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ABSTRACT

Human papillomavirus (HPV) infection and its associated cancers disproportionately
affect those infected with human immunodeficiency virus (HIV) despite effective
combination antiretroviral therapy (cART). Cell-mediated immune (CMI) responses
against HPV E6 antigen have been associated with clearance of HPV infection or its
associated diseases. This study aims to investigate the presence of HPV16 and 52 E6-
specific T cell responses in HIV+ patients on cART with suboptimal (sIR) and optimal
(oIR) immune reconstitution. A cross-sectional cohort (n= 67) consisting of patients with
sIR (CD4+T cell <350cells/mm?) and oIR (CD4+T cell >500cells/mm”) after a minimum
of 2-years on cART with sustained suppressive viral load RNA <50copies/ml over a year
following cART were recruited from Infectious Dis-eases clinic in University of Malaya
Medical Centre (UMMC). A detailed questionnaire on socio-demographic information
was administered. Specimens obtained from each participant included whole blood, an
anal swab and oral rinse. HPV DNA genotyping test was performed on anal and oral
specimens. Anal cytology was also undertaken. Peripheral blood mononuclear cells
(PBMCs) were isolated from whole blood for interferon (IFN)-y ELISPOT and flow
cytometry. IFNy ELISPOT was used to detected HPV16 and HPV52 E6-specific T cell
immune responses whereas flow cytometry was to identify the immunophenotypes of
CD4+ and CD8+T cells at systemic level. All HIV+ individuals received non-nucleoside
reverse transcriptase inhibitors (NNRTI)-based cART. As compared to olIR group, sIR
group exhibited lower baseline of CD4+ T cell count (28 vs 190cells/mm?, p<0.001),
CD8+ T cell count (473 vs 711cells/mm?, p=0.011) and CD4/CD8 ratio (0.07 vs 0.22,
p<0.001). Those in the sIR group had more AIDS-defining illnesses compared to oIR
group (84.4% vs 54.3%, p=0.008). Despite suppressive viral load, sIR showed higher
percentage of CD4+ central memory T cell (Tem) (46.2% vs 38.1%, p<0.05) and effector

memory T cell (Tem) in both CD4+ (26.8% vs 19.0%, p=0.001) and CD8+ (56.1% vs
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43.6%, p<0.05) subsets, with lower naive CD4+ (24.9% vs 36.4%, p<0.05) and CD8+
(8.1% vs 15.7%, p<0.05) T cells compared to those with oIR. In addition, higher
percentage of regulatory T cells (Treg), activated and senescent CD4+ and CD8+ T cells
were observed in sIR compared to olR groups. The prevalence of oral (16.7 vs 11.1%,
p=0.57) and anal (57.1% vs 56.5%, p=0.97) HPV DNA between sIR and oIR groups were
similar. In multivariate analysis, age of cART initiation (OR=1.21 [95% CI 1.04-1.40],
p=0.01), and serum HsCRP level (OR=908 [95% CI 4.3-191720],'p={).01) were risk
factors correlating to anal HPV carriage. Furthermore, sIR (2/32, 6.3%) had significant
lower HPV16 and 52 E6-specific CMI responses compared to oIR (9/34, 26.5%)
(p=0.028) irrespective of anal and oral HPV carriage. Apart from CD4+T cell counts, no
other immunological correlates to HPV16 and 52‘E6-speciﬁc T cell responses. As a
conclusion, a longitudinal study to evaluate the effect of HPV16 and 52-specific CMI
responses among HIV+ adult with optimal immune reconstitution is recommended.
Clinically, anal screening is recommended for HIV+ population, particularly those with

poor immune reconstitution.



ABSTRAK
Penyakit berkaitan human papillomavirus (HPV) memberi kesan kepada pesakit human
immunodeficiency virus (HIV) meskipun telah menerima gabungan terapi antiretroviral
berkesan (cART). Tindak balas sel-pengantara imun terhadap antigen HPV E6 telah
dikaitkan dengan pembersihan jangkitan HPV atau penyakit yang berkaitan dengan HPV.
Kajian ini bertujuan untuk mengkaji kehadiran tindak balas spesifik E6 imun sel (CMI)
terhadap HPV 16 dan 52 atas kumpulan pesakit yang mencapai penyusunan semula imun
yang suboptimal (sIR) dan optimum (oIR). Kohort (n = 67) yang terdiri daripada pesakit
SIR (CD4 + T sel <350cells / mm®) dan oIR (CD4 +T sel> 500cells /mm®) yang menerima
rawatan cART sekurang-kurangnya 2 tahun dengan berterusan beban virus RNA tertindas
yang berterusan <5Ocopies/ml selama lebih setaimn telah direkrut daripada klinik
penyakit berjangkit klinik di Pusat Perubatan Universiti Malaya, PPUM. Soal selidik
yang terperinci mengenai maklumat sosio-demografik pesakit telah dijalankan. Spesimen
yang diperolehi daripada setiap peserta termasuk darah, swab dubur dan bilas mulut.
Ujian HPV DNA genotip telah dilakukan ke atas spesimen swab dubur dan bilas mulut.
Spesimen swab dubur juga diproses untuk penilaian sitologi. Sel-sel mononuklear darah
periferi (PBMCs) telah diasingkan daripada darah untuk ujian Inteferon (IFN)-y
ELISPOT dan “flow cytometry”. [IFNy ELISPOT telah digunakan untuk mengesan tindak
balas spesifik-E6 HPV16 dan 52 CMI manakala “flow cytometry™ adalah untuk mengenal
pasti immunofenotip bagi CD4+ dan CD8+T sel pada tahap sistemik. Semua HIV +
individu telah menerima non-nucleoside reverse transcriptase inhibitor (NNRTI)
berasaskan cART. Berbanding dengan kumpulan oIR, sIR menunjukkan garis dasar
bilangan CD4+ T sel (28 vs 190cells/mm?, p <0.001), CD8+ T sel (473 vs 71 1cells/mm?®,
p = 0.011) dan nisbah CD4/CD8 (0.07 vs 0.22, p <0.001) yang lebih rendah. Individu
daripada kumpulan sIR dijangkiti penyakit khusus AIDS berbanding dengan oIR (84.4%

vs 54.3%, p = 0.008). Walaupun beban virus ditindas, sIR menunjukkan peratusan CD4+



sentral memori T sel (Tem) (46.2% vs 38.1%, p <0.05) dan effector memori T sel (Tewm)
dalam kedua-dua CD4+ (26.8% vs 19.0%, p = 0.001 ) dan CD8+ (56.1% vs 43.6%, p
<0.05) subset yang lebih tinggi, dengan naif CD4+ (24.9% vs 36.4%, p <0.05) dan CD8+
T sel (8.1% vs 15.7%, p <0.05) yang lebih rendah berbanding oIR group. Di samping itu,
kumpulan sIR juga menunjukkan peratusan sel-sel T regulatory (Treg), activated dan
senescent CD4+ dan CD8+ yang lebih tinggi berbanding oIR. Prevalens oral (16.7 vs
11.1%, p = 0.57) dan dubur (57.1% vs 56.5%, p = 0.97) HPV DNA di antara kumpulan
sIR dan oIR adalah lebih kurang sama. Berdasarkan analisis multivariat, umur bermula
cART (OR=1.21 [95% CI 1.04-1.40], p=0.01), serum HsCRP level (OR=908 [95% CI
4.3-191720], p=0.01) adalah faktor risiko tak bersandar kepadé dubur HPV. Tambahan
pula, sIR (2/32, 6.3%) menunjukkan tindak balas s.pesiﬁk-EG terhadap HPV 16 dan 52
CMI lebih rendah berbanding dengan oIR (9/34, 26.5%) (p = 0.028) tanpa mengira
pembawaan HPV DNA dari dubur dan mulut. Selain daripada bilangan CD4+ T sel, tiada
tindak balas imunologi yang lain dikaitkan dengan tindak balas T sel spesifik-E6 terhadap
HPV16 dan 52. Kesimpulannya, jangka masa yang panjang diperlukan untuk pesakit HIV
seperti yang perhatikan di kumpulan sIR adalah kumpulan yang berisiko tinggie dengan
jangkitan HPV atau kanser berkaitannya. Oleh itu, pemeriksaan cytologi dubur adalah
dicadangkan untuk mencegah penyakit ini di kalangan pesakit HPV. Kesimpulannya,
kajian longitudinal untuk menilai kesan CMI khusus kepada HPV16 dan HPV52 di
kalangan HIV + dewasa dengan optimum penyusunan semula imun adalah disyorkan.
Secara klinikal, pemeriksaan dubur intensif dicadangkan untuk HIV + penduduk,

terutamanya yang mempunyai penyusunan semula imun yang lemah.
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CHAPTER 1: INTRODUCTION

1.1 Background of study

In the combination antiretroviral therapy (cART) era, the incidence of most acquired
immunodeficiency syndrome (AIDS)-defining illnesses have decreased (Schwarcz,
Chen, Vittinghoff, Hsu, & Schwarcz, 2013). In contrast, the impact of cART on human
papillomavirus (HPV) infection or HPV-related diseases remains disproportionately high
and appears to be increasing. Those living with human immunodeficiency virus (HIV)
have 38-fold higher risk of developing anal cancer (Frisch, Biggar, & Goedert, 2000) and
nearly 3-fold higher risk for oral cancer (Mellin, Friesland, Lewensohn, Dalianis, &
Munck-Wikland, 2000) when compared to the general population. In particular, those
with CD4+ T cell counts of less than 200cells/mm® (Ahdieh et al., 2000; Delmas et al.,

2000; Rositch et al., 2013) were found to be at highest risk of HPV carriage.

In non HIV cohorts, studies have shown that poor functionality of poor functionality
of HPV specific T-helper cells (de Jong et al., 2004; Luxton, Nath, Derias, Herbert, &
Shepherd, 2003; Steele et al., 2005) and/ or increased regulatory T cells (Treg) (McCredie
et al., 2008; Molling et al, 2007; Visser et al., 2007) were associated with the
development of invasive cervical cancer. In addition, HPV-specific immune responses
against E6 (one of the oncogenic genes in HPV genome) peptides are more frequently
detected in the earlier stages of HPV associated lesion but not in most patients with
advanced stages of HPV associated lesion including high-grade cervical epithelial lesion
(HSIL) & invasive cancer (Woo et al., 2010). Together, the data suggest that the cellular
immune responses play a crucial role to control the development of HPV associated
diseases. However, whether the dynamics of HPV antigen-specific immunity in HIV-

infected cohort is similar to that observed in non HIV cohort remains to be defined.



Therefore, the aim of this study is to explore the associations of cellular immunity

against HPV among HIV-infected individuals receiving suppressive cART.

1.2

Objectives

The objectives of the present study are

a)

b)

c)

d)

To compare the HPV carriage in both oral and anal compartment of cART-treated
HIV males with suboptimal immune reconstitution, sIR (CD4+T cell count at
study entry <350cells/mm?) and optimal immune reconstitution, oIR (CD4+T cell
count at study entry >500cells/mm?).

To identify clinical correlates to HPV carriage.

To measure HPV16 and HPV52 E6-specific immune responses among those with
sIR and olR.

To define the correlations between systemic immunophenotypes to HPV 16 and

HPV52 E6- specific immune responses.

(3]



CHAPTER 2: LITERATURE REVIEW

2.1 Human papillomavirus (HPV)
2.1.1 Biology of HPV

HPV is a non-enveloped small virus with an intact protein coat consisting of 72
capsomeres (Stern & Kitchener, 2008) with the outermost layer shaped as a spherical
particle with a diameter of 55nm. HPV genome is a double-stranded circular DNA of
approximately 8,000bp in size. The genome of HPV is divided into three regions- Early
gene (E1, E2, E4 and ES), Late genes (L1 and L2) and Long Control Region (LCR) or
Upstream Regulatory Region (URR). LCR region is a non-protein coding nucleotide
segment and contains most of the regulatory elements for viral DNA replication and
transcription. Early genes encode proteins mainly involved in cell proliferation,
transcriptional regulation and can lead to instability of host cell genetic leading to
formation of malignancy whereas late genes is responsible for formation of viral capsid

proteins (Table 2.1).

As L1 gene is highly conserved compared to other HPV genes, Intemational
Committee on the Taxonomy of Viruses (ICTV) uses L1 gene to group Human
papillomaviruses (HPV) into five genera which are Alpha-, Beta-, Gamma-, Mu- and Nu-
PVs (de Villiers, Fauquet, Broker, Bemard, & zur Hausen, 2004). Besides, HPVs are also
classified based on the clinical outcomes caused by the particular HPV type. HPV types
found mainly in skin or anogenital warts are classified as low-risk (LR) HPV (HPV type
6,11,40,42, 43,44, 54, 61, 72, 81) whereas the high-risk (HR) HPV (16, 18, 31, 33, 35,
39, 45, 51, 52, 56, 58 and 59) types were associated with the development of invasive
cancer and several types of HPV are grouped as probable HR types (HPV type 26, 53,

and 66) due to insufficient cases for the study (Munoz et al., 2003).



Basically, HPV establishes infection in its hosts by initially penetrating the epithelium
through microabrasions and infect mitotically active epithelial stem cells that are located
in the basal epithelial cell layer (Figure 2.1). At first, the viral capsid interacts with the
cytoplasmic membrane of host cells. After binding, their genome is internalized via
clathrin-dependent endocytic pathway (P. M. Day, Lowy, & Schiller, 2003) and then
transferred into nucleus of host cells (Doorbar, 2005; Kines, Thompson, Lowy, Schiller,
& Day, 2009). The virions in the infected basal cells replicate their DNA episomally at
relatively low copy number of about 50 to 200 or so copies per cell (K. Kim & Lambert,
2002) and are highly dependents on the host cellular DNA-replication machinery (Frazer,
2004; Tommasino, 2013). All the non structural proteins (El, E2, ES, E6 and E7) are
expressed at this stage whereas the E1 and E2 proteins initiates the replication of viral

episomes during host cell division.

As cells divide, the viral episome is distributed to all daughter cells. As a result, some
daughter cells remain at the basal membrane and become reservoir of viral genome for
further cell division (Stubenrauch & Laimins, 1999) whereas others are pushed vertically
from the basal membrane to the superbasal layer of epithelium and proceed into
terminally differentiated keratinocyte which then exit the cell cycle. The viral proteins E6
and E7 in terminally differentiated keratinocyte disturbs the cell-cycle control
checkpoints in order to maintain the viral genome replication in the cells (Funk et al.,
1997; Jones, Alani, & Miinger, 1997). In this amplification stage, the number of HPV
genome is amplified to more than 1000 copies per cell (Tommasino, 2013). In HR HPV
infection, the E6 and E7 genes are commonly found to be tightly incorporated to host cell
DNA with a portion of viral genome deleted (Schwarz et al., 1985) as HPV related disease
progress to malignancy. In comparison, the function of E6 and E7 genes of LR HPV is

less effective compared to the former (Klingelhutz & Roman, 2012).



Thereafter, virus L1 and L2 proteins are expressed, allowing assembly of viral capsid
and genome. Finally, the viral particles are produced and released only when the infected
cells reach the epithelial surface as HPVs are non-lytic (Kadaja, Silla, Ustav, & Ustav,

2009). This is known as the productive phase of the infective cycle.



Table 2.1: HPV functional genes

Gene

Main function

References

El

1)
2)

A DNA helicase/ATPase
Interact with E2 gene to facilitate viral DNA
replication.

(Chiang et al., 1992;
Hughes & Romanos,
1993)

E2

)

2)

3)

Forms a complex with El for efficient origin
recognition and activate viral genome
replication.

Tethers viral genome to mitotic chromosomes
segregation during host cell division.

As transcriptional repressor to regulate
expression of HPV E6 and E7 proteins.

(Bemard et al,
1989; Chiang et al.,
1992;  McPhillips,
Oliveira, Spindler,
Mitra, & McBride,
2006)

E4

1)

2)

Interacts with cytokeratins and induces
collapse of the intermediate filament network
to release viral particles.
Suppresses cell growth by arresting the cell
cycle at Go/M boundary

(Doorbar, Ely,
Sterling, Mclean, &
Crawford, 1991)

E5

1)

2)

3)

Delays endosomal acidification in
keratinocytes resulted in enhancement of the
activity of the epidermal growth factor receptor
(EGFR) in the presence of ligand.

Prevents cell apoptosis during early stages of
viral infection by downregulating the amount
of tumor necrosis factor (Fas) receptor and
altering the formation of Death-Inducing
Signalling Complex (DISC).

Helps in immune evasion by down-regulating
expression of HLA class. 1

(Ashrafi,
Haghshenas,
Marchetti, O'Brien,
& Campo, 2005;
Kabsch & Alonso,
2002; Straight,
Hinkle, Jewers, &
Mccance, 1993)

E6

1)

2)

Degrades p53 and Bak to resist apoptosis and
chromosomal instability.

Telomerase activation.

With expression of E7 to stimulate cell cycle
progression.

(Doorbar et al,
2012; Havre, Yuan,
Hedrick, Cho, &
Glazer, 1995;
Jackson, Harwood,
Thomas, Banks, &
Storey, 2000;
Veldman, Horikawa,
Barrett, & Schlegel,
2001)




Table 2.1: HPV functional genes (Continued)

Gene Main function References
E7 1) Degrade and associate with cellular tumour | (Doorbar et al.,
suppressor, pRb. 2012; Dyson,
2)  With expression of E6 to progress the neoplasia | Howley, Munger, &
to invasive cancer stage. Harlow, 1989)
L1 1)  Major capsid protein. (Buck, Day, & Trus,
2)  Facilitates the viral particle infect host cells. 2013; Giroglou,
Florin, Schiifer,
Streeck, & Sapp,
2001)
L2 1)  Minor capsid protein. (Holmgren,
2)  Facilitates the capsid assembly. Patterson, Ozbun, &
3)  Enhances the internalization of viral into host | Lambert, 2005; Ishii,
cells. Ozaki, Tanaka, &
Kanda, 2005)
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Figure 2.1: Life cycle of HPV
(Woodman, Collins, & Young, 2007)



2.1.2 The innate and adaptive immunity against HPV

In the general population, about 90% of HPV infections spontaneously clear while
10% persists with less than 1% progressing to cancer (Gadducci, Barsotti, Cosio,
Domenici, & Riccardo Genazzani, 2011). Patients with spontaneous clearance of HPV
infection or regression of HPV-associated diseases (warts and premalignant lesions) are
usually characterized by high level of cellular immune responses compared to patients
with persistence of HPV infection and progressive lesions (de Jong et al., 2002; van Esch
et al., 2015; Woo et al., 2010). These observations point toward the important roles of

cellular immunity against HPV infection.

As the HPV life cycle is confined to the epithelium, professional antigen-presenting
cell (APC) such as Langerhans cell (LC), are primarily responsible in triggering the innate
immune responses and adaptive immune responses. Studies have demonstrated a
correlation between the innate immune responses and clinical outcomes. These include
low expression of TLRs correlating to infection persistence (Daud et al., 2011), decreased
number of LCs in cervical intraepithelial neoplasia (CIN) compared to normal cervix
(Mota, Rayment, Chong, Singer, & Chain, 1999), downregulation of receptor on natural
killer (NK) cells leading to decrease cytotoxic activity, (Arreygue-Garcia et al., 2008;
Garcia-Iglesias et al., 2009; Majewski et al., 1990; Malejczyk, Majewski, Jablonska,
Rogozinski, & Orth, 1989), imbalance between M1 macrophage (tumour suppressive)
and M2 macrophage which are responsible in secretion of anti-inflammatory cytokines
observed in HPV-induced vulvar or cervical carcinoma (Ambarus et al., 2012; van Esch
et al., 2015). However, many details underlying the mechanisms on how innate immunity

cells in respond to HPV infection remains unclear.



The adaptive immunity on the other hand, comprises of pathogen-specific T
lymphocytes, HPV antigen-specific memory CD4+ T helper (Th) cells and CD8+
cytotoxic T lymphocyte (CTL) are generated in response to HPV infection and detected
at systemic level as well as the local infection site (Passmore et al., 2006). The presence
of HPV-specific memory T cells correlates to the clearance of HPV or regression of HPV-

related diseases (Coleman et al., 1994; Woo et al., 2008).

Peripheral HPV E2-specific memory T cell responses are commonly detected in
healthy individuals with no active HPV infection or diseases suggesting that they have
successfully cleared the infection (de Jong et al., 2002), regression of HPV-induced
lesions (Woo et al., 2008) or in children whose mothers have incidence of cervical
intraepithelial neoplasia (CIN) (Koskimaa et al., 2014). Based on the functional role of
E2 protein, HPV E2-specific memory T cells are predominantly associated with effective
control of HPV infection because E2 protein plays a key role to initiate HPV life cycle.
In contrast to E2 proteins, E6 and E7 proteins, the initiators of carcinogenesis and are
expressed in large amounts in the later stage of diseases at which cellular morphology
changes are usually observed. This is consistent with the observation that immune
responses including lymphoproliferation, [FN,-secreting T cells and CTL against
synthetic E6 and E7 peptides frequently detected in patients with low grade of
intraepithelial lesion, regression of intraepithelial lesion and healthy individuals, as well
as clearance of HPV (Chan et al., 2011; Kadish et al., 1997; K. H. Kim et al., 2012;
Nakagawa et al., 1997; Nakagawa et al., 2000; Woo et al., 2008). However, there are
inconsistencies in that several studies show that immune responses to E7 peptides are not
commonly detected regardless of the infection and diseases status as compared to E2 and
E6 peptides (Koskimaa et al., 2014; Woo et al., 2010). This may be due to the length of
E7 amino acid (aa) which is shorter than E6 and thus decreasing the chances of exposure

to T cells. Consistently, the collective detection of all HPV E2, E6 and E7-specific



immune cells are rarely found in patients with cancers, recurrence and progression of

intraepithelial lesion, as well as persistence of HPV infection in all the studies.

The expansion of antigen-specific memory T cells and the diversity of T cell subsets
with different functional roles are the unique properties found in adaptive immunity.
Studies have shown that the capacity of lymphoproliferation in response to HPV16 E6
and E7 peptides correlates to the grades of CIN (de Jong et al., 2004; Kadish et al., 1997;
Nakagawa et al., 1996). However, it has also been demonstrated that lymphocyte
proliferation may be associated with a loss of effector function or imbalance of Th type 1
(Th 1) and Th type 2 (Th 2) cytokines (de Jong et al., 2004). The predominant secretion
of IL-10, the Th 2 cytokine suppresses the Thl promoting inflammatory
microenvironment, promotes humoral immunity and tumour growth in patients with CIN
111 and cervical cancer (de Jong et al., 2004; Koskimaa et al., 2014). Regulatory T cells
(Treg) is another T cell subset that has been shown to suppress or inhibit clearance of
HPV infection, and is associated with progression of HPV caused diseases (Kojima et al.,
2013; Russell et al., 2013). In addition, high levels of Th17 with Th17 cytokines are
detected in patients with persistent HPV infection, high grade of CIN and cervical cancer
compared to healthy individuals (Z. Chen et al., 2013; Gosmann, Mattarollo, Bridge,
Frazer, & Blumenthal, 2014; Molling et al., 2007). Chen and colleagues suggested that
the imbalance of Th17/Treg ratio can be a predictor for the development of cervical
cancer (Z. Chen et al., 2013) when they demonstrated that level of IFN, to be negatively
correlated to Treg cell (CD4+CD25+CD127"°%") numbers whilst Th17 cells promoted
tumour angiogenesis and development of tumour. However, the knowledge of TH17 is

limited and more study on this line of T cells is required.
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In the presence of Th2 cytokine, B cells develop to initiate humoral immunity required
to opsonize and kill the viral particle (Sasagawa, Takagi, & Makinoda, 2012).
Seroconversion (serum IgG) has been detected within 18 months of the detecting HPV
DNA in only 50-70% of HPV-infected women while some with persistent HPV infection
never serocenverted (Carter et al., 2000). Such weak humoral immune responses observed
in natural HPV infection may be because transient HPV DNA leads to failure in
seroconversion or limited access of the viral particle load to lymph node where specific

immune responses are initiated (Carter et al., 2000; Stanley, 2012).

All these findings support the important role of cellular immunity against HPV. This
has been observed particularly among untreated HIV+ patients with CD4+T cell count
less than 200cells/mm® were found to be at highest risk of HPV infection compared to
those with CD4+T cell count >200cells/ mm® (Ahdieh et al., 2000; Delmas et al., 2000;
Rositch et al., 2013). Thus, it is expected that cART would reduce the incidence of HPV
infection and related diseases after optimal CD4 recovery. However, the recovery of
CD4+T cell count (=500cells/mm?®) by cART has not been shown to consistently reduce
the incidence of HPV infection and related diseases. Therefore, the impact of cART
remains inconsistent and inconclusive. These inconsistent outcomes may due to the
diversity in the cohort studied, differences in length of follow-up time, lack of standard
diagnostic assessment for HPV DNA from clinical specimen, definition of immune

reconstitution based on CD4+T cell counts.
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2.1.3 Global burden of HPV infection and related diseases in general and HIV
populations

The global prevalence of HPV infection is about 11% (Bruni et al., 2010). The five
most common HPV types detected worldwide include HPV 16, 18, 52 and 58 whereby
HPVS52 and 58 are relatively higher in Asia (Chan et al., 1999; C. M. Ho, Chien, Huang,
Lee, & Chang, 2006; Sasagawa, Basha, Yamazaki, & Inoue, 2001). There are molecular
and epidemiologic evidence showing that about 100% of cervical cancers, 90-93% of anal
cancers, 40-64% of vaginal cancer, 40-51% of vulvar cancer, 36-40% of penile cancers
and 12-63% of oropharyngeal cancers are attributed to HPV infection (Gillison,
Chaturvedi, & Lowy, 2008; Parkin & Bray, 2006). Moreover, oncogenic HPV16 and 18
contributes to the majority of these cancer cases. Taken together, approximately 5.2% of
all cancers that occur worldwide are attributed to HPV infection (Piirsoo, Ustav, Mandel,
Stenlund, & Ustav, 1996). In addition, the incidence rate of HPV associated cancers

shows an increasing trend over the years (Figure 2.2).
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Figure 2.2: Incidence rate of HPV associated cancer
(Forman et al., 2012)
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Among those living with HIV, the incidence of HPV associated diseases are increasing
and higher than in the general population, particularly among those HIV-infected patients
with CD4+ cell count <200cells/mm? (Delmas et al., 2000; Liu et al., 2015). It was hoped
that the introduction of cART resulting in elevation of CD4+ level would lead to a
reduction in the incidence of high grade cervical intraepithelial lesions and cervical

cancer. Unfortunately, the effect of cART on HPV associated diseases remains uncertain.

Cervical cancer is the third most common cancer among women worldwide with an
estimated incidence of new cases increasing from 493,000 to 530,000 new cases and
274,000 to 275,000 deaths between 2002 and 2008 (Ferlay et al., 2010; Parkin, Bray,
Ferlay, & Pisani, 2005). About 70-76% of cervical cancer cases are contributed by
HPV16 or 18 (Gillison et al., 2008; Parkin & Bray, 2006). HPV infection is common in
sexually active young women with age of 18 to 30 years old. After 30 years of age, the
prevalence of HPV infection decrease and cervical cancer is more common in women
older than 35 years (Burd, 2003). In addition to age, other risk factors including multiple
sexual partners, smoking and oral contraceptive is also contribute in the progression of
high grade of cervical intraepithelial lesions (Adam et al., 2000; Lippman et al., 2010;
Moscicki, Hills, Shiboski, & et al., 2001). Invasive cervical cancer is about three times
more frequent and persistence in HIV-infected women than in general population
(Ellerbrock, Chiasson, Bush, & et al., 2000; Jay & Moscicki, 2000). The incidence rate
of cervical cancer in HIV population was 134.5 per 100,000 person-years compared to

11.4 per 100,000 person-years in general population (Patel et al., 2008).

In contrast, anal cancer is relatively rare in the general population. However, this
disease is the second most common HPV associated cancer after cervical cancer with an
estimated 27,000 new cases in 2008 (de Martel et al., 2012). About 93% of anal cancers

are caused by HPV16 or 18 (Gillison et al., 2008; Parkin & Bray, 2006). Anal cancer is
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more common in women compared to men in general population and is significantly
higher among men who have sex with men (MSM) and in particular HIV-infected MSM
(J. M. Palefsky et al., 1998; van Rijn et al., 2014). In the general population, the annual
incidence of anal cancer is about 1 per 100,000 with an increasing rate of 2% per year
(Johnson, Madeleine, Newcomer, Schwartz, & Daling, 2004). Inversely, the incidence of
anal cancer among HIV-infected from Europe and the United States is about 14 to 78
cases per 100,000 person-years (D’Souza et al., 2008; Patel et al., 2008; Piketty et al.,
2008). Furthermore, these studies show that the incidence for anal cancer among those
living with HIV is increasing over the years. Unlike women where the prevalence declines
after age of 30, anal HPV in HIV negative- MSM remains high and constant throughout

life (Chin-Hong & Palefsky, 2005; Schiffman, 1992).

About 25% of oropharyngeal cancers is caused by HPV in general population
(Kreimer, Clifford, Boyle, & Franceschi, 2005). HPV associated-oropharyngeal cancers
are restricted to lingual and palatine tonsils, base of tongue and back of throat (Jemal et
al., 2013) in both males and females. HPV16 is the most commonly associated HPV type
even more than in cervical cancers (Syrjdnen et al., 2011). The estimated new cases for
this cancer associated with HPV is 22,000 in year 2008 (de Martel et al., 2012). The
incidence rates of oropharyngeal cancers are highly dependent on geographical regions,
for instance, cancers of mouth and of tongue generally predominate in developing
countries whereas pharyngeal cancers are more common in developed countries. The risk
factors for HPV associated-oropharyngeal cancers are smoking, alcohol consumption as
well as oral sex (Cubie, 2013). Studies have observed that HIV population have a 2-4 fold
higher odds of oral HPV infection compared to the general population (Elford, 2006;
Shiels, Cole, Kirk, & Poole, 2009). Unlike anal cancer, HIV-infected heterosexual males
have a higher incidence of oral HPV as compared to MSM and drug injection users

(Aidala, Lee, Garbers, & Chiasson, 2006; Chaturvedi, Madeleine, Biggar, & Engels,
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2009; Schneider et al., 2005). However, the incidence rates of oral HR HPV infection in
HIV-infected MSM is still higher than HIV-uninfected MSM (1.3-3.5 per 1000 person

months vs 0.2-1.1 per 1000 person months) (van Aar et al., 2014).

Penile cancer which is restricted to men, especially in less developed countries is a
rare disease. Penile cancer is second lower incidence among HPV-associated cancer
followed by vaginal cancer (de Martel et al., 2012). In contrast to cervical cancer,
incidence of penile cancer increases after age of 50 years (Giuliano et al., 2008). Risk
factors associated with penile HPV have been included multiple sexual partners (Svare et
al., 2002), lack of circumcision (Castellsague et al., 2002; Lajous et al., 2005), having
sexual partners with CIN (Bleeker et al., 2002), a history of other sexually transmitted

infections (Lajous et al., 2005), and a history of smoking (Partridge et al., 2007).

Warts is the most common HPV-associated diseases. Generally, warts spread by direct
contact from person to person or indirectly by contaminated surfaces or objects.
Histologically, warts are benign lesions with hypertrophy of all layers of the dermis,
resulting in thickening, folding and hyperkeratosis (increase in the horny layer) often with
abnormal keratohyaline granules. Warts usually disappear spontaneously but sometimes

may be resistant and treatment may be required (Cubie, 2013).



2.1.4 Anal squamous intraepithelial lesions (Anal SILs)

The dysplastic changes in the anal canal are collectively termed as anal squamous
intraepithelial lesions Anal SILs. According to the Bethesda system of cytological
classification, the anal dysplastic changes can be divided into atypical squamous
epithelial cell of undetermined significance (ASCUS), high-grade dysplasia cannot be
excluded (ASC-H), low-grade squamous intraepithelial lesions (LSIL) and high-grade
squamous intraepithelial lesions (HSIL) (Oon & Winter, 2010). A cytology specimen is
interpreted as ASCUS if morphologic of cells is undetermined either normal or abnormal
cells whereas ASC-H is identified if only a single abnormal cell show cytologic features
of HSIL in a cytology specimen (Solomon, Davey, Kurman, & et al., 2002). LSILs
demonstrates nuclear atypia and perinuclear cytoplasmic cavitation (koilocytosis), with a
nucleus that is larger than those in a normal intermediate squamous cell on cytology
(Apgar, Zoschnick, & Wright, 2003). Histologically, these lesions are classified as AIN [
characterized by low nuclear/cytoplasmic ratios (koilocytes), atypical cells observed in
the lower one third of the skin covering the anus (Longacre, Kong, & Welton, 2008). As
HPV infection persists, the morphology of infected cells can progress from LSIL to HSIL
with higher nuclear/cytoplasmic ratios on cytology, and cells sizes smaller than those with
LSIL (Apgar et al., 2003), HSIL is characterized by high nuclear/cytoplasmic ratios and
full-thickness atypia, which includes parabasal atypia, in the lower two thirds of the skin
(Longacre et al., 2008). Furthermore, HSIL histologically divided into AIN II that
characterized by moderate dysplasia that confined to lower two thirds of the epithelium
and AIN 111 (or in situ carcinoma) which is severe dysplasia with full thickness (Martin

& Bower, 2001).
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2.1.5 HPV detection assays
2.1.5.1 Polymerase chain reaction (PCR) based assays

There are a variety of PCR based assays to detect HPV DNA in clinical specimens
such as type-specific PCR, broad-spectrum PCR, real-time PCR, reverse-transcription
PCR, PCR-restriction fragment length polymorphism and direct sequencing. The
significant advantage of this assay is the ability to amplify a particular DNA sequence
several million fold. However, the sensitivity and specificity of PCR based assays varies,
depending on DNA extraction procedures, site and type of clinical specimen, type of
primer, size of PCR product, reaction conditions, and ability to detect multiple types
(Zaravinos, Mammas, Sourvinos, & Spandidos, 2009). In this subchapter, only a few

assays which are frequently used by other studies are selected for review.

Type-specific PCR assay uses type-specific primers to amplify a particular single HPV
genotype and detects the presence of HPV DNA in a single specimen. Multiple type-
specific PCR reactions must be performed separately in order to know if the specimen
has multiple HPV genotypes (Molijn, Kleter, Quint, & van Doorn, 2005). In contrast,
consensus primers such as degenerated primer MY09/11, PGMY09/11 and GP5/6 pair
primer can amplify a broad spectrum of HPV genotypes. The differences between these
three sets of primer are the length of primers, number of primer in each primer set and
target of nucleotide sequence in L1 gene. A study comparing the efficiency of PCR with
GP5/6, MY09/11 and PGMY09/11 for the prevalence of HPV genotypes showed that the
sensitivity of GP5/6 primer set was lower than the other two primer sets, especially in the

detection of HPV52 (Chan et al., 2006).

Reverse-transcription polymerase chain reaction (RT-PCR) assay involves reverse
transcriptase to reverse transcribe a targeted messenger ribonucleic acid (mRNA) into its

complementary DNA (¢DNA), amplified cDNA through PCR. Both E6 and E7 mRNA



are the favoured target for this assays as the expression of both oncoproteins increases in
patients with persistent viral infection and severity of lesion (Wang-Johanning, Lu, Wang,
Johnson, & Johanning, 2002). Therefore, this assay may be clinically more useful for

clinical management.

2.1.5.2 Signal amplification-based detection method

Hybrid Capture 11 (Digene Corp., USA) is a nucleic acid amplification method based
on the hybridization of the target HPV-DNA to labelled RNA probes in solution to
generate semi-quantitative data. The RNA-DNA hybrids are captured by a specific
monoclonal antibody coated on the surface of microplate well. Multiple alkaline
phosphates- conjugated antibodies bind to each captured RNA-DNA hybrids to amplify
the signal. Once the substrate is cleaved by the bound alkaline phosphatase, light is
emitted and measured as relative light units (RLUs). The limitations identified including
it does not identify specific HPV genotype, less sensitivity than PCR, and cross-reactivity
of the RNA probes (for low and high risk) is observed (Castle et al., 2002; Poljak, Marin,

Seme, & Vince, 2002).

2.1.5.3 Reverse dot-blot hybridization assay

This detection method involves amplification of DNA via PCR and hybridization of
PCR product to multiple oligonucleotide probes. In general, a PCR product is generated
with biotinylated primers. The PCR product is added and hybridized to correspond HPV-
specific probes that are immobilized on a solid surface such as nitrocellulose (NC)
membrance. After hybridization, a colourimetric reaction is performed. Each spot
represent a HPV genotype. Linear array (Roche, USA) and HPV GenoArray Test kit
(HybriBio Limited, HongKong) are examples of this detection method. HPV GenoArray

Test kit is used in the present study.



2.1.6 Immunoassays

There are numerous assays such as intracellular cytokine staining (ICS) via flow
cytometry, enzyme-linked immunosorbent assay (ELISA), enzyme-linked immunospot
(ELISPOT), cytotoxic T lymphocyte (CTL) assay, lymphoproliferative assay, and peptide
major histocompatibility complex (MHC) tetramers have been developed to quantify and
qualify the immune responses to infection diseases. In this subchapter, only a few assays

which are commonly use are discuss here.

2.1.6.1 ELISA and ELISPOT

Cytokine secretion by T cells in response to pathogens can be detected by measuring
either cytokine at systemic level through enzyme-linked immunosorbent assay (ELISA)
or enumerating the cytokine secreted by pathogen-specific T cell via enzyme-linked
immunospot (ELISPOT) assay. Specimens for ELISA are serum and plasma whereas
peripheral blood mononuclear cells (PBMCs) which is pre-stimulated by interest
synthetic peptides is used for ELISPOT. The principle of both ELISA and ESLIPOT is
similar where (i) cytokine specific-primary antibodies are coated on a solid surface such
as NC and polyvinylidene fluoride (PVDF), (i1) specimen is added to primary antibodies
and incubate for a period of time, (iii) secreted cytokines bind to primary antibodies, (iv)
biotinylated cytokine specific- secondary antibodies are added and (v) detecting the
antibody-cytokine complex after colorimetric reaction occurred between enzyme attaced
to secondary antibody and subtrate (Clay, Hobeika, Mosca, Lyerly, & Morse, 2001). In
ELISPOT, each spot represent one single cell secreting the interest cytokine. Therefore,
this assay can provides a single cell information which is in contrast to ELISA that
provide overall immunne responses of a given study subject based on the colour intensity

of the tested solution.



2.1.6.2 Flow cytometry

Flow cytometry is a technology which can determine the phenotypes represented by
the receptors expressed on the surface of immunity cells such as macrophrages, T
lymphocytes. Additionally, flow cytometry can also quantify intracellular cytokine
staining (ICS). Futhermore, ICS assay is able to measures multiple cytokines in a single
reaction compared to ELISPOT. Similar to ELISPOT, ICS also provides single cell

information.

2.1.6.3 Lymphoproliferative assay

Lymphoproliferative assay is to measure the ability of T cells to proliferate in response
to antigen, PBMCs are stimulated with antigen in the presence of irradiated autologous
antigen-presenting cell. [H?]thymidine is added and cell proliferation is measured based
on the synthesis of DNA where the radiolabeled thymidine incorporated into (Clay et al.,
2001). The drawbacks of this assay are (i) the proliferation level of antigen stimulated T
cell may not correlate to the number of antigen-specific T cells present such as high level
of proliferation by a few cells or vice versa would give a similar proliferation level and
(ii) it does not measure the effector function of T cells. This may overesimate the function
of T cells. In the published data, T cell proliferation with poor cytokine secretion were

observed among cancer patients (de Jong et al., 2004).

20



2.2 HIV infection
2.2.1 Global burden HIV infection

In 2013, 35 million people are estimated to be living with HIV with 2.1 million
individuals newly infected with HIV globally (WHO 2014). Sub-Saharan Africa has the
highest burden of HIV with 24.7 million persons infected with HIV and accounts for
approximately 70% of the total global new cases of HIV infection. The number of
acquired immune deficiency syndrome (AIDS)-related death declined from 2.3 million in
2005 to 1.5 million in 2013. This precipitous drop was attributed to the introduction of
combination of antiretroviral therapy (cART). However, death due to non-AIDS defining
illnesses such as non-AlDS-related cancers, cardiovascular disease and liver disease is
still rising in the ART era (Palella et al., 2006; Sackoff, Hanna, Pfeiffer, & Torian, 2006).
Sadly, not all the HIV-infected patients can access ART with only 12.9 million people
living with HIV receiving ART (WHO 2014). Sexual activities, drug injection, blood
transfusion, and mother-to-child transmission are reported to be the route of HIV

transmission from infected individual to an uninfected individual.

Until 2014, 105,189 HIV infections cases were reported in Malaysia since reporting
started in 1986 (Ministry of Health 2015). Malaysia was estimated to have 91, 848 people
living with HIV by the end of 2014. About 3517 new HIV cases were reported, of which
697 cases were women. About 16.6% of 1445 injecting drug users, 7.3% of 839 female
sex workers, 8.9% of 531 MSM, and 5.6% of 1247 transgender were diagnosed positive
for HIV infection. The number of HIV cases in Malaysia decreased from 28.4 in 2002 to
11.7 cases per 100,000 populations in 2014. Similarly, a steady decline in the number of

AIDS-related deaths have been reported after the introduction of ART.
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2.2.2 The pathogenesis of HIV and its immune responses

HIV infection is transmitted through blood circulates to resting CD4+T cells in
lymphoid tissues which act as the primary reservoir for the virus. Other CD4 receptor
expressed-cells such as monocytes, macrophages, and dendritic cells are also targeted by
HIV. There are three phases of HIV replication in an infected patients: Acute infection

(or primary), chronic infection (or clinical latency) and onset of AIDS (Figure 2.3).

The phase of acute infection usually take about 2 to 4 weeks at which HIV replicates
vigorously upon interaction with the target cells. This stage is characterized by severe
viremia (about 107 or more copies of viral RNA per milliliter of blood) and with large
numbers of circulating CD4+T cells as well as lymphoid tissues resulting in depletion of
CD4+T cells. Within the first three weeks after presented to HIV, HIV-specific CD8+T
cells against HIV antigens can be detected. At this stage, CTL controls the viral
replication by exerting its cytotoxic effect. At the same time, anti-HIV antibodies appear
indicating seroconversion in an infected individual after 2-3 months infection (Clark et
al., 1991; Koup et al., 1994). At this stage, non-specific symptoms such as fever, diarrhea,
generalized lymphadenopathy, pharyngitis and rash can be observed in infected patients

(Palmisano & Vella, 2011).

The end of acute phase is characterized by dramatic decline of viremia in the presence
of CTL to a set point that is maintained at a plateau or slowly increasing levels of viremia
(McMichael & Dorrell, 2009). This slow progression or less active of viral replication is
called chronic infection that usually take 1 to 20 years. At this stage, the number of
CD4+T cells would recover to near normal concentration as a result of homeostasis
response to the loss of CD4+T cells during acute infection. Gradually, the CD4+T cells
decrease by about 50-100cells/mm® (Maartens, Celum, & Lewin, 2014) due to

persistently activation of CD4+T cells by residual HIV infection and microbial
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translocation (Hearps et al.,, 2011; Lane, 2010). An infected patient at this phase is

clinically asymptomatic.

The reduction of CD4+T cell count in the blood indicates the onset of AIDS and
patients are susceptible to opportunistic infections. This is followed by an increase in the
plasma virus load, decrease in HIV-specific CD8+T cells and neutralizing antibodies and

patients may die if remain untreated (Alimonti, Ball, & Fowke, 2003).
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Figure 2.3: Kinetics of HIV infection
(Alimonti et al., 2003)
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2.2.3 Alteration of CMI in HIV patients

cART was first introduce in late 1990s. A standard cART regimens combine two
nucleoside reverse transcriptase inhibitors (NRTI) with a non-nucleoside reverse
transcriptase inhibitor (NNRTI), protease inhibitor, or integrase inhibitor, fusion inhibitor
(Maartens et al., 2014). Each of the antiretrovi_ral drug is classified according to the HIV

life cycle the drug inhibit (Figure 2.4).

Generally, the initiation of cART leads to reduction in HIV plasma viral load and
increase in CD4+T cell count (>500cells/mm?*). Although, there are some patients who
exhibit immune reconstitution despite persistent viremia (VL-/CD4+) or do not increase
in CD4+T cell count despite viral suppression (VL+/CD4-). Both are referred as
discordant responses (Tuboi et al., 2007). The mechanisms of discordant responses are
not fully understood. However, several studies have identified the risk factors associated
with immune reconstitution despite persistent viremia which includes poor drug
adherence, genetic polymorphisms, pharmacokinetics variability such as drug absorption,
distribution, metabolism, protein binding and drug-drug interactions (Cressey &
Lallemant, 2007) whereas the risk factors contributing to failure in immune reconstitution
despite suppression viral include low baseline CD4+T cells and small thymic size
(Fernandez, Price, McKinnon, Nolan, & French, 2006; Lawn, Myer, Bekker, & Wood,

2006; T. Li et al., 2011).

In the presence of cART, large amounts of gut associated CD4+T cell is depleted
leading to increase in the mucosal permeability of gastrointestinal (GI) tract which in turn,
allows the microorganisms residing in the GI tract and microbial products such as
lipopolysaccharides (LPS) to translocate into blood vessel (Brenchley et al., 2006). In the
presence of HIV, microbial translocation, and opportunistic infection, the immune cells

in HIV patients are highly activated (CD38+HLA-DR+). As a result of immune
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activation, pro-inflammatory cytokines such as IL-1B, TNFa and IL-6 are secreted to
generate an inflammation environment to synergize the activation and proliferation of T
cells against HIV infection (Decrion, Dichamp, Varin, & Herbein, 2005). Subsequently,
the increasing numbers of activated memory T cells become the reservoir for HIV
replication which leads to large amounts of T qells undergoing apoptosis and death while
a stable of CD8+T cells pool is established during HIV infection (Ferreira, Barthlott,
Garcia, Zamoyska, & Stockinger, 2000; Homann, Teyton, & Oldstone, 2001). Eventually,
increasing expression of CD57 and lack of CD28 expression are observed in T cell
population as a result of persistent T cells activation and expansion of memory T cells.
The CD4+ and CDS8+T cell activation drive the depletion of T cell, high level of
inflammation and accelerating T cell senescence in this population (Hazenberg, Hamann,
Schuitemaker, & Miedema, 2000; D. D. Ho et al., 1995; Mojumdar et al., 2011; B. E.

Palmer, Blyveis, Fontenot, & Wilson, 2005; Papagno et al., 2004).

After implementation of cART, the incidence of AIDS-defining illnesses precipitously
declined over years. Thus, the morbidity and mortality reduced while life expectancy
extended (Michaels, Clark, & Kissinger, 1998; Schwarcz et al., 2013). Unfortunately,
deaths resulting from non-AlIDS defining illnesses such as liver, lung, anal, head and neck
cancers, cardiovascular disease, bone disease, liver disease, kidney disease and
neurocognitive disorder which usually observed in elderly healthy individuals have been
increasing (Deeks, 2011; Wang, Silverberg, & Abrams, 2014). In healthy elderly
individuals, immune activation and inflammation are found to promote an age-related
decline of the functionality of the immune system, leading to immunosenescence
(Franceschi et al., 1996). Similarly, cART-treated HIV patients exhibit high level of
immune activation and senescence phenotypes compared to healthy controls but lower
than untreated HIV patients (Hunt et al., 2003; Ruel et al., 2009). In the presence of

persistent, immune activation activation-induced cell death with poor T cell restoration
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(Kelley et al., 2009a) and, a progressive loss of the naive and memory T cell pool are
observed (Desai & Landay, 2010). Consequently, the onset of those pre-mature diseases

are observed in cART-treated HIV patients (Deeks, 2011).

Clearly, cART successfully extends life expectancy of HIV-infected patients.
Consequently, this provides sufficient lifespén to develop age-related diseases in the
presence of persistence immune activation found in cART-treated patients despite viral

suppression. Thus, cART fail to fully restore healthy of HIV-infected patients.

Figure 2.4: Action of each class of antiretroviral drug on correspond HIV life cycle
(B. R. Walker, Colledge, Ralston, & Penman, 2013)
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CHAPTER 3: MATERIALS AND METHODS

3.1 Materials

These are the reagents and materials utilized in the current study.

Table 3.1:

Reagents and materials

Catalogue no./

Reagents/ Materials Manufacturer
Product code

Agarose powder 1* Base Pte. Ltd, Singapore BI1O-1000-500¢g
Alexa Fluor647 Mouse IgGl k| gy pioosiences, USA 557714
Isotype control

Anti-mouse Ig, k/Negative BD Biosciences, USA 552843
control compensation particles set

6”‘]“12"‘“‘“3“ Intericon yMAb 1= Lps ptoch Swoeden 3420-3-1000
Anti-hllxmlan interferon y mAb 7- Mabtech: Swesden 3420-6-1000
B6-1-Biotin

Anti-CD3-PerCP-Cy5.5 BD Biosciences, USA 340949
Anti-CD4-PE-Cy7 BD Biosciences, USA 348789
Anti-CD8-APC-H7 BD Biosciences, USA 641400
Anti-CD25-BB515 BD Biosciences, USA 564467
Anti-CD28-APC BD Biosciences, USA 560683
Anti-CD38-PE BD Biosciences, USA 347687
Anti-CD45RA-PE BD Biosciences, USA 561883
Anti-CD57-FITC BD Biosciences, USA 347393
Anti-CCR7-BV421 BD Biosciences, USA 562555
Anti-Alexa Fluor647-FoxP3 BD Biosciences, USA 560045
Anti-HLA-DR-BV421 BD Biosciences, USA 562804
BICP/NBT —Alkaline ;
phosphatase substrate S, USA gl
Deoxynucleotide solution mix, New England Biolabs Inc., NO4471
dNTP, 40uM per dNTP UK

Dimethyl Sulphoxide (DMSO) :

Hybri-Max Sigma, USA D2650
ExtrAvidin-Alkaline Phosphatase | Sigma, USA E2636-.5ML
Female sample collection kit Hybribio Limted, Hong Kong | N/A

Fetal Bovine Serum Gibco, USA 16000-044
Fixable viability stain 510 BD Biosciences, USA 564406

: AlTbiotech Pte. Ltd.,
HGH Primer 1, 100uM Singapore 203881
! AlTbiotech Pte. Ltd.,

HGH Primer I1, 100uM Singapore 203882
HPV52 E6 peptides Biobasic Inc., Canada N/A

Human FoxP3 buffer set BD Biosciences, USA 560098




Table 3.1: Reagents and materials (Continued)

Reagents/ Materials

Manufacturer

Catalogue no./
Product code

Hybribio Rapid HPV GenoArray

test kit (DNA extraction part, Hybribio Limted, Hong Kong N/A
PCR part, Hybridization part)
Iscoye s Modified Dulbecco’s Yemza ISA 12-7220
medium
Lymphoprep (Ficoll) Axis-Shield PoC AS, Norway 1114547
L-Glutamine solution, 200mM Safcbiosciences, UK 59202C
Memory Recall Mix peptides, : .

purity>95%, 9mg per peptide Biobasic Inc., Canada N/A
Multiscreen 96-wells filter plates | Milipore, Ireland MSHAS4510
Per'uc_:lll_lnf Streptomycin Gibco. USA 15140
antibiotic
PepMix HPV 16 (protein E6), _
25ug per peptide S8 Coiny PM-HPV16-E6
Lectin from Phaseolus vulgaris, "
PHA (red kidney bean), 25mg__| > 808 USA L2646
Phosphate-buffered Saline :
(PBS) tablet Calbiochem, Germany 524650
Quick-Load 2-log DNA ladder | New England Biolabs Inc., UK | N0469A
Sybers_.afer (SYBR) Safe DNA Haviteogen, BSA 333102
gel stain
Stabilizing fixative 3x BD Biosciences, USA 338036
Taq polymerase, 5,000U/ml New England Biolabs Inc., UK | M0320S
Thinprep preserveyt solution Hologic Inc., USA 70097-005
Trypan Blue Sigma, USA T8154
Tween 20 Sigma, USA P1379-500ML
2-Mercaptoethanol Sigma, USA M3148-250ML

6x loading dye bromophenol

blue Bioatlas, Estonia BA01401
10x PCR buffer New England Biolabs Inc., UK | B9014S
24-well plate with lid Milipore, Ireland PIMWS2450
50X TAE electrophoresis buffer | Thermo scientific, Lithuania B49
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3.2 Methods
3.2.1 Patients

This cross sectional study was approved by the Medical Ethics Committee of
University of Malaya Medical Centre (MEC Ref. No.: 865.18) (Appendix A). The
inclusion criteria for the cases were: male with age of 18 to 60 years old, receiving cART
as their first antiretroviral therapy for a miﬁimum of two years, CD4+T cell count
persistently <350cells/mm? (sIR) or >500cells/mm? (oIR), sustained suppressive viral
load RNA <50copies/ml over a year following cART. Patients were recruited from the
Infectious Diseases clinic in UMMC (Appendix B). Age matched controls were recruited

from the community clinics (Appendix C).

The sample size calculation for the study was based on the assumption that the immune
responses to HPV16 E6 among oIR would be similar to that of healthy individuals while
that of sIR were similar to patients with cervical cancer (de Jong et al., 2004). The
proportion of HPV specific immune responses among olR was 0.45 while that of sIR was

0.08. This translated to 22 patients per arm.

A detailed questionnaire on socio-demographic information (Appendix D) was
administered. Specimens obtained from each participant included an anal swab collected
with female collection kit (Hybribio Limited, Hong Kong), oral rinse collected with
Listerine mouthwash, 30-40ml of venous blood and additional 10ml of blood from only
HIV-infected participant was taken for CD4+T cell count assay that have been done in

Central Diagnostic Laboratory in UMMC.

3.2.2 Anal swab and oral rinse processing
Anal specimen was preserved in 20ml of Thinprep PreservCyt solution (Hologic Inc.
USA). Cell pellet was obtain from Sml of the solution after centrifugation at 13,300rpm

for 10minutes while the remaining preservative solution was use for cytology (Chapter
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3.2.7). Cell pellet was washed with 1 ml of 1x Phosphate-buffered saline (PBS) twice prior

to DNA extraction.

About 5ml of oral rinse specimen was collected from each participant with Listerine
mouthwash. Cell pellet was obtained after centrifuged at 3,000g for 10minutes. Cell pellet

was washed with 1ml of 1xPBS twice before DNA extraction.

3.2.3 Anal swab and oral rinse DNA extraction

DNA extraction from anal swab and oral rinse cell pellet were performed with
Hybribio Rapid HPV GenoArray test kit (Hybribio Limited, Hong Kong) as per
manufacturer. Briefly, cell pellet was lysed with 400ul of solution I at 95°C for 20minutes
followed by DNA precipitation with 400ul of solution II. The supernatant was discarded
after being centrifuged at 13, 300rpm for Sminutes. Pellet was dried at room temperature
for at least 25minutes. DNA was resuspended in 50ul of solution 1Il and stored at 4°C

overnight for PCR amplification or -20°C for long term storage.

3.2.4 Testing for DNA adequacy
3.2.4.1 Human growth hormone gene amplification by polymerase chain reaction
(PCR)
The adequacy of DNA extracted from anal swab and oral rise was examined through
PCR amplification of Human Growth Hormone (HGH) gene. The PCR conditions are

described as below (Table 3.2 and 3.3).

Table 3.2: PCR mixture of HGH gene amplification

PCR reagents | stock concentration Volume (ul) | Final concentration
PCR buffer 10x 1.00 1x
dANTP mix 10mM each dNTP 0.20 0.2mM
HGH primer | 10uM 0.50 0.5uM
HGH primer II 10uM 0.50 0.5uM
Taq polymerase 5000U/ml 0.05 25U/ml
dH,0 -- 6.75 -
DNA template 0.10-280ng/ul 1.00 0.01-28.00ng/ul
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Table 3.3: PCR condition of HGH gene amplification

Condition Temperature (°C) Duration Number of cycle
Pre-denaturation 95 30 sec -
Denaturation 95 30 sec 35
Annealing 55 30 sec
Extension 68 30 sec
Post-extension 68 5 min il
Cold 16 Hold -

3.2.4.2 Agarose gel electrophoresis

The HGH gene amplification PCR products were examined on 1% agarose gel
electrophoresis. Genome DNA was considered sufficient if HGH PCR product was
visible and vice versa. 1XTAE buffer was used to prepare agarose gel and as an
electrophoresis running buffer. About 1.2ul of Sybersafer was added into gel before it
solidifies in order to visualize the band under UV transilluminator (UVP, USA). About
5ul of each PCR product was dye with 6ul Bromophenol Blue. About 1.5ul of 100bp
DNA ladder was run in a well as a reference. Agarose gel electrophoresis was carried out
with gel electrophoresis system (Hoefer, USA) at 110V for 22mins. The expected size of

HGH gene PCR product was approximately 439bp (Appendix E).

3.2.5 HPV genotyping assay
3.2.5.1 HPV DNA amplification

PCR mixture was prepared (Table 3.4) and the PCR cycle was performed (Table 3.5)
on PCR thermocycler (Applied Biosystem, USA). After PCR cycle finished, proceed the

PCR products to HPV DNA genotyping.

Table 3.4: PCR mixture of HPV DNA amplification

Components Volume (ul) per reaction
PCR master mix 23.25
DNA Taq polymerase 0.75
DNA template 1.00
Total 25.00
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Table 3.5: PCR condition of HPV DNA amplification

Condition Temperature (°C) Duration Number of cycle
Pre-denaturation 95 9 min -
Denaturation 95 20 sec
Annealing 55 30 sec 40
Extension 72 30 sec
Post-extension 72 5 min i
Cold 4 Hold e

3.2.5.2 HPV DNA genotyping by flow-through hybridization

DNA extraction and HPV DNA genotyping was performed with Hybribio Rapid HPV
GenoArray test kit (Hybribio Limited, Hong Kong). This kit can detect 21 specific HPV
subtypes: (a) HR: HPV 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 66, 68, (b) LR: HPV6,
11,42,43,44, CP8304 (81) and (c) Undetermined risk: HPV53. The tests were performed
according to the manufacturer’s protocol. Briefly, extracted DNA was proceeded to PCR
amplification. Next, PCR product was added into a probed membrane followed by flow-
through hybridization. The membrane was then subjected to colourimetric reaction for
detection of amplified HPV DNA. Result was manually interpreted using the provided

guide (Appendix F).

3.2.6 Anal swab microscope slide

Thin prep solution receiving the anal swabs were also aliquoted for slide preparation
by Pathology Lab, UMMC. Anal swab microscope slide was prepared with ThinPrep
2000 Processor (Hologic, USA) and Papanicolaou’s staining. All sides were sent to
Douglass Hanly Moir pathology lab (Australia) and read by a single experienced
pathologist (Dr. Jennifer Roberts), utilising the Bethesda System 2001 criteria and

terminology (Nayar & Wilbur, 2015).
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3.2.7 Isolation and cryopreservation of PBMC

About 40ml of whole blood in EDTA tubes was taken from each patient. The yellowish
layer plasma and buffy coats were removed after centrifuge the whole blood. PBMC was
harvested from the buffy coat through Ficoll gradient as described by Dyer and colleagues
(Dyer et al., 2007). PBMC was freezed at a density of 10x10° PBMC/vial) in freezing
medium (10% Dimethyl sulfoxide (DMSO)/ Fetal bovine serum (FBS)). The cryovials
was pre-cooled in Coolcell unit (BioCision, USA) at -80°C freezer for overnight before

store at Liquid Nitrogen (LNz) tank for long term storage.

3.2.8 Interferon-y (IFNy) ELISPOT

Thawed peripheral blood mononuclear cells (PBMCs) were seeded at a density of
2x10° cells/well of a 24-well plate in 1ml of IMDM enriched with 10% FBS in the
presence of combination of HPV16E6 peptides at 1ug/ml/peptide and HPV52E6 peptides
at 10ug/ml/peptide (Appendix G). As a positive control, PBMC was cultured in the
presence of memory recall mix (MRM) peptide pool at 3ug/ml/peptide pool containing
peptides from human cytomegalovirus (CMV) and tetanus (Appendix H). Unstimulated
PBMC in IMDM enriched with 10% FBS only was as negative control. After four days
of incubation at 37°C, PBMC were harvested, washed, and seeded in three replicate wells
at a density of 5x10* cells per well in in a multiscreen 96-well plate (Millipore, USA)
coated with IFN, catching antibody (Mabtech, Ireland). Phytohaemagglutinin (PHA) at
2ug/ml was added to PBMC as antigenic stimulation controls. Further incubation with
secondary antibody and development of colour, spots were counted with a fully
automated ELISPOT reader (CTL analyzers, USA) with ImmunoSpot software

version5.1 (CTLAnalyzers, USA) (Appendix I).

33



3.29 T cellimmunophenotyping by flow cytometry

Thawed PBMC were recovered for IFNy ELISPOT and flow cytometry. Briefly, 1x10°
PBMC were stained in two separate panels: 1) CD3 (PerCP-Cy5.5, clone SK7), CD4 (PE-
Cy7, clone SK3), CD8 (APC-H7, clone SK1), CD28 (APC, clone CD28.2), CD57 (FITC,
clone HNK-1), CD45RA (PE, clone HI100), CCR7 (BV421, clone 150503) and viability
dye (FVS510) and 2) CD3, CD4, CD8, CD38, HLA-DR (BV421, clone G46-6), CD25
(BB515, clone 2A3), Foxp3 (Alexa Fluor® 647, clone 259D/C7) and viability dye
(FVS510) (Figure 3.1) . All antibodies were purchased from BD Pharmigen. Cells were
stained for surface markers for 20mins at room temperature and washed twice before
acquisition. PBMCs stained with second panel were fixed and permeabilized with Foxp3
staining buffer kit prior to intracellularly staining with anti-Foxp3 antibodies or isotype
control IgG1 (Alexa Fluor® 647, clone MOP-21) for 30mins at RT. All samples were
resuspended in stabilizing fixative. 150,000 events were acquired with FACSCanto II and
analyzed using FACS Diva v6. For gating strategy, doublets were excluded based on
forward- (FSC) and side- (SSC) scatter. Then, dead cells (FVS510+) were discriminated
prior to gate T lymphocytes based on CD3+CD4+ and CD3+CD8+. Senescence (CD28-
CD57+), activation (CD38+HLA-DR+) T cells subsets (Naive T cell: CD45RA+CCR7+,
Central memory T cell: CD45RA-CCR7+, Effector memory T cell: CD45RA-CCR7- and
Terminal effector T cell: CD45RA+CCR7-) was gated on both CD4+ and CD8+ T cells

whereas Foxp3+CD25+ was gated on CD4+ T cells. All the quantity of T cells were

reported as percentage.
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Figure 3.1: Gating strategy of immunophenotypes with marker panel A and B
3.2.10 Data analysis

All data was analyzed with SPSS versionl6 (IBM Inc. USA). Clinical and
immunological characteristics were compared using. Chi-square test and Mann Whitney
U test. Chi-square test was used for data express in categorical variables. Mann Whitney
U test was performed for data express in continuous variables. Logistic regression
analysis was used to assess clinical data and immunological risk factor associate with
HPV carriage and HPV16/52 E6-specific CMIL Co-variates with p<0.25 and well
established risk factors were included in the multivariate where a p-value of <0.05 was

considered statistically difference.
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CHAPTER 4: RESULT

4.1 Participant characteristics
4.1.1 Demographic data

A total of 29 HIV-uninfected (HIV- control) and 67 HIV-infected (HIV+) men were
included in this study (Table 4.1). Among cART-treated HIV+ men, 32 were considered
sIR and 35 as oIR. The median age was similar between HIV+ and control group (41 vs
39 years old, p=0.314), while the racial distribution between the two groups were unequal
in that there were more Malays among the controls (12/29, 41.4%) and more Chinese
among HIV+ men (50/67, 74.6%) (p<0.001). The proportion of circumeised men among
controls was 17/28 (60.7%) higher than HIV+ men (16/50, 32.0%) (p=0.014). Smoking
history was comparable in both controls (18/28, 64.3% smokers) and HIV+ men (40/63,
63.5% smokers) (p=0.942). Both HIV+ group and controls had similar median age of first
sexual debut (19 vs 21 years old, p=0.069).For sexual behavior, 12/25 controls (48.0%)
and 39/50 HIV+ men (78.0%) engaged in oral sex (p=0.009). On the other hand, receptive
(50% vs 4%, p=0.001) and insertive (52.5% vs 4%, p=0.001) anal sex were more common
among HIV+ men compared to controls. As anal sex was uncommon among controls, the
usage of condom for anal sex was less likely found in this group. In contrast, the usage of
condom for receptive (40% vs 0%, p=0.017) and insertive (40% vs 4%, p=0.005) anal
sex among HIV+ men were significantly higher than controls. For oral sex, HIV+ men
more likely to have receptive (72% vs 48%, p=0.041) and insertive (62% vs 40%,
p=0.071) oral sex compared to controls. Accordingly, the usage of condoms for both
receptive (32% vs 8%, p=0.133) and insertive (50% vs 40%, p=0.069) oral sex among
HIV+ men was more prevalent than controls. In the last 12 months, 8/25 of controls and
23/40 of HIV+ men (p=0.246) were sexually active. In addition, a significant difference

was observed in the sexual orientation between both groups (p<0.001). Controls were
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predominantly heterosexual (24/25, 96.0%) whilst 27/64 (42.4%) HIV+ men were men

who have sex with men (MSM).

4.1.2 HIV-specific clinical parameters

Before receiving cART, sIR group had higher median baseline HIV viral load than
oIR group (194245.5 vs 92461.0 copies/mL, p=0.018) with lower baseline CD4+ T cell
counts (28 vs 190cells/mm?, p<0.001), CD8+ T cell counts (473 vs 71lcells/mm?,
p=0.011) and CD4/CD8 ratio (0.07 vs 0.22, p<0.001). In addition, sIR group had more

AIDS-defining illnesses compared to oIR group (84.4% vs 54.3%, p=0.008).

In this cohort, all HIV+ men received NNRTI-based cART with suppressive viral load
(<50 copies/mL). Both sIR and oIR groups had similar median of 5 years duration of
cART (p=0.904). Group of oIR initiated cART at a younger age (35 vs 38 years old,
p=0.037), and had higher CD4+T cell count (733 vs 285cells/mm?, p<0.001), CD8+T cell
count (950 vs 799cells/mm’, p=0.049), and CD4/CDS ratio (0.78 vs 0.37, p<0.001) than
sIR group at study entry. After receiving CART, sIR group displayed a significantly lower
CD4+T cell count gain compared to olR group (253 vs 607cells/mm?*; p<0.001).
Additionally, the inflammation marker hsCRP was measured in this study. There was no
significant difference between median hsCRP levels of HIV+ men and controls (0.26 vs

0.21mg/dL, p=0.518) as well as between sIR and oIR (0.16 vs 0.24mg/dL, p=0.079).

4.1.3 Immunophenotype of CD4+ and CD8+ T cells subsets

As previously reported, skewed memory T cell subsets were observed among HIV+
individuals particularly in sIR cohorts despite having suppressive viral load (Marchetti et
al., 2010). Similarly, sIR group in this study showed higher proportion of CD4+ central
memory T cell (Tem) (46.2% vs 38.1%, p<0.05) and effector memory T cell (Tem) in both
CD4+ (26.8% vs 19.0%, p=0.001) and CD8+ (56.1% vs 43.6%, p<0.05) subsets, with

lower naive CD4+ (24.9% vs 36.4%, p<0.05) and CD8+ (8.1% vs 15.7%, p<0.05) T cells
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when compared to oIR group (Table 4.2 & Figure 4.1). Control and oIR groups had
similar percentage of CD4+ and CD8+ memory T cell subsets (Tcem, Tem, Taem) with a
greater tendency toward decline in naive CD4+ and CD8+ T cells. Overall, HIV+ men

had more memory T cell subsets and lower naive T cells compared to controls.

In this study, the median percentage of activated CD4+ (7.9% vs 4.5%, p<0.001) and
CD8+ (22.2% vs 14.1%, p=0.003) T cells in sIR group was higher than oIR group. Group
of oIR showing higher percentage of activated CD4+ (4.5% vs 3.2%, p=0.016) and
similar percentage of activated CD8+ (14.1% vs 14%, p=0.684) T cells when compared
to controls (Table 4.1 and Figure 4.2). T cell activation has been shown to be the key
factor that driving memory T cells to immunosenescence (Papagno et al., 2004). As
expected, the sIR group who possessed high levels of activated T cells showed higher
levels of senescent T cells compared to oIR. Similarly, senescent CD8+T cell levels of
sIR group in this study was higher than oIR group (44.3% vs 29.8%, p=0.005), but no

difference in CD4+T cells (3.4% vs 3.7%, p=0.906) have been observed between both

groups.

Many studies have showed that regulatory T cells (Treg) associated with disease
progression in both HIV and HPV infections (Kojima et al., 2013; Saison et al., 2015).
Thus, the level of CD4+CD25+Foxp3+ Treg was measured in this study. As expected,
significantly different level of regulatory Treg was observed between sIR and oIR groups
(7.3% vs 5.7%, p=0.006). In response to cART, olR exhibited a similar level of Treg as

observed in controls (5.7% vs 5.8%, p=0.766).

In summary, although cART was able to suppress HIV viral replication effectively,
sIR group failed to recover their T cell immunophenotypes to a normal level as observed
in controls. The failure of immune recovery is associated with cART initiation at older

age, low baseline CD4, higher viral load as observed in sIR.

38



when compared to olR group (Table 4.2 & Figure 4.1). Control and olIR groups had
similar percentage of CD4+ and CD8+ memory T cell subsets (Tcm, Tem, Taem) with a
greater tendency toward decline in naive CD4+ and CD8+ T cells. Overall, HIV+ men

had more memory T cell subsets and lower naive T cells compared to controls.

In this study, the median percentage of activated CD4+ (7.9% vs 4.5%, p<0.001) and
CD8+ (22.2% vs 14.1%, p=0.003) T cells in sIR group was higher than oIR group. Group
of oIR showing higher percentage of activated CD4+ (4.5% vs 3.2%, p=0.016) and
similar percentage of activated CD8+ (14.1% vs 14%, p=0.684) T cells when compared
to controls (Table 4.1 and Figure 4.2). T cell activation has been shown to be the key
factor that driving memory T cells to immunosenescence (Papagno et al., 2004). As
expected, the sIR group who possessed high levels of activated T cells showed higher
levels of senescent T cells compared to oIR. Similarly, se;lescent CD8+T cell levels of
sIR group in this study was higher than oIR group (44.3% vs 29.8%, p=0.005), but no

difference in CD4+T cells (3.4% vs 3.7%, p=0.906) have been observed between both

groups.

Many studies have showed that regulatory T cells (Treg) associated with disease
progression in both HIV and HPV infections (Kojima et al., 2013; Saison et al., 2015).
Thus, the level of CD4+CD25+Foxp3+ Treg was measured in this study. As expected,
significantly different level of regulatory Treg was observed between sIR and oIR groups
(7.3% vs 5.7%, p=0.006). In response to cART, olR exhibited a similar level of Treg as

observed in controls (5.7% vs 5.8%, p=0.766).

In summary, although cART was able to suppress HIV viral replication effectively,
sIR group failed to recover their T cell immunophenotypes to a normal level as observed
in controls. The failure of immune recovery is associated with cART initiation at older

age, low baseline CD4, higher viral load as observed in sIR.

38



Table 4.1: Epidemiological, virological and immunological characteristics of
HIV- and HIV+ men

HIV+ grou
Parameter Hl(\:l;g‘r;;uP i - P-value
sIR (n=32) olR (n=33)
Age (years) 39 (29-53) 42 (39-50) 40 (38-46) 0.314*
Ethnicity
Malay 12/29 (41.4) 2/32 (6.3) 7/35 (20.0) <0.001
Chinese 9/29(31.0) 29/32 (90.6) 21/35 (60.0) *
Indian  8/29 (27.6) 1732 (3.1) 7/35 (20.0)
Circumcised (yes) 17/28 (60.7) 6/24 (25.0) 10/26 (38.5) 0.014*
Smoking history (yes) 18/28 (64.3) 20/30 (66.7) 20/33 (60.6) 0.942*
Age of first sex (years)® 19 (18-21) 20 (19-25) 21 (18-25) 0.069
Receptive anal sex” 1/25 (4.0) 8/24 (33.3) 12/26 (46.2) 0.001
Insertive anal sex® 1/25 (4.0) 10/24 (41.7) 11/26 (42.3) 0.001
Condom usage for receptive anal P
sex®
All the time 0725 (0) 1/24 (4.2) 3/26 (11.5)
Most of the time 0/25 (0) 2/24 (8.3) 3/26 (11.5) 0.017
Sometimes  0/25 (0) 5/24 (20.8) 6/26 (23.1)
Never use 1/25 (4.0) 0/24 (0) 0/26 (0)
Condom usage for insertive anal
sex®
All the time 0/25 (0) 1/24(4.2) 3/26 (11.5)
Most of the time 1/25 (4.0) 3/24 (|2.Sj 3/26 (11.5) 0.005
Sometimes 0/25 (0) 5/24 (20.8) 5/26 (19.2)
Never use 0/25 (0) 1/24 (4.2) 0/26 (0)
Receptive oral sex” 12/25 (48.0) 16/24 (66.7) 20/26 (76.9) 0.041
Insertive oral sex® 10/25 (40) 13/24 (54.2) 18/26 (69.2) 0.071
Condom usage for receptive oral
sex”
All the time 0/25 (0) 1/24 (4.2) 0/26 (0)
Most of the time 0/25 (0) 1/24 (4.2) 3/26 (11.5) 0.133
Sometimes ~ 2/25 (8.0) 3/24 (12.5) 8/26 (30.8) g
Neveruse 10/25 (40.0) 11/24 (45.8) 9/26 (34.6)
Condom usage for insertive oral
sex”
All the time 0/25 (0) 2/24 (8.3) 2/26 (7.7)
Most of the time 1/25 (4.0) 3/24 (12.5) 4/26 (15.4) 0.069
Sometimes  9/25 (36.0) 5/24 (20.8) 9/26 (34.6) |
Never use 0/25 (0) 3/24 (12.5) 3/26 (11.5)
Sexually active in the last 8/25 (32.0) 9/24 (37.5) 14/26(53.8)  0.246
12months® ' ; ) i
Oral sex 12/25 (48.0) 17/24 (70.8) 22/26 (84.6) 0.009*
Sexual orientation .
Homosexual 0/25 (0) 11/30 (36.7) 16/34 (47.1) <0.00]
Heterosexual  24/25 (96.0) 18/30 (60) 16/34 (47.1) »
Bisexual  1/25 (4.0) 1/30 (3.3) 2/34 (5.9)
No. lifetime sexual partners
1 6/25(24.0) 2/24 (8.3) 4/26 (15.4) 0.148
>2  17/25(68.0) 15/24 (62.5) 17/26 (65.4) «
Do not remember  2/25 (8.0) 7/24 (29.2) 5/26 (19.2)
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Table 4.2: Epidemiological, virological and immunological characteristics of

HIV- and HIV+ men (Continued)

HIV+ u
Parameter Hlt\:l-:%c;up e P-value
sIR (n=32) olR (n=35)
cART regimen
NNRTI-based 32/32 (100.0) 35/35 (100.0)
Plbased A 0 0 Q.08
Duration on cART (years) NA 5(3-9) 5(3-9) 0.904
Age of cART initiation (years) NA 38 (36-44) 35 (30-39) 0.037
History of AIDS-defining )
illnesses NA 27/32 (84.4) 19/35 (54.3) 0.008
HIV viral load (copies/mL)
Baseline NA 1942455 92461.0
(97525-405805) (37599-233000) 0.018
At study entry NA Below limit of Below limit of ;
detection detection
(<50copies/mL) (<50copies/mL)
CD4+T cell count (cells/mm?)®
Baseline NA 28 (10-59) 190 (66-314) <0.001
At study entry 285 (224-332) 733 (671-945) <0.001
CD8+T cell count, (cells/mm?)
Baseline? NA 473 (237-876) 711 (492.3-1391) 0.011
At study entry © 799 (560-982) 950 (723-1421) 0.049
CD4:CDS ratio :
Baseline* NA 0.07 (0.03-0.12)  0.22 (0.09-0.31) <0.001
At study entry 0.37(0.31-0.45) 0.78 (0.57-1.09)  <0.001
(C;I;T;r;[!;f}ll count gain, NA 253 (156-311) 607 (500-790) <0.001
hsCRP at study entry (mg/dL) (0.0252-(6).6_31- 0.16 (0.043-0.30) 024 (0.09-0.55)  0.216

Continuous variable are expressed as median (IQR) and categorical variables are
expressed as number of cases (%).
*HIV- group, n=24; sIR group, n=23; oIR group, n=23
PHIV- group, n=25; sIR group, n=24 oIR group, n=26
“sIR group, n=30; oIR group, n=35
9SIR group, n=31; oIR group, n=34
%SIR group, n=30; oIR group, n=34
*Statistical analysis of significance between HIV- and HIV+ (sIR and oIR combined)
groups was calculated using chi-square test, while others were calculated using Mann-

Whitney U test.



Table 4.3: Immunophenotypes of CD4+ and CD8+ T cells among HIV- and

HIV+ men
= i HIV- group HIV+ group
cell immunophenotypes (n=29) sIR (n=32) oIR (n=35)
CD4+ T cell subsets
Naive (%)¢
g 43.0(354-47.2) 24.9(14.5-31.6) 36.4 (23-51.2)

Central memory, Tem (%) ®
CD4+CD45RA-CCR7+
Effector memory, Tey (%) *
CD4+CD45RA-CCR7-
Terminal effector, Tue (%)*
CD4+CD45RA+CCR7-
CD4 activation (%) ®
CD4+CD38+HLADR+
CD4 senescence (%)
CD4+CD28-CD57+
Regulatory, Trge (%)"
CD4+CD25+Foxp3+

CD8+ T cell subsets

Naive (%)*
CD8+CD45RA+CCR7+
Central memory, Tewm (%) *
CDS+CD45RA-CCR7+
Effector memory, Tem (%) *
CD8+CD45RA-CCR7-
Terminal effector, Ty (%) *
CD8+CD45RA+CCR7-
CDS activation (%)"®
CDS8+CD38+HLA-DR+
CDS8 senescence (%) *
CD8+CD28-CD57+

36.8 (30.7-43.1)

15.1 (13.4-20.1)

1.3 (0.8-3.8)
3.2 (2.6-4.8)
0.8 (0.2-3.2)

5.8 (4.5-6.1)

21.0 (8.8-27.8)
5.5 (4.0-8.6)
45.5 (34.1-50.6)
31.4 (22.8-40.4)
14 (7.9-20.8)

33.1 (26.2-42.9)

46.2 (39-50.5)
26.8 (19.7-36.4)
1.2 (0.7-2.7)
7.9 (5.9-11)
3.4 (0.9-7.5)

7.3 (5.4-8.5)

8.1 (3.9-15.5)
4.5(2.2-8.3)
56.1 (42.8-62.5)
28.2 (19.0-35.1)
22.2(13.1-30.9)
44.3 (32-55.8)

38.1 (34.-48.4)
19.0 (10.5-26.1)
1.9 (0.6-5.5)

4.5 (3.9-6.7)

< 3.7 (0.45-10. 8)

5.7 (4.63-6.65)

15.7 (10.0-25.1)
7.0 (43-9.4)
43.6 (36.0-53.8)
29.8 (19.0-38.4)
14.1 (10.5-19.4)

29.8 (21.1-43.6)

*HIV- group, n=27; sIR group, n=31; oIR group, n=34
PHIV- group, n=27; sIR group, n=32; oIR group, n=34

Statistical analysis of significance was calculated using Mann-Whitney U test as shown

in figure 4.1 and 4.2, P-value <0.05 was considered statistically significant.
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Figure 4.1: Comparison of T cell subset between HIV- and HIV+ groups
(a) Percentage of CD4+ naive and memory T cell subsets. (b) CD8+ naive and memory
T cell subsets. Statistical analysis of significance was calculated using Mann Whitney U
test. P-value <0.05 was considered as statistically significant. *p-value<0.05 and **p-

value<0.001
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Figure 4.2: Comparison of immunological phenotypes between HIV- and HIV+
groups
(a) and (b) Percentage of activated CD4+ and CD8+ T cells, respectively. (c) and (d)
Percentage of senescent CD4+ and CD8+ T cells, respectively. (e) Percentage of
regulatory T cells. Statistical analysis of significance was calculated using Mann-Whitney
U test. P-value <0.05 was considered as statistically significant.
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4.2 HPVDNA and anal cytology in cART-treated HIV+ men

Of the 96 men in this study, 60 anal swab and 80 oral rinse specimens had
sufficient DNA for HPV DNA genotyping while only 41 anal swab specimens had
adequate cells for cytology screening (Table 4.3). Compared to controls, HIV+ men were
significantly more likely to have HPV DNA (56.8% vs 6.2%, p<0.001) and have one or
rﬁore HPV genotypes per sample (p<0.001) in the anus. In contrast, HPV DNA (13.7%
vs 10.3%, p=0.66) and multiple i—lPV genotypes ;:;cr sample (p=1.00) were less likely to
be detected in the oropharynx of both groups. Moreover, no HR HPV genotypes including
HPV16 and HPVS52 were detected in the anus and oropharynx of controls, but were
frequently detected amongst HIV+ men with multiple HPV genotypes generally detected

in the anus.

Among HIV+ men, there was no difference détected in the anal HPV carriage
among sIR (12/21, 57.1%) and olR (13/23, 56.5%) groups (p=0.97). In addition, detection
of any HR HPV genotype, HPV16 or HPV52 and the number of HPV genotypes per
sample in anus and oropharynx was not significantly different between both sIR and oIR
groups. The prevalence of abnormal anal cytology (defined as >ASC-US) was also
similar between both sIR and oIR groups (38.9% vs 25.0%, p=0.36). The most common
HR HPV genotypes detected in HIV+ group were HPV 16 (28.0%) followed by HPV18
(24.0%), HPV58 (24.0%) and HPV52 (20.0%) while LR HPV genotypes was HPV6
(24.0%) and 11 (16.0%). Among HIV+ men with positive oral HPV DNA, HPV6,
HPV11, HPV42, HPV16, HPV18, HPVS1, HPV53, HPV59 were each detected in 14.3%
of HIV+ group. As shown in Figure 4.3, anal and oral HPV DNA detected in HIV+ were
independent of the patients’ CD4+ T cell count, whereas abnormal anal cytology
(>ASCUS) were more likely to be detected in HIV+ with low CD4+T cell count

(<1000cells/mm?).



In HIV+ men, anal HPV DNA was detected in all individuals with abnormal anal

cytology (100%) and 42.3% of individuals with normal anal cytology (p=0.001) (Table

4.4). The prevalence of HR HPV as well as HPV16 and HPV52 detected in anus was not

different between individuals with normal and abnormal anal cytology. However,

abnormal anal cytology were more likely to have multiple anal HPV genotypes detected

in anus per sample compared to those with normal anal cytology (p<0.001).

Table 4.4: HPV DNA genotyping and anal cytology of HIV- and HIV+ men

HIV+ group p-value
ks HIV-vs sIR vs
group sIR olR HIV+ olR

Anal HPV DNA, n 16 21 23
Any HPV positive, (%) 1 (6.3) 12 (57.1) 13 (56.5) <0.001 0.97
Any HR HPV positive, (%) 1/1 (100)  10/12 (83.3) 11/13 (84.6) 0.66 0.93
HPV 16 positive, (%)  0/1 (0) 3/12 (25.0) 4/13 (30.8) 0.54 0.75
HPV 52 positive, (%)  0/1 (0) 4/12 (33.3) « 13 (7.7) 0.62 0.11
No. of genotypes detected
per sample, medias (IOR) 0 (0-0) 1(0-3) 1(0-2) <0.001 041
Oral HPV DNA, n 29 24 27
Any HPV positive, (%) 3 (10.3) 4(16.7) 3(11.1) 0.66 0.57
Any HR HPV positive, (%) 3/3 (100) 2/4 (50.0) 2/3 (66.7) 0.18 0.66
HPV 16 positive, (%)  0/3 (0) 1/4 (25.0) 0/3 (0) 0.49 0.35
HPV 52 positive, (%)  0/3 (0) 0/4 (0) 0/3 (0) - -
No. of genotypes detected .
per sample; median (IOR) 1(1-1) 1(1-1) 1(1-2) 1.00 0.25
Anal cytology, n 3 18 20
NILM 3 (100) 11 (61.1) 15 (75.0) 0.86 0.28
ASC-US 0(0) 2(1L.1) 1(5.0)
LSIL 0(0) 2(1L1) 3(15.0)
ASC-H 0(0) 3(16.7) 0(0)
HSIL 0 (0) 0(0) 1 (5.0

Statistical analysis of significance was calculated using chi-square test. P-value <0.05
was considered as statistically significant.
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Table 4.5: Anal HPV DNA carriage of HIV+ men in relation to anal cytology

Anal cytology

Anal HPV DNA carriage . SASCUS", n=12 p-value
Any HPV positive, n (%) 11 (42.3) 12 (100) 0.001
Any HR HPV positive, n (%) 8/11 (72.7) 11/12 (91.7) 0.23
HPV 16 positive, n (%) 4/11 (36.4) 3/12 (25.0) 0.55
HPV 52 positive, n (%) 1/11 (9.1) 2/12 (16.7) 0.59
No. of genotypes detected, median (IQR) 0 (0-1) 3 (2-5) <0.001

“Included ASC-US, LSIL, ASC-H and HSIL.
‘Statistical analysis of significance was calculated using chi-square test. P-value <0.05
was considered as statistically significant.
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Figure 4.3: Detection of oral, anal HPV DNA, and anal cytology related to CD4+
T cell counts of HIV+ men at study entry

Statistical analysis of significance was calculated using Mann-Whitney U test. P-value
<0.05 was considered as statistically significant.
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4.3 HPV16 and HPV52 E6-specific CMI
As reviewed earlier, E6 and E7 are HPV oncogenes that contribute to oncogenic effects
of the HPV. E6 peptides were selected to stimulate PBMC in this study because E6-
specific memory T cells have been frequently correlated with protective immunity (de
Jong et al., 2004; Woo et al., 2010). In this study, HPV16 and HPV52 were among the
| most common HR (oncogenic) HPV genotypes detected. Therefore, a mixture of HPV 16

and HPV52 E6 peptides were used in this study._

PMBC from 28 controls and 64 HIV+ men (sIR=32 and oIR=34) were analysed.
HPV16/52 E6-specific CMI were detected in 2/28 controls (7.1%), 2/32 sIR (6.3%) and
9/34 oIR groups (26.5%) (Figure 4.4). oIR group were significantly more likely to have
HPV16/52 E6-specific CMI compared to sIR group (p=0.028) although both groups have
similar prevalence of HPV infection or abnormal anai cytology. Moreover, the presence
of HPVDNA (including HPV16 and HPV52) and multiple HPV genotypes detected in
the anus and oropharynx were not associated with HPV16/52 E6-specific CMI (Table
4.5). There was also no association between anal cytology and the HPV-specific CM1

(p=0.899).

Regulatory T cells have been associated with a failure to mount a HPV-specific CMI
in patients with persistent HPV infection or HPV-related intraepithelial lesions (Molling
et al., 2007; Woo et al., 2008). In our study, Tregs were not shown to be significantly
associated with HPV16/52 E6-specific CMI in patients or with anal HPV16/52 DNA

(p=0.918) (Figure 4.5).

Overall, HPV16/52 E6-specific CMI was frequently detected in HIV+ men with
complete immune recovery or oIR regardless of HPV DNA or HPV genotypes detected

in the anus and oropharynx.
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Figure 4.4: HPV16 and 52 E6-specific immune responders in HIV- and HIV+
men
Statistical analysis of significance was calculated using Chi-square test. P-value <0.05
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<0.05 was considered as statistically significant.
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Table 4.6: Comparison between HPV16/52 E6-specific CMI and HPV DNA

carriage and anal cytology results in HIV+ men

HPV16/52 E6-specific CMI*

Parameter P
Negative Positive
Oral and/or anal (%)
Any HPV 24/42 (57.1) 5/8 (62.5) 0.78
Multiple (>2) HPV genotypes per sample 14/24 (58.3) 3/5 (60.0) 0.945
HPV16 and/or HPV52 positive 8/24 (33.3) 3/5 (60.0) 0.264
Anal HPV (%)
Any HPV 19/36 (52.8) 5/7(71.4) 0.363
Multiple (>2) HPV genotypes per sample 13/19 (68.4) 3/5 (60.0) 0.722
HPV16 and/or HPV52 positive 8/19 (42.1) 3/5 (60.0) 0.475
Oral HPV, n (%)
Any HPV 7/42 (16.7) 0/8 (0) 0.213
Multiple HPV (=2 HPV genotype) 1/7 (14.3) 0 g
HPV16 and/or HPV52 positive 1/7(14.3) 0 o
Anal cytology, n (%)
NILM 20/30 (66.7) 5/7(71.4) 0.717
ZASC-LS 10/30 (33.3) 2/7 (28.6)

(included ASC-US, LSIL, ASC-H and HSIL)

Statistical analysis of significance was calculated using chi-square test. P-value <0.05

was considered as statistically significant.
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4.4 Clinical correlates of HPV carriage and HPV16/52 E6-specific CMI
Risk factors associated with anal HPV DNA carriage as well as HPV16/52 E6-specific
immune responses were determined. Due to the low prevalence of oral HPV carriage in

this study, further statistical analysis was not performed.

In HIV+ cohort, parameters such as age, circumcision, history of anal sex, use of
condoms, history of sexual activity in the last 12 months and sexual orientation were not
associated with the anal HPV carriage (Table 4.6). Analysis had showed that the age of
cART initiation (OR=1.13 [95% CI 1.01-1.27], p=0.03), baseline CD8+T cell count
(OR=1.00 [95% CI 0.99-1.00], p=0.04) correlated to anal HPV carriage whilst baseline
CD4/CDS ratio at study entry showed a tendency towards an increase the risk of HPV
infection, although the correlation was weak (OR=114.27 [95% C1 0.81-16080], p=0.06).
Furthermore, multivariate analysis showed that lhc.age of cART initiation (OR=1.21
[95% CI 1.04-1.40], p=0.01) and serum hsCRP level (OR=908 [95% CI 4.3-191720],

p=0.01) were correlated with anal HPV carriage.

In the assessment of HPV16/52 E6-specific immune responses, age, circumcision,
smoking history, receptive anal intercourse, and sexual orientation were no associated
with the presence of HPV16/52 E6-specific CMI (Table 4.7). However, CD4+T cell count
at the study entry (OR=1.00 [95% CI 1.00-1.004], P=0.03) and CD4 gain (OR=1.00 [95%
CI 1.00-1.004], P=0.04) were positively correlate to HPV16/52 E6-specific CML All
immunophenotypes including activation and senescence level of CD4+ and CD8+T cells

as well as Treg were not correlated to HPV16/52 specific-CMI.

Overall, age of cART initiation and baseline CD8+ T cell counts were independent
risk factors to positive anal HPV carriage whereas hsCRP level can be a potential

predictor for the risk of anal HPV carriage. HPV16/52 E6-specific CMI responses were
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positively correlated to CD4+T cell count but no specific T cell immunophenotypes

correlated to HPV16/52 E6-specific CMI responses.

Table 4.7: Univariate analysis of clinical associations with anal HPV carriage in

HIV+ men
Univariate analysis Multivariate analysis
Parameter : OR P - OR P
Coefﬁf:ienl (95% CI) Coefficient (95% CI)
Age (years) 0.08 1.08 (0.98-1.20)  0.12
. L 2.68 .
Circumcised (yes) 0.99 (0.68-10.53) 0.16
Age of first sex (years) 0.057 1.06 (0.93-1.2) 0.37
Receptive anal sex (yes) 0.54 1.71 (0.50-5.86)  0.39
Insertive anal sex (yes) 0.71 2.03(0.59-693) 0.26
Condom usage for
receptive anal sex
All the time |
Mostof thetime g 4 0.67 (0.05-9.47) * 0.77
Sometimes 1.39 4.00 (0.33-48.66)  0.28
Condom usage for
insertive anal sex
All the time 12.00 (011~
Most of the time 0.69 8 035'(%!3‘6- 0.64
Sometimes 2.08 139.29) 0.15
Sexually active in the last
12 months (yes) 0.11 1.11(0.33-3.71) 0.86
Receptive anal sex in the 5
last 12 months (yes) L% FLT SIS
Insertive anal sex in the
last 12 months (yes) 0.69 2 (0.28-14.20) 0.49
Sexual orientation
Non-homosexual® 1 0.39
Homosexual 0.54 1.71 (0.50-5.86) i
No. of lifetime sexual
partners
1 1 0.84
>2 -0.20 0.82 (0.12-5,67)
Age of initiation cART 1.21
 (years) 0.13 113 (1.01-1.27) 0.03 0.19 (1.04-1.40) 0.01
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Table 4.8: Univariate analysis of clinical associations with anal HPV carriage in
HIV+ men (Continued)

Univariate analysis

Multivariate analysis

Parameter _ OR P : OR P
Coefficient (95% CI) Coefficient (95% CI)
Duration on cART (years) -0.14 0'83_%']69‘ 0.25
Baseline CD4+T cell count 1.00
(cells/mm?) 002 (.00-1o1y 8!
Baseline CD8+T cell count 1.00
. (cells/mm?) 2.001 (0.99-1.00) 0.04
CD4+T cell count at study 1.00
entry (cells/mm?) 0.% 0991000 %
CD8+T cell count at study J 00 e
entry (cells/mm’) T
: 11427 Ly
Baseline CD4/CDS ratio 4.74 = 0.06 8.55 (2.08- 0.32
(0.81-16080) 12689897)
CD4/CDS ratio at study 2.81
entry 02 ©461711) 026
CD4+T cell count gain 1.00
(cells/mm’) 000 (099100 %6
4.73 908
HeCRE (eg/dl) by ©47-4744) 01 54 @3-191720) 0!
HPV16/52 E6-specific
immune responses
Not detected 1 \
224 0.37
Al (0.38-13.07)

*Included heterosexual and bisexual men.
Univariate analysis was tested with logistic regression. Variable with p-value <0.25 in
univariate analysis included for multivariate analysis. P-value <0.05 was considered as

statistically significant.
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Table 4.9: Univariate analysis of clinical and immunophenotypes associated

with HPV16/52 E6-specific CMI responders

HPV16/52 E6-specific CMI responders

Parameter P
Coefficient OR (95% CI)

Age (years) -0.02 0.98 (0.88-1.08) 0.63

Smoking history (yes) 0.51 1.67 (0.40-7.03) 0.49
. Age of cART initiation (years) -0.04 0.97 (0.87-1.07) 0.51

Duration on cART (years) 0.01 1,01 (0.81-1.25) 0.96

Baseline CD4+T cell count (cells/mm?) 0.002 1.002 (0.99-1.01) 0.30

Baseline CD8+T cell count (cells/mm?) 0.00 1.00 (0.99-1.00) 0.48

Baseline CD4/CDS§ ratio 1.52 4.55(0.13-155.94) 0.40

CD4+T cell at study entry (cells/mm?) 0.002 1.00 (1.00-1.004) 0.03

CD8+T cell at study entry (cells/mm?) 0.001 1.00 (1.00-1.00) 0.17

CD4/CDS ratio at study entry 0.64 1.89 (0.49-7.30) 0.36

CD4 gain (cells/mm?) 0.002 1.00 (1.00=1.004) 0.04

HsCRP (mg/dL) 0.12 1.12 (0.13-9.37) 0.92

Naive CD4+T cells

CD4+CD45RA+CCRT+ 0.01 1.01 (0.97-1.05) 0.71

Central memory CD4+T cells, Tem .

CD4+CD4SRA-CCR7+ -0.01 0.99 (0.92-1.06) 0.70

Effector memory CD4+T cells, Tem

CD4+CD45RA-CCR7- 0.00 1.00 (0.94-1.06) 0.97

Terminal effector CD4+T cells, Taem -

CD4+CD4SRA+CCR7- -0.03 \ 0.97 (0.81-1.16) 0.71

Naive CD8+T cells

CDR+CD45RA+CCRT+ 0.03 1.00 (0.95-1.07) 0.92

Central memory CD8+ T cells, Tewm

Effector memory CD8+T cells, Tem

CD8+CD45RA-CCR7- -0.03 0.97 (0.92-1.03) 0.34

Terminal effector CD8+T cells, Taem

CD8+CD45RA+CCR7- 0.03 1.03 (0.97-1.09) 0.32

Activated CD4+T cells

CD4+CD384+HLA-DR+ 018 0.83 (0.64-1.08) 0.17

Activated CD8+T cells

CDR+CD38+HLA-DR+ -0.04 0.96 (0.89-1.03) 0.27

Senescent CD4+T cells

CD4+CD28-CD57+ -0.02 0.98 (0.89-1.08) 0.65

Senescent CD8+T cells

CD84CD28-CDS7+ -0.004 1.00 (0.95-1.04) 0.86

Regulatory T cells, Treg

CD4+CD254Foxp3+ -0.03 0.98 (0.74-1.29) 0.86

Univariate analysis was tested with logistic regression. Variable with p-value <0.25 in
univariate analysis included for multivariate analysis. P-value <0.05 was considered as

statistically significant.
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CHAPTER 5: DISCUSSION
5.1 Immunological characteristic of cART-treated HIV+ men
The immune reconstitution trends among cART-treated HIV positive individuals
generally fall into two distinct groups despite achieving viral suppression: 1) sIR with
CD4+T cell count less than 350cells/mm?® and 2) olR as defined by an increase in CD4+T
| cell count to or above 500cells/mm® (Himnschall, Harries, Easterbrook, Doherty, & Ball,

2013; Kelley et al., 2009b; Torti et al., 2012).

Factors associated with sIR include older age of cART initiatiou (Khanna et al., 2008;
A. S. Walker, Doerholt, Sharland, Gibb, & Committee, 2004; Yin et al., 2014), lower
baseline CD4+T cell count prior to cART (Cohen et al., 2011; Florence et al., 2003;
Kaufmann et al., 2005), skewed maturation of memory T cells (Marchetti et al., 2010),
types of antiretroviral drug regimens (Abadi et al., 2'006; Dronda et al., 2002; Palma et
al., 2007) and low baseline viral load. Similarly, in our cohort, older age of cART
initiation, and lower baseline CD4+T cell count were observed in sIR compared to oIR
groups (Table 4.1). There have been conflicting reports on the associations between
baseline viral load and immune recovery and the reasons remain unclear (Corbeau &
Reynes, 2011). Some studies have shown that lower baseline viral load was associated
with sIR group (Dronda et al., 2002; Gandbhi et al., 2006); while others shown an opposite
trend (Falster et al., 2009; Goicoechea et al., 2006; Phillips, Staszewski, Weber, & et al.,
2001). In our study, sIR group had significantly higher baseline viral load compared to

oIR group (Table 4.1).

Despite viral suppression, sIR have been shown higher levels of Tregs
(CD4+CD25+Foxp3+) (Horta et al., 2013; Méndez-Lagares et al., 2012), activation
markers (CD38+HLA-DR+) (Albuquerque et al, 2007; Saison et al., 2014) and

senescence markers (CD28-CD57+ or CD57+) (Molina-Pinelo et al., 2009; Serrano-
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Villar et al., 2014) on CD4+ and CD8+T cells when compared to oIR group. In our study,
compared to oIR group, sIR group exhibited significantly higher levels of Tregs, activated
CD4+ and CD8+T cells as well as senescent CD8+T cells (Table 4.2 and Figure 4.2). As
expected, the HIV+ groups displayed a higher level of senescent CD4+T cells compared
to controls. oIR group also exhibited higher levels of activated and senescent CD4+T cells
-compared to control (not statistically significant), while the proportion of Treg, and levels
of activated and senescent C158+T cells were nearly normalized when compared to
controls. These observations are consistent with published data (Albuquerque et al., 2007;

Bordoni et al., 2012: Lederman et al., 2011; Méndez-Lagares et al., 2012).

On the other hand, sIR group had lower percentages of naive CD4+ and CD8+ T cells
with higher percentage of memory T cells (Tcm and Tem) compared to olIR group (Table
4.2 and Figure 4.1), which is in agreement with pubiished data (Marchetti et al., 2010).
This likely due to the differentiation of naive T cells into mature T cells during persistent
and chronic HIV infection in the sIR group (Geldmacher et al., 2010; Riou et al., 2015;

Riou et al., 2012).

In this study, we have not demonstrated a significant difference in the HPV carriage
rates among sIR and oIR. This is most likely due to the high HPV prevalence among the
HIV-infected population. The observation that HPV DNA detection itself may not
commensurate the detection of HPV specific immunity have also been described in other
studies (de Jong et al., 2002; Woo et al., 2010). Ideally, a longer prospective study that
follows sIR and olIR groups for a longer length of time will confirm if the presence of

HPV immunity confers long term protection against disease among olR.
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5.2 Prevalence of HPV carriage in cART-treated HIV+ men
Oral HPV can be detected in 2.3-20% of healthy individuals (Antonsson et al., 2014;
Colon-Lopez et al., 2014; Gillison, Broutian, Pickard, & et al., 2012; Rosen et al., 2015;
Vacharotayangul et al., 2015) which was similar to the controls in our study (Table 4.3).
The prevalence of anal HPV among controls (majority were heterosexual men with no
-history of anal intercourse) was similar to published prevalence of 5-8% among HIV-
uninfected heterosexual men (P;. V. Chin-Hong et al., 2004; Nicolau et al., 2005; Nyitray
etal., 2010) but was lower than the prevalence of anal HPV among HIV-uninfected MSM
(33-57%) (P. V. Chin-Hong et al., 2004; Goldstone et al., 2011; Phanuphak et al., 2013;

D. Y. Zhang et al., 2014).

Regardless of cART treatment or CD4+T cell count, the prevalence of anal HPV
infection in HIV+ population is 71-85% in HIV+ MSM and 40-68% HIV+ heterosexual
men (Phanuphak et al., 2013; Piketty et al., 2003; Sirera et al., 2006; Videla et al., 2013)
while abnormal anal intraepithelial lesions including ASC-US, LSIL and HSIL were
detected in 7-12%, 8-42%, and 0.2-5% of HIV+ men, respectively (Gonzalez et al., 2013;
A. H. Li et al., 2009; Melo et al., 2014). In addition, the prevalence of oral HPV is high
among HIV+ men at 16-20% (Darwich et al., 2014; Parisi et al., 2011; Vacharotayangul
et al., 2015; Videla et al., 2013). Our study was consistent with published data (Table

4.3).

In our study, HPV16 was the most prevalent anal HPV genotype among HIV+ men
regardless of CD4+T cell count which was similar to previous studies (Darwich et al.,
2014; Sirera et al., 2008; Videla et al., 2013). In addition, our observation were in line
with the prevalence of HPV types detected in Asia. A study conducted among Chinese
MSM documented that four most common HR anal HPV to be HPV16, followed by

HPV18, HPV58 and HPV52 (D. Y. Zhang et al., 2014). Noteworthy, both HPV58 and
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HPV52 (anogenital genotypes) are HPV genotypes that were commonly detected in Asian
populations (Chan et al., 2014; H. C. Chen et al., 2011; Takehara et al., 2011). We also
found that HR HPV genotypes and multiple genotypes of HPV per sample were common
among HIV+ individuals (Beachler, D'Souza, Sugar, Xiao, & Gillison, 2013; Sirera et al.,
2008) compared to controls, again consistent with previous studies (D.H. Adler et al.,
2015; Beachler et al., 2015; Hu et al., 2013; Latini et al., 2014; Palefsky, Holly, Ralston,

& Jay, 1998).

Among the HIV+ men in this study, HPV DNA was detected in nearly half of men
with normal anal cytology and in all abnormal anal cytology (Table 4.4). We also found
that the HR HPV was detected in up to 73% of men with normal cytology and 90% of
men with abnormal anal cytology, which was again consistent with published findings
(Fimhaber et al., 2009; Gonzalez et al., 2013). In adﬂiﬁon, multiple HPV genotypes per
sample were also more likely to be associated with abnormal cytology as reported by
previous published data (D. H. Adler et al., 2014; Blossom et al., 2007; Jing et al., 2014).
However, we were not able to compare anal cytology between HIV+ men and controls as
we had only 3 out of 29 control anal cytology that were satisfactory for anal cytology

screening.

Taken together, the prevalence of HPV infection in anus and oropharynx observed in
current study was comparable to previous studies. However, the prevalence of HPV
carriage was not lower among oIR patients who achieved CD4+T cell count more than
500cells/mm®. The may be due to impaired functionality of CD4+T cell or shift of Thl
and Th2 cytokines by CD4+T cell although the ability of CD4+T cell proliferation is
preserved. This has been observed in a study on HPV-specific CMI on patients with

cervical cancer (de Jong et al., 2004).
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53 Correlates of HPV carriage in cART-treated HIV+ men
The prevalence of anal HPV DNA among HIV+ men was very high compared to

controls. In this study, there are several risk factors showed correlation to anal HPV.

Nadir/baseline CD4+T cell count (CD4+T cell count prior to cART, hereafter called
. baseline) is a strong predictor for immune recovery as a lower baseline CD4+T cells count
is associated with poor CD4+T cell recovery (Castilho et al., 2015; Kaufmann et al., 2005;
Massanella et al., 2010). This was also observed in our cohort where sIR group who had
initiated cART at a lower baseline CD4+T cell count hardly reached CD4+T cell count
of more than 500cells/mm” at entry study, which was at a median of § years after CART
initiation. Poor immune recovery reflects the impairment of T cell homeostasis, likely
caused by high turnover of antigen-experienced T cell from naive T cell in response to
HIV infection (Schacker et al., 2002). Thus, lower baseline CD4+T cell count (Darwich
et al., 2014; Menezes et al., 2015; Wilkin, Palmer, Brudney, Chiasson, & Wright, 2004)
and lower CD4+T cell count at study entry (Beachler et al., 2013; Castilho et al., 2015;
Melo et al., 2014; Parisi et al., 201 1) have been reported as risk factors for HPV infection.
However, in our study both baseline CD4+T cell count and CD4+T cell count at study
entry did not correlate to HPV infection (Table4.6) as observed by other studies (Hidalgo-
Tenorio et al., 2014; Piketty et al., 2013). This suggests that the improvement of HIV-
caused immunosuppression by cART was insufficient to reduce the risk of HPV infection
in this cohort. Other cofactors such as active sexual intercourse (for newly acquired HPV)
or latent phase of HPV infection (escape host immunesurveillence) contributes to the
higher prevalence of HPV DNA detection although patients have optimal immunological
status. Interestingly, HIV+ men in our study with CD4+T cell count >900cells/mm? did
not show abnormal anal cytology (Figure 4.3¢). This may be attributed to the better
immune recovery in these men as they are less likely to develop AIDS-defining diseases

(Okulicz, Le, Agan, & et al., 2015).
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In this study, age did not correlate to anal HPV infection. This finding was in
agreement with previous studies that showed the prevalence of anal HPV DNA did not
decline with age for both female and male which was in contrast to prevalence of cervical
HPV DNA (Peter V. Chin-Hong et al., 2004; Dona et al., 2014; Poynten et al., 2015).
This disparate observation (between both prevalence of cervical and anal HPV) may be
due to the sexual behaviour among MSMs regardless of age (Peter V. Chin-Hong et al.,
2004; Dona et al., 2014) and ho;rmonal changes in transformation zone of cevix (which is
not found in anus) increasing susceptibility to HPV infection during the different
reproductive phases of life (Peter V. Chin-Hong et al., 2004). On the other hand, age of
CART initiation showed correlation to anal HPV carriage. This parameter reflects the
degree of immune recovery’s reliance on age. As we know, the elderly were more likely
to experience impaired immune function due to a decline in generation of new naive T
and B lymphocytes and less competence in the expansion capacity of memory cells
(Hakim & Gress, 2007). This immune aging process further accelerated in chronic HIV
infection. As a result, HIV+ individuals show similar immunological changes as observed
in elderly HIV- uninfected individuals (Ikezu, 2009; Teichmann et al., 2009). Therefore,
older age may limit the capacity of immune recovery and thus unable to generate an
efficient protective immunity against HPV. Taken together, age alone may not be

informative to evaluate the risk of anal HPV but age of cART initiation does.

Baseline CD8+T cell count is one of the risk factors to HPV infection in our cohort
(Table 4.5). The effective cytotoxic CD8+T cells respond against HPV infection in
healthy individuals have been widely reported (Nakagawa et al., 1997; Nakagawa et al.,
2000). In cART-untreated HIV+ population, CD8+T cells are susceptible to bystander
apoptosis (Vivar et al., 2011) and have impaired proliferative ability (Effros et al., 1996)
due to loss CD28 receptor expression on CD4+ and CD8+T cells that were induced by

active HIV replication (Tassiopoulos et al., 2012; Vivar et al., 2011), as well as reduced
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cytotoxicity and cytokine production (Shankar et al., 2000). Eventually, the reduction of
CD8+T cells would lead to ineffective immune responses against diseases including HPV
(Gamberg, Pardoe, Bowmer, Howley, & Grant, 2004). However, the implementation of
cART can delay the disease progression by enhancing the expression of CD28 (Vivar et
al., 2011). Therefore, HIV+ individuals who had initiated cART before large amounts of
their CD8+T cells affected by HIV can reduces the risk of HPV infection and HPV-related

diseases.

Lower baseline CD4/ CDS ratio prior to cART in current study showed a tendency
towards higher risk of HPV carriage (Table 4.6). In cART-untreated individuals, high
depletion of CD4+T cell count with elevation of CD8+T cell count in response to HIV
evasion is often observed. In cART era, some patients still fail to achieve CD4+T cell
count >500cells/mm?* despite successful viral suppréssion on long term cART. Factors
that correlate to this clinical outcome include low baseline CD4+T cell count and baseline
CD4:CDS8 ratio (Torti et al., 2012). These two factors were also observed in our sIR group
when compared to the oIR group. On the other hand, low CD4/CDS8 ratio was also
observed in cART-treated HIV+ individuals despite CD4 count >500cells/mm?®. This
indicates that those individuals did not truly achieve optimal immune restoration, as high
level of T cell activation (HLA+CD38+) and senescence (CD57+CD28-/CD57-) are often

observed (Sainz et al., 2013).

In multivariate analysis, the level of serum hsCRP showed a weak correlation to anal
HPV infection due to wide confidence interval of odd ratio although it was statistically
significant. This is most likely due to the sample size of HIV+ adults in this study was
not powered to evaluate the correlation between hsCRP level and anal HPV carriage (du
Prel, Hommel, Rohrig, & Blettner, 2009) (Table 4.6). CRP is a protein synthesized by

hepatocytes as part of the inflammation response to tissue damage caused by infection



and malignant diseases. According to previous studies, the elevation of plasma hsCRP is
associated with clinical disease stage such as oral cancer (Jablonska, Piotrowski, &
Grabowska, 1997) and, HIV disease progression (Lau, Sharrett, Kingsley, & et al., 2006;
MahdadNoursadeghi & Miller, 2005). However, the use of hsCRP as a prognostic marker
remains controversial as there are also studies that show no associations between serum
'hsCRP levels and diseases outcomes (Kruse, Luebbers, & Griitz, 2010; S. M. Zhang,

Buring, Lee, Cook, & Ridker, 2005).
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54 HPV16/52 E6-specific CMI in cART-treated HIV+ men

In this study, the prevalence of anal HPV was not significantly different between sIR
and olR group even though immunologically those with oIR better than former. After
initiation of cART, some patients failed to normalize CD4+T cell count to more than
500cells/mm* despite viral suppression. The failure to restore CD4+T cell count during
¢ART may be caused by patients initiating cART with lower baseline CD4+T cell count
(Falster et al., 2009) and impai-red thymus activity (Benveniste et al., 2005) compared to
those with complete immune recovery (CD4+T cell count > 500cells/mm?). Lower
baseline CD4+T cell count prior to cART suggests excessive CD4+T cell depletion
caused by persistent T cell activation which accelerates immunesenescence (Brenchley et
al., 2003; W. Cao et al., 2009), whereas impaired thymus activity is caused by over
regeneration of naive T cell to replenish the depletion of memory T cells. All these clinical
features can limit the restoration of immune system. Thus, only a small proportion of sIR
group exhibited HPV16/52 E6-specific CMI which was significantly lower than oIR

group.

Many studies have demonstrated that failure of HPV-specific CMI detected in patients
associated with HPV DNA and abnormal cervical cytology (de Jong et al., 2004; Molling
etal., 2007; Woo et al., 2008; Woo et al., 2010). This may due to immunosuppression by
Treg, impaired proliferation of T cells or imbalance of Thl and Th2 cytokines. Based on
our data, we did not find an association between Tregs and HPV16/52 E6-specific CMI
in the presence of HPV16/52 DNA (Figure 4.5). This lack of clinical correlation may be
due to the lack of histological specimens (biopsy and cytology) correlates as reported by

previous studies (Molling et al., 2007; Woo et al., 2010).
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5.5 Correlates of HPV16/52 E6-specific CMI in cART treated HIV+ men
5.5.1 T cell activation causes depletion of pathogen-specific memory T cells

The depletion of T cells is a hallmark of HIV infection. Direct lysis of HIV-infected
cells by HIV (J. Cao, Park, Cooper, & Sodroski, 1996) is one of the factors that contribute
to T cell depletion. Indeed, activated pathogen-specific memory CD4+T cells which are
actively expanded clonally due to reactivation of a given pathogen such as
Mycobacterium tuberculosis (MBT) often becomes the target of HIV infection (Biancotto
etal., 2008; Geldmacher et al., 2010). However, this is not the main cause leading massive
T cell depletion in HIV-infected patients. Studies revealed that most of the dead cells are
HIV-uninfected CD4+ and CD8+T cells (Finkel et al., 1995; Muro-Cacho, Pantaleo, &
Fauci, 1995) which are largely attributed to activation-induced cell death (Katsikis,
Wunderlich, Smith, Herzenberg, & Herzenberg, 1995; Meyaard, Otto, Keet, Roos, &
Miedema, 1994). One possible mechanism to explain the death of HIV-uninfected CD4+

and CD8+T cells is the bystander activation effect.

As immune response, HIV or co-infections such as CMV or MBT activates memory
T-cells which secrete plenty of inflammatory cytokines such as Tumour necrosis factor o
(TNFa) resulting in a chronic inflammation microenvironment (Decrion et al., 2005;
Geldmacher et al., 2010). This could result in bystander activation of other pathogen-
specific memory T cells (Both CD4+ and CD8+T cells) without T cell receptor (TCR)
stimulation (De et al., 2005; Holm & Gabuzda, 2005). For example, Epstein—Barr virus
(EBV), CMV and Influenza (FLU)-specific CD8+T cells are activated (CD38+ and HLA-
DR+, respectively) in patients with primary HIV-infection despite absent reactivity of
EBV, CMV and FLU infection (Doisne et al., 2004). Furthermore, this bystander
activation declines after one year on cART. Although cART suppresses viral replication
effectively, systemic T cell activation in cART-treated patients with poor immune

recovery (CD4<500cells/mm?) remains high due to residual viral production (Yukl et al.,
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2010) and microbial translocation (Jiang et al., 2009). Under such a chronic inflammation,

bystander activation may occur in the same manner in untreated- HIV+ individuals.

Based on above published data, chronic immune activation of both HIV-infected and
uninfected (bystander) T cells contributed to the depletion of T cell including HPV-

specific CMI. However, this correlation was not established in this study.

5.5.2 Immunesenescence as a consequence of persistent-’l‘ cell activation

Patients with persistent viral infections such as HIV, CMV or Hepatitis B virus (HBV)
are shown to have shortened telomere length, and also lack CD28 expression which
indicates premature immunesenescence (Effros et al., 1996; Kitay-Cohen, Goldberg-
Bittman, Hadary, Fejgin, & Amiel, 2008; Molina-Pinelo et al., 2009; Pourgheysari et al.,
2007). Although no correlation has been observed between immunesenescence and HPV-
specific CMI in current study, we hypothesized that the depletion of T cells caused by
HIV potentially induces the reactivation of HPV infection in cART-treated HIV+ men.
As a result, HPV infection may be persistent due to poor immunological status and causes
HPV-specific CMI undergoes immunesenescence. A possible explanation as to why the
correlation was not observed is most like due to insufficient length of time to observe the

immunesenescence.

5.5.3 Skewed maturation of memory T cell subsets

Many studies show an association between chronic viral infections and disturbed T
cell differentiation and maturation leading to heterogeneity of T cell profile. For example,
CMV-specific CD4+ and CD8+T cells are mainly Tem and terminal differentiated
effector T cells (Taem), while HIV and MTB-specific T cells are Tem or Tem (Geldmacher
et al., 2010: Riou et al., 2015; Riou et al., 2012). Such heterogeneity of T cell profile
depends on the duration and intensity of antigenic exposure (Streeck et al., 2008).

Similarly, skewed T cell maturation is also observed in HPV-induced CIN I (Pita-Lopez,



Ortiz-Lazareno, Navarro-Meza, Santoyo-Telles, & Peralta-Zaragoza, 2014). Patients with
CIN 1 exhibited high percentage of Tqem at systemic level compared to patients with
positive HPV DNA and healthy controls although not significantly different. However, a

skewed T cell maturation did not correlated to HPV16/52 E6 CMI in current study.

Furthermore, skewed maturation of T cells due to persistent and chronic viral
infections also alter polyfunctionality of memory T cell subsets (Riou et al., 2012). The
alteration of polyfunctionality of memory T cell leads an individual fail to mount an
effective immune response in controlling viral infection. In addition, most of the
pathogen-specific T cells were less differentiated (Tem and Tem). According to a study,
CD57- memory CD4 T cells (Tem and part of the Tem) were preferentially infected by
HIV (Brenchley et al., 2004) compared to CD57+ memory CD4+T cells (Tgem) which are
susceptible to apoptosis after re-exposured to a given antigen (B. E. Palmer et al., 2005).
This preference can assist HIV to replicate competently. Taken together, HIV infection
significantly affect the ability of HIV+ patients in mounting an effective pathogen-
specific CML In this experiment, we used only IFNy ELISPOT to enumerate the
frequency of responding cells and thus we were unable to measure the polyfunctionality
of each memory subsets. We speculate that the decrease in polyfunctional HPV-specific
memory T cell subset may be one of the risk factors to HPV infection even though patients

have complete immune recovery.

5.54 The role of Treg in co-infection HPV and HIV

Tregs are known to play role in immunosuppression. Despite the presence of HPV-
specific CMI, disease progression can be observed particularly in the presence of Tregs
(Kojima et al., 2013; Molling et al, 2007). Similarly, HIV disease progression,
particularly among patients with low CD4+T cell count has also been found to be

associated with higher Tregs (Saison et al., 2015). Based on these findings, Tregs were
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expected to be one of the factors suppress the function of HPV16/52 E6-specific CM1
which may alter HPV reactivity. In this study, we did not demonstrated any association
between Tregs and HPV-specific immunity. It is possible that the regulatory effects may
be less pronounced in the presence of chronic immune activation in our HIV infected

population. Hence, the unobservable differences.
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CHAPTER 6: CONCLUSION
6.1 Conclusion
The present study is the first study to investigate the presence of HPV-specific CMI
among cART-treated HIV patients with optimal and suboptimal CD4 recovery. The
information obtained from this study can add to our understanding of the epidemiology
and immunology factors associated with the dyriamic of HPV-specific CMI. In this study,

we have demonstrated that

1) The prevalence of anal (57.1% vs 56.5%) and oral (16.7% vs 11.1%) HPV DNA
in suboptimal immune reconstitution (sIR) group was not higher than optimal
immune reconstitution (oIR).

2) The presence of HPV16/52 E6-specific CMI among oIR was higher than sIR.

3) Patient characteristics such as sexual orientation, number of sexual partners and
history of anal intercourse was not associated with HPV carriage among those
who were HIV+. However, clinic factors such as age of initiate cART, and
baseline CD8 count were associated with HPV carriage.

4) Apart from CD4+T cell count, T cell immunophenotypes which are activation
(CD38+HLA-DR+), senescence (CD2-CD57+), Treg (Foxp3+CD25+) and T cell

subsets did not correlate with the presence of HPV16/52 E6-specific CML
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6.2 Limitation of the study

There are several limitations that have been identified in our study. First, HPV induced
disease in the anus was assessed by anal cytology with no anoscopy and biopsy. The use
of cytology examination may underestimate the prevalence of abnormal anal
intraepithelial. Secondly, HPV16/52 E6-specific immune measured in this study are at
systemic level, which may not truly reflect the localized HPV-specific CMIL. This is
because HPV infection is localized infecti(-)n instead of systemic infection. Information
on local responses may provide us with more information. Thirdly, we explored systemic
immunophenotypes instead of immunophenotypes of HPV16/52 E6- stimulated PBMC.
This may not truly reflect the immunophenotypes of HPV-specific T cells. In addition,
we detect HPV-specific CMI against only E6 peptides. In fact, HPV-specific CMI
response to HPV E2, E7 as well as L1 peptides have been reported previously. Thus, we
may underestimate HPV-specific immune responses against other HPV antigen. In
addition, the polyfunctionality across memory T cell subsets is important to ensure the
quality of T cells against pathogen. However, current study is unable to measure this since
IFNy ELISPOT was used. Perhaps, intracellular cytokine with flow cytometry can help
to measure the polyfunctionality of HPV-specific memory T cell subsets. This study has
been powered to assess the differences in HPV E6-specific immunity among olIR and sIR.
The cohorts were underpowered to assess the differences in HPV carriage or HPV-
associated diseases such as AIN or warts. To study this, a larger prospective cohort
observed over a longer period of time would be required. Lastly, sexual orientation was
not comparable between healthy control and HIV+ men group as this factor has been

found to be associated with inflammation (C. D. Palmer et al., 2014)
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6.3 Future work

In order to have a better understanding of the dynamic of HPV antigen-specific CMI,
several suggestions may help improve the current research. To assess HPV-induced
intraepithelial lesion precisely, histology examination on anal tissue is strongly
recommended. Secondly, tissue resident-memory T cell specific to HPV antigen is
recommenﬁcd as HPV antigen-specific CMI at systemic level may not truly reflect the
localized immune responses. Additionally; HPV antigen-sﬁeciﬁc CMI against peptides
E2 and E7 should be measured as both genes are the key role to initiate the replication of
HPV and expression of oncogene, respectively. As per discussion, the polyﬁlhctionality
of memory T cell is important to understand the efficiency of pathogen-specific CMI. An
intracellular cytokine flow cytometry to measure Thl and Th2 eytokines secreted by HPV
antigen-specific CMI is recommended. The expression of PD-1 expression on both CD4+
and CD8+T cells is suggested to measure. This is because upregulation of PD-lis
correlate to diseases progression with decreased proliferation and production of cytokines

of functional T cells (C. L. Day et al., 2006; Trautmann et al., 2006).
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