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ANTIBODIES SPECIFIC FOR ENTEROVIRUSES THAT INFECT HUMANS 

FIELD OF THE INVENTION 

This invention is related to antibodies specific for enteroviruses that infect humans, 

method for producing the same, and uses thereof in treating human enterovirus infection, and as 

vaccine process controls to determine specificity and potency standards. 

BACKGROUD OF THE INVENTION 

Picornaviruses (Picornaviridae) are a diverse family of viruses which cause a number of 

common illnesses. Of the Picornaviridae family, viruses of the genus Enterovirus are significant 

for a number of diseases and affect millions of people worldwide each year. Nonspecific febrile 

illness is one of the most common presentations of an enterovirus infection. Other notable 

diseases caused by an enterovirus infection include poliomyelitis, pleurodynia, pericarditis, 

myocarditis, arrhythmias, myocardial infarction, and acute haemorrhagic conjunctivitis. 

Viruses of the genus Enterovirus are often found in the respiratory secretions (e.g. saliva, 

sputum, or nasal mucus) and stool of an infected person. Historically, poliomyelitis, which is 

caused by the 3 polioviruses, was the most significant disease caused by an enterovirus. 

However, there are now close to a hundred non-polio enteroviruses that can cause diseases in 

humans; these include Coxsackie A viruses, Coxsackie B viruses, echoviruses, and many other 

enteroviruses. Excluding rhinoviruses, enteroviruses that cause human disease have recently 

been re-classified into 4 distinct species. Polioviruses and enterovirus 71 (EV71), like many other 

enteroviruses, are spread through the fecal-oral route. Infection can result in a wide variety of 

symptoms ranging from mild respiratory illness (common cold), hand, foot and mouth disease, 

acute hemorrhagic conjunctivitis, aseptic meningitis, myocarditis, severe neonatal sepsis-like 

disease, and acute flaccid paralysis. 

Enterovirus infections are the most common causes of aseptic meningitis in children. In 

the United States, enteroviruses are responsible for 30,000 to 50,000 cases of meningitis. 

Further, a 2007 study suggested that acute respiratory or gastrointestinal infections associated 

with enteroviruses may be a factor in chronic fatigue syndrome. 

Human Enterovirus 71 and Coxsackievirus A16 (CA16) are enterovirus serotypes in 

species A that are notable as the major causative agents for hand, foot and mouth disease 

(HFMD). The virus is excreted in faeces and is also found in pharyngeal secretions and blisters. 



WO 2015/092668 	 PCT/IB2014/066944 

2 

Transmission is associated with close contact among children and through environmental 

contamination. The disease is characterized by an acute onset of fever with a rash on the palms, 

soles, buttocks, and knees, and vesicles on buccal membranes that usually resolves in 7-10 days. 

Only a small proportion of children with HFMD develop severe disease. 

Some of the children infected by EV71 develop encephalitis, which is a rare 

manifestation of an enterovirus infection. Encephalitis may result in permanent brain damage 

and can be fatal. Severe disease involving primarily the neurologic and cardiovascular systems 

manifesting as syndromes such as meningitis, encephalitis, brainstem encephalitis, acute flaccid 

paralysis, pulmonary edema and cardiac failure generally occur only with EV71 infection. In the 

Asia-Pacific Region the most devastating neurological syndrome is brainstem encephalitis, which 

has a mortality rate of 40-80 per cent. Children with severe HFMD may take months to recover, 

and in some cases the neurologic damage may be permanent. Currently, there is no specific 

antiviral treatment for HFMD and no vaccines to prevent enterovirus infection other than polio. 

EV71 is additionally sometimes associated with severe central nervous system diseases. 

It was first isolated and characterized from cases of neurological disease in California in 1969. To 

date, little is known about the molecular mechanisms of host response to EV71 infection, but 

increases in the level of mRNAs encoding chemokines, proteins involved in protein degradation, 

complement proteins, and pro-apoptotic proteins have been implicated. 

Although the virus has been detected worldwide since then, the recent regional 

epidemics of HFMD in Asia has raised concern that more pathogenic forms of EV71 may be 

emerging in the region. The first recognition of a HFMD outbreak with a high number of fatalities 

was in Sarawak, Malaysia in 1997. The virus associated with the outbreak then was EV71. 

Taiwan reported 129,106 HFMD cases in a 1998 epidemic with 405 having severe disease, and 78 

deaths. Singapore reported an epidemic of 9000 cases with 7 deaths during 2000-2001, and 

since then has experienced recurrent epidemics every two to three years. During the first 8 

months of 2008, Singapore reported 19,530 cases and one death due to HFMD. Since then EV71 

outbreaks have been reported regularly in Singapore, Thailand, Malaysia, Taiwan, Japan, Korea, 

Vietnam, China, Australia and the Philippines. 

China reported 83,344 cases with 17 deaths in 2007, and in 2008 experienced a large 

outbreak in Fuyang City in Anhui Province spreading throughout many parts of China. These 

large outbreaks were widely covered by the press, which highlighted parental concerns about the 

health of their children and the social disruption from closing of schools and day care centers by 
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public health departments in an attempt to break the chain of transmission. Since then China 

has reported large outbreaks annually. 

Monoclonal antibodies generated against peptides from EV71 capsid proteins generally 

have no or low neutralizing activity. Zhang et al., (2012) generated monoclonal antibodies 

against amino acid residues 94 to 97 which were reactive by western blotting, 

immunofluorescence and ELISA but could not neutralize EV71 virus. Kiener et al., (2012) 

described a monoclonal antibody against a VP2 capsid peptide (aa 142-146) which specifically 

reacts with EV71 but does not neutralize the virus. A commercially available monoclonal 

antibody MAB979 (Merck Millipore) which is reactive against a VP2 peptide (aa 141 to 150) (Liu 

et al., 2011) neutralizes the prototype EV71 (BrCr) at a titre of <1:14. Peptide SP55 (aa 163-177) 

which is within VP1 capsid and peptide SP70 (aa 208-222) also within VP1 generate monoclonal 

antibodies which either do not neutralize EV71 or do so at low titres such as 1:4 or 1:16 at best 

(Li et al., 2009). Lim et al., (2012) described 2 monoclonal antibodies generated to a peptide that 

is located within the SP70 peptide (Li et al., 2009) which share a common epitope KQEKD. One of 

the monoclonal antibodies neutralizes EV71 while the other does not. The authors suggest that 

the neutralization is dependent on antibody isotype, in this case, it is the antibody that has an 

IgM isotype that neutralizes while the IgG antibody does not. IgM has 10 binding sites while IgG 

has only 2, suggesting that the neutralizing activity is dependent on a blocking action of the 

antibody. 

As the antibodies described above lack potency, there is a need to provide more 

effective monoclonal antibodies specific for EV71, and a method for producing potent 

neutralizing antibodies against EV71 and other picornaviruses. In addition, EV71 antibodies are 

needed for process controls and potency determination in EV71 vaccine development and would 

also be useful to help define EV71 antibody potency standards. 

SUMMARY OF THE INVENTION 

The current invention seeks to solve the problems above and provide antibodies specific 

for enterovirus 71 (EV71). According to a preferred aspect of the invention, there is provided at 

least one isolated antibody or a fragment thereof that is capable of specifically binding to at least 

one conformational (non-linear) epitope of EV71. 

In a preferred embodiment, the antibody or fragment thereof may comprise at least one 

variable light chain amino acid sequence comprising SEQ ID NO: 1, a variant, mutant or fragment 
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thereof, and at least one variable heavy chain amino acid sequence comprising SEQ ID NO: 2, a 

variant, mutant or fragment thereof. 

In a preferred embodiment the antibody comprises a variable light chain comprising a 

sequence having at least 90% sequence identity to SEQ ID NO: 1 and a variable heavy chain 

comprising a sequence having at least 90% sequence identity to SEQ ID NO: 2. 

In a preferred embodiment, the variable light chain amino acid sequence comprises SEQ 

ID NO: 15, a variant, mutant or fragment thereof. 

According to another preferred embodiment, the antibody comprises at least one 

variable light chain and at least one variable heavy chain, wherein the variable light chain amino 

acid sequence comprises SEQ ID NO: 3, a variant, mutant or fragment thereof, and the heavy 

chain amino acid sequence comprises at least one of SEQ ID NOs: 4 and 5, a variant, mutant or 

fragment thereof. 

In a preferred embodiment the antibody comprises a variable light chain comprising a 

sequence having at least 90% sequence identity to SEQ ID NO: 3 and a variable heavy chain 

comprising at least one sequence having at least 90% sequence identity to SEQ ID NO: 4 or 5. 

In a preferred embodiment, the variable light chain amino acid sequence comprises at 

least one of SEQ ID NOs: 16, 17 and 18, a variant, mutant or fragment thereof, and the heavy 

chain amino acid sequence comprises at least one of SEQ ID NOs: 19, 20, 21 and 22, a variant, 

mutant or fragment thereof. 

According to yet another preferred embodiment, the antibody comprises at least one 

variable light chain and at least one variable heavy chain, wherein the variable light chain 

comprises the amino acid sequence set forth in SEQ ID NO: 6, a variant, mutant or fragment 

thereof, and the heavy chain comprises the amino acid sequence set forth in SEQ ID NO: 7, a 

variant, mutant or fragment thereof. 

In a preferred embodiment the antibody comprises a variable light chain comprising a 

sequence having at least 90% sequence identity to SEQ ID NO: 6 and a variable heavy chain 

comprising a sequence having at least 90% sequence identity to SEQ ID NO: 7. 

In a preferred embodiment, the antibody or fragment thereof of the invention is a 

neutralizing antibody or fragment thereof. 
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In a preferred embodiment the antibody or fragment thereof of the invention is a 

monoclonal mouse, human, humanized or chimeric antibody. 

According to another preferred aspect of the present invention, there is provided a 

method of producing an antibody specific for picornavirus, the method comprising: 

immunizing at least one non-human mammal with at least one immature picornavirus 

particle to form at least one B cell specific for the picornavirus; 

selecting at least one B cell specific to the picornavirus; 

fusing the selected B cell with at least one immortalized cell to produce at least one 

hybridoma, wherein the hybridoma is capable of producing at least one antibody or a fragment 

thereof specific for the picornavirus; and 

optionally isolating the antibody from the hybridoma and sequencing the variable heavy 

and light chains. 

According to another preferred aspect of the invention, there is provided an isolated 

nucleic acid molecule encoding 

(a) at least one variable light chain of the antibody or a fragment hereinbefore defined, 

wherein the variable light chain comprises at least one amino acid sequence selected from the 

group consisting of SEQ ID NOs: 3 and 16-18, a variant, mutant or fragment thereof; and/or 

(b) at least one variable heavy chain of the antibody or a fragment thereof hereinbefore 

defined, wherein the variable heavy chain comprises at least one amino acid sequence selected 

from the group consisting of SEQ ID NOs: 4, 5 and 19-22, a variant, mutant or fragment thereof. 

In a preferred embodiment, the at least one nucleic acid sequence in (a) has at least 90% 

sequence identity to SEQ ID NO: 10 and/or 24 and/or 25 and/or26; and/or 

the at least one nucleic acid sequence in (b) has at least 90% sequence identity to SEQ ID 

NO: 11 and/or 12 and/or 27, and/or 28 and/or 29 and/or 30. 

More preferably, the isolated nucleic acid molecule according to the above comprises: 

(a) at least one nucleic acid sequence from the group consisting of SEQ ID NOs: 10 and 24-26, a 

mutant, variant or fragment thereof; and/or 
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(b) at least one nucleic acid sequence from the group consisting of SEQ ID NOs: 11, 12, and 27-30, 

a mutant, variant or fragment thereof. 

According to another embodiment of the invention there is provided an isolated nucleic 

acid molecule encoding 

(a) at least one variable light chain of the antibody or a fragment thereof, wherein the 

variable light chain comprises at least one amino acid sequence selected from the group 

consisting of SEQ ID NOs: 1 and 15, a variant, mutant or fragment thereof; and/or 

(b) at least one variable heavy chain of the antibody or a fragment thereof, wherein the 

variable heavy chain comprises at least one amino acid sequence of SEQ ID NO: 2, a variant, 

mutant or fragment thereof. 

In one embodiment of the isolated nucleic acid molecule, the at least one nucleic acid 

sequence in (a) has at least 90% sequence identity to SEQ ID NO: 8 and/or 23; and/or 

the at least one nucleic acid sequence in (b) has at least 90% sequence identity to SEQ ID 

NO: 9. 

More preferably, the isolated nucleic acid molecule comprises: 

(a) at least one nucleic acid sequence of SEQ ID NO: 8 and/or 23, a mutant, variant or fragment 

thereof; and/or 

(b) at least one nucleic acid sequence of SEQ ID NO: 9, a mutant, variant or fragment thereof. 

According to another embodiment of the invention there is provided an isolated nucleic 

acid molecule encoding 

(a) at least one variable light chain of the antibody or a fragment thereof, wherein the 

variable light chain comprises at least one amino acid sequence of SEQ ID NO: 6, a variant, 

mutant or fragment thereof; and/or 

(b) at least one variable heavy chain of the antibody or a fragment thereof, wherein the 

variable heavy chain comprises at least one amino acid sequence of SEQ ID NO: 7, a variant, 

mutant or fragment thereof. 

In one embodiment of the isolated nucleic acid molecule, the at least one nucleic acid 

sequence in (a) has at least 90% sequence identity to SEQ ID NO: 13; and/or 
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the at least one nucleic acid sequence in (b) has at least 90% sequence identity to SEQ ID 

NO: 14. 

More preferably, the isolated nucleic acid molecule comprises: 

(a) at least one nucleic acid sequence of SEQ ID NO: 13, a mutant, variant or fragment thereof; 

and/or 

(b) at least one nucleic acid sequence of SEQ ID NO: 14, a mutant, variant or fragment thereof. 

According to a further preferred aspect of the invention, there is provided at least one 

conformational epitope of EV71, wherein the conformational epitope is capable of being 

recognized by at least one antibody according to any aspect of the present invention. 

According to other preferred aspects, the present invention provides a method for 

characterizing at least one conformational neutralizing epitope on a potential enterovirus 

vaccine candidate and a method for purifying a potential enterovirus vaccine candidate that 

contains at least one conformational epitope. 

Further, a preferred embodiment of the present invention provides a method to define 

the neutralizing antibody potency for EV71 and EV71 vaccines. The antibody of the invention 

may also be used for EV71 vaccine process control. 

According to other preferred aspects, the present invention provides a method of 

treating EV71 and/or at least one EV71-linked disease; the antibody or fragment thereof of the 

present invention for use as medicine; use of the antibody or fragment thereof of the present 

invention for the preparation of a medicament; kits comprising the antibody or fragment thereof 

of the invention, nucleic acids and uses thereof; an expression vector comprising at least one of 

the isolated nucleic acids of the invention; a host cell comprising the expression vector of the 

invention, as well as a conformational epitope capable of being recognized by at least one 

antibody according to any aspect of the present invention. 

As will be apparent from the following description, preferred embodiments of the 

present invention allow an optimal use of the isolated antibodies to take advantage of their 

accuracy and specificity to at least one epitope of EV71. This and other related advantages will 

be apparent to skilled persons from the description below. 

BRIEF DESCRIPTION OF THE FIGURES 
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Figure 1 shows images of 24-well plates showing results of the plaque reduction 

neutralization test (PRNT) for antibodies E18 (A), E19 (B), and E20 (C). 

Figure 2A is a graph showing the neutralization of EV71 by E18. 

Figure 2B is a graph showing the neutralization of EV71 by E19. 

Figure 3A is a Western blot image showing that E18 and E19 do not bind to denatured 

EV71 viral proteins. R525 is a rabbit polyclonal antibody against VP1; M=mock infected cell 

lysate; V= EV71 infected cell lysate. 

Figure 3B are binding curves showing binding of E18 and E19 to the recombinant and 

heat-inactivated EV71 capsid proteins. 

Figures 4A and B are graphs showing binding of EV71 and heat-inactivated (Hl)-EV71 by 

(A) E18 and (B) E19. 

Figure 5A is a dotted chart showing binding of antibodies in the sera of mice immunized 

with the Virus Like Particle (VLP) to EV71. DPBS is Dulbecco's Phosphate Buffered Saline. 

Figure 5B is a bar chart showing inhibition of E18 binding to EV71 in the presence of the 

sera of mice immunized with the VLP. 

Figure 6A is an image of a Coomassie-stained ("C") gel showing that antibody E18 can be 

used effectively to characterize potential EV71 vaccine candidates. Figure 6A also demonstrates 

by Western blot that EV71 virus-like particles can be purified using an antibody E18 affinity 

column. Furthermore, affinity columns prepared with E18 and E19 can also purifiy infectious 

virions (Figure 6A) 

Figure 6B is an image of EV71 virus like particles captured by antibody E18 affinity 

column. 

Figure 7 includes two graphs showing the neutralization of EV71 by recombinant 

chimeric E18, E19 and E20 antibodies. 

Figure 8 shows EV71 neutralizing activity of the parental mouse E18 and chimeric E18 

antibodies in cell culture using Vero cells. Y-axis = percentage plaque reduction; X-axis = log10 

scale of antibody concentration. Plant and non-plant-produced chimeric E18 antibodies had 

similar activity. 
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Figure 9 includes three graphs showing the neutralization of EV71 by recombinant 

humanized E19-derived antibodies. 

DETAILED DESCRIPTION OF THE INVENTION 

Bibliographic references mentioned in the present specification are for convenience 

listed in the form of a list of references and added at the end of the examples. The whole 

content of such bibliographic references is herein incorporated by reference. 

Definitions 

For convenience, certain terms employed in the specification, examples and appended 

claims are collected here. 

As used herein, the term "antibody" refers to any immunoglobulin or intact molecule as 

well as to fragments thereof that bind to a specific epitope. Such antibodies include, but are not 

limited to polyclonal, monoclonal, chimeric, humanised, single chain, single chain fragment 

variable (scFv), Fab, Fab', F(ab)' fragments and/or F(v) portions of the whole antibody. The term 

"monoclonal antibody" may be referred to as "Mab". The antibody includes antibodies E18, E19, 

and E20, produced by the hybridoma cell lines EV18/4, EV19/5, and EV20/5, respectively. The 

antibodies, E18, E19 and E20 may be monoclonal antibodies, polyclonal antibodies, single-chain 

antibodies, and fragments thereof which retain the antigen binding function of the parent 

antibody. The antibodies E18, E19, and E20 are capable of specifically binding to EV71, including 

but not limited to a conformational epitope comprising at least one capsid protein of EV71 and 

include monoclonal antibodies, polyclonal antibodies, single-chain antibodies, and fragments 

thereof which retain the antigen binding function of the parent antibody. 

The term "antibody fragment" as used herein refers to an incomplete or isolated portion 

of the full sequence of the antibody which retains the antigen binding function of the parent 

antibody. Examples of antibody fragments include scFv, Fab, Fab', F(ab')2, and Fv fragments; 

diabodies; linear antibodies; single-chain antibody molecules; and multi-specific antibodies 

formed from antibody fragments. Fragments of the E18, E19, and E20 antibodies are 

encompassed by the invention so long as they retain the desired affinity of the full-length 

antibody. In particular, it may be shorter by at least one amino acid. A single chain antibody 

may, for example, have a conformation comprising SEQ ID NO: 1 and SEQ ID NO: 2 with a linker 

positioned between them. Another combination may be SEQ ID NO: 15 and SEQ ID NO: 2 in 

single chain configuration. 
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The term "antigen" as used herein, refers to a substance that prompts the generation of 

antibodies and can cause an immune response. It may be used interchangeably in the present 

invention with the term "immunogen". In the strict sense, immunogens are those substances 

that elicit a response from the immune system, whereas antigens are defined as substances that 

bind to specific antibodies. An antigen or fragment thereof may be a molecule (i.e. an epitope) 

that makes contact with a particular antibody. When a protein or a fragment of a protein is used 

to immunize a host animal, numerous regions of the protein may induce the production of 

antibodies (i.e. elicit the immune response), which bind specifically to the antigen (given regions 

or three-dimensional structures on the protein). Non-limiting examples of an antigen is the VP0 

protein of EV71 and an immature picornavirus particle. The antigen may include but is not 

limited to a capsid protein and/or non-structural proteins of EV71. In particular, the term 

"epitope" may refer to a consecutive sequence of from about 5 to about 13 amino acids which 

form an antibody binding site. The epitope in the form that binds to the antibodies or binding 

protein may be a denatured protein that is substantially devoid of tertiary structure. The epitope 

may be a conformational epitope that comprises non-consecutive elements from non-

consecutive sequences. The epitope may also be a quaternary epitope which comprises non-

consecutive elements from more than one protein or polypeptide which are assembled into a 

particle such as a VLP, a virion or an assembly of some other kind. 

A "conformational epitope" is herein defined as a sequence of subunits (usually, amino 

acids) comprising an antigen that comes in direct contact with the Variable Light and Heavy 

chains of an antibody. Whenever an antibody interacts with an undigested antigen, the surface 

amino acids that come in contact may not be continuous with each other if the protein is 

unwound. Such discontinuous amino acids that come together in three dimensional 

conformation and interact with the antibody's paratope are called conformational epitopes. In 

contrast, if the antigen is digested, small segments called peptides are formed, which bind with 

major histocompatibility complex molecules, and then later with T cell receptors through amino 

acids that are continuous in a line. These are known as linear epitopes. 

The term "comprising" is herein defined to be that where the various components, 

ingredients, or steps, can be conjointly employed in practicing the present invention. 

Accordingly, the term "comprising" encompasses the more restrictive terms "consisting 

essentially of and "consisting of." 
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The term "chimeric antibody," as used herein, refers to at least one antibody molecule in 

which the amino acid sequence in the constant regions has been altered so that the antibody 

more closely resembles a human antibody, and still retains its original binding ability. 

The term "humanized antibody", as used herein, refers to at least one antibody molecule 

in which the amino acid sequence within the variable and constant regions has been altered so 

that the antibody more closely resembles a human antibody, and still retains its original binding 

ability. As used herein, the term "hybridoma" refers to cells that have been engineered to 

produce a desired antibody in large amounts. For example, to produce at least one hybridoma, B 

cells are removed from the spleen of an animal that has been challenged with the relevant 

antigen and fused with at least one immortalized cell. This fusion is performed by making the 

cell membranes more permeable. The fused hybrid cells (called hybridomas), will multiply 

rapidly and indefinitely and will produce at least one antibody. Examples of hybridomas are the 

cell lines EV18/4, EV19/5, and EV20/5. 

"Immortalised cells" as used herein are also known as transformed cells - i.e. cells whose 

growth properties have been altered. This does not necessarily mean that these are "cancer" or 

"tumour" cells, i.e. able to form a tumour if introduced into an experimental animal, although in 

some cases they may do. Immortalised cell lines include but are not limited to NS1, Jurkat, HeLa, 

HepG2, SP2/0, Hep-3b and the like. 

The term "immunological binding characteristics" of an antibody or related binding 

protein, in all of its grammatical forms, refers to the specificity, affinity and cross-reactivity of the 

antibody or binding protein for its antigen. 

The term "isolated" is herein defined as a biological component (such as a nucleic acid, 

peptide or protein) that has been substantially separated, produced apart from, or purified away 

from other biological components in the cell of the organism in which the component naturally 

occurs, i.e., other chromosomal and extra-chromosomal DNA and RNA, and proteins. Nucleic 

acids, peptides and proteins which have been isolated thus include nucleic acids and proteins 

purified by standard purification methods. The term also embraces nucleic acids, peptides and 

proteins prepared by recombinant expression in a host cell as well as chemically synthesized 

nucleic acids. 

The term "neutralising antibody" is herein defined as an antibody that can neutralise the 

ability of that pathogen to initiate and/or perpetuate an infection in a host. The invention 
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provides at least one neutralising human monoclonal antibody, wherein the antibody recognises 

an antigen from EV71. 

The term "framework" is herein defined as the region of an antibody that provides 

structural support for function but does not directly bind the epitope. 

The term "mutant" is herein defined as one which has at least one nucleotide sequence 

that varies from a reference sequence via substitution, deletion or addition of at least one 

nucleic acid, but encodes an amino acid sequence that retains the ability to recognize and bind 

the same conformational epitope on EV71 as the un-mutated sequence encodes. The term 

'mutant' also applies to an amino acid sequence that varies from at least one reference sequence 

via substitution, deletion or addition of at least one amino acid, but retains the ability to 

recognize and bind the same conformational epitope on EV71 as the un-mutated sequence. In 

particular, the mutants may be naturally occurring or may be recombinantly or synthetically 

produced. More in particular, the mutant may be of at least 50%, at least 60%, at least 70%, at 

least 80%, at least 90%, or at least 95% sequence identity to the reference sequences. For 

example, the E18 variable light chain amino acid sequence set forth in SEQ ID NO: 15 is shorter 

than the sequence set forth in SEQ ID NO: 1 and may be considered a mutant of SEQ ID NO: 1 

because it retains the ability to recognize and bind the same conformational epitope on EV71. 

Likewise, the humanized E19 variable light chain amino acid sequence set forth in SEQ ID NO: 16 

was created by substituting amino acids in the E19 variable light chain amino acid sequence set 

forth in SEQ ID NO: 3 with preferred human framework and may be considered a mutant of SEQ 

ID NO: 3. 

The term "variant" as used herein, refers to an amino acid sequence that is altered by 

one or more amino acids, but retains the ability to recognize and bind the same conformational 

epitope on EV71 as the non-variant reference sequence. The variant may have "conservative" 

changes, wherein a substituted amino acid has similar structural or chemical properties (e.g., 

replacement of leucine with isoleucine). More rarely, a variant may have "non-conservative" 

changes (e.g., replacement of glycine with tryptophan). Analogous minor variations may also 

include amino acid deletions or insertions, or both. Guidance in determining which amino acid 

residues may be substituted, inserted, or deleted without abolishing biological or immunological 

activity may be found using computer programs well known in the art, for example, DNASTAR® 

software (DNASTAR, Inc. Madison, Wisconsin, USA). For example, the E18 variable light chain 

amino acid sequence set forth in SEQ ID NO: 15 is shorter than the sequence set forth in SEQ ID 
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NO: 1 and may be considered a variant of SEQ ID NO: 1 because it retains the ability to recognize 

and bind the same conformational epitope on EV71. Likewise, the humanized E19 variable light 

chain amino acid sequence set forth in SEQ ID NO: 16 was created by substituting amino acids in 

the E19 variable light chain amino acid sequence set forth in SEQ ID NO: 3 with preferred human 

framework and may be considered a variant of SEQ ID NO: 3. 

The term "sample," as used herein, is used in its broadest sense. A biological sample 

suspected of containing nucleic acids encoding at least one EV71 derived peptide, or fragments 

thereof, or EV71 itself may comprise a bodily fluid, an extract from a cell, chromosome, organelle, 

or membrane isolated from a cell, a cell; genomic DNA, RNA, or cDNA (in solution or bound to a 

solid support), a tissue, a tissue print and the like. 

As used herein, the terms "specific binding" or "specifically binding" refer to the 

interaction between one or more proteins or peptides and an agonist, an antibody, or an 

antagonist. In particular, the binding is between an antigen and an antibody. The interaction is 

dependent upon the presence of a particular structure of the one or more proteins recognized by 

the binding molecule (i.e., the antigen or epitope). As described hereinbefore, the antigen or 

epitope may be comprised of more than a single peptide sequence from the same protein or 

different proteins which come together spatially to form a conformational antigen or epitope. 

For example, if an antibody is specific for epitope "A", the presence of a polypeptide containing 

the epitope A, or the presence of free unlabeled A, in a reaction containing free labeled A and 

the antibody will reduce the amount of labeled A that binds to the antibody. 

The term "immature picornavirus particle" refers to an empty virus particle which lacks 

the genome materials and comprises the capsid proteins VPO, VP1 and VP3. Capsid protein VO is 

a precursor of the capsid proteins V2 and V4. 

The term "treatment", as used in the context of the invention refers to prophylactic, 

ameliorating, therapeutic or curative treatment. 

The term "subject" is herein defined as vertebrate, particularly mammal, more 

particularly human. For purposes of research, the subject may particularly be at least one animal 

model, e.g., a mouse, rat and the like. In particular, for treatment of EV-71 infection and/or 

EV71-linked diseases, the subject may be a human infected by EV71. 

A person skilled in the art will appreciate that the present invention may be practiced 

without undue experimentation according to the method given herein. The methods, techniques 
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and chemicals are as described in the references given or from protocols in standard 

biotechnology and molecular biology text books. 

According to a preferred aspect, the present invention provides isolated monoclonal 

antibodies and related binding proteins that bind specifically to EV71. The antibodies according 

to any aspect of the present invention may be monoclonal antibodies (Mab) which may be a 

substantially homogeneous population of antibodies derivable from a single antibody-producing 

cell. Thus, all antibodies in the population may be identical and may have the same specificity 

for a given epitope. The specificity of the Mab responses provides a basis for an effective 

treatment against EV71 infection and/or at least one EV71-linked disease. 	Monoclonal 

antibodies and binding proteins derived therefrom also have utility as therapeutic agents. 

The antibodies according to any aspect of the present application provide at least one 

anti-EV71 antibody which is capable of neutralizing EV71 infection and inhibiting cell-to-cell 

spread. These antibodies according to any aspect of the present application may be used as 

prophylactic and/or therapeutic agent(s) for the treatment of EV71 and EV71-linked diseases. 

According to a preferred embodiment of the present invention, there is provided an 

isolated antibody or a fragment thereof that is capable of specifically binding to at least one 

conformational epitope of enterovirus 71 (EV71). 

In particular, the isolated antibody may be selected from the group consisting of: 

(a) an antibody produced by hybridoma cell line EV18/4; 

(b) an antibody having the binding characteristics of the antibody produced by 

hybridoma cell line EV18/4; 

(c) an antibody that binds to an antigen capable of binding to the antibody produced by 

hybridoma cell line EV18/4; 

(d) an antibody comprising at least one variable light chain and at least one variable 

heavy chain, wherein the variable light chain comprises SEQ ID NO: 1, a variant, mutant or 

fragment thereof, and the variable heavy chain comprises SEQ ID NO: 2, a variant, mutant, or 

fragment thereof. 

The isolated monoclonal antibody or a fragment thereof may be a neutralizing 

monoclonal antibody or a fragment thereof that may be capable of specifically binding to at least 

one epitope of EV71. The epitope may be a linear one or may be a conformational epitope. The 

conformational epitope may be on an intact virus capsid. More in particular, the epitope may 

comprise one or more of the capsid proteins VP1, VP2 VP3, VP4 and/or VP0 precursor. All 



WO 2015/092668 	 PCT/IB2014/066944 

15 

members of the genus Enterovirus, including EV71, poliovirus and Coxsackievirus A16 have a 

single stranded positive sense RNA genome which has a single open reading frame encoding a 

polyprotein, P1, consisting of the capsid proteins, VP4, VP2, VP3 and VP1, and several non-

structural proteins including the viral proteases 3C and 3CD which are responsible for cleaving 

the polyprotein P1 into individual capsid proteins VP1, VP3 and VPO. VP0 is a precursor of VP2 

and VP4. The capsid proteins may assemble into virus like particles (VLPs). 

The inventors of the present application showed that antibodies capable of neutralizing 

EV71 may be generated by using an immature EV71 virus particle as an antigen. In particular, the 

immature EV71 virus particle may be an empty virus particle which does not contain the genome 

materials. More in particular, the immature EV71 virus particle may comprise the capsid protein 

VPO. 

Like all enteroviruses, four different capsid polypeptides have been identified and are 

designated as VP1, VP2, VP3, and VP4, which associate to form an icosahedral virus capsid. 

Typically, vaccination with the individual polypeptides of polioviruses has shown that the isolated 

polypeptides or peptides are not capable of raising potent neutralizing antibodies in humans and 

animals. The isolated monoclonal antibody of fragment thereof of the invention is not only 

neutralizing but also induces early genome release which is a novel mechanism by which 

antibodies can neutralize viruses. Furthermore, the approach presented in this application may 

be used to prepare antibodies with similar properties against related viruses that include 

significant human pathogens. 

The antibody according to a preferred embodiment of the present invention may be 

produced by the hybridoma cell line, EV18/4 or by standard recombinant methods, and may 

comprise at least one variable light (VL) chain comprising SEQ ID NO: 1 as shown in Table 1, or a 

variant, mutant, or fragment thereof, and/or at least one variable heavy (VH) chain comprising 

SEQ ID NO: 2 as shown in Table 1, or a variant, mutant or fragment thereof. In particular, the 

isolated antibody may comprise at least one variable light chain comprising a sequence having at 

least 80%, at least 90% or at least 95% sequence identity to SEQ ID NO: 1, and/or at least one 

variable heavy chain comprising at least one a sequence having at least 80% at least 90%, or at 

least 95% sequence identity to SEQ ID NO: 2. 

Table 1: Polypeptide sequences of the antibodies produced by the hybridoma cell lines EV18/4, 

E19/5, or E20/5. 
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SEQ 

ID 

NO. 

Hybridoma Chain Sequences 

1 

EV18/4 

VL 
DIKMTQSPSSMYASLGERVTITCKASQDIKSYLSWYQQKPWKSPKTLIYYAKNLADGVP 

SRFSGSG FGQDYSLTISSLESDDTATYYCLQHG ESPYTFGSGTKLEI KR 

2 VH 

QIQLVQSG PELKKPG ETVKISCKASGYTFTRYG MSWVKQAPG KG LKWMGWI NTYSG 

VPTYADDFKGRFAFSLETSASTAYLQINNLKNEDTATYFCARRGYSNYYPMDFWGQGT 

SVTVSS 

3 

E19/5 

VL 
NIMMTQSPSSLAVSAGGKVTMSCKSSQSVLYSSNQKNYLAWYQQKPGQSPKLLIYWA 

STRESGVPDRFTGSGSGTDFTLTISSVQAEDLAVYYCHQYLSSWTFGGGTKLEIK 

4 VH1 

EVMLVESGGGLVKPGGSLQLSCAASGFTFSDYAMSWVRQTAETRLEWVATISDGGSH 

TYYPDSVRG RFTISRDNAKKALYLEMSSLKSEDTAMYYCG R RAG RYDE RDAM DYWGQ 

GTTVTVSS 

5 VH2 

SDVQLQESG PG LVKPSQSLSLTCSVTGYSITSG FYLNW I RQF PG NKLEWMGYINYGGSI 

NYNPSLKSRISITRDTSKNQFFLRLNSVTAEDTATYYCATMPNSWYFDVWGTGTTVTV 

SS 

6 

E20/5 

VL 
SIVMTQTPKFLPVSAGDRVTMTCKASQSVGNNVAWYQQKSGQSPKLLIYYASNRYTG 

VPDRFTGSGSGTDFTFTISSVQVEDLAVYFCQQHYSSPPTFGAGTKLELK 

7 VH 

EVQLVESGGGLVKPGGSLKLSCAASGFTFNIYAMSWVRQTPEKRLEWVATISDGGSYT 

YYPDNVKGRFTISRDNAKNNLYLQMSHLKSEDTAMYYCVRDRGNYYSRAFPYAYWG 

QGTLVTVSA 

According to another preferred embodiment of the invention, there is provided an 

isolated antibody or a fragment thereof that is capable of specifically binding to at least one 

epitope of Enterovirus 71 (EV71), wherein the antibody is selected from the group consisting of: 

(a) an antibody produced by a hybridoma cell line EV19/5; 

(b) an antibody having the binding characteristics of the antibody produced by the 

hybridoma cell line EV19/5; 

(c) an antibody that binds to an antigen capable of binding to the antibody produced by 

the hybridoma cell line EV19/5; 

(d) an antibody comprising at least one variable light chain and at least one variable 

heavy chain, wherein the variable light chain comprises SEQ ID NO: 3 as set out in Table 1, a 

variant, mutant or fragment thereof, and the variable heavy chain comprises at least one of SEQ 

ID NOs: 4 and 5 as set out in Table 1, a variant, mutant or fragment thereof. 
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In particular, the isolated antibody may comprise a variable light chain comprising a 

sequence having at least 80%, at least 90% or at least 95% sequence identity to SEQ ID NO: 3, 

and/or at least one variable heavy chain comprising at least one sequence having at least 80%, at 

least 90%, or at least 95% sequence identity to SEQ ID NOs: 4 or 5. 

According to another preferred embodiment of the invention, there is provided an 

isolated antibody or a fragment thereof that is capable of specifically binding to at least one 

conformational epitope of Enterovirus 71 (EV71), wherein the antibody is selected from the 

group consisting of: 

(a) an antibody produced by a hybridoma cell line EV20/5; 

(b) an antibody having the binding characteristics of the antibody produced by the 

hybridoma cell line EV20/5; 

(c) an antibody that binds to an antigen capable of binding to the antibody produced by 

the hybridoma cell line EV20/5; 

(d) an antibody comprising at least one variable light chain and at least one variable 

heavy chain, wherein the variable light chain comprises SEQ ID NO. 6, a variant, mutant or 

fragment thereof, and the variable heavy chain comprises SEQ ID NO: 7, a variant, mutant or 

fragment thereof. 

In particular, the isolated antibody may comprise a variable light chain comprising a 

sequence having at least 80%, at least 90% or at least 95% sequence identity to SEQ ID NO: 6, 

and/or at least one variable heavy chain comprising a sequence having at least 80%, at least 90%, 

or at least 95% sequence identity to SEQ ID NO: 7. 

The antibodies, E18, E19, and E20 may be capable of blocking viral mechanisms to spread 

within a host. They effectively neutralize cell-free virus particles and inhibit the direct cell-to-cell 

spread of the virus. 

The antibodies according to any embodiments of this invention bind to at least one 

conformational epitope of EV71. This is advantageous as epitopes usually exist in nature in a 

three dimensional conformation and the antibodies may thus be more efficient and effective in 

detecting the presence of EV71 and/or subsequently neutralizing the effect of EV71. The 

conformational epitope may comprise at least one capsid protein and/or at least one non-

structural protein. The capsid protein may be an intact virus capsid protein. The capsid protein 



WO 2015/092668 	 PCT/IB2014/066944 

18 

may comprise one or more proteins selected from the group consisting of VP1, VP2 VP3, VP4 and 

VP0 precursor. The antibodies according to any aspect of the present invention may be capable 

of recognizing a whole spectrum of EV71 viruses. These antibodies may be of high specificity and 

sensitivity. The antibodies of the present invention provide several advantages, including being 

capable of use as drugs or vaccines for HFMD. 

In particular, the antibodies according to any aspect of the present invention may be 

available in large quantities, prepared either in hybridoma supernatant, ascites fluid or 

recombinant bacteria or plant and/or animal cells. There may also be a constant and renewable 

source of monoclonal antibodies available, with any one of the hybridoma cell lines according to 

any aspect of the present invention. These antibodies may also be easily purified by affinity 

chromatography, using any method known in the art. The defined epitope recognized by the 

antibodies according to any aspect of the present invention also allows for mechanistic study of 

the antibody's virus neutralization ability to be easily performed. 

In one embodiment, the neutralizing antibodies according to any aspect of the present 

invention may be capable of effective in vivo protection against EV71 infection. The efficacy and 

specificity of these antibodies are shown in the Examples. 

In particular, the antibody according to any aspect of the present invention may 

comprise the immunological binding characteristics of the monoclonal antibody E18, E19 or E20. 

The immunological binding characteristics of E18 are produced by hybridoma EV18/4. The 

immunological binding characteristics of E19 are produced by hybridoma EV19/5. The 

immunological binding characteristics of E20 are produced by hybridoma EV20/5. The 

hybridomas provide a continuous source of the antibodies and binding proteins of the invention. 

The sequences provide a means to recombinantly recreate each antibody as well. 

According to another aspect of the invention, there is provided a method for producing 

an antibody specific for picornavirus, the method comprising immunizing at least one non-human 

mammal with at least one immature picornavirus particle to form at least one B cell specific for 

the picornavirus, and selecting at least one immune B cell specific to the picornavirus. In 

particular, the non-human animal may be a mouse. More in particular, the non-human mammal 

may be a Balb/c mouse. 

In particular, an immature picornavirus particle may be an empty picornavirus particle 

which does not contain the genome material. The immature picornavirus particle may contain 
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the capsid proteins VP1, VP3, VP0 and/or VP2 and VP4. More in particular, the immature 

picornavirus particle may contain the capsid protein VP2 and/or VP4 or VPO, which is a precursor 

of the capsid proteins V2 and V4. The empty particles are presumably precursors of the mature 

infectious virions. 

Antibodies may be obtained by fusing the immune B-cells from the spleen of a non-

human mammal with an immortal cell line to produce a hybridoma cell line. The hybridoma cell 

line may secrete a single type of monoclonal antibody that has precise specificity and often high 

affinity against the picornavirus. In particular, the immortal cell line may be "cancer" or 

"tumour" cells. More in particular, the immortal cell line may include but are not limited to NS1, 

Jurkat, HeLa, HepG2, SP2/0, Hep-3b and the like. The antibody may be isolated from the 

hybridoma and the variable heavy and light chains sequenced. 

The picornavirus family encompasses the following genuses: Aphthovirus, Aquamavirus, 

Avihepatovirus, Cardiovirus, Cosavirus, Dicipivirus, Enterovirus, Erbovirus, Hepatovirus, Kobuvirus, 

Megrivirus, Parechovirus, Salivirus, Sapelovirus, Senecavirus, Teschovirus, and Tremovirus. In 

particular, the picornavirus may be from the genus Enterovirus. More in particular, the 

picornavirus may be enterovirus 71 (EV71). 

Enterovirus represents a genus of a large and diverse group of small RNA viruses 

characterized by a single positive-strand genomic RNA. All enteroviruses contain a genome of 

approximately 7,500 bases and are known to have a high mutation rate due to low-fidelity 

replication and frequent recombination. After infection to the host cell, the genome is translated 

in a cap-independent manner into a single polyprotein, which is subsequently processed by virus-

encoded proteases into the structural capsid proteins and the non-structural proteins, which are 

mainly involved in the replication of the virus. 

Serological studies have distinguished around a hundred human enterovirus serotypes 

on the basis of antibody neutralization tests and genomic information. Additional antigenic 

variants have been defined within several of the serotypes on the basis of reduced or 

nonreciprocal cross-neutralization between variant strains. On the basis of their pathogenesis in 

human and animals, enteroviruses were originally classified into four groups, polioviruses 

Coxsackie A viruses (CA), Coxsackie B viruses (CB), and echoviruses. However it was quickly 

realized that there were significant overlaps in the biological properties of the viruses that cause 

human disease and they have now been reclassified into 4 genetic clusters, excluding 

rhinoviruses. Table 2 shows the species and serotypes encompassed by the Enterovirus genus. 
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Table 2: Species and serotypes of Enterovirus. 

Species Serotypes 

Human enterovirus A Baboon Enterovirus, Coxsackicevirus A10, AU, 

A14, A16, A2-8, 	Enterovirus A71, A76, A89, 

A90, A91, A92, Simian enterovirus 19, 43, 46 

Human enterovirus B E1-9, E11-21, E24-33„ Enterovirus B69, B73-

75, B77-80„ B83-87, B97, Enterovirus Yanbian 

96-83csf, Enterovirus Yanbian 96-85csf, Simian 

agent 5, Human enterovirus 100, 101, 107, 79, 

81, 82, 88, 93, 95 and 98 

Human enterovirus C Coxsackievirus Al, All, A13, A17, A19, A20, 

Enterovirus C95, 	C99, 	Human coxsackievirus 

A15, A18, A19/22, A22, 	Human enterovirus 

C104, C105, C109, C116, C96, wild poliovirus 

type 3, unidentified poliovirus 

Human enterovirus D Enterovirus 	D68, 	Human 	enterovirus 	70, 

Human 	enterovirus 	94, 	Human 	enterovirus 

D111 

Human enterovirus E Bovine enterovirus strain K2577, SL305, VG-5-

27, and type 1 

Human enterovirus F Bovine enterovirus type 2 

Human enterovirus G Ovine enterovirus, Porcine enterovirus 10, 15, 

3H, 9, J10 

Human enterovirus H A-2 	plague 	virus, 	Simian 	enterovirus 	SA4, 

Human enterovirus 101, 107, 79, 81, 82, 88, 93, 

95, 98, Simian agent 5 

Human enterovirus J SV6, EV-J1 03, EV-J1 0 8, EV-J1 12, EV-
J11 5 and EV-J1 21 

Human rhinovirus A Human Rhino Virus (HRV) Al, A2, A7-13, A15, 

A16, A18, A19, A20-25, A28-34, A36, A38, A39, 

A40, A41, A43, A44-47, A49, A50, A51, A53-68, 

A71, A73-78, A80, A81, A82, A85, A88, A89, 

A90, A94, A95, A96, A98 

Human rhinovirus B human rhinovirus (HRV) B3, B4, B5, B6, B14, 

B17, B26, B27, B35, B37, B42, B48, B52, B69, 

B70, B72, B79, B83, B84, B86, B91, B92, B93, 

B97 and B99 

Human rhinovirus C human 	rhinovirus 	(HRV) 	C1-3, 	C5-C12, 	C15, 

C17, C18, C19, C20, C22, C25, C28, C32, C35, 

C36, C37, C39, C40, C42, C43, C49, C 

The antibodies of the present invention may be produced by any technique that provides 

for the production of antibody molecules by continuous cell lines in culture. Such methods 

include, but are not limited to, the hybridoma technique originally developed in 1975 by Kohler 

and Milstein, as well as the trioma technique, the human B-cell hybridoma technique and the 

EBV-hybridoma technique to produce human monoclonal antibodies (Cole et al., 1985). Human 
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antibodies can be used and can be obtained by using human hybridomas (Cote et al., 1983). 

Additionally, once antibody sequences are known production can be achieved using standard 

recombinant technologies well known in the art. 

According to an aspect of the present invention, there is provided an isolated nucleic 

acid molecule encoding at least one variable light chain of an antibody according to any aspect of 

the present invention, or a variant, mutant, or fragment thereof, and at least one variable heavy 

chain of an antibody according to any aspect of the present invention, or a variant, mutant, or 

fragment thereof. In particular, the isolated nucleic acid molecule may encode at least one of 

SEQ ID NOs: 1, 3 and 6, a variant, mutant, or fragment thereof and at least one of SEQ ID NOs: 2, 

4, 5 and 7, a variant, mutant or fragment thereof. More in particular, the isolated nucleic acid 

molecule may comprise at least one of SEQ ID NOs: 8, 10, and 13, a variant, mutant, or fragment 

thereof and at least one of SEQ ID NOs: 9, 11, 12, and 14, a variant, mutant, or fragment thereof 

as listed in Table 3. 

Table 3: Nucleic acid sequences encoding for the variable light chain or variable heavy chains 

of antibodies EV18, 19 and 20. 

SEQ ID 
No. 

Hybridoma Chain Sequences 

8 

EV18/4 

VL GACATCAAGATGACCCAGTCTCCATCCTCCATGTATGCATCGCTGGGAGAGAGA 

GTCACTATCACTTGCAAGGCGAGTCAGGACATTAAAAGCTATTTAAGCTGGTACC 

AGCAGAAACCATGGAAATCTCCTAAGACCCTGATCTATTATGCAAAAAACTTGGC 

AGATGGGGTCCCATCAAGATTCAGTGGCAGTGGATTTGGGCAAGATTATTCTCTA 

ACCATCAGCAGCCTGGAGTCTGACGATACAGCAACTTATTACTGTCTACAGCATG 

GTGAGAGCCCGTATACGTTCGGATCGGGGACCAAACTGGAAATAAAACGG 

9 VH CAGATCCAGTTGGTACAGTCTGGACCTGAGCTGAAGAAGCCTGGAGAGACAGTC 

AAGATCTCCTGCAAGGCTTCTGGATATACCTTCACAAGGTATGGAATGAGCTGG 

GTGAAACAGGCTCCAGGAAAGGGTTTAAAGTGGATGGGCTGGATAAACACCTAC 

TCTGGAGTGCCAACATATGCTGACGACTTCAAGGGACGGTTTGCCTTCTCTTTGG 

AAACCTCTGCCAGCACTGCCTATTTGCAGATCAACAACCTCAAAAATGAGGACAC 

GGCTACATATTTCTGTGCAAGAAGGGGGTATAGTAACTATTATCCTATGGACTTC 

TGGGGTCAAGGAACCTCAGTCACCGTCTCCTCA 

10 

E19/5 

VL AACATTATGATGACACAGTCGCCATCATCTCTGGCTGTGTCTGCAGGAGGAAAG 

GTCACTATGAGCTGTAAGTCCAGTCAAAGTGTTTTATACAGTTCAAATCAGAAGA 

ACTACTTGGCCTGGTACCAGCAGAAACCAGGGCAGTCTCCTAAACTACTGATCTA 

CTGGGCATCCACTAGGGAATCTGGTGTCCCTGATCGCTTCACAGGCAGTGGATCT 

GGGACAGATTTTACTCTTACCATCAGCAGTGTACAAGCTGAAGACCTGGCAGTTT 

ATTACTGTCATCAATACCTCTCCTCGTGGACGTTCGGTGGAGGCACCAAGCTGGA 

AATCAAA 

11 VH1 GAAGTGATGCTGGTGGAGTCTGGGGGAGGCTTAGTGAAGCCTGGAGGGTCCCT 

CCAACTCTCCTGTGCAGCCTCTGGATTCACGTTCAGTGACTATGCCATGTCTTGGG 

TTCGCCAGACTGCGGAGACGAGGCTGGAGTGGGTCGCAACCATCAGTGATGGT 

GGTAGTCACACCTACTATCCAGACAGTGTGAGGGGACGGTTCACCATCTCCAGA 

GACAATGCCAAGAAGGCCCTGTACCTGGAAATGAGCAGTCTGAAGTCTGAGGAC 

ACGGCCATGTATTACTGTGGAAGACGGGCGGGGAGGTACGATGAGAGAGATGC 
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TATGGACTACTGGGGTCAAGGAACCACAGTCACCGTCTCCTCA 

12 VH2 TCTGATGTACAGCTTCAGGAGTCAGGACCTGGCCTCGTGAAACCTTCTCAGTCTC 

TGTCTCTCACCTGCTCTGTCACTGGCTACTCCATCACCAGTGGTTTTTACTTAAACT 

GGATCCGGCAGTTTCCAGGAAACAAACTGGAATGGATGGGCTACATAAACTACG 

GTGGTAGCATTAACTACAACCCATCTCTCAAAAGTCGCATCTCCATCACTCGTGAC 

ACATCTAAGAACCAGTTTTTCCTGAGGTTGAATTCTGTGACTGCTGAGGACACAG 

CCACATATTACTGTGCAACCATGCCTAACTCCTG GTACTTCGATGTCTG GGG CAC 

AG GGACCACGGTCACCGTCTCCTCA 

13 

E20/5 

VL AGTATTGTG ATG ACCCAG ACTCCCAAATTCCTG CCTGTATCAGCAG GAG ACAGG 

GTTACCATGACCTGCAAGGCCAGTCAGAGTGTGGGTAATAATGTAGCCTGGTAC 

CAACAGAAGTCAG GACAGTCTCCTAAACTG CTG ATATACTATG CATCCAATCG CT 

ACACTGGAGTCCCTGATCGCTTCACTGGCAGTGGATCTGGGACAGATTTCACTTT 

CACCATCAGCAGTGTGCAG GTTGAAGACCTGG CAGTTTATTTCTGTCAG CAG CAT 

TATAGCTCTCCTCCCACGTTCGGTGCTGG GACCAAG CTG GAG CTGAAA 

14 VH GAAGTGCAGCTGGTGGAGTCTGGGGGAGGCTTAGTGAAGCCTGGAGGGTCCCT 

GAAACTCTCCTGTGCAGCCTCTGGATTCACTTTCAACATCTATGCCATGTCTTGGG 

TTCGCCAGACTCCGGAAAAGAGGCTGGAGTGGGTCGCAACCATTAGTGATGGTG 

GTAGTTATACCTACTATCCAGACAATGTAAAGGG CCGATTCACCATCTCCAGAG A 

CAATGCCAAGAACAACCTGTACCTGCAAATGAGCCATCTGAAGTCTGAGGACAC 

AG CCATGTATTACTGTGTAAGAG ATCG AG GAAATTACTACAGTAGAG CGTTCCC 

GTATG CTTACTGG G G CCAAG G GACTCTG GTCACTGTCTCTG CA 

In particular, the isolated nucleic acid molecule may comprise at least one nucleic acid 

sequence having at least 80%, at least 90%, or at least 95% sequence identity to SEQ ID NOs: 8, 

10, or 13, and/or at least one nucleic acid sequence having at least 80%, at least 90%, or at least 

95% sequence identity to SEQ ID NOs: 9, 11, 12, or 14 as listed in Table 3. 

The isolated nucleic acid molecule according to the invention may be cloned into an 

expression vector, which may in turn be transformed into a host cell for the production of an 

antibody according to any aspect of the present invention. In particular, the host cell may be 293 

cells, CHO cells or recombinant plant cells. 

Techniques developed for the production of "chimeric antibodies" (Morrison, et al., 1984 

incorporated herein by reference in their entirety) by splicing the genes from a mouse antibody 

molecule of appropriate antigen specificity together with genes from a human antibody molecule 

of appropriate biological activity can be used. For example, the genes from a mouse antibody 

molecule such as E18, E19, and E20 can be spliced together with genes from a human antibody 

molecule of appropriate biological activity. A chimeric antibody is a molecule in which different 

portions are derived from different animal species, such as those having a variable region derived 

from a murine antibody and a human immunoglobulin constant region. Chimeric antibodies are 

also those that contain a human Fc portion and a murine (or other non-human) Fv portion. 

Techniques have been developed for the production of humanized antibodies (e.g., US 

5,585,089 and/or US 5,225,539, which are incorporated herein by reference in their entirety). An 
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immunoglobulin light or heavy chain variable region consists of a "framework" region interrupted 

by three hypervariable regions, referred to as complementarity determining regions (CDRs). 

Briefly, humanized antibodies are antibody molecules from non-human species having one or 

more CDRs from the non-human species and a framework region from a human immunoglobulin 

molecule. Both chimeric and humanized antibodies may be monoclonal. Such human or 

humanized chimeric antibodies may be preferred for use in in vivo diagnosis or therapy of human 

diseases or disorders. 

Recombinant chimeric E18 (VL+VH; SEQ ID NOs: 1 and 2), recombinant chimeric E19 

(VL+VH & VL+VH2; SEQ ID NOs: 3, 4 and 5) and recombinant chimeric E20 (VL+VH; SEQ ID NOs: 6 

and 7) antibodies were generated. For E18, a second recombinant chimeric antibody was made 

by altering E18 VL (SEQ ID NO: 1) and the new VL sequence (SEQ ID NO: 15, VL2) is shown in 

Table 4. Additionally, seven recombinant humanized E19 VL and VH sequences, derived from 

E19 VL and VH2 (SEQ ID NOs: 3 and 5), were generated. The seven new recombinant humanized 

E19 VL and VH amino acid sequences are shown in Table 4 as hVL or hVH chains (SEQ ID NOs: 16, 

17, 18, 19, 20, 21 and 22; hVL1, hVL2, hVL3, hVH1, hVH2, hVH3, hVH4, respectively). 

Table 4: Polypeptide sequences encoding for variable light chains or variable heavy chains of 

additional chimeric and humanized recombinant E18 and E19 antibodies. 

SEQ ID 

NO. 

Recombinant Chain Sequences 

15 derived from 

E18 VL 

(SEQ ID NO. 1) 

VL2 D I KMTQS PSSMYASLG E RVTITCKASQD I KSYLSWYQQKPW KSP KTLIYYAKN LAD 

GVPSRFSGSG FGQDYSLTISSLESDDTATYYCLQHG ESPYTFGSGTKLEI K 

16 derived from 

E19 VL 

(SEQ ID NO. 3) 

hVL1 NI MMTQSPDSLAVSLGERATI NCKSSQSVLYSSNQKNYLAWYQQKPGQPPKLLIY 

WASTRESGVPDRFSGSGSGTDFTLTISSLQAEDVAVYYCHQYLSSWTFGQGTKVEI 

K 

17 derived from 

E19 VL 

(SEQ ID NO. 3) 

hVL2 NI MMTQSPDSLAVSLGERATI NCKSSQSVLYSSNQKNYLAWYQQKPGQSPKLLIY 

WASTRESGVPDRFSGSGSGTDFTLTISSLQAEDVAVYYCHQYLSSWTFGGGTKVEI 

K 

18 derived from 

E19 VL 

(SEQ ID NO. 3) 

hVL3 NI MMTQSPDSLALSLG ERATI NCKSSQSVLYSSNQKNYLAWYQQKPGQSPKLLIY 

WASSRESGVPDRFSGSGSGTDFTLTISSLQAEDVALYYCHQYLSSWTFGGGTKVEI 

K 

19 derived from 

E19 VH2 

(SEQ ID NO. 5) 

hVH1 DVQLQESG PG LVKPSQTLSLTCTVSGYSITSG FYLNW I RQH PCKG LEWIGYI NYGG 

SI NYN PSLKSRVTISRDTSKNQFSLKLSSVTAADTAVYYCATM P NSWYF DVWG RG 

TLVTVSS 



WO 2015/092668 
	

PCT/IB2014/066944 

24 

20 derived from hVH2 DVQLQESG PG LVKPSQTLSLTCTVSGYSITSG FYLNWI RQH PG KKLEWIGYI NYG G 

E19 VH2 SI NYNPSLKSRVTISRDTSKNQFSLKLSSVTAADTAVYYCATM PNSWYFDVWGTG 

(SEQ ID NO. 5) TLVTVSS 

21 derived from hVH3 EVQLVESG PG LVKPSQTLSLTCTVSGYSITSG FYLNWVRQH PG KKLEWIGYINYGG 

E19 VH2 SI NYNPSLKSRVSISRDTSKNQFSLKLTSVTAADTAVYYCATM PNSWYFDVWGTG 

(SEQ ID NO. 5) TLVTVSS 

22 derived from hVH4 DVQLQESG PG LVKPSQTLSLTCTVSGYSITSG FYLNWI RQH PG KKLEWIGYI NYG G 

E19 hVH2 SI NYNPSLKSRVTISRDTSKNQFSLKLSSVTAADTAVYYCARTM PNSWYFDVWGT 

(SEQ ID NO. 20) GTLVTVSS 

According to another preferred aspect of the present invention, there is provided an 

isolated nucleic acid molecule encoding at least one variable light chain of an antibody according 

to any aspect of the present invention, or a variant, mutant or fragment thereof, and at least one 

variable heavy chain of an antibody according to any aspect of the present invention, or a 

variant, mutant of fragment thereof. In particular the isolated nucleic acid molecule may encode 

at least one of SEQ ID NOs: 15, 16, 17 and 18, a variant, mutant or fragment thereof and at least 

one of SEQ ID NOs: 19, 20, 21 and 22, a variant, mutant or fragment thereof. The nucleic acid 

sequences encoding the respective variable light chains or variable heavy chains of chimeric and 

humanized recombinant E18 and E19 antibodies are listed in Table 5. 

Table 5: Nucleic acid sequences encoding for variable light chains or variable heavy chains of 

chimeric and humanized recombinant E18 and E19 antibodies. 

SEQ ID 

NO. 

Recombinant Chain Sequences 

23 derived from 

E18 VL 

(SEQ ID NO. 1) 

VL2 GACATCAAGATGACCCAGTCTCCATCCTCCATGTATGCATCGCTGGGAGAGAGAGTC 

ACTATCACTTGCAAGGCGAGTCAGGACATTAAAAGCTATTTAAGCTGGTACCAGCA 

GAAACCATGGAAATCTCCTAAGACCCTGATCTATTATGCAAAAAACTTGGCAGATGG 

GGTCCCATCAAGATTCAGTGGCAGTGGATTTGGGCAAGATTATTCTCTAACCATCAG 

CAGCCTGGAGTCTGACGATACAGCAACTTATTACTGTCTACAGCATGGTGAGAGCCC 

GTATACGTTCGGATCGGGGACCAAACTGGAAATAAAA 

24 derived from 

E19 VL 

(SEQ ID NO. 3) 

hVL1 AATATCATGATGACCCAGTCCCCCGACTCCCTGGCCGTGTCTCTGGGAGAGAGAGCC 

ACCATCAACTGCAAGTCCTCCCAGTCCGTGCTGTACTCCTCCAACCAGAAGAACTAC 

CTGGCCTGGTATCAGCAGAAGCCCGGCCAGCCTCCCAAGCTGCTGATCTACTGGGC 

CTCCACCCGGGAATCTGGCGTGCCCGATAGATTCTCCGGCTCCGGCTCTGGCACCGA 

CTTTACCCTGACCATCAGCTCCCTGCAGGCCGAGGATGTGGCCGTGTACTACTGCCA 

CCAGTACCTGTCCTCTTGGACCTTCGGCCAGGGCACCAAGGTGGAAATCAAG 

25 derived from 

E19 VL 

hVL2 AATATCATGATGACCCAGTCCCCCGACTCCCTGGCCGTGTCTCTGGGAGAGAGAGCC 

ACCATCAACTGCAAGTCCTCCCAGTCCGTGCTGTACTCCTCCAACCAGAAGAACTAC 



WO 2015/092668 
	

PCT/IB2014/066944 

25 

(SEQ ID NO. 3) CTGGCCTGGTATCAGCAGAAGCCCGGCCAGTCCCCTAAGCTGCTGATCTACTGGGC 

CTCCACCCGGGAATCTGGCGTGCCCGATAGATTCTCCGGCTCCGGCTCTGGCACCGA 

CTTTACCCTGACCATCAGCTCCCTGCAGGCCGAGGATGTGGCCGTGTACTACTGCCA 

CCAGTACCTGTCCTCTTGGACCTTCGGCGGAGGCACCAAGGTGGAAATCAAG 

26 derived from 

E19 VL 

(SEQ ID NO. 3) 

hVL3 AATATCATGATGACCCAGTCCCCCGACTCCCTGGCCCTGTCTCTGGGAGAGAGAGCC 

ACCATCAACTGCAAGTCCTCCCAGTCCGTGCTGTACTCCTCCAACCAGAAGAACTAC 

CTGGCCTGGTATCAGCAGAAGCCCGGCCAGTCCCCTAAGCTGCTGATCTACTGGGC 

CTCCTCCCGGGAATCTGGCGTGCCCGATAGATTCTCCGGCTCCGGCTCTGGCACCGA 

CTTTACCCTGACCATCAGCTCCCTGCAGGCCGAGGATGTGGCCCTGTACTACTGCCA 

CCAGTACCTGTCCTCTTGGACCTTCGGCGGAGGCACCAAGGTGGAAATCAAG 

27 derived from 

E19 VH2 

(SEQ ID NO. 5) 

hVH1 GATGTGCAGCTGCAGGAATCTGGCCCTGGCCTCGTGAAGCCTTCCCAGACCCTGTCT 

CTGACCTGCACCGTGTCCGGCTACTCCATCACCTCCGGCTTCTACCTGAACTGGATCC 

GGCAGCACCCCTGCAAGGGCCTGGAATGGATCGGCTACATCAACTACGGCGGCTCT 

ATCAACTACAACCCCAGCCTGAAGTCCAGAGTGACCATCTCCCGGGACACCTCCAAG 

AACCAGTTCTCCCTGAAGCTGTCCTCCGTGACCGCCGCTGATACCGCCGTGTACTAC 

TGCGCTACCATGCCCAACAGCTGGTACTTCGACGTGTGGGGCAGAGGCACCCTCGT 

GACCGTGTCATCT 

28 derived from 

E19 VH2 

(SEQ ID NO. 5) 

hVH2 GATGTGCAGCTGCAGGAATCTGGCCCTGGCCTCGTGAAGCCTTCCCAGACCCTGTCT 

CTGACCTGCACCGTGTCCGGCTACTCCATCACCTCCGGCTTCTACCTGAACTGGATCC 

GGCAGCACCCCGGCAAGAAACTGGAATGGATCGGCTACATCAACTACGGCGGCTCT 

ATCAACTACAACCCCAGCCTGAAGTCCAGAGTGACCATCTCCCGGGACACCTCCAAG 

AACCAGTTCTCCCTGAAGCTGTCCTCCGTGACCGCCGCTGATACCGCCGTGTACTAC 

TGCGCTACCATGCCCAACAGCTGGTACTTCGACGTGTGGGGCACCGGCACCCTCGT 

GACAGTGTCATCT 

29 derived from 

E19 VH2 

(SEQ ID NO. 5) 

hVH3 GAAGTGCAGCTGGTGGAATCTGGCCCTGGCCTCGTGAAGCCTTCCCAGACCCTGTCT 

CTGACCTGCACCGTGTCCGGCTACTCCATCACCTCCGGCTTCTACCTGAACTGGGTG 

CGACAGCACCCCGGCAAGAAACTGGAATGGATCGGCTACATCAACTACGGCGGCTC 

TATCAACTACAACCCCAGCCTGAAGTCCCGGGTGTCCATCTCCCGGGACACCTCCAA 

GAACCAGTTCTCCCTGAAGCTGACCTCCGTGACCGCCGCTGATACCGCCGTGTACTA 

CTGCGCTACCATGCCCAACAGCTGGTACTTCGACGTGTGGGGCACCGGCACCCTCGT 

GACAGTGTCATCT 

30 derived from 

E19 hVH2 

(SEQ ID NO. 20) 

hVH4 GATGTGCAGCTGCAGGAATCTGGCCCTGGCCTCGTGAAGCCTTCCCAGACCCTGTCT 

CTGACCTGCACCGTGTCCGGCTACTCCATCACCTCCGGCTTCTACCTGAACTGGATCC 

GGCAGCACCCCGGCAAGAAACTGGAATGGATCGGCTACATCAACTACGGCGGCTCT 

ATCAACTACAACCCCAGCCTGAAGTCCAGAGTGACCATCTCCCGGGACACCTCCAAG 

AACCAGTTCTCCCTGAAGCTGTCCTCCGTGACCGCCGCTGATACCGCCGTGTACTAC 

TGCGCTCGCACCATGCCCAACAGCTGGTACTTCGACGTGTGGGGCACCGGCACCCT 

CGTGACAGTGTCATCT 

In particular, the isolated nucleic acid molecule may comprise at least one sequence 

having at least 80%, at least 90%, or at least 95% sequence identity to SEQ ID NOs: 23, 24, 25 or 



WO 2015/092668 	 PCT/IB2014/066944 

26 

26, and at least one sequence having at least 80%, at least 90%, or at least 95% sequence identity 

to SEQ ID NOs: 27, 28, 29 or 30 listed in Table 5. 

The isolated nucleic acid molecule according to a preferred aspect of the invention may 

be cloned into an expression vector, which may in turn be transformed into a host cell for the 

production of an antibody according to any aspect of the present invention. In particular, the 

host cell may be 293 cells, CHO cells or recombinant plant cells. The recombinant chimeric and 

humanized E18, E19 and E20 antibodies provide an additional extremely stable continuous 

source of the antibodies and the binding proteins of the invention. 

Antibody fragments that contain the idiotype of the antibody molecule can be generated 

by known techniques. For example, such can be produced by pepsin digestion of the antibody 

molecule; the Fab fragments can be generated by reducing the disulfide bridges of the F(ab)2 

fragment, and the Fab fragments which can be generated by treating the antibody molecule with 

papain and a reducing agent. Such antibody fragments can be generated from any of the 

antibodies of the invention. 

In the production of antibodies, screening for the desired antibody can be accomplished 

by techniques known in the art. For example, these techniques may include but are not limited 

to radioimmunoassay, enzyme-linked immunosorbent assay (ELISA), "sandwich" immunoassays, 

immunoradiometric assays, gel diffusion precipitin reactions, immunodiffusion assays, in situ 

immunoassays (using colloidal gold, enzyme, radioisotope labels or the like), western blots, 

precipitation reactions, agglutination assays (gel agglutination assays, hemagglutination assays or 

the like), immunofluorescence assays, immunoelectrophoresis assays and the like. For example, 

the antibody binding may be detected by detecting a label on the primary antibody. In another 

example, the primary antibody may be detected by detecting binding of a secondary antibody or 

other reagent to the primary antibody. The secondary antibody may be labeled. 

According to other preferred aspects of the present invention, there is provided a 

method for characterizing at least one conformational neutralizing epitope on a potential 

enterovirus vaccine candidate, and a method for purifying a potential enterovirus vaccine 

candidate that contains at least one conformational epitope. Further, the present invention 

provides a method to define the neutralizing antibody potency for EV71. 

According to an aspect of the invention, there is provided an isolated antibody or 

fragment thereof according to any aspect of the invention for use in medicine. In particular, the 

use relates to treating EV71-infection and/or at least one EV71-linked disease. 
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According to another aspect, the present invention provides a pharmaceutical 

composition comprising the isolated antibody or fragment thereof according to any aspect of the 

invention. 

According to yet another aspect of the present invention there is provided at least one 

method of treating EV71-infection and/or at least one EV71-linked disease, the method 

comprising administering to a subject an isolated antibody according to any aspect of the 

invention. In a preferred embodiment, a combination or mixture of antibodies of the invention 

may be administered to the subject. For example, the combination or mixture may comprise 

humanized or chimeric E19 as hereinbefore described and at least one additional antibody 

selected from humanized or chimeric E18 or humanized or chimeric E20 as hereinbefore 

described. Preferably, the combination or mixture comprises humanized E19 as hereinbefore 

described and humanized or chimeric E18. In particular, the EV71-linked disease may be selected 

from the group consisting of aseptic meningitis, encephalitis, cranial nerve palsies, Guillan-Barre 

syndrome, brainstem encephalitis, poliomyelitis-like syndrome, herpangina, and Hand, Foot and 

Mouth disease. 

According to yet another aspect of the present invention there is provided a use of at 

least one antibody according to any aspect of the invention for the preparation of a medicament 

for treating EV71-infection and/or at least one EV71-linked disease. In a preferred embodiment, 

the medicament may comprise humanized or chimeric E19 as hereinbefore described and at 

least one additional antibody selected from humanized or chimeric [18 or humanized or chimeric 

E20 as hereinbefore described. Preferably, the medicament comprises humanized E19 as 

hereinbefore described and humanized or chimeric E18. In particular, the EV71-linked disease 

may be selected from the group consisting of aseptic meningitis, encephalitis, cranial nerve 

palsies, Guillan-Barre syndrome, poliomyelitis-like syndrome, brainstem encephalitis, herpangina, 

and Hand, Foot and Mouth disease. 

Having now generally described the invention, the same will be more readily understood 

through reference to the following examples which are provided by way of illustration, and are 

not intended to be limiting of the present invention. 

A person skilled in the art will appreciate that the present invention may be practised 

without undue experimentation according to the method given herein. The methods, techniques 

and chemicals are as described in the references given or from protocols in standard 

biotechnology and molecular biology text books. 
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EXAMPLES 

Standard molecular biology techniques known in the art and not specifically described 

were generally followed as described in Sambrook and Russel, Molecular Cloning: A Laboratory 

Manual, Cold Springs Harbor Laboratory, New York (2001). 

Example 1 

Production of hybridoma cell lines against EV71 

Ten 8-week old Balb/c mice were immunized with recombinant EV71-VP0 protein with 

the SUMO fusion protein cleaved off. The first immunization was done in Freund's Complete 

Adjuvant (Santa Cruz, California, United States) and was injected subcutaneously (SC). The 

second, third, and pre-fusion booster doses were in Freund's Incomplete Adjuvant (Santa Cruz, 

California, United States) and were done 2-3 weeks apart by intraperitoneal injection (IP). 

Three days after the pre-fusion priming injections, the mice spleens were ready for cell 

fusion (Appendix B: Protocol for Spleen-Myeloma Cell Fusion). Prior to cell fusion, the partner 

5P2/0 myeloma cell line was expanded to one T75 flask per spleen. On the day of the cell fusion, 

the mice were bled from the heart to collect sera and the spleens were harvested in an aseptic 

manner. Both the spleen cells and the 5P2/0 cells were washed and mixed at a ratio of one 

mouse spleen to one T75 flask of 5P2/0 cells. The mice spleens were divided into four cell fusion 

groups according to immunogens, and the appropriate number of 5P2/0 cells were added. The 

cell fusions were performed by slowly adding polyethylene glycol (PEG1500) (Sigma, Missouri, 

United States) to the cell mixture and the resulting cell pellet was washed, then plated into four 

24-well tissue culture plates per spleen (Master Plates). After an overnight incubation, 10% RPMI 

2XHAT medium (hypoxanthine, aminopterin and thymidine) was added to the wells and the 

plates were incubated for several days before follow-up feeding with 10% RPMI 1XHAT. 

One week to 10 days after the fusion, visible hybridoma clones were picked from the 

Master Plates into 24-well Picked Clone Plates. When these picked clones were 40-70% 

confluent, the cell supernatants were screened by Enzyme-Linked Immunosorbent Assay (ELISA) 

with plates coated with EV71 VLP Lysate (antigen) and Sf9 Lysate (control). A second screen was 

conducted by ELISA with plates coated with a cocktail of recombinant EV71 viral proteins (rVPO, 

rVP1, rVP2, rVP3, rVP4). Any samples that gave a positive reading (SN07 > 0.1 OD, Sf9 <0.1) were 

amplified to T25 flasks and cryopreserved. Any potentially positive clones were then run on a 

Mouse Immunoglobulin Capture ELISA (MICE) to ensure the clones were secreting antibodies. 
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Antibody-producing cell supernatants were collected from the samples and were used to test for 

neutralization of the EV71 virus. 

The strongest positive hybridomas were then selected for recloning by a limiting dilution 

method to obtain single clones in the wells of 96-well plates (Appendix E: Recloning Monoclonal 

Antibody Cell Lines Protocol). Recloning is needed because the original cultures may have 

originated from more than one hybridoma cell. Through recloning, single cells from this 

antibody-positive culture can now be isolated and subcultured. The recloned cells were first 

screened by MICE for cells that secrete antibodies at a high titer (determined by OD 

measurements). 4-8 single clones with high OD readings were expanded into the wells of 24-well 

plates and were then tested for specific reactivity via indirect ELISA using plates coated with 

EV71 VLP Lysate/Retentate. Clones that had strong specific reactivities were expanded to T25 

flasks and cryopreserved. One good clone was chosen for another round of recloning. After two 

rounds of recloning, the final clones were expanded for the purposes of collecting cell 

supernatants to be used directly as reagents or for purification of monoclonal antibodies. The 

final clones were also isotyped through a pre-coated ELISA plate with different anti-mouse-Ig 

types (anti-IgG1, IgG2a, IgG2b, IgG3, IgA, IgM, Kappa and Lambda light chains) (Appendix C-III: 

Protocol for Pierce Rapid ELISA Mouse Monoclonal Isotyping Kit). In addition, RNA was isolated 

from each hybridoma and used to produce cDNA for sequencing of each variable light and 

variable heavy chain. 

Preparation of Fab Fragments of Monoclonal Antibodies 

The Fab fragments of the antibodies were prepared with the use of the Pierce Fab 

Preparation 	Kit 	according 	to 	the 	manufacturer's 	instructions 

(http://www.piercenet.com/product/fab-preparation-kits). Animal care and use was conducted 

in accordance with the National Animal Welfare Standards and Guidelines of Malaysia under the 

Animals Act of 2006. 

Immunoblot Analysis 

Equal volume of mock- and EV71-infected cell lysates were separated on a 12% SDS-

PAGE, transferred to nitrocellulose membrane, and probed with R525 (polyclonal antibody 

against EV71 VP1), E18 or E19. Bound antibody was detected by incubation with horseradish 

peroxidase conjugated secondary antibodies (Dako, Denmark) followed by TMB membrane 

peroxidase substrate (KPL, Maryland, USA). 
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ELISA Analyses 

An indirect ELISA was performed by coating Nunc Immuno plate with recombinant viral 

proteins or heat-inactivated EV71 infected RD cell lysates as positive control. Nonspecific binding 

was blocked using 5% skim milk, antibodies were added at various concentrations in duplicate, 

and bound antibodies were detected using horseradish peroxidase conjugated (HRP)-conjugated 

anti-mouse IgG (Dako). SureBlue Reserve TMB microwell peroxidase substrate (KPL) was added 

for 5 min, 0.5 M HCI was added to stop the enzyme reaction and wells were read at 450 nm. 

A sandwich ELISA was performed where the wells were coated with R525 antibody 

against VP1, and PEG precipitated EV71 that was untreated or heat inactivated at 56°C for 30 

minutes was allowed to bind to the VP1 antibody. The bound particles were detected by the 

monoclonal antibodies E18 or E19, followed by HRP IgG (Dako) as described above. 

A competitive ELISA was conducted to examine the presence of antibodies containing 

E18 epitope in mouse serum. Sera from four mice immunized with VLP that had high PRNT50 

titres were pooled and sera from four mice immunized with PBS were pooled for the competitive 

ELISA assay. Wells were coated with R525 followed by equal protein concentrations of mock and 

EV71-infected RD cell lysates. Sera pooled from mice (at 1/250 dilution) were added into the 

wells and HRP-conjugated E18 was added immediately after. Reserve TMB microwell peroxidase 

substrate (KPL) was added for 5 min, 0.5 M HCI was added to stop the enzyme reaction and wells 

were read at 450 nm. Adjusted OD values were obtained by subtracting OD (mock RD cell lysate) 

from OD (EV71-infected RD cells). The relative percentage of binding of E18 was derived by 

dividing the adjusted OD of samples by the adjusted OD of well containing only HRP-E18, 

multiplied by 100. 

Plaque Reduction Neutralization Test 

Different concentrations of Antibodies, Fab fragments or heat-inactivated mouse serum 

were incubated in 1:1 volume ratios with infectious EV71 strain MY104 (300 PFU/mL) for 1 hour 

at 37°C. The virus-antibody (or Fab) mixture was inoculated in duplicates over Vero cell 

monolayers in 24 well plates (Nunc, Thermo-Fisher, USA). The monolayers were prepared with 

0.5 ml per well of Vero cells at 3 x 105 per ml in DMEM supplemented with 5% FBS and 

antibiotics (all from Invitrogen, Carlsbad, CA, USA) and left to adhere overnight before 

inoculation. Media was aspirated before inoculation with 200 p.I of the antibody (or Fab)-virus 

mixtures and incubated in a CO2  incubator at 37°C for 2 hours before 1 ml of overlay was added 
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containing DMEM supplemented with 2% FBS, antibiotics and 1.5% carboxymethyl cellulose 

(CMC). Plates were incubated at 37°C with 5% CO2  for 4 days and stained with naphthalene black. 

Plaques were counted manually. The per cent inhibition was determined relative to controls in 

which the mean number of plaques in wells in which the virus had been incubated with media 

alone. 

Virus Production and Purification 

EV71 virions were produced and purified as described previously (4). 

VLP Production and Purification 

Briefly, EV71 empty immature capsids were produced using a baculovirus expression 

system where the complete P1 coding sequence and the protease 3CD of EV71 were 

recombinantly inserted downstream of the polyhedrin promoter and the recombinant 

baculovirus was used to infect Sf9 cells at an moi of 0.1. The supernatant harvested on day 4 was 

clarified and concentrated using tangential flow filtration (GE Healthcare Lifesciences) and the 

retentate was run through an affinity column prepared by coupling E18 to a HiTrap NHS-

activated HP column (GE Healthcare Lifesciences). The particles bound were eluted using a 

glycine buffer at pH 3.0 and immediately neutralized to pH7.2 with 1M Tris-HCI. The particles 

were transferred to Dulbecco's Phosphate Buffered Saline (DPBS) buffer (Invitrogen). 

Characterization of EV71 VLP by pull-down assay 

20m1 of supernatant from cells infected with recombinant baculovirus expressing EV71 

VLPs was mixed with 10m1 neutralizing monoclonal antibody E18 and left at room temperature 

for 1hr. The mixture was loaded slowly through a 1m1 column of MabSelect SuReTM  (GE 

Healthcare) recombinant Protein A, 85um agarose bead size, which was pre-equilibrated with 

PBS, then washed with 20mIs PBS and then eluted with 0.5 ml of 0.1M glycine-HCI, pH3.0. 

Fractions were neutralized with 30p.I of Tris-HCI, pH8.8. Elution fractions were run on SDS-PAGE 

followed by Coomassie blue staining and destaining. 

Analysis of affinity column (AFC) purified EV71 VLP 

An affinity column (AFC) was prepared with a neutralizing monoclonal antibody E18. The 

eluted fraction was analyzed by Western blotting. The eluted fraction was probed using an anti-

VP1 antibody, an anti-VP2 antibody, or an anti-VPO monoclonal antibody. 
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E18-purified VLPs were analyzed using electron microscopy (EM). 

Immunization of Mice 

Mice (n=10 per group) were immunized with two doses of DPBS or 10u.g of VLP in the 

presence of Inject Alum (Thermo Scientific), 3 weeks apart. Serum were inactivated by 

incubation at 56°C for 30 min, and stored at -20°C for further analysis. 

Recombinant chimeric E18 and humanized E19 monoclonal antibody expression in plant cells 

The VL and VH DNA sequences (SEQ ID NOs: 23, 9, 25 and 30) were codon optimized for 

expression in Nicotiana benthamiana and genetically fused to a human IgG backbone that had 

also been codon optimized for expression in Nicotiana benthamiana. The chimeric E18 and fully 

humanized E19 antibody constructs were subsequently transferred into the agrobacteria and 

used to infiltrate wildtype Nicotiana benthamiana to produce recombinant plants. Recombinant 

chimeric E18 or fully humanized E19 antibody was harvested from plant material and purified 

using Protein A-based column chromatography. All methods used here were identical to those 

used previously for human therapeutic antibodies (Qiu et al., 2014). 

Results 

The antibodies, E18, E19, and E20 were prepared by immunizing mice with empty, 

immature EV71 particles containing VPO. Results from the plaque reduction neutralization test 

indicate that all three antibodies, E18, E19, and E20, are capable of neutralizing EV71 (Figures 1A- 

C). The PRNT50  value for each antibody, which indicates the concentration of hybridoma culture 

fluid needed to reduce the number of plaques by 50% compared to the hybridoma-free virus is 

provided in Table 6. 

Table 6: PRNT50 values for E18, E19, and E20. 

Antibody PRNTso  of original hybridoma 

E18 0.625 ul/m I 

E19 0.156 ul/m I 

E20 5.0µ1/m1 

Further, both E18 and E19 could neutralize the virus as intact antibodies or as Fab 

fragments (Figure 2). In Figure 2, whole IgG and Fab fragments of the monoclonal antibodies E18 

(panel a) and E19 (panel a) were used to inhibit EV71 at different concentrations (X axis) using a 

plaque reduction neutralization test. The circles represent whole antibody and the squares 
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represent Fab fragments. Inhibition of virus was represented as the percentage of plaques 

relative to plaques in the control wells. 

Results from indirect ELISA also indicate that both E18 and E19 MAbs can recognize 

conformational epitopes on the surface of heat-inactivated EV71 particles (Figure 3). In Figure 

3A, Mock- (M) and EV71-infected (V) cell lysates were separated by SDS-PAGE and transferred 

onto membrane. Membrane was probed with R525, E18 or E19. E18 and E19 did not bind 

denatured viral proteins. Referring to Figure 3B, indirect ELISA was performed by coating wells 

with recombinant viral proteins or heat-inactivated EV71-infected cell lysates. Various 

concentrations of MAb were added in duplicates. The MAbs were detected by Horeseradish 

Peroxidase (HRP) assay. The amount of bound MAbs are presented as average OD450 ± standard 

deviations. ELISA tests further showed that E18 binds better to heat-induced EV71 A particles 

than to mature virions (Figure 4). 

It has been shown here that antibodies capable of neutralizaing EV71 can be generated 

by immunization with immature picornavirus particles containing VPO. As an example of this 

strategy, empty immature virus like particles (VLPs) were purified on an E18 affinity column and 

were used to immunize mice. The resultant sera were assayed to determine the neutralizing 

antibody titres (Figure 5). Mice immunized with VLPs exhibited higher neutralizing antibody 

titres against EV71 (geometric mean titre = 153) compared to control mice (geometric mean titre 

= 55). Pooled serum from VLP-immunized mice inhibited 60% of E18 binding indicating that 

serum from these mice contains antibodies that recognize E18 epitope (Figure 5). Thus, VLPs 

selected for having the E18 epitope can induce neutralizing antibodies in mice. Therefore, 

therapeutic antibodies might also be obtainable for other picornaviruses using the approach 

described here. 

Further, as E18 is capable of purifying immunogenic EV71 VLPs that maintain 

conformational epitopes it has utility as a process control reagent for EV71 vaccine development. 

An example of this process is presented in Figure 6. Here, EV71 VLPs were able to bind to E18. 

As shown in Figure 6A, the precipitated VLPs contained all of the individual VLP components 

(VPO, VP1 and VP3) when analyzed by SDS PAGE and stained with Coomassie Blue (labeled C). 

Next EV71 VLP purification was done using an E18 affinity column and eluted fractions were 

analyzed using Western blot. As shown in Figure 6A the presence of VP1 and VP0 (next 2 lanes, 

labeled EV71 VLPs) in the purified VLPs was apparent. Importantly, affinity columns prepared 

with E18 as well as E19 both were used to purify infectious virions from native EV71 infected 
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cultures and we could show the presence of VP1 and VP0 as shown in Figure 6A (last 4 lanes 

labeled EV71 virus). Finally, E18, E19 and E20-purified VLPs were analyzed using electron 

microscopy (EM). In a representative example, VLPs approximately the same size as EV71 virions 

are shown in Figure 6B. This demonstrates that the antibodies E18, E19 and E20 recognize a 

highly native assembled EV71 VLP as well as native infectious EV71 virions. Any EV71 vaccine 

candidate could be characterized similarly to determine if all components were present, that 

highly native conformational epitopes were present and/or if a structure resembling EV71 virions 

was evident. Further, as E18, E19 and E20 are highly neutralizing antibodies (Figure 2, Table 6), 

the three antibodies could be used as standards for determining relative neutralization titers in 

individuals receiving candidate EV71 vaccines, providing a consistent standard for evaluating 

EV71 vaccine-induced antibody responses. 

Importantly, the high neutralizing activity of E18, E19 and E20 also suggest these 

antibodies could be developed into effective therapeutic antibodies to treat human disease. As 

described above, both antibodies were originally purified from mouse hybridomas. As a first 

step towards developing E18, E19 and E20 as therapeutics for humans, recombinant chimeric 

E18, E19 and E20 antibodies were produced. Specifically the variable heavy and light chains of 

E18, E19 and E20 (SEQ ID NOs: 1, 2, 3, 4, 5, 6 and 7) were cloned into a human IgG backbone 

giving rise to recombinant mouse-human chimeric monoclonal antibodies. The chimeric 

antibodies were tested for their ability to neutralize EV71 in vitro and, as shown in Figure 7, three 

of four recombinant chimeric antibodies neutralized virus. The E19 chimeric antibody that 

contained E19 VL+VH (SEQ ID NOs: 3 and 4) had no activity. Notably, chimeric E20 also showed 

weak neutralization with only limited activity present in one cell line (ATCC). Chimeric E18 

showed significant neutralization activity; however, in both cell lines (NIBSC and ATCC) chimeric 

E18 activity was slightly less than the parental mouse antibody (EV18/4/D6-1). For chimeric E19 

containing VL+VH2 (SEQ ID NOs: 3 and 5), neutralizing activity was greater than or equal to the 

parental mouse antibody (EV19/5/C1-6) in both cell lines. The concentration of recombinant 

chimeric antibody needed to inhibit 50% of EV71 growth, inhibitory concentration 50 (IC50) was 

extrapolated for each antibody and results are shown in Table 7. 

Table 7: Recombinant chimeric E18, E19 and E20 antibody neutralization profiles 

SEQ ID 
NOs 

end point PRNT50 
(ng/mL) 

Inhibitory concentration 50 (IC50) 
(ng/mL) 

Antibody Vero Vero Vero NIBSC Vero ATCC 
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NIBSC ATCC 

Hybridoma EV18/4/D6-1 312.5 625 180.6 272.1 

Recombinant chimeric E18 
VL+VH 

1, 2 2500 625 965.9 585.1 

Hybridoma EV19/5/C1-6 78.125 156.25 67.81 70.7 

Recombinant chimeric E19 
VL+VH 

3, 4 >10,000 >10,000 N/A >10,000 

Recombinant chimeric E19 
VL+VH2 

3, 5 39.0625 78.125 43.22 73.51 

Hybridoma EV20/5/A5-3 10,000 N/A 9952 not tested 

Recombinant chimeric E20 
VL+VH 

6, 7 >10,000 5,000 N/A 3179 

The chimeric E19 antibody that contained E19 VL+VH (SEQ ID NO: 4) did not neutralize 

EV71 at any of the concentrations tested and chimeric E20 had the least neutralizing activity as 

demonstrated by the highest IC50. Recombinant chimeric E18 had a significantly higher IC50 in 

NIBSC cells than the parental mouse antibody ("S 5-fold difference) and the reduced 

neutralization was also evident in ATCC cells where the IC50 of chimeric E18 was — 2 fold higher 

than the parental antibody. Recombinant chimeric E19 containing VL+VH2 (SEQ ID NOs: 3 and 5) 

had the best activity as reflected by the low IC50 in both cell lines. 

As chimeric E18 neutralization activity was lower than the parental mouse antibody, a 

second recombinant chimeric E18 was generated by shortening the VL sequence. The new E18-

derived VL sequence, VL2, was provided in Table 4 (SEQ ID NO: 15). Expression of the new 

recombinant chimeric E18 antibody was completed in plant cells. The parental mouse E18 and 

both chimeric E18 antibodies were tested for their ability to neutralize EV71 in cell culture using 

Vero cells (Figure 8). Antibodies (Ab) were diluted and various concentrations, as shown on the 

x-axis, were assayed. For each antibody concentration, the percent reduction in viral plaques 

was determined (y-axis). The parental mouse E18 demonstrated the best neutralization activity 

at the lowest concentrations. Both chimeric E18 antibodies neutralized EV71 to a similar extent 

as illustrated by the nearly overlapping curves. 

As recombinant chimeric E19 was the most promising recombinant neutralizing 

antibody, further genetic manipulations were done within the variable framework regions of VL 
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and VH2 (SEQ ID NOs: 3 and 5) to generate recombinant fully humanized E19 monoclonal 

antibodies. Three versions of VL and three versions of VH2 were initially created by modeling 

human antibody framework and introducing specific amino acid substitutions into the mouse E19 

VL and VH2 framework regions. The six new fully humanized E19 VL- and VH2-derived sequences 

are provided in Table 4 (SEQ ID NOs: 16, 17, 18, 19, 20 and 21) and are labeled as hVL1, hVL2, 

hVL3, hVH1, hVH2 and hVH3 to distinguish them from the parental mouse VL and VH2 sequences 

(SEQ ID NOs: 3 and 5). Nine different combinations of E19-derived hVL and hVH were expressed 

as whole human IgG antibodies and each was tested for EV71 neutralization activity. As shown 

in Figure 9, all nine recombinant fully humanized E19 monoclonal antibodies were capable of 

neutralizing EV71. 

Table 8: Recombinant humanized E19 antibody neutralization profiles. 

Antibody SEQ ID NOs IC50 (#1) ng/mL IC50 (#2) ng/mL Average IC50 (ng/mL) 

Chimeric E19 3, 5 44.73 21.86 33.295 

hVL1 + hVH1 E19 16, 19 56.54 121.8 89.17 

hVL2 + hVH1 E19 17, 19 130 132 131 

hVL3 + hVH1 E19 18, 19 95.12 96.67 95.895 

hVL1 + hVH2 E19 16, 20 117.5 121.3 119.4 

hVL2 + hVH2 E19 17, 20 56.95 43.41 50.18 

hVL3 + hVH2 E19 18, 20 78.85 60.8 69.825 

hVL1 + hVH3 E19 16, 21 96.5 82.63 89.565 

hVL2 + hVH3 E19 17, 21 444.2 48.2 246.2 

hVL3 + hVH3 E19 18, 21 59.74 52.4 56.07 

Further when 1C5Os were extrapolated for each antibody, the three recombinant fully 

human antibodies with the best neutralization profile were hVL2+hVH2, hVL3+hVH3 and 

hVL3+hVH2 (SEQ ID NOs: 17, 18 20 and 21). Importantly, the 1C5Os of the three best 

recombinant fully human E19 antibodies were similar to the 1C5Os observed for the chimeric E19 

VL+VH2 antibody (Tables 7 and 8) and better than the parental mouse E19 antibody (Table 7). As 

hVL2+hVH2 consistently demonstrated the lowest IC50, it represents the best candidate for a 

therapeutic antibody as it is fully humanized and highly neutralizing. Interestingly, further 

examination of the hVH2 sequence revealed that the framework 3 region lacks an arginine 

residue found in many human VH framework 3 regions. In an effort to further optimize the 
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therapeutic potential of the hVL2+hVH2 E19 antibody a seventh sequence was generated that 

was derived from hVH2 but included the additional arginine residue in the correct position. This 

new sequence was provided in Table 4 (SEQ ID NO: 22) and was labeled hVH4. Expression of the 

new hVL2+hVH4 E19 antibody is complete and assessing antibody function is underway. 

In an effort to reduce the cost of therapeutic antibody manufacturing, expression of the 

recombinant antibodies was piloted in Nicotiana benthamiana plant cells. Specifically, chimeric 

VL2+VH E18 antibody (SEQ ID NOs: 15 and 2) and the recombinant fully humanized hVL2+hVH4 

E19 antibody (SEQ ID NOs: 17 and 22) were chosen for pilot plant cell expression. Plant 

transformation and expression was done as described in the methods and currently, over 300 

milligrams of each recombinant antibody have been purified. Functional assays assessing 

neutralization activity have been completed for the second E18 chimeric (Figure 8) and are 

underway for humanized E19. Based on the results for the second chimeric E18 plant cells 

represent a viable manufacturing platform for recombinant antibodies provided for in this 

application. 
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