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ABSTRACT

Background: Cervical cancer caused by human papillomavirus (HPV) infections is one of the most common
cancers affecting women worldwide. Current preventative HPV vaccines on the market are composed of HPV
L1 protein produced either in the yeast such as Gardasil or in the insect cells such as Cervarix. The duration
of efficacy and cross-protection remain highly desirable for the improvement of current prophylactic HPV
vaccine. Given that HPV carries out infection and replicates in mammalian cells, L2 protein, which is not
included in the current licensed vaccines, is included in the third generation of HPV vaccine in pursuing of
providing broader prevention. We hypothesize that a virus-like particle (VLP) consisting of HPV L1 plus L2
proteins generated in mammalian cells will present conformations more closely to native HPV, thus it will
provide more durable and broader efficacy of prevention.

Methods: We took advantage of 293TT cells to produce VLP containing L1 and L2 proteins of HPV16 and
HPV18, respectively.

Results: VLP particles of uniformed size and morphology were observed, and potent and broadly neutralizing
antibodies were induced in mice and rabbits. In addition, compared to bivalent HPV vaccine of Cervarix, our
HPV L1-L2 VLPs elicited higher titer of anti-sera, and the anti-sera also presented comparable neutralization
potency against HPV16 and HPV18 infections even a much less potent adjuvant was used in our case.

Conclusion: Our VLPs were capable of eliciting stronger and more broadly neutralizing activities against
various HPV subtypes and were potential candidate HPV vaccines.

Statement of Significance: VLP containing L1 and L2 proteins were generated in mammalian cells. Potent
and broadly neutralizing antibodies against HPV were induced by our VLPs. Compared to bivalent HPV
vaccine of Cervarix, our HPV VLPs induced higher titer of anti-sera.
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INTRODUCTION

Cervical cancer is one of the most common cancers in
woman with an estimated 530 000 new cases worldwide

every year [1]. Cervical cancer is caused by persistent cervi-
cal infection of high-risk (human papillomaviruses) HPVs
[2–4]. Though HPV vaccine has provided high degrees of
protection, the duration of efficacy and cross-protection
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remains highly desirable for the improvement of current
prophylactic HPV vaccines [5].

HPVs are small, nonenveloped viruses containing 2
structural proteins, L1 and L2, forming the viral capsid
with 50–55 nm in diameter. Each viral particle contains
360 copies of the major capsid protein L1 and 72 copies
of the minor capsid protein L2 [6, 7]. L1 and L2 together
form a viral ectodomain glycoprotein that mediates viral
entry and thus are the targets for prophylactic vaccine
development [8].

Vaccines have demonstrated high degrees of efficacy in
the prevention of HPV transmission. The first-generation
licensed vaccines, Gardasil and Cervarix, were developed
by Merck and GlaxoSmithKline (GSK), respectively [5].
Gardasil is constituted of virus-like particles (VLPs)
containing L1 proteins of HPV6, HPV11, HPV16 and
HPV18 and could provide protection against the infection
of HPV6/11/16/18. HPV16/18 infection causes approxi-
mately 70% of cervical cancer. HPV6 and HPV11 account
for approximately 90% of external genital warts [9–11].
Cervarix was based on VLPs containing L1 proteins
of HPV16 and HPV18, which could prevent HPV16/18
infection [12, 13]. L1 protein of Gardasil and Cervarix
was produced in the yeast and insect cells, respectively.
Gardasil uses alum as adjuvant in its formulation, while
Cervarix uses AS04, a proprietary adjuvant composed of
alum plus monophosphoryl lipid A (a detoxified form
of lipopolysaccharide). Head-to-head trials of Gardasil
vs Cervarix in women suggested that significantly higher
antibody titer was induced for Cervarix than Gardasil [14].
Gardasil protection against HPV16/18 infections could last
at least 5 years while Cervarix protected against HPV16/18
infections for more than 10 years. In addition, Cervarix
could provide cross-protection against high-risk HPV31/45
infection as compared to Gardasil that does not [15].
The application of both first-generation HPV vaccines
significantly reduced HPV16/18 infection. The two HPV
vaccines were highly immunogenic, had an excellent safety
profile and had conferred complete type-specific protection
against persistent infection and associated lesions in fully
vaccinated women [16].

The second-generation vaccine, Gardasil 9 developed
by Merck, prevent nine types of HPV infection including
HPV6/11/16/18/31/33/45/52/58 [17]. Long-term follow-up
studies are ongoing to evaluate immunogenicity, safety
and effectiveness of 9vHPV [18]. Immunization with L2
peptides or proteins elicited cross-reactive, neutralizing
antibodies, making L2-based immunogen as a promising
candidate for the third-generation HPV vaccine [5, 8,
19, 20]. In order to improve the duration and the cross-
protective of neutralizing antibodies induced by HPV
vaccine, we hypothesized that HPV L1 plus L2 proteins
generated by mammalian cells will present conformation
more closely to native HPV virus, thus it will provide more
durable and broader prevention than the currently licensed
HPV vaccines from other expression systems. In this study,
we exploited 293TT cells to produce VLP containing L1
plus L2 proteins (L1-L2 VLPs) of HPV16 and L1-L2 VLPs
of HPV18. L2 protein was introduced into VLP, expectedly
to form L1/L2 VLP with more stable and size consistent
VLPs and to induce cross-neutralizing antibodies. The

consistent VLP morphology was observed under electron
microscopy and the immunogenicity was evaluated in mice
and rabbits, in which potent and broadly neutralizing anti-
bodies were induced. Because head-to-head trials of Cer-
varix vs Gardasil demonstrated that Cervarix was superior
to Gardasil with the regard of geometric mean titers (GMT)
and seropositivity retention [14], Cervarix was chosen for
the head-to-head comparison of Cervarix vs our HPV16/18
L1-L2 VLPs. Compared to Cervarix, our HPV L1-L2
VLPs elicited higher titer of anti-sera, and the anti-sera
also present comparable neutralization potency against
HPV16 and HPV18 infections, indicating the potentially
longer duration of protection; in addition, it also inhibited
HPV31 and HPV45 infection while Cervarix showed little
inhibitory activity. Taken together, our study suggests that
our HPV16/18 L1-L2 VLPs expressed in mammalian cells
is a potential HPV vaccine candidate, probably with longer
duration and more broadly neutralizing activity.

MATERIALS AND METHODS

HPV VLP preparation

HPV VLP was prepared as previously described [21] with
the following modifications. In brief, L1-L2 expression
plasmid (Addgene, Watertown, MA, USA) mixed with
TurboFect Transfection Reagent (R0531, Thermo Fisher
Scientific, Waltham, MA, USA) was transfected into
293 TT cells (Supplementary Fig. 1). Producer cells were
collected by trypsinization about 48 hours after transfec-
tion. After centrifugation, the cell pellet was suspended
at approximately 100 million cells per ml in lysis buffer.
Cell lysate was incubated at 37oC for at least 16 hours and
then chilled on ice for 5 min. The matured lysate on ice
was incubated for 15 min with the final concentration of
850 mM NaCl. After centrifugation, the supernatant was
transferred for OptiPrep (D1156, Sigma-Aldrich, St.Louis,
Missouri, USA) gradient purification at 40000 rpm/min
for 4.75 hours. Different fractions were collected for
verification.

Ultrastructural negative staining

The purified VLPs were prepared for electron microscopy
negative staining analysis according to a standard two-
step negative staining method using phosphotungstic acid
(Macklin P829844-5g) as contrasting agent. Briefly, a drop
of the sample was added on a nickel grid (400 mesh)
with carbon-coated formvar film (BZ1102, Electron
Microscopy China, Beijing, China) for 5 min at room
temperature to allow adsorption of the sample. Excess
solution was removed, and the sample was left to air dry
for less than 2 min. The grid was briefly (less than 30 sec)
placed on a drop of distilled water to remove salts and
was then transferred onto a drop of stain consisting of
2% phosphotungstic acid (w/v) for 4 min. After the grid
was blotted dry, it was left to dry completely (more than
10 hours) and examined under electron microscopy of
JEM-2100. Representative fields were imaged at standard
50, 100 and 200 K original magnifications.

https://academic.oup.com/abt/article-lookup/doi/10.1093/abt/tbz004#supplementary-data
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Animal immunization

The immunization was conducted according to our previ-
ous protocols with the following modifications [22]. Briefly,
6–8 week female mice or 2–2.5 kg New Zealand rabbits
received immunizations with purified VLPs prepared in
complete Freund’s adjuvant (Sigma-Aldrich), followed by
4 boots 3, 6, 9 and 12 weeks later in incomplete Freund’s
adjuvant (Sigma-Aldrich). Blood were collected 1 week
after every boost immunization. Alternatively, in the head-
to-head comparison of Cervarix vs our HPV VLPs, 20 μg
HPV16 VLP and 20 μg 18 VLP were mixed with 0.5 mg
aluminum hydroxide (Sigma-Aldrich) in our HPV VLPs.
Rabbits were given the same dose of our HPV VLPs and
Cervarix with the adjuvant of AS04 (purchased from GSK,
Middlesex, United Kingdom) according to the manufac-
turer’s protocols of GSK. Rabbits were administered with
antigen at 0, 4 and 10 weeks. Sera were collected 1 week
after every boost immunization.

ELISA for characterizing sera titer

Anti-sera titer was assessed by ELISA as previously
described with the following modifications [23]. In brief,

HPV L1 protein (Abcam, Cambridge, MA, USA) was
coated in high-affinity, protein-binding ELISA plates
(Corning, Corning, New York, USA) at 4oC overnight
or 37oC for 2 hours. After washing, blocking buffer with
5% non-fat milk in PBS was added for 1 hour at 37oC.
Serially diluted sera were added, followed by secondary
antibodies anti-mouse IgG or anti-rabbit IgG with HRP
(Sigma-Aldrich). The color reaction was developed with
addition of 3,3′,5,5′-tetramethylbenzidine (Sigma-Aldrich)
substrate at 37oC for 30 min and stopped by 10 μl 0.2 M
H2SO4. Optical densities were measured at 450 nm using
Infinite 200 (Tecan, Ramsey, MN, USA). Serum antibody
titers were defined as the highest dilution where the diluted
sample produced at least 2.1-folds greater optical density
readout than that of the control serum sample at the same
dilution.

SDS-PAGE and western blotting

Purified protein was separated by electrophoresis in a
7.5–12% polyacrylamide gel. The separated proteins were
revealed by either Coomassie blue or transferred to PVDF
membrane. The membrane was first blocked and then

Figure 1. The characterization of L1-L2 proteins by SDS-PAGE and western blotting. (A and B) Purified L1 and L2 proteins were separated by SDS-PAGE
and stained with Coomassie blue R-250. (C and D) After SDS-PAGE, proteins were transferred onto blotting membranes and probed with respective
antibodies specific for HPV16 (Anti-HPV16 L1 antibody) and HPV18 (Anti-HPV18 L1 antibody).
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incubated at 4oC overnight or 37oC for 1 hour with the
diluted plasma or antibody (anti-HPV16 L1 antibody;
ab69, Abcam; anti-HPV18 L1 antibody; ab31492, Abcam),
followed by a secondary antibody of either anti-mouse IgG
or anti-rabbit IgG with an IRDye 800CW (catalog 926-
32232, Rockland, Li-COR, Lincoln, NE, USA). Protein
bands were visualized using Odyssey Image System (Li-
COR, Lincoln, NE, USA).

HPV neutralization assay

HPV neutralization was conducted as previously described
with the following modifications [21]. Briefly, 30 000
293TT cells were seeded in a 96-well cell culture plate.
HPV pseudovirus mixed with various serial dilutions
of antibodies or anti-sera was added in triplicate. After
72 hours incubation at 37oC, 50 μl cell supernatant
was transferred to test the activity of Secreted Alkaline
Phosphatase (SEAP). The inhibitory dose of 50% (ID50)
or inhibitory concentration of 50% (IC50) titers was
calculated based on the standard algorithm published
previously [24].

Statistics

Graphs were generated with GraphPad Prism 5.01 soft-
ware (GraphPad Software, San Diego, CA, USA). Two-
tailed Student’s t-tests were used for group comparisons.
P < 0.05 was considered statistically significant with
necessary mean ± Standard Error of Mean (SEM) or
mean ± Standard Deviation (SD).

Ethics

The study and the protocol for this research were approved
by the Center for Public Health Research, Medical School,
Nanjing University. All the authors declare their compli-
ance with publishing ethics.

RESULTS

Production and analysis of purified HPV16/18 L1-L2
protein

L1-L2 proteins of HPV16 and HPV18 were produced
by transfecting plasmids encoding HPV16/18 L1-L2 into
293TT cells, respectively. In order to evaluate L1-L2
protein, SDS-PAGE and western blotting were used to
characterize the proteins of three batches. L1 (55 kDa)
and L2 (64–78 kDa) bands were identified as predicted
molecular weights, and proteins from each batch were
consistent, indicative of the purity of the L1 and L2 proteins
greater than 90% (as estimated by Coomassie brilliant blue
staining; Fig. 1A and B). These bands were confirmed by
western blotting (Fig. 1C and D). These results indicate
that the purified L1-L2 protein of HPV16 and HPV18
were generated in mammalian cell of 293TT with high
purity. Very similar SDS-PAGE and western blot patterns
were observed for all batches suggesting that the process
consistently produced highly pure L1 and L2 proteins of
HPV16/18.

Structural characterization of HPV16/18 L1-L2 VLPs

The morphology and homogeneity of VLPs were the
important indications of the efficacy for HPV vaccine for
inducing neutralizing antibodies against conformational
epitope [25, 26]. The structure of mammalian cell-produced
HPV16/18 L1-L2 proteins was analyzed by negative
staining electron microscopy. L1-L2 proteins of HPV16 and
HPV18 were assembled as VLPs at the end of the multi-step
purification process. For both types, the great majority of
VLPs appeared spherical with a diameter of around 50 nm
(Fig. 2) and displayed typical HPV VLP morphology as
previously published [5, 27]. The mammalian cell-produced
L1-L2 VLPs exhibited high homogeneity, indicating
potentially improved immunogenicity.

Figure 2. Electron microscopy negative staining image showing HPV-16 VLPs and HPV-18 VLPs from L1-L2 VLP proteins at different scales as indicated.
Representative fields were imaged at standard 50, 100 and 200 K original magnifications.
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Figure 3. Immunogenicity of HPV16 and HPV18 VLPs. L1 was coated for ELISA detection.(A) The schedule of immunization; the titer of the anti-sera
induced by VLP-HPV16 (B) and VLP-HPV18 (C) in mice receiving 50 μg HPV L1-L2 VLPs. X -axis represented the immunization times; Y -axis was the
anti-sera dilution fold. The titer of anti-sera induced by VLP-HPV16 (D) and VLP-HPV18 (E) in rabbits receiving 100 μg HPV L1-L2 VLPs immunization.

Immunogenicity analysis in rabbits and mice

In order to analyze the immunogenicity of the mammalian
cell-produced HPV16/18 VLPs, mice and rabbits were
immunized as the regimen indicated in Fig. 3A. Anti-sera
were collected and analyzed (Fig. 3A). The mean titers
of murine anti-sera against HPV16 L1 and HPV18 L1
proteins were 243 000 and 6 561 000, respectively (Fig. 3B
and C). The mean titers of rabbit anti-sera against HPV16
and HPV18 L1 proteins were 2 187 000 and 19 683 000,
respectively (Fig. 3D and E). These results indicate that
high titers of anti-sera against L1 protein of HPV16/18
were induced by our HPV16/18 L1-L2 VLPs in both mice
and rabbits after five immunizations.

Neutralizing activities of anti-sera induced by VLPs
of HPV

HPV vaccines developed by GSK Biologicals and Merck all
indicated that the in vitro titers of neutralization antibody
were highly correlated with protection [5, 15]. Thus, neu-
tralization assay was conducted to evaluate the rabbit anti-
sera induced by our HPV16/18 L1-L2 VLPs. HPV16 L1-L2
VLPs induced high titers of neutralizing anti-sera against
HPV16 infection in rabbits (ID50, >1.0 × 106 dilution and

ID90, >1.0 × 105 dilution); in addition, one rabbit anti-
serum induced by HPV16 L1-L2 VLP could inhibit HPV45
infection at the ID50 of 250 sera dilution; however, it failed
to neutralize HPV18 and HPV31 infections, suggesting
the induction of highly type-specific neutralizing activity
(Fig. 4). With the similar results of anti-sera induced by
HPV16 L1-L2 VLP, the anti-sera induced by HPV18 L1-
L2 VLP also exhibited robust inhibitory activity against
autologous HPV18 infection (ID50, >1.0 × 106 dilution
and ID90, >1.0 × 106 dilution; Fig. 4). Interestingly, anti-
sera from both rabbits also prevented HPV31 infection
(ID50 = 2.76 × 105 and ID50 = 2.99 × 103; Fig. 4). In order
to confirm the anti-sera neutralization result, purified anti-
body from these anti-sera was used to further evaluate the
neutralization against HPV infection. The results of puri-
fied antibody were consistent with the results of anti-sera
inhibition of HPV infection (Supplementary Fig. 2). Inter-
estingly, the IC50 of heparin (H4784, Sigma-Aldrich), one
of the drugs used in the treatment of HPV infection serving
as the positive control, in inhibiting HPV16 infection was
25200 ng/ml, much higher than the IC50 of both HPV16 L1-
L2 VLP-induced antibodies at 2.774 and 5.06 ng/ml. The
IC50 of heparin at 24890 ng/ml against HPV18 infection
was also much higher than the IC50 of 5.25 and 8.148 ng/ml
of both antibodies. In another word, compared to the hep-
arin control, the HPV16/18 L1-L2 VLP-induced antibodies

https://academic.oup.com/abt/article-lookup/doi/10.1093/abt/tbz004#supplementary-data
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Figure 4. The neutralization end-point of the anti-sera. Green line was labeled as rabbits receiving HPV16 L1-L2 VLPs immunization; blue line was labeled
as rabbits receiving HPV18 L1-L2 VLPs immunization; and black line was labeled as rabbits receiving PBS immunization. The end-point of the anti-sera
from different groups inhibited the infection of HPV16 (A), HPV18 (B), HPV31 (C) and HPV45 (D), respectively. (E) Summary of the neutralization titers
(IC50 and/or IC90) of the anti-sera against different subtypes of HPV.

are at least three orders of magnitude more potent in neu-
tralizing the viral infection (Supplementary Fig. 2). In con-
clusion, robust neutralizing anti-sera and antibodies were
elicited by our HPV16/18 L1-L2 VLPs (Supplementary Fig.
2). It is interesting that HPV16 is genetically much more
close to HPV31 and HPV18 much more close to HPV45;
they did not show any preferential neutralization against
these two strains.

Head-to-head comparison of Cervarix vs HPV16/18
VLPs

Head-to-head trials of Cervarix vs Gardasil demonstrated
that Cervarix was superior to Gardasil with the regard
of GMT and seropositivity retention [14]. Thus, Cervarix
was chosen for the head-to-head comparison of bivalent
HPV vaccine Cervarix vs our HPV16/18 VLPs in rabbits.
In order to compare the HPV16/18 VLPs with Cervarix
based on insect cell-produced HPV16/18 L1 VLP by

GSK, the same dosage and immunization regimen were
conducted (Fig. 5A). Though the adjuvant of AS04 in
Cervarix was better than alum adjuvant in our VLPs
[28], the titers of the anti-sera induced by VLPs were
higher or at least comparable at the end of the second
immunization and the third immunization (Fig. 5B–E). In
addition, the second anti-sera induced by VLPs still
exhibited comparable potency of neutralizing activity
against HPV16 and HPV18 infections as compared with
that of Cervarix (Fig. 6A and B). In addition, anti-sera
induced by the VLPs showed significantly higher potency
of inhibition against HPV31 and HPV45 infections than
the anti-sera induced by Cervarix (Fig. 6C and D). The
third anti-sera showed the similar neutralization potency
as the second anti-sera (Supplementary Fig. 3). These data
indicate that at least comparable neutralizing activities were
induced by mammalian cell-produced VLPs and more
broadly neutralizing anti-sera was induced as compared
with Cervarix even though a much less potent adjuvant
was used in our VLPs.

https://academic.oup.com/abt/article-lookup/doi/10.1093/abt/tbz004#supplementary-data
https://academic.oup.com/abt/article-lookup/doi/10.1093/abt/tbz004#supplementary-data
https://academic.oup.com/abt/article-lookup/doi/10.1093/abt/tbz004#supplementary-data
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Figure 5. Head-to-head comparison of GSK-Cervarix vs YCL-HPV16/18. The blue line (YCL-01 and YCL02) indicated the animal number receiving
our YCL-HPV16/18 L1-L2 VLPs immunization; the pink line (GSK-01 and GSK-02) indicated the animal number receiving the immunization of the
Cervarix of GSK. (A) The schedule of immunization; the characterization of the second anti-sera against HPV16 L1 (B) and HPV18 L1 (C), respectively;
the characterization of the third anti-sera against HPV16 L1 (D) and HPV18 L1 (E), respectively. Data represent mean ± SD; two-tailed, unpaired,
Student’s t-tests were performed. ∗∗P < 0.01.

DISCUSSION

In this study, plasmid encoding L1 and L2 proteins was
transfected into 293TT cells to produce VLPs containing
L1-L2 proteins of HPV16 and HPV18. Our L1-L2 VLPs
formed nanoparticles of about 50 nm in diameter, which
was the similar size as the native HPV virus [7]. The mor-
phology of the VLPs was agreement with published results
[5, 29] and the VLP preparations contained highly homo-
geneous particles as revealed by electron microscopy. The
immunogenicity of the VLPs was investigated in mice and
rabbits, in which potent and broadly neutralizing antibodies
were induced.

Head-to-head comparison of bivalent HPV vaccine of
Cervarix vs our HPV16/18 L1-L2 protein was conducted.
Compared to VLPs of Cervarix, the size homogeneity of
our VLP particles was better [29]. One possible reason lies
that our VLPs were generated in mammalian cells system in

which HPV virus infects and replicates; thus, the proteins
may have proper glycosylation and conformation, while
Cervarix was produced using baculovirus expression sys-
tem; another possible reason is that the introduction of L2
protein may help to stabilize VLPs by forming a structurally
native 5xL1-1xL2 pentamer [30]. The consistent size of
VLP was required for, or surrogate of, the immunogenicity
of prophylactic HPV vaccine [25, 26]. Moreover, head-to-
head comparisons of bivalent HPV vaccine of Cervarix vs
our HPV16/18 L1-L2 VLPs were conducted and showed
that our HPV16/18 L1-L2 VLP presented higher titers
of anti-sera and elicited comparable neutralization activ-
ity against HPV16 and HPV18 infections though Alum
adjuvant in our HPV L1-L2 VLPs formulation was much
inferior to AS04 in Cervarix, indicating potential longer
duration of protection by L1-L2 VLPs. AS04 formulation
was previously shown to elicit over 5-fold higher titers of
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Figure 6. The neutralization of the second anti-sera. Line was labeled as Fig. 5; the second anti-sera from different animal neutralized HPV16 (A) HPV18
(B), HPV31 (C) and HPV45 (D), respectively.

HPV16/18 L1 VLP-specific antibodies than aluminum salt
formulation did [28]. In addition, anti-sera induced by our
VLPs showed significantly higher activity in the preven-
tion of HPV31 and HPV45 infections than the anti-sera
induced by Cervarix. Compared to Cervarix, the improved
immunogenicity of our HPV16/18 L1-L2 VLPs may result
from the consistent morphology, and the sizes of VLPs in
that VLPs were produced in mammalian cells with proper
glycosylation and conformation and the introduction of
L2 protein, which may help to stabilize VLPs. L2 pro-
tein functions in both the infection process and virion
assembly, and it could induce cross-neutralizing antibodies
for its highly conserved sequence among various HPVs
[19]. While the major challenge for developing L2 protein
as a vaccine is its poor immunogenicity as compared to
L1. L2 is concealed inside the L1 pentamer [19]. Natu-
ral infection or immunization against HPV L1/L2 VLPs
produced predominantly L1 antibodies with little or no
L2 antibodies. Thus, it is highly plausible that L2 protein
stabilizes VLPs and, therefore, contributes to the improved
immunogenicity of the VLP [5, 19, 20]. Since there was a
lack of suitable animal model for mimicking HPV infec-
tion, in vitro antibody titers and the potency of neutral-
ization were taken as the indication of efficacy of our
HPV16/18 L1-L2 VLPs.

In order to further confirm whether mammalian cell
system could be applied to produce other types of VLPs
HPV6, HPV11, HPV31, HPV52 and HPV58 were gener-
ated in our mammalian cell system. VLPs were formed at

the end of multi-purification process and were observed
by negative staining electron microscopy. All VLPs from
different subtypes showed consistent morphology and uni-
formed sizes, which indicates that such mammalian cell
system could be widely applied to produce VLPs of various
HPV subtypes (Supplementary Fig. 4). Given that Chinese
Hamster Ovary (CHO) cells now dominate the domain of
mass production of recombinant protein products because
of their capacity for single-cell suspension growth, VLPs
produced in this system will enjoy the benefits of scale-up
processes and regulatory advantages [31]. In the future, we
are going to generate CHO stable cell line to produce L1-
L2 VLPs and are going to test the efficacy of other HPV
types generated by mammalian cell system. It is desirable
to demonstrate that such a potential candidate HPV VLP
vaccine based on L1-L2 proteins produced in mammalian
cell system will provide with longer duration and more
broadly protection against HPV infection.
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