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Intratumoral injection of dendritic cells overexpressing
interleukin-12 inhibits melanoma growth
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Abstract. The present study aimed to investigate the antitumor
effects of an intratumoral injection of dendritic cells (DCs)
overexpressing interleukin-12 (IL-12) on melanoma. DCs,
isolated from mouse spleen, were gene-modified using an
IL-12 overexpression vector. Melanoma B6 cells were injected
into C57BL/6 mice to generate tumors. Thereafter, DCs over-
expressing IL-12 were injected into the tumors, and tumor
volume was subsequently measured. Pathological changes in
tumor tissue were detected by hematoxylin and eosin staining.
The expression of interleukin-4 (IL-4) and IL-12 in tumors was
measured by enzyme-linked immunosorbent assay, real-time
PCR and western blotting. DCs were successfully isolated and
a lentivirus vector expressing IL-12 was constructed. After
intratumoral injection of phosphate-buffered saline (control
group), tumor cells exhibited malignant growth; whereas
tumors injected with DCs (DC group) or DCs + empty vector
(DC + vector group) exhibited a small amount of inflammatory
cell infiltration and limited areas of tissue necrosis. In contrast,
tumors injected with DCs overexpressing IL-12 (DC + IL-12
group) displayed severe tissue necrosis, loss of cell structure,
and inflammatory cell infiltration. Compared with the control
group, the tumor volumes were significantly lower in the DC,
the DC + vector and the DC + IL-12 groups, while the expres-
sion of IL-12 and IL-4 in the tumors was significantly higher.
Importantly, the most marked changes in tumor volume and
IL-12 and IL-4 expression were in the DC + IL-12 group,
which were significantly greater than those in tumors treated
with unmodified DCs. Hence, intratumoral injection of DCs
overexpressing IL-12 exerted strong antitumor effects in
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melanoma, and biotherapy with DCs overexpressing IL-12 is a
potential treatment strategy for melanoma.

Introduction

Melanoma is a malignant tumor that originates from cells that
produce melanin. It is characterized by the sudden appear-
ance, or rapid growth, of moles with deepening color and
comet-like structure. The symptoms of this type of cancer
include local pain, infection, ulcer or bleeding and enlarged
lymph nodes (1). Melanoma tumors occur most often in the
lower limbs, followed by the head, neck, upper limbs and
eyes. Early metastasis occurs via lymphatic and blood vessels
to the liver, brain, bone and mucosa, among other tissues (2).
Biotherapy is a new choice for tumor treatment (3) and is
characterized by fewer complications and less toxic and side
effects than traditional therapeutic approaches (2). Biotherapy
can be used alone or as complementary treatment following
surgery, radiotherapy and chemotherapy (4). Hence, biotherapy
is considered an important development in the treatment of
malignant tumors, particularly melanoma (5).

Dendritic cells (DCs), the most powerful antigen
presenting cells (APCs) in vivo and the only APCs that can
activate T lymphocytes, have an important role in connecting
innate and adaptive immunity (6). Their function is to present
pathogen-derived antigen peptides, via major histocompat-
ibility molecules (MHC), to immature T lymphocytes in
lymphoid organs. Through this process, DCs form the key link
between innate and adaptive immunity, which is essential for
antigen-specific immune responses (7).

IL-12 is an immunoregulatory cytokine that functions as
an important link in the process of immune regulation (8).
IL-12 can inhibit tumor growth through the following path-
ways: Stimulation of T cell activation and promotion of the
transformation of naive T cells into T helper type 1 cells;
activation of cytotoxic T lymphocytes (CTLs) and natural
killer cells and promotion of the secretion of tumor necrosis
factor (TNF)-a and other cytokines (9). Moreover, 1L-12
can upregulate the levels of vascular adhesion molecule-1
and cadherin, induce apoptosis and promote neovasculariza-
tion (10-12). Hence, IL-12 is a promising immunotherapeutic
agent that links innate and adaptive immunity (13). IL-12 has
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been observed to have antitumor effects in several preclinical
and clinical studies (14-16). In the present study, monocytes
were isolated and differentiated into mature DCs, which were
then transfected with lentiviruses constructed to overexpress
IL-12. Thereafter, these genetically modified DCs were
directly injected into melanoma tumors in model mice, and
their antitumor effects were evaluated.

Materials and methods

Preparation of DCs. Twenty specific pathogen-free male
C57BL/6 mice (weighing ~22 g; 4 weeks old) were purchased
from Changzhou Cavans Laboratory Animal Co. Ltd.
[license no. SCXK (Su) 2016-0010] and housed in a specific
pathogen-free condition that was automatically maintained
at a temperature of 23+2°C, a relative humidity of 45-65%,
and with a controlled 12 h light/dark cycle and access to
food and water ad libitum. Mice were sacrificed by cervical
dislocation following anaesthesia with isoflurane, immersed in
75% ethanol for 5-10 min, and then their spleens were removed
by aseptic surgery, and the tissues were soaked in Hank's
solution (Gibco; Thermo Fisher Scientific, Inc., Waltham,
MA, USA). Spleens were rinsed repeatedly until they turned
white. Then, cell suspensions were collected, and mono-
nuclear cells were obtained by density gradient centrifugation
(987 x g, for 20 min), using lymphocyte separation solution
(C-44010; Bio-Connect B.V., Huissen, The Netherlands), and
then washed twice with phosphate-buffered saline (PBS) by
centrifugation. Spleen mononuclear cell density was adjusted
to 1x107/ml, using lymphocyte separation solution, and cells
were plated into 6-well tissue culture plates (2 ml/well), and
incubated at 37°C in a 5% CO, incubator. After 2 h, medium
was aspirated from the suspended cells, and replaced with
Dulbecco's modified Eagle's medium, containing 10% fetal
bovine serum (FBS), and supplemented with granulocyte
macrophage colony-stimulating factor (GM-CSF) and IL-4
(0.1 g/1). On the 7th day, lipopolysaccharides (LPS) were added
to the medium at a final concentration of 1 g/, and after 24 h
of further incubation, cells were collected. Antibodies against
CD40 (cat. no. 553723), CD80 (cat. no. 561955) and CD86
(cat. no. 561962) (all from BD Biosciences, Franklin Lakes,
NIJ, USA) were used to identify mature DCs by flow cytom-
eter method as previously described (6). The experimental
protocols were approved by the Ethics Committee of Jiangxi
Provincial People's Hospital (Nanchang, China).

Construction of the IL-12 overexpressionvector. The IL-12 gene
sequence was identified in the NCBI database (https://www.
ncbi.nlm.nih.gov/gene/16159) and cloned into the EcoRI and
BstBI restriction enzyme sites of the pPCDH-CMV-MCS-EF1-
CopGFP-T2A-Puro lentivirus vector (CD513B-1-SBI; System
Biosciences LLC, Palo Alto, CA, USA).

Tumor model and experimental groups. Mouse melanoma cells
were purchased from the Cell Bank of the Shanghai Academy
of Sciences (Shanghai, China) and cultured in RPMI-1640
medium (HyClone; GE Healthcare, Chicago,IL, USA). Cultures
were supplemented with 10% fetal bovine serum (FBS) (SKU:
04-007-1A; Biological Industries, Kibbutz Beit-Haemek, Israel)
and 100 U/ml penicillin-streptomycin (P1400; Beijing Solarbio
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Science & Technology Co., Ltd., Beijing, China), in 5% CO,
at 37°C. Cells used in the experiments exhibited ~70% conflu-
ence. B16 cells (1x107) were subcutaneously administered
into the right forelimb armpit of each mouse (C57BL/6, male,
4-weeks old). Twelve days after injection, tumors were formed,
and mice were randomly divided into four groups: i) Tumors
injected with PBS (controls); ii) tumors injected with untreated
DCs (DC group); iii) tumors injected with DCs transfected with
empty vector (DC + vector group); and iv) tumors injected with
DC:s transfected with vector overexpressing IL-12 (DC + IL-12
group). Different types of DCs (untreated, transfected with
lentiviral vector alone, and transfected with DCs overex-
pressing IL-12) were injected into the tumors on the first, third,
and seventh days after tumor formation; each mouse received
1x10° DCs diluted in 0.2 ml PBS. One week after treatment,
mice were sacrificed by cervical dislocation, fixed on a sterile
towel sheet, and the hair was removed around the tumor to
fully expose it. Tumors were then collected and their volumes
measured according to formula: V=(length x width?)/2 as
previously described (17). According to IACUC guidelines, all
the tumour volumes did not exceed 4.2 cm®.

Hematoxylin and eosin (H&E) staining. Tumors were fixed
in 4% paraformaldehyde overnight at 4°C. For staining,
tissues were washed with water for several hours, and then
dehydrated in 70, 80 and 90% ethanol, xylene, and other
mixture for 15 min, and then in xylene I for 15 min, II for
15 min, until transparent. Samples were then placed in a
mixture of xylene and paraffin (1:1) for 15 min, and then
paraffin was added for 50-60 min. The tissues were then
paraffin-embedded and sections were mounted on slides,
dewaxed and rehydrated. Then, the sections were stained
with hematoxylin for 3 min and eosin for 3 min at room
temperature and observed by an Olympus BX51 light
microscopy (Olympus Corp., Tokyo, Japan).

Enzyme-linked immunosorbent assay (ELISA).1L-12 and IL-4
in tumor tissues were detected using ELISA kits (m1037868
and m1002149, respectively; mlbio, Shanghai, China),
following the manufacturer's instructions.

Quantitative polymerase chain reaction (qPCR). Total RNA
was extracted from tumors using an UltraPure RNA
Extract kit (CW0581M; CWBio, Shanghai, China). cDNA
was synthesized and used as a template for the detection of
mRNA expression. GAPDH was used as an internal reference
to calculate /L-12 and IL-4 levels in each group. Reactions
included 9.5 pl RNase-Free dH,0, 1 ul cDNA/DNA, 2 ul
primers, and 12.5 pl 2X GoldStar Taq Master Mix (CW0960;
CWBio) and were conducted using the following temperature
cycles: 95°C (denaturation) for 10 sec, 53°C (annealing) for
30 sec, and 72°C (extension) for 60 sec, for 40 cycles. The
primers were: IL-12 forward, (5'-"TCCAGAGCCACCTCA
AAAC-3") and IL-12 reverse, (5'-CGTATGCGGAAGTGA
AGAAG-3"); IL-4 forward, (5"TGTCATCCTGCTCTTTTT
CTC-3") and IL-4 reverse, (5'-GTGGTGTTCTTCGTTGCT
GT-3"); GAPDH forward, (5-AAGAAGGTGGTGAAGCAG
G-3') and GAPDH reverse, (5'-GAAGGTGGAAGAGTGGGA
GT-3"). The 2244 method was used to quantify the results as
previously described (18).
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Figure 1. Confirmation of DC isolation by flow cytometry, based on the expression of CD40, CD80 and CD86. The positive expression rate of CD40 in DCs

was 97.31%, and those for CD80 and CD86 were >90%. DCs, dendritic cells.

Western blotting. Proteins were isolated from tumor tissues
using a protein isolation kit (C1053; Applygen Technologies
Inc., Beijing, China) (4°C for 30 min, 8,766 x g for 10 min).
Protein concentrations were determined using a BCA kit
(Thermo Fisher Scientific, Inc.). Proteins were subjected to
12% sodium dodecyl sulfate polyacrylamide gel electro-
phoresis and transferred onto nitrocellulose membranes.
Membranes were then blocked using 5% skimmed milk, and
incubated with the following primary antibodies overnight at
4°C: Mouse monoclonal anti-GAPDH (dilution 1:2,000; cat.
no. TA-08; ZSBIO, Beijing, China); rabbit polyclonal anti-IL-4
(dilution 1:1,000; bs-2018R, BA0980); or rabbit polyclonal
anti-IL-12 (dilution 1:1,000; cat. no. abl06270; Abcam).
Then membranes were incubated with secondary antibody
(HRP-labeled goat anti-rabbit IgG; dilution 1:200; cat.
no. A16104SAMPLE; Thermo Fisher Scientific, Inc.) for 1-2 h
at room temperature. Subsequently, ECL exposure solution
was used to identify specifically bound proteins and images
were generated by exposure of the membranes to X-ray film.
Grayscale values were analyzed using Quantity One software
(Bio-Rad Laboratories, Inc., Hercules, CA, USA).

Statistical analysis. All data are presented as means + standard
deviation (SD), and were statistically analyzed using the
SPSS 19.0 (IBM Corp., Armonk NY, USA), using one-way
analysis of variance (ANOVA) followed by Bonferroni testing.
P<0.05 was considered to indicate a statistically significant
difference.

Results

Confirmation of DC isolation. To confirm that we successfully
isolated DCs from mouse spleen, we conducted flow cytometry.
Isolated DCs had CD40-positive expression rates of 97.31%,
and were >90% positive for CD80 and CD86 (Fig. 1). These
results indicate that DCs were successfully isolated.

Verification of IL-12 overexpression. As shown in Fig. 2, 1L-12
expression was significantly increased in DCs transfected with
the IL-12 overexpression vector compared with the controls
(P<0.05), while transfection with the vector alone did not alter
IL-12 expression levels.
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Figure 2. Verification of IL-12 overexpression. IL-12 expression was signifi-
cantly increased in the DCs transfected with the lentivirus overexpressing
IL-12, compared with the control group, while transfection of the vector
alone did not affect IL-12 expression. Results are expressed as means + SD.
“P<0.05 compared with controls (one-way ANOVA). IL-12, interleukin-12;
DCs, dendritic cells.

Tumor volumes in each group. To evaluate the effects of IL-12
on tumor growth, tumor volumes were measured. The tumor
volumes in each group are presented in Fig. 3. Compared with
the control group, tumor volumes in the DC, the DC + vector,
and the DC + IL-12 groups were significantly decreased
(P<0.05 vs. control). Furthermore, the tumor volume was most
markedly decreased in the DC + IL-12 group (P<0.05 vs. DC).

Morphological changes. Next, we examined the morphology
of tumors in the experimental groups, to determine the effects
of DCs overexpressing IL-12. As shown in Fig. 4, there was
clear proliferation of tumor cells in the control group. Small
amounts of inflammatory cell infiltration and limited areas
of tissue necrosis were observed in the DC and DC + vector
groups; however, in the DC + IL-12 group, tumors exhibited
a loss of cell structure in necrotic foci and inflammatory cell
infiltration at the edge of necrotic foci, with a large number
of inflammatory cells and a few adipocytes infiltrating the
margins of the necrotic regions.

IL-12 and IL-4 expression. To evaluate the expression levels
of IL-12 and IL-4 in each experimental group, we conducted
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Figure 3. Tumor volumes in each group. Compared with the control group, tumor volumes were significantly lower in the DC, the DC + vector and DC + IL-12
groups, and the volume of tumors in the DC + IL-12 group were most markedly decreased. Results are presented as means + SD. "P<0.05 compared with the
control; “P<0.05 compared with the DC group (one-way ANOVA). Scale bar, 5 mm. DC, dendritic cell; IL-12, interleukin-12.

DC +vector DC+IL12

Figure 4. Morphological changes. Abnormal proliferation of tumor cells was observed in the control group. A small amount of inflammatory cell infiltration
and limited areas of tissue necrosis were observed in the DC and DC + vector groups. In the DC + IL-12 group, the tumors exhibited a loss of cell structure
in the necrotic foci, with infiltration of a large number of inflammatory cells, along with a few adipocytes, at the margins of the necrotic foci. DC, dendritic
cell; IL-12, interleukin-12.

ELISAs, gPCR and western blotting. Compared with the as evidenced by ELISA (P<0.05 vs. control) (Fig. 5), real-time
control group, expression of IL-12 and IL-4 was significantly = PCR (P<0.05 vs. control) (Fig. 6) and western blotting
higher in the DC, the DC + vector and the DC + IL-12 groups,  (P<0.05 vs. control) (Fig. 7). Expression levels of IL-12 and
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Figure 5. IL-12 and IL-4 expression in tumor samples, as detected by ELISA. (A) IL-12; (B) IL-4. Compared with the control group, expression levels of 1L-12
and IL-4 were significantly increased in the DC, the DC + vector and the DC + IL-12 groups. The expression of IL-12 and IL-4 was most markedly increased
in the DC + IL-12 group. Results are presented as means + SD. "P<0.05 compared with control group; “P<0.05 compared with the DC group (one-way ANOVA).
DC, dendritic cell; IL-12, interleukin-12; IL-4, interleukin-4.
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Figure 6. IL-12 and IL-4 expression detected by qPCR. (A) IL-12; (B) IL-4. Compared with control group, expression levels of /L-12 and IL-4 were significantly
higher in the DC, the DC + vector the and DC + IL-12 groups. The expression of /L-12 and IL-4 was most markedly increased in the DC + IL-12 group.
Results are presented as means = SD. "P<0.05 compared with the control group; “P<0.05 compared with the DC group (one-way ANOVA). DC, dendritic cell;
1L-12, interleukin-12; IL-4, interleukin-4.
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Figure 7. IL-12 and IL-4 expression detected by western blotting. (A) Representative blots, (B) IL-12 and (C) IL-4. Compared with control group, levels of
IL-12 and IL-4 were significantly increased in the DC, the DC + vector, and the DC + IL-12 groups. Levels of IL-12 and IL-4 were most markedly increased
in the DC + IL-12 group. Results are presented as means + SD. "P<0.05, compared with the control group; “P<0.05 compared with the DC group (one-way
ANOVA). DC, dendritic cell; IL-12, interleukin-12; IL-4, interleukin-4.

IL-4 were most markedly increased in the DC + IL-12 group  then transfected with a vector overexpressing inter-

(P<0.05 vs. DC). leukin-12 (IL-12). Intratumoral injection of gene-modified
DCs inhibited the growth of melanoma tumors. The possible
Discussion mechanisms involved relate to the immunotherapeutic effects

of interleukin-4 (IL-4). This study is the first to support the
In the present study, monocytes were isolated and induced  antitumor effects of DCs overexpressing IL-12 in melanoma
to develop into mature dendritic cells (DCs), which were  tumors.
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Melanomas are skin tumors related to trauma, and neovas-
cularization and endothelial growth factor have key roles in
their development. Structural and functional abnormalities
are markers of neovascularization in this type of tumor, and
identification of effective treatments that can cure this disease
is the subject of intense research (19). With the continuous
development of immunological methods, biological immuno-
therapy has achieved impressive results in clinical practice.
Simultaneously, gene therapy has become a promising method
for cancer treatment. DCs are the most powerful APCs and
can initiate the majority of immune responses (20). Due to
lack of understanding of the origin and differentiation of
DCs, the number of cells that can be obtained is very small,
which greatly limits study of their functional characteristics.
Therefore, it is crucial to establish technology to enable the
culture of mature DCs in vitro, to facilitate the generation of
sufficient numbers of functional DCs.

In this study, granulocyte-macrophage colony-stimulating
factor (GM-CSF), and IL-4 were used to induce DC differen-
tiation in vitro. GM-CSF is required for maintenance of the
differentiation, development, survival and function of DCs (21).
GM-CSF mainly promotes the development of myeloid cells
and differentiation of hematopoietic stem cells (HSCs) into
DCs, monocytes and macrophages, with primarily monocytes
produced (22). IL-4 can increase and stabilize the expression
of the CD molecules induced by GM-CSF. Treatment with
IL-4 and a very low concentration of GM-CSF can stimulate
DCs, promote their maturation, and upregulate the expres-
sion of MHC-II and costimulatory molecules. IL-4 can also
promote the secretion of IL-12, and maintain DCs in an
immature state (23). In this study, we induced the generation
of mature DCs using this method, which were then identified
by flow cytometry.

IL-12 is a newly discovered cytokine with strong antitumor
effects that can be produced by B cells, mast cells, neutrophils,
and thymic stromal cells, but is primarily secreted by DCs (24).
IL-12-transfected DCs have exhibited clear antitumor effects
on melanoma, kidney and glioma (25-27). Furthermore, IL-12
can induce mouse erythroleukemia cells to differentiate into
DCs, and the differentiated cells were found to have antigen
presenting function (28). The results of this study showed
that DCs overexpressing IL-12 can reduce melanoma tumor
volumes. Furthermore, our pathological findings demon-
strated that tumors treated with DCs overexpressing IL.-12 had
enlarged necrotic surfaces, with large numbers of inflamma-
tory cells at the margins of necrotic foci. These results suggest
that IL-12-transfected DCs can inhibit the growth of tumors
and have clear antitumor effects.

IL-4 promotes antigen presentation and tumor cell
killing by macrophages, and may regulate the expression of
MHC class II antigen (29). IL-4 has synergistic effects with
GM-CSF, IL-3 and LPS, and can also induce peripheral blood
mononuclear cells to secrete G-CSF and M-CSF, and enhance
neutrophil-mediated phagocytosis, cell killing activity, and
antibody-dependent cellular cytotoxicity (30). IL-4 is also a
mouse macrophage chemokine that promotes the production
of the interleukin-1 receptor antagonist (31). In this study,
we found that DCs transfected with IL-12 could increase
IL-4 expression, which may also inhibit tumor cell growth.
For an example, IL-4 overexpression was found to suppress
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tumor development through p21-mediated activation of Janus
kinase-signal transducer of activators of transcription (STAT)
pathways in melanoma models (32); however, elucidation of
the exact mechanisms involved in our experiment will require
further investigation.

Patient DCs can specifically eliminate tumor cells and do
not injure the majority of healthy cells (33), confirming the
efficacy of immunotherapy using DCs. IL-12 is a cytokine
with immunoregulatory activity and functions as an important
link in the process of immune regulation (8). In this study, we
overexpressed IL-12 in DCs, leading to enhanced anticancer
effects against melanoma. Our results provide experimental
evidence for future clinical application of immunotherapy in
different types of cancer.

This study had some limitations. First, although over-
expression of IL-12 also lead to increased IL-4, we did not
clarify the exact mechanisms involved. Second, if possible,
in vitro experiments should be also conducted to verify the
function of DCs overexpressing IL-12 in the treatment of
cancer. Overall, the exact mechanisms underlying the anti-
tumor effects of DCs overexpressing I1L-12 warrant further
investigation.

In conclusion, an intratumoral injection of DCs overex-
pressing IL-12 was found to exert enhanced antitumor effects
in melanoma. Biotherapy using DCs overexpressing IL-12 is a
potential treatment strategy for melanoma.
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