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AIM: The aim of the study was to investigate the systemic

immunity in terms of major lymphocyte subsets and the

expression of IL-2 and IL-4 in T-cell subsets from per-

ipheral blood of patients with tobacco-related intraoral

squamous cell carcinoma.

METHODS: CD3+, CD4+ and CD8+ T-cell subsets and

CD16+ CD56+ natural killer cells, and intracellular

cytokines in T-cell subsets were determined by two-col-

our flow cytometry and confocal microscopy.

RESULTS: Oral cancer patients showed a significantly

reduced (P < 0.001) CD3+ and CD4+ T-cell subsets with a

lower CD4/CD8 ratio when compared with the normal

controls. The frequency of CD3+ IL-4+ and CD8+ IL-4+ T

cells were significantly higher (P < 0.001) while

CD4+ IL-2+ were significantly lower (P < 0.02) in patients

when compared with the normal controls. Late stage of

the tumour was associated with reduced expression of

IL-2 in both CD4+ (P < 0.05) and CD8+ (P < 0.03) subsets.

CONCLUSIONS: The tobacco-related intraoral squa-

mous cell carcinoma seems to be associated with multi-

ple systemic immune defects particularly, an impaired

CD3+ and CD4+ T cells in the peripheral blood as well as a

differential regulation of IL-2 and IL-4 in CD4+ and CD8+

T-cell subsets. The cytokine response in these patients

seems to be skewed from protective Th1 to immuno-

suppressive Th2 type. Thus these patients could be ideal

candidate for immunomodulation therapy.
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Introduction

Most often intraoral squamous cell carcinoma is inclu-
ded under the group of head and neck carcinoma mostly
due to its lower incidence rate, although it is a well-
defined group of tumours with a distinct biological
behaviour. The tobacco-related oral squamous cell
tumours are slow growing, endophytic, mostly well
differentiated, diploid and locally aggressive. It remains
localized for a longer time and distant metastasis is rare,
suggesting a role of immune functions in containment of
these tumours (Das et al, 1986). Patients with head and
neck squamous cell carcinoma manifest significant
immunosuppression that is often profound in oral
cancer when compared with that in patients with other
malignancies (Schantz and Guillamondegui, 1988). Im-
munosuppression in head and neck squamous cell
carcinoma has been postulated to occur in a hierarchical
manner, where the primary tumour region is the most
affected site, followed by draining lymph nodes (Wang
et al, 1991). Earlier studies of oral cancer patients have
shown a higher antibody response (Khanna et al, 1982)
and impaired T-cell functions (Das et al, 1983) that were
also related to the poor prognosis of the patient (Das
et al, 1986). However, the exact mechanism of altered
immunity in these patients is not known.

A number of cytokines have proved to be promising
candidates for the induction of immune response against
cancer in tissue culture system and in nude mice
previously inoculated with malignant cells (Lotze,
1992). These are the small molecular weight regulatory
molecules involved in the initiation and maintenance of
non-specific (innate) and specific (acquired) immunity
and appear to be involved in the host’s immune response
against cancer (Klein and Boon, 1993). Additionally,
cytokines mediate cellular communications as well as
many aspects of growth, differentiation and regulatory
functions.

The role of Th-like cytokines in regulating T-cell
mediated immune response was further clarified in
recent studies. Th1 cytokines (IL-2 and IFN-c) were
shown to have an essential role in generating cytotoxic
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T-lymphocytes and natural killer (NK) cells, the main
effector cells in T-cell mediated immunity against
viruses, parasites and tumours (Seder and Paul, 1994);
while Th2 cytokines (IL-4, IL-5 and IL-6) were reported
to promote immunoglobulin synthesis by B-cells (Coff-
man et al, 1991; Del Prete et al, 1991). A cross regula-
tion of Th-like cytokine profile has been observed in
several infection models as well as in patients with solid
tumours. IL-4 has been shown to inhibit protective cell
mediated immune response by down regulating IL-2
production and inhibition of IL-2 gene transcription
(Goto et al, 1999).

Imbalances of Th1 and Th2 cytokines have been
alleged to be responsible for some pathological condi-
tions such as infections (Meyaard et al, 1996), allergic
(Jung et al, 1995) and autoimmune disorders (Chang
et al, 2002). Abnormal cytokine responses have been
reported in a variety of solid tumours including head
and neck squamous cell carcinoma (Knerer et al, 1996;
Woods et al, 1998), ovarian carcinoma (Rabinowich
et al, 1996), colorectal cancer (Pellegrini et al, 1996) and
renal cell carcinoma (Wang et al, 1995). Recently, we
have reported a deregulated expression of Th2 cytokine
gene in patients with intraoral squamous cell carcinoma
(Agarwal et al, 2003) that was related to progression of
the disease. However, frequency of cytokine expressing
T-cell subsets in peripheral blood of these patients
remains speculative. Therefore, the present study has
been carried out to investigate the systemic immunity in
terms of major lymphocyte subsets and the expression of
IL-2 and IL-4 in T-cell subsets from peripheral blood of
patients with tobacco-related intraoral squamous cell
carcinoma.

Materials and methods

Patients and healthy subjects
Twenty-eight patients (26 males and two females) with a
history of tobacco chewing for a period ranging from 5
to 25 years and a confirmed diagnosis of primary
intraoral squamous cell carcinoma were randomly
selected for this study. Mean age of the patients was
51.6 ± 12.7 years. Majority of patients (21 of 28) were
suffering from late stage (III & IV) of the disease. None
of the patients had distant metastasis of the tumour. The
details of the patients and clinico-pathological features
of the tumour have been shown in Table 1. None of the
patients had received any kind of immunosuppressive
therapy prior to the study, thus the results obtained are
expected to reflect the changes associated with the
tumour load. Twenty age and sex matched normal
healthy individuals served as controls. The experiments
were carried out with the written informed consent of
each subjects and the competent authority of the All
India Institute of Medical Sciences approved the study
protocol.

Immunophenotyping of T-cell subsets and NK-cells
Heparinized blood from each individual was taken for
immunophenotying and intracellular cytokine staining.
One hundred microlitres of whole blood was taken in

three Eppendorf vials containing 20 ll of fluorochrome
labelled monoclonal antibody (BD- Pharmingen, San
Jose, CA, USA) i.e. CD3 Fluoroisothiocyanate (FITC)/
CD16.56 Phycoerythrin (PE); CD4 FITC/CD8 PE and
antimouse isotype antibody (lgG2a, FITC/lgG1, PE).
After vortexing at low speed for 1 min the vials were
incubated at room temperature for 30 min in dark and
washed twice with phosphate-buffered saline (PBS; pH
7.4) by centrifugation at 200 g for 5 min in a refriger-
ated centrifuge. The cell pallet was resuspended in
FACS lysing solution and incubated for 5 min at 37�C
to remove the erythrocytes. Finally the cells were
washed twice with PBS, resuspended in 1% parafor-
maldehyde and stored at 4�C in dark until acquired in
the Flow Cytometer.

Lymphocyte culture, intracellular staining and two colour
flow cytometry
Intracellular cytokine expression (IL-2, IL-4) in T-cell
subsets was studied on isolated and in vitro-stimulated
peripheral blood mononuclear cells (PBMC). Briefly,
PBMC were separated from 10 ml of heparinized blood
by Ficoll hypaque gradient centrifugation and a suspen-
sion of 1 · 106,cells ml)1 was made in RPMI-1640 with
10% foetal calf serum (Sigma-Aldrich, St Louis, MO,
USA). The cells were stimulated with a combination of
1 ng ml)1 of phorbol myristate acetate (Sigma-Aldrich),
2 lM ionomycin (Sigma-Aldrich) in the presence of
2 lmmonnensin (Sigma-Aldrich) and cultured for 6 h at
37�C in a humidified chamber containing 5% CO2.

Table 1 Clinicopathological parameters of the patients with oral
cancer

Sr. no. Age Gender Tumor, node, metastasis Stage Grade Site

1 60 M T3, N2, Mo IV 2 RMT
2 45 M T4, N2c, Mo IV 2 Tongue
3 37 M T4, N2, Mo IV 2 BM
4 65 M T1, N2, Mo IV 1 Palate
5 36 M T2, N1, Mo III 0 Tongue
6 86 M T3, N0, Mo III 2 Tongue
7 49 M T2, N0, Mo II 2 Tonsil
8 50 F T3, N0, Mo III 2 Palate
9 40 M T3, N0, Mo III 2 Tongue
10 60 M T3, N0, Mo III 0 Tongue
11 45 M T4, N1, Mo IV 0 BM
12 65 F T2, N0, Mo II 0 Palate
13 42 M T2, N0, Mo II 2 Tongue
14 65 M T3, N0, Mo III 0 Lip
15 32 M T1, N0, Mo I 0 Tongue
16 45 M T3, N0, Mo III 2 Tongue
17 61 M T3, N1, Mo III 0 Palate
18 50 M T3, N2, Mo IV 2 Tongue
19 30 M T1, N0, Mo I 0 Tongue
20 50 M T3, N1, Mo III 0 BM
21 68 M T4, N2, Mo IV 0 Tongue
22 67 M T1, N0, Mo I 0 Tongue
23 42 M T2, N0, Mo II 2 Lip
24 50 M T3, N0, Mo III 0 Tongue
25 55 M T3, N1, Mo III 0 BM
26 40 M T3, N0, Mo III 0 Lip
27 62 M T3, N2, Mo IV 2 RMT
28 45 M T3, N1, Mo III 0 Tongue

BM, buccal mucosa; RMT, retro-molar trigone.
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The carboxylic ionophore, monnensin was used to
increase the sensitivity of cytokine detection through its
inhibitory effect on protein secretion by interfering with
the function of golgi apparatus (Maino and Picker,
1998). After termination of the culture, cell pallet was
obtained by centrifugation and it was re-suspended in a
staining buffer containing optimal concentration of
FITC labelled cell surface markers (CD3, CD4/CD8;
BD Pharmingen, San Jose, CA, USA) and further
incubated for 15 min at room temperature in dark. After
two washings with PBS, cells were treated with 4%
paraformaldehyde and kept in dark for 20 min. The cells
were washed twice by centrifugation and pallets were
resuspended in FACS permeabilization buffer (BD
Biosciences, San Jose, CA, USA) containing PE labelled
antihuman IL-2 and IL-4 mAbs (BD Pharmingen)
respectively for intracellular staining and incubated for
30 min at room temperature in dark. The cells were
washed twice with PBS and resuspended in 1% parafor-
maldehyde and acquired in flow cytometer (FACs
Calibur; BD, San Jose, CA, USA) and results were
analysed using CELL QUEST software (BD).

Laser confocal microscopy
Representative samples from the above preparation
were used for confocal laser microscopy. Briefly, a

cytospin preparation was made on cleaned slides, one
drop of mounting medium (90% glycerol and antifade
solution) was added, cover slip was placed and it was
sealed with nail polish. The slides were viewed under
Reiss Inverted Laser Confocal Microscope model
Axiovert 200 equipped with 50 W Mercury arc lamp
and Argon–Krypton laser. Oil objective (100·) was used
throughout the study. Adobe Photoshop software
(Adobe System Inc, CA, USA) was used to collect and
format the confocal images.

Statistical analysis
Statistical analysis of the data was done using Epiinfo
version 6.04d software (CDC, Atlanta, GA, USA). One-
way analysis of variance (ANOVA) and Student’s t-test
was applied for evaluation of statistical significance of
the data. Test statistics was considered significant if
probability of a chance finding was <5% (P < 0.05).

Results

T-cell subsets and NK cells
Total T-cell (CD3+), its subsets (CD4+/CD8+) and NK
(CD3), CD16+, CD56+) cells were determined from the
whole peripheral blood (before isolation and stimulation
of the PBMC) by two-colour flow cytometry (Figure 1).

Figure 1 Representative two-colour dot plot
showing CD3+, CD4+, CD8+ T-cell subsets
and CD16.56+ natural killer cells in periph-
eral blood of normal control (a, c) and oral
cancer patients (b, d)
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Oral cancer patients had significantly reduced level of
CD3+ and CD4+ T cells subsets (P < 0.001) and
CD4+/CD8+ ratio (P < 0.05) when compared with the
normal controls. However, no significant difference was
observed in the levels of CD8+ T cells and CD16.56+

NK cells between the two groups (Table 2).

Intracellular cytokines (IL-2, IL-4) in T-cell subsets
The results have been shown in Figure 2. The frequency
of CD3+ IL-4+ T cells was significantly higher
(P < 0.001) while CD3+ IL-2+ cells were less frequent
in patients when compared with that of the normal
controls. In case with CD4+ T-cell subsets, the fre-
quency of CD4+ IL-2+ subset was significantly lower

(P < 0.02) in patients when compared with controls
while no significant difference was observed in
CD4+ IL-4+ subsets between the two groups. Contrar-
ily, frequency of CD8+ IL-4+ subsets were significantly
higher (P < 0.001) in patients when compared with that
of the normal controls while no significant difference
was found in CD8+ IL-2+ T cells between the two
groups. The ratio of IL-2 and IL-4 expressing subsets
was higher in CD3+ and CD8+ subsets in patients
(1:1.3 and 1:1.7 respectively) when compared with the
normal controls (1:0.8 and 1:0.7 respectively), suggesting
a predominantly Th2 type of cytokine response contri-
buted by CD8+ T-cell subsets. Late clinical stage of the
tumour was associated with a significantly lower fre-
quency of CD4+ IL-2+ (P < 0.03) and CD8+ IL-2+

(P < 0.03) T-cell subsets. Furthermore, in the late stage
tumours the ratio of IL2 and IL-4 expression both in
CD4+ and CD8+ subsets was higher when compared
with that in the early stage tumours suggesting a shift
from Th1 to Th2 type of cytokine response (Table 3).
No significant correlation was observed in cytokine (IL-
2, IL-4) expressions in T-cell subsets in relation to
histological differentiation of the tumour (data not
shown).

The result of confocal microscopy has been shown in
Figure 3. Surface markers (CD8 FITC) and intracell-
ular cytokine (IL-2/IL-4 PE) fluorescence were seen in
all the samples as shown in Figure 3a–d. Overall results
of confocal microscopy were similar to that observed by
flow cytometry. Frequency of CD4+ IL-4+ and
CD8+ IL-4+ cells were more frequent in patients with
intraoral squamous cell carcinoma when compared with
the normal controls.

Discussion

We investigated the CD3+ T cells, their CD4+, CD8+

subsets, CD16.56+ NK-cells and their contribution in
Th-like (IL-2/IL-4) cytokine response from the periph-
eral blood of patients with tobacco-related intraoral
squamous cell carcinoma, which is a distinct sub-group
of the head and neck cancer. The rationale for this study
was (i) that the circulating T-lymphocyte subsets con-
stitute helper and effector populations responsible for
tumour-targeted immune response and (ii) our earlier
observations of impaired T-cell functions (Das et al,
1986) as well as abnormal expression of cytokine genes
(Agarwal et al, 2003) in this sub-group of patients. The
results showed a significantly reduced CD3+ and CD4+

T-cell subsets resulting to a lower CD4/CD8 ratio in

Table 2 Distribution of lymphocyte subsets in normal controls and
oral cancer patients

Subsets
Normal controls

(n ¼ 20)
Patients
(n ¼ 28) P-value

CD3+ (%) 70.1 ± 4.40 61.5 ± 3.8 <0.001
CD4+ (%) 40.0 ± 5.0 31.5 ± 4.7 <0.001
CD8+ (%) 27.5 ± 4.3 28.1 ± 4.5 NS
CD4+/CD8+ ratio 1.5 ± 0.2 1.1 ± 0.3 <0.05
CD3) CD16+ 56+ (%) 15.4 ± 6.1 13.0 ± 6.8 NS

Values are given as mean ± s.d.
NS, not significant.
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Figure 2 Frequency of IL-2 and IL-4 positive T-cell subsets in normal
subjects and oral cancer patients (*P < 0.02, **P < 0.001). The ratio
of IL-2:IL-4 expressing CD3+, CD4+ and CD8+ T-cell subsets were
1:0.8, 1:0.8, 1:0.7 in normal subjects and 1:1.3, 1:0.9, 1:1.7 in patients
respectively

Table 3 Interleukin (IL)-2 and IL-4 expression in T-cell subsets in oral cancer patients in relation to the clinical stage

Tumour stage No.

CD4 Per cent (mean ± s.d.) CD8 Per cent (mean ± s.d.)

IL-2 IL-4 IL-2:IL-4 IL-2 IL-4 IL-2:IL-4

Early 7 23.0 ± 7.2 25.7 ± 5.2 1:1.1 18.4 ± 8.0 28.5 ± 8.4 1:1.5
Late 21 15.4 ± 3.3** 23.0 ± 5.3 1:1.5 14.0 ± 6.2* 26.9 ± 5.6 1:1.9

*P < 0.05; **P < 0.03.
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patients suggesting a systemic defect of adaptive
immune response while innate immune response seems
to be unaffected as reflected by the relatively normal
levels of CD16.56+ NK-cells in patients with intraoral
squamous cell carcinoma. As CD4+ T cells are mediator
of delayed type of hypersensitivity response as well as
amplification of cellular immune function, the reduced
CD4+ subset in oral cancer patients suggest an inherent
defect of cellular immunity in these patients. The results
are in agreement with our earlier observations where we
have shown a greater impairment of DTH response,
T-cell population as well as mitogenic response, in
patients with oral squamous cell carcinoma (Das et al,
1983, 1986).

Immunological dysfunction plays an important role in
the escape of tumour cells from effector immune
functions, resulting in the development, establishment
and progression of the cancer. The incidence of malig-
nancy is 100 times more common in immunodeficient
subjects (Kersey et al, 1973) when compared with the
normal population. However, tobacco-related oral can-
cer has been reported in a very few patients with primary
immunodeficienes (Scully, 1982). The effect of tobacco
smoking on immune functions such as white blood cell
counts, T cells and NK-cells is not well understood.
Chronic exposure to tobacco smoke or nicotine has been
related to impairment of antigen-mediated T-cell signal-
ling, reduced antibody-forming cells (Kalra et al, 2000)
and enhanced production of IFN-c, IL-4 and IL-10 by
memory T cells (Petro et al, 1999) in murine models.

However, no significant effect was observed on IL-4 and
IFN-c release by human PBMC or cloned T cells (Le
Cam et al, 1996). In a study on 1027 normal volunteers
we observed a significant increase in CD4/CD8 ratio
and NK cells in habitual smokers (Saxena et al, 2004).
Tobacco use has been related to a long-term chronic
effect on many important aspects of the inflammatory
immune response (Palmer et al, 2005). A greater impair-
ment of cellular immunity has been reported in head and
neck cancer patients than those with other malignancies
(Olkowski and Wilkins, 1975; Wanebo et al, 1975).
Impairment of immune function was further related to
shorter diseases free survival after treatment (Das et al,
1986).

Recent studies have established that during ongoing
immune response the cytokines produced by Th1 and
Th2 subsets of CD4+ T cells are critical to the
effectiveness of that response. Th1 cytokines (IFN-c
and IL-2) have been found to mediate DTH and
cytotoxic T-cell response while Th2 cytokines (IL-4,
IL5 and IL-10) mediates antibody secretion by B-
lymphocytes (Del Prete et al, 1991). Type of environ-
mental cytokines plays a determinant role in directing
the development of T cells into IFN-c and IL-2
expressing Th-1 subset or IL-4, IL-5 and IL10 expres-
sing Th-2 subsets (Coffman et al, 1991; Seder and Paul,
1994). In the present study the frequency of IL-4
expressing CD3+ T cells were significantly higher in
oral cancer patients when compared with the normal
controls. When analysed in the T-cell subsets, CD4+ T

(a) (b)

(d)(c)

Figure 3 Representative photograph showing
intracellular cytokine expression (IL-2/IL-4 -
PE) and cell surface markers (CD8 FITC) by
two-colour confocal microscopy. Panel a and
b shows IL-2 expression while panel c and d

shows IL-4 expression in normal subjects and
oral cancer patients respectively. Arrow indi-
cates double positive cells
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cells showed a significantly lower frequency of IL-2
expressing cells, while CD8+ T-cell subset expressed IL-
4 more frequently when compared with the normal
controls. These results suggest a differential regulation
of IL-2 and IL-4 in CD4+ and CD8+ T-cell subsets in
patients with intraoral squamous cell carcinoma. In
majority of the studies related to cancer or in other
pathological conditions cytokine expression has been
studied mostly in context with CD4+ T-cell subset to
define Th1 and Th2 type of hierarchy. However, CD8+

T cells seems to be an important contributing factor in
modulating immune response through expression of
cytokines particularly in cancer patients where there is
increased loss or anergy of CD4+ T cells. Majority of
tumours of various origin including intraoral cancer are
more frequently infiltrated with CD8+ T-cell subsets
than with the CD4+ T cells (Rabinowich et al, 1996;
Stephens et al, 1998). CD8+ T-cell has been shown to
produce both Th1 and Th2 cytokines (Sad et al, 1995).
Similarly, tumour microenvironment has been reported
to contain mostly Th2 type of cytokines, i.e. IL-4, IL-10
and TGF-b produced by either tumour cells or by
tumour infiltrating lymphocytes (Ghosh et al, 1995;
Rabinowich et al, 1996). Such an altered cytokine
microenvironment may be explained on the basis of
the altered cytokine expressions by CD4+ and CD8+

T-cell subsets. Our result suggest that the development
of intraoral squamous cell cancer is associated with the
reduced frequency of CD4+ subset as well as
CD4+ IL-2+ T-cell subsets in the peripheral blood,
along with an enhanced expression of Th2 cytokine (IL-
4) by CD8+ T-cell subsets ultimately skewing the Th1/
Th2 balance towards Th2 type resulting in the down
regulation of T-cell mediated immune response. Cyto-
kine cross regulation have also been reported in several
infectious diseases and in patients with solid tumours.
IL-4 inhibited the generation of protective T-cell medi-
ated immunity by suppressing IL-2 production (Powrie
and Coffman, 1993) through inhibition of IL-2 gene
transcription (Goto et al, 1999). Contrarily, Th1 cytok-
ines (IFN-c and IL-2) have been found to enhance
proliferation of Th1 cells (Maggi et al, 1992) and
suppress Th2 cell proliferation (Gajewski and Fitch,
1988). When compared between CD4+ and CD8+

T-cell subsets, CD8+ subsets seems to contribute more
towards IL-4 expression than the CD4+ T-cell subsets.

We have also attempted to correlate cytokine expres-
sion in peripheral T-cell subsets with the disease activity
in these patients. The intracellular staining of cytokines
showed a reduced frequency of IL-2 expressing T-cell
subsets (both CD4+ and CD8+) in oral cancer patients
with advanced stage tumours while frequency of IL-4
expressing CD4+ and CD8+ T-cell subsets remained
consistently higher in both the groups. It seems therefore,
that the late stage of the intraoral cancer is associated
with a down regulation of IL-2 secreting T-cell subsets
and concomitant up regulation of IL-4 secreting CD8+

T-cell subsets leading to skewing of the immune response
towards Th2 type. Progression of the tobacco-related
intraoral squamous cell carcinoma to the advanced stage
seems to be associated with the down regulation of IL-2

production by CD4+ and CD8+ T-cell subsets. The
results confirm our previous observations that the polar-
ization of Th2 response is associated with increased
disease activity in patients with intraoral squamous cell
carcinoma (Agarwal et al, 2003). Immunosuppression in
head and neck squamous cell carcinoma has been
postulated to occur in a hierarchal manner where the
primary tumour region is the most affected site followed
by draining lymph nodes (Wang et al, 1991). It has also
been proposed that metastatic tumour cells in the lymph
node may alter the trafficking of lymphocytes between
lymph node and peripheral blood. Increased IL-4 has
been reported in primary as well as metastatic site of the
tumour (Pellegrini et al, 1996; Woods et al, 1998) indi-
cating that the tumour cells provide Th2 type of micro-
environment. Such environment could also be
responsible for differentiation of Th0 type of naive T-cell
into Th2 cytokine producing T cells.

The down regulation of IL-2 expressing T-cell subsets
in patients with intraoral squamous cell carcinoma
could be supported by the earlier observations where a
signalling defect has been reported in circulating or
tumour infiltrating lymphocytes of cancer patients (Lai
et al, 1996; Rabinowich et al, 1996) including that in the
oral cancer (Reichert et al, 2002). One of the important
observations has been that the NF-jB/rel family tran-
scription factors that are associated with expression of
IFN-c and IL-2 is abnormally expressed in tumour
bearing host (Li et al, 1994). Other reports have
indicated absence or abnormal expression of T-cell
receptor associated f chain and p56lck that are important
for activation of CD4+ and CD8+ T cells (Rabinowich
et al, 1996; Whiteside, 1999). The expression of f chain
was also reported to be significantly decreased in T-cell
subsets and CD16.56+ NK Cells (Kuss et al, 1999) in
patients with head and neck carcinoma. Down regula-
tion of f chain expression in peripheral blood lympho-
cytes obtained from patients with head and neck cancer
or melanoma was further found to be associated with
spontaneous apoptosis in the higher proportion of
T cells (Whiteside, 1999). However, it is yet to be seen
if the altered cytokine profile in patients with intraoral
squamous cell carcinoma is because of the abnormal
expression of T-cell receptor associated proteins and/or
abnormal expression of down stream signalling mole-
cules involved in the regulation of cytokine gene
expression. Taken together our results suggest a differ-
ential regulation of IL-2 and IL-4 cytokines in CD4+

and CD8+ T-cell subsets in patients with tobacco-
related intraoral squamous cell carcinoma, which is
skewed from protective Th1 to immunosuppressive Th2
type.
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