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ABSTRACT

Proinflammatory cytokines interieukin (IL)-la, IL-6, IL-8, and gran-
ulocyte macrophage colony-stimulating factor (GM-CSF) have been de

tected in tumor specimens and primary cell cultures from patients with
head and neck squamous cell carcinoma. IL-la has been reported to play
an important role in inducing the expression of cytokines IL-6, IL-8, and
GM-CSF during inflammation. We examined whether these cytokines are
expressed together in five primary and seven established UM-SCC cell
lines, and we also examined the effects of IL-la, II,-I receptor antagonist
or neutralizing antibody (Ab) upon expression of this repertoire of proin-
flammatory cytokines in established UM-SCC lines. Secretion of proin-
flammatory cytokines IL-la, IL-6, IL-8, and GM-CSF was detected by
ELISA in both the primary and established UM-SCC lines. Constitutive

expression of specific mRNAs for these cytokines was confirmed in the
UM-SCC lines by reverse transcriptase-PCR and Northern blot analysis.
Addition of recombinant IL (rlL)-la but not rIL-6 induced a dose-
dependent increase in IL-8 and GM-CSF production. IL-1 receptor an
tagonist (IL-RA) or anti-IL-1 neutralizing Ab could completely inhibit the
rIL-la-inducible increase in IL-8 and GM-CSF expression, but the inhib

itors had a negligible effect on the constitutive level of production of the
cytokines. Transfer and expression of the IL-la gene in a low-cytokine-
producing cell line, UM-SCC-38, induced IL-8 and GM-CSF expression,
but this expression was also not inhibited by II.-IRA or anti-IL-1 neu
tralizing Ab. We conclude that IL-la can enhance the expression of
cytokines IL-8 and GM-CSF in UM-SCC cell lines but that constitutive
expression of these cytokines by UM-SCC is not inhibited by exogenous
II.-I It \ or neutralizing Ab.

INTRODUCTION

A diverse variety of proliferative, proinflammatory, proangiogenic,
and metabolic responses have been associated with the malignant
phenotype and host response in patients with HNSCC.1 The develop

ment and malignant potential of SCC has been associated with in
creases in epithelial, stromal, and vascular proliferation (1-3); infil

tration of granulocytes and monocytes (4, 5); circulating levels of
acute phase response proteins (6); and metabolic wasting (7-9). Many

of these responses have been associated with pathological effects and
a decreased prognosis. The broad nature and similarity of many of
these responses to those induced by soluble factors released during the
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response to injury (10-12) has elicited considerable interest in iden

tification of cytokines produced by these malignant tumors.
Several cytokines with putative proinflammatory and proangio

genic activity, including IL-1 a, IL-6, IL-8, and GM-CSF, have been
detected in tumor specimens from patients with SCC (13-15). We

previously reported that these proinflammatory cytokines are ex
pressed together by human HNSCC in situ and in vitro (16). Expres
sion of these cytokines has been associated with pathogenic effects in
SCC and other malignancies. Elevated expression of GM-CSF has

been associated with increased malignant potential of human and
murine SCC (17). Elevated expression of IL-6 or IL-8 has been

detected in cell lines or serum of patients with bronchogenic carci
noma, colorectal cancer, and melanoma (18-22). In these cancers,
production of IL-6 or IL-8 has been correlated with increased meta-
static potential (19, 21, 22), and expression of IL-8 has been shown to

contribute to growth of melanoma and bronchogenic carcinoma via
autocrine and angiogenic mechanisms, respectively (18, 20).

IL-la and IL-IÃŸhave been reported to play a prominent role in
enhancing the transcription and expression of cytokines IL-6, IL-8,
and GM-CSF during the activation of the cytokine cascade (11, 23).
IL-1 can induce activation of signal transduction pathways that reg

ulate several early transcription factors involved in the transcription of
proinflammatory cytokine genes (23, 24). The role of IL-1 in enhanc

ing activation of a cascade of proinflammatory cytokine mediators
and responses suggests that IL-1 may serve as an important autocrine

and/or exocrine factor in coordinating expression of this repertoire of
cytokines in SCC. Here, we examined whether IL-1 a, IL-6, IL-8, and
GM-CSF are expressed in a panel of primary SCC cultures and
well-characterized UM-SCC cell lines and determined the effects of
IL-1 a, IL-1RA, and neutralizing Ab on the expression of this reper

toire of proinflammatory cytokines.

MATERIALS AND METHODS

Primary Culture of Tumors from Patients with HNSCC for Analysis of
Proinflammatory Cytokine Secretion. For determination of the presence of
IL-la, IL-6, IL-8, and GM-CSF cytokine secretion in primary HNSCC cell

cultures, biopsy or surgical tumor specimens were obtained from patients
undergoing therapy under NIH institutional review board-approved protocol
97-DC-0044, after informed consent was given by the patients. Specimens
from four patients were obtained and given numeric designations of 1-4 in

order of receipt, and two tumor specimens that were available from patient 4,
who underwent both a biopsy and surgery, were designated 4A and 4B,

respectively (see Table 1). SCC tissue was prepared for cell culture by the
method of Krause and coworkers (25). The tissues were cut into small
fragments of ~ 1 mm in diameter and covered by 2 ml of medium. After 2-3

weeks of culture, fresh supernatants were obtained from flasks that contained
1-2-cm-diameter colonies of cells with epithelial morphology. The superna

tants were collected 48 h after the medium was changed, centrifuged to remove
particulates. and aliquoted and stored at -80Â°C until use in ELISA.

Culture of Established UM-SCC Human SCC Lines. To examine the
expression of proinflammatory cytokines and effects of IL-la, IL-IRA, or
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neutralizing Ab in established SCC lines, a panel of well-characterized SCC
cell lines were obtained from the UM-SCC series maintained by Dr. T. E.

Carey at the University of Michigan (Ann Arbor, MI; see Table 1). The
UM-SCC cell lines were derived from patients with SCC arising from different

sites in the upper aerodigestive tract by an institutional review board-approved

protocol and with informed consent (25). Karyotype and epithelial marker
analyses of the panel of UM-SCC cell lines used have been published previ
ously (26, 27). The expression of the SCC tumor-associated A9 antigen by the

cell lines used was confirmed in our laboratory prior to use (28). The charac

teristics of seven cell lines established from five individual patients are shown
in Table 1. Cell lines from relatively early (UM-SCC9, P 13; UM-SCC-11A.
P 26: and UM-SCC-1 IB, P 48) or later passages (UM-SCC-38, P 49; UM-
SCC-1, P 59: UM-SCC-22A, P 51: and UM-SCC-22B. P 60) that were

available were included, and ELISA studies were performed using frozen
stocks within five passages of receipt. The cell lines were maintained in
Eagle's MEM supplemented with 10% fetal bovine serum and penicillin/

streptomycin. Cell lines used were tested and found to be free of mycoplasma
contamination by two independent assays using the MycoTect Kit (Life
Technologies, Inc., Gaithersburg, MD) and Mycoplasma Detection Kit (Boeh-

ringer Mannheim, GmbH. Mannheim. Germany).
RT-PCR and Northern Analysis of Cytokine mRNA Expression. Total

RNA was isolated from cultured tumor cells when they were 80-90% con
fluent in 75- or 150-cm2 tissue culture flasks with Trizol reagent (Life Tech
nologies. Inc.), according to the manufacturer's protocol. RNA concentration,

purity, and integrity were determined by a spectrophotometer at A2(anm and
^28<inm ani' by RNA agarose gel electrophoresis. Primers and conditions for
RT-PCR for human IL-la, IL-6, GM-CSF. and ÃŸ-actinwere as described (12,
15, 29). and primers for human IL-8 (30) were purchased from Clontech and
the PCR was performed following the manufacturer's instructions. The primers

and probes used were: for IL-la, sense, TGAGCAATGTGAAATACAAC;
antisense, TTTTAGCATCATCCTTTAAT; and probe, ATCATCAAATAC-
GAATTCATCCTGA; for IL-6, sense, ATGTAGCCGCCCCACACAGA: an

tisense, CATCCATCTTTTTCAGCCAT; and probe, TCTTGTTACAT-
GTCTCCTTTCTCAG; for GM-CSF, sense. TGGCCTGCAGCATCTC-

TGCAA; antisense, GTGATAATCTGGGTTGCACA: and probe. GACCTC-
CAGGAGCCGACCTGCC; and for IL-8, sense, ATGACTTCCAAGCTGGC-

CGTGGCT; antisense, TCTCAGCCCTCTTCAAAAACTTCTC; and probe,
TCCACTCTCAATCACTCTCAGTTCTTTGAT. In preliminary studies,
cDNA from the reverse transcription reaction was added as 10 /xl per reaction
and then adjusted for all cell lines using ÃŸ-actinproduct to normalize loading

of total cDNA. Titration with plasmids containing known quantities of the
specific cytokine cDNA sequences indicated that the PCR signal decreased
with plasmid dilution in a dose-dependent manner. The signals obtained at 20,
30. and 40 cycles were compared. RT-PCR assay was able to detect less than

100 copies of each of the templates per reaction under saturating conditions at
40 cycles without the detection of contamination or nonspecific signal in
RT-PCR reagent CTRLs. Thus experiments were performed with 40 cycles of
heat denaturation at 94Â°Cfor 1 min and annealing/extension at 65Â°Cfor 2 min

to obtain optimal sensitivity. Forty-/nl aliquots of PCR product were compared

by electrophoresis on a 2% agarose gel and visualized under UV light after
ethidium bromide staining. Gels were denatured in 1.5 M NaCl-0.5 NaOH and
neutralized in 1.5 M NaCl-0.5 M Tris-HCl (pH 7.2). and DNA was transferred
for Southern blotting onto Hybond-N 0.45-/xm nylon membranes (Amersham.

Arlington Heights, IL). For Northern blot analysis, 25 jag of total RNA from
each cell line were resolved by electrophoresis on a 1.2% agarose gel, trans
ferred overnight onto an uncharged Hybond-N 0.45 micron nylon membrane
(Amersham. Arlington Heights, IL), and UV cross-linked to the membrane

(120 mJ; UV Stratalinker 2400; Stratagene. La Jolla, CA). DNA probes for the
IL-la, IL-6, and GM-CSF cytokine genes were derived from plasmids by
restriction enzyme digestion: hIL-la. phILl A cDNA. BanMl (American Type
Culture Collection, Manassas, VA): human GM-CSF. pGM-CSF, NecllPsn
(Refs. 12 and 15); hIL-6, pBSF2.5. EcoKl (29): and hIL-8. pMDNCF2-l

EcoRl (30). The excised probes were purified with a QIAquick Gel Extraction
Kit (Qiagen, Inc.. Chatsworth. CA). and DNA was quantitated by comparing
with a DNA mass ladder standard (Life Technologies, Inc.) on a 1% agarose
gel. Twenty to 50 ng of each purified DNA fragment were labeled by random
priming reaction with 50 jÂ¿Ciof [a-12P]dCTP (Amersham) using a Prime-It

RmT kit (Stratagene. La Jolla. CA). The probe of 18S rRNA was a 24-mer

antisense oligonucleotide probe purchased from Lofstrand Lab (Gaithersburg.

MD). The oligonucleotide probe (0.1 Â¿ig)was labeled with [y-'2P]ATP (Am

ersham) using T4 kinase (Gibco Life Technologies, Inc.) and labeled probes
were purified by column chromatography (STE Select-D. G25; 5'â€”>3' Inc.,

Boulder. CO). Specific activities were determined, ranging from 50,000 to
100.000 cpm. Labeled probes (2 X IO6 cpm) in QuikHyb (2 ml; Stratagene)

was used for hybridization. After washing under high-stringency conditions,
the membrane was exposed to a X-OMAT AR film with an intensifying screen
at -80Â°C, and the film was developed by an M35 X-OMAT film processor

(Kodak, Rochester, NY).

Quantitation of Cytokine Secretion by ELISA. Twelve ml of fresh
medium were added to tumor cell lines when they were 60-80% confluent in
75-cnr tissue culture flasks, and they were collected after 48 h. Supernatants

were centrifuged at 1500 X g to remove particulates and aliquoted and stored
frozen at -80Â°C until use in ELISA. Cell number in the UM-SCC culture

flasks was determined to standardize the quantity of cytokine secreted per 48 h
per IO6 tumor cells. Purified antibodies with specificity for human cytokines

and reagents for ELISA were obtained commercially (R&D Systems. Minne
apolis. MN; Biosource International. Camarillo, CA), and used according to
the manufacturer's protocol. The A450imi was quantitated using an eight-

channel spectrophotometer (Biotek Systems, Winooski, VT).
Detection of Cytokine Production by UM-SCC Cells after Treatment by

Exogenous Cytokines or Inhibitors. The effect of different concentrations of
recombinant cytokine or inhibitors on cytokine production by UM-SCC-9,
-1 IB, and -38 cells was determined. Triplicate cultures of UM-SCC-9. -1 IB,
and -38 cells in logarithmic growth phase were plated in 24-well plates at a
density of 5 X IO4cells per well for each experimental condition. Afterculture

for 2-3 h. recombinant human cytokine IL-IRA. polyclonal rabbit antihuman
IL-la neutralizing Ab (anti-lL-1 Ab), or CTRL polyclonal rabbit antihuman
IL-4 Ab (R&D Systems) or medium diluent was added to a final volume
of 1 ml. After culture at 37Â°C for 24 h. culture supernatants were col
lected, centrifuged. and stored at -80Â°C until ELISA analysis, as described

above.
Transfection and Expression of IL-la Gene in UM-SCC. Plasmid

phlLlAcDNA (American Type Culture Collection) containing a full-length
human IL-la cDNA was digested with ftimHI. A 2.4-kb insert DNA fragment

was isolated and ligated into pcDNA3 (Invitrogen. Carlsbad, CA), yielding
pcDhlL-la. UM-SCC-38 cells in logarithmic growth phase were plated in
24-well plates at a density of 5 x 1()4 cells per well in duplicate for each

experimental condition. After 1 day of culture, the cells were transfected with
pcDhlL-la (containing human IL-la full-length cDNA under the control of

cytomegalovirus promoter) or pcDNA3 alone using Lipofectamine (Life Tech
nologies, Inc.). according to the manufacturer's instructions. After transfection

for 5 h. cells were changed to regular medium (Eagle's MEM plus 10% PCS)

and incubated overnight. The next day, cells were changed to fresh medium
alone or with IL-1 RA. anti-IL-1, or CTRL Ab. After 72 h. the conditioned

medium was collected and tested for cytokines following the ELISA procedure
described above.

RESULTS

ELISA Analysis of Secretion of Proinflammatory Cytokines
IL-la, IL-6, IL-8, and GM-CSF by Primary SCC Cultures and
Established UM-SCC Cell Lines. Proinflammatory cytokines IL-
la, IL-6, IL-8, and GM-CSF have previously been detected in tumor

homogenates and primary cell cultures from patients with HNSCC by
ELISA (13, 14, 17). We examined a panel of primary cultures and
established SCC cell lines to determine whether these cytokines are
secreted by freshly isolated cultures and SCC lines for which karyo-

typic and epithelial markers have been defined. The characteristics of
the patients from whom the primary cultures and established cell lines
were derived are shown in Table 1. The primary cell cultures were
established from patients with advanced stage III or IV tumors from
biopsies obtained prior to treatment, and the UM-SCC cell lines

included tumors between stages I and IV, distributed among oral,
pharyngeal, and laryngeal sites (Table 1). UM-SCC cell lines from

lower and higher passages that were available were included, and
ELISA analyses were performed using cells expanded from frozen
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Table 1 Tumor, Treatment, and Response Characteristics of Patients Providing Human SCC Cell Lines

Cell line Age (yr)" Sex Stage TNM" Primary sitec Specimen site'' Prior therapy'' Status^ Survival (months)"

Primary celllines1234A4BLong-term

established celllinesUM-SCC-1UM-SCC-9UM-SCC-1

1AUM-SCC-1IBUM-SCC-22AUM-SCC-22BUM-SCC-38642477637272655960FMMMMFMFMIVIVIVrviHIVinIVT4N,M0T4N0M0T,N2M0T4N,,M0T,NoM0T,N0M0T2N2aM0T2N|M0T2N2aM0LatÃ©ral

longueNasopharynxLateral

tongueRetromolar
trigoneFDMTonsil/BOTHypopharynxHypopharynxTonsil/BOTPri

bxPri
bxPri
bxPri
bxPri
resectLocal

recurLocal
recurPri
bxPri
resectPriLN

metPriNNNNNRRNCNNNNEDNEDAWDAWDDWODDODDODDODDODIh16IhIh15151411)11

" Age represents patient age in years at diagnosis.
''TNM. tumor-node-metastasis system of staging: grade 1, well differentiated; grade II, moderately differentiated: grade III, poorly differentiated; grade IV, undifferentiated.
' Primary site: FOM. floor of mouth; BOT, base of tongue.
'' Specimen site refers to origin of tissue used to establish cultures: recur, recurrence; pri. primary tumor site: bx. biopsy; resect, surgical resection specimen; LN. lymph node; met,

metastasis.
' Prior therapy refers to therapy given before the specimen used for culture was obtained: N. none; R. radiation; C. chemotherapy.
' Status: NED. no evidence of disease; AWD. alive with disease; DWOD, died without disease; DOD, died with disease.
* Survival represents time in months from diagnosis to last follow-up.

stocks within five passages of receipt, as described in "Materials and
Methods." The karyotype and epithelial marker analyses of the panel

of UM-SCC cell lines used have been published previously (26, 27),
and the expression of SCC tumor-associated A9 antigen by these cell
lines was confirmed in our laboratory prior to use (28).

The results of ELISA analysis of the secretion of proinflammatory
cytokines IL-la, IL-6, IL-8, and GM-CSF by the primary cultures and
UM-SCC lines are shown in Figs. 1 and 2, respectively. The mean
concentrations Â±SD for the four proinflammatory cytokines deter
mined from replicate cultures from cytokine standard curves are
shown. Secretion of proinflammatory cytokines IL-la, IL-6, IL-8, and
GM-CSF was detected by ELISA in both primary cultures and defined
UM-SCC lines. In the primary cultures shown in Fig. 1, IL-8 was
produced at the highest level among the cytokines, ranging from
>2500 to nearly 5000 pg/ml (Fig. 1, patients 4A and 1, respectively).
The levels of IL-6 and GM-CSF detected were intermediate in range,
from 400 to 1600 pg/ml. IL-la was detected at lower concentrations
relative to the other cytokines, ranging up to 300 pg/ml (Fig. 1,patient
3). The results of the ELISA analyses for the UM-SCC lines in Fig. 2
confirm that immunoreactive IL-la, IL-6, IL-8, and GM-CSF are also
detectable in most of the established cell lines. Secretion of cytokines
was observed in cell lines of both lower (UM-SCC-9, P 13; UM-SCC-
11A. P 26) and higher passage (UM-SCC-1 IB, P 48). The concen
tration of cytokine was below the threshold of detection for IL-1 in

UM-SCC-38; for IL-6 in UM-SCC-22B; and for GM-CSF in UM-
SCC-22A. As observed in the primary cultures, the UM-SCC cell
lines that produced cytokines also produced IL-8 in highest concen
tration. IL-6 and GM-CSF at intermediate levels, and IL-la at lower
concentrations. Similar relative differences in the concentrations of
these cytokines have been observed in an independent experiment
with UM-SCC-9, -1 IB, and -38 (data not shown). We conclude that
both freshly isolated and well-characterized UM-SCC cell lines can
express the four proinflammatory cytokines that have been previously
detected in tumor homogenates from patients (13, 14).

RT-PCR and Northern Analysis of IL-la, IL-6, IL-8, and
GM-CSF mRNA Expression in UM-SCC Cell Lines. RT-PCR
analysis was performed to confirm the presence of expression of
specific mRNA of proinflammatory cytokines IL-la, IL-6, IL-8, and
GM-CSF in the panel of UM-SCC lines. The sensitivity and speci
ficity of the primers and reaction conditions for PCR were optimized
in preliminary experiments with full-length cytokine cDNA to obtain
sufficient sensitivity to enable detection of sequence encoding each
cytokine down to 100 copies or less per reaction, as described in
"Materials and Methods" (data not shown). Fig. 3 shows that a

RT-PCR product of the expected size for mRNA for each cytokine
could be detected in all UM-SCC cell lines under saturating PCR
conditions optimized to obtain maximum sensitivity. Under these
conditions, mRNAs for cytokines IL-6, IL-8, and GM-CSF were also
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Fig. 1. ELISA analysis of cytokine secretion by primary human squamous cell carcinoma cultures. Primary cultures of human SCCs were established, and supcmatants were collected

from two to five independent flasks cultured from each patient for analysis of cytokine secretion by ELISA, as described in "Materials and Methods." The cytokine concentration

secreted by each cell line was determined from standard curves obtained with known quantities of recombinant cytokine diluted in the same medium. Each supernatant was tested by
ELISA in duplicate. Columns, mean concentrations (pg/ml/48 h); bars, SD.

3670

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/58/16/3668/2467363/cr0580163668.pdf by guest on 19 M

ay 2023



lnterleukln-1

PROINFLAMMATORY CYTOKINES IN SQUAMOUS CARCINOMA

lnterleukln-6 lnterleukln-8 GM-CSF

i

1000BOO300200100n..T:..â€”i."^ 4000

< m < m
S S i I

1200

eoo

400

mi
= " Ã  * â€¢¿�-oÂ» < a <

u o P Â»- S
8 B Â»- - N
S p u p u

I l l l l

Fig. 2. ELISA analysis of cytokine secretion by human SCC cell lines. Supernatant of human SCC lines were collected, and cytokines were assayed by ELISA in duplicate, as
described in "Materials and Methods." The cylokinc concentration secreted by each cell line was determined from standard curves obtained with known quantities of recombinant
cytokine diluted in Ihe same medium. Columns, mean concentrations (pg/lO1' cells/48 h|; bars. SD. The concentration of cytokine was below the threshold of detection for IL-1 in

UM-SCC-38; for 1L-6 in UM-SCC-22B: and for GM-CSF in UM-SCC-22A.

detected in peripheral blood lymphocytes (Lane Lym), but no nonspe
cific signal was detected in any of the reagents used for RT-PCR

(Lane H;O). The identity of the products shown was confirmed by
expected size and by Southern blot analysis using probes to sequence
internal to the primer pairs (data not shown).

Northern blot analysis was performed to verify that the UM-SCC

cell lines expressed mRNA specific for the cytokines detected by
RT-PCR and to determine whether there were differences in the level

of expression of cytokine mRNA in different cell lines. Fig. 4 con
firms that IL-la, IL-6, IL-8, and GM-CSF mRNA can be detected by
cytokine-specific probes in UM-SCC lines. The higher expression of
cytokine mRNA by the UM-SCC-11 cell lines relative to that of the

other cell lines in Fig. 4 is similar to that observed in ELISA analysis
in Fig. 1 above under similar culture conditions, although mRNA and
protein were isolated in independent experiments. Cell lines that
expressed cytokine mRNA at higher (UM-SCC-11A and -1IB) or
lower levels (UM-SCC-9, -38, -22A, and -22B) usually secreted the

I UM-SCC Lines 1

1 9 11A11B 22A 22B 38 Lym H2O

IL-la
183 bp

IL-6
233 bp

IL-8
289 bp

GM-CSF
273 bp

ÃŸ-actin
540 bp

Fig. 3. RT-PCR analysis of proinflammatory cytokine mRNA expression. To establish
the presence of expression of cylokine-specific mRNA. UM-SCC mRNA was isolated.

! cytokine-specific primers as described in "Materials

as used as the loading CTRL. PCR products were
resolved on a 2% agarose gel and visualized by cthidium bromide staining under UV light.

râ€”
Human

UMSCCLines -i

- Â»33Ã a* 5
Probes

IL-la

IL-6

IL-8

GMCSF

18S rRNA

i

kb

2.0

1.3

l.N

0.8

1.4

Fig. 4. Northern blot analysis of human cytokine gene expression in SCC lines. Total
RNA isolated from each human -SCC line by Tri/ol reagent was electrophorcsed on a 1.2%
agarose gel containing formaldehyde, transferred onto Hybond-N nylon membrane, and
cross-linked by UV light as described in "Materials and Methods." Cytokine gene
expression by each cell line was detected by hybridising '"P-labelcd double-stranded

DNA probes or oligonucleotide probe and autoradiography. The loading amount of total
RNA from each cell line was adjusted according to the amount of I8S and 28S rRNA in
a previous minigcl clectrophoresis. The predicted sizes of cytokine mRNA were: IL-la,
2.0 kb: IL-6. 1.3 kb: IL-8. 1.8 kb: GM-CSF. 0.8 kb; I8S rRNA. 1.4 kb.

cytokines at higher or lower levels, suggesting a pattern of coordina
tion in expression. The equivalence of loading and quality of mRNA
from the cell lines was controlled by comparison of the expression of
constitutive 18S mRNA. Thus, expression of the specific mRNAs for
these cytokines was confirmed in UM-SCC lines by RT-PCR and

Northern blot analysis.
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UM-SCC-9

IL-la

UM-SCC-38

IL-6

Fig. 5. Enhancement of proinflammalory cylokine secretion of UM-
SCC cell lines by addition of IL-la and IL-6 recombinant proinflam-
matory cytokines. UM-SCC-9 (A, C. E. and C) and -38 (B, D, F, and H)
were cultured at 5 X IO4 cells/ml in 24-well plates with different
concentrations of IL-la, IL-6, or a combination of IL-1 and IL-6. After
incubating for 24 h in 37Â°C,the supernatant* were harvested and tested

by ELISA, as shown for IL-la (A and B), IL-6 (C and D), 1L-8 (Â£and
F). and GM-CSF (G and H}. Cnlumns. cytokine levels, determined from
the mean of triplicate samples: burs, SD. Conditions resulting in a
significant increase in cytokine secretion were determined by Student's

I test (*, P < 0.05: Â£-//).
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rIL-la Enhances the Expression of IL-8 and GM-CSF in UM-
SCC. Cytokines IL-1 and IL-6 have been reported to induce IL-8 and
GM-CSF expression in other cell types during inflammation (24, 30).
To examine whether IL-la and IL-6 may induce the expression of
IL-8 and GM-CSF expression in malignant SCC cells, we determined
the effect of addition of rIL-1 a and rIL-6 on the expression of the four

cytokines in two of the cell lines that expressed the cytokines at
intermediate and lower levels. UM-SCC-9 and -38 cells were plated at

a low density to optimize measurement of the effect of exogenous
cytokine alone, as described in "Materials and Methods." A concen

tration range of 0-500 pg/ml of IL-la and IL-6 was used, which
exceeded the levels of production of these cytokines by these UM-

SCC lines. After 24 h of incubation, in the presence of exogenous
cytokine, the culture supernatants were collected and the level of
proinflammatory cytokines was determined by ELISA. Without cy
tokine treatment, little or no production of the four cytokines was
detectable in UM-SCC-9 and -38 cells cultured at low density (Fig. 5).
After addition of exogenous IL-la and IL-6, IL-a and IL-6 can be

detected in the culture supernatant at concentrations approximating

the amount added, but these cytokines did not appear to induce a
significant additional increase in IL-la and IL-6 expression by the
cell lines (Fig. 5, A-D). However, addition of IL-la induced a
dose-dependent increase in the level of IL-8 and GM-CSF in both cell
lines (Fig. 5, E-H, Student's t test, P < 0.05). Addition of IL-6 alone

or in combination with IL-la showed no significant effect. We
conclude that secretion of IL-8 and GM-CSF by UM-SCC-9 and
UM-SCC-38 cells that expressed lower levels of these cytokines can
be enhanced by stimulation of IL-la.

IL-1RA or Anti-IL-1 Ab Inhibits Inducible but not Constitutive
Secretion of IL-8 and GM-CSF by UM-SCC Cell Lines. Because
IL-la in the experiments above could induce IL-8 and GM-CSF
cytokine expression, we tested the ability of IL-IRA or IL-1 neutral
izing Ab (anti-IL-1 Ab) to inhibit the inducible and constitutive
expression of IL-8 and GM-CSF in the UM-SCC-9 and -11B cell

lines, which produce these cytokines at intermediate and higher con
centrations, respectively. rIL-la was added at a concentration of 250
pg/ml with or without IL-IRA, anti-IL-1 a, or CTRL Ab (Fig. 6). The
supplemented and endogenous IL-la, which was detected in UM-
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UM-SCC-9

IL-la

Fig. 6. IL-IRA or anti-IL-lo Ab inhibit inducible but not
basal secretion of IL-8 and GM-CSF secretion by UM-SCC.
UM-SCC-9 (A. C, E. and G) and -1 IB (B, D, F, and H) were
plated with 250 pg/ml rIL-1 a. in the absence or presence of an
excess amount (100 ng/ml) of IL-IRA, anti-IL-la Ab (ANTI
IL-i Ab) or Â¡sotypeCTRL Ab (CTRL Ab). The supernatants were
harvested after a 24-h incubation at 37Â°C,and the concentrations
of IL-la (A and B), IL-6 (C and D), IL-8 (Â£and F), and
GM-CSF (G and H) were determined by ELISA, as described in
"Materials and Methods." Columns, means from triplicate sam

ples; bars, SD. The increase in cytokine secretion following
addition of IL-la (Â»)and inhibition following addition of inhib
itors (*Â»)were determined by Student's / test (P < 0.05).
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Treatment

SCC-9 and -11B supernatants, was completely neutralized by anti-
IL-1 but not CTRL Ab or IL-IRA (Fig. 6, A and B). The addition of
IL-1 had no effect on secretion of IL-6 (Fig. 6, C and D) but induced
an increase in expression of IL-8 and GM-CSF in UM-SCC-9 and
-1 IB (Fig. 6, E-H; *,P< 0.05). The inducible response was inhibited
by anti-IL-1 and IL-IRA (Fig. 6, E-H; **, P < 0.05) but not by the
same concentration of CTRL Ab (Fig. 6, E-H). Addition of CTRL
Ab, anti-IL-1 Ab, or IL-1RA had no effect upon the basal level of IL-8
or GM-CSF secretion by UM-SCC-9 and -11B. In an independent

experiment, we prewashed cultured cells in an attempt to remove
basal IL-1 prior to replacement with medium containing the IL-1
inhibitors, but no further inhibition in basal IL-8 and GM-CSF secre

tion was observed (data not shown). We conclude from these data that
IL-IRA or anti-IL-1 Ab can primarily inhibit inducible rather than
constitutive secretion of IL-8 and GM-CSF.

Effect of Transfection and Expression of the IL-la Gene on

Proinflammatory Cytokine Expression and Resistance to Inhibi
tion by IL-1RA or Anti-IL-1 Ab in UM-SCC. We transfected and
expressed the IL-la gene in the UM-SCC-38 line to confirm that
constitutive expression of IL-la can induce expression of IL-8 and
GM-CSF and to determine whether cytokine expression induced by
autocrine production of IL-la could be inhibited by IL-IRA or
anti-IL-1 Ab in UM-SCC. Vector pcDIL-la, vector CTRL, and non-
transfected UM-SCC-38 cells were plated at a low density to optimize
measure of the effect of autocrine production of cytokine IL-la, as
described in "Materials and Methods." In Fig. 1A, first group from

left, IL-la was not detected in cultures of nontransfected or CTRL
vector-transfected UM-SCC-38 cells, whereas transfection with pc
DIL-la resulted in the detection of â€”¿�30pg/ml IL-la in the superna

tant by ELISA. Replacement of the medium with medium containing
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Fig. 7. Effects of anti-lL-la Ab and IL-IRA on cytokine production by IL-1a-transfected UM-SCC-38 cells. UM-SCC-38 cells grown in 24-well plates were transfected with a
human IL-la expression plasmid or vector alone (1 /j,gper well) for 5 h with Lipofectamine. After incubation overnight, the culture medium was changed and replaced with medium
containing 100ng/ml anti-lL-la Ab (ANTIIL-1Ah), IL-IRA (IL-1 RA).or CTRL Ab (CTRLAh) added to corresponding wells. After a 72-h incubation, the supernatants were collected
and cytokines were assayed by ELISA. A, IL-la; B, IL-8: C, GM-CSF. Columns, mean of duplicate wells from a representative experiment; bars, SD.

anti-IL-la Ab completely neutralized the IL-la produced by pc-
DIL-la transfected UM-SCC-38 (Fig. 7A, second group from left).
The detection of IL-la in the supernatant from pcDIL-1 a-transfected
UM-SCC-38 was not affected by the addition of either IL-IRA or

CTRL Ab at the same protein concentration (Fig. 1A, third and fourth
groups from left). With the increased production of IL-la, pcDIL-la
transfected UM-SCC-38 cells exhibited a corresponding elevation in
IL-8 and GM-CSF compared with nontransfected or vector trans

fected cells (Fig. 7, B and C, first group from left). Replacement of the
medium with medium containing anti IL-1 Ab or IL-IRA did not
block the elevated expression of IL-8 or GM-CSF by pcDIL-la
transfected UM-SCC-38 cells (Fig. 7, B and C, second and third

groups from left). These results indicate that constitutive expression
IL-la by SCC can enhance the coexpression of cytokines IL-8 and
GM-CSF and that the expression of these cytokines induced by
constitutive expression of IL-la is relatively resistant to inhibition by
addition of exogenous IL-IRA or neutralizing Ab.

DISCUSSION

Cytokines with putative proinflammatory and proangiogenic activ
ity, including IL-la, IL-6, IL-8, and GM-CSF, have been detected in

tumor specimens from patients with SCC and other types of tumors
(13-15, 17-22). Expression of these cytokines has been associated

with pathogenic effects in patients with SCC and other malignancies
(17-22). Here, we have shown that IL-la, IL-6, IL-8, and GM-CSF

cytokines can be detected by ELISA in the supernatants of primary
SCC cultures and established SCC cell lines of lower or higher
passage (Figs. 1 and 2). Expression of these proinflammatory cyto
kines could be detected in SCC cell lines derived from the same
patient and from different patients with tumors of different stages or
sites of origin within the upper aerodigestive tract. Cytokine protein
and mRNA expression was detected in established UM-SCC cell lines

for which epithelial and karyotypic markers have been defined (Figs.
2-4). Thus, these and other well-characterized human UM-SCC lines

could prove useful for exploring the role of paracrine, autocrine, and
genetic factors that regulate expression of proinflammatory cytokines
in SCC.

IL-la and IL-6 have been reported to serve as paracrine factors that
can induce expression of IL-8 and GM-CSF genes (20, 24). We
explored the hypothesis that IL-8 and GM-CSF expression may be
modulated by IL-1 a and/or IL-6 in three of the UM-SCC cell lines.
We found that addition of rIL-la markedly enhanced expression of
both IL-8 and GM-CSF in UM-SCC-9 and -38 cell lines, which
produce the cytokines at low levels, indicating that an IL-la signal

transduction pathway is intact in these cells (Fig. 5, E-H). Addition of
rIL-6 was not associated with a significant increase in expression of
cytokines IL-8 or GM-CSF, although synergistic effects of IL-1 and
IL-6 upon IL-8 and GM-CSF cytokine gene expression have been

reported in other cell types (18). In another experiment in which we
included the SCC-1 IB cell line that produces IL-8 and GM-CSF,
IL-la stimulated increased expression of GM-CSF but not IL-8 (Fig.
6, E and F). We do not know if IL-8 induction in this cell line is less
responsive because it constitutively expresses IL-8 at a higher level
than that observed in UM-SCC-9 and -38 cells.

We explored the possibility that IL-8 and GM-CSF expression
could be modulated by an autocrine loop involving secretion of IL-la
using cell lines that produced IL-la at intermediate (UM-SCC-9) and
higher concentrations (UM-SCC-1 IB; Fig. 2). Addition of IL-IRA or
anti-IL-1 neutralizing Ab had no effect on the basal level of secretion
of IL-8 and GM-CSF but inhibited the rIL-la-inducible increase in
expression of these cytokines (Fig. 6, E-H). Although the inhibitors
failed to reduce the constitutive expression of cytokine IL-8 and
GM-CSF by the UM-SCC cell lines, the effect of the inhibitors on the

inducible cytokine expression confirmed that the reagents used were
active and were provided in excess in the experiment. No enhance
ment of the effect of the inhibitors was observed when cells were
prewashed prior to incubation in an attempt to further reduce diffus-
able IL-1 (data not shown). We demonstrated that transfer and ex
pression of the IL-la gene could induce IL-8 and GM-CSF expression
in an autocrine-dependent fashion in a low-cytokine-producing cell
line, UM-SCC-38, and that the increase in basal expression of IL-8
and GM-CSF in these cells was also not inhibited by IL-IRA or
anti-IL-1 neutralizing Ab (Fig. 7). These results with cell lines that
produce IL-1 a constitutively and following gene transfer suggest that
stimulation of IL-8 and GM-CSF by IL-la produced constitutively is
less readily inhibited by IL-1 inhibitors than that induced by addition

of exogenous cytokine.
Several pathways and factors that are not affected by exogenous

IL-1 inhibitors could contribute to the basal expression of proinflam
matory cytokines IL-la, IL-6, IL-8, and GM-CSF by SCC. First, it is
possible that IL-la could regulate expression of these cytokines

through an autocrine loop at the level of the cell membrane or
cytoplasm to which exogenous IL-IRA or neutralizing Ab has limited
access. Previous studies by others provide evidence that the nonse-
creted and secreted portions of the IL-1 a precursor can be internalized

and transported to the nucleus, where they are thought to enhance
transformation and gene activation (31). Our results demonstrating
that IL-la-induced expression of IL-8 and GM-CSF mediated by gene
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transfer and expression is resistant to IL-IRA or anti-IL-1 neutralizing

Ab is consistent with this possibility. Second, other cytokines pro
duced by SCC, such as IL-IÃŸ,tumor necrosis factor, and PDGF, could

modulate cytokine gene expression. Although we have detected se
cretion of PDGFs in UM-SCC supernatants, we have conducted
similar studies with addition of PDGFs and PDGF-neutralizing anti
bodies and have not observed any significant modulation of proin-
flammatory cytokine expression.4 We have not detected secretion of

several other important immunoregulatory cytokines, such as IL-IÃŸ,
IL-2, IL-4, IL-IO, IL-12, tumor necrosis factor, or transforming
growth factors, in this panel of cell lines.5 Third, it is possible that the

basal level of the four proinflammatory cytokines detected in UM-

SCC are induced by constitutive activation of early response tran
scription factors by an IL-1-independent mechanism. We have re

cently determined that basal cytokine expression is correlated with
constitutive activation of nuclear factor KB in human UM-SCC lines

and that gene transfer of a dominant negative inhibitor KB can inhibit
expression of IL-1 and these IL-1-responsive cytokines.6

Cytokines IL-la, IL-6, IL-8, and GM-CSF have previously been

detected in tissue sections by us and in tissue homogenates of human
SCC by others, indicating that this repertoire of cytokines is expressed
in HNSCC in situ (13, 14, 16, 17). Expression of these cytokines has
been associated with pathogenic effects in SCC and other malignan
cies. IL-la has been reported to directly enhance the proliferation of

transformed human neonatal keratinocytes and cervical SCC cell lines
(32) and may, therefore, serve as an autocrine growth factor for SCC.
We have observed that addition of rIL-1 or rIL-6 or of IL-IRA and

neutralizing Ab have only a modest direct effect upon the rate of
proliferation of UM-SCC, in the range of -20% in 72-h and 10-day
proliferation assays.7

Elevated expression of GM-CSF has been associated with increased
malignant potential of human and murine SCC (17, 33-35). GM-CSF

production by SCC has been associated with tumor infiltration by
granulocytes and macrophages, and these cells have been shown to
induce immune unresponsiveness and enhance metastasis in experi
mental SCC models. Elevated expression of IL-6 or IL-8 has been

detected in cell lines or serum of patients with bronchogenic carci
noma, colorectal cancer, and melanoma (18-22). In these cancers,
production of IL-6 or IL-8 has been correlated with increased meta-
static potential (19, 21, 22), and expression of IL-8 has been shown to

contribute to growth of melanoma and bronchogenic carcinoma via
autocrine and angiogenic mechanisms, respectively (18, 20).

The relevance of the variability in the expression of the proin
flammatory cytokines IL-la, IL-6, IL-8, and GM-CSF in primary
and UM-SCC lines is unknown, and because the relationship of

this small sample to expression in situ remains to be determined, it
is not possible to determine the pathological significance of these
differences at this time. Differences in the growth, inflammatory,
and metabolic effects associated with these cytokines have been
observed in tumor-bearing patients. It will be important to perform

additional studies to determine whether differences in the level of
constitutive expression of proinflammatory cytokines occur in situ
and contribute to differences in tumor growth, inflammation, me
tabolism, and angiogensis and survival of patients with SCC. A
prospective clinical experimental study is underway to define the
expression of these cytokines in situ and determine whether dif
ferences in malignant behavior and prognosis are associated with

4 D. Duffey. personal communication.
5 C. Van Waes. unpublished observations.
6 F. Ondrey. and D. Duffey. Constitutive activation of nuclear factor-KB/RelA pro

motes proinflammatory cytokine expression and survival in head and neck squamous
carcinoma cells, manuscript in preparation.

7 Z. Chen, unpublished observations.

the variability in proinflammatory cytokine production by different
tumors.

Identification of the expression and effects of immunoregulatory
cytokines by tumor, stromal, and infiltrating components of a neo
plasm will likely be important for the rational development of cyto
kine immune and gene therapy of HNSCC. Although IL-1, IL-6, and
GM-CSF have been found to have potential therapeutic effects upon

certain neoplasms, their prospects for use in therapy of SCC is not
clear, given that the tumors appear to produce these cytokines auton
omously. Deleterious effects of these cytokines upon immune respon
siveness may need to be overcome (4, 17), along with attempts to
induce immune responses using cytokine and antigen-specific im

mune therapy.
In summary, SCC cells express a repertoire of cytokines that could

potentially have a number of direct and indirect local and systemic
effects. The constitutive expression of these cytokines by SCC sug
gests that the selective advantage conferred by such expression may
outweigh the potential protective effect of the immune responses that
are induced by these cytokines. We speculate that the coordinated
expression of these cytokines is mediated by the constitutive activa
tion of early injury pathways and may be further modulated by
autocrine and paracrine pathways present in the cell and host inflam
matory response. A better understanding of the transcriptional activa
tion and autocrine and paracrine cytokine loops involved in expres
sion of the proinflammatory cytokines will be needed to determine the
potential role of these cytokines in pathogenesis and as targets for
antitumor therapy for patients with these cancers. Studies to determine
the effects of individual and combined expression of the genes en
coding these proinflammatory cytokines upon the malignant pheno-
type of SCC and the injury response of the host in a well-defined

model are underway.
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