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Abstract. There is substantial evidence suggesting that certain 
parasites can have antitumor properties. We evaluated mucin 
peptides derived from the helminth Echinococcus granulosus 
(denominated Egmuc) as potential inducers of antitumor 
activity. We present data showing that Egmuc peptides were 
capable of inducing an increase of activated NK cells in the 
spleen of immunized mice, a fact that was correlated with 
the capacity of splenocytes to mediate killing of tumor cells. 
We demonstrated that Egmuc peptides enhance LPS-induced 
maturation of dendritic cells in vitro by increasing the produc-
tion of IL-12p40p70 and IL-6 and that Egmuc-treated DCs 
may activate NK cells, as judged by an increased expression 
of CD69. This evidence may contribute to the design of tumor 
vaccines and open new horizons in the use of parasite-derived 
molecules in the fight against cancer.

Introduction

Several infectious agents (e.g. the bacterium Helicobacter 
pylori, the human papilloma viruses and the hepatitis B and C 

viruses) are considered to be causes of cancer in humans (1). 
Of the 12.7 million new cancer cases that occurred in 2008, 
16.1% were attributed to infections (2). Among parasites, a 
carcinogenic role is recognized to Schistosoma haemato-
bium (leading to bladder cancer) and to Clonorchis sinensis 
or Opisthorchis viverrini (which cause cholangiocarcinoma) 
(3). By contrast, there is increasing evidence indicating that 
certain parasitic infections may induce antitumor activity 
against cancer. For instance, infection of animals with the 
protozoans Trypanosoma cruzi (4) or Plasmodium yoelii (5) 
as well as the nematode Trichinella spiralis (6), protected from 
tumor growth. In the latter case, the tumor protection was also 
obtained in mice immunized with crude extracts from adult 
parasites (6). Interestingly, an epidemiological investigation 
on patients with cancer demonstrated a negative correlation 
between cancer and hydatic cyst infection (7). It has been 
recently reported that hydatid cyst protoscolices inhibited the 
proliferation of fibrosarcoma cells in vitro (8). Collectively the 
evidence suggests that some helminths may have antitumor 
properties.

It has been recently hypothesized that chronic parasite 
infections may raise non-specific innate immune responses that 
might induce anticancer activity (9). In this context, dendritic 
cells (DCs), among other cells, recognize pathogens through 
a variety of pattern recognition receptors (PRR) including 
Toll-like receptors (TLR), C-type lectins (CLR) and intracel-
lular Nod-like receptors (NLR) (10). Thus, DCs can trigger 
innate lymphocyte-functions, including natural killer (NK) 
cells and regulate T and B cell responses (11). In particular, 
several molecules produced by helminths have been described 
to interact with DCs through TLRs or CLRs, modulating their 
maturation or function (12-15).

Certain helminth parasites express O-glycans and mucin-
like molecules, the major carriers of O-glycans (16-18). 
They participate in attachment and invasion of host cells 
among other processes, by providing proteases resistance 
or avoiding immune recognition (18,19). In particular, the 
presence of tumor-associated antigens, such as Tn (GalNAc-
O-Ser/Thr), has been reported in larval and adult tissues of 
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Echinococcus granulosus, as well as circulating Tn antigen in 
hydatid patients (20).

Aberrantly glycosylated mucins, carrying Tn among 
others, are overexpressed in a wide range of epithelial human 
cancers (21,22) and have functional importance in cell adhe-
sion, invasion and metastasis (23,24). These properties make 
them relevant targets for the prevention of metastasis and 
recurrence of cancers by therapeutic vaccination (25,26). A 
number of antitumor vaccines based on mucins have been 
developed and tested in preclinical models (25). However, 
several clinical trials using this type of vaccines together with 
different carriers and/or adjuvant, did not exhibit sufficient 
efficacy, except for some specific settings (27-29). The low 
efficacy of these trials could be attributed to a poor capacity to 
break immune-tolerance to mucin epitopes, which are usually 
self-antigens.

Taking into account the data reporting that the helminth 
E. granulosus induce antitumor cell activity and that human 
mucins play main roles in tumor invasiveness, we sought to 
evaluate whether peptides derived from a mucin-like protein 
from this parasite would induce antitumor immunity. During 
a characterization of the transcriptome of E. granulosus larval 
stages (30) a cDNA clone coding for a mucin-like protein has 
been isolated. The predicted protein, denominated Egmuc, has 
a total of 58 amino acids, 23 of which are threonine or serine 
residues that constitute potential O-glycosylation sites. The 
fact that Egmuc comes from an evolutionary distant organism 
should overcome tolerance issues encountered with human-
mucin based cancer therapeutic approaches.

In the present study, we show that the Egmuc peptide, 
as well as its CD4+ T cell epitope, provide splenocytes with 
the capacity to mediate killing of tumor cells. We also show 
that this property is correlated with an increase of activated 
NK cells in spleen. We demonstrate that Egmuc peptides 
induce, together with LPS, maturation of DCs by increasing 
the production of IL-12 and IL-6 and that Egmuc-treated DCs 
may activate NK cells, as judged by an increased expression 
of CD69. In addition, the obtained results were compared to 
the ones induced by a glycosylated peptide form carrying 
two consecutive Tn antigens. We show that glycosylation of 
Egmuc does not increase the antitumor activity induced by 
non-glycosylated Egmuc peptides. Our data may contribute to 
the design of tumor vaccines and open new horizons in the use 
of parasite-derived molecules to fight against cancer.

Materials and methods

Mice. Six- to 8-week-old female C57BL/6 or BALB/c mice 
were obtained from DILAVE Laboratories (Uruguay). Animals 
were kept in the animal house (URBE, School of Medicine, 
UdelaR, Uruguay) with water and food supplied ad libitum 
and handled in accordance with institutional guidelines for 
animal welfare [Comisión Honoraria de Experimentación 
Animal (CHEA), Uruguay].

Egmuc peptides and glycopeptide. A 58-amino acid sequence 
of a E. granulosus mucin like-protein, named Egmuc and 
15 mer-peptides, overlapping by five amino acids and spanning 
the Egmuc sequence were synthesized as previously described 
(31) or by SBS Bio Beijing SBS Genetech Co. Ltd. (China) 

or Peptide 2.0 Inc. (USA). The amino acid sequences of the 
peptides are detailed in Fig. 1B. Egmuc33-47-2Tn glycopeptide 
was produced by solid-phase synthesis as previously described 
(32). All the (glyco)peptides were quantified by amino acid 
analysis and characterized by electrospray mass spectrometry. 
Atto-647N labeling of peptides and glycopeptide with NHS 
ester was performed according to the instructions of the manu-
facturer (Fluka, USA).

Endotoxin level determination. The endotoxin level of 
synthetic peptides and glycopeptide was determined according 
to the instructions of the manufacturer, using the Limulus 
Amebocyte Lysate kit Pyrochrome (Associates of Cape Cod). 
Egmuc peptides and glycopeptide showed very low levels of 
endotoxins (<1.6 EU/mg protein).

Cell lines. The C57BL/6 syngeneic pancreatic tumor cell line 
Panc02 (given by Dr R. Hernandez-Alcoceba, University 
of Navarra, Pamplona, Spain) and the BALB/c syngeneic 
mammary adenocarcinoma cell line TA3/Ha (provided 
by Professor C. Leclerc, Institut Pasteur, Paris, France) 
were cultured in complete culture medium, consisting of 
RPMI-1640 with glutamine (PAA Laboratories, Austria) 
supplemented with 10% heat-inactivated fetal bovine serum, 
50  µM 2-mercaptoethanol, 100  U/ml penicillin (Sigma, 
St. Louis, MO, USA), 100 mg/ml streptomycin (Sigma), at 
37˚C and 5% CO2.

T cell response. Mice were s.c. immunized at the base of 
the tail with Egmuc, Egmuc33-47 or Egmuc33-47-2Tn (20 µg or 
10 nmoles/mouse depending on the experiment) in complete 
Freund adjuvant (CFA). Inguinal lymph nodes (LN) from 
control or Egmuc, Egmuc33-47 or Egmuc33-47-2Tn immunized 
mice were removed after 10 days and the cells were dispersed 
manually and centrifuged at 1,500  rpm for 5  min. Cells 
(1x106/well) were suspended in complete culture medium and 
cultured for 72 h at 37˚C and 5% CO2 in 96-well plates with 
Egmuc peptide, overlapping 15 amino acids peptides or glyco-
peptide (10 µM) and with TA3/Ha or Panc02 lysates (250 µg/
ml). They were then pulsed with [3H]-thymidine (American 
Radiolabeled Chemicals Inc., St. Louis, MO, USA) for the last 
18 h of culture and harvested by an automated cell harvester 
(Tomtec). Proliferation was determined by incorporation 
of the radioactivity by the cells and the results (expressed 
in counts per minute, cpm) represent the means of triplicate 
determinations. Controls were incubated either with culture 
medium alone or with concanavalin A (10 µg/ml). The negative 
control group consisted of mice immunized with an irrelevant 
peptide corresponding to a sequence of a human mucin MUC6 
(PLITVTTSRTSQVHS). Secreted cytokines (IFNγ, IL-5 and 
IL-17) levels were tested on culture supernatants by interleukin 
specific sandwich ELISA assays (BD Bioscience, NJ, USA). 
Results are expressed in pg/ml.

Cytotoxic in vitro assays. Mice were immunized i.p. with 
Egmuc, Egmuc33-47, Egmuc33-47-2Tn (10 nmoles/mouse) or PBS 
in complete or incomplete Freund's adjuvant, at days 0, 14 
and 28. Splenocytes from Egmuc peptides or glycopeptide and 
control immunized mice were removed after 35 days and the 
cells were dispersed manually and centrifuged at 1,500 rpm for 
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Figure 1. Egmuc and the immunodominant peptide Egmuc33-47 induce high production of IFNγ. (A) C57BL/6 mice (5 per group) were immunized subcuta-
neously with 20 µg of Egmuc in CFA. After 10 days, inguinal lymph node cells were cultured in triplicates in the presence of 10 µM of Egmuc, an irrelevant 
peptide or medium alone for 72 h at 37˚C. Cell proliferation was evaluated according to the incorporation of [3H]-thymidine (CPM). Culture supernatants 
were collected and analyzed by ELISA for IFNγ, IL-5 and IL-17. Results are expressed as mean value of triplicates (± SD, indicated by error bars) and are 
representative of three different experiments. Asterisks (**) represent differences statistically significant (p<0.01) with respect to medium. (B) C57BL/6 mice 
(5 per group) were immunized subcutaneously with Egmuc (20 µg/mouse) or an irrelevant peptide in CFA. Ten days later, cells obtained from draining LN were 
pooled and cultured in triplicate in the presence of a set of synthetic overlapping peptides contained within the Egmuc sequence (panel in the top), Egmuc or the 
irrelevant peptide (not shown). INFγ production was evaluated by ELISA. (C) C57BL/6 mice (5 per group) were immunized subcutaneously with Egmuc33-47 
or Egmuc33‑47-2Tn (20 µg/mouse) in CFA. After 10 days, cells from inguinal LN were cultured in triplicates for 72 h in the presence of the respective peptide 
or glycopeptide, as well as an irrelevant peptide (10 µM) or medium alone. Cell proliferation was evaluated according to the incorporation of [3H]-thymidine 
(CPM). Culture supernatants were collected and analyzed by ELISA for INFγ, IL-5 and IL-17 production. Results are expressed as mean value of triplicates 
(± SD, indicated by error bars) and are representative of three different experiments. Asterisks (**) represent statistically significant differences (**p<0.01, 
*p<0.05) with respect to medium.
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5 min. Effector splenocytes (E) and target (T) TA3/Ha or Panc02 
cells were cultured in different ratios for 18 h at 37˚C and 5% CO2 
in 96-well plates in complete culture medium. Then, 10 µl/well 
of WST-8 (2-(2-methoxy-4-nitrophenyl)-3-(4-nitrophenyl)-5-
(2,4-disulfophenyl)-2H-tetrazolium (Sigma-Aldrich, St. Louis, 
MO, USA) were added to the media and incubated for 3 h at 
37˚C and 5% CO2. Absorbance at 450 nm was measured each 
hour using an ELISA autoscan (Labsystems Multiskan MS). 
Each condition was analyzed in triplicates. Controls were 
carried out by culturing tumor cells alone, splenocytes alone 
and tumor cells in presence of 1% Triton X-100 containing 
media (100% of expected cytotoxicity). Percentage of cytotox-
icity was calculated as: % cytotoxicity = [Ealone + Talone - (E+T)] 
/ (Talone - TTriton X-100), where E corresponds to splenocytes and 
T are tumor cells.

Generation of bone marrow-derived dendritic cells (BMDCs). 
BMDCs were generated from bone marrow precursors from 
C57BL/6 mice. Briefly, bone marrow cells from femurs and 
tibias were harvested and plated at a density of 2x105 cells/
ml in complete culture medium supplemented with GM-CSF-
containing supernatant. After 3 days of culture at 37˚C, the 
medium was replaced. Cells were recovered on day 6 or 7 and 
analyzed for the expression of CD11c by flow cytometry.

In vitro internalization assay. The in vitro internalization of 
Egmuc peptides or glycopeptide was analyzed by confocal 
microscopy and flow cytometry. BMDCs were incubated (2.5 
x105/well) with Atto-647N-labeled antigens for 1 h at 37˚C 
in complete medium (to assess uptake), or at 4˚C in complete 
medium (to assess binding). Cells were then washed twice 
and analyzed by flow cytometry. Alternatively, cells were 
fixed with 1% formaldehyde and dried over glass slides. Cells 
were then stained with anti-mouse Lamp-1 (eBioscience, 
CA, USA) followed by an anti-rat IgG TRITC-conjugated 
antibody (eBioscience) and with anti-mouse CD11c antibody 
FITC-conjugated. All images were taken using laser confocal 
microscope Leica TCS SP5 and a 63x oil objective. Four 
optical sections scanned at intervals of 0.5 µm were projected 
using Maximun Intensity Model using LASAF Lite. 2.6.0v 
software.

BMDC maturation. BMDCs were incubated (2.5x105/well) at 
37˚C and 5% CO2 in 96-well plates with Egmuc, Egmuc33-47, 
Egmuc33-47-2Tn (10 µM) or medium alone for 1 h. After 2 h, cells 
were stimulated with LPS (1 µg/ml) and incubated overnight 
at 37˚C and 5% CO2. Cells were centrifuged at 1,500 rpm for 
5 min at 4˚C and supernatants were then collected. Cytokine  
(IL-12p40p70, IL-10 and IL-6) levels were tested on culture 
supernatants by interleukin specific sandwich ELISA assays 
(BD Bioscience). Results are expressed in pg/ml.

Phenotypic analyses of loaded BMDC were evaluated by 
flow cytometry. Briefly, cells were incubated for 15 min at 
4˚C with fluorochrome-conjugated antibodies: CD86 (GL-2), 
CD40 (HM40-3), CD80 (16-10A1) and MHC II (M5/114.15.2) 
(eBioscience) and fixed with 0.1% formaldehyde.

Analysis of splenocytes by flow cytometry. Splenocytes, from 
Egmuc peptides or glycopeptide and control-immunized mice 
obtained as described above, were washed twice with PBS 

containing 2% FBS and 0.1% sodium azide. Splenocytes 
were then stained with an anti-NK1.1-PE (PK136), anti-
CD69-FITC (H1.2F3) and CD49b-APC (DX5), to identify 
activated NK cells. Cells were then washed twice with PBS 
containing 5% FBS and 0.1% sodium azide and fixed with 
1% formaldehyde. Cell populations were analyzed using a 
CyAn ADP Analyzer (Beckman Coulter). Other antibodies 
used in this study included: CD11b (M1/70), CD11c (N418), 
CD3 (17A2), CD103 (2E7), CD4 (RM4-5), CD8α (53-6.7), 
CD40 (HM40‑3), I-A/I-E (2G9), F4/80 (BM8), MHC II 
(m5/114.15.2), Ly-6G (RB6-8C5), Ly-6C (HK1.4), CD25 
(PC61.5), FoxP3 (FJK-16s), CD19 (eBio1 D3), obtained from 
eBioscience.

In vitro analysis of the activation of NK cells by Egmuc-
treated BMDCs. BMDCs were incubated (2.5x105/well) at 
37˚C and 5% CO2 in 96-well plates with Egmuc, Egmuc33-47, 
Egmuc33‑47-2Tn or medium alone for 1 h. After 2 h, cells were 
stimulated with LPS (1 µg/ml) and incubated overnight at 
37˚C and 5% CO2. Cells were then centrifuged at 1,500 rpm 
for 5  min at 4˚C and supernatants were then collected. 
Splenocytes (1x106/well) from naïve animals were co-cultured 
with Egmuc-treated BMDC, or incubated only with 100 µl of 
supernatants from Egmuc-treated BMDC, for 4 days at 37˚C. 
IL-12p40p70 and IFNγ levels were tested on culture superna-
tants by interleukin specific sandwich ELISA assays. Results 
are expressed in pg/ml. Activated NK cells were detected by 
flow cytometry after staining cells with an anti-NK1.1-PE 
(PK136), anti-CD69-FITC (H1.2F3) and CD49b-APC (DX5), 
as described above.

Results

Egmuc peptides induce a Th1-like response. We first analyzed 
the cellular immunogenicity of a mucin-like peptide derived 
from E. granulosus (Egmuc) in mice immunized once with 
Egmuc in Freund's adjuvant. After 10 days of the immuniza-
tion, cells were obtained from the draining LN and stimulated 
in vitro with Egmuc, medium or an irrelevant peptide derived 
from the human mucin MUC6. As depicted in Fig. 1A, immu-
nization with Egmuc induced a strong proliferative T cell 
response evaluated by the incorporation of [3H]-thymidine 
(CPM). This response was associated to a high production of 
IFNγ, while neither IL-5 nor IL-17 was detected.

We sought to determine potential CD4+ T cell epitopes in 
the Egmuc peptide. Epitope-based vaccines have the ability to 
focus the immune response on highly antigenic epitopes and 
are of great importance in the design of cancer vaccines (33). 
Thus, CD4+ T cell epitopes on Egmuc would be responsible 
for the type and intensity of the specific immune response 
generated. We immunized mice with Egmuc in Freund's adju-
vant and after 10 days, cells obtained from the draining LN 
were stimulated in vitro with a panel of different overlapping 
peptides spanning the Egmuc sequence (Fig. 1B). The peptides 
were synthesized as 15-mers and overlapped by 5 residues. The 
identification of the CD4+ T cell epitopes was performed by 
the analysis of the proliferation and IFNγ production of cells 
from draining LN, obtained from C57BL/6 mice immunized 
with Egmuc or an irrelevant peptide (negative control). The 
Egmuc33-47 stimulated a specific response of these LN cells. In 
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contrast, LN cells from mice immunized with a non-related 
peptide did not produce IFNγ following stimulation with these 
Egmuc peptides (Fig. 1B).

Following identification of the immunodominant region 
of Egmuc, the corresponding glycosylated Egmuc peptide 
carrying the Tn antigen was prepared by solid phase synthesis. 
We introduced two GalNAc moieties at Ser39 and Thr40, since 
Tn clusters have been shown to play a critical role in improving 
both the intensity and the efficiency of the immune response 
(34). Both Egmuc33-47 peptide and glycopeptide were capable 
of inducing a strong proliferative T cell response as evaluated 
by the incorporation of [3H]-thymidine (CPM) on cells derived 
from draining LN of immunized mice. These responses were 
characterized by a high production of IFNγ and low levels of 
IL-17, in the absence of IL-5 (Fig. 1C).

The Egmuc peptide was also shown to be immunogenic 
in BALB/c mice, but in this case, the CD4+ T cell epitopes 
identified belonged to the sequences spanned by Egmuc23-37 
Egmuc33-47 and Egmuc38-52 (not shown).

Egmuc-induced antibodies or primed T-cells do not recognize 
antigens from tumor cell lines. In order to mediate tumor cell 
killing, antibodies or cytotoxic T cells must recognize anti-
gens expressed on cancer cells. Thus, we analyzed the ability 
of Egmuc peptides to induce humoral and cellular immune 
response that recognize tumor antigens or tumor cells.

The capacity of generated antibodies to recognize native 
tumor antigens was evaluated on ELISA plates coated with 
Egmuc peptides or, alternatively, with tumor lysates from 
the tumor cell lines TA3/Ha and Panc02. The mammary 
adenocarcinoma cell line TA3/Ha strongly expresses a 
membrane-associated mucin carrying the Tn antigen (35), 
while the pancreatic adenocarcinoma cell line Panc02 is 
known to be reactive to GalNAc-specific lectins (36). IgG 
antibodies induced by Egmuc peptides or glycopeptide did not 
recognize antigens from TA3/Ha or Panc02 tumor cell lines nor 
the glycosylated-Egmuc form, although they were capable of 
recognizing both the Egmuc or Egmuc33-47 peptides (Fig. 2A). 
Unexpectedly, the glycosylated peptide Egmuc33‑47-2Tn, did 
not induce antibodies recognizing the peptides or the glyco-
peptide (Fig. 2A).

We also analyzed the capacity of primed T-cells to respond 
to stimulation with tumor antigens. When LN cells from 
Egmuc-, Egmuc33-47- or Egmuc33-47-2Tn-immunized mice were 
incubated with tumor antigens, very low levels of IFNγ and 
undetectable levels of IL-5 or IL-17 were found on culture 
supernatants, while they recognized Egmuc peptides, as shown 
by the high levels of IFNγ when stimulated in vitro with the 
corresponding antigen (Fig. 2B).

Overall, these results indicated that Egmuc peptides, 
although inducing high levels of specific antibodies, hardly 
recognize tumor-derived antigens. Moreover, in vivo-primed 
splenocytes cross-reacted at very low levels with antigens 
present on tumor cells, while they produced very high levels 
of IFNγ in response to stimulation with Egmuc peptides. Thus, 
Egmuc-specific antibodies or T-cells unlikely would partici-
pate in tumor recognition.

In vivo primed-splenocytes with Egmuc peptides contain 
increased levels of activated NK cells and induce tumor cell 

cytotoxicity in vitro. Tumor cell killing can be mediated by 
NK cells or cytotoxic T CD8+ lymphocytes, as well as by 
macrophages (37) or CD4+ T cells (38), which can also display 
cytotoxic properties. In order to study whether Egmuc peptides 
could modify the levels of these or other cell types, we carried 
out an extensive phenotyping of splenocytes from immunized 
mice. The number of CD11c+, CD11b+F4/80+, Ly6G+ Ly6C+/
CD11b+, Ly6G- Ly6C+/CD11b+, CD19+ CD3-, CD3+ CD4+ 
CD19-, CD3+ CD8+ CD19-, CD3+ CD4+/CD25+ FoxP3+ or 
NK1.1+ CD49b+ cells was not modified in Egmuc-primed 
mice as compared to spleens of mice immunized only with the 
adjuvant (data not shown). However, CD69+/NK1.1+ CD49b+ 
cells were augmented in spleens of Egmuc-immunized mice 
(Fig. 3A).

Figure 2. Egmuc-antibodies or in vivo-primed splenocytes do not recognize 
tumor-derived antigens. (A) C57BL/6 mice (5 per group) were immunized 
i.p. at days 0, 14, 28 and 42 with Egmuc, Egmuc33-47 or Egmuc33-47-2Tn 
(10 nmoles/mouse), as well as PBS (control group) in Freund's adjuvant. 
Bleeding was carried out at day 49. Specific IgG antibodies against proteins 
derived from TA3/Ha or Panc02 lysates or Egmuc peptides were detected by 
ELISA. Antibody titers were calculated to be the log10 highest dilution, which 
gave twice the absorbance of normal mouse sera diluted 1:100. (B) C57BL/6 
mice or BALB/c (4 per group) were immunized i.p. with Egmuc, Egmuc33-47 
or Egmuc33-47-2Tn (10 nmoles/mouse) in CFA. After 10 days, splenocytes 
of each group were cultured for 72 h in triplicates in presence of proteins 
derived from TA3/Ha (for BALB/c) or Panc02 (for C57BL/6) lysates (150 µg/
ml) or Egmuc peptides (10 µg/ml). Culture supernatants were collected and 
analyzed by ELISA for INFγ, IL-5 and IL-17 (not shown). Asterisks represent 
statistically significant differences (**p<0.01) with respect to medium.
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Then, we investigated whether in vivo-primed splenocytes 
can mediate killing of tumor cells. Splenocytes (effector cells) 
from mice immunized at days 0, 14 and 28 were co-cultured 
with TA3/Ha or Panc02 tumor cells (target cells) at different 
cell ratios. Egmuc peptide or glycopeptide-primed splenocytes 
were able to mediate TA3/Ha or Panc02 cell cytotoxicity 
(Fig. 3B). This result together with the increase of activated-
NK cells in the spleen of immunized mice, suggests that 
activated NK cells might be responsible for mediating tumor 
cell killing.

Egmuc peptides are internalized and synergize with LPS to 
induce maturation of DCs. Due to their unique capacity to 
trigger innate-lymphocyte functions, such as NK cells, we 
investigated whether DC could be responsible of the increase 
in CD69+ NK cells in the spleens of immunized mice. We first 
evaluated whether DC uptake of the Egmuc peptides occurs at 
different levels. To this end, we subjected BMDCs to 1 h pulses 
with Atto-647N-labeled Egmuc peptides. Internalization was 
analyzed by either flow cytometry or confocal microscopy. 

Egmuc peptides and glycopeptide were similarly taken up 
by DCs (Fig. 4A) and colocalized with the late endosome/
lysosome marker Lamp-1, suggesting that the three evaluated 
peptides are delivered into the cell endosomal compartments 
for antigen degradation and presentation with MHC class II 
molecules (Fig. 4B).

We then evaluated whether the Egmuc (glyco)peptides 
influenced DCs maturation induced by LPS. For this purpose, 
BMDCs were pulsed with different concentrations of the 
three Egmuc peptides and we evaluated the expression of 
co-stimulatory markers and the production of IL-6, IL-10 or 
IL-12p40p70 in the culture supernatants. When incubated 
alone, Egmuc peptides did not modify either the expression 
of CD40, CD80, CD86 MHC class II molecules (not shown), 
nor the production of the evaluated cytokines (Fig.  4C). 
Nevertheless, when incubated 2 h before LPS, the level of IL-6 
and specially the level of IL-12p40p70, were considerable 
augmented, while a decrease of IL-10 was detected (Fig. 4C), 
suggesting that Egmuc peptides synergize with LPS to induce 
BMDC maturation.

Figure 3. In vivo primed-splenocytes with Egmuc peptides show augmented levels of activated NK cells and mediate cytotoxicity in vitro. (A) C57BL/6 
mice (4 per group) were immunized i.p, at days 0, 14 and 28 with Egmuc, Egmuc33-47 or Egmuc33-47-2Tn (20 µg/mouse), as well as PBS (control group) in 
Freund's adjuvant. At day 35, spleen cells were stained with anti-CD69, -NK1.1 and -CD49b fluorochrome-conjugated specific antibodies and analyzed by 
flow cytometry. Thirty thousand events were collected and gated on FSC vs SSC dot plot. NK cells are shown as the percentage of cells in the spleen, while 
activated NK cells are expressed as the percentage of NK cells co-expressing the CD69+ activation marker. Percentage of cells is expressed as mean value of 
triplicates (± SD, indicated by error bars) and are representative of two different experiments. (B) C57BL/6 or BALB/c mice (4 per group) were immunized i.p. 
with Egmuc, Egmuc33-47 or Egmuc33-47-2Tn (10 nmoles/mouse) in CFA. After 10 days, splenocytes (E, effector cells) of each group were cultured overnight in 
triplicates in the presence of different ratios of TA3/Ha or Panc02 tumor cells (T, target cells). Then, 10 µl/well of WST-8 (2-(2-methoxy-4-nitrophenyl)-3-(4-
nitrophenyl)-5-(2,4-disulfophenyl)-2H-tetrazolium) was added and incubated for 3 h. WST-8 binding to NADPH was followed by absorbance measurement 
at 450 nm. Results are expressed as mean value of triplicates (± SD, indicated by error bars) and are representative of two different experiments. Asterisks 
represent statistically significant differences (*p<0.05, **p<0.01) with respect to mice injected with PBS (control).
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Soluble products from DCs activated with Egmuc peptides 
plus LPS induce in vitro activation of NK cells. The activa-
tion of NK cells by DCs represents a pathway which may be 
important in directly mediating NK cell-dependent antitumor 
effects. In order to determine whether DCs activated with 
Egmuc peptides together with LPS, as well as their soluble 
products, could induce activation of NK cells, we co-cultured 
BMDCs previously incubated with Egmuc peptides followed 
by LPS, with splenocytes, or with their derived products. We 
found a considerable increase of CD69hi/CD49b+NK1.1+ cells 
in splenocytes incubated with culture media derived from 
BMDCs loaded with Egmuc, Egmuc33-47, Egmuc33-47-2Tn 
peptides, as compared to culture media from BMDC incubated 
with LPS alone (Fig. 5A). In addition, in these conditions, we 
observed increased levels of IL-12p40p70 and IFNγ (Fig. 5B). 
On the other hand, no significant difference was detected 
in splenocytes stimulated with BMDCs, or BMDC-derived 
products, previously loaded with peptides in absence of LPS 
(Fig. 5). These results suggest that soluble factors produced by 
BMDCs are sufficient for NK activation in vitro.

Discussion

Data reporting the antitumor effects of parasite infections 
are increasing. Indeed, several reports have demonstrated 
the induction of antitumor immunity by parasites and a 
prolonged survival of tumor-bearing mice. Recent results 
indicated that tumor protection can be achieved through the 
induction of both innate and adaptive antitumor responses, 
as has been shown for the malaria parasite infection (5) or by 
intratumoral injection of attenuated Toxoplasma gondii (39). 
In the present study we evaluated and compared the capacity 
of an E. granulosus-derived mucin-like peptide to induce 
antitumor immune activity. We show that, when administered 
into mice, the three Egmuc peptides conferred splenocytes 
the ability to kill tumor cells. Also, this cytotoxic activity 
was correlated with an increased number of activated-NK 
cells in the spleen of immunized mice, suggesting that these 
peptides from E. granulosus would activate the innate arm 
of the immune response that may be efficient for eliminating 
tumor cells.

Figure 4. Egmuc peptides are internalized and synergize with LPS to induce maturation of DCs producing higher levels of pro-inflammatory cytokines. 
Egmuc, Egmuc33-47 or Egmuc33-47-2Tn were conjugated with Atto-647N (blue) and cultured with BMDC in a final concentration of 10 µM for 1 h at 37˚C. 
BMDCs were then collected and either analyzed by flow cytometry (A) or incubated with an anti-Lamp-1 antibody followed by a TRITC conjugated secondary 
antibody (red) and images were taken using confocal microscopy (B). Representative confocal micrographs are shown (scale bar, 5 µm). (C) BMDCs were 
cultured in the presence of Egmuc, Egmuc33-47 or Egmuc33-47-2Tn (0.01 or 1 µg/ml) with or without LPS (1 µg/ml) for 24 h at 37˚C. Then, culture supernatants 
were collected and analyzed by ELISA for IL-6, IL-12p40p70 and IL-10. Results are expressed as mean value of triplicates (± SD, indicated by error bars) and 
are representative of two different experiments. Asterisks represent statistically significant differences (*p<0.05, **p<0.01) with respect to LPS alone.
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NK cells have been shown to have an important role 
in antitumor immune response. For instance, patients with 
lung cancer who have a high level of NK cell infiltration 
in the tumor, have better prognosis than those with a low 
level of NK cells (40). NK-cell activation is controlled by 
the dynamic balance between activating and inhibitory 

signals. The battery of receptors possessed by NK cells helps 
mediate the detection of tumor or infected cells and embark 
on the signaling pathways necessary to eliminate them (41). 
NK-cell effector functions can also be stimulated through 
DC-derived signals via cytokines and cell contact (42). 
Indeed, several studies have already shown the activation, 

Figure 5. Egmuc-treated DCs induce an increase of CD69 expression on NK cells, probably by DC-derived factors. BMDCs were cultured in the presence of 
Egmuc, Egmuc33-47 or Egmuc33-47-2Tn followed by LPS (1 µg/ml) for 24 h at 37˚C. Then, they were washed and co-cultured in the presence of splenocytes for 
3 days at 37˚C (left). Alternatively, culture supernatants from Egmuc-treated BMDC were added to splenocytes and cultured for 3 days at 37˚C. Cells were col-
lected and incubated with an anti-CD69, -NK1.1 and -CD49b fluorochrome-conjugated specific antibodies and analyzed by flow cytometry. Twenty thousand 
events were collected and gated on FSC vs SSC dot plot (A). The levels of IL-12p40p70 and IFNγ (B) were analyzed by ELISA on culture supernatants. Results 
are expressed as mean value of triplicates (± SD, indicated by error bars) and are representative of two different experiments. Asterisks represent statistically 
significant differences (*p<0.05, **p<0.01) with respect to the condition in the absence of peptides (LPS alone).
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both phenotypically and functionally, of NK cells by DCs 
in response to different microbial stimuli, such as reovirus-
infected human melanoma cells (43), inactivated influenza 
virus (44), adenovirus encoding melanoma tumor antigens 
(45), as well as TLR ligands (44), by mechanisms involving 
cell contact and secretion of DC-derived cytokines.

Considering the role of DCs in stimulating NK cell activa-
tion, we sought to evaluate whether DCs treated with Egmuc 
peptides could activate NK cells. First, we found that Egmuc 
peptides and Tn-glycopeptide synergize with LPS-induced 
maturation of DCs, inducing the production of higher levels 
of IL-12 and IL-6, in the absence of the regulatory cytokine 
IL-10. Then, we evaluated whether cytokines produced by 
Egmuc-treated-BMDCs (such as IL-12), or DC-NK contact 
interactions might activate NK cells in vitro. We co-cultured 
Egmuc-treated BMDCs with splenocytes, or alternatively, 
splenocytes cultured in the presence of BMDC-derived soluble 
factors only. The NK cells from splenocytes incubated with 
soluble factors from loaded-BMDCs presented a more acti-
vated phenotype, defined by an increase in CD69 expression, 
as compared to splenocytes incubated with BMDCs stimulated 
with LPS only, indicating that DC-derived products, are suffi-
cient for NK activation. Whether NK activation detected by an 
increase of CD69 expression, is responsible for the in vitro cell 
cytotoxicity by splenocytes from Egmuc-immunized mice, or 
for the increase of activated NK cells in vivo, remains to be 
explored. Additional cytotoxicity experiments with purified 
NK cells from immunized mice will give direct evidence of 
their role in eliminating tumor cells in vivo.

Importantly, the results reported here indicate that the 
synergic effect of Egmuc peptides on LPS-maturation of DCs, 
as well as the increase of activated NK cells and cytotoxic 
activity in the spleens from immunized mice, would rather 
rely on the Egmuc peptide sequence from E. granulosus that 
could act as a PAMP. Molecules from different pathogens that 
induce maturation of DCs have been identified. For example, 
Schistosoma mansoni adult worm glycolipids interact with 
DCs and skew T cell responses towards a Th1 profile, upregu-
lating the production of pro-inflammatory cytokines in an 
interaction that is mediated by DC-SIGN and TLR4 (46). Also, 
DCs exposed to Gram-negative bacteria respond by making 
IL-6, IL-12 and IL-23, which promote the development of 
naive Th cells into Th1 or Th17 cells (47). Interestingly, 
several TLR-ligand components from parasites, such as the 
glycosylphosphatidylinositol of Plasmodium falciparum (48) 
or T. cruzi (49) might be important factors in the induction 
of pro-inflammatory responses and could be used as adjuvant 
components to enhance antitumor immune responses (50).

One possibility that could explain the observed synergism 
is that the interaction of Egmuc peptides with DCs may 
upregulate TLR4 expression on DCs, leading to an enhanced 
production of pro-inflammatory cytokines when incubated 
with LPS. Indeed, it has been reported that many microbial 
products induced upregulation of several TLRs (51). Thus, we 
are currently evaluating the expression of TRL4 in BMDC 
stimulated with Egmuc peptides. Moreover, experiments using 
TLR knockout mice would bring evidence regarding activa-
tion of DCs by Egmuc peptides together with LPS.

Our results indicate that the introduction of the cluster of 
two Tn moieties displayed on the Egmuc glycopeptides did 

not confer an advantage for antigen uptake by dendritic cells 
or for induction of antitumor antibodies. Despite this apparent 
contradiction, it might be possible that clusters of more than 
three Tn antigens are needed to induce antibodies capable of 
recognizing tumor cells (32). Also, the Egmuc33-47 -2Tn glyco-
peptide induced a cell immune response that did not cross-react 
with the Egmuc non-glycosylated peptides and very low 
specific-antibody titres, suggesting that GalNAc linkage to the 
Egmuc33-47 peptide modified its B and T cell immunogenicity. 
These data, together with other already published (52), indicate 
that the introduction of glycosylation sites on peptides must be 
attentively selected since their immunological properties can 
be markedly modified.

In conclusion, we present data suggesting that mucin-like 
peptides from parasitic origin might be useful targets for 
antitumor immunotherapy, since they confer splenocytes the 
capacity to eliminate tumor cells, through a mechanism that 
could involve activation of NK cells, in a process mediated 
soluble DC-derived factors. This constitute, to our knowl-
edge, the first report showing that a single purified peptide of  
helminth parasite origin induces antitumor activity.
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