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Editorial
Immunostimulants are substances which enhance the ability of the

immune system to fight the infection, disease or tumor. Examples
include DNA, certain cytokines, monoclonal antibodies, immune
system components, some hormones and vitamins as well as certain
polymers. During chemotherapy, certain mechanisms are induced by
such molecules for preventing the developed escape mechanisms by
tumors. These can be through activating the host effector mechanism
(e.g., phagocytes or the complement system), blocking the signaling of
certain growth factors or inhibiting the angiogenesis of tumor. The
systemic administration of the conventional vaccines, even at high
doses, often results in poor efficacy due to the enzymatic degradation
or fragmentation resulting from the applied shear stress during their
administration by injection. This may be in combination with
significant inflammatory cell infiltration with a rapid clearance in vivo
before the sufficient expression of the antigen in the localized tissue
[1]. Accordingly, multiple administrations are required.

The designing of certain polymeric delivery vehicles for the tumor
antigens has gained the attention for guaranteed optimum immune
response without causing any safety issues. These vehicles are to
encapsulate different molecules and gene sequences with prolonged
retention of the vector at the site of injection. This aims at increasing
the probability of a more sustained expression and, subsequently
enhanced immune response (Hong et al., 2007; Yang et al., 2008). For
designing of a vehicle for immunostimulant, it as well as the candidate
material should have special rheological properties for injection, and
be bioresorbable, so the inflammation associated with the foreign body
response can be eliminated. Moreover, the resorption rate should be in
harmony with the rate of drug delivery to cause the minimal side
effects. The different approaches in cancer immunotherapy based on
the delivery of vaccines loaded in polymeric vehicles and the
properties of such particles have been highlighted here.

Hossain and Wall [2] summarized the different carrier proteins for
the tumor-specific antigen glycosylated mucin 1 (MUC1) which target
the epithelial cell tumors. Moreover, the different mechanisms for the
generation of effective anti-cancer responses by the delivered vaccine
via targeting both humoral and cellular immunity were covered.
Poly(4,4′-trimethylenedipiperdyl sulfide)-based micro particles were
developed and loaded with ovalbumin (OVA) antigen and the adjuvant
(CpG 1826) towards stimulating both the humoral and cellular
immune responses in vivo using murine tumor model [3]. Following
the subcutaneous injection of the cancer vaccine-loaded particles in
mice, they demonstrated improved immune responses and increase in
the levels of OVA-specific CD8+T lymphocytes.

As human papillomavirus (HPV) is the main cause of cervical
cancer [4], the therapeutic HPV vaccine is used for the eradication of
HPV infected cells. For instance, an antigen delivery system based on

conjugates of 4-arm star poly (acrylic acid) (S4) and HPV-E7 protein-
derived peptide antigen was designed and proved its efficiency as a
robust therapeutic against E7-expressing TC-1 tumors in mice [5].
Moreover, a more developed macromolecular vaccine system of poly-
tert-butyl acrylate conjugated to E6 and E7 peptide epitopes was
generated towards stimulating the activity of the CD8+ cytotoxic T
lymphocytes with eradicating the HPV-infected cells. The vaccine
candidates were able to eliminate tumors in up to 50 % of the treated
mice using a tumor model [6].

PC7A polymeric nanoparticles loaded with OVA as a model antigen
were synthesized with a proved ability to induce the antigen-specific
cytotoxic T lymphocyte (CTL) with a two-fold increase in response
than certain conventional adjuvants [7]. Moreover, the loaded vehicles
delivered OVA with higher efficiency than the antigen delivery alone.
For instance, a 29-fold increase in the number of OVA-positive CD8α+
DCs was observed using the delivery system compared to the OVA
alone, along with an improvement in the cross-presentation in antigen-
presenting cells. Moreover, this nano-vaccine system eradicated the
tumor growth in B16-OVA tumor cell-induced-tumor bearing mice
with prolonging their survival.

Importantly, an interesting approach for the delivery of DNA
vaccines depending on the invasive nature of bacteria was presented by
Hu [8]. Self-assembled nanoparticles of the cationic polymer cross-
linked β-cyclodextrin-PEI600 and plasmid DNA were synthesized, and
used for the coating of Salmonellae. Through targeting the Vascular
Endothelial Growth Factor Receptor-2 (VEGFR-2), the engineered
non-viral delivery vector proved its ability to inhibit the tumor growth
mediated by the activation of cytotoxic T-lymphocytes and secretion of
certain cytokines. Moreover, this coating protected the bacteria from
the phagosomes, and facilitated their dissemination into the blood
after the oral administration of the polyplex nanoparticle-coated
bacteria.

The delivery of antigens and vaccines loaded into liposomes has
many advantages [9]; this guarantees the intracellular delivery of the
antigen with ability to induce both the cellular and humoral immunity.
However, due to the viral components of such delivery systems, these
liposomes have been modified with pH sensitive polymers, especially
in cancer immunotherapy. The two major approaches are: inclusion of
pH-sensitive moieties, and the modification of the liposomes with pH-
sensitive polymers. These approaches and their different applications
in the immunotherapy have been reviewed by Yuba [10].

To summarize, with the development in the designing of polymeric
vehicles for the delivery of different therapeutic molecules, the use of
such vehicles, whether in the nano or micro scales for the antigen
delivery has been improved as well. This resulted from the interaction
between the polymer chemistry and immunology. However, focusing
on cancer immunotherapy, these approaches are still in their primary
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stages of development. The recent achievements aim at the
conservation of the delivered vaccine and guaranteeing their targeted
actions on the immune cells for inhibition of the growth of different
tumors. Despite this limited number of achievements compared to the
different types of cancers, there are now tremendous increasing efforts,
hoping to find alternatives for the conventional delivery approaches for
vaccines for treatment of different tumors.
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