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The tumor-associated antigenmucin 1 (MUC1) is an attractive target of antitumor vaccine, but
its weak immunogenicity is a big challenge for the development of vaccine. In order to
enhance immune responses against MUC1, herein, we conjugated small molecular toll-like
receptor 7 agonist (TLR7a) to carrier protein BSA via MUC1 glycopeptide to form a three-
component conjugate (BSA-MUC1-TLR7a). Furthermore, we combined the three-
component conjugate with Alum adjuvant to explore their synergistic effects. The
immunological studies indicated that Alum adjuvant and built-in TLR7a synergistically
enhanced anti-MUC1 antibody responses and showed Th1-biased immune responses.
Meanwhile, antibodies elicited by the vaccine candidate effectively recognized tumor cells and
induced complement-dependent cytotoxicity. In addition, Alum adjuvant and built-in TLR7a
synergistically enhanced MUC1 glycopeptide-specific memory CD8+ T-cell immune
responses. More importantly, the vaccine with the binary adjuvant can significantly inhibit
tumor growth and prolong the survival time of mice in the tumor challenge experiment. This
novel vaccine construct provides an effective strategy to develop antitumor vaccines.

Keywords: MUC1 glycopeptide, TLR7 agonist, alum adjuvant, synergistic effect, cancer vaccine
INTRODUCTION

Tumor-associated antigen mucin 1 (MUC1) is overexpressed on many human epithelial tumor
tissues, such as breast, ovarian, and prostate carcinomas, which makes it an attractive target for
tumor immunotherapy (1, 2). MUC1 contains a variable number of tandem repeat (VNTR)
sequence (HGVTSAPDTRPAPGSTAPPA), and five potential O-glycosylation sites are located on
the threonines and serines of the tandem repeat sequence (3–5). In normal cells, MUC1
glycoproteins are expressed in a polarized fashion, whereas MUC1 glycoproteins in tumor cells
are overexpressed with much less glycosylation, present all over the cell surface, and show an
unpolarized fashion (6, 7). MUC1 glycopeptide from VNTR sequence was often used as the antigen
for the MUC1-targeted antitumor vaccines (8–13). However, due to the weak immunogenicity of
org March 2022 | Volume 13 | Article 8577791
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MUC1 glycopeptide, appropriate immune stimulators or carriers
are necessary in vaccine designs (4, 14).

Toll-like receptors (TLRs) are pattern-recognition receptors
(PRRs) found in many immune cells such as macrophages and
dendritic cells (DCs) (15–18). TLRs can recognize nucleic acid
molecules or cell wall components of pathogens to the innate
immune system, and then regulate the activation of antigen-
presenting cells (APCs) (19–21). The purine-rich RNA is a
natural ligand for TLR7, which induces the innate immune
response to the invading pathogen (22–25). Due to the
important role of TLR7 in activating the immune system,
many studies focused on the conjugation of TLR7 agonists to
antigens for enhancing immune responses (26–29).

The most widely used Alum adjuvant in human vaccines has the
great potential to adsorb antigens and alter their pharmacokinetic
and immunological properties (30). Many studies used Alum
adjuvant as immunostimulatory in vaccine designs to enhance the
immunogenicity of antigens (31–33). However, Alum adjuvant
alone mainly stimulates the Th2-biased immune responses and
induces relatively weak cellular immune responses (30, 34, 35). To
deal with this challenge, some researchers used Alum adjuvant
combined physically with other adjuvants that could induce Th-1
immune responses (36–39).

In the design of semisynthetic vaccines, MUC1 glycopeptide
was often conjugated to the carrier proteins such as bovine serum
albumin (BSA), keyhole limpet hemocyanin (KLH), and tetanus
toxoid (TT) (40–42). On the one hand, semisynthetic vaccines
containing carrier protein are usually facile to prepare and could
effectively induce both humoral and cellular immune responses
(43–45). On the other hand, the carrier proteins provide multiple
Th and Tc epitopes that could synergistically activate the
adaptive immune response (14, 46).

Based on these considerations, we covalently conjugated TLR7
agonist (TLR7a) to MUC1 glycopeptide through solid-phase
synthesis method (SPPS) in our vaccine design (Scheme 1A). The
glycopeptide-adjuvant conjugateMUC1-TLR7a was then covalently
linked to the carrier protein BSA through the squaric acid diethyl
ester method to form a three-component conjugate (BSA-MUC1-
TLR7a). In this strategy, MUC1 and TLR7a can be easily covalently
conjugated to the carrier protein through only one step, and the
molar ratio of MUC1 and TLR7a was strictly controlled at 1:1,
which could avoid the uncertainty caused by the random coupling
of adjuvant and antigen. In addition, the strategy of built-in TLR7
agonist could also avoid uncontrolled systemic toxicity caused by
the diffusion of small molecule (22, 47). Furthermore, the BSA-
MUC1-TLR7a conjugate was combined with Alum adjuvant to
determine whether they could synergistically enhance the anti-
MUC1-specific immune responses (Figure 1). This is the first
time to introduce Alum adjuvant to the self-adjuvanting protein
conjugate in the MUC1-targeted antitumor vaccine.
RESULTS AND DISCUSSION

Synthesis of BSA-MUC1-TLR7a Conjugate
Here, we designed a new vaccine construction based on TLR7
agonist for tumor immunotherapy. In this strategy, MUC1
Frontiers in Immunology | www.frontiersin.org 2
glycopeptide (GVTSAPDTRPAPG, 13aa) from the VNTR of
MUC1 glycoprotein was used as an antigen, which was
synthesized through the solid-phase peptide synthesis (SPPS)
with Rink Amide-AM Resin (Scheme 1A). With glycine as
spacer, the Fmoc-Lys(Mmt)-OH was conjugated to the resin-
bound peptide. After deprotection of Mmt protection group with
1% trifluoroacetic acid (TFA) in DCM, the TLR7a was coupled to
the amino group of the lysine side chain. Then, after the coupling
of glycine and diethyl squarate, the TLR7a-MUC1 glycopeptide
squaric acid monoamide was synthesized after removal from the
resin and deprotection. The product was purified by high-
performance liquid chromatography (HPLC, Figure S4) and
analyzed by high-resolution mass spectrometry (HRMS, Figure
S5). Finally, the TLR7a-MUC1 glycopeptide squaric acid
monoamide and BSA carrier protein were dissolved and mixed
in Na2B4O7/KHCO3 buffer (pH = 9.5) to form BSA-MUC1-
TLR7a conjugate. The conjugate was purified by size-exclusion
gel filtration (30 kD) and analyzed by HPLC (Scheme 1B). The
average capacity of TLR7a-MUC1 on BSA carrier protein
(average of 6–7) was estimated by matrix-assisted laser
desorption/ionization time-of-flight mass (MALDI-TOF-MS,
Scheme 1C).

Vaccine Design and Immunization
Six MUC1-targeted antitumor vaccine candidates were designed:
(A) BSA-MUC1 alone; (B) BSA-MUC1 mixed with TLR7a; (C)
BSA-MUC1 mixed with Alum adjuvant; (D) BSA-MUC1 mixed
with TLR7a and Alum adjuvant; (E) BSA-MUC1-TLR7a; and (F)
BSA-MUC1-TLR7a mixed with Alum adjuvant. All vaccine
candidates contain 10 nmol MUC1glycopeptide or 10 nmol
TLR7 agonist. In these vaccine candidates, two important factors
were considered: the covalent coupling of TLR7 agonist and the use
of Alum adjuvant (Table S1).

Female BALB/c mice aged 6 weeks were vaccinated on days 1,
15, and 29 for subcutaneous injection (200 mL per mouse), and the
sera were collected on days 14, 28, and 42 to evaluate the antibody
immune responses including enzyme linked immunosorbent
assay (ELISA), fluorescence-activated cell sorting (FACS)
analysis, and complement-dependent cytotoxicity (CDC) assay
(48–50). In addition, the spleens frommice were collected on days
42 to evaluate the cellular immune responses including cytotoxic T
lymphocyte (CTL) assay, intracellular cytokine staining (ICS)
assay, and enzyme-linked immunospot (ELISpot) assay (51–54).
All mice used in the experiments were purchased and bred in the
Laboratory Animal Centre of Huazhong Agriculture University,
and the experiments were conducted strictly in accordance with
the principles of welfare and ethics of medical laboratory animals.

Evaluation of Cytokine Levels and
Antigen-Specific Antibodies
IL-6 cytokine is the representative of inflammatory cytokines; the
secretion of IL-6 cytokines in the sera of mice was measured to
determine whether the vaccine candidates could effectively
activate the immune system (27). Mice were injected with
vaccine candidates and sera were collected at 2, 6, and 12 h
after immunization. As shown in Figure 2A, both the built-in
March 2022 | Volume 13 | Article 857779
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TLR7 agonist and Alum adjuvant induced the secretion of IL-6
cytokines (2,303 and 1,586 pg/ml at 2 h, respectively). In
particular, when BSA-MUC1-TLR7a was combined with Alum
adjuvant, higher levels of IL-6 cytokines were detected in the sera
of mice (5,932 pg/ml at 2 h). Although there is no significant
Frontiers in Immunology | www.frontiersin.org 3
difference, the secretion levels of IL-6 cytokines of BSA-MUC1/
TLR7a/Alum group (3,034 pg/ml at 2 h) were still lower
compared with BSA-MUC1-TLR7a/Alum group. These results
indicated that the combination of built-in TLR7 agonist and
Alum adjuvant could synergistically stimulate the immune
FIGURE 1 | Design of the three-component conjugate (BSA-MUC1-TLR7a) and its co-adsorption with Alum adjuvant (PDB code of BSA: 4F5S).
A B

C

SCHEME 1 | (A) Synthesis of BSA-MUC1-TLR7a conjugate. (B) The HPLC analysis result showed that the purity of BSA-MUC1-TLR7a conjugate was higher than
95%. (C) The MALDI-TOF-MS result showed that each BSA protein conjugated an average of 6-7 MUC1-TLR7a glycopeptides.
March 2022 | Volume 13 | Article 857779
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system and induce higher levels of IL-6 cytokines. Interestingly,
higher levels of IL-6 cytokines were still detected in the sera of
BSA-MUC1-TLR7a/Alum group at 12 h after vaccination. This
result could be attributed to the adsorption of proteins by Alum
adjuvant, showing a slow release and continuous stimulation to
the immune system.

The level of induced specific antibodies is an important index to
evaluate the efficacy of vaccine candidates. As shown in Figure 2B,
the built-in TLR7 agonist and Alum adjuvant could synergistically
induce higher anti-MUC1 IgG antibody titer (166,809) on day 42
compared with other vaccine candidates. In addition, the
experimental result showed that physical mixing of TLR7 agonist
with BSA-MUC1 slightly decreased the anti-MUC1 IgG antibody
titer (23,078 and 20,063 for the BSA-MUC1 alone and mixed with
TLR7a, respectively) on day 42, which may be due to the
uncontrolled systemic toxicity caused by the diffusion of small
molecules TLR7 agonist. Meanwhile, compared with BSA-MUC1,
BSA-MUC1/Alum only induced about 2-fold higher anti-MUC1
IgG antibody titer (52,943) on day 42. Built-in TLR7 slightly
increased IgG antibody titer (27,431), which is somewhat
different from previous work and may be due to the dfferences
in coupling strategy (46). Thus it can be seen that the synergistic
effect of built-in TLR7 agonist and Alum adjuvant is the key factor
Frontiers in Immunology | www.frontiersin.org 4
to enhance antibody immune responses in this strategy. This may
be attributed to the adsorption of Alum adjuvant to BSA-MUC1-
TLR7a conjugate, which plays a slow release effect. Meanwhile, the
built-in TLR7 agonist could also avoid uncontrolled systemic
toxicity caused by the diffusion of small molecules (see Figures
S6, S7 for IgM and anti-BSA antibody titers).

In terms of IgG antibody subtypes, as shown in Figure 2C,
BSA-MUC1 alone and BSA-MUC1 mixed with Alum adjuvant or
TLR7 agonist mainly induced IgG1 antibody and hardly caused
the production of IgG2a, IgG2b, and IgG3 antibodies, showing a
strong Th2-biased immune responses with low ratio of IgG2a/
IgG1 (Figure 2D). Although the built-in TLR7a only slightly
increase the anti-MUC1 IgG antibody titer, but it significantly
improved the ratio of IgG2a/IgG1 (2.2) and showed a Th1-biased
immune responses. Whereas the BSA-MUC1-TLR7a combined
with Alum adjuvant not only induced IgG1 antibody, but it also
elicited high levels of IgG2a and IgG2b antibodies, showing a Th1-
biased immune responses (IgG2a/IgG1 = 2).

Immunological Studies With Cancer Cells
To determine whether induced antibodies can effectively
recognize and bind to target tumor cells, MUC1-positive MCF-
7 and B16-F10 cells were incubated with pooled sera of each
A B

C D

FIGURE 2 | (A) The secretion of the IL-6 cytokines in serum samples from immunized BALB/c mice with vaccine candidates at 2, 6, and 12 h, respectively.
(B) Anti-MUC1 IgG antibody titers of each group on days 14, 28, and 42. (C) MUC1-specific IgG antibody subtypes on day 42 and (D) the ratio of IgG2a/IgG1 of
mice. The data are expressed as the mean ± SEM. Asterisks show significant difference compared with BSA-MUC1-TLR7a/Alum group based on one-way ANOVA
by Dunn’s multiple comparison test (no significant difference, ns; *p ≤ 0.05, **p ≤ 0.01; ***p ≤ 0.001; ****p ≤ 0.0001).
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group and B16-F10 cells were used as negative control cells (46).
After washing, cells were incubated with Alexa Fluor 488-
conjugated goat anti-mouse IgG and analyzed by flow
cytometry. As shown in Figure 3, the results were consistent
with the previous trend of anti-MUC1 IgG antibody titers, the
serum antibodies from mice immunized with BSA-MUC1-
TLR7a/Alum could effectively recognize and bind MUC1-
positive tumor cells including MCF-7 and B16-MUC1 cells.
Furthermore, serum antibodies from all groups could not
significantly bind B16-F10 cells, indicating that the binding of
antibodies to MCF-7 and B16-MUC1 cells was MUC1-targeted.

To assess the ability of antibodies to activate the complement
system, the complement-dependent cytotoxicity (CDC) assay was
performed by the tetrazolium bromide (MTT) test (48, 55). As
shown in Figure 4A, the serum antibodies from BSA-MUC1-
TLR7a/Alum group cannot only effectively bind MCF-7 cells but
also effectively cause complement-dependent cytotoxicity to kill
target cells (cell viability was 56% for BSA-MUC1 alone, 56% for
mixing with TLR7a, 53% for mixing Alum adjuvant, 58% for
mixing with TLR7a and Alum adjuvant, 52% for BSA-MUC1-
TLR7a, and 32% for the BSA-MUC1-TLR7a mixed with Alum
adjuvant, respectively). Furthermore, to investigate whether the
candidate vaccines elicit cytotoxic T lymphocyte (CTL) response
to kill target cells, splenocytes were obtained from immunized mice
on day 42 and incubated with MCF-7 cancer cells (46, 56). The lysis
of MCF-7 cells was then determined by lactate dehydrogenase
(LDH) assay. As shown in Figure 4B, the results showed that the
cytotoxicity of splenocytes of BSA-MUC1-TLR7a/Alum group was
Frontiers in Immunology | www.frontiersin.org 5
significantly higher than that of other groups (lysis of MCF-7 cells
was 3.6% for BSA-MUC1 alone, 3.3% for mixing with TLR7a, 4.1%
for mixing Alum adjuvant, 3.5% for mixing with TLR7a and Alum
adjuvant, 3.3% for BSA-MUC1-TLR7a, and 6.8% for the BSA-
MUC1-TLR7a mixed with Alum adjuvant, respectively).

Cellular Immune Responses
Cellular immune response is another important indicator to
evaluate cancer vaccines, which may also provide insight into
mechanisms beyond MUC1-specific immune responses that are
promoting antitumor activity in vivo. In order to evaluate
cellular immune responses after vaccination, lymphocytes in
the spleen were stimulated with the MUC1 glycopeptide, then
the results were analyzed by intracellular cytokine staining
(ICS) assay including tumor necrosis factor-a (TNF-a) and
gamma interferon (IFN-g). MUC1-reactive memory of CD8+ T
cells was analyzed by flow cytometry (Figures 5A and S8).
Compared with other groups, immunization with BSA-MUC1-
TLR7a/Alum induced more CD8+ T cells that produced Th1
cytokines IFN-g and TNF-a (1.0% for BSA-MUC1 alone, 1.1%
for mixing with TLR7a, 1.4% for mixing Alum adjuvant, 0.8%
for mixing with TLR7a and Alum adjuvant, 1.4% for BSA-
MUC1-TLR7a, and 2.6% for the BSA-MUC1-TLR7a mixed
with Alum adjuvant, respectively). In addition, IFN-g was
also assessed by enzyme-linked immunospot (ELISpot) assay
(Figure 5B). The results showed that vaccination with BSA-
MUC1-TLR7a/Alum developed higher number of IFN-g spots
than other groups (37 for BSA-MUC1 alone, 53 for mixing with
FIGURE 3 | Specific antibodies recognized and bound MUC1-positive MCF-7 and B16-MUC1 cells instead of B16-F10 cells.
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TLR7a, 63 for mixing Alum adjuvant, 37 for mixing with TLR7a
and Alum adjuvant, 93 for BSA-MUC1-TLR7a, and 210 for the
BSA-MUC1-TLR7a mixed with Alum adjuvant, respectively).
All the experimental results showed that built-in TLR7a agonist
and Alum adjuvant could synergistically induce a stronger
immune response than other groups.

Evaluation of Antitumor Immune
Response in Mice
Furthermore, to determine whether the BSA-MUC1-TLR7a
combined with Alum adjuvant can effectively inhibit tumor
growth, female C57BL/6 mice aged 6 weeks were challenged
Frontiers in Immunology | www.frontiersin.org 6
by subcutaneous injection of 5 × 105 B16-MUC1 cells per
mouse. The mice were inoculated with the vaccines on days
12, 16, and 20 for three times in total (5 mice per group). As
shown in Figures 6B, C, the mean tumor volume of BSA-
MUC1-TLR7a/Alum group was less than 500 mm3 on day 32,
while the mean tumor volume of the other groups exceeded
1,000 mm3. Meanwhile, the analysis results showed that only
the BSA-MUC1-TLR7/Alum group could significantly inhibit
the tumor growth compared with PBS group, and there was no
significant difference between PBS group and other groups.
The results showed that the BSA-MUC1-TLR7a combined
with Alum adjuvant can effectively inhibit tumor growth and
A B

FIGURE 5 | Lymphocytes in the spleen (on day 42) were collected and stimulated with the MUC1 glycopeptide. Then the ICS assay (A) and ELISpot assay (B) were
performed. The data are expressed as the mean ± SEM. Asterisks show significant difference compared with BSA-MUC1-TLR7a/Alum group based on one-way
ANOVA by Dunn’s multiple comparison test (*p ≤ 0.05; **p ≤ 0.01; ***p ≤ 0.001; ****p ≤ 0.0001).
A B

FIGURE 4 | (A) The complement-dependent cytotoxicity (CDC) assay of sera from vaccinated mice (MCF-7 cells). (B) The cytotoxic T-lymphocyte (CTL) assay of
spleen from vaccinated mice on day 42. The data are expressed as the mean ± SEM. Asterisks show significant difference compared with BSA-MUC1-TLR7a/Alum
group based on one-way ANOVA by Dunn’s multiple comparison test (*P ≤ 0.05).
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prolong the survival time of mice (Figure 6A), indicating that
this conjugate vaccine containing Alum adjuvant is a
promising vaccine candidate inducing effective anti-tumor
immune responses in mice.
CONCLUSION

Herein, we report for the first time that the self-adjuvanting
protein conjugate is combined with Alum adjuvant in MUC1-
targeted antitumor vaccine, which induced potent immune
responses. In this strategy, the TLR7 agonist was conjugated to
carrier protein via MUC1 glycopeptide, which could avoid
systemic toxicity caused by the diffusion of small molecules. On
the one hand, the experimental results indicated that BSA-
MUC1-TLR7a/Alum induced high anti-MUC1 IgG antibody
titers and showed a Th1-biased immune response. Furthermore,
the serum antibody induced by the BSA-MUC1-TLR7a/Alum can
effectively bind MCF-7 cells and cause complement dependent
cytotoxicity. On the other hand, ICS and ELISpot assays also
determined that BSA-MUC1-TLR7a/Alum induced stronger
cellular immune responses compared with other groups. More
importantly, BSA-MUC1-TLR7a/Alum can significantly inhibit
tumor growth and prolong the survival time of the tumor-bearing
mice. Thus, this vaccine design represents an effective strategy for
tumor immunotherapy and may provide a potential strategy
against other diseases.
DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included in
the article/Supplementary Material. Further inquiries can be
directed to the corresponding author.
Frontiers in Immunology | www.frontiersin.org 7
ETHICS STATEMENT

The animal study was reviewed and approved by the Ethics
Review Committee for Life Science Study of Central China
Normal University.
AUTHOR CONTRIBUTIONS

JG and S-HZ conceived the research ideas, supervised the
project, and wrote the manuscript. Y-TL, Y-LL, Z-WY, and
M-MB performed the animal experiments. R-YZ, JW, J-JD, and
YW performed the immunological experiments. All authors
discussed the results and commented on the manuscript. All
authors listed have made a substantial, direct, and intellectual
contribution to the work and approved it for publication.
FUNDING

The project was funded by the National Natural Science Foundation
of China (22177035, 21772056), the National Key Research and
Development Program of China (2017YFA0505200), Wuhan
Bureau of Science and Technology (2020020601012217), the self-
determined research funds of CCNU from the colleges’ basic
research and operation of MOE (CCNU20TS016), and Program
of Introducing Talents of Discipline to Universities of China (111
program, B17019).
SUPPLEMENTARY MATERIAL

The SupplementaryMaterial for this article can be found online at:
https://www.frontiersin.org/articles/10.3389/fimmu.2022.857779/
full#supplementary-material
REFERENCES
1. Beatson RE, Taylor-Papadimitriou J, Burchell JM. MUC1 Immunotherapy.

Immunotherapy (2010) 2:305–27. doi: 10.2217/imt.10.17
2. Singh R, Bandyopadhyay D. A Target Molecule for Cancer Therapy. Cancer

Biol Ther (2007) 6:481–6. doi: 10.4161/cbt.6.4.4201
3. Rashidijahanabad Z, Huang X. Recent Advances in Tumor Associated
Carbohydrate Antigen Based Chimeric Antigen Receptor T Cells and
Bispecific Antibodies for Anti-Cancer Immunotherapy. Semin Immunol
(2020) 47:101390. doi: 10.1016/j.smim.2020.101390

4. Stergiou N, Urschbach M, Gabba A, Schmitt E, Kunz H, Besenius P. The
Development of Vaccines From Synthetic Tumor-Associated Mucin
A B C

FIGURE 6 | Survival rate of mice (A) and tumor growth (B) of mice injected with different samples. (C) Tumor images of mice euthanized. Asterisks show significant
difference based on two-way ANOVA by Dunn’s multiple comparison test compared with PBS group (no significant difference, ns; *P ≤ 0.05).
March 2022 | Volume 13 | Article 857779

https://www.frontiersin.org/articles/10.3389/fimmu.2022.857779/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fimmu.2022.857779/full#supplementary-material
https://doi.org/10.2217/imt.10.17
https://doi.org/10.4161/cbt.6.4.4201
https://doi.org/10.1016/j.smim.2020.101390
https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles


Zhou et al. Antitumor Vaccine With Built-in Adjuvant
Glycopeptides and Their Glycosylation-Dependent Immune Response. Chem
Rec (2021) 21:3313–31. doi: 10.1002/tcr.202100182

5. Wu X, McFall-Boegeman H, Rashidijahanabad Z, Liu K, Pett C, Yu J, et al.
Synthesis and Immunological Evaluation of the Unnatural b-Linked Mucin-1
Thomsen-Friedenreich Conjugate. Org Biomol Chem (2021) 19:2448–55.
doi: 10.1039/d1ob00007a

6. Taylor-Papadimitriou J, Burchell JM, Graham R, Beatson R. Latest
Developments in MUC1 Immunotherapy. Biochem Soc Trans (2018)
46:659–68. doi: 10.1042/BST20170400

7. Gaidzik N, Westerlind U, Kunz H. The Development of Synthetic
Antitumour Vaccines From Mucin Glycopeptide Antigens. Chem Soc Rev
(2013) 42:4421–42. doi: 10.1039/c3cs35470a

8. Zhu H, Wang K, Wang Z, Wang D, Yin X, Liu Y, et al. An Efficient
and Safe MUC1-Dendritic Cell-Derived Exosome Conjugate Vaccine
Elicits Potent Cellular and Humoral Immunity and Tumor Inhibition
In Vivo. Acta Biomater (2022) 138:491–504. doi: 10.1016/j.actbio.
2021.10.041

9. Du J-J, Zhou S-H, Cheng Z-R, Xu W-B, Zhang R-Y, Wang L-S, et al. MUC1
Specific Immune Responses Enhanced by Coadministration of Liposomal
DDA/MPLA and Lipoglycopeptide. Front Chem (2022) 10:814880:814880.
doi: 10.3389/fchem.2022.814880

10. Chen PG, Hu HG, Sun ZY, Li QQ, Zhang BD, Wu JJ, et al. Fully Synthetic
Invariant NKT Cell-Dependent Self-Adjuvanting Antitumor Vaccines
Eliciting Potent Immune Response in Mice. Mol Pharm (2020) 17:417–25.
doi: 10.1021/acs.molpharmaceut.9b00720

11. Cai H, Shukla S, Wang C, Masarapu H, Steinmetz NF. Heterologous Prime-
Boost Enhances the Antitumor Immune Response Elicited by Plant-Virus-
Based Cancer Vaccine. J Am Chem Soc (2019) 141:6509–18. doi: 10.1021/
jacs.9b01523

12. Wu X, Yin Z, McKay C, Pett C, Yu J, Schorlemer M, et al. Protective Epitope
Discovery and Design of MUC1-Based Vaccine for Effective Tumor
Protections in Immunotolerant Mice. J Am Chem Soc (2018) 140:16596–
609. doi: 10.1021/jacs.8b08473

13. Ingale S, Wolfert MA, Gaekwad J, Buskas T, Boons GJ. Robust Immune
Responses Elicited by a Fully Synthetic Three-Component Vaccine. Nat Chem
Biol (2007) 3:663–7. doi: 10.1038/nchembio.2007.25

14. Hossain MK, Wall KA. Immunological Evaluation of Recent MUC1
Glycopeptide Cancer Vaccines. Vaccines (2016) 4:25. doi: 10.3390/
vaccines4030025

15. Li Q, Guo Z. Recent Advances in Toll Like Receptor-Targeting
Glycoconjugate Vaccines. Molecules (2018) 23:1583. doi: 10.3390/
molecules23071583

16. Jeong S, Choi Y, Kim K. Engineering Therapeutic Strategies in Cancer
Immunotherapy via Exogenous Delivery of Toll-Like Receptor Agonists.
Pharmaceutics (2021) 13:1374. doi: 10.3390/pharmaceutics13091374

17. Luchner M, Reinke S, Milicic A. TLR Agonists as Vaccine Adjuvants
Targeting Cancer and Infectious Diseases. Pharmaceutics (2021) 13:142.
doi: 10.3390/pharmaceutics13020142

18. Sartorius R, Trovato M, Manco R, D’Apice L, De Berardinis P. Exploiting
Viral Sensing Mediated by Toll-Like Receptors to Design Innovative
Vaccines. NPJ Vaccines (2021) 6:127. doi: 10.1038/s41541-021-00391-8

19. Ohto U, Shimizu T. Structural Aspects of Nucleic Acid-Sensing Toll-Like
Receptors. Biophys Rev (2016) 8:33–43. doi: 10.1007/s12551-015-0187-1

20. Wang J, Yin X-G, Wen Y, Lu J, Zhang R-Y, Zhou S-H, et al. MPLA-
Adjuvanted Liposomes Encapsulating s-Trimer or RBD or S1, But Not s-
ECD, Elicit Robust Neutralization Against SARS-CoV-2 and Variants of
Concern. J Med Chem (2022) 65:3563–74. doi: 10.1021/acs.jmedchem.
1c02025

21. Hu HG, Li YM. Emerging Adjuvants for Cancer Immunotherapy. Front Chem
(2020) 8:601. doi: 10.3389/fchem.2020.00601

22. Van Herck S, Deswarte K, Nuhn L, Zhong Z, Portela Catani JP, Li Y, et al.
Lymph-Node-Targeted Immune Activation by Engineered Block Copolymer
Amphiphiles-TLR7/8 Agonist Conjugates. J Am Chem Soc (2018) 140:14300–
7. doi: 10.1021/jacs.8b08595

23. Kim WG, Choi B, Yang HJ, Han JA, Jung H, Cho H, et al. Covalent
Conjugation of Small-Molecule Adjuvants to Nanoparticles Induces Robust
Cytotoxic T Cell Responses via DC Activation. Bioconjug Chem (2016)
27:2007–13. doi: 10.1021/acs.bioconjchem.6b00277
Frontiers in Immunology | www.frontiersin.org 8
24. Shinchi H, Crain B, Yao S, Chan M, Zhang SS, Ahmadiiveli A, et al.
Enhancement of the Immunostimulatory Activity of a TLR7 Ligand by
Conjugation to Polysaccharides. Bioconjug Chem (2015) 26:1713–23.
doi: 10.1021/acs.bioconjchem.5b00285

25. Lynn GM, Laga R, Darrah PA, Ishizuka AS, Balaci AJ, Dulcey AE, et al. In
Vivo Characterization of the Physicochemical Properties of Polymer-Linked
TLR Agonists That Enhance Vaccine Immunogenicity. Nat Biotechnol (2015)
33:1201–10. doi: 10.1038/nbt.3371

26. Gray LT, Raczy MM, Briquez PS, Marchell TM, Alpar AT, Wallace RP, et al.
Generation of Potent Cellular and Humoral Immunity Against SARS-CoV-2
Antigens via Conjugation to a Polymeric Glyco-Adjuvant. Biomaterials
(2021) 278:121159. doi: 10.1016/j.biomaterials.2021.121159

27. Li WH, Li YM. Chemical Strategies to Boost Cancer Vaccines. Chem Rev
(2020) 120:11420–78. doi: 10.1021/acs.chemrev.9b00833

28. Liu Y, Tang L, Gao N, Diao Y, Zhong J, Deng Y, et al. Synthetic MUC1 Breast
Cancer Vaccine Containing a Toll.Like Receptor 7 Agonist Exerts Antitumor
Effects. Oncol Lett (2020) 20:2369–77. doi: 10.3892/ol.2020.11762

29. Ignacio BJ, Albin TJ, Esser-Kahn AP, Verdoes M. Toll-Like Receptor Agonist
Conjugation: A Chemical Perspective. Bioconjug Chem (2018) 29:587–603.
doi: 10.1021/acs.bioconjchem.7b00808

30. HogenEsch H. Mechanisms of Stimulation of the Immune Response by
Aluminum Adjuvants. Vaccine (2002) 20:34–9. doi: 10.1016/S0264-410X
(02)00169-X

31. Yang J, Wang W, Chen Z, Lu S, Yang F, Bi Z, et al. A Vaccine Targeting the
RBD of the s Protein of SARS-CoV-2 Induces Protective Immunity. Nature
(2020) 586:572–7. doi: 10.1038/s41586-020-2599-8

32. Gao Q. Development of an Inactivated Vaccine Candidate for SARS-CoV-2.
Science (2020) 369:77–81. doi: 10.1016/j.cell.2020.06.008

33. Wang H, Zhang Y, Huang B, Deng W, Quan Y, Wang W, et al.
Development of an Inactivated Vaccine Candidate, BBIBP-Corv, With
Potent Protection Against SARS-CoV-2. Cell (2020) 182:713–21. doi: 10.1016/
j.cell.2020.06.008

34. Pulendran B, Arunachalam S, O’Hagan DT. Emerging Concepts in the Science
of Vaccine Adjuvants. Nat Rev Drug Discov (2021) 20:454–75. doi: 10.1038/
s41573-021-00163-y

35. Harris JR, Soliakov A, Lewis RJ, Depoix F, Watkinson A, Lakey JH, et al.
Avonex: EMA Product Information. J Pharm Sci (2004) 99:623–9.
doi: 10.1111/j.1440-1711.2004.01286.x

36. Borriello F, Pietrasanta C, Lai JCY, Walsh LM, Sharma P, O’Driscoll DN, et al.
Identification and Characterization of Stimulator of Interferon Genes as a
Robust Adjuvant Target for Early Life Immunization. Front Immunol (1772)
8:1772. doi: 10.3389/fimmu.2017.01772

37. Kuo TY, Lin MY, Coffman RL, Campbell JD, Traquina P, Lin YJ, et al.
Development of Cpg-adjuvanted Stable Prefusion SARS-CoV-2 Spike Antigen
as a Subunit Vaccine Against COVID-19. Sci Rep (2020) 10:20085.
doi: 10.1038/s41598-020-77077-z

38. Law JLM, Logan M, Joyce MA, Landi A, Hockman D, Crawford K, et al.
SARS-COV-2 Recombinant Receptor-Binding-Domain (RBD) Induces
Neutralizing Antibodies Against Variant Strains of SARS-CoV-2 and SARS-
CoV-1. Vaccine (2021) 39:5769–79. doi: 10.1016/j.vaccine.2021.08.081

39. Zhang RY, Yin XG, Zhou SH, Zhang HW, Lu J, He CB, et al. A Protein
Vaccine with Alum/c-GAMP/poly(I:C) Rapidly Boosts Robust Immunity
against SARS-CoV-2 and Variants of Concern. Chem Commun (2022).
doi: 10.1039/D2CC00271J

40. Cai H, Huang ZH, Shi L, Sun ZY, Zhao YF, Kunz H, et al. Variation of the
Glycosylation Pattern in MUC1 Glycopeptide BSA Vaccines and its Influence
on the Immune Response. Angew Chemie - Int Ed (2012) 51:1719–23.
doi: 10.1002/anie.201106396

41. Gathuru JK, Koide F, Ragupathi G, Adams JL, Kerns RT, Coleman TP, et al.
Identification of Dhbcag as a Potent Carrier Protein Comparable to KLH for
Augmenting MUC1 Antigenicity. Vaccine (2005) 23:4727–33. doi: 10.1016/
j.vaccine.2005.05.007

42. Hoffmann-Röder A, Kaiser A, Wagner S, Gaidzik N, Kowalczyk D,Westerlind
U, et al. Synthetic Antitumor Vaccines From Tetanus Toxoid Conjugates of
MUC1 Glycopeptides With the Thomsen-Friedenreich Antigen and a
Fluorine-Substituted Analogue. Angew Chemie - Int Ed (2010) 49:8498–503.
doi: 10.1002/anie.201003810
March 2022 | Volume 13 | Article 857779

https://doi.org/10.1002/tcr.202100182
https://doi.org/10.1039/d1ob00007a
https://doi.org/10.1042/BST20170400
https://doi.org/10.1039/c3cs35470a
https://doi.org/10.1016/j.actbio.2021.10.041
https://doi.org/10.1016/j.actbio.2021.10.041
https://doi.org/10.3389/fchem.2022.814880
https://doi.org/10.1021/acs.molpharmaceut.9b00720
https://doi.org/10.1021/jacs.9b01523
https://doi.org/10.1021/jacs.9b01523
https://doi.org/10.1021/jacs.8b08473
https://doi.org/10.1038/nchembio.2007.25
https://doi.org/10.3390/vaccines4030025
https://doi.org/10.3390/vaccines4030025
https://doi.org/10.3390/molecules23071583
https://doi.org/10.3390/molecules23071583
https://doi.org/10.3390/pharmaceutics13091374
https://doi.org/10.3390/pharmaceutics13020142
https://doi.org/10.1038/s41541-021-00391-8
https://doi.org/10.1007/s12551-015-0187-1
https://doi.org/10.1021/acs.jmedchem.1c02025
https://doi.org/10.1021/acs.jmedchem.1c02025
https://doi.org/10.3389/fchem.2020.00601
https://doi.org/10.1021/jacs.8b08595
https://doi.org/10.1021/acs.bioconjchem.6b00277
https://doi.org/10.1021/acs.bioconjchem.5b00285
https://doi.org/10.1038/nbt.3371
https://doi.org/10.1016/j.biomaterials.2021.121159
https://doi.org/10.1021/acs.chemrev.9b00833
https://doi.org/10.3892/ol.2020.11762
https://doi.org/10.1021/acs.bioconjchem.7b00808
https://doi.org/10.1016/S0264-410X(02)00169-X
https://doi.org/10.1016/S0264-410X(02)00169-X
https://doi.org/10.1038/s41586-020-2599-8
https://doi.org/10.1016/j.cell.2020.06.008
https://doi.org/10.1016/j.cell.2020.06.008
https://doi.org/10.1016/j.cell.2020.06.008
https://doi.org/10.1038/s41573-021-00163-y
https://doi.org/10.1038/s41573-021-00163-y
https://doi.org/10.1111/j.1440-1711.2004.01286.x
https://doi.org/10.3389/fimmu.2017.01772
https://doi.org/10.1038/s41598-020-77077-z
https://doi.org/10.1016/j.vaccine.2021.08.081
https://doi.org/10.1039/D2CC00271J
https://doi.org/10.1002/anie.201106396
https://doi.org/10.1016/j.vaccine.2005.05.007
https://doi.org/10.1016/j.vaccine.2005.05.007
https://doi.org/10.1002/anie.201003810
https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles


Zhou et al. Antitumor Vaccine With Built-in Adjuvant
43. Zhao Q, Gao Y, Xiao M, Huang X, Wu X. Synthesis and Immunological
Evaluation of Synthetic Peptide Based Anti-SARS-CoV-2 Vaccine Candidates.
Chem Commun (2021) 57:1474–7. doi: 10.1039/d0cc08265a

44. Zhou Z, Liao G, Mandal SS, Suryawanshi S, Guo Z. A Fully Synthetic Self-
Adjuvanting Globo H-Based Vaccine Elicited Strong T Cell-Mediated
Antitumor Immunity. Chem Sci (2015) 6:7112–21. doi: 10.1039/c5sc01402f

45. Dziadek S, Kowalczyk D, Kunz H. Synthetic Vaccines Consisting of Tumor-
Associated MUC1 Glycopeptide Antigens and Bovine Serum Albumin. Angew
Chemie - Int Ed (2005) 44:7624–30. doi: 10.1002/anie.200501593

46. Du JJ, Wang CW, XuWB, Zhang L, Tang YK, Zhou SH, et al. Multifunctional
Protein Conjugates With Built-in Adjuvant (Adjuvant-Protein-Antigen) as
Cancer Vaccines Boost Potent Immune Responses. iScience (2020) 23:100935.
doi: 10.1016/j.isci.2020.100935

47. Wan D, Que H, Chen L, Lan T, Hong W, He C, et al. Lymph-Node-Targeted
Cholesterolized TLR7 Agonist Liposomes Provoke a Safe and Durable Antitumor
Response. Nano Lett (2021) 21:7960–9. doi: 10.1021/acs.nanolett.1c01968

48. Du JJ, Zou SY, Chen XZ, Xu WB, Wang CW, Zhang L, et al. Liposomal
Antitumor Vaccines Targeting Mucin 1 Elicit a Lipid-Dependent
Immunodominant Response. Chem - An Asian J (2019) 14:2116–21.
doi: 10.1002/asia.201900448

49. Chen XZ, Zhang RY, Wang XF, Yin XG,Wang J, Wang YC, et al. Peptide-Free
Synthetic Nicotine Vaccine Candidates With a-Galactosylceramide as
Adjuvant. Mol Pharm (2019) 16:1467–76. doi: 10.1021/acs.molpharmaceut.
8b01095

50. Yin XG, Lu J, Wang J, Zhang RY, Wang XF, Liao CM, et al. Synthesis and
Evaluation of Liposomal Anti-GM3 Cancer Vaccine Candidates Covalently
and Noncovalently Adjuvanted by aGalCer. J Med Chem (2021) 64:1951–65.
doi: 10.1021/acs.jmedchem.0c01186

51. Thompson P, Lakshminarayanan V, Supekar NT, Bradley JM, Cohen PA,
Wolfert MA, et al. Linear Synthesis and Immunological Properties of a Fully
Synthetic Vaccine Candidate Containing a Sialylated MUC1 Glycopeptide.
Chem Commun (2015) 51:10214–7. doi: 10.1039/c5cc02199e

52. Supekar NT, Lakshminarayanan V, Capicciotti CJ, Sirohiwal A, Madsen
CS, Wolfert MA, et al. Synthesis and Immunological Evaluation of a
Multicomponent Cancer Vaccine Candidate Containing a Long MUC1
Frontiers in Immunology | www.frontiersin.org 9
Glycopeptide. ChemBioChem (2018) 19:121–5. doi: 10.1002/cbic.
201700424

53. Zhou SH, Zhang RY, Zhang H, Liu YL, Wen Y, Wang J, et al. RBD Conjugate
Vaccine With Built-in TLR1/2 Agonist is Highly Immunogenic Against
SARS-CoV-2 and Variants of Concern. Chem Commun (2022) 58:2120–3.
doi: 10.1039/D1CC06520C

54. Wang J, Wen Y, Zhou S-H, Zhang H-W, Peng X-Q, Zhang R-Y, et al. Self-
Adjuvanting Lipoprotein Conjugate aGalCer-RBD Induces Potent Immunity
Against SARS-CoV-2 and Its Variants of Concern. J Med Chem (2022)
65:2558–70. doi: 10.1021/acs.jmedchem.1c02000

55. Cai H, Sun ZY, Chen MS, Zhao YF, Kunz H, Li YM. Synthetic Multivalent
Glycopeptide-Lipopeptide Antitumor Vaccines: Impact of the Cluster Effect
on the Killing of Tumor Cells. Angew Chemie - Int Ed (2014) 53:1699–703.
doi: 10.1002/anie.201308875

56. Song C, Zheng XJ, Liu CC, Zhou Y, Ye XS. A Cancer Vaccine Based on
Fluorine-Modified Sialyl-Tn Induces Robust Immune Responses in a Murine
Model. Oncotarget (2017) 8:47330–43. doi: 10.18632/oncotarget.17646

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2022 Zhou, Li, Zhang, Liu, You, Bian, Wen, Wang, Du and Guo. This is
an open-access article distributed under the terms of the Creative Commons
Attribution License (CC BY). The use, distribution or reproduction in other forums
is permitted, provided the original author(s) and the copyright owner(s) are credited
and that the original publication in this journal is cited, in accordance with accepted
academic practice. No use, distribution or reproduction is permitted which does not
comply with these terms.
March 2022 | Volume 13 | Article 857779

https://doi.org/10.1039/d0cc08265a
https://doi.org/10.1039/c5sc01402f
https://doi.org/10.1002/anie.200501593
https://doi.org/10.1016/j.isci.2020.100935
https://doi.org/10.1021/acs.nanolett.1c01968
https://doi.org/10.1002/asia.201900448
https://doi.org/10.1021/acs.molpharmaceut.8b01095
https://doi.org/10.1021/acs.molpharmaceut.8b01095
https://doi.org/10.1021/acs.jmedchem.0c01186
https://doi.org/10.1039/c5cc02199e
https://doi.org/10.1002/cbic.201700424
https://doi.org/10.1002/cbic.201700424
https://doi.org/10.1039/D1CC06520C
https://doi.org/10.1021/acs.jmedchem.1c02000
https://doi.org/10.1002/anie.201308875
https://doi.org/10.18632/oncotarget.17646
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles

	Alum Adjuvant and Built-in TLR7 Agonist Synergistically Enhance Anti-MUC1 Immune Responses for Cancer Vaccine
	Introduction
	Results and Discussion
	Synthesis of BSA-MUC1-TLR7a Conjugate
	Vaccine Design and Immunization
	Evaluation of Cytokine Levels and Antigen-Specific Antibodies
	Immunological Studies With Cancer Cells
	Cellular Immune Responses
	Evaluation of Antitumor Immune Response in Mice

	Conclusion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Supplementary Material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


