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We investigated the trans-lac al maternal | ion of Taxocara canis larvae in mice, with
particular interest in the role of prolactin in their migration to the mammary gland. Two female mice were
infected with 300 T. canis eggs soon after delivery of 27 offspring. After 1 week of breast-feeding. seven
larvae were recovered from 4 of 13 offspring. After 2 weeks of lactation, 101 larvae were recovered from all
the remaining offspring. Daily prolactin administration (5 pg) was performed 2 weeks before T. canis
infection and continued until 2 weeks after infection in six non-pregnant female mice, which resulted in
larval acc I in the y gland, Furth prolactin administration in female mice that had
been infected with T. canis 4 weeks prior to prolactin treatment induced migration of larvae into the
mammary gland. These findings suggest that prolactin s a promoting factor contributing to lactational

transmission of T. canis larvae in mice.

© 2008 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

Human larval toxocariasis is a serious public health problem in
many countries [1], Adult worms of Toxocara canis parasitize the
intestines of domestic dogs and wild carnivores, and the larval stage of
the parasite opportunistically invades undefinitive hosts including
humans, resulting in human larval toxocariasis [2]. The migration
behavior of the larvae in undefinitive hosts has been well documented
[3-5]. In mice, T. canis larvae begin to accumulate in the liver 2 days
post-infection, and they continue to migrate via systemic circulation.
Beyond the 10th day of infection, most have settled in the brain and
muscle tissue [6-8]. The larvae found in skeletal muscle are
encapsulated in granulomatous inflammatory tissue and can survive
for a long period |4,8]; those in the brain rissue elicit minimal
inflammatory response [4].

Furthermore, it has been established that trans-placental trans-
mission is the major route for T. canis larvae migration from infected
female dogs to puppies [9-13]. In mice, it has also been regarded that
T. canis larvae are transmissible via placenta [14-16], although no
previous studies demonstrated larvae from offspring. Recently,
Reiterova et al. [17] observed that T. canis larvae in offspring from
infected mother mice were recovered at the beginning of the 5th day
post-delivery. Thus, lactational transmission rather than trans-
placental migration was certainly a possible route of maternal-
neonatal infection with T canis. After infection, migrating larvae settle
in skeletal muscle tissue, in which they are then arrested in
granulomatous inflammatory tissue. A re-emergence mechanism for
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these arrested larvae during pregnancy, however, has yer to be
identified. In the present study, we demonstrate that T, canis larvae are
able to transmit from mother to neonate via the mammary gland, and
that prolactin evokes lactational transmission of the arrested larvae,

2. Materials and methods
2.1. Animals

Conventional ICR mice and an inbred strain of BALB/c mice were
purchased from CLEA Japan Inc,, Tokyo. All experimental procedures
were carried out in accordance with the guidelines of the Institutional
Animal Care and Use Committee of Tokyo Medical and Dental
University.

2.2, Infections

T. canis eggs were obtained from the uteri of adult worms collected
from naturally infected puppies after the administration of anthel-
mintics. Mature embryonated eggs were prepared following the
method of Ohsima [5), and 300 eggs were inoculated into each mouse
via a Teflon tube with a siliconized glass syringe [18].

2.3. Recovery of larvae

Each of the mammary glands and whole body of newbom mice were
digested with artificial gastric juice (0.5% of 1:10,000 pepsin and 0.7%
hydrochloric acid, pH 15) for 3 o 4 h with vigorous agitation. After
centrifugation, the larvae in the sediment were counted using a
stereoscopic microscopy on a microscope slide (7= 14 cm). Examination
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Table 1
Numbers of larvae recovered from necnates

Maother 7th day aftes birth
mouse

14th say after birth

Number of Number of neonates  Number of
neonates examined  larvae recovered larvae[neonate

Total number of
larvae recovered

Number of Number of neonates
neonates examined  larvae recovened

Number of Total number of
larvae/neonate”  larvae recovered

7] 5 v 4
L7 8 0

1420513 7
o 1]

6 6
] L]

95:08(8-13) 57
55409(2-10) 44

Neonates were allowed to breast-feed from the mather mice, which were infected with 300 eggs of T. canis immediately after delivery.

4 Mean 5D (range).

of the brain was performed according to the method of Cho et al. [18]. In
this experiment, we attempted to recover the larvae from skeletal
muscle tissue by using the digestion method described above. However,
the results were inconsistent in the number of larvae recovered from
adult mice, because a large amount of sediments remained after
digestion, making the counting of larvae using stereoscopic micrascopy
difficult. Therefore, we omitted the data on the muscle-stage larvae of
the adult mice in this experiment.

2.4. Pathology of the mammary gland

Mammary glands of female mice were removed and fixed in 10%
neutral formalin solution. Serial sections were then prepared and
stained with haematoxylin and eosin. The degree of eosinophil
infiltration around the mammary gland was estimated by the number
of cells per square millimeter. We randomly selected 10 fields with a
microscope of 100-fold magnification. To confirm cell identification,
we observed at high magnification and counted the number of
eosinophils. A careful attention was paid not to shift the original
position.

2.5, Experimental design for trans-mammary transmission of lorvae

Two pairs of 8-week-old ICR mice were mated in separate cages
until the female mice became pregnant. Within 12 h after delivery,
each of two female mice was infected with 300 eggs of T. canis, and
then allowed to breast-feed their offspring for 2 weeks. The offspring
were divided into two groups: one was killed on day 7 after delivery,
the other was killed on day 14 after delivery, The number of larvae in
the offspring was counted using the digestion method described
above.

2.6. Effect of prolactin treatment in non-pregnant, infected mice

To investigate the effect of prolactin on the stimulation of larval
migration from skeletal muscle or brain tissue, eight BALBfc female
mice, at 8 weeks of age, were intraperitoneally injected with 5 g of
prolactin (100 mg/ml, Sigma, St. Louis, USA) in physiological saline
everyday for 14 days, and were then infected with 300 T. canis eggs
orally. Prolactin treatment was then continued for another 14 days.
After treatment, the mammary glands were removed and the larvae
were recovered. Two mice were used for histological purposes. As a

Table 2
Effect of prolactin treatment in non-pregnant infected mice
Treatment Number Number of Number of  Number of Number aff
of mice  mice larvae mice larvae  larvae in larvae in the
used dentified in | d in ¥ brain of
mammary the brain glands of identified
Elands identified mice  mice
Prolactin @ 6 G ] 9835 36163
Saline 5 0 5 o 442242
* Mean=5D.

control, seven additional mice were administered 0.5 mL of saline
instead of prolactin.

2.7. Effect of prolactin treatment in chronically infected mice

Six BALB/c female mice, at 4 weeks of age, were infected with 300
T, canis eggs. Four weeks later, 5 pg of prolactin was intraperitoneally
administered everyday for 14 days. The mammary glands were then
examined as described above, As a control, equal numbers of BALB/c
mice were employed, and 0.5 mL of saline was injected into the
peritoneal cavity everyday for 14 days.

2.8, Staistics

Statistical analysis was performed using Student’s f test. Pvalues of
<0.05 were considered statistically significant.

3. Results
3.1 Larval transmission to neonates via mammary gland after birth

Two mother mice delivered 11 and 16 offspring, respectively. The
offspring from each infected mother mouse, which were infected with
T canis within 12 h after delivery, were randomly selected and
sacrificed on day 7 or day 14 after delivery. Table 1 presents the
number of offspring infected and the number of larvae recovered on
each of these days. The rate of infection in the offspring and the
average number of larvae recovered were higher in the group
sacrificed on day 14 compared with that sacrificed on day 7.
Additionally, the total number of larvae recovered was significantly
higher in the day-14 group (P<0.05).
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Fig. 1. Eosinophil counts around the capsules of mammary glands in mice Solid bar,
eosinophil count of prolactin-treated mice; open bar, that of untreated control mice. The
mean number of eosinophils was 713627936 cellsfmm? in the prolactin-treated group,
and 1442213 cellsfmm? in the saline-treated group. We randomly selected 10 fiekds
with a micrescope of 100-fold magnification. To confirm the cell identification, we
observed at high magnification (=400) and counted the number of eosinophils. A careful
attention was paid not to shift the original position.
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Fig. 2. Hi ical findings of
eosin, Markedly higher lic (E) infil
treated mice (8).

3.2, Effect of prolactin on migration of larvae to the mammary gland

T. canis larvae were identified in the mammary glands of all
infected mice, which were treated with 0.5 yg prolactin once a day
intraperitoneally for 14 days before infection and 14 days after
infection, although no larva was found in the control mice (Table 2).
No significant difference in the number of larvae in the brain was
observed between the prolactin-treated and saline-treated mice.
These data suggest that prolactin mighrt stimulate migration of larvae
from skeletal muscle, the brain, or other organs to the mammary
gland, Based on histological examination of 10 randomly selected
fields, the eosinophil infiltrations around the capsule of the mammary
gland were significantly increased in number in the prolactin-treated
mice (713.64293.6 6 cellsymm?) compared with the saline-treated
control mice (144£21.3 cells/mm?, Figs. 1 and 2), suggesting that the
inflammatory response against T. canis larvae was strong in the
treated mice.

3.3. Effect of prolactin on chronically infected mice

y glands around the connective tissue in mice. Serial sections of mammary glands of female mice were stained with haematoxylin and
around the connective rissue of the mammary gland were observed in the prolactin. treated mice (A ) compared with the saline-

control mice. The number of eosinophils infiltrated in the mammary
tissue was also significantly higher in the prolactin-treated group
(Fig. 3).

In the prolactin-treated mice, glandular epithelial proliferation and
dilatation of the ducts were observed, indicating a direct effect of
prolactin against the mammary gland.

4. Discussion

In this study, we demonstrate that T. canis larvae are able tw
migrate from the mother to neonates through suckling behavior, and
that this migration can be induced by the administration of prolactin.
While trans-placental migration of the larvae from female dogs to
puppies has been established [9-13], few studies have investigated
maternal-fetal transmission of the larvae in mice. Lee et al. [16] found
that the larvae migrated in the uterus and placenta from the 9th day of
pregnancy, and in the fetus from the 11th day of pregnancy when
mother mice were infected during pregnancy. In addition, they

Since administration of prolactin elicited a migration of larvae to Ae0
the mammary gland, we next studied whether prolactin stimulates w400 Pam
larval migration to the mammary glands from chronically infected E aso -
mother mice in the absence of pregnancy. For this investigation, non- 1 |
pregnant female mice, which had been infected with T. canis eggs i 0
28 days previously, were administered prolactin for 14 days, Table 3 2 250
shows that larvae were rec 1 from the m y glands in three E 200
of the four mice treated with prolactin, but no larva was found in the % asil. I
3 ol
Table 3 5 sob
Effect of profactin treatment in chronically infecred mice
0
Treatment Number Number of Number of  Number of Number of Conirol Prolactin
of mice ‘mice larvae mice larvae  larvae in larvae in the freatment
used identified in identified m  mammary brain of
mammary the brain glands of identified Fig. 3. Eosinophil counts around the capsules of mammary glands in chronically
glands identified mice  mice infected mice. Solid bar, eosinophil count of prolactin-treated mice; open bar, that of
0 d control mice, The mean number of cosinophils was 300.8 £ 956 cells/mm? in
Lmﬂl:tin : : : :’h 1w :.;_'::;571 |Iw pmiamu treated group, and 1376244, cells/mm? in the saline-treated group. Ten

* Meanz5D.

y selected fields at 100-fold magnification were observed via microscopy under
a high rlu;nlﬂulu:m (400=)
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tdentified larvae in the placenta and fetal blood vessels, histopatho-
logically. They concluded that T. canis larvae were able to migrate
through the placenta during pregnancy. However, because they did
not examine the neonates after birth, they could not eliminate the
possibility of trans-lactational transmission of the larvae from mother
to neonates after delivery.

It is well documented that malaria infection induces placental
injury, resulting in fetal loss in both humans and mice [19,20]. In
murine toxocariasis, the litter sizes from infected mice are smaller
than those from uninfected controls [21,22). These data suggest that T.
canis infection in mice can lead to mechanical injury of the placenta
and a resultant decrease of litter size when the infection occurs during
pregnancy.

Yet, in spite of these difficulties, newborns are still successfully
delivered in most cases. In another previous study, larvae were found
in offspring on day 5 after birth [15], suggesting suckling behavior
might cause maternal-newborn transmission of T, canis larvae. In fact,
our preliminary experiment revealed that larvae were first identified
in offspring 11 days after birth (unpublished data). Thus, we
hypothesized that larvae could migrate from mother to newborn
mice through the mammary gland during suckling. The present
findings support this hypothesis.

In general, T canis larvae in mice settle in the brain and skeletal
muscle after migration through the systemic circulation, and survive
for a long period [4,8]. However, because we could not find any larvae
in the mammary gland of non-pregnant infected mice, the larvae must
be aroused by some sort of stimuli in order to migrate from those
organs to the mammary gland. Prolactin, a lactogenic hormone, plays
an essential role in the development of breast tissue, None of the non-
pregnant mice not treated with prolactin showed the presence of
larvae, in either the acute or chronic stage of infection, whereas
prolactin-treated mice exhibited T conis larvae infection in the
mammary glands. One previous study discussed the relationship
between T canis infection and prolactin [23], reporting that the
administration of prolactin led to a reduction in the number of larvae
in infected mice. This may be related to the finding that prolactin acts
as an immunomodulatory agent or proinflammatory cytokine in
autoimmune diseases [24], and in several parasitic infections [25-28).

Eosinophil infiltration is a common feature in tissue-invading
nematode infections, such as gnathostomiasis and trichinosis [29]. In
toxocariasis, an eosinophilic granulomatous response is a typical
pathological finding both in humans and in experimentally infected
animals including mice [30,31]. Furthermore, eosinophil infiltration
was demonstrated not only in the tissue adjacent to the larvae but also
in that through which the larvae had passed [32]. These pathological
changes are thought to be stimulated by the metabolic products from
the larvae [29]. Therefore, we assumed that eosinophil infiltration
around the capsule of the mammary gland in the prolactin-treated
mice might be attributable to the migration of larvae into the
mammary gland following stimulation of the tissue-arrested larvae.

The mechanism of this stimulation of tissue-arrested larvae during
breast-feeding has yet to be elucidated. In hookworm infection, tissue-
arrested larvae of Ancylostoma caninum were activated in vitro by TGF-
i [33]. No such connection, however, has been demonstrated in Tox-
ocarg infection. The secretion of TGF-B is tightly regulated by the
hormones estrogen and prolactin, and they are critical factors in the
tissue-specific regulation of the’ local production of TGF-R in the
mammary gland of the rat [34]. Therefore, we presumed that a similar
cytokine reaction could be induced by prolactin, and may contribute
to the reactivation of cryptic larvae in Toxocara-infected mice.

In the present study, we found clear evidence that prolactin is one
of the factors in the lactational transmission of T. canis larvae from
mother mice to offspring. Further investigation is needed to elucidate

the precise mechanism of the stimulation of tissue-arrested larvae in
mice.
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ABSTRACT:  We report a modified dig: hod that impr the
recovery of Taxocara canis larvae from skeletal muscle. Minced muscle

i tissuc was into 3 equal pans. The first portion was

1 *

tissue from infected mice was incubated in anificial gasiric juice for 48
br st 37 C, and ethanol was added for the second 24 hr. This procedure
allowed :he Inrvae to be identified and counted more quickly than with
the n hod. This hod allows of the
wtal number of larvae present in muscle tissue foll

d in digestive fluid for 4 hr &t 37 C with vigorous agitation.
The mixture was then sieved with o wire mesh (mesh diameter: 1.0
min), and the fluid was centrifuged at 320 g for 5 min. The wotal di-
gestion time was 4 hr (method 1). Larval counting was performed on
the lting using opy. Since und

g orali
of embryonated eggs, although it does not permit uoummg of live lar
vae.

Following oral intubation of embryonated eggs. infectious-stage Tou-
ocam canis larvae migrate into skeletal muscle tissue via systemic cir-
culation. Muscle-stage larvae tend to increase in number after infection,
Almost half of all recovered larvae enter skeletal muscles beyond the
10th day of infection (Oshima, 1961; Havasiova-Reiterova et al., 1995),
These larvac arc able to survive for long periods in muscle tissue. If
an anthelmintic drug is effective against migmting larvae, the number
of larvae appearing in skeletal muscle will be reduced. Therefore, for
on anthelmintic trial, the number of muscle-singe larvae is a good in-
dicator of efficacy (Fok and Kassai, 1998: Hickova and Velebny, 2001:
Horiuchi et al., 2005; Satou et al., 2005),

Both the Baermann technique and the digestion method using anifi-
cial gumc jume are used to detect larvae in skeletal muscle, 'I1|-= Bn:

bined with a shom-d

mc.tbnd. (less than 4 hr) permits the recovery Bf live lnrvae, bl.n Ihl:

tissues ined on the mesh after smm;. these materials were re-
mculmed with drgesuve ﬂu!.d for an nddhimml 44 he. They were vig-

pared for ng in the same manner as be-
fore. The second pnn.lon of minced tissue was incubated in digestive
fuid for 24 hr with vig The solution was centrifuged as
before. and the sediment was m-lmubnu:d in 50 ml of fresh digestive
fluid for an additional 24 hr. No filtration with wire mesh was per-
formed. Thus, the total digestion time was 48 hr (method 2). Larval
counts in the whole sediment were performed as before. The third par
tion was prepared in the same manner as the second portion, but 10 ml
of 50% ethanol in distilled water was added to the sediment after the
second 24 hr incubation step (method 3), The ber of larvae in the
sediment was then counted.

Table 1 shows the number of larvee recovered with each procedure,
There was a significant difference in larval recovery between the 4-hr
digestion group and the 48-hr digestion group (p < 0.01). Although
ethanol trestment did not significantly affect recovery, we were able 1o
find the larvae more easily in the ethanol-treated samples. The use of
alcohol in the final step has the advantages that lipid droplets, which

extent of recovery is not satisfactory for the total
burden. Additionally, since less than half of the skeletal muscle is usu-
ally employed for the dimuon (Abdel-Hameed, 1984), the precise
number of larvae ited cannot be d 1. In the di-

are insoluble in trypsin-based digestive fluid, are soluble in alcohol, and
that alcohol acts as a surface-tension depressant that facilitates the iden-
tification of larvac. This is reflected in the time mqum.'d_ to complete

gestion method alone permns a fmriy good recovery, although a large
amount of sedi after digesti making the counting of
larvac using sterenscopic microscopy quite time consuming. In the pres-
ent report, we describe an improved method for recovering and counting
larvae derived from skeletal muscle. The method is based on extended
Iincubation in digestive fluid, followed by addition of alcohol.

Female BALB/c mice weighing 28-30 g were infected with 300 em-
bryonated eggs of T. canix sccording to the method of Oshima (1961).
Six mice were used for this expmmem All zxpmmcnu wers per-
formed in accord with the of the Instituti
Care and Use Committee of Rkyo Medical and Dental University,
Three weeks later, skeletal muscle tissue from each mouse was minced
with 150 ml of anificial gastric juice (0.5% of 1:10.000 pepsin and
0.7% hydrochloric acid, pH 1.5). After mixing well with a blender, the

TAoLE L Number of larvae recovered from skeletal muscle tissue of
mice infected with 300 7. canis eggs.

Digestion period (hr)

4 48
Und o Ethanol weatment
Sediment material No Yes
95 =30 I =09
105 £ 3.7 232 % g 26.3 = 8.5

Six mice were mmd. !uu- |I:= npnilmnl Numbers am glven A mean = * 5D, As.
terisk indi in 4R-hr p’mp versus
4-hr Irtl.lbmmn group (Student’s est, P < 0.05)

of a single with eth [ g took 16.7
=+ 2.5 min (mean * SD); without ethanol < g took 33.8
= 7.5 min. For ¢ i with the le di 1 for 4 hr without

ethanol. counting took 91.2 = 14,1 min. From the undigested material,
we were able to find larvae after additional incubation for 20 hr and 24
hr using freshly prepared digestive fluid. suggesting that a 4-hr incu-
bation was insufficient for the digestion of skeletal muscle.

We further assessed whether this recovery technique can be carried
out by an inexperienced person (TN.). Six BALB/c female mice were
omily administered albendazole (100 mg/kg/day) suspended in olive oil
for 5 days, beginning | day before inoculation, Six control animals were
given only olive oil. Three weeks after imuhntim. the mice were killed,

and their skeletal 'l:iswewm d using method 3, under the

idance of an i d researcher tZJ} Larvae migrating to the
brain wers counted by -squmh T Abdel-H d, 19843 Ax
the beginning of the experi it 1ok a!rmm 3 hr 1o complete the

countin; from just | skeletal muscle sample, but this soon fell to 30
min. The e y from skeletal le was 56.8 = 4.8% in

TasLe [I. Number of larvae recovered from mice inoculated with 300
T. canis eges.

Albendazale*
Skeletal Controlt
muscle Brain Skeletal muscle Brain
507 = 223 388 = 129 1045 = 35 66 = 118

Larval recovery from skeletal muscle was performed using method 3.

* Six BALB/c mice were reated with (00 mg/kg/day of albendazole suspended
in olive oil for § consecutive days beginning | day before inoculation.

1 Six control mice were given only olive oil.
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the control group versus 29.8 * 98% in the albendazole group. In
skeletal muscle, 1045 = 1.5 larvae were found in the control group
versus S0.7 = 22.3 in the albendazole group, indicating that prophylac-
tic treatment can reduce the larvae in skeletal muscle (Table 1T).

The improved method described here requires substantially less op-
erator time (since it is more than 5-fold faster) to count larvae, and the
recovery is 3-fold higher than that of our previously reported methods
(Horiuchi et al., 2005; Satou et al., 2005). However, the larvae recov-
ered are no Iunger nlwe‘ which is likely due to the much longer incu-
bation time req . Thereft while this would be suitable
for measuring the efficacy of treatments that act before larval migrarion,
it would not allow measurement of the active larval tissue burden,
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CASE REPORT

Unusual Radiological Findings of Fasciola Hepatica
Infection with Huge Cystic and Multilocular Lesions
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Abstract

This report describes a case of hepatic phase Fasciola hepatica infection presenting huge and multilocular
lesions. The unique radiological findings mimicked hydatid diseases and also cystic liver neoplasm. Fasciolia-
sis should be included in the differential diagnosis for cystic liver diseases.

Key words: fasciola hepatica, fascioliasis, eosinophilia, cystic, abscess, dot-ELISA
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Introduction

Fascioliasis is a widespread infectious disease caused by
trematode Fasciola hepatica (F. hepatica) infection (1), Al-
though the radiological diagnosis of human fascioliasis has
been improved, consideration of the possibility in the differ-
cential diagnosis is lacking in many developed countries.
Typical computed tomography (CT) findings for hepatic
phase of fascioliasis include small or sometimes clustered
hypodense nodules and tortuous linear tracks, which are pre-
dominantly in subcapsular area (2, 3).

Here, we report a case with a unique hepatic phase fas-
cioliasis. The patient was free from the symptoms, but pre-
sented uncommon radiological findings; a huge cystic lesion
located in the middle of the liver together with peripheral
multiloculated lesions.

Case Report

A 6]-year-old Japanese man was referred to our hospital
for the evaluation of migrating hepatic masses in November

2005. He had been involved in the construction of a power
plant in Myanmar from January to November 2004. He had
had a health checkup at a pre-consulted hospital in January
2005, and had undergone blood tests and abdominal ultra-
sonography (US) imaging. Although the clinical and labora-
tory findings were unremarkable except for peripheral blood
cosinophilia (3,200/ml), the abdominal US imaging demon-
strated multiple hypo-echoic lesions in right hepatic lobe. A
contrast-enhanced CT scan showed multiple hypodense le-
sions in the right hepatic lobe. In the anterior segment of the
right lobe, a huge and low attenuated mass measuring up to
57 mm with regular margins and some tiny hypodense le-
sions were detected (Fig. 1a, b). Thickening of the common
bile duct or biliary dilatation did not exist. Although histo-
logical examination of the liver biopsy demonstrated the dif-
ferentiatios from neoplastic lesions including intrahepatic
cholangiocarcinoma or bile duct cystadenocarcinoma, the
specimens were consistent with inflammation characterized
by the presence of fibrotic changes and no sludge was
drained. He was followed without any treatment and was re-
ferred to our hospital in November 2005.

On admission, physical examinations revealed only slight
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The contrast-enhanced CT image presented huge cystic and multilocular lesions. a, b)

In the anterior segment of the right lobe, a huge and low-attenuated mass (arrowhead) and some

tiny hypodense lesions were detected. ¢) The corresponding lesion in the anterior segment migrated

into the center of the right lobe (arrow), d) A multilocular lesion (asterisk) was newly detected in

the posterior segment of the right lobe.

hepatomegaly. Laboratory data showed the white blood cell
count of 7,030/ml with a differential of 14.8% eosinophils.
Serum IgE level was 438 U/ml (normal range; <250 U/ml)
Neither ova nor larvae of any parasites were found n his

stool. Contrast enhanced CT scans in November 2005, dem-

onstrated mainly two types of masses in the right hepatc

lobe. One of the masses, which had been detected in Janu
ary but migrated during ten months, was located in the ante-
ror segment and showed cyst-like hypodense lesion measur-
ing up to 45 mm (Fig, l¢). The other mass, which could not
be detected in January 2005, was located in the posterior
segment and multiloculated (Fig. 1d). Because it was inef-
fective to distinguish between solid and cystic materials con-
structing these hypodense lesions with CT and ultra-
sonographic examinations, magnetic resonance imaging
(MRI) was performed, The corresponding lesions proved o
be hypointense on Tl-weighted images (Fig. 2a), hyperin-
tense on T2-weighted images (Fig. 2b. c), and extremely hy-
pointensive foci on  inverted
(Fig. 2d). These MR in

sions consisted of necrotic or abscess-forming matenals. MR

diffusion-weighted images

ges suggested that these hepatic le

cholangiopancreatography showed normal presentation

The diagnosis was made by serologic tests. Because of
the presence of eosinophilia and radiological changes of
those lesions, we suspected that he suffered from some a
type of parasitic infection. We conducted a screening test for
parasitic antibodies in the patent’s serum using a muluple
dot enzyme-linked immunosorbent assay (dot-ELISA) (4).

The antibody against F hepatica was strongly positive by

dot-ELISA and the
ouchterlony The
ELISA titer for the antibody to F hepatica was highly in-

We
double-diffusion

also plate-ELISA

test for

performed
confirmation,

creased and the ouchterlony test showed a strong precipitin

band against crude antigen of F hepatica (Fig. 3). The anti-

body o Echinococcus multiocularis was negative in plate-
ELISA. The patient was weated with triclabendazole (5). Af-
ter 6 weeks, abdominal CT revealed a significant decrease in
the size of the huge cystic lesion as well as the satellite le-

sions.

Discussion

F. hepatica 1s a trematode parasite that naturally infects

cattle or sheep, and causes fascioliasis in almost every coun-
try around the world (1). Humans are an accidental reservoir
host and could be infected by the ingestion of metacercaria-
laden water plants. The infected young fluke. hatched from

metacercaria, migrates in the peritoneal cavity and pene

les

through the liver to the bile ducts causing acute hepauc
phase of fascioliasis. In the later stage. the fluke matures
and lodges in the bile duct resulting in chronic biliary disor-
der. In the acute hepatic phase, most patients note right up-
ise with eosinophilia, but a

per gquadrant pain, fever and mal:

few cases remain asymptomatic like the case presented here

(6). Although the diagnosis of fascioliasis is fundamentally
made by the detection of the ova or fluke in the bile duct or
stool, it is difficult to obtain such evidence until the patient
advances to the chronic bilary phase
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The corresponding MR image showed
2

diffusion-weighted images.

Figure

INeweighted images, bi

F. hepatica™y P. westermani

T.canis LES
G. doloresi S. erinacei
Figure 3. The ouchterlony double-dilTusion test showed a
strong precipi band against crude antigen on Fasciola

hepatica. The positions of antigens; F. hepatica, Fasciola he-
&

LES. Larval excretory and secretory antigen of Toxocara can-

patica; P. westermani, Paragonimus westermani; canis

G. doloresi, Grathostoma doloresiz S. erina

is: i, Spirometra

Ernacet.

Typical CT findings for hepatic fuscioliasis are nodular or
tubular hypodense lesions up to 20-30 mm in diameter par-
ticularly in the subcapsular area (2, 7) because the infected
form of metacercarine penetrates through the hiver capsule
and could cause subcapsular hemorrhage and frank hepatic

necrosis before the biliary stage (8). However, some atypical

radiographic findings have also been observed during acute
or chronic fascioliasis (9. 10). In the present case. a huge
abscess-forming lesion and asymptomatic physical presenta-
tions with eosimophilia mimicked hepatic unilocular hydatid

disease (11) but that etiology is unknown. Usually, unilocu

lar hydand disease is caused by Echinococcus granulosus

451
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necrotic or abscess-forming lesions (arrows); a)

«weighted images, ¢) lat-suppressed T2-weighted image, d) inverled

infection that produces unilocular and huge cystic lesions
without any obvious symptoms. Although Fasciola and
Echinococeus are quite different parasites, these parasitic
diseases may present similar radiological appearances. Kim
and colleagues reported confusing radiological findings of
fascioliasis exhibiing huge abscess lesions without eosino-
philia (9). That lesion was considered as an abscess-forming
lesion with distinct thick wall and therefore as chronic bili-
ary phase fascioliasis. These radiological and laboratory
findings were not exhibited in the present case of hepatic
phase fascioliasis; therefore our case was different from
those in previous reports.

In the past decade, subsiantial progress in the radiological
diagnosis of human fascioliasis has been achieved and some
reports on the MR imaging have been well documented (12,
13). Cevikol and colleagues (12) reviewed the MR observa-
is and classified them into five

tions of hepatic fasciolias
types, In their article, hypointense lesions on Tl-weighted
images and brightly hypenntense lesions on T2-weighted
images could be classified as one of the type of lesion.
However, the appearance of the lesions in our case, ie.,
huge and multiloculated masses, was not referred to as a
usual pattern of hepatic fascioliasis. Intrahepatic cholangio-
carcinoma or biliary cystadenocarcinoma could demonstrate
the same signal patterns on Tl-weighted and T2-weighted
images, but the diffusion-weighted image is guite useful 1o
distinguish solid ncoplasms and necrotic cysts caused by
fascioliasis as in the present case (14). Bacterial abscess also
shows similar MR
confirm the diagnosis based on MR images and thus exami-

1

s. therefore, it is not possible to

nations of other laboratory findings, serology and aspiration
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Specimens are Necessary.
In conclusion, we emphasize here that hepatic fascioliasis
can present a variety of lesions in the liver and huge cystic

10.216%/internalmedicine.47.0626

liver masses can also be produced. It is imporant to keep
these findings in mind.
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A familial case of visceral toxocariasis due to consumption of raw bovine liver

Masahide Yoshikawa **, Mariko Nishiofuku”, Kei Moriya °, Yukiteru Ouji *, Shigeaki Ishizaka ®,
Kei Kasahara ¢, Kei-ichi Mikasa ©, Toshiko Hirai“, Youka Mizuno ©, Shuhei Ogawa *,
Takahito Nakamura ¢, Haruhiko Maruyama , Nobuaki Akao *

'dewmmmmm

* Department of Hepato- Castroenterology, Naro Medical University, jepan
‘(mur]urlrdiﬂhmmmmued&ulmmmrrm

# Department of 4, Nora Medical Uni ¥,

D af Medicine, Hoshigook i Hu-sp-ml.}nm
'ankmumu.nrpwmmnfummummu;“

Ui oM
& Sertion of Environmental Porusitology, Groduate School of Tokyo Medicol and Dentol University, Jopan

. jopon

ARTICLE INFO ABSTRACT

Article history: We present 3 adult cases of visceral toxocariasis from the same family, who each consumed thin slices of raw
Received 9 june 2008 bovine liver weekly, and developed hilia and le small lesions in their livers and lungs.
mm?mmﬂzm‘ Mg Serological examinations using me larval mtetwy-m:tnry product of Toxocara canis strongly indicated
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L. Introduction

Human toxocariasis is a common helminthozoonosis caused by
infestation with larvae of the nematode worms Toxocara (T.) canis or
T. cati | 1-5]. It has long been considered a parasitic di that affects
pet owners and children, because transmission was thought to only
occur via ingestion of infective embryonated eggs after exposure to
soll and hair contaminated with the feces of dogs and cats. However,
infective stage larvae can also be transferred to other animals and
humans through predation, and this type of parasite transfer is now
considered to be frequently related to adult cases of toxocariasis in
Japan |6]. Therefore, toxocariasis should be recognized as a food-borme
parasitic disease, especially in societies where consumption of raw
meat is prevalent. Herein, we present 3 adult cases of visceral
toxocariasis from the same family who regularly consumed thin slices
of bovine liver. Our findings show that consumption of raw liver from
paratenic animals is an important source of infestation.

*C fing author, Dep of P logy, Nara Medical University, 840
Shijo-cho, Kashibara, Nara 634-8521, Japan. Tel /fax: +81 744 29 8847,
E-mail address: myoshika@naramed-wac jp (M. Yoshikawa)

1383-5769(8 - see front matter © 2008 Elsevier Ireland Lid. All rights reserved.
doi: 10.1016]).parint. 2008 08.002

infection with Toxocara species larvae. The patients r
of raw liver from paratenic

ded well to with albendazole. Ingestion
Is s ¢ idered to be a

transmission route of human toxocariasis.

© 2008 Elsevier ireland Lid. All rights reserved.

2. Cases

A 58-year-old man (Patient 1) had never been found with
leukocytosis in annual medical check-up examinations until Decem-
ber, 2007, when an increased number of white blood cells (11,800/ul)
with marked eosinophilia, absolute count 4250/u, and elevated IgE
(2345 U/ml, normal <100) were found. He was referred to Nara
Medical University Hospital. At the initial interview, the patient noted
that he and 2 other family members, his 57-year-old wife (Patient 2)
and 27-year-old son (Patient 3), consumed raw bovine liver every
Friday for the past year, believing that it was good for their health.
Their habit was to obtain 100 g of raw bovine liver at a nearby meat
shop and serve it as thin slices ar dinner. Patient 1 generally consumed
the most, followed in order by Patient 2 and Patient 3. In contrast, the
mother of Patient 1, who lived in the same house, only ate the raw liver
on a few occasions.

We performed blood examinations for all 4 family members.
Although none was symptomatic, the 3 regular consumers showed
increased eosinophils and IgE (Table 1), while the mother who
consumed raw liver only rarely showed no eosinophilia or elevated
IgE. Results of a blood examination for Patient 2 obtained by a local
physician 1 year previously, prior to beginning the dietary habit,
showed a normal number of white blood cells at 6000/l with a 3%
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Table 1
Patient laboratory data

Patient | Patlenr 2 Patient 3
WHBC (/i) 11.500 8700 8800
Eo (%) 360 270 183
Hb (g/dl) 147 145 156
PLT (=10l 84 254 290
CRP (mgjdl) 0z 05 ol
AST (1) 23 24 7
ALY (1) 2 2% n
ALP (101 79 Fri 0
FGIP [1Uf1) 35 53 21
14E (Ufenl) 2345 545 a2

Abbreviations and normal ranges:
WHC: white blood cells, 3900-9800/.
Eo: eosinophils, 0-5%.

Hb: hemaoglobin, 13.2-156 gl

PLT: platelet, 13.0-36.0 (= 10*)jul.

CRP: C-reactive protein, less than 0.2 my)dl.

AST: aspartate anunotransferase, 12-32 UL

ALT: alanine aminotransferase, 5-36 UL

ALP: alkaline phosphatase, 120-360 (U1,

FGIP: gatnma-ghitamyl i 11-69 IUjL
18E: immunoglobulin E. less than 100 Ufmi.

eosinophil fraction, though IgE was not examined. Additional tests
were performed to determine the etiology of the hypereosinophilia in
the patients, Chest computed tomography (CT) demonstrated multi-
ple small pulmonary lesions, nodules with halos and poorly defined
margins, and ground-glass opacity with a poorly defined margin in all.
Furthermore, contrasted abdominal CT in the portal phase revealed
multiple, poorly defined, low-attenuated nodules in the liver of
Patient 1, while Patients 2 and 3 each had only a single lesion.
Representative CT images from Patients 1, 2, and 3 were shown in
Fig. 1. Some nodules in the liver of Patient 1 showed peripheral rim
enhancement in the arterial phase (Fig. 2A), while most nodules were
undetectable in the equilibrium phase. These CT findings of
pulmonary and hepatic lesions were very consistent with those in
previous reports of toxocariasis [ 7-9). Ultrasonography (US) detected
multiple, small, oval, hypoechoic lesions in the liver of Patient 1, and 3
hypoechoic lesions in the liver of Patient 2 including the one lesion
detected by CT, whereas none was detected in Patient 3, We also
performed contrast US using a newly developed material, Sonazoid®
|10], and compared those images with the CT images (Fig. 2B). The
lesions were detected as hypoechoic areas in the portal phase and
even more clearly in the equilibrium phase, while they were not
enhanced in the arterial phase, suggesting that the lesions were poorly
supplied with arterial or portal blood. In the post-vascular or so-called
Kupffer image phase, the lesions remained un-enhanced, suggesting
the absence or scant presence of Kupffer cells (Fig. 2C).

A rapid diagnostic test for toxocariasis, ToxocaraCHECK™ [11],
which detects IgG antibodies against the larval excretory-secretory
(LES) product of T conis on an antigen-sensitized nitrocellulose
membrane, showed positive results for all 3 patients, Furthermore, a
microplate enzyme-linked immunoabsorbent assay (ELISA) using the
LES product and serum from each patient diluted 1:900 revealed the
presence of human IgG antibodies at very high titers. The optical
density (OD) values at 405 nm for sera from Patients 1, 2, and 3 were
1.58, 1.41, and 1.38, respectively, as compared to the established 0D
value cutoff level of 0.2 for serum from healthy individuals. We also
examined immunopositivity against nematode antigens other than
the LES product of T. canis using a gel diffusion test (Fig. 3), which
revealed a strong positivity against the LES products of both T. canis
and T. cati, suggesting a high cross-immunogenicity between them or
dual infection, though no formation of precipitate was observed
against the LES product of Ascaris suum or Anisakis simplex. Since no
serological examination has been established yet to discriminate

between toxocariasis caused by T. canis and that by T, cari, we made a
diagnosis of toxocariasis by Toxocaro species for all 3 patients.

The patients were instructed regarding prevention of re-infection
and treated with a 4-week regimen of daily albendazole at 600 mg
(108 mgfkg of body weight for Patient 1, 12.8 mg/kg for Patient 2,
10.0 mg/kg for Patient 3), All completed the treatment, though a mild
elevation of transaminases up to double the upper limit was observed
in Patient 2. During treatment, the eosinophil count decreased in each
and became normalized by the end of treatment in Patient 2, while
Patients 1 and 3 were further treated with albendazole at the same
dose for two more weeks until the eosinophil count became normal-
ized. Hepatic and pulmonary lesions were undetectable by CT and US
examinations at the end of treatment In all of the patients. Three
months after finishing the treatment with albendazole, we confirmed
that a normal eosinophil count was maintained in each patient, along
with no recurrent hepatic or pulmonary lesions in CT findings. In
addition, the OD values of anti-T. canis LES were decreased to 095,
0.80, and 0.74 from the initial values of 158, 141, and 138 before
treatment in Patients 1, 2, and 3, respectively.

3. Discussion

Visceral toxocanasis is a representative infection of visceral larva
migrans (VLM), first reported by Beaver et al. [12], known to be
prevalent among preschool children, as they tend to play with dogs in
open areas and ingest egg-contaminated soil. However, a recent
review of human toxocariasis cases in Japan noted that the disease
affects predominantly adults rather than children [6].

There are a number of case reparts of adult toxocariasis [13-21),
and accumulating evidence |22-27] has revealed that a common route
of adult human infection is through ingestion of uncooked or raw liver
from a paratenic host, In general, transfer of infective stage larvae
through predation is a common mode of helminth transmission
among carnivorous vertebrates and this type of parasite transfer can
also occur from animals to humans. In experiments with chicken,
cattle, and swine, Taira et al. found that the animals were able 10
function as paratenic hosts for T, canis and that the liver was one of the
most intensely affected organs (22,23 ). Similar observations regarding
the importance of predatory cycle have also been reported for cases of
infection with A. suum [28,29],

Adults with a dietary habit of consuming raw liver have been found
tobe at high risk for human VLM | 24- 26 ). Morimatsu recently reported
an interesting familial case in Japan, in which a father (71 years old)
and son (45 years old) developed visceral toxocariasis after consumgp-
tion of raw chicken livers, and found T. canis larvae in the livers of
chickens raised in their breeding farm [ 17]. The present patients began
to eat raw bovine liver weekly and continued the habit for abour 1 year.
Patients 1 and 2 had normal white blood cell counts including
ensinophils in routine peripheral blood examinations conducted 1 year
and just prior, respectively, to beginning the weekly consumption of
raw bovine liver, which suggests that the dietary habit of eating raw
liver contributed to toxocariasis in those cases. We strongly suspect
that some of the raw liver served at dinner was infected with larvae of
Toxocara species. Thus, itis important to recognize that toxocariasis can
be a food-borne parasitic disease, based on the present findings.

The majority of patients with visceral toxocariasis are asympio-
matic and the disease is often discovered during investigation of
peripheral eosinophilia [8,9,30), as in the present cases, though those
with a high number of worms may complain of vague abdominal
discomfort, abdominal pain, cough, dyspnea, fever, or general
weakness. Although each of our patients were asymptomatic, the
degree of eosinophilia, serum Igk level, and number of hepatic lesions
were prominently high in Patient 1, who ingested larger quantities of
raw liver as compared to the others, suggesting that the number of
worms and disease severity may be proportional to the amount of raw
liver intake,
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Fig. L. CT images of pulmonary and hepatic lesions. A, B, and C show representative CT images from Patients 1, 2, and 3, respectively. Pulmonary lesions (arrows, magnified in inset)
were shown as nodules with halos and a poorly defined margin or ground-glass opacity with a poorly defined margin. Hepatic lesions (arrows) appeared as small, poorly defined

areas of low-attenuation in the portal venous phase of contrast-enhanced CT scanning,

We found that imaging modalities were very useful to reach a
diagnosis. Characteristic CT findings of hepatic and pulmonary lesions
in visceral toxocariasis reported elsewhere [7-9] are compatible to
those found in our patients. Typically, the hepatic lesions are multiple,
small (usually less than 2 cm in diameter), poorly defined, oval ar
elongated, and with low attenuation, and usually best visualized in the
portal venous phase of contrast CT. Pulmonary lesions are shown as
multiple small nodules {mostly less than 3 cm in diameter), with some
associated with halos with poorly defined margins, and also shown as
ground-glass opacity with a poorly or well-defined margin. Lesions in
the liver and lung tend to be found in the periphery of those organs. In
the present cases, we also performed US examinations using Sonazoid,
a recently developed microbubble contrast agent, which is phagocy-
tosed by liver-specific macrophages. known as Kupffer cells, following

the vascular phase [10]. Sonazoid-contrast US showed that the liver
lesions were poorly supplied with arterial and portal blood, and
contained no or few Kupffer cells as compared with the surrounding
liver parenchyma. These CT and US image findings are compatible to
inflammatory granuloma. Although we did not perform a puncture
biopsy of the hepatic lesions for histological examinations, eosino-
philic granuloma would be expected,

A serological examination is also important for an accurate
diagnosis, as it is difficult to obtain worms from patients in most
cases, In the present cases, we performed 3 kinds of serological tests,
rapid screening ELISA, quantitative ELISA, and an immunodiffusion
test, using the LES product of T. canis, which is known to be highly
immunogenic, Sera from the 3 patients were positive in all of those
tests. However, in immunodiffusion tests with LES products of T. canis
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Arterial phase

Patient 1

Portal phase

Equilibrium phase

Patient 2

Fig. Z. CT and US images of hepatic lesions. A. Twa nodules {armow and arrowhead ) in the liver of Patient 1 are shown. That shown by the arrowhead (magnified In inset) had weakc
peripheral rim enhancement in the arterial phase, while bath were undetectable in the equilibrivm phase B A leston [circle with broken line] in the left lobe of Patient | was targeted
with Sonazoid-contrast US (lower) and the results were compared with contrast CT images (upper). With CT. the lesion was best seen in the portal phase and became undetectable in
the equilibrium phase, while it was clearly shown as an un-enhanced area in the equilibnium phase. . Post-vascular Sonazoid-contrast US images revealed that the lesions (arrows)

remained hypoechoic. Three lesions each from Patients 1 and 2 are shown

and T. cari, sera from the patients were reactive to both of the LES
products, because of their high cross-immunogeneicity. Finally, we
made a diagnosis of toxocariasis by Toxocara species.

Covert toxocariasis with eosinophilia alone is often treated
conservatively after instruction regarding prevention of re-infection.
Stopping the habit of ingesting raw liver alone might have been

adequate for the present cases of asymptomatic toxocariasis. However,
the existence of living larvae in the lungs and liver for a prolonged
period is a potential risk for their migration to other organs, including
the spinal cord and brain, leading to serious complications. We decided
to prescribe albendazole, which is commonly used for toxocariasis and
known to he effective with minimal adverse reactions. A dose of
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Fig. 3. Results of serological tests. Data from Patient 1 shown with schematic positions of antigens and sera are presented as representative findings. The antigens used were adult
worm extract (AES) of T canis, AES of Anisakis simplex, larval excretory-secretory (LES) of Amisakis simplex, LES of Ascaris suwm, LES of T, coti, and LES of T. comis. Strong precipitin
bands were abserved for the LES products of T. canis T catl in serum samples from all 3 patients.

400 mg of albendazole twice a day or 10 mg/kg of body weight/day in
two divided doses for 5 days seems to be the currently recommended
therapy [4,31,32], though the optimal duration of therapy is unknown
[33], According to a previous report [31], only 32% of patients with
toxocariasis were clinically cured with a 5-day regimen and other
reports have noted that additional treatments with other anthel-
minthic drugs, such as diethylcarbamazine and mebendazole, or the
use of albendazole for a longer period was effective [18,34-39], We
adopted a 4-week regimen of daily albendazole at 600 mg, with the
disappearance of eosinophilia considered to mark the endpoint of
therapy. Clinical improvement appeared soon after the initiation of
treatment, demonstrated by a decrease in eosinophil count, with
minimum adverse effects related to mild liver dysfunction, followed by
the disappearance of heparic and pulmonary lesions.

Based on our results, we concluded that infestation with Toxocara
species from paratenic animals is likely a common and important mode
of transmission to humans, especially adults, in areas such as eastern
Asia where the consumption of raw liver remains a cultural habit
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Raw Cow Liver
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Ficture 1. Contrast-enhanced CT scan image obtained at portal venous phase showing multiple
small, ill-defined, and low-attenuation lesions in the liver of the patient (arrows).

A 58-year-old man had leukocytosis (leukocytes 11,800/ mography (CT) revealed multiple, ill-defined, low-attenuated
pL.), with marked eosinophilia (36%) and an increased total lesions in.the patient’s liver (Picture 1). Chest X-ray images
IgE at 2,345 U/mL (normal <100). There were no abnormal  did not reveal apparent abnormalities, whereas chest CT
results in his annual check-up examinations including blood demonstrated a nodule with a halo and ill-defined margin,
parameters until the most recent examination, when he be- and ground-glass opacity (Picture 2). Gel diffusion test us-
gan o eal raw cow liver weekly. Abdominal computed to- ing the patient’s serum revealed strong precipitin bands
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Ficture 2 Chest CT scan image showing nodule with halo and ill-defined margn (left), and
groundglass opaaty with an ill-defined margin (right). The lesion is shown magnified in the inset.

against larval excretory-secretory (LES) products of both was performed. Consumption of paratenic meat, especially
Toxocara (T.) canis and T. cati, thus visceral larva migrans raw liver, was the suspected source of infestation.
(VLM) was highly suspected. Ttreatment with albendazole

© 2008 The Japanese Society of Internal Medicine
http:/fwww.naitka or.jp/imindex_html
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Exposure to Bisphenol A Prenatally or in Adulthood Promotes T2 Cytokine
Production Associated with Reduction of CD4*CD25* Regulatory T Cells

Huimin Yan, Masaya Takamoto, and Kazuo Sugane
Department of Infection and Host Defense, Division of Immunology and Infectious Diseases, Shinshu University Graduate School of

Medicine, Matsumoto, Japan
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Bisphenol A (BPA), an estrogenic endocrine-
disrupting chemical (EDC), has drawn arten-
tion because of its porential for human
exposure. BPA is widely used, including in
dentistry, food packaging, and lacquers to
coat food cans and water pipes. It can enter
the environment, resulting in chronic expo-
sure of humans and wildlife. In fact, BPA has
been detected not only in food and warter
(Heemken cr al. 2001; Shin er al. 2001;
Thomson and Grounds 2005) bur also in
human urine and blood samples as well as in
the placenta and ic fluid of preg
women (Tkezuki er al. 2002; Marsumoto e al.
2003; Schonfelder e al. 2002; vom Saal and
Hughes 2005). BPA is one of the most wide-
spread EDCs.

There is much evidence that exposure to
BPA through contamination of the environ-
ment or the treatment of experimental ani-
mals disrupts developmental programs ro alter
sexual phenotypes and reproducrive funcrions
(Farabollini et al. 2002; Herath cr al. 2004).
BPA antagonizes the actions of thyroid hor-
mone (Moriyama et al. 2002). Exposure of
pregnant rats to BPA resulted in the chemi-
cal’s transplacental transfer to the feruses
(Takahashi and Oishi 2000; Welshons et al.
2006), suggesting that developing embryos or
fetuses might be affected by BPA. Prenatal
exposiire to BPA has been shown to alter a
varicty of reproductive endocrine parameters,
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such as testosterone and luteinizing hormone
levels in rars (Ramos et al. 2003; Rubin et al.
2001) and the early onset of sexual maturation
of female mice (Honma et al. 2002). In addi-
tion, behavioral changes have been reported in
offspring of mice exposed to BPA during
pregnancy and lactation (Dessi-Fulgheri et al.
2002). BPA may also be a potentially impor-
tant modulator of immune responses. It
inhibits adhesion capacity and promotes
cywkine production in macrophages in witro
(Segura et al. 1999; Yamashia er al. 2005).
Exposure to BPA also enhances the produc-
tion of autoantibodies by Bl cells (Yurino
er al. 2004). Furthermore, imbalanced
T-helper (Ty)1/Ty2 immune responses have
been demonstrated on exposure o BPA. BPA
inhibits the secretion of interferon-y (IFN-y)
in C57BL/6 and female NZB/NZW mice
(Sawai et al. 2003). In contrast, BALB/c mice
treated with BPA exhibit augmcmrd Tu!
immune responses alone (Alizadeh et al.
20061, or both Tyl and Ty2 responses
(Yoshino et al. 2003). Our previous study
indicated that BPA promotes Ty2 cytokine
production in vitro and in vive (Tian et al.
2003). However, the cffects of prenatal expo-
sure ro BPA on immune responses have not
been darified.

In this study, we used mice infecred cuta-
neously with Leishmania major to investigate
the effect of BPA on Ty1/Ty2 immune

responses in adulthood and prenatal stages.
The model provides an excellent system with
which to study the factors controlling the
Sem:ﬂnun and regulation of Tyl and Ty2
cells in vive. Experimental infections of differ-

enc strains of mice with L major result in the
development of cither a predominant Tyl

response and resistance or a predominant
Ty2 response and suscepribility. The carly
production of interleukin-12 (IL-12) and
1FN-y promotes a Ty1 response and healing,
whereas 114 production is necessary for the
development of a Ty2 response and of
progressive discase. We also focused on
CD4'CD25" regulatory T cells (Treg cells),
one of the CD4* T cell populations consritu-
tively expressing the [L-2 recepror a-chain
(CD25) playing a central and prominent role
in the maintenance of the immunologic bal-
ance (Maloy and Powrie 2001; Shevach
2002) by inhibiting the proliferation of and
the production of cytokines by CD4* and
CDB8* T cells (Dieckmann et al. 2005:
Stassen et al. 2004). We evaluated whether
CD4*CD25* Treg cells were affected by
exposure to BPA, resulting in the alteration of
cytokine production by CD4" T cells.

Materials and Methods

Mice. Six- to 8-weck-old L. major-suscepuible
BALB/c and L. major—resistant C57BL/6
mice were purchased from Clea Japan
(Tokyo, Japan). Mice were housed in poly-
methylpentene (TPX) cages and fed sterile
standard chow (FR-2; Funabashi Farm,
Chiba, Japan). Drinking water was provided
ad libitum in glass bortles, All animals were
handled according to the guidelines of the
Ethics Commirtee for Animal Experiments of
Shinshu University. Animals were treared
humanely and with regard for alleviation of
suffering.
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Monoclonal antibodies and reagents. BPA
was purchased from Nacalai Tesque (Kyoto,
Japan). Phycoerythrin (PE)-conjugated
anti-CD4 and fluorescein isothiocyanate
(FITC)~conjugated anti-CD25 monoclonal
antibodies (mAbs) were obtained from BD,
Biosciences (San Diego, CA, USA). The cyto-
metric bead array (CBA) kits were also from
BD Biosciences.

Leishmania major. L. major (MHOM/SU/
73/5A5KH) was kepe in a virulent state by con-
tinuous passage in BALB/c mice. A cell suspen-
sion of popliteal lymph node from an infecred
BALB/c mouse was cultured in Schneider’s
medium (Gibeo BRL, Gaithersburg, MD,
USA) supplemented with 20% heat-inactivaced
fetal calf serum (FCS; Biocell Laboratories,
Carson, CA, USA). Stationary phase pro-
mastigotes were collected by centrifuganon and
washed with saline, Mice were infected in the
right hind footpad with 5 x 10* promastigores,
The course of infection was monitored h}f
making weekly measurements of foorpad
thickness with a metric caliper. The results
were expressed as the difference between the
thickness of the infected right footpad and thar
of the noninfected left one,

To prepare soluble L. major antigen, 1 x 107
promastigotes were homogenized by three cycles
D"r '“md.| 'uinli 'l LE'"I
saline, Aliquots were stored at ~30°C before use.

BPA treatment. Exposure of adult male
mice to BPA. BPA was dissolved in com oil
and injected subcutancously into the nght hind
leg at doses of 0.625, 1.25, 2.5 and 5 pmol,
which is equivalent to 5.7, 11.4, 22.8, and
45.6 mg/kg body weight (bw). These doses
were based on our previous study in which
| pmol BPA was shown ro increase [L-4 and
1L-10 production in Trichinells spiralis-infected
mice (Tian et al. 2003). The control mice
received corn oil vehicle alone. One week lLater,
the mice were injected with L majer promasn-
gotes in the footpad of the same leg.

Prenatal exposure to BPA. Female mice
were given BPA in drinking water at doses of
1. 10, and 100 oM for 2 weeks. Each group
of mice was then mated with a male and
treated wich BPA-containing drinking warter
for another week. Offspring born within
16-19 days after BPA treatment was com-
plete were used in this experiment. The
100 nM (sbout 3 pg/kg bw/day) dose of BPA
was based on recent studies showing that
administration of low doses of BPA at 2 and
20 pg)‘lt.g bw/day 10 pregnant animals caused
permanent changes in reproductive organs of
offspring (Honma et al. 2002; Nagel er al.
1997). The mice in all groups drank approxi-
marely 3-4 mL water per day. The toral dose
received by cach female mouse during the
period of experiment was about 0.07, 0.7, or
7 nmol, Offspring of dams who received
drinking water without BPA were used as

Effects of pre- and postnatal exposure to BPA on immunity

contrals. Male 10-week-old offspring were
infected with L. major.

In vitro culture of splenocytes. A single-
cell suspension containing 2 x 10% spleno-
cytes from each mouse was incubated in
24-well tissue-culture plates (Greiner,
Nurtingen, Germany) in 1 mL RPMI 1640
medium (Nissui Pharmaceutical Co., Tokyo,
Japan) supplemented with 10% FCS (Biocell
Laboratories), penicillin (100 [U/mL), and
streptomyan (100 pg/ml) (Gibco BRL) at
37°C in a humidified atmosphere of 5% CO,
and 95% air, Cells were stimulared with
L. major antigen (3 pg/ml) during the culti-
vation, Culture supernatants were collected
48 hr later and stored frozen until used.

Cytokine analysis. Concentrations of
IL-4, IL-10, TL-13, and IFN-y in culture
supermatants were determined using CBA kits
according to the manufacrurer’s instrucrions.

Flow cytometric analysis. Single-cell sus-
pensions containing 1 x 10° splenocytes were
suined with PE-conjugated anti-CD4 mAb
and FITC-conjugated anti-CD25 mAb. The
cells were washed, then analyzed using fluores-
cence-activated cell sorting (FACS) with a
FACSCalibur flow cytometer (BD Biosciences)
with CellQuest software (BD Biosciences).

Footpad swelling (mm)

Weeks after infection

Statistical analysis. Results are presented
as the mean ¢ SE. The staristical significance
of the values was evaluated using Student’s
t-test. The significance was assessed at the
p < 0.05 Jevel of confidence.

Results

Effects of BPA on footpad swelling and cytokine
production in L. major—infected adult male
mice. Adult male mice injected with different
doses of BPA were infected with promastigotes
of L mujor | week later. L. major-susccpuble
BALB/c mice developed a conunuous increase
in footpad thickness whether or not they were
injected with BPA. The degree of swelling
increased dose-dependently in mice treated
with BPA. Mice exposed to 2.5 and 5 pmol of
BPA developed significantly larger swelling
than nonexposed control mice at weeks 6 and 8
after infection. Eight weeks after infection, foot-
pad swelling was 1.49-fold greater in mice
treated with 5 pmol of BPA than in controls
(Figure 1A). However, infection with L mugjor
among resistant C57BL/6 mice resulted in
minimal swelling that began to resolve by
4 weeks after infection. There was no signifi-
cant difference in footpad swelling among the
groups (Figure 1B).

Weeks sfter infection

Figure 1. Effects of exposure to BPA in adult male BALB/c (4) and C57BL/6 (B) mice on footpad swelling
after infection with L. major. Values represent mean = SE (n = 3-4).
*p <005 and **p < 0.01 compared with the nonexposed control group.
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Figure 2. Effects of exposure to BPA in adult male BALB/c mice on IL-& (AL IL-10(8), IL-13(0), and IFN- (0}
cytokine production after infection with L major. Values represent mean = SE (n=3-4),
*p<0.05 and **p < 0.01 compared with the nonexposed control group.
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