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a b s t r a c t

Patients with oral cancer (OC) show dysregulation of variety of anti tumor immune responses. To assess
the role of Toll like receptor (TLR) signaling in peripheral blood lymphocytes (PBL) from OC patients, we
analyzed the expression of TLR2, TLR3, TLR4 and TLR9 on various lymphocyte subsets. Results revealed an
increased expression of TLRs on unconventional T cells (like cd T cells, NKT cells and CD4+CD8+ T cells) as
compared to conventional ab T cells. Functional studies using TLR ligands (CpG, Poly I:C, LPS and
Pam3CSK4) showed defects in the TLR mediated signaling in PBLs of OC patients. Proliferation of OC PBLs
in response to stimulation with TLR ligands was significantly decreased. TLR ligand induced IFN-c
production by PBLs from OC patients were low as compared to HI. Stimulation with TLR ligands upreg-
ulated the levels of activation markers (CD25 and CD69) on PBLs from HI but not from OC patients. TLR
ligands CpG, Poly I:C, LPS and Pam3CSK4 significantly augmented the tumor directed cytotoxic response
of PBLs from HI but not from OC patients. Our data suggests that impairment of TLR function on PBLs may
be another strategy adopted by tumor cells to dampen tumor directed immune responses.
� 2013 American Society for Histocompatibility and Immunogenetics. Published by Elsevier Inc. All rights

reserved.

1. Introduction

Cancer of the oral cavity is a serious and growing problem in
many parts of the globe. Despite the several advancements in ther-
apeutic regimens the 5-year survival rate for oral cancer has not
improved significantly and remains about 50% [1]. Oral squamous
cell carcinoma represents more than 90% of all oral cancers (OC)
[2]. Major risk factors for oral cancer include smoking, tobacco
products, alcohol use and HPV infections. India has a higher inci-
dence compared to developed countries due to the habits of tobac-
co chewing and bidi smoking. In India there are 75,000–80,000
new cases of oral cancer each year and the incidence rates of can-
cers of the oral cavity in both males and females in all urban cancer
registries are among the highest in the world [3].

Earlier reports from our lab and others have shown a variety of
immunosuppressive mechanisms in patients with oral cancer.
These include presence of tumor derived inhibitory factors (like
PGE2, IDO), tumor induced apoptosis of T cells, release of inhibitory

cytokines (like IL-10, TGF-b), high frequencies of suppressive T cell
populations or degradation of CD3-f, key T cell signaling molecule
[4–10]. These molecular mechanisms explain tumor specific immu-
nosuppression which are not restricted to the immediate tumor
environment but present more generalized immunosuppression
observed with tumor progression.

The innate immune system represents the first line of defense
against invading pathogens or altered or transformed cells. Toll like
receptors (TLRs) are one of the important members of a group of
receptors called pattern recognition receptors (PRR) that are
involved in recognition of pathogen associated molecular patterns
(PAMPs) [11]. TLRs recognize conserved structures from microor-
ganisms of viral, bacterial or fungal origin. TLRs also recognize a
variety of endogenous ligands like heat shock proteins, fibrinogen,
hyaluronic acid, etc. Binding of the ligand to TLR results in activation
of various downstream signaling molecules. The adaptor molecule
myeloid differentiation protein 88 (MyD88) is utilized for signaling
through all the TLRs except TLR3, which signals through the recruit-
ment of Toll/IL-1R domain containing adaptor-inducing IFN-b
(TRIF). TLR engagement results in the activation of a variety of tran-
scription factors including NF-jB and induction of a various
responses like cytokine production, proliferation and expression
of costimulatory molecules [12].

Toll like receptors have been extensively studied on the myeloid
cells of the innate immune system, such as macrophages and
dendritic cells and have traditionally been considered to indirectly
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control T cell responses through the innate immune system.
However recent reports have shown that T cells themselves express
TLRs and TLR signaling contributes directly to T cell mediated
immune responses [13]. An effective anti-tumor immune response
involves the co-ordinated action of several components of the
immune system. There are no reports on expression of Toll like
receptors on lymphocytes of patients with oral cancer and their
functional significance in anti-tumor immunity.

To elucidate the role of TLR in oral cancer patients, we investi-
gated the expression pattern of TLR2, TLR3, TLR4 and TLR9 on sub-
sets of peripheral blood lymphocytes (PBLs) obtained from healthy
volunteers and oral cancer patients. We demonstrate that oral can-
cer patients show altered expression of TLR on PBLs. Moreover,
compared to HI functional responses of lymphocytes to TLR ligands
are significantly impaired in OC patients. This study suggests that
dysfunctional TLR signaling pathway may contribute to the
impaired immune responses observed in oral cancer patients.

2. Materials and methods

2.1. Study group

Heparinized blood was collected from patients with squamous
cell carcinoma of the oral cavity (Stage II-III) and as controls, from
healthy individuals (age and sex matched). Peripheral blood was col-
lected from OC patients at the time of diagnosis, before start of any
treatment. The lymphocyte absolute counts in healthy donors ran-
ged from 1.24 to 3.6 � 109/L (Mean 2.46 � 109/L ± 0.6). In oral cancer
patients the lymphocyte absolute counts ranged from 1.2 to
3.10 � 109/L (Mean 2.09 � 109/L ± 0.65). The study was approved
by the Institutional Ethics Committee and written informed consent

was obtained from the patients and healthy individuals prior to col-
lection of blood samples.

2.2. Cell proliferation and cytokine secretion

PBLs were isolated from heparinized venous blood from oral can-
cer patients and healthy donors by Ficoll–Hypaque (FH, Sigma, USA)
density gradient centrifugation. Isolated PBLs were cultured in RPMI
1640 (Invitrogen Life – Technologies, NY) medium supplemented
with 10% Fetal Calf Serum (FCS; Invitrogen Life Technologies, Grand
Island, NY), antibiotics (Penicillin, Streptomycin, gentamycin,
mycostatin) and L-glutamine at 37 �C in a humidified atmosphere
with 5% CO2. Cells were incubated at a concentration of 1 � 105 -
cells/well in a 96 well round bottom plate in the presence of either
1 lg/ml Pam3CSK (Calbiochem), 10 lg/ml Poly I:C (Sigma), 10 lg/
ml LPS (Sigma) or 2 lg/ml CpG ODN A (Invivogen) in the presence
and absence of rIL-2 (1 IU/ml), only PBLs and PBLs incubated with
rIL-2 served as controls. Proliferation was measured by uptake of
3H Thymidine during the last 18 h of a 3-day culture period. Cells
were harvested and radioactivity was measured in a scintillation
counter.

PBLs were stimulated with TLR ligands as described above. After
24 h culture supernatant were collected and cytokines secreted
(IL-6, IL-10, TNF and IFN-c) was determined using cytometric bead
array (BD Pharmingen, USA) as per manufacturer’s instructions.
Samples were acquired on BD FACSAria flow cytometer and ana-
lyzed using FCAP Array software.

2.3. Flow cytometry

Expression of cell surface antigens on different lymphocyte
subsets were determined by multi-color cytometry. Following

Fig. 1. Gating strategy employed to identify different lymphocyte subsets. Representative dot plot analysis of flow cytometry illustrating the gating strategy employed to
identify different lymphocyte populations in peripheral blood.
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