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Abstract. The present study aimed to determine changes in 
the concentration of secretory immunoglobulin A (SIgA) and 
interleukin 6 (IL-6) in the saliva of patients with oral cancer, 
to evaluate the abnormal expression of cluster of differentia-
tion (CD) 1a, CD83, CD80 and CD86 on dendritic cells (DCs) 
of oral cancer tissues and to discuss the interaction between 
SIgA, IL-6 and DCs in oral cancer. A total of 40 patients 
between 27 and 70 years of age, median age 52 years, with 
primary oral cancer were enrolled in the present study, and 
a group of 20 healthy male and female volunteers was used 
as the control group. The concentration of SIgA and IL-6 
in the saliva of the preoperative patients was determined by 
ELISA. The expression levels of CD1a, CD83, CD80 and 
CD86 were detected by immunohistochemistry and flow 
cytometry, which was performed on histopathological sections 
from paraffin‑embedded tumor and corresponding adjacent 
control tissues. The specimens were assessed using the 
semi-quantitative immunoreactive score (IRS). The concen-
tration of SIgA in the saliva from patients with oral cancer 
decreased, whereas the IL-6 level significantly increased 
compared with the control subjects (P<0.05). In addition, the 
decrease of SIgA level and increase of IL-6 level exhibited a 
negative correlation (r=‑0.543, P<0.05). According to the IRS 
score, the expression levels of CD1a, CD83, CD80 and CD86 
in the cancer tissue were lower than the expression levels of the 
control group (P<0.05). Furthermore, the expression of CD80 
and CD86 exhibited no correlation with histological grade or 
pathological type (P>0.05), but exhibited a negative correla-
tion with clinical stage and lymph node metastasis (P<0.05). 
The concentration of SIgA and IL-6 in saliva may be used as 
an auxiliary diagnostic indicator for oral cancer. The detection 
of CD80 and CD86 expressed on DCs in oral cancer tissue 
may be useful for the diagnosis and evaluation of the prognosis 
of tumors. The present study hypothesized that the use of SIgA 

vaccines or IL-6 inhibitors may be useful for reversing the 
immune deficiency associated with DCs in oral cancer.

Introduction

Oral cancer is the sixth most common type of human cancer 
in the world, with an incidence of ~300,300 per year (1). 
Although significant progress has been made on multidisci-
plinary collaboration and systemic treatment, the long-term 
survival rates and quality of life of patients remain poor (2). 
The main cause for the poor prognosis of oral cancer is 
the high local recurrence rate associated with this type of 
cancer (3). The development of effective methods to prevent 
the repeated invasion of cancer cells, inhibiting the prolif-
erative phase is therefore required. Immune status has been 
revealed to serve an important role in interfering with tumor 
progression, and dendritic cells (DCs), the most efficient type 
of antigen presenting cells, have become the focus of investi-
gation into immune regulation (4). The regulatory cytokines 
of DCs, such as interleukin (IL)-6, IL-2 and IL-10, serve 
important roles in maintaining mucosal homeostasis (5).

Human saliva may be used for the diagnosis of various 
pathological states. Secretory immunoglobulin A (SIgA), as 
a prominent antibody in saliva, possesses an important refer-
ence value in local mucosal immunity. The SIgA molecule, 
a heterodimer, is composed of 2 IgA monomers, each 
containing 2 light chains and 2 heavy chains, 1 J chain and 1 
secretory component (SC) (6). SIgA exhibits the characteris-
tics of long stability and high detection rate in saliva, which 
can reflect the immune state of the oral cavity (7). As the 
main factor in the process of mucosal response (8), SIgA has 
been found to exhibit cooperation with DCs in vitro, and IL-6 
may be associated with the changes of SIgA and DCs (9).

The present study investigated the levels of SIgA and 
IL-6 and changes with respect to DC surface markers during 
tumor mass formation, and explored the association between 
the aforementioned changes and the clinical and pathological 
features of oral tumors. The association between SIgA and 
IL-6 in the saliva of patients with oral cancer was examined, 
and the influence of SIgA and IL‑6 on DCs was suggested.

Materials and methods

Patients and tissues. The patients with oral cancer were 
all inpatients for surgical treatment in the Fourth Hospital 
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of Hebei Medical University, Hebei, China, between June 
2010 and December 2011. The characteristics of the patients 
are shown in Table I. Unstimulated saliva (3 ml) from each 
patient was collected prior to therapy. The saliva was centri-
fuged at 1,500 x g for 30 min at 4˚C, and the supernatant 
was preserved in a refrigerator at ‑80˚C. The cancer and 
corresponding adjacent control tissues were obtained from the 
surgery. The tissues were divided into two parallel sections. 
The first section was immediately ground into single‑celled 
levitation liquid according to previous protocol (10) until flow 
cytometry detection. The other section was fixed in formalin 
and embedded into paraffin. Histological typing of the tumor 
tissues was carried out on the basis of resected specimens in 
the Department of Pathology, Hebei Medical University, Shiji-
azhuang, China. The present study was approved by the Ethics 
Committee of Hebei Cancer Institute, Hebei, China, and 
informed consent was obtained from all the recruited patients.

SIgA and IL‑6 immunoassay. The concentration of SIgA and 
IL-6 in saliva was measured with the SIgA and IL-6 Quanti-
kine ELISA (DB‑100; R&D Systems, Inc., Minneapolis, MN, 
USA) following the protocol of the manufacturer. The samples 
were incubated in duplicate on microtiter plates coated with 
anti-SIgA monoclonal antibody (cat. no. 11137A12) or anti-IL-6 
(cat. no. 11134A09) antibodies (both R&D Systems, Inc.) for 
2 h at room temperature. The plates were then washed with 
the washing buffer of the ELISA kit to remove the unbound 
antibodies. Subsequent to the incubation at 25˚C for 60 min 
of the conjugate solution, horseradish peroxidase‑conjugated 
reagent, and the biotin solution of the ELISA kit was added. 
Color development was stopped subsequent to 20-25 min, 
depending on the assay (11). The ELISA assay results were read 
using a VersaMax microplate spectrophotometer (Molecular 
Devices, LLC, Sunnyvale, CA, USA) set at 450 nm.

Immunohistochemical staining (IHC). The expression levels 
of cluster of differentiation (CD)1a, CD83, CD80, and CD86 
were determined by the immunostaining method, which 
was performed on parallel histopathological sections from 
paraffin‑embedded tumor sections and corresponding adja-
cent control tissues. The tissue sections were deparaffinized 
in xylene, rehydrated in graded alcohol and washed in water. 
Endogenous peroxidase activity was blocked with H2O2 treat-
ment. Antigen retrieval was achieved by incubation in 10 mM 
boiling sodium citrate buffer for 15 min and non-specific 
binding was blocked by treating the sections with 1.5% horse 
serum (cat. no. 13011‑8611; Hangzhou Biotechnology Co., 
Ltd., Hangzhou, China) for 10 min. Monoclonal antibodies 
specific for CD1a (cat. no. BA‑2731; dilution, 1:100), CD83 
(cat. no. BS‑2519R; dilution, 1:100), CD80 (cat. no. BS‑1479R; 
dilution, 1:100), and CD86 (cat. no. BS‑1035R; dilution, 1:100) 
were obtained from Beckman Coulter, Inc., Brea, CA, USA. 
The slides were incubated with primary antibodies at 4˚C 
overnight. The VECTASTAIN ABC kit was used for the final 
staining (cat. no. 948868A; Vector Laboratories, Inc., Beijing, 
China). The compound 3,3'‑diaminobenzidine (Sigma‑Aldrich; 
Merck Millipore, Billerica, MA, USA) was used as the chro-
mogen. The slides were counterstained with hematoxylin. For 
the negative control, the primary antibody was replaced with 
mouse IgG (Beckman Coulter, Inc.), and slides with control 

oral mucosa were used as the positive control. Each immu-
noreactive endothelial cell cluster in contact with the selected 
field was counted as an individual vessel. The specimens were 
assessed using the semi-quantitative immunoreactive score 
(IRS). The IRS was calculated by multiplying the staining 
intensity (0, no staining; 1, weak staining; 2, moderate staining; 
and 3, strong staining) by the percentage of positively stained 
cells (0, <10% cells stained; 1, 11‑50% cells stained; 2, 51‑80% 
of cells stained; and 3, >81% cells stained). The criterion for 
positive staining was an IRS score of ≥2 (12).

Flow cytometry. Formalin‑fixed and fresh tissues were cut 
into sections, rubbed gently with plastic forceps and rinsed 
with physiological saline. The suspension was filtered with a 
300-mesh copper grid to remove the block, and the cell suspen-
sion was centrifuged at 150 x g for 2 min. The cells (1x106/ml) 
were collected and washed twice in PBS. A flow cytometer 
(Epics‑XL II; Beckman Coulter, Inc.) was used to determine 
the cell surface expression of CD1a, CD83, CD86 and CD80 
according to previous protocol (13,14). Briefly, mononuclear 
cells were stained using monoclonal antibodies to CD1a, 
CD83, CD86, CD80 (Beckman Coulter, Inc., Brea, CA, USA) 
and appropriate IgG isotype controls. Cells were kept at 4˚C 
for 30 min, and filtered using a 500‑mesh copper grid. The 
samples were analyzed using a FACSCalibur cytometer and 
CellQuest Pro software (version 5.1; BD Biosciences, Franklin 
Lakes, NJ, USA).

Statistical analysis. Statistical analysis was performed using 
SPSS 13.0 software (SPSS, Inc., Chicago, IL, USA). χ2, 
Fisher's exact and unpaired t-tests were performed according 
to the data to assess the statistical significance of differences 
and compare categorical associations. A two-sided t-test was 
used to determine the significance, with P<0.05 considered to 
indicate a statistically significant difference.

Table I. Characteristics of the patients.

Clinical feature No. of patients

Gender 
  Male 18
  Female 22
Age (years) 
  Maximum 70
  Minimum 27
  Median 52
Clinical stages  
  Phases I, II 26
  Phase III, IV 14
Pathological type 
  Squamous cell carcinoma 30
  Adenocarcinoma 10
Lymphatic metastasis 
  Yes 11
  No 29
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Results

Levels of SIgA and IL‑6 in the saliva. The concentration of 
SIgA in the saliva of patients with oral cancer was significantly 
lower than the concentration of the control group (83.40±8.25 
vs. 97.47±5.10 µg/l; t=‑6.875, P<0.01). By contrast, the concen-
tration of IL-6 in the saliva of patients with oral cancer was 
significantly higher than the concentration of the control group 
(4.86±1.02 vs. 1.33±0.05 µg/l; t=15.422, P<0.01). Furthermore, 
the concentration of SIgA in the saliva of patients exhibited a 
negative correlation with the concentration of IL-6 (r=-0.543, 
P<0.01). The present study found no correlation between the 
concentrations of SIgA and IL-6 and patient-associated param-
eters such as clinical stage, pathological type, histological 
grade and lymph node metastasis prior to treatment (Fig. 1).

Expression of CD1a, CD83, CD80 and CD86 on DCs. The 
DCs exhibited irregular shapes and contained dendritic 
processes, and staining of the surface molecules CD1a, CD83, 
CD80 and CD86 was detected in the cytoplasm and nuclei. 
The DCs were mainly located in the basal and spine layers 
and were distributed uniformly in the control oral mucosa 
epithelium, whereas the DCs scattered in the cancer tissue 
and numerous dendritic processes were communicating with 
the cancer cells (Fig. 2). The frequency of positive expression 
of CD1a and CD83 in the tumor tissue was 57.5% (23/40) 
and 52.5% (21/40), respectively, whereas 90.0% (18/20) and 
80.0% (16/20) corresponding control tissue showed a positive 
expression of CD1a and CD83 (both P<0.05). The frequency 
of positive expression of CD80 and CD86 in the tumor tissue 
was 55.0% (22/40) and 57.5% (23/40), respectively, whereas 
90.0% (18/20) and 85.0% (17/20) corresponding control tissues 
showed positive expression of CD80 and CD86 (both P<0.05; 
Table II).

Expression of DCs markers and their correlation with clini‑
copathological parameters. As assessed by flow cytometry, 
the percentages of CD1a and CD83 positive cells in the 
tumor tissue were 22.28±7.93 and 2.09±1.18%, respectively, a 
significant decrease compared with the controls (30.46±6.79 
and 10.13±5.99%, respectively; both P<0.05). The percentages 
of CD80 and CD86 positive cells in the tumor tissue were 
6.37±3.23 and 18.35±6.02%, respectively, which was also a 
significant decrease compared with the controls (15.17±4.94 
and 31.77±5.23%, respectively; both P<0.05; Fig. 3).

Fig. 4 shows that there was no significant correlation 
between tumor characteristics such as the clinical stage, patho-
logical type, histological grade and lymph node metastasis and 
the expression of CD1a and CD83 in the tumor tissue (both 
P>0.05). However, although the expression of CD80 and CD86 
exhibited no association with the pathological type and histo-
logical grade of the tumor tissue (both P>0.05), the expression 
of CD80 and CD86 was associated with the clinical stage 
(r=‑0.625 and P=0.020, r=‑0.610 and P=0.041, respectively) 
and lymph node metastasis (r=‑0.613 and P=0.036, r=‑0.594 
and P=0.024, respectively) of the tumor tissue. Thus, as the 
correlation analysis illustrated, the expression of CD80 and 
CD86 was negatively correlated with the lymph node metas-
tasis and clinical stage of the tumor tissue (Fig. 4).

Discussion

Oral cancer is one of the common malignant types of tumor 
in the head and neck, which includes tongue, gum, buccal, 
mouth and palate carcinoma (15). Oral tumors are character-
ized by a high degree of malignancy, infiltration into adjacent 
tissues, lymph node metastasis and high recurrence rates (16). 
Although the current multidisciplinary collaborative therapy 
is progressing, the long-term survival rate of patients with oral 
cancer and the quality of life subsequent to treatment remain 
poor (17,18). The 5-year survival rate of patients with cervical 
lymph node metastasis is <40% (19). Therefore, early diag-
nosis and screening of tumor markers requires investigation, 
with the present study providing preliminary data.

The results of the present study have demonstrated that 
the concentration of SIgA markedly decreased in the saliva 
of patients with oral cancer, while the concentration of 
IL-6 clearly increased, which exhibited no association with 
the clinical stage, histological grade, pathological type and 
lymph node metastasis. Shpitzer et al (20) reached a similar 
conclusion with respect to the reduction of SIgA in patients 
with cancer, revealing that the level of SIgA decreased by 
45% in mixed saliva from patients with oral squamous cell 
carcinoma. SIgA is considered to be an exocrine secretion of 
the IgA antibody and serves a crucial role in mucosal immune 
system (21). The incidence of malignant tumors in patients 
with the congenital lack of SIgA has been found to be 20- to 
50-fold higher compared with individuals that do not exhibit 
the congenital abnormality (22). The mucous membrane of 
the small intestine exhibits rare malignant tumors, of which 

Table II. Expression of CD1a, CD83, CD80 and CD86 in oral cancer and control tissues.

 Oral tissue Control tissue
Surface ---------------------------------------------------------------------- ---------------------------------------------------------------------
molecule ‑n +n Positive rate % ‑n +n Positive rate % χ2 P‑value

CD1a 17 23 57.5 2 18 90.0 6.508 0.011
CD83 19 21 52.5 4 16 80.0 4.266 0.039
CD80 18 22 55.0 2 18 90.0 7.35 0.007
CD86 17 23 57.5 3 17 85.0 4.538 0.033

CD, cluster of differentiation.
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Figure 1. Comparison of SIgA and IL‑6 levels in the saliva of control subjects and patients with oral cancer. (A) The concentration of SIgA in the saliva of 
patients with oral cancer was significantly lower compared with the control group. (B) The concentration of IL‑6 in the saliva of patients with oral cancer 
was significantly higher compared with the control group. The association between SIgA and IL‑6 concentration in the saliva of the (C) control group and 
(D) patients. The concentration of SIgA in the saliva of patients exhibited a negative correlation with the concentration of IL-6. SIgA, secretory immuno-
globulin A; IL‑6, interleukin 6.

Figure 2. Staining of (A) CD1a in cancer tissue, (B) CD1a in control tissue, (C) CD83 in cancer tissue, (D) CD83 in control tissue, (E) CD80 in cancer 
tissue, (F) CD80 in control tissue (G) CD86 in cancer tissue and (H) CD86 in control tissue (magnification, x400). The majority of DCs were located in the 
basal and spinal layers and were distributed uniformly in control oral mucosa epithelium, whereas in the cancer tissue the DCs were scattered irregularly 
and numerous dendritic processes were communicating with cancer cells. CD80 and CD86 were stained brown in the cytoplasm and nuclei. CD, cluster of 
differentiation; DCs, dendritic cells.
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one of the important factors is the secretion of IgA by >85% 
of the cells of the small intestine (23). The reduction in 
the level of SIgA in saliva subsequent to the occurrence of 
malignant tumors is not fully understood. The present study 
proposes that the extracellular hydrolysis of polymeric immu-
noglobulin receptor (PIgR) may be inhibited when tumors 
occur, and it is difficult for the SC of SIgA to connect with the 

corresponding ligand. Therefore, the concentration of SIgA 
declines. The hypothesis of the present study is based on the 
findings of Johansen et al (24), who reported that PIgA secre-
tion decreased in PIgR knockout mice, and as a result the 
level of SIgA in external secretions was significantly reduced. 
The mechanism for the decrease in the level of SIgA requires 
additional investigation.

IL-6 is a multifunctional cytokine, which serves different 
roles in different target cells, affecting the proliferation and 
differentiation of malignant cells during the occurrence and 
development of tumors (25-27). The data of the present study 
showed that the concentration of IL-6 in saliva increased 
markedly, consistent with the results from a multiplexed 
immunobead-based assay by Arellano-Garcia et al (28). 
Sato et al (29) proposed that IL-6 inactivates p53 by inhibiting 
p53 promoter activity, thereby affecting cell proliferation and 
apoptosis. Notably, the present study found a negative correla-
tion between the level of SIgA and IL-6 in the saliva of patients 
with oral cancer, which indicates that during oral cancer 
occurrence and proliferation, the ability of abnormal cells to 
synthesize and secrete IL-6 is enhanced, whereas the ability 
to synthesize and secrete SIgA is inhibited. Previous studies 
also stated that IL-6 serves a key role in the localization of the 
effector site, terminal differentiation and the proliferation of 
plasma cells that secrete IgA in mucosal surfaces (30,31). A 
reduction in the level of SIgA weakens the ability of the protein 
to restrain and block antigens (32-34), therefore mucosal 
immunity is reduced and tumors appear. Additionally, the 
continuous production of IL-6 by the tumor cells accelerated 
abnormal proliferation and differentiation, thus the number of 
neoplasms increased. Therefore, it is theorized that SIgA and 
IL-6 may be used as auxiliary diagnostic indicators for oral 
cancer.

Figure 3. Expression of CD1a, CD83, CD80 and CD86 in control and oral cancer tissues. Flow cytometryy analysis showed that percentage of CD1a, CD83, 
CD80 and CD86 positive cells was significantly lower in the cancer tissue compared with the control (P<0.05). (A) CD1a and CD83 percentages of negative 
controls, (B) CD1a and CD83 percentages of patients, (C) CD1a and CD83 percentages of healthy individuals, (D) CD80 and CD86 percentages of negative 
controls, (E) CD80 and CD86 percentages of patients, (F) CD80 and CD86 percentages of healthy individuals. CD, cluster of differentiation; PE, phycoery-
thricin; FITC, fluorescein isothiocyanate; Cy5, cyanine.

Figure 4. Association between the expression of CD1a, CD83, CD80 and 
CD86 in oral cancer tissues and different clinical pathological characteris-
tics. No significant correlation was identified between tumor characteristics 
such as clinical stage, pathological type, histological grade and lymph node 
metastasis and the expression of CD1a and CD83. The expression of CD80 
and CD86 was negatively correlated with lymph node metastasis and clinical 
stage, but exhibited no correlation with pathological type and histological 
grade. CD, cluster of differentiation.
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The second finding of the present study is associated with 
the immunodeficiency of DCs in oral cancer tissue and the 
abnormal expression of CD1a, CD83, CD80, and CD86. Among 
these markers, the expression of CD80 and CD86 exhibited a 
negative association with clinical stage and lymph node metas-
tasis, which indicated that CD80 and CD86 detection may be 
useful for diagnosing and evaluating the prognosis of oral 
cancer. DCs, as the most potent type of antigen-presenting cell, 
express major histocompatibility complex (MHC) molecules 
and costimulatory molecules by capturing and processing 
antigens, prime initial T cells, initiate and regulate the immune 
response, and serve a key role in the induction of the antitumor 
response (35,36). The abnormal number and function of DCs 
in neoplasms is regarded as an important factor in the immune 
evasion of tumors (37). Being members of the immunoglobulin 
superfamily, CD80 and CD86 are present on DCs in the form of 
oligomers (38). When the T-cell receptor-CD3 on T cells binds 
to the MHC class II antigen peptide of DCs, the T cells become 
stimulated and activated via the participation of costimulatory 
molecules in the immune response (39). In the absence of 
costimulatory molecules such as CD86 and CD80, DCs cannot 
deliver antigens effectively to T cells, leading to immune toler-
ance (35). The present study demonstrated that the expression 
levels of CD80 and CD86 were lower in the tissues of patients 
with advanced-stage cancer, which indicates that the lack of 
costimulatory molecules may provide a key mechanism for 
tumor immune evasion. Additionally, the abnormal differ-
entiation of antigen-presenting cells and the accumulation of 
tolerant DCs may be the foundation of immune deficiency. 
According to Soloff and Barratt-Boyes (40), the influence of 
mucosal DCs on the formation of IgA in B cells is one of the 
causes of immune tolerance.

The present study identified a deficiency of DCs in tumors 
and the accumulation of IL-6 in saliva. A previous study supports 
the hypothesis that the abnormal quantity and function of DCs 
are closely associated with the excessive secretion of IL-6 by 
tumor cells (41). When the body is in a pathological state, exces-
sive IL‑6 is secreted into the blood and body fluid, which inhibits 
the differentiation and maturation of DCs and maintains their 
immature state (42). When IL‑6‑specific monoclonal antibodies 
are neutralized, the function of DCs is restored (43).

The association between SIgA and DCs has been reported. 
The results of Bessa et al (44) indicated that lung mucosal 
DCs induce B cells to undergo a phenotypic conversion from 
IgM to IgA. DCs co‑cultured with B and T cells promote the 
formation of SIgA (45). Mora et al (45) revealed that Peyer's 
patch DCs induce B cells to change the type of antibody they 
produce to IgA by secreting cytokines without relying on T 
cells. Therefore, it can be concluded that local DCs serve a 
unique role in the process of promoting the production of IgA.

Based on the results of present and previous studies, 
tumor cells and the associated cytokines such as IL-6 are 
hypothesized to inhibit the function of DCs via autocrine or 
paracrine signaling when cancer occurs, thus it is difficult 
for DCs to promote the generation of SIgA by inducing the B 
cell phenotype conversion, and subsequently immune evasion 
arises. If the concentration of SIgA the oral cancer environ-
ment in increased via the administration of sustained-release 
tablets or injecting a submucosal SIgA vaccine, IL‑6 produc-
tion may be suppressed and DC immune deficiency may be 

partially reversed, thus preventing neoplasm development. 
Furthermore, neutralizing or reducing the concentration of 
IL-6 in the saliva may increase the level of SIgA and restore 
the function of DCs, therefore controlling the tumor. Although 
this hypothesis requires verification by additional studies, it 
provides a novel approach for clinical treatment.

However, certain issues remain. Although there are 
numerous advantages of biological indicators from saliva such 
as the stable composition, easy availability, noninvasive collec-
tion and repeated implementation (46), the detection index can 
be easily disturbed by factors such as inflammation, trauma, 
infection or mucosal lesion, which make clinical trials difficult 
to standardize and generate false positive results (47,48).

In conclusion, the present study has shown that the concen-
trations of SIgA and IL-6 in the saliva may be used as auxiliary 
diagnostic indicators for oral cancer. The detection of CD80 
and CD86 in tissues contributed to diagnosis and evaluation of 
the prognosis of tumors. Additional studies are required to test 
and verify that a SIgA vaccine or IL-6 inhibitor can be useful 
in reversing DC immune deficiency in oral cancer.
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