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Human papillomavirus (HPV) is the well-known second most cause of cervical cancer in women worldwide. According to the 
WHO survey, 70% of the total cervical cancers are associated with types HPV 16 and 18. Presently used prophylactic vaccine for 
HPV contains mainly capsid protein of L1 virus like particles (VLPs). Correct folding of VLPs and display of neutralizing epitopes 
are the major constraint for VLP-based vaccines. Further, monoclonal antibodies (mAbs) play a vital role in developing therapeutics 
and diagnostics. mAbs are also useful for the demonstration of VLP conformation, virus typing and product process assessment as 
well. In the present study, we have explored the usefulness of mAbs generated against sf-9 expressed HPV 16 VLPs demonstrated 
as type-specific and conformational dependent against HPV 16 VLPs by ELISA. High affinity and high pseudovirion neutralization 
titer of mAbs indicated their potential for the development of prophylactic vaccines for HPV. Also, the type-specific and conforma-
tional reactivity of the mAbs to HPV 16 VLPs in sf-9 cells by immunofluorescence assay proved their diagnostic potential.
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Introduction

Human papillomavirus type 16 (HPV 16) has been reported 
as a major cause of a wide range of oncogenic malignan-
cies which includes cervical, anogenital, head, and neck 
cancers [1–3]. The high-risk HPV subtypes were identifi ed 
in almost all cervical cancers, and it was estimated that 
globally about 70% of cervical cancers are due to types 
16 and 18 HPV [4]. Its wide spread to various continents 
has become a major focus for the past two decades. The 
structure and biology of HPV has become a major chal-
lenge in understanding the disease. The sequence similar-
ity between the genome of different serotypes of HPV is 
liable in understanding the infection and pathogenesis of 
the disease. Conformational and type-specifi c character-
ized mAbs have been developed previously to various se-
rotypes of HPV to study the infection [5, 6]. Monoclonal 
antibodies (mAbs) have been widely applied to study the 
viral characteristics relating to their structure or host–cell 
interactions and in designing potential vaccines [7, 8].

Human papillomavirions are nonenveloped, icosa-
hedral, and smaller in size about 55 nm in diameter [9]. 
The capsid is made up of two viral proteins, a major L1 
capsid protein (53 to 57 kDa) and a minor L2 capsid pro-

tein (76 to 86 kDa). It has been proved that neutralizing 
epitopes are presented on the surface of L1 major capsid 
protein. Both conformational and linear epitopes have 
been identifi ed on the surface of HPV 16 VLPs. The major 
capsid proteins of HPV L1 are being capable of forming 
virus capsid in vitro by self-assembly into virus-like par-
ticles (VLPs). These VLPs are immunogenic in humans 
and are capable of inducing neutralizing antibodies [10, 
11]. Presently available prophylactic vaccines for HPV are 
composed of VLPs formed by self-assembly of the recom-
binant L1 capsid proteins of HPV 6, HPV 11, HPV 16, and 
HPV 18 [10, 12].

Monoclonal antibodies have been emerging as an im-
portant therapeutic modality for the treatment of cancer 
due to their high specifi city, low toxicity, and the ability 
to activate components of the immune system. Several re-
ports have demonstrated that monoclonal antibodies gen-
erated against HPV showed binding to the HPV VLPs of 
both conformational and linear epitopes. It is provided as 
a valuable tool for the immunological analysis of capsids 
and capsomeres which are produced by recombinant meth-
ods [13] and serological studies [14–16]. Neutralizing 
mAbs to HPV are mostly type-specifi c and conformation-
dependent due to the hypervariable nature of their respec-
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tive epitopes, which typically reside in the surface-exposed 
loop regions of the L1 protein [6, 11, 17, 18]. Most of the 
cross-reactive mAbs were generally found to be non-neu-
tralizing as described previously [17, 19].

The present study describes the detailed character-
ization of mAbs developed against HPV 16 VLPs. The 
mAbs were characterized using a panel of tests includ-
ing antigen-specifi c enzyme-linked immunosorbant assay 
(ELISA), neutralization and immunoassay. Selected mAbs 
were found to be conformational-specifi c and has shown 
potent neutralization toward HPV 16.

Materials and methods

Production of HPV 16 VLPs using baculo viral system

HPV 16 VLPs were produced using sf-9 insect cells, ac-
cording to Shang-Zhong et al. and Zheng et al. [20, 21].

Production of monoclonal antibodies

Four- to six-week-old female Balb/c mice were immu-
nized (2 μg/dosage/animal) with recombinant HPV type-
16 (VLPs) expressed in sf-9 (Spodoptera frugiperda) cells 
according to Le Cann et al. [22]. Fused hybrids were gener-
ated by the conventional hybridoma production techniques 
[23]. Two rounds of limiting dilution were performed to 
establish the monoclonality of the progeny hybridomas. 
Different ELISAs were performed for the selection of best 
reacting mAbs against HPV 16 VLPs.

Specificity of mAbs to conformational VLPs by ELISA

The type-specifi c and conformational reactivity of the 
mAbs was performed by HPV VLP ELISA [24]. Briefl y, 
HPV VLPs 16, 18, 31, and 52 (100 ng/well) were coated 
onto Maxisorp™ 96-well microtiter plates (Nunc, Den-
mark) in PBS (pH 7.2) and incubated at 4 °C for overnight. 
The free sites were blocked using 2% (w/v) skimmed milk 
solution in PBS containing 0.05% (v/v) Tween-20 (PBST), 
at 37 °C for 2 h. ELISA plates were washed thrice with 
PBST. 100 μl of culture supernatants of mAbs were added 
and incubated at 37 °C for 2 h. After incubation, plates 
were washed and incubated at 37 °C for 1 h with the 
secondary conjugate, sheep anti-mouse IgG peroxidase 
(1:25,000) (Sigma-Aldrich). The reaction was developed 
with 3,3´,5,5´-tetramethylbenzidine (TMB, Sigma-Al-
drich, USA). Absorbance was read at 450 nm using ELISA 
plate reader (Molecular Devices, USA). Immunized mice 
sera and conformational type-specifi c antibodies were 
used as positive controls (H16V5, H18J4, H31A6, H52B4) 
(kindly provided by Professor Neil D. Christensen, Gittlen 
Cancer Research Foundation, Pennsylvania State Univer-
sity, Hershey, PA, USA).

Binding activity of mAbs to linear epitopes by ELISA

All mAbs were tested for their reactivity toward linear epi-
topes of HPV 16 VLPs by ELISA according to Rao et al. 
[24]. Briefl y, HPV VLPs 16, 18, 31, and 52 (100 ng/well) 
were coated onto Maxisorp™ 96-well microtiter plates in 
carbonate buffer (pH 9) and incubated at 4 °C overnight. 
The unbound free sites were blocked using 2% (w/v) 
skimmed milk solution in PBS and incubated, at 37 °C for 
2 h. ELISA plates were washed thrice with PBST. 100 μl 
of selected mAbs culture supernatants were added and in-
cubated at 37 °C for 2 h. Conformational and type-specifi c 
antibodies H16V5, H18J4, H31A6, and H52B4 were used 
as a positive control for this test. After incubation, plates 
were washed with PBST and incubated at 37 °C for 1 h 
with sheep anti-mouse IgG peroxidase (1:25,000) (Sigma-
Aldrich). The reaction was developed with the TMB sub-
strate and absorbance was read at 450 nm using ELISA 
plate reader.

Binding activity of mAbs to capsomeres
by L1-GST capture ELISA

The L1-GST ELISA was performed to determine the bind-
ing activity of mAbs to capsomeres according to Chen et 
al. [18]. Briefl y, glutathione-coupled casein was coated 
using carbonate-bicarbonate buffer at 200 ng/well in a 
Maxisorp™ 96-well Microtiter. The plates were incubat-
ed overnight at 4 °C. The plates were washed thrice with 
PBS containing 0.05% (v/v) Tween-20 (PBST), and the 
unbound active surface in the wells were blocked using 
2% (w/v) casein in PBST for 2 h at 37 °C. The ELISA 
plates were washed thrice with PBST, and HPV 16 L1-
GST proteins (400 ng/well) were captured by incubating 
with the casein glutathione at 37 °C for 1 h. The plates 
were washed as mentioned above and 100 μl of mAbs cul-
ture supernatants along with positive control immunized 
mice sera (IMS) was added and incubated at 37 °C for 1 h. 
The plates were washed, and sheep anti-mouse IgG HRPO 
conjugate (1:25,000; Sigma-Aldrich) was added and in-
cubated for 1 h at 37 °C. After incubation, the reaction 
was developed using H2O2 (0.03%, v/v) as a substrate and 
TMB as the chromogen. The reaction was stopped after 
10 minutes with 1.25M sulphuric acid. Absorbance was 
read at 450 nm using ELISA plate reader.

Immunoblotting

Baculo-expressed L1 capsid protein of HPV16 VLPs 
was fractioned on 12% sodium dodecyl sulphate-poly-
acrylamide gel electrophoresis under denaturing condi-
tions. The proteins were electrophoretically transferred 
onto polyvinylidene fl uoride (PVDF) membrane (Immob-
ilon-P, Millipore) using standard techniques. The unbound 
active surfaces of the PVDF membrane were blocked with 
5% (w/v) skimmed milk powder in PBST at 37 °C for 
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2 h. The membrane was washed and incubated with the 
mAbs culture supernatant at 37 °C for 2 h. After incu-
bation, membrane was washed and incubated with anti-
mouse IgG HRPO conjugate (1:10,000) (Sigma-Aldrich) 
at 37 °C for 1 h. The reaction was visualized with diamino 
benzidine tetrahydrochloride (DAB) (Sigma- Aldrich) 
chromogen.

Pseudovirion neutralization assay

The neutralizing abilities of the antibodies were performed 
by in vitro pseudovirion neutralization method according 
to the procedures described previously [25, 26]. Briefl y, 
HPV pseudovirions (PsV) were pre-treated with the cul-
ture supernatants of the respective mAbs at 4 °C for 1 h 
and incubated with the human embryonic kidney HEK-293 
TT (Invitrogen) cells at 37 °C for 72 h. The mAb H16V5 
was used as a positive control for this test. The reduction in 
secreted alkaline phosphatase (SEAP) ( Clonetech, USA) 
activity was measured using an MLX microplate lumi-
nometer (Beckman, USA).

Isotyping

Isotyping analysis of the mAbs was performed to identify 
the monoclonality of the clones using Isostrips method 
(Roche) as per the manufacturer’s instructions. In detail, 
150 μl of mAb culture supernatants were added into indi-
vidual tubes which had colored latex beads and agitated so 
that the beads are completely resuspended. The isostrips 
were positioned in each tube and were observed for 5 min. 
The strips were then observed for the blue bands at the 

places indicated for light chain type and different subclass-
es of heavy chain.

Indirect immunofluorescence assay

HPV VLP type 16 expressing sf-9 cells were cultured as 
monolayers in Labtek culture slides (Nunc) with Grace’s 
insect cell culture media (Invitrogen) at 37 °C and main-
tained at 5% CO2 for 48h. The cells were fi xed using 10% 
methanol in PBSA and washed with PBS. The mAbs cul-
ture supernatants 100 μl were added to the cells and incu-
bated at 37 °C for 1 h. Later, the cell monolayer was washed 
with PBS and incubated with sheep anti-mouse IgG FITC 
(Fluorescein Isothiocyanate) at a dilution of 1:50 (Sigma-
Aldrich) with Evan’s blue (1:2000) (Sigma-Aldrich) and 
incubated at 37 °C for 1 h. Culture slides were washed and 
observed under a fl uorescent microscope.

Results

The hybrid clones were produced by fusion of hyper- 
immunized mice splenocytes and the mouse myeloma 
partner SP2/0. The monoclonality of the hybrids was es-
tablished by two rounds of conventional limiting dilution. 
Seven monoclones were selected based on the binding 
 activity as indicated by ELISA for further study.

Reactivity of mAbs to conformational VLPs

The clones selected in the study have demonstrated high 
reactivity toward HPV 16 VLPs. All the mAbs (1E3.1C, 

Fig. 1. Specificity of mAbs to conformational VLPs of HPV 16, 18, 31, and 52 by indirect 
ELISA
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1G10.1C, 2C5.1C, 5E3.1C, 5E6.1C, 11E9.1C, and 
13B6.1C) were found to be highly type-specifi c and rec-
ognized conformational-dependent epitopes of HPV 16 
VLPs. The selected mAbs did not show cross-reactivity 
with other VLPs of HPV 18, 31, and 52. Among all the 
mAbs, only one mAb 1G10.1C had shown high reactivity 
to HPV 16 VLPs. The positive control, immunized mice 
sera (IMS), showed a broad reactivity with all VLPs, and 
conformational reactive control mAbs (H16V5, H18J4, 
H31A6, H52B4) showed specifi c reactivity with their re-
spective VLPs (Fig. 1).

Reactivity of mAbs to Linear VLPs

All the mAbs were tested for their ability to detect the linear 
or the denatured forms of different HPV VLPs by indirect 
ELISA. All the seven mAbs (2C5.1C, 1G10.1C, 2C5.1C, 
5E3.1C, 5E6.1C, 11E9.1C, and 13B6.1C) did not show any 
cross-reactivity to L1 proteins of HPV 16, 18, 31, and 52. 
The positive control, IMS, showed a broad reactivity with 
all linear VLPs. The positive conformational reactive mAbs 
(H16V5, H18J4, H31A6, and H52B4) did not show specifi c 
reactivity with their respective linear VLPs (Fig. 2).

Fig. 2. Specificity of mAbs to linear proteins (L1) of HPV 16, 18, 31, and 52 by indirect 
ELISA

Fig. 3. Capsomere reactivity of mAbs demonstrated by HPV L1-GST ELISA
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Reactivity of mAbs to native L1 epitopes
by L1-GST ELISA

The HPV16 L1-GST fusion protein was produced in 
E. coli (data not shown) and further used in ELISA as 
capsomeres. The identifi ed type-specifi c and confor-

mational-dependent mAbs did not react with L1-GST 
proteins of HPV 16, 18, 31, 45, and 52 as indicated by 
ELISA. Positive control IMS showed a broad cross-
reactivity with all HPV 16, 18, 31, 45 and 52 L1-GST 
proteins. Based on the above results, all the mAbs were 
identifi ed as conformational-dependent (Fig. 3).

Fig. 4. HPV 16 mAbs reactivity toward baculo expressed L1 proteins. Lanes 1–8 are 
mAbs (1E3.1C, 1G10.1C, 2C5.1C, 5E3.1C, 5E6.1C, 11E9.1C, 13B6.1C, and H16V5),
lane 9 is immunized mouse sera and lane 10 is PBST

Fig. 5. The neutralizing activity of the mAbs as demonstrated by the pseudovirion neu-
tralization assay against HPV 16
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Western blot analysis

The linear reactivity of the mAbs was tested with the dena-
tured form of HPV 16 L1 proteins by immunoblot analy-
sis. The type-specifi c and conformational reactive mAbs 
(1E3.1C, 1G10.1C, 2C5.1C, 5E3.1C, 5E6.1C, 11E9.1C 
and 13B6.1C) did not show reactivity toward L1 linear 
proteins of HPV 16. IMS was used as a positive control 
which showed good reactivity with the denatured form 
of HPV 16 L1 proteins in the western blot (Fig. 4).

Neutralization efficiency of mAbs
to HPV 16 pseudovirions

The mAb 1G10.1C was selected for further study based 
on the binding activity to determine the neutralizing 

activity against HPV 16 Pseudovirion neutralization 
(HPV 16 PsVs). It is the most widely used method to 
analyze the neutralization abilities of antibodies to HPV 
capsids. The neutralizing ability of the mAbs toward 
HPV VLPs is very important in qualitative and quan-
titative analyses of the antigen in VLP-based vaccines. 
The prerequisite of these assays in estimating the neu-
tralization abilities of the antibodies has been previously 
described by Roden et al., Christensen et al., and Yeger 
et al. [11, 27, 28]. Mature culture supernatants of the 
mAbs (1:1000 dilution) were tested with HPV 16 pseu-
dovirions (PsVs). The mAbs 1G10.1C and 2C5.1C have 
shown a higher titer of 2 × 105, and other mAbs 1E3.1C, 
5E3.1C, 5E6.1C and 13B6.1C were also neutralized 
when compared with the positive control mAb H16V5 
showed a titer of 1 × 105. The mAb 11E9.1C showed 
lower titer of 5 × 104 (Fig. 5).

Fig. 6. Demonstration of immunofluorescence shows the ability of the conformational type-specific reactivity of mAb toward 
intact HPV VLPs expressed in sf-9 cells. (A) 1G10.1C (B) 2C5.1C (C) 1E3.1C (D) 5E3.1C (E) 5E6.1C (F) 11E9.1C (G) 13B6.1C 
(H) H16V5 (I) only sf-9 cells with evan’s blue without antibody (J) only sf-9 cells without evan’s blue and antibody
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Isotype analysis of mAbs

The isotyping of the monoclones was analyzed to fi nd the 
sub-class of immunoglobulin of the antibodies. All the 
tested monoclones were identifi ed as sub-class of IgG 
( Table 1).

Indirect detection of intact HPV VLPs

The mAbs were analyzed for the ability to detect the intact 
HPV VLPs (capsids) in native state by an indirect immu-
nofl ourescence assay. All the mAbs were able to detect the 
HPV 16 VLPs inside the insect cells (sf-9) upon infection 
with recombinant baculovirus. The mAb 1G10.1C and 
2C5.1C have shown good fl uorescence reactivity com-
pared with the other fi ve mAbs 1E3.1C, 5E3.1C, 5E6.1C 
and 13B6.1C toward the HPV 16 VLPs in their conforma-
tional state (Fig. 6).

Discussion

HPV infection is the most common sexually transmitted 
disease and several high-risk types have been strongly 
associated with different genital malignancies. The bi-
ology and structure of HPV have often made it diffi cult 
to characterize the etiological agent. Recombinantly ex-
pressed VLPs closely resemble as infectious particles by 
ultrastructural studies [29]. The advantage of papilloma 
virus (PV) VLPs is the correctly assembled viral surface 
con formational epitopes structure that is involved in trig-
gering virus neutralizing antibodies [10, 29–31]. Type-
specifi c and conformational reactive mAbs are helpful in 
understanding the structure of HPV and pathogenesis of 
the disease [7, 8]. In vaccine industries, mAbs are useful 
for making potential recombinant vaccines by modifying 
with antibody-reacting neutralizing epitopes. The produc-
tion of type specifi c mAbs would require rigorous screen-
ing strategies owing to the high percentage similarity 
shared between serotypes of HPV [2]. The VLP ELISAs 
have been identifi ed as the core for HPV antibody screen-
ing systems [10, 6]. In the present study, we developed 
a panel monoclonal antibodies against baculo-expressed 
HPV 16 VLPs [10, 29, 32].

Table 1. Isotyping of HPV 16 mAbs as heavy chain
and light chain

S. No MAb ID Heavy chain Light chain

1 1E3.1C IgGl kappa
2 1G10.1C IgGl kappa
4 2C5.1C IgGl kappa
5 5E3.1C IgG2a kappa
6 5E6.1C IgG2a kappa
7 11E9.1C IgGl kappa
8 13B6.1C IgGl kappa

Monoclonal antibodies for HPV 16 VLPs have been 
primarily screened for their reactivity toward HPV 16 
VLPs by using VLP ELISAs and L1-GST ELISA. Based 
on the reactivity, two mAbs, 1G10.1C and 2C5.1C, were 
identifi ed as the most type-specifi c and conformational-
dependent and highly reactive in a VLP-based ELISA 
similar to that of the mAb H16V5. Our results showed 
that selected mAbs reacted well with intact VLPs but 
not with the denatured VLPs, and the results are in good 
agreement with that of Rizk et al. [8]. Consistent with 
previous reports of other type-restricted and conforma-
tion-dependent VLP mAbs. Further, all the mAbs were 
tested for the neutralizing ability by PsVs. Among all 
the mAbs tested, only 1G10.1C and 2C5.1C mAbs have 
shown high neutralization titer and equally prevented 
virus infection in HPV 16 pseudovirion neutralization 
assay. Both the mAbs exhibited very high neutralizing 
titers of 2 × 105. The high neutralizing mAbs would be 
helpful in producing effi cacious prophylactic vaccines 
[27, 33] and as possible treatment options for HPV-re-
lated malignancies. The type-specifi c reactivity of mAbs 
to HPV 16 VLPs in permeabilized sf-9 cells was visu-
alized by immunofl uorescence staining. It has indicated 
that the formation of intact VLPs by perfect assembling 
of HPV 16 L1 in sf-9 cells suggests that they may also be 
useful in virus–host interaction studies and diagnosis of 
HPV16-related infections [7, 34, 35].

Conclusion

HPV 16 is the most common etiology for cervical cancer 
in the world. This study provides an insight into the mono-
clonal antibodies reacting to conformational-dependent 
and neutralizing epitopes of HPV 16. The high pseudo-
virion neutralization of the mAbs 1G10.1C and 2C5.1C 
against HPV 16 pseudovirions (PsVs) may provide further 
application in the production of effi cacious vaccines. Also 
these two mAbs can be explored in various fi elds, viz., di-
agnostics, therapeutics, apart from viral kinetics and epi-
demiological studies.
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