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Background: NY-ESO-1 is an ideal target for multiple myeloma immunotherapy. Alum,
CpG ODN and HH2 complex is a safe and effective adjuvant for cancer vaccine.
Methods: We constructed NY-ESO-1 protein vaccine combined with alum, CpG ODN, and
HH2 complex adjuvant to immunize the BALB/c mice inoculated with NS-1 murine multiple
myeloma cells. Then, we determined the immunogenicity and anti-tumor effects in prophy-
lactic and therapeutic models by analyzing the NY-ESO-1 antibody titer, evaluating IL4/INF-
y expression, and assessing cytotoxic T lymphocytes activities. The side-effects of vaccines
were also evaluated.

Results: The group of NY-ESO-1 protein vaccine combining alum, CpG ODN, and HH2
complex adjuvant is more capable of stimulating both humoral and cellular tumor-specific
immune responses to prolong the survival of the mice and inhibit tumor growth in prophy-
lactic and therapeutic immunotherapy. The marked side-effects were not detected in immu-
nized mice.

Discussion: The results suggest that alum, CpG ODN, and HH2 complex as a novel
immune adjuvant combined cancer vaccine could improve the immunity efficiency in
a murine multiple myeloma model.

Keywords: vaccine, alum, CpG ODN, HH2, complex adjuvant, immunity, multiple

myeloma

Introduction

Multiple myeloma (MM) arises from plasma cell malignancy and ranks as a second
prevalent hematopoietic malignancy.'* So far, it’s still an incurable disease,
although the overall outcomes are constantly improving from high-dose chemother-
apy, autologous stem-cell transplantation, and the introduction of novel agents
(thalidomide, lenalidomide, bortezomib).>> The important cause of treatment fail-
ure is that the patients have poor tolerability to further intervention and myeloma
cells have acquired resistance to previous therapy and very likely are cross-resistant
to similar therapy.®'® Therefore, it is urgent that some novel therapeutic interven-
tion should be developed to eliminate myeloma cells that have become multi-drug
resistant. Anti-tumor vaccine is regarded as an effective and reliable anti-tumor
immune therapeutic measure because it is well-tolerated, non-toxic, and unlikely
cross-resistant with current drugs, and thus might be a powerful intervention to
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maintain a long-lasting control of minimal residual disease
(MRD) or to even eradicate disseminated tumor cells. >’

It is critical to identify tumor specific antigens (TSAs)
in the preparation of tumor vaccines. NY-ESO-1 is
a member of the cancer/testis antigen (CTA) family
expressed in diverse types of tumors including multiple
myeloma, but not in normal adult tissues except for germ
cells in testes and ovaries.'""'> Among all CTAs found so

far, NY-ESO-1 is the most immunogenic'*'"?

and pro-
duces clinical responses in chemo-refractory cancers. The
fairly high immunogenicity means NY-ESO-1 positive
patients can produce humoral and cellular immune
responses against NY-ESO-1. In addition, NY-ESO-1 pro-
tein vaccine combined with adjuvant can modulate the
Th1/Th2 balance and increase the magnitude and durabil-
ity of adaptive immunity. Therefore, NY-ESO-1 is an ideal
target for MM immunotherapy.

The immune adjuvant is an effective way to enhance
immunogenicity of cancer vaccine. Alum is the most
common adjuvant, leading to antigen retention and
prolonging antigen exposure.’?' Alum can strengthen
the antibody-mediated immune response with a Th2
bias,”*** but is poor in CD8" T cells generation.* CpG
oligodeoxynucleotide (CPG ODN) is a specific nucleotide
sequence with non-methylated cytosine guanine as the
primitive unit. It activates a variety of immune cells
including B cells, T cells, NK cells, macrophages, and
dendritic cells by binding to TLR9 and it can increase
Thl-type immune response and make up the lack of
alum, considered as a type of promising adjuvant.?>*’
VQLRIRVAVIRA-NH2 (HH2) is one type of innate
defense regulator peptide (IDR),?® which can recruit DC,
neutrophils, and macrophages indirectly or directly and
stimulate production of cytokines (monocyte chemoattrac-
tant protein-1, MCP-1) and cytokines (IL-8, IFN-y).>*3%-3
A previous study indicated that alum-CpG ODN-HH2
complex was an effective and novel immune adjuvant.’’

In our current study, we develop a complex vaccine
based on NY-ESO-l-alum-CpG ODN-HH2 (named
NACH) and examine its anti-tumor effects and immuno-
genicity on prophylactic and therapeutic models of murine
multiple myeloma. We found that alum, CpG ODN, and
HH2 complex as novel immune adjuvant combined cancer
vaccine could improved the immunity efficient in murine
multiple myeloma model. Compared with others vaccine
groups, the results showed that NACH vaccine could
markedly improve the immunity efficient and anti-tumor
activity in murine multiple myeloma models through

inducing humoral and cellular tumor-specific immune
responses. The results may provide an effective immu-
notherapy strategy for multiple myeloma.

Materials and Methods

Mice

Female BALB/c mice (6-8 weeks old) were purchased
from WeiTongLiHua Biological Technology Company
(Beijing, China) and maintained at the Animal Center of
State Key Laboratory of Biotherapy of Sichuan University.
Our operation procedure obeys the protocols approved by
the Ethics Review Committee for Animal Experimentation
of Sichuan University. The approval number for the mouse
model experiments is KS2020410.

Cell Lines

NS-1 murine multiple myeloma cells were provided by
American Type Culture Collection (ATCC). Then they
were transfected with the constructed plasmid pcDNA3.1/
NY-ESO-1 using Lipofec tamine 2000 (Invitrogen,
Carlsbad, CA), fostered in 1640 medium with 10% FBS,
and incubated in a 37 incubator with a humid 5% CO, gas
environment. The NS-1 murine multiple myeloma cells can
stably express NY-ESO-1 (NY-ESO-1" NS-1), which was
verified by Western blotting.

NY-ESO-1| Protein and Vaccine

The production and purification for NY-ESO-1 protein
were presented by the following steps. First, we assembled
a bacterial expression plasmid PET32a (Invitrogen) and
NY-ESO-1 (Invitrogen). Then we injected PET32a-NY-
ESO-1 into the E. coli strain BL21 (DE3)-bearing to
make it recombine, and induced it with IPTG for protein
production. Finally we lysed the E. coli using a high-
pressure homogenizer (APV 2000, Lubeck, Germany) to
attain crude NY-ESO-1 protein (Trx-NY-ESO-1). Here are
four steps for the purification of NY-ESO-1 protein, which
included Ni-chelating Sepharose affinity chromatography
(GE Healthcare, Piscataway, NJ), excision of the Trx-His6
-tag, removal of the Trx-His6-tag with second Ni-chelating
Sepharose affinity chromatography, and Q-ion-exchange
chromatography (GE Healthcare, Piscataway, NJ). The
endotoxin level was below standard level.

The preparation of combine vaccine needs the follow-
ing steps. In short, 20 ug CpG ODN was mixed with 40 ug
HH2, and then combined with 125 pg alum, next mixed
with 5 pg recombinant NY-ESO-1 protein in PBS with
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a total volume of 100 pL. The endotoxin levels were
approximately 0.02 EU/pg.

Western Blot Analysis
The final purified NY-ESO-1 proteins were detected by
Western blot (WB) analysis. Briefly, the proteins were
exposed to sodium dodecyl sulfate-polyacrylamide gel
electrophoresis analysis. After proteins were transferred
to nitrocellulose membrane and subsequent blocking, the
membranes were immunoblotted with rabbit anti-mice
NY-ESO-1 antibody and visualized with horseradish per-
oxidase (HRP)-conjugated goat anti-rabbit IgG antibody
(Santa Cruz Biotechnology, Santa Cruz, CA, USA), fol-
lowed by chemiluminescence

enhanced (Pierce

Biotechnology, Rockford, IL, USA) and auto-radiography.

Mouse Models

In the prophylactic model, female BALB/c mice (n=10)
were subcutaneously (s.c.) vaccinated with NY-ESO-1, NY-
alum-CpG-HH2 on days 0, 14, and 21, respectively. The
mice treated with NS were used as controls. Two weeks after
the last immunization, NY-ESO-1" NS-1 (2x10°) cells were
implanted on the back of mice and tumor volume was
measured every 3 days from tumor onset. We adopt the
following formula to calculate tumor volume: 0.5xlength
(mm)xwidth (mm?). At the same time, the murine survival
was monitored and plotted as Kaplan Meier curves.

In the therapeutic model, mice were injected with NY-
ESO-1" NS-1 (2x10°) cells on day 0 as described above.
Once the tumor became palpable (>50 mm?), these mice
were randomly divided into three groups on average,
which correspond to three immunization methods respec-
tively as mentioned above. Then mice were immunized
three times (on days 7, 14, and 28). The tumor volume and
body weight were measured, and the murine survival was
monitored and plotted as Kaplan—Meier curves.

Analysis of NY-ESO-| Antibody Titers

One week after the last immunization, we collected serum
and detected NY-ESO-1 antibody titers by ELISA accord-
manufacturer’s instructions (FangChen
China). Briefly, 3-fold diluted
serum was analyzed on plates (Nunclon, Roskilde,
Denmark) coated with NY-ESO-1 protein (0.1 pg/well)
overnight at 4°C followed by blocking with 5% non-fat
dry milk and 0.05% Tween-20 in PBS. Then we
probed NY-ESO-1 specific antibodies with goat anti-

ing to the
Corporation, Beijing,

mouse IgG conjugated with horseradish peroxidase

(1:3000; ZSGB-BIO, Beijing, China). Finally, the absor-
bance of each well at A450 was read on an microplate
reader (iMark, Bio-Rad, American).

CTL Activities
CTL assay was assessed using the standards lactate dehy-
drogenase (LDH) method according to the protocol (GMS
10073 V. A, GENMED, American). Murine splenocytes 1
week after the third immunization were isolated as effector
cells, and the NS-1 mouse myeloma cells were regarded as
target cells. NS-1 1 target cells were plated at 1x104 cells/
well on 96-well U- bottomed plates, and the splenocytes
(effectors) were added to a final volume of 100 pL in
ratios of 1:10, 1:20, and 1:40 (target to effector). The
plates were then incubated for 4 hours in a humidified 5%
CO, chamber at 37°C and centrifuged at 250 g for 10
minutes. Half of the volume (50 puL) was moved from all
wells to fresh 96-well at-bottom plates, and an equal
volume of reconstituted substrate mix was added per well.
The plates were then incubated in the dark at room
temperature for 30 minutes, then the 50 pL stop solution
added, and finally the absorbance was measured at 490
nm. The cell death percentages at each effector-to-target
cell ratio were calculated using the following formula:
(A490nm (experimental)-A490nm (effector spontaneous)-
A490nm (target spontaneous)/(A490nm (target maxi-
mum)-A490nm (effector spontancous)-A490nm (target
spontaneous)x100.

ELISA

One week after the immunization, the immunized mice
were sacrificed and the splenocytes were collected, and
then ELISA assays were carried out using the mouse IFN-
v/IL-4 ELISA kit (Dakewe Biotech Company, Shenzhen,
China) according to the manufacturer’s instructions.
Briefly, 5x10° splenocytes were isolated and then stimu-
lated with NS-1 cell lysis buffer including NY-ESO-1
protein in 100 pL/well RPMI 1640 supplemented with
10% FBS at 37°C for 48 hours. The supernatants were
collected and serial diluted standards and samples were
seeded into 96-well plates. After adding reagents, washing,
chromogenic development, and quenching were as
described in the manual instruction of test kit. The absor-
bance value at 450 nm was measured for each well.
A linear regression was performed based on the standards
for further deducing the concentration of test samples.
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Monitoring the Side Effects of Vaccines
After the animals were sacrificed, the heart, liver, spleen,
lung, and kidney of mice were gathered, embedded, and
slided for histological examinations. By the way, the body
weight, appetite, hair, and activity of mice were also
measured during the whole immune procedure.

Statistical Analysis

All data was analyzed by GraphPad Prism6 statistical
software (GraphPad Software, USA). We used one-way
analysis of variance (ANOVA) followed by Tukey’s multi-
ple-range testing to compare difference of multiple groups.
All values were depicted as the means=SD. P<0.05 was
considered statistically significant.

Results
Identification of Vaccines and WWestern

Blot Assay

After transfection of E. Coli Strain BL21 (DE3)-bearing
and induction with IPTG, the protein expressed by
PET32A-NY-ESO-1 was purified. Western blot assay
revealed the purified NY-ESO-1 protein as a 18 KD pro-
tein band, which could react with rabbit anti-mice NY-
ESO-1 antibody (Figure 1).

NACH Vaccine Inhibits Tumor Growth
and Prolongs Survival Time of Mice in

a Murine Multiple Myeloma Model

In the prophylactic model (Figure 2A and B), the
inoculated NS-1 mouse multiple myeloma grew rapidly
in the control group, with a mean tumor volume of

3

approximately 983+101.16 mm~ on day 17. However,

the mean tumor volume was 402.9+41.1 mm? in the

>

NY-ESO-1 [ 18KD

B-actin - 43KD

Figure | Identification of NY-ESO-1 protein by Western blot.

NY-ESO-1 vaccine group and 198.2+32.1 mm® in the
NACH vaccine group (P<0.05). In addition, the survi-
val fraction of tumor-bearing mice was significantly
prolonged, with eight of ten mice still surviving in
the NACH group day 90. These
demonstrated that NACH vaccine can induce a more

on results

effective anti-tumor immune response than non-
combined vaccine, which was sufficient to retard the
tumor growth and prolong the survival time of tumor-
bearing mice.

In the therapeutic model (Figure 3A and B), the mean
tumor volume in the mice of inoculated NS-1 mouse
multiple myeloma cells was, 1401.68
+113.72 ’, 592.88+76.61 393.6

mm’,
+55.68 mm?>, in the NS group, NY-ESO-1 vaccine group,

respectively,

mm?>,

and
and NACH group on day 21. Furthermore, seven of ten
tumor-bearing mice still survived in the NACH vaccine
group on day 90. However, all of the tumor-bearing mice
died within 40 days in the NS group. The results indicated
that vaccination with NY-alum-CpG-HH2 complex could
inhibit tumorigenesis and increase the survival time of

tumor-bearing mice effectively.

NS
NY-ESO-1
NACN

30009 == NS

— —— NY-ESO-1 100
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Days after tumor inoculation

1
100
Days after tumor inoculation

Figure 2 Tumor volumes and survival fractions of tumor-bearing mice in a prophylactic model. (A) The tumor volume of mice in a prophylactic model; (B) The survival time

of tumor-bearing mice in a prophylactic model.
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Figure 3 Tumor volumes and survival fractions of tumor-bearing mice in a therapeutic

bearing-tumor mice in a therapeutic model.

NACH Vaccine Led to a Highest Antigen-

Specific Antibody Immune Response

We detected titers of the antigen-specific antibody 1 week after
the third immunization using ELISA and found that there was
little increase of antibody titers of NY-ESO-1 in the NS group. At
the same time, NY-ESO-1 vaccine enhanced the titers of antibody
significantly compared with the NS group (P<0.05). As expected,
in terms of the NACH vaccine group, titers of antigen-specific
antibody were elevated significantly contrasted to the other
groups (Figure 4) (P<0.05). These results suggested that NACH
vaccine resulted in an elevated humoral immune response against
NY-ESO-1 in murine multiple myeloma models.

NACH Vaccine Caused Stronger
Cytotoxic T Lymphocyte (CTL)
Responses to Inhibit Tumor Growth

CTL activity was performed using the standards lactate
dehydrogenase (LDH) method to assess the cell-mediated

0.20+
0.15-

0.104

Antibody titer

0.054

NACH NY-ESO-1
Figure 4 Detection of NY-ESO-| antibody in murine serum. The NY-ESO-| levels were
detected by ELISA in the serum of mice | week after the third immunization. The levels of
the NACH vaccine group were higher than that of NY-ESO-1 vaccine group. *P<0.05.

100 -=- Ns
—A— NY-ESO-1
-6~ NACH
50
0 T S T T 1
0 20 40 60 80 100

Days after tumor inoculation

model. (A) The tumor volume of mice in a therapeutic model; (B) The survival of

the NACH vaccine.
Splenocytes were activated and employed as effectors to
identify NY-ESO-1" NS-1 myeloma cells. CTL assays
were proved by the killing rate of effector cells against

immune effect stimulated by

target cells. The ratios of effector cells:target cells were set
to 10:1, 20:1, and 40:1. Compared with 47.9+£0.9% in the
NACH vaccine group, the killing rate of the 40:1 ratios of
effector-to-target cells were, respectively, 38.3+0.7%, and
6.140.2% in the NY-ESO-1 group and NS group. As
expected, NACH vaccine induced remarkable tumor anti-
gen specific cytotoxic activity (P<0.01) (Figure 5).

NACH Vaccine Led to Stronger IL-4 and

INF-y Expression in vivo

We evaluated the INF-y (Th1) and IL-4 (Th2) levels in spleen
lymphocytes by ELISA assay in order to determine the
further cell-mediated immune responses against mice multi-
ple myeloma inoculated NS-1. There was no obviously
detectable number of INF-y/IL-4-secreting cells in the NS

607 -8 Ns
—A— NY-ESO-1

N3 -6~ NACH :I
g 40
E
“g e
‘C 201
-]
o
7]

0 v - v

10:1 20:1 40:1
E:T ratio

Figure 5 Killing activity of cytotoxic T lymphocyte. The cytotoxicity of splenocytes
against NS-1 cells was examined by LDH assay. The CTL effect of mice in the
NACH vaccine group was highest among the groups (P<0.05). *P<0.05, **P<0.01.
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NACN NY-ESO-1 NS

Figure 6 Detection of secreting IL-4 of the splenocytes by ELISA. *P<0.05.

104

IFN-y (ng/ml)

NACH

NY-ESO-1 NS

Figure 7 Detection of secreting IFN-y of the splenocytes by ELISA. *P<0.05.

group. In contrast, mice vaccination with NY-ESO-1 and
NACH vaccine group had increased levels of INF-y/IL-4
secreting cells. Moreover, the mice vaccination with NACH
vaccine produced the highest levels of INF-y/IL-4 levels.
(Figures 6 and 7). The above results indicate that NACH
vaccine can be a valid substance to induce a potent CTLs
activity.

NACH Vaccination Had No Stronger Side
Effects

Considering the safety of NACH vaccine, we carried out
the test for its toxicity in this study. During the entire
immunization process, there was no abnormal body weight
(Figure 8, p>0.05), appetite, hair, or activity in mice
among different groups. The heart, liver, spleen, lung,
and kidney from the mice of all three groups were subject
to histological examinations with HE staining. The

procedure. There were no significant differences (P>0.05).

examinations did not show any obvious pathological
abnormalities (Figure 9). As a result, we confirm that
NACH vaccine has no side-effects.

Discussion

Multiple myeloma (MM) is a cancer of malignant prolif-
eration of plasma cells. Despite the emergence of many
new drugs, MM is still an incurable disease. However,
many recent researchers found cancer immunotherapy
was a promising method to suppress cancer.>® The key to
realize cancer immunotherapy is finding a type of antigen
which is expressed in tumor tissue but not or less in
normal tissue. NY-ESO-1 is prevalently expressed at the
RNA and protein level not in normal tissues but in
MM."*! As a result, NY-ESO-1 might be an excellent
candidate as a tumor specific antigens (TSA) in MM. Up
to now, there have been relevant literature reports about
NY-ESO-1 vaccine in MM and some have already been on
Phase /I clinical trials.***® However, it still has not been
used in the clinic because of lower immunogenicity and
anti-tumor activity.>® As a result, we need further research
about this tumor vaccine against NY-ESO-1 in MM.
According to our experiment, NY-ESO-1 vaccine alone
can inhibit tumor growth and enhance the anti-tumor
immune response of the host (BALB/c mice), but the
effect is not dramatic enough. So we decided to add
adjuvants to the vaccine to enhance its immunogenicity
and anti-tumor activity.

Alum-CpG-HH2 combinational adjuvant is a new type
of immune adjuvant and it is made by mixing alum, CPG-
ODN, and HH2 in a certain proportion. It is worth mention-
ing that it is a very effective immune adjuvant that signifi-
cantly enhances the host’s Thl-type immune response to

31 as31

tumor-related antigens.” According to Tian et al
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Figure 9 HE staining in tissues of heart, liver, spleen, lung, and kidney (%400). (A) NS group; (B) NY-ESO-1 group; (C) NACH vaccine group.

research, the Alum-CpG-HH2 combinational adjuvant
strengthens the body’s innate immunity. In our study, we
constructed alum-CpG-HH2 recombinant NY-ESO-1 pro-
tein vaccine (named NACH) and found that NACH vaccine
inhibited tumor growth and prolonged survival in mice in
both the prophylactic and therapeutic groups more strongly
than the NY-ESO-1 vaccine. Most notably, mice had the
longest survival and the smallest tumor volume measured in
the NACH vaccine group.

We detected titers of the antigen-specific antibody by
ELISA to assess the enhancement of host humoral immu-
nity in three groups. In the NS group, the increase of
antibody titers against NY-ESO-1 was not significant.
NY-ESO-1 vaccine enhanced the titers of NY-ESO-1 anti-
body, slightly but not significantly. As we expected,
NACH immunized mice developed the highest levels of
NY-ESO-1 antibody among the three groups. These
results suggest that NACH vaccine can significantly
induce humoral immunity against multiple myeloma.
Tian et al’s’' findings also suggest that vaccine combined
with Alum-CpG-HH2 combinational adjuvant signifi-
cantly increases the concentration of IgG in the blood
of mice.

In order to evaluate the effect of the NACH vaccine
on the cellular immune response, we conducted the
following assays. First, we performed CTL activity and
used the standards lactate dehydrogenase (LDH) method
to detect the killing rate of effector cells against target
cells. Compared with other groups, the killing rate of
the NACH vaccine group was significantly higher.
Secondly, we also evaluated the INF-y (Thl) and IL-4
(Th2) levels in spleen lymphocytes by ELISA assay in
order to determine the further cell-mediated immune
responses against mice multiple myeloma inoculated
NS-1. The levels of INF-y/IL-4 secreting cells in the
NACH group were highest among three groups. The
results of the above two experiments suggest that the
NACH vaccine activated a sufficiently strong cellular
immunity against MM. Previous reports have also con-
firmed that there are multiple epitopes of NY-ESO-1
peptide chain recognized by T lymphocytes and these
epitopes can effectively induce adaptive CTL response
in NY-ESO-1 positive patients. In addition, purified
recombinant NY-ESO-1 protein vaccines can signifi-
cantly trigger the CD8" T cell response and activate
dendritic cells regardless of HLA restriction. As
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a whole, this purified recombinant NY-ESO-1 protein
vaccine is effective in humoral and cellular immunity.>*

In addition, the safety of vaccines has always been
a concern. Therefore, during the course of the experiment,
we performed a rigorous physical examination of the mice,
and then we did not find any abnormal situation of appe-
tite, hair, and activity in mice among different groups. In
addition, we also performed an autopsy on the mice after
the experiment, and we did not observe pathological
abnormalities of the heart, liver, spleen, lung, and kidney
from the mice of all three groups. It turned out that our
vaccine had no obvious side-effects on mice.

To sum up, our data demonstrated that the NACH
vaccine is a safe, effective, and promising vaccine, which
can effectively trigger efficient humoral and cellular
tumor-specific immune responses and inhibit tumorigen-
esis and progression in murine multiple myeloma. The
results in this study may provide a new strategy for immu-
notherapy of multiple myeloma.
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