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By
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January 2020

Chairman : Suhaili binti Abu Bakar @ Jamaludin, PhD
Faculty : Medicine and Health Sciences

HIV is a global health concern, including in Malaysia, where more than a hundred
thousand cases has been reported since 1986 until 2016. After the introduction
of highly active antiretroviral therapy (HAART) regimen, HIV- related mortality
and morbidity has greatly declined. Despite that, HIV clinical course were
identified to be variable across population. Host genetic variation has been long
recognized to have a part in influencing the susceptibility and prognosis of HIV
infection. Beta-defensins gene (DEFB) encoded beta-defensins peptide, which
has anti-HIV and chemoattractant properties. Interestingly, DEFB is
characterized as copy number variables (CNV), a structural variation that
presents in variable copy number between individuals. CNV may alter the
expression of the gene and subsequently, will affect the susceptibility and
progression of diseases. The CNV of DEFB has been associated with
susceptibility towards a few diseases, including HIV. So far, there is still lack in
information on distribution of DEFB copy number, especially among Malaysian
HIV-infected patients. Moreover, the investigation on the association of DEFB
CNV with CD4 count and viral load of Malaysian HIV patients are also lacking.
Therefore, this study aimed to investigate the relationship of DEFB gene copy
number variability with CD4 count and viral load in Malaysian HIV patients. A
total of 182 HIV-infected patients and 156 controls were recruited in this study.
DEFB copy number of all the participants was quantified using Triplex PRTs and
validated with microsatellite analysis. DEFB copy number in HIV patients were
found from 2 and 8 copies, and the modal copy number was 4. No significant
difference was identified in DEFB distribution among Malay, Chinese, and Indian
HIV patients. A comparison between HIV and control group found that individuals
with a high copy number (> 4) are significantly higher among HIV patients as
compared to controls (p = 0.039). However, no significant association was
identified between DEFB copy number with the recovery of CD4 count to a
normal level and viral load suppression. In conclusion, while individuals with high



DEFB copy number is suggested to have higher susceptibility towards HIV,
DEFB is not a significant factor in influencing the disease prognosis.

Keywords: HIV, DEFB, CNV, CD4 count, viral load
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PERKAITAN DIANTARA KEPELBAGAIAN SALINAN GEN BETA-
DEFENSIN DENGAN BILANGAN CD4 DAN BEBAN VIRUS DALAM
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Pengerusi : Suhaili binti Abu Bakar @ Jamaludin, PhD
Fakulti : Perubatan dan Sains Kesihatan

Penyakit HIV merupakan suatu kebimbangan global, termasuk di Malaysia, di
mana lebih daripada seratus ribu kes telah dilaporkan sejak tahun 1986 hingga
2016. Selepas pengenalan rejimen terapi highly active antiretroviral therapy
(HAART), kematian dan morbiditi berkaitan dengan HIV telah banyak merosot.
Namun begitu, prognosis penyakit HIV dikenalpasti sebagai berbeza- beza
diantara populasi. Variasi genetik telah lama diiktiraf sebagai sebahagian
daripada penyebab-penyebab yang mempengaruhi kecenderungan dan
prognosis jangkitan HIV. Gen beta-defensins (DEFB) mengkodkan beta-
defensins peptida, yang mempunyai sifat anti-HIV dan chemoattractant.
Menariknya, DEFB mempunyai ciri nombor salinan bervariasi (CNV), dimana ia
adalah variasi struktur yang mampu hadir dalam bilangan salinan berbeza-beza
antara individu. CNV boleh mengubah ekspresi gen dan seterusnya, akan
memberi kesan kepada kecenderungan dan perkembangan penyakit. Sifat CNV
DEFB has telah dikaitkan dengan kecenderungan ke arah beberapa penyakit,
termasuk HIV. Setakat ini, terdapat kekurangan maklumat mengenai taburan
bilangan salinan DEFB, terutamanya dalam kalangan pesakit HIV di Malaysia.
Tambahan pula, siasatan mengenai hubungan diantara sifat CNV DEFB dengan
bilangan CD4 dan beban virus dalam pesakit HIV Malaysia juga kurang. Oleh
itu, kajian ini bertujuan untuk mengkaji hubungan diantara jumlah salinan gen
DEFB dengan bilangan CD4 dan beban virus pada pesakit HIV Malaysia.
Seramai 182 orang pesakit HIV dan 156 orang kawalan telah direkrut untuk
kajian ini. Bilangan salinan DEFB bagi semua peserta telah diukur
menggunakan Triplex PRTs dan disahkan dengan analisis mikrosatelit. Didapati
bilangan salinan DEFB pada pesakit HIV adalah daripada 2 hingga 8 salinan,
dan bilangan salinan modal adalah 4. Walau bagaimanapun, tiada perbezaan
signifikan dalam taburan DEFB diantara pesakit HIV Melayu, Cina, dan India.
Perbandingan diantara pesakit HIV dan kumpulan kawalan mendapati bahawa
individu yang mempunyai bilangan salinan yang banyak (> 4) adalah lebih tinggi



dalam kalangan pesakit HIV berbanding dengan kumpulan kawalan (p = 0.039).
Namun begitu, tiada hubungan yang signifikan dapat dikenalpasti diantara
bilangan salinan DEFB dengan pemulihan bilangan CD4 ke tahap normal dan
penahanan beban virus. Kesimpulannya, kajian ini berpendapat bahawa individu
dengan bilangan salinan DEFB yang banyak mempunyai kecenderungan yang
lebih tinggi untuk dijangkiti HIV. Namun begitu, bilangan salinan DEFB bukan
lah faktor penting yang mempengaruhi prognosis penyakit.

Kata kunci: HIV, DEFB, CNV, bilangan CD4, beban virus
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CHAPTER 1

INTRODUCTION

11 Background of study

Human Immunodeficiency Virus (HIV) infection in Malaysia was first reported
back in 1986 (Global AIDS Response Progress Report Malaysia, 2015). Since
then, a cumulative of 111,916 HIV cases have been reported with 18,827 AIDS-
related deaths, giving a total of 93,089 people living with HIV in 2016 (Malaysian
AIDS Council, 2016). Moreover, HIV susceptibility and progression has been
long observed to vary among individuals. Data published by the Malaysian AIDS
Council in 2016 showed a remarkable difference in the ethnic proportion of total
HIV cases reported in Malaysia since 1986 (Figure 1.1).

HIV Cases in Malaysia by Ethnicity
(1986 —2016)

Figure 1.1: Percentage of HIV infections by three major ethnics in Malaysia
from 1986 to 2016 (Malaysian AIDS Council, 2016)

The difference in susceptibility of HIV is, in part, due to host genetic variability
(Mehlotra et al., 2016). Therefore, it is crucial to investigate how human genetic
variation influences the difference in HIV risk and prognosis (Shea et al., 2012).

Copy number variation (CNV) is a type of structural variation. CNV, to put it
simply, is the same DNA sequence that present in different numbers of copies
between individuals (Hollox & Hoh, 2014). Changes in copy number may
potentially affect the gene expression, alter the organization of chromatin, and
influence the regulation of neighboring genes (Eichler, 2008). Therefore, CNV
may be associated with susceptibility to certain diseases such as autoimmune

1



disease, cancer, genomic disorders, and more (Smith et al., 2008). One of the
most widely studied CNV regions is within chromosome 8p23.1, which locates
genes encoding for beta-defensins peptide, DEFB.

Beta-defensins are important antimicrobial peptides in the immune system.
Aside from their anti-microbial properties, beta-defensins also induce
chemoattraction of CD4+ memory T cells and may stimulate its proliferation and
survival (Yang, 1999; Machado & Ottolini, 2015). Moreover, beta-defensins has
been shown to directly inhibit HIV replication and induce internalization of
receptor CXCR4 in CD4+ cells, which is one of the co-receptor used by the virus
to infect CD4+ cells (Quin“ones-Mateu et al., 2003; Sun et al., 2005; Feng et al.,
2006).

Considering the importance of beta-defensins in the immune system and as anti-
HIV, the copy number variable locus of DEFB is a strong candidate in affecting
the immune response towards HIV (Hardwick et al., 2012). Therefore,
highlighting the importance of quantifying DEFB copy number and subsequently,
determining its relationship with HIV

1.2 Research questions

DEFB genes are commonly found in 2 to 8 copies per diploid genome, with 4
copies as the modal copy number (Hollox et al., 2003). The distribution of DEFB
has been reported in various population, including Nigeria, Japan, Germany, and
more. (Hollox, 2008). However, there is limited information regarding the DEFB
copy number of Malaysian populations, especially among HIV patients.
Moreover, data of DEFB copy number distribution among three major ethnics in
Malaysia has yet to be published.

Besides, a few studies have shown a difference in DEFB copy number
distribution among control and disease groups and thus, may be an important
component of susceptibility towards diseases (Hollox et al., 2003; Hollox,
Huffmeier, et al., 2008). HIV-positive children were shown to have lower DEFB
copy number compared to HIV-exposed uninfected children in the Brazilian
population (Milanese et al., 2009). Therefore, it is important to identify the
difference of DEFB copy number pattern among the control group and HIV
patients, especially in the Malaysian population, to establish the association
between DEFB copy number with HIV susceptibility.

Expression of beta-defensins is positively correlated with DEFB copy (Hollox et
al., 2003; Groth et al., 2010). Given the fact that beta-defensins is antimicrobial,
anti- HIV, and able to chemoattract peripheral CD4+ cells (Yang, 1999;
Quin“ones-Mateu et al., 2003; Feng et al., 2006), it is expected that having higher
copy number of DEFB gene will reduce the susceptibility towards HIV and to



some extent, good prognosis after infected. However, among sub-Saharan
African population, researchers found that individuals with high copy number of
DEFB is associated with higher HIV viral load before Highly active antiretroviral
therapy (HAART) initiation (Hardwick et al., 2012). In addition, they also reported
that that high DEFB copy number is related to low immune reconstitution in HIV
patients. Meanwhile, another study by Abujaber et al. (2017) has discovered no
association between DEFB copy number variation with viral load in European
and African HIV patients. These findings were in contrast to the functional studies
that suggested an anti-HIV effect of beta-defensins. Also, there is a lack of
information regarding the association between DEFB copy number with CD4
count and viral load in Malaysia. Therefore, a replicated study should be
executed to investigate the association between DEFB copy number variation
with CD4 cells and the viral load of HIV patients, in another population,
particularly among Malaysian HIV-infected patients.

This study will not only establish the DEFB copy number variation in Malaysian
population but also, may contribute to a further understanding of how genetic
variation may influence predisposition and prognosis of HIV. This study may also
serve as insight into the identification of new targets for drug or vaccine
development for possibly personalized HIV treatment in the future.

1.3 Research Objectives

1.3.1 General objectives

To investigate the relationship of DEFB copy number variability with CD4 count
and viral load in Malaysian HIV patients.

1.3.2 Specific objectives

1. To determine and compare the copy number of DEFB in Malaysian HIV
patients (Malay, Chinese, and Indian) and non-HIV controls.

2. To establish the association of DEFB copy number with the CD4 count.

3. To identify the relationship between DEFB copy number with viral load
concentration.

14 Hypothesis

The distribution of DEFB copy number is predicted to be different among the
three major ethnics in Malaysian HIV patients, and also dissimilar between HIV
and control group. Variation in DEFB copy number is expected to influence the
CD4 cell count and viral load level in Malaysian HIV-infected patients.

3
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