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a b s t r a c t

Therapeutic HPV vaccine is an agent to induce E7-specific Th1 immune responses to treat cervical neo-
plasia (CIN2-3). Our previous clinical trial has demonstrated that oral administration of HPV16 E7-
expressing Lactobacillus casei (L. casei), GLBL101c, resulted in the regression of HPV16-related CIN3.
Here we examined optimization of the E7-expressing L. casei for induction of the mucosal immune
responses to E7. Various doses of HPV16 E7 molecule were displayed on the L. casei. Immunization with
E7-bound L. casei showed the induction of E7-specific mucosal IFNc-producing cells was dependent on
displayed E7-doses but saturated beyond 0.3 lg/108 cells. A new agent, L. casei with endogenous expres-
sion of E7 (IGMKK16E7), showed the optimal amount of displayed-E7. Immunization with IGMKK16E7
demonstrated 4-fold higher induction of E7-specific mucosal IFNc-producing cells when compared with
the former one. Our new system provided the optimal E7-expressing L. casei for displayed-E7 amount and
induction of mucosal Th1 immune response.

� 2018 Published by Elsevier Ltd.

1. Introduction

HPV E7 is expressed strongly in the High-grade cervical intraep-
ithelial neoplasia (CIN2-3) and cervical cancer, well-known to be
immunogenic for human, and thereby may be a reliable target
antigen for treatment of CIN2-3 and cervical cancer [1–3]. Indeed,
many clinical trials have used HPV16 E7 as a vaccine antigen for
therapeutic HPV vaccine for CIN2-3 [4–11].

Mucosal immune system in reproductive tract mucosa associ-
ates immunologically with gut-associated lymphoid tissue (GALT)
[12,13]. This means that GALT can be the inductive site for mucosal
immune system of uterine cervical mucosa.

We have generated a therapeutic HPV vaccine ‘‘GLBL101c”, an
attenuated HPV16 E7-expressing Lactobacillus casei (L. casei)
[14–16]. The GLBL101c was administered orally to mice and
elicited E7-specific IFNc-producing cells into intraepithelial lym-
phocyte (IEL) derived from gut mucosa in immunized mice [16].

Our clinical data have revealed that 70% of CIN3 patients adminis-
tered with GLBL101c had regression to CIN1-2, suggesting mucosal
T cells recognizing E7 home to the cervical epithelium and exhibit
Th1 immune responses against CIN lesion.

Although GLBL101c is generated by an expression system for L.
casei strain, amount of E7 displayed on the cell surface has not
been optimized so far. Here we addressed the correlation between
amounts of E7 on the cell surface and the efficacy of induction of
immune responses to E7. It led to the development of an optimized
E7-expressing L. casei.

2. Materials and methods

2.1. Generation of the E7-bound and E7-expressing (IGMKK16E7)
L. casei

To examine the optimal ratio for amount of E7 and lactobacilli,
we established L. casei bound to various amounts of E7 on the cell
surface. HPV16-derived E7 gene was modified by insertion of point
mutations into the Rb-binding site [16], named mutated E7Rb. We
prepared purified HPV16-derived mutated E7Rb proteins fused
with an anchor protein, cA, derived from Lactococcus lactis. Various
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amounts of cA-E7 purified protein were conjugated with our
L. casei strain, IGM393.

We generated a new-generation recombinant E7-expressing
L. casei, named IGMKK16E7, as following. Open reading frame of
HPV16-derived mutated E7Rb gene was fused with an anchor gene,
a proteinase sequence of L. casei: prtP anchor, at the C-terminus of
mutated E7Rb (Fig. 1). The plasmid construction of expression
vector was transduced into our L. casei strain, IGM394. The
E7-expressing L. casei was attenuated by heating.

2.2. Immunization protocols

GLBL101c, a prior E7-expressing L. casei, was kindly gifted from
BioLeaders Corp. (Korea) and AnGes MG, Inc. (Japan). GLBL101c is a
L. casei 525 strain which expresses mutated E7Rb by an expression
plasmid, pKV-Pald::pgsA = E7Rb [15]. E7-bound and E7-expressing
L. caseiwere attenuated. 1.0 mg of powder weight (=1 � 105 cells) /
head of GLBL101c, E7-bound or E7-expressing L. casei were admin-
istered with C57BL/6 mice four times at weeks 1, 2, 4, and 6 as pre-
viously reported [17]. All inoculums were administered once a day
for five days each week via intra-gastric tube after 3 h of fasting.
Intestinal intraepithelial lymphocytes (IEL) were collected from
immunized mice. Approximately 5–10 � 106 intestinal mucosal
lymphocytes were obtained from an individual mouse.

2.3. Enzyme linked immunosorbent assay (ELISA) and flow cytometry
analysis

The contents of mutated E7Rb at protein level in E7-bound and
E7-expressing L. casei and GLBL101c were measured using ELISA.
The monoclonal mouse anti-HPV16 E7 antibodies were used for
the capture and detection antibodies (Abcam plc, UK). These
L. casei were incubated with an anti-HPV16 E7 antibody (Santa
Cruz Biotechnology, USA) using a FACS.

2.4. ELISPOT assay

ELISPOT assay was performed according to modified protocol as
reported previously [16]. In brief, 50 lL of intestinal IEL (1 � 105

cells) were incubated for 48 h at 37 �C with antigen-presenting
cells in 96-well ELIIP plate (Millipore USA). 10 lL of a synthesized
peptide corresponding to a reported CTL epitope for C57BL/6
(H-2b) mice were added to wells coated to anti-mouse IFNc mon-
oclonal antibodies.

3. Results

3.1. E7-specific mucosal immune responses by E7-bound L. casei

To decide the optimized dose of E7 displayed on the L. casei for
induction of mucosal immunity, we generated L. casei displaying
various amounts of E7 molecule. HPV16 E7 whole protein fused
with a Lactococcus lacti-derived anchor protein (cA = E7) was
immobilized on the cell surface by anchoring. 0.03, 0.1, 0.3, 1.0
and 3.0 lg/108 cells of cA = E7 purified protein were conjugated
with L. casei. The amounts of E7 displayed on the cells was
analyzed quantitatively by flow cytometry using anti-E7 antibody
(Fig. 2A). The amount of displayed-E7 was saturated at concentra-
tion of 1.0 lg/108 cells since the histogram of 1.0 and 3.0 lg/108

cells were completely overlapped. Therefore, 1.0 lg of E7 appeared
to be maximum amount of E7 that can be displayed on 108 cells of
L. casei by our system.

E7-bound L. casei (E7: 0.03, 0.1, 0.3, 1.0, and 3.0 lg/108 cells)
were administered orally with mice. The intestinal IELs were used
for ELISPOT assay to detect E7-specific mucosal IFNc-producing
cells elicited by oral immunization with E7-bound L. casei
(Fig. 2B). Numbers of E7-specific IFNc-producing cells in the
intestinal IELs were increased in a manner dependent on amounts
of displayed-E7 up to 0.3 lg/108 cells (p = 0.0195) while saturated
beyond 0.3 lg/108 cells (p = 0.65). The mucosal E7-specific cellular
immune responses was clearly associated with the amounts of
displayed-E7 of vaccine antigen.

3.1.1. Generation and characterization of E7-expressing L. casei
We developed a novel expression and display system and

generated an L. casei (IGMKK16E7) for optimization of amounts
of displayed-E7 (Fig. 1), which are completely different from
those of GLBL101c. ELISA for E7 protein levels demonstrated
that E7 content of IGMKK16E7 was almost equal to that of
0.3 lg/108 cells of E7-bound L. casei and barely greater than that
of GLBL101c (data not shown). On the other hand, the amount
of displayed-E7 was evaluated by flow cytometry using anti-E7
antibody. The histograms of mock, GLBL101c, E7-bound L. casei
(0.1 lg/108 cells), and IGMKK16E7 were indicated by No. 1, 2, 3,
and 4 lines, respectively (Fig. 3A). Mean fluorescence intensity
(MFI) of E7 positivity of IGMKK16E7 was clearly higher than
those of GLBL101c and E7-bound L. casei (0.1 lg/108 cells),
indicating indicated the amount of displayed E7 molecules on
IGMKK16E7 was much higher than that on GLBL101c.
0.3 lg/108 cells of E7-bound L. casei was regenerated by
endogenous E7 gene expression as an E7-expressing L. casei,
IGMKK16E7.

3.1.2. Comparison in E7-specific mucosal immune responses between
IGMKK16E7 and GLBL101c

E7-speific mucosal immune responses by oral immunization
were compared between IGMKK16E7 and GLBL101c using mice
experiment. To examine the dose-dependency of IGMKK16E7 for
induction of E7-specific mucosal immune responses, we also pre-
pared various doses of IGMKK16E7 (0.1 mg, 0.3 mg, 1.0 mg and

Fig. 1. Expression vector construct of IGMKK16E7, a new generation of E7-
expressing L. casei. E7Rb means full open reading frame of HPV16 E7 gene with
three point mutations at the Rb-binding site as previously reported [20]. The
plasmid DNA was transduced into the L. casei strain, IGM394, to generate
IGMKK16E7.
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