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We assessed the immunological status of stage III and IV head and 
neck squamous cell carcinoma (HNSCC) patients and age-matched 
healthy individuals. In HNSCC patients, the total leukocyte count 
was lower and the proliferating ability of PBMCs against 
phytohemagglutinin (PHA) was significantly downregulated. These 
cells showed lower expression of the early activation marker CD69. 
Within this PBMC population, the proportion of CD4+, CD8+ T 
cells, CD3- CD56+, CD16+ NK cells and CD3+ CD56+ NK-T cells was 
seriously downregulated. However, the proportion of CD4+ CD25+ 
Foxp3+ regulatory T cells having suppressor function was 
upregulated. Other immune cells, like CD14+ monocytes/
macrophages and CD20+ B cells, were also fewer in number, 
although this difference was not statistically significant. Assessment 
of the cytokine secretory status of PBMCs revealed suppressed levels 
of Th1 cytokines (IFN-γ, IL-12 and TNF-α) and elevated secretion of 
Th2 cytokines (IL-4 and IL-10) for HNSCC PBMCs whereas just the 
opposite was seen for PBMCs from healthy individuals. 
Dysregulation in the profile of immunocompetent cells and cytokine 
secretion was reflected in the suppressed cytotoxic function of 
HNSCC PBMCs, as tested on KB (oral cancer), MCF7 (breast cancer), 
COLO205 (colon cancer), Jurkat (T cell leukemia), K562 
(erythroleukemia) and U937 (monocytic lymphoma) cell lines. The 
observed decreased cytotoxicity of HNSCC PBMCs may be due to the 
downregulated expression of cytotoxic molecules (perforin, 
granzymeB and FasL) in HNSCC PBMCs. Assessment of the extent of 
immune dysfunction might help design immunotherapeutic 
protocols by incorporating any agent having immunomodulatory 
function.
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Introduction
The immune functions of patients suffering from advanced 

head and neck squamous cell carcinoma (HNSCC) are 
frequently suppressed (1, 2), thus these patients may not be 
considered potential subjects for any therapy targeting the 
immune system (3). Currently, interferon-alpha2b is considered 
a promising mode of treatment for various types of cancers (2). 
This therapy is applied particularly in those cancers where 
patients are immunocompetent, e.g., melanoma, renal cell 
carcinoma, etc. (4). Unfortunately, due to the 

immunosuppression seen in HNSCC, this disease is rarely 
considered suitable for treatment with such therapy. After our 
initial success in immunopotentiation with interferon-alpha2b 
on peripheral blood mononuclear cells from HNSCC patients in 
in vitro studies, we have planned to use this therapy on HNSCC 
patients attending a cancer clinic at Kolkata, India. The primary 
objective is to stimulate the suppressed immune system to co-
participate in tumor cell cytotoxic functions of chemotherapy 
and radiotherapy. However, methodical analysis of the degree 
and extent of immunosuppression of HNSCC patients is still 
lacking.

In this perspective, the present study was designed to analyze 
the immune status of HNSCC patients in detail to obtain a clear 
idea of their innate, humoral and cellular immune functions. 
This introductory study will set the groundwork to initiate a 
clinical study to modulate the suppressed immune functions of 
HNSCC patients by interferon-alpha2b.

Results
The proportion of leukocytes and their activation is reduced in 
HNSCC patients

Venous blood was collected from healthy individuals and 
HNSCC patients. The total leukocyte (WBC) count was 
determined and PBMCs separated. The total WBC count in 
HNSCC patients was significantly less than that in healthy 
individuals (Figure 1A). PBMCs isolated from the blood 
collected were incubated with or without PHA for 96 hours and 
proliferative activity was assessed by MTT assay. It is apparent 
from Figure 1B that proliferation of HNSCC PBMCs was 
significantly less than that of PBMCs from healthy individuals. 
After PHA induction, the increase in proliferation of HNSCC 
PBMCs was relatively less than that of PBMCs from healthy 
individuals. PHA stimulated HNSCC PBMCs demonstrated less 
activation, as evidenced by lower expression of the early 
activation marker CD69 (Figure 1C).

Various immunocompetent cells are dysregulated in HNSCC
PBMCs obtained from HNSCC patients and healthy 

individuals were stained with surface markers for T cell subsets 
(CD4+ helper, CD8+ cytotoxic and CD4+ CD25+ Foxp3+ 
regulatory cells), B cells (CD20+), NK cells (CD3- CD56+, 
CD16+), NK-T cells (CD3+ CD56+), and monocytes (CD14+). 
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Figure 1 

Leukocyte count, proliferation and activation of PBMCs. (A) Total WBC counts from HNSCC patients (n = 10) and healthy individuals (n = 10) presented in the form 
of individual (left) and cumulative (right) data. (B) PBMCs isolated from untreated HNSCC patients and healthy individuals (n = 10 in each case) were cultured in vitro
for 96 h. Proliferation was then determined by MTT assay. (C) Activation status of PBMCs assessed after 48 h by flow cytometry. Individual data (left), cumulative data 
(middle), as well as a representative figure of CD69 staining (right), are presented. For cumulative data, the mean ± SD are given in the bar diagram. *P<0.0001.

The percentage of CD4+ and CD8+ T cells was much lower in 
the patient population than in the healthy subjects (Figure 2A) 
but the ratio of CD4+/CD8+ cells was not significantly different 
between the two groups. In the case of HNSCC patients, the 
percentage of CD56+ and CD16+ NK cells (CD3-) and CD3+ 
CD56+ NK-T cells within the lymphocyte gated population was 
significantly lower than that seen for healthy individuals 
(Figure 2B). The CD56+ population could be subdivided into 
cytotoxic dim and secretory bright population. The CD56+ dim 
population was significantly decreased in HNSCC PBMCs in 
comparison to PBMCs from healthy individuals (Figure 2B). 
On the other hand, the percentage of CD4+ CD25+ Foxp3+ 
regulatory T cells was significantly higher among HNSCC 
PBMCs than in PBMCs from healthy individuals (Figure 2A). 
The percentage of CD20+ B cells and CD14+ monocytes was 
also slightly less in the HNSCC patient population (Figure 2C).

HNSCC is associated with downregulated Th1 cytokine secretion by 
PBMCs

PBMCs of HNSCC patients and healthy individuals were 
cultured in vitro for 72 hours and culture supernatants were 
collected to assess the level of the secreted Th1 cytokines IL-12, 
IFN-γ and TNF-α (Figure 3). The levels of IL-12, IFN-γ and 
TNF-α were significantly lower in HNSCC patients (IL-12: 
13.09 ± 6.75 pg/ml; IFN-γ: 169.68 ± 59.88 pg/ml; TNF-α: 
202.5 ± 68.14 pg/ml) than in healthy subjects (IL-12: 
22.58 ± 2.95 pg/ml; IFN-γ: 409.56 ± 143.07 pg/ml; TNF-α: 
285.62 ± 64 pg/ml). The same culture supernatants were 
assessed for the secreted Th2 cytokines IL-4 and IL-10 
(Figure 4). The level of IL-4 was much higher in most of the 
fifteen patients studied (mean IL-4: 14.05 ± 5.25 pg/ml in 
patients vs. 9.33 ± 2.87 pg/ml in healthy individuals). The 
production of IL-10 was abnormally high (>130 pg/ml) in four 
patients, with the median value being much higher in the patient 
population than in healthy subjects (104.92 ± 29.27 pg/ml in 
patients vs. 66.88 ± 23.11 pg/ml in healthy individuals).

HNSCC PBMCs are less cytotoxic towards various tumor cells

PBMCs isolated from the blood of HNSCC patients and 
healthy individuals were incubated with various cancer cell lines 
(KB, MCF7, COLO205, Jurkat, K562 and U937) to assess the 
degree of cytotoxicity (Figure 5). The mean percent specific lysis 
of HNSCC PBMCs towards KB, MCF7, COLO205, Jurkat, K562 
and U937 cells was 8.7%, 9.8%, 0.9%, 12.9%, 5.5% and 11.2%, 
respectively, significantly less than that seen with PBMCs from 
healthy subjects (27.0%, 31.9%, 27%, 22%, 17.9% and 34.5%, 
respectively).

Poor cytotoxicity may be associated with downregulated expression 
of perforin, granzymeB and FasL in HNSCC PBMCs

Following-up on our observation of decreased cancer cell 
cytotoxic efficacy of HNSCC PBMCs in comparison to PBMCs 
from healthy individuals, we assessed the status of various 
cytotoxic molecules (perforin, granzymeB and FasL) to try to 
elucidate the basis of this decreased cytotoxicity. Intracellular 
expression of perforin, granzymeB and surface expression of 
FasL were studied on both CD56+ NK and CD8+ T cells 
(Figure 6, Table 1). In the case of PBMCs from HNSCC patients, 
the mean fluorescence intensity (MFI) of perforin- and 
granzymeB-expressing CD8+ T cells and CD56+ NK cells was 
significantly less than that of cells from healthy individuals. 
Expression of FasL on CD8+ T cells and CD56+ NK cells was 
also significantly less for HNSCC PBMCs than for PBMCs from 
healthy individuals.

Discussion
It is not a new observation for hemato-oncologists that cancer 

patients have comparatively lower counts of white blood cells 
(leukocytes). This condition is aggravated when patients are 
exposed to cancer treatments, including chemo- and 
radiotherapy. In HNSCC patients this situation is more 
pronounced as this type of malignancy is more 
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Figure 2 
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Analysis of surface phenotypic markers of various immune effector cells. PBMCs were isolated from HNSCC patients and healthy individuals (n = 10 in each case). 
Cells were labeled with different fluorescence-conjugated antibodies and the percentage of positive cells monitored by flow cytometric analysis. For each marker, data 
representing the mean ± SD from ten individuals (left), cumulative data (middle) and a representative figure (right) are shown. P values are as follows: *, 0.0118; **, 
0.0230; +, 0.001; diamond, 0.0221; ++, 0.0014; #, 0.0014.

immunosuppressive than other types of cancers. In this context, 
optimum clinical outcome may be obtained by successful 
immunomodulation of HNSCC patients with an agent having 
immunostimulatory property. To define the point of 
immunomodulation and to select the proper 
immunomodulator, it is important to have an idea of the 
immune status of HNSCC patients. Some observations have 
already been published (5, 6), however without any report 
defining the complete immune status of HNSCC patients, 
including all cell types involved.

With the objective to implement an immunotherapeutic 
protocol for HNSCC by inducing tumor cell cytotoxicity by 
immune cells present in leukocytes or other immune 
compartments, we have first analyzed the complete immune 
status of patients suffering from HNSCC. In an effort to check 
the total white blood cell count from HNSCC patients, we 
observed a significant reduction in the leukocyte count in 
HNSCC patients. PBMCs present in this leukocyte population 
demonstrated less proliferative ability against PHA. These cells, 
while undergoing proliferation, were less active as demonstrated 
by the poor expression of the CD69 marker. Inactive PBMCs in 
reduced number definitely cause a reduction in the tumor 
killing activity. Moreover, the migratory ability of these PBMCs 
from HNSCC patients was significantly less than that of PBMCs 
from healthy subjects (data not shown). Dysregulated 
chemokine signaling in HNSCC may be the reason of impaired 
cellular migration (unpublished observation). Rectification of 
the migratory behavior of HNSCC PBMCs would be a vital step 
for immunomodulation.

Next we have assessed the status of immunocompetent cells 
that may participate in the migration to the tumor site. Our 
results clearly defined that all classes of cytotoxic cells are 
significantly downregulated, with enhancement of the 
suppressor regulatory T cells. This situation reduces the tumor 
cell killing by immune cells and inactivates those cells still 
available for tumor killing. Mukhopadhaya et al. (7) studied the 
immune reactivity of lymphocytes from HNSCC patients and 
reported that tumor infiltrating lymphocytes showed a 
significant less proportion of CD3+ and CD4+ T cells. The 
percentage of NK cells (CD3- CD56+) was uniformly less in 
both tumor infiltrating lymphocytes and lymph node 
lymphocytes in HNSCC patients. In addition to NK cells (CD3- 
CD56+), we also found that the number of NK-T cells (CD3+ 
CD56+) was significantly reduced in HNSCC patients. NK-T 
cells make a functional link between innate and adaptive 
antitumor immunity (8) by sharing some receptors and 
functions between NK cells and αβ TCR-bearing T lymphocytes 
(9). NK-T cells exhibit characteristics of both Th1 and Th2 
CD4+ T lymphocytes, together with NK cell activities, and thus 
may have a dual function in immune regulation and immune 
surveillance against tumors (10). Downregulation in this NK-T 
cell population definitely deteriorates various immune signaling 
cascades in HNSCC patients. This proportional and functional 
decrease in immunocompetent cells may be influenced by 
upregulation of CD4+ CD25+ Foxp3+ regulatory T cells. This 
special type of cells is not only involved in functional 
downregulation of T, NK or NK-T cells, but also seriously 
interferes with the antigen presentation function of various cells, 
including dendritic cells (11). Therefore upregulation of 
4 of 9 www.cancerimmunity.org
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Figure 3 

Secretory pattern of Th1 cytokines. PBMCs isolated from HNSCC patients and 
healthy individuals (n = 15 in each cases) were stimulated in vitro and culture 
supernatants were collected after 72 h to measure the levels of IFN-γ, IL-12 and 
TNF-α by ELISA. The mean ± SD from fifteen individuals (left) and cumulative 
data (right) are presented. Levels of Th1 cytokines in HNSCC patients were signif-
icantly lower than in healthy individuals. P values are as follows: *, 0.0001; **, 
0.0007; +, 0.0247.

Figure 4 

Secretory pattern of Th2 cytokines. PBMCs from HNSCC patients and healthy 
individuals (n = 15 in each case) were stimulated in vitro and culture supernatants 
were collected after 72 h to measure the levels of IL-4 and IL-10 by ELISA. The 
mean ± SD from fifteen individuals (left) and cumulative data (right) are pre-
sented. Levels of Th2 cytokines in HNSCC patients were significantly higher than 
healthy individuals. P values are as follows: *, 0.0226; **, 0.0047.

Figure 5 

Cytotoxicity of PBMCs towards different cancer cells. PBMCs were isolated from HNSCC patients and healthy individuals (n = 10 in each case) and incubated with KB 
(A), MCF7 (B), COLO205 (C), K562 (D), Jurkat (E) and U937 (F) cells for 4 h. Cytotoxicity was then determined by the LDH release assay. The mean ± SD from ten indi-
viduals (left) and cumulative data (right) are presented. P values are as follows: *, <0.001; +, 0.0018.
www.cancerimmunity.org 5 of 9
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Figure 6 

Status of the cytotoxic molecules perforin, granzymeB and FasL. PBMCs isolated from HNSCC patients and normal individuals (n = 8 in each case) were cultured in 
vitro for 24 h. Cells were washed and stained for intracellular perforin or granzymeB (by anti-human perforin-FITC or anti-human granzymeB-FITC, respectively) along 
with PE-conjugated anti-CD8 or anti-CD56 antibodies. Similar cells were also stained with anti-human FasL along with PE-conjugated anti-CD8 or anti-CD56 antibod-
ies. Staining status was assessed by flow cytometric analysis. The bar diagrams show the percentage of double positive cells from 8 HNSCC patients (white bar) and nor-
mal (black bar) individuals. For the comparison of PBMCs from HNSCC patients and normal individuals, P values are as follows: *, 0.0086; **, 0.0001; single diamond, 
<0.0001; two diamonds, 0.0006; single spade, 0.0004; two spades, 0.0020.

Table 1 
Status of cytotoxic molecules.

immunocompetent cells, as well as downregulation of the 
regulatory T cells, is an important phenomenon to be 
considered for any immunotherapeutic strategy.

In our study, we found decreased secretion of Th1 cytokines 
(IL-12, IFN-γ and TNF-α) in all HNSCC patients studied 
compared to healthy controls. All of these cytokines are 
necessary for the potentiation of the cytotoxic activity of T cells 
and NK cells (12), and decreased secretion of these cytokines by 
HNSCC PBMCs is the potential reason of impaired cytotoxic 
function. IL-12 is released from activated monocytes and has 
been shown to promote the development of Th1 type T cells and 
to induce secretion of IFN-γ by activating T cells and NK cells. 
IFN-γ in turn activates macrophages and monocytes to release 
IL-12 (13). Furthermore, both IFN-γ and TNF-α possess direct 
cytotoxic and cytostatic activity towards tumor cells (14, 15). 
Lathers et al. (16) reported that cytokine levels in HNSCC 
patients suggested a shift to a Th2 bias, as levels of the Th2 
cytokines IL-4, IL-6 and IL-10 were increased and the levels of 
the Th1 cytokine IFN-γ were decreased. These observations are 
largely the same as our results when we examine the production 
of IL-10 and IL-4 from PBMCs. In the patient population, both 
of these cytokines were at much higher levels than in healthy 
individuals. IL-10 is mainly produced by T helper 2 cells that 
inhibit cytokine synthesis by Th1 cells (17), an effect attributed 
to inhibition of the accessory function of macrophages, 
including downregulation of MHC class II expression, leading 
to impaired antigen presentation to reactive T cells (18). A much 
higher level of IL-4 than the mean levels of healthy individuals 
was observed in six out of seven patients and was correlated with 
IL-10 levels. Moreover, significant depletion of NK cells in 

HNSCC patients may participate in the development of M2 
condition of macrophages, thereby enhancing the secretion of 
the Th2 cytokines IL-4 and IL-10 (19). The combination of IL-4 
and IL-10 is able to temporarily suppress the generation of 
IFN-γ producing cells without affecting the polarity of T cells 
(20). IL-10-mediated decreased secretion of IFN-γ may impair 
the cytotoxic ability of HNSCC PBMCs. Monocyte-derived 
IL-10 also stimulates the functions of regulatory T cells which 
indirectly potentiate tumor growth (11).

This cytokine microenvironment, along with immune cellular 
dysregulation, may affect tumor cell cytotoxic functions. To 
obtain evidence in favor of this hypothesis, we have compared 
the cytotoxic ability of HNSCC PBMCs towards six different 
cancer cell lines with that of PBMCs from healthy subjects. 
HNSCC PBMCs were less cytotoxic to all cancer cells tested in 
comparison to PBMCs from healthy individuals. Dysregulated 
immune functions in HNSCC patients directly interfere with 
various cytotoxic functions, including non-specific 
macrophage/NK-mediated cytotoxicity, antibody-dependent 
cellular cytotoxicity, complement-dependent cytotoxicity and 
cytotoxic T lymphocyte reaction. Participating immune cells in 
these cytotoxic reactions are regulated by different cytotoxic 
molecules. In order to determine the basis of the suppressed 
tumor cell cytotoxicity by HNSCC PBMCs, we have assessed the 
status of perforin, granzymeB and FasL in effector cells. Our 
experimental data clearly show that these cytotoxic molecules 
are seriously downregulated in CD8+ T cells and CD56+ NK 
cells from HNSCC patients, thus being the basis of the impaired 
cytotoxicity of HNSCC PBMCs. In T cell-mediated responses, a 
critical balance exists between direct cytotoxicity mediated by 
6 of 9 www.cancerimmunity.org
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perforin and IFN-γ secretion that dictates the immune 
homeostasis (13, 14). In tumor models, perforin and IFN-γ has 
each been demonstrated to contribute to tumor incidence and 
metastasis (17, 18, 19). The IFN-γ secretory status in HNSCC 
patients is seriously downregulated and may cause cytotoxic 
impairment. In addition to these fundamental effector 
functions, cytokines also mediate their cytotoxic functions 
towards tumor cells. Therefore, an ideal immunotherapeutic 
strategy should target these key players of immune suppression 
to obtain optimum clinical benefit with the least toxicity.

Abbreviations
HNSCC, head and neck squamous cell carcinoma
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Materials and methods
HNSCC patients

Patients (30 male and 11 female) with histopathologically 
confirmed stage III and IV head and neck squamous cell 
carcinoma (HNSCC) and age-matched healthy individuals (11 
male and 7 female) were included in this study before initiation 
of any treatment. Blood samples from cancer patients and 
healthy individuals were collected after their informed consent.

Tumor cell lines
KB (oral cancer) and MCF7 (breast cancer) cells were 

maintained in minimum essential medium (Life Technologies, 
NY, USA), supplemented with 10% (v/v) heat inactivated fetal 
bovine serum (FBS), 2 mM L-glutamine and gentamycin 
(0.052 mg/ml) at 37°C with 5% CO2. COLO205 (colorectal 
adenocarcinoma), Jurkat (leukemic T cell), K562 
(erythroleukemic cell) and U937 (lymphoma) cells were 
maintained in RPMI 1640 (Life Technologies, NY, USA), 
supplemented with 10% (v/v) heat inactivated fetal bovine 
serum (FBS), 2 mM L-glutamine and gentamycin (0.052 mg/ml) 
at 37°C with 5% CO2.

Leukocyte count
Blood was collected from HNSCC patients and healthy 

individuals and the total leukocyte (WBC) count determined. 
Total WBC count was performed using WBC diluting fluid (3% 
glacial acetic acid) according to a standard procedure using a 
hemocytometer (21).

PBMC culture
PBMCs from HNSCC patients and healthy donors were 

isolated from heparinized venous blood by density gradient 
centrifugation over Ficoll-Hypaque. Isolated PBMCs were 
cultured in RPMI 1640 medium (Life Technologies, NY), 
supplemented with 10% FBS, penicillin (50 units/ml), 
streptomycin (50 µg/ml) and gentamycin (0.052 mg/ml) at 37°C 
in a humidified atmosphere with 5% CO2, with 
phytohemagglutinin (PHA) (5 µg/ml). Seventy-two hours after 
culture, supernatants were collected, stored at -80°C and used 
for the measurement of cytokine secretion.

PBMC proliferation
PBMCs isolated from healthy individuals and HNSCC 

patients were taken in RPMI 1640 medium containing 10% FBS 
penicillin (50 units/ml), streptomycin (50 µg/ml) and 
gentamycin (0.052 mg/ml). Cells (2 x 105) were plated in a 96-
well round-bottom microtiter plate with or without 
phytohemagglutinin (PHA) (5 µg/ml) and incubated for 96 h at 
37°C in a humidified atmosphere with 5% CO2. Proliferation 
was checked by MTT assay as described earlier (22). In brief, the 
plate containing the cell culture was centrifuged and the 
medium was partially aspirated. An aliquot of MTT solution 
(20 µl of a 5 mg/ml solution) was then added to each well and 
the plates were incubated for 4 h at 37°C. The medium was 

removed by aspiration and the purple-colored formazon 
precipitate was dissolved in DMSO (100 µl) and the absorbance 
measured at 540 nm using a microplate reader (Tecan Spectra, 
Grodig, Austria).

Flow cytometric analysis of immune cellular markers and FasL
Flow cytometric analysis of the surface phenotypic markers of 

PBMCs was performed by direct staining of whole blood. Blood 
(100 µl) was labeled with 20 µl of different anti-human 
fluorescence-conjugated antibodies (single staining with CD4-
FITC, CD8-PE, CD56-PE, CD16-PE, CD20-PE, CD14-FITC, 
CD69-FITC and double staining with CD3-PE/CD56-FITC 
from BD Pharmingen, San Diego, CA) and CD178-FITC (e-
Biosciences, San Diego, CA) for 30 min as per the 
manufacturer's recommendations. After labeling, the RBCs 
were lysed with FACS lysing solution (BD Pharmingen, San 
Diego, CA), washed and then fixed in 1% paraformaldehyde in 
PBS and cytometry was performed by using Cell Quest software 
on a FACScan flow cytometer (Becton Dickinson, 
Mountainview, CA). Suitable negative isotype controls were 
used to rule out the background fluorescence. The data was 
generated by cytofluorometric analyses of 10,000 events. The 
percentage of the population positive for each marker was 
determined using quadrant statistics.

Flow cytometric analysis of regulatory T cells
PBMCs of HNSCC patients and healthy individuals were 

cultured for 24 h, non-adherent cells were washed and surface-
stained with either both anti-CD4-FITC and anti-CD25-PE, or 
with anti-CD4-FITC and the intracellular component stained 
for Foxp3. After fixation and permeabilization using CytoFix/
CytoPerm solutions (BD-Pharmingen, San Diego, CA), the cells 
were stained for intracellular Foxp3 with PE-conjugated 
antibody (anti-human Foxp3-PE). Cells were analyzed on a 
FACSCalibur using CellQuest software. Suitable negative 
isotype controls were used to rule out the background 
fluorescence. The data was generated by cytofluorometric 
analyses of 10,000 events. The percentage of the population 
which was double positive was determined using quadrant 
statistics.

Extracellular secretion of cytokines
Th1 cytokines (IFN-γ, TNF-α and IL-12) and Th2 cytokines 

(IL-4 and IL-10) were measured in PBMC culture supernatants 
by ELISA using commercially available kits (OptEIA™, BD 
Pharmingen). In brief, 96-well microtiter plates were coated 
with capture antibodies (anti-IFN-γ/anti-TNF-α/anti-IL-12/
anti-IL-4/anti-IL-10), incubated overnight at 4°C and blocked 
for 1 h. After washing, 100 µl of cell-free supernatant was added 
to each well and incubated for 2 h. Bound cytokines were 
detected using biotinylated mouse anti-human IFN-γ/TNF-α/
IL-12/IL-4/IL-10, and subsequently avidin-horseradish 
peroxidase. Color was developed with TMB substrate solution 
(OptEIA™, BD-Pharmingen, San Diego, CA). Reaction was 
stopped with 2 N H2SO4 solution and absorbance was measured 
at 450 nm using a microplate reader (Tecan Spectra, Grodig, 
Austria).

Cytotoxicity assay
The cytotoxicity of cultured PBMCs (48 h) against different 

cancer cells was determined by LDH release assay (23) using a 
commercially available cytotoxicity detection kit (Roche 
Diagnostics, Mannheim, Germany). In brief, adherent KB, 
MCF7, COLO205 and Jurkat cells (1 x 104) were plated 
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overnight as target. Nonadherent K562 and U937 cells (1 x 104) 
were also taken in plates. PBMCs (1 x 105) from individual 
HNSCC patients (n = 6) and healthy individuals (n = 6) were 
added as effectors to each well and co-cultured for 4 h. Cell-free 
supernatants were used to measure the level of released LDH. 
The percentage cytotoxicity was determined as follows: 
% Cytotoxicity = [(Lysis from effector-target mixture - Lysis 
from effector only) - Spontaneous lysis] / [Maximum lysis - 
Spontaneous lysis] x 100.

Intracellular assessment of cytotoxic molecules, perforin and 
granzymeB

PBMCs of HNSCC patients and healthy individuals were 
cultured for 24 h, non-adherent cells were washed and stained 
with anti-CD8-PE or anti-CD56-PE. After fixation and 
permeabilization using CytoFix/CytoPerm solutions (BD-
Pharmingen, San Diego, CA), the cells were stained for 
intracellular perforin (anti-human perforin-FITC) or 
granzymeB (anti-human granzymeB-FITC) antibodies. Cells 
were analyzed on a FACSCalibur using CellQuest software. 
Suitable negative isotype controls were used to rule out the 
background fluorescence. The data was generated by 
cytofluorometric analyses of 10,000 events. The percentage of 
the population which was doubly positive was determined using 
quadrant statistics.

Statistical analysis
Results representing data for individuals, as well as averages 

for the two study classes (HNSCC patients and healthy 
individuals), are presented as indicated in the figures. Triplicate 
assays were performed in case of ELISA and LDH release assay. 
Statistical significance was established by performing an 
unpaired t-test using INSTAT 3 Software (GraphPad Software 
Inc. San Diego, USA).
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