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Abstract

Background: This study aimed to investigate the influence of anti-infection therapy on the HLA-DR and
CD86 expression, maturation and function of the dendritic cells in rabbits with buccal VX2 cancer
accompanied by infectious inflammation.
Methods: Inoculation of VX2 cancer cells, mechanical trauma, and intake of high glucose viscous milk
were administered to induce buccal VX2 cancer and wound infection in rabbits. Animals were divided
into 3 groups: Group A: buccal cancer rabbits with infectious inflammation received intramuscular
injection of procaine and penicillin as well as intragastrical injection of tinidazole for consecutive 3 days;
Group B: buccal cancer rabbits with infectious inflammation received intragastrical and intramuscular
injection of normal saline for 3 days; Group C: buccal cancer rabbits without infection received
intragastrical and intramuscular injection of normal saline for 3 days. The Peripheral Blood
Mononuclear Cells (PBMCs) were incubated with the supernatant from cancers at different statuses to
induce their differentiation into DCs.
Results: Flow cytometry showed the expression of CD86 and HLA-DR was the highest in Group C and
the lowest in Group B in PBMCs after incubation with the supernatant from cancers, and the expression
of CD86 and HLA-DR was the highest in Group A and the lowest in Group B in cancer tissues.
Conclusion: Anti-infection therapy can significantly increase the expression of CD86 and HLA-DR
(markers of DCs) in the buccal cancer rabbits with infectious inflammation and is helpful for the control
of infection in the cancer as well as for the maturation and function of DCs.
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Introduction
Malignant oral and maxillofacial tumors have a high incidence
worldwide, and more than 80% of them are Oral Squamous
Cell Carcinoma (OSCC) [1]. OSCC is a common oral
malignancy. The incidence of OSCC is increasing over year
[2]. OSCC is usually accompanied by mild to moderate local
inflammation, but whether the local inflammation may affect
the immune status of immune cells in cancer is still poorly
understood. In clinical practice, clinicians usually encounter
patients with poor oral health, which together with mechanical
injury may cause infectious inflammation of different extents
in cancer. The persistent stimulation of stimulating factors and
the change in normal regulatory mechanism due to tumor
inflammation may cause “uncontrollable inflammation”, which
makes the tumor microenvironment more complex. Thus, to
investigate the pathogenesis of OSCC and to block the specific
mechanism are crucial for the prevention and treatment of

OSCC, and have been a focus in studies on OSCC. In this
study, buccal cancer with infectious inflammation was induced
in rabbits, and the inflammation was evaluated in the presence
and absence of anti-infection treatment. In addition, the
supernatant of OSCC was used to induce the differentiation of
Peripheral Blood Mononuclear Cells (PBMCs) from healthy
rabbits into Dendritic Cells (DCs) and the expression of Major
Histocompatibility Complex (MHC) II HLA-DR and
costimulatory molecule CD86 was measured in these cells and
in cancer tissues.

Materials and Methods

Materials
Animals: VX2 cancer bearing rabbit was purchased from the
Experimental Animal Center of Sun Yat-sen University. New
Zealand white rabbits (n=35) aged 2-3 months (male or
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female) and weighing 1.5-2.0 kg were purchased from the
Medicine and Biology Research Center of Zunyi Medical
College (License Number: SYXK (Qian) 2011-003).

Drugs: Procaine penicillin injection (Shanghai Quakers
veterinary drug factory; batch number: 090052629) and
tinidazole tablets (Chongqing Kerui Pharmaceutical Group
Co., Ltd.; batch number: H20056192) were used in this study.

Reagent: Fluorescein Isothiocyanate (FITC) conjugated HLA-
DR antibody, FITC conjugated IgG2a antibody, Phycoerythrin
(PE) conjugated CD86 antibody, PE conjugated IgG1 antibody
(BD company, USA), fetal bovine serum (Gibco, USA) and
RPMI1640 (Hyclone, USA) were used in the present study.

Establishment of VX2 cancer model with infectious
inflammation in rabbits
VX2 tumor was collected from the limb of cancer-bearing
rabbit and VX2 cancer tissues were harvested and inoculated
into the cheek of healthy rabbit. At 14 days, cancer was
observable. Then, the superficial mucosa was carefully
collected from the cancer and a lesion sized 1.0 cm × 1.0 cm
formed. The rabbits were fed with sugar rich viscous milk
(milk: water: sugar=50:30:20) for 3 days. At 17 days (3 days
after lesion induction), ulcer formed at the lesion site,
accompanied by evident errhysis and red edema. These
suggested that VX2 cancer with infectious inflammation was
successfully induced in rabbits. Animals were divided into 3
groups: Group A: VX2 cancer rabbits with infectious
inflammation (n=12) received intramuscular injection of
procaine penicillin at 22000 U/kg and intragastrical injection of
tinidazole at 150 mg/kg for consecutive 3 days (once daily);
Group B: VX2 cancer rabbits (n=12) with infectious
inflammation (n=12) received intramuscular injection of
normal saline (1 ml) and intragastrical injection of normal
saline (20 ml) for 3 consecutive days (once daily); Group C:
VX2 cancer rabbits (n=12) without infection(n=12) received
intramuscular injection of normal saline (1 ml) and
intragastrical injection of normal saline (20 ml) for 3
consecutive days (once daily).

Histological examination of the cancer
On day 20, animals were sacrificed, and the cancer was
collected. Then, 1/4 of cancer tissues was separated and
processed for HE staining.

Separation of PBMCs
A healthy rabbit was anesthetized and placed on a surgical
table in a supine position. After removal of hair on the
precordial region and skin sterilization, percutaneous puncture
was performed in the precordial region with a 20 ml syringe,
and blood was collected and anti-coagulated with heparin.
PBMCs were separated by density gradient centrifugation.
Cells were counted under an inverted phase contrast
microscope, and the cells density was adjusted to 2 × 106/ml.
Detection of cell viability: cell suspension (9 drops) was mixed
with 0.4% trypan blue solution (1 drop), and viable cells were

counted. The cell viability was determined as follow:
viability=(number of viable cells/number of total cells) ×
100%. The cell viability was 95.7% in this study. Then, cell
suspension was added to 6-well plate (1 ml/well) and cells
were incubated in an environment with 5% CO2 at 37ºC for 3
h. The supernatant was removed and the remaining cells were
PBMCs.

Culture of DCs from PBMCs
The cancer was collected from each rabbit. Then, 1/2 of cancer
tissues were homogenized with serum-free RPMI1640 at 200
g/L, followed by centrifugation at 3000 r/min for 20 min (2
times). The supernatant was collected and filtered through a
0.22 μm filter for sterilization (3 times). The supernatant was
then used to treat PBMCs. Cells were divided into 3 groups:
Group A: cells were incubated in RPMI1640 containing 10%
FCS (2 ml), antibiotics and 40% supernatant; Group B: cells
were incubated in RPMI1640 containing 10% FCS (2 ml) and
40% supernatant; Group C: RP MI1640 containing 10% FCS
(2 ml) and 40% supernatant from cancer. Half medium was
refreshed once every 2 days, cells were observed under an
inverted microscope and images were captured. Cells were
cultured for 6 days. Cells in Group C were also harvested for
electronic microscopy.

Detection of HLA-DR and CD86 expression of DCs
The cancer was collected from each rabbit and 1/4 of cancer
tissues were processed for single cell suspension (1 × 106

cells/ml) and the expression of HLA-DR and CD86 was
detected by flow cytometry. Cells were cultured for 6 days, and
then the expression of HLA-DR and CD86 was detected by
flow cytometry according to manufacturer’s instructions.

Statistical analysis
Statistical analysis was performed with SPSS version 21.0.
Comparisons were conducted with one way analysis of
variance among groups, and paired comparisons were
performed with LSD-t test. A value of P<0.05 was considered
statistically significant.

Results

Macroscopic and microscopic observation of buccal
VX2 cancer
On day 20, macroscopic observation showed: in Group A, the
cancer became cankerous, but there was no evident erosion or
bleeding; in Group B, evident erosion and bleeding were
observed in the cancer; in Group C, there was no ulcer in the
cancer (Figure 1). HE staining showed: in Group A, mild
infiltration of inflammatory cells and hyperplasia of fibroblasts
were observed in the cancer; in Group B, the infiltration of
inflammatory cells was evident, and hyperplasia of fibroblasts
was every obvious, accompanied by dilation of vasculatures; in
Group C, only a few inflammatory cells infiltrated in the
cancer (Figure 2).
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Figure 1. Macroscopic observation of the cancer on day 20. A:
buccal cancer rabbits with infectious inflammation received
intramuscular injection of procaine and penicillin as well as
intragastrical injection of tinidazole for consecutive 3 days; B:
buccal cancer rabbits with infectious inflammation received
intragastrical and intramuscular injection of normal saline for 3
days; C: buccal cancer rabbits without infection received
intragastrical and intramuscular injection of normal saline for 3
days.

Figure 2. Microscopic observation of the cancer on day 20 (HE
staining; X200). A: buccal cancer rabbits with infectious
inflammation received intramuscular injection of procaine and
penicillin as well as intragastrical injection of tinidazole for
consecutive 3 days; B: buccal cancer rabbits with infectious
inflammation received intragastrical and intramuscular injection of
normal saline for 3 days; C: buccal cancer rabbits without infection
received intragastrical and intramuscular injection of normal saline
for 3 days.

Morphology of DCs under a light microscope
Cells were observed under an invert microscope. On day 3, a
majority of cells were adherent to the wall and became oval or
round. Burr-like protrusions were found in some cells. On day
5, cell volume increased, suspended or semi-suspended growth
was found, some cells aggregated to form clusters, cells
became star-like, spindle-shaped or irregular, and thorn-like
projections of different sizes, numbers and shapes were
observed in these cells. After collection of suspended cells, a
few cells were still adherent to the wall (Figure 3). Under an
electronic microscope, DCs became irregular in shape on day 6
and had rough surface, and there were a large amount of folds
and dendritic-like protrusions in these cells (Figure 3).

Figure 3. DCs under an invert microscope. A: day 3 (X200); B: day 5
(X200); C: DC under an electric microscope.

HLA-DR and CD86 expression on DCs from VX2
cancer
The HLA-DR and CD86 expression on DCs from VX2 cancer
is shown in Table 1. Results showed the proportions of HLA-

DR positive cells, CD86 positive cells and HLA-DR+CD86
positive cells were significantly different among three groups
(F=216.658, 49.068 and 125.040; P<0.01). LSD-t showed
proportions of HLA-DR positive cells, CD86 positive cells and
HLA-DR+CD86 positive cells were the highest in Group A
and the lowest in Group B (Figure 4 and Table 1).

Figure 4. Detection of HLA-DR and CD86 expression in different
groups. A: buccal cancer rabbits with infectious inflammation
received intramuscular injection of procaine and penicillin as well as
intragastrical injection of tinidazole for consecutive 3 days; B:
buccal cancer rabbits with infectious inflammation received
intragastrical and intramuscular injection of normal saline for 3
days; C: buccal cancer rabbits without infection received
intragastrical and intramuscular injection of normal saline for 3
days.

HLA-DR and CD86 expression on DCs from PBMCs
On day 6, the proportions of HLA-DR positive cells, CD86
positive cells and HLA-DR+CD86 positive cells were
markedly different among three groups (F=30.033, 40.664 and
18.444, respectively; P<0.01). LSD-t test indicated that the
proportions of HLA-DR and/or CD86 positive cells were the
highest in Group C and lowest in Group B (P<0.05) (Table 2
and Figure 5).

Figure 5. CD86 and HLA-DR expression in DCs from PBMCs. A:
buccal cancer rabbits with infectious inflammation received
intramuscular injection of procaine and penicillin as well as
intragastrical injection of tinidazole for consecutive 3 days; B:
buccal cancer rabbits with infectious inflammation received
intragastrical and intramuscular injection of normal saline for 3
days; C: buccal cancer rabbits without infection received
intragastrical and intramuscular injection of normal saline for 3
days.

Table 1. Proportions of HLA-DR and/or CD86 positive cells in
different groups.

Group HLA-DR CD86 HLA-DR+CD86

A (n=6) 9.77 ± 0.64#, 2.53 ± 0.47#, 2.20 ± 0.37#,
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B (n=6) 3.56 ± 0.12▲ 0.21 ± 0.04▲ 0.07 ± 0.01▲

C (n=5) 5.02 ± 0.42 1.35 ± 0.57 0.75 ± 0.14

Notes: #A vs. B, P<0.01; A vs. C, P<0.01; B vs. C, P<0.01.

Table 2. Proportion of CD86 and/or HLA-DR positive cells in
different groups.

Group CD86 HLA-DR

A (n=6) 21.17 ± 2.30*,# 2.13 ± 0.30*,#

B (n=6) 13.95 ± 2.05*, 1.57 ± 0.38*,

C (n=6) 25.07 ± 1.84#, 2.60 ± 0.18#,

Note: *Group A vs. Group B, P<0.01; #Group A vs. Group C, P<0.01; Group B
vs. Group C, P<0.01.

Discussion
The oral and maxillofacial malignancies have a high incidence
worldwide and more than 80% of them are OSCC [1]. Since
mid-20 century, numerous studies have been conducted to
investigate the relationship between inflammation and
malignancies. Virchow, a pathologist in Germany, found
inflammatory cells in cancers and for the first time proposed
the hypothesis that inflammation is closely related to the
pathogenesis of malignancies. Later, increasing studies confirm
that inflammation is closely related to the occurrence,
development and metastasis of malignancies [3]. In cancers,
the inflammatory microenvironment mediates several signaling
pathways via the pro-inflammatory cells and mediators, which
forms a protective barrier to counteract the human immune
defense, leading to the deterioration of cancers [4].

In the complicated microenvironment of the cancer, there are
some immune surveillance cells and immune effector cells.
These cells complicate the inflammatory microenvironment via
their specific activities and differentiation [5]. DCs were
identified by Steinman in 1973 and named due to the presence
of dendrites in the mature cells. DCs have been the most potent
Antigen Presenting Cells (APC) in the body, and its antigen
presenting capability is stronger than that of any other APCs.
DCs function mainly to up-take, process and manage antigens
and present antigens to primitive T cells [6]. They are unique
APCs that can activate primitive T cells. Thus, the DCs
dysfunction may cause the whole immune dysfunction.

The functional status of DCs is closely related to the prognosis
of malignancies. A variety of studies reveal that the DCs
reduce, and the maturation and function of DCs are
significantly compromised in the cancer microenvironment [7].
In the inflammatory microenvironment of the cancer, there is a
large amount of pro-inflammatory cells and mediators, which
may deteriorate this inhibition, and DCs usually fail to present
antigens and activate T cells, and thus the recognition and
killing of cancer cells are reduced, leading to the immune
escape [8].

In cancers, there are a lot of DCs of different phenotypes and
functions. DCs have been the most potent APCs and can be

divided into immature DCs (imDCs) and mature DCs (mDCs)
according to their ability to stimulate the proliferation of T
cells. Under normal condition, the majority of DCs is immature
and has the potent capability to take in, process and manage
antigens. These cells have a low expression of MHC II
molecules (including HLA-DR), costimulatory molecules
(including CD86) and adhesion molecules, and the antigen
presenting capability and their immune response are also very
weak [9]. mDCs may not only present the first signal to T cells
(propeptide-MHC complex), but provide the second signal
(high expression of costimulatory molecules CD80, CD86 and
CD40) for the complete activation of T cells. Thus, DCs are
professional APCs that can directly activate primitive T cells.
As a special group of cells, DCs play crucial roles in the
activation and maintenance of anti-tumor immunity. In
addition, the capability of DCs to present cancer antigens is
lost or compromised in the inflammatory microenvironment of
the cancer [10]. In the interaction between local inflammation
and cancer cells, the expression of some pro-inflammatory
cytokines is up-regulated (such as Cyclooxygenase-2 (COX-2),
Vascular Endothelial Growth Factor (VEGF), Interleukin
(IL)-1β, IL-6, IL-10, IL-8, IL-lα, and Transforming Growth
Factor (TGF)), and these cytokines may affect the function of
DCs and/or induce the apoptosis of DCs [11]. Of these
cytokines, IL-1β and IL-6 are important pro-inflammatory
cytokines and may stimulate the production of IL-10 by cancer
cells to inhibit the chemotactic activity of DCs to antigens [12].
IL-10 can directly inhibit the expressions of MHC molecules
and costimulatory molecules on DCs and block the cancer
antigen presenting of DCs to T cells. Thus, the stimulating
signals cannot be transmitted into T cells, and the T cells are in
a non-responsive state, resulting in immune escape. In a variety
of cancer patients, the expression of IL-1β, IL-6 and IL-10
increases significantly [13]. IL-6 may induce the VEGF
expression in cancer cells, leading to immune suppression [14].
VEGF is an immunosuppressive factor and can inhibit the
differentiation and maturation of DCs, resulting in immune
escapes [15]. OSCC has a high expression of IL-1β and IL-6,
which may promote VEGF release. In the cancer
microenvironment, VEGF is crucial for the functional
inhibition of DCs [16]. In addition, VEGF has a potent
capability to inhibit the differentiation of CD34+hematopoietic
stem cells, causing the immune escapes of cancer cells. This
may be ascribed to the VEGF induced inhibition of NF-κB,
which further blocks the function of DCs as shown in previous
studies that the development and differentiation of DCs are
closely related to the NF-κB. VEGF may bind to the type 1
VEGF receptor on HPC to block the separation of NF-κB from
its inhibitor I-κB, which affects the NF-κB activity and inhibits
the differentiation of hematopoietic precursor stem cells into
DCs.

The cancer could be as large as 1.5-2.0 cm in diameter at 14
days after inoculation when the cancer cell growth is active and
the necrotic tissues are small. The cancer grows and becomes
larger over time. On day 21, the cancer becomes ulcerous,
liquefaction necrosis may be observed in the cancer, and the
survival time of cancer bearing rabbits is generally 40 days.
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Thus, in the present study, local inflammation was induced at
14 days after inoculation. Anti-infectious therapy was initiated
on day 17 and continued for consecutive 3 days. On day 20, the
cancer was collected for further examinations, which avoids
the influence of cancer necrosis on our results.

The differentiation of PBMCs into DCs was evaluated under
an invert microscope, and results showed, on day 3, a majority
of cells were adherent to the wall, some cells showed
suspended growth, cells were oval or round, and short, burr-
like protrusions were observed in some cells; on day 5, some
DCs showed suspended or semi-suspended growth, some DCs
aggregated to form clusters, cells were star-like, spindle-shaped
or irregular, and there were some thorn-like projections of
different sizes and numbers were found on some cells. Under
an electric microscope, DCs showed irregular shape, rough
surface, a large amount of folds and dendritic-like protrusions
of different sizes. These were characteristics of DCs.

The supernatant was collected from cancer tissues to mimic the
cancer microenvironment and used to induce the differentiation
of PBMCs into DCs. Then, flow cytometry was performed to
detect the expression of CD86 and HLA-DR on cells. Results
showed the expressions of CD86 and HLA-DR was the highest
in Group C and the lowest in Group B; the SI was the highest
in Group C and the lowest in Group B. This suggests that the
inflammation in Group A and Group B inhibit the maturation
and function of DCs, especially in Group B, and the expression
of CD86 and HLA-DR and SI reduced significantly when
compared with Group A. These findings indicate that the
maturation, differentiation and function of DCs are
significantly inhibited in the inflammatory microenvironment
of cancer, and anti-infectious therapy may attenuate local
inflammation, reduce the release of pro-inflammatory
cytokines and then improve the maturation and function of
DCs in this environment. In the presence of local
inflammation, the expression of HLADR and CD86 in Group
B was significantly lower than in Group C; after anti-infectious
therapy for 3 days, the expression of HLADR and CD86 in
Group A was markedly higher than in Group B and Group C.
Thus, we speculate that local inflammation may inhibit the
expression of functional molecules of DCs, and reduce the
mature DCs. Antibiotics may kill the bacteria and then reduce
the stimulation of inflammation, which is accompanied by the
significant increase in the expression of HLADR and CD86,
suggesting the increase in the number of mature DCs. Thus,
anti-infectious therapy may increase DCs function. Taken
together, in the infection induced inflammatory environment of
OSCC, a large amount of pro-inflammatory cytokines may
interact with each other, causing the disordered regulation of
cytokine network, which further affects the expression of
functional molecules on DCs and blocks the cancer antigen
presenting. This may be one of mechanisms of immune
escapes of cancer cells. However, the mechanisms by which
the infectious inflammation inhibits the maturation and
functions of DCs are still poorly understood. On the basis of
our findings, we postulate that: 1) to maintain oral health,
avoid local infection and use appropriate antibiotics at a proper
dose to control local inflammation are helpful for the

differentiation, maturation and function of DCs and reduce the
invasion and metastasis of OSCC cells. 2) Mature DCs induced
in vitro or DC vaccine may be used to treat oral cancer via
improving the immunity of the host. This has been used in the
study of Ruben et al. [17] in which the investigators
administered DC vaccine in cancer patients and the survival
time was significantly prolonged.
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