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ABSTRACT

Evidence from cancer patients suggests that increases in T-regulatory lymphocyte (Treg) activity may be associated with poor immune responses
against tumor antigens, and contribute to immune dysfunction. Since there have been contradictory reports concerning the physiological
roles of the Treg and inflammatory cells in the tumor microenvironment, the inflammatory cell influx was investigated for different malignancy
grades of oral squamous cell carcinoma (OSCC). A total of 42 patients with OSCC were selected. Tumors were histologically graded as well,
moderately, or poorly differentiated. Tissue microarrays were performed to immunohistochemically measure the expression of CD8, Foxp3,
CD19, and IL-10. Significant statistical increases (p<0.05) were observed in the numbers of Foxp3+ and CD8+ inflammatory cells, as well as in
IL-10 expression, in the well differentiated tumors, compared to the poorly differentiated tumors. No differences between the three different
histological grades were observed in the numbers of CD19+ cells. The relationship between the tumor grade and Treg and CD8 cell recruitment

in patients with OSCC underlined the fact that the immune system is deregulated as a consequence of the disease.
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INTRODUCTION

Oral squamous cell carcinoma (OSCC) represents
more than 95% of all malignant neoplasia in the oral
cavity and according to WHO are an estimated 529,000
new cases of cancers of the oral cavity and pharynx each
year, and more than 300,000 deaths [1]. The mortality
rate for this tumor is high, and overall 5-year survival is
less than 50% [2].

The expression of a range of immune system
mediators and modulators, as well as the different
activation states of the many cell types in the tumor
microenvironment, can indicate in which direction the
immunobalance is driven, and whether either tumor-
promoting inflammation or antitumor immunity will
develop [3,4]. In this context, CD4+CD25+Foxp3+
regulatory T cells (Tregs) play a fundamental role in
maintaining immunobalance. The Treg population is
essential for the prevention of autoimmunity, and was
first described as a subpopulation of CD4+ T cells in

1995 [5]. The immunoregulatory activities of these
cells are mainly based on the secretion of suppressor
cytokines, such as IL-10, TGF-B, and IL-35, that can
directly inhibit the function of myeloid and activated T
cells [6].

Several previous studies have shown that
the inhibition of Tregs results in the suppression of
tumors [7,8], so that high levels of Tregs are therefore
associated with worse prognoses [9,10]. The frequency
and function of Tregs with tumor suppressor phenotypes
was significantly greater in patients with head and neck
cancer, than in normal individuals [11,12]. In some
cases, however, depending on the type of tumor, Treg
infiltration in and around the tumor can be valuable
[13]. To support this, it has been demonstrated that
higher numbers of intratumoral Tregs in head and neck
tumors were positively associated with better regional
control of the tumor [14].

Although the prognostic value of
histopathological grading is limited, it nonetheless
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offers a practical means of evaluating the degree
of differentiation among tumors. The present study
investigates lymphocyte infiltration in the tumor, as well
as differences in the numbers of each invading lineage
(especially Tregs), in well, moderately, and poorly
differentiated OSCC.

METHODS

Patients

A total of 42 patients (34 males and 8 females;
age range 23-88, (meanzxstandard deviation 62.0+13.7
years) diagnosed with oral squamous cell carcinoma
(OSCC) were included in the study, using the archives
of the Laboratory of Pathology, Sdo Leopoldo Mandic
Institute and Research Center (Campinas, Brazil). No
patients underwent chemotherapy or radiation therapy
prior to surgery. The clinicopathological characteristics
of the patients are summarized in Table 1. Tumors were
classified as well, moderately, or poorly differentiated,
according to the World Health Organization (WHO)
classification scheme based on histological grading.
All of the tumor classifications were performed by the
same examiner (F.P-S.), who was calibrated according to
the proposed method. The study was approved by the
Ethics Committee of the Sdo Leopoldo Mandic Institute
and Research Center (protocol number 2009/260), and
informed consent forms were signed by all patients.

Table 1. Clinicopathological characteristics of OSCC.

14 F 63 Gingiva

15 F 66 Tongue

16 F 64 Tongue

17 F 71 Gingiva

18 M 75 Retromolar
trigone

19 F 67 Inferior lip

20 M 56 Floor of mouth

21 M 60 Floor of mouth

22 M 54 Tongue

23 M 73 Floor of mouth

24 M N/A Tongue
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26 M 60 Floor of mouth

27 M 71 N/A

28 M 46 Inferior lip

29 M 39 Retrpmolar
trigone

30 M 50 Tongue

31 M 56 Inferior lip

32 M 63 Tongue

33 M 53 Ret(omolar
trigone

34 M 82 Floor of mouth

35 F 48 N/A

36 M N/A Floor of mouth

37 M 70 Tongue

38 M 73 Inferior lip

39 M 52 Floor of mouth

40 F 32 Gingiva

41 M 69 Tongue trigone

42 M 58 Floor of mouth

Note: N/A: not available; M: male; F: female.

Case Gender Age Tumor site

1 M 84 Tongue

5 M 62 Retromolar
trigone

3 M 59 Floor of mouth

4 F 56 Soft palate

5 M 55 Tongue

6 M 64 Floor of mouth

7 M 56 Retromolar
trigone

8 M 51 Gingiva

9 M 50 Tongue

10 M 42 Tongue

11 M 85 Inferior lip

12 M 88 Retromolar
trigone

13 M 61 Gingiva
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Tissue microarrays

Samples were selected for tissue microarray
(TMA) evaluation of the expression of CD19, CDS,
Foxp3, and IL-10, using an immunohistochemical
method (Santa Cruz Biotechnology, Santa Cruz, CA,
USA). Representative sections of the tumors were
obtained using two 3 mm core punches (Tissue-Tek
Quick-Ray™ Tissue Microarray System, Sakura, USA). All
punches included the inflammatory microenvironment
of the tumors, and avoided necrotic or hemorrhagic
areas. The selected cores were placed into TMA
receptor blocks. 3 uym thickness sections were used for
the immunohistochemical analyses.



Immunohistochemistry

For immunohistochemical staining, sections
from each paraffin block were deparaffinized and
hydrated, and endogenous peroxidase activity was
guenched by immersion of the slides in 3% hydrogen
peroxide. Antigen retrieval (AR) was achieved by boiling
the slides in a steamer immersed in citrate buffer (pH
6.0). The sections were subsequently incubated at 4 °C
with the primary antibody for CD19, CD8, Foxp3, and
IL-10, and then with the Advance System (DAKO S.A.,
Denmark) for 1 hour at 37 °C. The sections were stained
for 5 minutes at 37 °C with 3,3’-diaminobenzidine
tetrahydrochloride (DAB), and counter-stained with
hematoxylin. A negative control was obtained by
omitting the primary antibody, and gingival tissue from
an individual with chronic periodontitis was used as
a positive control. After the staining procedures, the
tissue was observed using an Axioskop 2 microscope
(Carl Zeiss Microlmaging GmbH, Germany). The number
of immunostained cells in a 1 mm2 grid square was
counted twice, at x100 magnification, by the same
trained, calibrated, and blinded examiner (V.A.M.).
Intra-class reproducibility of the number of positive cells
was >90%.

Statistical analysis

The statistical analysis was performed using
the Prism 6.0 program (Graphpad Software, La Jolla,
CA, USA). The data were first examined for normality
using the Kolmogorov-Smirnov test, and the data that
achieved normality were analyzed using ANOVA and
the post-hoc Tukey test. The level of significance was
set at 5%.

RESULTS

Immunohistochemical analysis

The positive staining of the OSCC tumor
inflammatory markers was evaluated for the three
different tumor grades. The well differentiated tumors
presented values for CD8+ (Figure 1B), Foxp3+ (Figure 1C),
and IL-10 expression (Figure 1D) that were significantly
higher (p<0.05) than the values obtained for the poorly
differentiated tumors. In contrast, no statistical differences
among the tumor grades were observed for CD19+ cells
(Figure 1A). Representative images of each marker from
well and poorly differentiated groups are shown in Figure 2.
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Figure 1. Numbers of immunostained cells/mm2: (A) CD19+, (B) CD8+, (C) Foxp3+,
and (D) IL-10+, from well differentiated (W), moderately differentiated (M),
and poorly differentiated (P) tumors. The values are expressed as mean +
S.D. The symbol * indicates a statistically significant difference between well
and poorly differentiated tumors.
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Figure 1. Representative photomicrographs of tumor-infiltrating lymphocytes and IL-
10 expression in oral squamous cell carcinoma, for well differentiated (W-d
T) and poorly differentiated (P-d T) tumors.
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DISCUSSION

Oral squamous cell carcinoma is the 10th
most common cancer worldwide. Despite advances in
treatment, the five-year disease-free survival rate has
not improved in the past 30 years. New information on
factors including the identity and role of lymphocyte
subpopulations could help to guide methods of treatment.

The results of the present work revealed higher
CD8+, Foxp3+, and IL-10 in well differentiated tumors
than in poorly differentiated tumors. Although the
presence of infiltrating leukocytes has been observed in
the tumor microenvironment since the 19th century, it
is only recently that the importance of the inflammatory
infiltrate in tumorigenesis has been recognized [15].

The tumoral tissue is infiltrated to varying
degrees by immune cells, suggesting a host immune
response against cancer cells. There are conflicting reports
concerning the relationship of inflammation with cancer,
some of which suggest a pro-tumorigenic action [15].
On the other hand, there is evidence that the presence
of anti-tumor inflammation is important for the control
of tumor growth, an example being the intense chronic
inflammatory infiltration observed in lung and colorectal
cancers carcinomas, which is associated with a favorable
prognosis. Cancer cells represent an “altered self”, and
express “non-self” antigens in the context of stress and
danger signals that can promote antigen presentation
[15,16]. Thus, even growing tumors may be subject to
immunosurveillance and killing by activated T, B, and NK
cells [16,17].

It seems that the role played by inflammation,
whether pro- or anti-tumorigenic, is also dependent on the
type of tumor and the site and microenvironment where
it occurs. Although the absolute number of peripheral
blood lymphocytes decreases in many patients with breast
cancer [18], the quantity of functionally suppressive
CD4+CD25+ regulatory T cells has been reported to
increase in the peripheral blood, as well as in the tumor
microenvironment [19]. Interestingly, increased circulatory
Treg cells and IL-10 have been reported in patients with
head and neck squamous cell carcinoma. The increase in
IL-10 was positively correlated with shorter disease-free
survival in patients with laryngeal or pharyngeal cancer,
but not oral tumors [20]. These observations highlight the
fact that the tumor microenvironment may exert a crucial
influence on inflammation activity.

The present data show that there were significantly
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higher numbers of Treg, CD19+, and CD8+ T cellsin tumors
that were histologically well differentiated, compared to
poorly differentiated tumors. Immunosurveillance and
tumor-promoting inflammation can therefore coexist,
even in the same tumor, as previously described [21].
The reason for this is not clear and deserves further
investigation, although the finding suggests that tumor
grade may have to be taken into consideration when
interpreting data on tissue infiltrate cells in head and
neck cancer. In addition, previous work has shown that
an early genetic event, which is necessary and sufficient
for the development of a human tumor, directly promotes
the build-up of an inflammatory microenvironment
[22]. It is noteworthy that CD8+ T lymphocytes are very
important cytotoxic anti-cancer cells, and that reduced
numbers of nest and stromal CD8 T cells have been
associated with decreased survival time in patients with
OSCC [23]. In addition, higher numbers of CD8+ within
the invasive tumor have been found to lead to improved
survival rates, suggesting that “more is better”. Elevated
densities of CD8+ cytotoxic T-lymphocyte infiltrate were
associated with stage T1, while no patients with such
early-stage tumors presented low densities. In patients
that did not relapse, the density of CD8 infiltrates was
inversely correlated with T stage. In contrast, in patients
where the tumor recurred, the number of CD8 cells was
low, regardless of the T-stage of the tumor [24].

An explanation is required for the concomitant
increases in the numbers of inflammatory cells (CD8
and CD19) and regulatory T cells, in well differentiated
cancer. Treg cells specifically regulate the activation,
proliferation, and effector function of conventional T cells,
determining the outcome of immunological conditions
ranging from infectious diseases to immunopathology
and autoimmunity [6, 25-27]. It is possible that in these
environments, Treg cells are more crucial for limiting
inflammation, and consequently for decreasing some
of the factors important for tumor growth and survival
[28,29], which is favorable for tumor control. It has
been reported that higher numbers of Tregs within the
tissues of gastric [30], colorectal [31], and anal tumors
[32] appears to be beneficial. Furthermore, according
to the new concept called immunoediting, cancer cells
constantly edit and modulate the host antitumor immune
response, while the host immune response shapes tumor
immunogenicity and clonal selection. During this process,
the balance between antitumor and tumor-promoting
immunity can be tilted in favor of tumor growth.



Thus, equilibrium between tumor growth and immune
destruction should be maintained before a tumor
undergoes immune escape [4,17,33].

It has been demonstrated that intratumoral Treg
infiltration by itself does not have an impact on tumor
control or survival rates [24]. Interestingly, it has been
observed that prior to initiation of treatment, patients
diagnosed with head and neck squamous cell carcinoma
(HNSCC) had significantly higher percentages of
CD4+CD25high Treg cells, compared to normal controls
Furthermore, after removal of the HNSCC tumor mass,
the prevalence of CD4+CD25high Treg cells significantly
increased above pre-treatment levels [20]. In another
study, patients with OSCC and low Foxp3 had survival
rates that were significantly lower than those of patients
with high Foxp3, and there was no correlation between
Foxp3 status and TNM classification, suggesting that Treg
cells did not influence the progression of cancer [34].
Although it has been previously reported that higher Treg
infiltration was correlated with a poor prognosis [12], the
current results do not support this hypothesis, because
high Foxp3 expression was found in the well differentiated
tumors, which theoretically had a better prognosis than
the poorly differentiated tumors. In contrast to the present
results, in another previous study it was shown that there
was significantly lower expression of FoxP3+ Treg cells in
well differentiated OSCC, compared to moderately and
poorly differentiated tumors [35].

The contradictory results reported in the literature
could be explained, at least in part, by the fact that the
histological tumor grade was not taken into consideration
in the studies cited above [12,34]. Despite its limitations,
the present findings indicate that histological grading can
be an important tool for use in determining immunological
status.

In summary, the relationship between the tumor
grade and the recruitment of Treg and CD8 cells in patients
with OSCC underlines the fact that the immune system
is deregulated in individuals with cancer. Additional
studies are required to elucidate the importance of higher
numbers of inflammatory cells, including Treg cells, in
well differentiated OSCC.
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