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Abstract
Echinococcus granulosus is a cestode parasite which causes cystic echinococcosis disease. Previously we observed that vac-
cination with E. granulosus antigens from human hydatid cyst fluid (HCF) significantly inhibits colon cancer growth. In the 
present work, we evaluate the anti-tumor immune response induced by human HCF against LL/2 lung cancer in mice. HCF 
vaccination protected from tumor growth, both in prophylactic and therapeutic settings, and significantly increased mouse 
survival compared to control mice. Considering that tumor-associated carbohydrate antigens are expressed in E. granulo-
sus, we oxidized terminal carbohydrates in HCF with sodium periodate. This treatment abrogates the anti-tumor activity 
induced by HCF vaccination. We found that HCF vaccination-induced IgG antibodies that recognize LL/2 tumor cells by 
flow cytometry. An antigen-specific immune response is induced with HCF vaccination in the tumor-draining lymph nodes 
and spleen characterized by the production of IL-5 and, in less extent, IFNɣ. In the tumor microenvironment, we found 
that NK1.1 positive cells from HCF-treated mice showed higher expression of CD69 than control mice ones, indicating a 
higher level of activation. When we depleted these cells by administrating the NK-specific antibody NK1.1, a significantly 
decreased survival was observed in HCF-induced mice, suggesting that NK1.1+ cells mediate the anti-tumor protection 
induced by HCF. These results suggest that HCF can evoke an integrated anti-tumor immune response involving both, the 
innate and adaptive components, and provide novel insights into the understanding of the intricate relationship between 
HCF vaccination and tumor growth.
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Introduction

Non-small cell lung cancer (NSCLC) remains one of the 
most challenging malignancies to treat. In spite of the 
introduction of innovative therapies over the last decade, 
NSCLC is still the leading cause of cancer-related mortality 
[1]. Although targeted therapy has been associated with a 
significant survival benefit in patients harboring aberrations 
in epidermal growth factor receptor (EGFR), anaplastic lym-
phoma kinase (ALK), or ROS1 [2], these gene abnormalities 
are present in a small percentage of patients. Emerging evi-
dences demonstrating the anti-tumor activity of the immune 
system have generated great interest in immunotherapies, 
even for tumors that were historically considered as non-
immunogenic, such as lung cancer [3]. Antibodies blocking 
immune checkpoint inhibitors such as CTLA-4 and PD-L1/
PD-1 have had remarkable clinical success in several can-
cers and are less toxic than traditional chemotherapy. These 
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drugs are currently approved therapies for NSCLC patients, 
showing improved and durable responses [4], but unfortu-
nately, the majority of patients are resistant to checkpoint 
inhibition therapy.

Immunotherapy of cancer has emerged as an attractive 
approach for their capacity of breaking the immune toler-
ance and invoking long-term immune response, targeting 
cancer cells without autoimmunity [5]. However, several 
large phase III trials of vaccines in NSCLC reported within 
the last years have shown disappointing results [6]. The lack 
of clinically significant outcomes could, at least partly, be 
attributed to the inability of induced T-cell responses to 
overcome the tumoral mechanisms of immune escape, one 
of the major challenges in cancer vaccination [7]. The abil-
ity of cancers to evade immunosurveillance is consequence 
of multiple mechanisms [8], such as production of immu-
nosuppressive molecules (IDO, TGF-β, and IL-10), loss 
of MHC antigen expression, as well as higher numbers of 
T-regulatory (Treg) and M2 macrophages cells in the tumor 
microenvironment.

We have previously identified and characterized a group 
of human cancer-associated simple O-glycan structures, such 
as Tn, TF, sialyl-Tn and Tk antigens, in several parasites [9]. 
Vaccination with tumor-associated antigens (TAA), com-
ing from evolutionary distant organisms (such as parasites), 
should be useful to override tolerance problems encountered 
with human TAA-based cancer therapeutic approaches [10]. 
The idea of using the patient’s immune system activated 
by a microorganism to attack their own cancer began with 
Coley´s observations [11] followed by the use of Bacillus 
Calmette-Guerin (BCG) to treat early stage bladder cancer 
[12], approved by the Food and Drug Administration (FDA) 
in 1990. We have recently found that immunization with 
a Trypanosoma cruzi homogenate significantly suppresses 
colon and mammary tumor development in rat models 
reproducing human carcinogenesis [13]. In line with these 
observations, it has been demonstrated that Toxoplasma 
gondii induces anti-tumor immunity, promoting regression 
of established primary melanoma B16-F10 tumors [14], 
and that malaria infection suppresses Lewis lung cancer 
growth via induction of innate and specific adaptive anti-
tumor responses characterized by production of Th1-type 
cytokines [15].

Echinococcus granulosus is a cestode parasite causing 
cystic echinococcosis disease. Correlation between E. gran-
ulosus infection and lower cancer incidence in humans was 
suggested in an epidemiological study [16]. We observed 
that vaccination with E. granulosus antigens from human 
HCF significantly inhibits colon cancer growth (both in 
prophylactic and therapeutic settings) via induction of anti-
tumor immunity in a mice model [17]. In addition, we have 
found that immunization with mucin peptides derived from 
this parasite can potently induce anti-tumor activity by 

increasing the frequency of activated NK cells and provid-
ing splenocytes with the ability to mediate killing of tumor 
cells [18]. Based on these observations and considering 
that T-cell tolerance remains a particularly relevant prob-
lem for lung cancer vaccines production, we hypothesize 
that certain E. granulosus antigens could be involved in an 
effective immune response induction against this tumor. In 
this paper, we demonstrate that immunization with human 
HCF induces strong immune responses against lung can-
cer in mice both, in preventive and therapeutic settings, via 
NK1.1+ cell activation.

Materials and methods

Animals and tumor cell line

C57BL/6 J male mice were bred and maintained at the ani-
mal facility of Institut Pasteur de Montevideo (Uruguay) 
under specific pathogen-free conditions. Mice were housed 
in groups of 5 in individually ventilated cages (IVC, Tec-
niplast, Italy) with ad libitum access to autoclaved food 
(5K67, Labdiet, PMI Nutrition, MO, USA) and filtered 
water. Environmental enrichment was provided during the 
whole experiment. Rabbits were purchased from Instituto de 
Higiene (Facultad de Medicina, Montevideo, Uruguay). All 
experimental protocols were opportunely approved by the 
Institutional Animal Care Committee (number 010/12) and 
were performed following National Law of Animal Experi-
mentation (# 18.611). The murine Lewis lung carcinoma cell 
line LL/2 (LLC1) was obtained from ATCC (Manassas, VA) 
and was cultured in DMEM (Invitrogen, Carlsbad, CA) sup-
plemented with 10% fetal bovine serum (FBS) (Invitrogen) 
at 37 °C and 5% CO2 atmosphere.

Hydatid cyst fluid

The starting material consisted of three non-complicated E. 
granulosus hydatid cysts (two localized in the liver and one 
in the spleen), obtained from the Pathological Laboratory 
at Hospital Pasteur, Montevideo, Uruguay. The HCF was 
aseptically aspirated from fertile cysts, then centrifuged at 
10,000×g at 4 °C for 30 min and the supernatant was kept at 
− 20 °C until use. The present work was carried out using a 
batch of pooled three individual cysts. Periodate oxidation 
of HCF was carried out as described before [19]. Briefly, 
HCF hydatid fluid was freeze dried, resuspended in buffer 
sodium acetate (50 mM) pH 4.5 and incubated with sodium 
periodate (10 mM) for 30 min at room temperature in the 
dark, followed by the reduction with sodium borohydride 
(50 mM) in PBS. The resulting oxidized-HCF was referred 
as to mPox-HCF. As a control, HCF was subjected to the 
same treatment, without the presence of sodium periodate. 
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Lysates were then dialyzed against PBS and their protein 
concentration was measured using the bicinchoninic acid 
assay (Sigma-Aldrich, St. Louis, MO).

Evaluation of sera reactivity by flow cytometry

Mice or rabbits were immunized three times with human 
HCF (100 μg/animal) in aluminum hydroxide (alum) at two-
week intervals. After the last immunization, animals were 
bled and sera were evaluated by flow cytometry on the LL/2 
cell line by flow cytometry. For that, cells were first incu-
bated for 15 min with sera (diluted 1:100) at 4 °C in PBS 
containing 2% FBS and 0.1% sodium azide. Then, they were 
incubated for 15 min with an anti-mouse or ant-rabbit IgG 
goat antibody FITC labeled (Sigma, St Louis, MO). Alter-
natively, in order to evaluate sera recognition of intracellular 
antigens, cells were first permeabilized by incubating them 
in PBS containing 0.1% Triton-X100, 2% FBS and 0.1% 
sodium azide. Paraformaldehyde-fixed cells were analyzed 
on a CyAn ADP Analyzer (Beckman Coulter), and analyses 
were performed with Summit V4.3 (Beckman Coulter).

Mice tumors and HCF immunization

Six-eight week old C57BL/6 J mice were injected s.c. into 
the right flank with 1 × 105 LL/2 cells diluted in PBS (200 μl 
final volume). In prophylactic experiments, mice were vac-
cinated three times (days − 35, − 21 and − 7 before tumor 
cell challenge) via s.c. with HCF (300 μg protein/mouse) 
in alum. In the therapeutic setting, mice were challenged 
on day 0 with 1 × 105 LL/2 cells and 4, 7 and 10 days later 
they were injected s.c. with HCF in alum. Control mice were 
treated with PBS in alum. The size of the tumor was calcu-
lated by the formula V (mm3) = (4/3) × pi × R1 × R2 × R3, 
where R1, R2, R3 are the largest radius of the tumor in three 
dimensions. Survival of mice was followed for 90–120 days. 
Mice were humanely euthanized when the tumor diameter 
reached 20 mm or if they showed signs of distress or dis-
comfort. For NK depletion, mice were injected i.p. with anti-
NK1.1 antibody (300 μg) at days − 1, 1, 3, 5, 7, 9, 12, while 
control mice received saline buffer.

Leukocyte activation assays

Proliferation assays were performed with cells from spleens 
or draining lymph nodes (DLN) from naive or tumor-bearing 
mice. Cells (0.5–1 × 106 cells/ml) were cultured in complete 
medium consisting of RPMI-1640 with glutamine (PAA 
Laboratories, Austria) supplemented with 10% FBS, 50 μM 
2-mercaptoethanol, 100 U/ml penicillin and 10 μg/ml strep-
tomycin (Sigma-Aldrich), in the presence or absence of a 
LL/2 lysate (20 μg/ml), HCF (20 μg/ml) at 37 °C and 5% 
CO2 for 3 days. IFNγ and IL-5 levels were evaluated on 

culture supernatants by specific sandwich ELISA assays (BD 
Biosciences, NJ, USA).

Analyses of immune cells in the tumor 
microenvironment by flow cytometry

Cells from tumors were washed twice with PBS containing 
2% FBS and 0.1% sodium azide and stained with anti-NK1.1 
(PK136), -CD69 (H12F3), -CD8 (53–6.7), -CD11c (N418), 
-I-A/I-E (2G9), -CD11b (M1/70), -Ly6G (RB6-8C5), -Ly6C 
(HK1.4), then washed twice with PBS containing 2% FBS 
and 0.1% sodium azide, and fixed with 0.1% formaldehyde. 
Cell populations were analyzed by first excluding tumor cells 
by size and complexity. All analyses were performed using a 
CyAn ADP Analyzer (Beckman Coulter). Antibodies were 
obtained from Affymetrix or Biolegend (CA, USA).

Statistical analysis

The Student’s t test was used to compare data from vari-
ous experimental groups. A p value < 0.05 was considered 
statistically significant. Mean and SEM are shown, unless 
indicated otherwise. Survival was evaluated from the day of 
tumor injection until euthanasia, and the Kaplan–Meier test 
was used to compare mouse survival between the groups. 
Data were processed using the graphpad Prism 6.0 software.

Results

Immunization with human HCF protects from tumor 
growth

To investigate the capacity of HCF vaccination to protect 
from tumor growth, we used a subcutaneous lung tumor 
model in mice both, in prophylactic and therapeutic set-
tings. First, we injected mice with HCF in alum three times, 
while control mice received PBS instead of HCF. One week 
after the last boost, mice were s.c. challenged with 1 × 105 
LL/2 cells and both, tumor growth and mice survival, were 
measured (Fig. 1a, b). The average of tumor size was sig-
nificantly lower in HCF-vaccinated mice comparing to con-
trol group (< 500 mm3 for protected mice and 1000–2000 
mm3 for control mice). Interestingly, 6 out of 6 mice (100%) 
from the control group developed tumors, while only 3 out 
of 6 (50%) mice had tumors in the HCF-vaccinated group 
and they were significantly smaller than those developed in 
the PBS group, confirming the protection induced by HCF 
(Fig. 1a). Furthermore, all control mice were humanely sac-
rificed within 38 days following tumor challenge. In con-
trast, HCF-vaccinated mice that developed tumors, showed 
a prolonged survival, being sacrificed within 50 days after 
tumor challenge. In addition, 50% of HCF-vaccinated mice 
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survived without tumor burden by the end of the experiment 
period (120 days) (Fig. 1b).

We next evaluated the efficacy of HCF to protect against 
tumor growth in a therapeutic setting. In this case, mice 
received three vaccinations with HCF in alum at days 4, 
7 and 11 after tumor cell challenge. In these conditions, 5 
out of 6 mice (83%) of the control group developed tumors, 
while only three animals (50%) presented tumors in the vac-
cinated group (Fig. 1c). In the same way as prophylactic 
protocol, most animals from the control group developed 
larger tumors than those from the treated group (Fig. 1c). 
Interestingly, immunotherapeutic vaccination with HCF 
significantly increased mouse survival compared to control 
mice (Fig. 1d). Of note, one HCF-vaccinated mouse did not 
respond to the treatment since it developed a big tumor as 
control mice (Fig. 1c).

Glycoconjugates in HCF mediate tumor protection

Considering that we previously found the expression of 
tumor-associated carbohydrate antigens (such as Tn and 

sialyl-Tn) in E. granulosus, and in order to establish whether 
or not carbohydrate structures on HCF mediate tumor pro-
tection, we oxidized terminal carbohydrates in HCF with 
sodium periodate. This strategy is usually used to evaluate 
the functional roles of glycoconjugates [20, 21]. During this 
process, the glycol groups in carbohydrates are oxidized to 
reactive aldehyde groups, which are in turn reduced with 
sodium borohydride. Thus, the structure of carbohydrates is 
lost, as well as the possible biological activity that they can 
mediate. Mice vaccinated with oxidized HCF (mPox-HCF), 
developed similar tumors to those from the control group 
(Fig. 2a, c). As control of the oxidation treatment, we used 
HCF subjected to the whole oxidation treatment excepting 
for the incubation with sodium periodate. Oxidation control 
HCF-vaccinated mice were protected from tumor growth or 
developed small tumors (Fig. 2b).

The role of glycoconjugates in anti-tumor protection was 
also confirmed when analyzing mouse survival, since all 
tumor-bearing mice from the mPox-HCF vaccinated group 
were humanely sacrificed before day 40, as control mice 
(Fig. 2d), while 50% of HCF-vaccinated mice were free of 

Fig. 1   HCF immunization protects against LL/2 tumor growth both in 
prophylactic and therapeutic settings. a C57BL/6 J male mice (n = 6) 
were s.c. vaccinated three times in two week-intervals with human 
HCF (300  μg) or PBS in alum before LL/2 cell challenge (100,000 
cells/mouse). Tumor growth was measured regularly using a caliper. 
Tumor volume (mm3) was calculated according to the following for-
mula: 4/3 × pi × r1 × r2 × r3. b Survival of vaccinated and control 
mice was followed for 120  days after tumor challenge. Mice were 

euthanized when subcutaneous tumors reached 20 mm or when mice 
shows signs of distress or discomfort. c After s.c. administration of 
LL/2 cells (day 0), C57BL/6 J male? mice (n = 6) received a 300 μg 
dose of human HCF or PBS in alum on days 4, 7, and 11. d Survival 
of treated and control mice was followed for 90 days after tumor chal-
lenge. The data are representative of at least three independent exper-
iments
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tumors until day 120. Thus, carbohydrates on HCF glyco-
conjugates seem to play a role in the induction of tumor 
protection.

HCF vaccination‑Induced IgG antibodies 
that recognize LL/2 tumor cells

To analyze the induced anti-tumor humoral immune 
response, we evaluated if HCF-specific antibodies were 
capable of recognizing LL/2 tumor cells by flow cytometry. 
As shown in Fig. 3a, IgG antibodies recognized both surface 
and intracellular molecules from tumor cells. Furthermore, 
the recognition was antibody dose-dependent (Fig. 3b), indi-
cating that HCF vaccination-induced antibodies capable of 
recognizing tumor cells.

HCF‑specific cells from immunized mice produce 
high IL‑5 and IFNɣ levels

In order to study whether an antigen-specific T cell immune 
response was induced in HCF-treated mice, we re-stimulated 
cells from tumor-draining lymph nodes (DLN) or spleens 
of HCF-treated and control mice either with HCF or a 
LL/2 protein lysate, and evaluated the production of IL-5 
and IFNɣ. When re-stimulated with HCF, DLN or spleen 
cells from treated animals produced higher levels of IL-5 
than control mice. Interestingly, when these cells were re-
stimulated with a LL/2 protein lysate, they produced IL-5 
while cells from the control group did not (Fig. 4). Of note, 

tumor-DLN cells from control mice, like naive mice, did not 
produce significant levels of IFNɣ in any condition (Fig. 4a). 
Furthermore, the levels of IL-5 were higher than IFNɣ, 
which was only significantly detected when DLN cells from 
HCF-treated mice were stimulated with HCF. On the other 
hand, IL-4 was not detected (data not shown). These results 
suggest that an antigen-specific immune response is induced 
with HCF vaccination in the tumor DLN and spleen char-
acterized by the production of IL-5 and in less extent IFNɣ.

NK1.1+ cells present a higher degree of activation 
in the tumor microenvironment of HCF‑treated mice

To get more insights in the cellular mechanisms that mediate 
tumor protection in HCF-treated mice, we evaluated a series 
of different immune cells in the tumor microenvironment 
(Fig. 5 and Supplementary Fig. 1) of HCF-treated and con-
trol mice that were sacrificed at day 17 after cell challenge 
(Fig. 5a). Only 3 out of 7 (42%) of HCF-treated mice devel-
oped tumors, that were significantly lower both in size and 
weight than control mice at the time of sacrifice (Fig. 5b, c). 
Flow cytometry analyses showed no changes in the percent-
age NK1.1 positive cells in tumors of HCF-treated mice in 
relation to control mice (Fig. 5d, 5e). However, NK1.1+ cells 
from HCF-treated mice showed higher expression of CD69 
than control mice (Fig. 5d, f), indicating a higher level of 
activation.

Tumors from HCF-treated mice also showed higher lev-
els of granulocytes, defined as CD11b+/Ly6G+Ly6Clo cells 

Fig. 2   Glycoconjugates in HCF 
mediate tumor protection. a 
C57BL/6 J mice (n = 16) were 
vaccinated three times at 2 
week-intervals with human 
HCF, m-periodate oxidized 
HCF (mPox-HCF) or PBS in 
alum before LL/2 cell challenge 
(100,000 cells/mouse). Tumor 
growth was measured regularly 
using a caliper. Tumor volume 
(mm3) was calculated accord-
ing to the following formula: 
4/3 × pi × r1 × r2 × r3. b 
Survival of HCF-vaccinated and 
control mice was followed for 
120 days after tumor challenge
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(Fig. 5g, h). On the contrary, no significant changes were 
detected in the CD11b+/Ly6G−Ly6C+ cells (Fig. 5g, i), that 
account for monocytes.

Depletion of NK1.1+ cells abrogates HCF‑induced 
mice survival

In order to determine whether NK cells were involved in 
the anti-tumor protection mediated by HCF, we depleted 

them by administrating the NK-specific antibody NK1.1. 
As shown in Fig. 6a, HCF-treated mice that received the 
anti-NK1.1 antibody developed tumors of variable size, 
with no significant difference between the HCF-vacci-
nated and control group. However, NK1.1+ cell deple-
tion significantly decreased HCF-induced mice survival 
(Fig. 6b), suggesting that NK1.1+ cells mediate the anti-
tumor protection induced by HCF.

Fig. 3   Antibodies induced by HCF immunization recognize tumor 
cells. a Histogram plots showing antibody recognition for membrane 
and cytosolic antigens on LL/2 cells. Flow cytometry analyses were 
carried out on permeabilized or non-permeabilized LL/2 tumor cells 
incubated with sera (diluted 1:100) collected from animals immu-
nized with human HCF. Controls consisted on pre-immune sera (PI) 
or cells incubated with secondary antibody only (Ctl). Five thousand 

events were collected and gated on FSC vs SSC dot plot. b Mean flu-
orescence intensity (MFI) representing antibody recognition of mem-
brane and cytosolic antigens on non-permeabilized and permeabilized 
LL/2 cells, respectively. In this case, different sera dilutions (1:50, 
1:150, 1:450) were used, and MFI values were subtracted to the cor-
responding pre-immune serum at same dilution

Fig. 4   HCF-specific cells from 
immunized mice produce high 
IL-5 and IFNɣ levels. After s.c. 
administration of LL/2 cells 
(100,000 cells/mouse) (day 0), 
C57BL/6 mice (n = 6) received 
a 300 μg dose of human HCF 
or PBS in alum on days 4, 7, 
and 11. At day 17 animals were 
sacrificed and spleens and DLN 
were collected. DLN cells (a) 
or splenocytes (b) (0.5–1 × 106/
well) were cultured in presence 
or absence of a LL/2 lysate or 
HCF for three days at 37ºC. 
Levels of IL-5 and IFNγ were 
measured in cell supernatants 
by specific ELISA



3623Cancer Immunology, Immunotherapy (2021) 70:3617–3627	

1 3

Fig. 5   Analyses of the tumor microenvironment in HCF-treated ani-
mals. a After s.c. administration of LL/2 cells (100,000 cells/mouse) 
(day 0), C57BL/6  J male mice (n = 7) received a 300  μg dose of 
human HCF or PBS in alum on days 4, 7, and 11. Tumor growth was 
measured regularly using a caliper. Tumor volume (mm3) was calcu-
lated according to the following formula: 4/3 × pi × r1 × r2 × r3. At 
day 17 animals were sacrificed and tumors were removed. Tumor vol-

ume (b) and weight (c) from HCF-treated and control animals was 
recorded. d Tumor cells were stained with anti-NK1.1, and -CD69 
antibodies and analyzed by flow cytometry. e Frequency of NK1.1+ 
cells. f CD69 expression (MFI) on NK1.1+ cells. g Tumor cells were 
stained with anti-CD11b, Ly6G and Ly6C antibodies and analyzed by 
flow cytometry. h Frequency of Ly6G+ Ly6C+ cells gated in CD11b+ 
cells. i Frequency of Ly6G− Ly6C+ cells gated in CD11b+ cells
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Discussion

Formulation of an effective vaccine should require a non-
toxic adjuvant, which stimulates not only innate and adaptive 
immunity, but also reverses tumor-induced tolerance. With 
the identification of tumor-associated antigens (TAA) in par-
asites [9], the hypothesis of generating effective responses 
against cancer using molecules from evolutionary distant 
organisms, such as E. granulosus [10], is strengthened. The 
results of the work presented here show that human HCF 
induces anti-lung tumor responses, both in prophylactic as 
well as in therapeutic settings, with immunizations at short 
intervals. These results are in line with our previous report 
with a colon tumor model [17], demonstrating the effec-
tive memory induction for tumor rejection of a rechallenge 
90 days after the first one, which reflects the activation of 
helper T lymphocytes.

The existence of shared antigens between tumor cells and 
E. granulosus, main players of cancer-parasite cross-immune 
reaction, also arises from our results. By flow cytometry, we 
observed that HCF-specific antibodies recognize both mem-
brane and intracellular molecules in lung cancer cells. These 
antibodies could mediate anti-tumor activity. Recently, we 
demonstrated that the T. cruzi parasite also induces immune 
responses able to antagonize the development of cancer, 
using chemically induced colon and breast cancer models 
[13]. We also found that anti-T. cruzi antibodies were able 
to induce cancer cell death by antibody-dependent cellu-
lar cytotoxicity (ADCC) [13]. The potential for anti-tumor 
effects to be generated by anti-HCF antibodies recognizing 

LL/2 cancer cells is supported by the observation that the 
serum of patients with hydatid cyst has lethal effects on lung 
cancer in vitro [22].

Cancer-parasite cross-immune reactions may be due to 
carbohydrate antigens, for example, through the Tn and 
sialyl-Tn structures which are expressed in E. granulosus 
[23]. However, here these carbohydrate structures do not 
seem to play any role in cross-reactive immunity since LL/2 
cells do not have Tn and sialyl-Tn determinants (results not 
shown). Although the identity of the parasite molecules that 
induce the anti-tumor response remain to be elucidated, we 
can state that the carbohydrates are essential for the induc-
tion of the immune response since the periodate-oxidation of 
HCF carbohydrates eliminated its anti-tumor activity. Pos-
sible candidates include mucins (highly glycosylated cell 
surface proteins), of high importance in tumor biology and 
in the generation of anti-cancer vaccines [24]. E. granulo-
sus also possesses mucins. Interestingly, we have previously 
observed that immunization with peptides derived from an 
E. granulosus mucin (named Egmuc) induces potent anti-
tumor activity, increasing NK cell activity and enhancing 
the ability of splenocytes to kill tumor cells [18]. We also 
demonstrated 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. In agreement with these observations, in the pre-
sent work, we found that NK1.1+ cells depletion signifi-
cantly decreased HCF-induced mice survival, suggesting 
that these cells mediate the anti-tumor protection induced 
by HCF. NK cells have been shown to have an important 

Fig. 6   NK1.1+ cells medi-
ate HCF-induced protection. 
a After s.c. administration of 
LL/2 cells (day 0), C57BL/6 J 
mice received a 300 μg dose of 
human HCF or PBS in alum on 
days 4, 7, and 11. For NK1.1+ 
depletion, mice were injected 
i.p. with anti-NK1.1 antibody 
(300 μg/mouse) at days − 1,1, 
3, 5, 7, 9, 12. Tumor growth 
was measured regularly using a 
caliper. Tumor volume (mm3) 
was calculated according to the 
following formula: 4/3 × pi x r1 
x r2 x r3. b Survival of treated 
and control mice was followed 
for 60 days after tumor chal-
lenge. Mice were euthanized 
when subcutaneous tumors 
reached 20 mm or when mice 
shows signs of distress or dis-
comfort. Statistically difference 
between PBS and HCF groups 
and PBS/α NK1.1+ and HCF 
groups
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role in anti-tumor immune response [25]. For instance, the 
density of NK cells in lung tumor tissue has been found to 
correlate positively with prognosis [26]. Natural killer cell-
associated direct cytotoxicity and cytokine production are 
crucial mechanisms for early innate host resistance against 
viruses, bacteria, or protozoa. Although little is known about 
the role of NK cells in the defense against helminth infec-
tions [27–29], reports demonstrating that hydatid patients 
with active cysts have proportionally more NK cells in blood 
than the control group have been published [30]. Further-
more, the in vivo depletion of NK cells strongly enhances 
the worm load and influences IL-4 and IL-5 plasma levels 
[31]. Finally, early E. granulosus-infected mice present high 
numbers of activated NK cells in the peritoneal cavity [32]. 
Altogether, these data demonstrated a new role for NK cells 
in the host defense against filariae.

Splenocytes and tumor DLN cells from HCF-treated mice 
that were challenged with LL/2 cells produced high levels 
of IL-5 when stimulated with an LL/2 lysate. IL-5 is a key 
player in the coordination and orchestration of eosinophil-
based inflammatory processes [33]. IL-5 is produced by 
activated Th2 cells and innate lymphoid cells 2 (ILC2), and 
in smaller amounts, by NK cells, NKT cells and eosinophils 
themselves [34]. IL-5 is best known for its activity on B cells 
and eosinophils, where it upregulates a number of surface 
receptors, induces granule release and promotes the growth 
and differentiation of eosinophils [33]. Interestingly, the high 
levels of IL-5 detected in HCF-treated mice were correlated 
with an increase of granulocytes in tumors. The increase 
of granulocytes in tumors from HCF-treated mice could 
account for neutrophils or eosinophils. Recent data have 
demonstrated the active role of eosinophils in tumor regres-
sion [35]. For instance, activated eosinophils were essential 
for tumor rejection since they produce chemoattractants 
that contribute to the recruitment of tumor-specific CD8+ T 
cells into the tumor [36]. On the other hand, neutrophils can 
also have anti-tumor properties. Indeed, tumor-associated 
neutrophils (TAN) are capable of mediate tumor-rejection 
[37]. Furthermore, TAN can also prevent tumor growth by 
the formation of neutrophil extracellular traps (NETs) [38]. 
The fact that HCF-treated mice presented more CD11b+/
Ly6G+Ly6C+ cells in the tumor microenvironment would 
suggest a role of these cells in anti-tumor rejection, although 
more experiments are needed to confirm it.

In conclusion, we provide evidence of the anti-tumor 
effects of HCF and its ability to induce both humoral (anti-
body) and cellular immunity, with the participation of innate 
immunity, especially NK1.1+ cells. In agreement with our 
results, the ability of HCF to induce Th1 immune responses 
[39] or to favor the maturation of dendritic cells, with an 
increase in the production of pro-inflammatory cytokines 
IL-6 and IL-12 [40] together with our results, highlight the 
potential of HCF in tumor immunotherapy.
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