Humoral responses elicited by polyanhydride nanoparticle formulations are facilitated by enhanced CD4"
T cell helper cells
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Statement of Purpose: Protective immunity elicited by
vaccination is often characterized by the presence of high
antibody titers, long-lived plasma cells, and memory B
cells [1]. Germinal centers (GCs) are anatomically distinct
B cell zones where clonal expansion, affinity maturation,
and subsequent maintenance of humoral immune
responses take place. T follicular helper cells (Tth)
represent a unique CD4" T cell phenotype that have been
shown to play an important role in the generation of GCs
and long-lived memory B cells after immunization [2-4].
Nanoparticles based on polyanhydride copolymers of
sebacic acid (SA), 1,6-bis(p-carboxyphenoxy) hexane
(CPH), and 1,8-bis(p-carboxyphenoxy)-3,6-dioxaoctane
(CPTEGQ) provide a means to sustain release of
encapsulated protein antigens and to enhance innate
immunomodulatory functions associated with dendritic
cells and/or macrophages [5-8]. Here, we identify cellular
mechanisms important in generation of high titer antibody
responses that are elicited by polyanhydride nanoparticle-
based vaccine platforms utilizing the ovalbumin
transgenic antigen-specific OTII CD4" T cells.

Methods: Transgenic OTII CD4" Thy1.2" T cells were
adoptively transferred into Thy 1.1" mice to assess the
clonal expansion of and the development of antigen-
specific, memory T cell phenotypes. Mice were
immunized with ovalbumin (Ova)-containing CPH:SA
and CPTEG:CPH polyanhydride nanoparticle
formulations (20:80 C:S, 20:80 C:C, and 50:50 C:C) as
well as Ova adjuvanted with Alum or monophosphoryl
lipid A (MPLA) or soluble antigen (sOVA) alone. Flow
cytometric analysis (FACS) was used to examine
expansion of antigen-specific, Thy1.2" OTII T cells and
to monitor effector phenotypes of OTII T cells post-
immunization.

Results: The 20:80 C:S and 20:80 C:C nanoparticle
vaccine formulations induced significantly greater
expansion of Ova-specific CD4" T cells at 7 days post-
immunization as compared to Alum-adjuvanted and
sOVA (Fig. 1). OTI T cells recovered from mice
immunized with the nanoparticles showed a greater
polarization towards Tfh cell phenotype (CXCR5"" PD-
1" Ova-specific IgG1 antibody responses were greater
with the nanoparticle formulations than SOVA at 14 days
post-immunization suggesting that the nanoparticle
formulations more rapidly induce Ova-specific GCs.
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Figure 1. T follicular helper cells, critical for B cell help in
generating antibody, are enhanced by polyanhydride
nanoparticle-based vaccines. Donor CD4 T cell quantification
(A) showing greater expansion of donor OTII CD4" Thy 1.2° T
cells at 7 days post immunization. (B) Quantification of Tth
phenotype analysis showing gating of CXCR5"" PD-1"¢" donor
OTII T cells. (C) Day 14 antibody responses examining IgG1
antibody responses. n =5-8 with # indicating p < 0.05 from PBS.

Conclusions: Encapsulation of antigen within
polyanhydride nanoparticles significantly enhanced the
expansion of antigen-specific CD4" T cells while shifting
those cells towards the Tth phenotype critical for
initiating and maintaining germinal centers. This work
suggests that an underlying immunological mechanism
associated with the elevated antibody responses induced
by polyanhydride nanoparticle-based vaccines is, in part,
mediated by the induction of antigen-specific Tth cells.
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