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Abstract
Our recent findings have suggested an important role for the conditioning of Natural Killer cell effector function 

by the cancer stem cells as well as healthy untransformed stem cells, stromal monocytes and fibroblasts in cellular 
differentiation and tissue regeneration. We have also reported that de-differentiation or reversion of tumor cells or 
healthy non-transformed cells to a less-differentiated stage activated cytotoxic function of NK cells. In this report we 
examined the function of allogeneic CD8+ T cell cytotoxic function against de-differentiated tumors to determine 
whether induction of cytotoxic function by de-differentiated tumors is unique to the function of NK cells or that the 
cytotoxic function of CD8+ T cells is similarly induced when cultured with NFκB knock down tumors. Here, we 
demonstrate that dedifferentiation of tumors by the inhibition of NFκB nuclear function sensitizes the tumors to 
allogeneic CD8+ T cell mediated cytotoxicity, and increased survival and proliferation of T cells. Moreover, increased 
secretion of IFN-γ and GM-CSF by CD8+ T cells was observed when these cells were co-incubated with NFκB knock 
down tumors. More importantly, the levels of IL-6 secretion were significantly reduced in the co-cultures of CD8+ 
T cells and NFκB knock down tumors when compared to those obtained from the co-cultures of CD8+ T cells with 
vector-alone transfected tumors. In addition, treatment of tumor transfectants with IFN-γ resulted in a decrease in the 
cytotoxicity and cytokine secretion by CD8+ T cells. However, the function of cytotoxic T cells remained significantly 
higher in the presence of IFN-γ treated NFκB knock down tumors when compared to either untreated or IFN- γ treated 
vector alone transfected tumors. Thus, these results indicated that inhibition of NFκB function in tumors activates both 
NK and CTL functions, suggesting a potential role for both innate and adaptive immune effectors in differentiation and 
regeneration of the tissues. 
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Introduction
Cytotoxic T-Lymphocytes (CTLs) similar to NK cells mediate lysis 

of a variety of malignant tumors and virally infected cells, and therefore 
are important effectors in fight against cancer. However, depressed T 
lymphocyte proliferation and function are evident in the early stages 
of squamous cell carcinomas of the oral cavity [1-3]. T and NK cell 
cytotoxicity is also suppressed after their interaction with stem cells [4-
6]. In contrast, interaction of NK cells with the resistant tumors did not 
lead to suppression of NK cell cytotoxicity [7].

Our previous studies focused on the emerging new roles of NK 
cells in the regulation of numbers, resistance and differentiation of 
cancer stem cells as well as healthy untransformed stem cells. In this 
regard, anergized NK cells were found to regulate survival, resistance 
and differentiation of interacting cancer stem cells as well as healthy 
untransformed stem cells. We have shown in previous studies that 
inhibition of NFκB either by treatment of the cells with Sulindac, a 
Non-Steroidal Anti-inflammatory Drugs (NSAIDs) or expression of 
an IκB super-repressor or a mutant IκB in HEp2 tumors, or in primary 
Oral Squamous Carcinoma Cells (OSCCs) or in non-tumorigenic 
Human Oral Keratinocytes-16B (HOK-16B) led to a significant 
activation of human NK cell cytotoxic function and increase in IFN-γ 
secretion [8]. The increase in NK cell cytotoxicity after their co-culture 
with NFκB knock down tumors was paralleled with an increase in the 
secretion of IFN-γ by the NK cells, and in a decrease in the secretion 
of IL-6 by the tumor cells. Therefore, an overall shift in tumor profiles 
from an inhibitory to immune activating profile was observed in NFκB 
knock down tumors. Similarly, targeted deletion of IKK-β in epidermis 

of mice was shown to lead to inflammatory skin manifestations [9]. 
Moreover, elevated levels of cytokines and chemokines was seen in 
the epidermis of patients and animals with Iκκγ and Iκκβ deletions 
[9,10]. Moreover, mice with a keratinocyte-specific deletion of Iκκ-β 
demonstrated decreased proliferation of epidermal cells and developed 
TNF-α dependent inflammatory skin disease [9]. In contrast, in other 
studies in which NFκB function was blocked in dermal keratinocytes 
by a mutant IκB-α an increased proliferation and hyperplasia [11] and 
eventual development of cutaneous squamous cell carcinomas of skin 
were seen if mice were allowed to survive and reach adulthood [12,13]. 
Finally, targeted inhibition of NFκB function in both the intestinal 
epithelial cells and myeloid cells was previously shown to result in a 
significant decrease in size and numbers of the tumor cells [14]. 

Blocking TNF-α function in NFκB knock down keratinocytes 
resulted in the prevention of both the neoplastic transformation and 
the inflammatory skin disease [9,13]. We have also shown that NK 
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resistant primary oral epithelial tumors demonstrate higher nuclear 
NFκB activity and secrete significant levels of Granulocyte Monocyte-
Colony Stimulating Factor (GM-CSF), Interleukin (IL)-1β, IL-6 and 
IL-8 [15,16]. Moreover, treatment with NSAIDs which inhibit NFκB 
have the ability to reverse immunosuppression induced by a tobacco-
specific carcinogen [17], in addition to their well established ability 
to decrease oral dysplasia as well as prevention of overt cancer in 
transgenic animals [18].

 Oral Squamous Carcinoma Stem Cells (OSCSCs), which are 
stem-like oral tumors and a number of different Glioblastoma cancer-
initiating cells are significantly more susceptible to NK cell mediated 
cytotoxicity; whereas, their differentiated counterparts are significantly 
more resistant (manuscript submitted) [15]. In addition, human 
embryonic stem cells (hESCs) and human induced plueripotent stem 
cells (hiPSCs), as well as a number of other healthy normal stem 
cells such as human mesenchymal stem cells (hMSCs) and human 
dental pulp stem cells (hDPSCs), were found to be significantly 
more susceptible to allogeneic and autologous NK cell mediated 
cytotoxicity, and more importantly they lost susceptibility to NK cell 
mediated cytotoxicity and became resistant to immune cell attack upon 
differentiation [15]. Based on these results, we proposed that anergized 
NK cells may play a significant role in differentiation of the cells by 
providing critical signals via secreted cytokines as well as direct cell-cell 
contact. In this regard we reported previously that monocytes induce 
split anergy in NK cells by inhibiting cytotoxicity and stimulating the 
secretion of cytokines such as IFN-γ, TNF-α and IL-6 [19]. 

Most recent reports have also suggested a potential role for CTLs in 
the elimination of cancer stem cells (Kano et al. 2011; Inoda et al. 2011). 
However, at present it is not known whether CTLs can also target 
dedifferentiated tumors or those which have defects in up-regulation of 
important transcription factors such as NFκB which contributes to the 
differentiation of tumors. We demonstrate in this paper that allogeneic 
cytotoxic CD8+ T cells like NK cells respond similarly to the activating 
effect of NFκB knock down HEp2 cells as evidenced by increased 
survival, proliferation and functional activation of CD8+ T cells. 

Material and Methods
Cell lines, plasmids and reagents

HEp2 tumor cell lines were obtained from ATCC and maintained 
in Dulbecco’s Modified Eagle Medium (DMEM) supplemented with 
10% FBS. RPMI 1640 supplemented with 10% FBS was used for the 
cultures of T cells. Recombinant IL-2 was obtained from Hoffman 
La Roche (Nutley, New Jersey). IFN-γ was a generous gift from Dr. 
Yoichi Mizutani. TNF-α was purchased from Peprotech (Rocky Hill, 
NJ). The CD8+ T cell purification kit was obtained from Miltenyi 
Biotech (Auburn, CA). Polyclonal anti-IFN-γ antibodies were 
prepared in rabbits in our laboratory. The anti-IFN-γ and anti-GM-
CSF monoclonal antibodies were purchased from R&D (Minneapolis, 
Minnesota). Control IgG1 was derived from a control hybridoma 
(ATCC) and purified IgG1 and PE-conjugated CD3, CD8, CD16 and 
CD4 mAbs were purchased from Coulter/Immunotech (Miami, FL). 

Transfections and the generation of HEp2 cell transfectants

The generation of HEp2 cell transfectants was described previously 
[8,20]. The stability of IκB(S32AS36A) super repressor transfected HEp2 

cells in blocking nuclear NFκB function in HEp2 cells were regularly 
checked by western blot analysis and EMSA using nuclear extracts 
prepared from the HEp2 cell transfectants. 

Purification of CD8+ T cells

PBMCs from healthy donors were isolated as described before 
[21]. Briefly, peripheral blood lymphocytes were obtained after Ficoll-
hypaque centrifugation and purified CD8+ T cells were negatively 
selected for by using a CD8+ T cell isolation kit (Miltenyi Biotech) which 
contained greater than 90% CD8+ T cells by flow cytometric analysis 
of CD3+ CD8+ T cells (Figure 2). The levels of staining for CD16+ 
NK cells remained similar to the levels obtained after the staining with 
isotype control antibody staining, and were at 1.4% ± 1% throughout 
the culturing procedures (Figure 2). In addition, purified NK cells 
were negatively selected by using an NK cell isolation kit (Stem Cell 
Technologies, Vancouver, Canada). The purity of NK cell population 
was found to be greater than 90% based on flow cytometric analysis of 
anti-CD16 antibody stained cells. The levels of contaminating CD3+ 
T cells remained low, at 2.4% ± 1%, similar to that obtained by the 
non-specific staining using isotype control antibody throughout the 
experimental procedures [15]. Written informed consents approved by 
UCLA Institutional Review Board (IRB) were obtained from the blood 
donors and all the procedures were approved by the UCLA-IRB. 

ELISA

Wells of ELISA plates were coated with 50 µl of monoclonal 
antibodies each specific for the IFN-γ and GM-CSF. Plates coated 
with monoclonal antibodies were washed three to four times and 
blocked with ELISA /PBS containing 1% BSA for 30 minutes before 
the addition of culture supernatants. Thereafter, the plates were washed 
twice and 50 µl of supernatants from treated T cell samples were added 
to each well. After overnight incubation at 37°C, the plates were washed 
four times and 50 µl of polyclonal antibody at 1:1000 dilutions specific 
for the cytokines measured was added to each well, and thereafter the 
incubation continued for an additional two hours at 37°C. Alkaline 
phosphatase conjugated goat anti-rabbit IgG (Caltag) at a dilution of 
1:2000 was added to each well and the plates were incubated for an 
additional 2 h at 37°C. Finally, the plates were washed and incubated 
with the alkaline phosphatase substrate (Sigma 104) and read after 2 h 
in a titrated Multiskan MCC/240 ELISA reader using the 405 nm filter 
[7].
51Cr release assay

The 51Cr release assay was performed as described previously [7]. 
Briefly, different numbers of purified NK cells and CD8+ T cells were 
incubated with 51Cr–labeled tumor target cells. After a 4 hour incubation 
period the supernatants were harvested from each sample and counted 
for released radioactivity using the gamma counter. The percentage 
specific cytotoxicity was calculated as follows; % Cytotoxicity = 
Experimental cpm - spontaneous cpm/Total cpm – spontaneous cpm 
LU 30/106 is calculated by using the inverse of the number of effector 
cells required to lyse 30% of the tumor target cells X100. 

3H thymidine incorporation assay: After incubation of CD8+ T 
cells with the tumor cell transfectants for the number of days indicated 
in the result section, 3H thymidine at 1 µCi/well was added to each 
well, and the incubation was continued for another 16-18 hours. The 
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T cell samples were then harvested by a PhD harvester and the levels of 
incorporated 3H thymidine were determined by counting the amount 
of radioactivity in the samples by a Liquid Scintillation Counter (LSC). 
Tumor cell transfectants were irradiated for one hour using γ irradiator 
(Cs 137) before they were co-cultured with the cytotoxic effector cells.

Multiplex cytokine protein arrays

The fluorokine MAP cytokine multiplex array kits for measuring 
IFN-γ and IL-6 were purchased from R&D Systems and the 
procedures were conducted as suggested by the manufacturer. Briefly, 
the microparticle concentrates containing monoclonal antibodies 
against different cytokines were diluted with the microparticle diluent 
(provided in the kit). 50 µl of each of microparticle concentrate 
was mixed with 5 mL of the diluent in a mixing bottle. 50 µl of this 
mixture was then added to 50 µl of the culture supernatants in each 
well of a microplate. The plate was incubated on a horizontal orbital 

microplate shaker at room temperature. After 3 hours of incubation 
the liquid was removed from the wells using a vacuum manifold. 100 
µl of wash buffer was then added to each well and the wash step was 
repeated three times. 50 µl of the secondary Biotin antibody cocktail 
specific for each analyte was then added to each well and the plate was 
incubated for an additional hour on a shaker at room temperature. The 
secondary antibody was prepared in the same way as the microparticle 
mixture/ primary antibody. This was followed by the wash step as 
described above. The PE conjugated Streptavidin provided in a 100X 
concentration was diluted to a 1X concentration with wash buffer just 
before use. 50 µl of the Streptavidin-PE was then added to the wells for 
30 minutes, after which the wash step was repeated. The microparticles 
were re-suspended in 100 µl of wash buffer after which they were 
incubated for an additional 2 minutes on a shaker and subsequently the 
plate was read using the Luminex 100 Analyzer. To analyze and obtain 
the cytokine concentrations a standard curve was generated by a three 

Figure 1: NFκB knock down HEp 2 cells as well as OSCSCs or Cal 27 tumors induce much higher induction of NK cell cytotoxicity and secretion of IFN-γ 
when compared to their more differentiated counterparts: NK cells (1X106/ml) were left untreated or treated with IL-2 (1000 units/ml), or anti-CD16 mAb (3µg/ml) or 
a combination of IL-2 (1000 units/ml) and anti-CD16mAb (3µg/ml) for 12-24 hours before they were added to the following 51Cr labeled tumors; vector alone transfected 
HEp-2 cells (A), IκB(S32AS36A) transfected HEp2 cells (A), OSCSCs (C), OSCCs (C), Cal 27 (E) and Cal 33 (E) tumors. NK cell cytotoxicity were determined using a standard 
4 hour 51Cr release assay, and the lytic units 30/106 were determined using inverse number of effectors required to lyse 30% of the tumor cells X 100. NK cells were also 
treated as described in Figure 1A and they were either cultured in the absence of tumors or added to vector alone transfected HEp-2 cells (B) and IκB(S32AS36A) transfected 
HEp2 cells (B), OSCSCs (D), OSCCs (D), Cal 27 (F) and Cal 33 (F)  at an effector to target ratio of 1:1. After an overnight culture, supernatants were removed from the 
cultures and the levels of IFN-γ secretion were determined using specific ELISAs. One of five representative experiments is shown in this figure.
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fold dilution of recombinant cytokines provided by the manufacturer. 
The analysis was performed by the software provided by Luminex.

Results
Oral tumors which release no or low amounts of IL-6 are 
highly susceptible to NK cell mediated cytotoxicity

We have previously shown that blocking NFκB in HEp2 tumor 
cells or primary OSCCs or non-tumorigenic HOK-16B cells decreased 
IL-6 secretion substantially and resulted in an increased sensitivity of 
these cells to NK cell mediated cytotoxicity [8,20]. In this paper we 
expanded the number of different tumors which showed decreased 
secretion of IL-6 (Table 1). Thus, using the levels of cytotoxicity, IFN-γ 
and IL-6 secretion, we could demonstrate a direct correlation between 
decreased IL-6 and increased secretion of IFN-γ and augmented NK 
cell cytotoxicity in the co-cultures of NK cells with the three tumor 
types, namely NFκB knock down HEp2 cells, OSCSC oral tumor stem 
like cells and Cal 27 oral tumors (Table 1 and Figure 1). Both untreated 
and IL-2 treated NK cells lysed NFκB knock down HEp2, OSCSCs and 
Cal 27 cells significantly more than vector-alone transfected HEp2 cells, 

OSCCs and Cal33 cells respectively (Figure 1). IL-2 treatment of NK 
cells resulted in a substantial increase in NK cell cytotoxicity (Figure 
1). Treatment of NK cells with anti-CD16 antibody abrogated the 
ability of untreated and IL-2 treated NK cells to mediate cytotoxicity 
against vector-alone and NFκB knock down HEp2 cells and OSCCs 
and OSCSCs (Figure 1A and Figure 1C). Moreover, the addition of a 
combination of anti-CD16 antibody and IL-2 even though substantially 
lowered the ability of NK cells to lyse NFκB knock down HEp2 cells 
or OSCSCs when compared to IL-2 alone treated NK cells, the same 
treatment resulted in a significant induction of IFN-γ secretion in the 
co-cultures of NK cells with the tumors (Figure 1B and Figure 1D). 
Therefore, increased IL-6 secretion by the oral tumors may serve as a 
marker for decreased susceptibility of these tumors to NK cell mediated 
cytotoxicity and indicate the more differentiated phenotype of these 
tumors (Table 1). 

NFκB knock down HEp2 tumor cells acquire increased 
susceptibility to CD8+ T cell cytotoxicity and trigger 
increased secretion of IFN-γ and GMCSF by CD8+ T cells

To determine whether CD8+ T cells similar to NK cells were also 
induced to lyse NFκB knock down HEp2 cells, CD8+ T cells were 
purified from the peripheral blood (Figure 2) and treated with IL-2 
and cultured with and without HEp2-IκB(S32AS36A) cells for 18 days 
before they were washed, counted and added to either 51Cr labeled 
HEp2-vec or 51Cr labeled HEp2-IκB(S32AS36A) cells. IL-2 treated T cells 
sensitized to HEp2-IκB(S32AS36A) cells lysed HEp2-IκB(S32AS36A) cells 
significantly more than HEp2-Vec (Figure 3A). IL-2 treated T cells 
in the absence of culturing with NFκB knock down HEp2 cells (data 
not shown) or with vector-alone transfected HEp-2 cells (please see 
below) demonstrated no or low lysis of HEp-2 cell transfectants. In 
addition, we cultured CD8+ T cells with vector-alone or NFκB knock 
down tumor cells and the levels of IFN-γ and GM-CSF secretion were 
determined in the supernatants as a measure of CD8+ T cell activation. 
Supernatants recovered from the co-cultures of IL-2 treated CD8+ T 
cells and HEp2 –IκB(S32AS36A) tumor cells contained significantly higher 
levels of IFN-γ (Figure 3B) and GM-CSF (Table 2) secretion when 

IL-6 (pg/ml)

HEp2-pRcCMV 787±2

HEp2-IκB(S32AS36A) 125±5

OSCC 2849±31

OSCSCs 0.0±1

Cal-33 392±8

Cal-27 0

The tumor cells were cultured for 24-48 hours and the released IL-6 was measured 
using specific and sensitive ELISAs. The p value for the difference between 
secretion of IL-6 in the vector alone transfected HEp2 cells and IκB(S32AS36A) 
transfected HEp2 cells as well as the difference between OSCCs and OSCSCs or 
Cal 27 and Cal 33 are less than 0.05. 1 of 5 representative experiments is shown 
in this table.
Table 1: NFκB knock down HEp2 cells as well as less differentiated OSCSCs or 
Cal 27 cells secrete no or very little IL-6.

Figure 2: The purity of CD8+ T cells after isolation. The purity of CD8+ T cell populations were determined before and after co-culture with HEp2 tumor transfectants 
and the levels of CD3+ T cells, CD8+ T cells and CD3-CD16+ NK cells were determined using surface staining with specific antibodies. The percentages of CD8+ T 
cells, NK cells and CD3+ T cells were determined by flow cytometric analysis of antibody stained cells. One of several representative experiments is shown in this figure.
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compared to those obtained from the co-cultures of IL-2 treated T 
cells with vector-alone HEp-2 cells. Increased induction of IFN-γ and 
GM-CSF secretion could also be observed when HEp-2-IκB (S32AS36A) 

cells were co-incubated with untreated T cells as well as IL-2 treated 
T cells, albeit the levels of secreted cytokines were substantially higher 
in the presence of IL-2 treatment (Figure 3B and Table 2). Indeed, 
untreated T cells co-cultured with HEp2 -IκB (S32AS36A) tumor cells 
secreted higher or equal amounts of IFN-γ when compared to IL-2 
treated T cells co-cultured with vector-alone HEp2 cells (Figure 3B). 
Since IFN-γ treatment has been shown to protect tumor cells from NK 
and CTL mediated cytotoxicity [22-24], we also determined whether 
blocking NFκB in tumor cells would abolish the protective effect of 
IFN-γ on tumor cells. Thus, we treated vector-alone transfected HEp2 
cells and HEp2 -IκB(S32AS36A) tumor cells with IFN-γ prior to their co-
culture with T cells, and as expected, we found decreased amounts of 
IFN-γ and GM-CSF secretion by IL-2 treated CD8+ T cells cultured 
with IFN-γ treated HEp2 cell transfectants (Figure 3B and Table 2). 
Increased cytokine secretion in CD8+ T cells with HEp2- IκB(S32AS36A) 

cell co-cultures could only be seen after 15 to 23 days of stimulation 
(Table 1) whereas significant secretion of cytokines by the NK cells in 
the co-cultures with HEp2-IκB(S32AS36A) cells could be seen as early as 
18-24 hours of incubation at 37°C [8,20]. As indicated in the materials 
and methods section the levels of contaminating NK cells were checked 
regularly after the culture of CD8+ T cells with and without HEp2 
cell transfectants, and they remained low at 1.4% throughout the 
experimental procedures (Figure 2). 

NFκB knock down tumors enhanced IFN-γ secretion in the 
presence of decreased IL-6 release in co-cultures with CD8+ 
T cells

When the levels of IL-6 and IFN-γ were considered on a multiplex 
cytokine array system we observed an inverse relationship between 
the secreted IL-6 and those of IFN-γ, GM-CSF and TNF-α in the co-
cultures of PBMCs and NK cells with HEp2 cell transfectants [8,24]. 
Thus, we wanted to know whether supernatants obtained from CD8+ 
T cells cultured with HEp2 cell transfectants also contained inverse 
secretion of IFN-γ and IL-6. As demonstrated in Figure 3C the levels 
of IL-6 secretion in the supernatants were higher in the co-cultures 
of CD8+ T cells with vector-alone transfected HEp2 cells when 
compared to those obtained from co-cultures of CD8+ T cells with 
HEp2-IκB (S32AS36A) cells (Figure 3C). In contrast, the levels of secreted 
IFN-γ were significantly higher in the co-cultures of CD8+ T cells and 
IκB(S32AS36A) transfected HEp2 cells when compared to those obtained 
from the co-cultures of CD8+ T cells with vector-alone transfected 
HEp2 cells (Figure 3C). When considering the ratios of IL-6 to IFN-γ, 
lower ratios of IL-6 to IFN-γ secretion was obtained when CD8+ T 
cells were activated by HEp2- IκB(S32AS36A) cells as compared to vector-
alone transfected HEp2 cells (Figure 3D). Indeed, there was a direct co-
relation between increased cytotoxicity and cell survival and decreased 
ratios of IL-6 to IFN-γ in co-cultures of CD8+ T cells with HEp2 cell 
transfectants (Figure 3-5). Therefore, the ratios of IL-6 to IFN-γ may 
be a better indicator of CD8+ T cell survival and function than each 
cytokine alone after interaction with oral tumors. In addition, either 
T cells alone or tumor cell transfectants alone were unable to secrete 
significant amounts of IFN-γ or IL-6, whereas the addition of T cells 
to tumor cells synergistically increased the levels of secreted cytokines 
(Figure 3C). 

Survival and expansion of CD8+ T cells is dependent on HEp2 
tumor cell NFκB activity

Untreated or IL-2 treated CD8+ T cells were co-cultured with or 
without vector-alone or IκB(S32AS36A) transfected HEp2 cells and the 
levels of CD8+ T cell survival were assessed by microscopy using trypan 
blue exclusion assay, and the rate of T cell proliferation by measuring 
the levels of 3H thymidine incorporation. Addition of vector-alone 
transfected HEp2 cells to IL-2 treated CD8+ T cells resulted in a 
significant decrease in T cell numbers compared to either T cells in the 
absence of tumor cells or T cells co-cultured with HEp2-IκB (S32AS36A) 
cells (Figure 4). As expected, untreated T cells when co-cultured with 
or without HEp2 cell transfectants exhibited significant decreases in the 
numbers of cells when compared to the 1X106 cells/ml input numbers 
of T cells at the initiation of the cultures (Figure 4). In addition, when 
compared to the input number of 1X106 cells/ml of IL-2 treated T cells 
at the initiation of the cultures significant decreases in the numbers of 
IL-2 treated T cells could be seen at days 15 (data not shown) and 24 
of cultures when IL-2 treated T cells were cultured with vector-alone 
transfected HEp2 cells (Figure 4). In contrast, when compared to 1X106 
cells/ml input IL-2 treated T cells at the initiation of the cultures, the 
numbers of IL-2 treated T cells rose substantially, exceeding those 
which were cultured in the absence of any tumors or in the presence 
of vector-alone transfected HEp2 cells, when IL-2 treated T cells were 
co-cultured with IκB(S32AS36A) transfected HEp2 cells (Figure 4). Pre-
treatment of tumor cells with IFN-γ decreased the numbers of IL-2 
treated CD8+ T cells in both vector alone and IκB(S32AS36A) transfected 
HEp2 cells (Figure 4). However, the decrease was more profound when 
the T cells were cultured with vector-alone transfected HEp2 cells (62% 
decrease) than with IκB(S32AS36A) transfected HEp2 cells (30% decrease), 
an approximately 50% decline in the loss of T cells when cultured with 
IFN-γ treated HEp2 -IκB(S32AS36A) cells when compared to IFN-γ treated 
HEp2-Vec cells (Figure 4). 

In addition to determining the numbers of T cells we measured 
the rate of proliferation in IL-2 treated T cells cultured with HEp2 cell 
transfectants using 3H thymidine incorporation assay. The levels of 3H 
thymidine incorporation were lower in co-cultures of IL-2 treated T 
cells with vector-alone transfected HEp2 cells as compared to T cell 
cultures which either did not receive any tumor cells (range of 41% to 
50% decrease) or were co-cultured with HEp2-IαB(S32AS36A) cells (range 
of 68% to 81% decrease) (Table 3). As expected, significant differences 
in the thymidine incorporation between samples could only be seen 
in IL-2 treated T cells and not in untreated T cell cultures (Table 3). 
Loss of T cell proliferation in the co-cultures of T cells with vector-
alone transfected HEp2 cells was more dramatic when HEp2 cells were 
pre-treated with IFN-γ (range of 56% to 63% decrease) (Table 3). IL-2 
treated T cell proliferation remained significantly higher in co-cultures 
of T cells with untreated and IFN-γ treated HEp2-IκB(S32AS36A) cells 
compared to either T cells in the absence of tumors or those which were 
cultured with untreated and IFN-γ treated vector-alone transfected 
HEp2 cells (Table 3). 

The decrease in the rate of proliferation of CD8+ T cells between 
those co-cultured with untreated and IFN-γ treated HEp2 tumor cell 
transfectants was on average lower in the co-cultures with NFκB knock 
down HEp2 cells when compared to vector-alone transfected HEp2 
cells. In co-cultures of vector-alone HEp2 cells with CD8+ T cells pre-
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Figure 3: NFκB knock down HEp2 tumor cells acquire increased susceptibility to CD8+ T cell cytotoxicity, and trigger increased secretion of IFN-γ in the 
presence of decreased IL-6 secretion. (A) T cells were treated with IL-2 (500 units/ml) and cultured with and without HEp2-IκB(S32AS36A) cells for 18 days before they 
were washed, counted and added to either 51Cr labeled HEp2-vec or 51Cr labeled HEp2-IκB(S32AS36A) cells. T cell cytotoxicity were determined using a standard 4 hour 51Cr 
release assay, and the lytic units 30/106 were determined using inverse number of effectors required to lyse 30% of the tumor cells X 100. (B) Purified CD8+ T cells were 
treated with and without IL-2 (500 µ/ml) overnight before their co-culture with and without IFN-γ (200 u/ml) pre-treated vector alone and IκB(S32AS36A) transfected HEp2 
cells (E:T ratio 1:1). After two weekly stimulations with freshly supplemented IL2, the supernatants were removed from the CD8+ T /HEp2 cell co-cultures at day 18th 
and assayed for released IFN- by specific and sensitive ELISA assay. IFN-γ treated HEp2 cell transfectants were washed three times before they were added to CD8+ 
T cells. The p value for the difference between secretion of IFN- in the co-cultures of CD8+ T cells with vector-alone transfected HEp2 cells vs. IκB(S32AS36A) transfected 
HEp2 cells were less than 0.05. (C) CD8+ T cells were treated with and without IL-2 (500u/ml) before their co-culture with vector-alone and IκB(S32AS36A) transfected HEp2 
cells (E:T ratio 1:1). After two weekly stimulations with freshly supplemented IL2, the supernatants were removed from the CD8+ T /HEp2 cell co-cultures at day 18th and 
assayed for the released IL-6 and IFN-γ using antibody coated multiplex microbead immunoassay kit obtained from R&D. The p values for the differences in secretion of 
IL-6 and IFN-γ between the T cells co-cultured with vector-alone vs. IκB(S32AS36A) transfected HEp2 cells were at less than 0.05. (D) The ratio for secreted levels of IL-6 to 
IFN-γ was calculated for T cells co-cultured with each of HEp2 cell transfectants. 1 of 4 representative experiments is shown in this figure.
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     T cells (No tumors)
    (pg/ml) T+HEp2-vec (pg/ml) T+HEp2-IκB(S32AS36A) (pg/ml)  

day T cells -/+IL2 - IFN-γ + IFN-γ - IFN-γ + IFN-γ

15 - 0.0±0.0 1.5±0.7 5 ± 2.8 11 ± 0.0 7.5 ± 4.9

+ 4 ±0.0 16.5±0.7 8 ± 1.4 185 ± 10 104.5±18

19 - 9 ±0.0 6 ± 4.2 3.5 ± 2.1 16 ± 0.0 5±0.0

+ 51.5 ±25 14.5 ± 9.2 10 ± 0.0 341.5 ± 20 231±42

23 - 0.0 ±0.0 0.0 ±0.0 0.0 ±0.0 23 ± 0.0 7.5±0.7

+ 9.5 ±0.7 13.5 ± 4.9 26.5 ± 2.1 1243 ± 25 465.5±16

Purified CD8+ T cells were treated with and without IL-2 (500 u/ml) overnight before their co-culture with and without IFN-γ (200 u/ml) treated vector alone and IκB(S32AS36A) 
transfected HEp2 cells (E:T ratio 1:1). After two weekly stimulations with freshly supplemented IL2, the supernatants were removed from the CD8+ T /HEp2 cell co-
cultures at the indicated days in the table and assayed for released GM-CSF by a specific and sensitive ELISA. IFN-γ treated HEp2 cell transfectants were washed three 
times before they were added to IL-2 treated CD8+ T cells. No secretion of GM-CSF from vector-alone or IκB(S32AS36A) transfected HEp2 cells in the absence of CD8+ T cells 
could be observed (data not shown). The p value for the difference between secretion of GM-CSF in the co-cultures of CD8+ T cells with control HEp2-vec and IκB(S32AS36A) 
transfected HEp2 cells are less than 0.05. 1 of 3 representative experiments is shown in this table.

Table 2: Kinetics of increased GM-CSF release when CD8+ T cells were co-cultured with untreated and IFN-γ treated HEp2-IκB(S32AS36A) cells.

T cells (no tumors)
(cpm) T+ HEp2-vec (cpm) T+HEp2-IkB(S32AS36A)  (cpm) 

T cells -/+IL2 - IFN-γ    + IFN-γ - IFN-γ + IFN-γ

Exp#1 - 4259 ± 402 4514 ± 1066 3889 ± 1268 8729 ± 558 5562 ± 398

+ 17866 ± 205 8937 ± 394 6866 ± 564 47189 ± 1327 ND

Exp #2

- 1976 ± 100 3516 ± 535 3588 ± 1088 3676 ± 524 3038 ± 365

+ 14273 ±1435 8364 ±1049 6216 ± 495 25940 ±1504 19605 ± 1295

Exp #3

- 1760 ± 390 4635 ± 2726 4995 ± 1381 5267 ± 1385 6153 ± 2767

+ 18184 ± 1128 10311 ± 1603 6784 ± 1769 32174 ± 2513 27374 ± 3589

Purified CD8+ T cells (1X106 cells per sample) were treated with IL-2 (500u/ml) before their co-culture with untreated and IFN-γ pre-treated (200u/ml), irradiated vector-
alone and IκB(S32AS36A) transfected HEp2 cells (E:T ratio of 1:1). After 18 days of incubation 100 µl of each sample were removed and added in triplicates to 96 well flat 
bottom plates and the incubation continued in the presence of 1µCi/well of 3H thymidine for another 16-18 hours. IFN-γ pre-treated HEp2 cell transfectants were washed 
three times before they were added to CD8+ T cells. The p value for the differences between the co-cultures of IL-2 treated CD8+ T cells with control HEp2 cells vs. 
IκB(S32AS36A) transfected HEp2 cells were less than 0.05. ND (not done)
Table 3: Inhibition of CD8+ T cell thymidine incorporation after interaction of CD8+ T cells with vector-alone transfected HEp2 cells but not with HEp2-IκB(S32AS36A) cells.

treatment of tumor cells with IFN-γ resulted in 23% to 34% loss of T 
cell proliferation when compared to the co-cultures with untreated 
tumor cells. In contrast, in co-cultures containing HEp2-IκB (S32AS36A) 
cells with CD8+ T cells IFN-γ pre-treatment of tumor cells reduced T 
cell proliferation only by 15%-24% when compared to the co-cultures 
with untreated HEp2 -IκB(S32AS36A) cells (Table 3). Therefore, both cell 
loss and decreased proliferation could be observed when CD8+ T cells 
were co-cultured with vector-alone transfected HEp2 cells whereas 
T cell expansion could be observed when cultured with NFκB knock 
down HEp-2 cells. 

Allogeneic CD8+ T cells when sensitized by IFN-γ treated 
HEp-2 cell transfectants have lower ability to lyse HEp 2 
tumors

T cells were treated with IL-2 and cultured with either untreated 
or IFN-γ treated irradiated HEp2-Vec or HEp2-IκB(S32AS36A) cells for 18 
days before they were washed, counted and added to either 51Cr labeled 
HEp2-vec or 51Cr labeled HEp2-IκB(S32AS36A) cells. No contaminating 
tumor cells could be seen by microscopic examination in the co-
cultures of CD8+ T cells and HEp2 tumor cell transfectants at the day 
18th of co-cultures (data not shown). IL-2 treated T cells sensitized with 

vector-alone transfected HEp2 cells displayed reduced lysis of 51Cr 
labeled HEp2-Vec or HEp2-IκB (S32AS36A) cells (Figure 5). In contrast, T 
cells sensitized with HEp2-IκB (S32AS36A) cells lysed 51Cr labeled HEp2-
vec or HEp2-IκB (S32AS36A) cells significantly more than T cells co-
cultured with vector-alone transfected HEp2 cells (Figure 5). However, 
in both cases higher lysis of NFκB knock down tumors were seen by 
T cells when compared to vector-alone transfected HEp2 cells. IL2 
treated T cells co-cultured with IFN-γ treated tumor transfectants had 
reduced ability to lyse 51Cr labeled HEp2 tumor cell transfectants when 
compared to those cultured with untreated tumor cells. Collectively 
these data suggest that blocking NFκB function in tumor cells makes 
them susceptible to allogeneic CD8+ T cell mediated cytotoxicity. 

Discussion 
We have previously shown that inhibition of NFκB in HEp2 tumor 

cells results in activation of NK cell cytotoxic function and in an 
increase in the levels of IFN-γ secretion by the NK cells [8,24]. In this 
paper we demonstrate that allogeneic CD8+ T cell cytotoxic function 
is also increased against NFκB knock down tumor cells. Moreover, 
two oral tumors OSCSCs and Cal 27 exhibiting decreased secretion of 
IL-6 similar to NFκB knock down HEp2 cells are highly susceptible 
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to NK cell mediated cytotoxicity, whereas their corresponding more 
differentiated cells which secrete higher levels of IL-6 are resistant to 
NK cell mediated cytotoxicity. 

 NFκB knock down HEp2 cells grew at a relatively faster rate than 
vector-alone transfected HEp2 cells and became highly resistant to NK 
cell mediated cytotoxicity when treated with a combination of IFN-γ 
and TNF-γ. In addition, the size of the cells remained smaller than the 
vector-alone transfected HEp2 cells. 

The increased lysis of HEp-2-IκB(S32AS36A) cells by T cells was not due 
to an increased sensitivity of these cells to T cell elaborated apoptotic 
factors since, supernatants obtained from the co-cultures of T cells and 
HEp2-IκB(S32AS36A) cells were unable to lyse HEp2-IκB(S32AS36A) cells at 
4-6 hour time points, unlike direct CD8+ T cell lysis (data not shown). 
Therefore, direct contact between the T cells and HEp2-IκB (S32AS36A) 
cells was necessary for the lysis of tumor cells. 

Numbers of T cells co-cultured in the presence of IκB (S32AS36A) 
transfected HEp2 cells increased over time when compared to 
the input numbers at the initiation of the T cell and tumor cell co-
cultures. In contrast, T cell numbers decreased substantially over time 
after interaction with vector-alone transfected HEp2 cells. Therefore, 
blocking NFκB function in HEp2 cells was found to decrease the ability 
of HEp2 cells to induce depletion of T cells. This observation is of 
significance since it does imply that when cells are differentiated they 

result in the deletion of NK and T cells. Similar effects of HEp2 cell 
transfectants on NK cell survival were also observed previously [8]. 

Inhibition of NFκB in HEp2 cells increased secretion of IFN-γ and 
GM-CSF by CD8+ T cells whereas secretion of IL-6 was significantly 
inhibited. In contrast, CD8+ T cells and vector-alone transfected HEp2 
cells each secreted moderate to low levels of IL-6 and IFN-γ, and co-
incubation of these cells together increased substantially the secreted 
levels of IL-6 while triggering lower levels of IFN-γ secretion. IL-6 
secretion by HEp2- IκB (S32AS36A) cells was lower than in vector alone 
transfected HEp2 cells. IL-6 is secreted constitutively by a number 
of oral Squamous cell carcinomas [25]. IL-6 is known to interfere 
with IFN-γ signaling by the induction of Th2 differentiation [26]. 
Furthermore, induction of Stat3 activation is observed after IL-6 
treatment [26]. Since blocking of Stat3 function in tumor cells is 
shown to inhibit tumor mediated inactivation of adaptive immunity 
[27], it is likely that IL-6 induced Stat3 function in the co-cultures of 
T cells and vector-alone transfected HEp2 cells is in part responsible 
for the induction of CD8+ T cell inactivation. This possibility is under 
investigation in our laboratory presently. 

It is clear that the kinetics and timing of activation is quite different 
between NK cells and CD8+ T cells when cultured with HEp2 tumor 
cell transfectants. Whereas NK cells can be activated within 24 hours to 
secrete substantial amounts of IFN-γ, and lyse their respective tumors 
in 4 hours, CD8+ T cells required a minimum of two to three weeks 
to demonstrate increased secretion of IFN-γ and the lysis of tumor 
cells. Indeed, when tested in parallel, we observed no cytotoxicity 
or secretion of IFN-γ by the co-cultures of tumor transfectants with 
CD8+ T cells within the time period when significant lysis of tumors 
and secretion of IFN-γ could be observed by the co-cultures of NK cells 
with HEp2 tumor transfectants (data not shown).

 IFN-γ is known to protect the cells from NK or T cell mediated 
lysis resulting in the loss of NK or T cell function and cell numbers [22-
24]. Similarly, we show here that IFN-γ treatment causes suppression 
of CTL mediated cytotoxicity against both NFκB knock down cells 
and vector-alone transfected HEp-2 cells. Such effect is likely due to 
induction of differentiation and loss of susceptibility to NK or CTL 
mediated lysis. We also observed a significant decline in the number 
and the activity of CD8+ T cells when they were co-cultured with IFN-γ 
pre-treated control HEp2 cells (Figure 3-5). Indeed, IFN-γ is known to 
not only augment the expression of MHC-Class I [1,22,23,28], but also 
it increases a number of important inhibitory ligands such as B7H1. 
Interestingly, IFN-γ treatment augmented the expression of B7H1 
inhibitory ligand on HEp2-vec cells to a greater extent than in HEp2-
IκB (S32AS36A) cells after IFN-γ treatment (data not shown) correlating 
with the lower ability of IFN-γ treated HEp2-IκB (S32AS36A) cells to induce 
inactivation of cytotoxic function of IL-2 treated CD8+ T cells (Figure 
5). Whether inability to upregulate inhibitory surface receptors in HEp-
2-IκB (S32AS36A) cells is responsible for NK and CD8+ T cells mediated 
cytotoxicity should await future investigation.

Even though the magnitude of IFN-γ protective effects, especially 
in terms of CTL numbers and proliferation, in co-cultures of T cells 
with IFN-γ treated IκB (S32AS36A) transfected HEp2 cells was somewhat 
less than that seen in the co-cultures of T cells with IFN-γ treated 
vector-alone transfected HEp2 cells, we could still observe significant 
functional differences between IFN-γ treated and untreated HEp2-IκB 
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Figure 4: Expansion of CD8+ T cell numbers after interaction with HEp2-
IkB(S32AS36A) cells is in contrast with contraction of CD8+ T cells after 
interaction with vector-alone transfected HEp2 cells: (A) Purified CD8+ 
T cells (1X106 cells per sample) were treated with and without IL-2 (500u/ml) 
overnight before their co-culture with untreated and IFN-g pre-treated (200u/
ml), irradiated vector-alone and IκB(S32AS36A) transfected HEp2 cells (E:T ratio of 
1:1). After two weekly stimulations with freshly supplemented IL2, the cells were 
removed from the CD8+ T /HEp2 cell co-cultures at day 18th and the numbers 
of effector cells were determined in each sample by microscopic counting of 
viable T cells by Trypan blue exclusion assay. The numbers of effector cells 
were determined by three independent observers. One of four representative 
experiments is shown in this figure. One of four representative experiments is 
shown in this figure.
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(S32AS36A) cells on T cell function. This indicated that there is an NFκB 
independent effect of IFN-γ on protection of HEp2 cells since no NFκB 
could be induced in HEp2-IκB (S32AS36A) cells even when a very sensitive 
system of NFκB measurement was employed to assess the levels of 
NFκB function [29]. Therefore, IFN-γ may function through NFκB 
dependent and independent pathways to protect the tumors from NK 
and CTL functions.

Overall, it appears that the magnitude of NFκB expressed in tumors 
are important for providing signals which either limit or increase the 
number and function of cytotoxic effectors. Decreased expression of 
NFκB in tumor cells in one hand could potentially activate the NK 
and CTL mediated cytotoxicity resulting in an increased clearance 
of the tumors by killer effectors. However, lower expression of NFκB 
in tumors could also potentially generate chronic inflammatory 
conditions by which untransformed cells could become transformed 
due to the high levels of inflammatory cytokines induced. 

Since tumorigenic and non-tumorigenic human oral keratinocytes 
acquire sensitivity to NK cell mediated lysis when NFκB is inhibited, 
it is likely that this phenomenon is not specific to cancer or oral 
keratinocytes, and it may occur in other healthy non-transformed cell 
types [15]. Indeed, when human primary monocytes were differentiated 
to dendritic cells they too became more resistant to NK cell mediated 
cytotoxicity [15]. Moreover, knock down of COX2 in primary mouse 

monocytes [15], or in mouse embryonic fibroblasts, resulted in the 
reversion or de-differentiation of the monocytes and fibroblasts 
respectively, and the activation of NK cell cytotoxicity. Indeed, it is 
likely that any disturbance in cellular differentiation may predispose 
the cells to NK and CTL mediated cytotoxicity. Since STAT3 is an 
important factor increased during differentiation, blocking STAT3 is 
also critical in the activation of immune effectors [27]. In support of 
a critical role of STAT3 in immune evasion of tumor cells in humans, 
we and others have recently shown that Glioblastoma Multiforme 
(GBM) tumors display constitutive activation of STAT3 (Cacalano and 
Jewett, unpublished observation) [30], and poorly induce activating 
cytokines and tumor-specific cytotoxicity in human Peripheral Blood 
Mononuclear Cells (PBMCs) and NK cells. Ectopic expression of 
dominant-negative STAT3 in the GBM cells increased lysis of the 
tumor cells by the immune effectors and induced production of IFN-γ 
by the interacting immune effectors. 

Based on the accumulated evidence thus far we propose that NK 
cells and potentially CTLs may play a critical role in differentiation of 
the cells by providing important signals via secreted cytokines as well 
as direct cell-cell contact. In order to drive differentiation, NK cells 
and CTLs will have to first receive signals from stem cells or those 
which have disturbed or defective capabilities to differentiate in order 
to be conditioned to lose cytotoxicity and gain in cytokine producing 
phenotype. Indeed, we have previously coined this concept as split 
anergy in NK cells which is induced by not only sensitive tumor 
cells but also after triggering of the CD16 receptor [7,20,21,31,32]. 
In cancer patients since the majority of NK cells and CTLs have lost 
cytotoxic activity, they may eventually contribute rather than halt the 
progression of cancer by not only driving the differentiation of tumor 
cells but more importantly, by allowing the growth and expansion of 
the pool of cancer stem cells.
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Figure 5: Increased lysis of IκB(S32AS36A) transfected HEp2 cells and 
inhibition of HEp2 tumor cell cytotoxicity after exposure of T cells to HEp2-
vec but not HEp2-IκB(S32AS36A) cells: CD8+ T cells were treated with IL2 (500 
u/ml) and cultured with each of untreated or IFN-γ treated vector-alone and 
IκB(S32AS36A) transfected HEp2 cells (E:T ratio 1:1). After 18 days of co-cultures 
the samples were washed twice, the number of surviving CD8+ T cells counted 
and adjusted to 1X106/ml before they were added to 51Cr labeled HEp2-vec and 
HEp2- IκB(S32AS36A) cells. After 4-6 hours of incubation at 37oC, supernatants 
were harvested and the levels of released 51Cr radioactivity were determined 
by a γ counter. LU 30/106 is calculated by using the inverse of the number of 
effector cells needed to lyse 30% of tumor target cells X100. The p values for 
the difference between the co-cultures of T cells with vector-alone transfected 
HEp2 cells and with IκB(S32AS36A) transfected HEp2 cells are less than 0.05. One 
of 6 representative experiments is shown in this Figure.
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