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Abstract of thesis presented to the Senate of Universiti Putra Malaysia in 

fulfilment of the requirement for the degree of Master of Science 

SHIELDING OF VIRUS-LIKE NANOPARTICLES OF HEPATITIS B CORE 

ANTIGEN BY POLY(2-OXAZOLINE) FOR REDUCED ANTIGENICITY 

By 

FAM SEE YEE 

January 2021 

Chair : Tan Wen Siang, PhD 

Faculty : Biotechnology and Biomolecular Sciences 

The rapid advances of nanotechnology over the past decades have led to 

increasing development of nano-sized drug delivery systems for various 

biomedical applications, including cancer therapies. Virus-like nanoparticles 

(VLNPs) have received considerable interest as nanocarriers for targeted drug 

delivery to cancer cells. This is owing to their numerous advantages over 

synthetic nanomaterials, including their biocompatible and biodegradable 

properties as well as their distinct interfaces for functionalization. Despite the 

remarkable features, VLNPs have intrinsic drawbacks, in particular, potential 

antigenicity and immunogenicity, which hamper their clinical applications in 

nanomedicine. Thus, they can be eliminated easily and rapidly by the host 

immune systems upon administration, rendering these nanoparticles ineffective 

for drug delivery to the target site. Recombinant hepatitis B core antigen (HBcAg) 

VLNPs have been widely employed as a smart drug delivery system as their 

large surface area exposes numerous amino acid residues for bioconjugation and 

cross-linking of therapeutic agents. However, HBcAg VLNPs are highly 

antigenic and immunogenic, compromising their drug delivery efficacy for 

cancer treatments. The aim of this study was to reduce the antigenicity of HBcAg 

VLNPs by shielding them with a hydrophilic polymer, poly(2-ethyl-2-oxazoline) 

(PEtOx). In the present study, an amine-functionalized PEtOx (PEtOx-NH2) was 

synthesized using the living cationic ring-opening polymerization (CROP) 

technique and characterized by nuclear magnetic resonance (NMR) and mass 

spectrometry (MS). The synthesized PEtOx-NH2 was then covalently conjugated 

to HBcAg VLNPs via carboxyl groups. The PEtOx-conjugated HBcAg (PEtOx-
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HBcAg) VLNPs were characterized with dynamic light scattering and UV-

visible spectroscopy. The colloidal stability study indicated that both HBcAg 

and PEtOx-HBcAg VLNPs maintained their particle size in Tris-buffered saline 

(TBS) at human body temperature (37°C) for at least five days. Enzyme-linked 

immunosorbent assay (ELISA) also demonstrated that the antigenicity of PEtOx-

HBcAg VLNPs reduced significantly as compared with unconjugated HBcAg 

VLNPs, indicating that the external surface of HBcAg VLNPs shielded by PEtOx 

exhibits a stealth behavior that restrains the binding of antibody to the 

nanoparticles. This novel surface functionalization with PEtOx provides a 

general platform for resolving the antigenicity of VLNPs, enabling them to be 

developed into a variety of powerful drug deliveries in nanotechnology with the 

ability to evade the immune surveillance. These PEtOx-HBcAg VLNPs could 

serve as a promising candidate for targeted drug delivery in animal and clinical 

studies.
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Kemajuan nanoteknologi selama beberapa dekad telah meningkatkan 

pembangunan sistem penghantaran ubat bersaiz nano untuk pelbagai aplikasi 

bioperubatan, termasuk terapi kanser. Nanopartikel menyerupai virus (VLNPs) 

telah menarik minat sebagai pembawa-nano untuk penghantaran ubat ke sel-sel 

kanser. Ini adalah kerana VLNPs mempunyai banyak kelebihan berbanding 

dengan nanopartikel sintetik, termasuk ciri-ciri biokompatibel dan biodegradasi 

serta antara muka yang berbeza untuk fungsian. Walaupun VLNPs memiliki 

ciri-ciri yang luar biasa, mereka mempunyai kelemahan intrinsik, khususnya 

potensi antigenik dan imunogenik yang menghalangi aplikasi klinikal mereka 

dalam perubatan nano. Oleh itu, mereka boleh dihapuskan dengan mudah dan 

cepat oleh sistem imun, menjadikan nanopartikel ini tidak berkesan untuk 

penghantaran ubat ke destinasi yang disasarkan. Rekombinan antigen teras 

hepatitis B (HBcAg) VLNPs digunakan sebagai sistem penghantaran ubat 

kerana permukaan besar mereka mendedahkan residu asid amino untuk 

biokonjugasi dan silang agen terapeutik. Walau bagaimanapun, HBcAg VLNPs 

adalah sangat antigenik dan imunogenik. Ini akan menjejaskan keberkesanan 

penghantaran ubat untuk rawatan kanser. Tujuan kajian ini adalah untuk 

mengurangkan antigenik HBcAg VLNPs dengan melindungi mereka dengan 

polimer hidrofilik, poli(2-etil-2-oxazoline) (PEtOx). Dalam kajian ini, amina 

berfungsi PEtOx (PEtOx-NH2) telah disintesis dengan teknik pempolimeran 

pembukaan cincin kationik hidup (CROP) dan dicirikan dengan resonans 

magnetik nuklear (NMR) dan spektrometri jisim (MS). Polimer PEtOx-NH2 itu 
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seterusnya dikonjugasi dengan HBcAg VLNPs melalui kumpulan karboksil. 

HBcAg VLNPs yang dikonjugasi dengan PEtOx (PEtOx-HBcAg) telah disifatkan 

dengan penyerakan cahaya dinamik dan UV spektroskopi. Kajian kestabilan 

koloid menunjukkan bahawa kedua-dua HBcAg dan PEtOx-HBcAg VLNPs 

mengekalkan saiz zarah mereka di dalam Tris penimbal air masin (TBS) pada 

suhu badan manusia (37°C) selama sekurang-kurangnya lima hari. Assay 

imunosorben berkaitan enzim (ELISA) juga menunjukkan bahawa antigenik 

PEtOx-HBcAg VLNPs berkurangan dengan ketara berbanding dengan HBcAg 

VLNPs yang tidak dikonjugasi. Ini menunjukkan bahawa permukaan luaran 

HBcAg VLNPs yang dilindungi oleh PEtOx menghalangi pengikatan antibodi 

terhadap nanopartikel. Pemfungsian permukaan novel dengan PEtOx 

merupakan platform umum untuk menyelesaikan potensi antigenik VLNPs. Ini 

akan membangunkan VLNPs sebagai sistem penghantaran ubat dalam 

nanoteknologi dengan keupayaan untuk mengelakkan pengawasan imun. 

PEtOx-HBcAg VLNPs ini juga merupakan calon yang berpotensi untuk 

penghantaran ubat secara khusus dalam kajian haiwan dan klinikal. 
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CHAPTER 1 

INTRODUCTION 

Nanotechnology has contributed tremendously to the rapid development of 

nano-sized materials and nanoparticles (NPs) as therapeutics and diagnostics 

agents for cancer treatments (Patra et al., 2018). The use of today’s therapeutic 

drugs is often hindered by their intrinsic drawbacks including poor solubility as 

well as adverse pharmacokinetics and biodistribution (Ordikhani et al., 2020). 

Nonetheless, NPs that serve as drug reservoirs can potentially improve the drug 

solubility and prolong the blood circulation half-life, releasing the drug in a 

controlled and sustained manner to minimize the systemic side effects and 

further improve the pharmacokinetics (Zhang et al., 2008).  

Several classes of nanomaterials including synthetic materials such as liposomes, 

micelles, dendrimers, hydrogels, and natural biomaterials such as virus-like 

nanoparticles (VLNPs) are widely employed as smart drug delivery systems for 

cancer therapies (Chen et al., 2016; Hao et al., 2016; Kesharwani et al., 2014; Li & 

Mooney, 2016; Yildiz et al., 2011). The encapsulation and conjugation of 

therapeutic payloads such as chemotherapeutic drugs, peptides, nucleic acids, 

and ligands can enhance the efficacy of targeted delivery to specific tumor cells 

with fewer adverse effects (Sanna et al., 2014). 

VLNPs that serve as nanocarriers provide an ideal platform for the development 

of targeted delivery systems owing to their distinguishing features over 

synthetic nanomaterials, including their biocompatible and biodegradable 

properties, highly symmetrical structure and unrivaled monodispersity 

(Rohovie et al., 2017). The term “VLNPs” refers to the non-infectious protein 

shells or capsids that consist of virus-derived structural proteins. The structures 

of self-assembled recombinant VLNPs are highly tunable as the empty interior 

cavity is amenable to the loading of drug molecules and imaging agents, 

whereas the exterior surface can be presented with targeting ligands for cell-

specific delivery (Yildiz et al., 2011). 

Recombinant hepatitis B core antigen (HBcAg) produced in Escherichia coli self-

assembles into small and large icosahedral VLNPs with a high degree of 

geometric symmetry and polyvalency (Crowther et al., 1994). A variety of cargos 

including DNA, RNA, peptides, green fluorescent protein, and 
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chemotherapeutic drugs have been loaded into HBcAg VLNPs for biomedical 

applications (Biabanikhankahdani et al., 2018; Dhason et al., 2012; Lee et al., 2012; 

Lee & Tan, 2008; Strods et al., 2015). The large surface area of HBcAg VLNPs 

exposes a series of amino acid residues with specific functional groups (eg. Asp, 

Glu, Lys, and Cys) readily available for both genetic and chemical modifications. 

Hence, HBcAg VLNPs can be functionalized with diverse targeting moieties and 

drugs to attain targeted drug delivery for cancer treatments 

(Biabanikhankahdani et al., 2016, 2017, 2018; Gan et al., 2018). 

 

Despite the remarkable applications, HBcAg VLNPs are highly antigenic, and 

they were reported to behave as T-cell-independent and T-cell-dependent 

antigens (Milich & McLachlan, 1986). The configuration of the HBcAg capsid 

spikes protruding from the surface of the capsid may serve as a recognition site 

for B cell membrane receptors (BCR) (Milich et al., 1997), owing to the presence 

of dominant B cell epitopes at the tip of the spikes (Belnap et al., 2003). 

Furthermore, it has been reported that B cells rather than non-B cell antigen-

presenting cells (APCs) such as macrophages and dendritic cells act as the 

primary APCs for HBcAg, which explains its enhanced immunogenicity in 

terms of antibody production (Milich et al., 1997).  

 

Regardless of the therapeutic purpose of NPs, a prolonged circulation is a 

requisite for effective drug delivery and therapeutic efficacy. However, the 

intrinsic antigenicity and immunogenicity may lead to the rapid clearance of 

NPs due to their interactions with the mononuclear phagocyte system (MPS) 

and/or complement system (Ilinskaya & Dobrovolskaia, 2016). This resulting 

premature NP elimination from blood circulation will cause the release of 

therapeutic agent at off-target site, compromising drug delivery efficacy to 

tumor cells.  

 

Studies over the past decades have proved that grafting a stealth coating layer 

onto the surfaces of NPs can potentially improve their blood circulation half-life 

by restricting the interactions between NPs and opsonin proteins that mediate 

the phagocytic clearance (Aggarwal et al., 2009; Dobrovolskaia & McNeil, 2007; 

Salmaso & Caliceti, 2013). This stealth delivery system commonly recruits 

polymers with high hydrophilicity and high flexibility to impart MPS-avoidance 

properties to NPs (Suk et al., 2016).  

 

Poly(2-oxazoline) (POx) is a hydrophilic polymer that has been known for half a 

century (Hoogenboom, 2017). It is highly tunable through living cationic ring-
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opening polymerization (CROP) synthesis (Sedlacek et al., 2012). In recent years, 

the increasing concern regarding the use of poly(ethylene glycol) (PEG) and its 

potential immunogenicity has led to a renewed interest towards POx as a 

promising alternative polymer (Abu Lila et al., 2013; Verhoef et al., 2014). POx is 

a non-toxic polymer with similar stealth properties as PEG, and it offers 

numerous advantages such as excellent biocompatibility, non-immunogenic, 

and high stability with a range of end-group and side-chain functionalization 

(de la Rosa, 2014; Luxenhofer et al., 2012).  

 

POxylation, the coating of POx chains on the surface of NPs, can improve the 

circulation time of the particles in the bloodstream due to their hydrophilic 

nature (Bludau et al., 2017; Moreadith et al., 2017; Viegas et al., 2011). Although 

the applications of POx in biomedical field arose only recently, two POx 

polymers, namely poly(2-methyl-2-oxazoline) (PMeOx) and poly(2-ethyl-2-

oxazoline) (PEtOx), are widely studied for polymeric therapeutics (de la Rosa, 

2014). 

 

Taken all together, with the aim of reducing the antigenicity of HBcAg VLNPs, 

it is hypothesized that shielding the HBcAg VLNPs with PEtOx will provide a 

stealth coating for the capsid against the antibody recognition and binding. The 

specific objectives of this study include: 

 

1. To purify and characterize recombinant HBcAg VLNPs, 

2. To synthesize and characterize amine-functionalized PEtOx (PEtOx-

NH2), 

3. To conjugate PEtOx-NH2 to HBcAg VLNPs, 

4. To characterize the PEtOx-conjugated HBcAg (PEtOx-HBcAg) VLNPs, 

5. To determine the antigenicity of PEtOx-HBcAg VLNPs. 
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The size distribution graphs of HBcAg and PEtOx-HBcAg VLNPs 
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