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Table 3 Intravenous nutritional requirements, types of enteral nutrition, and liver function

Patient xklo." Age ?N\V(kcaif[kg:d}}k Type Of"‘,ént’efr'al,mxﬁitién

ASTZ | GALTY TBil
O (8381U/L) (444 1UL)  (02-1.2 mg/dL)

1 3y 829

General dict + semistate digested nutrient 54 64 03

2 : 4y 314 General diet + semistate digested nutrient -~ 35 200 0.3
3 2y 13.3 General diet + semistate digg:é{e’d nut:iexii“' 33 [T ) I 0.6 -
40 ly - 00 General diet + semistate digested nutrient-~ 48 S30 0.3

Values in parentheses are the standard values. PN indicates parenteral nutrition; ALT; alaning t’r“é’nysziminasc: AST, aspartate transaminase; TBil; total

bilirubin.
* Initially treated in another hospital.

patients with intestinal failure [14-17]. Fortunately, none of
our patients developed cholestatic liver disease during
treatment (Table 3). Patients receiving at least some enteral
nutrition have been shown to have partial protection from
intestinal failure—associated liver disease compared with
patients on total parenteral nutrition [18-22].

The preservation of the intestine is essential for improved
outcomes in hypoganglionosis. We found a significant
improvement in intestinal motility over time in one patient
with hypoganglionosis (data not shown) with the intestinal
manometry [23]. Intestinal preservation is also important for
evaluating intestinal function in patients with hypoganglio-
nosis. Previously, Okamoto et al [5] also recommended con-
tinued monitoring of intestinal function for 1 year without
bowel resection. However, gut segments distal to the
jejunostomy tend to atrophy and gradually deteriorate, as
occurred with patient 1. Qur experience with patients 2 to 4, in
whom we administered infusions of GFO and lactobacillus as
synbiotic preparations through the double-barrel jejunost-
omy, demonstrated that this might be effective for consider-
able functional development in distal intestinal segments. A
minimal amount of nutrients may also be beneficial for
neonates in attempting to achieve intestinal adaptation [24].
Moreover, refashioning a double-barrel jejunostomy into a
Bishop-Koop type jejunostomy may help regulate intestinal
flow and prevent an overload from occurring in the distal
segment of the intestine. Aerobic bacteria of the colon
metabolize unabsorbed fibers to short-chain fatty acids.
These fatty acids are rapidly absorbed by the colonic mucosa
and used as an energy source, and this may provide some
additional anti-inflammatory effects [24]. The infusion of
GFO and lactobacillus and refashioning to Bishop-Koop type
jejunostomy may thus prevent future massive resection of
the functional hypoganglionic distal intestine. However,
further studies are required to determine the optimal timing
for closure of Bishop-Koop-type jejunostomy.

5. Conclusions

Hypoganglionosis must be distinguished from extensive
or total colonic aganglionosis during the initial surgery.
Atrophy and resection of distal bowel segments may be

preventable by maintaining gut viability through the use of
synbiotics and a Bishop-Koop—type jejunostomy. As the
nutritional management of hypoganglionosis is significantly
influenced by the treatment method, our recent approach for
hypoganglionosis (simultaneous jejunal and sigmoid colonic
biopsies and the 2-stage surgical technique) may help to
establish an early diagnosis and improve patient manage-
ment and outcomes.
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Urinary sulfated bile acid analysis for the early detection of biliary
atresia in infants
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Abstract Background: Measurement of urinary sulfated bile acid (USBA) is a non-invasive method to detect bile congestion. Our
aim was to evaluate the feasibility of USBA analysis for the early detection of biliary atresia (BA).

Methods: We determined the USBA-to-creatinine ratio (USBA/cr) in 1148 infants at 1040 days after birth. All infants
were followed uniil the 3- to 4-month postnatal routine health check. The cutoff value for USBA/cr was 55.0 pmol/g
creatinine.

Results: Among the infants tested, 47 (4.10%) had USBA/cr ratios that exceeded the cutoff value. Two of these 47
infants had liver disease; one was diagnosed with neonatal hepatitis syndrome, and the other was diagnosed with BA. The
BA patient underwent USBA analysis [or the first lime on day 18 after birth and hepatoportoenterostomy on day 49. No
other infants were diagnosed with hepatobiliary disease during the follow-up period.

Conclusion: This USBA analysis provided the correct assessment without fail and identitied a case of BA. This
approach could be used for the screening and early detection of BA when the false-positive rate is decreased by
improving the methods for sample collection and urine storage.

Key words biliary atresia, hepatoportoenterostomy, jaundice, urinary sulfated bile acid.

Early diagnosis of biliary atresia (BA) is associated with
improved outcomes following hepatoportoenterostomy (HPE;
the Kasai procedure) and prolonged survival with the native liver.
However, significant numbers of infants are referred for surgery
after the first 60 days of life. Studies have identified a trend
toward improved outcomes for infants who undergo HPE before
60 days of age compared to infants who undergo the procedure
after 90 days.'™ The Japanese Biliary Atresia Registry suggested
that improvement of the 10-year survival rate depends on liver
transplantation; this conclusion was based on data showing no
remarkable increase in the proportion of patients who underwent
a corrective operation at the age of 60 days or younger.’ There-
fore, developing appropriate screening tests for BA is of consid-
erable interest.

A direct enzyme assay for water-soluble urinary sulfated bile
acids (USBAs) is a sensitive and rapid method for detecting
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cholestatic jaundice.*® This assay has a possible use for selective
screening of BA and neonatal hepatitis syndrome.® Furthermore,
the USBA assay can differentiate breastfeeding jaundice from
persistent jaundice caused by liver disease, including BA.
However, no previous study has examined the use of the USBA
assay alone as a screening method for the early detection of BA.

In the present study, we measured USBA levels in infants
ranging in age from 10 to 40 days. This pilot study was per-
formed to analyze the usefulness of the USBA assay for the early
detection of BA, which increases the likelihood of a beneficial
outcome after HPE.

Materials and methods
Subjects

The subject group consisted of 1855 healthy neonates born at
Juntendo University, Nagasaki University, and their affiliated
hospitals between August 2006 and May 2007. This survey was
a multi-center trial. Neonates who were born before 36 weeks of
gestation or at a body weight of <2000 g were excluded from the
study. As a result, only 62% (1148/1855) of all births during the
study period were included: these neonates both met our
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inclusion criteria and had parents who provided informed
consent. Although parental education levels were not ascertained,
all parents could read and comply with the study instructions (in
Japanese) and provide informed consent, and no hindrances due
to parental education level were encountered. As infant nutrition
does not affect USBA levels, formula, breastfeeding, and mixture
(formula and breastfeeding) were recorded for data analysis pur-
poses only. All study participants received the 3- to 4-month
postnatal routine health check, which is not mandatory but is
undergone by 100% of infants. Infants who had no jaundice
during the health check were judged to be free of BA. This study
was approved by the Juntendo and Nagasaki University Institu-
tional Review Board, and informed consent was obtained from
the subjects’ parents prior to study enrollment.

Urine sampling

Parents were instructed to collect their infant’s urine in a small
bottle at a randomly assigned time point (ranging from 10 to 40
days after birth). Parents collected urine by putting cotton balls in
their baby’s diaper and then squeezing the urine from the cotton
balls into a small bottle, which is the same method that was used
to collect urine during a neuroblastoma mass-screening cam-
paign performed in Japan (ending in 2003).* Almost all parents
successfully collected their baby’s urine in one to three attempts.
Parents then mailed the samples to our institution using regular
postal services.

Assay

Urine specimens were frozen in an ordinary freezer at approxi-
mately —4°C until the USBA assay was performed. Urine speci-
mens were stable for 2 weeks at —4°C, 7 days at 4°C, and 4-5
days at room temperature.” USBA levels were determined via a
direct enzymatic assay using a commercially available kit
(UBASTEC-AUTO; Japan Food & Liquor Alliance, Co., Ltd,
Kyoto, Japan) with a TBA-120FR Automatic Analyzer (Toshiba
Co., Ltd, Tokyo, Japan). Briefly, desulfation of the bile acid
3o-sulfates was catalyzed by bile acid sulfate sulfatase, followed
by dehydrogenation of the desulfated product (3B-hydroxy bile
acids) by B-hydroxysteroid dehydrogenase. The products were
then subjected to conventional colorimetric assay to detect
reduced nicotinamide adenine dinucleotide as formazan dye in
the presence of nitrotetrazolium blue and diaphorase.'™"' The
only published values for the USBA-to-creatinine ratio (USBA/

Table 1 Subject characteristics

Median (quartile range)

Gestation age (weeks) 39 (38-40)
Body weight at birth (g) 3080 (2858-3342)
Age at sample collection (days) 25.9 (19-33)
USBA/cr (jumol/g creatinine) 11.4 (7.3-117.5)

cr) at | month of age were from 91 infants with mean age = SD
of 30.9 + 3.6 days.® The value at the 99th percentile of
55.0 umol/g creatinine was taken as the cutoff.

Results

The characteristics of the 1148 infants are summarized in
Table 1. At the first analysis, 47 (4.10%) of the 1148 infants had
a USBA/cr level greater than the cutoff level of 55.0 pmol/g
creatinine. All infants below the cutoff value in first USBA analy-
sis were confirmed to be free of BA by the 3- to 4-month post-
natal routine health check. Thirteen of the 47 infants with values
above the cutoff were without jaundice or abnormally pale-
colored stools and did not undergo a second analysis; they were
considered to be free of BA at their 3- to 4-month postnatal health
check. The remaining 34 infants were analyzed a second time
within 435 days after birth; at this second analysis, 27 infants had
levels that were less than the cutoff value, while seven infants had
levels that remained greater than the cutoff value (Table 2). Five
of these seven infants did not have BA, as determined by blood
analysis and routine clinical health checks until the age of 3 to 4
months. However, the remaining two infants had liver disease;
one infant was diagnosed with neonatal hepatitis syndrome, and
the other infant was diagnosed with BA.

In the patient with BA, a urine sample collected on day 18
showed a USBA/cr value of 134.4 umol/g creatinine. A transab-
dominal ultrasound performed on day 22 clearly revealed dilation
of the gallbladder and common bile duct. Thus, the presumptive
diagnosis was choledochal cyst. Because the jaundice did not
disappear, a cholangiogram was performed on day 43, and the
patient was diagnosed with BA type I cyst (Fig. 1). HPE was
performed on day 49, and the jaundice resolved.

The end-point of the study was the 3- to 4-month postnatal
routine health check. The sensitivity, specificity, positive predic-
tive value, and negative predictive value of the USBA screening

Table 2 Outcomes for infants with elevated USBA/cr values at the second test

Patients USBA/cr values Blood examination Final diagnosis Nutrition
First test Second test AST ALT TB DB TBA

I 133.9 (18) 170.6 (31) Day 38 47 44 1.97 0.21 10.2 Normal Breastfeeding

2 89.9 (17) 266.3 (43) Day 51 54 50 2.79 1.12 96.3 Infantile hepatitis Breastfeeding

3 98.7 (20) 240.0 (40) Day 52 28 16 3.88 0.21 10.6 Normal Breastfeeding

4 66.2 (23) 90.8 (41) Day 55 32 21 0.72 0.15 27.0 Normal Mix

5 125.6 (23) 130.4 31) Day 48 43 47 0.69 0.22 28.4 Normal Formula

6 66.3 (16) 92.6 (26) Day 33 44 39 1.55 0.23 19.6 Normal Breastfeeding

7 133.4 (18) 179.0 (22) Day 22 98 79 7.14 4.39 130.0 Biliary atresia Mix

() indicate urine sampling day after birth. Mix, breastfeeding + formula. USBA/cr, USBA-to-creatinine ratio.
ALT, alanine aminotransferase; AST, aspirate aminotransferase; DB, direct bilirubin; TB, total bilirubin; TBA, total bile acid.

© 2011 The Authors
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Fig. 1 Cholangiogram of the BA patient on day 43.

test in the detection of the cholestatic state in hepatobiliary
disease were 100%, 96%, 4%. and 100%. respectively.

Discussion

The efficacy of two screening methods for the early detection of
BA has been reported. The stool color card method devised by
Matsui and Dodoriki'? contains seven pictures of different stool
colors, including three abnormal colors that represent BA. This
card is included with the child health booklet. Before the routine
I-month postnatal health check, parents select the color on the
card that most closely matches the color of their infant’s stool and
send it to a mass-screening center. Hsiao et al. reported that
approximately 75% of all HPEs in Taiwan in 2005 were per-
formed before the age of 60 days and were identified by use of the
stool color card method." The second screening method involves
the measurement of direct (conjugated) bilirubin from the blood
of 6- to 10-day-old infants, which is performed by public health
nurses.'*'s Direct bilirubin is a sensitive and specific marker of
neonatal liver disease, including BA. However, neither screening
method has achieved the goal of early HPE for all BA patients
within the first 60 days of life.

The appearance of jaundice and the production of abnormally
pale-colored stools are often the first indications of BA. However,
infants with BA often pass cholic stool in an early phase, after
which their stool becomes pale in color. According to the Japa-
nese Biliary Atresia Registry, 72.9% (924/1267) of the parents of
patients with BA initially recognized their baby’s meconium as
normal.’ In addition, the parents of 30.4% (518/1702) of patients
reported a normally colored stool (yellow to green) at the time of
admission, and 3.5% (70/2019) of parents reported that their
infant had a normal yellow stool after hospitalization. The oblit-
eration of the bile duct in BA is probably not congenital, but
instead develops postnatally as the result of several factors, such
as occult viral infection, defects in morphogenesis, vascular
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insult, toxic agents, and maternal microchimerism.'*"® Thus, the
parents of some patients may fail to notice jaundice due to BA
based on stool color alone.

USBA measurement as a screening method for BA has several
advantages. First, the USBA test provides objective numerical
results, while the use of stool color cards is more prone to error
because parents may subjectively judge a light yellow stool to be
yellow. Moreover, the numerical values provided by USBA
analysis clearly identify abnormal results that exceed an accepted
cutoff value. In our study, the infants whose USBA levels were
less than the cutoff level did not have BA, as determined by
clinical follow-up until the 3- to 4-month postnatal routine health
check. A second advantage of USBA measurement is that it is a
non-invasive method of detecting cholestatic syndrome; the urine
samples are simply collected at home by parents. Third,
increased USBA levels are not specific to BA: thus, this test can
detect other cholestatic conditions including metabolic diseases
such as galactosemia and tyrosinemia and hereditary diseases
such as progressive familial intrahepatic cholestasis (FICI,
BSEP, and multiple drug resistance 3 gene deficiencies), alpha-1
antitrypsin deficiency, and cystic fibrosis.

In general, a re-examination rate of less than 1% is required
for any mass-screening test. In Japan, mass screenings are most
commonly performed to detect phenylketonuria (incidence 1:80
500), congenital adrenal hyperplasia (1:15 800), and hypothy-
roidism (1:3900); the re-examination rates for these tests are
0.2%, 0.3%, and 3.0%, respectively.'** The high false-positive
rate (greater than 3.0%) in our study is the most important
obstacle to using this assay in a mass screening. Possible causes
of the false-positive bias include temperature fluctuations and
methods of collection, storage, transportation and measurement.
The USBA assay has been reported to be applicable to chemi-
cally stable substances after freezing and long-term storage;
however, the specimens lose stability after being held at tempera-
tures above room temperature for longer than 7 days.”" These
results suggest that samples should be frozen immediately after
collection or assayed as soon as possible to obtain reliable results.
In the present investigation, the use of ordinary mail collection
and delivery system with no temperature regulation and the 3- to
6-day interval between sampling and receipt at the lab may have
increased the false-positive rate. Therefore, the establishment of
an efficient collection and delivery system is essential to reduce
the re-examination rate. In the mass screening for neuroblastoma
in 6-month-old infants in Japan that ended in 2003, the cut-off
level for urea creatinine was set at 5 mg/dL since the level of
VMA (vanillylmandelic acid) is abnormally high in infants
whose urine creatinine level is very low. Further studies are
needed to establish an appropriate cut-off level for urea creatinine
in order to decrease the false-positive rate.

Japanese hospitals and obstetrics clinics in parts of Nagasaki
and Okinawa prefectures have already implemented the USBA
method for the early detection of neonatal liver disease, including
BA, using an inexpensive commercial test kit ($5/sample). Prior
to the 1-month postnatal heath check, parents collect urine from
their infant (in the same manner as in our study) and then deliver
it immediately to their local hospital or obstetric clinic. The

© 2011 The Authors
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specimen is stored in a regular freezer (—4°C) for no more than 4
days until the USBA level is measured. The cut-off level for urea
creatinine is 2.5 mg/dL, which corresponds to the 5th percentile
at that age. The false-negative rate achieved by this system is
1%-2%. We attribute the decreased false-positive rate to
improvements in sample delivery and storage prior to testing.

Although the current form of this screening method is not
perfect, it is a promising start. The USBA assay may be a useful
tool for the screening and early detection of BA in infants, and
it also seems to be an indicator of the cholestatic state in
hepatobiliary disease. Further research should focus on reducing
the re-examination rates and increasing the cost-effectiveness
by referring to the experiences in Nagasaki and Okinawa
prefectures.
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Abstract

Purpose Few studies have assessed physical and psy-
chological status in long-term survivors of childhood solid
tumors in Japan. For children with such diseases diagnosed
and treated in our hospital, our purpose was to clarify the
physical and psychological status of long-term survivors
and their parents.

Methods Subjects were 56 patients who were diagnosed
at our institution as having a childhood malignant solid
tumor between 1982 and 2005 and had been alive for at
least 5 years after treatment. Surveys were sent and
returned by mail.

Results Of the 56 patients surveyed, 32 responded. The
current health condition and psychosocial status of survi-
vors were evaluated as good by their parents. However,
psychological tests revealed psychosocial problems in
28.1% of the children. Severe posttraumatic stress
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associated with the child’s disease and its treatment was
present in 15.6% of the parents.

Conclusion Physical status of long-term survivors of
childhood malignant solid tumors was good in general.
However, psychological tests revealed psychosocial prob-
lems in some of the children and posttraumatic stress in the
parents. Considering the diversity of both the diseases and
their clinical course, a qualitative study is warranted for
further analysis.

Keywords Childhood malignant solid tumor - Long-term
survivors - Late effect - Psychological problems

Introduction

Advances in the treatment of childhood cancers have led to
a 70% cure rate. In Japan, 1 in every 500 to 1,000 adults
aged 20 or older are said to have experienced cancer as a
child, a nationwide total of nearly 100,000 people. How-
ever, these childhood cancer survivors can experience
problems in adjusting over the long term [1]. Hence, there
are calls for an all-encompassing approach to treatment that
goes beyond medical care in the narrow sense and con-
siders all the problems arising from childhood cancer,
including psychological care of patients and families,
financial advice and assistance, prevention and handling of
late effects, and even issues relating to education,
employment, and marriage [2].

Other countries have established follow-up systems for
monitoring childhood cancer survivors, and considerable
research has been conducted, not only on late effects but
also from a psychiatric perspective [3, 4]. Many studies
have investigated quality of life (QOL) [5, 6], psychosocial
problems such as somatic complaints, attention deficit
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disorder, and depressive states [7-9]; even research on
post-traumatic  stress disorder (PTSD) considers the
unpleasant and arduous experience of struggling against
disease to be a traumatic experience [10-14]. The long-
term follow-up system for childhood cancer in Japan is not
functioning particularly well, but it has yielded some
research, including reports of at least 80% of childhood
cancer patients exhibiting post-traumatic stress symptoms
[15] and presence of PTSD as a late effect [16], as well as
QOL surveys of long-term survivors [17].

Among pediatric cancer patients, those with childhood
malignant solid tumors tend to suffer adverse effects over
the longest period, since these cancers tend to be discov-
ered in infancy and involve multimodality treatment
combining surgery, chemotherapy, and radiotherapy. This
has prompted other countries to study the specific late
effects [18-22], psychological problems [19, 20, 23-25],
and educational and social problems [21, 26] associated
with childhood malignant solid tumors.

Although Japan has produced a few reports on late
effects of solid tumors [27, 28], with relatively high levels
of satisfaction in terms of QOL reported in a small number
of cases [27], it has been noted that not enough data have
been accumulated for solid tumor patients compared with
those with hematologic malignancies. The situation
regarding long-term follow-up is also unclear.

The psychosocial problems specific to childhood
malignant solid tumor patients in Japan are not yet clear,
but it is highly probable that treatment received in infancy
can result in late effects such as growth impairments and
hearing loss, as well as psychological, educational, and
social problems. In this study, we surveyed long-term
survivors of solid tumors to investigate their overall life
situation and psychosocial state.

Materials and methods
Participants

Of the 204 cases of childhood malignant solid tumor
diagnosed by the Department of Pediatrics at Tohoku
University Hospital between 1982 and 2005, there were 48
deaths (mortality rate 23.5%), and of the remaining 156
expected to survive, there were 124 survivors currently
aged 4-18 who were suitable for the psychological tests
described below. Of these, 35 patient’s case record were
lost, 11 were treated for under 5 years, 5 were follow-up
case with no medical treatment, 1 had a recurrence of
cancer, 3 had moved to other community, and 9 did not
receive regular outpatient treatment after diagnosis at all.
After all, only 56 patients who had received inpatient
treatment, survived for at least 5 years, and were confirmed
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as alive based on outpatient history for the previous 2 years
were selected as the survey target group. There were 26
males and 30 females, with a mean age of 12.0 years. The
diseases were neuroblastoma (n = 38), Wilms tumor
(n = 10), hepatoblastoma (n = 5), primitive neuroecto-
dermal tumor (n = 2), and adrenal adenocarcinoma
(n = 1). This research was approved by the Ethics Com-
mittee of Tohoku University School of Medicine and the
postal survey was administered in October 2006. Parents
and children were informed in writing about the study
objective and that participation was up to the free will of
the parents and children. Returning the questionnaire was
considered to indicate informed consent.

Psychological tests

Parents were questioned about matters including the child’s
illness and treatment, current physical and psychological
state, presence of late effects, and perception of tumor
severity. We also conducted a psychological survey using
the Child Behavior Checklist/4-18 (CBCL), Youth Self
Report (YSR), and Japanese-Language Version of the
Impact of Event Scale-Revised (IES-R-J) to ascertain the
psychosocial condition of children and their parents and the
presence of post-traumatic stress triggered by the illness.

The CBCL and YSR are standardized questionnaires
developed by Achenbach and colleagues to provide a
comprehensive assessment of emotions and behavior in
children; the reliability and validity of these instruments
have been confirmed [29]. Parents filled in the CBCL on
their child’s state, and the YSR consists of virtually iden-
tical questions for the child to answer. In Japan, the
Association of Child and Adolescent Mental Health
translated and standardized these tests and confirmed their
reliability and validity [30]. Overall, there were 113
question items concerning the child’s state at present or in
the past 6 months. Each was evaluated as either “Not true
(as far as you know)”, “Somewhat or sometimes true”, or
“Very true or often true,” and these were given scores of 0,
1, and 2 points, respectively. Scores were plotted to profiles
by gender and by age, and were compared to the stan-
dardized T score for the scale: <59 points was the normal
range, 60-63 points was the borderline range, and >64 was
the clinical range. Nine symptom groups could be evalu-
ated: “I Withdrawn”, “II Somatic complaints”, “IlI Anx-
ious/depressed”, “IV Social problems”, *“V Thought
problems”, “VI Attention problems”, “VII Delinquent
behavior”, “VIII Aggressive behavior”, and “IX Other
problems”. Also evaluable were ‘internalizing’, which
combined scores for “I Withdrawn”, “II Somatic com-
plaints”, and “III Anxious/depressed”, and “Externaliz-
ing”, which combined scores for *“VII Delinquent
behavior”, and “VIII Aggressive behavior”.
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The IES-R was developed by Weiss and colleagues [31]
as a self-questionnaire for measuring post-traumatic stress
symptoms. It was translated into Japanese, and its reli-
ability and validity were confirmed by Asukai and col-
leagues [32]. The 22 items of the IES-R measure the
respondent’s state in the past 7 days with regard to a highly
stressful event. They include statements such as “Any
reminder brought back feelings about it”, “I avoided let-
ting myself get upset when I thought about it or was
reminded of it”, and “I tried not to think about it”; the
respondent rated each of these as “not at all”, “a little”,
“moderately”, “quite a bit”, or “very much”. These were
scored from O to 4, respectively; a total score of 25 or more
was considered to indicate the presence of post-traumatic
stress caused by the event. The intensity of three subscales
of intrusions, avoidance, and hyperarousal could also be
determined: there were eight items for intrusions, including
“Images of it popped into my mind” and “I had waves of
strong feelings about it”; eight items for avoidance,
including “I stayed away from reminders of it” and “I tried
not to talk about it”; and six items for hyperarousal,
including “I was jumpy and easily startled” and
“Reminders of it caused me to have physical reactions,
such as sweating, trouble breathing, nausea, or a pounding
heart”. For this study we surveyed the children about
symptoms in relation to “being in hospital” and the parents
about symptoms in relation to their child “falling ill and
being treated in hospital”.

The relationship between the parent’s and child’s scores
on the IES-R, CBCL, and YSR and age at the time of the
survey, age at diagnosis, length of hospital admission, and
years since discharge were analyzed using Pearson’s cor-
relation. A one-way analysis of variance was applied to the
parent’s IES-R, taking the parent’s perception of the child’s
illness as the dependent variable. An unpaired ¢ test was
also carried out to compare these results with standardized
data in the Japanese CBCL. SPSS 14.0] for Windows was
used for statistical analysis.

Results

Responses were received from 32 of the 56 families sent
the questionnaire (recovery rate: 57.1%). The children
were 13 boys and 19 girls, with a mean age of 14.1 years.
Diagnoses and other clinical data are presented in Table |.
Length of time in hospital was based on the parent’s rec-
ollection and included periods in pediatric surgery and
pediatrics departments, with the longest period being
entered in the case of multiple stays. The mean stay was
3.7 months, and the median was 1.7 months, with more
than half, namely 18 patients (56.3%), having been hos-
pitalized for less than 2 months. In terms of treatment, two

Table 1 Demographic, medical, and treatment characteristics

Variable Survivors (n = 32)

Age at survey (years)
Mean + SD

Sex (n)
Male 13
Female 19

14.1 £ 3.5

Educational status (n)
Elementary school 9
Junior high school 11
High school 10
College or University 2

Age at diagnosis (months)
Mean & SD

Admission period (months)
Mean £+ SD

Period of remission (years)
Mean + SD

Diagnosis (1)

214 £292
37+ 48
1.2 £33

Neuroblastoma 25
Wilms’ tumor

Hepatoblastoma

PNET

Adenocortical adenocarcinoma

21.9
Chemotherapy 6.2
Surgery + Chemotherapy 19 59.4
Surgery + Chemotherapy + Radiotherapy 2 6.2

Surgery + Chemotherapy + Radiotherapy 2 6.2
+ PBSCT

3
2
1
1

Treatment N %
Surgery 7
2

PNET primitive neuro-ectodermal tumor, PBSCT peripheral blood
stem cell transplantation

patients had received only chemotherapy, but biopsy by
exploratory laparotomy under general anesthetic had been
performed in all cases, and all children were left with
abdominal scarring. The mean period from end of treat-
ment until the survey was 11 years, and children attended
outpatient follow-up appointments once every 9 months on
average.

Survey results

The child’s illness was perceived as “mild” or “on the
mild side” by six parents (18.7%) and as “on the serious
side” or “serious” by 25 parents (78.2%). One parent did
not answer.

Late effects had already appeared in five children
(15.6%), with one case of growth impairment, one of spinal
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deformity, and three of unilateral renal failure. Thirteen
parents (40.6%) had not considered the possibility of
relapse or late effects, while 14 parents (43.8%) had rec-
ognized the possibility to varying degrees.

The current physical condition of the child was rated as
“good” or “on the good side” by 30 parents (93.7%) and
“on the poor side” or “poor” by just 2 parents (6.2%). In
general the children appeared to be in good health, apart
from one child who suffered pain and difficulties in
everyday life because of a spinal deformity following
radiotherapy.

Regarding problems faced by the children in their cur-
rent home and school life, 22 parents (68.8%) answered
that there were none, while 5 (15.6%) answered that there
were minor problems and 1 (3.1%) that there were major
problems. However, in the comments section, parents
reported a range of problems, mostly relating to surgical
scars and after-effects of drug treatments and radiotherapy.
Some comments also gave the impression that the child’s
contracting of disease had cast a shadow both psycholog-
ically and in practical terms.

When parents were asked “Who is there to support you
at emotionally difficult times?” (they could give more than
one answer) their partner (e.g., husband or wife) was cited
in 20 cases, their mother in 10 cases, brothers and sisters in
6 cases, friends and acquaintances in 6 cases, father in 5
cases, relatives in 5 cases, mother-in-law in 1 case, work
colleagues in one case, and others (church, daughter) in
two cases (multiple responses included). Several responses
from mothers stated that their supporting friends and
acquaintances were the mothers of children in the same

Table 2 Raw score of Child Behavior Checklist/4—18

ward or with the same illness, and it could be assumed that
mothers of children in the same ward supported each other
during their children’s stays in hospital.

When asked what they wanted from a support system,
parents gave a wide range of answers, including material
and personal support (e.g., “The ward was cramped, so
space between the neighboring beds would have been
good.” “I would have liked for an assistant to be present to
watch my child for short periods.”), information provision
(e.g., Information about my child’s post-operative wound
and why we should come into hospital.” “On many
occasions I wished 1 had been given a detailed explanation
about relapse.”), and counseling services for psychological
support (e.g., “I think it would have helped if I would had
the chance to speak to other people in the same situation”.
“Counseling for the patient of course, and also for the
family.” “I was psychologically unstable and needed
advice.”).

Behavioral and emotional problems of survivors
of solid tumor

The CBCL reveals a child’s behavioral and emotional
problems from the parent’s perspective (Table 2). Higher
score means more behavior and emotional problems in
survivors. Mean CBCL scores of survivors for internaliz-
ing, externalizing, and total problems were compared with
standardized data in the Japanese CBCL. Compared with
the standard group, girls’ scores for externalizing (delin-
quent behavior, aggressive behavior) were found to be
significantly lower (#(19) = 3.422, p = 0.003). Compared

Treatment Sex No. of Internalizing Externalizing Total problem
cases (Mean + SD) (Mean + SD) (Mean + SD)
Survivors Surgery Male 4 7.50 £ 4.65 575 +£17.23 27.00 + 20.77
Female 3 2.00 £ 2.00 0.67 + 0.58 6.67 + 1.53
Chemotherapy Male 2 3.00 £ 1.41 1.50 £ 0.71 9.00 £+ 1.41
Female 0
S+C Male 6 4.83 £ 3.54 3.67 £2.25 14.33 +£ 794
Female 13 3.77 + 4.87 292 + 3.04 12.31 £+ 10.96
S + C + Radiotherapy Male 0
Female 2 7.50 4+ 0.71 0.00 & 0.00 15.50 £ 0.71
S +C+ R+ PBCST Male 1 6.0 18.0 40.00
Female 1 1.0 0.0 5.0
Total Male 13 5.46 + 3.67 5.08 £ 5.69 19.38 £ 14.82
Female 19 373 £433 2.11%* £ 2,79 11.37 £ 943
Standard Male 1,494 3.71 + 4.17 531 £5.59 16.10 £ 14.47
Female 1,579 377 £ 424 4.34 + 4.86 14.35 £+ 13.48

§ surgery, C chemotherapy, R radiotherapy, PBSCT peripheral blood stem cell transplantation

** P < 0.01

@ Springer

— 103



Pediatr Surg Int (2011) 27:713-720

717

with the standard group, boys’ scores were high for inter-
nalizing (p = 0.132) and total problems (p = 0.416) and
low for externalizing (p = 0.883), and girls’ scores were
low for internalizing (p = 0.976) and total problems
(p = 0.190), but these differences were not significant.

Although it’s so few cases in each treatment that mean
scores may be inadequate to compare each other, the dif-
ference of mean score on each treatment may indicate
psychological effect of treatment for child. Among boys,
the survivors with surgery and S + C + R + PBSCT had
extremely higher score of Internalizing and total problem,
S + C + R + PBSCT was highest, and only surgery was
higher of Externalizing than standard. Among girls, the
survivors with S + C + R had very higher score of
Internalizing problem, the other groups had lower score of
Internalizing, and all groups had lower score of External-
izing than standard.

T score reveals clinical and borderline ranges that mean
the children should receive medical treatment for their
emotional and behavioral problems. In the present study,
nine children (28.1%) showed scores ranging from bor-
derline to clinical in Internalizing, Externalizing, or Total
problems (Table 3). Specifically, scores were high for only
Internalizing in two cases, only Externalizing in one case,
Internalizing and Total problems in two cases, External-
izing and Total problems in one case, and all three mea-
sures in three cases.

The YSR reveals the child’s emotional and behavioral
problems as felt by the child him/herself. In the present
study, four children (12.5%) had scores ranging from
borderline to clinical, with high scores for only Internal-
izing in one case, Internalizing and Total problems in one
case, Externalizing and Total problems in one case, and
all three measures in one case (Table 4). Compared
based on the treatment, the boys with surgery and

Table 3 Range: of Child Behavior Checklist/4-18

S + C + R + PBCST showed scores ranging from bor-
derline to clinical in Internalizing, Externalizing or Total
problem and the girls with surgery, S + Cand S + C + R
showed that.

Post-traumatic stress of survivors and their parents

Only one child scored above 25 on the IES-R, and the
mean score was very low at 4.0 (median 0.5, standard
deviation 9.08). Mean scores on all subscales were also
very low: 1.1 for intrusions, 2.1 for avoidance, and 1.0 for
hyperarousal.

Five parents (15.6%) scored 25 or above on the IES-R,
and were assumed to be continuing to experience post-
traumatic stress as a result of their child’s illness and
hospitalization, even 10 or more years after the end of
treatment. The mean score was 11.1 (median 6.5, standard
deviation 11.85). The mean scores in subscales were 3.6 for
intrusions (median 2.0, standard deviation 4.54), 5.4 for
avoidance (median 3.0, standard deviation 5.87), and 2.1
for hyperarousal (median 0.5, standard deviation 2.99), the
score for avoidance being slightly elevated. There were
also seven parents (21.9) who showed no symptoms (total
score = 0), while 24 (75%) were aware of a certain level of
avoidance.

Factors affecting CBCL, YSR, and IES-R

There was no significant correlation between CBCL, YSR,
or IES-R scores and the child’s age at time of survey,
length of hospital admission, or years since discharge. In
addition, when looking at the relationship between the
parent’s IES-R score and their perception of the seriousness
of the illness, awareness of the possibility of late effects,
and actual presence of late effects, we found that the IES-R

Treatment Sex No. Internalizing Externalizing Total
Normal  Borderline Clinical Normal Borderline Clinical Normal Borderline Clinical
Surgery Male 4 0 2 i 1 2 0 2
Female 3 3 0 0 0 3 0
Chemotherapy Male 2 2 0 0 0 0 0 0
Female 0
S+C Male 6 5 0 1 6 0 0 6 0 0
Female 13 10 0 3 I 2 0 10 1 2
S + C + Radiotherapy Male 0
Female 2 1 1 0 2 0 0 2 0 0
S +C + R + PBCST Male 1 1 0 0 0 0 1 0 0 1
Femnale 1 I 0 0 1 0 0 1 0 0
Total 32(%) 25(78.1) 1@3.1) 6 (18.6) 27 (84.4) 3 (9.4) 2(63) 26(81.3) 1(3.1) 5(15.6)
S surgery, C chemotherapy, R radiotherapy, PBCST peripheral blood stem cell transplantation
@_ Springer
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Table 4 Range of Youth Self-Report

Treatment Sex No. Internalizing Externalizing Total
Normal Borderline Clinical Normal Borderline Clinical Normal Borderline Clinical
Surgery Male 4 4 0 0 4 0 9 4 0 0
Female 3 1 3 0 0 2 0 1
Chemotherapy Male 2 0 0 2 0 0 2 0 0
Female 0
S+C Male 6 6 0 0 6 0 6 0
Female 13 13 0 12 0 12 1 0
S + C + Radiotherapy Male 0
Female 2 1 0 1 2 0 0 2 0 0
S+ C+ R+ PBCST Male 1 0 1 0 0 1 0 0 0 1
Female 1 1 0 0 1 0 0 1 0 0
Total 32 29 2 30 1 1 29 1 2
(%) (90.6) (3.1) 6.3) (93.8) (3.DH 3.0 (90.6) (3.1) 6.2)

§ surgery, C chemotherapy, R radiotherapy, PBCST peripheral blood stem cell transplantation

score was higher, but not significantly so, as perceived
seriousness of the child’s illness increased (F (2 25y = 0.115,
p = 0.891).

Discussion

Physical and psychological status of long-term survivors of
malignant solid tumors and their parents.

Japan has not yet properly established a long-term fol-
low-up system for survivors of childhood cancer across the
board, and the Japanese Society of Pediatric Oncology is
currently reviewing the state of the system. Follow-up of
solid tumors is particularly inadequate; ours is the first
Japanese study to look at the psychosocial problems
associated with solid tumors, and the data from this study
should prove valuable.

Three main points emerge from this study. First, the
overall physical and educational circumstances of long-
term survivors of childhood malignant solid tumors were
generally good. This is similar to the findings by Toma and
colleagues of a relatively high level of satisfaction in
interviews of 20 cases [27], and to those of a study by
Nathan and colleagues on neuroblastoma and Wilms
tumor, which reported that survivors’ physical condition
was as good as that of normal individuals [20]. Studies also
indicate that, for reasons unknown, neuroblastoma survi-
vors tend to have poor educational and social status [21],
and that diagnosis and treatment during very early infancy
seems to impede normal social and educational develop-
ment [26]. However, our survey revealed that apart from
one case of spinal deformity, there appeared to be no
problems in terms of education: the majority was leading a
normal school life, and the CBCL and YSR comments
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sections gave a picture of children enjoying various
activities and sports just like healthy children.

The late-effect incidence rate of 15.6% was lower than
the 18% found in a previous Japanese survey [28]. In other
countries, spinal deformity resulting from radiotherapy has
been found to be a late effect characteristic of solid tumor
[19], while 41.1% of long-term survivors of neuroblastoma
have experienced musculoskeletal, neurologic, endocrine,
sensory, and other late complications within 20 years after
treatment, with reports that this percentage increases in
patients who received two or more multimodality treat-
ments [22]. Hearing loss is also common in neuroblastoma
[22], affecting 31.4% of patients [21] and rising to 95% in
advanced stage neuroblastoma [18].

The late effects found in our study were far fewer than
in the previous studies. It is therefore possible that among
solid tumor survivors, our survey respondents were a group
whose severity of illness was low, who were treated rela-
tively easily, and whose lives have been relatively free of
any late effects.

Second, the psychological tests gave a clear picture of
the children’s psychological characteristics.

In CBCL, the externalizing behaviors of delinquency
and aggression were significantly lower among girls when
compared with the standard group. Boys’ scores were
slightly higher for internalizing and slightly lower for
externalizing, although not significantly so.

Psychological problems identified in solid tumor survi-
vors include somatization, anxiety, and depression [23, 24],
poorer functioning for love/sex relationships, friendship,
non-specific social contacts, and day-to-day coping in
Wilms tumor survivors [25]; psychological problems
resulting from scar formation [19]; academic and psycho-
social difficulties in children with hearing loss [21];
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somatoform disorder in children given radiotherapy [23,
24]; and an association between depression and alkylating
agents [23, 24].

Our finding of slightly increased internalizing scores in
boys indicates problems in the subscales of “withdrawal”,
“somatic complaints”, and “anxiety/depression”, with
results thought to be similar to the studies cited above,
which found somatoform disorders, anxiety, and depres-
sion in solid tumor survivors. Being female has been
identified as one of the risk factors for psychological
problems in solid tumor survivors [20, 23], but in this study
the reverse was true: girls showed significantly fewer
problems of delinquency and aggression than the normal
group, though the reason for this is unclear.

On the CBCL, nine children (28.1%) had behavioral and
emotional problems ranging from borderline to clinical. In
Japan, problems in the borderline and clinical range on the
CBLC are present in 25% of healthy children [30], 88% of
those with psychiatric diseases [30], and 28% of those with
chronic childhood diseases [33]. No disease-specific
problems have been discovered in chronic childhood dis-
eases [33], and our study was also unable to clarify the
relationship between the nine cases of behavioral and
emotional problems and the experience of developing and
being treated for solid tumor.

Post-traumatic stress related to hospitalization and
treatment was almost non-existent in these children, pos-
sibly because the experience was during infancy. However,
many parents cited problems relating to scarring, and five
parents stated that scarring was a cause of distress. One
report found psychosocial problems resulting from scar
formation in 12 of 79 solid tumor survivors [19], and the
possibility was considered that the five children in our
study whose parents mentioned distress were also burdened
with psychosocial problems as a result of their scars.

Third, 15.6% of parents experienced post-traumatic
stress in relation to their child’s illness and treatment. In a
survey by Pelcovits and colleagues [34], at an average of
3.3 years after the end of treatment for childhood cancer,
25% of mothers could be diagnosed with current PTSD,
and 54% had met the criteria for PTSD in the past. A
simple comparison with our study is not easy, since time
from last treatment was over three times longer in our study
and illness and treatment received were also different, but
our finding is worthy of note considering that more than
10 years had passed since the last treatment. Even where
PTSD was not apparent, 75% of parents noticed some kind
of avoidance behavior in themselves, and many expressed
anxiety about after-effects or the future, suggesting the
possibility that some parents have continued to experience
a state of anxiety over their child’s illness.

Finally, although the long-term survivors of childhood
malignant solid tumors in our study were generally in good

physical condition, were receiving a normal education, and
leading a normal social life, we showed that 28.1% of
children exhibited psychosocial problems, some of which
appeared to be the result of surgical scarring. Although the
relationship between psychosocial problems and illness
was unclear, the individual circumstances of the patient’s
family or the nature of the illness are likely to be factors,
and there is a need for qualitative surveys to be performed
in the future in order to more fully understand this rela-
tionship. In addition, 15.6% of parents experienced post-
traumatic stress in relation to their child’s illness and
treatment. This means that, even if 10 years have passed
since the child’s treatment, some parents still show a level
of stress requiring psychological therapy. Ideally, in the
future, there should be consideration of long-term follow-
up or approaches that take into account the psychological
needs of the parent at the same time as those of the child.

Limitations

The number of subjects in our study was small, and com-
pared with studies on solid tumors in other countries the
illnesses were less serious and could treated relatively
easily, and patients had fewer late effects. This suggests the
high probability that the children and families currently
experiencing a good quality of life may have been biased to
respond to the questionnaire positively. Other possibilities
considered include the fact that parents with a greater
awareness of their child’s problems responded to the
questionnaire, and that children or parents with more
intense PTSD were unable to complete a psychological
survey. We therefore cannot rule out the possibility that
these survey results reflect a biased cohort.
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Abstract

Purpose The aim of this study is to investigate the role of
hepatic stellate cells (HSCs) and the effect of vitamin A
administration on liver damage induced by bile duct liga-
tion (BDL) and administration of CCly,

Methods Two types of animal model were used; one was
BDL as a model of biliary atresia, the other was CCl,;-
induced hepatic fibrosis. Pathological changes of the liver
with or without administration of vitamin A were com-
pared by light and electron microscopy with focusing on
HSCs in each experimental group. Immunohistochemical
examination was performed with anti-keratinocyte growth
factor (KGF), anti-alpha-smooth muscle actin («-SMA),
and anti-glial fibrillary acidic protein (GFAP) antibodies,
as markers of fibrosis.

Results  On light microscopic findings, periportal inflam-
mation with bile ductular proliferation was obvious in BDL
group and pericentral necrosis with fatty degeneration was
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observed in CCl, group, both of which were ameliorated by
subcutaneous injection of vitamin A. Electron microscopy
showed lipid droplets were almost depleted in the HSCs
treated with BDL or CCl,, which improved with vitamin A
administration. Immunohistochemistry demonstrated that
enhanced expression of all three fibrotic markers in the
BDL group was diminished by vitamin A administration.
Conclusions  Although most of our data are qualitative
observation, vitamin A may ameliorate hepatic fibrosis in
the BDL model by restoring vitamin A in the HSCs.

Keywords Biliary atresia - CCl, - Hepatic fibrosis -
Vitamin A - Hepatic stellate cell - GFAP

Introduction

Biliary atresia (BA) is one of a number of neonatal diseases
that causes obstructive jaundice. Although pathogenesis
still remains to be clarified, the standard therapy for BA
is hepatoportojejunostomy: the ‘Kasai procedure’ [1]. The
Kasai procedure relieves obstructive jaundice in some
patients; however, two-thirds of BA patients require a liver
transplantation due to progressive hepatic fibrosis leading
to hepatic failure [2]. Therefore, one of the therapeutic
targets for BA patients should be to suppress the progres-
sive hepatic fibrosis.

In the last decade, the anti-fibrotic potential of vitamin A
has been recognized. In the liver, hepatic stellate cells
(HSCs) store a large amount of vitamin A as lipid droplets.
HSCs have been shown to be intrinsically involved in
hepatic fibrosis by changing morphologically and func-
tionally after releasing intracellular vitamin A [3-7]. Once
HSCs exhaust vitamin A, they transform into fibroblasts
and promote fibrosis in the liver. Thus, vitamin A
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supplementation was thought to prevent hepatic fibrosis
[8]. In fact, recent investigations have shown the efficacy
of vitamin A in animal models with liver dysfunction
induced by carbon tetrachloride (CCly) [8, 9], and in
patients with cirrhosis [10, 11]. However, there are few
studies describing the therapeutic effects of vitamin A on
BA [12] and there is no scientific information regarding the
effect of vitamin A on the liver histologically in animal
models with obstructive jaundice.

The purpose of this study is to investigate the effect of
vitamin A administration and a role of HSCs on liver
damage induced by bile duct ligation (BDL) as a rat model
of biliary atresia and CCl, administration as a model of
hepatitis.

Materials and methods
Animal models

Eighty male Wistar rats, 5-week-old weighing 150-250 g,
were obtained from KYUDO Co., Ltd. (Kumamoto, Japan).
The rats were housed under control in appropriate cages in
a quiet room adjusted for temperature (23 =+ 1°C) and
humidity (50 £ 10%) with a 12-12 h light—dark cycle, and
were given a standard diet and water ad libitum. The rats
were randomly assigned to six groups. In the BDL group
(n = 40), the biliary duct was ligated. In the CCly-treated
group (n = 20), carbon tetrachloride was administered. In
the control group for BDL group (n = 20), simple lapa-
rotomy was performed as a sham operation. Half of these
groups were given vitamin A (BDL + vitamin A, CCl; +
vitamin A, Sham + vitamin A).

Animal experiments were performed in accordance with
the guidelines for animal research from the National
Institute of Health and were approved by the Committee of
Animal Research at Kagoshima University, Kagoshima,
Japan.

Surgical procedure

Each rat was weighed and anesthetized by intraperitoneal
administration of ketamine (60 mg/kg b.w.) and mede-
tomidine (0.6 mg/kg b.w.). The abdomen was shaved and
disinfected with 10% povidone iodine. Following a midline
incision, the common bile duct was exposed and double
ligatured with 3/0 silk thread. After ligation, the bile duct
was sectioned between the ligatures and the abdomen was
closed. The sham operation was identical to the ligation
procedure, including locating and manipulating the com-
mon hepatic duct, except that the bile duct was not ligated
or sectioned. The rats were maintained on a standard diet
after operation and sacrificed a week later.
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CCl,-induced hepatic fibrosis

Forty percent CCl, dissolved in liquid paraffin was
administered with subcutaneous injection twice a week for
6 weeks (1.2 g/kg b.w./day). Food and water were supplied
ad libitum. The rats were sacrificed 1 week after the last
administration of CCly.

Vitamin A administration

Vitamin A (Eisai Co., Ltd., Tokyo, Japan) 100,000 LU./kg/
day was dissolved in 0.5 ml liquid paraffin and given
subcutaneously on 3 days before the operation on a daily
basis, and on the Ist and 3rd day after the BDL operation.
The same dose of vitamin A was given administered twice
a week for 6 weeks in the CCl, models.

Histological examination

In all groups, the whole liver was perfused with 4% para-
formaldehyde~1% glutaraldehyde mixed solution via the
superior mesenteric vein. After macroscopic observation,
the liver was promptly removed and post-fixed additionally
with 4% paraformaldehyde—1% glutaraldehyde mixture.
The tissues were sectioned at 4 um thickness and stained
with hematoxylin and eosin.

For electron microscopy, the samples were prefixed with
half-strength Karnovsky’s fixative for 12 h at 4°C and were
postfixed with 1% osmium tetroxide buffered with 0.1 M
phosphate buffer (pH 7.2), and embedded in Epon 812
(TAAB Co., Ltd., Berkshire, UK).

For immunohistochemical staining at electron micro-
scopic level, the samples were prefixed with 4% parafor-
maldehyde—0.5% glutaraldehyde mixture with 0.1 M
phosphate buffer (pH 7.2) for 12 h at 4°C, and embedded
in Lowicryl K4 M (EMS, Fort Washington, PA, USA). For
morphological observation, ultrathin sections were cut and
mounted on nickel grids, stained with 2% aqueous uranyl
and Reynolds’ lead citrate and examined with an H-7100
transmission electron microscope (Hitachi, Tokyo, Japan)
at 75 kV accelerating voltage.

Immunohistochemical determination
Immunohistochemical staining for light microscopy

Sections were stained with an immunoperoxidase tech-
nique using a monoclonal antibody of Keratinocyte Growth
Factor (KGF, Santa Cruz, CA, USA), a-smooth muscle
actin (a-SMA, DAKO, Glostrup, Denmark), and glial
fibrillary acidic protein (GFAP, PROGEN, Maa8 strasse,
Heidelberg, Germany) for immunohistochemistry, as the
primary antibody.
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The sections were treated with 0.3% H,0, in methanol
to block endogenous peroxidase activity at room temper-
ature for 20 min. After PBS wash for 3 min, nonspecific
binding was blocked by 1% bovine serum albumin (BSA)
in PBS for 10 min. The sections were incubated with rabbit
anti-KGF antibody (diluted 1:20 with 1% BSA in PBS),
mouse anti-o-SMA antibody (diluted 1:100) or mouse anti-
GFAP antibody (diluted 1:10) overnight at 4°C. Then, they
were immersed in the respective immunoglobulin anti-
bodies (diluted 1:200) at 37°C for 60 min. After washing
with PBS, they were dipped in streptavidin-horseradish
peroxidase conjugate (DAKO, Glostrup, Denmark) (diluted
1:100) at 37°C for 60 min, followed by DAB reaction.
After several washings, the sections were counterstained
with hematoxylin. Staining-controls were treated with PBS
alone instead of primary antibodies.

Immunohistochemical staining for electron microscopy

The BDL group and BDL = vitamin A group were
immunostained for anti-GFAP antibody for electron
microscopy. Briefly, ultrathin sections mounted on nickel
grids were floated on PBS with 1% BSA in PBS for
15 min, and incubated with mouse anti-GFAP antibody
(diluted 1:8 with 1% BSA in PBS) overnight at 4°C. Then,
they were incubated with biotinylated rabbit anti-mouse
immunoglobulin antibody (1:100) for 60 min at room
temperature. After washing with PBS, the sections were
labeled with streptavidin-colloidal gold (15 nm) complex,
diluted with 1% BSA in PBS for 1 h at room temperature,
counterstained with uranyl acetate and lead acetate, and
examined as described above.

Morphometric analysis with anti-GFAP antibody labeling

The labeling density of anti-GFAP antibody staining in
HSC was analyzed with IMAGE-J software (Ver. 1.33 u,
National Institutes of Health, USA). The number of gold
particles in the nucleus of hepatocytes was counted on
electronmicrographs taken at x6,000 magnification in 20
areas each in the BDL group or in the BDL + vitamin A
group and compared between them. The labeling density
was expressed as the number of gold particles per pm? of
the nuclear area.

Statistics

For the assessment of the GFAP labeling-ratio of nucleus,
the results were statistically analyzed by ¢ test using
Microsoft Excel software. The differences between groups
were evaluated by ¢ test. P < 0.05 was considered signifi-
cant. The results are expressed as the arithmetic
mean =+ SE.

Results

In the BDL group, cystic dilatation of the common bile
duct was observed at autopsy after 7 days of operation.
Light microscopy showed obstructive cholestasis in the
number of dilated biliary ductules. In the periportal region
of the lobule, there was a proliferation of bile ductules with
inflammation in the BDL group (Fig. la). In the CCly
group, necrotic changes around the central veins and fatty
degeneration of the hepatocytes were seen (Fig. lc).
Administration of vitamin A appeared to ameliorate the
observed hepatic histological changes in both experimental
groups (Fig. 1b, d).

In the electron microscopic observations, lipid droplets
in the HSCs of the BDL- and CCl,-treated groups were
smaller in size than those in control group (Fig. 2a, b). The
amount of lipid droplets apparently increased almost to the
normal level in both groups by administration of vitamin A
(Fig. 2d, e).

KGF was expressed in the periportal area of the BDL
group (Fig. 3a), but the expression of KGF was reduced in
the BDL + vitamin A group (Fig. 3b). The expression of
2-SMA in the BDL + vitamin A group was also less than
that in the BDL group (Fig. 4a, b). In the CCl, + vitamin
A administered group, the expressions of KGF and a-SMA
were slightly weaker than those in the CCl, group (data not
shown).

GFAP was expressed in the periportal area and around
the proliferating ductules in the BDL group (Fig. Sa, b),
whilst the expression of GFAP was diminished in the
BDL + vitamin A group (Fig. 5c, d). Distinct localization of
GFAP was observed in the nuclei of HSCs in BDL group
with immunohistochemical electron microscopy (Fig. 6a—f).

Statistical analysis using IMAGE-J revealed that GFAP
expression in the nuclei of HSCs in the BDL + vitamin A
group was significantly lower than that in BDL group
(225 & 81 vs. 141 & 64, P < 0.0005). These findings
suggest that administering vitamin A suppresses the
expression of GFAP in the HSCs in the BDL group
(Fig. 7).

Discussion

In this study, we used two models known to induce hepatic
fibrosis; one was the CCl,-induced model, the other was a
cholestatic BDL model. Generally, the BDL model exhibits
a proliferation of bile ductules, and periportal cell infil-
tration [13], while the CCl, model shows necrosis of
hepatocytes around the central vein and connective tissue
septa linking portal canals and central veins [8, 13]. As the
pathology of BA showed cholestatic change co-proliferat-
ing with reactive bile ductules [14], the BDL model was
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Fig. 1 Light microscopic photographs of rat liver tissues treated with
BDL or CCly and stained with hematoxylin/eosin. BDL or CCly
treatment induced a portal inflammation. Especially in the BDL-
treated group (a), a proliferation of bile ductules was observed in
comparison with sham operation group (e). Pericentral necrotic

Fig. 2 Electron microscopic
photographs of hepatic stellate
cells. Lipid droplets (arrows) in
HSCs in the BDL (a) and the
CCl, (b) groups were smaller in
size and number than those in
the control group (c). Each
experimental group with
administration vitamin A (d and
e) had more lipid droplets than
that of the group without
administration. a x 3,500,

b x7,000, ¢ x5,000, d x8,000,
e x7,000 (bar 1 pm)
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change was also seen in the CCl -treated group (c). Vitamin A
administration improved these histological changes in both groups
(b and d) to some extent in comparison with intact control (e and f).
%70 (bar 500 pm)
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Fig. 3 Immunohistochemical
staining with anti-KGF antibody
and with hematoxylin
counterstaining. KGF was
expressed in the periportal area
of the BDLtreated group (a),
while the expression was
reduced in the BDL + vitamin
A group (b). x175 (bar

200 pm)

Fig. 4 Immunohistochemical
staining with a-SMA antibody.
a-SMA was expressed around
the component cells of hepatic
triad of the BDL group (a). The
expression of a-SMA decreased
in that area in BDL + vitamin
A group (b). a x350 (bar

100 pm), b x700 (bar 50 pm)

Fig. 5 Immunohistochemical
staining with GFAP antibody.
GFAP was intensely expressed
in the periportal area and also
around proliferating ductules in
the BDL-treated group (a, b).
The expression was diminished
in BDL + vitamin A group

(c, d). a, ¢ x70 (bar 500 pum),
b, d x175 (bar 200 pm)

considered to be representative of human BA pathology
rather than the CCl,-induced fibrotic model.

We administered vitamin A in each model, and evalu-
ated its efficacy in repairing hepatic histological damage
induced by different causes. Seifert et al. [7]. reported that
vitamin A deficiency potentiates CCly-induced liver fibro-
sis. Senoo and Wake [8] reported an anti-fibrotic effect of
vitamin A in the CClg-induced animal model. Noyan et al.
[9] also investigated the suppressive effect of vitamin A on

the transformation of Ito cell (HSC) into fibroblast in CCl,-
induced hepatic injury using histochemical, immunohisto-
chemical and ultrastructural methods. However, little has
been reported concerning the effectiveness of vitamin A on
fibrotic change in the BDL model. Our results also con-
firmed that vitamin A administration is effective on the
repair of liver injury induced by BDL. In order to inves-
tigate the effects of vitamin A on liver histology, we per-
formed electron microscopy with focusing on HSCs.
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Fig. 6 Immunogold staining with anti-GFAP antibody in rat hepato- GFAP was observed with the vitamin A administration. Labeling gold
cytes. The HSCs in BDL-treated group were stained with anti-GFAP particles in photographs ¢, f were extracted from b, e, and counted by
antibody at electron microscopic level. The reduced expression of “Image J software”. x6,000, a,d bar | pm: b, ¢, e, f bar 0.5 um
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Fig. 7 Statistical analysis of GFAP plotting. GFAP expression in the nuclei of HSCs in the BDL + vitamin A group was significantly lower
than in the BDL group (P < 0.0005) )
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