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ABSTRACT
Background  Trichinellosis is a serious zoonosis with 
a worldwide distribution. Fecund adult worms in the 
intestine release newborn larvae (NBL) that enter the 
general circulation from 4 days post infection (dpi). 
Alternatively activated macrophages in the peritoneal 
cavities and the diaphragms in Trichinella spiralis 
infected mice have been reported. However, a role of 
newborn larvae is poorly understood.
Methods  The total numbers of peritoneal macro-
phages in mice infected with 500 muscle-stage larvae 
were counted during early infection and then total RNA 
was extracted. Peritoneal macrophages from uninfected 
C57BL/6 mice were incubated with IL-4 or LPS as a 
control, or co-cultured with live NBL, and peritoneal 
macrophages were obtained from mice injected with 
live or frozen dead NBL into peritoneal cavity. Total 
RNA was extracted from these macrophages. Two types 
of gene expression, classical and alternative activation, 
were examined in the macrophages and diaphragms 
of the infected mice using semi-quantitative reverse 
transcription-PCR.
Results  The number of peritoneal macrophages in 
T. spiralis infected mice increased significantly. mRNA 
peak expression of alternative activation markers, Ym1 
and arginase-1 (Arg1), was confirmed in the peritoneal 
macrophages and in diaphragm of mice around 15 dpi, 
while mRNA expression of classical activation markers, 
TNFα, IP-10, and iNOS was not detected. Injection of 
live NBL into the peritoneal cavities induced mRNA 
expression of Ym1 and Arg1 in the peritoneal mac-
rophages of mice 9 dpi. However, dead NBL did not 
induce such gene expression. Alternative activation was 
not detected in the peritoneal macrophages co-cultured 
with NBL in vitro.
Conclusion  Gene expression of alternative activation 
makers, Ym1 and Arg1, was confirmed in the peritoneal 
macrophages and diaphragms of mice infected with 
T. spiralis. However, gene expression of classical activa-
tion markers was not detected. Live NBL induced an 
alternative activation of peritoneal macrophages in vivo, 
but not in vitro.

Key words  alternative activation; gene expression; mac-
rophage; semi-quantitative RT-PCR; Trichinella spiralis

Trichinellosis is a serious foodborne zoonotic disease 
with a worldwide distribution.1, 2 A naïve host acquires 
infection with muscle-stage larvae (ML) of Trichinella 
spiralis, which invade host intestinal epithelial cells, 
where they develop into adults. Adult worms release 
newborn larvae (NBL) that enter the general circula-
tion.3 Each larva invades a single myotube through sev-
eral organs from 6 days post infection (dpi), and develop 
to ML in the skeletal muscle cell. Infected muscle cells 
are known as nurse cells,4 and they provide a long-term 
intracellular habitat for ML, which become infective to 
the next host within one month post infection.

Macrophages are the most ubiquitous types of 
cells in many organs and tissues. Macrophages serve as 
early detectors for invading pathogens through pattern 
recognition receptors, such as Toll-like receptors, and 
function as antigen-presenting cells which initiate host 
immune responses. Macrophages are equipped with 
receptors for the T helper (Th) cell cytokines IFN-γ and 
IL-4, and undergo specific activation programs during 
Th1 or Th2 immune responses.5 In a Th1 type environ-
ment, macrophages are classically activated by IFN-γ 
and/or LPS. In classically activated macrophages, gene 
expression of inducible nitric oxide synthase (iNOS), 
TNF-α and IP-10 is observed, and they play a role as 
effector cells to kill pathogens. In a Th2 type environ-
ment, alternatively activated macrophages (AAMs) are 
induced by IL-4 or IL-13, and expressed arginase 1 
(Arg1), FIZZ, and Ym1.6 The balance of the two distinct 

Original ArticleYonago Acta Medica 2020;63(1):34–41  doi: 10.33160/yam.2020.02.005

Corresponding author: Hitoshi Otsuki, MD, PhD
otsuki@tottori-u.ac.jp
Received 2019 November 25
Accepted 2019 December 26
Online published 2020 January 24
Abbreviations: AAM, alternatively activated macrophage; 
Arg1, arginase 1; iNOS, inducible nitric oxide synthase; IP-10, 
interferon-γ-inducible protein 10; IL-4, interleukin-4; LPS, lipo-
polysacchride; ML, muscle-stage larvae; NBL, newborn larvae; 
RT, reverse transcription; STAT6, the signal transducer and acti-
vator of transcription; Th, T helper; T. spiralis, Trichinella spira-
lis; TNFα, tumor necrosis factor α

https://doi.org/10.33160/yam.2020.02.005


35

Alternative activation of macrophages by T. spiralis NBL

© 2020 Tottori University Medical Press

pathways of activation, iNOS and Arg1, is competitively 
regulated in the context of Th1- vs Th2-driven immune 
reactions.7 While newborn larvae of T. spiralis are sen-
sitive to nitric oxide from classically activated macro-
phages,8 Th2 cytokines (IL-4 and IL-13) are important 
in expulsion of adult worm from mice intestines.9

Both interleukin (IL)-4 and IL-13 bind to the com-
mon receptor IL-4α, activating the signal transducer 
and activator of transcription (STAT) 6 signaling path-
way.10 STAT6 directly promotes the expression of AAM 
signature genes, and it also augments AAM polarization 
indirectly, by binding to the promoter region of other 
transcription factors such as peroxisome proliferator-
activated receptor (PPAR) γ and interferon regulatory 
factor (Irf) 4. Chitin promotes alternative activation via 
Jumonji domain containing-3 (Jmjd3)-mediated histone 
modification and expression of Irf4.11

AAMs are induced during the Th2 immune 
responses to several helminth parasites.12, 13 AAMs 
represent important mediators of proper granuloma 
formation in the liver during schistosomiasis, and the 
lack of this response is lethal.14 Tissue-resident AAMs 
are induced in the peritoneal cavity by Heligmosoides 
polygyrus or in the thoracic cavity by Litomosoides 
sigmodontis, respectively.15

The gut is the initial site of parasitism where 
T. spiralis begins to inf luence the host’s immune 
response. IL-4, IL-13, IL-4Rα-chain, and STAT6 are all 
important in worm expulsion during a primary infection 
of mice with T. spiralis. STAT6 signaling was found to 
be important for the type 2 cytokine production and in-
testinal mastocytosis in T. spiralis infected mice.9 Mast 
cell derived IL-4 and TNFα may regulate the induction 
of protective Th2 responses and intestinal inflammation 
associated with the expulsion of T. spiralis.16

Special attention has been given to the immune 
responses during the intestinal phase. Alternative acti-
vation of peritoneal macrophages in mice infected with 
T. spiralis was reported.17, 18 We found that the numbers 
of peritoneal macrophages were significantly increased 
at the early stage of T. spiralis infection, and confirmed 
the alternative activation of peritoneal macrophages.17, 18 
As some NBL were observed when we counted peri-
toneal cells, we examined the role of NBL in alterna-
tive activation of macrophages in the present study. 
Alternative activation was confirmed in diaphragm,8 
and we examined the change in the expression levels 
of marker genes during the development process from 
NBL to ML in nurse cells.

MATERIALS AND METHODS
Rats and mice
Male C57BL/6 mice and female Wister Rats were 
obtained from the Shimizu Laboratory Supply, Kyoto, 
Japan. All animals were maintained under specific 
pathogen-free conditions at the animal facility of Tottori 
University. Mice used were between 9–11 weeks old, 
and rats were 8–10 weeks old. This experiment was 
conducted at the animal study facility of the Tottori 
University Faculty of Medicine, and was approved by 
the Animal Experiment Ethical Committee of Tottori 
University. The approval number was 09-Y-13.

Parasite
T. spiralis (ISS413) was maintained by serial passage in 
male mice. ML were recovered from the muscle tissue 
of previously infected mice using artificial digestion 
with 1% pepsin in acidified water.19 C57BL/6 mice were 
orally inoculated with 500 ML per mouse through a 
gastric canula.

NBL were obtained as described previously.20 
Brief ly, adult worms were recovered from washed 
intestines of Wister rats infected orally with 10,000 ML 
6 days earlier. Adult worms were cultured for 24 h in 
RPMI containing 100 μg/mL streptomycin, 100 IU/mL 
penicillin, and 5% fetal calf serum (FCS) at 37 °C in an 
atmosphere of 5% CO2. NBL were collected through 
nylon mesh. Some of the NBL were killed by freezing 
at –20 °C to compare an effect on alternative activation 
of macrophages with live NBL.

Preparation of peritoneal macrophages
Mice were injected with 3 mL of 6% thioglycollate 
medium (Difco Laboratories, Detroit, MI), into peri-
toneal cavity. After four days, peritoneal macrophages 
were collected from uninfected C57BL/6 mice, using a 
micro-syringe and cold 6 mL PBS.21 Macrophages (1 × 
106 cells) were incubated in a 35 mm dish in the pres-
ence of 100 ng/mL lipopolysaccharide (LPS) or 20 ng/
mL IL-4 in DMEM with 5% FCS for various times or 
days.

Peritoneal macrophages of mice infected with 500 
ML were collected using a micro-syringe and cold 6 
mL PBS at 0, 6, 9, 12, 15, 18, and 119 dpi. The cell pel-
lets were obtained after centrifugation at 3,000 rpm for 
5 min. The total numbers of macrophages were counted 
and total RNA was extracted for semi-quantitative RT-
PCR with Isogen (Nippon Gene Co., Ltd., Tokyo, Japan) 
according to the manufacturer’s instruction.
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Peritoneal macrophages from mice injected with 
NBL
Live or frozen dead 10,000 NBL were injected into 
C57BL/6 mice peritoneal cavities and peritoneal mac-
rophages were obtained from mice on 3, 6, 9 or 30 dpi, 
and total RNA was extracted.

Co-culture of peritoneal macrophages and NBL
Peritoneal macrophages were collected from uninfected 
C57BL/6 mice, and 1 x 106 cells were co-cultured with 
10,000 live NBL for 3 or 6 days in vitro. Total RNA was 
then extracted from the macrophages.

Detection of ML after injection of NBL into the peri-
toneal cavity
NBL were injected into the peritoneal cavity of unin-
fected mice and ML burdens were assessed in whole 
carcasses using artificial digestion with 1% pepsin in 
acidified water.

Total RNA from macrophages and diaphragms
The macrophages were dissolved with Isogen and the 
diaphragms from uninfected and infected mice at 15, 
18, 21, 27, and 30 dpi were homogenized in cold Isogen 
using Polytron homogenizer (Wheaton instruments, 
Nashville, NJ). Total RNA was extracted according to 
the manufacturer’s instruction.

Semi-quantitative RT-PCR
Synthesis of cDNA was performed with 1 μg of total 
RNA at 42 °C for 60 min using 2.5 μM random primer 
(Takara Bio Inc, Kusatsu, Japan), 0.5 mM dNTP and 1 

μL M-MLV reverse transcriptase (Promega, Madison, 
WI) in 20 μL 1 x reaction buffer.

The reaction mixture of PCR contained 1 μM of 
each primer, 0.2 mM dNTP MIX, 1 U Ex Taq DNA 
polymerase (Takara Bio Inc.) and 1.5 mM MgCl2 in a 
final volume of 25 μL. β-actin was used as an internal 
control. Primer sequences are shown in Table 1. The 
primers were chosen according to the BLAST tool that 
is available in GenBank database (https://www.ncbi.
nlm.nih.gov/tools/primer-blast/index.cgi). The numbers 
of cycles for PCR were chosen to be linear range of 
amplification (Table 1). The PCR products were elec-
trophoresed in 1.0% agarose gel and visualized with 
ethidium bromide using UV illumination.

Statistical analysis
Numbers of peritoneal macrophages were compared 
by one-way ANOVA test, implemented in Prism 7.0 
(GraphPad Software, San Diego, CA).

RESULTS
Increase in peritoneal macrophages of T. spiralis 
infected mice
It was reported that mRNA expression of Ym1 and Arg 
1 of peritoneal macrophages was gradually higher in 
T. spiralis infected mice than controls from 7 to 17 dpi.17 
Then, we counted the number of peritoneal macro-
phages at first. The numbers of peritoneal macrophages 
of mice infected with 500 ML increased 15 and 18 dpi 
significantly (Fig. 1). The peak number was 16,900 on 
18 dpi.

Table 1.  Gene-specific primers, length (bp), and cycle numbers used for semi-quantitative RT-PCR

Gene name Primer sequences lengths  
(bp)

Gene Bank  
Accession No.

Cycle numbers of PCR
Mp 1 Mp 2 diaphragm

Ym1
sense 5’- GAGCAAGACTTGCGTGACTATGAAGC -3’

867 NM_009892 27 24 30
anti-sense 5’- GACCACGGCACCTCCTAAATTGTTGTCC -3’

Arg1
sense 5’- GAAAGGCCCTGCAGCACTGAGGAAAGC -3’

581 NM_007482 28 25 36
anti-sense 5’- GGTAGCTGAAGGTCTCTTCCATCAC -3’

TNFα
sense 5’- CAGAAAGCATGATCCGCGACGTGGAAC -3’

899 NM_013693 26 26 40
anti-sense 5’- TCCAGGTCACTGTCCCAGCATCTTG -3’

IP-10
sense 5’- CCTATCCTGCCCACGTGTTGAG -3’

431 NM_021274 26 26 40
anti-sense 5’- CGCACCTCCACATAGCTTACAG -3’

iNOS
sense 5’- AGCTCCTCACTGGGACAGCACAGAATG -3’

624 NM_010927 25 25 40
anti-sense 5’- ACCGGATGAGCTGTGAATTCCAGAG -3’

β actin
sense 5’- TGGAATCCTGTGGCATCCATGAAA -3’

349 NM_007393 29 29 30
anti-sense 5’- TAAACCGCAGCTCAGTAACAGTCC -3’

Mp 1, Peritoneal macrophages of mice infected or injected with T. spiralis NBL; Mp 2, Thioglycollate elicited macrophage.
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mRNA expression in peritoneal macrophages stim-
ulated with LPS or IL-4 in vitro
We obtained thioglycollate induced peritoneal mac-
rophages from uninfected mice and confirmed gene 
expression of classically activated or alternatively 
activated macrophages stimulated with LPS or IL-4, 
respectively,5, 12 by semi-quantitative RT-PCR to evalu-
ate the phenotype of macrophages in T. spiralis infected 
mice. mRNA expression of TNFα, IP-10, and iNOS was 
observed from 3 h to 24 h in LPS stimulated macro-
phages, while that of Ym1 and Arg1 was detected from 
3 or 12 h to 72 h in IL-4-stimulated macrophages in 
vitro. Expression of these genes were not observed from 
3 h to 72 h in vitro in thioglycollate elicited untreated 
(UT) macrophages (Fig. 2).

Ym1 and Arg1 mRNA expression in peritoneal mac-
rophages in T. spiralis infected mice
Mice infected with ML showed a complete elimina-
tion of adult worms from their guts at 17 dpi, and the 
females produced the most NBL from 5 to 9 dpi.17 We 
confirmed mRNA expression of alternative activation 
markers, Ym1 and Arg1, in macrophages from 6 to 18 
dpi, and a peak expression was detected around 15 dpi. 
However, mRNA expression of TNFα, IP-10, and iNOS 
was not observed in the peritoneal macrophages of 
T. spiralis infected mice (Fig. 3).

Live NBL induce mRNA expression of Ym1 and 
Arg1 in peritoneal macrophages in vivo
Adult worms of T. spiralis recovered from rat intestines 
were cultured for 24 h, and NBL were collected. Live 

NBL were injected to the peritoneal cavities to examine 
whether alternative activation is induced in peritoneal 
macrophages without effect of adult worms. Live NBL 
induced mRNA expression of Ym1 in the peritoneal 
macrophages of mice 9 dpi, and also induced Arg1 

Fig. 1.  Numbers of peritoneal macrophages in mice during early 
stage of T. spiralis infection. Peritoneal macrophages in C57BL/6 
mice infected with 500 ML were obtained and counted on 6, 9, 
12, 15, 18, and 30 dpi. Peritoneal macrophages in uninfected mice 
were also counted as a control. Each bar represents the mean ± 
SD from three mice. *P < 0.05 and ** < 0.01.

Fig. 2.  LPS or IL-4 induced gene expression in peritoneal macro-
phages of uninfected mice. Thioglycollate elicited peritoneal mac-
rophages were incubated with 100 ng/mL LPS or 20 ng/mL IL-4, 
or as untreated (UT) controls for 3–72 h. Total RNA was obtained 
from macrophages and gene expression was detected by semi-
quantitative RT-PCR using each primer set listed in Table 1. DNA 
fragments were separated in 1.0% agarose gel electrophoresis, and 
were revealed with ethidium bromide in a transilluminator.

Fig. 3.  Gene expression in peritoneal macrophages of T. spriralis 
infected mice. Peritoneal macrophages were obtained from mice 
infected with 500 ML during early stage (6, 9, 12, 15, and 18 dpi) 
and 119 dpi, and uninfected control mice (0 dpi). Thioglycollate 
elicited peritoneal macrophages were incubated with 100 ng/
mL LPS for 3 h or 20 ng/mL IL-4 for 24 h as positive controls. 
The gene expression of macrophages was detected by semi-
quantitative RT-PCR. DNA fragments were separated in 1.0% 
agarose gel electrophoresis, and were revealed with ethidium 
bromide in a transilluminator.
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gene expression in mice 6 and 9 dpi. Then, dead NBL 
were also injected to peritoneal cavities to examine the 
possibility of alternative activation in the absence of 
excretory/secretory products of NBL and the stimuli in 
invasion into host tissues of NBL. Dead NBL did not 
induce any mRNA expression of Ym1 or Arg1 in mac-
rophages (Fig. 4). Classically activated makers, TNFα, 
IP-10, or iNOS, were not expressed in macrophages of 
NBL injected mice.

Live NBL did not induce mRNA expression of Ym 1 
in peritoneal macrophages in vitro
Live NBL were co-cultured with thioglycollate elicited 
peritoneal macrophages to examine that NBL directly 
or indirectly induce alternative activation. Ym1 or TNFα 
mRNA was not expressed in peritoneal macrophages 
co-cultured with live NBL for 3 or 6 days in vitro, while 
Ym1 mRNA was confirmed in macrophages incubated 
with IL-4 for 1, 3, or 6 days (Fig. 5).12

mRNA expression of Ym1 and Arg1 in the dia-
phragms of T. spiralis infected mice
NBL invade a single myotube from 6 to 9 dpi, and 
develop to ML within 1 month in nurse cell surrounded 
collagen capsule.4 Alternative activation of macro-
phages in diaphragms of C57BL/6 mice 17 dpi was 
reported,8 and we confirmed Ym1 and Arg1 mRNA 

Fig. 4.  Gene expression in peritoneal macrophages of mice 
injected with live or dead NBL of T. spiralis. Live (A) or frozen 
dead (D) 10,000 NBL were injected into the mice peritoneal 
cavities, and peritoneal macrophages were obtained from NBL 
injected-mice on 3, 6, 9, and 30 days post injection. Thioglycollate 
elicited peritoneal macrophages were incubated with 100 ng/mL 
LPS for 3 h, 20 ng/mL IL-4 or PBS for 24 h as controls. The gene 
expression of macrophages was detected by semi-quantitative 
RT-PCR. DNA fragments were separated in 1.0% agarose gel 
electrophoresis, and were revealed with ethidium bromide in a 
transilluminator.

Fig. 5.  Gene expression in peritoneal macrophages co-cultured 
with live NBL, IL-4 or LPS in vitro. Thioglycollate elicited 
peritoneal macrophages were cultured for 3 or 6 days (d) with 
live NBL or 20 ng/mL IL-4, or as untreated (UT) controls. The 
macrophages were incubated with 20 ng/mL IL-4 for 1 day 
or with 100 ng/mL LPS for 3 h as positive controls. The gene 
expression of macrophages was detected by semi-quantitative 
RT-PCR. DNA fragments were separated in 1.0% agarose gel 
electrophoresis, and were revealed with ethidium bromide in a 
transilluminator.

Fig. 6.  Gene expression in the diaphragms of mice infected with T. spiralis ML. Total RNA of diaphragms of mice 0–30 dpi was 
obtained. Thioglycollate elicited peritoneal macrophages were incubated with 100 ng/mL LPS for 3 h as positive control. The gene 
expression in the diaphragms and macrophages was detected using semi-quantitative RT-PCR. DNA fragments were separated in 1.0% 
agarose gel electrophoresis, and revealed with ethidium bromide in a transilluminator.
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expression in the diaphragms of mice 15 dpi.8 We found 
that the expression levels seem to decrease during nurse 
cell formation. On the other hand, mRNA expression 
of TNFα, IP-10, and iNOS was not observed in the 
diaphragms (Fig. 6).

DISCUSSION
Mice infected with high dose of ML showed a complete 
elimination of adult worms from their gut at 17 dpi, and 
the reproductive life span was from 5 to 9 dpi, which is 
the period when the females produced the most NBL. 
The reproductive capacity index, which means the 
total number of NBL/female worm, peaked on 7 dpi.17 
The levels of Arg1, Ym1, and Fizz1 mRNA expression 
in T. spiralis infected mice were gradually increased 
from 7 to 17 dpi.17 We found a significant increase in 
peritoneal macrophages of mice infected with T. spiralis 
15 and 18 dpi and we confirmed the alternative activa-
tion of peritoneal macrophages.17, 18 A peak of Ym1 
and Arg1 mRNA expression seemed to be at 15 dpi in 
the present study. On the other hand, gene expression 
of TNFα, IP-10, and iNOS was not detected, which 
suggested that Th1 cytokine is almost absent in the 
peritoneal cavity.

It has been reported that excretory-secretory (ES) 
products (5 μg/mL) from 3-day-old adult worms and 
5-day-old adult worms/NBL of T. spiralis inhibited 
iNOS gene expression in LPS stimulated J774A.1 
macrophages, and can modulate macrophage function 
towards the alternative phenotype in vitro in the absence 
of Th2 cytokine.22 A T. spiralis specific 53 kDa gly-
coprotein (TsP53) has been identified as a major com-
ponent of its ES antigen. Incubation with recombinant 
TsP53 for 24 h up-regulated mRNA expression of the 
mannose receptor, Arg1, Ym1, and IL-10 in peritoneal 
macrophages derived from IL-4Rα KO and WT mice to 
similar levels,23 which means alternative activation of 
macrophages is independent of IL-4 and/or IL-13.

In the present study, we found that live NBL 
injected into mice peritoneal cavity in vivo induced 
mRNA expression of Ym1 and Arg1 in peritoneal 
macrophages, but dead NBL did not induce such gene 
expression. Live NBL co-cultured with peritoneal mac-
rophages in vitro did not induce alternative activation of 
macrophages. It is supposed that alternative activation 
of the peritoneal macrophages of mice infected with 
T. spiralis might be independent of ES products of NBL 
or TsP35, and dependent of IL-4 and/or IL-13 secreted 
from host cells. In the process of purifying and counting 
peritoneal macrophages in T. spiralis infected mice, we 
detected some NBL in the peritoneal fluids. We then 
injected 10,000 NBL into the peritoneal cavity, and 

observed that 1.8% (40–413 NBL) develop into ML in 
mice 30 dpi. A higher percentage of NBL migrated to 
the peritoneal cavity in infected mice may reinvade the 
various muscles and developed to ML.

Arg1 activity was measured in the lung macro-
phages from rats during the early phase (3, 6, 9, 13 dpi) 
of T. spiralis infection, and a significant increase was 
observed only on 13 dpi, when the migratory phase was 
about to end in the murine model, compared with unin-
fected rats.24 Alternative activation of macrophages was 
reported in the diaphragms of T. spiralis infected mice 
at 17 dpi.8 We supposed the peak mRNA expression 
of Ym1 and Arg1 in the diaphragm of mouse at 15 dpi 
and found that such gene expression in the diaphragms 
decreased during nurse cell formation, which suggested 
that the roles of alternative activation of macrophages 
were decreased, because collagen capsules surrounding 
nurse cells might protect larvae.

As we decided the cycle number of PCR for each 
gene, which expression levels were compared among 
some samples in a linear range, we could point out the 
profile in the alternative activation of macrophages. 
However, it is necessary to quantify the mRNA expres-
sion levels using real-time PCR in order to evaluate the 
accurate expression levels hereafter.

Chitinase, an enzyme that cleaves and breaks down 
the chitin found on fungi, worms, and organisms, has 
been implicated in Th2 immune responses during para-
sitic infections. Ym1, a chitinase family member, is a 
chitin-binding protein without chitinase activity, and is 
expressed by AAMs.11 Ym1 originally discovered as an 
eosinophil chemotactic factor,25 and may promote eo-
sinophil accumulation in the parasite-infected tissues.11 
The arrival of NBL in the muscle coincides with an in-
testinal Th2 immune response that expels adult worms 
and induces prominent blood and tissue eosinophilia.26 
Although markers of AAMs were dramatically upregu-
lated in the diaphragm tissues of eosinophil-ablated and 
WT mice, eosinophil-ablation was associated with a 
marked increase in iNOS transcription and decrease in 
M2 marker expression at 17 dpi.8 T. spiralis larvae are 
susceptible to direct killing by NO. Eosinophils support 
parasite growth and survival by promoting the accumu-
lation of Th2 cells and preventing induction of iNOS in 
macrophages and neutrophils in the diaphragms.8

It is apparent that in contrast with the well-
established role for Th2 immune responses in expulsion 
of intestinal worms, Th2 immune responses support 
both tissue-dwelling parasitic worms and the host. 
Arg1 expressed in AAM produce L-ornithine that can 
be metabolized into L-proline, which is essential for 
collagen synthesis and tissue repair and regeneration.27 
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Ym1 shares homology with chitinases, and has been 
associated with cellular recruitment and extra cellular 
matrix deposition during tissue repair.28 AAM plays 
an essential role in wound healing during helminth 
infection.29

Similar to mouse models, CD14+ blood monocytes 
from patients with asymptomatic filarial infection 
exhibited significantly diminished expression of iNOS 
and significantly enhanced expression of Arg1. Human 
filarial infection is associated with the presence of 
monocytes characterized by an alternatively activated 
phenotype.30 The immunological reaction in patients 
of trichinellosis is characterized by eosinophilia and 
a rather Th2-oriented cytokine profile.1 We suppose 
that alternatively activation of macrophages might 
be induced in humans infected with Trichinella. Th2 
responses induced by T. spiralis modulate the progres-
sion of experimental colitis,18, 31 and type 1 diabetes,32 
in mice models. By improving our understanding of 
functions of human AAMs and molecular aspects of 
cross-talk between host and parasite, new therapeutic 
approaches of autoimmune diseases are likely to be 
achieved.
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