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Microneedle-assisted Dendritic Cell-targeted
Nanoparticles for Transcutaneous DNA
Immunization

Ying Hu,”” Beihua Xu, Jiaojiao Xu,”* Dan Shou, Ergang Liu,® Jianqing Gao,’
Wenquan Liang, ” and Yongzhuo Huang, ™

Transcutaneous immunization (TCI) is an attractive vaccination strategy by targeting to the
epidermal dendritic cells (DCs). TCI has been widely explored for protection against
infectious diseases. Recently, its promising application in cancer immunotherapy has also
attracted great attention. However, effective percutaneous delivery of the vaccines must
overcome the formidable stratum corneum, as well as specifically target to DCs; both are big
challenges. We developed the mannosylated grafted cell-penetrating peptide-low molecular
weight PEI copolymer (CPP-PEI;gpo-Man) with combination of microneedle for DCs-
targeting percutaneous delivery of DNA vaccine for malignant melanoma (MM) therapy.
Mannose receptors are overexpressed on the surface of DCs. The microneedle-assisted in vivo
skin penetration of the CPP-PEI, 30,-Man/DNA nanoparticles was investigated, and the DCs-
targeting efficiency was measured. The induction of protective and therapeutic anti-tumor
immunity by the CPP-PEIl3o0-Man/DNA nanoparticles was significantly enhanced,
compared to the PEI,5,/DNA vaccines. Transcutaneous vaccination with the microneedle-
assisted CPP-PEI goo-Man/DNA efficiently promoted Trp,-specific cellular
responses, resulting in effective protection against B16 melanoma challenge in BALB/c
mice. Importantly, the CPP-PEIgo,-Man/DNA nanoparticles strongly induced CD8"
cytotoxic T lymphocyte activity and CD4" T cells that secreted the interferon-y and
interleukin-12 cytokines against melanoma cells. As a result, cancer growth was inhibited
and the survival time of Bl6-xenografted BALB/c mice prolonged. Therefore, the CPP-
PEI gpo-Man copolymer is promising for DC-specific vaccination, and the microneedle-
assisted CPP-PEI goo-Man/DNA delivery represents a potential immunotherapeutic strategy
for MM.

immune

lymph nodes, and consequently prime effective immune
responses.® 7 It thereby provides an ideal avenue for

Malignant melanoma (MM) is an aggressive skin neoplasm
featured by rapid tumor progression and metastasis, and is the
most lethal skin cancer. MM is usually resistant to
chemotherapy, leading to poor prognoses for the patients.'
Evidence has shown that melanoma cells can be immunogenic,
prompting extensive basic and clinical research in an attempt to
develop effective anti-melanoma vaccines.>* For example,
tyrosinase-related protein 2 (Trp-2) is a melanogenic protease
with overexpression in both melanocytes and melanomas, and
has been used as a melanoma rejection antigen.’ Immunization
against TRP-2 can induce cytotoxic CD8+ T cell responses.

The skin is highly immune reactive due to its unique
immunological properties, in which there are abundant
dendritic cells (DCs), typically the Langerhans cells (LCs), that
can capture, process, and present foreign antigens (Ag) to
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vaccination.

Transcutaneous immunization (TCI) has been an attractive
vaccination strategy because it is non-invasive or minimally
invasive, and can overcome the limitations of conventional
vaccine immunization by intramuscular injection (IM), such as
eliminating the need for the trained personnel and a cold chain
for vaccine storage and transportation, the risk of needle reuse-
related diseases, the fear and stress of children and parents.g’ o
The epidermis is rich in LCs, thereby rendering it an ideal
target site for vaccination. However, the stratum corneum, the
top layer of the skin, acts as a physical barrier against vaccine
penetration.'” To improve percutaneous delivery of vaccines,
microneedle-mediated TCI has been developed and represents a
promising immunization modality for induction of strong
immune responses. Furthermore, dose of antigen/vaccine can
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be reduced because microneedle can effectively penetrate the
stratum corneum and produce sufficiently micro-holes allowing
for the transport of proteins and nanoparticles.''"'* The first use
of microneedle as a novel transcutaneous drug delivery system
dated back to 1998."° Subsequently, the microneedle system has
been applied in TCI for its effective delivery of various types of
vaccines into the skin. For example, microneedle-mediated TCI
with naked plasmid DNA could induce substantially stronger
immune responses than hypodermic needle-based intramuscular
injection of the same plasmid DNA.'¢

DCs are the target cells in TCI for vaccine delivery because
they play an important role in primary immune activation. For
targeted delivery of a non-viral gene vector to specific cells,
receptor-mediated strategy is promising to achieve target
specificity and avoid nonspecific interactions.'”” However, it
still remains challenging for in vivo targeting delivery to
epidemic DCs.

Mannose is a commonly used ligand that binds the cell-
surface mannose receptors and triggers receptor-mediated
endocytosis, and, consequently, increases intracellular delivery
efficiency.'® Mannose receptors are overexpressed on the
surface of antigen-presenting cells, such as DCs and
macrophages.

We previously demonstrated the feasibility of the
mannosylated grafted polymeric vector for safe and efficient
delivery of DNA in vitro."” In the present work, we further
explored the in-vivo application of the mannosylated grafted
cell-penetrating peptide-low molecular weight PEI copolymer
(CPP-PEI g9o-Man) for TCI, and the CPP-PEI 3,,-Man
nanoparticles assisted by microneedle as a Trp-2 DNA vaccine
delivery system for cancer immunotherapy (Scheme 1). CPP-
PEI;300-Man was investigated for its targeted delivery to DCs in
vivo. The efficiency of TCI with CPP-PEI 3o -Man/DNA
vaccine was measured and the immune priming and therapeutic
efficacy in vivo was studied. Its possible mechanisms in cancer
immunotherapy were also investigated.

Experimental section

Materials

Branched PElys, a-D-mannopyranosylphenylisothiocyanate
(MPITC), N-succinimidy-3-(2-pyridyldithio) propionate
(SPDP), and HEPES were purchased from Sigma-Aldrich (St.
Louis, MO, USA). PEI, gy was obtained from Alfa Aesar (Ward
Hill, MA, USA). Cell-penetrating peptide (CPP; a sequence of
TAT: RRRQRRKKRC-SH) were purchased from Shanghai
Saiqi Co., Ltd. (Shanghai, China).

The plasmid pEGFP-N2 encoding enhanced green
fluorescent protein (EGFP) was obtained from BD
Biosciences/Clontech Co. (Mountain View, CA, USA) and was
isolated and purified from DHS5-a Escherichia coli using the
Qiagen End-free Plasmid Purification Kit (Germantown, MD,
USA) prior to use. The plasmid Trp2-GM-CSF-Fc-EGFP was
constructed by our laboratory, which encoded the tumor antigen
of the fused Trp-2 and GM-CSF (Granulocyte-macrophage
colony-stimulating factor), with co-expression of EGFP marker.
GM-CSF is an ideal vaccine adjuvant for inducing anti-tumor
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immune responses, because it is a potent cytokine activator of
DC antigen presentation, and actively participates in the
initiation of danger signals for activating the immune system
and eliciting tumor-specific responses. Its plausible
mechanisms involving in cancer immunotherapy is that the
GM-CSF secretion may recruit the DCs to migrate to the tumor
and thus present antigens to T cells to generate a systemic,
tumor-specific response.?’
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Scheme 1. Schematic diagram of microneedle-mediated transcutaneous
delivery of CPP-PEI 50-Man/DNA nanocomplexes for anti-tumor immune
treatment.

The plasmid pEGFP-N2, containing fused Trp,, and the GM-
CSF and Fc genes, was prepared in a large scale using an
endotoxin free kit (Qiagen). DNA concentrations were
determined by measuring the UV absorbance at 260 nm.
Carboxy-CdSe/ZnS quantum dots (QDs, water-soluble and
green fluorescent) were purchased from Beijing Zhong Ke Wu
Yuan Biotechnology Co., Ltd. (Beijing, China). Cell culture
medium RPMI 1640 and fetal bovine serum were obtained
from Life Technologies (Gibco, Carlsbad, CA, USA).
Recombinant Trp2 protein was purchased from R&D Systems
(Minneapolis, MN, USA). Commercially available anti-CD4
and anti-CD8 immunohistochemistry kits (EnVision™) were
obtained from DAKO Co. (Glostrup, Denmark). Interleukin
(IL)-12 and Interferon (IFN)-y enzyme-linked immunosorbent
assay (ELISA) kits, and PE-labeled anti-mouse CD11lc were
purchased from Multi Sciences Biotech Co., Ltd. (Hangzhou,
China). All other chemicals and solvents were obtained
commercially and used without further purification.

This journal is © The Royal Society of Chemistry 2012
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Synthesis and structural characterization of CPP-PEI, 3y ,-Man

The CPP-PEl g-Man copolymer was synthesized via a
three-step procedure.' First, mannose was conjugated to the
PEl, gy backbone via a reaction between the isothiocyanate
group in MPITC and the amine group in PEI. Second, the
mannosylated PEI was further activated using N-succinimidy-
3-(2-pyridyldithio) propionate (SPDP). Third, the thiolated
CPPs were coupled to the activated mannosylated PEI, yielding
a CPP-PEIl;gy-Man copolymer (Scheme 2).
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Scheme 2. Preparation of CPP-PEI,50-Man (step i-iii) and PE/DNA
nanocomplexes (step iv).

Preparation of complexes

The preparation and characterization was as described as the
methods previously reported.' In brief, the PEI/DNA
complexes were prepared at the desired N/P ratios of 10, as
predetermined by the amounts of DNA and copolymer
solutions. DNA solution was added to the PEI solution
followed by gentle vortex for 10 s and further incubation at
room temperature for 30 min. The zeta potential of the
complexes was greater than 20 mV, measured by Malvern
Nano ZS90. Moreover, Man-PEI 3,0-CPP was labelled by QDs
as described previously.'”” The selection of QDs as a
macromolecular tracking probe was base on the following
reasons. First, the QDs are in nano scale, comparable to the
macromolecular drugs in size. Second, the negatively charged
QDs can bind with the polymeric carrier via electrostatic
interaction, a drug-loading pattern similar to nucleic acid drugs.

In vivo skin penetration study

For in vivo experiments, BALB/c mice (6—8 weeks old, 18—
20 g) were purchased from the Ningbo University Animal Care

This journal is © The Royal Society of Chemistry 2012
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Center and housed in a standard specific pathogen-free
environment. All animal experiments were performed in
accordance with the protocols approved by the Ningbo
University Animal Care and Use Committee. Twenty-four
hours prior to the experiment, the hair on the abdominal skin
was trimmed (an area of 2 x 2 cm?). A microneedle array was
applied onto the naked abdominal skin and maintained in the
place for 2 min. After removal of the microneedle, the Man-
PEI;300-CPP/QDs nanocomplex suspension was applied to the
same region. After 1 h, the skin was thoroughly washed with
saline. Skin samples from the treated areas were removed and
processed by cryosection (7-pm thick slices, Leica CM 1500
cryotome). The tissue slices contained epidermis, dermis, and
skin appendages (including hair follicles, sweat glands, and
sebaceous glands). These slices were observed using a confocal
laser scanning microscope (CLSM; Olympus, FV-1000).

In vivo targeting and migration assay

The Man-PEl gy -CPP/DNA complexes containing 50 npg
pEGFP-N2 in 100 pL sterile PBS were topically applied onto
the shaved skin with pretreatment of microneedle, and the
efficacy of in vivo immunotherapy was monitored as described
previously.?! Cells from lymph nodes and spleens were
dissected 36 h after immunization. Lymph nodes and spleen
tissues were processed using a 100-um cell strainer and a
syringe plunger. The tissue residues were rinsed with PBS and
the cells were collected by centrifugation at 1000 rpm for 10
min at 4 °C. Red blood cell lysis buffer (3 mL) was added to
the cells and the suspension was incubated for 3 min at room
temperature. After centrifugation, the pelleted cells were
washed three times with PBS and resuspended in complete
culture medium (RPMI 1640 supplemented with 12 mM
HEPES and 10% FBS). Splenocytes and lymph node cells were
incubated with PE-labeled anti-mouse CD11c antibody for 30
min at 4 °C, and then analyzed by flow cytometry as described
previously,?” and the dual-positive (GFP+/CD11c+) DCs were
identified and measured.

Tumor prevention experiment

For the tumor protection experiment, BALB/c mice (10 per
group) were subjected to microneedle-assisted TCI as described
above with the Man-PEl3,0-CPP/DNA nanocomplexes
containing 50 pg pTrp,-GM-CSF-Fc-EGFP in 100 pL sterile
PBS for three times at weekly intervals. Control mice were
topically treated with the naked DNA after microneedle
application. One week after the third vaccination, mice were
subcutaneously challenged in the right flank with B16
melanoma cells (2 x 10°). The tumor progression was measured
by its size and the survival curve was determined. Tumor size
was determined by measuring the smallest (a) and largest (b)
diameter by calliper. Tumor volume (V) was calculated using
the formula as follow:

V = (a%b)/2. 2

Assays to measure T cell responses

J. Name., 2012, 00, 1-3 | 3
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To detect Trp2-specific cellular immune responses, BALB/c
mice (3 per group) were subjected to microneedle-assisted TCI
with the PEI/pTrp2-GM-CSF-Fc-EGFP nanocomplexes at a
dose of 50 pg for three times at weekly intervals. At the
experimental endpoint (two weeks after the third vaccination,
the mice were euthanized, and splenocytes from the animals
were cultured in 96-well plates in 100 pL growth medium in the
presence of 15 pg-mL™ recombinant Trp, protein. After 72 h,
the supernatants were collected and for determination of IFN-y
and IL-12 by ELISA.

Tumor treatment assay

To determine the therapeutic efficacy of various therapy
regimens, mice Dbearing subcutaneous B16 melanoma
(approximately 40 mm®) in the right flank were treated with the
TCI procedures as described above. Each randomly-divided
groups included 10 mice. The tumor volume was measured.

Immunohistochemistry

Tumor tissues collected and processed for
immunohistochemical examination as described previously.?*
In brief, on day 21 after TCI, three mice from each
experimental group were sacrificed. The tumors were dissected
and processed for cryosection. The slices were washed twice
for 5 min with PBS. After blocking with 0.1 mg-mL™"' BSA, the
slices were incubated with monoclonal anti-CD8 or anti-CD4
Ab at 4 °C overnight. The slices were then washed three times
with PBS, followed by incubation with goat anti-mouse-IgG Fc
horseradish peroxidase (HRP), and counterstaining with
hematoxylin and eosin (H&E). Images were taken using a BX-
51 microscope (Olympus, Japan).

were

Statistical analysis

Data are reported as means + standard deviation (SD).
Statistical analysis was performed using two-tailed Student t-
test. Significant difference is represented as *P<0.05 and
***P<0.01.

Results

In vivo trafficking assay

To observe the distribution of grafted-PEI/QD complexes in
skin that was treated or not by the microneedle treatment, we
used a water-soluble carboxyl CdSe/ZnS quantum dot (QD) as
a probe, which can electrostatically bind with the graft-PEI
copolymer.

Fluorescence was found mainly in the stratum corneum (Fig.
1, A & B) in the skin exposed to the CPP-PEI;go-Man/QD
complexes without microneedle treatment or the naked QD
with microneedle treatment. The skin penetration was improved
by using microneedle-assisted PEIl,5/QD complex, showing
moderate fluorescence in the epidermal and dermal layers. By
contrast, with pretreatment of microneedle, the CPP-PEI,gg,-
Man/QD group displayed the strongest fluorescence activity in

4| J. Name., 2012, 00, 1-3

the epidermal and dermal layers (Fig. 1, C & D), indicating its
potential in transcutaneous delivery.

Fig. 1 The distribution of QDs in the skins with different treatment. (A) the
CPP-PEI,300-Man/QD complexes without microneedle pretreatment; (B) QD
with microneedle pretreatment; (C) the PELs/QD complexes with
microneedle pretreatment; (D) the CPP-PEl 50-Man/QD complexes with
microneedle pretreatment, with the subscript number 1, or 2 represent
fluorescent or bright field images, respectively. (SC, stratum corneum; ED,
epidermis; D, dermis)

In vivo studies of DC-targeting and migration

To determine whether the mannosylated graft-PEI delivery of
DNA was able to target to the epidermal DCs, the plasmid
pEGFP-N2 that encoded EGFP as a model DNA drug was used,
which allowed the tracking of the biofate of the expressed
EGFP. Splenocytes and lymph node cells were subjected to
flow cytometry (Fig. 2). There was a higher ratio of CD11c+
DCs in the spleen and lymph nodes from the animals that
received the microneedle-assisted administration of the CPP-
PEI goo-Man/pEGFP-N2, compared to the control group. The
percentage of dual-positive (GFP+/CDl11lc+) DCs in
splenocytes and lymph node cells was 49.6% and 42.2%,
respectively, displaying significant enhancement than those in
the microneedle-assisted delivery of naked DNA or
PEI,sx/DNA group. This finding indicated that the CPP-
PEI 300-Man copolymer can be used for DNA TCI, with aid of
microneedle, for targeting to the draining lymphoid tissues
(spleen and lymph node).

[ Control [l Naked pEGFP PEl,;/pEGFP |l CM-PEI/pEGFP

02% sow| = 267%

G o 74
o 3

a1

CD11C-PE

15%| 7] 15.4% | 7 22%

sapou ydwaA

GFP fluorescence

Fig. 2. Flow cytometry assay of the dual-positive (GFP+/CD11c+) cells for
evaluation of the in vivo targeting and migration of the DCs in mice
challenged with different Pegfp-N2 formulations, with untreated mice served
as control, and CM-PEI/pEGFP-N2 represents CPP-PEI;g0o-Man/pEGFP-N2.

The induction of protective anti-tumor efficacy by TCI

To investigate the antitumoral immunity induced by the DC-
targeted vaccine, the BALB/c mice were received TCI for three

This journal is © The Royal Society of Chemistry 2012
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times at weekly intervals. The mice were then challenged with
tumor cells one week after the final immunization, and tumor
development was monitored. TCI with the Man-PEI, ggo-
CPP/pTrp,-GM-CSF-Fc-EGFP protected mice from BI16
melanoma cell challenge, resulting in 90% survival of all mice
during the experimental period (Fig. 3A). Furthermore, its
inhibition rate of tumor growth was 68.5% at day 35 after
challenge with tumor cells, with the tumor volume of 297.2
mm®. By contrast, that was 943.8 mm® for the PEl,s/pTrp,-
GM-CSF-Fc-EGFP control group (Fig. 3B). It was observed
that 30% of mice that received the CPP-PEI go-Man/pTrp,-
GM-CSF-Fc-EGFP vaccine could remain tumor-free for 14
days after B16 melanoma cell challenge, whereas only 10% in
the group received the PELs.-Man/pTrp,-GM-CSF-Fc-EGFP.
Taking together, the CPP-PEI,gy-Man/pTrp,-GM-CSF-Fc-
EGFP vaccine significantly protected mice from challenge with
B16 melanoma cells.
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Fig. 3. The time-course of (A) survival time and (B) tumor volume change in
the vaccinated mice following inoculation with B16 melanoma cells. Each
data point represents the mean + SD; n = 10.

Determination of IFN-y and IL-12 cytokine levels

To quantify the extent of the immune responses induced by
the Man-PEI3,o-CPP/pTrp,-GM-CSF-Fc-EGFP complexes, the
splenocytes isolated from the vaccinated mice were cultured in
the presence of recombinant Trp, protein for 72 h. The IFN-y
concentration in the splenocyte culture supernatants from the
CPP-PEI goo-Man/DNA group was significantly higher (383
pg-mL™") than that from the naked DNA control group (96
pg-mL™") or the PEL5/DNA group (184 pg-mL™) (Fig. 4A).
Similar trend was observed in the group receiving the CPP-
PEI;390-Man/pTrp,-GM-CSF-Fc-EGFP, which produced
significantly higher level of IL-12 (2953 pg-mL™") than the non-
DC-targeting groups (334 pg-mL” for the naked DNA and
1185 pg-mL™" for PEL,5/DNA group) (Fig. 4B).
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Fig. 4. Cytokine concentrations of (A) IFN-y and (B) IL-12 in the
supernatant of the cultured splenocytes. Each data point represents the
mean =+ SD; n = 3; ***P< 0.01 and *P< 0.05.
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Therapeutic efficacy

The therapeutic effect of TCI was tested in the mice with
xenografted melanoma. The CPP-PEI,goo-Man/pTrp,-GM-CSF-
Fc-EGFP vaccination induced significant therapeutic anti-
tumor immunity, with prolonged survival time (Fig. SA). The
tumor growth inhibition rate was 48%. Its mean tumor volume
was measured to be 594.3 mm?>, while that was 1143.3 mm? in
the PELys/pTrp,-GM-CSF-Fc-EGFP control group (Fig. 5B).
These results suggested that microneedle assisted TCI with the
DC-targeting vaccine delivery significantly enhanced the
therapeutic efficacy compared to the non-DC targeting method.
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Fig. 5. Treatment efficacy represented by the time-course of (A) survival
time and (B) tumor volume change in mice bearing tumors. Each data point
represents the mean + SD; n = 10.

Immunohistochemical examination

The occurrence of necrosis and apoptosis was examined
using H&E staining. Lymphocyte infiltration was observed in
tumor tissues in the vaccinated mice (Fig. 6). The tumor-
infiltrating lymphocytes were markedly increased in the CPP-
PEI,goo-Man/pTrp,-GM-CSF-Fc-EGFP group, compared to the
other groups (Fig. 6). Trp-2-induced anti-tumor immunity is
required the activation of CD8" T cells, and the cytotoxic CD8"
T cell responses are dependent on CD4" T cell help.”> In tumor
slices, there were greater numbers of CD8" and CD4" T cells
detected in the CPP-PEIl;gy-Man/pTrp,-GM-CSF-Fc-EGFP
group than any other groups, indicating that the enhanced T
cell-mediated antitumor immunity.
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Fig. 6. Immunohistochemical examination of tumor slices from the groups of
(A) Mal’l-PEllgoo-CPP/pTI'pz-GM-CSF-FC-EGFP, (B) PEIz5k/pTI'p2-GM-CSF-
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Fc-EGFP, and (C) naked pTrp,-GM-CSF-Fc-EGFP (original magnification, X
200; T cells are marked by arrows).

Discussion

DNA vaccination is an attractive therapeutic approach by
inducing anti-tumor immunity.?® The general approach involves
the use of immunogenic genes that encode tumor-associated
antigens presented by major histocompatibility complex (MHC)
class 1 molecules for priming CD8" cytotoxic T lymphocytes
(CTLs). However, in non-human primates and human
volunteers, optimal antibody and CTL responses were only
induced by high doses of DNA.?"-?® Therefore, it is necessary to
investigate novel methods to improve the immunogenicity of
the DNA vaccines. Various strategies, such as vector
modification, adjuvants, and efficient DNA delivery, have been
explored. To improve the efficiency of DNA delivery, two
major issues should be considered: (1) targeting delivery of
DNA to some specific type of cells (e.g., DCs), and (2)
improved cellular uptake.”® Targeted activation of DCs is an
important method related to the development of cancer vaccines
because these cells play a pivotal role in elicitation of anti-
tumor immunity.*°

Our strategy was featured by the mannose-mediated
epidermal DC-targeting delivery and CPP-PEI, 3 copolymer-
mediated gene transfection. The Man-PEl 3,-CPP/DNA
complexes could target to and enter the DCs, which then
migrated into the lymph nodes with expression of the tumor-
associated antigens. The Man-PEI go-CPP carries additional
benefits. For example, the low molecular weight PEI is
biocompatible and low cytotoxic, which can bind and condense
DNA, and CPP could facilitate cellular uptake of DNA.

Induction of adaptive T cell immune responses is important
for effective immunotherapy, represented by enhanced
secretion of cytokines, such as IFN-y, IL-4, or IL-12. Our
results showed that CTLs primed by the Man-PEl;g,-
CPP/pTrp,-GM-CSF-Fc-EGFP yielded high levels of IFN-y
and IL-12, which are the key cytokines that promote Thl cell
differentiation. Large number of CD4" and CD8" T cells was
found to infiltrate the solid tumors as a consequence of TCI.
Moreover, CD4" and CD8" T cells can promote and amplify
immune responses through the secretion of cytokines, such as
IFN-y.?!

The Man-PEI 3,0-CPP/DNA nanoparticles could induce
antigen-specific cellular immune responses, primarily, the Thl
cell responses. Cellular immune responses were responsible for
protection against tumor challenge. Moreover, they also
remarkably arrested the growth of the established tumor.

Conclusion

In summary, we developed a novel DNA vaccine
transcutaneous delivery system based on the DC-targeting
Man-PEl;3y;-CPP  copolymer. @By combination  with
microneedle, this epidermal DC-targeting DNA vaccine
delivery successfully elicited both protective and therapeutic
immune responses. The mechanism of antitumor activity was

probably based on the recruitment of CD4" and CD8" T cells

6 | J. Name., 2012, 00, 1-3

and the induction of IFN-y and IL-12 cytokine production. This
represented a promising TCI strategy with DC-targeting DNA
delivery for inducing cellular immune responses for cancer
immunotherapy.
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