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Abstract
Growth of head and neck squamous cell carcinoma

(HNSCC) is generally associated with an inflammatory

component. It is hypothesized that these tumor cells

develop mechanisms to evade the growth inhibitory

effects of cytokines that are present in the tumor

microenvironment. This study determined the changes

in responsiveness to inflammatory cytokines that

accompany the transition of normal to transformed

epithelial cells. Paired primary cultures of normal

epithelial cells (NEC) and SCC cells were established

from 16 patients. Receptor-mediated activation of

signal transducer and activator of transcription and

extracellular signal-regulated kinase pathways in

response to cytokine treatments was identified by

immunoblot analysis. Thymidine incorporation

determined the impact of the cytokines on DNA

synthesis. HNNEC and HNSCC displayed a prominent

signaling in response to oncostatin M, interleukin-6,

IFN-;, and epidermal growth factor. Untreated HNSCC

showed an elevated level of phosphorylated signal

transducer and activator of transcription 3 and

extracellular signal-regulated kinase (P < 0.001)

compared with HNNEC, suggesting constitutively

activated pathways. Moreover, HNSCC cells

phosphorylated significantly more signal transducer and

activator of transcription 1 in response to oncostatin

M (P = 0.002) and IFN-; (P = 0.018) treatments. DNA

synthesis of SCC cells was less inhibited by cytokines

produced by endotoxin-stimulated macrophages

(P = 0.016) than that of NEC. Low-dose oncostatin M

slightly enhanced proliferation of SCC, whereas that of

NEC was suppressed (P = 0.016). This study identified

significant alterations in signal transduction pathways

engaged by cytokines and which are associated

with loss of growth inhibition of HNSCC. Increased

signal transducer and activator of transcription

phosphorylation, along with constitutively

phosphorylated extracellular signal-regulated kinase

in HNSCC, suggest that these pathways as molecular

markers are important in the malignant transformation

process and are potential targets for treatment.

(Mol Cancer Res 2004;2(10):585–93)

Introduction
Growth of malignant lesions is invariably associated with

the presence of inflammatory cells at the primary site (1). The

involvement of inflammation is particularly evident at sites

prone to infection such as those found in the head and neck

region. The role that inflammation has on function of normal

tissue, including epithelial, stromal, and endothelial cells as

well as on supporting proliferation of established malignancies,

is presently an active area of research (1-3). Members from the

family of IFNs, tumor necrosis factors, and the hematopoietic

cytokines, particularly that of the interleukin-6 (IL-6) group,

have been found to be largely responsible for the suppressing

proliferation of normal epithelial cells (NEC) in association

with inflammation. As shown in various preclinical epithelial

cell studies, the mode of action of these cytokines includes

induction of cell cycle arrest, activation of differentiation, and

initiation of apoptosis (4-6). Because of the preclinical promise,

some of these inhibitory cytokines have been used in clinical

trials as biological adjuvants in the treatment of malignancies

(5-8). More recently, the IL-6-related cytokine, oncostatin M

(OSM), produced by tumor-associated macrophages and lym-

phocytes (9), has been noted to have particularly prominent

growth inhibitory properties on established epithelial cell lines

and primary cell cultures from different disease sites (10-14).

However, the fact that epithelial tumors do grow in the presence

of inflammation suggests that the effects of the inflammatory

cytokines on those cell types may be subject to alteration during

the transforming process. The finding in part supports this

notion that the expression of inflammatory cytokines and the

function of the corresponding receptors in the epithelial cells

are frequently modified in progressing malignancies (15, 16).

The change in cytokine responsiveness is believed to result

from genetic and epigenetic changes in expression of receptors,

presence of autocrine factors, and deregulated activity of sig-

naling proteins. These changes that occur during oncogenic

conversion from normal to carcinoma cells have been inter-

preted to provide certain tumor cell types a proliferative or

survival advantage (15).

OSM and other members of the IL-6 hematopoietic cytokine

family function through cell surface receptors that are
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composed of a ligand binding subunit (a) and a common

signal-transducing subunit (h), gp130 (17-19). The signal-

transducing receptor subunits have associated with their

cytoplasmic domain members of the Janus family tyrosine

kinase (18, 20-22). On ligand binding, signaling is initiated by

activation of Janus kinases, which then phosphorylate receptor

subunits and recruited substrates including the signal transducer

and activator of transcription (STAT; refs. 23-25). Similarly,

IFN-g receptor, when activated by ligand binding, preferen-

tially phosphorylates STAT1 through the action of the receptor-

associated Janus kinases (26). Activated STATs translocate to

the nucleus where they mediate transcriptional induction of

different genes (18). Besides STATs, all hematopoietic cyto-

kine receptors, like most growth factor receptors, activate the

mitogen-activated protein kinase/extracellular signal-regulated

kinase (ERK) pathway (22, 27). The ERK pathway is con-

sidered to promote survival and/or growth stimulating effects

(28, 29). The immediate activation of the Janus kinase/STAT

and mitogen-activated protein kinase/ERK pathways by ligand

binding is a specific and quantitative measure for the action

of the cytokine receptor system in the target cells and thus

qualitatively and quantitatively defines the responsiveness of

cells (15).

The signaling and effects of IL-6 cytokines have been

characterized mainly in established cell lines. Much less is

known about the level of responsiveness of normal, non-

differentiated, and proliferation-competent human epithelial

cells and the range of responsiveness among such cells from

different individuals. No study has addressed the responsive-

ness of head and neck squamous cell carcinoma (HNSCC) to

IL-6-type cytokines. Considering that HNSCC, due to their

anatomic location, can be particularly susceptible to infection

and inflammation, the action of inflammatory cytokines pre-

dicts a potentially important role in the tumor growth control.

The cellular complexity of head and neck tissue with substan-

tial presence of nonepithelial cell types inevitably will render

functional analyses in intact carcinoma tissues inconclusive.

Thus, the approach of short-term primary cultures of epithelial

cells derived from confirmed normal sites and cancer lesions

has been chosen. This study characterizes the responsiveness

of head and neck NEC (HNNEC) to cytokines and growth

factors that would be found in the local tumor environment and

determines the effects of malignant transformation on cytokine

signaling and the regulation of proliferation.

Results
Patient Demographics

From 25 surgical specimens that were processed for gener-

ating primary cell cultures, 16 specimens yielded matched sets

of cultures representing NEC and SCC that could be analyzed

comparatively for cytokine responsiveness. The other 9 speci-

mens did not yield cultures for both NEC and SCC. Cells

either failed to grow in vitro or were lost due to contamination.

The demographic information on the 16 patients is given in

Table 1. The following head and neck sites were represented:

6 oral cavity, 5 larynx, 3 hypopharynx, and 2 base of tongue.

The patients enrolled in this study were stages I to IVa and

none had any treatment prior to surgery.

Cytokine Response Pattern
The procedure to isolate and culture primary epithelial cells

was successful in producing proliferating cultures that con-

sisted almost exclusively of cells with epithelial morphology

(Fig. 1A). Each NEC preparation, regardless of head and neck

origin, yielded cells with essentially identical morphology. The

corresponding SCC preparations often consisted of cells that

were morphologically indistinguishable from the normal

counterpart. In some cases, the cells were heterogeneous in

size ranging from larger to smaller than the corresponding NEC

(Fig. 1A). Immunocytochemical staining with anti-cytokeratin

antibodies confirmed that each of NEC and SCC preparations

contained >90% of cytokeratin-positive epithelial cells.

When the primary cultures reached f70% confluence, sub-

cultures from the passage 1 cells were established in 24-well

culture plates. These subcultures were used to identify the

responsiveness to leukemia inhibitory factor (LIF), IL-6, OSM,

epidermal growth factor (EGF), and IFN-g. The level of phos-

phorylation of STAT and ERK after 15-minute treatment served

as indicator for the ligand-inducible receptor activity. The

comparison of the response patterns of NEC and SCC provided

a measure of transformation-associated changes in receptor

signaling that were detectable in tissue cultures. The compar-

ison of basal level phosphorylation of ERK and STATs indi-

cated whether the transformation was also associated with an

activation of signaling reaction that was independent of treat-

ment with exogenous ligands.

The representative case of hypopharyngeal SCC cells and

the corresponding NEC in Fig. 1B reveals the salient features

of the cytokine response pattern of epithelial cells from head

and neck origin and some of the alterations of the pattern that

were observed in HNSCC cells. The quantitative values for

the cytokine and growth factor– induced phosphorylation of

STAT3 (Fig. 2A), ERK-1/2 (Fig. 2B), and STAT1 (Fig. 3) were

compiled for the 16 cases. The response pattern of NEC was

highly consistent among independent cell preparations made

Table 1. Patient Demographics, Age, Disease Site, and
Pathologic Stage Based on the American Joint Committee
on Cancer 6th Edition Are Listed for the 16 Cases Used in
This Study

Patient Age Gender Site Stage Grade

1 81 F FOM I PD
2 46 M Base tongue II MD
3 72 F Hypopharynx IVa WD
4 52 M Larynx II MD
5 52 F Larynx III MD
6 69 M Hypopharynx IVa MD
7 68 M Larynx III WD
8 58 M FOM I PD
9 69 M Oral tongue III MD

10 68 F Oral tongue I MD
11 77 M Larynx II WD
12 57 F Oral tongue III WD
13 67 M Larynx II WD
14 65 M Base tongue II PD
15 77 M Oral tongue I PD
16 45 F Hypopharynx III MD

Abbreviations: FOM, floor of mouth; grades for the tumors: WD, well
differentiated; MD, moderately differentiated; PD, poorly differentiated.
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from different head and neck locations. The following features

characterized the pattern: Unstimulated cells showed a low to

nondetectable basal phosphorylation of STAT1, STAT3, and

ERK (Fig. 1B). LIF treatment yielded a barely detectable

activation of STAT3 and ERK. IL-6 was more effective than

LIF but consistently less than OSM. The specificity of OSM

response was indicated by the high-level phosphorylation of

STAT1, STAT3, and ERK (Figs. 1B, 2A and B, and 3A). The

response of NEC to EGF was evident by the phosphorylation

of ERK and, in some cases, by a minor phosphorylation

of STAT3. Although STAT3 activation by EGF was variable

among cell preparations from different donors, it was con-

sistently less than STAT3 activated by OSM. Lastly, IFN-g

produced in all NEC cultures a maximal activation of STAT1

with minor elevation of phosphorylated STAT3 and ERK (Figs.

1B, 2, and 3).

The comparison of normal and tumor cells indicated that,

in 11 of 16 HNSCC cases, an increased basal level of phos-

phorylated ERK was detectable, whereas the amount of total

ERK proteins was not appreciably different between NEC and

SCC (e.g., Fig. 1B). The magnitude of the enhanced ERK

phosphorylation varied substantially among SCC preparations

(Fig. 2B). Despite the elevated basal phosphorylation, in all

HNSCC cultures, ERK phosphorylation was increased by

treatment with the cytokines and EGF noted to be effective

in NEC.

In 5 of 11 of the HNSCC cases with elevated basal level of

phosphorylated ERK, an increased basal level of phospho-

rylated STAT3 was found as well (Figs. 1B and 2A). Of note is

that in none of the SCC cases was a basal phosphorylation of

STAT1 detectable. A minor LIF response was detectable in all

HNSCC cases and often was f2-fold higher than in NEC. In

contrast, the magnitude of IL-6 response was reduced. In 14

of 16 of the HNSCC cases, there was an enhanced activation of

STAT1 in response to OSM and IFN-g treatments. The effect of

OSM and IFN-g on STAT1 was probably in part due to a more

effective recruitment of this factor, because the level of total

STAT1 in most of the HNSCC cells did not differ appreciably

from that of the corresponding normal cells. A few SCC cul-

tures showed, however, a <2-fold increase of immune detect-

able STAT1 that could contribute to the higher amounts of

phosphorylated STAT1 (e.g., Fig. 1B). The comparison of

FIGURE 1. Activation STAT1, STAT3, and ERK in cytokine-treated
HNNEC and HNSCC. A. Morphology of proliferating cell culture of
HNNEC and corresponding HNSCC derived from patient 3. Phase
microscopic images were taken at �40 magnification. B. Cells from
patient 3 were treated for 15 minutes with the cytokines as indicated.
Phosphorylated and total STAT and ERK were determined by immuno-
blotting. Representative enhanced chemiluminescence exposures of the
coanalyzed NEC and SCC samples are reproduced. C. Time course of
signaling in NEC.

FIGURE 2. Relative changes in STAT3 and ERK signaling between
HNSCC and corresponding HNNEC. Densitometric analyses of STAT3
phosphorylation (A) and ERK phosphorylation (B) in untreated control and
in cells in response to15-minute treatment with LIF, IL-6, IFN-g, or OSM
cytokine treatments were compared between NEC and the corresponding
SCC in all 16 cases.
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HNNEC and HNSCC cells also indicated in 10 of the 16 cases

an enhanced EGF response, as is evident by the more prominent

activation of STAT3 and ERK (Fig. 2B).

Statistical evaluation of the data indicated that phospho-

rylation of STAT3 was significantly higher in the untreated

HNSCC (P < 0.001) and HNSCC treated with LIF (P = 0.038),

EGF (P = 0.038), IFN-g (P = 0.011), or OSM (P = 0.002) when

compared with their corresponding HNNEC cultures (Fig. 2A).

Phosphorylation of STAT1 was also significantly higher in re-

sponse to OSM (P = 0.002) and IFN-g (P = 0.018) treat-

ments (Fig. 3A and B). The data on ERK-1/2 phosphorylation

indicated that significantly more ERK-1/2 were phosphorylated

already in the untreated HNSCC (P < 0.0001) and that the level

was also higher in HNSCC treated with LIF (P = 0.011) and

IFN-g (P = 0.0003; Fig. 2B).

The low responsiveness of various epithelial cell types to IL-

6 and LIF (as seen for HNNEC; Fig. 2B) has previously been

correlated with a low to nondetectable expression of the ligand

binding subunits, IL-6Ra and LIFRa, as judged from transcript

analyses by reverse-transcription and PCR and by immunoblot

analysis of cellular proteins for LIFRa (15). In contrast, the

elevated basal phosphorylation of ERK and STAT3 in HNSCC

conceivably could represent, among others, the result of genetic

changes causing the constitutive activation of signaling path-

ways or the action of autocrine factors (24). The paucity of

cellular material available from the primary culture systems

precluded a characterization of the former possibility. The latter

possibility, namely, an autocrine activity as potentially exerted

by secreted cytokines, was assessed by two approaches: One

approach was to treat SCC cultures with function-neutralizing

anti-gp130 antibodies to determine the role of gp130 in elevated

phosphorylation of ERK and STAT3. The other approach was

to test 3-day conditioned medium from SCC cultures with high

basal levels of phosphorylated ERK for its ability to induce

signaling in NEC. However, both approaches failed to

document significant activating effects of autocrine components

that act extracellularly (data not shown).

These experiments could not rule out stimulatory activity,

such as an autocrine factor, that acted in SCC at the intracellular

level and thus was inaccessible to extracellular probing agents.

Because the assessment of the responsiveness of the epithelial

cells relied on 15-minute cytokine treatment that generates the

maximal signaling reaction (Fig. 1B), the response pattern thus

established was not comparable with the one expected for an

autocrine factor that acted in a chronic manner. Therefore, to

evaluate whether prolonged stimulation of NEC with OSM, the

most effective cytokine on these cells, would in principle result

in a pattern of phosphorylation of STAT3 and ERK as found in

untreated SCC, primary NEC cells were incubated in the pres-

ence of OSM for 24 hours (Fig. 1C). Phosphorylation of STAT3

and ERK was maximal within 15 minutes. ERK phosphoryl-

ation returned to pretreatment level by 2 hours, whereas

phosphorylation of STAT3 was maintained at low but above

basal level. This level was comparable with that observed in

some of the untreated SCC (Fig. 1B). The results indicated that

an autocrine IL-6-related activity could account for an increased

STAT3 activation in SCC but not for elevated ERK activity.

Effects of Cytokines on DNA Synthesis
Based on the altered responsiveness of HNSCC cells, we

assessed whether treatment of the cells with OSM, or the physi-

ologically relevant mixture of inflammatory mediators as

provided by endotoxin-stimulated lung macrophages (CMM),

would differentially affect the proliferation of the epithelial

cells. CMM contains a complex mixture of mediators, including,

among others, IL-6, LIF, OSM, tumor necrosis factor-a, IL-1h,
IL-8, IL-10, and granulocyte-colony stimulating factor at

concentrations from 1 to 300 ng/mL. HNNEC and HNSCC cells

were treated with serially diluted CMM (Fig. 4) or OSM (Fig. 5).

Treatment of HNNEC with normal growth medium

containing serially diluted CMM reduced DNA synthesis in

a dose-dependent manner with a maximal reduction of 40%

observed at the highest concentration tested (Fig. 4). In separate

sets of cultures, NEC cells from the second and third passages

from different donor tissues were maintained in normal growth

medium up to 9 days to establish the growth rate. Doubling

times varied substantially, ranging from 33 to 50 hours.

Proliferation rates of HNSCC maintained in normal growth

medium did not significantly differ from those of the

corresponding NEC. This was also evident by the comparable

incorporation of [3H]thymidine. In our experimental setting, the

incorporation of radioactivity (counts per minute; mean F SE;

n = 11) for control cultures of HNNEC was 154,883 F 13,376,

FIGURE 3. Comparison of the amount of STAT1 phosphorylated in
response to OSM (A) and IFN-g (B) treatments. The level of STAT1
phosphorylation was determined for all 16 paired sets of NEC and SCC by
immunoblotting as shown in Fig. 1. The quantitative values of the SCC
samples were expressed relative to the NEC (defined as 1.0). The average
fold increase of STAT1 phosphorylation by OSM in SCC was 2.37; STAT1
phosphorylation by IFN-g cells was 2.61.
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and for HNSCC, it was 164,143 F 6,889. When considering

only the five HNSCC cases that exhibited constitutive

activation of both ERK and STAT3 pathways, a slightly higher

thymidine incorporation was measured (183,120 F 5,294

counts per minute). Treatment of HNSCC cells with the same

CMM dose gradient as applied to HNNEC did not lower

thymidine incorporation below that of the control-treated

cultures (Fig. 4). In fact, treatment of the cells with a 1:1,000

dilution of CMM even increased DNA synthesis by 30%. The

response of HNSCC at this and higher CMM concentrations

differed significantly from that of the corresponding HNNEC

cultures (P = 0.016).

Both HNNEC and HNSCC cells responded to OSM in a

dose-dependent manner with a decrease in thymidine incorpo-

ration. A treatment for 40 hours at the maximal concentration

of 100 ng/mL OSM reduced DNA synthesis by 50% (Fig. 5).

At lower concentrations ranging from 0.1 to 1 ng/mL, OSM

seemed to be less inhibitory or even to exert a minor stimula-

tory action on DNA synthesis in the HNSCC when compared

with the corresponding NEC cultures. This minor stimulatory

effect has been detected in 14 of the 16 HNSCC cases that also

presented an increased STAT1 (Fig. 3A). None of the HNNEC

cultures showed a comparable stimulation. At the dose of

0.1 ng/mL OSM, the relative thymidine incorporation by

HNSCC and HNNEC reached statistically significant difference

(P = 0.016) but not at the other dose level.

Discussion
This comparative study of normal and transformed head and

neck epithelial cells has indicated several significant altera-

tions in the signaling pathway and cytokine responsiveness

that accompany the tumorigenic process. Changes found with

high frequency in SCC include an enhanced basal activity

(phosphorylation) of the ERK pathway, an elevated activation

of STAT1 signaling by OSM and IFN-g, an attenuation of IL-6

responsiveness, and a less suppressed DNA synthesis by

inflammatory cytokines. These changes represent not only

novel markers for the regulatory capabilities of HNSCC but

also potential explanations for the ability of SCC to proliferate

in presence of inflammation. The future goals will be (a) to

elucidate the precise molecular mechanisms that link signaling

reactions activated by OSM and other inflammatory mediators

with the proliferation control characteristic for NEC and SCC

and (b) to establish what extent these changes have a causative

role in clinical progression of the cancer.

The findings of this study draw attention to following two

questions: How do these alterations in signaling arise and what

is the functional consequence of these alterations to the biology

of head and neck tumors? Whereas deviations in responsiveness

to cytokines by altered signaling at various levels are generally

observed in transformed cell types (15), the high frequency by

which the same changes (i.e., activation of ERK and STAT)

occur in independent HNSCC cases suggests that these may

have been functionally selected. Whereas technical limitations

intrinsic to primary epithelial cell culture systems precluded us

from identifying the cause of the constitutive ERK and STAT

phosphorylation, potential mechanisms could include de-

regulating mutations of signaling kinases or the introduction

of autocrine stimulatory activities. The higher activation of

STAT proteins by cytokine treatments often in the absence of

a detectable change in STAT protein levels, as seen in most

HNSCC cases, suggests a more effective recruitment of the

STAT proteins to the signal-transducing components by the

cytokine receptors. In some cases, a transformation-associated

changes in the level of STAT proteins, such as STAT1 (Fig. 1B),

probably also contribute to the apparent increased STAT signal

in HNSCC. Moreover, increased amounts of receptor proteins

FIGURE 4. Comparison of the effect CMM has on the DNA synthesis
of HNNEC and HNSCC. SCC and NEC were treated with serial dilutions of
CMM. [3H]Thymidine incorporation of the untreated controls in each assay
was defined as 100% and all other data were expressed relative to the
control. Bars, SE of 11 HNSCC and 10 HNNEC cases.

FIGURE 5. Comparison of the effect OSM treatments has on the DNA
synthesis of HNNEC and HNSCCA. SCC and NEC were treated with serial
dilution of OSM. Incorporation of [3H]thymidine in untreated NEC in each
set was defined as 100% and all other data were expressed relative to the
control. Bars, SE of 11 HNSCC and 10 HNNEC cases.
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could also explain an enhanced overall signaling reaction as

noted for LIF (15) but not the preferential recruitment of spe-

cific signaling pathways. Loss of receptor function, such as the

specific reduction of IL-6 responsiveness has tentatively been

attributed to a reduced expression of IL-6Ra. The function of

the gp130 subunit seems not to be attenuated based on the

maintenance of OSM response (Fig. 1B). With the currently

available immunoreagents for receptor proteins, we have not

yet been able to quantitate receptor proteins in the limited

amounts of extracts from the primary head and neck epithelial

cell cultures.

Because the signaling capability of the receptor systems

was tested by short-term (15 minutes) treatment with

cytokines and EGF, the level of STAT and ERK phospho-

rylation reflects to a large extent the activity of the receptor-

proximal protein tyrosine kinases and enzymes of the

immediate downstream signaling cascade such as of the

mitogen-activated protein kinase pathways. The effects that

are bought about by a long-term cytokine treatment, such as

enhanced or reduced proliferation, involve a broader array of

signaling reactions that include not only the immediate

mediators STATs and ERKs but also many secondary effectors

downstream of STATs and ERKs, such as signal-attenuating

phosphatases, kinase inhibitors of the SOCS family, and

coactivators or corepressors for signal-mediating transcription

factors, including those for STATs. Clearly, the role of these

components needs to be determined in the definition of the

regulatory phenotypes of HNSCC.

The consequence of the altered signaling reactions is

interpreted in the context of growth regulation in HNSCC. A

possible causal relationship is suggested by the finding that

DNA synthesis is less suppressed in cytokine-treated HNSCC

(Figs. 4 and 5). Activation of mitogen-activated protein kinase/

ERK is often connected to growth promotion and/or enhanced

survival (28, 30-32). Thus, the increased ERK phosphorylation

as noted in HNSCC cases would predict a more effective

protection of the cells from the inhibitory action of the

cytokines signals. Besides activation of ERK, OSM and IL-6

are also effective in activating STAT3. The effect STAT3, alone

or in the combination with activated ERK on growth control in

HNSCC, is, however, less predictable. Several studies have

linked activated STAT3 alone to increased cell proliferation and

oncogenic action (33, 34), whereas others have noted suppres-

sion of proliferation in cells with STAT3 activated through

cytokine receptor action (20, 35). Similarly unclear is the role of

STAT1 in tumorigenesis. Activated STAT1, such as through

the action of the IFN-g or OSM, is believed to promote growth

arrest and apoptosis, yet the level of STAT1 is increased in

many tumor cells (10, 36, 37). Our data on HNSCC suggest

that the control of DNA synthesis, and thus proliferation, by

OSM is dependent on both the combination and the activation

levels of ERK and STATs. The relative magnitude and duration

of these pathways to be activated are in turn a function of the

cytokine dose and signaling capability of the receptor system.

These processes may account for the switch from stimulation to

suppression of DNA synthesis when treating HNSCC cultures

with low or high concentration of OSM.

The control of epithelial cell proliferation in response to

CMM is even more complex; besides OSM and IL-6, other

potent effectors such as tumor necrosis factor, IL-1, IL-8, and

prostaglandins act on the target cells (Fig. 4). The intracellular

signals communicated by these factor, including stress

mitogen-activated protein kinase, nuclear factor-nB, and G

proteins, will certainly influence the effects expected for STAT

and ERK that are activated by IL-6 cytokines. The results

revealed that the transforming process has led in most SCC

to a modification that attenuated the suppressing signaling

function. The responsible mediators and the effect of trans-

forming process on the function of those remain to be

identified.

The analysis of epithelial cells in primary tissue cultures

allowed us to define the signaling capability and the

qualitative and quantitative responsiveness to defined inflam-

matory cytokines of the cells as a function of transformation

from HNNEC to HNSCC. This approach purposely removed

the influence that tissue milieu has on the epithelial cells

in situ . However, to extrapolate the results gained in tissue

culture to regulatory properties in tumor, we have to consider

the nature of the tumor environment. In the majority of

patients who develop a HNSCC, tobacco and alcohol

consumption is a relevant component that contributes to the

local milieu. Chronic injury and repair in the upper

aerodigestive tract caused by tobacco and alcohol use involves

inflammatory reaction that in turn coordinates stimulation and

suppression of epithelial cell growth. Moreover, the growth of

malignancies adds appreciably to the local inflammatory

reaction. These injury and tumor-related inflammatory pro-

cesses are involving the suppressive action of those cytokines

as defined in vitro (10, 38). Hence, we hypothesize that

HNSCC in vivo have a similarly altered signaling process as

found in the same cells in primary culture; thus, the cells are

less subject to growth suppression than normal cells. An

important goal of future studies will be to establish the

correlation of in vitro established phenotype based on marker

proteins with the manifestation of the same markers in tumors.

This will allow a more specific prediction as to the influence

of inflammation on tumor progression.

Materials and Methods
Tissue Procurement

Postsurgical specimens from mucosal-bearing head and neck

sites were obtained through the institutional review board–

approved tissue procurement protocol CIC 00-91. From each

specimen, the diagnosing pathologist selected residual tissue

representing confirmed normal epithelium and corresponding

SCC. These tissue samples were immediately transferred to

laboratory analysis that was covered by the institutional review

board–approved protocol CIC 00-17.

Primary Cell Cultures
Preparation of primary epithelial cell cultures from normal

and carcinoma tissue was carried out by a modified tissue

dissociation procedure (39). Briefly, the specimens were rinsed

with PBS containing antibiotics penicillin, streptomycin, and

amphotericin B at a 1:1,000 dilution. The epithelial layer was

separated from the specimens with a scalpel, cut in to 2 to 3

mm pieces, and partially disassociated by digestion with 1%
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trypsin in PBS containing 1 mmol/L EDTA for 15 minutes at

37jC. The pieces were then placed in 6 cm tissue culture dishes

in serum-free, hormonally defined keratinocyte medium

containing bovine pituitary extract, cholera toxin, and recom-

binant human (rhu) EGF (Life Technologies, Carlsbad, CA).

Whereas this culture condition favored the outgrowth of

epithelial cells (proliferation of primary epithelial cells is

growth factor dependent), low level of cocultured fibroblasts

could occur. Essentially all fibroblasts were removed from the

epithelial cell cultures by selective release by brief digestion

with 0.5% trypsin for 5 minutes at 37jC. Greater than 90%

homogenous epithelial cells cultures, as determined by

cytokeratin staining, were routinely obtained after 2 to 3

weeks. Subcultures of the first and second passages were used

to determine the cytokine response profile and DNA synthesis

of the cells, respectively. Because the amount of starting tissue

material as well as the proliferation of the epithelial cells from

the tissue samples often differed appreciably, simultaneous

treatment of control and carcinoma cells from the same patient

was not always possible. In all cases of paired samples with

different growth, cell extracts were stored at �70jC for

combined immunoblot analyses. The determination of thymi-

dine incorporation was carried whenever the individual cell

preparations of the second passage became available. In most

cases, the normal as well as tumor epithelial cell cultures

gradually lost proliferative activity after the second to fourth

passages, what limited, or even precluded further biochemical

analyses of those cell cultures.

Resident pulmonary macrophages were mechanically

extracted from residual tumor-free lung tissue and purified by

centrifugation on Histopaque (Life Technologies). After ad-

hesion to plastic tissue culture support, 3 � 106 macrophages

per milliliter RPMI containing 10% FCS were treated for 16

hours with 1 Ag/mL lipopolysaccharides. The concentrations of

cytokines in CMM were determined by multiplex immunobead

flow cytometry (Luminex, Inc., Austin, TX).

Cytokine Treatments for Analysis of Signaling
Cells from passage 1 of the primary cultures of NEC and

SCC were plated into 24-well cluster plates. When the

cultures reached f90% confluence, they were incubated for 2

hours in serum-free and factor-free RPMI followed by

incubation for 15 minutes with the same medium containing

100 ng/mL rhu IL-6, rhu OSM (Amgen Corporation, Seattle,

WA), rhu LIF (Wyeth Pharmaceuticals, Cambridge, MA), rhu

EGF (Invitrogen, Carlsbad, CA), or rhu IFN-g (Roche Applied

Science, Indianapolis, IN). Dose-response analyses have

indicated that 100 ng/mL of each cytokine was f10 times

above the concentration required to trigger maximal receptor

signaling. However, a dose of 100 ng/mL was needed to sustain

maximal stimulation during long-term treatment such as when

measuring the cytokine effects on gene induction and

proliferation. Thus, a treatment dose of 100 ng/mL was chosen

to ensure that maximal receptor signaling did occur under all

selected culture conditions. Treated cells were washed with

PBS and lysed in the culture well with radioimmunoprecipi-

tation assay buffer containing 0.1 mmol/L orthovanadate and

1:100 diluted protease inhibitor cocktail (Calbiochem, San

Diego, CA).

Western Blot Analysis
Replicate aliquots of cell lysates containing 10 or 20 Ag of

protein were electrophoresed on 7.5% to 10% polyacrylamide

gels. The proteins were transferred to protean membranes

(Schleicher & Schuell, Keene, NH). Immediately after transfer,

the membranes were stained with Ponceau red to verify loading

and membrane transfer of equal amounts of protein per sample.

In each experimental series, two replicate blots were cut hori-

zontally at the f60-kDa size position; the upper sections were

probed for phosphorylated and total STAT3 and the lower

sections for phosphorylated ERK and total ERK. Separate blots

were used to probe for phosphorylated and total STAT1. Unless

limited by the available cell material, replicate separations and

immunoblot analyses instead of reprobing of membranes were

applied due to difficulties in complete removal of the antibodies

from the first round of reaction. The membranes were reacted

with antibodies to phosphospecific forms or ERK-1/2, STAT1,

and STAT3 (Cell Signaling Technology, Inc., Beverly, MA) and

total forms of ERK-1/2, STAT1, and STAT3 (Santa Cruz

Biotechnology, Santa Cruz, CA). The membranes were

incubated with the appropriate peroxidase-conjugated second-

ary antibodies (ICN Biomedical, Aurora, OH) and the antibody

binding was visualized by enhanced chemiluminescence

reaction (Amersham Biosciences, Piscataway, NJ). In each

experimental series, immunoblots were exposed to X-ray films

for various lengths of time (1 second to 30 minutes) to obtain

images that are in the linear range of signal detection by the

scanner.

Densitometric Analysis
The chemiluminescence images of immunoblots were

scanned with a high-resolution desktop scanner. The digital

images were quantified with Image Quant Software 5.0

(Amersham Biosciences). The net pixel value for each protein

band that lied within the linear range of detection was

normalized to the coanalyzed standard and used to calculate

the relative difference to the untreated control cells in each

experimental series. To compare the responses between NEC

and SCC from individual patients as well the responses among

different patients, the OSM-induced activation of STAT1,

STAT3, and ERK-1/2 of the NEC in each paired set was used

as an internal reference. The net pixel values determined for the

phosphorylated signaling proteins in OSM-treated cells were

defined as being equal 1.0. In each set of NEC and SCC, the

pixel values of the basal level phosphorylation and those

induced by cytokine treatments (where detectable) were then

expressed relative to the OSM reference.

Thymidine Incorporation
To determine the effect of cytokines on DNA synthesis,

NEC and SCC cells from passage 2 were seeded into 24-well

culture plates (5 � 104 cells per well). After 24 hours, duplicate

cultures were treated with full growth medium containing

serially diluted rhu OSM or conditioned medium from

lipopolysaccharide-activated primary human pulmonary macro-

phages (CMM). The use of growth medium was necessary,

because in the absence of growth factors, the growth of

epithelial cells was arrested. Twenty-four hours later, 1 ACi of
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[3H]thymidine (Amersham Biosciences) was added to each

culture and incubation continued for additional 16 hours. Cells

were released by trypsin and collected onto paper filter by the

cell harvester (Tomtec, Hamden CT). The amount of incorpo-

rated tritium was measured by a scintillation counter (Trilux

microbeta, Perkin-Elmer Wallac, Turku, Finland). The mean of

the net values of the duplicate wells was expressed relative to

the incorporation determined for the control cultures in each of

the series, which was defined as 100%. Proliferation rates

(doubling times) of epithelial cells were determined by seeding

cells at a density 5 � 103 cells/cm2 (equivalent to f5%

confluence) and maintained for 6 to 9 days in full growth

medium alone or containing 1:10 diluted CMM, 100 ng/mL

OSM, or 5 Ag/mL function-neutralizing monoclonal anti-

human gp130 antibody (R&D Systems, Minneapolis, MN).

Media were changed every third day. Cells were released by

trypsin digestion, resuspended in trypan blue dye–containing

PBS, and counted using a hematocytometer.

Statistical Evaluation
All statistical analyses were done in an exploratory manner

at the significance level of 0.05. The exact nonparametric

inferences were employed for all the hypothesis tests. For each

possible biomarker (P-STAT3, P-ERK, and P-STAT1) and

treatment (one control and five cytokines) combination, the

relative increase in phosphorylation of the SCC compared with

its matched baseline from the same patient was tested using

the matched pairs sign test. To test the decreasing or

increasing trend of DNA syntheses within a treatment (OSM

or CMM) by different doses of the treatment, the matched

pairs sign test and Page’s L test were used because samples

from the same individual were used across the different dose

levels.
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