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Background: Vaccines are one of the most promising strategies for immunotherapy of HPV
associated tumors; however, they generally lack significant clinical efficacy at present. This
inefficacy might be due to inefficient generation of anti-tumor cellular immune responses.
Purpose: This study aimed to assess the potential of using self-assembled nanofibers as a
new vaccine platform to elicit potent HPV antigen - specific anti-tumor immunity.
Methods: A HPV16 E7,4¢, peptide was chemically appended to the N terminus of
self-assembling peptide Q11. The nanofibers were prepared and used to immunize mice
through a preventive or therapeutic strategy in a TC-1 graft tumor model.

Results: Preventive immunization with nanofibers almost completely suppressed the growth
of primarily grafted TC-1 tumors and even a re-challenge of tumor cells after a six-week rest.
Therapeutic immunization significantly increased the levels of effector Thl cells, CTLs and
the cytokines IFN-y and TNF-a in E7 peptide-stimulated splenocytes, and the immunization
reduced Th2, MDSC and IL-4 contents compared to the controls. The nanofiber immuniza-
tion significantly suppressed the growth of established tumors and achieved 66.7% and 50%
tumor-free in mice carrying 2—3 mm tumors and even larger tumors with a diameter of 5-6
mm respectively. In addition, the nanofibers were more efficient than the corresponding
unassembled peptides for the treatment of established larger size tumors.

Conclusion: The results indicated that self-assembling nanofibers could elicit robust HPV
antigen -specific anti-tumor cellular immunity and are a potent antigen delivery system for
HPV related tumor vaccines.

Keywords: seclf-assembling nanofibers, cellular immunity, tumor, vaccine, human
papillomavirus, HPV

Introduction

Human papillomavirus (HPV) is the causative agent of cervical cancer, the second
most common malignant tumor threatening women’s health."* Nearly all cervical
cancers are verified to be HPV-positive. HPV16 is considered the most important
high-risk genotype of HPV, accounting for approximately 50% of cervical cancers.’
In addition, HPV is also related to many malignant tumor diseases, including penis,
vulva, vagina, anus, oropharynx, head and neck cancers.* Tumor vaccines represent
a promising immunotherapy strategy for the treatment of cancers through triggering
tumor antigen-specific cellular immunity. The expression of the HPV oncoproteins
E6 and E7 results in the transformation of infected cells and the proliferation of
malignant cells by promoting the cell cycle of infected cells, inhibiting apoptosis
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and increasing genomic instability. E6 and E7 are persis-
tently expressed and present in infected and malignant
cells, and therefore, they are often used as ideal antigen
targets for therapeutic vaccines against HPV related
tumors.>® At present, lots of therapeutic HPV vaccine
candidates have been investigated pre-clinically and been
shown to be quite effective in animal models.”* However,
the current vaccines generally lack significant curative
efficacy in clinical trials, and one of the possible reasons
might due to the failure of generating powerful enough
anti-tumor immune responses. The immunogenicity of E6
and E7 protein- or peptide-based subunit vaccines is lim-
ited in general, and therefore, exploring a potent antigen
delivery carrier might represent a probable approach to
booster the clinical efficacy of a tumor vaccine.’
Nanoparticle vaccines have attracted wide attention in
recent years, since they have many advantages for being a
vaccine platform, such as high efficiency in presenting
antigen and encapsulating the immune enhancer, flexibility
for functional modification, increasing the stability of the
antigen and good biocompatibility.'®'* Nanoparticle vac-
cines include polymeric nanoparticles, inorganic nanopar-
ticles, lipid-based nanoparticles, virus-like nanoparticles,
bacteria-derived outer membrane vesicles, and self-assem-
bling peptide nanoparticles or nanofibers.'* Self-assem-
bling peptides are defined as the ability of some peptides
to spontaneously arrange themselves into well-ordered
nanostructures, which can be used as scaffolds for tissue
engineering or nanomaterials for drug and vaccine

1316 (11 is one of the widely used self-assem-

delivery.
bling peptides. It can easily assemble into unbranched
nanofibers in salt solution, and the spectrum of circular
dichroism analysis was consistent with a high degree of f3-
sheet or p-turn structure.'”'® It was indicated that the
nanofiber assembly was mediated by p-sheet domain of
Q11, and the forces maintaining nanofiber structure were
non-covalent interactions including hydrophobic interac-
tion, hydrogen bonding, and electrostatic interaction.'’
The potentials and characteristics of Q11 nanofibers for
delivering antigenic epitopes have been described in pre-
vious studies;***! however, the application of self-assem-
bling nanofibers in a vaccine design is still preliminary and
needs to be further explored, especially in the development
of a tumor vaccine.

In this study, we generated a nanoscale vaccine
employing the self-assembling peptide Q11 and assessed
the potentials of self-assembled nanofibers as a powerful
vaccine platform to elicit potent anti-tumor immunity. Our

results indicated that Q11 nanofiber might be one of the
alternative candidates of therapeutic HPV vaccines and
provide a new vaccine approach for the immunotherapy
of HPV associated cancers.

Materials And Methods

Peptides And Nanofibers Preparation

The peptides Q11 (Ac-QQKFQFQFEQQ-Am), E744.6
(QAEPDRAHYNIVTFCCKCD), and E744.6,-Q11 (H,N-
QAEPDRAHYNIVTFCCKCD-SGSG-QQKFQFQFEQQ-
Am) were synthesized by GL Biochem Ltd. (Shanghai,
People’s Republic of China). In peptide E744.6,-Q11, epi-
tope peptide (E744.62) was appended to the N terminus of
self-assembling peptide Q11 through a flexible linker, Ser-
Gly-Ser-Gly. Peptides were purified by reverse phase
HPLC, lyophilized, and stored at —20 °C before use.
nanofibers were prepared as previously reported with
small modifications.”> 2* Briefly, lyophilized peptides
Q11 or E744.6o-Q11 were dissolved in sterile water at
2 mmol/L and stored at 4°C overnight. Phosphate-buffered
saline (PBS, 50 mmol/L PB plus 0.15 mol/L NaCl, pH 7.4)
was used to dilute the peptides to 0.5 mmol/L, and the
solution was incubated at room temperature for 4.5 h,
allowing the peptides to assemble fully into nanofibers.
The solution was diluted 4 times with PBS, and then 10 pL
of the sample was dropped on a carbon-coated 400 mesh
copper grids (Electron Microscopy Sciences) for 5 mins,
negatively stained with 2% uranylacetate for 5 mins, and
observed by electron microscopy.

Mice And Cell Lines

Female C57BL/6 mice (6-8 weeks; 16-18 g; SCXK
[Beijing]2012-0001) were purchased from Vital River
Laboratory Animal Technology Ltd. (Beijing, China). All
mice were kept under specific pathogen-free conditions in
the Central Animal Care Services of the Institute of
Medical Biology, Chinese Academy of Medical Sciences
& Peking Union Medical College (SCXK[Dian] 2011-
0005). All animal experiments were approved by the
Ethics Committee of Institute of Medical
Biology ([2017]16) and in accordance with the principles

Animal

of “Guide for the Care and Use of Laboratory Animals”
and “The Guidance to Experimental Animal Welfare and
Ethical Treatment”. The TC-1 tumor cells, which were
derived from the primary lung epithelial cells from
C57BL/6 mice and co-transformed with the HPV-16 onco-
proteins E6 and E7 and the c-Ha-ras oncogene, were
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purchased from the tumor Center of Chinese Academy of
Medical Sciences. The cells were cultured in RPMI 1640
supplemented with 10% FBS.

Tumor Challenge And Mouse

Immunization

TC-1 cells (1x10°) mixed with Basement membrane
matrix (BD Biosciences, San Jose, CA, USA) were
injected subcutaneously (s.c.) into the right flank of the
C57BL/6 mice to establish the HPV-associated grafted
tumor model. A preventive immunization strategy was
employed as described in Figure 2A. Mice were first
immunized s.c. with 12.5 nmol of E744.4,-Q11 or Ql1
nanofibers or unassembled E744.4,-Q11 peptides three
times at an interval of 2 weeks (n = 5 mice per group)
and then challenged with TC-1 cells 2 weeks after the last
immunization. To assess the effective antitumor immune
memory induced by nanofibers, the mice were rechal-
lenged with TC-1 6 weeks after the first TC-1 cell inocu-
lation (Figure 2A). In the therapeutic studies, the mice
were first challenged with TC-1 cells. When the tumor
diameter reached 2-3 mm or 5-6 mm, three immuniza-
tions were performed at an interval of 7 days (n =6 per
group) (Figure 3A and 4A). The tumor growth was mea-
sured every 3—4 days using a micrometre caliper. Tumor
volumes were calculated using the following formula:
volume (mm®) = 0.5 x (width [mm])* x length [mm].
Mice were euthanized when the largest tumor diameter
reached 20 mm. At the end of each experiment, 4 mice
were randomly selected from each group, and splenocytes
were isolated for analyses on lymphocyte and cytokine

responses.

Enzyme-Linked Immunospot (ELISPOT)

Splenocytes were isolated using lymphocyte separation med-
ium. The antigen-specific IFN-y-secreting cell was analysed
using an ELISPOT kit (Dakewe Biotechnology Co., Ltd.,
Shenzhen, China), following the manufacturer’s instruction.
Briefly, 3x10° cells/well were plated in a 96-well ELISPOT
plate precoated with anti-mouse IFN-y antibodies. The cells
were stimulated with 5 pg/mL E7 446, peptide at 37 °C in 5%
CO, for 20 h. In addition, cells stimulated with PMA served
as positive controls, and untreated cells were left as negative
controls. Plates were imaged, and spots were counted using
an ELISPOT reader (AID Diagnostika GmbH, Strafberg,

Germany).

Enzyme-Linked Immunosorbent Assay
(ELISA)

The culture supernatant of isolated splenocytes stimulated
with E744.¢> for 3 days was collected, and the levels of
IFN-y, IL-4 and TNF-o were measured by ELISA. The
paired capture antibodies and biotinylated detection anti-
bodies were purchased, and the assays were conducted
following the manufacturer’s instructions (Affymetrix
eBioscience, Inc., San Diego, CA, USA). Briefly, the
capture antibodies were coated onto microplates at 4 °C
overnight, and 100 pl sample of culture supernatant was
loaded and incubated at 37 °C for 1 h, followed by | h
incubation with biotinylated detection antibodies. Then,
HRP-labelled streptavidin (Beyotime, Shanghai, China)
was added and incubated for 45 mins at 37 °C. Finally,
TMB Single-Component Substrate solution (Solarbio,
Beijing, China) was used to develop at 37 °C, and 1 M
HCL was added to stop the reaction. ODyso values were
detected with an ELISA reader.

Flow Cytometry

Briefly, 1x10° splenocytes for each mouse were plated into
96-well plates and stimulated with 5 pg/mL E744.¢, for
6 h, and 5 pg/mL Brefeldin A (Biolegend, San Diego, CA,
USA) was added to allow the accumulation of intracellular
cytokines. The cells were first stained with FITC-anti-CD4
(Biolegend, USA), FITC-anti-CD8a (Biolegend, USA), or
PE-anti-CD11b (Biolegend, USA) and APC-anti-Grl
(Biolegend, USA). Subsequently, fixation/permeabilization
and intracellular staining for APC-anti-IFNy (Biolegend,
USA) or PE-anti-IL4 (Biolegend, USA) was performed.
The samples were analysed by BD Accuri C6 (BD
Biosciences, Germany), and the data were analysed using
Flowjo software 7.6.

In Vivo Cytotoxic Assay

An in vivo assay for cytotoxic T lymphocytes was con-
ducted as described elsewhere.?>"*® Briefly, C57BL/6 mice
were inoculated with TC-1 cells and then immunized with
peptide E744.65, Q11 nanofiber, peptide E744.6, plus Q11
nanofiber, E744.6> -Q11 nanofiber, or PBS when the tumors
reached 2-3 mm diameter. The immunization was per-
formed three times at an interval of one week. Seven
days after the 3rd immunization, the mice were intrave-
nously challenged with 5x10° CFSE-labelled syngeneic
splenocytes, which were prepared by 1:1 mixture of iso-
lated splenocytes previously pulsed with 5 pg/mL E744.62
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peptide for 1 h at 37 °C in the dark (labelled with 5 uM
CFSE, CFSE"£") or unpulsed (labelled with 0.5 puM
CFSE, CFSE'®). Fifteen hours later, lymphocytes were
isolated from spleens and tumor-draining lymph nodes
(inguinal nodes), and cells with different CFSE fluores-
cence intensities were analysed by flow cytometry.

Statistical Analysis

Data are presented as the means + standard errors.
Statistical analyses were performed using software
GraphPad Prism 5.0. The significance of the differences
between groups was analysed using one-way analysis of
variance (ANOVA) followed by Tukey’s multiple com-
parison test or unpaired Student’s ¢-test. The results with
p < 0.05 were considered statistically significant.

Results

Nanofiber Characterization

The nanofiber structure is important for an antigenic peptide
to elicit a strong immune response.”>*’ A schematic of
nanofiber self-assembly was shown (Figure 1A). The mor-
phology of the prepared nanofibers in this study was visua-
lized by electron microscopy, Peptides Q11 and E744.¢>-Q11
in PBS appeared as long and unbranched fibrils with widths
of about 15 nm, which was identical to what reported by
previous studies (Figure 1B).

Self-assembly Q1
— * HPV16 E744,
R R RERERER] Spacer

E7-Q11 peptide E7-Q11 Nanofibers

E7440-Q11

Figure | The in vitro self-assembly of QI | and E744.6,-Q1 | nanofibers.
Notes: (A) Schematic of nanofibers self-assembly. (B) Prepared nanofibers
observed by electron microscopy. The bar indicates 100 nm.

Preventive Immunization With
Nanofibers Abrogated The Growth Of

Grafted TC-1 Tumors In Mice And

Produced Long-Term Immune Protection
In the preventive experiment, mice were immunized first
with E744.6,-Q11 nanofibers to establish anti-tumor immu-
nity before facing the challenge of TC-1 cells. To deter-
mine the immune memory elicited by nanofibers,
tumor-free immunized mice were re-challenged with
tumor cells 6 weeks after primary TC-1 (Figure 2A). The
results showed that there was no tumor growth found in
E744.62-Q11-immunized mice, whereas the mice receiving
the control Q11 nanofibers developed tumors (Figure 2B).
After re-challenge, the E744.4,-Ql1-immunized mice
remained tumor-free for at least 8 weeks (Figure 2B).
The results indicated that the immunization with nanofi-
bers anti-tumor

could elicit potent immunity and

long-lasting immune memory.

Therapeutic Immunization With
Nanofibers Significantly Suppressed The
Growth Of Established TC-1 Tumors
With A Diameter Of 2-3 mm

To further investigate the potentials of using nanofiber as
an antigen delivery carrier to elicit anti-tumor immunity
and inhibit tumor growth, a therapeutic experiment was
conducted. When the tumor size reached 2-3 mm in dia-
meter, E744.6,-Q11 nanofibers were used for immuniza-
tion, and unassembled E744.4,-Q11 peptides and QIl1
nanofibers were also used for immunization as the controls
(Figure 3A). Mice immunized with E744.4,-Q11 nanofibers
had significantly inhibited tumor growth compared to mice
receiving Q11 or unassembled E744.4,-Q11 (Figure 3B,
left), and the percentage of tumor-free mice was up to
66.7% whereas all the control mice developed tumor
(Figure 3B, right). It should be noted that immunization
with unassembled E744.6,-Q11 peptides also induced sig-
nificant tumor suppression compared to the Q11 control,
although not as significantly as the nanofibers.

At the endpoint of the experiment, the tumor mass and
spleen of each mouse were collected and weighed, and the
results showed that the mice immunized with E7,44.6,-Q11
nanofibers had smaller tumor sizes and lighter spleen
weights than the mice immunized with Q11 or unas-
sembled E7-Q11 (Figure 3C). Furthermore, the spleno-
cytes were isolated and antigen-specific IFN-y-secreting
splenocytes was measured by ELISPOT (Figure 3D). In
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Figure 2 Preventive immunization with nanofibers significantly suppressed grafted TC-I tumor growth in mice and provided long-term immune protection.
Notes: (A) The experimental protocol. (B) The tumor volumes were monitored once a week; the arrows showed TC-| challenge. The differences were determined using
one-way analysis of variance (ANOVA) followed by Tukey’s multiple comparisons test. ***P < 0.001; n = 5.

Abbreviation: s.c., subcutaneously.

comparison with the controls, the splenocytes form the
mice immunized with E744.4,-Q11 nanofibers had higher
levels of IFN-y-secreting lymphocytes responding to sti-
mulation with the E744.¢, peptide. The result indicated that
E744.62-Q11 nanofibers were capable of promoting a
potent anti-tumor cellular immune responses even under
the setting of a tumor having been established.

Therapeutic Immunization With
Nanofibers Significantly Suppressed The
Growth Of Established TC-I Tumor
With A Diameter Of 5-6 mm

Therapeutic immunization with E744.4,-Q11 nanofibers
demonstrated almost complete suppression of tumor
growth in 2-3 mm-tumor-bearing mice. To more clearly
display the potentials of E744.4,-Q11 nanofibers, a thera-
peutic experiment employing mice bearing larger tumors
was performed. When tumor sizes reached 5-6 mm, the
immunization was initiated (Figure 4A). Mice immunized
with E744.65-Q11 nanofibers had significantly suppressed
tumor growth compared to mice immunized with Q11 and
unassembled E744.4,-Q11, and there was no significant
difference between the QIl1 and unassembled E744.6--
Q11 groups (Figure 4B, left). Correspondingly, the percen-
tage of tumor-free mice was still as high as 50% in the
E744.6o-Q11 nanofibers group but was zero in the control
groups (Figure 4B, right).

In addition, the mice immunized with E744.4,-Q11
nanofibers had significantly smaller tumor volumes and
lighter tumor and spleen weights than the mice receiving
either Q11 or unassembled E744.4,-Q11, and there was

no obvious difference between the Q11 or unassembled
E744.62-Q11 groups (Figure 4C). It is known that CTL and
Thl cells are the important adaptive anti-tumor immune
effector cells, whereas MDSC and Th2 cells might con-
tribute significantly to tumor immunosuppression.*®*’
Thus, the splenocytes stimulated by E744.¢, in vitro were
labelled and analysed by flow cytometry. The results indi-
cated that the numbers of CD8TFNy" T cells and
CD4'TFNy" T cells in E744.6,-Q11 nanofiber-immunized
mice were significantly increased compared to those in the
mice receiving QI1 or unassembled E744.4,-Ql1
(Figure 4D); in contrast, the numbers of Gr-1"CDI11b"
MDSC and CD4IL4" Th2 cells in E744.6-Q11 nanofi-
ber-immunized mice were significantly reduced compared
to the controls (Figure 4E). Additionally, the culture super-
natants of splenocytes stimulated by E7,44.¢, were collected
and analysed for cytokine content via ELISA. The spleno-
cytes from E744.6,-Q11 nanofiber-immunized mice pro-
duced higher levels of the Thl cytokines IFN-y and
TNF-a and lower levels of the Th2 cytokine IL-4
(Figure 4F). The results indicated that E744.4,-Q11 nano-
fibers were potent even against fully established tumors in
mice, which reached diameters as large as 5-6 mm.

The Anti-Tumor Immunity Elicited By
E744.¢2-Q1 | Nanofibers Was Mediated
By E7-Specific CTL Responses

To further explore whether anti-tumor effects produced by
the immunization with E744.6,-Q11 nanofibers were attri-
butable to the production of specific cytotoxic lympho-

cytes, we performed an in vivo CTL assay. We used a
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Figure 3 Therapeutic immunization with nanofibers significantly suppressed the growth of established TC-| with a diameter of 2-3 mm.

Notes: (A) The experimental protocol. (B) Left: The tumor volumes were monitored every 3 days. Right: The percentage of tumor-free mice was calculated on the
indicated days. The differences were determined using one-way analysis of variance (ANOVA) followed by Tukey's multiple comparisons test. *P < 0.05; ***P < 0.001; n = 6.
(C) Left: representative pictures of tumor masses; Middle: weight of tumor masses; Right: spleen weight. *p < 0.05; **p < 0.001; n = 4. (D) E744.¢, specific IFN-y-expressing
lymphocytes were detected by ELISPOT; Left: representative pictures; Right: statistical data. ¥ p < 0.05; ns: p 2 0.05; n = 4.

Abbreviations: s.c., subcutaneous; IFN-y, interferon-y; ELISPOT, enzyme-linked immunospot assay.

high concentration of CFSE to label E744.6, peptide-pulsed
splenocytes as target cells and a low concentration of
CFSE label
Theoretically, nanofibers will trigger the production of
E744.60-specific CD8" cytotoxic T cells, which Kkill
CFSE™e" splenocytes and ignore the CFSE'™ population.

to unpulsed splenocytes as controls.

The reduction of the CFSE™E" splenocytes relative to the
CFSE'"" population reflects the in vivo cytolysis of target

splenocytes. The results showed that the mice immunized
with E744.6o-Q11 nanofibers had a significantly reduced
populations of CFSE™E" cells in both spleens (Figure 5A)
and tumor-draining lymph nodes (Figure 5B), whereas
there was no significant change in the mice immunized
with either Q11, E744.¢> peptide, or E744.¢> peptide mixed
with Q11. The results indicated that E744.¢, peptide alone

or mixed with Q11 nanofibers was unable to elicit an
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Figure 4 Therapeutic immunization with nanofibers significantly suppressed the growth of established TC-| tumors with a diameter of 5-6 mm.

Notes: (A) The experimental protocol. (B) Left: The tumor volumes were monitored every 3 days. Right: The percentage of tumor-free mice was calculated on the
indicated days. The differences were determined using one-way analysis of variance (ANOVA) followed by Tukey's multiple comparisons test. **P < 0.01; n = 6. (C) Left:
representative pictures of tumor masses; Middle: weight of isolated tumor masses; Right: spleen weight. *P < 0.05; **p < 0.01; ***P < 0.001; n = 4. (D) Above: representative
flow cytometry plots of Thl and CTL cells; Below: statistical data. *p < 0.05; **p < 0.01; ns: p = 0.05; n = 4. (E) Above: representative flow cytometry plots of Th2 and
MDSC cells; Below: statistical data. *p < 0.05, *p < 0.01; ¥**p < 0.001; ns: p = 0.05; n = 4. (F) The contents of IFN-y, TNF-0, and IL-4 in the supernatants of E744.¢>
-stimulated splenocytes by ELISA. The differences were determined using unpaired Student’s t-test. *p < 0.05; ** p< 0.01; n = 4.

Abbreviations: s.c., subcutaneous; IFN-y, interferon-y; IL4, interleukin 4; MDSC, Myeloid-derived suppressor cell; TNF-a, tumor necrosis factor o; ELISA, the enzyme-
linked immunosorbent assay.
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Figure 5 Immunization with E744.¢,-Q1 | nanofibers significantly induced an E744.¢>-specific CTL response.

Notes: C57BL/6 mice were immunization with either E744.¢; peptide, the mixture of E744.¢; and QI | nanofibers, or E744.¢,-Q1 | nanofibers, and administered with PBS or
QI I nanofibers as the controls. In addition, the mice were intravenously injected with CFSE"" and CFSE'®" splenocytes 7 days after the last immunization. (A) The
representative flow cytometry histograms for CFSE-labelled cells isolated from spleens and lymph nodes |5 hrs after injection. (B) Statistical data of E7-specific lysis of CFSE-
labelled splenocytes. Left: spleens; Right: lymph nodes. The differences were determined using unpaired Student’s t-test. *P < 0.05; **P < 0.0l; n = 4.

Abbreviations: CFSE, carboxyfluorescein succinimidyl ester; LN, inguinal lymph node.

effective antitumor CTL response, while a potent CTL
response might account for the significant suppression of
tumor growth found in E744.6,-Q11 nanofiber-immunized
mice.

Discussion

The effector mechanism of tumor vaccine is mainly to
elicit tumor antigen-specific cellular immune responses
and directly kill tumor cells. However, immunosuppres-
sion and immune escape will be developed through
systemic and local mechanisms in cancer patients or
tumor-bearing animals, leading to significant suppression
of antitumor immunity induced by vaccine immunization.
One possible approach is to modify and antagonize the
tumor immunosuppressive microenvironment to promote
the migration, survival, and functional maintenance of
tumor-specific effector cells. Another approach is to

develop a potent vaccine formula, including tumor anti-
gen, antigen-delivery system, adjuvants, etc., that can get
over immunosuppressive mechanisms and trigger robust
anti-tumor cellular immunity. Recently, self-assembled
nanofibers have drawn more and more attention for
their possible application as a new vaccine platform due
to their easy preparation, high immunogenicity, and caus-
ing little or no inflammation.'*>° It was reported that
nanofibers elicited a long-lasting antibody response in a
T cell-depend manner and were even efficient for use as a
carrier to help break B cell tolerance and produce self-
antibodies against a pathological self-protein. In addition
to the powerful capability of eliciting humoural immune
responses, nanofiber immunization was reported to be
able to produce Th1/CTL-based T cell responses, indicat-
ing that nanofibers might be a promising antigen delivery
platform for tumor vaccines.
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In this study, we used a widely studied self-assembling
peptide, Q11, to present HPV16 E744.6, peptide, which
included a CTL and T helper epitope. We assessed the
anti-tumor effects of the self-assembled nanofiber on TC-1
graft tumors through the use of both preventive and ther-
apeutic immunization strategies. In the preventive study,
immunization with nanofibers abolished the growth of
subsequently grafted tumors and completely prevented
the growth of re-challenged tumor after a 6-week rest.
The results strongly indicated that nanofiber immunization
elicited robust anti-tumor immunity and a long-lasting
immune response and/or memory, and thus, nanofibers
are capable of being explored as an effective antigen
carrier for tumor vaccines. However, in the preventive
study, immunization was fulfilled before tumor establish-
ment, which means that the induction of the anti-tumor
immunity was not inhibited by the immunosuppression
developed during tumor growth. The study did not simu-
late a clinical setting very well; however, it helped us to
easily assess the potency of the nanofiber vaccine for
inducing anti-tumor immunity. Further, we conducted a
therapeutic study to assess the immune capability of nano-
fibers facing fully established tumors. Once tumor immune
suppression is established, the production, migration and
anti-tumor activity of the vaccine-elicited effector cells,
such as Th1l/CTLs, might be significantly suppressed,
leading to tumor growth without effective immunological
surveillance. Thus, the therapeutic study mimicked the
clinical situation better and is more challenging than the
preventive experiment, and it may provide more useful
information for evaluating the potentials of nanofibers as
a tumor vaccine platform. Our results showed that immu-
nization with nanofibers significantly suppressed the
growth of established tumors with a diameter of 2-3 mm
or larger tumors of 5—6 mm and even abolished tumors in
66.7% or 50% mice, respectively, in the two experiments.
The nanofiber vaccine produced better effects for the treat-
ment of smaller tumors. In addition, the immunization
with assembled E7,4.¢,-Q11 nanofibers was more efficient
than with unassembled E744.4,-Q11 peptides, especially
facing the larger established tumor. Actually, we are not
sure that E7-Q11 can not be assembled in vivo. From our
results that just E744.¢> peptide didn’t show clear tumor-
inhibition in our pilot studies (data not shown), and unas-
sembled E7-Q11 did show significant suppression on
tumor growth in the preventive study, we deduced that
unassembled E7-Q11 in water might partly assembled
into nanofibers in physiological salt and pH environment

in vivo. However, considering unassembled E7-Q11 didn’t
show as significant effects as E7-Q11 nanofiber in the
preventive study and produced no significant tumor sup-
pression in the treatment study, we can still conclude that
nanofiber structure is important for E744.6,-Q11 to elicit
robust anti-tumor immunity even if our control of unas-
sembled E7-Q11 was not so rigorous. In our previous
studies, we used HBcAg VLPs to present the same E7
CTL epitope, and the vaccine based on VLP structure also
produced significant anti-tumor effects; however, in com-
parison with the VLP, nanofiber presented better suppres-
sion on established tumors in similar experimental
conditions. Although the comparison between nanofiber
and VLP might not be strict, the results indicated a com-
parable or even better prospect of employing nanofibers to
be a potent tumor vaccine carrier.

IFN-y-producing Thl, CTL, NK, and y3 T cells are
critical effector cells against cancer.’'*? Immunization
with nanofibers elicited robust tumor-specific cellular
immune responses in this study, as evidenced by an
increased level of E7-specific IFN-y-expressing splenocytes
detected by ELISPOT and the higher frequency of key
effector IFN-y'CD4" Thl cells and IFN-y"CD8" CTL in
isolated splenocytes in the vaccinated mice. However, the
effector cells may lose their responsiveness due to tumor
immune suppression developed through local and systemic
mechanisms.*® The immunosuppressive tumor microenvir-
onment, characterized by MDSC, Treg, and TAM, as well
as their produced cytokines, chemokines, and other activity
mediators, plays key roles in the formation of effector cell
anergy and thus promotes tumor immune escape and tumor
development.*** In this study, the levels of CD4'IL-4"
Th2 cells and CDI11b'Gr-1" MDSCs were found to be
dramatically reduced. Additionally, the production of the
key Thl effector cytokines IFN-y and TNF-a was found
to be increased in the supernatants of E7 peptide-stimulated
splenocytes, whereas levels of the Th2 cytokine IL-4 were
reduced. Combining analysis on the elevated levels of
IFN-y-expressing splenocytes, Th1/CTL cells responses,
and IFN-y and TNF-a expression in cultured splenocytes,
and on the other hand the reduced level of Th2 cell and IL-4
expression in the vaccinated mice, our results indicated that
immunization with nanofibers generated Th1/CTL-biased T
cell responses. Corresponding to the findings in tumor
growth suppression, the results of effector cell production
and cytokine expression showed that assembled E744.65-

Q11 nanofibers were more efficient than unassembled
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E744.62-Q11 peptides, further supporting the importance of
nanofiber structures for the vaccine.

In conclusion, we generated a nanofiber vaccine con-
sisting of HPV16 E7,44.¢, peptide and the self-assembling
peptide Q11. Employing both preventive and therapeutic
immunization strategies, we demonstrated that the nanofi-
bers could elicit a potent antitumor cellular immunity and
effectively suppress the development of graft tumors in
mice. We thus revealed the potentials of nanofibers to be
used as a new and promising vaccine platform for the
treatment of cancers.
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