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Influx across the apical membrane of absorptive cells occurs
via a Na'/glucose cotransporter (SGLT1) as well as by a
fructose transporter GLUTS5, and efflux of hexose across the
basolateral membrane occurs via GLUT2 (Cheeseman,
1993; Wright, 1993; Reuss, 2000). It is known that a
significant degree of peptide absorption occurs through the
role of proton-coupled, oligopeptide transporter family
members including peptide/histidine transporter 1 (PepT1)
(Herrera-Ruiz and Knipp, 2003). For the import and export
of amino acids, many types of heterodimeric transporters
have been reported, including light chain glycoprotein-
associated amino acid transporter LAT1 or LAT2 (Wagner
et al, 2001; Verrey, 2003). In the present study, we
examined whether N. brasiliensis infection induces any
alterations in hexose, peptide and amino acid transporter
expression in the small intestine of rats.

2. Materials and methods
2.1. Animals and nematode infection

Specific pathogen-free male Brown Norway/Sea rats
were purchased from SLC Inc. (Shizuoka, Japan). Animals
at 8 weeks of age were injected subcutaneously with 2000
N. brasiliensis L3 larvae as described elsewhere (Hyoh et al.,
1999). The animals were allowed to feed ad libitum
throughout the experiment.

2.2. Preparation of intestinal epithelial cells (IEC)

The animals were sacrificed with an overdose of ether
after overnight fasting with free access to water. The
separation of IEC was carried out at 4°C in EDTA-Hanks’
solution (Ca®*, Mg?>*-free Hanks’ balanced salt solution
supplemented with 10 mM HEPES, pH 7.3, and 1.0 mM
EDTA) as described elsewhere (Hyoh et al., 2002) with
slight modification. In brief, a piece of jejunum 15-23 cm
from the pyloric ring and a piece of ileum 10—-18 cm from
ileocecal junction were removed, opened longitudinally,
and cut into segments 1 cm in length. After a brief wash in
PBS, four 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 15
strokes of vigorous shaking of the tubes by hand. The tissues
were then transferred into another tube containing 0.5 mM
EDTA-Hanks’ solution. After 75 min on ice with occasional
agitation of the tissues by inverting the tubes, epithelial cells
were separated by 60 strokes of vigorous shaking of the tube
by hand. After discarding the tissue, detached epithelial
cells were collected by centrifugation at 600 X g for 3 min at
4°C, and the cell pellets were kept at —80°C until use.
Histological examination of the tissue after collection of
epithelial cells showed that villus epithelial cells were
separated completely, whereas epithelial lining cells in the
lower part of the crypts were still attached to the tissue in

approximately half of the crypts. The basal lamina of the
epithelium was intact and lamina propria cells were retained
in the tissue.

2.3. Extraction of total RNA, cDNA synthesis and PCR

Total RNA was extracted using TRIZOL Reagent (Life
Technologies, Rockville, MD). Two-microgram aliquots of
RNA were reverse transcribed in 20 wl of reverse
transcription (RT) buffer containing 5 mM MgCl,, 1 mM
dNTP mixture, 1 U/ml RNase inhibitor, 0.25 U/ml AMV
reverse transcriptase and 0.125 mM oligo dT-adaptor primer
(Takara RNA LA PCR kit, Takara Biomedicals, Osaka,
Japan) at 42°C for 50 min. One-microliter aliquots of
synthesised cDNA were added to PCR buffer containing 2.5
mM MgCl,, 0.2 mM dNTP mixture, 0.025 U/ml LA Taq
DNA polymerase (Takara RNA LA PCR kit), and 0.2 mM
sense and antisense primers in a final volume of 10 pl. PCR
was carried out with cycles of 30 s at 94°C, 30 s at 62°C and
30 s at 72°C. The sense and antisense primers used were:
5'-AGAAGAGCTATGAGCTGCCTGACG-3' and 5'-
CTTCTGCATCCTGTCAGCGATGC-3' for B-actin with
236 bp products; 5-CATCATCCCTGCATCCACTG-3
and 5-CAAAGGTGGAGGAATGGGAG-3 for glyceral-
dehyde-3-phosphate-dehydrogenase (GAPDH) with 272 bp
products; 5-GGGGCAGATCCAGGTGATTC-3' and 5-
GCCATCGTTTCACAGAAATCCAC-3' for thymidine
kinase with 284 bp products; 5'-GAAGGGTGCATCGGA-
GAAGG-3' and 5-CTTTAGGGTCCTCCTCGACG-3' for
SGLT! with 518 bp products; 5-ATCGTCAA-
CACGGCCTTCAC-3' and 5-AAGCCGGAAGCGATCT-
CATC-3 for GLUT1 with 458 bp products; 5-TTCTTTGG
TGGGTGGCTTGG-3' and 5'-TGGGGCTTTCTGGACA-
GAA-3' for GLUT2 with 394 bp products; 5'-GGTA-
CAACGTGGCTGCTGTC-3' and 5-CATGGGGACCA
CGTTGGAAG-3' for GLUT5 with 347 bp products; 5'-
TCTATCCTCCTCCACGGCAA-3' and 5-ATGTTGAG
GCGGGCAGCAAT-3' for Nat, K*-ATPase with 392 bp
products; 5-GGCTGGACTGGGCTAAAGAG-3' and 5'-
TGGGGAAGACTGGAAGAGTT-3' for PepT1 with 390
bp products; 5-AGAAGCTCCTAGGGGTCATG-3 and 5'-
GAAGGCCCAGAACAGCAAGT-3' for LAT2 with 386
bp products.

2.4. Density analyses of PCR products

Eight microliters of the amplified product was electro-
phoresed on agar and stained with ethidium bromide. The
fluorescence images were saved with a charge-coupled
device (CCD) camera-image saver (ATTO incorporation,
Tokyo, Japan), and the density of each band was analysed
with NIH Image software. To determine the optimal
numbers of PCR cycles, the densities of the electrophoresed
PCR product were analysed at different PCR cycles.
For semiquantitative analyses, band densities of hexose
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transporters were normalised relative to those of B-actin and
GAPDH, as described elsewhere (Kuroda et al., 2002).

2.5. Western blotting

IEC pellets were immersed in SDS-sample buffer
containing 1M dithiothreitol and 0.1% NP40. After 30
min on ice, the samples were heated at 95°C for 5 min.
Twenty micrograms of cell extracts were loaded in each
lane, separated on 4-20% gradient SDS-polyacrylamide
gels, and electrotransferred onto Immobilon P membranes
(Millipore Corp.). After blocking with 4% non-fat-dry milk
dissolved in phosphate buffered saline, immunodetection
was carried out using antibodies against GLUT1 or SGLT1
(Chemicon Inc., Temecula, CA), followed by incubation
with horseradish peroxidase-conjugated anti-rabbit IgG
(Santa Cruz Biotechnology Inc.). Immunoblotting for
actin was also performed to control for equal loading of
protein. Bound antibodies were detected with the ECL +
plus Western blotting detection system (Amersham Phar-
macia Biotech Ltd.). Images were saved with a CCD
camera-image saver and density analysis was performed as
described above.

2.6. Immunohistochemistry

Tissues were fixed in 4% buffered formalin overnight and
embedded in paraffin. Sections of 4-pm thickness were cut
and mounted on poly-L-lysine-coated slides. The dewaxed
sections were treated with 0.3% H,O, for 20 min, then
immersed in 0.01 M sodium citrate buffer, pH 6.0, and
autoclaved at 121°C for 10 min for antigen retrieval
according to the method described by Bankfalvi et al.
(1994). The sections were then incubated with anti-GLUT1
antibody (Chemicon Inc.) for 1 h, followed by incubation
with goat anti-rabbit immunoglobulins conjugated with
peroxidase-labeled dextran polymer (Envision + ®,
peroxidase, mouse Dako) for 30 min. Final reaction was
carried out in 0.05 M phosphate buffer (pH 7.4) containing
0.2 mg/ml 3,3'-diaminobenzidine tetrahydrochloride (Dojin
Lab., Kumamoto, Japan) and 0.005% hydrogen peroxide.
For negative control, species-matched normal IgG was
employed instead of GLUT1-specific antibody. Since
GLUT1 immunohistochemical localisation has been well
documented in the kidney (Heiling et al., 1995), kidney
sections were included as a positive control.

2.7. Statistics

Student’s t-test was employed for statistical analysis, and
a P value of less than 0.05 was considered significant. In
semi-quantitative RT-PCR studies, each group consisted of
four animals.

3. Results

To determine whether there is any alteration in hexose
transporter expression in the absorptive cells of the small
intestine after N. brasiliensis infection, epithelial cells were
separated from the jejunum as described in Section 2.2, and
the mRNA expression of apical surface transporters SGLT1
and GLUTS, the basolateral transporter GLUT2 and the
ubiquitously expressed GLUT1 was examined. RT-PCR
studies showed an up-regulation of GLUT1 transcription in
the jejunal epithelial cells 7 and 14 days after infection, and
a decreased transcription of GLUTS after 14 days, while
those alterations returned to the preinfection levels after 21
days (Fig. 1). The thymidine kinase mRNA expression
levels were also increased 7 days after infection, consistent
with previous reports that N. brasiliensis infection induced
crypt hyperplasia together with significant increases in
thymidine kinase activities (Perdue et al., 1989; Hyoh et al.,
1999).

Since the up-regulation of GLUT1 transcription as well
as the down-regulation of GLUTS expression was observed
in the jejunal epithelium, in the next experiment we
examined the hexose, peptide and amino acid transporter
expression in both the jejunal and ileal epithelial cells 7 and
14 days after infection. The worm burden in the small
intestine was 481.3 £ 96.0 after 7 days of infection, while it
was 76.5 *£ 14.4 (mean * SE of four animals) after 14 days,
consistent with a previous observation that the majority of
the worms were rejected from the intestine after around
10-14 days of infection by a Th2 type cell-dependent
mechanism (Uchikawa et al., 1996). Gross inspection of the
small intestinal lumen after 7 days showed that the worm
population density was the highest in the upper part of the
jejunum, while few worms were found in the distal part of
the small intestine. Semi-quantitative reverse transripiase-
PCR analyses of jejunal epithelial cells, in which the
transporter transcription levels were normalised to those of
B-actin and GAPDH, also revealed significant increases in
the transcription of thymidine kinase on day 7 and GLUT1

Day 7 Day 14 Day 21
C1 C2 N1 N2 C1 C2 N1 N2 C1 C2 N1 N2

GLUT1

GLUT2
GLUTS

SGLT1

Thy
Kinase

B-Actin | =

Fig. 1. mRNA transcription of hexose transporters, thymidine kinase and -
actin in the jejunal epithelial cells after N. brasiliensis infection. Total RNA
was isolated from separated epithelial cells and RT-PCR was performed.
C1, C2: age-matched control. N1, N2: nematode-infected.
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Fig. 2. The mRNA transcription levels of thymidine kinase, hexose transporters, Na*-K*™-ATPase, oligopeptide transporter and amino acid transporter in
jejunal (panel A) and ileal (panel B) epithelial cells after N. brasiliensis infection. Total RNA was isolated from separated epithelial cells, RT-PCR was
performed and the densities of each PCR product were normalised to that of 8-actin (closed columns) or glyceraldehyde-3-phosphate-dehydrogenase (shaded
columns). The data are means - SE of four animals. Vertical axes show the expression levels in which day 0 average levels were expressed as 1.0. Significantly
different from day 0 level (*P < 0.05, +P < 0.01).
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on days 7 and 14. In contrast, the transcription levels of the
fructose/glucose transporter GLUTS, a peptide transporter
PepT1 and an amino acid transporter subunit LAT2 showed
significant decreases 7 and 14 days after infection (Fig. 2A).
Na* K*-ATPase, which has also been reported to be
involved in glucose transport across the intestinal absorptive
cells (Wild and Murray, 1989), showed a significant
decrease after 7 and 14 days. GLUT2 and SGLTI
transcription, on the other hand, did not change significantly
after infection. Contrary to the alterations in transporter
transcription in the jejunum, ileal epithelial cells showed no
significant changes in the levels of thymidine kinase,
GLUT1, GLUT2, GLUTS, SGLT1, Na*,K*-ATPase,
PepT1 and LAT2 after N. brasiliensis infection (Fig. 2B),
indicating that alterations in transporter transcription
occurred in the epithelium where many worms parasitise
in close proximity.

SGLT1 is the most important glucose transporter on the
apical surface of intestinal absorptive cells (Elsas and
Longo, 1992). Although there was no significant decrease in
the SGL.T1 mRNA transcription levels in the epithelial
cells, Western blotting analyses of jejunal epithelial cell
lysate showed a decreased expression of SGLT1 protein 7
days after infection (Fig. 3). Contrary to SGLTI, the
expression of GLUT1 has been reported to be low in
the human and rat adult intestine, while its expression in

7 days p.i. 14 days p.i

Control
I N
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SGLT1
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0 7 14 0 7 14
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Fig. 3. Western blot analyses of glucose transporter GLUTI and
Na™/glucose cotransporter SGLT1 in jejunal epithelial cell lysate. (a)
Jejunal epithelial cell extracts from uninfected control, 7 days after
infection and 14 days after infection were subjected for Western blot
analyses. (b, ¢) Densities of Western blot bands of GLUT1 and SGLTI,
which were normalised to that of 3-actin. Vertical axes show the expression
levels in which day 0 average levels were expressed as 1.0.

the fetal gut tube was high (Davidson et al.,, 1992;
Matsumoto et al., 1993). Western blotting analyses showed
that the GLUT1 expression in non-infected adult rat jejunal
epithelial cell lysate was low, but its expression was
increased 7 and 14 days after infection in accordance with
the up-regulation of mRNA (Fig. 3). By immunohisto-
chemical staining, GLUT1-specific immunoreactivity was
undetectable in the jejunal epithelium of uninfected
animals. After 7 days of infection, however, GLUTI1
immunoreactivity was detectable in the basolateral mem-
brane of the jejunal epithelial cells (Fig. 4), although the
immunoreactive intensity was lower than in the kidney
tubules, where GLUT1 is constitutively expressed (Heiling
etal.,, 1995). Negative control incubations for the jejunum of
infected rats resulted in no staining in the epithelial cell
membrane or cytoplasm.

4. Discussion

It has been reported that N. brasiliensis infection induced
decreases in the activities of Nat,KT-ATPase and the
intestinal brush border enzymes alkaline phosphatase,
sucrase and isomaltase together with the development of
villus atrophy (Carter et al., 1981; Perdue et al., 1989; Wild
and Murray, 1989; Hyoh et al., 1999). The present results
further showed that the mRNA transcription of hexose,
peptide and amino acid transporters GLUTS, PepT1 and
LAT?2, respectively, was also decreased in jejunal epithelial
cells after nematode infection, although GLUT1 mRNA
showed a significant up-regulation. SGLT1 has an important
physiological role in glucose absorption from the apical
surface of intestinal absorptive.cells (Elsas and Longo,
1992). Although the SGLT1 mRNA transcription level did
not change significantly, Western blotting analyses showed
that the SGLTI protein expression was decreased after
infection. This might be partly due to degradation of SGLT1
protein before and/or after it was transported to the plasma
membrane. In fact, it has been reported that SGLT1 protein
expression is controlled by mRNA abundance, as well as by
posttranscriptional processes including protein trafficking
(Thomson et al., 2001). The fall in SGLT1 protein observed
in the present study is consistent with reports that glucose
uptake from the intestinal mucosa was significantly
suppressed 4—19 days after N. brasiliensis infection in
flux studies using rat intestinal sacs (Carter et al., 1981;
Nolla et al., 1985).

An unexpected finding in the present study was that up-
regulation of GLUT1 was observed in the jejunal epithelial
cells in association with the decreased expression of SGLT1
and other transporters. It has been reported that GLUT1 was
detected in the basolateral plasma membrane of differen-
tiated Caco-2 cells, which are a model system for intestinal
epithelia (Harris et al., 1992). In addition, GLUT1 was
detectable at a low level on the basolateral membrane of
normal adult rat, although diabetic rat showed increased
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Fig. 4. Inmunohistochemical demonstration of glucose transporter GLUT1 in the kidney and jejunum. (A, B) Sections of the kidney from normal rat stained
using normal rabbit IgG (A); or GLUT1-specific antibody (B). In B, GLUT1 immunoreactivity (arrows) is observed in the basolateral membrane of tubular
epithelial cells. (C, D) Sections of the jejunum obtained from uninfected (C) or infected animals after 7 days (D). In C and D, sections were stained with
GLUT1-specific antibody. GLUT1 immunoreactivity (arrows) is observed in the basolateral membrane of villus epithelial celis in D, but not in C. In all
sections, nuclei are lightly counterstained with Hematoxylin. Bars indicate 50 wm.

expression of GLUT1 not only at the basolateral membrane
but also at the brush border membrane (Boyer et al., 1996).
In the present immunohistochemical studies, GLUT1 was
not detectable in either the basolateral or apical membrane
of intestinal epithelia of normal adult rat, but after 7 days of
infection GLUT! immunoreactivity was found to be
localised to the basolateral membrane of the jejunal
epithelium.

GLUT1 is essential in maintaining the high rates of
glucose influx demanded by glycolysis. GLUT1 gene
activation has been reported to develop in renal, muscle,
liver and intestinal cells as well as in monocytes and
fibroblasts under various stress conditions such as Ca**
influx, hypoxia, and exposure to endotoxin and inhibition of
oxidative phosphorylation by azide (Wertheimer et al., 1991;
Bashan et al., 1992; Shetty et al., 1993; Dominguez et al.,
1996; Spolarics, 1996; Carriere et al., 1998). Wertheimer
et al. (1991) and Dominguez et al. (1996) suggested that
GLUT1 may be one of the stress response genes, and when
oxidative phosphorylation is not possible due to cell injury or
hypoxia, glycolysis becomes the main metabolic pathway
and is partly conducted by the up-regulation of high affinity
GLUT1. In fact, it was reported that the overexpression of
GLUT]1 attenuated early, energy-dependent neuron death
induced by kainic acid in vivo or in vitro (McLaughlin et al.,
2000), or inhibited apoptosis in vascular smooth muscle cells
(Hall et al., 2001). Although the molecular events that
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triggered GLUT1 up-regulation in the jejunal epithelium
were not clarified in the present study, previous reports
suggest that N. brasiliensis infection induces changes that
indicate the progression of cell injury in the jejunal
epithelium: sloughing of enterocytes, progression of apop-
tosis at villus tips, decreased expression of the epithelial cell
adhesion molecule E-cadherin, and decreases in the activities
of Na™,K"-ATPase and the intestinal brush border enzymes
alkaline phosphatase, sucrase and isomaltase (Carter et al.,
1981; Perdue et al., 1989; D’Inca et al., 1990; Hyoh et al.,
1999, 2002). In addition, the up-regulation of thymidine
kinase may reflect an increased turnover of villus epithelial
cells to remove damaged or apoptotic cells. Thus, it seems
that GLUT-1 up-regulation might be a stress or compensa-
tory response to maintain intestinal epithelial cell viability.
Similar alterations have been reported in glucose transporter
proteins in alcoholic liver disease in the rat, in which the
depletion of liver glycogen was accompanied by decreased
GLUT?2 expression and increased GLUT1 expression (Nanji
et al., 1995).

Taken together, the present results showed that
N. brasiliensis infection induced significant up-regulation
of GLUT! and significant decreases in mRNA and/or
protein levels of membrane transporters SGLT1, GLUTS,
PepT1 and LAT?2. It is known that N. brasiliensis infection
induces not only local pathological changes but also a
systemic deteriorating status such as hypoglycemia and
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hypoalbuminemia (Lunn et al., 1986; Ovington, 1987).
At least two mechanisms might be involved in the induction
of hypoglycemia and/or hypoalbuminemia. First, a biphasic
form of anorexia has been reported to occur after
N. brasiliensis infection, the first phase coincident with
lung invasion, and the second when the worms mature in the
intestine (Mercer et al., 2000). Secondly, increases in
gastrointestinal leakage of plasma protein have also been
suggested to have an important role in the progression of
hypoalbuminemia (Lunn et al., 1986). Together with these
alterations, decreased expression of some of the hexose,
peptide and amino acid transporters in absorptive cells
might also be involved at least partly in the development of
malnutrition status.
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To determine whether common helminth infections could modify the intestinal immunopathological status of the
host, the expression in the human duodenal mucosa of cytokines, eosinophil- and mast-cell-specific molecules 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-quantitative,
reverse-transcriptase PCR revealed that the interleukin-5/interferon-y ratio was significantly higher in the non-
eosinophilic, helminth-infected patients than in the non-eosinophilic. uninfected patients, whereas the IgE receptor
type I (FceRI)/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, FceRI 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 tmucosal immunological 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 examined. Data collected by the
provincial health office indicated that,
of the general public (and schoolchildren)
checked in each of the two study years,
22.0%-33.3% (19.3%-28.2%) 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.ac jp: fax: +81 75 251
5328.

© 2005 The Liverpool School of Tropical Medicine
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{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 may
induce malnutrition and result in retardation
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of the intellectual and physical growth of
children (Oberhelman ez al., 1998).
Intestinal infections with helminths such
as Ascaris and hookworm induce expansion
of the Th2 lymphocyte subset that regulates
IgE antibody production, eosinophilia and
mastocytosis (Pritchard ez al., 1995; Cooper
er al., 2001). Responses of the Th2 type
may play an important role in protection
against helminth infections, and may coun-
terbalance any potentially damaging Thi
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 Thl
lymphocyte subset (Cooper et al., 2001). In
rodents, infection with intestinal nematodes
such as Nippostrongylus brasiliensis and Trich-
nella spiralis not only causes the induction of
Th2 cytokines, such as interleukin-4 (IL.-4),
[L-5 and 1L-13, but also induces IgE anti-
body responses, eosinophilia and intestinal
mastocytosis (Matsuda er al., 1995; Garside
et al., 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 et 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-y
(IFN-y), IL.-5 and 11.-13, as well as marker
molecules of mast cells and eosinophils in
the duodenal mucosa, was investigated in
patients from Nongkhai, where intestinal
helminth 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
lumen (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 association with
cellular glycolysis, which is accelerated,
with the up-regulation of GLUT-1, after
various cellular stresses, including hypoxia

(Wertheimer et 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 endoscopies. of duodenal
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 obtained from each
patient. Each of these biopsies was immedi-
ately immersed in 1 ml of RNA-preservation
solution (RNAlater®; Ambion, Austin, TX)

— 154 —



INTESTINAL IMMUNOLOGY OF HELMINTH INFECTION 73

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-yig aliquots of RNA were
then reverse-transcribed, at 42°C for 50 min,
in 20 pl reverse-transcription buffer contain-
ing 5 mMm MgCl;, 1 mM deoxynucleotide-
triphosphate (ANTP) mixture, 1 U RNase
inhibitor/ml, 250 U AMV (avian myelo-
blastosis virus) reverse transcriptase/ml, and
0.125 mm oligo dT primer (Takara RNA
LA PCR kit; Takara Biomedicals, Osaka,
Japan).

PCR

For the PCR, 1-p aliquots of synthesised
complimentary DNA were added to PCR
buffer containing 2.5 mm MgCl,, 0.2 mm
dNTP mixture, 0.025 U LA Taq 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 pl. 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,

TABLE 1. The primer pairs used for the PCR amplifications

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,
MD). The band densities were normalized
relative to those of B-actin.

RESULTS

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

Primers

Size of expected product
(bp)

Interferon-y

Interleukin-5

Interleukin-13

IgE receptor type I (FceRl, « chain)
Mast-cell tryptase 1 (McTr)
Charcot-Leyden-crystal protein
Glucose transporter 1 (GLUT-1)
Glucose transporter 5 (GLUT-5)

B-Actin

5-GGCTTCTCTTGGCTGTTACTG-3 384
5-GACAGTTCAGCCATCACTTGGA-3
5-GAAATTCCCACAAGTGCATTGG-3' 335
5-CTTTCTATTATCCACTCGGTGTTC-3
5-AGGAGCTGGTCAACATCACC-3' 296
5-GTTGAACCGTCCCTCGCGAA-3
5-TCAGTGACTGGCTGCTCCTT-3' 437
5-GGGGTTTGGCTTAGGATGTG-3
5-TCAGCAGGATCATCGTGCAC-3' 507
5-TGGGGACATAGTGGTGGATC-3
5-TACCCGTGCCATACACAGAG-3' 375
5-CTCTCCACACTTGCACCATC-3
5-ATCGTCAACACGGCCTTCAC-3' 458
5-AAGCCGGAAGCGATCTCATC-3
5-GGTACAACGTGGCTGCTGTC-3' 347
5-CATGGGGACCACGTTGGAAG-3'
5-TCAGAAGGATTCCTATGTGGGC-3' 317

5-CCATCACGATGCCAGTGGTA-3'
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TABLE 2. The baseline demographic and laboratory daia for the 31 subjects

Total Helminth-infected  Uninfected  With peptic ulcer  Without ulcer
No. of subjects 31 9* 22 6f 25
No. of males/females 22/9 9/0 13/9 5/1 17/8
MEAN VALUE, ($.D.) AND {no. of subjects for whom data were available]
Age (years) 45.8 (13.5) [31] 43.3(10.8) [9] 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 38(0.7) [15] 35(1.0)[5] 4.0(0.6) [18]
Haemoglobin (g/dl)  13.3(2.8) [29] 135(2.2) [8] 13.0(3.0) [21] 12.3(4.1) [6] 13.4(2.4) [23]
Eosinophils 4.8 (4.6) {31} 53(4.6) [9] 467 [22] 3.1(3.2) (6] 5.24.9 [25]

(% of leucocytes)

*With intestinal helminth infection (two with Strongyloides, six with Taenia and one with Ascaris) on presentation or
within previous 3 months.
tOne with ulcer in the duodenutn and five with stomach ulcers.

Table 2. All 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 Strongyloides
stercoralis larvae and two others excreting 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
cansists of a single worm (Beaver et 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.
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None of the 31 patients appeared to have
an enteric infection with parasitic protozoa
such as Entamoeba histolytica or Giardia
lamblia, either at enrolment or whenever
checked in the previous 3 months. The
results of urea tests for Helicobacter pylori
infection, carried out on all 31 subjects at
enrclment, were positive for seven patients,
all of whom appeared smear-negative for
helminths at enrolment and had no obvious
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
(FceR1), 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
1L-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 Th1 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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Sonae of the PCR results, showing the expression of interleukin-13 (IL-13), interleukin-5 (IL-5), inter-

feron-y (IFN-v) and, for reference, -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 IL.-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 eocsinophilia (defined
here as those in whom at least 6% of
leucocytes were eosinophils) than of the
other subjects (Fig. 2). The expression of
IL-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-
nophilia, with and without helminth infec-
tion, and those without eosinophilia, with
and without helminth infection. Five of the
21 patients who were not eosinophilic 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 eosinophilic
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/IFN-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, FceRI,
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 Ighi antibodies results in a striking
up-regulation of FceRI expression on mast
cells {Chen and Enerback, 1996; Shaikh
etal., 1997; Yamaguchi et al., 1997). Among
the eosinophilic subjects of the present
study. the FceRI/McTr ratio, which might
represent the FceRl expression level/mast
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, IL-5, IFN-y, FceRI
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FIG. 2. The frequencies of expression of interleukin-5
(B) and interleukin-13 ([J) 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-eosinophilics (P=0.041).

and McTr could be a predictor of helminth-
infection status, principal-component analy-
sis was carried 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 spiralis infection
has been reported to induce a predominantly
Th2-type cytokine response in the intestinal
lymph (Ramaswamy et al., 1996). In addi-
tion, comparative studies of mucosal and
peripheral cytokine responses in Trichuris
muris-infected mice indicated that the domi-
nant cytokine responses of the mesenteric
lymph nodes can be detected by sampling
peripheral-blood lymphocytes (Taylor ef al.,
2000). Although intestinal helminth infec-
tions such as ascariasis and strongyloidiasis
have been reported to induce the production
of type-2 cytokines by peripheral-blood mon-
onuclear cells (Cooper et 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 uncommon 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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