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Abstract The goal of this study was to investigate whe-
ther glycosylphosphatidylinositol (GPI)-anchored 6 kDa
early secreted antigenic target (ESAT-6) and IL-21-pro-
ducing B16F10/ESAT-6-GPI-IL-21 viable vaccine would
induce antitumor efficacy. Mice were immunized with
B16F10/ESAT-6-GPI-IL-21 vaccine and challenged by
B16F10 cells 2 weeks later. Antitumor efficacy and
mechanisms of the vaccine were analyzed. Vaccination
with the viable BI16F10/ESAT-6-GPI-IL-21 vaccine
resulted in an increase of IFN-y level and the CDSTCTL
cytotoxicity, a decrease in TGF-f generation and increase
in the expression of miR-200c that serves as melanoma
suppressor by directly targeting zinc-finger E-box binding
homeobox 1 to inhibit epithelial-mesenchymal transition
and block tumor metastasis. The vaccine significantly
inhibited the melanoma growth, reduced the lung mela-
noma nodules, and prolonged the mouse survival compared
with the controls. These findings highlighted IL-21 as an
immune adjuvant in an engineered viable tumor vaccine to
reinforce heterogenetic antigen ESAT-6 immune tolerance
break to induce powerful antitumor efficacy in mice.
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Introduction

Malignant melanoma is one of the deadliest forms of skin
cancer and its incidence is expected to rise over the next
two decades. At present, there are no effective therapies for
advanced melanoma. Immunotherapeutic approaches for
all kinds of cancers are currently emerging as promising
strategies of antitumor therapy [1]. A growing body of
literature shows that the vaccination is still a promising
emerging treatment option. Using tumor cells as the pri-
mary immunogen provides a comprehensive source of
tumor-associated antigens, thereby eliminating the need to
identify individual antigens. Unfortunately, the malignant
melanoma is a low immunogenic tumor incapable of
stimulating potent antitumor immune responses. Tumor
vaccines against melanoma require immune tolerance
break since tumor-associated antigens used in vaccine
formula are mostly self-antigens. If tumor cells are genet-
ically engineered to express immune stimulatory cytokine,
it is then a suitable approach to induce antitumor immune
responses [2-4]. However, there exists a limitation in that
tumor cells have developed numerous ways to escape
immune surveillance and gain unlimited invasive and
metastatic capacity. To overcome this limitation, a modi-
fied tumor vaccine with heterogenetic antigen tolerance
break and cytokine potent activator can induce tumor-
specific immunity [5].

The 6 kDa early secreted antigenic target (ESAT-6) is
one the most immunodominant and highly Mycobacterium
tuberculosis-specific antigen and contains multiple
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immunogenic T/B cell epitopes and, therefore, is capable
of enhancing immune responses. An ESAT-6 attribute is of
primary importance in tuberculosis immunodiagnosis and
vaccine development [6-8]. We therefore hypothesized
that heterogenetic antigen ESAT-6 on the surface of tumor
vaccine might be easily recognized by immune cells from
melanoma-bearing mice and this would lead to tolerance
break to elicit anti-melanoma immune response.

Glycosylphosphatidylinositol (GPI) is a post-transla-
tionally added lipid anchor, and GPI-anchored membrane
cytokines have been shown to play an important role in
host immune response against tumor cells [9-11]. Inter-
leukin (IL)-21 is a T cell-derived cytokine that regulates an
immune responses with the ability to regulate antitumor
activity in mice and generates considerable research
interest in understanding their mode of action [12—14]. The
secreted IL-21 from the tumor vaccine or the application of
low dose of IL-21 can exerts its antitumoral activity
through the activation of the innate and acquired immune
system. Therefore, IL-21 is being investigated in clinical
phase I to II studies as a single drug on patients with
metastatic melanoma [15-17].

We had previously shown that administering whole
tumor cell vaccine expressing IL-21 in the GPI-anchored
form induced protective anti-melanoma immunity in a
B16F10 cell transplantable mouse model. However, the
anti-melanoma efficacy was not completely satisfactory,
highlighting the need for studying combination and alter-
native strategies [15]. To this end, we used a novel strategy
for developing the viable tumor vaccine that was an ESAT-
6-GPI and IL-21-producing B16F10 tumor vaccine
(B16F10/ESAT-6-GPI-IL-21) to further investigate the
immune effectiveness of anti-melanoma in the study.
Furthermore, we evaluated possible mechanisms of this
vaccine immune stimulation settings relevant to melanoma.

Materials and methods
Mice, cells, and primes

C57BL/6 mice of 6-8 week of age were obtained from the
Yangzhou University of China. All mice were housed
under the pathogen-free condition, and the experiments
were performed in compliance with the guidelines of the
Animal Research Ethics Board of Southeast University.
Full details of the study approval can be found in the
approval ID: 20080925. The B16F10 murine melanoma
cell line is syngeneic in C57BL/6 mice, and YAC-1 cell
line is Moloney leukemia-induced T cell lymphoma of
A/Sn mouse origin, obtained from the Cellular Institute of
China in Shanghai. These cells were cultured at 37 °C in
5 % CO, atmosphere in RPMI 1640 supplemented with

10 % fetal bovine serum that contained 100 U ml™" peni-
cillin G sodium and 100 mg ml™! streptomycin sulfate.

The sequences of the primers are as follows:

miR 200c: RT Primer, 5-GTCGTATCCAGTGCA
GGGTCCGAGGTATTCGCACT GGATACGACTCCAT
CAT-3'; sense, 5-GCCCGCTAATACTGCCGGGTA-3;
U6: RT Primer, 5-GTCGTATCCAG TGCAGGGTCCGA
GGTATTCGCACTGGATACG ACAAATATGGAAC-3;
sense, 5'-TGCGGGTGCTCGCTTCGGCAGC-3’; URP
(Universal Reverse Primer), 5-CCAGTGCAGGGTCCG
AGGT-3'. All the primers were synthesized by Company
of Gene and Technology of China in Shanghai.

Development of B16F10 tumor vaccine expressing
ESAT-6-gpi and IL-21

The construction of pRSC-ESAT-6-GPI-IL-21 was done in
the same way as in our previous reports [3, 15]. As a
control, the pRSC-IL-21 and pRSC-ESAT-6-GPI were,
respectively, generated as well. The different recombinants
were separately transfected into the B16F10 cells using
LipofectarnineTM 2000 reagent (Invitrogen, USA) according
to the manufacturer’s protocol. The stably expressing
ESAT-6-GPI and IL-21 cells, the ESAT-6-GPI cells, and
the IL-21 cells were, respectively, selected from RPMI
containing 800 mg/ml G418 (Clontech, CA) and cloning
by limiting dilution. We named B16F10/ESAT-6-GPI-IL-
21 cells for the cells expressing GPI-ESAT-6 and IL-21,
B16F10/ESAT-6-GPI cells for the cells expressing ESAT-
6-GPI, B16F10/IL-21 cells for the cells expressing 1L-21
cells, and B16F10/mock cells for the cells with no
expression.

Detection of expressions of ESAT-6-GPI and IL-21

in BI6F10/ESAT-6-GPI-IL-21 cells and analysis

of expressions of TGF-f1, N-cadherin, and E-cadherin
in the tumor tissues

Expression of ESAT-6-GPI was detected by an immuno-
fluorescence assay in the same way as in our previous
report [3]. Briefly, the different cells were fixed with 4 %
paraform for 10 min and were blocked with Tris-buffered
saline with Tween containing 5 % bovine serum albumin at
37 °C for 40 min and then incubated with rat anti-ESAT-6
at 4 °C overnight, rinsed three times in PBS, and then the
cells were incubated with rabbit anti-rat IgG labeled with
phycoerythrin (eBioscience company, USA) at 37 °C for
1 h. Finally, the cells on the glass were observed by the
fluorescence microscope. Western blot was used to analyze
the expressions of IL-21, transforming growth factor-f
(TGF-f), mesenchymal protein (N-cadherin), and epithelial
protein (E-cadherin) in the vaccinated tumor tissues.
Briefly, 1 x 10° cells were collected and lyzed in a protein
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extraction buffer (Novagen, WI, USA) according to the
manufacturer’s protocol. 12 % sodium dodecyl sulfate—
polyacrylamide gel electrophoresis and 15 pg proteins/lane
were electrotransferred onto a nitrocellulose membrane.
The goat anti-mouse IL-21 (I-18, Santa Cruz Biotechnol-
ogy Company) or goat anti-mouse TGF-f1 (Biowold
Company) or goat anti-mouse E-cadherin (R868, Biowold
Company) or goat anti-mouse N-cadherin (w745, Biowold
Company) was, respectively, added to the membrane for
1 h, and the membrane was washed for 5 min with anti-
body wash solution three times, and the subsequent steps
were performed according to the Western Blot Kit’s pro-
tocol (Pierce Company) [18].

Animal experiments

In the safe experiment of tumor vaccines, C57BL/6 mice
were randomly divided into B16F10/mock cell group,
B16F10/IL-21 cell group, BI6F10/ESAT-6-GPI cell group,
and B16F10/ESAT-6-GPI-IL-21 cell group. Each mouse
was immunized subcutaneous (s.c.) with 2 x 10° different
cells described above, respectively, to observe the onco-
genicity of the tumor vaccines.

Three antitumor experiments were carried out. In the first
experiment, C57BL/6 mice were randomly divided into the
four groups as described above. Each mouse was immunized
s.c. in the flanks with 2 x 10° different tumor cell vaccine
and 2 weeks after the immunization, 1 x 10° B16F10 cells
were challenged into the abdominal part of each mouse. In
the second experiment, C57BL/6 mice were divided into
three groups. The first group mice were inoculated s.c. in the
right abdominal area with 1 x 10° B16F10/mock cells. The
second group mice were immunized with the 2 x 10°
B16F10/ESAT-6-GPI-IL-21 vaccine in the left abdominal
area and were simultaneously challenged with the 1 x 10°
B16F10 cells in the right abdominal area. The third group
mice were inoculated s.c. in the right abdominal area with
both 1 x 10° BI6F10 cells and 2 x 10° BI6F10/ESAT-6-
GPI-IL-21 vaccine. Tumor growth was observed for
60 days. The tumors were felt by touch in the mice, and
tumor growth was monitored twice a week by measuring two
perpendicular tumor diameters using calipers, and then the
tumor volume, tumor-free mice %, and survival mice were
evaluated, respectively. In the third experiment, C57BL/6
mice were divided into a prophylactic melanoma group and a
control group. 2 x 10° B16F10 cells were injected into each
mouse by its lateral tail vein on 14 days after 2 x 10°
B16F10/ESAT-6-GPI-IL-21 vaccine or 2 x 10° B16F10/
mock cell vaccine were, respectively, immunized s.c. in the
mouse’s right flank. Twenty days after the lateral tail vein
injection, the mice were killed for detecting the melanoma
nodule numbers in the lungs.
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Assays of splenocyte proliferative response, ratio
of CD41/CD8" T lymphocytes, and cytotoxicities
of CTL and NK cells

Two weeks after the final immunization, 5 X 10° spleno-
cytes were prepared from the C57BL/6 mice immunized
with the 2 x 10° BI6F10/ESAT-6-GPI-IL-21 vaccine or
the 2 x 10° B16F10/mock cell vaccine. The harvested
splenocytes were labeled with 0.5 mM 5-(and 6)-carboxy-
fluorescein diacetate succinimidyl ester (CFSE; 20 pg/ml)
at 37 °C for 15 min. The splenocytes were washed twice in
PBS containing 5 % fetal bovine serum to sequester any
free CFSE. 2 x 10° splenocytes were resuspended in an
10 % RPMI medium in 24-well plates and then incubated
for 72 h with the supernatant from the cultured B16F10/
ESAT-6-GPI-IL-21 or B16F10/IL-21 or B16F10/mock
cells in the proliferative assay [18, 19]. CD8™" lymphocytes
were isolated by magnetic column selection or depletion
(MACS, Miltenyi Biotec) [20, 21]. In CD8* cytotoxic T
lymphocytes (CTL) and NK cytotoxic assays, the BI6F10
cells and YAC-1 cells were, respectively, used as target
cells, CD8" lymphocytes and splenocytes were used as
effector cells. All cytotoxicity assays were performed in
triplicate. Flow cytometric CFSE/7-AAD cytotoxicity
assays were analyzed by Flow Cytometry (FCM, BD
company, USA) [15, 22]. In assay for the ratio of CD4"/
CDS8™" T lymphocytes, the cells were from the splenocytes
and the groin lymph nodes in the immunized mice and the
lymphocyte phenotypes were detected by FCM [3].

ELISA for IFN-y and anti-ESAT-6

The serum IFN-y level and anti-ESAT-6 serum were
measured using a commercially available enzyme linked-
immunosorbent assay (ELISA) according to the manufac-
turer’s protocol (eBioscience) [23, 24].

Complement-dependent cytotoxicity (CDC)
and detection of apoptotic tumor cells phagocytized
by dendritic cells (DCs)

For the determination of CDC, 2 x 10° B16F10/ESAT-6-
GPI-IL-21 cells were plated into a 96-well plate and the
immunized mouse serum that include anti-ESAT-6 and
complement was added to the wells at different concen-
trations. Cells were incubated for 4 h, and the resulting
absorption was analyzed at 490 nm using a spectropho-
tometer. CDC was calculated according to the Ref. [25]. To
prepare autologous DCs from mouse bone marrow, the
protocol was performed as described previously [26]. The
collected DCs were, respectively, used for incubation
together with the Dil-labeled B16F10/ESAT-6-GPI-1L-21
cells or BI6F10/mock cells and the immunized mouse
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serum. After 12 h incubation and washing, the precipitated
cells were stained with FITC-conjugated anti-CDI11c
(eBioscience, USA). Apoptotic tumor cells (red) phago-
cytized by DCs (green) were analyzed using immunofluo-
rescence microscope, and the phagocytosis efficacy was
detected using flow cytometry [27].

Quantitative reverse transcriptase-PCR (qQRT-PCR)

Total cellular RNA was extracted from the tumor tissue
cells by using RNeasy Mini Kit (Qiagen, CA) according to
the manufacture’s instructions. cDNA was synthesized
with the reverse SuperScript Choice System (Invitrogen,
CA). TagMans MicroRNA Assays for miR-200c and
control U6 were carried out for each sample (an ABI 7300
real-time system, PE Applied Biosys tems) [28, 29].

Statistical analysis

The Student’s ¢ test or Log-rank test or Paired ¢ test was
used to calculate differences between the different exper-
imental conditions. The Bonferroni correction for multiple
comparisons was used to determine significant differences.
Differences were regarded significant if p < 0.05.

Results

Detecting target protein expressions in the engineered
B16F10 tumor vaccine and its bioactivities

To generate tumor cells secreting the IL-21 and GPI-
anchored membrane ESAT-6, we constructed the B16F10/
ESAT-6-GPI-IL-21 cells. Figure la, b reflects that IL-21
was correctly expressed in the B16F10/IL-21 cells and the
B16F10/ESAT-6-GPI-IL-21 cells, and that ESAT-6 was
actually anchored on the surface of B16F10/ESAT-6-GPI
or on the BI6F10/ESAT-6-GPI-IL-21 cells via GPI, but not
on the surface of the B16F10/mock cells.

Furthermore, we identified the IL-21 and a ESAT-6
bioactivities of the B16F10/ESAT-6-GPI-IL-21 or the
B16F10/IL-21 or the B16F10/ESAT-6-GPI cells, respec-
tively. The splenocyte’s proliferative activities in the dif-
ferent groups were statistically significant for both the
B16F10/ESAT-6-GPI-IL-21 cell group and the B16F10/IL-
21 cell group in comparison with the B16F10/mock cell
group (p < 0.005 or p < 0.01, Fig. 1c). The ESAT-6-GPI
bioactivity was identified with the detection of anti-ESAT-
6 in the immunized mice (Fig. 1d). The serum antibody
level in mice immunized with the B16F10/ESAT-6-GPI
cells or the B16F10/ESAT-6-GPI-IL-21 cells was signifi-
cantly increased (p < 0.005) compared with the level in
mice immunized with the B16F10/mock cells (Fig. le).

These results suggested that the IL-21 secreted from the
B16F10/ESAT-6-GPI-IL-21 or the B16F10/IL-21 cells as
well as the ESAT-6 on the BI6F10/ESAT-6-GPI or on the
B16F10/ESAT-6-GPI-IL-21 cells were functional, and that
these cells would provide an effective tumor cell vaccine
for further therapy of melanoma in the mouse model.

Evaluation of tumor vaccine anti-melanoma efficacy

In the safe experiment of tumor vaccines, there were tumor
generation in 10/10 mice inoculated with the 1 x 10°
B16F10/mock cells or 8/10 mice inoculated with the
1 x 10° BI6F10/ESAT-6-GPI cells or in 4/10 inoculated
with the 1 x 10° BI6F10/IL-21 cells in 30 days. No tumor
generation was, however, found in the 10 mice inoculated
with 1 x 10° BI6F10/ESAT-6-GPI-IL-21 cells in 60 days
(Fig. 2a). Moreover, no tumor generation was observed in
another 12 mice inoculated with the 2 x 10° viable
B16F10/ESAT-6-GPI-IL-21 cells until 60 days into the
observation (data no shown). Consequently, the 2 x 10°
viable B16F10/ESAT-6-GPI-IL-21 cells as tumor vaccine
without any treatment were considered safe and effective.
Subsequently, they were used to investigate anti-tumor
efficacy.

Figure 2b indicates that two of the 14 mice immunized
with the 2 x 10° B16F10/ESAT-6-GPI-IL-21 vaccine
developed tumors on Day 28 and Day 35 and that 7 of the
14 mice immunized with the 2 x 10° B16F10/IL-21 vac-
cine formed tumors on Day 20, Day 26, Day 28, Day 32,
Day 34, and Day 35, and that nine of the 14 mice immu-
nized with 2 x 10° B16F10/ESAT-6-GPI vaccine formed
tumors in 35 days after 1 x 10° B16F10 cells challenged
in the different vaccine groups, respectively. In contrast,
after the 1 x 10° B16F10 cells challenged, all the 14 mice
immunized with the 2 x 10° B16F10/mock cell vaccine
formed tumors in Day 28. Figure 2el1-e3 shows three kinds
of different experiments in order. In the prophylactic lung
melanoma experiment, it was found that the tumor nodules
were obviously reduced in numbers in the mice immunized
with B16F10/ESAT-6-GPI-IL-21 vaccine when compared
with the mice immunized with an inactivated B16F10/
mock cell vaccine. It is thus evident that the anti-melanoma
efficacy of the BI6F10/ESAT-6-GPI-IL-21 vaccine was
well demonstrated through these experiment results.

Analysis of ratio of CD4"/CD8" T lymphocytes
and cytotoxicities of CTL and NK cells
in the immunized mice

Since the B16F10/ESAT-6-GPI-IL-21 vaccine has stronger
anti-melanoma efficacy than other vaccines (Fig. 2b), we
wanted to explore the mechanisms of this anti-melanoma
efficacy induced by the BI16FI0/ESAT-6-GPI-IL-21
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Fig. 1 Target protein expressions and its bioactivities. IL-21 expres-
sion was detected by Western blot as shown in a. IL-21 was correctly
expressed in the BI6F10/IL-21 cells and the B16F10/ESAT-6-GPI-
IL-21 cells. An expression of ESAT-6-GPI was measured by
immunofluorescence assay. b Exhibits that ESAT-6 was actually
anchored on the surface of B16F10/ESAT-6-GPI or on the B16F10/
ESAT-6-GPI-IL-21 cells via GPI, but not on the surface of the

vaccine compared with the B16F10 vaccine alone in our
subsequent study. The results given in Fig. 3a indicate that
the ratios of CD41/CD8* T lymphocytes were lower in the
splenocytes and the groin lymph nodes of mice immunized
with the B16F10/ESAT-6-GPI-IL-21 vaccine than that of
mice immunized with the B16F10/mock vaccine. The data
suggest that CD8* phenotype T lymphocytes were signif-
icantly increased in the splenocytes and the groin lymph
nodes after the B16F10/ESAT-6-GPI-IL-21 vaccine were
immunized. Figure 3b further confirmed that the activity of
CD8" CTL was increased in mice immunized with the
B16F10/ESAT-6-GPI-IL-21 vaccine compared with the
mice immunized with the B16F10/mock vaccine.

The NK cytotoxicity to the YAC-1 cells indicated that
the higher cytotoxicity was in the mice immunized with the
B16F10/ESAT-6-GPI-IL-21 cells (48.21 %) than that of
the mice immunized with the BI16F10/mock cells
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B16F10/mock cells. The splenocyte’s proliferative activities in the
different groups were detected by MTT assay as shown in ¢. The
amount of IL-21 secreted by the cultured cells was measured by
ELISA as shown in d. An ESAT-6-GPI bioactivity was identified with
the detection of anti-ESAT-6 in the mice immunized with the
B16F10/ESAT-6-GPI cells or the B16F10/ESAT-6-GPI-IL-21 cells
two times at 14-day apart as shown in e. **¥p < 0.005, **p < 0.01

(21.16 %) as is shown in Fig. 3b. These results implied that
the heterogenetic antigen ESAT-6 may mediate naive T
lymphocytes to differentiate into effector CD8" T lym-
phocytes; meanwhile, immune adjuvant IL-21 may aug-
ment the cytotoxicities of CD8TCTL and NK cells to the
B16F10 cells, or YAC-1 cells, respectively.

Serum IFN-y, CDC, and phagocytosis of DCs

Having found that the cytotoxicities of CTL and NK cells
were significantly increased in the mice vaccinated with the
B16F10/ESAT-6-GPI-IL-21 vaccine, we wanted to deter-
mine whether this effect also had an impact on the serum
IFN-y level and the activity of CDC as well as phagocy-
tosis of DCs. Figure 4a shows that the serum IFN-y level
was significantly increased in the B16F10/ESAT-6-GPI-
IL-21 vaccine group compared with the B16F10/mock
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1 x 10° different tumor vaccines. b Indicates the tumor volume of
mice after the different tumor vaccine injection. ¢ Indicates the
antitumor experiment results in where the mice were vaccinated with
2 x 10° different tumor vaccines and were then s.c. challenged with
1 x 10° BIGFI0 cells after 2 weeks and the tumor volume was
shown in d. el shows that 7 of the 7 mice immunized with the
1 x 10° B16F10/mock cells developed tumors in the inoculated right
site in 25 days. e2 shows that 3 of the 7 mice developed tumors
challenged with 1 x 10° B16F10 cells in the right site and

20 25 30 35 40 0 10 20 a0 40 50 60

7114 O 1%10° B16F10/mock cells
. 2x10° B16F10/ESATE-GPI-IL-21 cells

1%10° B16F10/mock cells +
2X10° B16F10/ESATE-GPI-IL-21 cells

Days after B16F10 cells challenge

Em B16F10/mock cells (MMC)
B16F10/ESAT-6-GPI-IL-21 cells

Lo

(=]

o
)

Fk K

150 A

100

Melanoma nodule numbers
[+.]
=]
1

immunized with 2 x 10> B16F10/ESAT-6-GPI-IL-21 cells in the
left site simultaneously. e3 shows that 1 of the 7 mice developed
tumor in 48 days after the mice were immunized with the 2 x 10°
B16F10/ESAT-6-GPI-IL-21 cells mixed with 1 x 10° BI6F10 cells.
Three kinds of different color circles in e represent the inoculated
various cells. f Shows the lung melanoma nodule numbers in mice
immunized with B16F10/mock cells and B16F10-ESAT-6-gpi/IL-21
cells. Log-rank test was used in a and d. Student’s ¢ test was used in
f. Significant differences are indicated by asterisk for *p < 0.05,
*#p < 0.01, and ***p < 0.005

A [ B16F10/Mock cells B -+ B16F10/mock cells C -+ B16F10/mock cells
El B16F10/ESAT-6-GPI-IL-21 cells =Y -4~ B16F10/ESAT-6-GPI-IL-21 cells - B16F10/ESAT-6-GPI-IL-21 cells
o - —
. 207 xx & 504 : £ M
o x z ; *x
‘6 """ * ' 40 & 404
= 1.54 = o
T 2 0 " S 30-
o - =] *
5] 1.0 E. €,
+‘“'* 204 o 204
= el
E 0.5 - o ° *
10 o 104
(5] ‘l"— v
0.0 8 o Z
o L} L] L} L} L} L]
spleen lymph nodes 5:1 10:1 251 10:1 50:1 100:1
E:T ratio E:T ratio
Fig. 3 Ratio of CD4"/CD8" T lymphocytes and cytotoxicities of cells in mice immunized with the BI16F10/ESAT-6-GPI-IL-21

CTL and NK analyzed by FCM. a Shows the ratios of CD4™T cells/
CDS8™T cells in the splenocytes and the groin lymph nodes of mice
immunized with the B16F10/ESAT-6-GPI-IL-21 vaccine and the
B16F10/mock vaccine. The cytotoxicities of CD8'T cells and NK

vaccine were detected by FCM as shown in b, ¢. A representative
set of data for seven mice was used and an experiment repeated twice.
Significant differences are indicated by asterisk for *p < 0.05 and
#¥p < 0.01

@ Springer



246

Immunol Res (2012) 52:240-249

B ¥ B16F10/Mock cells
604 -4 B16F10/ESAT-6-GPI-IL-21 cells
*kk
40 .
[&] *k
(a]
o *
1 /
0 L 1 | 1
0 10 20 30 40

Antisera (pl)

CD11¢-FITC gated

Fig. 4 Detection of serum IFN- = 80-
7 level, CDC activity, and £ o]A ot
phagocytosis of DCs. a Shows g 60+
the serum IFN-y level detected c
by ELISA. CDC activity was g 50 1
detected by complement- g 40-
dependent cytotoxicity assay B 30-
using B16F10/ESAT-6-GPI-IL- 8 20-
21 cells and immunized mouse o
serum as shown in b. The data ﬁ 10
shown are for the seven mice = 0=
and the experiments were e@" °§’
repeated twice. ¢ Indicates the a_"‘ 3
image of apoptotic tumor cell @0 4
(red) phagocytized by purified » ﬁé\
DC (green) detected by Qhé‘ &S
immunofluorescence g D
microscope. The phagocytosis ,\Q\@
percent of DCs in the different Q,E:‘;‘
4

groups is shown in

d. Significant differences are
indicated by asterisk for

*p < 0.05, **p < 0.01, and
**¥p < 0.005 (Color figure
online)

Counts

m

M1

M2
36.09%

B16F10/mock cells

B16F10/ESAT-6-
GPI-IL-21 cells

Control

vaccine group (p < 0.005). Figure 4b indicates that the
higher activity of CDC was found in the mice vaccinated
with the B16F10/ESAT-6-GPI-IL-21 vaccine than in the
mice vaccinated the B16F10/mock vaccine. The result
suggested that B16F10/ESAT-6-GPI-IL-21 tumor cell
vaccine could be killed by the CDC. The lytic cells contain
some apoptotic BI6F10/ESAT-6-GPI-IL-21 cells (red) that
were phagocytized by DCs (green) as is shown in Fig. 4c.
The phagocytosis percent was significantly increased in the
B16F10/ESAT-6-GPI-IL-21 cells (39.06 %) compared
with the B16F10/mock cells (15.08 %, p < 0.01) as is
shown in Fig. 4d.

Evaluation of molecular markers of EMT and detection
of TGF-f and miR-200c expressions

There has been evidence that aberrant activation of the
embryonic program epithelial-mesenchymal transition
(EMT) promotes tumor cell invasion and metastasis [30].
The loss of an epithelial phenotype and the acquisition of
mesenchymal characteristics are the key steps in a manner
highly reminiscent of EMT [31]. Could it be that the
melanoma in the mouse model is associated with EMT? To
this end, we detected the characteristic biomarkers of
E-cadherin (epithelial cells) and N-cadherin (mesenchymal
cells) [32]. Figure 5a shows that the E-cadherin expression
was markedly increased, but the N-cadherin expression
was dramatically downregulated in the melanoma tissues in
the mice vaccinated with the B16F10/ESAT-6-GPI-IL-21
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vaccine compared with the mice vaccinated with the
B16F10/mock vaccine. What may have caused the change
to these characteristic proteins of EMT? A recent study
addressed EMT in melanoma upon expression of TGF-f
that increased zinc-finger E-box binding homeobox 1
(ZEB1) level but the miRNA 200c inhibited ZEB1 and
increased the expression of ZEBI-repressed epithelial
genes such as E-cadherin [33, 34]. Therefore, we further
detected the expressions of TGF-f1, ZEB1, and miR-200c
in tumor tissues. In Fig. 5a, b, the expressions of
TGF-fland ZEB1 were decreased, but miR-200c was
upregulated in the B16F10/ESAT-6-GPI-IL-21 vaccine-
immunized mice compared with the B16F10/mock vac-
cine-immunized mice (Fig. 5c). This finding was of
significance.

Discussion

We engineered viable B16F10/ESAT-6-GPI-IL-21 tumor
vaccine, in which an ESAT-6 acts as heterogenetic antigen
on the membrane surface of B16F10 cells and IL-21 acts as
a promising immune adjuvant, that could break melanoma
immune tolerance and enhance the vaccine’s effect of anti-
melanoma immune tolerance in the tumor-bearing mice,
which was reflected in the protection against melanoma
challenge (Fig. 2b), in the suppression of melanomatous
growth (Fig. 2¢) and in the decrease in melanoma nodule
numbers in the murine lung (Fig. 2d). Clearly, this
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Fig. 5 EMT phenotype identification and expressions of TGF-f and
miR-200c. a Shows that the results of Western blot. The samples were
taken from the tumor tissues in the mice immunized with the BI6F10/
ESAT-6-GPI-IL-21 vaccine (line 1) and the B16F10/mock cells (line

antitumoral effect signifies that this new vaccine not only
has an advantage over the B16F10/mock vaccine used for
the control, but also is better than our previous developed
B16F10/IL-21-GPI tumor vaccine [15] or B16F10/IL-21-
GPI-GM-CSF tumor vaccine [3]. Those two vaccines that
we previously developed were inactivated by mitomycin C
(100 pg/ml) and required three immunizations at 14-day
intervals. Our newly developed B16F10/ESAT-6-GPI-IL-
21 vaccine in this study is a viable tumor vaccine and needs
only one immunization to induce strong anti-melanoma
effect. Figure 2b indicates that only two of the 14 mice
vaccinated with B16F10/ESAT-6-GPI-IL-21 vaccine
developed tumors that had delayed generation, were small,
stayed at their original volume after 40 days, and did not
grow larger. One of two tumors actually became gradually
smaller than it was 40 days ago, but it did not disappear.
However, our engineered other vaccine did not generate as
strong antitumor immunity as the viable BI6F10/ESAT-6-
GPI-IL-21 vaccine did.

Regarding the tumor vaccine efficacy in the mice, we
believe that the anti-melanoma role depended mainly on
the mice’s immune responses. The B16F10/ESAT-6-GPI-
IL-21 vaccine firstly elicited anti-ESAT-6 generation and
further activated complement classical pathway after anti-
ESAT-6 bound ESAT-6 on the surface of B16F10/ESAT-
6-GPI-IL-21 cells to form immune complex that resulted in
CDC and killed the B16F10/ESAT-6-GPI-IL-21 cells. The
lytic cells may contain some apoptotic B16F10/ESAT-6-
GPI-IL-21 cells and tumor antigens, which served as a
potential potent trigger for the initiation of tumor immu-
nity. This was revealed by the increased CD'8 T cell
phenotype, the enhanced cytotoxicities of NK cells and
CD8'CTL, and the elevated serum IFN-y level in the
vaccinated mice. Although heterogenetic antigen ESAT-6

1 2

2). The miR-200c expression detected by qRT-PCR was significantly
increased (***p < 0.005) in the B16F10/ESAT-6-GPI-IL-21 cells
(line 1) in contrast to the B16F10/mock cells (line 2) in b

broke immune tolerance to stimulate strong immune
responses in the mouse melanoma model and IL-21 acted
as a tumor vaccine adjuvant to improve murine antitumor
efficacy, the data suggest that neither the B16F10/ESAT-6-
GPI vaccine nor the B16F10/IL-21 vaccine generated as
stronger anti-melanoma efficacy as the BI6F10/ESAT-6-
GPI-IL-21 vaccine did. The reasons may be that the single-
handed vaccine efficacy, the B16F10/ESAT-6-GPI, or the
B16F10/IL-21 was limited against melanoma in current
study.

It is now evident that the model of a feedback loop links
ZEB1 to miR-200c, and that ZEB1 and miR-200c repress
each other in the loop. In tumors, environmental TGFf1
could trigger an upregulation of ZEB1, promoting a self-
enhancing loop in tumor cells, and resulting in EMT and
invasion [32, 34, 35]. Figure 5a indicates that TGFf1 and
ZEB1 were downregulated in the tumor tissues of mice
vaccinated with the B16F10/ESAT-6-GPI-IL-21 vaccine
compared with the mice vaccinated with the B16F10/mock
vaccine, also consistent with TGFf1 and ZEBI1 being
involved in the process of EMT [31]. miR-200c was
upregulated in the tumor tissues of mice vaccinated with
the B16F10/ESAT-6-GPI-IL-21 vaccine. Depending on the
decrease in the initial signal TGFf1, we hypothesize an
immune response induced by the B16F10/ESAT-6-GPI-IL-
21 vaccine might influence the aforementioned feedback
loop that may stabilize epithelial differentiation and block
EMT in the mice. Given that a metastatic melanoma is one
of the main causes for high mortality in human malignant
melanoma. An effective vaccine should be capable of
maximizing the effect of prevented melanoma metastases.
We have developed the B16F10/ESAT-6-GPI-IL-21 vac-
cine to inhibit TGFf1 generation and to promote the
expression of miR-200c, which acts as a tumor suppressor
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by directly targeting ZEBI1 to limit EMT and prevent
melanoma metastases that were markedly reduced in tumor
nodule numbers in the mouse lungs (Fig. 2d). Neverthe-
less, we still are uncertain about an expressive changes of
miR-200c and ZEB1 in an exactly cells since these
molecular detections were based on the tumor tissue sam-
ples. As all know, the tumor tissues in the vaccinated mice
included the B16F10 cells, the B16F10/ESAT-6-GPI-IL-21
cells, or the B16F10/mock cells; an extracellular matrix;
tumor-associated fibroblasts; bone marrow-derived cells;
and tumor epithelial cells [36]. Further task, therefore,
needs to do in order to find which cells made a key function
in these molecule expressive changes.

Taken together, in this mouse tumor model, vaccination
with the viable B16F10/ESAT-6-GPI-IL-21 tumor cell
vaccine induced powerful antitumor responses to autolo-
gous tumors by eliciting cellular and humoral immunologic
responses, inhibiting TGFf1 generation, and promoting
expression of miR-200c. Our findings suggest that
the ESAT-6-GPI can be a novel heterogenetic antigen
anchored in producing immune adjuvant IL-21 tumor cell
vaccine with the effective antitumor immunity for mela-
noma immunotherapy. The regimen may be a promising
therapeutic agent against melanoma.
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