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Abstract Oropharyngeal cancer (OPC) is a type of squa-
mous cell head and neck cancer that is often associated
with human papillomavirus (HPV) infection, suggesting
the potential for immunotherapeutic targeting of HPV anti-
gens. This study aimed to determine the effect of radical
therapy on HPV-specific T cells and other immune param-
eters in 20 OPC patients, as a prelude to future immuno-
therapy studies. HPV DNA could be detected in 9/12 avail-
able tissue samples (8/9 HPV™ samples were also p16™).
HPV-specific T cell responses against HPV16 E6 and E7
peptides were detected by enzyme-linked immunoSPOT
in 10/13 and 8/13 evaluable patients, respectively, but did
not appear to correlate with HPV status. Post-treatment,
both HPV E6 and E7 T cell responses were decreased
(4/13 and 2/13 patients, respectively). These reductions
in T cell response could not be explained by a concur-
rent decrease in memory T cells whose absolute numbers
were relatively unaffected by radical therapy (27,975 vs.
25,661/10° PBMC) despite a significant decrease in over-
all lymphocyte counts (1.74 vs. 0.69 x 10°/L). Instead,
there were significant increases in regulatory T cells (3.7
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vs. 6.8 %) and a population of myeloid-derived suppressor
cells (CD14 HLA-DRCD15", 12.38 vs. 21.92 %). This
suggests that immunosuppression may contribute to the
reduction in HPV-specific T cell responses post-treatment,
although study of larger patient cohorts will be required
to test whether this affects clinical outcome. Overall these
findings suggest that HPV-targeted immunotherapy in
post-therapy OPC patients will require multiple strategies
to boost T cell immunity and to overcome the influence of
immunosuppressive cells.

Keywords OPC - HPV - T cells - Immunosuppression

Introduction

The increased incidence of oropharyngeal cancer (OPC), a
squamous cell carcinoma affecting the tonsils, tongue base
and soft palate, has been described as an epidemic [1]. In
2009, 1,346 patients were diagnosed with OPC in the UK
and incidence rates are still rising [1, 2].

Human papilloma virus (HPV) is an oncogenic DNA
virus that is commonly associated with cancers of the cer-
vix, anus, vulva and penis and is now widely accepted as
a key aetiological agent in the development of OPC [3,
4]. HPV has two major oncoproteins, E6 and E7, which
functionally inactivate the tumour suppressor proteins
pS3 (leading to loss of p53-dependent apoptosis) and ret-
inoblastoma (resulting in loss of cell cycle control), respec-
tively, leading to malignant transformation [5].

Despite its oncogenic potential, it is well documented
that HPV' OPC has a better prognosis than HPV~ OPC [6,
7]. HPV* tumours respond better to induction chemother-
apy and chemoradiotherapy compared to HPV™ tumours
and are associated with longer overall survival. One likely
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explanation for this is immune involvement, triggered
by the presence of ‘non-self’ HPV antigens, E6 and E7.
There is indeed strong evidence that immune parameters
are a key-determining factor in disease outcome. Pre-clin-
ical models have shown that chemoradiotherapy induces
tumour regression preferentially in immune competent
mice [8]. Furthermore, limited immune cell infiltration of
tumours is associated with decreased overall survival and
increased locoregional recurrences in head and neck cancer
(HNC) patients [9], and HPV* tumours often show strong
T cell infiltration compared to HPV™ tumours [10, 11].
Immune engagement with HPV is also demonstrated by the
presence of functional HPV-specific T cells and circulating
antibodies to HPV 16 in patients [10, 12, 13].

These observations strengthen the argument that there is
a role for T cell-mediated immunity in HPV™ OPC. How-
ever, such studies focus on patients at time of diagnosis,
prior to treatment. Despite much interest in immunothera-
peutic vaccine development for the treatment for HPV™
OPC [14-16], little is known about changes in HPV-spe-
cific immune responses and immune cell phenotype in OPC
patients undergoing radical (potentially curative) treatment.
This is particularly important as there is no consensus on
whether curative therapy in HNC patients favours or hin-
ders anti-tumour immunity [17]. One study has looked at
the differences in intratumoural immune profiling pre- and
post-chemoradiotherapy and reported that immunosuppres-
sive regulatory T cells (Tregs) were depleted to a greater
extent than cytotoxic T cells (CTL) and this shift towards a
more cytotoxic response was associated with better disease
free survival [1, 18]. However, antigen specificity was not
determined.

Immunosuppressive cells of relevance to HNC are Tregs
and myeloid-derived suppressor cells (MDSC). Tregs are
correlated with poor prognosis in HNC patients [2, 19,
20]. They have been shown to inhibit T cell function via
mechanisms including the induction of T cell apoptosis
via Fas/FasL pathway [3, 4, 21] and ATP hydrolysis, gen-
erating immunosuppressive adenosine [5, 22]. MDSC are
a heterogeneous population of myeloid cells with diverse
tumorigenic and immunosuppressive mechanisms [6, 7,
23]. Their induction, expansion and function have been
linked to various inflammatory cytokines and growth fac-
tors, some of which have been found in higher levels in the
serum of HNC patients with progressive disease [8, 24].
In HNC patients and mouse models, MDSC were shown
to suppress T cell function via release of reactive oxygen
intermediates, nitric oxide and arginine depletion [9, 25,
26]. They have also been implicated in the induction and
expansion of Tregs in cancer patients [10, 11, 27]. Elucidat-
ing their frequency post-therapy is also particularly useful
for vaccine design as both have been described as signifi-
cant barriers to immunotherapy [1, 10, 12, 13, 28].
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This study addresses, for the first time, treatment-
induced changes in HPV-specific T cell responses as well
as frequencies of pro-inflammatory memory T cells and
immunosuppressive cell populations in the peripheral
blood of OPC patients.

Materials and methods
Patient profile

Ethical approval was gained from the South East Wales
Research Ethics Committee, and this study has been per-
formed in accordance with the ethical standards laid
down in the 1964 Declaration of Helsinki and its later
amendments.

A total of 20 patients, diagnosed with OPC between
18/10/2010 and 07/10/2011 at the University Hospital of
Wales, Cardiff (10 patients) and the Royal Gwent Hospi-
tal, Newport (10 patients) were recruited. The mean age of
patients was 56 years, and the male—female ratio was 4:1.
While patients were not selected on the basis of the stage
of their disease, all 20 patients had stage IVa or IVb disease
with no distant metastatic disease.

All patients were treated radically; 15 patients received
radical chemoradiotherapy (CRT) to a total dose of 66 Gy
in 30 daily fractions; 1 patient had concurrent EGFR
monoclonal antibody (cetuximab) and radiotherapy to the
same dose; 4 patients received primary surgical treatment
with post-operative radiotherapy of 60 Gy in 30 daily
fractions, with concurrent chemotherapy in 2 patients.
Healthy individuals were included as controls for flow
cytometry.

Isolation of peripheral blood mononuclear cells (PBMC)

Venepuncture (with informed consent) of 50 ml of blood
was performed at two time points, prior to commencing
treatment and median 9 weeks and 3 days (range 6 weeks
4 days to 16 weeks 5 days) after completion. At each time
point, a full blood count (FBC) was determined. Blood was
transferred into heparinised tubes and immediately trans-
ported at room temperature to the laboratory for separa-
tion. PBMC were isolated by density gradient centrifuga-
tion on Histopaque (Sigma, UK). Cells were cryopreserved
at a cell density of 3—-5 x 10° cells/vial in 1 ml freezing
media comprising 40 % complete RPMI 1640 media (sup-
plemented with 2 mM glutamine, 100 pg/ml streptomycin,
100 U/ml penicillin and 10 mM HEPES; Invitrogen, UK),
50 % foetal calf serum (Invitrogen, UK) and 10 % DMSO
(Sigma, UK). PBMC from patient and healthy blood were
cryopreserved and only assayed once all longitudinal sam-
ples had been collected.
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Table 1 HPYV status, clinical details and HPV-specific T cell responses of OPC patients in this study

Patient® ple® HPV DNA® Neoadjuvant Definitive Platinum- RT + Cetuximab Primary Surgery E6orE7T
Chemothx! based CRT (EGFR) Post-op RT cell Resp.®

2 + HPV16 0 1 0 0 +

3 + HPV16 PF 0 1 0 +

4 + HPV16 TPF 1 0 0 +

5 + HPV16 TPF 1 0 0 +

6 + HPV16 0 0 0 1 +

7 + NT 0 1 0 0 +

8 + HPV16 0 0 0 1 -

9 + HPV16 TPF 1 0 0 +

16 - No HPV TPF 1 0 0 +

17 - No HPV PF 0 1 0 +

18 + No HPV TPF 1 0 0 +

19 + HPV16 TPF 0 1 0 +

20 + HPV16 0 1 0 0 +

# Only typing results for patients tested for immune responses are shown. There was adequate biopsy material for a total of 17 patients; 13/17
tested positive for HPV DNA with 12/13 also testing positive for p16 expression

b Expression of p16 kA a5 detected by immunohistochemistry

¢ Presence of HPV DNA in tumour tissue as detected by PCR; NT = not tested due to inadequate sample

4 TPF = chemotherapy with docetaxel (T), cisplatin (P) and 5 fluorouracil (F), CRT = concurrent platinum-based chemotherapy and radiotherapy

¢ Peptide-specific response as detected by IFNy ELISPOT, pre-therapy

Enzyme-linked immunoSPOT (ELISPOT) assay

The ELISPOT protocol was adapted from Smith et al. [2,
14-16, 29]. PBMC samples pre- and post-therapy from
each patient were tested in the same experiment. PBMC
(2 x 10% were seeded in a 24-well plate (BD Biosciences,
UK) before addition of 15mer HPV16 E6 (25 peptides) or
E7 peptide pool (15 peptides), to a final concentration of
5 pg/ml. A positive peptide pool (PPP; 5 pg/ml; 18 pep-
tides) containing peptides from influenza, human cytomeg-
alovirus, Epstein—Barr virus and tetanus was used as a posi-
tive control. The peptide sequences used are detailed in a
table in Online Resource 1. Following a three-day incuba-
tion, 20 IU/ml IL-2 (Novartis, UK) was added for a further
3 days. Then following a further day without IL-2, PBMC
were harvested for setting up the ELISPOT assay.

A Multiscreen 96-well plate (Millipore, UK) was
coated with IFN-y capture antibody (Mabtech, Sweden),
and 1 x 10° cells/well were seeded. As a negative con-
trol, cells were incubated either alone or with 1 x 10°
autologous PBMC (used to calculate background). The test
wells were incubated with autologous PBMC loaded with
either E6, E7 or PPP peptides (5 pwg/ml). A mitogen mix
was also included, as a positive control for T cell integ-
rity, comprising PHA (6 pg/ml), PMA (150 ng/ml), iono-
mycin (2.25 mg/ml) and concanavalin A (60 pwg/ml). Each
treatment condition was set up in triplicate. The ELISPOT
plates were incubated for 18-20 h at 37 °C and developed

following the manufacturer’s instructions (Mabtech, Swe-
den). The spots were counted using an AID ELISPOT plate
reader (AID-Diagnostika, Germany).

To determine peptide-specific T cell responses, a modi-
fied version of a previous method [3, 4, 17, 30] was used.
The mean + 2SD of controls wells (T cells + PBMC)
was subtracted from the mean of experimental wells
(T cells + PBMC + peptide). A positive response was
assigned if this exceeded 10 spots per 10° input cells [5,
30]. Out of the 20 patients assayed, results from 13 patients
were technically evaluable (clinical details summarised
in Table 1). A supplemental data table (Online Resource
2) details the mean spot counts and standard deviations
obtained from each test condition.

Immunohistochemistry (IHC)

Immunohistochemistry for p16™4A, a surrogate marker for
‘biologically active’ HPV [3, 6, 7], was carried out by pathol-
ogy departments at referring hospitals (University Hospital
of Wales, Cardiff and Royal Gwent Hospital, Newport).

Polymerase chain reaction-enzyme-linked immunoassay
(PCR-EIA)

Sectioning was performed with appropriate precautions

to prevent inter-block DNA contamination (e.g. thorough
cleaning of microtome, use of fresh blades). DNA was

@ Springer



1824

Cancer Immunol Immunother (2013) 62:1821-1830

extracted from 2 x 10 wm sections of FFPE biopsies using
the Qiagen FFPE Kit (Qiagen, Hilden, Germany). To con-
trol for contamination during sectioning, sections were
cut from a blank paraffin block and processed in parallel
with the tumour sections. Adequacy of extracted DNA was
assessed by PCR for the human B-globin gene as previ-
ously described [8, 31].

HPV testing was performed by GP5 +/GP6 + PCR-
ELISA [9, 32]. A two-tier method was applied with ini-
tial screening by PCR-ELISA using cocktails of high-risk
or low-risk HPV type-specific probes, followed by a sec-
ond PCR-ELISA of all high-risk-positive samples with 14
individual probes for HPV types 16, 18, 31, 33, 35, 39, 45,
51, 52, 56, 58, 59, 66 and 68. PCR cycling conditions were
94 °C 4 min then 40 cycles of 94 °C 305,40 °C 90 s, 72 °C
60 s followed by 72 °C for 4 min. Positive (CaSki HPV16
positive cell line DNA) and negative (water) controls were
included.

Flow cytometry

Sufficient PBMC numbers were available from 16 of the
20 patients for phenotyping. Cells (4 x 10°) were labelled
with fluorochrome-conjugated antibodies to identify mem-
ory T cells (CD3, CD4, CDS8, CD69, CD28 and CD45RA),
MDSC (CD33, HLA-DR, CD124, CD15, CD14 and
CD11b) and Tregs (CD3, CD4, CD25, Foxp3 and Ki67). All
antibodies were purchased from Ebioscience (UK). Cells
were stained in a staining buffer comprising of PBS sup-
plemented with 2 % FBS and 1 mM EDTA. Cells stained
for T cell and MDSC phenotypes were incubated with anti-
bodies on ice for 40 min. For Treg staining, cells were first
stained for CD3, CD4, and CD25 on ice for 40 min and fol-
lowing washing, cells were stained for intracellular Foxp3,
using the Foxp3 staining kit according to the manufacturer’s
instructions (Ebioscience). Analysis was carried out on a
BD FACSCanto flow cytometer using FACSDiva software.

Statistics

Statistical significance of changes in HPV-specific T cell
responses and immune cell phenotype, pre- and post-treat-
ment, was determined with a paired t test and 95 % confi-
dence interval, using GraphPad Prism software.

Results

HPV-specific T cell responses were diminished
post-treatment in the majority of patients

Overall, T cell responses to HPV16 E6 and E7 peptides
were detected pre-treatment in 77 % (10/13) and 62 %
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Fig. 1 Scatter plot of all evaluable patients tested for HPV16 E6 and
E7, and PPP-peptide-specific T cell responses by IFN-y ELISPOT.
Each dot represents a mean spot count for the replicate test wells
(T cells + PBMC + peptide) after subtraction of the background
(T cells + PBMC). The horizontal bars indicate the means for all
patients (n = 13)

(8/13) of patients, respectively. For evaluated patients as
a whole, there was a trend towards decreased ELISPOT
responses (Fig. 1), with a significant decrease in E7 pep-
tide responses (p < 0.05, Fig. 1). More detailed break-
down of the responses showed that the number of patients
with post-treatment T cell responses to E6 and E7 pep-
tides had decreased: E6 peptide responses fell from 77 %
(10/13) pre-treatment to 31 % (4/13) post-treatment and
E7 responses fell from 62 % (8/13) pre-treatment to 15 %
(2/13) post-treatment (Online Resource 2).

Recall antigen (PPP) responses were higher in mag-
nitude compared to HPV16 responses pre- and post-
treatment, but more variable between patients (Fig. 1,
Online Resource 2). Some patients (2/13) did not have
demonstrable PPP responses due to high background
responses. There was a trend towards lower magni-
tude PPP responses (Fig. 1) post-treatment; however,
the number of positive responses (11/13) remained the
same pre- and post-treatment (Online Resource 2). Rep-
resentative T cell responses against HPV16 peptides and
PPP are shown graphically in supplemental data (Online
Resource 3).

HPV-specific T cell responses did not correlate
with tumour HPV status

To determine whether the ELISPOT data correlated with
HPV status, we assessed HPV positivity in two ways; p16
overexpression as a surrogate marker detected by IHC and
presence of HPV DNA as detected by GP5 +/6 + PCR-
EIA [30].
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Data summarising HPV status are shown in Table 1.
Eighty-five percentage (11/13) of patient tumours over-
expressed pl6 by IHC. Only 12/13 patients had adequate
DNA for HPV typing by GP54-/6 + PCR. In 75 % (9/12)
of these patients, HPV DNA was detected in the tumour.
In 92 % (11/12) of dually evaluable tumour blocks, p16
expression and HPV DNA were concordant, however, in
patient 18 only positivity for p16 was observed.

When linking HPV status with the ELISPOT data
(Table 1), we found that 67 % (8/12) of patients who had
detectable HPV-specific T cell responses also had HPV™
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Fig. 2 Changes in haematological parameters in OPC patients fol-
lowing radical therapy. The graphs show changes in a lymphocyte
counts, b monocyte counts, ¢ platelet counts, d haemoglobin levels,
e CD3" T cell numbers and f CD4:CDS8 ratios both pre- and post-
treatment. The lymphocyte, monocyte, platelet counts and haemoglo-
bin levels were taken from the routine FBC in the clinic. The CD3" T
cell count was calculated using the CD3™ T cell frequencies (deter-
mined by flow cytometry) as a proportion of the lymphocytes. The
CD4:CDS8 ratios were calculated using the frequencies of CD4" and
CDS8* (single positives) within the CD3™ T cell population. Each data
set represents n = 16 patients

tumours; however, three patients with HPV™ tumours also
displayed such responses. This suggests that a correlation
is unlikely between HPV status of the tumour and T cell
responses to HPV antigens in these patients.

Lymphocyte, but not monocyte, counts decrease
following treatment

Radical therapy is commonly associated with lymphopaenia.
As we were assessing T cell responses in these patients, it
was important to determine treatment-related haematological
changes. Total lymphocyte count was significantly reduced
post-treatment (1.7 vs. 0.7 x 10°/L, p < 0.001; Fig. 2a),
while monocyte numbers (0.4 vs. 0.6 x 10°/L; Fig. 2b),
platelet counts (282 vs. 259 x 10%/L; Fig. 2c) and haemoglo-
bin (13.6 vs. 12.5 g/dl; Fig. 2d) remained more stable.

In accordance with reduced lymphocyte numbers, the
number of CD3" T cells was also significantly reduced
post-treatment (0.9 x 10°/L vs. 0.4 x 10°/L, p < 0.005;
Fig. 2e). The CD4:CDS ratio (within CD3™ T cells) pre-
treatment was similar to that seen in healthy controls (3.58,
n = 4). However, the CD4:CD8 ratios were significantly
decreased by more than 50 % post-treatment (3.4 vs. 1.5,
p < 0.005; Fig. 2f). Based on this analysis of absolute
cell numbers, both CD4" and CD8" T cell numbers were
decreased post-treatment; however, there was a larger
decrease in CD4" T cells relative to CD8" T cells (3.3-fold
vs. 1.4-fold decrease, data not shown).

Relative increase in memory T cell frequencies in patients
post-treatment

To investigate potential mechanisms for the decrease in
HPV T cell responses post-treatment, we determined the
effects of radical therapy on the frequencies of memory T
cells, namely central memory (Ty; CD28TCD45RA™),
effector memory (Tgy;; CD28 CD45RA™) and terminal
effector (Tyg; CD28 CD45RA™) memory cells [10, 11,
33]. The contour plots used to identify these subsets among
CD3™ T cells are illustrated in Fig. 3a.

The frequencies of all three CD3% memory subsets
increased post-treatment, of which, Tgy, and Ty cell fre-
quencies were significantly increased (2.7 vs. 5.1 %,
p < 0.05 and 16.8 vs. 29 % p < 0.05, respectively, Fig. 3b).
Conversely, naive T cell frequencies were significantly
reduced (47 vs. 32.5 %, p < 0.0001). This demonstrates a
preferential survival or expansion of memory T cells after
treatment (Fig. 3b).

In order to determine whether the absolute number of
memory T cells was reduced post-treatment, accompany-
ing the decrease in CD3" T cell frequencies, we calculated
absolute numbers of the combined (T, Tpy and Top)
CD3" memory and naive T cells as a proportion of 1 x 10
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Fig. 3 The effects of radical therapy on memory T cells. a A repre-
sentative contour plot demonstrating the quadrants used to determine
memory T cell subsets and naive T cells within the CD3" population.
Changes in the frequencies of memory and naive T cells (b) and in
the absolute numbers of memory (c) and naive (d) T cells, calculated
as a proportion of 1x10° total PBMC pre- and post-treatment. Each
data set represents n = 16 patients

total PBMC (as seeded in the ELISPOT wells). Although
a slight decrease in absolute memory T cell numbers was
observed post-treatment, this was not statistically signifi-
cant (27,975 vs. 25,661, Fig. 3c). There was, however, a
very significant reduction in absolute naive T cell num-
bers (24,385 vs. 10,966, p < 0.0001, Fig. 3d). This dem-
onstrates that the naive T cells were preferentially elimi-
nated or matured by the radical treatment. Taken together,
our results suggest that changes in memory T cell numbers/
frequencies were not the primary reason for the observed
decrease in E6- and E7-specific T cell frequencies after
treatment.

Immunosuppressive cells were also expanded in patients
post-treatment

In order to determine whether reduced T cell responses
post-treatment could result from tumour-associated
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immunosuppression, we assessed treatment-related differ-
ences in the frequencies of Tregs (CD4"CD25"Foxp3™)
and granulocytic MDSC (defined here as CD14 "HLA-
DR-CD15"). Gating strategies for Tregs and MDSCs are
shown in Fig. 4a, b.

Following treatment, Treg frequency significantly
increased by almost twofold (3.7 vs. 6.8 %, p < 0.0001;
Fig. 4c). However, Treg proliferation, assessed by Ki67
expression, did not change (data not shown). We found that
CD14 "HLA-DR™ cells overexpressing the carbohydrate
adhesion molecule CD15 were greatly elevated in patients
at baseline when compared to healthy individuals. Further-
more, these cells were significantly increased post-treat-
ment (12.38 vs. 21.92 %, p < 0.005; Fig. 4d).

Our data demonstrate that Tregs and granulocytic MDSC
(CD14"HLA-DR~CD15") were elevated in patients and
increase in frequency post-treatment. Therefore, there are
changes in the frequency of potentially immunosuppressive
cells that may regulate T cell responses.

Discussion

This pilot study has shown that the frequency of systemic
HPV16-specific T cells in the peripheral blood of 13
patients with OPC can fall dramatically following radical
treatment. Furthermore, there was an expansion in the fre-
quency of Tregs and MDSC post-treatment in 16 patients
studied. While the patient numbers were small, the results
suggest the potential for a more immunosuppressive envi-
ronment in the periphery despite decreased tumour burden.

Functional HPV-specific T cells were detectable in the
majority of OPC patients (92 %, 12/13). These cells were
detectable in patients with both HPV' (73 %, 8/11) and
HPV™ (100 %, 2/2) tumours. This study confirms previous
findings detecting peripheral HPV-specific T cells prior to
treatment in 48 % (10/21) of OPC patients [10]. In common
with our study, they found that E6-specific T cells were
more common than E7 (38 % E6 vs. 14 % E7 published;
77 % E6 vs. 62 % E7 this study) and that these T cells can
be found in patients with HPV™ tumours. Radical therapy
decreased the numbers of patients for whom HPV E6- or
E7-specific T cell responses could be detected (Online
resource 2), although there were also patients for whom
there was no significant change in HPV-specific T cell
response post-therapy (e.g. HPV16 E6 for patient 9, Online
Resource 2 and 3). The small number of patients studied,
and the heterogeneity of their clinical characteristics, made
it difficult to establish any correlations between HPV-spe-
cific immunity and disease burden (Online Resource 4).

It may be that the detection of HPV-specific T cells
in HPV™ patients is simply evidence of a previous viral
encounter. Indeed, HPV-specific memory T cells can be
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Fig. 4 The effects of radical
therapy on immunosuppres-
sive cells. The gating strate-
gies used to identify a Tregs
(CD3+CD4+CD25"Foxp3*
cells within the lympho-

cyte gate) and b MDSC

(CD14"HLA-DR™ and CD15" b
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found in healthy individuals with no obvious HPV-asso-
ciated diseases [10, 12, 13, 30]. The fact that tumour for-
mation can proceed in the presence of demonstrable HPV-
specific T cell responses highlights the uncertainty that
remains in understanding the role of the immune system in
patients with HPV+ OPC. However, it should be noted that
systemic T cell responses against HPV are relatively weak
when compared to T cell responses against other tumour
antigens, but can be readily boosted by vaccination for clin-
ical benefit, e.g. in HPV-associated anogenital neoplasia
[14-16, 34]. Alternatively, the inability of T cells to control
disease may be a product of systemic elimination, attrib-
uted to spontaneous apoptosis in vivo, of tumour-reactive
T cells, which has been described in HNC patients [17, 35—
37]. This may be exacerbated by radical therapies involving
chemoradiotherapy.

It has been argued that the favourable prognosis
observed in HPVt OPC vs. HPV~ OPC may be due to
favourable immune responses directed against non-self
viral antigens. In support of this, recent studies have shown
that there is a correlation between tumour-infiltrating CD4*
[18, 38] and CD8™ [19, 20, 39, 40] T cells and favour-
able prognosis. HPV16-specific T cells can be grown from
tumour biopsies [10, 21], suggesting that at least some of
the infiltrating T cells are HPV-specific.

The frequency of systemic HPV-specific T cell responses
was diminished in patients post-treatment. These obser-
vations might be accounted for by decreased lymphocyte
and CD3" T cell counts post-treatment. However, accom-
panying this lymphopaenia was a redistribution of T cell
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subsets, for example, we have shown that the CD4:CDS§
ratio decreases following therapy, which can be associ-
ated with improved overall survival in OPC patients [22,
41]. The decrease in this ratio was a reflection of a rela-
tive gain in CD8™ T cell numbers at the expense of CD4*
T cells, suggesting that CD4™ T cells might be more sensi-
tive to the systemic effects of radical therapy. It is possible
that global loss of CD4" T cells may have affected the fre-
quency of the HPV-specific T cells detected by ELISPOT.
Such a global loss should also affect the detection of PPP-
specific T cells, but there was no difference in the number
of patients responding to PPP pre- and post-therapy.

The significant reduction in T cells was absorbed pre-
dominantly by the loss of naive T cells, as the memory T
cell fraction was significantly increased and only margin-
ally decreased in absolute numbers. The increase in fre-
quency of memory T cells relative to naive T cells may
be characteristic of the lymphopaenia induced by therapy,
which may drive the differentiation of naive T cells into
memory T cells [23, 42]. Indeed, it has been proposed that
lymphodepletion removes cellular elements that act as
sinks for cytokines which in turn augments the activity of
tumour-specific T cells [24, 43]. In HNC patients, chemo-
radiotherapy was also reported to induce antigen-specific T
cell responses both in vitro [25, 26, 44] and ex vivo [27,
45], which may supplement the memory T cell pool.

Overall, in this relatively small group of patients, it was
difficult to find any correlation between the results obtained
from immune cell phenotyping and detection of HPV-
specific T cell responses. The latter uses ELISPOT assays
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that are likely to be predominantly detecting CD4™ effec-
tor cells [29]. However, these assays also involve activa-
tion and culture of T cells in vitro. Multiple variables might
influence the end result, including the survival of CD4™ T
cells, the distribution and complexity of the CD4" T cell
subsets within each patient and the capacity of T cells to
proliferate in vitro. For a deeper understanding of the role
of HPV-specific T cells in disease, more direct methods
that allow simultaneous phenotyping and quantitation of
HPV-specific T cells ex vivo are required.

Changes in the immunosuppressive milieu following
treatment may also explain reduced frequency or func-
tion of HPV-specific T cells. HNC are well characterised
for supporting an immunosuppressive microenvironment
[46]. However, recent studies have suggested the situation
may be more complex, for example, associations have been
found between increased frequencies of tumour-infiltrating
CD4" T cells such as Tregs with either improved locore-
gional control [47] or increased survival [38], depending
on the study. The T cells infiltrating HNC are phenotypi-
cally complex, so multiple populations have the poten-
tial to influence clinical outcome. For example, increased
frequencies of activated CD4TCD69% T cells [47] and
CD4™PD1™ T cells are associated with improved overall
survival [38]. PD-1, a molecule associated with immune
exhaustion in chronic viral infection, has been found to
be highly expressed on the majority of tumour-infiltrating
CD8™ T cells in HPV'T OPC [48]. But, PD1" T cells can
consist of T cells with both activation and exhaustion phe-
notypes [38], emphasising the care needed in correlating T
cell markers with clinical outcome.

It is not clear whether T cells with the same apparent
phenotypic markers can have different functions depend-
ing on their location (tumour vs. periphery), and how
this relates to clinical prognosis. We found significantly
elevated frequencies of systemic Tregs post-treatment. A
previous cross-sectional study similarly reported an expan-
sion of peripheral Tregs in response to chemotherapy and
showed that they persisted post-treatment, even in the
absence of detectable disease [19]. Importantly, that study
showed that the systemic Tregs in OPC patients had potent
suppressive function. Further studies are required to resolve
this apparent dichotomy between tumour-infiltrating and
systemic Tregs in OPC.

We identified a population of CD14 HLA-DR-CDI15"
granulocytic MDSC that were elevated in patients follow-
ing radical therapy. MDSC have been shown to inhibit T
cells responses to both antigen and mitogen stimulation,
and their inhibition through maturation can restore in vitro
T cell responses [26]. Although MDSC were first isolated
from the tumours of HNC patients, peripheral MDSC have
not been extensively studied in HNC. Increased frequencies
of MDSC correlate with poorer clinical prognosis in several

@ Springer

human cancers [28]; therefore, it is likely that such cells will
mediate immunosuppression in OPC patients. It is also pos-
sible that the increase in Treg frequencies may be linked to
induction by MDSC [27]. While we showed a clear increase
in MDSC post-therapy using phenotypic markers, it will be
important to test the function of these cells in future stud-
ies. Murine models suggest that the function and activity of
MDSC may depend on their anatomical location [49], and
this may also be the case for human MDSC.

Our study points towards a potential increase in immu-
nosuppressive influences post-radical treatment. In order
to effectively target HPV-infected tumour cells after treat-
ment, an immune response of considerably greater mag-
nitude than the natural immune response identified in this
study is needed. As a result, we have instigated a phase I
trial termed ‘REALISTIC’ where adjuvant vaccination with
HPV16 E7 protein expressed by live recombinant listeria
(ADXS11-001) will be given to OPC patients following
standard therapy. This trial will investigate the safest dose
of vaccine that will induce strong systemic HPV16 E7-spe-
cific T cell responses. The current study has suggested mul-
tiple additional immune cell markers that could be investi-
gated alongside HPV-specific T cell responses, to provide a
more complete picture of the immunomodulating effects of
this vaccine.
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