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To determine whether common helminth infections could modify the intestinal immunopathological status of the
host, the expression in the huiman duodenal mucosa of cytokines, eosinophil- and mast-cell-specific molecudes and
monosaccharide transporters of the glucose-transporter (GLUT) family was explored. The 31 subjects were all
patients at the gastro-intestinal disease unit of Nongkhai Hospital, Thailand. Four of the 10 patients who presented
with eosinophilia {6.0% of their leucocytes were eosinophils), and five of the other 21 patients, had intestinal
infections with helminths when they presented or within the previous 3 months. Studies based on semi-guantitative,
reverse-transcriptase PCR revealed that the interleukin-5/interferon-y ratic was significantly higher int the non-
eosinophilic, helminth-infected patients than in the non-eosinophilic, uninfected patients, whereas the IgE receptor
type I {FeeRT)/mast-cell tryptase ratio was significantly higher in the eosinophilic, helminth-infected patients than in
the eosinophilic, uninfected patients. Expression of Charcot-Leyden-crystal protein, GLUT-1 and GLUT-5,
however, showed no significant inter-group differences. Principal-components analysis of the data on eosinophils,
interleukin-5, interferon-y, FeeRI and mast-cell tryptase revealed that one principal component could discriminate
the patients who had helminth infection from the non-eosinophilic, uninfected patients, but not from the eosino-
philic, uninfected patients. These results indicate that, whatever the intestinal pathology, patients infected with
common intestinal helminths tend to develop a mucosal immunclogical response of the Th2 type.

High prevalences of infection with intestinal
helminths were revealed when, in 2000 and
2002, stool samples from humans living
in Nongkhai province in north-eastern Thai-
land were examirned. Data collected by the
provincial health office indicated that,
of the general public (and schoolchildren)
checked in each of the two study years,
22.09%-33.3% (19.3%-28.29) were infec-
ted, -and 5.1%-7.2% (3.5%-11.4%) and
3.8%-9.0% (0.8%-2.6%) were excreting
hookworm and Opisthorchis eggs, respectively

Reprint requests to: N. Arizono.
E-mail: arizonon@koto. kpu-m.acjp; fax: +81 75 251
5328.

© 2005 The Liverpool School of Tropical Medicine
DOI: 10.1179/136485904X13385

(unpubl. obs.). Ascaris lumbricoides, Strongy-
loides stercoralis and Taenia accounted for
most of the other infections detected (unp-
ubl. obs.). The rather high variation seen
between the results in 2000 and those
recorded in 2002 may reflect differences in
the local communities examined in each year,
and/or temporal differences in anthelminthic
use. The traditional agricultural and food-
handling practices of the region probably
account for most of the infections with
food-borne or soil-transmitted helminths.
Although infection with common intestinal
helminths does not necessarily cause overt
clinical signs, long-term infections ray
induce malnutrition and result in retardation
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of the intellectual and physical growth of
children (Oberhelman et al., 1998).
Intestinal infections with helminths such
as Ascaris and hookworm induce expansion
of the ThZ lymphocyte subset that regulates
IgE antibody production, eosinophilia and
mastocytosis (Pritchard er al., 1995; Cooper
et al., 2001). Responses of the ThZ type
may play an important role in protection
against helminth infections, and may coun-
terbalance any potentially damaging Thl
responses (Pritchard and Brown, 2001).
- Helminth infections may, however, impair
immune responses to Viruses, bacteria or
protozoa, and even those to oral vaccines,
through the antagonistic effects of Th2
cytokines on the expansion of the Thi
lymphocyte subset (Cooper et al., 2001). In
rodents, infection with intestinal nematodes
such as Nippostrongylus brasiliensis and Trich-
tnella spfralis not only causes the induction of
Th2 cytokines, such as interleukin-4 (IL-4),
IL-5 and IL-13, but also induces IgE anti-
body responses, eosinophilia and intestinal
mastocytosis (Matsuda er al., 1995; Garside
eral,, 2000). In such experimental nematode
infections, various pathological changes
occur in the intestinal mucosa of the hosts,
including partial villus atrophy and crypt
hyperplasia, together with decreases in the
activities of the brush-border enzymes
sucrase and alkaline phosphatase, alterations
in the expression of hexose, amino-acid and
peptide transporters, and deterioration in
epithelial permeability and barrier function
(Perdue ez al., 1989; Hyoh et al,, 1999, 2002;
Sekikawa er al., 2003). In human intestinal
parasite infections, however, it remains
unclear whether Th2-associated responses
dominate in the intestinal mucosa of the
host. In the present study, in order to deter-
mine the immunopathological status of
the infected human intestinal mucosa, the
expression of the cytokines interferon-vy
(IFN-v), IL-5 and IL-13, as well as marker
molecules of mast cells and eosinophils in
the duodenal mucosa, was investigated in
patients from Nongkhai, where intestinal
hetminth infection is clearly not uncommon.

‘Two members of the glucose-transporter
(GLUT) family, GLUT-1 and GLUT-5,
were also investigated, to evaluate the func-
tional status of the absorptive cells. GLUT-5
is located in the brush border of intestinal
absorptive cells and has an important role in
the absorption of fructose from the intestinal
iumen (Gould and Holman, 1993). GLUT-
1, on the other hand, is expressed in almost
every tissue, and its expression has been
reported to have a strong associationt with
cellular glycolysis, which is accelerated,
with the up-regulation of GLUT-1, after
various cellular stresses, including hypoxia
(Wertheimer er al., 1991)

PATIENTS AND METHODS

Patients

Patients who visited the gastro-intestinal
disease unit at Nongkhai Hospital, because
of symptoms such as abdominal discomfort,
abdominal pain and vomiting (of various
severities and durations) were enrolled in the
study if they (1) did not have a dysenteric
disease; (2) required fibre-optic examina-
tions of their upper gastro-intestinal tract,
for the diagnostic evaluation of their disea-
ses; and {3) gave their written, informed
consent for the collection, at the time of
their diagnostic éndoscopies, of ducdenal
mucosal biopsies (for the investigation of
cytokine and inflammatory-mediator expres-
sion in the duodenal mucosa). Overall,
31 patients met the inclusion criteria and
were enrolled. A stool sample was collected
from each subject, in the week prior to the
fibre-optic examination, and used to make
thick and thin smears that were checked
for protozoa and the ova and larvae of
helminths.

Tissue Processing

A piece of the duodenal mucosa 3 cm distal
to Vater's papilla was obtalned from each
patient. Each of these biopsies was immedi-
ately immersed in 1 ml of RNA-preservation
solution (RNAlater®; Ambion, Austin, TX)
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and kept in a refrigerator for 4-50 days
(mean=22.6 days} until the RNA could be
extracted. Total RINA was extracted using
TRIzol® reagent (Life Technologies, Rock-
ville, MD), and 5-pg aliquots of RNA were
then reverse-transcribed, at 42°C for 50 min,
in 20 pl reverse-transcription bufier contain-
ing > mm MgCl;, 1 mM deoxynucleotide-
triphosphate (dNTP) mixture, I U} RNase
inhibitor/ml, 250U AMV (avian myelo-
blastosis virus) reverse transcriptase/ml, and
0.125 mm oligo dT primer (Takara RNA
LA PCR kit; Tzakara Biomedicals, Osaka,
Japan).

PCR

For the PCR, 1-pl aliquots of synthesised
complimentary DNA were added to PCR
buffer containing 2.5 mm MgCl,, 0.2 mm
dNTP mixture, 0.025 U LA Tag DNA poly-
merase (Takara RNA LA PCR kit)/ml, and
0.2 mM of each sense and antisense primer
{(see Table 1) in a final volume of 25 yil. The
thermocycler was set to give cycles of 30s
at 94°C, 30s at 62°C and 30s at 72°C.
To determine the optimal numbers of PCR
cycles, the densities of the bands produced,

from one representative sample, when the
products from different numbers of PCR
cycles were subjected to electrophoresis,
were compared. This allowed the number of
PCR cycles that allowed the best comparison
of the levels of gene expression to be
determined, for each molecule of interest.

DENSITY ANALYSES OF PCR PRODUCTS

To separate the products of each PCR, 8-y
aliquots of the amplified products were sub-
jected to electrophoresis on agar, stained
with ethidium bromide, and visualized with
ultra-violet trans-illumination. The banding

" patterns were recorded using a charge-

coupled-device (CCD) camera (ATTO,
Tokyo, Japan), and the density of each band
was evaluated using NIH Image software
{National Institutes of Health, Bethesda,
MI)). The band densities were normatized
relative to those of f-actin.,

RESULTS

The baseline characteristics of the 31 patients
enrolled in the study are summarized in

TABLE 1. The primer pairs used for the PCR emplifications
Size of expected product

Primers bp}

Interferon-y S-GGGTTCTCTTGGCTGTTACTG-3 384
5-GACAGTTCAGCCATCACTTGGA-3

Interleukin-5 5-GAAATTCCCACAAGTGCATIGG-3 335
S-CTTTCTATTATCCACTCGGTGTTC-3

Interleukin-13 S“AGGAGCTGGTCAACATCACC-¥ 296
S -GTTGAACCGTCCCTCGCGAA.3

I¢E receptor type I (FceRI, « chain) 5. TCAGTGACTGGCTGCTCCTT-3' 437
5-CGGCTTTCGCTTAGGATGTG-3

Mast-cell tryptase B (McTn) §-TCAGCAGGATCATCGTGCAC-3 507
5-TGGGGACATAGTGGTGGATC-3'

Charcot-Leyden-crystal protein S"TACCCGTGCCATACACAGAG-3 375
5-CTCTCCACACTTGCACCATC-3

Glucose transporter T (GLUT-1) 5-ATCGTCAACACGGCCTTCAC-3 458
5-BAGCCGGAAGCGATCTCATC-3

Glucose transporster 5 (GLUT-5) 5.GGTACAACGTGGCTGCTGTC-3' 347
5-CATGGGGACCACGTTGGAAG-3

B-Actin 5-TCAGAAGGATTCCTATGTGGGC-3' 317

5-CCATCACCATGCCAGTGGTA-3
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TABLE 2. The baseline demographic and laborarory dazq Jor the 31 subjects

Total Helminth-infected  Uninfected With peptic ulcer Without ulcer
No. of subjects 31 g* 22 6" 25
No. of males/fernales 22/9 9/0 13/9 5/1 17/8

MEAN VALUE, (3.0} AND [no. of subjects for whorn data were available]

Age (years) 45.8 (135) [31] 43.3(10.8) [0] 46.8 (14.5) [22] 47.8(8.9) [6] 45.3 (14.6) [25)

Albumin (g/dl) 3.9(0.7 (23] 4.1(0.6) [8] 3807 [15] 35(.0)[5] 4.0(06) [18]

Haemoglobin (g/dl)  13.3(2.8) [29] 13.5(2.2) [8] 13.0(3.0) [21] 123(4.1) [6] 13.4 (2.4} [23]

Eosinophils 4.8 (4.6) [31] 5.3(4.6) [9] 4.6 4.7y [22] 3.1(3.2)[6) 5.2 (4.9) {25]
(9% of leucocytes)

*With intestinal helminth infection {two with Swrongyivides, six with Taenia and one with Ascaris) on presentation or

within previous 3 months.

'One with ulcer in the duodenum and five with stomach ulcers.

Table 2. Al the patients investigated were
from Nongkhai province, where agriculture
is the main industry. The oesophago-gastro-
duodenal fibre-optic examinations carried
out for the diagnostic evaluations revealed 17
cases of chronic gastritis, six of peptic ulcer,
four of oesophagitis, and three of erosive
gastritis; the other three cases showed no
particular findings. The stool examinations
revealed two cases excreting Stromgyloides
stercoralis larvae and two others excrating the
ova and/or proglottids of Taenia. The intensi-
ties of both S. stercoralis infections detected
were low, with only one or two rhabditoid
larvae detected in each thin faecal smear, and
neither patient found excreting the larvae had
eosinophilia (0.5% and 2.1% of their leuco-
cytes were eosinophils). The intensity of
Taenia infection could not be determined but
it is known that infection with Taenia usually
consists of a single worm (Beaver er al.,
1984}. The medical records of the patients
who were found stool-negative for helminths
revealed that five had had intestinal infec-
tions with helminths in the 3 months before
their presentation: one had had an Ascaris
infection (scored ++ for the number of
Ascaris ova seen on a thin faecal smear), and
another four had each had a Taenia infection
(with ova or proglottids in their stools). Over-
all, therefore, nine of the patients investi-
gated were considered ‘infected’, having
being found positive for intestinal helminths
either at their enrolment or in the previous 3
months.

None of the 31 patients appeared to have
an enteric infection with parasitic protozoa
such as Entamochba histolytica or Giardia
lamblia, either at enrolment or whenever
checked in the previous 3 months. The
results of urea tests for Heficobacter pylori
infection, carried out on ali 31 subjects at
enrolment, were positive for seven patients,
all of whom appeared smear-negative for
helsninths at enrolment and had no obviocus
history of helminth infection in the previous
3 months. Only one of the 31 subjects {an
asthmatic with mild dyspnea, as well as
S. stercoralis infection) had a history or the
signs and symptoms of an allergic disease.
In terms of age, gender and the results of
the laboratory tests, the helminth-infected
subjects were similar to the uninfected, and
the patients with peptic ulcers were similar
to those without such ulcers {Table 2).

To determine the mucosal immunological
status of each subject, the levels of expression
of IL-13, IL-5, IFN-y, Charcot~Leyden-
crystal protein (CLC), IgE receptor type I
(FceRT), mast-cell tryptase (McTr), GLUT-
1 and GLUT-5 in the duodenal mucosa
were evaluated by reverse-transcriptase PCR
{(RT-PCR). Expression of the Th2 cytokines
IL.-5 and IL.- 13 was detectable in the biopsies
from 20 (64.5%) and eight (25.8%) of the
patients, respectively, whereas expression of
the Thl cytokine IFN-y and of all the other

. molecules investigated was detectable in all

of the biopsies examined (Fig. 1). Expression
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Some of the PCR results, showing the expression of interleukin-13 {IL-13), interleukin-5 (IL-5), inter-

feron-y (TFN-y) and, for reference, B-actin (Actin) in the duodenal mucosa of the 31 patients. Samples from patients
with helminth infection on presentation or in the previous 3 months were run in lanes 15-23.

of H.-5 showed no relationship with subject
age, the period of sample preservation, the
gender of the subject, the presence of a peptic
ulcer, or helminth infection (Fig.2). This
cytokine was, however, expressed by a signifi-
cantly higher proportion of the subjects
with peripheral-blood eosinophilia (defined
here as those in whom at least 6% of
leucocytes were eosinophils) than of the
other subjects (Fig. 2). The expression of
[1.-13 did not show significant association
with eosinophilia or helminth infection.

For some of the data analysis, the subjects
were split into four groups: those with eosi-
nophila, with and without helminth infec-
tion, and those without eosinophilia, with
and without helminth infection. Five of the
21 patients who were not eogsinophilic and
four of the 10 with eosinophilia were consid-
ered infected with intestinal helminths.
Although the overall levels of IL-5 expres-
sion did not differ between the easinophilic
and non-eosinophilic subjects, the levels
of IFN-y expression were significantly
higher in the eosinophilic subjects (Table 3).
Among the subjects who did not have
eosinophilia, the IL-5/JFN-y ratio, which
might reflect one aspect of the Thl/Th2

balance in each individual, was significantly
higher in the helminth-infected subjects than
in the uninfected; no such difference was
observed among the eosinophilic patients
{Table 3). .

The expression levels of CLC, FeeRI,
McTr, GLUT-1 and GLUT-5 showed no
significant differences between the subjects
groups {Table 3}. Although the expression
levels of FceRI and McTr might be directly
related to mast-cell density in the mucosa, it
has been reported that nematode infection
or exposure of mast cells to a large amount
of IgE antibodies results in a striking
up-regulation of FeeRI expression on mast
cells {(Chen and Enerback, 1996; Shaikh
et al., 1997; Yamaguchi er &l., 1997). Among
the eosinophilic subjects of the present
study, the FceRI/McTr ratic, which might
represent the FeeRI expression levelmast
cell in each individual, was found to be
significantly higher in the helminth-infected
than in the uninfected; no such difference
was observed in the patients who were not
eosinophilic (Table 3).

To examine whether a component com-
posed of eosinophils, 1IL-5, IFN-y, FceRI
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FIG. 2. The frequencies of expression of interletkin-5
(M} and interleukin-13 {1} in the duodenal mucosa —
of the 10 patients with eosinophilia and the 21 without
{a), and in the nine patients with helminth infection
{on presentation or in the previous 3 months} and the
22 without (b). The frequencies of positivity for
interleukin-5 expression were significantly higher for the
eosinophilics than for the non-ecsinophilics (P=0.041}.

and McTT could be & predictor of helminth-
infection status, principal-component analy-
sis was carrled out. This is a method to

11/8/04,1:38 PM

replace the original set of variables {in which
one variable might not be independent of
another) by one or a few variables {principal
components) that account for the bulk of the
variation observed, making the results easier
to understand. As shown in Table 4, alth-
ough the principal component identified
gave a score for the helminth-infected pati-
ents that was significantly different to that for
the uninfected patients without eosinophilia,
it could not discriminate between the helm-
inth-infected patients and' the uninfected
patients with eosinophilia,

DISCUSSION

Inrodent models, Trichinella spiralisinfection
has been reported to induce a predominantly

" Th2-type cytokine response in the intestinal

iymph (Ramaswamy et al., 1996). In addi-
tion, comparative studies of mucosal and
peripheral cytokine responses in Trichuris
wmuris-infected mice indicated that the domi-
nant cytokine responses of the mesenteric
Iymph nodes can be detected by sampling
peripheral-blood lymphocytes (Taylor ez al.,
2000}, Although intestinal helminth infec-
tions such as ascariasis and strongyloidiasis
have been reported to induce the production
of type-Z cytokines by peripheral-blood mon-
onuclear cells (Cooper er al., 2001; Porto
et al., 2001}, the effect of helminth infections
on the expression of these cytokines in the
intestinal mucosa has not been elucidated.
Besides cases of strongyloidiasis and ascari-
asis patients, the present study included six
cases of taeniasis. Cases of human taeniasis
are not uncomion in Thailand. Most are
attributed to Ta. saginata, on the bases of
the parasite’s unarmed scolex and the uterus-
branching pattern of the proglottids. None of
the subjects of the present study showed any
clinical sign of cysticercosis (caused by Ta.
solium). Recently, it has been suggested that
at least some cases of human taeniasis in
Thailand are caused by Taenia saginata
asiatica, a subspecies that is distributed
throughout many other Asian countries,
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TABLE 3. Themean (5.E,) levels of expression (as proporiions of the level of expression of the f-actin 1sed as a standard),
of tnmerlsukin-5 (IL-5), interferon-y (IFN=p), Charcot-Leyden-crystel protein (CLG), mast-cell tryptase f1 (McTr), IgE
receptor type J (FeeRD), glucose transporter 1 (GLUT-1) and glucose iransporter 5 (GLUT-3) in the duodenal mucosa, and

sorme mean (8.E.) vatios betweer; them

Non-eosinophilics Eosinophilics
Total Uninfected Infected . Total Uninfected Infected

{(N=21) (N=16) (N=5)* (N=10) (N=56) (N=4)t
IL-5 0.21 {0.09) 0.14 {0.08) 0.45 (0.33})  0.36 (0.10) 0.33(0.11)  0.39 (0.249)
IFN-y 0.65 {0.11) 0.66 (0.14} 0.62 (0.17}  1.20 {0.22)} 1.32 (0.28)" 1.02 (0.42)
IL-5AFN-y 0.27 {0.09) 0.15 (0.06} 0.65 (0.29)° 0.41(0.17) 0.39(0.24) 0.45 (0.25)
CLC 0.69 (0.10) 0.66 {D.11) 0.78(0.31)  0.74 (0.18)  0.82(0.27) 048 (0.21)
FceRI 0.52 (0.11) 0.42 {0.09) 0.82 (0.32) 0.58 (0.09) 0.56 (0.12)  0.60 (0.14)
McTr 2.16 (0.18) 1.98 (0.18) 2.76 (0.52) 2.79 (0.44) 3.41(0.57)  1.87(0.13)
FesRI/McTr  0.21 (0.04) 0.20 (0.04) 0.26 (0.06)  0.23 (0.05) .16 {0.03)  0.33 (0.09)!
GLUT-1 1.17 (0.15) 1.13 (0.20) 1.23(0.17) 0.90{D.23) 1.01 {0.32) 0.74 (0.32}
GLUT-3 1.17 (0.09) 1.12 (0.10) 1.32 0.25) 1.25(0.13) 1.41 (0.17}  1.00(0.12)
*Two with Szrongyleides and three with Tuenia, on presentation or within previous 3 months.
"Three with Teenia and one with Ascaris, on presentation or within previous 3 months.
tSignificantly higher than the corresponding values for the non-eosinophilics (P<0.05).
$Significantly higher than the value for the uninfected non-eosinophilics {(P<0.05).
Significantly higher than the value for the uninfected eosinophilics (P<0.05).
TABLE 4.  The results of the principal-components analysis
Paramester Value

Figenvalue {(and percentage of variation explained)
UNROTATED FACTOR LOADINGS

2.13966 (42.8)

Eosinophils —0.55202
Interleukin-5 —0.43733
Interferon-y —0.72827
1gE receptor type I (FeeRI) —0.61319
Mast-cell tryptase 1 (McTr) —0.85866

MEAN {$.E.} COMPONENT SCORES

Others {uninfected patients without ecsinophilia; N= 16}

Helminth-infected™ (N=20}

Eosinophilia (uninfected patients with eosinophilia; N=6)

0.761 {0.283)
~0.327 (0.375)
—~1.538 (0.733)}

*¥ith intestinal helminth infection on presentation or within previous 3 months.
Significantly different to other component scores (P<0.05}.
*Significantly different to other component scores {P<0.01).

including Taiwan, Korea, Indonesia and the
Philippines (Fan ez al., 1890; Eom and Rim,
2001). Compared with those on intestinal
nematode infections such as ascariasis, hook-
worm disease and strongyloidiasis, there
have been relatively few studies to determine
whether intestinal tapeworms could induce
Th2-type responses. In murine models,
however, a predominantly Th2 response has

been reported to occur during the lumenal
phase of both Hymenolepis nana and H.
diminuta infection (Conchedda er al., 1997;
Palmas et al., 1997). Experimental infection
of gerbils or hamsters with adult Ta. solium
induced goblet-cell hyperplasia and mastocy-
tosis, indicating that Th2-related responses
occurred in the intestine {Avila et of., 2002).
Peripheral-blood eosinophilia was induced
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by the experimental infection of human
volunteers with Ta. saginata or Ta. saginata
astatica (Chao et al., 1988; Tesfa-Yohannes,
1990}, Thus, it seems likely that intestinal
infection with Taenia shares similar immuno-
logical features with intestinal infection with
other common helminths. '

In the present study, the Th2 cytokines
1.-13 and IL-5 were expressed in the duo-
denal mucosa of 25.8% and 64.5% of the
patients, respectively, whereas the Thi
cytokine IFN-y was expressed in all of the
patients. The biopsied tissues examined in
the present study had been preserved in an
RNA-preservation fluid, in a refrigerator, for
varying lengths of time (4~50 days), before
total RNA was extracted. No correlation was
observed, however, between the frequencies
or intensities of IL-13, IL.-5 or IFN-vy expres-
sion and-the duration of the tissue preser-
vation, indicating that the frequencies and
intensities observed reflected the immumno-
logical status in the mucosa. Although IL-5
is an important factor in eosinophil differen-
tiation, proliferation, survival and migration,
healthy individuals appear not to express
IL-5 in the duodenal mucosa (Wallaert ez al.,
1995; Vandezande er 4., 1999), indicating
that there are few, if any, ThZ2-cytokine-
producing cells in the non-lymphoid tissues
of healthy individuals. In the present study,
IL-5 expression in the duodenal mucosa was
assoctated with peripheral-blood eosino-
philia but CLC expression did not show a
clear association with either IL-5 expression
or peripheral-blood eosinophilia. Thus,
locally produced, chemotactic or chemo-
attractant factors might play more important
roles than IL-5 in the mucosal infiltration of
eosinophils.

Patients with peripheral-blocd eosino-
philia showed significantly higher levels of
{FN-y expression in the duodernum than
patients with lower numbers of eosinophils,
indicating that Th1 and ThZ2 responses might
occur concomitantly in the duodenal mucosa
of these patients. Alternatively, since IFN-y
is produced not only by CD4* cells but also
by CD8+ and NK cells, the enhanced IFN-y

expression might reflect the abundance of
cytotoxic cells in the mucosa. The IL-5/TFN-
v ratio is considered to reflect, at least in part,
the Th1/ThZ balance. In the present study,
the helminth-infected non-eosinophilic pati-
ents showed significantly higher IL-5/IFN-y
ratios than the uninfected non-eosinophilic
patients, although the effect of helminth
infection was not clear in patients with
peripheral eosinophilia. It seems that, in the
helminth-infected patients with peripheral
eosinophilia, a more mixed Th1/Th2 status
had developed rather than a shift to a simple,
Th2-dominant status. Interestingly, how-
gver, the FceRI/McTr ratios in the eosino-
philic patients were significantly higher in the
helminth-infected than in the uninfected.
Since nematode infection or exposure of
mast cells to alarge amount of IgE antibodies
are reported to result in striking up-
regulation of FceRI expression on mast cells
(Chen and Enerback, 1998; Shaikh et al.,
1997; Yamaguchi e al., 1997), the FeeRI/
McTr ratio might reflect, at least in part,
the functional status of the mast cells. Thus,
in patients with eosinophilia, helminth infec-
tion seems to exert a unique ThZ-related
effect on the mucosal immunology. Princi-
pal-components analysis of variables includ-
ing eosinophils, IL-5, IFN-y, FceRI and
MeTr could identify a component that refl-
ects one aspect of Th2-type immune respo-
nses. This component could discriminate
helminth-infected patients from the non-
eosinophilic, uninfected patients, but not
from the uninfected patients who had eosino-
philia. Al the uninfected patients with
eosinophilia were clinically diagnosed as
having non-ulcer dyspepsia. At least some of
these patients might have had eosinophilic
gastro-enteritis with an unknown allergic
basis. On the other hand, it is also possible
that some of the patients were infected with
some kinds of parasites that migrate in the
viscera, although none of them showed
clinical signs of hepatitis, pneumonitis or
cutaneous creeping disease.

Taken together, the present findings indi-
cate that infections with common intestinal
helminths, including taeniasis, are likely to
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medify mucosal immunology so that it shifts
to a Th2-predominant status. In rodents,
expression of the apical-surface meonosac-
charide transporters SGLT-1 and GLUT-5
was recently found to be significantly down-
regulated following infection with the intes-
tinal nematode N. brasiiensis (Sekikawa
et al., 2003}. In the present study, however,
no decrease of monosaccharide-transporter
expression was observed in patients with
helminth infection. The impact of intestinal
helminths on human nutrition remains to be
clarified.
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VILLUS EPITHELIAL INJURY INDUCED BY INFECTION WITH THE NEMATODE
NIPPOSTRONGYLUS BRASILIENSIS IS ASSOCIATED WITH UPREGULATION OF

GRANZYME B

Afsushi Fujiwara, Yuichi Kawai, Shuji Sekikawa, Takahiro Horii, Minoru Yamada, Shoji Mitsufuji*, and Naoki Arizonot
Department of Medical Zoology, Kyoto Prefectural University of Medicine, Kawaramachi-Hirokeji, Kyoto 602-8566, Japan. e-maii:

arizonon@basic.kpu-m.ac.jp

ABSTRACT: Intestinal parasite infections induce thynus-dependent villus atrophy, but the effector mechanisms directly responsible
for the development of villus atrophy are not thoroughly understood. In this study, we analyzed the expression of cytotoxic
factors or ligands in athymic nude rnw/u rats and their littermate euthymic mu/+ rats infected with the nematode Nippostron-
gylus brasiliensis. Morphometric analyses showed that partial villus atrophy developed 10 days after infection in euthymic but
not in athymic rats, whereas crypt hyperplasia occurred in both types of animal. Reverse transcription—polymerase chain reaction
analyses of the isolated jejunal epithelial fraction showed that the development of villus awrophy in euthymic rats was positively
correlated with an increase of granzyme B transcript Ievels but not with Fas ligand or tumor necrosis factor-« expression. In
addition, the number of granzyme B—immunoreactive cells was increased significantly in euthymic rat villus epithelium and the
propria mucosa after infection. The CD8* cell number did not change significantly. Collectively, these findings showed that
significant increases in the number of cells that express the cytotoxic factor granzyme B occur in the nematode-infected small
intestine of immurnocompetent hosts. The type of cells that express granzyme B and their role in the progression of enteropathy

remain to be elucidated.

Intestinal villus atrophy with crypt hyperplasia has been re-
poried in a number of intestinal diseases, such as celiac disease;
giardiasis, intestinal helminth infection, autoimmune enteropa-
thy, graft-versus-host disease, and allograft rejection of trans-
planted small intestine (MacDonald, 1992). Infection of rodents
with the intestinal nematode Nippostrongylus brasiliensis in-
duces partial villus atrophy and crypt hyperplasia in the jeju-
num together with various cytological alterations, such as de-
creases in the activities of the brush border enzymes sucrase
and alkaline phosphatase, and causes deterioration of the epi-
thelial permeability and barrier function (Symons, 1965; Nolla
et al., 1985; Lunn et al., 1986; Perdue et al., 1989; Hyoh et al.,
1999). The partial villus atrophy develops at the climax of in-
fection, 7-10 days after infection, and disappears after T cell—
dependent nematode clearance 12-14 days after infection.
These histological alterations have been attributed largely, if not
exclusively, to activation of mast cells in the intestinal mucosa
accompanied by the release of mediators such as rat mast cell
protease II (RMCP II) and the generation of leukotrienes
(Woodbury et al., 1984; Perdue et al.,, 1989; D’Inca et al,,
1990). On the other hand, anaphylactic release of RMCP IT
induces no significant change in mucosal histology (Scudamore
et al., 1995), and mast cell-deficient Ws/Ws rats develop intense
villus atrophy, as do wild-type -+/+ rats, after nematode infec-
tion, suggesting that mast cell activation is not relevant to the
progression of villus atrophy (Hyoh et al., 1999).

Ferguson and Jarrett (1975) reported that thymus-deprived
(B) rats did not develop villus atrophy despite the fact that N.
brasiliensis infection was prolonged. Similarly, in athymic rnu/
mmu rats, villus atrophy does not develop until at least 10 days
after infection, although it does develop 21 days after infection
together with the occrrence of mucosal damage involving im-
paired barrier and digestive functions (D’Inca et al., 1992; Mc-
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Kay et al., 1995). These results indicate that the development
of villus atrophy is thymus dependent, at least in the early pe-
riod of infection, despite the fact that the innate immunity in
athymic rats could induce villus injury and even villus atrophy
over time. However, the mechanisms whereby T cells regulate
enteropathy or the development of villus atrophy are not thor
oughly understood. In this study, we analyzed the gene expres-
sion of granzyme B, Fas ligand (Fasl), and tumor necrosis
factor-a (TNF-a), which .are expressed mainly in cytotoxic T
lymphocytes (CTL), natural killer (NX) cells, or macrophages,
as well as the tissue distribution of granzyme B—immunoreac-
tive cells in athymic rats and their littermate euthymic rats in-
fected with N. brasiliensis. )

MATERIALS AND METHODS
Animals, nematodg infection, and autopsy

Specific pathogen-free 8-wk-old female rmu/rnu (F344/N Jci-mmu) rats
and their littermate rnu/+ (F344/N Jcl-rou/+) xats were purchased from
Clea Japan, Inc. (Tokyo, Japan). The animals were inoculated subcu-
taneously with 1,000 N. brasiliensis L3 larvae as described previously
(Hyoh et al., 1999). Uninfected animals and animals that had been in-
fected 10 or 20 days previously (n = 4 in each group) were killed by
inhalation of ether. The whole small intestine was removed and divided
into the following segments (expressed as the distance from the pyloric
ring): 0-18 cm, 18-22 cm, 22-26 cm, and 26 cm to the end of the
ileum. The O- to 18-cm and 26-cm to ileum end segments were used
for the worm count, the 18- to 22-cm segment for paraffin-embedded
tissue sections, and the 22- to 26-cm segment for separation of the
epithelium, as described in the following sections.

Tissue preparation for histology

The segment of the jejunum 18-22 cm distal to the pyloric ring was
opened longitudinally, fixed in 4% buffered formalin overnight, and
embedded in paraffin in such a position that histological sections could
be cut perpendicular to the Iuminar surface.

Morphometry

Measurements were carried out on hematoxylin and eosin—stained
sections cut at 5 pm. Twenty villus—crypt units (VCU), which were cut
as nearly perpendicularly as possible, were selected per animal, and the
lengths of the villi and crypts were measured directly under a micro-
scope using an ocular lens with a micrometer. The average length of 20
VCU was used as the representative Jength in a given animal, and the
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means and standard errors of 4 animals were calculated. The surface to
volume ratio was measured as described by Dunnill and Whitehead
(1972). In brief, sections were projected onto a white board, on which
were drawn 15 lines of equal length, as described by Weibel (1963).
The magnification was such that the length of each line corresponded
to a length (L) of 1.4 X 10-2 cm. The section was projected at random
onto the template lines, and the number of times the lines cut the mu-
cosal surface (c) and the number of times the endpoints of the lines fell
on mucosal tissue ¢h) were counted from 20 randomly selected fields
per animal. The ratio ¢/Lh gives an index of the volume to surface ratio.

Worm counts

The number$ of worms in the intestinal segments of 0-18 ¢m and
26 cm to ileum end were determined by the saline incubation method.
The numbers of worm profiles on the mucosal surface in the tissue
sections 18-22 cm from the pyloric ring were also counted under a
microscope.

Immunohistochemistry and cell count

Paraffin-embedded tissue sections were prepared as described above.
The dewaxed sections were treated with 0.3% H,0, for 20 min, im-
mersed in 0.01 M sodium citrate buffer, pH 6.0, and then autoclaved at
121 C for 10 min for antigen retrieval according to the method de-
scribed by Bankfalvi et al. (1994). The sections were incubated for 1
hr with anti-granzyme B or anti-CD3 goat IgG (Santa Cruz Riotech-
nology, Santa Cruz, California) or with anti-CD8§ monoclonal antibody
(OX-8) (Cymbus Biotechnology, Chandlers Ford, U.K.). For a negative
control, species-matched normal IgG was used, After the sections were
washed, they were incubated with horseradish peroxidase—conjugated
anti-goat {gG (Nichirei Corp., Tokyo, Japan} or with anti-mouse IgG
conjugated with peroxidase-labeled dextran polymer (Envision+, Dako,
Carpinteria, California). The final reaction was carried out in 0.05 M
Tris-HCI buffer (pH 7.6) containing 0.2 mg/ml 3,3'-diaminobenzidine
tetrahydrochloride (Dojin Lab., Kumamoto, Japan) and 0.005% hydro-
gen peroxide. The numbers of immunoreactive cells in 10 VCU were
counted under a microscope, and the number per VCU was calculated.

Separation of intestinal epithelium

The separation of epithelinm from the jejunum was carried out at 4
C in ethylenediaminetetraacetic acid (EDTA)-Hanks sclution (Ca?t-
Mg**—free Hanks balanced salt solution supplemented with 10 mM N-
2-hydroxyethylpiperazine-N'-2-ethanesulfonic acid, pH 7.3, and 1.0
mM EDTA), as. described elsewhere (Hyoh et al,, 2002) with a slight
modification. In brief, a piece of jejunum 22-26 cm from the pyloric
ring was removed, opened longitudinally, and cut into segments 1 cm
in length. After a brief wash in phosphate-buffered saline, 4 pieces of
tissue were put into a 15-ml tube containing 4 ml of 1.0 mM EDTA-
Hanks solution, and debris attached to the mucosal surface was removed
by vigorously shaking the tnbes 15 times by hand. The tissues were
then transferred into another tube containing 1.0 mM EDTA-Hanks so-
lution. After 75 min on ice with occasional agitation of the tissues by
inversion of the tubes, the epithelial cells were separated by vigorously
shaking the tube by hand 60 times. After the tissue was discarded, the
detached epithelia were collected by centrifugation at 600 g for 3 min
at 4 C, and the pellets were kept at 80 C until use. Giemsa staining
of the separated epithelial fractions showed not only epithelial cells but
also mononuclear cells, the majority of which we considered might have
been intraepithelial lymphocytes (IEL). Histological examination of the
tissue after collection of the epithelia showed that villus epithelia were
separated completely, whereas epithelial lining cells in the lower part
of crypts were still attached to the tissue in approximately half the
crypts. In uninfected rats, the basal lamina of the epithelium was intact,
and lamina propria cells were retained in the tissue, but in animals after
10 days of infection, the basal lamina was partly obscured, indicating
that some propria mucosat cells contaminated the epithelial fractions.

Extraction of total RNA, complementary DNA synthesis, and
polymerase chain reaction

Total RNA was exiracted using TRIZOL Reagent (Life Technologies,
Rockville, Maryland). Two-microgram aliquots of RINA were reverse
transcribed in 20 pl of reverse transcription (RT) buffer containing 5

mM MgCl,, 1 mM deoxynucieoside triphosphate (dNTP)} mixture, 1 U/
pl dbonuclease inhibitor, 0.25 U/pl AMV reverse transcriptase, and
0.125 pM oligodT-adaptor primer (Takara RNA LA PCR kit, Takara
Biomedicals, Osaka, Japan) at 42 C for 50 min. One-microliter aliquots
of synthesized complementary DNA were added to polymerase chain
reaction (PCR) buffer containing 2.5 mM MgCl,, 0.2 pM dNTP mix-
ture, 0.025 U/l LA Tag DNA polymerase (Takara RINA LA PCR kit),
and 0.2 pM sense and antisense primers in a final volume of 10 pl
PCR was carried out with cycles of 30 sec at 94 C, 30 sec at 62 C, and
30 sec at 72 C. The sense and antisense primers used were: 5-AGAA-
GAGCTATGAGCTGCCTGACG-3' and 5’-CTTCTGCATCCTGTCAG
CGATGC-3' for B-actin with a 236-bp product; 5'-GACTTTGTGCT
GACTGCTGCTCAC-3' and 5'-TTGTCCATAGGAGACGATGCCCG
C-3' for granzyme B with a 495-bp product; 5'-ATAGAGCTGTGGC
TACCGGTG-3' and 5'-CTCCAGAGATCAAAGCAGTTCC-3" for
FasL with a 286-bp product; and 5'-GAGTGACAAGCCCGTAGCC
C-3" and 5'-GCAATGACTCCAAAGTAGACC-3' for TNF-a¢ with a
441-bp product.

Density analyses of PCR products

Six microliters of the amplified product was electrophoresed on agar
and stained with ethidiurm bromide. The fluorescence images were saved
with an image saver (ATTO Incorpoeration, Tokyo, Japan), and the den-
sity of each band was analyzed with NIH Image software. To determine
the optimal numbers of PCR cycles, the densities of the electrophoresed
PCR product were analyzed after different numbers of PCR cycles. For
semiquantitative analyses, band densities were normalized relative to
those of P-actin as described elsewhere (Kuroda et al., 20023,

Statistical analysis

Student’s ¢-test (2 tailed} was used for statistical analysis; a P value
less than 0.05 was considered significant.

RESULTS

Comparison of intestinal epithelial injuries induced in
euthymic and athymic rats after infection with the
nematode Nippostrongylus brasiliensis

Villus atrophy, which is accompanied by compensatory crypt
hyperplasia, is a hallmark of intestinal epithelial injury induced
by intestinal parasite infections. To determine whether a thy-
mus-dependent mechanism is involved in the development of
intestinal epithelial injuries, athymic F-344 mmu/rnu rats and
their littermate euthymic rnuw/+ rats were infected with 1,000
N. brasiliensis 13 larvae. Gross inspection of the small intes-
tinal lumen 10 days after infection showed that the worm pop-
ulation density was the highest in the upper part of the jejunum
of enthymic as well as athymic rats, whereas few worms were
found in the distal part of the small intestine. After the highly
populated intestinal segment 18-26 cm from the pyloric ring
was removed for tissue section preparation and separation of
the epithelitum, other parts of the small intestine were used to
examine the worm burdens. The number of worms that emerged
in the saline was significantly more in athymic than in enthymic
rats 10 days after infection (Fig. la). Twenty days after infec-
tion, worms had been totally rejected from the euthymic rat
intestine, whereas sustained infection was observed in athymic
rats. Because worm counts were performed in intestinal seg-
ments where the worm population is low, we also counted the
nurmbers of worm profiles observed in paraffin-embedded tissue
sections that were obtained from the highly populated segment
18-22 cm from. the pyloric ring. The number of worm profiles
in tissue sections was also significantly more in athymic rats
than in euthymic rats (Fig. 1b).

Histological examination of the proximal jejumum showed
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FiGure 1. Worm burdens in the small intestine of mu/+ (closed

colwmns) and rnw'rnu rats (opent columns) infected with 1,000 Nippo-
strongylus brasiliensis L3 larvae. (a) Number of worms in intestinal
segments (expressed as the distance from the pyloric ring) 0—18 ¢m and
26 cm to the ileum end determined by the saline incubation method.
(b) Number of worm profiles in 4-cm-long longitudinal sections of the
proximal jejunem (18-22 cm from the pyloric ring) stained with he-
matoxylin-eosin. Columns and bars represent means + SE of 4 animals.
* indicates P << 0.05.

marked cytopathic alterations in the villus epithelivm 10 days
after infection. In euthymic rats, villi were blunt in shape and
epithelial cells were occasionally desquamated in a sheet from
the basal lamina, leaving an eroded mucosa. Athymic animais
rarely showed blunted villi, although at the villus tips small
clusters of rounded epithelial cells with pykootic nuclei were
frequently found. In some villi of euthymic and athymic rats,
the propria mucosa was markedly edematous with dilated lym-
phatic vessels.

Moiphometric analyses revealed that the villus length in eu-
thymic rats was significantly reduced 10 days after infection
and returmed to the preinfection level after 20 days, whereas
villus atrophy did not develop in athymic animals despite the
fact that the nematode infection persisted until 20 days after
infection (Table I). The surface to volume ratio, an index of
villns surface area determined by the method described by Dun-
nill and Whitehead (1972), also showed a significant reduction
in eathymic rats 10 days after infection, but not in athymtic rats.
Crypt length reflects the cell growth activity in the crypt growth
zone, and it increases significantly in response to the villus ep-
ithelial cell loss. Although there was no significant alteration of
villus length or surface to volume ratio in athymic rats, crypt
length was increased in athymic rats as markedly as in euthymic
animals. These results suggest that epithelial injuries and cell
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FGURE 2. Expression of granzyme B, FasL, and TNF-« in the je-
junum of mu/+ (closed columns) and rou/rnu rats (open columns) after
Nippostrongylus brasiliensis infection. Total RNA was extracted from
the jejunal epithelial fraction containing both epithelial and mononucle-
ar cells, and RT-PCR was performed. The depsity of each PCR product
was normalized with respect to that of B-actin. The data are means +
SE of 4 animals. The vertical axis shows the expression levels, with the
day-0 average levels in rnu/+ rats expressed as 1.0. * indicates those
significantly different from the day-0 level (P < 0.05).

loss occurred in both enthymic and athymic rats, but that the
severity of the injury in athymic rats might not have been suf-
ficiently intense to cause the villus atrophy that developed in
euthymic rats. ‘

Upregulation of cytotoxic factors in euthymic and athymic
rats after infection with the nematode Nippostrongyius
brasiliensis

Granzyme B, FasL, and TNF-e;, which are expressed mainly
in CTL, NK cells, or macrophages, are important mediators or -
ligands that cap induce target cell injury (Green, 1998). We
examined granzyme B, FasL, and TNF-a messenger RNA ex-
pression in the isolated jejunal epithelial fraction, which is com-
posed of epithelial cells and IEL, by RT-PCR. The granzyme
B expression level in euthymic rats was increased significantly
10 days after infection and decreased to the preinfection level
20 days after infection, whereas that in athymic animals showed
no significant increase after infection (Fig. 2). The FasL ex-
pression level in enthymic animals did not change significanty
after infection, whereas that in athymic animals was decreased
after 10 days. The TNF-« expression level in euthymic rats was
increased after 10 days and decreased to the preinfection level
after 20 days, whereas that in athymic rats was increased after
10 days and maintained at a high ievel through 20 days after
infection.

TasLE I. Morphometric analyses of jejunal mucosa of enthymic mu/+ and athymic row/mu rats infected with Nippostrongylus brasiliensis *

Surface—volume
Villus length () Crypt length (rom) ratio (¢/Lh)
Day raw/-+ © mw/rnu mw/+ ru/ru mw/+ row/rmu
0F 4479 + 74 4446 = 9.1 163.8 = 10.5 166.3 = 10.7 508 £ 22 427 £ 23
10 3329 + 294%§ 4740 = 16.0 3680 x 7.0 360.7 = 8.4% 243 £ 2.11§ 459 + 2.7
20 4330 = 19.8 417.0 £ 10.5 2355 * 124% 261.3 + 16.5% 321 = 1.7% 395 54

* Bach measurement was performed on paraffin-embedded tissue sections. Surface—volume ratio was determined as described in the Materials and Methods. All data

are mean = SE of 4 rats.
1 Uninfected control.
} Significantly different from row/rau rats (P < 0.05).
§ Significantly different from day 0 (P < 0.05).



