our results demonstrated that NHOK express negligible levels of ICAM-1, whereas
immortalized human oral keratinocytes and cancer cells express significantly higher levels of
ICAM-1, except for HOK-16B-BaP-T1 and HEp-2. Altered mRNA half-lives did not fully
account for the increased accumulation of ICAM-1 mRNA. Adhesion of peripheral blood
mononuclear cells (PBMC) to epithelial cells correlated with cell surface ICAM-1 expression
levels. This adhesion was inhibited by antibodies specific for either ICAM-1 or LFA-1/Mac-1,
suggesting a role for these molecules in adhesion. In contrast, lymphokine-activated-killer (LAK)
cell cytotoxic killing of epithelial cells did not correlate with ICAM-1 levels or with adhesion.
Nonetheless, within each cell line, blocking of ICAM-1 or LFA-1/Mac-1 reduced LAK cells
killing, suggesting that ICAM-1 is involved in mediating this killing.
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Introduction

The intercellular adhesion molecule-1 (ICAM-1, CD54) is a member of the immunoglobulin
gene superfamily. This cell surface glycoprotein serves as a ligand for the B2-integrins,
LFA-1 (CD11a/CD18) and Mac-1 (CD11b/CD18), which are expressed on leukocytes (1,2),
and for leukosialin (CD43) expressed on T cells (3). The interactions between ICAM-1 and
the p2-integrins play a pivotal role in the course of inflammatory and immune responses.

ICAM-1 is expressed by a wide variety of cells, including subpopulations of hemopoietic
cells, vascular endothelium, fibroblasts and epithelial cells (4-7). In skin tissue, ICAM-1 is
only expressed by epidermal keratinocytes at the site of T cell infiltration in inflammatory
dermatitis (8, 9). Similarly, ICAM-1 is not usually detected in oral epithelium, except in the
sulcular and junctional epithelium (10-12). ICAM-1 expression is induced in oral
keratinocytes in recurrent oral ulceration (13).

A link between ICAM-1 expression and tumor progression was first demonstrated in
melanoma cells in which ICAM-1 expression correlates with the risk of metastasis (14, 15).
Similarly, in liver cancer patients, both tissue ICAM-1 and secreted ICAM-1 levels are
higher in the group with metastasis than in the group without metastasis (16). Furthermore,
malignant melanoma cells treated with TNF-a., which induces ICAM-1 expression, have a
greater ability to metastasize when the cells are inoculated intravenously into nude mice, and
that this effect can be reduced by the use of ICAM-1 antisense oligonucleotides (17).

Cancer cells expressing ICAM-1 may bind to leukocytes expressing LFA-1, thus using the
leukocytes to bring these cancer cells to the endothelium. This enhances the potential for
hematogenous metastasis (18). Alternately, ICAM-1 expression on tumor cells may be
detrimental to tumor growth. ICAM-1 expression on tumor cells increases their interaction
with the immunosurveillance system, thereby enhancing the response to adoptive
immunotherapy and increasing susceptibility to tumor cell lysis (19-23).
Immunohistochemical studies of ICAM-1 expression in invasive breast cancer have
demonstrated that ICAM-1 expression has a negative correlation with tumor size and lymph
node metastasis. Patients with ICAM-1-positive tumors had a better prognosis and overall
survival rates (24). Over-expression of ICAM-1 on colorectal cancer cells might favor host
anti-tumor defenses by trafficking of lymphocytes, which influences tumor progression (25).

Unfortunately, specific information regarding ICAM-1 expression in oral cancer is lacking.
Therefore, this study was undertaken to investigate whether ICAM-1 expression in human
oral epithelial cells is altered following immortalization and transformation using
established cell lines, carcinoma cell lines, as well as the primary cultured cells. We present
herein that immortalized and transformed oral epithelial cells constitutively express high
levels of ICAM-1 both at the protein and mRNA level. The functional aspects of this
increased expression were investigated using /n7 vitro assay systems. The implication s of
ICAM-1's role /n vivo are discussed.

Materials and Methods

Cell cultures

Normal human oral keratinocytes (NHOK) were prepared from gingival tissue excised from
healthy donors. The tissues were washed in calcium- and magnesium-free Hank's Balanced
Saline Solution (HBSS, Life Technologies, Gaithersburg, MD), digested with dispase and
collagenase to separate the epithelial layer, then digested with trypsin to separate individual
cells. The dissociated epithelial cells were grown to confluency in keratinocyte growth
medium (KGM) supplemented with 30 pg/ml bovine pituitary extract, 0.1 ng/ml human
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epidermal growth factor, 5 pg/ml bovine insulin, 0.5 pg/ml hydrocortisone, 50 pg/ml
gentamicin and 50 ng/ml amphotericin-B (Clonetics Corp., San Diego, CA), at a density of 5
x 104 cells per 28 cm? (26).

NHOK immortalized with HPV-16 DNA (HOK-16B) or HPV-18 DNA (HOK-18A and
HOK-18C cells) (26, 27), were grown in supplemented KGM. The fully transformed cell
line HOK-16B-BaP-T1, derived from exposing HOK-16B cells to chemical carcinogens,
were grown in Dulbecco’'s Modified Eagle Medium (DMEM,; Life Technologies) containing
4.5 g/L D-glucose and supplemented with 10% fetal bovine serum (FBS) and 0.4 pg/ml
hydrocortisone (28). HEp-2 cells, a larynx carcinoma cell line (American Type Culture
Collection (ATCC) CCL-23), were grown in Minimum Essential Medium (MEM)
supplemented with 10% FBS. Oral carcinoma cell lines, SCC-4 (ATCC CRL-1624) and
SCC-9 (ATCC CRL-1629), were grown in DMEM/F12 (1:1 mixture) with 10% FBS and 0.4
pg/ml hydrocortisone. Oral carcinoma cell lines, Tu-177 and 1483 (from Drs. G. L.
Clayman and E. J. Shillitoe, Houston, Texas), were grown in DMEM/F12 (1:1 mixture) with
10% FBS. With the exception of SCC4, SCC-9, Tu-177 and NHOK, all other cell lines
contain HPV DNA.

Northern blot analysis and mRNA half-life determination

Cellular RNA was isolated using RNA STAT-60 (Tel-Test “B”, Inc., Friendswood, TX).
Fifteen g of total RNA was size fractionated on a 1.5% formaldehyde-agarose gel,
transferred to a nitrocellulose filter, and probed with a specific 32P-labeled cDNA fragment
of human ICAM-1 targeting a 1,400 bp fragment in the coding region (X#oal restriction
endonuclease digest of plasmid pICAM-1; kindly provided by Dr. B. Seed, Boston, MA).
A 32p-labeled cDNA fragment of human glyceraldehyde-3-phosphate dehydrogenase
(GAPDH) was used as a control probe.

Monolayers of oral epithelial cells were treated with actinomycin D (ActD; 10 pwg/mL) to
block transcription. At different time points following ActD treatment, RNA was isolated
and subjected to Northern blot analysis. To enhance the detection of low level ICAM-1
message from NHOK, mRNA was isolated using the MessageMaker mRNA Isolation
System (Life Technologies). In addition to ICAM-1, a short-lived message c-myc was also
probed with a c-myc cDNA fragment (provided by Dr. R. Chiu, UCLA, Los Angeles, CA)
to verify the activity of ActD. The signals were visualized by autoradiography. The x-ray
images were scanned and specific bands were quantitated using an NIH image software
program. The half-lives of the ICAM-1 transcripts were measured by comparison with the
mRNA level at time 0 (100%).

ICAM-1 surface expression analysis

Cells were harvested by very brief exposure to 0.05% trypsin/EDTA solution in phosphate
buffered saline (PBS), then incubated for 30 min on ice with a mouse monoclonal antibody
specific for cell surface ICAM-1 (murine IgG1 anti-human CD54 (ICAM-1), AMAC Inc.,
Westbrook, ME). Cells were then washed with cold PBS and incubated with secondary
antibody, goat anti-mouse 19G (H+L)-R-phycoerythrin (RPE) conjugate (Southern
Biotechnology Assoc., Inc., Birmingham, AL), for 30 min on ice. Nonspecific background
staining was determined using an isotype control antibody (mouse 1gG, Sigma, St. Louis,
MO) and the secondary antibody. Cells were then washed and fixed in 1% formaldehyde in
PBS and subjected to flow cytometry (Becton-Dickinson FACScan).

Peripheral blood mononuclear cells (PBMC) adhesion assay

Epithelial cells were seeded into 48-well plates 2 d prior to the adhesion assays. Human
PBMC were isolated from healthy donors using Ficoll-Paque density gradient centrifugation
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(Pharmacia Biotech, Uppsala, Sweden). The PBMC (1-5 x 107) were resuspended in 2 ml
RPMI-1640 and labeled for 2 h at 37°C in 5% CO, with 100 .Ci of sodium [>1Cr] chromate
(ICN Pharmaceuticals, Costa Mesa, CA). Labeled PBMC were washed three times with PBS
and resuspended in RPMI-1640 with 2% human serum (Sigma). Labeled PBMC were added
to confluent monolayers of oral epithelial cells at a ratio of ~8:1 PBMC per epithelial cell.
The cultures were centrifuged at room temperature for 30 sec at 50 x g, then incubated for
30 min at 37°C in 5% CO5,. The monolayers were gently washed three times with HBSS to
remove nonadherent PBMC.

For blocking ICAM-1, the monolayers were pre-incubated for 30 min at room temperature
with 20 pg/ml mouse anti-human CD54 (ICAM-1) (clone RR1, kindly provided by Dr. R.
Rothlein) (29) or an isotype control antibody (mouse IgG, Sigma). For blocking neutrophil
counter-receptors for ICAM-1, PBMC were pre-incubated with 10 pg/ml mouse anti-human
CD18 (LFA-1p) (Biosource International, Camarillo, CA) for 30 min at room temperature.
Antibodies were present throughout the subsequent incubation period. Adherent PBMC
were lysed in 0.5% Triton X-100 in HBSS and the lysate was collected for -y-counts. Bound
PBMC was measured as percent of the total PBMC added to the monolayers. Because the
cell number at confluence was different among the various cell lines, a correction factor was
used to normalize the percent of adherent PBMC, i.e., PBMC adhesion among different cell
lines is presented as PBMC adhesion per same number of cells.

Lymphokine-activated-killer (LAK) cell cytotoxicity assay

51Cr labeling of target cells—Epithelial cells were seeded into 96-well plate ~2 d prior
to the killing assays. Confluent epithelial cells were labeled with 51Cr (50 wCi/ml) in
RPMI-1640 containing 10% FBS and antibiotics (100 U/ml penicillin-G, 100 p.g/ml
streptomycin, 0.25 pwg/ml Fungizone) for 8 h. Monolayers were then washed three times
with RPMI before adding the LAK.

LAK cell preparation—Freshly isolated PBMC were resuspended in 10% human AB
serum in RPMI-1640 containing antibiotics (as above), 10 mM HEPES, and 100 U/ml
recombinant human IL-2 (rhIL-2; Amgen, Thousand Oaks, CA). Cells were incubated for 3
d and then washed three times with RPMI-1640 medium.

Cytotoxicity assay—LAK cells, resuspended in RPMI-1640 containing heat-inactivated
2% human serum and antibiotics, were added to epithelial cell monolayers at a ratio of ~4:1
LAK cells per epithelial cell. Cultures were then incubated at 37°C in 5% CO, for 8 h to
allow LAK-mediated cytotoxic killing of the target monolayers. °1Cr labeling and
incubation with LAK cells was performed on adherent epithelial cell monolayers to prevent
potential damage of the ICAM-1 surface molecule from trypsin treatment for detaching
epithelial cells.

For blocking ICAM-1, monolayers were pre-incubated for 30 min at room temperature with
20 pg/ml mouse anti-human ICAM-1 or an isotype control antibody as described above. For
blocking the LAK cell ICAM-1 counter-receptors, LAK cells were pre-incubated with 10
pg/ml mouse anti-human CD18 (LFA-1p) for 30 min at room temperature. Antibodies were
present throughout the subsequent incubation period. After incubation, supernatants were
collected from the wells without LAK cells for analysis of spontaneous release or from wells
with LAK cells for analysis of killing release. Total release was measured by adding 0.5%
Triton X-100 in HBSS to lyse the cells. Supernatants (spontaneous, killing, or total release)
were analyzed with a y-counter. A correction factor was also applied to normalize the
percentage of LAK Kkilling.
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Results

Altered cell surface ICAM-1 expression and ICAM-1 mRNA levels in transformed oral
keratinocytes

Normal, HPV immortalized, and neoplastic cells were analyzed for surface ICAM-1
expression by FACScan. Figure 1A shows the relative levels of cell surface ICAM-1
expression on NHOK, and the HPV-16 DNA positive cell lines, HOK-16B and HOK-16B-
BaP-T1. ICAM-1 expression on NHOK was low, whereas the level dramatically increased
on the HPV-16 immortalized cell line HOK-16B. However, the ICAM-1 level was lower on
the fully transformed HOK-16B-BaP-T1 cells, i.e., the level was similar to that of NHOK.
Because different culture medium was used for the different cells, fresh medium or
conditioned medium from each cell line was incubated with each of the other cell lines to
ensure that the increased ICAM-1 on HOK-16B was not due to the effects of the culture
medium. The results were no different than those using normal culture methods, i.e.,
HOK-16B produced a higher level of surface ICAM-1 than NHOK and the HOK-16B-BaP-
T1 cell line regardless of which medium was used for culture. Northern blot analyses (Fig.
1B & C) showed that ICAM-1 mRNA levels correlated with the cell surface protein levels.

Comparison of ICAM-1 levels in the HPV-18 DNA positive cell lines (Fig. 2A) revealed
that the HOK-18A and 1483 cells expressed high levels of ICAM-1 relative to NHOK,
whereas HEp-2 had a lower level than NHOK. The three HPV DNA negative carcinoma cell
lines, Tu-177, SCC-4 and SCC-9, expressed high levels of ICAM-1 (Fig. 2B). Northern blot
analyses (Fig. 2C & D) demonstrated that the ICAM-1 mRNA levels in each of these cells
correlated with their cell surface expression levels. Figure 3 summarizes the relative levels
of ICAM-1 cell surface expression among all cells examined. Generally, their levels are
correlated well with their mRNA levels (Figs. 1C, 2D).

Longer ICAM-1 mRNA half-life does not fully account for the increased mRNA expression

To determine whether increased ICAM-1 mRNA levels in certain cells was the result of an
altered mRNA turnover rate, mRNA half-lives were measured using the transcription
inhibitor ActD. Cells with low ICAM-1 mRNA levels (NHOK and HOK-16B-BaP-T1) and
those with high ICAM-1 mRNA levels (HOK-16B and SCC-9) were used for these
experiments (Fig. 4). The ICAM-1 mRNA turnover rate in HOK-16B was 2.4-fold higher
than in NHOK. In the HOK-16B-BaP-T1 and SCC-9 cells, the turnover rate was
approximately the same as in NHOK. In contrast, the mRNA level was 9- to 11-fold higher
in both HOK-16B and SCC-9, and ~5-fold higher in HOK-16B-BaP-T1 than in NHOK
(Figs. 1C and 2D). Thus, altered ICAM-1 mRNA turnover rates in the HOK-16B and SCC-9
cells, compared with that of NHOK, did not fully account for differences in the ICAM-1
mMRNA levels.

Increased cell surface ICAM-1 mediates adhesion of PBMC

The functional role of the increased ICAM-1 on these cell lines was assessed using the
PBMC /n vitro adhesion assay. Freshly isolated PBMC, which express the ICAM-1
receptors LFA-1/Mac-1, were used for the adhesion assay. The results demonstrated that the
level of PBMC adhesion to each epithelial cell line approximately correlated to the level of
surface ICAM-1 expression (Fig. 5; compare with Fig. 3). To verify whether this adhesion is
mediated specifically by ICAM-1/LFA-1 or Mac-1 interaction, blocking antibodies reactive
with either ICAM-1 or LFA-1/Mac (both receptors contain CD18) were preincubated with
the epithelial cell monolayers or PBMC, respectively, prior to the adhesion assays. As
shown in Fig. 5, 30-40% of PBMC binding was inhibited by the addition of anti-ICAM-1.
Moreover, anti-CD18 inhibited up to 60-90% of adhesion. In contrast, isotype control
antibodies did not inhibit adhesion. These data indicate that the higher levels of PBMC
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adhesion to HOK-16B, HOK-18A, SCC-4, and SCC-9 cells is mediated, at least in part, v/ia
ICAM/LFA-1 or Mac-1 interactions.

Increased cell surface ICAM-1 is involved in LAK cytotoxicity

Discussion

To assess whether increased adhesion enhanced the cytotoxicity of LAK cells against these
epithelial cells, killing assays were performed by preincubating PBMC with rhIL-2 to
stimulate natural killer (NK) cells to become LAK cells. 51Cr-labelled epithelial cells were
then used as target cells for the LAK cells. The results are summarized in Fig. 6. The level
of LAK cell cytotoxicity did not correlate with cell surface ICAM-1 expression among the
different cells. Nonetheless, the anti-ICAM-1 antibodies partially inhibited LAK
cytotoxicity, except in the case of HOK-16B and HEp-2. It could be that the killing activity
was too low against these cells to show any meaningful antibody blocking effects. In
general, anti-CD18 antibodies demonstrated a stronger inhibition of LAK cell cytotoxicity
than did anti-ICAM-1 antibodies, except for HOK-18A cells. These results suggest the
participation of ICAM-1 and its counter-receptor in the LAK cytotoxic effect on some
epithelial cell cultures used in this study.

This study provides information on the alteration of ICAM-1 expression in transformed oral
epithelial cells and on the potential implication of its altered expression in affecting tumor
development in vivo. ICAM-1 expression was constitutively upregulated in most of the cell
lines examined. The functional role of increased ICAM-1 expression was evidenced by the
PBMC adhesion assay and LAK cell cytotoxicity analysis.

All three immortalized, nontumorigenic clones (HOK-16B, HOK-18A and HOK-18C)
expressed significantly higher levels of ICAM-1 than did NHOK. It has been reported that
infection with certain viruses or bacteria can upregulate ICAM-1 expression (30-33).
Therefore, HPV integration into NHOK may concomitantly upregulate ICAM-1.
Interestingly, HOK-16B-BaP-T1 cells expressed significantly lower ICAM-1 than
HOK-16B (Fig. 1), suggesting that further transformation may inhibit the active production
of ICAM-1. ICAM-1 expression by oral epithelial cells appears to be similar to that by
cervical epithelial cells, i.e., ICAM-1 expression is negative on immortalized cervical
keratinocytes not transformed by HPV-16, whereas HPV-16 positive, fully transformed
cervical keratinocyte lines constitutively express ICAM-1 (34).

Two of the five human oral carcinoma cell lines examined, HEp-2 and 1483, contain
HPV-18 (35). Interestingly, HEp-2 expressed very low levels of ICAM-1, whereas 1483
expressed the highest level. In addition, SCC-4, SCC-9, and Tu-177, all HPV DNA negative
oral carcinoma cell lines, expressed relatively high levels of ICAM-1. This suggests that
different control mechanisms have taken place in these cells during transformation resulting
in differential ICAM-1 expression. Our data showed that an increased mRNA half-life in
HOK-16B cells was not solely responsible for the increased ICAM-1mRNA level. The
ICAM-1 mRNA half-life of SCC-9 is similar to that of NHOK, in contrast to the ICAM-1
MRNA level in SCC-9 which is ~9-fold higher than that in NHOK. This suggests that
regulation at the transcriptional level is more important. Studies have shown that potential
ICAM-1 gene regulatory regions (enhancing or silencing elements) that interact with
transcriptional factors differentially control the constitutive high or low expression of
ICAM-1 (36).

Although the functional role of ICAM-1 in enhancing PBMC adhesion was clearly

demonstrated (Fig. 5), the role that ICAM-1 plays in LAK cell cytotoxicity in this /n vitro
system was not clear. Nonetheless, antibodies specific for ICAM-1 or CD18 interfered with
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LAK cell mediated killing of some of the cell lines used in this present study (Fig 6). This
suggests that ICAM-1 and other factors are involved in determining LAK Killing. This is
consistent with the seemingly disparate findings of others that: 1) not all tumor cells with
induced ICAM-1 are susceptible to cell-mediated cytolysis (22, 37, 38), and 2) adhesion
between killer and tumor cells is enhanced through ICAM-1, yet lysis of tumor cells is not
increased (39).

The development and progression of tumors may be fundamentally determined by two
factors. Internal cellular changes may cause the cells to de-differentiate and aggressively
proliferate, or changes in the extracellular microenvironment may facilitate or prohibit
tumor growth. To form a malignant tumor, genetic mutations in the cells that result in
aberrant cell growth and escape from immuno-surveillance are important. It seems that
expressing adhesion molecules, such as ICAM-1, that can interact with immune surveillant
cells would not be beneficial to tumor survival. However, this does not appear to be the case
for the tumor cells examined in this study. SCC-4, SCC-9, 1483 and Tu-177 are all ICAM-1
high-expressing, tumorigenic cells derived from human oral cancers. These ICAM-1
positive cancer cells were able to escape immune reaction with tumor killer cells. Therefore,
ICAM-1 expression on tumor cells does not necessarily guarantee an advantage to the host.
One possibility is that multiple factors are involved in effective immuno-surveillance and
the absence of one or more of these important factors may be responsible for the failure of
the immune cells to eliminate tumors (40). The lack of significant expression of adhesion
molecules on peritumoral vascular endothelial cells has been considered as a possible
mechanism that debilitates the recruitment of immune cells to tumor sites (41). Furthermore,
ICAM-1 expressing tumors may metastasize more readily. Thus, a thorough understanding
of the overall physiological role of ICAM-1 expression by a particular cancer cell type is
required to control and predict the prognosis of the cancer.
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Expression of ICAM-1 by primary oral epithelial cells (NHOK) and two immortalized oral
epithelial cell lines (HOK-16B and HOK-16B-BaP-T1) containing the HPV-16 genome. (A)
Flow cytometric analysis of ICAM-1 expression on oral epithelial cells. Shaded areas
represent constitutive ICAM-1 expression and non-shaded areas depict staining with an
isotype control antibody. (B) Northern blot analysis of ICAM-1 mRNA expression in oral
epithelial cells. Three major ICAM-1 mRNA forms were detected (3.4, 2.6 and 1.7 kb). (C)
Relative signal densities of ICAM-1 mRNA among the cells measured by NIH imaging

software. Data are from a representative experiment.
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Fig. 2.

Expression of ICAM-1 by primary oral epithelial cells (NHOK) and six oral epithelial cell
lines (HOK-18A, 1483, HEp-2, SCC-4, SCC-9, and Tu-177). Flow cytometric analysis of
ICAM-1 expression on (A) NHOK and three oral cell lines containing HPV-18 and (B) three
HPV-negative oral cancer cell lines. Shaded areas represent constitutive ICAM-1 expression
and non-shaded areas depict staining with an isotype control antibody. (C) Northern blot
analysis of ICAM-1 mRNA expression in oral epithelial cells. (D) Relative signal densities
of ICAM-1 mRNA among the cells measured by NIH imaging software. Data are from a
representative experiment.
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Relative cell surface ICAM-1 expression on NHOK and oral epithelial cell lines. A mean
fluorescence intensity (MFI) = MFI with anti-ICAM-1 IgG minus MFI with isotype control.
Data represent mean £ SEM of the results of at least two or more independent experiments.
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Fig. 5.

Relative levels of PBMC adherence to NHOK and oral epithelial cell lines. The amount of
bound PBMC was measured as the percentage of the total PBMC added to the monolayers
before removal of the unbound PBMC. Data are presented as mean + SEM of the results of
at least two or more independent experiments.
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Relative levels of LAK cell cytotoxicity to oral epithelial cells. Data are presented as mean +
SEM of the results of at least two or more independent experiments except where indicated.
N.D., not determined. *, single experiment.
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