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Abstract

Background: Nasopharyngeal cancer (NPC) is frequently associated with the Epstein-Barr virus (EBV).
Accordingly, attempts have been made to utilise the presence of non-human EBV-antigen on NPC cells
therapeutically by immunological interventions. In this context, data are lacking with regard to levels of EBV antigen
within the tumour as well as to intralesional presence and distribution of CD8+ T-cells and antigen-presenting
dendritic cells (DCs) and their expression of targets that may favour cross-presentation of antigen (e.g., the pattern
recognition receptor CD207). Arguably, such data may reflect specific “cancer immune phenotypes”, which in turn
may be linked to clinical features of disease including survival. Furthermore, pattern recognition receptors may be
targeted by specific adjuvants; y-PGA-Phe nanoparticles may represent one such possibility.

Methods: Fresh NPC biopsies were processed by multi-colour flow-cytometry focusing on DC subsets and their
expression of the C-lectin receptor CD207. Formalin-fixated and paraffin-embedded NPC samples were retrieved
and analysed for EBV-DNA quantitates and by immunohistochemistry focusing on CD207+ DCs and CD8+ T-cells.
Specific cancer immune phenotypes were explored, based on presence and distribution of lymphocytes, and
quantitates of intralesional CD207+ DCs and CD8+ T-cells were assessed with digital imaging. The association
between the biological parameters and the clinical features of disease was examined. In a rat model, effects of
topical exposure of y-PGA-Phe nanoparticles on middle ear mucosa were examined.

Results: EBV-DNA was present in NPC lesions (range: 0.0005-94617 copies/cell). The presence of CD8+ T-cells
was particularly high in EBV-DNA-rich tumours. Subsets of DCs, i.e. CD123+ pDCs, CD1c+ mDCs, CD141+ mDCs,
and CD1¢c-CD141-mDCs, were observed and a high frequency of CD207 expression was seen among CD1c+ mDCs
compared to the other subsets. In NPC, CD207+ cells, likely representing CD1c+ mDCs, were particularly frequent
in cancer cell areas. Specific “cancer immune phenotypes” were detected: “inflamed” (61.7%), “excluded” (29.8%),
and “deserted” (8.5%) and CD8 ratios aggregated as “inflamed” > “excluded” > “deserted”. An EBV-DNA load of
more than 70 copies/cell was associated with prolonged disease-free survival for EBV-DNA positive patients
(p=0.046). Between immune phenotypes, a statistically significant difference in disease-free survival was observed
between the “inflamed” and “excluded” subtypes (p=0.0090). y-PGA-Phe nanoparticles produced a type-1 response
characterized by generation of pro-inflammatory cytokines (IL-1a, IL-1, IL-6, MIP-1a, and TNF-a) and inflammatory
histopathological changes.

Conclusions: Specific intralesional DC subpopulations are present in NPC and the C-lectin receptor CD207,
involved in antigen cross-presentation, is frequently expressed. CD207+ DCs are constantly encountered among
cancer cells in NPC. Lymphocyte-based cancer immune phenotypes can be demonstrated in NPC and this
observation is confirmed by CD8+ T-cell quantification. The cancer immune phenotypes and intralesional EBV-DNA
load predicts survival in NPC. y-PGA-Phe NPs, antigen carriers with adjuvant properties, induces a local mucosal
response compatible with a type-1 response. All these findings are relevant for future antigen-specific active
immunotherapy for NPC.
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Introduction

Nasopharyngeal cancer (NPC) is a distinct entity among epithelial cancers of the
upper aerodigestive tract, frequently associated with the Epstein-Barr virus (EBV)
and with an often extensive infiltration of immune cells. In EBV-related cases, the
cancer cells consistently express virus-specific markers that may be regarded as
targets in potential antigen-directed treatment such as active immunotherapy.
Furthermore, individual patterns of intralesional immune cell infiltration, and the
particular presence of distinct immune cell subsets, may carry prognostic
information and may be therapy-directing in terms of suitability for e.g.
immunotherapy. In conclusion, nasopharyngeal cancer, in particular the EBV-
driven form, is an interesting candidate to explore for antigen-specific active
immunotherapy.

The overall objective of this thesis was to investigate certain aspects of NPC as
necessary background information for future antigen-specific active immuno-
therapy and for patient selection. In addition, the purpose was to investigate the local
inflammatory effect on a target mucosa of an antigen carrier/adjuvant system that
could be used in such an immunotherapeutic setting.

Specific aims were:

L To study whether or not intralesional dendritic cells (DCs) are present
in untreated NPC and, if so, which DC subtypes they represent and
whether or not they express the C-lectin receptor CD207.

1L To quantitate intralesional EBV-DNA in untreated NPC and investigate
its relationship with EBV-encoded RNA (EBER) and human papilloma
virus (HPV) as well as with clinical presentation and prognosis.

111 To explore immune phenotypes in NPC and quantitate intralesional
CD8+ T-cells and CD207+ DCs. Furthermore, to explore associations
between these features and intralesional EBV-DNA/EBER and clinical/
prognostic information, respectively.

V. To investigate whether or not specific nanoparticles (y-PGA-Phe
NPs), which are able to function as antigen carriers and adjuvants,
may produce a desirable immune response in a target mucosa.
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Background

The immune system

The human immune system consists of two integrated arms. The innate arm (i.e. the
native or non-specific immunity) reacts to non-specific molecular patterns,
expressed by damaged cells and pathogens, and executes a rapid early consistent
response. The adaptive arm (i.e. the acquired or specific immunity) reacts to highly
specific molecular components (antigens) and regulate a subsequent tailored
response that also induces a memory. Cells of the innate arm include natural killer
(NK) cells and the myeloid immune cells: mast cells, eosinophils, basophils,
neutrophils, macrophages and DCs. The innate defence also includes the
complement system and the chemical, physiological and structural barriers of the
human body. An important feature of the innate response is the activation of the
adaptive response [1].

The adaptive response, mediated by B- and T-lymphocytes (B- and T-cells)
comprises two main types of effector responses: the cell-mediated immunity and the
humoral immunity. Activated CD8+ T-cells, i.e. cytotoxic T-lymphocytes (CTLs),
and NK-cells are the main effector cells of the cell-mediated response, while the
humoral response is primarily effectuated by B-cell produced antibodies. The
response patterns are orchestrated by CD4+ T-cells, termed helper T-cells (Th-
cells), which can be sub-classified as e.g. Th1-, Th2- and Th17-cells; activators and
stimulators of different types of adaptive effector responses. The Th1-cells mediate
the type-1 response, equalling the cell-mediated response, directed against
intracellular pathogens, but also against defective cells such as cancer cells. The
type-2 response, i.e. the humoral response, is mediated by Th2-cells and is typically
directed against extracellular pathogens. Thl7-cells are also mediators of the
defence against extracellular pathogens. In addition, the different CD4+ cell subsets
are also activators of myeloid immune cells of the innate arm: macrophages within
the type-1 response, mast cells, eosinophils and basophils within the type-2
response, and neutrophils by CD4+ Thl17-cells [1]. Notably, an additional lineage
of CD4+ Th-cells exists, the rare Treg-cells, which are responsible for down-
regulating the immune responses when appropriate [2-4].

The innate response partly relies on expression of different pattern recognition
receptors (PRRs); membrane-bound or cytosolic receptors that react on danger
signals. The most important PRRs are the Toll-like receptors (TLRs) and the C-
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lectin receptors. PRRs are highly conserved receptor structures that bind to
pathogen-associated molecular patterns (PAMPs) and damage-associated molecular
patterns (DAMPs). PAMPs are structures unique for microbes that are also highly
conserved; examples include lipopolysaccharides (LPS) of gram-negative bacteria
and double-stranded RNA of replicating viruses. DAMPs are structures related to
cell damage and cell death. PRRs are expressed on most cells of the innate immune
system [5, 6]. PRR ligands that are not considered as PAMPs or DAMPs, which
elicit an immune response, may be considered adjuvants.

Apart from detection of pathogens, an important element of the immune response is
the identification and annihilation of faulty own cells, for example infected cells and
tumour cells. For this purpose, the major histocompatibility complex (MHC)
molecules constantly present peptides to the adaptive arm of the immune system.
MHC class I molecules are found on most cells of the human body. They present
intracellular antigen to effector cells, reflecting what resides inside the particular
cell, and thus potentially evoking a response towards it. In contrast, MHC class 11
molecules are found solely on antigen-presenting cells (APCs), comprising
macrophages, B-cells and DCs. These are cells that detect and internalise
extracellular antigen and present it to CD4+ T-cells, thereby setting the stage for a
possible adaptive effector response and linking the innate and the adaptive arm of
the immune system. The interaction with T-cells is facilitated through binding of
CD80 and CD86 on APCs to the co-stimulatory T-cell membrane protein CD28 [1,
71.

DCs, characterised in the early 1970s [8], are the most potent of the APCs and key
regulators of the T-cell polarization [9] (Figure 1). The DC population is small and
heterogeneous. DCs are often sub-classified as CDlc+, CD141+ and CD16+
myeloid DCs (mDCs), and CD123+ plasmacytoid DCs (pDCs) [10], but
subpopulations exist that fall outside this way of categorisation, such as CDlc-
CD141- mDCs [11, 12]. DCs express PRRs that differ between subsets, which can
also be used for classification [10]. These differences also imply that the obtained
effects at activation differs, skewing the response in various directions, for example
into a type-1 or a type-2 response [13, 14].
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Figure 1. Scanning electron microscope image showing dendritic cells (pseudo-coloured in green) interacting with T-
cells (pseudo-coloured in pink). Photo kindly provided by National Institutes of Health, Maryland, USA. Creators: Dr.
Victor Segura Ibarra and Dr. Rita Serda, Texas Center for Cancer Nanomedicine, Texas, USA.

DC-mediated cross-presentation of antigen is a prerequisite for an effective
activation of the CTL response (the type-1 response). Among APCs, DCs are unique
in their ability to use MHC class I molecules to present antigen from other cells, e.g.
virus-infected or cancer cells, to naive CD8+ T-cells and simultaneously activate
them without annihilation of the presenter itself. This cross-presentation response is
amplified through binding to PRRs, and separate DC populations differ in their
ability to perform cross-presentation of antigen; response patterns likely in part due
to the differences in PRR expression [9, 15-17]. Accordingly, PRRs on DCs play a
major role in steering both the innate and the adaptive response. PRRs known to
facilitate cross-presentation of antigen and to induce a Type-1 effector response
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include TLR2, TLR4, Dectin-1, Dectin-2, DEC205, CLEC9A, DC-SIGN (CD209)
and CD207 [18-21].

CD207, also known as Langerin, is a C-lectin receptor encoded by the gene with the
same name. This membrane protein is a PRR that facilitates antigen cross-
presentation [20]. It was initially discovered in Langerhans cells, a distinct DC
subtype found in epidermis and mucosa (Figure 2), but is expressed by several DC
subsets [18-20]. It is considered to be a selective DC marker [11, 22]. Apart from a
PRR function, CD207 is also involved in the formation of the Birbeck granules,
which are cytoplasmic organelles present solely in Langerhans cells [23]. CD207
binds to and is activated by sugar compounds such as fungal and microbial glycans
as well as heparin [24-28]. CD207 is the major receptor for certain fungi species
including Candida [29]. Another ligand to CD207 is human immunodeficiency
virus-1 (HIV-1), where binding to the virus leads to rapid degradation in Birbeck
granules and simultaneously to the initiation of a cell-mediated response [19, 30].
The existence of a role also in anti-viral defence is stressed by the observation that
CD207 expression is induced by a- and B-interferons; virus-induced cytokines of
the innate response [31]. Notably, being a DC-specific PRR involved in antigen
cross-presentation linked to a Type 1-response [18-21], CD207 is highly interesting
as a possible target in future immune-modulating procedures aimed at for example
cancer [9]. For this purpose, and for purposes related to further establishing CD207
function, modulators such as a newly synthesised high-affinity ligand [32] may be
of interest.

The potential responses of the immune system in the human body are powerful and
the balance between immune-mediated tissue-specific destruction and protection is
thus extremely important. In accordance, in addition to effector mechanisms,
suppressive immune-modulating mechanisms also exist, such as those mediated by
certain DC subsets favouring suppressive antigen cross-presentation [9] and by
Treg-cells [33, 34]. The obtained effect, an unresponsiveness to a specific antigen,
is termed tolerance and is of uttermost importance in settings such as e.g. pregnancy.
The significance of tolerance is emphasised in e.g. genetic disorders affecting Treg-
cells, which give rise to multiple severe autoimmune disorders [35]. Tolerance-
maintaining properties are partly mediated by the immune checkpoint proteins,
which are immune suppressive membrane proteins of the immune cells, such as the
CD80/CD86-binding checkpoint protein cytotoxic T-lymphocyte-associated
protein 4 (CTLA-4) on Treg-cells. Other examples are the ligands programmed
death ligand-1 (PD-L1), on mainly monocytes/macrophages, and programmed cell
death protein-1 (PD-1) on effector T-cells [36]. These and other mechanisms of
suppression are thus important to counterbalance the powers of the immune system.
However, such means of tolerance can also be utilised, e.g. by cancers, to avoid
immune-mediated destruction.
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Figure 2. Histopathologic section (Mayer's haematoxylin) with CD207+ dendritic cells in the epithelial lining of the
nasopharynx. CD207 = brown. Cytokeratin = green. Photo: The author.

The immune system and cancer

Cancer cells are targets for the immune system [37, 38], as originally proposed by
Paul Erlich in the beginning of the last century [39]. The process of identifying and
eliminating cancer cells is termed immunosurveillance and is deemed highly
effective due to the rarity of cancers in long-lived mammals such as humans [38].
On the other hand, this means that successful cancer lesions exhibit mechanisms to
avoid detection and annihilation. There is a growing understanding that cancer
development to a variable extent includes what has been termed immunoediting: a
modulation of the local immune response and a continuous selection of poorly
immunogenic and/or immune-resistant malignant cells [37, 38]. In this context, the
concept of tolerance is exploited, e.g. by cancer-mediated induction of Treg cells
[33, 34]. These mechanisms and how they relate to the local cancer environment is
termed the cancer immune contexture and different patterns encountered within, i.e.
cancer immune phenotypes, have been established. These kind of classifications
may be used for prognostication in cancer [40], which was pioneered in colorectal
cancer by Galon and co-workers [41]. For example, cancers can be classified
according to immune phenotypes as “immune deserted” (no lymphocytes in the
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tumour), “immune excluded” (lymphocytes present but not infiltrating the tumour
cells), and “immune inflamed” (lymphocytes infiltrate the tumour cells) [42].

Lymphocyte-based immune phenotypes in cancer also directly link to the concept
of tumour-infiltrating lymphocytes (TILs); lymphocytes in direct cell-to-cell contact
with tumour cells. These intralesional cells may be present in abundance in certain
cancers, and the density of TILs has been suggested to be a positive prognostic
factor in several types of cancer [43, 44]. Accordingly, clinical applications have
been discussed, for example in breast cancer [45]. The presence of TILs is however
obviously not enough to cure the cancer, stressing that other tumour strategies than
avoiding the immune cells are also in play, such as creating an immunosuppressive
environment. In accordance, numerous strategies of tumour cells to escape
immunosurveillance have been described [46]. Examples of such are expression of
PD-L1 on tumour cells [47] and induction of PD-1 expression on TILs [48] leading
to impaired T-cell activation [46]. T-cell immune phenotype patterns arguably
correlate to such different immune-evasive actions. This in turn may imply that apart
from their prognostic value, these patterns may aid in choosing treatment strategy.
In addition, they may point to possible strategies where certain phenotypes are
transformed into ones more accessible to effective therapy [42]. For instance,
“immune deserted” tumours do not respond well to certain types of immunotherapy
[49]. On the other hand, there are strategies for shifting the immune phenotype
pattern within a specific tumour, e.g. from “immune deserted” to “immune
inflamed” [50]. This could make the tumour eligible to e.g. checkpoint inhibitor
therapy. Arguably, immune phenotypes may also be associated with differences in
intralesional patterns of other immune cells, such as DCs, which in turn may also be
important in prognostication and selection of therapy.

The presence and function of tumour-infiltrating DCs have to date not been as
thoroughly elucidated as that of TILs. Studies on different cancers [51, 52] including
head and neck cancers [53] suggest that DCs infiltrate solid tumours, but that the
suppressive environment created by the tumour prevents their maturation [54, 55].
In line with this, a study by Broz et al. [S6] where intratumoural DC populations
were delineated across species and cancers showed that DC presence in tumours
were similar to that in normal tissues. Their conclusion was that efforts should be
made to target those extremely rare subsets still capable of CTL activation. An
alternative conclusion could instead be that the DC subsets are indeed present, but
have to be activated, for example by PRR-ligands/adjuvants. This stresses that
detailed knowledge of DC subsets, including their PRR repertoires, is of uttermost
importance in specific cancers. In this context, it is interesting that DC phenotype
patterns in tumour subsets may also be prognostic, as suggested in a study of breast
cancer [57], possibly reflecting various tumour suppression patterns and further
stressing the importance of DCs.
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Immunotherapy in cancer

The numerous interactions between a cancer lesion and the immune system and their
relation to prognosis suggest that keys to successful cancer treatment might be found
in immune modulating procedures, i.e. immunotherapy. This field have exploded in
the last decade. To block how cancer cells take advantage of tolerance, i.e.
unresponsiveness to antigen, is at present the most widely utilised immune
modulating pathway in cancer therapy. Cancer cells can express PD-L1, which
inhibits anti-cancer activity through engagement of PD-1 on effector T-cells [58].
Accordingly, inhibitors (monoclonal antibodies) of both PD-1 and PD-L1 have been
developed. Inhibitors of CTLA-4 are blockers utilizing a different but in some ways
similar mechanism, blocking the inhibitory APC-binding CTLA-4 checkpoint
protein. PD-1, PD-L1 and CTLA-4 inhibitors are all examples of this new class of
drugs termed immune checkpoint inhibitors [59]. These are currently introduced in
various cancer treatment protocols, following encouraging results in for example
melanoma treatment [60, 61].

Immunotherapy can be dependent on presence of tumour antigen or not, i.e. it can
be antigen-specific or non-specific. Immunotherapy can also be categorised as
adoptive or active, where adoptive immunotherapy alludes to procedures where
effector cells are transferred to the recipient without activating the host immune
system, whereas active immunotherapy relates to methods of steering the immune
system into desired responses. Checkpoint inhibitor therapy is thus an example of
non-specific active immunotherapy. It seems that a type-1 response is the most
relevant mechanism for anti-cancer effects in an immune response, and part of the
modulation exhibited by successful cancers are set to skew these kind of responses
from an anti-tumour type-1 to a pro-tumour type-2 pattern [46, 62]. In accordance,
an immunotherapeutic approach that has emerged is T-cell therapy, an adoptive
strategy where modified type-1 effector cells, specifically CTLs, are used as
therapeutic agents. A specific variety of T-cell therapy is chimeric antigen receptor
T-cell therapy (CAR-T therapy), utilizing harvested and genetically altered T-cells
expressing tumour-binding receptors. Chimeric in this sense means that both
antigen-binding and T-cell activation functions are combined within a single
receptor. However, despite impressive responses in certain cases, efficacy is yet
low, especially for solid cancers [63].

In vaccination, i.e. antigen-specific active immunotherapy, originally pioneered by
Jenner [64-67] and further developed by Pasteur [68-70], the immune system is
taught to react to a specific antigen. This includes the induction of a memory. Such
a memory-based immune response is by definition more rapid, larger and also
qualitatively more efficient compared to a primary one. The concept of vaccination
is foremost associated with prevention of infectious diseases, the most notable effort
being the eradication of smallpox [71], but can also be applied to cancer treatment.
The response is often augmented with an adjuvant: a compound that initiates, directs
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and amplifies a facilitating immune response. The most widely used are the
aluminium compounds. However, their major disadvantage is their incapacity to
evoke a sufficient type 1-response [72], rendering them unsuitable in cancer therapy.
An important group of adjuvants act through PRRs and some of these evoke the
type-1 response desired in cancer therapy. Examples of such ligands are lipid A
analogues, detoxified derivates of LPS that act as ligands for TLR4 [73], and glycan
ligands that bind to the C-lectin receptor CD207 [18, 19].

To obtain an efficient antigen-specific active immunotherapy in e.g. cancer, a
sufficient activation of effector cells is vital. The obvious targets to achieve this,
considering their ability to cross-present antigen and elicit a desired type-1 response,
are the DCs. Accordingly, DC-based cancer immunotherapies are of interest. These
can be adoptive, utilising autologous DCs primed and directed ex vivo in a manner
similar to T-cell therapy, but also active, eliciting the DC response in vivo through
direct targeting of antigens [74]. There are several advantages with active
immunotherapy in comparison to adoptive strategies in cancer therapy. In general,
the response is considered more robust and effect duration may be long-lasting and
even life-long [75]. The involvement of DCs implies the possibility of a broad
immune response directed at several target antigens simultaneously and also
provides the prerequisite for activation and expansion of all the different effector
cells of cell-mediated resistance [76]. Furthermore, practical advantages exist. Costs
are lower, larger vaccine quantities can be produced with higher consistency and
reproducibility and administration is easier. Furthermore, side effects are milder in
comparison to the sometimes severe toxicities of the cancer immunotherapies
utilised at present [63, 77, 78]. Thus, establishing desired effects through the body’s
own immune system, and in that context presumably more controlled such effects,
arguably would be beneficial.

Nasopharyngeal cancer

Nasopharyngeal cancer (NPC) is a squamous cell carcinoma (SCC) of the
nasopharynx (Figure 3). The histopathological appearance is often distinct and tend
to differ from other SCCs [79]. There are also clinical differences, for example
patients tend be younger (including childhood cases) [80, 81] and the metastatic
pattern is different [82]. NPC is separately classified within the TNM cancer stage
system [83], though there is a rising opinion that the current TNM system is
insufficient for predicting prognosis and stratifying patients to appropriate treatment
in this disease [84].
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Figure 3. Positron emission tomography-computed tomography (sagittal view) visualising a nasopharyngeal cancer.
The hypermetabolic tumour is denoted with a red arrow. With kind permission by the patient.

Worldwide, NPC accounts for >50000 deaths annually. The incidence is highly
diverse, with a slight male predominance of approximately 2-3:1 [85], and with low
rates seen in e.g. Northern Europe, Latin America and Japan [86]. As an example,
the annual incidence in Sweden is 0.2-0.5 per 100000 over the past 50 years [87].
In contrast, high risk areas such as North Africa and parts of Southeast Asia exhibit
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more than 50-fold higher rates, with the highest encountered in southern China and
especially Hong Kong, the latter with an annual incidence for men of >20 per
100000. High rates are also seen among certain ethnic groups, including the Inuits
of Greenland and Alaska. [85]. A large majority of all new cases in the world are
diagnosed in Southeast Asia (71% in 2012) [88]. Interestingly, incidence rates, at
least in endemic areas, have been steadily declining over the last decades, arguably
reflecting lifestyle and environmental changes [84].

The reason for the large variation in NPC incidence is not fully understood, but it is
believed to be multi-factorial and to include genetic and environmental factors such
as diet. These predisposing factors include certain risk HLA alleles and intake of
preserved foods [89-92]. In addition, rare constitutional variants in the MSTIR gene,
involved in the innate immune response, have been shown to be strongly associated
with early-age onset [93]. However, the most important, although not mandatory,
etiological factor of NPC is previous infection with EBV [92, 94]. It is well-
established that EBV-driven disease is the by far most encountered form of NPC in
endemic areas [88], and it is likely that the frequency of EBV negative NPC is
approximately the same worldwide. EBV positive NPC is frequently associated with
a non-keratinising histopathologic subtype and with prominent infiltrates of
lymphoid cells [95]. Furthermore, clinical associations exist with EBV-associated
NPC more often presenting with spread disease, yet with a better prognosis than the
locally more aggressive EBV negative NPC [88].

Epstein-Barr virus and cancer

In 1964, Michael Epstein, Yvonne Barr and Bert Achong discovered the herpes
virus later named EBV and showed that the virus was the causative agent of the
endemic childhood lymphoma termed Burkitt’s lymphoma [96]. This was the first
discovery of an oncogenic virus in humans. Following that, EBV was found to be
the causative agent of the infectious disease mononucleosis [97], a disease afflicting
up to 90% of the worldwide population [98]. Subsequently, other lymphomas were
associated with EBV, predominantly B-cell lymphomas, but also epithelial cancers
[99]. The worldwide total burden of EBV-associated cancers per year is
approximately 200000 cases, representing 1% of all cancers [100].

26



Figure 4. Scanning electron microscopy image of Epstein-Barr viruses budding out of a B-cell. Source: Wikimedia
Commons. Creators: Analytical Imaging Facility at the Albert Einstein College of Medicine, New York, USA.

After primary infection (i.e. mononucleosis), EBV remains dormant in
immortalized memory B-cells. [101]. This viral latency is maintained by NK-cells
and CD4+ and CD8+ T-cells [102, 103]. However, when infected memory B-cells
circulate through the Waldeyer’s lymphoid tissue of the upper pharynx, appropriate
triggers may cause the virus to pass into a lytic state, regaining the capacity to
produce infectious progeny [104] (Figure 4). In accordance, EBV is also
periodically detected in saliva [105]. Reactivation of EBV in these B-cells are
believed to be part of the cause of several types of B-cell lymphomas, including a
substantial portion of Hodgkin lymphomas [106, 107]. It is hypothesized that
oncogenic events include loss of T-cell control, with a following increase in the pool
of EBV-infected B-cells, thereby increasing the risk of an EBV-driven immortalized
clone. Such a T-cell independent proliferation could for example be due to malaria-
driven T-cell immunodeficiency, which may also explain the geographical
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distribution of Burkitt’s lymphoma, or due to HIV-driven T-helper cell depletion,
explaining the association between HIV and EBV-associated B-cell lymphomas
[108-110]. The importance of T-cell control is further stressed by the susceptibility
of individuals with specific deficiencies in T-cell mediated immunity to fatal
primary EBV infections [111, 112].

Epstein-Barr virus in nasopharyngeal cancer

In addition to lymphomas, EBV is also the cause of certain epithelial cancers,
predominantly NPC. The connection between EBV and NPC was made in the late
1960s and early 1970s by Georg Klein and co-workers [113, 114]. The underlying
mechanism in epithelial cancers differs from that of B-cell lymphoma formation.
There is no latent EBV-infection in epithelial cells. Instead, other pre-malignant
changes, due to factors such as genetic susceptibility and environment, are thought
to occur prior to a subsequent EBV-infection leading to the final cancer
transformation [92, 115]. As opposed to the receptor-mediated EBV-infection of B-
cells, the infection of epithelial cells is believed to occur through a cell-to-cell
infection pathway [116-118].

EBV-driven cancer cells express oncogenic latent proteins: EBV-nuclear antigens
(EBNAs) and latent membrane proteins (LMPs), which are associated with for
example immortalization and metastatic behaviour [119]. The pattern of this
expression differs between various EBV-driven cancers. In the case of NPC, latent
proteins EBNA1 and LMP2 are constantly expressed, while the expression of LMP1
is inconsistent [120]. On the other hand, LMP1 is frequently detected in
premalignant lesions of the nasopharynx and may be considered a marker for early
disease and arguably also for a better prognosis [115, 121], even though it is also
related to the disseminating metastatic behaviour of EBV-driven NPC [119, 122].
Several types of small non-coding EBV RNAs that interact with the immune system
are also abundantly expressed by the tumour cells: EBV-encoded RNAs (EBERs)
[123] and microRNAs (miRNAs). The first description of miRNAs was in fact in
association with EBV [124]. EBERs are important because of their consistent and
high expression in NPC, making in situ hybridization (ISH) of EBER the gold
standard for verification of EBV-driven disease [125] (Figure 5).
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Figure 5. Histopathologic section (Red Counterstain Il) of a nasopharyngeal cancer with in situ hybridisation for EBV-
encoded RNA (EBER), showing an EBER positive tumour. EBER = black. Photo: The author.

EBV-driven NPC is preceded by a reactivation of EBV [115, 126] and an antibody
titre rise [127, 128]. In contrast to previously infected persons without NPC, EBV-
DNA can be demonstrated in blood from patients with EBV-associated NPC and
used for monitoring [129, 130]. In a study on stock plasma from untreated NPC-
patients (endemic setting, no EBER analyses performed), EBV-DNA in plasma
could be detected in over 90% of cases [131]. Presence of plasma EBV-DNA has
been successfully used in large-population screening for NPC in endemic areas and
in diagnosing NPC at early stages [132]. It has also been used for follow-up, where
it is currently being established as a part of clinical praxis [84]. However, the
detection rate for recurrence is lower compared with in the primary setting: 65% for
locoregional failures, but higher in spread disease [133]. In addition to detection,
EBV-DNA levels in blood have been utilised for treatment stratification [129, 134]
and as a prognostic marker [135-137]. In addition to the insufficiency of the current
staging system, this form the background to the recent discussion on improvement
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of staging procedures for NPC [84], suggesting inclusion of biomarkers in order to
achieve more accurate prognostic prediction and support in choice of treatment
[138-142].

EBV-DNA in nasopharyngeal brush samples has also been advocated as a tool for
NPC diagnosis [143-145]. Furthermore, in one of these reports, Zheng et al. [145]
showed that DNA-load in brush samples could reflect tumour stage. However, these
EBV-DNA samplings must still be regarded as “extralesional” and judged on that
basis. Intralesional EBV-DNA is much less explored. Present studies on truly
intralesional EBV-DNA in NPC have focused on specificity and sensitivity in relation
to diagnosis [146-148], while data on intralesional EBV-DNA load are extremely
limited [149], albeit such information may be valuable. For example, EBV-DNA load
as a marker for the potential of antigen presence and quantity, of interest in antigen-
specific immunotherapy and in relation to prognosis, may be useful, similar to what
has been shown for another oncogenic virus, human papilloma virus (HPV), and its
relation to oropharyngeal cancer [150, 151] (Aim II).

Human papilloma virus in nasopharyngeal cancer

In addition to the well-established relation with oropharyngeal cancer [152], HPV
is linked to NPC [146, 153-162]. Compared to EBV positive disease, HPV positive
NPC is associated with worse outcome in terms of local control and survival, while
distant failures seem to be less common [154, 159]. Furthermore, HPV positivity
correlates to increased survival compared to virus-negative NPC (neither EBV nor
HPYV), according to a recent nationwide study from Finland [158]. In contrast, two
recent large studies — a study involving data on 956 patients [161] and a meta-
analysis [160] — failed to correlate HPV positivity to survival. However, it should
be noted that EBV-status was not established in these studies, thus the HPV negative
cases likely included EBV positive patients with better prognosis and EBV negative
patients with worse prognosis, in unknown proportions, making these data very hard
to interpret. In all, the role of HPV as an oncogenic driver and prognostic marker in
NPC is unclear, but it may be argued that HPV should be analysed in addition to
EBV when evaluating NPC. In this context, it is worth considering that pl6
overexpression, a well-established surrogate marker for HPV [163], and also
suggested as such in NPC [158], is also frequently encountered in EBV-driven NPC
[164].
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Current treatment of nasopharyngeal cancer

NPC is a highly radiosensitive cancer and modern NPC treatment is based on
external radiotherapy either alone or, in advanced clinical stages (stage III and
higher), in combination with chemotherapy. In salvage situations, surgery emerges
as an additional option [165, 166] (Figure 6a). Indeed, the present development of
transoral robotic surgery (TORS) might further broaden the indications for surgery
in NPC [167, 168] (Figure 6b). Salvage treatment, surgical or non-surgical, is
complicated due to the anatomy with close relation to several critical structures such
as the brain, the optic nerves and the internal carotid arteries, and surgical margins
and re-radiation doses must be adjusted to these prerequisites. Substantial treatment
side effects are observed after both primary and salvage treatment [169]. The 5-year
overall survival (OS) is >80% for stage I-1I disease, but decreases to 50-60% for
stage III-IV disease [86]. A specific characteristic of NPC is that long time survival
exists also in disseminated disease [88, 170]. This observation provides higher
incitement for active palliative treatment and, in certain cases, even curative
treatment attempts [170-172]. Accordingly, and considering the mortality with
current treatment protocols, the associated severe treatment side effects and the
limited options for salvage therapy, a substantial need for treatment alternatives
exists. Different forms of immunotherapy may provide such alternatives.

Figure 6. (a) Salvage surgery through maxillary swing procedure due to local recurrence of nasopharyngeal cancer.
With kind permission by the patient. Photo: The author. (b) Transoral robotic surgery of nasopharyngeal cancer
through a lateral palatal flap approach. Photo kindly provided by Professor Raymond King-Yin Tsang, University of
Hong Kong/Queen Mary Hospital, Hong Kong.
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The introduction of immunotherapy in
nasopharyngeal cancer

In conformity with recent developments of cancer treatments, there is an increasing
interest in checkpoint inhibitor therapy for head and neck cancer, including NPC.
Furthermore, the finding that PD-L1 is frequently expressed in NPC [173, 174]
stresses a potential benefit of checkpoint inhibitor therapy. It is presently unclear
whether PD-1/PD-L1 expression in NPC is associated with worse survival [175-
177] or not [173, 178-181]. Notably, Wang et al. [181] recently presented a specific
immune signature, based on nine immune checkpoint markers including PD-L1,
which could predict survival in patients eligible for curative treatment. Specifically,
high expression of PD-L1 was associated with increased OS.

Several trials have been conducted in NPC utilising PD-1 inhibition, specifically
nivolumab [182-184] and pembrolizumab [185]. Furthermore, there are ongoing
trials utilising PD-1 inhibitors: nivolumab (NCT03984357), pembrolizumab
(NCT04227509), sintilimab (NCT04072107), toripalimab (NCT03907826,
NCTO03930498), and also the PD-L1 inhibitor durvalumab (NCT04231864), and
nivolumab combined with the CTLA-4 inhibitor ipilimumab (NCT02834013). In
addition, the PD-1 inhibitor camrelizumab has recently gained interest as an
alternative for NPC, due to a beneficial toxicity profile in this particular diagnosis
[186, 187], and trials are ongoing (NCT04143984, NCT04221516). However, only
20-30% of NPC patients seem to respond to current checkpoint inhibitor therapy
[185, 186]. This is in agreement with findings for others cancers [188], warranting
treatment adjustments and better patient selection, but also alternative treatments.

Antigen-specific immunotherapy in
nasopharyngeal cancer

The fact that EBV-driven disease is the major subgroup of NPC makes it reasonable
to explore EBV-associated treatment options. The latent proteins expressed by
EBV-related NPC are oncogenic, and drugs targeting these proteins are investigated
[189, 190], including a present clinical trial on an EBNA-1-inhibitor in NPC
(NCT03682055). Virus activation, with the underlying motive to make EBV visible
to the immune system, and thereby susceptible to antiviral therapy [191], has gained
interest as has gene therapy [192]. Furthermore, attempts have been made to create
a prophylactic vaccine [193]. However, concerns have been raised that eradication
of EBV would lead to a less effective immune protection against bacteria [194], a
notion based on the hypothesis that the long co-evolution between EBV and humans
has led to benefits also for the human counterpart [195]. Most importantly however,
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EBV-associated NPC constantly expresses non-human EBV-associated targets, i.e.
antigen, implicating a capacity for antigen-specific immunomodulation. In
combination with the fact that this type of cancer is considered a highly
immunoactive cancer, with often an abundance of intralesional immune cells [196]
and with numerous immune regulatory molecules as well as CD4+ and CD8+ T-
cell targets expressed on cancer cells [197-199], NPC should make an excellent
candidate for antigen-specific immunotherapy.

Antigen-specific adoptive immunotherapy

Adoptive immunotherapy, with transfer of either ex vivo activated CTLs or
genetically altered T-cells (CAR-T) that bypass the antigen-presenting procedure,
has been utilised in NPC. The underlying mechanisms of CTL transfer effects in
NPC have been explored [200], and several clinical trials have been conducted in
advanced NPC, for both salvage treatment [201-210] and first line treatment [211,
212]. The results, albeit promising, have been difficult to interpret due to parallel
chemotherapy in the majority of trials. At present, there are several CD8+ T-cell
transfer patient trials ongoing (NCT00516087, NCT00706316, NCT03925896,
NCT03044743, NCT02421640). Attempts have also been made to utilize CAR-T
therapy in NPC, with effects shown on a xenograft model [213], and patient trials
are under way (NCT02915445, NCT03648697, NCT04107142). A variant of
autologous immune cell transfer is the utilisation of an NK-cell based strategy,
theoretically safer due to the very short life span of these effector cells. There are
still no published data available, but two studies are ongoing (NCT02507154,
NCT03007836). Further strategies for NK-cell mediated killing of NPC have been
proposed based on in vitro trials, suggesting a combination with IFN-B and
checkpoint inhibitor therapy [214]. Finally, patient trials with transfer of autologous
EBV-activated DCs, an approach mimicking active immunotherapy, have shown
partial tumour response [215-217], and further such trials are ongoing
(NCTO03282617, NCT03047525; the latter combined with NK cell transfer).

However, all the above mentioned procedures have limitations. Toxicities may be
substantial, such as described for CAR-T therapy [63]. Importantly, treatment is
frequently delayed due to the lengthy ex vivo expansion process (12-16 weeks for
CTL transfer), during which patients might turn ineligible for treatment. To avoid
this problem, Li et al. [212] took an interesting approach in their CTL transfer trial
and used a rapid expansion protocol (4-5 weeks) that utilised TILs to hasten the
process. However, further important limitations of adoptive transfers are that they
are complicated, expensive and that no immunological memory is produced.
Altogether, this renders the active DC targeting variety of antigen-specific
immunotherapy interesting.
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Antigen-specific active immunotherapy

Trials exploring DC-targeting antigen-specific active immunotherapy in NPC are
scarce. MVA-EL, a recombinant vaccinia virus encoding a functionally inactive
EBNA1/LMP2 fusion protein, has been advocated as a mean to evoke a bodily-
specific immune response, i.e. a vaccination response. Hui et al. [218] conducted a
phase I-study comprising 18 locally advanced cases of endemic NPC in remission.
The vaccine was well-tolerated and produced a substantial increase in circulating
EBNAI1- and LMP2-specific T-cell levels. Due to the endemic origin of the EBV
strains used, a similar trial was conducted in a separate, non-endemic population
showing a similar effect [219]. Further trials with MVA-EL are underway, with a
phase Ib trial (NCT01800071) completed but not published and a phase II trial
(NCT01094405) planned to be finished at the end of 2021. An alternative viral
vector utilised is the adenovirus-based rAd5, carrying LMP2 (rAd5-EBV-LMP2).
This was also reported to be well-tolerated in a phase I-trial [220]. In conclusion,
experiences with active immunotherapy for NPC are promising but limited.

It has been suggested that antigen-specific active immunotherapy will be the future
standard treatment for NPC, tentatively in combination with checkpoint inhibitors
[88]. This places high demands on detailed knowledge of immunoactive cells and
the immune environment in NPC. In contrast, especially regarding DCs, studies in
NPC are few, and include, apart from early morphological characterizations, only
occasional studies on intralesional DC subtypes [221-227]. In addition, data on the
potential influence of DCs on prognostication are scarce and conflicting [199, 225].
In conclusion, data on DCs in NPC are limited and further studies are warranted,
since the ability of adequate antigen presentation is fundamental in antigen-specific
active immunotherapeutic interventions. Which intralesional DC subtypes that are
present, and in which proportions, as well as their expression of relevant PRRs such
as the C-lectin receptor CD207 need to be established. Sufficient data on
intralesional DCs as a clinical and prognostic factor are also lacking, and arguably
such studies should be related to EBV-status (Aim I and I1I).

If antigen-specific active immunotherapy in cancer is to be considered as a future
treatment alternative, also the vaccination route is of interest. Apart from
subcutaneous and systemic injections, currently there is an interest in direct
vaccination into the tumour [228] or into adjacent lymph nodes [229]. Furthermore,
the concept of mucosal vaccination is intriguing with arguably reduced adverse
effects and a better local response, the latter of interest in mucosal cancers such as
NPC, and benefits such as a simplified storage process and easier administration
[230]. Other key features of the vaccination process is how to deliver the antigen to
the appropriate cells, i.e. the DCs, and how to elicit an effective adjuvant activation
leading to a type-1 response.
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Intralesional CD8+ T-cells in nasopharyngeal cancer

For an efficient immune reaction targeting cancer, a type-1 response is required [46,
62]. Accordingly, for effective antigen-specific active immunotherapy in cancers
such as NPC, in-depth knowledge on type-1 effector cells is required, specifically
at the tumour site. Compared to DCs, more data exist on intralesional lymphocytes,
including CD8+ T-cells [227, 231-233]. Data also stem from trials with transfer of
autologous TILs in NPC treatment [212]. The importance of TIL presence is
indirectly supported by the finding that a favourable prognosis is associated with
TIL density for many types of cancer [43], including head and neck cancer; CD4+
TILs [234] and CD3+ TILs [235]. Specifically, this has also been demonstrated for
CD8+ TILs in NPC [180, 236], including in a recent large patient cohort where
Wang et al. [237] also advocated TILs (with a broad definition) as an independent
positive prognostic biomarker in NPC. This is in contrast to findings of Lu ef al.
[227], who characterized the intralesional density of several inflammatory cells
including CD8+ T-cells in NPC, though without exploring the corresponding
immune phenotype T-cell patterns. They associated high intralesional CD8+ T-cell
density with worse survival, an observation that they explained by functional
inactivation of TILs described in NPC [238], with the suggestion that successful
cancer immunoediting could manifest as high load of harmless immune cells. The
density of TILs may on the other hand also be viewed upon as a reflection of the
immunological capacity of NPC. This perspective is further developed with the
concept of lymphocyte-based immune phenotypes as a prognostic and therapy-
deciding tool in cancer [42]. These are hitherto not evaluated in NPC, but the need
to evaluate the cancer immune phenotype concept as a clinical and prognostic
marker also for this disease is obvious. In this context, it is natural to expand on the
phenotype concept into correlating the findings with TIL quantitates, at first hand
CD8+ T-cells, and to evaluate these for prognostic value that could be therapy-
directing with regards to e.g. immunotherapy. These analyses, as always in NPC,
should be performed with knowledge of EBV-status (Aim III).

Nanoparticles

Nano is the SI-prefix for 10 (0.000000001) [239] and nanotechnology operates
within the nanoscale (1-100 nm). The nanoscale is synonymous with the molecular
scale; to exemplify, the smallest atoms are approximately a quarter of a nanometre
in diameter. In comparison, the smallest known cellular life forms, the mycoplasma
bacteria, measure approximately 200 nm. The nanoscale is also the scale wherein
the movement, behaviour and surface of solitary particles start to affect the system
they exist in, thus the classical laws of physics are abandoned in favour of the laws
of quantum physics [240]. Nanoparticles (NPs) are particle units defined by size,
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generally 10-1000 nm [241] (Figure 7). Nanomedicine is the part of
nanotechnology that is associated with medical applications. For example, NPs can
be used for intracellular access, they may have effect propensities (nanodrugs) and
they might act as carriers [242].

Figure 7. A nanoparticle (actual size) measuring 200nm. It would take 5000 of these nanoparticles to cover the
distance of 1 mm. Figure: The author.

Nanoparticles as carriers and adjuvants in antigen-
specific active immunotherapy

In cancer therapy, NPs are of substantial interest for example in direct targeting of
cancer cells [243] and in intracellular delivery of chemotherapeutics [244], but also as
facilitators of antigen-specific active immunotherapy [245]. Biodegradable polymeric
NPs have gained interest due to their ability to act as carriers of peptide vaccines. They
are easily manufactured and can be modified according to which antigen to carry.
Some of them can also act as presenters of antigen to APCs and also function as
adjuvants [246]. The most widely investigated NPs in this context are manufactured
from poly(lactic-co-glycolic) acid (PLGA) polymers, approved for use in humans by
the European Medicine Agency (EMA) and the United States Food and Drug
Administration (FDA) [247, 248]. However, these NPs show several disadvantages,
with low encapsulation efficiency of water-soluble proteins and instability at
formulation, freeze-drying and storage. An alternative might be nanoparticles formed
by the naturally occurring polymer poly(y-glutamic acid) (y-PGA).

v—PGA are polymers produced by Bacillus subtilis [249], a bacteria species most
renowned for its use in the production of natto (Figure 8). Typically they are
hydrophobically modified with for example L-phenylalanine ethylester to gain an
amphiphilic nature. This enables them to spontaneously form NPs, y-PGA graft-L-
phenylalanine ethylester NPs (y-PGA-Phe NPs), 30-400 nm in diameter, in aqueous
solutions. These NPs are fully biodegradable by g-glutamyl transpeptidase, an
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enzyme widely distributed in the human body [249]. Other beneficial properties of
the y-PGA NPs are that antigens can be encapsulated within them or attached to
their surface (carrier function), that they are capable of acting as presenters of
antigen and that they exhibit adjuvant effects [250, 251].

Figure 8. Natto, soybeans fermented by Bacillus subtilis; a traditional and constantly popular breakfast dish in Japan
that served as a vital nutrition source in the feudal era of the country. Source: Wikimedia Commons.

v-PGA-Phe NPs are activators of DCs and able to induce type-1 but also type-2
responses in animal models, for example by production of IL-12b (IL-12p40), a
major type l-biasing cytokine, and IL-6 in vivo in mice [250, 252-255]. The
adjuvant effect is probably due to y-PGA-Phe NPs acting as TLR-ligands, by
binding to PRRs TLR2 and TLR4 in a LPS-resembling manner [250, 252, 256]. In
studies on human cells, y-PGA-Phe NPs are rapidly engulfed by DCs and other
APCs. This is followed by morphological changes and up-regulation of the surface
expression of CD80 and CD86 and of MHC class II molecules as well as of
mediators of efficient T cell priming [256]; findings indicating a potential of these
NPs as inducers of an efficient type-1 response.

Subcutaneous injection of y-PGA-Phe NPs together with antigen (peptides of
Listeria monocytogenes, influenza hemagglutinin A or HIV-1) in mice produces
humoral and cellular antigen-specific responses and induces protection against the
specific infections [255, 257, 258]. The interesting concept of mucosal vaccination
has been partly explored, with findings of protective effects after intranasal
administration of y-PGA-Phe NPs together with HIV-1 or influenza HA antigen in
mice [259, 260] and, in addition, of adjuvant effects in stimulated human nasal
mononuclear cells [256]. However, local effects of y-PGA-Phe NPs on mucosa in
vivo have not been investigated, but is of high interest in the work-up for possible
future trials (Aim IV).
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Certain prerequisites for antigen-specific active
immunotherapy in nasopharyngeal cancer

In summary, detailed knowledge on intralesional DCs and their receptor repertoire
is mandatory in designing an efficient antigen-specific active immune response to
NPC, but at present data are scarce. Arguably, an analysis of intralesional DC-
subtypes and their receptors, especially such receptors that may promote antigen
presentation and facilitate a cell-mediated effector response, is of importance. The
presence and distribution of effector cells must also be elucidated and the tumour-
driven immunosuppression analysed. With regards to the latter, knowledge on the
cancer immune phenotypes present, previously not explored in NPC, could be
utilised for case selection.

In addition, EBV-status is important in the adaption of this concept. Verification of
EBV antigen is fundamental, but also their localisation and immunogenicity.
Arguably, also antigen quantity matters, which may be reflected by intralesional
viral DNA load. Knowledge of the latter is extremely limited.

To establish a desired activation pattern directed at specific antigens, there is, among
other prerequisites, a need for correct delivery to, and presentation for, the correct
DC subsets. This includes proper adjuvant co-stimulation; specific nanoparticles
may fill this role. y-PGA-Phe NPs are possible candidates, but knowledge is lacking
of their effect on target tissue in vivo, such as the mucosa of epithelial cancers, e.g.
NPC.

Finally, the present staging system for NPC is insufficient. Virus-driven disease
seems to have a better prognosis, and virus status must reasonably be evaluated and
included in this context. Furthermore, in NPC, plasma load of EBV-DNA is
promising as a prognostic factor, while intralesional load has not been elucidated.
Also, histopathological cancer immune phenotyping, suggested as a means for
selection for immunotherapeutic interventions, has shown promise as a prognostic
factor for other cancers, while the concept has not been evaluated in NPC. In this
context, the intralesional presence and quantity of specific immune cells may serve
as marker for certain immune phenotypes, and themselves be utilised as prognostic
and therapy-directing features. In summary, better prognostic tools would help
selecting the correct patients for more or less aggressive therapy, including selecting
the correct patients for possible future antigen-specific active immunotherapy.

38



Materials and methods

L.

In this study, five patients with untreated NPC were recruited. Tumour biopsies were
obtained and half of each sample was sent for routine histopathology. A single-cell
suspension was prepared from the remaining half and subsequently treated with an
antibody panel for leucocyte subset selection and CD207. Samples were analysed
with a multi-colour flow-cytometry. A gating strategy was utilised to identify mDCs
and pDCs based on expression of CD11c and CD123, respectively, and mDCs were
then further subdivided into CD141+, CD1c+ and CD1¢-CD141- cells. In addition,
cell surface expression of CD207 was assessed with a similar gating strategy.

The study protocol was approved by the Regional Ethical Review Board at Lund
University (2014/115) and written informed consents from all participants were
obtained.

II.

This study was of a retrospective design. It involved an analysis of 48 patients
diagnosed with NPC between 2001 and 2015. A re-evaluation of patient data was
performed and the primary (pre-treatment) tumour biopsies were re-examined
focusing on histopathology and EBER expression. In addition, presence of high-risk
HPV was investigated as well as pl6-expression for HPV positive samples.
Furthermore, formalin-fixated paraffin-embedded (FFPE) primary biopsy material
was retrieved, prepared and DNA was extracted. EBV-DNA was then quantitated
utilizing the single copy gene encoding EBNA1 as marker. Clinical and prognostic
features such as cancer stage and survival could then be assessed in relation to EBV-
DNA load and HPV-status.

Ethical approval (II-III) was granted by the Regional Ethical Review Board at Lund
University (2014/117). In accordance with the approval, informed consent was not
required due to the use of historical biopsy material. Prior to effectuation the study
design was advertised in selected printed media, with the possibility to opt-out, as
specified in the approval.
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II1.

In this study, the patient cohort in the previous article (II) was revisited. New slides
were prepared using FFPE primary biopsy material and stained for cytokeratin (all
slides) and CD8 or CD207, respectively. All slides were digitally scanned. One case
was excluded due to insufficient material for the analyses; this was incidentally also
the only patient lacking follow-up, consequently 47 cases were analysed. Based on
presence and distribution of lymphocytes, notably CD8+ T-cells, and blinded to
EBER-status, the tumours were classified into immune phenotypes: “immune
inflamed” (lymphocytes infiltrate tumour cells), “immune excluded” (lymphocyte
presence in the cancer environment but no infiltration among tumour cells), and
“immune deserted” (no lymphocytes). Furthermore, CD8+ and CD207+ cells in the
whole biopsies as well as in selected areas were subjected to microdissection
utilising a quantitative digital image technique generating a frequency of tissue area
for each marker in comparison to the tissue area in total. The phenotype patterns
and the quantitate frequencies were analysed in relation to each other and to
intralesional EBV-DNA as well as to clinical stage and survival. Separately, gene
expression data of 31 NPCs and 10 controls were retrieved from a public database
and analysed in silico with focus on specific inflammatory signatures and on specific
immune cell markers.

IV.

In this blinded randomized sham-controlled study, biodegradable amphiphilic y-
PGA-Phe NPs were synthesized. Following transcervical dissection, 46 rats were
subjected to superfusion of the right middle ear mucosa with either low-dose (n=17)
or high-dose (n=9) of y-PGA-Phe NPs, or sham (n=20). After four or twelve hours,
according to a predetermined protocol, a transmyringial lavage was performed.
After sacrifice, the heads were dissected and prepared for histology. The subsequent
procedures were performed blinded to previous treatment. Cytokine concentrations
(IL-10, IL-1B, IL-6, IL-10, MIP-10, MCP-10, TNF-0 and IFN-y) in ear lavage fluids
were assessed. The temporal bones were stained for tissue morphology, the amount
of fluid in the middle ear cavity was semi-quantitated, and the thickness of the
middle ear mucosa as well as of the round window membrane and the tympanic
membrane was measured. Results of cytokine analyses and histopathological
changes were assessed with regards to given treatment.

The study was approved by the Regional Ethical Review Board at Lund University
(M240-2007) and animal experiments were performed in accordance with this as
well as with local protocol (Department of Medical Microbiology, Lund
University).
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Results

L.

DCs are present in NPC lesions, constituting on average 0.78% of CD45+
leukocytes in situ. Subsets of DCs were detected: CD123+ pDCs, CD1c+ mDCs,
CD141+ mDCs and CDI1c-CD141- mDCs (Figure 9). In addition, CD207
expression was examined in two patients; results suggesting a higher expression on
CDlc+ mDCs compared to the other DC subsets.
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Figure 9. Dendritic cell (DC) subsets grouped by their subset markers shown as percentage out of the total numbers
of intralesional DCs in individual nasopharyngeal cancer samples. Data are presented in a scatter plot with mean +
standard deviation. Reprinted with permission from Spandidos Publications.
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II.

Of the 48 NPC-patients, 36 (75%) featured tumours that were positive for EBER
and 40 (83%) for EBV-DNA, the latter group including all EBER positive cases.
Seven tumours (15%) were positive for high-risk HPV subtypes, of which five were
pl6 positive. Presence of HPV was highly associated with negative EBV-DNA
(p=0.0019) as well as with negative EBER (p<0.0001). EBV-DNA load varied
greatly: range 0.0005-94617 copies/cell (median 58.8, interquartile range 7.78-259)
(Figure 10). The cases with lowest load were identical with the EBER
negative/EBV-DNA positive cases (n=4).
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Figure 10. Nasopharyngeal cancer cases per Epstein-Barr virus-DNA (EBV-DNA) load group. Reprinted with
permission from Springer Nature.
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For EBV-DNA positive patients treated with curative intent, an EBV-DNA load of
>70 copies/cell was associated with a favourable 7-year disease-free survival (DFS)
(p=0.046) (Figure 11). This association remained when all EBER negative cases
were omitted (p=0.050).
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Figure 11. Kaplan-Meier estimate of 7-year disease-free survival for Epstein-Barr virus-DNA (EBV-DNA) positive
nasopharyngeal cancer cases grouped according to EBV-DNA cell copy number. Vertical lines mark events (residual or
recurrent cancer) and crosses mark end of follow-up before 7 years. Reprinted with permission from Springer Nature.
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II1.

A total of 47 cases of NPC were examined. Overall, heterogeneous patterns of
EBER, cytokeratin and immune cells were observed. Immune phenotypes based on
lymphocyte distribution (notably CD8+ T-cells) could be demonstrated. The
“inflamed” subtype constituted 61.7% of cases while 29.8% were “immune
excluded” and 8.5% “immune deserted”. CD8+ cells were demonstrated in cancer
cell areas and in the surrounding stroma whereas CD207+ cells were observed
largely in cancer cell areas, where the ratio was 8-fold greater than within the
tumour-adjacent surrounding stroma (Figure 12).
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Figure 12. Ratios (%) for CD207+ cells (compared to all cells) in subareas of nasopharyngeal cancer presented as
boxplots (median and interquartile range, with whiskers denoting 1.5 interquartile range and outliers as circles). There
was a difference between CD207 ratios between cancer cell areas and cancer stroma (p<0.0001). Unpublished data.

There was no correlation between CD8 and CD207 ratios. Among immune
phenotypes, the CD8 densities aggregated as “inflamed” > “excluded” > “deserted”
(Figure 13). In contrast, no such differences were observed for CD207 ratios.
Differences in stage at presentation (I-III vs. IV) were observed among phenotypes,
with the “inflamed” phenotype being associated with low-stage disease and the
“deserted” with advanced. No difference in OS between immune phenotypes was
shown, while DFS differed in favour of the “inflamed” over the “excluded” immune
phenotype (p=0.0090) (Figure 14). The “deserted” phenotype was not eligible for
DFS analysis, as all cases but one featured disseminated disease.
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Figure 13. Ratios (%) for CD8+ cells (compared to all cells) in whole nasopharyngeal cancer biopsies in relation to
cancer immune phenotypes presented as boxplots (median and interquartile range, with whiskers denoting 1.5
interquartile range and outliers as circles). CD8 ratios differed between immune phenotypes: “inflamed” and
“excluded” (p=0.034), “inflamed” and “deserted” (p=0.0020), and “excluded” and “deserted” (p=0.022). Unpublished
data.
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Figure 14. Kaplan-Meier estimate of 7-year disease-free survival for nasopharyngeal cancer based on cancer
immune phenotypes indicating a better prognosis for the “inflamed” subtype compared with the “excluded” (p=0.0090).
Vertical lines mark events (residual or recurrent cancer) and crosses mark end of follow-up before 7 years. Since

three out of four patients with the “deserted” phenotype presented with spread disease, this subset was not eligible for
analysis. Unpublished data.

Among the immune phenotypes, the EBER positive cases aggregated as “inflamed”
> “excluded” > “deserted”; specifically “Inflamed” > “excluded” (p=0.0045),
“inflamed” > “deserted” (p<0.0001) and “excluded” > “deserted” (p=0.043).
Similarly (intralesional) EBV-DNA positive cases aggregated as “inflamed” >
“excluded” (p=0.016) and “inflamed” > “deserted” (p<0.0001), while there was no
difference between “excluded” and “deserted”. For quantitative intralesional EBV-
DNA, a load difference was present between the “inflamed” and “deserted”
phenotypes (p=0.00034, higher load for “inflamed”) (Figure 15).
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Figure 15. Differences in intralesional Epstein-Barr virus-DNA (EBV-DNA) load for cancer immune phenotypes
(medians and interquartile range, with whiskers denoting 1.5 interquartile range and outliers as circles). A marked
difference in DNA load was observed between the “inflamed” and “deserted” phenotypes (p=0.00034). The
differences between “inflamed” and “excluded”, and between “excluded” and “deserted”, were not statistically
significant, although a trend was seen (p=0.055 and p=0.079, respectively). Higher load outliers (range 1237-94617
copies/cell) are indicated with red circles and upwards-pointing red arrows. Unpublished data.

The gene expression analysis performed on a separate NPC database material
revealed a higher expression of signatures for interferon and T-cell exhaustion in
NPC compared to control tissue, and in addition an increase in profiles related to
pro-inflammatory macrophages and activated CD4+ T-cells in NPC, but no
difference for CD8+ T-cell and DC profiles.
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IV.

Topical mucosal administration of y-PGA-Phe NPs on rat middle ear mucosa
produced a dose- and time-dependent local inflammatory response characterized by
generation of pro-inflammatory type 1 cytokines IL-1a, IL-1p, IL-6, MIP-1a and
TNF-a (Figure 16). In addition, histopathological changes compatible with
inflammation was demonstrated.
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Figure 16. Cytokine levels in lavage fluid 4 and 12 hours after administration of specific nanoparticles (NPs): 0.5 mg
and 2.5 mg poly(y-glutamic acid) graft-L-phenylalanine ethylester NPs (y—PGA-Phe NPs) to rat middle ear mucosa
(mean * standard error of the mean). After 4 hours, administration of the high NP dose (2.5 mg) resulted in increased
levels of TNF-a, IL-6, and MIP-1a compared with sham, while no significant changes were observed for the low NP
dose (0.5 mg) at this time point. After 12 hours, administration of the low NP dose resulted in increased levels of TNF-
a, IL-1q, IL-1B8, and MIP-1a, compared with sham. Reprinted with permission from Taylor & Francis. * denotes p <
0.05; *** denotes p < 0.001. Cytokines: TNF-a = Tumour necrosis factor-a, IL-1a = Interleukin-1a, IL-18 = Interleukin-
1B, IL-6 = Interleukin-6, MIP-1a = Macrophage inflammatory protein-1a.
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Discussion

Dendritic cells in nasopharyngeal cancer

A presence of intralesional DCs in NPC has been suggested by previous
morphological reports [221-227], and this was confirmed and expanded upon in the
present studies (I, III). Accordingly, a detailed analysis of DC subsets according to
present standards has been lacking until now. In study I, the specific DC subsets
CD123+ pDCs, CDIlct mDCs, CD141+ mDCs, and CDI1c-CD141- mDCs,
previously characterized in blood [10], were demonstrated intralesionally in NPC
for the first time. These findings of specific subsets implicate a potential for
modulation of the immune response, with the CD1c+ and CD141+ mDC subset
being of particular interest due to its ability to cross-present antigen and initiate an
antigen-specific cell-mediated response [261]. Furthermore, in the first study (I), a
notable expression of CD207, a C-lectin receptor that facilitates cell-mediated
response through antigen cross-presentation [18-20], was suggested on CDlc+
mDCs. This is in agreement with recent findings by Askmyr et al. (unpublished)
where high levels of CD207 were detected on CD1c+ mDCs in human tonsils and
lymph nodes. In study III, intralesional CD207+ DCs, presumably with CD1c+ DCs
as the dominating subset, were identified and quantitated in NPC by means of digital
microdissection. These intralesional CD207+ DCs were present in all tumours.
Furthermore, they were predominantly distributed among cancer cells to an 8-fold
higher degree compared to cancer cell-adjacent stroma.

DCs represent treatment possibilities, which warrant attempts to outline PRR
expression of the different intralesional DC subsets. Arguably, focus should be on
PRRs known to facilitate cell-mediated antigen-specific responses, including
TLR2, TLR4, Dectin-1, Dectin-2, DEC205, CLEC9A, DC-SIGN (CD209) and
CD207 [18-21]. Consequently, Askmyr et al. (unpublished) examined five PRRs
(TLR2, TLR4, DC-SIGN, CD207 and CD206) and showed that their expression was
subset-specific, suggesting that characteristics of different DC subsets might be
attributed to their PRR profiles. Taken together, identification and characterisation
of particular PRRs on distinct DC subsets in tumours such as NPC open up for active
antigen-specific immunomodulation. While the present studies provide information
on CD207, a further characterization on PRRs on DCs in NPC is warranted.
Interestingly, the value of such background knowledge is further acknowledged by
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a currently recruiting chemotherapy trial on advanced NPC (NCT03196869), where
treatment effects on DC subsets in blood is the primary endpoint.

In conclusion, specific intralesional DC subsets can be characterised in NPC and the
C-lectin receptor CD207, involved in antigen cross-presentation aimed at type-1
response, is frequently expressed by these. In addition, CD207+ cells, presumably
DCs, are constantly encountered among cancer cells in NPC, suggesting CD207 as
a possible target in future antigen-specific active immunotherapy in NPC.

Epstein-Barr virus in nasopharyngeal cancer

In NPC, it is known that EBV positive disease has a favourable prognosis compared
to EBV negative cases and it has also been suggested that the rarer HPV positive
NPC, also a virus-driven NPC, places itself in between these two entities in terms
of prognosis [88, 159]. In addition, among EBV positive cases, quantitates of EBV-
DNA in peripheral blood have shown to be of prognostic value [135-137], whereas
intralesional load has not been previously evaluated in that context. In study II,
quantitates of intralesional EBV-DNA in pre-treatment NPC tissue were determined
and related to stage and survival. Previous findings that EBV negative NPC features
a poorer prognosis than EBV positive disease were confirmed. It has also been
suggested that the clinical presentation of NPC depends on viral status, but findings
have been diverging [158, 159]. No difference in stage between EBV positive and
negative patients was detected in the present study (II), except that stage IV cancer
was associated with EBV negative cancer when only HPV negative cases were
evaluated.

The variation of EBV-DNA among positive cases observed in this study (II) was
large, ranging from 0.0005 to 94617 copies/cell (median 58.8, interquartile range
7.78-259). In the only similar study to date, Shao et al. [149] reported a median
EBV-DNA load of 27.8 copies/B-actin gene (interquartile range 6.35-279, range not
specified) in a material of similar size. Even though similar, these numbers are
difficult to compare. Apart from different normalisation strategies, the primers used
for EBV-DNA detection in the study by Shao et al. were aimed at the BAMHI-W
gene, which is known to be present in variable copy numbers, resulting in less
precise quantification [262]. In a similar setting to EBV-DNA load in NPC, HPV-
DNA load in oropharyngeal cancer, a wide range in DNA load have also been
reported (0.003 to 1079 copies per cell) [151]. It may be speculated that differences
in viral DNA load affect the intralesional immune milieu and have implications for
clinical characteristics and prognosis. Indeed, high intralesional HPV-DNA load in
oropharyngeal cancer have been associated with improved survival [150, 151]. In
agreement, the present study (II) showed a better 7-year DFS for EBV-DNA
positive patients with a high load (>70 copies/cell). Furthermore, none of the
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patients with exceptionally high EBV-DNA load (1237-94617 copies per cell)
featured distant metastases or residual or recurrent disease (5.8—12.3 years follow-
up). This finding, that high levels of intralesional EBV-DNA are associated with a
favourable prognosis, does not contradict previous observations that high EBV-
DNA load in blood and in “extralesional” brush samples are associated with worse
outcome in NPC [135-137, 143-145]. Instead, EBV-DNA load in blood may be
viewed as a marker of the cancer burden [263, 264], whereas quantitates of
intralesional EBV-DNA may reflect the degree of EBV presence. Studies are
warranted to examine the relationship between these two features.

A subgroup of NPC is HPV-driven [146, 153-162] and HPV-testing should thus be
included when evaluating viral association in NPC. In the present study (II), 15%
of cases (n=7) were positive for high-risk type HPV-DNA, which is in agreement
with recent data from Finland [158]. An additional p16-analysis was positive in 5/7
of these cases, supporting HPV as the true oncogenic driver in these cases, but such
assumptions should be made with care considering that EBV-driven NPC may also
be p16 positive [164].

In conclusion, in addition to previous knowledge that an EBV association in NPC
is favourable for the prognosis, a 7-year survival benefit was shown for EBV-DNA
positive patients with high intralesional EBV-DNA load (>70 copies/cell).
Accordingly, intralesional EBV-DNA load may be of interest for prognostication,
but also as a biomarker for antigen density and thus potentially for accessibility to
antigen-specific active immunotherapy in NPC.

Cancer immune phenotypes and
CD8+ T-cells in nasopharyngeal cancer

In the third study (III), pre-treatment NPCs were categorised into specific immune
phenotype subsets. These were based on presence and distribution of intralesional
lymphocytes, notably CD8+ T-cells, with the majority of cases constituting an
immune “inflamed” phenotype. The results of the phenotype classification were to
some extent verified by quantification of intralesional CD8+ T-cells. It was further
shown that all cases exhibiting the “deserted” phenotype presented with stage IV
disease (n=4), and all cases presenting with stage [ disease (n=4) were of the
“inflamed” phenotype. Accordingly, an association could be discerned between
phenotype and stage at presentation, with a pattern of less lymphocyte infiltration
associated with more advance disease.

A pronounced difference in DFS was demonstrated between the “inflamed” and the
“excluded” subtype, with the former presenting the more favourable outcome. Cases
presenting with the “deserted” phenotype were excluded from the DFS analysis due
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to a high frequency of spread disease among the few cases; arguably the prognosis
was poorest within this group. Similar patterns were observed for OS, but failed to
reach statistical significance. These findings are in agreement with those of other
types of cancers, where intralesional lymphocyte infiltration has been reported to
correlate with increased survival [43, 44]. Immune phenotypes should arguably be
further evaluated for clinical application in NPC, for example as prognostic markers
and for treatment selection. The latter could refer to whether or not to offer
chemotherapy in addition to radiotherapy even for low-stage NPC if presenting with
a “deserted” pattern and to offer cases with the “inflamed” phenotype, more likely
to respond to checkpoint inhibitor therapy [49, 265], the addition of such adjuvant
immunotherapy.

The gene expression analysis of an EBV positive NPC cohort [266-268] (study 1)
revealed a gene signature associated with up-regulation of interferon. Accordingly,
NPC may feature immune subsets, likely corresponding to specific immune
phenotypes, characterized by up-regulation of type-1 response markers including y-
interferon. Apart from interpreting this as an up-regulation of anti-viral
mechanisms, it is tempting to consider such a feature as a beneficial anti-tumour
response [269]. However, recent data point to a dual effect of y-interferon,
suggesting also pro-tumorigenic features of this cytokine, e.g. in the establishment
of an immunosuppressive tumour microenvironment [270, 271]. In this context, a
y-interferon profile may be linked to the “inflamed” cancer immune phenotype
[272]. To further explore this possibility in NPC, it would be of interest to compare
the gene expression profile with the cancer immune phenotype in the sample
cohort. In addition, it may be speculated that a virus-associated immune response
also induces a- and B-interferons and, subsequently, CD207-expression [31]. Such
stimulation may explain the relatively high density of CD207+ DCs among cancer
cells in NPC described in study II1.

In conclusion, lymphocyte-based immune phenotypes can be demonstrated in NPC,
and these findings can be objectively confirmed by CD8+ T-cell quantification.
These phenotypes can be used for prognostication. The findings further suggest that
immune features of NPC, notably CD8+ T-cell presence, depend on EBV presence
and it is reasonable to advocate that EBV analyses, in some form, should be included
whenever immune features of NPC are examined.

Prognostic factors in nasopharyngeal cancer

At histopathological examination (study III), a marked heterogeneity was noted in
and between cases with regards to cancer growth patterns as well as to immune cell
distribution and cytokeratin- and EBER-presence. These were patterns that could
not be solely attributed to EBV presence or not. Furthermore, the gene expression
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analysis (III) revealed a heterogeneity also for immune-related signatures. Thus,
even a seemingly distinct entity such as EBV positive NPC can manifest itself in a
variety of forms. This heterogeneity is further emphasised by a recent single cell
RNA-sequencing study of three NPC tissue samples [273]. Arguably, such a
heterogeneity may play a role in the proposed insufficiency of the current NPC
staging system for prognostication of the disease and for treatment selection [84,
138-142]. The studies performed add candidates for incorporation into an improved
staging system for NPC: intralesional EBV-DNA load (study II) and lymphocyte-
based immune phenotyping (study III) as well as HPV diagnostics.

Intralesional EBV-DNA load correlated to survival (II), which has not been
previously reported. This finding supports the notion that viral malignancies show
a less aggressive phenotype in comparison with non-viral malignancies, as proposed
for NPC [88]. A related observation is that by Shao et al. [149], where intralesional
EBV-DNA load in NPC was not correlated to stage. This is in agreement with the
lack of stage-related observations in study II, and not in contrast to the present
findings on survival. Stage and survival may not be expected to correlate strongly
in NPC, considering the insufficiency of the current staging system for NPC [84,
138-142]. In addition, HPV-status should arguably be routinely assessed, although
present data diverge on its prognostic value in NPC [154, 158-161]. In the present
study (II), the number of HPV cases was too small to admit a detailed analysis.
However, it was noted that stage IV disease was associated with EBV negative
cancer only when HPV positive cases, likely masking a worse prognosis among
“true” EBV negative patients, were omitted from the analysis.

Intralesional DCs have been suggested as a prognostic marker in NPC, but data are
scarce and diverging [199, 225]. In the present material (III), the density of CD207+
cells, presumably DCs, was not related to prognosis. Accordingly, CD207 ratios
were also not related to lymphocyte-based immune phenotype patterns or EBV-
markers, both demonstrated as prognosticators (I1I).

The strongest prognostic predictors of survival in NPC in the studies performed
were the lymphocyte-based cancer immune phenotypes (II1). The concept of TIL
density as a biomarker in cancer can be directly linked to this, which also expands
on previous observations on TILs in NPC and their prognostic potential [237].
Considering that EBV positive cases aggregated among immune phenotypes as
“inflamed” > “excluded” > “deserted”, that CD8+ density was markedly higher in
EBV positive compared to negative cases and that findings extended beyond
presence or not, with high intralesional EBV-DNA loads associated with the
“inflamed” phenotype and low loads with the “deserted” phenotype (study III), it is
reasonable to associate the survival outcome among phenotypes with that of
intralesional EBV-DNA (II). It thus seems likely that an “inflamed” phenotype and
high intralesional load of EBV-DNA are interconnected with a favourable
prognosis. These associations add to previous observations that links EBV to
prognostic outcome.
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In conclusion, NPCs are heterogeneous lesions in relation to presence and
distribution of both cancer cells and immune cells. This, and the likely variable
presence of EBV-associated antigen as well as the possible interference of HPV,
must be taken into account when immunotherapeutic alternatives including antigen-
specific therapy for NPC are explored. In the present studies, efforts have been made
to overcome these obstacles by inclusion of HPV-DNA and p16 expression in the
analysis (study II) and by digital image-based microdissection and quantitative
digital analysis (study III). With a growing understanding of the value of sufficient
background information and how to exploit it, emerging data will also allow better
prognostication. In the performed studies, survival was predicted by both
intralesional EBV-DNA load (study II) and lymphocyte-based immune phenotyping
(study III). In addition, the latter measure adds the major advantage of being
relatively simple to perform and thus arguably being easily incorporated into clinical
routine praxis.

The potential role for y-PGA-Phe nanoparticles in
antigen-specific active immunotherapy

In order for antigen-specific active immunotherapy to be successful, suitable
antigens must be delivered to the tumour site, they must be presented to APCs,
preferably DCs, and relevant PRRs must be activated. Furthermore, in the context
of mucosal cancers such as NPC, mucosal administration may be beneficial.

The utilisation of NPs, specifically y-PGA-Phe NPs, as mucosal adjuvants have
been previously demonstrated [259, 260], but the local effects in vivo on a targeted
mucosa have not been investigated. In the fourth study (IV), a rat model was used
to evaluate the local immune response to topically applied y-PGA-Phe NPs. An
increase of pro-inflammatory cytokines IL-1a, IL-1p, IL-6, MIP-1a and TNF-a was
observed, and the induced inflammation was emphasised by histopathological
changes. Furthermore, the cytokine increase observed was dose- and time-
dependent. The cytokine findings confirmed previous in vitro results demonstrating
that stimulation of nasal DCs with y-PGA-Phe NPs led to upregulated mRNA and
protein levels of IL-1f, IL-6, MIP-10 and TNF-a as well as upregulated mRNA
levels of IL-1a [256]. To summarise, the demonstrated pattern is compatible with
that of a type-1 response — the desired pattern in a cancer treatment setting — where
cancer immunoediting otherwise is expected to skew responses towards a pro-
tumour type-2 pattern [46, 62].

The utilised NPs have previously been shown capable of effective antigen loading
and delivery [250, 251] as well as of exhibition of adjuvant properties, probably
through binding to TLR2 and TLR4 [256]. This emphasises their potential as
vehicles for antigen-specific active immunotherapy in treatment of cancer such as
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NPC. In accordance, subsequent studies, performed after study 1V, have further
elaborated upon these abilities, such as on antigen-specific DC induction and
maturation by a NP complex including y-PGA-Phe NPs [274] and on how different
formulations of y-PGA-Phe NPs and other y-PGA NPs can be used to select a
dominating type 1- or type 2-response pattern [275]. These advances combined have
led to further studies aiming to develop a commercially available clinical drug-
delivery system [276, 277]. In addition, variants of these NPs are being developed,
such as synthetic antigen-carrying y-PGA NPs capable of inducing antitumor
immunity [278].

In conclusion, y-PGA-Phe NPs, previously known to be able to act as antigen
carriers and known to possess adjuvant properties, induce a local response in
targeted mucosa compatible with a type-1 response. This further highlights these
NPs as promising tools for antigen-specific active immunotherapy in cancers, e.g.
NPC.

Methodological considerations

Patient material

NPC is a rare cancer in Sweden, which is reflected by the low numbers of fresh
samples in study I. However, with the main objective of this study being to describe
presence of intralesional DCs and DC subsets, the sample size was sufficient. In
study II-III, the retrospective setup enabled inclusion of a larger cohort.
Furthermore, a particular strength gained from the long inclusion period needed to
reach sufficient numbers was that an extensive follow-up was acquired. A particular
concern to note when evaluating an NPC material is that EBV negative cases may
be misdiagnosed cases of oropharyngeal cancer. In the current studies however, all
patient cases were re-evaluated according to clinical presentation, radiology and
histopathology, and cases not deemed as true NPC were excluded.

Intralesional dendritic cells in nasopharyngeal cancer

DC subsets expressing CD207 are normally present in epithelium, i.e. Langerhans
DCs, and since NPC is an epithelial cancer, intralesional quantification of CD207+
cells may partly reflect this population. However, the digital microdissection
performed for all cases excluded all normal epithelium. Furthermore, at
quantification the detected CD207+ DCs were mainly present among the cancer
cells. Since there was no control material, the findings could not be compared to
normal nasopharyngeal tissue, however, it has been stated that DC presence does
not differ in cancers compared to their normal counterparts [56]. This may also be
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reflected in the gene expression analysis of study III, where no increase in DC
signatures was shown in NPC compared to control tissue.

Epstein-Barr virus markers

EBER detection has long been considered the gold standard for verification of EBV-
driven cancer [125]. In the second study (II), among the EBV-DNA positive cases
(n=40), four EBER negative cases were found. These four cases were the cases with
the lowest viral DNA load, allowing two possible interpretations: that these were
cases with low EBV presence, which were missed with EBER diagnostics, or that
they were false positive cases. The observation that two of these cases were pl6
positive and high-risk HPV-DNA positive, thus suggesting an alternative genesis,
supports the latter supposition. However, irrespective of which, EBV-DNA load
was still prognostic even when the EBER negative/EBV-DNA positive cases were
omitted from the analysis.

A particular concern when performing measurements on intralesional markers in
cancers is that results are dependent on the size of the biopsies, the relative presence
of cancer cells and the possible presence of tumour markers in non-cancer cells. In
addition, when the marker is incorporated viral DNA, such as EBV-DNA, the
tumour genome must also be taken into account. In the present study (II), the B-
globin gene was used to normalize for cell numbers. Because NPC is generally
believed to be diploid and as there are no reports of recurrent gains or deletions
involving the B-globin gene locus [279, 280], this seems a reasonable strategy, even
if further insights into the NPC genome in the future likely will present even better
candidates for normalisation. On the other hand, the problem with cell
heterogeneity, i.e. the relative presence of cancer cells within the tumour, remains a
confounding factor. In addition, specifically NPC, as demonstrated in study III, is
well known for a marked infiltration of non-cancer cells that may affect the results.
However, given the logarithmic scale range of EBV-DNA revealed, the present
results should not be substantially influenced. The objection based on hypothetically
chronically EBV-infected lymphocytes independently present within the tumour
could reasonably be similarly addressed, specifically with regards to that the latent
virus pool is believed to be situated within the relatively rare memory B-cells [101].
A related issue is the potential presence of intralesional EBV-DNA in non-cancer
nasopharyngeal tissue. However, reports on EBV-status in healthy nasopharyngeal
tissue, and specifically based on EBV-DNA, are sparse and have demonstrated
exceedingly low quantitates [149, 281].
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Gene expression analysis

The third study (III) included a gene expression data analysis. A disadvantage with
the material available was that it was solely EBV positive and consisted only of low-
stage cases. A heterogeneity was observed, stressing the difficulty to draw
conclusions from such database analyses. However, this finding was in accordance
with the morphological assessment of the NPC material in study III. The gene
expression analyses did not show an increase in CD8+ T-cell profiles, as would have
been expected from the morphological data (III), which could tentatively be due to
insufficient control material.

Nanoparticles and the rat model

In study 1V, the effects of topical mucosal administration of y-PGA-Phe NPs were
examined. The model utilised was an established rat model developed for studies of
middle ear infections [282]. An objection to the usage of this model is that the
procedure itself is associated with a certain trauma, potentially producing an
inflammatory response. To overcome this, the study was performed in a sham-
controlled design. A further notion is the possible difficulties encountered when
administering high-concentration NP solution, due to increased viscosity, in terms
of higher demands on surgical-technical performance and potentially also with the
risk of limited interaction with the target mucosa. However, the dose-dependent
outcome speaks in favour for that these obstacles were overcome.
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Conclusions

1L

III.

Iv.

Intralesional DCs were present in NPC. These comprised specific
subsets: CD123+ pDCs, CDlc+ mDCs, CD141+ mDCs and
CD1c-CD141- mDCs, previously not described in NPC. CD207, a C-
lectin receptor with cross-presentation facilitating properties, was found
at a high frequency among CD1c+ mDCs.

Intralesional EBV-DNA was demonstrated in untreated NPC. In the
patient cohort, 83% were positive for EBV-DNA, including all EBER
positive cases. High-risk HPV subtypes were detected in 15% of cases
and were highly associated with EBV negative disease. The EBV-DNA
levels exhibited a wide range (0.0005 to 94617 copies/cell). An EBV-
DNA load of >70 copies per cell for EBV-DNA positive cases treated
with curative intent was associated with a favourable 7-year DFS.

Lymphocyte-based cancer immune phenotypes were demonstrated in
NPC. The dominating pattern was the “inflamed” subtype (61.7%),
which was supported by quantification of CD8+ T-cells. The
“inflamed” phenotype was associated with better 7-year DFS.
Intralesional CD207+ DCs were observed predominantly within areas
of cancer cells. EBV-markers (intralesional EBV-DNA and EBER)
were related to phenotype and higher EBV-DNA load was associated
with the “inflamed” phenotype.

Topical administration of y-PGA-Phe NPs on middle ear mucosa in rats
produced a dose- and time-dependent cytokine response compatible
with a type 1-effect. This pro-inflammatory pattern was supported by
histopathological changes.
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Future perspectives and
closing remarks

This thesis contributes with a few yet important steps toward future antigen-specific
active immunotherapy for NPC. The observations highlight salient intralesional
immune features that may be exploited, but additional information is needed. For
example, a more detailed profiling of intralesional DCs as well as functional studies
focusing on DC and T-cell interactions in the presence of antigen and treatment
candidates including PRR ligands. Ligands to CD207 may be candidates in this
context, such as recently synthesised high-affinity ligands [32]. Importantly, prior
to any use in patients, accompanying diagnostics must be further developed,
potentially including facets such as antigen presence and immune phenotypes,
possibly incorporated in an improved NPC staging procedure.

Considering such subsequent studies, it is worth to keep in mind the eminent
prerequisites at hand: NPC being a cancer frequently exhibiting non-self antigens
and with a presentation signalling a vast immunological potential. By this, the
potential gain of present and future findings may extend beyond this cancer type,
utilising NPC as a comprehensive model for development of cancer treatments.
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Sammanfattning pa svenska

Nasofarynxcancer, i Sverige dven kidnd under namnet epifarynxcancer, dr en form
av skivepitelcancer i nidssvalget (nasofarynx). Det dr en ovanlig cancerform (ca 30-
50 fall per ar i Sverige) men den vanligaste pa just den hir anatomiska platsen. Den
klassifikation (stadie-indelning) vid nasofarynxcancer som anvidnds for ge en
prognos och for att vilja behandling anses av allt fler som otillrdcklig; det finns ett
behov av forbattring for att kunna ge rétt behandling till varje enskild patient.

Epstein-Barr virus (EBV), som bland annat ocksé &r orsaken till den mycket vanliga
sjukdomen kortelfeber (mononukleos), dr ofta men inte alltid en bakomliggande
faktor vid nasofarynxcancer. Med tanke pa att over 90% av jordens befolkning
ndgon ging under livet smittas av EBV, och sedan fortsatt bar med sig viruset (som
ligger vilande i specifika immunceller), s& dr dock risken for att en EBV-infektion
ska leda till cancer véldigt liten. Utdver sin koppling till EBV karakteriseras ocksa
nasofarynxcancer ofta av en véldigt stor andel immunceller inne i tumoren. Detta
gor cancerformen extra intressant med avseende pd sa kallad immunterapi,
behandlingsmetoder som syftar till att modulera kroppens immunsystem till att ge
upphov till 6nskvirda reaktioner, till exempel en aktivering av immuncellstyper
kapabla att doda cancerceller. En immunterapi som pa det sittet anvinder sig av
kroppens eget immunsystem kallas aktiv immunterapi. Dessutom ger kopplingen
till EBV vid nasofarynxcancer, och den dédrmed frekventa nérvaron av EBV-
markorer pa cancercellerna, en mojlighet att rikta en sddan immunreaktion mot
dessa markorer, som i ett sadant sammanhang kallas for antigen. Det som gor detta
koncept sé tilltalande vid EBV-associerad cancer &r att dessa antigen dé ar icke-
kroppsegna, det vill sidga reaktionen kan riktas specifikt mot cancercellerna och
skona kroppens dvriga celler.

Nér det handlar om antigen dr de dendritiska cellerna (DCs) nyckelspelare i
immunsystemet. Dessa kroppens mest potenta antigenpresenterade celler fangar upp
och presenterar antigen for immunsystemets effektorceller och styr sedan ocksa
svaret. Detta giller dels aktiv respons, som till exempel aktivering av
immuncellstyper som kan forstdra andra celler eller ett antikroppssvar, och dels
motsatsen, det som kallas tolerans. Sistndimnda ar en viktig funktion hos
immunforsvaret, det vill sdga att ocksa kunna ldra sig att inte reagera pé specifika
frimmande antigen, till exempel under en graviditet. Tolerans dr ocksé nidgot som
framgéangsrika cancerformer utnyttjar, och att bryta siddan tolerans &r en del av
konceptet immunterapi.
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Den hér avhandlingen har undersokt olika forutsittningar for att kunna utveckla en
framtida antigen-specifik aktiv immunterapi vid nasofarynxcancer och ocksa
prognostiska forutsittningar vid denna sjukdom.

I det forsta delarbetet (I) undersoktes forekomsten av DCs i farska tumorprover. Det
kunde dels pévisas att DCs forekommer i nasofarynxcancer och dels att det ror sig
om specifika subtyper, tidigare inte beskrivna i denna cancer: CD123+ pDCs,
CDlct+mDCs, CD141+ mDCs och CD1¢-CD141- mDCs. Dessutom kunde CD207,
som &dr en DC-receptor kopplad till responsmdnster som dr Onskvirda vid
cancerbehandling, identifieras i hog frekvens pa CD1c+ mDCs.

I det andra delarbetet (II) undersdktes tumdrprover fran patienter med véldefinierad
sjukhistoria och lang uppfoljningstid. Arvsmassa frain EBV (EBV-DNA) mittes i
tumorerna och relaterades till cellantal. Samtidigt undersoktes ocksé forekomsten
av ett annat tumordrivande virus, humant papillomvirus (HPV). EBV-DNA
pavisades i tumorprov frén 83% av patienterna. Nivaerna av EBV-DNA uppvisade
en vildigt stor variation (0,0005-94617 kopior/cell). Det kunde visas att nivier av
EBV-DNA o6verstigande 70 kopior/cell var forenligt med forlingd cancerfri
overlevnad hos patienterna som hade en EBV-associerad cancer.

I det tredje delarbetet (III) undersdktes tumdrprover fran samma patientgrupp som i
delarbete II. Dessa prover scannades in digitalt efter infargningar for att sedan
kvantifieras med hjdlp av ett bildanalysprogram. Forst utfordes en visuell
bedomning av cancerns véxtsitt i forhallande till immuncellerna i den. Tumdrerna
delades upp i sé kallade immunfenotyper: ”inflamed” (infiltrerande immunceller
bland cancercellerna), “excluded” (immunceller i nira anslutning till
cancercellerna, men inte bland dem), och deserted” (patagligt fa immunceller). Den
dominerande fenotypen (61,7%) utgjordes av inflamed” medan “excluded”
utgjorde 29,8% och “deserted” de sista 8,5%. En datorstédd kvantifiering av CD8+
T-lymfocyter i tumdrerna, immunceller med kapacitet att ddda cancerceller,
genomfordes och deras fordelning i tumorerna understodde den visuella analysen.
Det kunde visas att “inflamed” fenotyp var kopplad till forlingd cancerfri
overlevnad jamfort med “excluded”. Aven CD207+ DCs kvantifierades i tumdrerna.
Det fanns ingen koppling till de dvriga fynden, men det kunde demonstreras att
dessa celler fanns, framfor allt i direkt anslutning till tumoércellerna. Slutligen
relaterades ocksa fynden till EBV. Fenotyperna kunde bindas till EBV-forekomst,
pa samma sitt som CD8+ T-celler, och det kunde ocksé visas att hoga nivaer av
EBV-DNA var kopplat till ”inflamed”-fenotypen.

I det fjarde delarbetet (IV) undersdktes en annan forutséttning for antigen-specifik
aktiv immunterapi. Nérvaro av ritt sorts immunceller &r otillrdckligt om inte antigen
kan levereras till dem, och om de inte samtidigt aktiveras pa korrekt sétt (till
exempel via sérskilda receptorer sisom CD207). Specifika nanopartiklar (NPs),
mycket smé partikelenheter, kan potentiellt anvindas for detta. I arbete IV
undersoktes effekten av y-PGA-Phe NPs pa slemhinna i en djurmodell, och ett
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inflammatoriskt svar kunde pavisas. Detta uppvisade karakteristika
overensstimmande med det som ses vid inducering av ett cellmedierat immunsvar,
en respons som till exempel inkluderar stimulering av CD8+ T-celler, det vill séga
det dnskvérda vid en cancerbehandling. Det kunde dessutom visas att detta svar gav
upphov till fordndringar i slemhinnan forenliga med en inflammatorisk reaktion.

De ingiende delarbetena visar dirmed pé ett antal specifika forutsittningar for
antigen-specifik aktiv immunterapi vid nasofarynxcancer. Inventeringen av DCs 1i
denna cancerform pévisade flera subtyper varav vissa kan vara lampliga att utnyttja
vid cancerbehandling. Specifikt pavisades forekomst av CD207+ DCs i tumorerna.
CD207 éar intressant som malreceptor vid aktivering av en relevant immunreaktion
mot cancer, och det kunde ocksd visas att CD207+ DCs befann sig i direkt
anslutning till cancercellerna. Vidare kunde nivéer av EBV-DNA, som kan tinkas
svara mot potentiella antigennivaer, méitas med ett brett utfall. Specifika
immunfenotyper, monster svarande mot interaktion mellan cancer och immunceller,
kunde pévisas. Savil nivder av EBV-DNA som immunfenotypmonster kunde
kopplas till 6verlevnad, och i enlighet med detta kunde ocksa nivaer av EBV-DNA
och immunfenotyper associeras. Dessa utfall skulle kunna anvéndas for forbattrade
prognosverktyg och for att vélja behandling. Slutligen visade undersdkningar av
specifika nanopartiklar (y-PGA-Phe NPs), potentiellt aktuella som bérare av antigen
och aktivatorer av DCs, att de framkallar ett vid cancerinriktad immunterapi relevant
svar i slemhinna. Detta skulle kunna vara av sérskilt intresse vid behandling av
cancerformer utgdende fran slemhinna, till exempel nasofarynxcancer.

Sammanfattningsvis visar genomforda arbeten pd forutséttningar for antigen-
specifik aktiv immunterapi vid nasofarynxcancer. Ytterligare studier, till exempel
med avseende pa fordjupad karakterisering av immunceller, krdvs dock innan
behandlingsforsok kan bli aktuella. En forbattrad stadie-indelning av dessa tumorer,
lampligtvis baserad dven pd EBV-status och immunstatus, kan bidra till att vilja ut
vilka tumorer som dr lampliga for sddan behandling.
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