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t-cell epitope restricted by the hla-drl | molecule

described in an epitope hotspot

Abstract

Cell-mediated immune responses to the human papillomavirus type 16 (HPV 16) E6
protein have been shown to be important in viral clearance and in regression of cervical
lesions. Here, detailed analyses of a novel HPV 16 E6 CD4 T-cell epitope from a subject
with cervical intraepithelial neoplasia 1 are described. This subject had demonstrated
HPV 16 CD4 T-cell responses to multiple regions within the E6 protein. Isolation and
cloning of CD4 T-cells were performed by magnetic selection of interferon-secreting cells
and limiting dilution. A single HPV 16-specific T-cell clone isolated was shown to have
a specificity to HPV 16 E6 52-62 restricted by the HLA-DR11 molecule. Homologous
sequences (>70% amino acid homology) were identified for HPV types 31, 33, 45, 58, 73,
but cross-recognition was demonstrated only for HPV 45. Based on work performed by our
group and others, it is known that this short peptide contains multiple CD4 and CDS8 T-cell
HPYV epitopes and would be an ideal region to incorporate into a design of vaccines and
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Introduction

Cervical cancer cases are almost always associated with human
papillomaviruses (HPVs). They can also cause other malignancies
including anal, oropharyngeal, penile, vaginal, and vulvar cancers,
and are estimated to be responsible for 5.2% of all cancer cases
globally.!? There are approximately 120 types of HPVs described to
date,® and a few dozen are considered to be high-risk or associated
with malignancy. Among these high-risk HPV types, human
papillomavirus type 16 (HPV 16) is the most common and is associated
with approximately half of cervical cancer cases worldwide.*¢

The importance of T-cell responses against HPV 16 E6 protein
in clearance of HPV infection was first demonstrated by examining
T-cell responses using chromium release assay and interferon-y
(IFN-y) enzyme-linked immunospot (ELISPOT) assay in a cohort of
young women being studied for natural course of HPV infection.”®
Further studies of women with abnormal Papanicolaou (Pap) smear
results also demonstrated the important of CD4° and CD8'* T-cell
responses to the E6 protein in regression of the cervical lesions.
In this manuscript, a novel CD4 T-cell epitope, HPV 16 E6 52-62
peptide restricted by the HLA-DR11 molecule, is described through
detailed analyses of CD4 T-cell responses of one subject with cervical
intraepithelial neoplasia (CIN) 1.

Materials and methods
Subject

The subject was selected among other participants of previously
published study’ for further characterization of HPV 16-specific CD4

T-cell response for having demonstrated positive CD4 T-cell responses
to multiple HPV 16 E6 regions (Figure 1). The study was approved
by the institutional review board, and written informed consent was
obtained.

HPV-DNA testing

The Linear Array HPV Genotyping Test which detects 37
anogenital HPV types [6, 11, 16, 18, 26, 31, 33, 35, 39, 40, 42, 45,
51,52, 53,54, 55, 56, 58,59, 61, 62, 64, 66, 67, 68, 69,70, 71, 72, 73
(MM9), 81, 82 (MM4), 83 (MM7), 84 (MMS), IS39, and CP6108] was
used according to manufacturer’s instructions (Roche Diagnostics,
Indianapolis, IN).

Peptides

HPV 16 peptides ranging from 8 to 15 amino acids long were
synthesized based on sequences from the HPV 16 German prototype.!!
Homologous peptides 15 amino acids long in length from other high-
risk HPV types* were identified and synthesized for having >70%
amino acid homology. The purities of peptides ranged from 70 to 90%.

Magnetic selection of IFN-y secreting antigen specific T-cells and
T-cell cloning

The peptides (10 uM each) included in three HPV 16 E6 regions
with the most robust CD4 T-cell responses (HPV 16 E6 16-40, 46-
70, and 91-115) were used to stimulate CD4 T-cells for 3 to 4 hours,
and antigens-specific IFN-y secreting cells were selected using IFN-y
Secretion Assay Cell Enrichment and Detection Kit (Miltenyi Biotec
Inc, Auburn, CA, USA). Selected cells were plated with feeder cell
mixture as previously described to isolate T-cell clones.'>!* Molecular
analysis to formally establish the clonality was not performed.

Screening T-cell clones

One hundred pl of culture medium containing the T-cell clones
were collected, washed, and tested in an ELISPOT assay'? with the
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peptides covering the HPV 16 E6 16-40, 46-70, 91-115 regions
(Table 1). A corresponding negative control contained media. First,
96-well plates (MultiScreen; Millipore, Bedford, MA) were coated
with primary anti-IFN-y monoclonal antibody, 1-DIK (Mabtech,
Stockholm, Sweden) at a concentration of Spug/ml overnight at 4 °C.
The plates were washed with phosphate-buffered saline (PBS) and
were blocked with 50ul of RPMI 1640 medium supplemented with 5%
human serum for 1 hour at 37°C. One-hundred thousand autologous
Epstein-Barr Virus-transformed B-lymphoblastoid cell line (LCL)
cells were added to each well. Fiftypl of media containing T-cell clone
cells was plated to one well at the same position in duplicate (to test the
peptide pool and media). The final concentration of each peptide was
10 uM. One phytohaemagluttinin (10png/ml) positive control well and
one no T-cell clone negative control well was set on each plate. After
20 hour incubation, wells were washed with PBS containing 0.05%
Tween-20. Biotin-conjugated anti-IFN-y monoclonal antibody (1pg/
ml, Mabtech) was added, and the plates were incubated for 2 hours at
37 °C. After washing the plate with PBS containing 0.1% Tween-20,
Avidin-bound biotinylated horseradish peroxidase H (Vectastain
Elite Kit; Vector laboratories, Inc., Burlingame, CA), the plates were
incubated for lhour at 37 °C. Wells were washed with PBS containing
0.1% Tween-20 and were developed using stable diaminobenzene
(Life Technologies, Carlsbad, CA) at room temperature. The
plates were washed with deionized water and were air-dried. Spot-
forming units were counted using an automated ELISPOT analyzer
(AID ELISPOT Classic Reader; Autoimmun Diagnostika GmbH,
Strassberg, Germany). The wells that showed spots in an ELISPOT
plate with the peptide pool, but not in the other media plate, were
considered to contain potential T-cell clones with the specificity of
interest. These T-cell clones were further expanded.'?
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Figure | An ELISPOT assay for identifying regions containing potential HPV-
specific CD4 T-cell epitopes. One hundred thousand CD4 T-cells stimulated in
vitro with autologous dendritic cells pulsed with HPV 16 E6 and E7 proteins
were tested using overlapping peptides.” Each peptide pool contains three
overlapping |5-mer peptides. “*” indicates regions with positive CD4 T-cell
responses defined by having spot forming units 22 times those in the media
only control wells. The bars represent standard error of means.

Confirming the specificity of T-cell clones

Screening positive T-cell clones were tested again using three
separate peptide pools covering the HPV 16 E6 16-40, 46-70, 91-
115 regions respectively. Then, the 15-mer peptides (10uM each)
contained in the positive region were tested individually. One
thousand T-cell clone cells were seeded along with 1x105 autologous
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LCL cells per well in duplicate and ELISPOT assay was performed
as described above.

Table | A list of peptides used to isolate IFN-y secreting antigen-specific

T-cells
HPV Region Am'ino Acid Sequence
Type Residues
16 E6 16-40 E6 16-30 (15-mer) PRKLPQLCTELQTTI
16 E6 16-40 E6 21-35 (15-mer) QLCTELQTTIHDIIL
16 E6 16-40 E6 26-40 (15-mer) LQTTIHDIILECVYC
16 E6 46-70 E6 46-60 (15-mer) RREVYDFAFRDLCIV
16 E6 46-70 E6 51-65 (15-mer) DFAFRDLCIVYRDGN
16 E6 46-70 E6 56-70 (15-mer) DLCIVYRDGNPYAVC
16 E6 91-115  E6 91-105 (15-mer) YGTTLEQQYNKPLCD
16 E6 91-115  E6 96-110 (15-mer) EQQYNKPLCDLLIRC
16 E691-115 E6 101-115 (15-mer) KPLCDLLIRCINCQK

Identifying the core amino acid sequence of the novel
HPV 16 E6 CD4 epitope

Serial ELISPOT assays were performed using HPV 16 E6 peptides
ranging from 8 to 15 amino acids in length (Table 1) as described
above. A single peptide concentration of 10uM (Figure 2) and
concentrations over a 4 log range (Figure 3) were used.

Identifying the restriction HLA class Il molecule

Seven allogeneic LCL cells sharing one, two or no class II
molecule(s) with the subject being studied (HLA-DQ7, -DQS, -DR4,
- DR11) were utilized for ELISPOT assay in order for identifying
the restriction molecule of the epitope being described (Figure 4)
[14]. One thousand T-cell clone cells were plated along with 1 x 105
alloegeneic LCL cells per well in duplicate. The HPV 16 E6 51-65
(15-mer) peptide was added at 10uM along with 20U/ml of rhIL-2.

Recognition of homologous CD4 T-cell epitopes from
other high-risk HPV types

Recognition of homologous epitopes from other high-risk types
[HPV 31 44-58 (15-mer), HPV 33 44-58 (15-mer), HPV 45 46-60
(15-mer), HPV 58 44-58 (15-mer), and HPV 73 45-59 (15-mer), 10
uM each] were assessed using an ELISPOT assay (Figure 5).

HLA typing

HLA typing was performed at the University of Arkansas for
Medical Sciences HLA laboratory using peripheral blood lymphocytes
or LCLs using PCR sequence-specific amplification method.
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Figure 2 An ELISPOT assay for defining the core sequence of the novel HPV
16 E6 epitope.The bars represent standard error of means.
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Figure 3 An ELISPOT assay for defining the core sequence of the novel
HPV 16 E6 epitope using serially diluted peptides. A representative of two
experiments is shown.The bars represent standard error of means.
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Figure 4 An ELISPOT assay defining the HLA class Il restriction element for
the novel HPV 16 E6 epitope. Autologous LCL and allogeneic LCLs sharing
none to two class Il HLA molecules were used. A representative of two

experiments performed is shown.The bars represent standard error of means.
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Figure 5 An ELISPOT assay assessing the cross-recognition of homologous
peptides from other high-risk HPV types. Homologous peptides from HPV
31, 33,45, 58,and 73 which had 270% amino acid homology with the HPV 16
51-65 sequence were synthesized and tested (Table 3). The experiment was
performed twice.The bars represent standard error of means.

Fluorescence-activated cell sorter analysis

The surface phenotype of the T-cell clone was determined by
staining with CD3-fluorescein isothiocyanate, CD8-phycoethythrin,
CD4-PerCP-Cyanine 5.5, and CD56 (NCAM)-allophycocyanin
(eBioscience, San Diego, CA). Isotype-matched antibodies were used
as a negative control. Data were acquired and using FACS Fortessa
and analyzed using FACS Diva (BD Biosciences, San Jose, CA) at
the University of Arkansas for Medical Sciences Microbiology and
Immunology Flow Cytometry Core Laboratory.
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Results

The subject was a 29 year old female enrolled in a previously
published study examining HPV-specific CD4 T-cell responses in
women being followed for abnormal Pap smear results [9]. Four
months prior to the date of enrollment, the patient had a Pap smear
which showed low grade squamous intraepithelial lesion. On the
enrollment day, a blood sample was drawn for performing ELISPOT
assays using CD4 T-cells examining responses to the HPV 16 E6 and
E7 proteins using synthetic peptides, and positive responses were
demonstrated in multiple E6 regions (Figure 1). A thin-prep sample
was collected for HPV-DNA testing which was positive for HPV types
39 (high-risk), 54 (low-risk), and 82 (high-risk). Colposcopy guided
biopsy performed on the day of enrollment showed CIN 1. However,
the follow up Pap smear performed 6 months later was normal.

Table 2 A list peptides used to describe the core sequence of the novel HPV
16 E6 epitope

HPV Region Amino Acid Sequence

Type Residues

16 E6 51-65 E6 51-65 (15-mer) DFAFRDLCIVYRDGN
16 E6 51-65 E6 51-64 (14-mer) DFAFRDLCIVYRDG
16 E6 51-65 E6 52-65 (14-mer) FAFRDLCIVYRDGN
16 E6 51-65 E6 51-63 (13-mer) DFAFRDLCIVYRD
16 E6 51-65 E6 52-64 (13-mer) FAFRDLCIVYRDG
16 E6 51-65 E6 51-62 (12-mer) DFAFRDLCIVYR

16 E6 51-65 E6 52-63 (12-mer) FAFRDLCIVYRD

16 E6 51-65 E6 51-61 (I1-mer) DFAFRDLCIVY

16 E6 51-65 E6 52-62 (I |-mer) FAFRDLCIVYR

16 E6 51-65 E6 53-63 (I |-mer) AFRDLCIVYRD

16 E6 51-65 E6 54-64 (I |-mer) FRDLCIVYRDG

16 E6 51-65 E6 55-65 (I 1-mer) RDLCIVYRDGN

16 E6 51-65 E6 51-60 (10-mer) DFAFRDLCIV

16 E6 51-65 E6 52-61 (10-mer) FAFRDLCIVY

16 E6 51-65 E6 53-62 (10-mer) AFRDLCIVYR

16 E6 51-65 E6 54-63 (10-mer) FRDLCIVYRD

16 E6 51-65 E6 55-64 (10-mer) RDLCIVYRDG

16 E6 51-65 E6 56-65 (10-mer) DLCIVYRDGN

16 E6 51-65 E6 51-59 (9-mer) DFAFRDLCI

16 E6 51-65 E6 52-60 (9-mer) FAFRDLCIV

16 E6 51-65 E6 53-61 (9-mer) AFRDLCIVY

16 E6 51-65 E6 54-62 (9-mer) FRDLCIVYR

16 E6 51-65 E6 55-63 (9-mer) RDLCIVYRD

16 E6 51-65 E6 56-64 (9-mer) DLCIVYRDG

16 E6 51-65 E6 57-65 (9-mer) LCIVYRDGN

16 E6 51-65 E6 53-60 (8-mer) AFRDLCIV

16 E6 51-65 E6 54-61 (8-mer) FRDLCIVY

Attempts were made to isolate T-cell clones with specificities
from three HPV 16 E6 regions (16-40, 46-60, and 91-115) to which
the highest CD4 responses were demonstrated (Figure 1) using
overlapping peptides covering these regions (Table 1). One hundred
nine T-cell clones were isolated after IFN-yselection and limiting
dilution. Screening ELISPOT assay using peptides shown in Table 1
identified 5 potential HPV-specific T-cell clones. These 5 T-cell clones
were tested using pools of peptides covering E6 16-40, E6 46-70, or
E6 91-115, and one of them demonstrated specificity to the E6 46-70
pool. The other 4 T-cell clones were false positives. Testing this T-cell
clone using the three peptides in the pool individually narrowed the
specificity to the E6 51-65 region.

In order to define the core sequence of this HPV 16 E6 epitope (i.e.
the peptide minimal in length that shows optimal response), peptides
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from the E6 51-65 regions that were 8, 9, 10, or 11 amino acids long
in length (Table 2) were tested using an ELISPOT assay (Figure 2).
Positive responses to HPV 16 E6 51-60 (10-mer), 52-61 (10-mer), 51-
61 (11-mer), 52-62 (11-mer), and 51-65 (15-mer) were shown. Then,
the peptides 10 to 14 amino acids long in lengths were serially diluted
10 fold and were tested at 10,000 nM, 1,000 nM, 100 nM, and 10nM
(Figure 3). Although E6 52-61 (10-mer), 51-61 (10-mer), and 52-62
(11-mer) peptides had similar levels of positivity at 10,000 nM, the
52-62 (11-mer) peptide retained the highest reactivity at 1,000 nM
and 100 nM. Therefore, the core sequence of this novel HPV 16 E6
epitope appears to be HPV 16 E6 52-62 (11-mer).

Table 3 A list of peptides from high-risk HPV types with 270% homology with
HPV 16 E6 51-65 sequences, which were used to assess cross-recognition.
The sequences with <70% homology from HPV types 38, 54, and 82, which
were detected in the subject, are also shown.

HPVType Amino Acid Residues Sequence

16 E6 51-65 (15-mer) DFAFRDLCIVYRDGN
31 E6 44-58 (15-mer) DFAFTDLTIVYRDDT
33 E6 44-58 (15-mer) DFAFADLTVVYREGN
45 E6 46-60 (15-mer) QFAFKDLCIVYRDCI
58 E6 44-58 (15-mer) DFVFADLRIVYRDGN
73 E6 45-59 (15-mer) DFAFSDLCIVYRDKP
38 E6 46-60 (15-mer) EFAFSDLYVVYRDGE
54 E6 40-54 (15-mer) PRTLADLCKVCNIPM
82 E6 44-58 (15-mer) NVAFTELRIVYRDNT

Amino acid residues different from the HPV 16 are shown in bold.

The surface phenotype of this clone was shown to be
CD3+CD4+CDS8-CD56- by flow cytometry confirming it is a CD4
T-cell clone (data not shown). An ELISPOT assay using allogeneic
LCLs sharing one, two, or no HLA class I type(s) with the subject
showed that the restriction element for this CD4 T-cell epitope is HLA
class I DR11 (Figure 3).

Of 15 high-risk HPV types described by Munos et al.** of them
had homologous E6 peptide with >70% amino acid homology to the
HPV 16 E6 51-65 (15-mer) peptide (Table 3). The CD4 T-cell clone
was able to cross-recognize the homologous peptide from HPV 45
(Figure 4).

Discussion

T-cell responses to the HPV 16 E6 protein have been shown to be
important in viral clearance7,8 and regression of cervical lesions.*!
This manuscript describes detailed analyses of CD4 T-cell responses
to HPV 16 E6 protein of a 29 year old woman with LSIL who had
participated in our clinical study.” An ELISPOT using CD4 T-cells
demonstrated multiple positive regions (Figure 1). After attempting
to isolate T-cell clones from the three most immunogenic regions
(E6 16-40, 46-70, and 91-115), a single T-cell clone recognizing an
epitope in the E6 46-70 region was isolated and characterized. Surface
phenotyping and fine epitope mapping revealed a novel CD4 epitope
with the core sequence of HPV 16 E6 52-62 (11 amino acid long). On
the day the blood sample was drawn from which this T-cell clone was
isolated, the subject had persistent CIN 1 diagnosed with a biopsy, and
was positive for HPV types 39, 54, and 82. Therefore, the detected
HPV 16-specific CD4 T-cell responses were likely directed to past
HPV 16 infection as the presence of circulating HPV 16-specific
T-cells years after the HPV 16 infections had become undetectable
has been clearly demonstrated.'>!¢ Furthermore, HPV 16 is the most
common HPV type detected.**!"!* The cross-recognition of HPV
39, 54, or 82-specific T-cells against the HPV 16 E6 52-65 sequence
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seems unlikely as peptide sequences from HPV 39, 54, and 82 in this
E6 region have low homology (Table 3).

HPV 16 E6 52-62 CD4 T-cell epitopes restricted by HLA-DR11
has not been described previously to our knowledge. Interestingly,
another epitope E6 52-61, within in the new epitope, restricted by
DP0201 has been described. It is not known whether the E6 52-61
(10-mer) is the optimal sequence for this epitope since peptides of
various lengths were not tested; however, this epitope was shown to
be endogenously processed and presented since the T-cells recognized
antigen presenting cells pulsed with the whole HPV 16 E6 protein."
The HPV 16 E6 52-62-specific T-cell clone we describe here can also
recognize the E6 52-61 peptide (Figure 2 and 3); therefore, the E6
52-62 epitope is likely to be endogenously processed and presented
through the same MHC class II pathway.

The HPV 16 E6 52-6lepitope is also a CD8 T-cell epitope
restricted by B35,'2 B57,%° and B58." Therefore, this region contains
multiple CD4 and CDS8 epitopes, and would be ideal for vaccine
development as well as immunotherapy since the efficacy of treating
HPV-associated tumor using a peptide containing CD4 and CDS8
T-cells epitopes have been demonstrated.?! Furthermore, this region
of the E6 protein is well conserved among high-risk HPV types, and
homologous peptides from HPV 18, 31, 33, 35, 39, 45, 51, 52, 56,
58, 59, 68, and 73 have been tested for cross-reactivity.'>*> The CD8
T-cell clone restricted by B57 had significant cross-reactivity (>50%
of spot-forming units compared to HPV 16 peptide) with homologous
peptides from HPV 35, 39, 45, 51, and 73* while the CD8 T-cell clone
restricted by B58 cross-recognized homologous peptides from HPV
31,33, 35, 39, 45, 51, 58, and 73." In the current work, a homologous
peptide from HPV 45 (Table 3) was also shown to be recognized by
the HPV 16 E6 52-62-specific CD4 T-cell clone. However, whether
or not such cross-recognition is present in natural infection is not
known as whether the homologous epitopes are generated from the
native protein by natural antigen processing has not been investigated.
Nevertheless, HPV 16 E6 52-62 region contains multiple CD4 and
CDS8 T-cell epitopes. Such an immunologically active region should
be incorporated into therapeutic strategies to prevent and/treat cancer
cases caused by high-risk HPV.

Conclusion

A novel HPV 16 E6 52-62 CD4 T-cell epitope restricted by the
HLA-DR11 molecule is described. This small region contains
multiple CD4 and CD8 T-cell epitopes making it ideal for inclusion in
vaccines and immunotherapy’s against HPV-associated malignancies.

Acknowledgements

This study was supported by grants from the National Institutes of
Health (RO1CA143130, UL1TR000039, and P20GM103625).

Conflicts of Interest

Although not directly related to the work described in this
manuscript, Mayumi Nakagawa is an inventor named in the patent
(#8,652,482) and patent applications (US Serial #s 13/136,557,
61/887,425, 61/890,130, and 61/890,306) describing a peptide-based
HPV therapeutic vaccine. Other authors do not have any potential
conflict of interests to declare.

References

1. Chaturvedi AK. Beyond cervical cancer: burden of other HPV—
related cancers among men and women. J Adolesc Health. 2010; 46(4
Suppl):S20-S26.

Citation: Nakagawa MNM, Coleman HN,Wang X, et al. A human papillomavirus type 16 e6 52-62 cd4 t-cell epitope restricted by the hla-drl | molecule
described in an epitope hotspot. MOJ Immunol. 2014;1(3):11-12. DOI: 10.15406/m0ji.2014.01.00018


https://doi.org/10.15406/moji.2014.01.00018
http://www.ncbi.nlm.nih.gov/pubmed/20307840
http://www.ncbi.nlm.nih.gov/pubmed/20307840
http://www.ncbi.nlm.nih.gov/pubmed/20307840

A human papillomavirus type 16 eb 52-62 cd4 t-cell epitope restricted by the hla-drl | molecule

described in an epitope hotspot

Tota JE, Chevarie-Davis M, Richardson LA, et al. Epidemiology
and burden of HPV infection and related diseases: implications for
prevention strategies. Prev Med. 2011;53(Suppl 1):S12-S21.

. Bernard HU, Burk RD, Chen Z, et al. Classification of papillomaviruses

(PVs) based on 189 PV types and proposal of taxonomic amendments.
Virology. 2010;401(1):70-79.

Munoz N, Bosch FX, de Sanjose S, et al. Epidemiologic classification
of human papillomavirus types associated with cervical cancer. N Engl J
Med. 2003;348(6):518-527.

Clifford GM, Smith JS, Plummer M, et al. Human papillomavirus types
in invasive cervical cancer worldwide: a meta—analysis. Br J Cancer.
2003;88(1):63-73.

Smith JS, Lindsay L, Hoots B, et al. Human papillomavirus type
distribution in invasive cervical cancer and high—grade cervical lesions:
a meta—analysis update. Int J Cancer. 2007;121(3):621-632.

Farhat S, Nakagawa M, Moscicki AB. Cell-mediated immune responses
to human papillomavirus 16 E6 and E7 antigens as measured by
interferon gamma enzyme—linked immunospot in women with cleared
or persistent human papillomavirus infection. Int J Gynecol Cancer:
2009;19(4):508-512.

Nakagawa M, Stites DP, Patel S, et al. Persistence of human
papillomavirus type 16 infection is associated with lack of cytotoxic T
lymphocyte response to the E6 antigens. J Infect Dis. 2000;182(2):595—
598.

Kim KH, Greenfield WW, Cannon MJ, et al. CD4+ T—cell response
against human papillomavirus type 16 E6 protein is associated with a
favorable clinical trend. Cancer Immunol Immunother. 2012;61(1):63—
70.

. Nakagawa M, Gupta SK, Coleman HN, et al. A favorable clinical

trend is associated with CD8 T—cell immune responses to the human
papillomavirus type 16 e6 antigens in women being studied for abnormal
pap smear results. J Low Genit Tract Dis. 2010;14(2):124-129.

. Seedorf K, Krammer G, Durst M, et al. Human papillomavirus type 16

DNA sequence. Virology. 1985;145(1):181-185.

. Nakagawa M, Kim KH, Gillam TM, et al. HLA class I binding

promiscuity of the CD8 T—cell epitopes of human papillomavirus type
16 E6 protein. J Virol. 2007;81(3):1412-1423.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Copyright:
©2014 Nakagawa et al.

. Wang X, Greenfield WW, Coleman HN, et al. Use of Interferon—gamma
enzyme-linked immunospot assay to characterize novel T—cell epitopes
of human papillomavirus. J Vis Exp. 2012; (61).

Wang X, Santin AD, Bellone S, et al. A novel CD4 T—cell epitope
described from one of the cervical cancer patients vaccinated with
HPV 16 or 18 E7—pulsed dendritic cells. Cancer Immunol Immunother:
2009;58(2):301-308.

Nakagawa M, Kim KH, Moscicki AB. Patterns of CD8 T—cell epitopes
within the human papillomavirus type 16 (HPV 16) E6 protein among
young women whose HPV 16 infection has become undetectable. Clin
Diagn Lab Immunol. 2005;12(8):1003—-1005.

Wang X, Moscicki AB, Tsang L, et al. Memory T cells specific for novel
human papillomavirus type 16 (HPV16) E6 epitopes in women whose
HPV16 infection has become undetectable. Clin Vaccine Immunol.
2008;15(6):937-945.

Bruni L, Diaz M, Castellsague X, et al. Cervical human papillomavirus
prevalence in 5 continents: meta—analysis of 1 million women with
normal cytological findings. J Infect Dis. 2010;202(12):1789-1799.

Clifford GM, Gallus S, Herrero R, et al. Worldwide distribution of
human papillomavirus types in cytologically normal women in the
International Agency for Research on Cancer HPV prevalence surveys:
a pooled analysis. Lancet. 2005;366(9490):991-998.

Piersma SJ, Welters MJP, van der Hulst JM, et al. Human papilloma virus
specific T cells infiltrating cervical cancer and draining lymph nodes
show remarkably frequent use of HLA-DQ and —DP as a restriction
element. Int J Cancer. 2008;122(3):486-494.

Nakagawa M, Kim KH, Moscicki AB. Different methods of identifying
new antigenic epitopes of human papillomavirus type 16 E6 and E7
proteins. Clin Diagn Lab Immunol. 2004;11(5):889-896.

Zwaveling S, Ferreira Mota SC, et al. Established human papillomavirus
type 16—expressing tumors are -effectively eradicated following
vaccination with long peptides. J Immunol. 2002;169(1):350-358.

Kim KH, Dishongh R, Santin AD, et al. Recognition of a cervical cancer
derived tumor cell line by a human papillomavirus type 16 E6 52-61—
specific CD8 T cell clone. Cancer Immun. 2006;6: 9.

Citation: Nakagawa MNM, Coleman HN,Wang X, et al. A human papillomavirus type 16 e6 52-62 cd4 t-cell epitope restricted by the hla-drl | molecule
described in an epitope hotspot. MOJ Immunol. 2014;1(3):11-12. DOI: 10.15406/m0ji.2014.01.00018


https://doi.org/10.15406/moji.2014.01.00018
http://www.ncbi.nlm.nih.gov/pubmed/21962466
http://www.ncbi.nlm.nih.gov/pubmed/21962466
http://www.ncbi.nlm.nih.gov/pubmed/21962466
http://www.ncbi.nlm.nih.gov/pubmed/20206957
http://www.ncbi.nlm.nih.gov/pubmed/20206957
http://www.ncbi.nlm.nih.gov/pubmed/20206957
http://www.ncbi.nlm.nih.gov/pubmed/12571259
http://www.ncbi.nlm.nih.gov/pubmed/12571259
http://www.ncbi.nlm.nih.gov/pubmed/12571259
http://www.ncbi.nlm.nih.gov/pubmed/12556961
http://www.ncbi.nlm.nih.gov/pubmed/12556961
http://www.ncbi.nlm.nih.gov/pubmed/12556961
http://www.ncbi.nlm.nih.gov/pubmed/17405118
http://www.ncbi.nlm.nih.gov/pubmed/17405118
http://www.ncbi.nlm.nih.gov/pubmed/17405118
http://www.ncbi.nlm.nih.gov/pubmed/19509544
http://www.ncbi.nlm.nih.gov/pubmed/19509544
http://www.ncbi.nlm.nih.gov/pubmed/19509544
http://www.ncbi.nlm.nih.gov/pubmed/19509544
http://www.ncbi.nlm.nih.gov/pubmed/19509544
http://www.ncbi.nlm.nih.gov/pubmed/10915094
http://www.ncbi.nlm.nih.gov/pubmed/10915094
http://www.ncbi.nlm.nih.gov/pubmed/10915094
http://www.ncbi.nlm.nih.gov/pubmed/10915094
http://www.ncbi.nlm.nih.gov/pubmed/21842207
http://www.ncbi.nlm.nih.gov/pubmed/21842207
http://www.ncbi.nlm.nih.gov/pubmed/21842207
http://www.ncbi.nlm.nih.gov/pubmed/21842207
http://www.ncbi.nlm.nih.gov/pubmed/20354421
http://www.ncbi.nlm.nih.gov/pubmed/20354421
http://www.ncbi.nlm.nih.gov/pubmed/20354421
http://www.ncbi.nlm.nih.gov/pubmed/20354421
http://www.ncbi.nlm.nih.gov/pubmed/2990099
http://www.ncbi.nlm.nih.gov/pubmed/2990099
http://www.ncbi.nlm.nih.gov/pubmed/17108051
http://www.ncbi.nlm.nih.gov/pubmed/17108051
http://www.ncbi.nlm.nih.gov/pubmed/17108051
http://www.ncbi.nlm.nih.gov/pubmed/22434036
http://www.ncbi.nlm.nih.gov/pubmed/22434036
http://www.ncbi.nlm.nih.gov/pubmed/22434036
http://www.ncbi.nlm.nih.gov/pubmed/18446336
http://www.ncbi.nlm.nih.gov/pubmed/18446336
http://www.ncbi.nlm.nih.gov/pubmed/18446336
http://www.ncbi.nlm.nih.gov/pubmed/18446336
http://www.ncbi.nlm.nih.gov/pubmed/16085919
http://www.ncbi.nlm.nih.gov/pubmed/16085919
http://www.ncbi.nlm.nih.gov/pubmed/16085919
http://www.ncbi.nlm.nih.gov/pubmed/16085919
http://www.ncbi.nlm.nih.gov/pubmed/18448624/
http://www.ncbi.nlm.nih.gov/pubmed/18448624/
http://www.ncbi.nlm.nih.gov/pubmed/18448624/
http://www.ncbi.nlm.nih.gov/pubmed/18448624/
http://www.ncbi.nlm.nih.gov/pubmed/21067372
http://www.ncbi.nlm.nih.gov/pubmed/21067372
http://www.ncbi.nlm.nih.gov/pubmed/21067372
http://www.ncbi.nlm.nih.gov/pubmed/16168781
http://www.ncbi.nlm.nih.gov/pubmed/16168781
http://www.ncbi.nlm.nih.gov/pubmed/16168781
http://www.ncbi.nlm.nih.gov/pubmed/16168781
http://onlinelibrary.wiley.com/doi/10.1002/ijc.23162/abstract
http://onlinelibrary.wiley.com/doi/10.1002/ijc.23162/abstract
http://onlinelibrary.wiley.com/doi/10.1002/ijc.23162/abstract
http://onlinelibrary.wiley.com/doi/10.1002/ijc.23162/abstract
http://www.ncbi.nlm.nih.gov/pubmed/15358648
http://www.ncbi.nlm.nih.gov/pubmed/15358648
http://www.ncbi.nlm.nih.gov/pubmed/15358648
http://www.ncbi.nlm.nih.gov/pubmed/12077264
http://www.ncbi.nlm.nih.gov/pubmed/12077264
http://www.ncbi.nlm.nih.gov/pubmed/12077264
http://www.ncbi.nlm.nih.gov/pubmed/16808432
http://www.ncbi.nlm.nih.gov/pubmed/16808432
http://www.ncbi.nlm.nih.gov/pubmed/16808432

	Title
	Abstract
	Keywords
	Abbreviations
	Introduction
	Materials and methods 
	Subject
	HPV-DNA testing 
	Peptides
	Peptides
	Screening T-cell clones 
	Confirming the specificity of T-cell clones 
	Identifying the core amino acid sequence of the novel HPV 16 E6 CD4 epitope 
	Identifying the restriction HLA class II molecule 
	Recognition of homologous CD4 T-cell epitopes from other high-risk HPV types 
	HLA typing 
	Fluorescence-activated cell sorter analysis 

	Results 
	Discussion
	Conclusion
	Acknowledgements
	Conflicts of Interest 
	References
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	Figure 5
	Table 1
	Table 2
	Table 3

