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Abstract

Despite the development of highly effective prophylactic vaccines against human papillomavirus
(HPV) serotypes 16 and 18, prevention of cervical dysplasia and cancer in women infected with
high-risk HPV serotypes remains an unmet medical need. We report encouraging phase 1 safety,
tolerability, and immunogenicity results for a therapeutic HPVV16/18 candidate vaccine,
VGX-3100, delivered by in vivo electroporation (EP). Eighteen women previously treated for
cervical intraepithelial neoplasia grade 2 or 3 (CIN2/3) received a three-dose (intramuscular)
regimen of highly engineered plasmid DNA encoding HPV16 and HPV18 E6/E7 antigens
followed by EP in a dose escalation study (0.3, 1, and 3 mg per plasmid). Immunization was well
tolerated with reports of mild injection site reactions and no study-related serious or grade 3 and 4
adverse events. No dose-limiting toxicity was noted, and pain was assessed by visual analog scale,
with average scores decreasing from 6.2/10 to 1.4 within 10 min. Average peak interferon-g
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enzyme-linked immunospot magnitudes were highest in the 3 mg cohort in comparison to the 0.3
and 1 mg cohorts, suggesting a trend toward a dose effect. Flow cytometric analysis revealed the
induction of HPV-specific CD8" T cells that efficiently loaded granzyme B and perforin and
exhibited full cytolytic functionality in all cohorts. These data indicate that VGX-3100 is capable
of driving robust immune responses to antigens from high-risk HPV serotypes and could
contribute to elimination of HPV-infected cells and subsequent regression of the dysplastic
process.

INTRODUCTION

Cervical cancer is the most common cancer among women in developing countries and
ranks as the second most common cancer among women worldwide, with an estimated
493,000 new cases and about 274,000 deaths annually (1, 2). The World Health
Organization recognized cervical cancer as the first cancer to be 100% attributable to
infection: Human papillomavirus (HPV) DNA has been identified in more than 99.7% of
tumor biopsy specimens (3). There are more than 100 genotypes of HPV, but HPV types 16
and 18 are responsible for up to 75% of all cervical cancer cases (4, 5), making these
subtypes the focus of HPV vaccine development and potential treatments.

HPV preventive vaccines (Gardasil and Cervarix), which are constructed of virus-like
particles, generate strong neutralizing antibodies to capsid antigen L1 in recipients; these
antibodies likely mediate the observed protection against HPV infection (6-8). However, in
many HPV-associated malignancies, infected cells do not express detectable levels of capsid
antigen (L1 or L2). Therefore, current preventive vaccines are not likely to be effective for
controlling or preventing disease progression in preexisting HPV infections or HPV-
associated lesions, and there remains a pressing need to develop therapeutic HPV vaccines.
CD8* T cells play a critical role in responding to virus-infected cells; therefore, a therapeutic
HPV vaccine will likely be highly dependent on generating a CD8* T cell response against
HPV-infected cells.

HPV E6 and E7 proteins are constitutively coexpressed in all HPV-infected precancerous
cells and are the most abundant viral transcripts found in biopsies from HPV-related cervical
carcinoma cells (9). Because of their interaction with the p53 and retinoblastoma proteins
(10-12), E6 and E7 are responsible for the transformation of cells and are required for the
maintenance of HPV-associated malignancies (13, 14). Notably, E6- and E7-specific cellular
immune responses are associated with regression of HPV16-associated lesions (15-17).
Farhat et al. reported that, compared to women with persistent cervical HPVV16 infection, the
percentages of positive enzyme-linked immunospot (ELISpot) responses to HPV16 E6 and
E7 are significantly increased among women with recently resolved HPV infection (18).
Therefore, the HPV E6 and E7 antigens are considered to be promising immunotherapeutic
targets.

To date, several types of HPV therapeutic vaccines, including live vector-based vaccines
(19, 20), protein/peptide-based vaccines (21-24), cell-based vaccines (25), and DNA
vaccines (26, 27), have been developed with a focus on stimulating the production and
activation of HPV E6 and E7-specific T cells. However, these vaccines have had modest
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clinical success (28), perhaps because few HPV E6 and E7—specific vaccines have
demonstrated robust E6- or E7-specific cellular immune responses or effective antitumor
activity.

Despite an uncertain past as a vaccine approach in antigen-specific immunotherapy, DNA
vaccines afford several conceptual advantages over traditional vaccination strategies. DNA
vaccines appear safe, are stable and easily produced, and can be administered repeatedly
because they do not engender specific antivector serology and there are no preexisting
antibodies against DNA vectors in prospective vaccinees (29, 30). Furthermore, DNA
vaccines have the ability to target multiple antigens, which could optimize and amplify
desirable immunologic responses. However, although DNA vaccines have been shown to
induce balanced CD4" and CD8* T cell responses as well as humoral immune responses in
small-animal models, clinical data from multiple studies show that DNA vaccines have
induced poor T cell and humoral responses as a stand-alone platform in humans (31, 32).
Thus, the DNA platform has been used primarily in prime-boost strategies to date, and a
robust DNA vaccine platform capable of generating strong T cell immunity would be a
valuable resource for the potential treatment of cervical and other cancers. Many strategies,
such as codon/RNA optimization, the addition of highly efficient immunoglobulin leader
sequences (33-35), and use of “centralized” immunogens (36-38), have been applied to
improve the magnitude and breadth of the cellular immune responses induced by DNA
vaccines. Electroporation (EP) delivery can further enhance both the cellular and humoral
response induced by DNA vaccines, especially in large animals such as dogs, pigs, cattle,
nonhuman primates, and humans (39-42).

Here, we use a combination of these approaches in gene optimization and gene delivery to
generate immunity to E6/E7 of HPV16 and HPV18 serotypes. The DNA was delivered by
EP, which can increase the immunogenicity of DNA vaccines by more than 10- to 100-fold
in vivo (43). We observed that these DNA vaccines drove high levels of functional cellular
immunity by both CD8" and CD4* T cells, including coexpression in these cells of multiple
lytic markers and killing function. Furthermore, high binding titers of anti-E6/E7 antibodies
were induced. These levels of E6- and E7-specific immunity induced by a DNA vaccine
may be useful in treatment of cervical disease.

The safety and tolerability of VGX-3100 were assessed in women previously treated for
high-grade cervical dysplasia

Eighteen females were enrolled in this study. The mean age was 29 years, and 16 subjects
were white. No subjects discontinued early from the study, and all participants received all
vaccinations and completed all study visits. Rate and severity of injection site reactions
during the 7 days after each vaccination and frequency of adverse events (AEs) collected
during the 28-day follow-up period are summarized in tables S1 and S2.

AEs were reported as mild to moderate, and injection site reactions and laboratory
abnormalities resolved without sequelae. There were no deaths reported. One serious
adverse event (SAE) (seizure) that was assessed as not likely to be related to treatment
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occurred in a 29-year-old subject. Three grade 3 AEs were reported in this study (tension
headache, viral gastroenteritis, and wrist fracture); all were assessed to be not related to
treatment. A grade 3 fever (39.0°C) was reported by one subject 5 days after her second
vaccination and resolved by the following day without treatment.

Except for two subjects with hypoglycemia, all laboratory abnormalities were mild or
moderate and none required treatment. Three subjects with a history of
hypercholesterolemia at study entry experienced grade 3 cholesterol elevations during the
study. These laboratory observations were not of clinical significance because no AEs of
hypoglycemia or cholesterol elevation were reported during the study. One subject had a
grade 3 creatine phosphokinase elevation that the investigator considered to be not related to
treatment. No grade 3 or 4 injection site reactions were reported. The most frequent injection
site reactions were grade 1 or 2 pain and tenderness and all resolved without sequelae as
summarized in table S2.

Study participants were asked to assess their pain following the vaccination/EP procedure
with a visual analog scale (VAS) by making a mark on a 10-cm line, anchored with word
descriptors at each end (“No Pain” and “Worst Pain™), at 0, 5, and 10 min after each
vaccination. As shown in Fig. 1, most subjects reported the greatest intensity of pain
immediately after the procedure, which dissipated rapidly within 10 min. No significant
differences were observed between the VAS scores at the three dose levels.

VGX-3100 induces strong, long-lived antibody responses

Binding antibodies were measured by enzyme-linked immunosorbent assay (ELISA) against
all four vaccine antigens and appeared to peak 4 weeks after the third immunization (D3+4,
refer to participants and study design section of Materials and Methods for time point
nomenclature) (Fig. 2). The antibodies elicited by VGX-3100 against HPVV16 or HPVV18 E7
were more robust than those measured against both E6 proteins. Using an endpoint dilution
ELISA, we observed an increase in HPV16 E7 titers in 17 of 18 (94%) vaccinees at D3+4
and an increase in HPV18 E7 titers in all 18 vaccinees. Titers to HPV16 and HPV18 E6
increased in 12 of 18 (67%) and 7 of 18 (39%) subjects, respectively (Table 1). As indicated
in Fig. 2 (A to D), antibody titers against the four vaccine antigens remained high even 24
weeks after the last immunization, indicating that administration of VGX-3100 is capable of
inducing antibodies that persist at least 6 months after the treatment regimen. Overall, 100%
of the study participants (18 of 18) reported antibody positivity to at least two vaccine
antigens, and 94% (17 of 18) reported positivity to three antigens; 56% (10 of 18) were
positive to all four antigens.

Serum E7 antibody specificity was confirmed by Western blot (Fig. 2E and fig. S1). Bands
representing both HPV E7 antigens were dem onstrated in 15 of 16 subjects (94%) at D3+4
[two subjects were excluded because of high background activity before dose 1 (D1)].
Twelve of the 14 subjects exhibiting seroconversion at D3+4 (86%) remained positive to
both HPV E7 proteins by Western blot at 24 weeks after the third immunization (D3+24),
recon-firming the ability of VGX-3100 to induce robust and lasting antibody responses (no
samples were available at D3+24 for two subjects).
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VGX-3100 induces robust HPV-specific Ty 1-biased cellular immune responses

Standard vaccine interferon-y (IFN-y) ELISpot assays (44, 45) were performed to determine
the number of antigen-specific IFN-y-—secreting cells in response to stimulation with
HPV16 or HPV18 E6 and E7 peptide pools. As shown in Fig. 3, after three vaccinations,
four of six of subjects who received a dose of 0.3 mg per plasmid (Fig. 3A), five of six
subjects who received a dose of 1 mg per plasmid (Fig. 3B), and five of six subjects who
received a dose of 3 mg per plasmid (Fig. 3C) mounted vaccine-induced HPV16 or HPV18
E6 or E7—specific cellular immune responses. High preexisting responses [ELISpot >100
spot-forming units (SFU) per 106 peripheral blood mononuclear cells (PBMCs) at baseline]
were measured in a single subject in the 1.0 mg group (14-5). Overall, 14 subjects (78%)
developed positive cellular immune responses by ELISpot, with magnitudes ranging from
100 to more than 5000 SFU per 108 PBMCs. The peak average responses in low-,
intermediate-, or high-dose groups were 648, 683, and 1458 SFU per 10% PBMCs,
respectively, indicating a trend of vaccine dose effect (Fig. 3D).

Figure 4 depicts the background-subtracted IFN-y ELISpot magnitudes for each antigen by
dose group. The highest IFN-y ELISpot magnitudes were measured against HPV18 EB6,
although the differences among antigens were not statistically significant (Fig. 4A). As
shown in Fig. 4 (B to E), average magnitudes trended higher in the higher-dose groups,
except for HPV16 E7. Overall, 14 subjects responded to at least one antigen, 13 responded
to at least two antigens, and 9 responded to all four antigens.

Response rates ranged from 10 to 14 of 18 for the individual antigens (Table 1). Overall,
vaccine-induced antigen-specific responses were measured in 46 of 72 assays. In addition, a
trend was observed in dose-dependent increases in the number of antigens to which a
response was detected in the three dose groups (12 of 24, 15 of 24, and 19 of 24 in the 0.3,
1.0, and 3.0 mg cohorts, respectively).

Memory T cell responses were evaluated in the IFN-y ELISpot assay at 24 weeks after dose
3in 11 of 14 responders with evaluable samples. As shown in Fig. 5, three of four
responders in the 0.3 mg group, four of five responders in the 1 mg group, and four of five
responders in the 3 mg group showed HPV16 or HPV18 E6 or E7—specific memory
responses that persisted at least 6 months after final vaccination.

As noted above, 14 of 18 subjects mounted a cellular response to the vaccine, and 18 of 18
had a humoral response. On an individual an tigen basis, 100% of subjects with a vaccine-
induced cellular response to the E7 antigen of HPV16 (11 of 11) and HPV18 (10 of 10) in
the IFN-y ELISpot assay also had an increase in humoral response to the same antigens after
vaccination (Table 1 and Fig. 2). Similarly, 64.3% (9 of 14) and 45.5% (5 of 11) of subjects
with a vaccine-induced cellularresponsetotheE6antigenofHPV16 and HPV18, respectively,
had an increase in humoral response after vaccination. Overall, our data suggest that the
vaccine was able to induce cellular and humoral responses in the majority of subjects, and
these responses were generally concordant.

Sci Transl Med. Author manuscript; available in PMC 2015 February 04.
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VGX-3100 induced responses across multiple human leukocyte antigen class | and I

alleles

We conducted human leukocyte antigen (HLA) typing to assess whether the
immunogenicity of VGX-3100 vaccine was associated with class | HLA-A, HLA-B, and
HLA-C and class Il HLA-DRB and HLADQB loci. As shown in tables S3 and S4, there
were no clear negative or positive associations between a particular HLA type and antigen-
specific T cell responses to VGX-3100. Indeed, most alleles were represented across the 18
volunteers and most alleles engendered an immune response to at least one antigen. This
analysis substantiates that the vaccines induced broad responses restricted by a diverse array
of HLA class 1 and class 11 alleles.

VGX-3100 drives cellular responses detectable using flow cytometry

In light of the strong cellular immune response observed in the IFN-y ELISpot assay,
intracellular cytokine staining (ICS) assays were performed to analyze the cellular immune
responses induced by VGX-3100 further. More specifically, as the generation of CD8* T
cells capable of killing cervical cells that are infected with HPV16 or HPV18 is considered
an important immunotherapy goal, we performed ICS assays to measure markers that more
clearly identify cytotoxic T lymphocytes (CTLs) as well as further evaluate IFN-y
production in T cells incubated with HPV16 and HPV18 E6/E7 (Fig. 6A). As noted in
Materials and Methods, the available PBMCs were prioritized first to the ELISpot assay (18
of 18 subjects analyzed). The ICS assays described below were then performed in all
subjects across the three cohorts, where sufficient PBMCs were available for further
analysis.

VGX-3100 drives the induction of CD8" T cells with CTL phenotype

As shown in Fig. 6B, HPV16 and/or HPV18 E6 and E7-specific IFN-y production could be
detected in all subjects tested (seven of seven analyzed; two from cohort 1, one from cohort
2, and four from cohort 3). Responses were detected irrespective of cohort, and synthesis of
IFN-y was seen in both CD4* T cells (open bars) and CD8* T cells (closed bars). Total
response rates varied by subject but reached a 1.0 to 1.5% response range in
postimmunization samples (Fig. 6B). To further profile IFN-y production, we also
categorized responding CD4* and CD8* T cells by CD27 and CD45RO cell surface
expression (fig. S2A). CD4* T cells producing IFN-y tended to fall largely into the CD277/
CD45R0O™" and CD27*/CD45RO™ subsets (putative effector memory and central memory
cells, respectively), with a lower response rate seen in the CD277/CD45RO™ subset (putative
effector cells) for both HPV16 and HPV18 antigens (fig. S2B). Similarly, CD8" T cells
responding to HPV16 or HPV18 antigens fell largely into the effector memory subset.
Unlike CD4* responses, however, a lower percentage of responding CD8* T cells exhibited
a central memory phenotype, whereas slightly more CD8* T cells were found to be effector
phenotype.

Although IFN-y synthesis in response to antigen is a clear indication of a T helper 1 (Ty1)—
biased immune response, its production is not strictly correlated with CTL activity (46),
namely, the ability of a CD8" T cell to load granzyme B and perforin as well as release these
lytic granules in response to cognate antigen in an effort to kill a target cell (47-49). Thus,
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additional markers were evaluated to more clearly define putative CTLs from the subset of
CDS8™ T cells that were able to produce IFN-y. For the purposes of this assay, we defined a
CTL as a CD8* T cell that stained positively for granzyme B, perforin, and CD1074a, a
marker that is well established as a sign of cytolytic degranulation (50) (Fig. 6A). After
stimulation with cognate antigen, CD8" T cells exhibiting all three markers would represent
cells capable of HPV16- and/or HPV18-specific degranulation (as determined by CD107a
positivity). Such cells also exhibited the ability to load sufficient amounts of both granzyme
B and perforin, which are chiefly responsible for initiating cell death in target cells with
which CTLs interact (47-49). All but one subject tested in this assay (six of seven) exhibited
increases in CTL frequencies after immunization (Fig. 6C), indicating that immunization
with VGX-3100 consistently drove the induction of HPV-specific CD8* T cells that express
markers commonly used to identify CTLs. Subjects from the 3 mg cohort showed the most
robust postvaccination CTL frequencies (0.15 to 0.20% response rate) per this analysis (Fig.
6C), although this cohort was overrepresented because of restrictions on sample availability,
thus obscuring the ability to clearly attribute this to a dose effect. The CD27 and CD45RO
analysis was extended to the CTL population studied in this assay, and the vast majority of
responding cells fell into the CD27-/CD45RO™ effector memory subset, followed by the
CD27-/CD45RO™ effector subset (fig. S2C). Very few cells fell into the CD27+/CD45RO*
central memory subset.

VGX-3100 induces antigen-specific CTLs

Although our phenotypic analysis had suggested the presence of CD8* T cells resembling
CTLs, a functional assay was required to confirm cytolytic activity. Using a sensitive and
specific flow cytometry—based assay to measure the amount of active granzyme B delivered
to target cells from antigen-specific effectors, we assessed functional effector cell killing
capacity (46, 51, 52). Whole PBMCs were used as the effector number [final effector/target
(E:T) ratios of 10:1, 50:1, and 100:1], that is, the assay output would be based on the
quantity of antigen-specific CTLs within the PBMCs added. Postimmunization effectors
exhibited CTL activity in 10 of 11 subjects tested (Fig. 7; 4 from cohort 1, 2 from cohort 2,
and 5 from cohort 3) as evidenced by active granzyme B delivery to targets from HPV-
specific effectors. This CTL activity was undetectable in the preimmunization samples from
the same subjects. Killing activity at the 100:1 E:T ratio varied from 2.44 and 2.73% in the
modest responders to 8.82 and 9.92% in the strong responders. Although immunization with
VGX-3100 drove killing activity in all three cohorts, three of the four strongest responders
were in the 3 mg cohort. As a possible dose effect was also observed in the IFN-y ELISpot
assay, a regression analysis was performed to determine whether the magnitude of IFN-y
ELISpot correlated with the magnitude of killing measured. As reported by other groups (46,
53), there was no significant correlation between IFN-y and killing magnitudes (P = 0.2315;
fig. S3A). Of interest, regression analysis of killing activity and CTL phenotyping showed a
strong correlation between CTL frequency and killing magnitudes at the 10:1 E:T ratio (P =
0.0009; fig. S3B), supporting that CTL phenotyping by ICS may be informative with regard
to killing activity in specific instances.
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Preexisting regulatory T cells did not correlate with cellular immune responses

Previous studies have established links between the presence of regulatory T cells (Tregs;
defined as CD4*/CD25"/FoxP3*) and HPV-induced disease (54-58), as well as suggested a
possible negative link between the presence of Tyeqs and subsequent response magnitudes to
HPV vaccination in infected individuals (58). We examined whether the presence of
peripheral Tyegs correlated in any way with the induction of HPV16 and HPV18 E6 and E7-
specific immune responses. As seen in fig. S4, preimmunization Tyegs could be clearly
identified with the CD25 and FoxP3 markers within the CD4* T cell subset, with
frequencies ranging from 0.21 to 5.47%. Regression analysis was performed to detect a
relationship between T4 frequencies and subsequent response rates in the IFN-y ELISpot,
CTL ICS, or quantitative killing assays; no statistically significant association was observed
between the presence of Tregs and response magnitude in any of the three assays used (fig.
S4; P =0.9072, 0.8343, and 0.9849, respectively), suggesting that preexisting Tyegs did not
influence the induction of cellular immune responses to VGX-3100.

VGX-3100 induces antigen-specific CD8* T cells capable of substantial activation and lytic
marker up-regulation

Chronic viral infections are often associated with immune incompetence and may result in
an induced state of lowered reactivity to viral antigens (59-61). Moreover, in the context of
HPV infection, HPV-specific Tregs may mediate suppression of virus-specific immune
responses important in control or elimination of infection (57, 58). The ability of an
immunotherapy for HPV infection to drive potent immune responses would therefore likely
necessitate the induction of immune responses that are durable and robust even in the face of
prolonged antigenic exposure, including possible suppressive activity by Tegs. Although we
had interrogated immune responses in assays using short-term (24 hours or less) antigenic
stimulation, we had not yet examined this response in the face of prolonged (multiple day)
stimulation that could render cells more susceptible to suppressive cell effects (such as
Tregs)- Therefore, we exposed PBMCs to HPV16 and HPV18 peptides in vitro over the
course of 5 days and measured subsequent immune activity in the form of activation
markers HLA-DR and CD38 (62) and the ability of CD8* T cells to synthesize granzyme B
and perforin. These assays were performed on PBMCs from subjects in the 3 mg cohort
because there appeared to be a trend toward more robust cellular immune responses in that
group. As shown in Fig. 8A, we were able to detect differential regulation of HLA-DR,
CD38, and both granzyme B and perforin in patient samples. Pre- and post-immunization
PBMCs were stimulated with an irrelevant control peptide [ovalbumin (OVA)] or HPV16
and HPV18 peptides and assessed for cellular activation and the ability to load lytic
granules. Incubation of preimmunization samples with HPV peptides did not result in a
statistically significant increase in the number of activated CD8" T cells as measured by
HLA-DR and CD38 costaining when compared with stimulation by irrelevant control
peptide (Fig. 8B, top left), suggesting a lack of immune reactivity before vaccination.

However, when PBMCs isolated after the third immunization were stimulated with the
irrelevant control peptide or HPV peptides, a significant increase was seen in the activation
status of CD8* T cells (Fig. 8B, top). Moreover, when responses were corrected for
background activation, HPV-specific CD8* T cell activation (HLA-DR*/CD38") was
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1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Bagarazzi et al.

Page 9

significantly increased in samples collected after immunization compared to those collected
before immunization (P < 0.05; Fig. 8B, top right). These data suggest that a robust HPV-
specific CD8™ T cell response was driven by VGX-3100.

We undertook additional analysis of these activated CD8" T cells in the form of measuring
HPV-specific up-regulation of granzyme B and perforin, the presence of which would
further support the induction of a CTL phenotype. As shown in Fig. 8B, costaining for these
Iytic proteins in HLA-DR*/CD38*/CD8* T cells was low and not significantly different in
preimmunization samples, whether stimulated with irrelevant OVA peptides or HPV
peptides for stimulation (Fig. 8B, top). Analysis of postimmunization samples leads to a
markedly different result, whereby the percentage of activated CD8* T cells that costained
for granzyme B and perforin remained low when stimulated with irrelevant OVA peptide,
but increased significantly when exposed to HPV peptides (P < 0.05) (Fig. 8B, bottom).
Together, these results suggest that VGX-3100 drove the induction of CD8* T cells capable
of activation in the context of prolonged antigenic exposure and that these cells are capable
of granzyme B and perforin synthesis, thus exhibiting a clear CTL phenotype.

VGX-3100 induction of CD8* T cells with killing capacity is consistent in the 3 mg cohort
(qualitative killing assay)

As differences in killing due to the frequency of CTLs within the PBMC pool had already
been analyzed (Fig. 7), and because we were specifically interested in the quality of the
function of HPV-specific CD8" T cells that had been activated after prolonged antigenic
exposure (Fig. 8, A and B), we again employed the killing assay but adjusted the mechanism
by which we established the E:T ratio to normalize the effector number to reflect the
percentage of HPV-specific CD8* T cells present (as opposed to total PBMCs). To that end,
the HLA-DR and CD38 markers were used to determine the number of total cells that
needed to be added to targets to achieve a final E:T ratio of 12.5:1. This method was used to
ensure that each sample would contain the same number of HPV-specific CD8* T cells
added to the same number of targets, and thus, killing activity would reflect the quality of
the CTL response and not the quantity of CTLs present within the effector pool. Results
from the 3 mg cohort are presented in Fig. 8C, and the analysis is presented in Fig. 8D.
Although no HPV-specific CTL function was measured before immunization (Fig. 8D, left),
all six subjects showed an up-regulation in activity after immunization; this increase reached
statistical significance (P < 0.05, left and right). No significant killing activity was detected
when preimmunization samples were used as effectors, and no killing activity was measured
against targets pulsed with the irrelevant control peptide. An individual subject (12-12)
previously classified as a nonresponder by ELISpot and ICS (Figs. 3, 6, and 7) showed
measurable CTL activity in this qualitative killing assay (Fig. 8D). The postimmunization
killing activity was both valid and specific because no activity was detectable when
preimmunization samples were used (Fig. 8D), suggesting that the way this assay is
performed may allow for detection of immune responses that are below the limit of
detection of the ELISpot and ICS assays. Moreover, the other five subjects exhibited killing
activity ranging from 29 to 36% (Fig. 8, C and D), suggesting that the quality of CTL
function was consistent between these remaining subjects. The data support that the
“activated CTL" phenotype exhibited by CD8* T cells after prolonged antigenic exposure
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reflects the ability of these cells to kill infected targets in an antigen-specific fashion and that
the quality of the CTL response driven by VGX-3100 is consistent among responders. This
type of immune response is believed to be of paramount importance in the context of
chronic HPV infection, in which CTLs will need to remain activated and functional in the
face of prolonged antigenic exposure.

DISCUSSION

Here, we report on a dose-escalating phase 1 clinical study of a highly optimized HPV16
and HPV18 E6/E7 DNA vaccine delivered by efficient EP in women previously treated for
high-grade cervical dysplasia—cervical intraepithelial neoplasia grade 2 or 3 (CIN2/3).
Several features were incorporated into this vaccine design with the goal of increasing
vaccine antigen immune potency, including codon/RNA optimization and the addition of a
highly efficient leader and Kozak sequence. An endoproteolytic cleavage site was
introduced between the E6 and the E7 sequences for proper protein folding and better CTL
processing. Using these constructs, we detected increases in Tyl-biased cellular immune
responses in 78% of subjects by IFN-y ELISpot. The responses were representative of a
broad array of HLA class | and Il alleles. The average peak T cell responses induced by
VGX-3100 were 642 to 1458 SFU per 10 PBMCs in the different dose cohorts, indicating
robust and broad vaccine-induced cellular immunity. Notably, no vaccine-related SAEs or
grade 3 or 4 AEs or injection site reactions were observed in this first clinical trial of a
therapeutic DNA vaccine expressing both E6 and E7 proteins of HPV16 and HPV18. In
particular, fever, myalgia, arthralgia, or malaise—commonly associated with other vaccine
modalities—were not reported. These safety findings are consistent with several previous
reports from other DNA vaccine studies demonstrating a favorable safety profile, although
now demonstrated with EP-mediated delivery. The immunogenicity benefits realized by EP-
mediated delivery method of highly optimized DNA vaccine constructs did not adversely
affect the favorable safety profile observed in previous DNA vaccine trials.

It is generally accepted that HPV-infected cells can only be eliminated by T cell-mediated
immunity. Consequently, immunotherapy capable of inducing robust HPV16- or HPV18-
specific cellular immune responses is highly desirable. Many efforts have been made in the
development of HPV immuno-therapeutic vaccines. However, the cellular immune
responses to E6 and/or E7 induced by various HPV therapeutic vaccine approaches have
been modest or undetectable in clinical trials, when responses were measured by direct IFN-
v ELISpot (24, 26, 32, 63, 64). As a result, the cultured ELISpot assay has been used to
amplify the HPV vaccine—induced responses and thus quantitate vaccine-induced immunity.
Moreover, strong, long-lasting memory responses to HPV E6 or E7 have not been
previously reported, and responses reported have been mostly limited in T cell breadth in
response to other immunotherapeutic approaches. For example, the CTLs determined

by 51Cr release assay after vaccination with TA-HPV (a recombinant HPV16 and HPV18
E6 and E7 vaccinia vaccine) were only transiently present in the circulation and were not
detectable 4 weeks after immunization (64). The IFN-y T cell responses induced by an
HPV16 E7 protein—based vaccine appeared to be transient as well, and long-term IFN-y
responses to the vaccine antigen E7 could be detected in only 28% of the vaccinated subjects
(22). In addition, E6- or E7-specific antibodies have been undetectable (HPV16 E7 DNA

Sci Transl Med. Author manuscript; available in PMC 2015 February 04.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Bagarazzi et al.

Page 11

vaccine) (32) or transient (HPV vaccinia or protein—based vaccines) in previous clinical
studies. Antibodies peaked immediately after the vaccinia boost at week 16 but declined by
weeks 20 and 24 in a clinical study of HPV16 heterologous protein prime/vaccinia boost
(65). Together, these findings suggest that although multiple platforms have been explored
to develop effective HPV immunotherapies, the approaches studied to date do not appear to
be highly potent with the currently used immunological assays.

In previous studies, vaccine-induced E6- or E7-specific CTL responses were evaluated to
ascertain their contribution to any evidence of protection against the development of
squamous intraepithelial lesions (66—68). It has also been reported that the occurrence of
HPV-induced cancer was strongly associated with failure to mount a strong HPV-specific
Tyl and CTL response (69). Induction of a persistent CTL response after vaccination was
suggested to be critical. HPV-specific Ty (CD4" T cells) and cytotoxic CD8* T cells
expressing a distinct CTL phenotype (perforin, granzyme B, and CD107a) were induced in
the majority of women vaccinated with VGX-3100. Moreover, the HPV-specific CD8" T
cells generated by VGX-3100 were fully capable of deploying their lytic granules to kill
target cells expressing HPVV16 and HPV18 E6 and E7 antigens, suggesting that they are truly
functional cytotoxic lymphocytes. Additional investigationoftheseCTLs insamples fromthe3
mgcohort revealed that the quality of their activity is consistent between responders. The
killing activity could be detected even 6 months after vaccination. This is the first report of
an HPV vaccine demonstrating consistently robust vaccine-induced CTLs in a clinical study.

T cell memory has been suggested to be critical in the clearance of HPV because the
presence of memory responses is associated with the rapid clearance of infected cells (70).
In this trial, IFN-y T cell responses were measured 24 weeks after the last immunization to
gauge memory responses. Eleven of 14 responders exhibited persistent memory responses.
Moreover, this response was not limited to secretion of IFN-y: Fully functional HPV-
specific CTLs also persisted long-term (up to 24 weeks after the final vaccination) in several
subjects as measured in the Killing assays. These responses—CTL induction and long-
lasting cellular immune response—induced by VGX-3100 are in accordance with the types
of responses believed to be necessary to eliminate persistent infection and are thus indicative
of the positive potential of this vaccine for the immunotherapy of HPV16- and HPV/18-
induced persistent infection, dysplasia, and malignancy.

CD4* Tregs have been shown to play a critical role in curtailing effective antitumor
immunity (71). The presence of HPV-specific CD4" Tyeqs at the interface of tumor and the
immune system indicates that anti-tumor immunity in cervical cancer subjects can be
suppressed at both the induction and effector levels. Preexisting E6- and E7-specific CD4*
Tregs suggest the possibility that vaccination might result in activation and expansion of this
Treg subset and therefore affect host tolerance to tumorantigens(72, 73).Weobserved that
womenwithCD4*CD25M/FoxP3* T cells before immunization did not exhibit a negative
influence on the induction of cellular immune responses induced by VGX-3100. Further
study is needed to investigate this issue more thoroughly and to examine HPV E6 or E7—
specific tumor-induced Tregs (73).
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Further, although the humoral responses induced against the E6 or E7 oncoproteins may not
play a protective role against HPV-associated cervical neoplasms, E6- or E7-specific
antibodies may serve as a surrogate marker for vaccine potency and the induction of
antigen-specific cellular immune responses. The strong and persistent antibodies induced by
VGX-3100 in this study are encouraging for the further development of antibody-dependent
DNA vaccine strategies. In this regard, we note that all 18 (100%) of the vaccinated subjects
across the three cohorts exhibited enhanced antibody responses to at least two of the
antigens. On an individual antigen basis, we noted that the majority of subjects mounting a
cellular response as measured by IFN-y ELISpot also produced a humoral response to the
same antigen (ranging from 45.5 to 100% across the different antigens). The differences in
immune reactivity to these proteins are currently unclear but may be due to a number of
factors, including innate immunogenic potential of these antigens and their relative ordering
on the plasmid constructs, which may affect the expression, processing, or presentation of
the antigens.

Although it has been possible to screen for and treat early-stage disease for more than 5
decades and highly effective preventative HPV prophylactic vaccines exist, cervical cancer
remains the second most common cause of worldwide cancer death in women. Cervical
cancer incidence remains high, and compared to other cancers, there is a relatively early
peak risk of invasive cervical cancer (74). Methods to achieve broad coverage, especially in
developing countries where more than 80% of all cases of cervical cancers occur (1), and
expanding uptake of preventative vaccines remains a significant challenge. It is
estimatedthat itwilltakedecadesforpreventive HPV vaccines to affect cervical cancer rates
because of the prevalence of significant population with existing HPV infections and the
slow process of carcinogenesis (75). An estimated 5 million cervical cancer deaths will
occur in the next 20 years because of existing HPV infection (76). Therefore, HPV
immunotherapeutic development remains of great importance. The data generated from this
phase 1 trial of VGX-3100 are important in terms of the safety and tolerability of the DNA-
plus-EP platform as well as in terms of the magnitude and types of immune responses
generated. The results presented here indi- cate not only that DNA delivered by EP is safe
and tolerable but also that it can induce potent humoral and cellular responses in the absence
of normally required prime-boost regimens in humans. In particular, robust cellular
responses noted in this study display functional cell-killing ability, which is believed to be
key in the control and elimination of chronic HPV infection. It will thus be of considerable
interest to determine whether this immunotherapeutic approach is capable of reducing lesion
size, slowing progression to carcinoma, and, ultimately, driving disease clearance. A
placebo-controlled, randomized phase 2 clinical trial of VGX-3100 is under way to
determine whether this approach has an effect on clearance of HPV and high-grade
dysplasia inwomenwith HPV16- or HPV18-related CIN2 and CIN3. The clear
demonstration of antigen-specific humoral and functional cellular immune responses in this
study opens up the likely use of this combined technology to treat or prevent other human
infectious diseases and cancers.
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MATERIALS AND METHODS

Ethics statement

Participants

The phase 1 clinical study was conducted in accordance with Good Clinical Practice
Guidelines and approved by the institutional re- view board of each of the participating sites:
Lyndhurst Clinical Research (Winston-Salem, NC); Laurel Highlands, OB/GYN, P.C.
(Hopwood, PA); and Clinical Research Puerto Rico (San Juan, Puerto Rico). All study
participants provided written informed consent before participation. This trial is registered at
ClinicalTrials.gov (NCT00685412).

and study design

Eighteen postresection CIN2/3 subjects were enrolled in this phase 1, open-label clinical
trial designed to assess the safety, tolerability, and immunogenicity of escalating doses of
VGX-3100 SynCon DNA vaccine delivered intramuscularly followed by EP with the
CELLECTRA constant current device. Eligible subjects who consented to participate were
assigned to a treatment cohort and received a three-dose series of VGX-3100 at one of three
dosage levels (0.6, 2, or 6 mg of DNA per dose) administered as a 1.0-ml intramuscular
injection in the deltoid on day 0, month 1, and month 3.

Participants were evaluated by study staff for a minimum of 30 min after each vaccination,
and they were instructed to record oral temperatures and any local or systemic AEs on diary
cards for 7 days after each dose. All safety data, including injection site reactions (such as
pain, tenderness, erythema, and induration) and AEs from the 0.6 mg cohort, were submitted
to the U.S. Food and Drug Administration for review before escalation to the 2 mg cohort.
Additional safety reviews were performed by medical monitor in conjunction with the
investigators before the second dose escalation. All subjects remained in the study for safety
monitoring until the month 9 discharge visit.

Immunogenicity was assessed by HPV16 and HPV18 E6/E7-specific IFN-y ELISpot assay
and flow cytometric assays for IFN-y, granzyme B, and perforin and killing functions with
cryopreserved PBMCs obtained at prescreening, entry [dose 1 (D1)], 1 week after the
second immunization (D2+1), 1 week after the third immunization (D3+1), and 4 weeks
after the third immunization (D3+4). IFN-y ELISpot responses were also assayed at 24
weeks after the third immunization (D3+24). Binding antibodies to HPV16 and HPV18
E6/E7 were measured by ELISA (all time points) and Western blot at D1, D3+4, and
D3+24.

VGX-3100 SynCon DNA vaccine

VGX-3100 SynCon DNA vaccine is a mixture of two plasmids that encode the optimized
consensus E6 and E7 genes of HPV serotypes 16 and 18, respectively. These two plasmids
were developed as described previously (77, 78), manufactured under current Good
Manufacturing Practices at VGXI Inc., and metal acceptance criteria for release. The
bulkplasmidswereproducedathighconcentrationandblended to a final dose formulation of 6
mg/ml DNA (3 mg of each plasmid).
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Immunological analyses and prioritization of PBMC samples

Sufficient quantities of sera and plasma were available to conduct ELISA and Western blot
analyses from all 18 enrolled subjects at pre- and post-vaccination time points. The ELISA
assays were conducted in triplicate measurements, and all time points from each patient
were analyzed at the same time as a batch.

For the cellular assays, the available PBMCs were prioritized first to the IFN-y ELISpot
assay. Thus, we analyzed all 18 of 18 subjects as such using peptides spanning the four
antigens separately to allow us to estimate individual responses against each antigen. The
remaining samples, where available, were used for ICS assays. All subjects were included in
the ICS analyses where sample was available. No subject was excluded for reasons other
than sample availability. Thus, on the basis of the amount of viable PBMCs available, the
ICS assays were prioritized as follows: quantitative killing assay—samples from 11 of 18
subjects available for analysis; lytic granule loading assay—6 of 6 high-dose cohort
samples; qualitative killing assay—=6 of 6 high-dose cohort samples; IFN-vy ICS assay—7 of
18 subjects (this assay yielded complementary data to the ELISpot assay and the functional
assays above and hence was performed on the remaining samples for completeness).

IFN-y ELISpot assay

Intracellular

The ELISpot assay was performed by the University of Pennsylvania Human Immunology
Core Facility using a qualified protocol as previously described (79). The standard ELI1Spot
protocol with 24-hour peptide stimulation was previously cross-validated across different
laboratories (80) and was adopted here for use with HPV-specific peptide pools. Differences
between the above-referenced protocol and the protocol used in the current study relate only
to the use of HPV peptides as the stimulating antigen. Specifically, the current protocol used
two sets of peptides, each containing 15-amino acid residues overlapping by 8 amino acids
representing the entire consensus E6/E7 fusion protein sequence of HPV16 or HPV18, and
were pooled at a concentration of 2 mg/ml per peptide into two pools, spanning the length of
the E6 and E7 antigens, respectively (77, 78). The average number of SFU counted in R10
wells was subtracted from the average in individual HPV peptide wells and then adjusted to
1 x 108 PBMCs for each HPV peptide pool.

cytokine staining

ICS was performed as previously described (52) using the following markers: CD107a-
PECy7, CD14-Pacific Blue, CD16-Pacific Blue, CD8-APC (allophycocyanin), CD4-
PerCPCy5.5, IFN-y—FITC (fluorescein isothiocyanate), and CD45R0O-AF700 (BD
Biosciences); CD19- Pacific Blue and granzyme B—PE (phycoerythrin) Texas Red
(Invitrogen); CD27-PECy5 (eBioscience); and perforin-PE (Abcam). Prepared cells were
acquired with an LSR |1 flow cytometer equipped with BD FACSDiva software (BD
Biosciences). Acquired data were analyzed with FlowJo software version 7.6.3 (Tree Star).
All samples used for this assay were from a preimmunization time point (all subjects tested)
and from the D3+1 time point, except for subject 14-6, for whom a D3+24 sample was used
in place of D3+4. Staining was performed once per time point per sample listed.
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Quantitative killing assay

The quantitative killing assay used the GranToxiLux PLUS kit (Oncolmmunin) to measure
antigen-specific delivery of active granzyme B from effector cells to target cells per
manufacturer's instructions. Whole PBMCs obtained before or after immunization were
stimulated 5 days in vitro with HPVV16 and HPV18 E6/E7 peptides and used as effectors,
whereas target cells were PBMCs collected from subjects before immunization that had
been incubated with HPV16 and HPV18 E6 and E7 peptides for 1 hour at 37°C before their
co-incubation with effectors. To ensure that killing was truly antigen-specific, we also
incubated effectors with targets that had been incubated with an irrelevant peptide (OVA,;
GenScript). Effectors collected before immunization were also used as a control to detect
any possible Kkilling responses not attributable to VGX-3100 (for example, preexisting
responses) to compare with responses obtained from effectors taken after immunization.
Effectors were combined with autologous targets at three different E:T ratios: 10:1, 50:1,
and 100:1. Nonspecific killing with the OVA peptide was measured and subtracted from the
final reported killing activity. Overall, 11 of 18 subjects had sufficient sample available at
either D3+4 or D3+24 (subjects 12-4, 14-4, 12-12, and 15-5). Staining was performed once
per time point per sample listed.

Lytic granule loading assay

The Iytic granule loading assay was performed by plating 1 x 108 PBMCs into a 96-well
plate. For antigen-specific responses, cells were stimulated 5 days with a combination of
HPV16 and HPV18 E6 and E7 peptides; an irrelevant peptide (OVA) was used as a negative
control and concanavalin A was used as a positive control (Sigma-Aldrich). At the end of
the 5-day incubation period, all samples were washed with phosphate-buffered saline (PBS)
and subjected to staining for CD3-APCCy7, CD4-PerCPCy5.5, CD8-APC, CD38-PECYyS5,
HLA-DR-AF700, granzyme B-PETR, and perforin-PE following the same protocol as
described above. Staining was performed once per time point per sample listed.

Qualitative killing assay

The qualitative Killing assay used the GranToxiLux PLUS kit as above before adjusting the
E:T ratio. Unlike the quantitative killing assay, E:T ratios for the qualitative killing assay
were determined with the HLADR and CD38 markers as a measure of HPV-specific
effectors. Stimulated PBMCs were normalized for the presence of CD8*/CD38*/HLA-DR*
effector cells and added to targets to achieve a final E:T ratio of 12.5:1. Effectors collected
before immunization were used as a control to detect preexisting killing responses
attributable to previous HPV infection and not immunization with VGX-3100 for
comparison with Kkilling activity measured from effectors taken after immunization. We
performed this assay on the six subjects from the 3 mg cohort using the D3+4 samples,
except on subjects 14-7 and 15-5 (D3+24). Staining was performed once per time point per
sample listed.

Binding antibody assay

A standardized binding ELISA was performed to measure the anti-HP\V16/18 E6 or E7
antibody response induced by VGX-3100 SynCon DNA vaccine. Endpoint titers of
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antibodies were determined by coating 96-well enzyme immunoassay plates with HPV16 or
HPV18 E6 or E7 proteins (1 ug/ml) (recombinant HP\V16/18 E7 and HPV16 E6 were
procured from ProteinX Lab; recombinant HPV18 E6 was cloned and purified from
Escherichia coli expression vector by our group). Sera were diluted with 1% bovine serum
albumin in PBS and tested in trip-licate with an automated and calibrated plate washer and
read on a kinetic microplate reader (Molecular Devices). Positivity was considered if the
average optical density (OD) of a sample was greater than 0.15 absorbance units and greater
than the average OD before D1 (preimmunization) plus 2.5 times SD of OD before D1 at the
same dilution. Number “1” instead of “0” was used for negative results to be able to display
the data on a log scale.

Western blot assay

Five micrograms of HPV16 E7 or 18 E7 was loaded on an SDS—polyacrylamide
electrophoresis gradient gel (4 to 12%), and Western blot analyses were performed with the
plasma samples collected before D1, D3+4, and D3+24 from each subject at 1:200 dilution
and visualized with horseradish peroxidase—conjugated goat anti-human IgG (GE
Healthcare) with an ECL Western blot analysis system (GE Healthcare).

Statistical analyses

Standard and paired Student's t tests were performed to analyze statistical significance of all
quantitative data produced in this study. Un-less otherwise indicated, P values were
calculated to determine statistical significance at various confidence levels.

To summarize the T cell ELISpot data, immune responses to each individual antigen were
reported. For each time point, the mean numbers of SFU from triplicate wells with PBMCs
incubated with medium alone (background) were subtracted from the means of PBMCs
stimulated with HPV16 or HPV18 E6 or E7 peptides. After subtracting medium control, the
mean difference in the wells with the PBMCs collected after vaccination and at D1 had to
exceed 20 SFU per 108 PBMCs and be greater than two times SD of D1 antigen-specific
response to be characterized as a positive response.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1.

Mean VAS assessment of local pain after vaccination/EP procedure. The VAS scores shown
for cohort 1 at the 10 minute time point represent only those patients whose VAS scores
were greater than 2 at the 5 minute time point. For cohorts 2 and 3, the protocol was
amended to collect data from all patients at the 10 minute time point.

1duosnuely Joyny vd-HIN

yduasnuel Joyny vd-HIN

Sci Transl Med. Author manuscript; available in PMC 2015 February 04.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

yduasnuel Joyny vd-HIN

Bagarazzi et al. Page 24

A B
HPV16 E7-specific IgG HPV16 E6-specific IgG
100000 100000
10000 - m 10000
] a
1000 _ 1000~
g i mo oo ] o o
= -
100 = 100~
10 10
1 o O W 0| [2:z] g | P IR
0 3 6 90 3 6 90 3 6 9 Month 0 36 90 3 6 90 3 6 9 Month
0.3 mg 1mg 3mg 0.3 mg 1mg 3mg
c . D .
HPV18 E7-specific IgG HPV18 E6-specific IgG
100000 10000
10000 ZE om o
& = 1000
O 00 m]
10004 —9R—_-©
8 o g 100
- 100 u} L fo)
104 10
1 G e a0 1 O A (D
0 3 6 90 3 6 90 3 6 9 Month 0 3 6 90 3 6 90 3 6 9 Month
0.3 mg 1mg 3mg 0.3 mg 1mg 3mg
E + S
+ +
~— ™ ™
[a) (a] [a]
| 1 —15KD
16E7 —10KD
1/Titer 36450 12150
—15KD
oo [0 - 12
1/Titer 12150 12150
Fig. 2.

Immunoglobulin G (1gG) responses after vaccination with VGX-3100 versus time (months).
(A to D) HPV16 E7 (A), HPV16 E6 (B), HPV18 E7 (C), and HPV18 E6 (D) measured by
ELISA in the 0.3, 1.0, and 3.0 mg groups at entry [dose 1 (D1)], 1 week after the second
immunization (D2+1), 1 week after the third immunization (D3+1), 4 weeks after the third
immunization (D3+4), and 24 weeks after the third immunization (D3+24). (E)
Representative HPV16 and HPV18 E7—specific seroconversion (subject 14-4) measured by
Western blot at D1, D3+4, and D3+24.
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Pre-Vac.
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H

Pre-Vac.1

Peak-Vac.

E

Robust HPV16 and HPV18 E6/E7-specific Ty1-biased cellular immune responses after
vaccination with VGX-3100. (A to C) Antigen-specific IFN-y ELISpot assays determine the
number of antigen-specific IFN-y—secreting cells in response to stimulation with HPV16 or
HPV18 E6 and E7 peptide pools at D1, D2+1, D3+1, and D3+4 in the 0.3 mg (A), 1.0 mg
(B), and 3.0 mg (C) groups. “Responders” by analytical criteria are designated with a bar
below the subject ID. (D) Peak average responses in the 0.3, 1.0, and 3.0 mg groups.
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ELISpot responses to each vaccine antigen present at all doses. (A) Overall background-
subtracted cellular immune responses against four vaccine antigens. (B to E) Background-
subtracted antigen-specific cellular immune responses in the 0.3, 1.0, and 3.0 mg groups to
(B) HPV16 E6, (C) HPV16 E7, (D) HPV18 E6, and (E) HPV18 E7.
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Fig. 5.

St?ong memory T cell responses after vaccination with VGX-3100. (A) Memory T cell
responses elicited in the responders in the 0.3, 1.0, and 3.0 mg groups, respectively. (B)
Overall memory T cell responses elicited in all responders. IFN-y ELISpot in response to
stimulation with HPV16 or HPV18 E6 and E7 peptide pools in the 0.3 mg (circle), 1.0 mg
(triangle), and 3.0 mg (square) groups. The baseline immune responses (Pre-Vac), peak
responses (Peak-Vac), and memory responses (D3+24) of responders are shown for each
dose group.
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Fig. 6.

IFN-y and CTL responses by flow cytometry after vacci-nation with VGX-3100. (A)

Granzyme B

Page 28

Multiparametic flow cytometry was used to detect HPV16- and HPV18-specific production

of IFN-y and regulation of CD107a, granzyme B, and perforin. Representative gating
strategy and response to HPV peptide are shown. (B) HPV-specific IFN-y synthesis

increased after immunization and was detectable in both CD4* and CD8" T cell subsets in

pre- and postimmunization samples. (C) Coexpression of CD107a, granzyme B, and
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perforin in CD8* T cell subset in response to HPV16 and HPV18 E6/E7 was increased after
immunization, suggesting the induction and expansion of CTLs.
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Fig. 7.

Detection of new HPV-specific functional CTL responses (quantitative killing assay).
Delivery of active granzyme B from effectors to targets pulsed with HPVV16 and HPV18
E6/E7 at varying E:T ratios: 10:1, 50:1, and 100:1. Whereas effector PBMCs isolated before
immunization mediated little to no CTL activity in the form of granzyme B delivery (blue
lines), postimmunization PBMCs were able to function as CTLs and deliver granzyme B to
targets in an antigen-specific manner (red lines), suggesting an increased frequency of
functional CTLs after immunization.
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Fig. 8.

Lytic granule loading and CTL functional quality assessment of CTLs induced by
VGX-3100 (qualitative killing assay). (A) CD8" T cells from pre- and post-immunization
PBMCs were assessed for their ability to activate and load lytic granules upon extended
antigenic stimulation. Representative gating strategy is shown. For HLA-DR, CD38,
granzyme B, and perforin, red lines indicate expression levels from unstimulated samples
and blue lines indicate poststimulation expression. Contour plots show stimulated pre- and
postimmunization samples, including an overlay. (B) Postimmunization samples show
statistically significant increases in the percentage of CD8* T cells that stained positively for
the activation markers HLA-DR and CD38 upon extended stimulation with HPV peptide
[raw group averages of 1.19% versus 1.66% (top left); background-corrected group averages
of 0.03% versus 0.49% (top right)] and also show a statistically significant increase in the
number of cells costaining for granzyme B and perforin within this activated subset [group
average of 32.1% versus 53.3% (bottom)]. (C) Activated CD8* T cells mediate robust
cytotoxicity in the form of active granzyme B delivery to HPV-stimulated target cells but
not to targets incubated with irrelevant peptides. Numbers in red indicate the percentage of
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targets receiving active granzyme B from an effector. E:T ratio was 12.5:1, where effectors
were normalized on the basis of HLA-DR and CD38 costaining of CD8* T cells. (D) Data
summary for CTL activity of activated CD8* T cells. Preimmunization CD8* T cells
mediated little to no granzyme B delivery to targets stimulated with HPV peptide, whereas
postimmunization PBMCs delivered a statistically significant amount when compared to
preimmunization activity as well as to activity against targets incubated with irrelevant
peptide.
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