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Development of T-cell immune response in experimental murine trichinellosis
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Summary

Cellular response of mice BALB/c¢ to the infection with
400 larvae of Trichinella spiralis and the parasite recovery
in the host were examined during 180 days post infection
(p.i.). Numbers of 7. spiralis adults in small intestine were
gradually reduced from the beginning of the infection
(304.5 + 40.5 per mouse) up to day 30 p.i. (20.3 + 3.6 per
mouse), Muscle larvae were present from day 20 pa. in
numbers of 15908.3 £ 2420.3 per mouse. The rapid increa-
se and high numbers of larvac were found from day 30 p.i.
(114520.0 + 15419.9) till the end of the examination
(100139.3 £ 4026.6). Both splenic T and B lymphocyles
responded to nonspecific mitogens (concanavalin A and li-
popolysaccharide) with increased proliferative activity
even at the beginning of the infection, with the maximum
on days 30 and 45 p.i.. respectively. However, B lympho-
cytes were more stimulated during the muscle phase of the
infection (after day 20 p.i.). Splenic CD4+ T subpopulation
was reduced till day 20 p.. and their numbers increased
after day 30 p.i. The subpopulation of CD8+ T cells was
already increased on day 15 p.i. The enhancement of serum
IFN-y concentration (Th1 type) till day 45 p.i. was changed
to the decline until day 90 p.a. The production of serum
cytokine TL-5 (Th2 type) was biphasic, reaching peaks on
days 10 and 90 p.i.

Results suggest that the 7. spiralis infection induced the
increase of function activity of immunocompetent T and B
cells, as well as the presence of splenic CD4+ and CD8+
lymphocytes. Th2 immune response was predominant du-
ring the intestinal (till day 30 p.i.) and chronic phase of the
infection (after day 90 p.i.), but Thl type reaction was acti-
vated during the migratory phase of larvae till their encap-
sulation.
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Introduction

Trichinella spiralis is the intestinal nematode parasite with

worldwide distribution and which causes trichinellosis — a
serious zoonosis. The complete life cycle of T. spiralis oc-
curs in one host, which means that the host can exert its
immune attack at several points in the life cycle. Adult
worms reproduce in the small intestine, newborn larvac
migrate through the blood and lymphatics to the skeletal
muscle cells, and encapsulated larvae (L1) represent the in-
fective slage of the parasite (Despommier, 1993). The im-
munological hallmarks of helminthosis including trichinel-
losis — eosinophilia, mastocytosis, and hypergammaglo-
bulinemia IgE, are induced by cylokines [rom Th2 subset
(Finkelman et ¢f., 1997). Studies of the biological features
of the host-parasite relationship, which are based on immu-
ne response of the host or molecular techniques to charac-
terize the parasile are important for diagnostics or therapy
of trichinellosis in men (Nockler, 2003) and understanding
the fine balance between survival of parasite and its expul-
sion.

Every stage of the life cycle of T. spiralis can evoke a sta-
ge-specific protective host immune response due to the
uniqueness in both the cuticular antigens and the excretion/
secretion antigens of each stage (Wang, 1997). Larval cuti-
cular fragments (Bruschi er al., 1992) and metabolites may
act as antigens stimulating both specific and non-specific
defense reactions during the infection. T. spiralis sccretes
potent glycoprotein antigens that elicit a strong, systemic
host immune response, yet local cellular infiltrates are li-
mited (Reason ¢t al., 1994), The mechanism of expulsion
of worms is dependent on a Th2 type of response (invol-
ving IL-4, TIL-13, and TL-9) what leads to the activation of
mucosdl mast cells (Faulkner ef al., 1997; Urban et af.,
2000; Khan et al., 2001). Muscle infection with T. spiralis
clicited a focal cellular immune response. Parasiles survive
in nurse cells in close association with macrophages, CD8+
and CD4+ T lymphocyles, and B lymphocytes (Beiling et
al., 2004). B lymphocytes secreting antibodies, particularly
1gG and IgE, may lead o an effective antibody-dependent
cell mediated cytotoxic reaction against T. spiralis new-
born larvae (Moloney & Denham, 1979; Wang & Bell,
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1988).

CD4+ T helper type 2 cells are critical in host protective
immune and intflammatory responses during T. spiralis in-
testinal infection (Wakelin & Goyal, 1996). CD4+ T cell
activation and differentiation require their interaction with
antigen-presenting cells. Secondary lymphoid organs (the
spleen, lymph nodes, and mucosal lymphoid tissue) are
thought to provide the proper environmenl for antigen-pre-
senting cells to interact with and activate naive T and B
cells. T cell-derived cytokines, such as IL-2, IFN-y, IL-4,
and IL-5 have been shown to be correlated with an effecti-
ve immune response to T. spiralis infection in a murine
system (Zhu & Bell, 1990; Pond er ., 1992). It was pro-
ved that during the intestinal phase of the infection Thl
response is suppressed (Hogaboam er al., 1996). Activated
Th2 cells in mesenteric lymph nodes appear o be critical
for host protection; however, Thl cytokine (IFN-y) is also
produced at the first week of infection (Tshikawa et al.,
1998). Thl and Th2 cytokines act antagonistically and mu-
tually regulate each other (Abbas ¢t al, 1996). One of the
distinctive features of trichinellosis is its chronicity, and
the resulting persistent antigenic stimulation could lead to
polarization of T ccll subsct populations and modification
of immunoregulatory states. There is little known about
cell-mediated immunity during the course of the chronic
infection.

Our study was aimed at investigation of the regulatory role
of T cells in modulation of immune response during long-
lasting experimental murine trichinellosis in relation to the
parasite burden.

Materials and Methods

Experimental schedule

The experiment was carried out on inbred BALB/c mice, 7
week old males. Animals were housed under the standard
conditions (20 — 21°C, 50 — 60 % reclative humidity, 12hr
light regime) and fed ad libilum on a commercial diet. The
experimental protocol was approved by the Parasitological
Institute Animal Care Commitee.

Mice were divided inlo two groups:

Group | — mice (n=39) without the infection = control
Group 2 — mice (n=52) infected per os with 400 T. spiralis
larvae per mouse on day 0 of the experiment.

The mice were sacrificed by cervical dislocation. The sam-
ples of blood and cells were isolated from three mice of
control group and four mice of infected group on days 0
{before the infection) and 5, 10, 15, 20, 30, 45, 60, 75, 90,
120, 150 and 180 p.i.

Infective larvae of T. spiralis

The Trichinella spiralis (T1, ISS004, Maryland, USA, Sus
serofa) isolate used in the present experiments was main-
tained by serial passage in outbred ICR mice at the Parasi-
tological Institute SAS and originally obtained and assig-
ned codes from the Trichinella Reference Centre in Rome.
Larvae were released by artificial digestion (1 % pepsin, 1
% HCL for 4 h at 37 °C) of tissue following the standard
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protocol and kept saline solution until inoculation of expe-
rimental mice.

Intestinal worm burdens

The intestinal phasc of infection was investigated on days
5, 10, 15, 20 and 30 p.i. The recovery of intestinal worms
was attempted using a standard method (Campbell, 1983).
Small intestine was cut into 5 — 10 cm long pieces. placed
into a sieve and incubated in conical pilsner glasses in
37°C NaCl (0.9 % saline) overnight. Afler incubation, gut
picces were discarded and the sediment was counted under
slereomicroscope at 60 x magnilication, Dilflerentiation of
males and females was based on size and the absence of
copulatory appendages.

Isolation of muscle larvae T, spivalis

The muscle phase of infection was examined on 20), 30, 45,
60, 75, 90, 120, 150, and 180 d.p.i. Whole eviscerated car-
casses were minced and artificially digested (1 % pepsin,
1 % HCL for 4 h at 37°C) according to Kapel and Gamble
(2000). Samples were allowed to settle for 20 min before
the supernatant was discard and the sediment was poured
through a 180 pm sieve into a conical glass and washed
with tap water. The sediment was finally transferred to a
gridded Petri dishes and counted using a stereomicroscope
at 40 x magnification. Depending on the density of larvae
either a sub-sample or the whole sample was counted.

T and B lymphocyte proliferation assay

The splenic cells were aseptically isolated, washed twice
with Dulbecco-PBS medium (pH 7.2) and finally with
RPMI 1640 medium (Sigma). The contamination of ery-
throcytes was removed by lysis in hypotonic solution
(0.85 % NH,CI) and lymphocytes were diluted so as to
obtain a final concentration of 5 x 10° cells /ml. The proli-
feration assay was carricd out in 96 wells plates (Nunc)
and cells were incubated in RPMI 1640 medium (200 pl)
containing 10 % bovine fetal serum and 20 pug/ml of gen-
tamycine. Polyclonal activators Concanavalin A (Con A)
(T cells) and lipopolysaccharide (LPS) (B-cells) (Sigma) at
the final concentration: 3 pg/ml and 6 pg/ml, respectively,
were added to the cell suspensions and incubated at 37°C
in § % CO; and 85 % humidity for 72 hours. The stimula-
tion indices (S1) were determined using colorimetric assay
where 20 pl aliquots of 3,4-dimethylthiazolyl 2.5-diphe-
nyltetrazolium bromide (Sigma) (0.1 % solution) were ad-
ded to the cell pellets, incubated for 4 h at 37°C and 5 %
CO, followed by the centrifugation of plates at 800 x g for
5 min. Reaction was terminated with DMSO (200 ul/cell
sample) and DNA synthesis was measured using spectro-
photometer (Multiskan Plus, Labsystem, Finland) at OD
54() and 680 nm. The stimulation indices (SI) were calcula-
ted according to the formula of Pagé et al. (1988):

Sl= EBsap — Eggo (stimulated cells) / Esyy — Eggo (unstimulated
cells)

Proliferative responses were measured for lymphocytes
isolated from each mouse per group separately.



Numbers of CD4+ and CD8+ T cell

Lymphocytes isolated from the mice spleens and depleted
of erythrocytes were re-suspended in PBS (pH 7.2) at a fi-
nal concentration 1x 10° cells /ml. After incubation of cell
samples  with directly-labelled rat anti-mousc CD4+
(FITC) and rat anti-mouse CD8+ (PE) monoclonal antibo-
dies (PharMingen) at the concentration 0.4 png/10° cells at
4°C for 30 min, cells were then washed three times with
PBS (pH 7.2) containing 0.1 % NaN; and analysed by the
Flow cytometry method. Data for 10" cells/sample, falling
within FSC and SSC gates set specific for lymphocytes,
were collected with the FACScan [low cylometer (Beclon
Dickinson Biosciences). All data files were analysed with
CellQuest software. Cells from each mouse per group were
analysed individually. The final numbers of both cell po-
pulations were calculated as proportion from the total iso-
lated lymphocytes per spleen/mouse.

Concentration of serum IL-5 and IFN-y

The sandwich ELISA was employed to determine concen-
tration of cytokines IL.-5 and IFN-y in serum of mice from
all experimental groups after method of Soltys and Quinn
(1999). IFN-v and IL-5 were used as marker cytokines for
Th1 and Th2 response, respectively. The two cytokine-spe-
cific monoclonal antibodies for TEN-y were R4-6A2 and
XMGIL.2 and for IL-5 were TRFKS and TRF4 (PharMin-
gen). Results were expressed as pg/ml using murine re-
combinant IEN-y and I.-5 (PharMingen) as the standards.
The detection limit of the assay for the both cytokines was
40 pg/ml.

Statistical evaluation

Statistical differences between infected and control mice at
each time point were evaluated using the nonparametric
Mann-Whitney U test. A value of P < 0.05 was considered

significant. The analysis was performed using the Statistica
6.0 (Stat Soft, Tulsa, USA) statistical package.

Results

Parasite recovery (Tab. 1)

Number of T, spiralis adults in small inlestine was decrea-
sing from the beginning of the infection (mean value
304.5/mousc) up to day 30 p.i. (mean value 20.3/mousc).
During muscle phase of the infection numbers of larvae
continuously increased from value 15908 to 100139 larvae
per mouse. The high numbers of T. spiralis larvae (over
10" in one mice) were already found from day 30 p.i.

Proliferative response of T lvmphocytes to Con A (Fig. 1)
Healthy uninfected animals (control) did not show any re-
levant changes in any examined immune paramelters throu-
ghout.

Stimulation of proliferative activity of splenic T cells was
alrcady found at first week p.i., rcaching maximum on day
30 p.i. The T-cell response to Con A in infected mice was
significantly (P < 0.05; P < 0.01) increased from day 20 till
45 p.i. In following days, the decrease in the proliferative
activity was found and indices of stimulation were compa-
rable to values in control group until the end of the experi-
ment.

Proliferative response of B tymphocytes to LPS (Fig. 2)

In comparison to T cells, B-cell proliferative activity was
increased 10 days later, ie. from day 15 p.i. The prolife-
rative response of B cells to LPS peaked on day 45 p.i. and
a gradual decrease of stimulation indices was recorded
from day 45 p.i. until the end of the experiment. The va-
lues of stimulation index in infected mice significantly (P <
0.05; P < (.01) exceeded the values of control from day 30
to 75 p.i.

Table 1. Numbers of adults and larvac of T, spiraliy from small intestine and musecles of mice infected with 400 larvac of T. spiralis

Day p.i. Intestinal phase Muscle phase
Adults {mean value + SD) Larvae (mean value £ 5D)
7 3 Total P+

0 infection with 400 larvae

5 190.0 £22.1 1165+ 155 304.5 £40.5

10 159.0+£31.4 91375 250.3 £ 389

15 1447 £21.4 97.0+23.6 241.7£45.0

20 111.7 £16.7 78.7+21.0 190.4 + 30.6 15908.3 +2420.3
30 83+£06 120£3.6 203+£36 114520.0 £ 15419.9
45 125700.0 £ 5565.1
60 130266.7 £2419.4
75 117900.0 + 17936.8
90 1047333 £2793.4
120 127808.3 £ 115429
150 111303.7 £10127.2
180 100139.3 + 4026.6
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Fig, 6, Concentration of serum ITN-y in mice infected with
T. spivalis
infected n = 4, control n = 3; * significant differences hetween two
eroups (P < (L05); *# signiticant differences between two groups
(P=<0.01)




Distribution of CD4+ and CD8+ expressing T cells in
spleen (Fig. 3 and Fig. 4)

After reduction of CD4+ cells in carly phase of the infec-
tion (till day 20 p.i.) the permanent increase of this subpo-
pulation was observed until day 60 p.i. The lowest (P <
0.05) presence of CD4+ T cells in spleen of infected mice
was recorded on day 10 p.i. High values (P < ().05) of this
subpopulation were found [rom day 60 (o 90 p.i. Presence
of CD8+ cells in spleen of infected mice increased in two
cycles, with maximal values (P < 0.03) on days 15 and 90
p.i.

Concentration of IL-5 and IFN-yin serum (Fig. 5 and Fig.
6)

Production of TL-5 was biphasic and peaked on days 10
and 90 p.i. After the first increase till day 15 p.i. (P < 0.05;
P < 0.01) the level of serum TL-5 in infected mice declined
and started to clevate after day 60 p.i. The second rise was
stronger and values of TL-5 concentration in serum of in-
fected mice remained high until the end of the experiment.
Infected mice showed significantly (P < 0.05; P < 0.01)
higher values of IL-5 cytokine almost any day post infee-
tion in comparison to control.

Concentration of IFN-y had several cycles of higher and
lower production. The Tirst upgrade of TFN-y was found on
day 10 (P < 0.05), then on day 45 and other re-increase
from day 120 p.i till the end of our observation. The signi-
ficant rise in TFN-y concentration of infected mice was
recorded from days 30 to 60 p.i. (P < 0.01) and on days
150 and 180 p.i. (P < 0.03).

Discussion

Trichinella spiralis induces a chronic infection where a
major role in host defense processes is played by cellular
immunity (Mahida, 2003). The energy consumed by a host
exclusively to mount an immune response is detrimental.
Martinez et al. (2004) [ound that mass-controlled oxygen
in 7. spiralis infected rats had a clear tendency to increase
during primary inlection. especially in acule intestinal pha-
se, and reported a positive correlation between oxygen
consumplion and number of larvae al 7 and 14 dpi. Expul-
sion of adults from the small intestine begins around day 6
p.i. In our study, after the oral infection of mice with 400
larvae of 7. spiralis, adult parasites were present till 30 dpi
with decrease of the number from the beginning of the
experiment. The first findings from intestines were around
304.5 £ 40.5 adults per animal on day 5 p.i. After ingestion
of larvae, a host develops an immunity-mediated inflam-
matory response in the intestine, and this is followed by ra-
pid expulsion of some of the larvae from the intestine
(Bell, 1998). Adult worms were decimated o 20.3 £ 3.6
exemplars in one mouse till day 30 p.i. Larvae in muscles
ol infected mice were detected [rom 20 dpi Gl the end of
experiment, with the maximum number at 45 dpi. The
growth of muscle larvac numbers was determinated by a

fecundity of adults up to day 30 p.i., when the most of
worms was eliminated from the gut.

The used mouse strain BALB/c appears to be resistant to 7.
spiralis infection with intensive immune responses. These
mice are strong producer of IgE antibodics, which enhance
parasite clearance and regulate mast cell responses during
trichinellosis. BALB/c mice rejected the parasite burden in
trichinella’s infection with 450 larvae afler 14 — 17 days
p-i. (Gurish et al.. 2004). Pemberton et al. (2004) found the
novel mouse intelectin-2 in goblet and Paneth cells of the
jejunum in BALB/c mice, which expression during in-
fection peaked at the time of worm expulsion. In contrast,
the susceptible C57BL/10) mouse strain (lacking the gene
for intelectin-2) showed delayed T. spiralis expulsion.

The absence of antigen on the cuticular surface of adult
worms is in a sharp contrast to the findings described in
muscle larvae, whose surface antigenicity is identical to
that of stichocyte a-granules (Takahashi er al., 1990, Ap-
pleton et al., 1991). Therefore, no direct immune attack is
likely to be exerted against adults. It has been suggested
that the effects of serum antibodies on worms may be in-
dircct and that worm expulsion is the result of inflamma-
tory processes in the intestines evoked by the infection
(Wakelin & Wilson, 1979).

Ouwr results show that 7. spirafis infection caused increased
proliferation activity of spleen T lymphocytes even at the
first week p.i. and B lymphocytes were activated from the
second week p.. Polyclonal lymphocyte activation of T-
cells, but particularly B-cells, is responsible for the high
levels of immunoglobulines 158G, IgM, and 1gE observed in
infected animals (Kazura, 1981) and in humans (Murrel &
Bruschi, 1994). In our study, the decrcase of stimulatory
indices of splenocyte proliferative activity was recorded
after day 45 p.i., when the majority of migratory larvac had
been settled in muscle cells and had changed the host cell
into nurse cell providing a suitable habitat for the larva
(Despommier, 1993).

Expression of surface CD4+ and CD8+ antigens on T cells
was monitored in order to examine impact of the infection
on the balance between Thl and Th2 — mediated cell im-
munity, Splenic CD4+ T subpopulation was reduced until
day 20 p.i. Following days a permanent rise of the CD4+
cell numbers was found. During the host immune intestinal
response, CD4+ and CD8+ lymphocytes infiltrate the je-
junal muscle layers and they are capable to mediate tissue
damage. CD4+ T cell mediated mucosal changes (Ishikawa
et al., 1997), which include intestinal goblet cell hyperpla-
sia with high mucin sceretion, play important role in the
trapping and removal of intestinal worms [rom the gut
(Miller, 1987). Persistent clevation of both CD4+ and
CD8+ T cell subsets in pigs from 15 to 60 days after para-
site exposure was observed by Ivanoska et al. (1990). Dil-
lender and Lunney (1993) also confirmed an important role
of T lymphocytes of the CD4+CD8+ phenotype in the re-
gulation of the immune response to this parasite. In our ex-
periment CD8+ cells were not decreased, but two peaks
occurred during the experiment, on days 15 and 90 p.i. Si-
milarly, Morales et al. (2002) analysed the phenotype of
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the T cell subpopulations in human patients and found a
trend toward an increase in the number of CD8+ cells and
a decrease in the number of CD4+ cells. They also found
that the CD4+ T subset was accompanied by a reduction in
the number of naive cells and increase in the number of
memory cells. Vallance er al. (1999) found in immunodefi-
cient mice with trichinellosis that CD&+ T cells play no
significant role in worm expulsion but that CD4+ T cells
may make a significant contribution. Immune response in-
volving CD4+ T cells and MHC TI expression considerably
accelerated worm loss, particularly between days 12 and
21 p.i.

Cytokines elaborated primarily by T helper cells play a do-
minant role in orchestrating both anti-parasite responses
and pathology in many helminth infections including 7.
spiralis (Finkelman et al.. 1997). In order 1o examine a re-
lation between Th! versus Th2 cytokine profiles, serum le-
vels of “marker™ cytokines IFN-v and IL-5 were monito-
red. In our work the production of serum TL-5 cytokine
(Th2 type) of infected mice mounted firstly on day 10 p.i.
and then lower level of its concentration was observed up
to day 60 p.i. After this day a continual clevation of IL-5
was noticed until the second peak on day 90 pi. IL-5is a
glycoprotein which is produced and scereted mainly from
helper T cells following activation with antigen or mito-
gen. In present work, CD4+ T subset was reduced till day
20 p.i., what could caused lower IL-5 level in serum of in-
fected mice. This proinflammatory cytokine is a key for
production, differentiation and activation of eosinophils,
tor a B cell growth, and enhancing tactor for IgA produc-
tion (Beagley et al., 1988: Kinashi er al, 1986; Hom &
Estridge, 1994). Losinophils and [gA antibodies are potent
factors in the defensive response generated against parasi-
tes (Coffman er al., 1987). 1L-5 can also delay the apopto-
sis of eosinophils (Simon & Blaser, 1995; Stern ef al.,
1992) as well as induce their differentiation into a more
active. hypodense state (Gleich e af.. 1993; Weller, 1994).
Variation in the level of IL-5 indicates the severity of in-
flammation. IL-5 directly induced degranulation and supe-
roxide production [rom cosinophils (Horie er al., 1996;
Dvorozndkova er al., 2003) but did not elevate the activa-
tion of cosinophils (Kita et al, 1992). Vallance et al
(2000) confirmed that TL-5 is not only essential for the on-
set of intestinal cosinophilia, but also makes a significant
contribution to enteric host defence during challenge 7.
spiralis infections. 1L-5 expression is only minimally pro-
tective during a primary 7. spiralis infection but may pro-
tect against repeated exposure to gastrointestinal parasite.
Developing protection against reinfection is imporlant in
determining the survival and viability of the host. Dent er
al. (1997) suppose that eosinophilia and/or TL-5 may con-
tribute to the survival of parasite Schistosoma mansoni. In
our experiment antilarval response was insufficient in spite
of high level of IL-5, numbers of muscle larvac were
nearly constant from day 45 p.i. Doligalska (2000) also de-
monsiraled an increase in the number of aclivated cosino-
phils and in the concentration of TL-5 was not associated
with an increase in protective immune response.
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According to our results, the IL-5 concentration in serum
of mice with trichinellosis was enhanced at early phase of
the infection and persisted increased during 6 months of
the experiment. High level of TL-5 reflected a predominant
Th2 immune responsec.

An expulsion of adult 7. spiralis from the intestine is asso-
ciated with increased production of Th2 cytokines and de-
creased production of Thl cytokines (Finkelman et al.,
1997; Grencis er al., 1991). The Thl subsct of T helper
cells is known to orchestrate inflammation (Mosmann,
1991; Boroskova et al., 2003), a dominant feature of the
enteric stage of infection with Trichinella (Khan & Collins,
2004). Pro-inflammatory cytokines, such as IL-18, 1L-12,
and IFN-y are crucial regulators of Th2-mediated immu-
nity to intestinal helminth infection (Helmby & Grencis,
2002; Helmby et al., 2001).

On the contrary to huge Th2 type response in the present
work, the representative cytokine of Thl type - IFN-y
showed several cycles of higher and lowcer production in a
course of the experiment. The first elevation of IFN-y in
serum was found on day 10 p.i., then on day 45 p.i. and re-
increase from day 125 p.i. up to the end of the observation.
Tt means that parallel expression of Thl and Th2 responses
were already recorded at the beginning of the infection. A
shift in infected mice from Th2 to Th1 subset was noticed
between days 15 and 60 p.i., and this reflects in a decreas-
ed level of 1L-5 and a higher level of IFN-y. The presence
or absence of IFN-v secretion determines, whether a T cell
subset has protective activity against 7. spiralis infection
(Ramaswamy et al., 1994). IFN-y is crucially involved in
protection against newborn larvae. but does not affect the
expulsion of adult worms (Helmby & Grencis, 2003). In
our experiment the second peak of TFN-y was reached on
day 45 p.i., and maximal values of the muscle larvac num-
bers were detected on days on 45 and 60 p.i. Mechanism of
TFN-y mediated immunity to newborn larvae may include
enhanced cytotoxic killing by cosinophils, granulocytes
and activated macrophages (Gansmuller ¢t al.. 1987; Ven-
turiello et al., 1993, 1995). In spite of a rising IFN-¥ con-
centration in serum of our experimental animals after day
125 p.i., only an insignificant reduction of muscle larvae
was observed during the 2 last experimental months. While
Machnicka and Dziemian (2001) recorded a remarkable
reduction in muscle larval burden in rats on day 60 p.i. The
Th1 cytokine IFN-y enhances the macrophage’s production
of nitric oxide, which plays an important role in the cyto-
loxic activities of macrophages (Fuliz er al., 1993). The se-
cond rise in IFN-y production from our experiment bet-
ween days 15 and 45 p.i. correlates with higher nitric oxide
production in 1. spiralis infected mice at the same time
after infection in study of Kolodziej-Sobocinska et al
(2005, in press).

IFN-y has an antagonistic cytokine 1L-10. IFN-y inhibits
macrophage secretion of IL-10 (Mosmann, 1994). The ba-
lance between TL-10 and TFN-y determines the develop-
ment of immunity against the life stages of the parasile
(Helmby & Grencis, 2003). 1L-10 deficiency results in in-



creased IPN-y responses in vivo (Moore e al., 2001). Beit-
ing ef al. (2004) revealed a role for IL-10 in limiting in-
flammatory responses during the early stages of muscle in-
fection by T. spiralis, but the chronic inflammation is inde-
pendent of TL-10 and is accompanied by a shift to a Th2
response following completion of parasite development in
the muscle. In our work the IFN-vy level descended from
day 45 to 75 p.i., what could be caused by TL-10 effect at
the beginning of the muscular phase.

There is a litlle knowledge about a cylokine production
during the muscular phase of trichinellosis. Morales er al.
(2002) found in human study a maximal IL-5 production
by peripheral blood mononuclear cells 2 months p.. and
IEN-v production increased up to 9 months p.i. Similarly,
our results document a rising IFN-v level in a serum of
infected mice from day 75 p.i.

Release of cytokines by mesenteric lymph node cells
during early intestinal phase of trichinellosis was examined
in rats by Stewart ef al. (1999). They detected a significant
clevation in IFEN-v production during the carly stage (days
4, 6 and 9 p.i.) of enteral phase of infection. The highest le-
vel of 1L-5 was seen at day 12 pi. and its significant eleva-
tion to the end of the study, till day 20 p.i. In our work one
of IFN-y enhancement in mice was found on day 10 p.i.
Thl cells probably exert a significant influence on immu-
nological events in the enteric environment out to day 10
p.i., as indicated by the highest levels achieved by TFN-y
until this day. Also other rescarch works describe domi-
nating Th1 type response in mice or rats within 2 — 9 days
after T. spiralis infection and later it was replaced by the
Th2 type response (Ishikawa er al, 1998; Grencis ef al.,
1987; Ramaswamy er al., 1996). Some authors observed
increase of IFN-y later. Frydas ef al. (1996) observed mar-
ked increases of IFN-y, TNF-o and IL-4 levels in mice
blood between days 14 and 20 p.i. Dzik et al. (2002) found
a marked increase of IFN-y-like activity in the serum of 7.
spiralis inlected guinea-pigs between days 9 and 26 p.i.
QOur results from the T. spiralis infection in mice show a
signilicant stimulation of non-specilic proliferative respon-
se of T and B splenocytes from day 20 p.i., when an inten-
sive migration of newborn larvae was realised. Also sple-
nic CD8+ cells had a high presence during early stage of
muscular phase of the inlection. Probably this CD8+ T
subpopulation and its cytokine secretion have a great parti-
cipation in an antiparasitic defence. A mixed production of
Th1 and Th2 serum cytokines was detected during the first
week p.i. and then high production of Thl cytokine — IFEN-
v occurred together with Th2 response (IL-5). Originally, it
was believed that Th2 and Thl responses would antago-
nize, but data of Helmby and Greneis (2003) and our stu-
dy demonstrated that strong Thl and Th2 responses can
develop simultancously in vive and that the development
of one type of the Th cell response does not necessary inhi-
bit or prevent the development of the other. Our study sug-
gests that the host develops strong Thl response during
newborn larvae migration until their encystation, what pro-
bably activate effector cells of immune response — macro-

phages to eliminate parasite.
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