Enhancement of specific T-lymphocyte responses by
monocyte-derived dendritic cells pulsed with E2
protein of human papillomavirus 16 and human
P16INK4A (#44565)

First submission

Guidance from your Editor

Please submit by 20 Feb 2020 for the benefit of the authors (and your $200 publishing discount) .

Structure and Criteria
Please read the 'Structure and Criteria' page for general guidance.

Custom checks
Make sure you include the custom checks shown below, in your review.

Author notes
Have you read the author notes on the guidance page?

Raw data check
Review the raw data.

Image check
Check that figures and images have not been inappropriately manipulated.

PHESOO

Privacy reminder: If uploading an annotated PDF, remove identifiable information to remain anonymous.

Files 5 Figure file(s)
Download and review all files 1 Table file(s)
from the materials page.

@ Custom checks Human participant/human tissue checks
Have you checked the authors ethical approval statement?

Does the study meet our article requirements?

Has identifiable info been removed from all files?
Were the experiments necessary and ethical?


https://peerj.com/submissions/44565/reviews/629354/guidance/
https://peerj.com/submissions/44565/reviews/629354/materials/
https://peerj.com/submissions/44565/reviews/629354/materials/#question_71
https://peerj.com/about/policies-and-procedures/#human-subjects-research

For assistance email peer.review@peerj.com

Structure and 2
Criteria

Structure your review
The review form is divided into 5 sections. Please consider these when composing your review:
1. BASIC REPORTING
2. EXPERIMENTAL DESIGN
3. VALIDITY OF THE FINDINGS
4. General comments
5. Confidential notes to the editor

You can also annotate this PDF and upload it as part of your review

When ready submit online.

Editorial Criteria
Use these criteria points to structure your review. The full detailed editorial criteria is on your guidance page.

BASIC REPORTING EXPERIMENTAL DESIGN
Clear, unambiguous, professional English Original primary research within Scope of
language used throughout. the journal.
Intro & background to show context. Research question well defined, relevant
Literature well referenced & relevant. & meaningful. It is stated how the

Structure conforms to Peer] standards, research fills an identified knowledge gap.

discipline norm, or improved for clarity. Rigorous investigation performed to a
high technical & ethical standard.

Figures are relevant, high quality, well
labelled & described. Methods described with sufficient detail &

Raw data supplied (see Peer] policy). information to replicate.

VALIDITY OF THE FINDINGS

Impact and novelty not assessed. Speculation is welcome, but should be
Negative/inconclusive results accepted. identified as such.

Meaningful replication encouraged where
rationale & benefit to literature is clearly
stated.

Conclusions are well stated, linked to
original research question & limited to
supporting results.

All underlying data have been provided,;

they are robust, statistically sound, &

controlled.


mailto:peer.review@peerj.com
https://peerj.com/submissions/44565/reviews/629354/
https://peerj.com/submissions/44565/reviews/629354/guidance/
https://peerj.com/about/author-instructions/#standard-sections
https://peerj.com/about/policies-and-procedures/#data-materials-sharing
https://peerj.com/about/aims-and-scope/
https://peerj.com/about/aims-and-scope/

Standout
reviewing tips

P

The best reviewers use these techniques
Tip

Support criticisms with
evidence from the text or from
other sources

Give specific suggestions on
how to improve the manuscript

Comment on language and
grammar issues

Organize by importance of the
issues, and number your points

Please provide constructive
criticism, and avoid personal
opinions

Comment on strengths (as well
as weaknesses) of the
manuscript

Example

Smith et al (] of Methodology, 2005, V3, pp 123) have
shown that the analysis you use in Lines 241-250 is not the
most appropriate for this situation. Please explain why you
used this method.

Your introduction needs more detail. | suggest that you
improve the description at lines 57- 86 to provide more
justification for your study (specifically, you should expand
upon the knowledge gap being filled).

The English language should be improved to ensure that an
international audience can clearly understand your text.
Some examples where the language could be improved
include lines 23, 77, 121, 128 - the current phrasing makes
comprehension difficult.

1. Your most important issue

2. The next most important item
3.

4. The least important points

| thank you for providing the raw data, however your
supplemental files need more descriptive metadata
identifiers to be useful to future readers. Although your
results are compelling, the data analysis should be
improved in the following ways: AA, BB, CC

| commend the authors for their extensive data set,
compiled over many years of detailed fieldwork. In addition,
the manuscript is clearly written in professional,
unambiguous language. If there is a weakness, it is in the
statistical analysis (as | have noted above) which should be
improved upon before Acceptance.



Peer]

Enhancement of specific T-lymphocyte responses by
monocyte-derived dendritic cells pulsed with E2 protein of
human papillomavirus 16 and human pl1l6INK4A

Nuchsupha Sunthamala “?, Neeranuch Sankla ', Jureeporn Chuerduangphui *°, Piyawut Swangphon **,

Wanchareeporn Boontun ', Supakpong Ngaochaiyaphum ', Tipaya Fkalaksananan *°, Chamsai Pientong “™* *°

Department of Biology, Faculty of Science, Mahasarakham University, Khantarawichai district, Maha Sarakham, Thailand
HPV & EBV and Carcinogenesis Research Group, Khon Kaen University, Mueang District, Khon Kaen, Thailand

Department of Microbiology, Faculty of Science, Kasetsart University, Chatuchak, Bangkok, Thailand

v A~ W N

Faculty of Medical Technology, Prince of Songkla University, Hat Yai, Songkla, Thailand
Department of Microbiology, Faculty of Medicine, Khon Kaen University, Mueang District, Khon Kaen, Thailand

Corresponding Author: Chamsai Pientong
Email address: chapie@kku.ac.th

Prophylactic vaccines are already available for prevention of human papillomavirus (HPV)
infection. However, we still await development of therapeutic vaccines with high efficiency
for stimulating specific T lymphocytes to clear HPV infection. This study investigates the
potential for subunits of human p16INK4a protein and E2 protein of HPV16 to stimulate
dendritic cells and enhance the specific response of T lymphocytes against HPV-infected
cells. Immunogenic epitopes of HPV16 E2 and p16INK4a proteins were predicted through
the common HLA class | and Il alleles present in the Thai population. Then, monocyte-
derived dendritic cells (MDC&‘> ere pulsed with HPV16 E2 and/or p16INK4a proteins and
their maturity assessed. MDCs pulsed with either or both of these proteins at optimal
concentrations were used for activation of autologous T lymphocytes and IFN-y production
was measured for specific response function. HPV16 E2 and p16INK4a proteins contain
various immunogenic epitopes which can be presented by antigen-presenting cells via

both HLA class | and Il molecules. The stimulation of MDCs with either HPV16 E2 or

p16INK4a proteins increased percentages and mean fluorescence intensity (MFI) of CD83"
MDCs in a dose-dependent manner. An optimum concentration of 250 ng/mL and 150
ng/mL of HPV16 E2 and p16INK4a proteins, respectively, stimulated MDCs via the MAPK
pathway (confirmed by use of MAPK inhibitors). T lymphocytes could be activated by MDCs

pulsed with these proteins, leading to high percentages of both CD4" IFN-y* T lymphocytes

and CD8" IFN-y" T lymphocytes. The production of IFN-y was higher in co-cultures
containing MDCs pulsed with HPV16 E2 protein than those pulsed with p16INK4a.

Interestingly, MDCs pulsed with a combination of HPV16 E2 and p16INK4a significantly
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increased IFN-y production of T lymphocytes. The IFN-y production was inhibited by both
HLA class | and Il blockade, particularly in co-cultures with MDCs pulsed with a combination
of HPV16 E2 and p16INK4a. This suggests that MDCs pulsed with both proteins enhances

specific response of both CD4" and CD8" T lymphocytes. This study might provide a
strategy for further in vivo study of stimulation of T lymphocytes for therapy of HPV-
associated cancer.
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Abstract

Prophylactic vaccines are already available for prevention of human papillomavirus (HPV)
infection. However, we still await development of therapeutic vaccines with high efficiency for
stimulating specific T lymphocytes to clear HPV infection. This study investigates the potential
for subunits of human p16INK4a protein and E2 protein of HPV16 to stimulate dendritic cells
and enhance the specific response of T lymphocytes against HPV-infected cells. Immunogenic
epitopes of HPV16 E2 and p16INK4a proteins were predicted through the common HLA class I
and II alleles present in the Thai population. Then, monocyte-derived dendritic cells (MDCs)
were pulsed with HPV16 E2 and/or p16INK4a proteins and their maturity assessed. MDCs
pulsed with either or both of these proteins at optimal concentrations were used for activation of
autologous T lymphocytes and IFN-y production was measured for specific response function.
HPV16 E2 and p16INK4a proteins contain various immunogenic epitopes which can be
presented by antigen-presenting cells via both HLA class I and II molecules. The stimulation of
MDCs with either HPV16 E2 or p16INK4a proteins increased percentages and mean
fluorescence intensity (MFI) of CD83" MDCs in a dose-dependent manner. An optimum
concentration of 250 ng/mL and 150 ng/mL of HPV16 E2 and p16INK4a proteins, respectively,
stimulated MDCs via the MAPK pathway (confirmed by use of MAPK inhibitors). T
lymphocytes could be activated by MDCs pulsed with these proteins, leading to high percentages
of both CD4* IFN-y" T lymphocytes and CD8" IFN-y" T lymphocytes. The production of IFN-y
was higher in co-cultures containing MDCs pulsed with HPV16 E2 protein than those pulsed
with pl16INK4a. Interestingly, MDCs pulsed with a combination of HPV16 E2 and p16INK4a
significantly increased IFN-y production of T lymphocytes. The IFN-y production was inhibited

by both HLA class I and II blockade, particularly in co-cultures with MDCs pulsed with a
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48 cancer.
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Among cancers of women in Southeast Asia, cervical cancer has the second-highest
incidence and is a common cause of deaths in low- and middle-income countries. There are
around 527,624 new cases of cervical cancer annually worldwide and 265,672 deaths. Early
sexual behavior and an increase in HPV infections has led to increasing incidence of cervical
cancer in younger women [1]. HPV infection causes genetic and epigenetic changes that can
promote cancer development. This virus is associated with over 90% of cervical cancer cases [2].

Currently, only a prophylactic vaccine is available for HPV infection: no effective
therapeutic vaccine has been developed [3, 4]. Immunotherapy is a strategy to promote the
therapeutic efficiency for HPV infection. Stimulating T lymphocytes and inducing differentiation
of non-protective CD8" T lymphocytes to cytotoxic T lymphocytes (CTLs) can destroy HPV-
infected cells and cancer cells. In addition, long-term CD8* T cells can recognize antigens and
can release cytotoxic molecules [5, 6]. Several mechanisms have been used to stimulate T
lymphocytes for vaccine development. One is stimulation by activated dendritic cells (DCs) [5].
Dendritic cells are antigen presenting cells (APCs) which present antigens to T lymphocytes
association with molecules of the major histocompatibility complex (MHC) class I and II.
Dendritic cells can stimulate both CD4" T lymphocytes and CD8" T lymphocytes [7]. Therefore,
the dendritic cells might be designed as the dendritic-based vaccine for HPV infection.

More than 180 types of HPV are known and can be divided into two groups: low-risk
HPV and high-risk HPV. HPV 16, a high-risk HPV, is highly associated with various cancers [8].
Some proteins of HPV are immunogenic such as E2, E6, and E7. These are all “early” proteins,
expressed in an early stage of infection. The HPV E6 and E7 proteins are oncogenic, often
referred to as oncoproteins. These early proteins can stimulate the adaptive immune response,

but HPV can evade the immune system by modulating immune responses [9—11]. Thus, the
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innate immune cells that play initial roles in stimulating the adaptive immune response are
important to study. HPV infection also results in over-expression of pl 6INK4a via the activity of
the HPV E7 oncoprotein [12]. The immune response to host pl 6INK4a and HPV E2 is induced
via specific CD8" cytotoxic T lymphocytes and antibody responses to virus antigens and
abnormal cells [13, 14]. Therefore, pulsing of dendritic cells with a combination of p16INK4a
and HPV16 E2 proteins might be a promising strategy for enhancing specific T-lymphocyte
responses against HPV infection.

Here, we aimed to develop human p16INK4a and HPV16 E2 proteins for stimulation of
dendritic cells, a link to the adaptive immune response, which enhances T-lymphocyte responses
against HPV-infected cells. The HPV16 E2 and p16INK4a proteins were expressed using a
bacterial system. The purified proteins were pulsed to immature monocyte-derived dendritic cells
(MDCs) and presented as antigens to autologous T lymphocytes. The efficiency of the HPV16
E2 and p16INK4a proteins was evaluated in vitro by examining their capacity to induce
immature MDCs to develop into mature MDCs and to enhance numbers of I[FN-y-producing
CD4" and CD8* T lymphocytes. The role of mitogen-activated protein kinase (MAPK) on
activation of MDCs was determined. Specific HLA blockades were used to confirm the type of
T-lymphocyte responses. This research reveals important information for development of

protein-based subunit vaccines for therapy of HPV-associated cancer.

Materials and methods

Preparation and purification of HPV16 E2 and p16INK4a proteins

using Escherichia coli BL21 system
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The vectors pTrcHisA-HPV16 E2 and pTrcHisA-p16INK4a were transformed using heat
shock into competent Escherichia coli BL21 cells and the resulting cells were used for protein
expression[ 15, 16]. The bacteria were cultivated for 24 hours in Luria-Bertani (LB) broth
containing 100 pg/ul of ampicillin at 37 °C. Expression of pl6INK4a and HPV16 E2 proteins
was induced by adding isopropyl thiogalactoside (IPTG) (Thermo Scientific, MA, US). Proteins
were extracted using B-PERR Bacteria Protein Extraction Reagent (Thermo Scientific, MA, US).
The desired proteins were purified by using HisPur Cobalt Purification Kit (Thermo Scientific,
MA, US) and removed the endotoxin by using Pierce High Capacity Endotoxin Removal Resin
(Thermo Scientific, MA, US). Protein concentration was measured using Bradford's method
[17]. The identities of the purified proteins were confirmed by SDS-PAGE and western blot

analysis using anti-histidine antibody and anti-HPV 16 E2 antibody [18].
Immunogenic epitope prediction of HPV16 E2 and p16INK4a
proteins for HLA class I and II binding

The common HLA class I and II molecules in the Thai population were identified at

http://www.allelefrequencies.net/. Possible binding epitopes of HLA class I and II for HPV16 E2

and p16INK4a proteins were predicted using two databases, SYFPEITHI and NetMHCpan
version 4.0 [19, 20]. The prediction was performed using 9-meric amino-acid residues for HLA

class I and 15-meric amino-acid residues for HLA class II epitopes, respectively.

Isolation of CD14" peripheral blood mononuclear cell (PBMC) and

cultivation of monocyte-derived dendritic cells (MDCs)

Peripheral blood was collected from 5 healthy volunteers who had given written consent.

The study was approved by the Human Ethics Research Committee of Khon Kaen University
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(No. HE611307). The PBMC were separated by centrifugation with Lymphoprep (Stemcell
technologies, Oslo, Norway) [21]. CD14* monocytes were isolated from PBMC with CD14
magnetic particles to which an anti-human CD14 monoclonal antibody was conjugated and using
the IMag separator (BD Biosciences, CA, USA). The 95% purity of CD14" monocytes was
confirmed using flow cytometry. The CD14" monocytes were cultured in RPMI-1640 medium
(Gibco, Thermo Fisher, USA) supplemented with 10% fetal bovine serum (FBS) (Gibco,
Thermo Fisher, USA), 100 U/ml recombinant human GM-CSF (Peprotech, USA), 50 U/ml
recombinant human IL-4 (Peprotech, USA), 100 U/mL penicillin, and 100 pg/mL streptomycin
for 5-6 days [22—24]. This cultivation method enhanced the differentiation of monocytes into
immature MDCs. The CD14- cells remaining after CD14" isolation were cultured in RPMI-1640
supplemented with 5% FBS, 5% autologous serum, recombinant human IL-2 (20 [U/mL)
(Peprotech, USA), 100 U/mL penicillin, and 100 ug/mL streptomycin for T-lymphocyte

proliferation [24].

HPV16 E2 and p16INK4a proteins stimulate immature MDCs

The immature MDCs were seeded into 96-well plates and stimulated to become mature
MDCs by using HPV16 E2 or p16INK4a at various concentrations; 0, 50, 100, 150, 250, and 500
ng/mL (added on day 5 and incubated for 48 hours). The stimulated MDCs were harvested,
washed and stained with FITC-HLA-DR, PE-CD80, APC-CD86 and PE-Cy7-CD83-tagged
monoclonal antibodies (BD Pharmingen, USA) and analyzed using flow cytometry (FACScanto

II, BD Biosciences, USA) [24].

Evaluation the role of MAPK pathways on maturation and

activation of MDCs
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The role of MAPK pathways in the maturation of MDCs was determined by adding three
specific kinase inhibitors into immature MDCs at day 5. The specific kinase inhibitors were p38
MAPK inhibitor (SB203580, 50 uM), ERK inhibitor (PD98059, 50 uM), and JNK inhibitor
(SP600125, 20 uM). Two hours after addition of these inhibitors, HPV16 E2 and/or pl16INK4a
were added and culture was continued for a further 48 hr. The cells were collected and examined
for CD83 expression by flow cytometry. The secretion of IL-12 and IL-1p was determined by

ELISA (Peprotech, USA) [24].

Specific protein-pulsed MDCs stimulate autologous T-lymphocyte

proliferation and IFN-y secretion

Immature MDCs were seeded into 96-well U-bottom plates and cultured in RPMI-1640
containing 10% FBS, 100 U/ml thGM-CSF, 50 U/ml rhIL-4, 100 U/mL penicillin, and 100
ug/mL streptomycin. The immature MDCs were further stimulated with HPV16 E2, p1 6INK4a,
or HPV16 E2/p16INK4a at the determined optimal concentration for 24 hr. The protein-pulsed
MDCs were washed and co-cultured with autologous T lymphocytes in the ratio of protein-
pulsed MDCs:T cells at 1:1, 1:5, and 1:10. The supernatants were harvested after 24 hr of co-
culture for determination of IFN-y secretion by ELISA. The cells were harvested for staining
with FITC-CD3, APC-CD4, and PerCP-Cy5.5-CD8-tagged monoclonal antibodies (BD
Pharmingen, USA) and intracellular IFN-y monoclonal antibodies (BD Pharmingen, USA) and

detected using flow cytometry [24].

Evaluation of HLA blockade on stimulation of T lymphocytes by

protein-pulsed MDCs
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Immature MDCs were seeded into 96-well U-bottom plates and cultured in RPMI-1640
containing 10% FBS, 100 U/ml thGM-CSF, 50 U/ml rhIL-4, 100 U/mL penicillin, and 100
ug/mL streptomycin. The immature MDCs were further stimulated with HPV16 E2, p16INK4a,
or HPV16 E2/p16INK4a at the determined optimal concentration for 24 hr. Then, protein-pulsed
MDCs were washed and blockade antibodies added. These were mouse anti-human HLA-ABC
monoclonal antibody (eBioscience, USA) and mouse anti-human HLA-DR, DP, DQ monoclonal
antibodies (BDPharmingen, USA) for 2 hr [25]. The protein-pulsed MDCs were washed and co-
cultured with autologous T lymphocytes in the ratio of protein-pulsed MDCs:T cells at 1:1, 1:5,
and 1:10. The supernatants were harvested after 24 hr of co-culture for determination of IFN-y
secretion by ELISA. The cells were harvested for staining with FITC-CD3, APC-CD4, and
PerCP-Cy5.5-CD8-tagged monoclonal antibodies (BD Pharmingen, USA) and intracellular IFN-

vy monoclonal antibodies (BD Pharmingen, USA) and detected using flow cytometry [24, 25].
Statistical analysis

Experiments were performed independently three times. The data were analyzed using
analysis of variance (ANOVA) and differences among the experimental groups tested using
Tukey's multiple-comparison test implemented in Prism version 5. The results are shown as the

mean and standard deviation (SD). The symbols * and # indicate statistical significance, at p <

0.05, in comparisons with controls or between groups, respectively.

Results

Peer] reviewing PDF | (2020:01:44565:0:1:NEW 6 Jan 2020)



PeerJ

196

197

198

199

200

201

202

203

204

205

206

207

208

209

210

211

212

213

214

215

216

217

Frequency of common HLA class I and II alleles in the Thai
population and prediction of the immunogenic epitopes of HPV16

E2 and p16INK4a proteins

Online database information about common HLA class I and class II alleles in Thailand
was based on data from 16,807 people. The three most common HLA class I alleles were HLA-
A*02, HLA-A*11, and HLA-A*24 with frequencies of 29.2, 27.7, and 17.3%, respectively. The
three most common HLA class II alleles were HLA-DRB1*15, HLA-DRB1*12, and HLA-
DRB1*04 with frequencies of 17.5, 16.9, and 14.4%, respectively (Table 1).

The prediction of HLA class I and class II epitopes for HPV16 E2 and pl16INK4a
proteins was performed using two databases, the 9-meric amino-acid residues and 15-meric
amino-acid residues were predicted for HLA class I and class II alleles, respectively. The HPV16
E2 protein (365 amino-acid residues) has immunogenic epitopes for both types of HLA. Fig 1A
shows common immunogenic epitopes of HPV16 E2 protein for HLA class I alleles including
HLA-A*02:01, HLA-A*11:01, HLA-A*24:02, HLA-B*15:01, and HLA-B*40:01, and for HLA
class II alleles including

HLA-DRBI*04:01 and HLA-DRBI*15:01. Similarly, the pl 6INK4a protein (156 amino-acid
residues) also presents immunogenic epitopes for both types of HLA including HLA-A*02:01,
HLA-A*11:01, HLA-A*24:02, HLA-B*15:01, HLA-B*40:01, HLA-DRBI*04:01, and HLA-
DRBI*15:01 (Fig 1B). This suggests that these two proteins can be presented by antigen-

presenting cells via HLA class I and class II molecules.

Production of HPV16 E2 and p16INK4a protein in Escherichia coli

BL21
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HPV16 E2 and p16INK4a proteins expressed in E. coli BL21 were purified and eluted
twice. Identities of the proteins were confirmed by western blot using specific antibodies for
polyhistidine and HPV16 E2, respectively. We found the purified pl16INK4a protein with a
polyhistidine tag was of the expected size, 18 kDa (Fig 1C). The purified HPV16 E2-
polyhistidine tagged protein was 43 kDa (Fig 1D). Therefore, these proteins were further used

for stimulating of MDCs and T lymphocytes.

HPV16 E2 and p16INK4a proteins induced phenotypic maturation

of MDCs

We determined the optimum concentrations of HPV16 E2 and p16INK4a proteins for
stimulating the maturation of MDCs. Evaluation of the expression level of CDS§3, @h isa
marker of mature DCs, was done after stimulating CD14" monocytes with HPV16 E2 and/or
pl6INK4a at various concentrations; 0, 50 100, 150, 250 and 500 ng/mL (treated on day 5 and
cultured for 48 hours). We observed that CD14" monocytes cultured with rhGM-CSF and rhIL-4
(Fig 2A) can be induced to develop from immature to mature dendritic morphology. Similarly,
immature dendritic cells were stimulated with HPV16 E2 and p16INK4a proteins resulting in
their differentiation into mature dendritic cells with more cytoplasmic protrusions (Fig 2B).

Both the percentage of positive cells and mean fluorescence intensity (MFI) of CD83"
MDC:s increased in a dose-dependent manner after stimulation with HPV16 E2 protein to peak at
a concentration of 250 ng/mL (Figs 2C and 2D). For p16INK4a, percentage of positive cells and
MFTI of CD83" MDCs peaked at 150 ng/mL (Figs 2E and 2F). There@e, the optimum
concentration of HPV16 E2 and p16INK4a proteins for further experiments were 250 ng/mL and

150 ng/mL, respectively.
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HPV16 E2 and p16INK4a proteins stimulate the maturation and

activation of MDCs via MAPK pathway

To confirm whether HPV16 E2 and p16INK4a proteins stimulated immature MDCs via
the MAPK pathway, immature MDCs were treated with p38 MAPK, ERK and JNK inhibitors in
separate experiments prior to stimulation with the determined optimum concentra@s of HPV16
E2 and/or p16INK4a. We found that the inhibitors significantly decreased the percentage of
CD83* MDC:s in cultures stimulated by HPV16 E2 or pl16INK4a proteins (Figs 3A and 3B).
Secretion levels of IL-1 did not significantly differ between all treatment groups 30).
However, secretion of IL-l@as significantly lower in experiments where MAPK inhibitors
were administered in conjunction with pl6INK4a relative to p16INK4a alone (Fig 3D). In
contrast, IL-12 levels were not suppressed when MAPK inhibitors were ad@tered in
conjunction with HPV16E2 or HPV 16 E2 together with p16INK4a (Fig 3D). These findings
suggest that the activation of MDCs by HPV 16 E2 and/or p16INK4a proteins is via the MAPK

pathway.

MDCs pulsed with HPV16 E2 and p16INK4a stimulate CD4* and

CDS8" T lymphocytes to produce IFN-y

To determine the capability of MDCs to process immunogenic epitopes, the populations
of CD4" and CD8" T lymphocytes were examined. MDCs pulsed with HPV16 E2 and/or
p16INK4a were co-cultured with IL-2-cultured T lymphocytes in ratios of 1:1, 1:5, and 1:10.
Percentages of CD4" and CD8" T lymphocytes were not significantly different in all ratios (Figs
4A and 4B). Interestingly, the percentage of CD4* IFN-y* T lymphocytes dramatically increased

ratio-wise after co-culture with MDCs pulsed with HPV16 E2 and/or p16INK4a (Fig 4C). The

Peer] reviewing PDF | (2020:01:44565:0:1:NEW 6 Jan 2020)


vaidyanb
Highlight

vaidyanb
Sticky Note
is it IL12 p40 or IL12p70

vaidyanb
Highlight

vaidyanb
Sticky Note
can they use TLR4 inhibitor TAK242 to confirm that endotoxin was completely removed during purification by kit.

vaidyanb
Highlight

vaidyanb
Sticky Note
can the authors explain, why?

vaidyanb
Highlight

vaidyanb
Sticky Note
why was IL12 not reduced but CD83 was reduced? How can the conclusion be that the proteins act via MAPK if only CD83 but not cytokines are modulated (esp in HPV16E2)


PeerJ

262

263

264

265

266

267

268

269

270

271

272

273

274

275

276

277

278

279

280

281

282

283

percentage of CD8" IFN-y* T lymphocytes did not significantly differ between treatments at
ratios of 1:5 and 1:10. However, at the ratio of 1:1, the percentage of these lymphocytes was
significantly greater when MDCs were pulsed with HPV16 E2 or p16INK4a relative to the
combination of HPV16 E2 and p16INK4a (Fig 4D). This indicates that HPV16 E2 might exhibit
higher immunogenicity than the combination of HPV16 E2 and p16INK4a. The activation of
these proteins can be triggered via CD4* or CD8" lymphocytes. We further confirmed the
secretion of IFN-y using ELISA. Production of IFN-y was higher in co-cultures where MDCs
had been pulsed with HPV16 E2 rather than p16INK4a, and varied according to the ratio. The
combination of HPV16 E2 and p16INK4a significantly increased the production of IFN-y at
ratios of 1:5 and 1:10, while HPV16 E2 alone strongly induces the production of IFN-y in a
ratio-dependent manner (Fig 4E). This suggests that the activation of T lymphocytes by HPV 16

E2 and p16INK4a for IFN-y production might be processed by CD4" and CD8* T lymphocytes.

CD4" and CD8* T lymphocytes co-response to combination of

HPV16 E2 and p16INK4a pulsed MDCs

To determine the effectiveness of HPV16 E2 and/or p16INK4a in stimulation of CD4* or
CDS8" T lymphocytes, HLA blockade antibodies were specifically applied in co-culture
conditions at a ratio of 1:5. We found inhibition of IFN-y production in both HLA class I and II
blockade in co-culture with MDCs pulsed with a combination of HPV16 E2 and p16INK4a (Fig
4F). This effect was not apparent when the MDCs were pulsed with either HPV16 E2 alone or
pl6INK4a alone (Fig 4F). Suggesting that the stimulation with combination of HPV16 E2 and

p16INK4a clearly enhances response of both CD4* and CD8* T lymphocytes.
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Discussion

Administration of protein subunits is a safe and effective strategy for HPV therapy by
stimulating immune responses [18]. The purpose of vaccine therapy against tumor or viral
infection is to stimulate T lymphocytes and differentiation of non-protective cells into functional
CTLs. The stimulation of T lymphocytes through dendritic cells, professional APCs, is an
efficient method [5]. Presentation of antigens by APCs to T lymphocytes occurs through the
HLA molecule: the HLA class II-bound peptide antigen is presented to CD4" T lymphocytes
whereas the HLA class I-bound peptide antigen is presented to CD8* T lymphocytes [7]. The
HPV16 E7 protein is a well-known antigen but has relatively low CTL epitopes which can only
be presented in association with HLA-A*33:03, an HLA class I allele [26]. The HPV16 E6
protein has a variety of epitopes that, in Chinese adolescents, can be presented in association
with HLA class II molecules such as HLA-DRB1 and HLA-DQB1 [27]. A number of HLA
alleles of both classes are common in Thailand (Table 1) and both HPV16 E2 and p16INK4a
proteins exhibit multiple epitopes that can be recognized by these alleles (Figs 1A and 1B).
HPV16 E2 and p16INK4a proteins are strong targets for stimulation of T lymphocytes via
dendritic cells.

@e protein subunit was prepared using a popular bacterial system, Escherichia coli
BL21. This bacterial system capable provides the protein expression by regulating via T7
promoters which also used to produce the expression of HPV16 L1 [28] and HPV E7 [29].
Western blot indicated the size of our HPV16 E2-polyhistidine tagged protein to be 43 kDa (Fig
1C) a size comparable to that reported previously for HPV16 E2-GFP (62 kD, but including the
GFP of about 27 kDa) [30]. The size of our pl6INK4a-polyhistidine tagged protein was 18 kDa

(Fig 1D), consistent with other reports.
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The stimulation of dendritic cells by MtHSP70-FPR1 fusion protein, or Human
Immunodeficiency Virus (HIV)-1, can induce maturation of these by increasing the expression
of CD83, a marker for mature dendritic cells, and secretion of IL-1p and IL-12 [24, 31]. We
found that the HPV16 E2 and p16INK4a proteins also increase the expression of CD83 in MDCs
in a dose-dependent manner and induce cytoplasmic protrusions (Fig 2). Mature dendritic cells
play an important role as APCs to stimulate the differentiation of naive T lymphocytes into
functional CTLs. The maturation of dendritic cells also increases their secretion of IL-1f and IL-
12, which are important in initiating T-lymphocyte responses and enhancing the immune
response. IL-12 stimulates the production of IFN-y by T lymphocytes whereas IL-13 can
stimulate the growth of MDCs [24]. The MAPK-ERK signaling pathway controls the survival of
dendritic cells which can be stimulated by lipopolysaccharide (LPS) [32]. We found that HPV 16
E2 and p16INK4a proteins stimulate the secretion of IL-1p and IL-12 which was partially
suppressed by MAPK inhibitors (Figs 3C and 3D). Interestingly, the MAPK inhibitors
significantly suppress the @ression of CD83 in dendritic cells pulsed with HPV16 E2 or
pl6INK4a (Figs 3A and 3B). These results suggest that the subunit proteins, HPV16 E2 and
pl16INK4a, individually or in combination, stimulate the maturation of MDCs thus enhancing
their APC properties.

CTLs play an important role in cancer treatment based on immune responses. Among
other approaches, CTLs can be stimulated by tumor-specific antigens or tumor-associated
antigens. Tumor-specific antigens in the case of HPV infection include the non-structural
proteins HPV16 E7 and HPV18 E7, which can stimulate specific T lymphocytes via APCs [33].
The structural L1 protein of HPV16 and HPV 18 has been used as prophylactic vaccine against

HPV in combination with adjuvant system 04 (AS04) and also stimulates the maturation of
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dendritic cells, secretion of pro-inflammatory cytokines and stimulation of cytotoxic activity
against HPV-infected tumors [34]. There have also been reports about the use of a combination
of non-structural HPV16 E7 protein and PD-L1 blockade, an immune blockade, which exhibited
highly effective stimulation of dendritic cells in vivo and an effective CTL response [35]. A
modified vaccinia virus, Ankara virus encoding bovine papillomavirus E2 (MVA-E2), enhances
the elimination of CIN lesions in the cervix [36]. The MtHSP70-FPR1 fusion protein, a tumor-
associated antigen has recently been reported to stimulate dendritic cells through the p38 MAPK
signaling pathway and to promote the specific responses of CTLs to cervical cancer cells [24].
Moreover, a combination of tumor-specific antigens and tumor-associated antigens may also
stimulate immune response. An example is the DNA encoding HPV-16 E7/HSP70 fusion
protein, which can stimulate the specific antitumor responses in mice [37]. The fusion protein
HPV-16 E6/E7 and Fms-like tyrosine kinase-3 ligand also stimulates the response of CD8" T
cells specific to E6 and E7 [18]. However, a strategy to develop a therapeutic vaccine against
HPYV infection is not well developed.

The tumor-specific antigen, HPV E2, is an early protein that controls the expression of
E6 and E7 oncoproteins and is more immunogenic than either of these oncoproteins [38]. The
tumor-associated antigen, human p16INK4a, is a protein that acts as a tumor suppressor and is
over-expressed in HPV infection [39]. Therefore, we considered HPV16 E2 and p16INK4a to be
important and interesting target proteins to stimulate the immune system of patients infected with
HPV. In this study, MDCs pulsed with HPV16 E2 and/or p16INK4a were able to stimulate
autologous T lymphocytes to proliferate and to secrete IFN-y. The IFN-y is produced by CD8* T
lymphocytes that eliminate infected cells and CD4" T lymphocytes that promote cell responses

through the presentation of HLA class I and II molecules [5, 7]. Particularly, the combination of
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HPV16 E2 and p16INK4a proteins can promote greater T lymphocyte responses either protein
alone, which obviously stimulates via HLA class I and II (Figs 4E and 4F). The optimum
concentrations of the two proteins in combination, as used in this study to activate MDCs, were
250 ng/ml for HPV16 E2 and 150 ng/ml for p16INK4a. Combined subunit vaccines generally
use different concentrations of each antigen to elicit effective immune responses. An example is
the combined protein vaccine for diphtheria-tetanus-pertussis [40, 41]. Our study might provide a
strategy for development of HPV infection treatment using the optimum concentrations of

HPV16 E2 and p16INK4a proteins for stimulation of T lymphocytes.

Conclusions

In this study, we have evaluated immune-cell responses to HPV16 E2 and p16INK4a
proteins in blood from healthy volunteers. HPV E2 is a tumor-specific antigen and human
pl6INK4a is a tumor-associated antigen that can stimulate MDCs cells through MAPK pathways
and increase the autologous T-lymphocyte response. The combination of HPV16 E2 and
pl6INK4a proteins increases specific responses in both CD4* and CD8" T lymphocytes. Both
proteins can stimulate cell proliferation and IFN-y secretion by CD8* T lymphocytes (that
eliminate infected cells) and CD4* T lymphocytes (that promote cell responses) through the
presentation of HLA class I and II molecules, respectively. We determined that the optimum
concentration of the proteins in combination was 250 ng/ml of HPV16 E2 and 150 ng/ml of
pl6INK4a. This study provides strategies and optimal concentrations for developing therapies to
treat HPV infections using a combination of HPV16 E2 and p16INK4a proteins for stimulation

of T lymphocytes.
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Figure Legends

Figure 1. Mapping of immunogenic epitopes and protein sizes of pl6INK4a and HPV16 E2.
Possible immunogenic epitopes of (A) HPV16 E2 and (B) p16INK4a were mapped using two
databases, SYFPEITHI and NetMHCpan version 4.0. The prediction was performed by using 9-
meric amino-acid residues for HLA class I epitope binding and 15-meric amino-acid residues for
HLA class II, respectively. The protein sizes of (C) p16INK4a and (D) HPV16 E2 were checked

by western blot.

Figure 2. Stimulation of immature MDCs by HPV16 E2 and p16INK4a proteins. (A)
Characteristics of immature MDCs before stimulation. (B) Characteristics of mature MDCs after
stimulation by proteins. (C) Percentage and (D) Mean fluorescence intensity (MFI) of CD83*
MDCs stimulated by HPV16 E2 protein at various concentrations. (E) Percentage and (F) MFI of
CD83" MDCs stimulated by pl16INK4a protein at various concentrations. (*) p-value < 0.05

compared to control. (#) p-value < 0.05 compared between groups.

Figure 3. Expression of CD83 and cytokine production by MDCs stimulated by HPV16 E2
and/or pl16INK4a proteins. (A) The expression of CD83 stimulated by HPV16 E2 and (B)
pl6INK4a after treatment with p38 MAPK inhibitor (SB203580), ERK inhibitor (PD98059), or
JNK (SP600125), examined using flow cytometry. (C) The production of IL-1p (pg/mL) and (D)
IL-12 after blocking of MDCs with SB203580, PD98059 or SP600125, then stimulated by
HPV16 E2 and/or p16INK4a proteins. (*) p-value < 0.05 compared to control. (#) p-value < 0.05

compared between groups.
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Figure 4. MDCs pulsed with HPV16 E2 and/or p16INK4a stimulate CD4* and CD8* T
lymphocytes. (A) The percentage of CD4* T lymphocytes and (B) CD8" T lymphocytes in co-
cultures with MDCs pulsed with HPV16 E2 and/or pl16INK4a at various ratios. (C) The
percentage of IFN-y*CD4" T lymphocytes and (D) IFN-y*CD8" T lymphocytes in co-cultures
with MDCs pulsed with HPV16 E2 and/or p16INK4a at various ratios. (E) The concentration of
IFN-y (pg/mL) after co-culture of T lymphocytes with MDCs pulsed with HPV16 E2 and/or
pl16INK4a at various ratios. (F) The concentration of IFN-y (pg/mL) after blockade with HLA
class I and II antibodies and co-culture of T lymphocytes and MDCs pulsed with HPV16 E2
and/or p16INK4a at a ratio of 1: 5. (*) p-value < 0.05 compared to control. (#) p-value < 0.05

compared between groups.

Table

Table 1. The table showed % frequency of HLA class I and II alleles that are commonly found

in the Thai population.
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Table 1. The table showed % frequency of HLA class | and Il alleles that are commonly
found in the Thai population.

Peer] reviewing PDF | (2020:01:44565:0:1:NEW 6 Jan 2020)



PeerJ

1

Table 1. The frequency of common HLA class I and II alleles in Thai populations

HLA class 1 HLA class 1T
Allele % Allele Frequency Allele % Allele Frequency
HLA-A*02 29.2 HLA-DRB1*04 14.4
HLA-A*11 27.7 HLA-DRB1*09 11.5
HLA-A*24 17.3 HLA-DRB1*12 16.9
HLA-A*33 13.8 HLA-DRB1*15 17.5
HLA-B*15 14.8
HLA-B*40 13.4
HLA-B*46 13.2
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Figure 1

Figure 1. Mapping of immunogenic epitopes and protein sizes of p16INK4a and HPV16
E2.

Figure 1. Mapping of immunogenic epitopes and protein sizes of p16INK4a and HPV16 E2.
Possible immunogenic epitopes of (A) HPV16 E2 and (B) p16INK4a were mapped using two
databases, SYFPEITHI and NetMHCpan version 4.0. The prediction was performed by using 9-
meric amino-acid residues for HLA class | epitope binding and 15-meric amino-acid residues
for HLA class Il, respectively. The protein sizes of (C) p16INK4a and (D) HPV16 E2 were

checked by western blot.

Peer] reviewing PDF | (2020:01:44565:0:1:NEW 6 Jan 2020)



PeerJ

Manuscript to be reviewed

METLCQRLNVCQDKILTHYENDSTDLRDHIDYWKHMRLECAIYYKAREMGIKHINHQ VVPTLAVSKN KALQAIELQLTLETIYNS

HLA-DRBI™15:01
HLA-A*02:01

HLA-A*24:02

e e

HLA-A*11:01 HLA-A*02:01
HLA-B*15:01
HLA-DRBI*04:01

i

QYSNEKWTLQDVSLEVYLTAPTGCIKKHGY TV IZ-Z\’QFDGDI(ZNTMHYTN\V"Ti—l]‘:’i(IE]Eif\SVT\’V EGQVDYYGLYYVHEGIRTYFVQF

HLA-B*40:01
T

KDDAERYSKNKVWEVHAGGQVILCPTSVEFSSNEVSSPEHRQHLANHSAATHTKAVALGTEETQTTIQRPRSEPDTGNPCHTTKLLHR

HLA-DRBI*04:01

HLA-A*11:01

HLA-B*15:01
HLA-A*11:01

p—

HLA-A*24:02

f 1 r 1 T i i \
DSV DS.—\L[’{LT;\[:NSSI-] KGRINCNSNTTPIVHLKGDANTLKCLRY RFKKHCKLYTAVSSTWHWTGHNVKHKSAIVTLTY DSEWQRDQFL
= !

T
HLA-DREI*15:01

HLA-B*15:01
 E—
SOVKIPKTITVSTGEMSI

HLA-DRB1*04:01

- HLA-A*24:02 S k HLA-A*11:01
HLABa0:01 L j HLA-A®02:01 | '
I—*—‘ ‘I ! ! ’—.—l
M1~:PAr\GssL\-i|~:Ps;\D\‘(-'l.,AT:\;\.«R(;&wm»:\qbl\l,l.,la;\(;A[,PN\PNSYGRRP]Q\m-l.xif\{(;sf\!r{\a\l-:1,1‘u_,f-u(;,-\L~:PNcADP;\TI..TRP\H-IDAA
! f J Y -4 T L /
[ Hass01 | HLA-DRB1*15:01
HLA-A*02:01 = -\,Ir"” : HLA-A"11:01
HLA‘DR?I 0801 HLA-DRB1"15:01
I 1
HLA-B*40:01 HLA-A*11:01

E—

: r y
) RL';QI-’LDTL\)\’ LHRAGARLDVRDAWGRLPVDLAEELGHRDVARYLRAAAGGTRGSNHARIDAAEGPSDIPD

HLA-A*24:02

C p16INK4a
Elution 1 2

- e 18 kDa

D

Peer] reviewing PDF | (2020:01:44565:0:1:NEW 6 Jan 2020)

HPV16 E2
Elution 1 2

Lo 43 kDa



PeerJ

Figure 2

Figure 2. Stimulation of immature MDCs by HPV16 E2 and p16INK4a proteins.

Figure 2. Stimulation of immature MDCs by HPV16 E2 and pl6INK4a proteins. (A)
Characteristics of immature MDCs before stimulation. (B) Characteristics of mature MDCs

after stimulation by proteins. (C) Percentage and (D) Mean fluorescence intensity (MFI) of
CD83" MDCs stimulated by HPV16 E2 protein at various concentrations. (E) Percentage and

(F) MFI of CD83" MDCs stimulated by p16INK4a protein at various concentrations. (*) p-value

< 0.05 compared to control. (#) p-value < 0.05 compared between groups.
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Figure 3

Figure 3. Expression of CD83 and cytokine production by MDCs stimulated by HPV16 E2
and/or p16INK4a proteins.

Figure 3. Expression of CD83 and cytokine production by MDCs stimulated by HPV16 E2
and/or p16INK4a proteins. (A) The expression of CD83 stimulated by HPV16 E2 and (B)
pl6INK4a after treatment with p38 MAPK inhibitor (SB203580), ERK inhibitor (PD98059), or
JNK (SP600125), examined using flow cytometry. (C) The production of IL-1B (pg/mL) and (D)
IL-12 after blocking of MDCs with SB203580, PD98059 or SP600125, then stimulated by
HPV16 E2 and/or pl6INK4a proteins. (*) p-value < 0.05 compared to control. (#) p-value <

0.05 compared between groups.
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Figure 4

Figure 4. MDCs pulsed with HPV16 E2 and/or p16INK4a stimulate CD4" and CD8" T
lymphocytes.

Figure 4. MDCs pulsed with HPV16 E2 and/or p16INK4a stimulate CD4" and CD8" T

lymphocytes. (A) The percentage of CD4" T lymphocytes and (B) CD8" T lymphocytes in co-
cultures with MDCs pulsed with HPV16 E2 and/or p16INK4a at various ratios. (C) The

percentage of IFN-y"CD4" T lymphocytes and (D) IFN-y"CD8" T lymphocytes in co-cultures
with MDCs pulsed with HPV16 E2 and/or p16INK4a at various ratios. (E) The concentration of
IFN-y (pg/mL) after co-culture of T lymphocytes with MDCs pulsed with HPV16 E2 and/or
pl6INK4a at various ratios. (F) The concentration of IFN-y (pg/mL) after blockade with HLA
class I and Il antibodies and co-culture of T lymphocytes and MDCs pulsed with HPV16 E2
and/or p16INK4a at a ratio of 1: 5. (*) p-value < 0.05 compared to control. (#) p-value < 0.05

compared between groups.
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