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ABSTRACT: Vaccination for cancers arising from human papillomavirus
(HPV) infection holds immense potential, yet clinical success has been
elusive. Herein, we describe vaccination studies involving spherical nucleic
acids (SNAs) incorporating a CpG adjuvant and a peptide antigen
(E711−19) from the HPV-E7 oncoprotein. Administering the vaccine to
humanized mice induced immunity-dependent on the oligonucleotide
anchor chemistry (cholesterol vs (C12)9). SNAs containing a (C12)9-
anchor enhanced IFN-γ production >200-fold, doubled memory CD8+ T-
cell formation, and delivered more than twice the amount of
oligonucleotide to lymph nodes in vivo compared to a simple admixture.
Importantly, the analogous construct with a weaker cholesterol anchor
performed similar to admix. Moreover, (C12)9-SNAs activated 50% more dendritic cells and generated T-cells cytotoxic toward an
HPV+ cancer cell line, UM-SCC-104, with near 2-fold greater efficiency. These observations highlight the pivotal role of structural
design, and specifically oligonucleotide anchoring strength (which correlates with overall construct stability), in developing
efficacious therapeutic vaccines.
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Persistent infection with high-risk HPV is the leading cause
of several cancers affecting more than 45,000 new patients

annually in the US alone.1 Despite the development of
successful prophylactic vaccines, the incidence of HPV-
associated cancers continues to rise.2 During HPV infection,
the HPV E6 and E7 viral oncoproteins disrupt the activity of
cellular tumor suppressor proteins leading to tumorigenesis.3

The tumor-specific expression of these oncoproteins provides
several antigenic targets for immunotherapeutic treatments.
Namely, a phase I clinical trial utilizing T cell receptor therapy
(TCR-T) with T cells engineered to target the HPV E711−19
antigen demonstrated robust tumor regression with objective
responses to therapy in 6 of 12 patients with metastatic HPV-
associated cancers.4 The high-avidity E711−19 human leukocyte
antigen serotype A2 (HLA-A*02) complex-targeting showed
promising antitumor effector functions such as interferon-
gamma (IFN-γ) production and tumor cytolysis. However,
TCR-T cell therapy often faces challenges due to toxicity
caused by off-target effects, resistance mechanisms, and
accessibility.5 To overcome these challenges, therapeutic
vaccine approaches were explored, incorporating the HPV
E711−19 peptide with a toll-like receptor (TLR) agonist in an oil
depot, then examined in clinical trials.6,7 However, that
approach has faced limitations and poor clinical success due
to its inability to produce sufficient quantities of antigen-
specific T cells.6,7 The clinical effectiveness of T cells targeting

the E711−19 antigen in TCR-T approaches4 presents an ideal
scenario to test whether advances made in therapeutic cancer
vaccination by structuring vaccine components can demon-
strate improved delivery of those components to specific
immune cells and maximize the potency of the high-avidity
E711−19-HLA complex for antitumor efficacy.
Spherical nucleic acid (SNA) constructs are a therapeutic

platform8−12 that have been used as vaccines to upregulate the
activity of clinically relevant antigens through structural control
of the vaccine’s components.13,14 SNAs are comprised of a
nanoparticle core with radially oriented DNA on the surface
which confers advantageous biological properties to both the
DNA and the nanoparticle.8 SNAs comprised of a liposome
core with TLR-9 agonist CpG-motif DNA and peptide
antigens readily internalize into antigen presenting cells
(APCs), such as dendritic cells (DCs), leading to effective T
cell priming.10,15 These immune activities are highly dependent
on the structural features of SNAs including antigen
location,16,17 antigen attachment chemistry,18,19 and nano-
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particle stability.20,21 Specifically, the stability of liposomal
SNAs plays a crucial role in improving vaccine function, with
recent efforts focused on modifying the composition of the
lipid bilayer and the lipophilic anchor that tethers the
oligonucleotide to the liposome. Prior to this work, we
chemically attached dodecane oligomers (C12, n = 4−10) to
the TLR-9 CpG adjuvant DNA to optimize the stability and
potency of immunostimulatory liposomal SNAs, ultimately
finding that 9-C12 units ((C12)9 SNAs) resulted in the most
stable and potent constructs.22 In comparison with conven-
tional cholesterol-anchored SNAs, (C12)9-anchored SNAs
resulted in a 4-fold increase in serum half-life of the DNA
shell, a 4-fold enhancement in immunostimulation, and a 6-
fold enhancement in survival of mice bearing E.G7-OVA
tumors. The modularity of the SNA structure allows additional
antigens to be readily incorporated into optimized nanostruc-
tures, yet the role of SNA anchor chemistry on the
immunogenicity of clinically relevant cancer antigens remains
unexplored. Given the impact of SNA structural designs on
enhancing immunogenicity, (C12)9-anchored SNAs could
potentially open an avenue toward more successful transla-
tional outcomes when incorporating clinically relevant
antigens, such as the HPV E711−19 peptide.
In this study, we explored the potential of employing

(C12)9-anchored SNAs, designed to include the HPV E711−19
peptide antigen, as a therapeutic approach for HPV-associated
cancer. Our study involved a comparative analysis of similar
treatments utilizing admix and SNAs made from the weaker
anchoring cholesterol moiety or stronger (C12)9 anchor. The
central hypothesis examined was whether the more stable SNA
construct would lead to a more effective therapeutic outcome.

Our findings show robust cytotoxic CD8+ T cell immuno-
logical responses raised by (C12)9 E7 SNAs which incorporate
the E711−19 peptide in an AAD transgenic mouse model. These
responses include significant levels of effector memory CD8+ T
cells which secrete IFN-γ, an effector cytokine of antitumor
immunity, and the generation of antigen-specific CD8+ T cells
cytotoxic against E711−19 presenting T2 cells. Building on
previous findings that revealed the high stability (relative to
cholesterol) of (C12)9-SNAs in physiological conditions,22 the
biodistribution profile of (C12)9-SNAs revealed high accumu-
lation of immunostimulatory CpG DNA in lymph nodes
driving the robust immune responses of (C12)9-SNA observed
in vivo. Furthermore, we present the translation of the
antitumor immunity observed in the mouse model to clinically
relevant human cell lines, such as human peripheral blood
mononuclear cells (hPBMCs) and an HPV+ HLA-A*02+ head
and neck cancer model cell (UM-SCC-104). Toward this goal,
our study reveals a higher degree of uptake and activation of
human dendritic cells along with enhanced cytotoxicity of
CD8+ T cells against UM-SCC-104. Compared to a simple
mixture of the vaccine components, termed admix, and
cholesterol anchored SNAs, T cells raised by (C12)9 E7
SNAs are more potent and demonstrate a superior ability to
orchestrate an effective immune response in all measures.
These findings highlight the potential of (C12)9-SNAs as an
effective structural vaccine which increases potency to a degree
that can overcome the thus far underwhelming efficacy of HPV
therapeutic vaccines.
The aqueous solubility of the E711−19 peptide facilitated

SNA synthesis by encapsulating the peptide within the aqueous
lumen of the liposomal SNA. Hydrating thin films of 1,2-

Figure 1. Vaccination of AAD mice with SNAs formulated with E711−19 antigen. A. Injection timeline for vaccination. B. Effector memory
phenotype (CD44+ and CD62L−) within CD8+ T cells. C. Intracellular IFN-γ levels (CD107a+ and IFN-γ+) in CD8+ T cells following a 4 h
restimulation with E711−19 antigen. D. IFN-γ secretion by splenocytes using ELISpot assay 48 h after restimulation ex vivo with E711−19 antigen. E.
Antigen-specific killing by splenic CD8+ cytotoxic T lymphocytes raised from vaccination against E711−19 pulsed T2 cells. Data represents mean ±
standard deviation with n = 5 for panels B,C,D, n = 3 for panel E; statistical significance was calculated by one-way ANOVA with Tukey’s post hoc
test among the treatment groups; *P < 0.05, **P < 0.01, ***P < 0.005, and ****P < 0.001.
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dioleoyl-sn-glycero-3-phosphocholine (DOPC) lipid with
peptide dissolved in dulbecco’s phosphate buffered saline
(DPBS) produced liposomes containing between a 60 and 100
molar ratio of E711−19 peptides per liposome depending on the
amount of peptide added to the thin film, matching the
encapsulation efficiency of previously studied peptides.16,22

The weighted average of peptides per liposome was a constant
75 for all experiments to minimize variability. These liposomes
were then functionalized with the molar ratio of 75 (C12)9
anchored or cholesterol anchored CpG oligonucleotides to
synthesize SNAs encapsulating E711−19 peptide. The attach-
ment of DNA to the liposomes was confirmed by dynamic
light scattering (DLS), zeta-potential, and agarose gel electro-
phoresis (Figures S1 and S2). In addition, the cryo-electron
microscopy images of E7 liposome, cholesterol E7 SNA, and
(C12)9 SNA did not exhibit significant morphological
differences among the three samples (Figure S3). Moreover,
the size distribution of E7 liposome, cholesterol E7 SNA, and
(C12)9 E7 SNA aligns with the DLS size measurements
(Figure S1). Taken together, these data indicate the successful
formulation of cholesterol E7 SNA and (C12)9 E7 SNAs.
Successful E7 SNA synthesis allows us to test whether
structuring these components at the nanoscale can enhance
the efficacy of therapeutic vaccines for HPV-associated cancers.
The in vivo efficacy of SNAs containing the E711−19 antigen

was tested in AAD transgenic mice capable of recognizing
peptide antigens with binding affinity for human HLA-A*02.
These mice express a hybrid major histocompatibility complex
(MHC) molecule containing the extracellular α-1 and α-2
domains of the human HLA-A*02 receptor and the trans-
membrane and cytoplasmic domains of murine H-2Dd.23 We
used the subcutaneous route for vaccination because it
facilitates high accumulation of nanoparticles in the lymph
nodes and enables prolonged release of vaccine cargo, thereby
enhancing immune responses.24,25 Additionally, our previous
studies observed the sufficient induction of T-cell response
using this route.13,22,26,27 The mice were vaccinated every 2
weeks for three total injections with 6 nmol CpG 1826 (a
murine TLR9 agonist) oligonucleotide and E711−19 peptide in
the form of either an additive simple mixture in PBS (E7
Admix), or a liposomal SNA encapsulating the peptide antigen
and functionalized with CpG DNA containing a 3′ hydro-
phobic cholesterol or (C12)9 anchor (Figure 1A).
One week following the third vaccination (d 35), spleens

were isolated from individual mice and tested for antigen
specificity and phenotype of the CD8+ T cell population. As
our SNAs utilize an E711−19 antigen to target the HLA-A*02:01
MHC I allele, this antigen will be recognized by CD8+ T cells.
Therefore, our primary focus was to evaluate the functionality
of memory CD8+ T cells. To quantify the robustness of the
immune response, the effector memory CD8+ T cell
population was quantified via flow cytometry by measuring
the percentage of CD8+ T cells in the spleen expressing
CD44+CD62L− surface markers (Figure 1B).28 The mice
treated with (C12)9 E7 SNAs produced elevated level of
effector T cells, resulting in a more than 2-fold increase in
frequency of the CD44+CD62L− phenotype in the CD8+ T cell
population compared to mice treated with admix. The antigen
specificity of these T cells was assessed by measuring the
production of IFN-γ via flow cytometry (Figure 1C) and an
enzyme-linked immunosorbent spot (ELISpot) assay (Figures
1D and S4) following restimulation of the splenocytes with the
E711−19 peptide. We also quantified CD107a surface expression

to detect the effector CD8+ T cells with their cytolytic
functionality, since CD107a+IFN-γ+ T cells have been
correlated with successful tumor inhibition.29 Once more the
(C12)9 E7 SNA promoted the strongest antigen-specific
immune response resulting in a 28-fold increase in the
frequency of CD8+ splenocytes double positive for both
IFN-γ and CD107a compared to the admix-treated group.
Other treatments failed to raise a significant quantity of cells
positive for both IFN-γ and CD107a compared to the naive
mice. The ELISpot measurements further corroborate these
results; while the E7 admix did not produce any IFN-γ
secreting spot-forming cells (SFCs), splenocytes from the
(C12)9 E7 SNA produced an average of 278 spot-forming cells
(SFCs), an 8-fold enhancement compared to the cholesterol
E7 SNA vaccine. The remaining splenocytes from the
vaccinated mice were pooled together and the CD8+ T cells
were isolated by positive selection for each treatment
condition. The cytotoxicity of these CD8+ T cells was then
tested by a 24 h coculture with E711−19 pulsed T2 cells, which
are commonly used to assess HLA-A*02-specific T cell
interactions (Figures 1E and S5).30 The T cells raised from
(C12)9 E7 SNA vaccination were the only ones to exhibit
significant killing of the target cell population, with ∼46% of
the target cells being positive for both the early apoptosis
marker Annexin V and the late apoptosis marker 7-AAD. The
T cells raised from (C12)9 E7 SNA vaccination were more
than twice as cytotoxic compared to T cells raised from any
other vaccination conditions. Together, these results exhibit
the superior ability of (C12)9 E7 SNA structures to promote
powerful antigen-specific T cell responses in vivo.
To investigate whether the biodistribution of vaccine

components correlate with the efficacy of SNA vaccines, we
characterized the biodistribution profile of Cy5-labeled linear
CpG or the SNA containing either a (C12)9 or cholesterol
anchor using an in vivo imaging system (IVIS) 24 h after
subcutaneous administration. Overall, the greatest quantity of
Cy5 signal was observed in the inguinal lymph nodes and liver
(Figure 2A), which is expected since a subcutaneous
administration accumulates in the inguinal lymph nodes and
the liver often sequesters large macromolecules.14,31 As the
primary location for T-cell priming to generate an adaptive
immune response, lymph nodes have been a key tissue for
targeting therapeutic vaccines. Nanomaterials with a diameter
of 10−100 nm are often considered the optimal size range for
lymphatic drainage.32−34 Due to their nanoscale structure,
SNAs deliver their immunotherapeutic cargo more effectively
to the lymph node. Specifically, when compared to the linear
CpG oligonucleotide or cholesterol-SNA, the (C12)9-SNA
displayed a 2.4-fold or 1.3-fold increase in Cy5 signal,
respectively (Figure 2A and B). To confirm these results, we
isolated the lymphocytes in a single cell suspension and
measured the degree of Cy5 labeled CpG DNA uptake across
the entire lymphocyte population (Figure 2C). We observed
Cy5 signal in over 44% of lymphocytes following vaccination, a
3.2-fold or 2-fold enhancement compared to linear CpG or the
cholesterol SNA, respectively. Additionally, consistent with
previous findings,35 a significant amount of linear CpG
accumulated in the kidney indicating that more of the linear
oligonucleotide gets excreted 24 h after treatment likely due to
its small size and difference in in vivo degradation kinetics
(Figure 2A). No significant accumulation was observed in the
other major organs examined. Collectively, these results show
the superior ability of the (C12)9 SNA structure to be
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efficiently delivered to the lymph node compared to linear
CpG DNA and cholesterol-SNAs, supporting the enhance-
ments in in vivo efficacy observed for the (C12)9 E7 SNA.
Subsequently, we assessed the activation status of DCs in the

draining lymph nodes (dLNs), hypothesizing that the
enhanced accumulation of (C12)9 SNAs in dLNs would result
in increased expression of costimulatory markers. We aimed to
detect the expression levels of costimulatory markers CD80
and CD86 specifically in CD11c+ DCs in single cell suspension
of lymphocytes using flow cytometry 24 h following
subcutaneous injection of PBS, E7 Admix, cholesterol E7
SNA, or (C12)9 E7 SNA. The expression levels of
costimulatory molecules such as CD80 and CD86 on DCs
are critical factors influencing the strength of the antitumor
cytotoxic T lymphocyte response. We observed that codeliver-
ing CpG and antigen via SNAs were associated with
approximately a 2-fold increase in the percentage of CD11c+
DCs in lymphocytes, compared to mice treated with the admix
control (Figure 3A). Additionally, we showed significant
enhancement in the expression levels of costimulatory
molecules CD80 and CD86 following SNA treatment (Figure

3B and C). Generally, CD86 expression on DCs is abundant
and rapidly upregulated compared to CD80.36 However,
(C12)9 E7 SNAs resulted in a notably elevated expression of
CD86 on DCs (MFI = 13,700 ± 3,000), in contrast to PBS
(MFI = 5,400 ± 1,100), E7 Admix (MFI = 8,700 ± 2,300),
and cholesterol E7 SNA (MFI = 9,000 ± 1,000) treatments.
These findings highlight the enhanced ability of the (C12)9 E7
SNA architecture to activate DCs within the lymph nodes
when compared to simple mixture and cholesterol E7 SNAs.
Moreover, they provide further validation for the improve-
ments in in vivo efficacy noted with the inclusion of (C12)9 E7
SNA.
We also measured the systemic secretion of proinflammatory

cytokines (IL-6, IL-4, IL-1β, IL-12p70, IFN-γ, IL-10, IL-2, and
TNF-α) in serum 24 h following treatment to evaluate the
acute immune response generated by the vaccines. Prior work
evaluated the immune response briefly (1 h) after vaccination
finding that linear CpG led to rapid cytokine release compared
to cholesterol SNA and (C12)9 SNA treatments.22 We report
here a lower general degree of cytokine release at 24 h
compared to 1 h. The linear CpG treatment results in a higher
degree of proinflammatory cytokine secretion. While no
significant difference in cytokine concentrations compared to
untreated (NT) mice are observed for IFN-γ, IL-10, IL-2, and
TNF-α regardless of treatment, linear CpG treatment led to a
significantly greater degree of serum accumulation for the
cytokines IL-6, IL-1β, and IL-12p70 compared to the NT
control (Figure S7). Interestingly, the (C12)9 SNA treatment
led to significantly greater IL-4 secretion compared to both the
NT control and cholesterol SNA. This evaluation of the acute
immune response following vaccination reveals that the
untargeted systemic secretion of cytokines into the blood-
stream does not necessarily correlate with vaccine efficacy and
can be explained by the unfavorable biodistribution profile of
linear CpG which targets the lymph node less effectively,
potentially leading to systemic inflammation and upregulation
of pathways which inhibit antitumor immune responses such as
checkpoint expression.
Due to the enhanced E711−19-specific cytotoxic T cell

responses raised from AAD mice vaccinated with the (C12)9
E7 SNAs, we expected that (C12)9-SNAs with E711−19 antigen

Figure 2. Biodistribution of Cy5-labeled DNA in mice after 24 h of
subcutaneous injection. A. Calculated radiant efficiency of Cy5-
labeled DNA (PBS, CpG, Cholesterol SNA, and (C12)9-SNA) in
whole organs (Lymph nodes, Spleen, Liver, Kidney, Heart, and
Lung). B. Representative IVIS image of draining lymph nodes. C.
Flow analysis of cellular distribution of Cy5-labeled DNA in draining
lymph nodes. Data represents mean ± standard deviation. n = 4;
statistical significance was calculated by one-way ANOVA with
Tukey’s post hoc test; *P < 0.05, **P < 0.01, ***P < 0.005, and
****P < 0.001.

Figure 3. In vivo activation of dendritic cells (DCs) in the draining
lymph nodes (dLNs) of AAD mice following treatment with E7
SNAs. AAD mice received subcutaneous administration of E7 admix,
Cholesterol E7 SNA, or (C12)9 E7 SNA. After 24 h, dLNs were
harvested to assess dendritic cell activation. A. The percentage of
CD11c+ DCs in dLNs and the median fluorescent intensity of
costimulatory molecules CD80 (B) and CD86 (C) expressed on these
DCs were determined using flow cytometry. Data are presented as
mean ± standard deviation (n = 4). Statistical significance was
determined by one-way ANOVA with Tukey’s post hoc test; *P <
0.05, **P < 0.01, ***P < 0.005, and ****P < 0.001.
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and a human TLR-9 agonist (i.e., hCpG 7909) would result in
the robust activation of human DCs. We assessed the ability of
these SNAs, referred to as hSNAs, to stimulate the uptake and
activation of primary human DCs within a population of
hPBMCs, leading to the generation of antigen-specific
cytotoxic T cells. As previously reported, SNA constructs
have improved cellular uptake through a caveolae-mediated
endocytic pathway using class A scavenger receptors.17,37,38

The uptake of (C12)9 hSNAs, cholesterol hSNAs, or liposomes
labeled with a 1 mol % rhodamine dye lipid after a 4h
incubation with hPBMCs was measured to confirm the ability
of SNAs to enter primary human immune cells. We found a
significantly higher internalization of (C12)9 hSNAs (MFI =
12760 ± 1132, 33% liposome+) into CD11c+ DCs within the
hPBMC population as compared to the liposome (MFI = 40 ±
1, 0% liposome+) and cholesterol hSNAs (MFI = 3326 ± 52,
28% liposome+) (Figure 4A and S8A). This trend is consistent

with the uptake measurement at 1 h where (C12)9 hSNAs
were internalized by 17% of DCs in hPBMCs (MFI = 6298 ±
1016) compared to liposomes by 0% of DCs in hPBMCs (MFI
= 42 ± 4) and cholesterol hSNAs by 15% of DCs in hPBMCs
(MFI = 2538 ± 308) (Figure S8B and C). The (C12)9
anchored SNAs demonstrate the largest degree of uptake in
human DCs due to their known high stability in physiological
conditions.22

We next measured the activation of the dendritic cell
population hypothesizing that the superior uptake and stability
of the (C12)9 hSNAs would lead to greater costimulatory
marker expression. The activation of HLA-DR+ DCs following
24 h of treatment with PBS, hCpG 7909, cholesterol hSNA, or
(C12)9 hSNA was measured by flow cytometry to detect the
expression of costimulatory marker CD83 in CD123+
plasmacytoid dendritic cells (pDCs) among HLA-A2+
hPBMCs. pDCs are a major class of APC that produce type

I interferons (IFNs) and induce the maturation of conven-
tional dendritic cells (cDCs) for antiviral and antitumor
immune responses.39,40 However, in various cancer types,
pDCs often persist in an immature state due to the presence of
cytokines (e.g., VEGF, TNF-α, TGF-β, and IL-10) in the
tumor microenvironment.41 This lack of maturation and
subsequent inactivation of pDCs lead to reduced type I
interferon production, thereby promoting immunosuppression
and tumor growth. Thus, activating pDCs is a crucial process
to promoting antitumor immunity. The activation of pDCs was
assessed via the expression of costimulatory marker CD83,
which transports to the cellular surface from golgi and
recycling endosome pools in DCs in response to TLR
engagement.42 As expected, (C12)9 hSNAs induced a
significantly higher percentage of CD83+ pDCs (24%),
compared to PBS (3%), hCpG 7909 (16%), and cholesterol
hSNA (17%) treatment (Figure 4B). Given the consistent
structural localization of the E711−19 antigen in the core of both
cholesterol E7 hSNA and (C12)9 E7 hSNA, we anticipate that
the antigen processing pathways on dendritic cells would be
similar between the two formulations, leading to comparable
antigen presentation. Similar to a previous report,17 the overall
CD83 expression was increased in the presence of E711−19
antigen due to the antigen capture in pDCs.43 Specifically, the
same trend was observed where the mean percentage of the
pDC populations expressing CD83 is 3%, 25%, 41% and 55%
for the PBS, E7 hAdmix (hCpG + E711−19), cholesterol E7
hSNA and (C12)9 E7 hSNA, respectively (Figure S9).
Together, these results demonstrate the superior ability of
(C12)9 hSNA structures to both internalize and potently
activate human APCs.
Next, to evaluate antitumor effects of antigen-specific

cytotoxic T cells raised from different treatments; PBS, E7
hAdmix, cholesterol E7 hSNAs, and (C12)9 E7 hSNAs were
applied to HLA-A*02+ hPBMCs. CD8+ T cells from the
treated hPBMCs were then purified and cocultured for 24 h
with a clinically relevant HPV+ cancer cell line, UM-SCC-
104.44 The cytotoxic effect of the T cells against this cell line
was determined using a flow analysis to detect early apoptotic
(Annexin V+) and necrotic (7-aminoactinomycin D+) cells. We
found that CD8+ T cells raised from hPBMCs treated with
(C12)9 E7 hSNAs (60%) improved cancer cell killing
significantly compared to PBS (23%), E7 Admix (33%), and
cholesterol E7 hSNAs (37%) (Figure 4C). Specifically, CD8+
T cells raised from hPBMCs treated with (C12)9 E7 hSNA
resulted in approximately 2-fold or 1.5-fold higher cytotoxicity
of UM-SCC-104, as compared to the E7 Admix or cholesterol
E7 hSNA, respectively. These findings show that (C12)9-hSNA
constructs enhance the immunogenicity of an HLA-A*02
restricted antigen, previously unsuccessful in vaccine clinical
trials, resulting in more potent antigen-specific cytotoxic T cells
immune responses against an HPV-associated cancer cell line.
Taken together, these data highlight the clinical translational
potential of the SNA, and how tailoring the chemical and
structural changes of SNAs can affect the biological functions
of cargo.
The work described here underscores the importance of

cancer vaccine structure, in addition to components, in
dictating efficacy. Indeed, a well-optimized SNA structure
containing the clinically relevant E711−19 peptide antigen
generates much greater antigen-specific T cell responses in
both humanized mice and human cells than the unstructured
components or analogous structures made with a cholesterol

Figure 4. Activation of human PBMCs with SNAs. A. Median
fluorescent intensity for CD11c+ dendritic cellular uptake of SNAs.
Human PBMC was treated with rhodamine labeled liposome,
Cholesterol hSNA, and (C12)9 hSNA for 4 h. B. Activation of
plasmacytoid dendritic cells (pDCs, CD123+). Costimulatory marker
(CD83+) was quantified after 24 h incubation with hCpG,
Cholesterol hSNA and (C12)9 hSNA. C. CD8+ T cells responses
against human UM-SCC-104 cells. CD8+ T cells are raised from
incubation of human PBMCs with E7 hAdmix (CpG+E711−19), or
E711−19 incorporated Cholesterol hSNA or (C12)9 hSNA for 48 h.
Cytotoxicity includes both apoptosis and necrosis, which are
determined using Annexin V and 7-aminoactinomycin D (7-AAD)
stain after 24 h coculture of CD8+ T cells and UM-SCC-104 cells
(25:1). Data represents mean ± standard deviation with n = 4−9;
statistical significance was calculated by one-way ANOVA with
Tukey’s post hoc test; *P < 0.05, **P < 0.01, ***P < 0.005, and
****P < 0.001.
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anchor. Simply changing a seemingly minor parameter (i.e., the
anchor chemistry) of the SNA vaccine shifts the immune
response from one that is mostly ineffective to highly potent.
This finding holds broad implications for therapeutic vaccine
design, emphasizing the critical role of the structural
arrangement of vaccine components in developing the most
efficacious vaccines. More importantly in the context of cancer
vaccines, the use of ineffective structures may be the primary
cause of poor clinical efficacy, as opposed to the choice of
specific vaccine components.
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