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Abstract

Colitis-associated colorectal cancer (CAC) is one of the most common cancers and is closely
related to chronic or deregulated inflammation. Helminthic infections can modulate inflammatory
responses in some diseases, but their immunomodulatory role during cancer development re-
mains completely unknown. We have analyzed the role of Taenia crassiceps-induced an-
ti-inflammatory response in determining the outcome of CAC. We show that extraintestinal T.
crassiceps infection in CAC mice inhibited colonic inflammatory responses and tumor formation
and prevented goblet cell loss. There was also increased expression of IL-4 and alternatively ac-
tivated macrophages markers in colonic tissue and negative immunomodulation of
pro-inflammatory cytokine expression. In addition, T. crassiceps infection prevented the upregu-
lation of B-catenin and CXCR2 expression observed in the CAC mice, which are both markers
associated with CAC-tumorigenesis, and reduced the numbers of circulating and colonic
CDI Ib*Ly6C"CCR2" monocytes. Thus, immunomodulatory activities induced by helminth infec-
tions may have a role in the progression of CAC.
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Introduction

Colitis associated cancer (CAC) is one of the
most common malignant diseases and is the second
leading cause of cancer death in several countries [1].
A relationship between inflammation and colon can-
cer development has been described worldwide [2].
Patients with inflammatory bowel diseases (IBD),
such as Crohn’s disease or ulcerative colitis, are more
susceptible to developing colorectal cancer [3].

It has been widely reported that some infectious
agents, such as viruses and bacteria, can fuel or even
be a cause for the development of cancer [4]. The role
of parasitic infections in such field has been insuffi-

ciently studied, and scarce reports suggest that hel-
minths can increase the risk of cancer [5]. The geo-
graphical distribution of gastrointestinal and parasitic
infections demonstrated that they are widely distrib-
uted in tropical and subtropical areas with greatest
numbers occurring in China, Africa, the Americas and
East Asia. Concomitantly, epidemiological data pro-
vide strong evidence about the incidence of inflam-
matory bowel disease and colorectal cancer in the past
three decades in developed countries [6], suggesting
an inverse association between helminth infections
and inflammatory bowel disease and colorectal can-
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cer.

Nevertheless, helminth parasites have devel-
oped complex strategies to modulate the immune
responses of their hosts through versatile immuno-
regulatory mechanisms. The capability of helminths
to modulate an exacerbated inflammatory response
has been used advantageously to study their effects
on autoimmune diseases [7]; however, the effect of
helminth infections on the development of cancer,
specifically CAC, remains completely unknown.
Here, we address the impact of a helminth infection
on tumor development using a well-established
chemical colorectal cancer mouse model.

Materials and Methods
Mice

Six to eight week old female BALB/c mice were
purchased from Harlan Laboratories (México) and

were maintained in a pathogen-free environment at
the FES-Iztacala, UNAM animal facilities.

Parasites and infection

Metacestodes of T. crassiceps were harvested
from the peritoneal cavity of female BALB/c mice
after 2 to 3 months of infection, processed as previ-
ously reported [8] and the infection was accomplished
by an i.p. injection of 20 small 2mm in diameter)
non-budding cysticerci.

Development of colitis-associated colorectal
cancer (CAC)

An extensively used CAC model was developed
as previously described [9]. Briefly, T. cras-
siceps-infected mice (6 weeks post-infection) or
age-matched uninfected mice were i.p. injected with
Azoxymethane (AOM) at 12.5 mg/kg (Sigma, USA).
Five days later, dextran sulfate sodium (DSS, MW: 35
000-50 000, MP Biomedicals. Solon, OH, USA) dis-
solved at 2% in drinking water was administered ad
libitum for 7 consecutive days. Afterwards, the mice
were maintained with regular water for 14 days and
were subjected to two more DSS cycles. The mice
were sacrificed on day 68; the colon was removed,
weighed and submitted for macroscopic inspection,
histopathological examination and mRNA expression
assays. The mouse infection scheme and treatment are
showed in Fig. 1A.

Histology

For histological analysis, longitudinal sections
from the large intestine were immediately fixed by
immersion in 10% formaldehyde dissolved in PBS,
after one day the tissue was dehydrated in gradient
alcohol concentrations and embedded in paraffin.
Sections (5um) were stained with hematoxilin/eosin

to visualize neutrophils or with alcian blue stain to
visualize the goblet cells, using an optical microscopy
(Axio Vert.Al, Carl Zeiss). These cells were quantified
(percentage) from at least 20 crypts per region in five
fields in four different slides per animal at 400X mag-
nification. For Immunohistochemistry staining of
B-catenin and F4/80, the sections were incubated with
optimal dilutions of anti-mouse beta-catenin (Gene
Tex, Inc. USA) and anti-mouse F4/80 (e-Bioscience,
USA) overnight at 4°C, and then developed following
the conventional technique.

Colon Culture

Sections of 0.5 cm of the proximal colon were cut
and washed three times with PBS. The colon frag-
ments were placed into 24-well plate’s culture in
DMEM medium with penicillin and streptomycin and
stimulated or not with LPS (1pg/mL) and cultured at
37°C with 5% CO», Supernatants were harvested 24h
later and the concentration of TNF-a was determined
by ELISA (Biolegend, San Diego, CA. USA).

RNA isolation and real-time PCR

RNA was isolated from colon tissues using a
TRIzol extraction. Tissues were first disrupted in a
tissue homogenizer (Bullet Blender® Next Advance).
Semi-quantitative RT-PCR was performed to assess
the expression of mRNAs for YM-1, arginase, FIZZ1,
iNOS, and CXCR2. cDNA was synthesized from the
isolated RNA using a RevertAid H Minus First Strand
cDNA synthesis Kit (Thermo Scientific). mRNA ex-
pression for pB-catenin, IFN-y, TNF-a, TGF-p and IL-4
was performed in a LightCycler 2.0 system (Roche
Applied Science) using a KAPA SYBR® FAST
One-Step qRT-PCR Roche LightCycler® (KapaBio-
systems), according to the manufacturer’s instruc-
tions. The oligonucleotide primer sequences are de-
scribed in Table 1 and 2. All quantifications were
normalized to GAPDH levels. The relative expression
of the target genes was analyzed by the AACt method.
Control group was used as “comparator samples” for
quantification of those corresponding to test samples.

Cell Isolation and Flow Cytometry Analysis

For the isolation of the colonic lamina propria
cells a standard procedure previously reported was
used [10]. For flow cytometry, single cell suspensions
of the lamina propria and the circulation obtained
during the sacrifice were stained with anti-CD11b,
anti-Ly6C (Biolegend, San Diego, CA), and anti-CCR2
(R&D Systems, USA) antibodies for 30 min at 4° C.
The cells were washed twice and analyzed using the
FACSCalibur system and Cell Quest software (Becton
Dickinson, USA).
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Table I. Genes and their respective sequences used to determine
alternative activation of macrophages by semi-quantitative

RT-PCR.
Gene Sequence Melting
Temperature

GAPDH  F-TCGGTGTGAACGGATTTGGC 56°
R-CTCTTGCTCAGTGTCCTTGC

Arg-1 F-CAG AAG AAT GGA AGA GTC AG 54°
R-CAG ATA TGC AGG GAG TCA CC

Yml F-TCACAGGTCTGGCAATTCTTCTG 56°
R-TTTGTCCTTAGGAGGGCTTCCTC

Fizzl F-GGTCCCAGTGCATATGGATGAGACCATAG  65°
R-CACCTCTTCACTCGAGGGACAGTTGGCAGC

iNOS F-GCCACCAACAATGGCAACAT 60°
R-AAGACCAGAGGCAGCACATC

CXCR2  F-CACCGATGTATACCTGCTGA 63°
R-ACGCAGTACGACCCTCAAAC

Table 2. Primer sequences for quantitative RT-PCR.

Gene  Sequence Melting
Temperature

B-Catenin F-GGCCTCTGATAAAGGCAACTG 57°
R-CCGAGCAAGGATGTGGAGAG

IFN-y F-AGCGGCTGACTGAACTCAGATTGTAG 57°
R-GTCACAGTTTTCAGCTGTATAGGG

TNF-a F-GGCAGGTCTACTTTGGAGTCATTGC 59°
R-ACATTCGAGGCTCCAGTGAATTCG

TGF-B F-GCCCTTCCTGCTCCTCAT 63°
R-TTGGCATGGTAGCCCTTG

1L-4 F-CGAAGAACACCACAGAGAGTGAGCT 58°

R-GACTCATTCATGGTGCAGCCTTATCG

Statistical Analysis

The data were analyzed by either a one-way
ANOVA followed by Tukey’s Multiple comparisons
test or by an unpaired two-tailed t test with GraphPad
Prism 4 (San Diego, CA).

Results and Discussion

Helminth infection reduces CAC development

Because chronic or deregulated inflammation is
a well-recognized risk factor for colorectal carcinoma
development and because helminth infections are
largely known to modulate inflammatory responses,
this study was conducted to determine whether a
helminth infection could impact the progression of
CAC. During the course of the experiments, the un-
infected mice (CAC group) exhibited several symp-
toms, such as piloerection and bloody diarrhea,
whereas the T. crassiceps+CAC mice did not show any
symptoms (data no shown). All the animals from the
CAC group had diverse numbers and sizes of poly-
poid tumors, whereas 20% of the T. crassiceps+CAC
mice were free from these types of lesions. CAC mice
had numerous reddish polypoid tumors in the whole
large intestine; macroscopic damage and pathological

alterations were clearly visible. In particular, the
middle area of the transverse and descending colon
had numerous lesions (Fig. 1B, 1C). Indeed, after the
colons were opened and washed out, multiple tumors
were found in the middle to distal colon of the CAC
mice (Fig. 1C). In contrast, the T. crassiceps+CAC mice
had more normal shape colons and a significant and
visible reduction in the number of tumors (Fig. 1C).
The weight of the excised colons from the cecum to
the rectum of the CAC mice showed a 2.5-fold of in-
crease, whereas the T. crassiceps infection prevented
this increase (Fig. 1D), most likely due to the lower
number of tumors, as the T. crassiceps+CAC mice had
a 64% decrease in the expected tumor formation (Fig.
1E). These data indicate that the presence of the ex-
traintestinal larval stage of T. crassiceps can modulate
CAC progression.

T. crassiceps infection reduces CAC-induced
pathologic alterations

The histological study of the large intestine in the
CAC mice without T. crassiceps infection revealed ex-
tensive chronic inflammation localized in the lamina
propria, with numerous and large polypoid tumors
constituted by well-formed glands revisted by atypi-
cal epithelial cells with large and dysplastic nucleus
and numerous mitotic figures that corresponded to
well differentiated adenocarcinoma (Fig 2B). Nu-
merous neoplastic glands showed intraluminal ab-
scess constituted by cellular debris and numerous
neutrophils, a remarkable decrease of goblet cells
(stained with Alcian blue, arrows) in these polypoid
lesions was also observed (Fig 2B, D, E). These poly-
poid lesions also showed strong p-catenin im-
mune-staining, which is a marker for abnormal cell
proliferation and for tumorigenesis (Fig 2B). In con-
trast, T. crassiceps+CAC displayed lesser inflammatory
infiltrate and small polypoid lesions constituted by
hyperplastic epithelium with mild dysplasia and
normal appearance and numbers of goblet cells, sim-
ilar to the control mice (Fig 2C, D). Moreover, the co-
lon tissue from these animals was negative for
B-catenin immune-staining (Fig 2C) suggesting that
these mice did not develop tumorigenesis. Im-
mune-staining for F4/80, a macrophage marker, in
colon tissue was performed. Both groups of mice were
positive for this marker indicating macrophage re-
cruitment, however, the intensity of this mark was
higher in T. crassiceps+CAC group (Fig 2A-C), sug-
gesting an increased recruitment of macrophages.
Conversely, neutrophil recruitment was higher in the
CAC group as observed by H&E histology and as is
evidenced in the higher magnification photo and
counting of these cells in the crypts (Fig 2B, E).
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Figure 1. T. crassiceps infection significantly decreases colitis associated tumorigenesis. (A). Protocol for helminth infection and CAC induction. (B) Excised
colon from the cecum to the rectum of the control mice, CAC mice and T. crassiceps+CAC mice. (C) Opened and washed colon from the proximal to the
distal section of the control mice, CAC mice and T. crassiceps+CAC mice. (D) Colon weight after removing and flushing the cecum and rectum. (E) Tumor
number count. The data are presented as the mean + SE. Arrows show tumors. *P < 0.05, **P < 0.003, n= 5 mice per group. All data are representative of
two independent experiments.
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Figure 2. T. crassiceps infection greatly inhibits the pathology of colitis associated tumorigenesis. Representative histological features from the colon (A)
control, (B) CAC and (C) T. crassiceps+CAC mice taken at day 68 after CAC induction and stained with Hematoxilin and Eosin (H&E), Alcian Blue for
visualizing goblet cells, and immunohistochemistry stain for $-catenin and F4/80. (D) Number of goblet cells and (E) number of neutrophils located in distal
colons. These cells were quantified from at least 20 crypts per region in five fields in four different slides per animal. Alcian blue stained goblet cells (arrows).

Data are expressed as means * SEM. * P< 0.05 ** P< 0.01.

Helminth infection induces differential AAMs
and inflammatory marker expression during
the course of CAC

We next determined the expression levels of
typical molecular markers associated with both CAC
development and helminth infections. We found that
T. crassiceps infection markedly increased the mRNA
expression of Ym-1, Arg-1, and Fizz-1 in the colonic
tissue from the CAC-induced mice, all of these mark-
ers are characteristic of alternative activated macro-
phages (AAMs) (Fig. 3A-C); concomitantly, iNOS
expression was significantly reduced in the T. cras-
siceps+CAC mice compared with the CAC mice (Fig.

3D). These data together with the higher number of
F4/80 cells as revealed by immune-staining in the T.
crassiceps+CAC mice suggest a preferential recruit-
ment of AAMs induced by the presence of this hel-
minth. We next evaluated the mRNA expression pro-
file of IFN-y, TNF-a, TGF-p and IL-4 in the colon. The
expression of these genes was significantly enhanced,
particularly TNF-a (Fig. 3F) and, to a lesser degree,
IFN-y (Fig. 3E) and TGF-f (Fig. 3G) but not IL-4 (Fig.
3H), in the CAC mice. However, in the T. cras-
siceps+CAC mice the expression of TNF-a, IFN-y and
TGF-B, was reduced, but IL-4 expression was re-
markably enhanced in the colonic tissue compared
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with the CAC animals (Fig. 3E-H). Thus, infection
with T. crassiceps remarkably reduced the inflamma-
tory infiltrate and number and size of polypoid tu-
mors in the colon and inhibited the development of
hyperplasia. This observation was correlated with
attenuated production of potent inflammatory medi-
ators, such as TNF-a and IFN-y, both of which are
known to orchestrate the development of CAC.

A feature of CAC is the chronic intestinal in-
flammation that mediates the breakdown of the pro-
tective intestinal barriers causing increased accessi-
bility of the microbiota to the inflamed epithelium.
This in turn may activate immune or epithelial cells
through TLR-pathways, thereby amplifying the in-
flammatory response and generating tissue damage in
the colon [11]. Excessive TLR-signaling can itself drive
strong and sustained pro-inflammatory responses
that fuel tumorigenesis. In this regard, T. crassiceps
infection is able to block TLR signaling in macro-
phages, inhibiting IL-12, IL-23, TNF-a, and NO pro-
duction, all of which are importantly involved in CAC

development [12]. In order to explore whether this
possibility was happening in our model we per-
formed ex-vivo tissue colon cultures to evaluate the
response to LPS. In line with this we detected an in-
crease in TNF-a production in whole colon tissue
cultures of CAC mice in response to LPS as compared
with similar colon tissue cultures from T. cras-
siceps+tCAC mice (Fig. 3I). These data may indicate
that chronic T. crassiceps infection down-regulate the
inflammatory response induced by LPS in vivo, sug-
gesting that the immunomodulatory effects of this
intraperitoneal infection could induce a refractory
state to LPS in tissue colon during CAC development.
Moreover, DCs exposed to helminth-derived products
became unresponsive to TLR-stimulation in vitro [13,
14]. Indeed, T. crassiceps excreted/secreted products
impair the pro-inflammatory response of DCs ex-
posed to different TLR-ligands by blocking the acti-
vation of NFxB [8], an important regulator of tumor
initiation and progression.
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Figure 3. T. crassiceps infection induces a differential expression of AAM and pro-inflammatory markers during CAC. A semi-quantitative RT-PCR or
quantitative RT-PCR analysis was performed on the total RNAs extracted from the colons and was normalized to GAPDH. mRNA expression of (A) Ym-1,
(B) Arginase |, (C) FIZZI, (D) iNOS, (E) IFN-y, (F) TNF-o,, (G) TGF-B and (H) IL-4. (I) TNF-a. production in ex-vivo tissue colon cultures of CAC and T.
crassiceps+CAC mice stimulated with LPS were measured by ELISA. (J) B-catenin and (K) CXCR2 relative expression. The ratios of the mRNA levels were
expressed relative to those of the mRNA levels in the untreated control group. Values are mean + SD (n=5 mice/group) *P<0.05, **P<0.03.

http://www.ijbs.com



Int. J. Biol. Sci. 2014, Vol. 10

954

Conversely, IL-4 expression was enhanced lo-
cally in the colon. This cytokine may also
down-regulate macrophage pro-inflammatory activa-
tion and promote AAMs. It has been well established
that in addition to anti-inflammatory activity, AAMs
also have the ability to repair tissue. Thus, it may be
that robust early recruitment of AAMs during CAC
development helps to resolve tissue damage and
avoid the concomitant inflammation generated by
DSS exposure thereby preventing the development of
CAC. In this system, arginase 1 expression induced by
the presence of T. crassiceps may control the harmful
inflammation that occurs during CAC, consequently
contributing to tissue repair in the colon and to the
maintenance of the mucosal barrier. Moreover, the
number and size of the goblet cells was preserved in
T. crassiceps+CAC mice, suggesting that T. crassiceps,
like other helminths, could increase the number of
these cells [15, 16]. Goblet cells are involved in regu-
lating both the mucosal barrier and the relative com-
position of the luminal microbiota by mucin produc-
tion [17]. Therefore, the high expression of IL-4 in the
colon of the T. crassiceps+CAC mice could promote the
production of Th2 cytokines favoring goblet cell hy-
perplasia. The mucus production by goblet cells in
turn may limit bacterial access to the epithelial cells
and prevent chronic inflammation during CAC. In-
deed, mucin 2-deficient mice develop spontaneous
colitis and colonic cancers as a result of the commen-
sal bacteria that are in direct contact with the epithe-
lial cells [18].

We also looked for a classical molecular marker
of tumorigenesis, such as p-catenin. Remarkably, we
found that the CAC mice had enhanced mRNA ex-
pression of -catenin in the colonic tissue, and im-
portantly, the infection attenuated this increase (Fig.
3)). This is an interesting finding, as P -catenin plays
an important role in cell proliferation, and its en-
hanced expression has been associated with colorectal
carcinogenesis [19].

Given that a large number of neutrophils were
observed in the colonic infiltrate in the CAC mice, we
evaluated the mRNA expression of the chemokine
receptor CXCR2, which is mainly expressed in these
cells. CXCR2 expression was significantly increased in
the CAC mice, but T. crassiceps infection
down-regulated the expression of this chemokine
neutrophil receptor in the colonic tissue (Fig. 3K). The
chemokine receptor CXCR2 is a key mediator of neu-
trophil migration and is also involved in tumor de-
velopment [20], CXCR2 is significantly up-regulated
in various stages of CAC, and polymorphisms in the
CXCR2 gene are associated with colon cancer pro-
gression and recurrence [21], our data here are sug-

gestive that this helminthic infection could have po-
tential to modulate neutrophil tumor-promoting
functions.

Helminth infection prevents the increase of
circulating CD 1 I b*Ly6ChCCR2* and its
recruitment into the colonic lamina propria

We analyzed the presence of inflammatory
Ly6Chi monocytes in the peripheral circulation and
colonic lamina propria. Ly6C monocytes differ in their
expression of a major chemokine receptor CCR2.
CCR2 is responsible for the recruitment of Ly6Ch
monocytes to peripheral sites of inflammation. CCR2
monocyte depletion has been associated with control
of inflammatory lesions, prevention of persistent in-
flammation and achieves control repair mechanisms
[22]. CD11b*Ly6ChCCR2* monocytes were detected
at a high frequency in the circulation of the CAC an-
imals (Fig. 4A-B). Conversely, CD11b*Ly6ClcCCR2-
cells were significantly increased in the T. cras-
siceps+CAC mouse group (Fig. 4C). Mice in the CAC
group had an increase in CD11b*Ly6ChCCR2* cells in
the lamina propria of the colonic tissue that was
blocked in the T. crassiceps+CAC mice (Fig. 4D). In-
deed, the CAC group recruited lower percentages of
CD11b*Ly6Cl°CCR2- cells into the colonic lamina
propria (Fig. 4E).

Ly6Chi monocytes are recruited to the inflamed
colon in a CCR2 dependent fashion and give rise to
pro-inflammatory effector cells that sense bacterial
products and critically promote inflammation
through the production of pro-inflammatory media-
tors [23]. The fact that T. crassiceps infection reduced
the number of inflammatory monocytes in both the
circulation and the lamina propria of the colon implies
a strong regulatory activity triggered by this hel-
minth, which could also contribute to a reduction in
tumor development induced by CAC.

In sum, we demonstrate here for the first time
that a helminth infection inhibits the number of colon
tumors and, consequently, the development of CAC.
This is most likely due to the capacity of T. crassiceps
infection to down-modulate inflammatory responses.
Several potential mechanisms may be triggered by T.
crassiceps to inhibit tumorigenesis in this CAC model,
which would be worthwhile analyzing in more de-
tailed studies and may include: a) the recruitment of
AAMs with tissue repair ability; b) lack of a response
to TLR-driven inflammation; c) increase or mainte-
nance of goblet cells and mucus production; d)
blocking the recruitment of inflammatory monocytes;
e) blocking of the intracellular signaling pathways
associated with inflammation; and f) lowering the
expression of P-catenin (proto-oncogenes). Thus, the
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immunoregulatory activities of helminths may be
useful in modulating the outcome of inflammato-

ry-associated cancers in addition to their well-known
role in modulating autoimmunity.
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Figure 4. T. crassiceps infection reduces the number of inflammatory monocytes during CAC. (A) Representative flow cytometry plots from control mice,
CAC mice and T. crassiceps*CAC mice gated on CD1 Ib* living cells isolated from the circulation. Quantification of (B) CD | Ib*Ly6C"CCR2* cells (region
A) and (C) CDI11b*Ly6C°CCR2" (region B) cells from the circulation. Percentage of (D) CDI Ib*LyéC"CCR2"and (E) CDI Ib*Ly6C"°CCR?2 in colonic
lamina propria isolated cells. Data are representative of 2 independent experiments. Values are mean * SD (n=4 mice/group) *P < 0.05, **P<0.03.
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