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Abstract The aim of this study is to identify the pheno-
type of resistant oral tumors, and to delineate the contribu-
tion of immune eVectors to resistance of oral tumors.
UCLA-1 oral tumors which were resistant to NK cell medi-
ated cytotoxicity secreted increased amounts of IL-6, IL-
1�, GM-CSF, and IL-8 when cultured with or without
immune eVectors. In addition, the levels of vascular endo-
thelial growth factor (VEGF) secretion in the co-cultures of
naïve immune eVectors with UCLA-1 rose signiWcantly
when compared to tumor cells alone. IL-2 activated NK
cells decreased VEGF secretion in all tumor cells. How-
ever, NK cells which were induced to undergo cell death
with anti-CD16 antibody were not only unable to decrease
VEGF secretion, but they also contributed further to the
increase in VEGF secretion by oral tumors. Overall, we
show in this paper that naïve as well as non-viable immune

eVectors may contribute to the growth and resistance of oral
tumors by triggering the secretion of key tumor cell growth
factors.
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Introduction

Survival of patients with head and neck tumors has not
improved in the last several decades despite numerous
technological advances in surgical procedures and the
availability of well-designed radio and chemotherapeutic
modalities. Failure to stop tumor growth and prevent tumor
progression has been hypothesized to relate in part to a gen-
eralized immune dysfunction observed in patients [3, 16,
25–27]. DeWciencies in the functions of main immune
eVectors such as T, NK and dendritic cells (DC) have been
suggested to account for decreased immunity and increased
tumor survival and metastasis [20]. However, the mecha-
nisms by which immune eVectors become incapacitated or
the tumor cells become more resistant and aggressive have
not been fully explored. It is quite clear that immune eVec-
tors can either promote or inhibit tumor progression
depending on the status of their activation and the nature of
cytokines they produce. Indeed, eVective tumor immunity,
and clearance of many tumors have been suggested to relate
to the activation and promotion of Th1 type cytokine pro-
Wles such as IL-2 and IFN-�, whereas Th2 type cytokine
secretion has been attributed to tumor progression and lack
of eVective immunity [1, 2, 15, 19]. However, it is likely
that elements contributed by both the immune eVectors and
the tumor cells are responsible for immune inactivation and
increased survival of transformed tumor cells.
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Increased secretion of interleukin-6 (IL-6), interleukin-8
(IL-8), interleukin-1� (IL-1�), granulocyte monocyte-col-
ony stimulating factor (GM-CSF), and vascular endothelial
growth factor (VEGF) has been shown to be the proWle
of resistant or progressing oral tumors [5, 17, 23]. Many of
the above mentioned factors have been shown to inhibit
the function of immune eVectors. Indeed, our recent
work established that NF�B is an important modulator
of immune function in tumor cells [11, 13]. Inhibition of
NF�B in tumor cells was found to increase the function
of immune eVectors through decreased secretion of IL-6 [11].
Therefore, blocking NF�B in oral tumors switched the
immune-inhibitory proWle to an immune-enhancing proWle
in the co-cultures of immune eVectors with oral tumors by
reversing the ratio between the secreted IL-6 and IFN-�.
Furthermore, signiWcant decrease in the secretion of IL-8,
IL-1� and GM-CSF in addition to IL-6 could be seen when
NF�B was inhibited in oral tumors (please see below).
Indeed, the ability of either tumor cells or immune cells to
upregulate NF�B in the co-cultures of tumor cells with
immune eVectors will determine which cell population will
eventually survive and proliferate. However, despite this
knowledge base many important questions still remain
unanswered with regard to survival of either immune eVec-
tors or tumor cells. It is still unclear whether immune eVec-
tors which are not able to eliminate tumor cells either
contribute to or inhibit tumor progression or whether they
do not play an important role in the course of tumor pro-
gression. Recent in vivo studies indicated that both the
nature of the tumor cells and their interacting myeloid
immune eVectors have signiWcant roles in determining the
size and the extent of tumor progression [6]. However, the
details of such interaction have not been established.

In this paper we present evidence that immune eVectors,
including cytotoxic cells, can be contributory or inhibitory
to tumor survival and proliferation depending on whether
the tumor cells are resistant or sensitive to the cytotoxic
function of immune eVectors. Since VEGF is primarily
secreted by tumor cells and not immune eVectors, by using
the secreted levels of VEGF in the co-cultures of immune
eVectors with tumor cells we have found a contributory role
for the function of naïve immune eVectors to the resistance
of oral tumor cells, whereas in sensitive tumor cells the
contribution of naïve eVectors to the resistance of the
tumors remains lower.

Materials and methods

Cell lines, reagents, and antibodies

RPMI 1640 supplemented with 10% FCS was used for the
cultures of NKs and peripheral blood mononuclear cells

(PBMCs). UCLA-1 and UCLA-2 primary oral tumors were
prepared by Dr. Christian Head at UCLA using freshly
resected squamous cell carcinoma tongue tumors and were
cultured in RPMI 1640 supplemented with 10% FCS. UM-
SCC-1 oral tumor lines were a generous gift from Dr. Chris-
tian Head and were cultured in DMEM supplemented with
1% sodium pyruvate, 1% non-essential amino acids, 1%
glutamine, 1% penicillin-streptomycin. Recombinant IL-2
was obtained from HoVman La Roche, NJ. The NK puriWca-
tion kit was obtained from Milteny Biotech (Auburn, CA).

Isolation of PBMCs and NK cells

Peripheral blood mononuclear cells (PBMCs) from healthy
donors were isolated as described before [9, 12]. PuriWed
NK cells were negatively isolated using an NK puriWcation
kit (Miltenyi Biotech) and consisted of 85–95% of CD16+

cells. Approximately 10–15% of NK cell population was
previously shown to have no or low CD16 expression on
the surface of NK cells [14]. The percentage of CD3+ T and
CD19+ B cells determined by anti-CD3 and anti-CD19 anti-
bodies in the puriWed NK samples was 2.3 § 3.2 and 3 § 4,
respectively. These levels of antibody staining in puriWed
NK samples were also observed after staining with isotype
control antibodies indicating the levels of nonspeciWc bind-
ing of antibodies to puriWed NK cells.

ELISA, surface staining, 51Cr release assay and DNA
staining of ethanol Wxed NK cells for apoptosis were all
described previously [10].

Multiplex cytokine array

Fluorokine MAP cytokine multiplex kits were purchased
from R&D Systems and the procedures were conducted as
suggested by the manufacturer. To analyze and obtain the
cytokine concentration, a standard curve was generated by
threefold dilution of recombinant cytokines provided by the
manufacturer. Analysis was performed using the software
provided by Luminex.

Statistics

Statistical analyses were performed using a Student’s t test,
with signiWcance levels set at P < 0.05.

Results

Characteristics of NK resistant versus sensitive primary 
oral tumor cells

To establish the characteristics of NK cell sensitive and
resistant oral tumors, we tested several established tumor
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lines in addition to primary oral tumors obtained from
patients with oral cancers. Based on the proWles obtained
for NK cell resistance we selected two primary oral tumors
(UCLA-1 and UCLA-2) and one established cell line (UM-
SCC-1) for subsequent studies (Fig. 1 and Table 1). UCLA-

1 was found to be relatively resistant to NK cell cytotoxic-
ity as compared to NK sensitive UCLA-2 and UM-SCC-1
cells (Fig. 1 and Table 1). Likewise, UCLA-1 triggered
lower secretion of IFN-� from NK cells when compared to
either UCLA-2 or UM-SCC-1 cells (Table 1). Only IL-2
activated NK cells were able to lyse or secrete IFN-� when
co-cultured in the presence of oral tumors (Table 1). Simi-
larly, only IL-2 activated PBMCs were able to lyse or
secrete IFN-� signiWcantly when co-cultured with oral
tumors (Table 1). However, as expected the levels of cyto-
toxicity or IFN-� secretion were much lower in PBMCs
than in NK cells (Table 1). Untreated PBMCs or NK cells
were unable to mediate signiWcant cytotoxicity or secretion
of IFN-� when co-cultured in the presence of all the oral
tumor cells tested (Table 1).

Contribution of naïve immune eVectors to induction 
of VEGF secretion by NK cell resistant oral tumors

Untreated or IL-2 treated PBMCs and puriWed NK cells
were unable to secrete signiWcant amounts of VEGF
(Table 1). In contrast, oral tumors secreted signiWcant

Fig. 1 Increased cytotoxicity of IL-2 treated PBMCs against UCLA-
2 and UM-SCC-1 but not UCLA-1 oral tumors. PBMCs were treated
with IL-2 (500 units/ml) for 8–12 h before they were added to 51Cr la-
beled oral tumors at the eVector to target ratios indicated in the Wgure.
After 4–6 h of incubation at 37°C, supernatants were harvested and the
levels of released 51Cr radioactivity were determined by a � counter.
One of ten representative experiments is shown in this Wgure
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Table 1 Inability to lyse oral tumors results in synergistic induction of VEGF secretion by oral tumor cells

PBMCs and NK cells were left untreated or treated with IL-2 (500 units/ml) for 8–12 h before they were added to primary oral tumors at an eVector
to target ratio of 10:1 and 5:1 respectively. The levels of VEGF and IFN-� secretion in each sample were determined using a multiplex ELISA
array kit speciWc for each cytokine. PBMC and NK cell cytotoxicity was determined using a standard 51Cr release assay and the lytic units 30/107

were determined using the inverse number of eVectors required to lyse 30% of the tumor cells X 100. Data is presented as mean § SD. Percentages
in parenthesis represent relative increase or decrease in VEGF secretion compared to each tumor cell alone. DiVerences were signiWcant at P value
of <0.05 between the control and IL-2 activated immune eVector function (cytotoxicity and IFN-� secretion) against all tumor lines. Similarly,
P < 0.05 is for the diVerence in VEGF secretion between UCLA-1 tumors alone and those co-cultured in the presence of naïve immune eVectors
with UCLA-1 tumor cells. One of eight representative experiments is shown in this table

Lytic units (30/10
7) Interferon-� levels 

(pg/ml)
VEGF levels (pg/ml)

UCLA-1 alone (resistant) – 0 625.4 § 6.7 (100%)

+PBMC control 0.06 § 0.01 0.87 § 0.3 1,211.5 § 28.7 (194%)

+PBMC IL-2 2.3 § 0.1 399 § 16.1 878.4 § 57 (140%)

+NK control 3.3 § 0.0 0 799 § 21.2 (128%)

+NK IL-2 27.85 § 0.8 887.5 § 95 145.25 § 0.35 (23%)

UCLA-2 alone (sensitive) – 0 1,781.7 § 51.4 (100%)

+PBMC control 0.3 § 0.06 5.15 § 0.91 1,585 § 262 (89%)

+PBMC IL-2 4.73 § 0.1 988 § 32 1,210.9 § 64.6 (68%)

+NK control 9.5 § 0.0 0 1,281.4 § 35.8 (72%)

+NK IL-2 153 § 19.8 1,561.7 § 238 166.5 § 12.0 (9.3%)

UM-SCC-1 alone (sensitive) – 0 832.3 § 46.6 (100%)

+PBMC control 0.3 § 0.05 1.7 § 0.0 925.1 § 53.6 (111%)

+PBMC IL-2 3.7 § 0.3 993.6 § 72 457.1 § 31.6 (55%)

+NK control 3.3 § 0.0 0 338.3 § 31 (41%)

+NK IL-2 89.75 § 16 1,211.2 § 312 75.1 § 3.5 (9%)

PBMC control – 0 25.04

PBMC IL-2 – 342 § 14 12.5

NK control – 0 0

NK IL-2 – 289 § 16 12.5
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amounts of VEGF in the supernatants (Table 1). Untreated
PBMCs and NK cells contributed substantially to the secre-
tion of VEGF by NK resistant but not NK sensitive oral
tumors cells (Table 1). Indeed, nearly two fold increase in
tumor cell mediated VEGF secretion could be observed
when untreated PBMCs were co-cultured with NK resistant
tumor cells whereas either equal or lower amounts of
VEGF secretion could be observed in the supernatants
obtained from the co-cultures of NK sensitive oral tumors
with naïve immune eVectors as compared to those secreted
only by the tumor cells alone (Table 1). In all cases IL-2
activated NK cells were able to decrease the secreted
amounts of VEGF from oral tumors, however, the levels of
secreted VEGF remained higher in NK cell resistant tumors
co-cultured with IL-2 treated PBMCs or NK cells when
compared to those co-cultured with NK cell sensitive oral
tumors (Table 1). Therefore, there is a direct relationship
between lysis of the oral tumors and a decrease in VEGF
secretion (Table 1).

NK cell resistant oral tumors secreted higher levels 
of GM-CSF, IL-1�, IL-6 and IL-8

We next identiWed several important characteristics of oral
tumor cells, which correlated with their resistance to NK
cell cytotoxicity. NK cell resistant UCLA-1 cells secreted
higher levels of GM-CSF, IL-1�, IL-6 and IL-8 when com-
pared to either UCLA-2 or UM-SCC-1 (Table 2). Either no
diVerences or lower secretion of TNF-�, IL-10, IL-4 or
VEGF were observed between UCLA-1 and those of
UCLA-2 and UM-SCC-1 tumor cells (data not shown).

Relative contribution of each of the immune eVectors 
and oral tumors to the secretion of IL-6 and IL-8 
in the co-cultures of immune eVectors with oral tumors

Untreated and IL-2 treated NK cells were co-cultured with
UCLA-1, UCLA-2 and UM-SCC-1 cells and the relative
contribution of each of the immune eVectors and oral
tumors to the secretion of cytokines was assessed. Each of

the immune eVectors or the tumor cells secreted some
levels of IL-6 and IL-8. However, the co-culture of the
immune eVectors with the oral tumors had synergistic eVect
on the secretion of IL-6 and IL-8 (Table 3). UCLA-1 tumor
cells secreted higher levels of IL-6 when compared to NK
cells. The secretion was much higher in the co-cultures of
naïve NK cells with UCLA-1 oral tumors indicating the
contribution of NK cells to tumor induced IL-6 secretion.
The relative resistance of UCLA-1 to NK cell cytotoxicity
is also reXected in the ability of these tumor cells to contrib-
ute more to the secretion of IL-6 when cultured in the pres-
ence of untreated and IL-2 treated NK cells as compared to
UCLA-2 and UM-SCC-1 (Table 3). There is a decrease in
the levels of IL-6 secreted in the IL-2 treated NK cells with
UCLA-2 and UM-SCC-1 cells when compared to co-
cultures of tumor cells with untreated NK cells (Table 3,
exp. 1). The levels of secreted IL-6 remained signiWcantly
higher in the supernatants recovered from the co-cultures of
IL-2 treated NK cells with UCLA-1 oral tumors when com-
pared to co-cultures with UCLA-2 or UM-SCC-1 oral
tumors (Table 3). Similar observations could be obtained
for secretion of IL-8 in the supernatants recovered from the
co-cultures of NK cells with oral tumor cells (Table 3).
UCLA-1 tumor cells constitutively secreted several fold
higher amounts of IL-8 when compared to UCLA-2 and
UM-SCC-1 tumor cells (Tables 2 and 3). Each of the NK
cells and tumor cells secreted moderate amounts of IL-8,
however, synergistic secretion of IL-8 was obtained after
the co-culture of immune eVectors with tumor cells
(Table 3). Induction of IL-8 secretion remained signiW-
cantly higher in the co-cultures of both untreated or IL-2
treated NK cells with UCLA-1 when compared to UCLA-2
and UM-SCC-1 tumor cells (Table 3). Naïve NK cells con-
tribute signiWcantly to the induction of IL-8 by the oral
tumors; whereas IL-2 treated NK cells diminish signiW-
cantly the secreted IL-8 in tumor cells (Table 3). However,
the overall secreted amounts of IL-8 remained signiWcantly
lower in the co-cultures of IL-2 treated NK cells with
UCLA-2 and UM-SCC-1 as compared to those co-cultured
with UCLA-1 (Table 1). The relative diVerences obtained

Table 2 Cytokine secretion proWles of NK resistant UCLA-1 and those of NK sensitive UCLA-2 and UM-SCC-1 oral tumors

MFI mean Xuorescence intensity

Supernatants from the cultures of the oral tumor cells, UCLA-1, UCLA-2 and UM-SCC-1 at (1 £ 105/ml), were collected after an overnight incu-
bation and the levels of secreted GM-CSF, IL-1�, IL-6 and IL-8 were determined using a multiplex ELISA array kit speciWc for each cytokine.
Data is presented as mean § SD. DiVerences between UCLA-1 and those of UCLA-2 and UM-SCC-1 oral tumor cells were signiWcant at a P value
of <0.05. One of Wve representative experiments is shown in this table

GM-CSF Interleukin-1� Interleukin-6 Interleukin-8

(MFI) (pg/ml) (MFI) (pg/ml) (MFI) (pg/ml) (MFI) (pg/ml)

UCLA-1 (resistant) 65 § 19 86.5 § 19 104 § 40 14.5 § 4 1,555 § 170 312 § 45 7,378 § 289 1,928 § 106

UCLA-2 (sensitive) 31.7 § 1.06 0.0 § 0.0 7 § 0.0 0.0 § 0.0 11 § 2 0.0 § 0.0 3,005 § 341 507 § 42

UM-SCC-1 (sensitive) 32 § 1.4 0.0 § 0.0 7 § 0.0 0.0 § 0.0 27 § 5.7 0.0 § 0.0 1,432 § 60.8 121 § 18
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for IL-8 secretion between IL-2 treated NK cells co-cul-
tured with those of UCLA-2 and UM-SCC-1 as compared
to UCLA-1 could largely be due to the higher lysis of those
tumors by IL-2 activated NK cells (Tables 1 and 3). Over-
all, these results indicated that naïve NK cells can signiW-
cantly amplify the secretion of IL-6 and IL8 from oral
tumors, and that the levels are signiWcantly higher in the
co-cultures of NK cells with NK resistant tumors when
compared to NK sensitive tumors.

Increased secretion of VEGF in co-cultures of NK cells 
with sensitive oral tumors when NK cells were triggered 
to undergo cell death

Oral cancer patients exhibit increased rate of spontaneous
apoptosis in their circulating lymphocytes and dendritic
cells (DCs) [7]. Thus, we tested the eVect of immune cell
apoptosis on tumor induced VEGF secretion. Well-charac-
terized receptor mediated trigger for cell death was used to
induce apoptosis in NK cells [8, 10, 12]. Addition of intact
anti-CD16 antibody as well as F(ab�)2 fragment, was previ-
ously shown by our laboratory to induce signiWcant cell
death of NK cells [8]. Thus, we used the same strategy to
induce cell death of NK cells (Fig. 2). NK cells were left
untreated or treated with IL-2 in the presence and absence

of anti-CD16 antibody treatment and immediately added to
NK cell sensitive UCLA-2 tumor cells and the levels of
VEGF secretion were determined in the co-cultures after an
overnight incubation (Fig. 2). As indicated above no sig-
niWcant induction of VEGF secretion could be observed by
NK cells alone, therefore, the amounts of VEGF secretion
obtained in each sample were primarily from the tumor
cells (Fig. 2). As expected, untreated and IL-2 treated NK
cells were able to suppress VEGF secretion by UCLA-2
tumor cells. Addition of anti-CD16 antibody induced sig-
niWcant apoptosis in NK cells, and this was reXected on the
inability of apoptotic NK cells to decrease VEGF secretion
(Fig. 2). IL-2 was able to prevent NK cells from undergo-
ing apoptosis in the presence of anti-CD16 antibody, and
this resulted in the ability of NK cells to decrease tumor
induced VEGF secretion (Fig. 2). Therefore, apoptotic
immune eVectors observed in the blood of oral cancer
patients may contribute to the increased release of tumor
growth factors.

Discussion

In this paper we have identiWed several characteristics of
oral tumor cells which could be used to diVerentiate

Fig. 2 Addition of anti-CD16 
antibody to NK cells induces NK 
cell death and blocks inhibitory 
function of NK cells on tumor 
derived VEGF secretion. NK 
cells were treated with isotype 
control antibody (6 �g/ml), 
anti-CD16 antibody (3 �g/ml) or 
IL-2 (500 units/ml) alone or in 
combination as indicated in the 
Wgure, and either left in the 
absence of tumors or immediately 
added to UCLA-2 primary oral 
tumors at an eVector to target 
(E:T) ratio of 1:1. After an 
overnight incubation the levels 
of NK cell apoptosis were deter-
mined using Xow cytometric 
analysis of ethanol Wxed NK 
cells. In addition, the superna-
tants were removed from the 
co-cultures of NK cells with oral 
tumors after an overnight 
incubation and assayed for 
VEGF secretion using a speciWc 
ELISA assay. One of four repre-
sentative experiments is shown 
in this Wgure
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between NK cell resistant and sensitive oral tumors. Addi-
tionally, the conditions under which immune eVectors
could contribute to tumor cell resistance have been delin-
eated. In general, naïve untreated NK cells do not have the
ability to lyse any of the oral tumors tested signiWcantly.
This conclusion was based on a signiWcant panel of oral
tumor cells tested in our laboratory (data not shown). IL-2
treated NK cells, on the other hand, are capable of lysing
some but not all oral tumors tested. Those oral tumor cells
that are highly sensitive to IL-2 activated NK cells are
sometimes minimally lysed by naïve untreated NK cells
when compared to K562 NK sensitive tumor cell lysis (data
not shown). The levels of lysis of oral tumors diVer
between NK donors and among diVerent oral tumor cells.
Immune cells which are not able to lyse the tumor cells may
further contribute to tumor cell resistance by triggering pro-
duction of diVerent tumor resistance factors. The signature
of an NK cell resistant tumor cell was found to be the
increased synthesis and secretion of GM-CSF, IL-1�, IL-6

and IL-8 in the presence and absence of naïve immune
eVectors. Although IL-2 activated NK cells were able to
reduce some of the resistance factors in NK resistant tumor
cells, the levels of those factors remained substantially
higher in the co-cultures of NK cells with resistant oral
tumors when compared to sensitive tumor cells. Indeed,
squamous cell carcinomas of head and neck which secreted
higher levels of IL-1�, IL-6 and GM-CSF were previously
found to be a progressor tumor in immune-competent ani-
mals [23]. Downregulation of CD80 by the above men-
tioned cytokines was found to be the mechanism of tumor
resistance [23]. Likewise, the production of IL-6 and IL-8
in oral tumors was hypothesized to be the principal mecha-
nism of inducible radio-resistance and chemo-resistance in
oral tumors [21]. However, no studies thus far have estab-
lished the principal in vivo or in vitro mechanism for the
induction of resistance in oral tumor cells. Our studies indi-
cate that naïve immune eVectors or the immune eVectors
that are signaled to undergo cell death may be the principal
contributors to tumor resistance.

Immune eVectors that are unable to lyse oral tumors con-
tributed signiWcantly to VEGF secretion by resistant oral
tumors. Indeed, 1.25–1.96 fold induction of VEGF secre-
tion could be observed when no or little NK cell cytotoxic-
ity could be seen. However, decreased secretion of VEGF
even in the presence of NK cell resistant oral tumors could
be seen when IL-2 activated NK cells lysed a small propor-
tion of the tumor cells. Inhibition of VEGF secretion by
immune cells was even more dramatic when NK sensitive
oral tumor cells were used in the co-cultures. Even in the
presence of moderate lysis, decreased rather than an
increased secretion of VEGF could be observed in the co-
cultures of naïve PBMCs and NK cells with sensitive tumor
cells. The inhibitory eVect of IL-2 activated NK cells on
VEGF secretion was more dramatic in sensitive oral tumor
cells as compared to resistant oral tumor cells and this cor-
related with decreased secretion of both IL-6 and IL-8 in
the co-cultures of immune eVectors with sensitive oral
tumors. Both IL-6 and VEGF secretion have been shown to
contribute to immune inactivation in a variety of tumor
model systems [4, 5, 18, 22, 24]. Thus, IL-6 and VEGF
secretion may not only be growth promoting for resistant
oral tumors, they may also contribute to tumor resistance
by inactivating the immune cell function which could fur-
ther contribute to tumor resistance. Indeed, when NF�B
was inhibited in oral tumors signiWcant decrease in IL-6
secretion was found to relate to the increased immune cell
function [11]. In addition, the cytotoxic immune cells were
able to survive longer, and expand when exposed to NF�B
knock down tumor cells [11, 13]. However, when the
immune cells were co-cultured with oral tumors with high
NF�B expression they were able to inactivate the function of
the immune cells and induce cell death in a large proportion

Table 3 Synergistic induction of IL-6 and IL-8 secretion in co-
cultures of naïve NK cells with oral tumors

NK cells were left untreated or treated with IL-2 (500 units/ml) for 8–
12 h before they were added to primary oral tumors at an eVector to tar-
get ratio of 5:1. The levels of IL-6 and IL-8 secretion in each sample
were determined using a multiplex ELISA array kit speciWc for IL-6
and IL-8. DiVerences between resistant and sensitive oral tumor cells
were signiWcant at a P value of <0.05. Two of Wve representative
experiments for each of IL-6 and IL-8 are shown in this table

Tumors alone NK control NK IL-2

Interleukin-6 (pg/ml) 

Exp. No. 1

No tumors – 0 0

UCLA-1 114 § 5 213 § 10 281 § 9

UCLA-2 0 56 § 3 0

UM-SCC-1 0 18 § 3 0

Exp. No. 2

No tumors – 0 0

UCLA-1 79.6 § 5 153.7 § 10 203.9 § 12

UCLA-2 0 0 0

UM-SCC-1 0 0 0

Interleukin-8 (pg/ml)

Exp. No. 1

No tumors – 246 § 12 166 § 6

UCLA-1 2,161 § 63 2,518 § 140 2,382 § 45

UCLA-2 162 § 10 2,428 § 6 261 § 19

UM-SCC-1 69 § 0 2,390 § 110 226 § 13

Exp. No. 2

No tumors – 0 3.14 § 3

UCLA-1 314.5 § 174 702.7 § 29 229 § 75

UCLA-2 26 § 4 77 § 15 11 § 1.5

UM-SCC-1 59 § 1.5 93 § 2.6 2.3 § 1
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of the immune eVectors [10, 13]. Thus, resistance to cell
death either in immune cells or the tumor cells serves
as the determining factor for the sensitivity or resistance
of the tumor cells respectively. Therefore, strategies to
increase survival of the immune eVectors in the presence of
decreased survival of the tumor cells should be substan-
tially more eVective in eradication of oral cancers when
either subpopulation is targeted individually. Indeed, block-
ing of NF�B in the tumor cells should in principle achieve
this objective since it will not only decrease the survival of
tumor cells, but it should also increase the survival of inter-
acting immune eVectors due to their increased function and
survival as observed previously [11, 13].

In conclusion, even though mechanisms governing
tumor resistance are signiWcantly more complex and may
involve participation of a number of other cells, such as
dendritic cells and other cells, not present in our simple
model of PBMCs and puriWed NK cells, the studies
reported in this paper point to the crucial role of immune
eVectors in induction of resistance factors in oral tumors.
Thus, in this paper we have identiWed several important tar-
gets which may be used to establish prognosis as well as
treatment modalities to enhance patient survival.
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