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Dioxins (polychlorinated dibenzo-p-dioxin (PCDD)+-polychlorinated dibenzofuran (PCDF)) and
polychlorinated biphenyls (PCBs) are potentially hazardous compounds and have structural
similarity with thyroid hormones. Animal studies have demonstrated that PCDDs, PCDFs and
PCBs can alter immune functions. However, in humans it is not yet elucidated whether dioxins
contained in breast milk have any effects on the immune functions in infants. To investigate the
effects of dioxins on the immune system, we compared the quantitative levels of immune components
between a breast-fed group and bottle-fed group, in which dioxin concentration is almost zero.
Ratios of immune cells, such as CD4+ and CD8+ T-lymphocytes, as well as B-lymphocytes
(CD19+ and/or CD20+) and NK cells (CD16+, CD56+) in peripheral blood lymphocytes, serum
immunoglobulin level, and level of specific IgE antibody to allergens in the venous blood at
12 months of age were assessed in a subgroup of 281 infants. The relationship of post-natal dioxin
exposure via breast feeding with the ratio of immunological markers and the level of humoral
antibodies up to 12 month of age was not demonstrated. In conclusion, it would appear that the
content of dioxins in breast milk in the Japanese general population is not enough to induce any
change in theses-examined immunological parameters during the first year of life, although long-

term effects remain to be evaluated. Toxicology and Industrial Health 2006; 22: 131-136.

Key words: breast feeding; bottle feeding; dioxins; IgE; lymphocytes subsets

Introduction

Polychlorinated-dibenzo-p-dioxin (PCDD), poly-
chlorinated-dibenzofuran (PCDF), and coplanar-
polychlorinated biphenyl (Co-PCB) compounds,
hereafter referred to as dioxins, are tricycle aro-
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matic compounds. They are mainly formed as
byproducts of the synthesis of organochlorine
chemicals and from the combustion of municipal
and hazardous waste. In the late 1970s, the
production and use of these compounds were
banned because their adverse health effects had
become evident.

Immune suppression is a common and exten-
sively characterized sequela associated with acute
2,3,7,8,-tetrachloro-dibenzo-p-dioxin (TCDD)

10.1191/0748233706th2490a
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exposure in laboratory animals. Comprehensive
cell-type fractionation-reconstitution studies have
previously demonstrated the profound inhibition of
B-cell function by TCDDs. According to direct
addition studies utilizing primary cultured murine
B cells, there is evidence suggesting that the
suppression of antibody production by TCDDs
may be closely associated with altered B-cell
differentiation (Suh ef al., 1983). This finding is
further supported by the observation that TCDDs
only modestly inhibit B-cell proliferation.

There is a paucity of in vivo studies on the effects
of dioxins on the immune system of humans
(Tryphona et al., 1998). Initial studies, showing
that PCB and dioxins may be toxic to human
immune function, were carried out on individuals
accidentally exposed to these compounds (Patter-
son et al., 1988). Weisglas-Kuperus et al. (1995)
demonstrated that prenatal PCB/dioxin exposure
was associated with changes in T cell subpopula-
tions in the blood in Dutch infants.

It is not yet clearly determined, however, whether
pre- and post-natal exposures to high background
levels of PCDD, PCDF and PCB can alter the
immune system in human infants, and whether the
health of infants is adversely affected by these
pollutants. In this stiidy, we investigated the effects
of dioxins contained in breast milk on the quanti-
tative levels of various immune components in
Japanese infants from birth to 12 months of age.

Subjects and methods

We collected breast milk from 415 mothers in
20 prefectures and cities in Japan at 30 days post-
partum and quantified 14 isomers for PCDDs,
15 for PCDFs and 12 for coplanar PCBs
(Co-PCBs). To express the toxic potency of the
mixture of dioxins in breast milk samples, the toxic
equivalency (TEQ) calculation, based on the new
TEF re-evaluated by WHO in 1997, was used. The
ages of the mothers were limited to 25-34 years,
and all mothers were primiparous and resided in
the same area for more than five years.

At one year of age, blood samples were obtained
from 281 breast-fed infants (breast-fed group) for the
evaluation of immune functions. The breast-fed
group was infants who had mainly received breast
feeding until one year of age. Blood samples were

also obtained from 20 infants who were bottle-fed at
one year of age, as a control group (bottle-fed group).

The fat content in human milk was determined
by weighing, as described by Patterson et al. (1988).
In brief, breast milk (50 mL) was mixed
with saturated potassium citrate (10 mL), ethanol
(100 mL), diethylether (50 mL) and hexane
(120 mL) in a 500-mL separatory funnel and
shaken vigorously for 10 min. The hexane phase
was then removed and washed first with 2 mol/L
NaOH followed by sulfuric acid. The hexane phase
was then dried and weighed. The fat content of
breast milk at five days post-partum was 3.0+
1.4%, and at 30 days post-partum was 3.8 +1.2%,
and did not change thereafter (Matsuura, 2001a,b).

PCDDs, PCDFs and Co-PCBs in human milk
were identified by GC/MS conducted at the Japan
Food Research Laboratory (Matsuura, 2001b).
Surface markers of peripheral blood monocytes
(PBMCs) were quantified by flow cytometry (SRL,
Tokyo, Japan) (Ip et al., 1982).

Serum IgE concentrations were determined
by chemiluminescent enzyme immunoassay
(Matsui et al., 2000). Specific IgE antibodies for
house dust, milk and egg white were quantified by
fluoroenzyme assay (CAP RAST FEIA, Pharmacia
& Upjohn, Sweden). All parents who participated
in this study gave their written informed consent.

The ratio of CD3, CD4, CD8, CD4/8, CDI19,

CD20 and CD86 between the breast-fed and bottle-

fed groups was analysed by Student’s ¢-test. The
serum immunoglobulin levels of IgG, IgA, IgM and
IgE between the breast-fed and bottle-fed groups
were analysed by Student’s z-test. Distribution of
CAP-RAST scores between 0 and 1-6 was analysed
by Fisher’s exact test. Probability (P) values <0.05
were considered to be statistically significant.

Results

Effect of dioxins in breast milk on T cell ratio in
PBMCs

The ratios of CD3+, CD4+, CD8+ or CD4+/
CD8&+ cells in PBMCs were compared between the
breast-fed and bottle-fed groups (Table 1). No
significant differences were demonstrated. The
correlation between the concentration of dioxins
in human milk and T cell ratio was also investigated



Table 1. The ratio of lymphocyte subsets in the breast-fed and bottle-
fed groups.

Breast-fed group Bottle-fed group P

(N=281) (N=20)
CD3 (%) 731472 69.9+6.1 0.053
CD4 (%) 50.1+8.4 48.6+6.7 0.436
CDS (%) 24.1%5.8 241474 0.861
CD4/CD8 22409 23412 0.718
CDI19 (%) 14.745.6 15.946.7 0.362
CD20 (%) 14.345.6 159458 0.242
CDS6 (%) 0.8+0.5 1.240.9 0.078
I¢G (mg/dL)  645.1+182.1 694.0+186.2 0.248
TgA (mg/dL) 34.2+22.6 36.6+19.1 0.644
IgM (mg/dl) 10594336 106.9+41.4 0.899
IgE (U/mL) 5444899 58.24105.9 0.857

and no significant correlation was found between
them (Figure 1A).

Effect of dioxins in breast milk on B cell ratio in
PBMCs

The ratios of CD19+, CD20+ or CD86+ cells,
which are the surface markers of activated B cells,
were compared between the breast-fed and bottle-
fed groups (Table 1). There was no significant
correlation. The correlation between the concentra-
tion of dioxin in human milk and B cell ratio was
also investigated and no significant correlation was
found between them (Figure 1A).

Effect of dioxins in breast milk on NK cell ratio in
PBMCs

The correlation of the ratio of NK cells (CD16+/
CD56-+) with the concentration of dioxins in
human milk was examined and no significant
correlation was found (Figure 1A).

Effect of diexins in breast milk on the serum
immunoglobulin levels

The serum immunoglobulin levels of 1gG, IgA, IgM
and IgE were compared between the breast-fed and
bottle-fed groups (Table 1). No significant differ-
ences were demonstrated between them. The corre-
lation between the concentration of dioxins in
human milk and the serum immunoglobulin levels
was also investigated and no significant correlation
was found between them (Figure 1B).

The specific IgE antibody to house dust, milk
and egg white was quantified (Table 2). It was not
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demonstrated that there was no significant correla-
tion between the breast-fed and bottle-fed groups.

Discussion

In this study, we investigated the relationship of the
concentration of dioxins contained in breast milk
with the ratios of immune cells and immunoglobu-
lin levels. It has been reported that in vitro dioxins
suppress B cell differentiation. Furthermore, there
are some in vivo studies suggesting an effect of
dioxins on immune functions (Forawi et al., 2004).
Smoger et al. (1993) reported that for children born
to mothers living in a TCDDs-contaminated en-
vironment in Time Beach (MO) during and after
pregnancy, a decrease in CD4+4 T cells and an
increase in CD8+ T cells was detected in child-
ren from nine to 14 years of age. In one preli-
minary study conducted in Northern Quebec, the
CD4+/CD8+ T cell ratio of Inuit infants, whose
mothers have increased levels of PCB and dioxins in
their breast milk, decreased at six and 12 months of
age (Dewailly et al., 1993).

Svensson et al. (1994) reported that the con-
sumption of fatty fish species, such as salmon and
herring, from the Baltic Sea is an important source
of human exposure to persistent organochlorine
compounds, eg, PCDDs, PCDFs and co-PCBs. The
high fatty-fish consumers had lower ratios and
numbers of NK cells, identified by the CDS56
marker, in peripheral blood than the non-consu-
mers. The weekly intake of fatty fish correlated
negatively with the ratio of NK cells. This indicates
that accumulation of persistent organochlorine
compounds in high fatty-fish consumers may
adversely affect NK cell ratios. Weisglas-Kuperus
et al. (1995) demonstrated that a high post-natal
PCB/dioxin exposure is associated with an increase
in the number of TcRy6+ T cells at birth and
with an increase in the number of CD8 4+, TcRaff +
or TcRyd+ T cells at 18 months of age. Nagayama
et al. (1998) reported that the ratios of CD4+ to
CD8+ T cells had a significant increasing tendency
with the estimated total TEQ intakes.

In our study, it was not demonstrated that the
ratios of T cell subpopulation and CD164 CD56 +
cells (NK cells) in PBMCs correlated with the
concentration of dioxins in human milk, although
the number of CD4+ and CD8+ T cells were not
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Figure 1. (A) Relationships between ratios of CD3+, CD4+, CD8+, CD4+4/CD8+, CD19+, CD20+ and CD16+ CD56+ cells in PBMCs and
the concentration of dioxins in human milk at 30 post-partum days. X-axis means the concentration of dioxins (pg/g fat). Y-axis means the percent
of surface marker positive cells except CD4/CD8. In CD4/CD8, Y-axis means the ratio of CD4 per CDS8. (B) Relationships between ratios of serum
IgM, IgG, IgA and IgE and the concentration of dioxins in human milk at 30 post-partum days. X-axis means the estimated intake of dioxins (pg/g
fat). Y-axis means the serum concentration of IgM (mg/dL), IgG (mg/dL), IgA (mg/dL) and IgE (IU/mL).
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Table 2. Specific IgE antibody of breast-fed and bottle-fed groups.
Breast-fed group Bottle-fed group P
0* 1 2 3 4 5 6 0 1 2 3 4 5 6
House dust 251° 8 10 5 1 1 0 19 0 1 0 0 0 0.568
Milk 238 12 20 5 1 0 0 17 0 2 1 0 0 0 0.558
Egg white 180 24 44 22 2 3 0 15 3 2 0 0 0 0.264

#Number (0—6) indicates CAP-RAST scores to each allergens.

"Number indicates the number of persons who have the CAP-RAST score.
Distribution of CAP-RAST scores between 0 and 1-6 was analysed by Fisher’s exact test.

analysed. We could not find that the levels of serum
immunoglobulins and specific IgE to allergen were
significantly different between the breast-fed and
bottle-fed groups. The difference between our data
and those of Weisglas-Kuperus may be due to the
following: the time at which immunological analysis
was performed, and the amount of dioxins to which
the subjects were exposed, that is, a higher con-
centration of dioxins in the early days after birth;
the content of dioxins in breast milk was almost
2-fold higher in the Netherlands (30.75 pg TFQ/g
fat) than in our study (14.8+6.1 pg TFQ/g fat)
(Matsuura et al., 2001b).

The sample size in this study was 281 in the
breast-fed group and 20 in the bottle-fed group,
which is a maximum size considering the budget for
this study and the co-operation of the mothers.
When we consider the value between the breast-fed
and bottle-fed groups (shown in Table 1 as true
difference), the power of CD3 and CD86 was
higher than 50%, however, CDS§, CDA4/8, IgA,
IgM and IgE was lower than 10%.

On the basis of the results of this study, we
conclude that, although the infants were exposed to
some amounts of dioxins in the breast milk in
Japan, we could not find that the quantitative levels
of immune components at one year of age was
seriously impaired. However, long-term effects
remain to be evaluated.
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Several studies have suggested that respiratory syncytial virus (RSV)
bronchiolitis induced the change of cytokine production profile in
childhood. We sought to determine whether the RSV-induced cytokine
production was affected by the patient’s atopic background. We
quantified nterferon-gamma (IFN-gamma) and interleukin (IL)-4 in
the supernatant of peripheral blood mononuclear cells (PBMCs) cul-
tured for 24 b and in the presence of phytohemaglutinin (PHA), IL-12.
or 1L-18, from 14 infants who were divided mnto two groups, those who
are non-atopic and an atopic group. In RSV-infected infants with atopic
diseases, IFN-gamma production from JL-12- or especially 1L-18-sti-
mulated PBMCs was subtotally suppressed in the acute phase, whereas
in RSV-mfected mfants without atopic diseases IFN-gamma production
was not suppressed on acule phase. The IFN-gamma suppression
observed in the atopic group is not caused by the immaturity of an
infant’s immune system since reduced TFN-gamma production to RSV
1s not observed in the infants of non-atopic group. IFN-gamma sup-
pression in regard to RSV infection might be caused by some genetic
factor involved in the development of alopic disease such as IL-18 signal
cascade.
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Respiratory syncytial virus (RSV) remains the
most prevalent nflectious cause of lower res-
piratory tract illness in both infants and
children (1-3). Most infections with RSV are
symptomatic; however, the range of severily in
infants and young children varies greatly.
Several studies have suggested that infants in
whom RSV bronchiolitis develops will have
recurrent wheezing and asthima later in child-
hood (4). The reasons why this occurs are still
unknown: whether RSV is the actual causal
factor for asthma or simply targets cluldren
who are predisposed to bronchial obstructive
disease is still speculation (5). Further compl-
cating the picture is the question of whether
there 1s a link between RSV infection in
mfancy and the development of wheeze or
asthma later in childhood. Results {rom clinical
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studies have been contradictory, with some
results supporting a link. and others disproving
a link (6, 7).

It has been shown in animal studies that viral
infections can increase the risk of allergic sensi-
tization. A viral influence causing a switch {rom
Th2 to Thl lymphocytes, and thus a lower
production of Igl antibodies, has been sugges-
ted, but a more complex mechanism may operate
in RSV infection, judging from animal studies
and the results of the present and other clinical
studies (8). It has been hypothesized that an early
RSV infection may perpetuate Th2-dominant
immune responses (9).

Aberle et al. tried to compare both the Jevels of
I[FN-gamma mRNA expression in peripheral
blood mononuclear cells (PBMCs) and the dis-
tribution of Ilymphocyte subpopulations in
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infants with severe RSV bronchiolitis and those
with a milder clinical course of illness (10). Their
data indicated that reduced 1FN-gamma expres-
sion might be an important factor in the path-
ogenesis of severe RSV disease in infancy.

In this study we tried to determine whether
lymphocytes in children with atopy or some
genetic background show a different immune
response to RSV compared with non-atopic
children. Our results showed that the reduced
IFN-gamma expression was observed specifically
i the atopic group.

Subjects and methods
Subjects

Fourteen children between 1 month and 4 yr of
age, were admitted for respiratory tract infection
to our hospital during the epidemic period of
2002-2003. All of our cases were admitted in our
hospital according to the dyspnea and/or the
exhaustion because of the continuance of the
high fever. They had infections with a {ever and
coughing with and without bronchial obstruc-
tion. Their nasopharyngeal secretions were pos-
itve for the RSV antigen by enzyme-linked
mmmunosorbent assay (ELISA) kit (Directigen
RS, Becton, Japan). They were divided into two
groups: (1) with no allergic disease or history
thereof, and (11) with allergic disease or a family
history and/or a past history of allergic disease.
The atopic group in this study consisted of
subjects with bronchial asthma and atopic der-
matitis or a family history within one generation
of allergic diseases. There were no significant
differences in age, sex and clinical severity
between the non-atopic and atopic group. The
diagnosis of bronchial asthma was made accord-
g to the criteria of the American Thoracic
Society, and that of atopic dermatitis was made
according to the criteria of Hanifin. Informed
consent was obtained [rom their parents. All of
the subjects were randomly selected among
patients in our hospital. This study was approved
by Gifu University ethical committee.

Cell preparation and culture

Peripheral blood mononuclear cells were isolated
from the heparinized blood of patients by gradi-
ent centrifugation in Ficoll-Paque (Pharmacia
AB. Uppsala, Sweden). PBMCs were suspended
to give a density of 10°/ml in the culture medium
which consisted of RPMI 1640 supplemented
with 10% heat-inactivated fetal call serum,
L-glutamine (2 mmol/l), penicillin (100 U/ml)

and streptomycin (100 pug/ml). PBMCs (10°/ml)
were cultured in the presence of 10 pg/ml phy-
tohemagglutinin  (PHA) (Gibco BRL, Grand
Island, NY, USA), interleukin (IL)-12 (5 1U/
ml), or IL-18 (400 ng/ml) in a volume of 1 mlin a
round-bottom tube (FFalcon 2059, Becton Dick-
inson Labware, Lincoln Park, NJ, USA) at 37°C
in a humidified atmosphere containing 5% COa.
The recombinant IL-18 had been prepared in our
laboratory through use of an Escherichia coli
expression system [according to a method devel-
oped by Kato et al. (11)].

Assays for IFN-gamma and -4

The test-tube culture supernatants were spun to
remove the cells after culturing and were stored,
frozen at —80°C untl assayed. IFN-gamma
concentrations were measured with a human

IFN-gamma ELISA kit (Ohisuka, Tokyo,
Japan), and the detection hmit was 15.6-

1000 pg/ml. IL-4 concentrations of the cuiture
supernatants were measured with a human IL-4
US ELISA kit (Bio Source, Camarillo,” CA,
USA). When cytokine values were not detect-
able, for statistical analysis the minimum detect-
able level was used.

lgE assay

Plasma samples obtained from heparinized blood
were kept at -30°C. Plasma 1gE concentrations
were determined by chemiluminescent enzyme
immunoassay. The values were regarded as the
serum IgE concentrations. Specific IgE antibod-
ies for house dust and Dermarofagoides farinae
were delermined by fluoloenzyme assay (CAP
RAST FEIA, Pharmacia & Upjohn, Sweden).

Statistical analysis

The significance of the difference between the
control and atopic group was analyzed by the
Wilcoxon Mann Whitney tes(. A statistical sig-
nificance was assumed for p-values <0.05.

Results

The patients with RSV infection were divided
into non-atopic and atopic group (Table 1).
Clinical severity was determined by the period
of fever. wheezing and the hospitalization
period. No patients had a prior episode to RSV
infection. There were no significant differences in
age, sex and clinical severity although the hospi-
talization period of atopic group seemed to be
longer than non-atopic group (p — 0.079). In all

3N
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Table 1. Clinical features of the patients divided into non-atopic and atopic group

FH Faver lgE Hospitalization

Sex Age or PH {day) Wheeze {(U/ml) RAST period* (day)
Non-atopic 1 M 1y - 1 - 1118 HD 0, DF 0 il
Non-atopic 2 M Tyr - 4 - 15.7 HD 0, BF 0 13
Non-atopic 3 F 3 month ~ 6 + 1187 HB 0, BrF O 11
Non-atopic 4 F 1 month - 1 + a5 HD 0, DF 0 10
Non-atopic 5 M 3 month - 2 + 2.1 HD 0. DF O i
Non-atepic 6 M 1yr - 0 + 19.8 HD 0, DF O 7
Atopic 1 F 10 month BA 0 + 57.5 HD 0, DF O 17
Atopic 2 F 4 yr BA 1 + 42 HD 0, DF O 13
Atopic 3 M 1yr BA 1 + 200 HD 5, DF 4 6
Atopic 4 M 4yr BA 5 + 819.3 HD 3, DF 3 19
Atapic 5 F 4 yr BA/AD 1 + 6483. HD 6. DF 6 9
Atopic 6 M 2yr BA 2 + 42 HD G, DF O 17
Atopic 7 T 1 month FH 1 + 22 HD o, DFO 15
Atapic 8 r 1 month 1l 1 + 0.5 100, DrG 13

Sex: m, male; {, female; FH, family history within one generation of allergic diseases; PH, past history; BA, bronchial asthma; AD, atopic dermatitis; fever, period of
fever over 38°C; RAST, CAP RAST scores; HD. house dust; DF, Dermatophagoides farinae.

*p-value = 0.078.

patients (n = 14), the IFN-gamma concentration
from PHA-stimulated PBMCs between the acute
and convalescent phase is shown in Fig. la. The
concentrations of IFN-gamma in all RSV-infec-
ted patients (n = 14) did not show remarkable
change between the acute and convalescent phase
(Table 2). RSV infected patients were divided
into (wo groups, a non-atopic group (n = 6) and
an atopic group (n = 8). In the non-atopic and
atopic group, the 1FN-gamma concentration
from PHA-stimulated PBMCs is shown in
Fig. 1b. There was no difference in 1IFN-gamma
production by PHA-stimulated PBMCs in either
group. In both groups, the JFN-gamma concen-
tration from IL-12-stimulated PBMCs is shown
in Fig. lc. In the atopic group, the IFN-gamma
concentration f{rom IL-12-stimulated PBMCs
was significantly lower in the acute phase than
that in the convalescent phase (p = 0.024).
Similarly, in the atopic group the IIFN-gamma
concentration [(rom 1L-18-stimulated PBMCs
was significantly lower in the acute phase than
that in the convalescent phase (p = 0.0018)
(FFig. 1d). The change of IFFN-gamma production
by IL-18-stimulated PBMCs was more significant
(p = 0.0018) than that by IL-12-stimulated
PBMCs (p = 0.024). In addition, in the acute
phase the 1FN-gamma concentrations by TL-12-
or 1L-18-stimulated PBMCs in the atopic group
were significantly lower than those in the non-
atopic group (p = 0.013 or p = 0.009, respect-
ively). while in the convalescent phase the
IFN-gamma concentrations by 1L-18-stimulated
PBMCs in the atopic group were significantly
higher than those in the non-atopic group (p =
0.028).
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The concentrations of 1L-4 in all RSV-infected
patients (n = 14) between the acute and conva-
lescent phase did not show any remarkable
change (Fig. 2). Furthermore, no difference of
IL-4 production between the non-atopic and
atopic group was detected.

Discussion

In the present study, we have shown that in the
alopic group in the acute phase the IFN-gamma
concentrations by 1L-12- or IL-18-stimulated
PBMCs. were significantly lower than those in
the non-atopic group. Furthermore, the IFN-
gamma concentrations by IL-18-stimulated
PBMCs in the atopic group were significantly
higher than those in the non-atopic group in the
convalescent phase. However. no diflerence of
1L-4 production between the non-atopic and
atopic group was detected.

We (ried to determine whether lymphocytes
in children with atopy or a family history of
allergic diseases show a diflerent immune
response to RSV compared with non-atopic
children. Our results suggest that the atopic
disease or some genetic background of atopy
might be one of the factors which prolongs
RSV infection because of a reduced Thl
reaction to RSV, although we could not find
any significant differences in the clinical course
between the non-atopic group and atopic
group.

Our results showed that reduced II'N-gamma
expression was observed specifically in the atopic
group in the acute phase. As low IFN-gamma
expression in RSV is observed specifically in the
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Fig. /. (a) In all patients (n = 14), interferon (1IFN)-gamma
voncentration [rom phytohemaglutinin (PHA)-stimulated
peripheral blood mononuclear cells (PBMCs) between the
acute and convalescent phase. (b) In the non-atopic group
(n = 6) and atopic group (n = §). IFN-gamma concentra-
tion {rom PHA-stimulated PBMCs between the acute and
convalescent phase. (¢) In the non-atopic and atopic group.
IFN-gamma concentration from 1L-12-stimulated PBMCs
between the acute and convalescent phase. (d) In the non-
atopic and atopic group, IFN-gamma concentration from
IL-18-stimulated PBMCs between the acute and convales-
cent phase.

alopic group, it may not be due to an inhibitory
effect of RSV, which is capable of suppressing
both non-specific and RSV-specific lymphocyte
proliferation (12). In addition, there was no
significant diflerence about ages between non-
atopic and atopic group (Table 1). Reduced
IFN-gamma production was observed only in
atopic group. Therefore we assumed that a weak
IFN-gamma response to RSV may not result
from the mmmaturity of an infant’s immune
system.

One factor controlling the level of cylokine
expression is genotype. Genlile et al. reported
that the 1FN-gamma genotype is related 1o the
severity of a lower respiratory illness, the dur-
ation of intensive care unit stay and the [re-
quency of otitis media (13). In Japanese children
the association of 1FN-gamma polymorphism
with atopic asthma has been reported. It would
be intriguing lo investigate 1FN-gamma poly-
morphism in our atopic group.

Several lines of evidence have shown the
features of cytokine production in RSV infection.
Pala et al. reported that enhanced 1L-4 responses
in children with a history of RSV bronchiolitis in
infancy (14). Association of cytokine responses
with disease severity in infants with RSV infec-
tion was reported (15, 16). van Benten et al..
showed that RSV-induced bronchiolitis but not
upper respiratory tract infection was accompan-
ied by an increased nasal 1L-18 response (17).
Joshi et al. showed that RSV is associated with
lower 1FN-gamma production in young babies
compared with upper respiratory tract infections
(18). These results suggest that RSV infection
changes the cytokine production and the RSV-
induced cytokine production might be partly
aflected by the time and tissues of taking the
samples.

The change of IFN-gamma production by
IL-18-stimulated PBMCs was more significant
(p = 0.0018) than that by IL-]12-stimulated
PBMCs (p = 0.024). This result suggests that in
RSV infection the 1L-18 receptor signal cascade
might be specifically inhibited. Our previous
reports showed that some atopic discases are
caused by mmpairment of IL-18Ra chain 950 del
CAG. which downregulates Igl production (19).
We have not yet determined what mechanism
induces the predominant expression of the
IL-18Ra chain ¢cDNA in some atopic patients.
Viral infection. such as RSV, and environmental
factors might be candidate modulators of
IL-18Rat chain transcript expression (20).

In conclusion, the suppression of IFN-gamma
in the acute phase of RSV infection was observed
only in the atopic group. These results suggest
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Table 2. Interferan {IFN)-gamma and interteukin (IL-4 production induced by phytahemaglutinin {PHA), IL-12 or IL-18 stimulation

PHA PHA 12 12 IL-18 I-18 -4 1-4

acute canvalescent acute convalescent acute convalescent acute convalescent
Non-atopic 1 2669.9 5445.4 1771 156 198.1 371 70.73 48.07
Non-atopic 2 860.7 10271 15.6 2446 156 362.3 39.1 46.3
Non-atopic 3 1001.2 30634 144.8 7072 132 135.8 9.93 16
Non-atopic 4 1726.7 3115 5478 15.6 308 80.4 36.68 10.63
Non-atopic 5 1685.3 2260 3016 51.3 701.9 15.6 18.68 10.12
Non-atopic 6 4097 7223 62.8 746 476.4 15.6 34.48 4191
Mean + SD 2006 + 1209 2605 + 1714 208 1 193 184 1 269 305+ 249 107 £ 132 34120 334117
Atopic 1 17245 5697.3 15.6 5238 15.6 347 3457 2438
Atopic 2 653.6 21225 15.6 92.7 15.6 3726 18.83 87.38
Atapic 3 294.1 1315.7 15.6 15.6 15.6 307.2 17.1 60.81
Atopic 4 19904 40.2 116.2 813 L1l 927 4327 105.67
Atopic 5 1063.6 21938 15.6 15.6 156 696.3 78.34 105.7
Atopic 6 3178 27789 15.6 1721 15.6 364.9 67.97 38.45
Atopic 7 70538 4916.7 23 7947 18 1484.3 32.29 4154
Atapic 8 869.9 1945.7 15.6 5792 15.6 1286.2 3323 10.58
Mean » SD 1745 + 2229 2672 + 1781 29+ 35 284 1 302 37+ 42 530 2 538 40 + 21 581+ 36

Acute, acute phase; convalescent, convalescent phase.
PHA, IL-12, IL-18 = PHA, IL-12 or IL-18-induced IFN-gamma production {pg/mi); IL-4 = PHA-induced IL-4 production {pg/ml).

Fig.
phy

p = 0.2306
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= L
=
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IL-4 production by PHA- stimulated PBMCs

2. 1n all patients (n = 14), 1L-4 concentration from
tohemaglutinin-stimulated peripheral blood mononu-

clear cells between the acute and convalescent phase.

that the significant difference between the non-
atopic and atopic group in regard to the immune
response to RSV might be caused in part by
genetic factors.
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Inosiplex Affects the Spectra of Proton Magnetic
Resonance Spectroscopy in Subacute Sclerosing
Panencephalitis

ABSTRACT

In vivo magnetic resonance techniques such as magnetic resonance
imaging (MRI) and magnetic resonance spectroscopy have been
some of the most useful tools for evaluation of neurologic diseases.
In subacute sclerosing panencephalitis, magnetic resonance spec-
troscopy can be an additional tool for evaluation of disease pro-
gression or the efficacy of the treatment, such as interferon or
inosiplex, compared with MRI. Inosiplex is one of the effective
drugs for subacute sclerosing panencephalitis, but our in vivo
and in vitro magnetic resonance spectroscopic study indicated that
inosiplex affects the spectra, suggesting a possible failure of neu-
rologic evaluation in a patient with subacute sclerosing panen-
cephalitis treated with inosiplex. (J Child Newrol 2006;21:177-178;
DOI 10.2310/7010.2006.00048).

We previously reported a cerebral magnetic resonance spectroscopic study
of a 13-year-old girl with subacute sclerosing panencephalitis.! The spec-
trum clearly demonstrated the early subtle changes in subacute sclerosing
panencephalitis, indicating the usefulness of magnetic resonance spec-
troscopy in evaluation of disease progression or therapeutic efficacy; how-
ever, there was an unidentified peak at 2.9 ppm. A further study using a drug
solution and the patient’s urine indicated that the resonance should be
from the methyl of 2-hydroxypropyldimethylamumonium. Moreover, the
results also cautioned us about the probable contamination of inosiplex res-
onances on those of the brain itself.

Magnetic resonance spectroscopic examinations were performed
using a conventional whole-body system (Signa Horizon 1.5 Tesla, General
Electric). Localization of a 20 X 20 X 20 num region of interest in her right
frontal lobe was achieved using short echo time (30 milliseconds) point-
resolved spectroscopic sequences. All of the spectra taken from the brain
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Figure 1. Magnetic resonance spectroscopy. A, The spectrum obtained
from the region of interest of the left frontal lobe. B, The spectrum
obtained from the region of interest of the patient’s urine. C, The
spectrum obtained from the region of interest of the inosiplex solu-
tion. Cr = creatine and phosphocreatine; Cho = choline; DIP = 2-
hydroxypropyldimethylammonium; Glx = glutamate and glutamine;
Lac = lactate; Lip = lipids; NAA = N-acetylaspartate; Ml = myo-inosi-
tol; p1 = additional peak; PAcBA = p-acetamidobenzoate.

showed a decrease in N-acetylaspartate resonance, an increase in myo-inos-
itol and choline resonances, and the presence of a lactate signal (Figure 1A).!
An additional peak was observed at the resonances corresponding to
y-aminobutyric acid (GABA; 2.9-3.0 ppm, resonance pl in Figure 1A).

Resonance of CH2 (C4) in GABA has a triplet splitting pattern at 2.9
ppm, and resonance detection of GABA on in vivo magnetic resonance spec-
troscopy usually requires specifically edited pulse sequences.? The resonance
shape and the intensity observed in our patient suggested a contribution
of the resonances from the drugs, especially inosiplex (4.8 g/day, oral
administration). Inosiplex is a 1:3 complex of inosine and p-acetami-
dobenzoate. Reported resonance assignments of the chemicals are shown
in Table 1. The chemical shift value of the observed unknown resonance
from the brain is very similar to that of CH3 (C4, C5) in 2-hydroxypropyl-
dimethylammonium, which has a high singlet peak resonance at 2.9 ppm
originating from 18 protons per molecule.

Next, spectra were obtained from the patient’s urine in a 50 mL tube
and inosiplex solution in a 50 mL tube using the same machine and condi-
tions. The spectra from wrine clearly showed the presence of a resonance
complex similar to that of the inosiplex solution, confirming the intensive
excretion of the unchanged inosiplex compound and its metabolites (Fig-
wre 1B and C).3 2-Hydroxypropyldimethylammonium has no detectable bind-
ing to the serum proteins and distributes into the brain at a high
concentration.®* According to the experimental data in animals, * we can
assume that 2-hydroxypropyldimethylammonium should be present at
around several hundred micromolar concentrations in the brain of a patient





