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Infectious bursal disease (IBD) is an extremely contagious and acute disease of young
chicken cause by infectious bursal disease virus (IBDV). IBDV can infect B
lymphocytes and macrophages. However, study on the involvement of chicken DCs
during pathogen infection especially in IBDV infection has not been studied.
Hypothesis of this study was chicken DCs are susceptible to IBDV infection and aimed
to characterise the interaction between IBDV and chicken DCs as well as the
proteomics profiles of chicken DCs during IBDV infections.

DCs were isolated from bone marrow and spleen for in vitro and ex-vivo study,
respectively. The isolated DCs were characterized based on morphology, viability and
immunophenotyping  while  IBDV  detection were performed based on
immunofluorescence antibody test (IFAT), quantitative real-time polymerase chain
reaction (qRT-PCR) and flow cytometry. qRT-PCR was also used to detect the
expression of selected cytokines from IBDV-infected DCs. Quantitative proteomics
using iTRAQ coupled with tandem LC-MS/MS approach and flow cytometry analysis
were performed to quantify and validate differentially regulated proteins of BM-DCs.

Morphologically, uninfected BM-DCs were rounded in shape whilst BM-DCs treated
with LPS and vvIBDV showed stellate shapes. Both LPS-treated and vvIBDV-infected
BM-DCs expressed high levels of CD86 and MHC class Il antigens (>20 %) (p<0.05).
In addition, vvIBDV-infected BM-DCs showed significantly higher numbers of
apoptotic cells compared to LPS. Replication of vwIBDV was detected in the infected
BM-DCs as evidenced by the increased in the expression of VP3 and VP4 antigens
based on flow cytometry, qRT-PCR and IFAT. LPS was far more potent than vwIBDV
in inducing the expression of IL-1p and IL-18, while the expressions of Thl-like
cytokines, IFN-y and IL-12a were significantly increased in vvIBDV treatment group.

iTRAQ analysis coupled with LC-MS/MS analysis, detect the most abundant proteins
(~40 %) with a known membranous localization. From the total of 283 proteins that
were identified, 55, 47 and 32 proteins were differentially regulated at 3, 6 and 12 hpi,
respectively, as a result of vwIBDV infection, with the fold difference > 1.5 or < 0.67
and ProtScore of more than 1.3 at 95 % confidence level. Most of the protein functions
that were impaired at 3 hpi were related to signaling, stress response and immune



response, for instance integrin a and f, heat shock proteins (HSPs) especially HSP90a
and HSP60. Interestingly, no proteins related to signaling were activated at this time
point. These findings give an indication that vvIBDV able to disrupt several important
protein functions in order to infect BM-DCs at the early stage.

Control and infected splenic DCs were distinct as infected DCs showed star like shape.
In addition, infected splenic DCs in both vaccine strain and vwIBDV strain expressed
higher CD86 and MHCII antigens of more than 30 % at day 5 pi. Meanwhile, VP3 and
VP4 proteins of IBDV were readily detected in splenic DCs starting from day 3 pi in
both vaccine and vvIBDV-infected groups via IFAT, flow cytometry and gRT-PCR,
where the expression of these antigens were significantly higher in vvIBDV (p< 0.05).
Splenic DCs infected with vaccine and vvIBDV strains also expressed elevated levels
of pro-inflammatory cytokines and chemokines such as IL-1f and CXCLi2 as well as
Thl-like cytokines such as IL-12a and IFNy after day 3 onwards.

In conclusion, chicken BM-DCs and splenic DCs are susceptible and permissive to
IBDV infection. The virus infects DCs probably via common host proteins that are
also found on other cells such as B cells and macrophages.
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Penyakit berjangkit bursa (IBD) adalah penyakit yang sangat berjangkit dan akut
kepada ayam yang disebabkan oleh virus penyakit berjangkit bursa (IBDV). IBDV
boleh menjangkiti sel B dan makrofaj. Walaubagaimanapun, kajian ke atas penglibatan
DCs ayam semasa jangkitan patogen termasuk jangkitan IBDV belum dikaji. Hipotesis
kajian ni adalah DCs ayam juga terlibat di dalam jangkitan IBDV dan tujuan kajian ini
adalah untuk mencirikan interaksi antara IBDV dan DCs serta melibatkan kajian profil
proteomik DCs ayam semasa jangkitan IBDV.

DCs diambil daripada sumsum tulang dan limpa untuk kajian in vitro dan ex vivo,
masing-masing. DCs yang dijangkiti dicirikan berdasarkan morfologi, peratusan sel
hidup, imunofenotip manakala pengesanan IBDV dilaksanakan dengan menggunakan
ujian antibodi imunopendarfluor (IFAT), reaksi rantai polymerase waktu nyata
kuantitatif (QRT-PCR) dan aliran sitometri. gRT-PCR juga digunakan untuk mengesan
ekspresi sitokin terpilih daripada DCs yang dijangkiti IBDV. Kajian kuantitatif
proteomik yang menggunakan iTRAQ berserta pendekatan LC-MS/MS dan analisis
aliran sitometri dilakukan untuk mengukur dan mengesahkan protein BM-DCs.

Secara morfologi, BM-DCs yang tidak dijangkiti menunjukkan bentuk bulat, manakala
BM-DCs yang dirawat dengan LPS and vvIBDV menunjukkan bentuk bintang. Kedua-
dua BM-DCs yang dirawat dengan LPS dan vwIBDV mengekpresi tahap antigen CD86
dan MHC kelas Il yang tinggi (>20 %) (p<0.05). Tambahan pula, BM-DCs yang
dijangkiti dengan vvIBDV menunjukkan secara signifikasi sel apoptotik yang tinggi
berbanding LPS. Replikasi vwwIBDV di dalam BM-DCs yang dijangkiti dibuktikan
berdasarkan kepada peningkatan ekspresi antigen VP3 dan VP4 menerusi analisis
aliran sitometri, qRT-PCR dan IFAT. LPS dilihat lebih berkesan daripada vvIBDV
dalam mendorong ekspresi IL-1pB dan 1L-18, manakala ekspresi sitokin Th1 iaitu IFN-y
dan IL-120 meningkat secara signifikan di dalam kumpulan rawatan vvIBDV.

Analisis iTRAQ bersama LC-MS/MS mengesan kebanyakan protein (~40 %) yang
diketahui terletak di membran. Daripada keseluruhan jumlah protein iaitu sebanyak 283
protein yang dikenalpasti, sebanyak 55, 47 dan 32 ekspresi protein yang diatur secara
berbeza selepas 3, 6 dan 12 jam jangkitan, masing-masing, disebabkan jangkitan
vvIBDYV, dengan perbezaan kali ganda > 1.5 atau < 0.67 dan ProtScore lebih daripada



1.3 pada 95 % tahap keyakinan. Kebanyakan fungsi protein yang terjejas pada 3 jam
selepas jangkitan adalah melibatkan fungsi pengisyaratan, respon kepada stress dan
tindak balas imun, sebagai contohnya protein integrin o dan P, heat shock proteins
(HSPs) terutama sekali HSP90a dan HSP60. Menariknya tiada ekspresi protein yang
terlibat di dalam fungsi pengisyaratan yang diaktifkan pada masa ini. Penemuan ini
menunjukkan yang vwIBDV mampu untuk menjejaskan beberapa fungsi protein yang
penting untuk menjangkiti BM-DCs pada peringkat awal.

DCs limpa daripada kumpulan yang tidak dijangkiti dan dijangkiti IBDV adalah
berbeza kerana DCs yang dijangkiti menunjukkan bentuk bintang, Tambahan pula,
DCs limpa yang dijangkiti dengan kedua-dua strain iaitu strain vaksin dan strain
wIBDV mengekspresi antigen CD86 dan MHCII dengan tinggi iaitu lebih daripada 30
% pada hari ke-5 selepas jangkitan. Sementara itu, protein IBDV iaitu VP3 dan VP4
dapat dikesan di dalam DCs limpa bermula dari hari ke -3 selepas dijangkiti strain
vaksin dan vvIBDV menerusi IFAT, aliran sitometri and qPCR, dimana ekspresi
antigen ini adalah lebih tinggi didalam ayam yang dijangkiti vvIBDV (p< 0.05). DCs
limpa yang dijangkiti strain vaksin dan vwIBDV juga mengekspresi peningkatan kadar
sitokin dan kemokin yang berkait rapat dengan tindak balas keradangan seperti IL-13
dan CXCLi2 serta sitokin Thl seperti IL-12a dan IFNy selepas 3 hari dijangkiti.

Sebagai kesimpulan, BM-DCs dan DCs limpa ayam adalah rentan kepada jangkitan
IBDV. Virus ini menjangkiti DCs mungkin melalui protein perumah yang umum yang
juga ditemui di dalam sel lain seperti sel B dan makrofaj.
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CHAPTER 1
INTRODUCTION

Poultry industry in Malaysia is an important livestock sector which represents a major
proportion of the industry besides aquaculture and pig productions. Malaysia has been
self-sufficient in the poultry meat and eggs production since 2002 with the percentage of
self-sufficient for 2011 at 132% (Mohamed et al., 2013). However, the industry is facing
constant threat and challenges. Infectious diseases are major threat that cause significant
economic losses in terms of mortality, condemnation of carcass, poor performance
parameters and increased in the cost of medication (Omar, 2013). In addition, viral
infections such as Marek’s disease virus (MDV), retrovirus causing lymphoid leucosis
(LL), chicken anemia virus (CAV) and infectious bursal disease virus (IBDV) can impair
the host immune responses, hence, causing immunosuppression (Hoerr, 2010). Viral
induced immuosuppression is a problematic issue that is challenging to manage in
poultry flocks due to its significance impact to the health status of the chickens and can
lead to vaccination failure against various diseases.

Infectious bursal disease virus (IBDV) is classified under the family Birnaviridae
(Dobos, 1979), a bi-segmented and double-stranded RNA (dsRNA) virus with a single-
shelled, non-enveloped virions (MacDonald, 1980; Miller et al., 1979). Serotype |
IBDV strains can be grouped into different subtypes/strains namely classical strains,
variant strains and very virulent strains (van den Berg, 2000). Among these strains, the
wIBDYV strain have been reported in several countries and have caused serious problem
in commercial poultry industry due to the inability of maternal antibody from classical
IBDV vaccine in inducing complete protection (Williams & Davidson, 2005). The virus
cause a disease known as infectious bursal disease (IBD) (Gumboro disease), which is
difficult to control in commercial flocks since it able to resist many disinfectants and
capable of causing high mortality and inducing immunosuppression in susceptible
chickens (Van Den Berg et al., 2004).

Infectious bursal disease virus (IBDV) is a lymphotropic virus which known to target
IgM+ B cells (Withers et al., 2006; Rodenberg et al., 1994) and macrophage (Palmquist
et al., 2006; Khatri et al., 2005). Moreover, IBDV infection promotes infiltration of T
cells in infected organ such as bursa of Fabricus (Rautenschlein et al., 2002; Kim et al.,
2000). However, T cells are refractory to IBDV infection (Mahgoub, 2012). Hence,
chicken infected with the virus develop immunosuppression due to the depletion of IgM
bearing B-lymphocytes and disturbance in the innate and cell-mediated immunity
responses due to direct activation of macrophage and indirect activation of T cells which
subsequently lead to massive production of proinflammatory cytokines (Ingrao et al.,
2013). In contrary, the involvement of other immune cells such as dendritic cells (DCs)
during IBDV infection has not been characterized.

In mammals, dendritic cells (DCs) are well known as professional antigen presenting
cells (APC) linking the innate and acquired immunity during combating infectious
diseases (Steinman et al., 2003). DCs progenitors are originated from bone marrow and
further differentiated into circulating immature DCs with high ability to capture antigen
(Granucci et al., 2003). Once exposed to pathogens, immature DCs migrated to T cell
regions of different lymphoid organs and undergo maturation with high antigen
presenting capabilities particularly to CD4 helper T cells for the activation of immune
responses (Liu, 2001). The activated helper T cells play an important role in activating

1



other cells such as natural killer cells (NK), eosinophils and macrophages as well as
antigen specific cells such as B cells and CD8 cytotoxic T cells. As a result, these cells
are recruited to migrate to the damage or infected site in order to prevent the infection
from continue to harm the host (Rescigno & Borrow, 2001).

Currently, majority of the studies on the interaction between viruses and DCs are on
human virus infection. DCs infected with respiratory syncytial virus (RSV) associated
with virus replication and DCs maturation (Gonzélez et al., 2008). Meanwhile, viruses
such as dengue virus, influenza virus and herpesvirus are able to replicate inside DCs but
impede the maturation process (Boonnak et al., 2008; Fernandez-Sesma et al., 2006;
Novak and Peng, 2005). On the other hand, viruses such as human papilloma virus able
to present antigen without replicating inside DCs (Garcia-Pifieres et al., 2006). Hence,
characterisation of the interplay between viruses with chicken DCs will provide valuable
information in the role of DCs during infection and immunity.

In addition, chicken lack of lymph node as a defense mechanism against infection, yet,
chicken also exposed to various kind of pathogen akin to mammals (Wu & Kaiser, 2011).
Hence, the involvement of APC are utmost crucial in immune system of chicken. In
chicken, DCs progenitor from bone marrow; follicular DCs from secondary lymphoid
organs namely spleen, Harderian glands, Payer’s patches and cecal tonsils; as well as
Langerhans cells have been studied (Ly et al., 2010; Wu et al., 2010; del Cacho et al.,
2008; Igyarto et al., 2006). However, the involvements of chicken DCs during viral
infection and immune responses are not well characterized. Thus far, no studies have
investigated the role of chicken DCs during IBDV infection. Fundamental study on the
interaction of DCs and IBDV will provide valuable information in understanding the role
of professional APCs in chickens and their molecular interactions during IBDV infection
and vaccination. Since, B cells and macrophages are also APC and are the target of IBDV
infection, the hypotheses of this study are:

a) chicken DCs are susceptible to IBDV infection

b) IBDV infected DCs will secrete cytokines resemble other APC such as B cells and
macrophages

c) proteomics profiling of IBDV infected DCs will identify differentially regulated DCs
proteins that are important during IBDV infection

Hence, in order to address these hypotheses, the specific objectives of this study were:

a) toisolate and compare the bone marrow derived dendritic cells (BM-DCs) response
following in vitro stimulation with vwIBDV and lipopolysaccharides (LPS)

b) to determine the expression levels of IBDV, DC activation markers and cytokines
production of BM-DCs following in vitro vwIBDV infection

c) to identify the proteome of BM-DCs following in vitro vwIBDV infection based on
iTRAQ and LC/MS-MS analysis

d) to characterize in silico and validate the expressions of differentially regulated
proteins of BM-DCs following in vitro vwIBDV infection

e) to isolate and compare the splenic DCs responses based on expression levels of
IBDV, DC activation markers and cytokines production following vaccine strain and
very virulent strain of IBDV inoculation in SPF chickens
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