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Familial amyloid polyneuropathy is a rare, progressively disabling, and ultimately fatal
inherited disease. Liver transplant is currently the only available treatment proven to hait
the progression of familial amyloid polyneuropathy. We report a 31-year-old woman with
familial amyloid polyneuropathy who received a living-donor liver transplant from her
husband who was hepatitis C virus antibody-positive but HCV-RNA negative and ABO
incompatible. Six years after the transplant, both donor and recipient have normal liver
biochemistry results; no hepatitis C viral load has been detectable in the recipient. This is
the first report of a living ABO-incompatible liver transplant from an anti-hepatitis C virus
antibody-positive but an HCV-RNA negative donor. This experience suggests that the use
of an anti-hepatitis C virus antibody-positive hepatic graft is possible in select
circumstances.
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Introduction

Familial amyloid polyneuropathy (FAP) is an inherited disorder resulting in systemic deposition of
amyloid fibrils containing mutant transthyretin variants.! The outcome of this disease is so poor
that FAP has long been considered incurable. The first successful liver transplant in a patient with
FAP was performed in 1990, and since then, liver transplant has become widely used for patients
with FAP as a life-saving treatment.?: 3 In Japan, there is little deceased-donor liver transplant, but
living-donor liver transplant (LDLT) has been done in patients with FAP. The living donor is selected
from among the patient’s relatives. Because FAP is an inherited disorder, candidates for living donor
can be difficult to find among the relatives. This may lead to an increased use of marginal living
donors. We report the outcome of an ABO-incompatible (ABO-I) liver transplant from an anti-HCV-
positive donor to a recipient with FAP.

Case Report

A 31-year-old woman presented to us with no relevant history of disease during her childhood.
Neurologic manifestations had appeared 5 years earlier, and she was diagnosed with FAP 3 years
after that. She had a familial history of FAP, and her mother had died of FAP at 43 years of age,
while her sister was a gene carrier (although no symptoms had developed). Her father had hepatitis
C virus (HCV) cirrhosis. She was indicated for liver transplant, and the transplant had to be done
quickly because of her 5-year history of FAP and its late diagnosis and far advanced nature.
However, the possibility of deceased-donor liver transplant in Japan is not good. The only possible
living-donor candidate was her 26-year-old husband, but he had an HCV infection and had received
interferon therapy 5 years earlier. Furthermore, his blood type was A, and the recipient’s blood type
was O; thus, the blood types were incompatible. The results of his liver function tests were normal:
total bilirubin, 0.8 mg/dL; aspartate aminotransferase, 20 IU/L; alanine aminotransferase, 26 IU/L;
alkaline phosphatase, 250 U/L; gamma-glutamyl transpeptidase, 41 U/L; albumin, 4.2 g/dL; and
prothrombin time, 12.5 seconds (90%). His viral profile was as follows: HBs antigen (-); HBs
antibody (-); anti-HCV (+); and HCV-RNA (-). A needle liver biopsy was done, and the histologic
findings showed only mild steatosis, no necrosis, no hepatitis, and no fibrosis. Despite the fact that
the husband was anti-HCV-positive and ABO-1, we decided to proceed with an LDLT because her
disease prognosis was poor and there was little chance of any other liver donor available.
Furthermore, the donor was happy to donate his liver to his wife even though there is a risk to both
the donor and the recipient with LDLT. Approval was obtained from the Ethics Committee of
Kumamoto University Graduate School of Biomedical Sciences after an interview with the donor and
the recipient.

We performed an LDLT using a left lobe graft without the caudate lobe. The surgical procedure for

the donor and the recipient has been described elsewhere.? The donor’s operative duration was 7
hours 32 minutes. The donor’s operative blood loss was 470 mL, and no blood transfusion was
performed. The total operative duration for the recipient was 10 hours 28 minutes. The actual graft
weight was 470 grams, which was 1.04% of the recipient’s body weight. The recipient’s operative
blood loss was 350 mL; thus, no transfusion was necessary.
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Figure 1. Time Course After Living-
Donor Liver Transplant
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Because of the ABO-I blood combination, the recipient was treated with an immunosuppression
protocol consisting of preoperative rituximab, a plasma exchange, a triple immunosuppressive
regimen, intra-arterial infusion therapy, and a splenectomy at surgery (Figure 1). She received 500
mg rituximab intravenously 2 weeks before the LDLT. Her anti-ABO IgM and IgG titers were 7512

and 7256 one week before the operation. Plasma exchange was performed 3 times within 1 week of
the LDLT. Her anti-ABO IgM and IgG titers dropped to 72 and 74 just before the operation. For
hepatic artery infusion, an intra-arterial catheter was placed during the operation, and continuous
infusion of prostaglandin E1 (0.01 #g/kg/min on days 0 to 14) and methylprednisolone (125 mg/d
on days 0 to 7, 50 mg/d on days 8 to 14, then we tapered the dosage and discontinued the drug on
day 21). Endoxan (100 mg) was administered from postoperative days (POD) 1 to 14; this was
followed by mycophenolate mofetil 500 mg twice a day from POD 15 onward.
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Figure 2. Graft Liver Biopsy 6 Years
After Living-Donor Liver Transplant

Posttransplant immunosuppression consisted of tacrolimus and steroids. The trough level of
tacrolimus was maintained between 10 and 15 ng/mL during the first 2 weeks. Because the anti-
ABO IgM and IgG titers rose markedly from the day after transplant, we performed a plasma
exchange on POD 3. Although the titers did not decrease immediately, the patient’s liver function
recovered well. The quantity of steroids in the hepatic artery infusion was increased and the titer
gradually decreased. The patient had prolific nausea after transplant probably because of the
original disease, but her liver function results recovered to normal on POD 21. Her renal functions
were normal before and after the transplant. Hepatitis C virus RNA was not detectable by
polymerase chain reaction after the transplant. The hepatic artery catheter was removed on POD
31, and she was discharged from hospital with excellent graft condition 50 days after the operation.

At the time of this writing it has been 6 years after the transplant, and the patient has been well,
with excellent graft function, unremarkable liver biochemistry, and has been HCV-RNA negative.
Figure 2 shows a liver biopsy 6 years after the transplant, with no evidence of cellular rejection or
fibrosis. Progression of FAP is controlled and she has an excellent quality of life.

The postoperative course of the donor also was uneventful. Although serum aspartate
aminotransferase increased to 225 IU/L on POD 3, it returned to normal by POD 7. The maximum
total bilirubin level was 2.5 mg/dL on POD3. He left hospital on POD 17. He returned to work 3
months after the operation. At the time of this writing, after 6 years, his liver function test results
are normal, and HCV-RNA is negative.

Discussion

Liver transplant is the only effective treatment for FAP. More than 65 patients in Japan with FAP
have undergone a liver transplant, with living donors consisting of parents, siblings, or husbands;
there has been 1 deceased donor.® In Japan, organs from deceased donors remain scarce, so that
living-related liver transplant is more common. Because FAP is an autosomal dominant inherited
disease, potential living donors are restricted. In the present case, there were potentially serious
problems for the donor and recipient, such as a risk of flare-up of the HCV infection in the donor,
and HCV transmission under strong immunosuppression due to ABO-I matching in the recipient.

ABO-I living-related liver transplant increasingly has been performed in Japan to overcome the
shortage of donor organs. Initially, the outcome was poor because of antibody-mediated rejection;
however, it has dramatically improved with the use of local steroid infusion and rituximab
prophylaxis.” In the present case, the patient had no antibody-mediated rejection after receiving a
living-related liver transplant.

Several single-center studies have shown no significant differences in survival among HCV-positive
recipients transplanted with anti-HCV-positive grafts compared with recipients transplanted with
anti-HCV-negative donor organs.8-10 Saab and associates reported that the use of HCV-positive
grafts in recipients with HCV infection does not appear to affect patient survival, graft survival, or
recurrence of HCV infection when compared with using anti-HCV-negative grafts.!! There are
several reports of HCV flare-up after chemotherapy and bone marrow transplant in patients with
anti-HCV-positive/HCV-RNA-positive grafts.12-14 The persistence of HCV in patients with previously
cleared HCV remains controversial. However, we could not find and research reporting on the use of
anti-HCV-positive/HCV-RNA-negative allografts in non-HCV recipients.

In kidney transplant, Nicot and associates
have reported the persistence of HCV in immunocompromised transplant patients who were cleared

of the virus while on dialysis, but there was no relapse of HCV infection after long-term follow-up
despite intensive immunosuppressive therapy.> In the current study, although we were concerned
about a transmission of HCV virus and de novo HCV hepatitis in the recipient under strong
immunosuppression, the patient had a successful posttransplant outcome, with normal liver
biochemistry and undetectable HCV in the allograft and serum at 6 years’ follow-up.

Conversely, living donor safety is mandatory. In the current case, we also were concerned about an
HCV flare-up in the donor after surgery because of the stress of the invasive surgery and liver
regeneration, but we could find no reports of an HCV flare-up after hepatectomy. Six years after
surgery, the results of the donor’s liver function tests are normal and his HCV-RNA remained
negative. Although this is a special case of using a marginal donor, an anti-HCV-positive patient
with an HCV-RNA negative donor can be taken into consideration for a donor candidate in a special
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In conclusion, we describe the successful transplant of an FAP patient who underwent ABO-I LDLT
using a graft from an anti-HCV-positive donor. When the donor is anti-HCV-positive and HCV-RNA-
negative with normal liver histology, transplant may be considered in some situations. Long-term
follow-up is required for donor and recipient.
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A National Survey of Patients With Intestinal Motility Disorders Who

Are Potential Candidates for Intestinal Transplantation in Japan

T. Ueno, M. Wada, K. Hoshino, S. Sakamoto, H. Furukawa, and M. Fukuzawa

ABSTRACT

Intestinal motility disorders are a major cause of intestinal failure. Severe cases such as
idiopathic pseudo-obstruction represent life-threatening illnessed. Intestinal transplanta-
tion is a treatment for severe motility disorders with irreversible intestinal failure.
However, the prevalence of severe motility disorders is unknown. We performed a national
survey to identify patients with intestinal motility disorders who require an intestinal
transplant. The national survey of 302 institutions treating intestinal motility disorders
identified 147 patients treated from 2006 to 2011 at 46 institutions. The mean patient age
was 12.1 years (range, 0.3-77.5). The mean age of onset was 3.0 years (range, 0.0-68.8).
Diagnoses included chronic idiopathic intestinal pseudo-obstruction (n = 96), Hirsch-
sprung disease (n = 29), megacystis microcolon intestinal hypoperistalsis syndrome (n =
18), and other (n = 6). There were 126 survivors and 21 patients who died during the last
5 years. The mortality rate was 14.3%. Eighty-five percent of patients required parenteral
nutrition for more than 6 months, which was defined as irreversible intestinal failure.
Among surviving patients with irreversible intestinal failure, 8 (9.4 %) developed hepatic
failure with jaundice and 27 (31.8%) 2 or more central vein thromboses. In all, at least 35
patients (41%) with irreversible failure due to intestinal motility disorders may be
candidates for transplantation. The prevalence of severe intestinal motility disorders was

elucidated in Japan. Severe cases should be referred to transplant centers.

NTESTINAL MOTILITY DISORDERS are a major
cause of intestinal failure. Severe cases such as
idiopathic pseudo-obstruction are life-threatening.
Causes of intestinal motility disorders seem to be multi-
factorial, and only a few have been elucidated. The
prognosis is poor for patients with severe illness. The
outcome for intestinal failure has improved dramatically
due to the development of parenteral nutrition (PN).
However PN-related complications, such as central ve-
nous catheter infection, thrombosis of venous access
points, and PN-associated cholestasis of the liver, are still
major problems for patients with intestinal failure. Intes-
tinal transplantation is a treatment for irreversible intes-
tinal failure due to severe disorders of intestinal motility
that can significantly improve the prognosis and quality
of life for patients. Progress in intestinal transplantation
has improved survival. However, the prevalence of severe
intestinal motility disorder is unknown. The Therapeutic
Guidelines for Intestinal Failure Study Group performed
a national survey to identify patients with intestinal
motility disorders requiring an intestinal transplant.

© 2013 by Elsevier Inc. All rights reserved.
360 Park Avenue South, New York, NY 10010-1710

Transplantation Proceedings, 45, 2029-2031 (2013)

METHODS

This national survey was designed as a S-year retrospective obser-
vation study involving 302 institutions that treat intestinal motility
disorders. These institutions were members of the Japanese Society
of Pediatric Surgeons, the Japanese Society for Small Bowel
Transplantation, and the Japanese Study Group for Home Paren-
teral and Enteral Nutrition. After an initial survey, a questionnaire
about each patient was sent to responding institutions from the
data center based at Osaka University. Patients with intestinal
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failure treated at each institution from 2006 to 2011 were included.
Exclusion criteria were: (1) final diagnosis other than intestinal
failure, (2) intestinal failure ultimately resolved, (3) intestinal
failure resulting from malignancy, and (4) intestinal failure second-
ary to diseases in other organs. There were 354 patients reported by
69 institutions. Irreversible intestinal failure was defined as depen-
dence on PN for more than 6 months. Out of these 354 patients,
patients with intestinal failure due to motility disorders were
identified. The following factors were assessed for possible associ-
ations with indications for intestinal transplantation: diagnosis,
patient age, age of onset, sex, patient outcome, PN status, liver
function tests (LFTs), and central line access. This study was
approved by the Osaka University Hospital institutional review
board and was supported by Health Science Research Grants from
the Ministry of Health, Labor and Welfare of Japan.

RESULTS

There were 147 patients with intestinal motility disorders
identified from 46 institutions. The prevalence was approx-
imately one in one million. There were 55 male and 92
female patients. The female-to-male ratio was about 2:1.
The mean patient age was 12.1 years (range, 0.3-77.5
years). The mean age of onset was 3.0 years (range,
0.0-68.8 years). Causes of intestinal failure are shown in
Fig 1. During the observation period, 126 patients survived
and 21 patients died. The mortality rate was 14.3%.

Detailed analysis was added for survivors to determine
indications for intestinal transplantation. Of the surviving
patients, 91 (62.0%) needed PN at least once a week, and 85
(57.8%) required PN for more than 6 months. Those 85
patients were defined as having irreversible intestinal fail-
ure. The following analyses were carried out for patients
with irreversible intestinal failure. Catheter-related compli-
cations were assessed. The site of central vascular access
(internal jugular vein, subclavian vein, and femoral vein)
was reported. The number of venous access failures is
shown in Fig 2. Twenty-seven patients (31.9%) had 2 or
more instances of central vascular access loss.

There were 61 patients (71.8%) who developed abnormal
LFTs suggestive of liver injury from PN, including 8 pa-

Others, 6

Fig 1. Causes of intestinal failure (n = 147). ClIPS, chronic
idiopathic intestinal pseudo-obstruction; MMIHS: megacystis
microcolon intestinal hypoperistalsis syndrome.
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Fig 2. Number of central vascular access losses (n = 126). The
number on the left indicates the number of vascular access
losses.

tients (13%) with jaundice. They were considered to have
severe liver injury resulting from PN.

Fifty-eight patients required at least 1 hospitalization in
the previous year. Nineteen patients (22.4%) required
hospitalization for more than 6 months over the previous
year. Their quality of life was severely impaired.

A flowchart for identifying possible candidates for intes-
tinal transplantation is shown in Fig 3. Patients dependent
on PN for more than 6 months were defined as having
irreversible intestinal failure. Those with more than 2
central vascular access losses, and abnormal LFTs with
jaundice were considered for candidates for intestinal trans-
plantation. Patients who died from liver failure or infection
might be saved by intestinal transplant. They might be
candidates for intestinal transplant too. In total, 45 patients
were potential candidates for intestinal transplantation.
Additionally, the 19 patients who were hospitalized for
more than 6 months can be potential candidates given their
poor quality of life.

DISCUSSION

Intestinal motility disorders include a wide range of dis-
eases. Chronic intestinal pseudo-obstruction, the most com-
mon type of intestinal mobility disorder, is caused by
ineffective intestinal contraction. It is characterized by
symptoms and signs of intestinal obstruction.' Intestinal
transplantation can significantly improve the prognosis and
quality of life of patients with intestinal motility disorders in
Japan.' Survival rates in Japan are comparable with rates
from the international intestinal transplant registry.”

Previously, the prevalence of intestinal motility disorders
in Japan was unknown. It was estimated that there were 100
severe cases nationwide. This study supports this figure
because surveillance was of a large enough scale to cover
the entire nation.

There were over 40 patients who may need intestinal
transplantation. However, only 3-4 a year intestinal trans-
plants are performed in Japan, even if 10 times as many
patients may be cured by intestinal transplantation.

- 863 —
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Fig 3. Candidates for intestinal

There were 2 major reasons for the relative paucity of
intestinal transplants in Japan. One reason is the lack of
available organs. For a long time, very few organs from
deceased donors were obtainable in Japan. As with other
solid organs, most intestinal transplants in Japan are per-
formed with living donors. The shortage of organs has been
alleviated due to a new act on organ transplantation that
went into effect in 2010. However, the number of intestinal
transplant has remained steady.

The financial barrier is the other, more profound reason
preventing greater use of intestinal transplantation in Ja-
pan. Since the procedure is not covered by health insurance,
either the patient or the transplant institution must pay the
considerable costs out of pocket.

Some patients develop liver failure with intestinal motility
disorders. These patients need simultaneous liver-intestine
transplants. A combined liver-intestine transplant has less
risk of acute rejection than an isolated intestinal transplant
because the liver may have protective effects on the intes-
tine. Current organ allocation guidelines do not allow for
simultaneous combined liver-intestine organ retrieval; thus,
a simultaneous liver-intestine transplant is impossible from
deceased donor sources.

Previously, the laws on organ transplantation banned
donors below 15 years of age. Intestinal transplants were
not previously possible in infants because of organ size
mismatch. Such patients will benefit from intestinal trans-

transplantation. TPN, total paren-
tal nutrition; QolL, quality of life.

plants in the future. Moreover, younger patients sometimes
develop liver failure.> Multiorgan transplantation is a good
option for such patients.”*

~ It is difficult to determine the optimal timing for intesti-
nal transplants to treat intestinal failure associated with
intestinal motility disorders. Severe cases of intestinal mo-
tility disorders should be referred to institutions with exper-
tise in transplantation.

In conclusion, the prevalence of severe motility disorders
in Japan was elucidated. Patients with irreversible intestinal
failure from intestinal motility disorders may be candidates
for intestinal transplantation. Severe cases of motility dis-
order should be referred to transplant centers. Further
investigation for patient details is required.
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Immunological detection of large oxidized lipoproteins in
hypertriglyceridemic serum
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Abstract

Background: Triglyceride-rich, low-density lipoproteins (TG-rich LDL) have been reported as an oxidized lipoprotein
species in patients with severe liver disease. Using TG-rich LDL as an immunogen, we obtained a monoclonal antibody
(G11-6) that reacted with TG-rich LDL from patients with liver disease and with metal-oxidized LDL only in the early
process of the oxidation reaction. This study determined the G1 |-6-reactive lipoproteins in hypertriglyceridemic serum.
Methods: Serum samples from healthy volunteers (n = 12) and hypertriglyceridemic patients (n=9) were fractionated
by gel filtration and subjected to a sandwich enzyme-linked immunosorbent assay (ELISA) using GI1-6 and polyclonal
anti-apolipoprotein B antibodies.

Results: Small LDL and larger lipoproteins reacted with Gl1-6. Gl I-6-reactive small LDL was identified in both the
healthy subjects and hypertriglyceridemic patients, whereas Gl |-6-reactive larger lipoproteins were found only in the
hypertriglyceridemic patients.

Conclusions: Gl |-6 is a useful tool for detecting increased large oxidized lipoproteins in hypertriglyceridemic patients.
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Introduction

The oxidation of lipids and lipoproteins plays a key role
in early atherogenesis and is involved in various dis-
eases.”” Among lipoprotein species, the small, dense,
low-density lipoproteins (LDL) are more susceptible to
oxidation than larger, buoyant LDL.> Many studies
have reported on the relationship between the concen-
tration of small dense LDL and the development of ath-
erosclerosis.>™ However, there are few reports of serum
oxidized lipoproteins other than small dense LDL,
except for a report on the presence of phosphatidylcho-
line hydroperoxides in isolated remnant lipoproteins.®
We developed a new monoclonal antibody, called
G11-6, by immunizing mice with triglyceride (TG)-rich

LDL isolated from the serum of a cholestatic patient
with severe liver disease.” A sandwich enzyme-linked
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immunosorbent assay (ELISA) using G11-6 with poly-
clonal anti-apolipoprotein B.(apoB) antibodies detected
copper-oxidized LDL only in the early process of the
oxidation reaction, while G11-6 reacted with neither
native lipoproteins nor copper-oxidized LDL in the
late process of the oxidation reaction, supporting the
specificity of G11-6 for weakly oxidized lipoproteins.”
In our previous study, G11-6 reacted with TG-rich
LDL in patients with liver disease and with small LDL
in normal controls.” To further understand weakly oxi-
dized lipoproteins in serum, the present study examined
the lipoprotein species in hypertriglyceridemic serum
that reacted with G11-6.

Materials and methods

Blood was drawn from 12 healthy volunteers (controls)
and nine patients with hypertriglyceridemia after an
overnight fast. Hypertriglyceridemia was diagnosed
according to the 2007 Guidelines of the Japan
Atherosclerosis Society: LDL-cholesterol (LDL-C)
> 140 mg/dL (3.64mmol/L), high-density lipoprotein-
cholesterol (HDL-C) <40mg/dL (1.04 mmol/L), or
TG > 150 mg/dL (1.65mmol/L). Serum was separated
from the blood by centrifugation at 2000 g for 10 min
and then stored at 4°C until use.

Serum samples (0.3 mL each) were subjected to gel
filtration chromatography on a Superose 6 column
(GE Healthcare, Little Chalfont, England) in a liquid
chromatography apparatus (Shimadzu, Kyoto, Japan),
and 0.5-mL fractions were collected, as described pre-
viously.” The lipoprotein fractions were stored at 4°C
and analysed for lipids and lipoproteins within one day,
as described below.

To confirm the elution position of each lipoprotein
fraction in this chromatographic system, a serum sample
was obtained from a hypertriglyceridemic patient, and
then separated into three fractions by ultracentrifuga-
tion: chylomicron (CM)-intermediate-density lipopro-
tein (IDL) (d<1.019kg/L), LDL (1.019<d<
1.063kg/L), and HDL plus other serum proteins
(d > 1.063kg/L), as reported previously.” Each fraction
was applied to the same column system, and its elution
position was determined by measuring total cholesterol
(TC) and TG in the eluates (data not shown).

Phospholipids (PL), TC, TG, LDL-C, and HDL-C
were measured using automated enzymatic methods
and commercial kits (Sekisui Medical, Tokyo, Japan).
Malondialdehyde (MDA)-modified LDL was detected
using a MDA-LDL ELISA kit (Sekisui Medical) with a
commercial monoclonal antibody (ML25; Sekisui
Medical). The lipoproteins detected by this kit are
designated as MDA-LDL here.

G11-6 was used as the solid-phase antibody in
combination with polyclonal anti-apolipoprotein

B antibodies as the detecting antibody in a sandwich
ELISA, which is referred to as the G11-6 ELISA
here.” Serum samples were diluted 20-fold with
50mmol/L. phosphate buffer (pH 7.4) containing
150 mmol/L sodium chloride and 1 mmol/L ethylenedia-
minetetraacetic acid before the G11-6 ELISA. Serum
G11-6-reactive lipoprotein concentrations were defined
as the ratio of the absorbance of each serum sample to
that of the control serum obtained from a patient with
liver disease. To evaluate the reproducibility of the G11-
6 ELISA, serum samples with high or low G11-6-reac-
tive lipoprotein concentrations were measured 10 times
to evaluate the within-run variation and four times on
four consecutive days to evaluate the between-run
variation.

To investigate the possible interaction between G11-6
and lipoprotein(a) [Lp(a)], Lp(a)-deficient serum was
prepared as follows. A polyclonal goat anti-Lp(a) anti-
body (Abcam, Cambridge, MA) was covalently bound
to magnetic tosylactivated Dynabeads (Invitrogen),
according to the manufacturer’s instructions. Magnetic
beads bound to non-immune goat IgG (Sigma-Aldrich,
St. Louis, MO) were used as a control. The antibody-
bound beads were incubated with serum from a hyper-
triglyceridemic patient overnight at 4°C. After magnetic
separation, the resulting Lp(a)-depleted serum was chro-
matographed on a Superose 6 column, as described
above. The eluted fractions were subjected to the G11-
6 ELISA and were analysed for Lp(a) content using a
latex-enhanced turbidimetric immunoassay [Lp(a)-
Latex SEIKEN Kit; Denka Seiken, Tokyo, Japan].

The serum Gl1-6-reactive lipoprotein concentra-
tions and clinical parameters of the groups, except
sex, were compared using the non-parametric Mann—
Whitney U-test. The influence of sex differences was
analysed using Fisher’s exact probability test. The stat-
istical analyses were performed using Statcel (OMS,
Saitama, Japan). The relationships among the elution
positions of Gl1-6- or ML25-reactive lipoproteins
were analysed using the split plot design analysis of
variance (ANOVA) on log-transformed concentrations
of Gll-6-reactive lipoproteins for G11-6 ELISA and
MDA-LDL for MDA-LDL ELISA. The statistical
analysis was performed using StatFlex (Artech,
Osaka, Japan). Values of P <0.05 was considered to
indicate statistical significance.

Results
Clinical characteristics

The subjects’ clinical data are shown in Table 1. Age,
TG, PL, HDL-C, and LDL-C were significantly higher
in the hypertriglyceridemic group compared with the
control group. The hypertriglyceridemic group was on
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Table 1. Clinical parameters and serum lipids in studied groups.

Traits

Healthy volunteer

Hypertriglyceridemia

Age (years), mean 3=SD (range)

228+ 1.7 (21-27)

56.6 8.5 (41-68)*

Sex (male/female) 9/3 712

Total cholesterol, mmol/L 5.01 £0.86 5.96 + 1.64
Triglycerides, mmol/L 0.85+0.36 3.224£2.25%
Phospholipids, mmol/L 277 +043 3.66 + 0.65%*
HDL-cholesterol, mmol/L 1.694+047 1.26 +0.52*
LDL-cholesterol, mmol/L 2.934+0.82 4.49 4= 1.00**

*P < 0.05 vs. healthy volunteers. *P < 0.0 vs. healthy volunteers.
To convert the values for cholesterol, triglycerides and phospholipids from mmol/L to mg/dL, multiply by 38.5, 91.0, and

77.0, respectively.

average older than the control group, while sex and TC
did not differ between the groups.

G I-6-reactive lipoprotein concentrations in normal
and hypertriglyceridemic serum

The serum Gl1-6-reactive lipoprotein concentrations
did not differ significantly between the healthy subjects
and hypertriglyceridemic patients (0.32£0.31 vs.
0.364+0.70, mean 4 SD; P=0.337). In our assay, the
within-assay coefficient of variation was 4.1% for
high concentrations (1.724+0.07) and 7.7% for low
concentrations (0.52 +0.04). The between-assay coeffi-
cient of variation was 9.7% for high concentrations
(1.61£0.16) and 13.7% for low concentrations
(0.3540.05).

Gel filtration of serum fractions isolated by
ultracentrifugation

The CM-IDL fraction that was isolated by ultracentri-
fugation eluted in fractions 5-16, and TC and TG
peaked in fractions 5 and 10 (data not shown). The
LDL fraction eluted in fractions 11-16; TC peaked in
fractions 13-14, and low TG peaks were observed in
fractions 5 and 13. The fraction containing HDL plus
other serum proteins eluted in fractions 19-27, and TC
and TG peaked in fractions 21-23.

Gel filtration of normal and hypertriglyceridemic
serum

Figures 1 and 2 illustrate the gel filtration results for
four of the 12 healthy subjects (control) and four of the
nine hypertriglyceridemic patients, respectively. They
were selected randomly from each group and repre-
sented the typical elution profile for each group. Their
clinical data are summarized in Table 2. Cases 1-4 had
elevated TG and LDL-C.

The elution profiles of the four controls were similar
(Figure 1): LDL-C eluted in fractions 11-16 and peaked
in fractions 13-14; HDL-C eluted in fractions 19-28
and peaked in fractions 22-23. MDA-LDL eluted in
fractions 12-16 and peaked in fractions 13-15 in all
four controls. Gll-6-reactive lipoproteins eluted in
fractions 10-16 and peaked in fractions 14-16 in all
four controls.

The four cases also gave similar elution profiles
(Figure 2): LDL-C eluted in fractions 11-16 and
peaked in fractions 13-14; HDL-C eluted in fractions
19-28 and peaked in fractions 22-23. MDA-LDL
eluted in fractions 12-16 and peaked in fractions
13-15 in all four cases. Gll-6-reactive lipoproteins
eluted in fractions 8-16 and peaked in fractions 10-13
in all four cases.

According to the elution position of the lipoproteins
in the gel filtration chromatography, fractions 11-12,
13-14, and 15-16, which we named Fractions I, II, and
II1, respectively, appeared to correspond to the large
TG-rich lipoproteins, large buoyant LDL, and small
dense LDL, respectively. Fractions I, II, and IIT had
the Gl1-6-reactive lipoprotein concentrations of
2.85+1.56 (mean=+SD), 5.80+4.00, and 7.25+4.31,
respectively, in the healthy subjects, and 1.84+1.89,
1.30£1.12, and 0.87+0.82, respectively, in the hyper-
triglyceridemic patients (Figure 3(a)). According to the
split plot design ANOVA, significant differences in the
Gll-6-reactive  lipoprotein  concentrations  were
detected between the groups of healthy subjects and
hypertriglyceridemic patients (P=0.0007) and among
the fractions I to HI (P=0.0386). Additionally, there
was a significant group x fraction interaction in the
Gl1-6-reactive  lipoprotein  concentrations (P <
0.0001). On the other hand, MDA-LDL concentrations
of Fractions I, II, and III were 28.6+£26.2U/L,
111.0+£77.1U/L, and 84.2+4.69 U/L, respectively, in
the healthy subjects, and 53.6£424U/L, 268.1+
239.6 U/L, and 194.1 £184.5U/L, respectively, in the
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Figure 1. Typical gel filtration chromatography elution profile for serum from healthy subjects. Total cholesterol (e, solid line, left
axis), triglycerides (A, dashed line, left axis), ELISA using G11-6 (O, solid line, right axis), and MDA-LDL (x, dotted line, right axis).

hypertriglyceridemic patients (Figure 3(b)). According
to the split plot design ANOVA, significant differences
in the MDA-LDL concentrations were detected among
the fractions I to III (P <0.0001), whereas no signifi-
cant difference was found between the groups of
healthy subjects and hypertriglyceridemic patients
(P=0.1506). Additionally, there was no significant
group x fraction interaction in the MDA-LDL concen-
trations (P =0.9580).

Lp(a) depletion experiment

The absence of Lp(a) in the eluates from the Superose 6
column loaded with Lp(a)-depleted hypertriglyceri-
demic serum was confirmed by turbidimetric measure-
ment of Lp(a). The eluates had essentially the same
elution profiles with and without Lp(a) depletion, indi-
cating that G11-6 did not recognize Lp(a) (data not
shown).

Discussion

When free radical-mediated oxidation of unsaturated
fatty acids in LDL occurs, a chain reaction leads to

the massive formation of PL hydroperoxides.>® The
PL hydroperoxides undergo carbon—carbon bond
cleavage via alkoxyl radicals in the presence of transi-
tion metals, forming short-chain unesterified aldehydes
and short acyl-chain PL.® The short-chain unesterified
aldehydes such as MDA and 4-hydroxy-2-nonenal bind
to the positively charged amino groups of apoB.®° The
MDA-modified apoB can be detected with monoclonal
antibody ML-25 in a MDA-LDL ELISA.? By contrast,
Itabe and Ueda'®!! reported that short acyl-chain PL is
recognized by DLH3 antibody.

In our previous report, G11-6 reacted with copper-
oxidized LDL during the early process of the oxidation
reaction.” ML-25 and DLH3, however, showed time-
courses different from that for G11-6. ML-25 reacted
with copper-oxidized LDL in both the early and late
processes of oxidation, and DLH3 reacted in the latest
process of oxidation.” Furthermore, G11-6 did not
react with artificially prepared MDA-modified LDL,
in contrast to ML-25 and 4E6, another monoclonal
antibody against oxidized LDL reported by Holvoet
et al.'® These data clearly show the unique immuno-
logical property of G11-6 among the reported antibo-
dies to oxidized LDL. In addition, the amino acid
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Figure 2. Typical gel filtration chromatography elution profile for serum from hypertriglyceridemic patients. Total cholesterol (e,
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axis).

Table 2. Clinical characteristics of the controls and the cases.

Healthy volunteer

Hypertriglyceridemia

Traits Controls 1 2 3 4 Cases | 2 3 4
Age, years 22 23 22 24 55 67 6l 68
Sex Male Female Male Male - Male Female Female Male
Total cholesterol, mmol/L 5.40 5.23 3.81 430 5.88 7.57 6.80 4.78
Triglycerides, mmol/L 0.83 0.38 0.55 0.73 2.09* 1.96* [.84* 2.49*
Phospholipids, mmol/L 2.75 2.86 2.24 2.39 3.17 352 3.44 3.07
HDL-cholesterol, mmol/L 1.31 2.20 1.54 1.65 1.27 1.09 1.22 1.07
LDL-cholesterol, mmol/L 3.64 2,57 1.90 2.39 3.69* 5.28* 5.05 * 4.58*

*Satisfied the criteria of the dyslipidemia according to the 2007 guidelines of the Japan Atherosclerosis Society.

sequence in the hypervariable region of G11-6 was not
found in BLAST search (unpublished data). Given that
no detergent was needed for the immunoreaction
between G11-6 and oxidized LDL, the epitope of
G11-6 must be exposed on the surface of LDL particles,
although its identity remains to be elucidated.

The serum Gll1-6-reactive lipoprotein concentra-
tions measured by G11-6 ELISA did not differ signifi-
cantly  between the  healthy subjects and
hypertriglyceridemic patients. In comparison, the

G11-6-reactive lipoprotein elution profiles in gel filtra-
tion chromatography differed significantly between
them: Gl1-6-reactive lipoproteins eluted most abun-
dantly in Fraction IIT (small LDL) in the healthy sub-
jects and in Fraction I (lipoproteins larger than LDL)
in the hypertriglyceridemic patients (Figure 3). Many
studies have reported the relevance of small LDL to
oxidation. Small dense LDL is more oxidizable
in vitro than large buoyant LDL* and is able to
enhance foam cell formation by THP-1 macrophages

- 869 -



Annals of Clinical Biochemistry 50(5)

470

a G11-6 ELISA ]
@, (0)
o

£

g_ 10 - o
2 3
Py aud
3
g 8
& 1 =2
8

0.1
(N I [N I
Healthy volunteer  Hypertriglyceridemia
=12y (=g

MDA-LDL ELISA
1000

100 A
10
1 4

0.1 - .

I i m I oW
Healthy volunteer  Hypertriglyceridemia
{n=5) {rs=8)

Figure 3. Distributions of G| |-6-reactive lipoproteins and MDA-LDL classified by elution position in gel filtration: (a) G11-6 ELISA
and (b) MDA-LDL ELISA. Note that log scale is used for the G| 1-6-reactive lipoprotein and MDA-LDL concentrations. G| [ -6-reactive
lipoprotein concentrations were defined as the ratio of the absorbance of each sample to that of the control serum obtained from a
patient with liver disease. According to the elution position of the lipoproteins in the gel filtration chromatography, fractions |1-12,
13—14, and 15-16, which we named Fractions |, I, and lll, respectively, appeared to correspond to the large TG-rich lipoproteins, large
buoyant LDL, and small dense LDL, respectively. Difference between the groups of healthy subjects and hypertriglyceridemic patients
was significant (P = 0.0007) for the GI1-6-reactive lipoprotein concentrations, but not significant for the MDA-LDL concentrations,
according to the split plot design ANOVA. Additionally, group x fraction interaction was significant in the G| |-6-reactive lipoprotein
concentrations (P < 0.0001), but not significant in the MDA-LDL concentrations.

without copper-induced oxidation. Furthermore,
ML-25, or the antibody to MDA-LDL, has been
reported to react with isolated small dense LDL.’
LDL isolated from hypertriglyceridemic serum has
reduced affinity for the LDL receptor’® and a pro-
longed plasma half-life (3.2 days for hypertriglyceri-
demic LDL vs. 2.0 days for normal LDL), which may
underlie the higher oxidizability in vivo of small LDL."*
The elution position of the large G11-6-reactive lipo-
proteins coincided with that of the CM-IDL fraction.
We speculate that the large G11-6-reactive lipoproteins
observed in hypertriglyceridemic patients are oxidized
remnant lipoproteins. Remnant lipoproteins are
reported to have elevated thiobarbituric acid-reactive
substance (TBARS) and greater oxidizability in vitro
than very low-density lipoproteins (VLDL).!®> Since
CM elute in the void volume with our column system
(data not shown), they are not the G11-6-reactive lipo-
proteins. The presence of circulating oxidized Lp(a) in
normal and hypertensive subjects has been reported.'®
With our gel filtration system, Lp(a) elutes at a position
similar to that of remnant lipoproteins. However,
G11-6 does not seem to react with Lp(a), according
to the result of the Lp(a) depletion experiment.
Fraction I had different triglyceride contents in the
healthy subjects and hypertriglyceridemic patients, as
shown in Figures 1 and 2. Here, we defined Fraction I
as the lipoprotein fraction with a density < 1.019 g/mL
and elutes in gel filtration chromatography at the pos-
itions that Gll1-6-reactive lipoproteins are detected.

Hence, Fraction I may be composed of IDL, VLDL,
and possibly small contaminating amounts of LDL. In
hypertriglyceridemic patients, IDL and VLDL should
increase in Fraction I. Since these lipoproteins are rich
in triglyceride and poor in cholesterol, their increase
should result in the elevation of triglyceride in Fraction I.

Isolated remnant lipoproteins are reported to con-
tain detectable amounts of phosphatidylcholine hydro-
peroxides.!” In addition, the hypertriglyceridemic
VLDL remnants induce cholesteryl ester accumulation
in cultured macrophages as efficiently as oxidized
LDL.'"® Hypertriglyceridemic remnant lipoproteins
also induce the expression of proatherothrombogenic
molecules such as intercellular adhesion molecule-1,
vascular cell adhesion molecule-1, and tissue factor, in
endothelial cells via a mechanism that is suppressed by
antioxidants.'” Hypertriglyceridemic remnant lipopro-
teins have an echinocytogenic effect on red blood cells,
which is also suppressible by antioxidants.'®
Consequently, remnant lipoproteins have chemical
and biochemical properties corresponding to those of
oxidized lipoproteins. Thus the immunological change
in remnant lipoproteins may have been caused by
oxidation.

The observed increase in oxidized remnant lipopro-
teins in hypertriglyceridemic serum may be partly
explained by delayed metabolism of remnant lipopro-
teins in hypertriglyceridemic patients. Cortner er al.*°
reported the prolonged clearance of CM remnant lipo-
proteins (CM-free d < 1.006 fraction), with half-times
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of 14.1 +9.7 and 50.7 4 20.8 min in controls and hyper-
triglyceridemic patients, respectively. They speculated
that this delay was largely due to the overproduction
of VLDL particles in the liver and the consequent com-
petition between VLDL and CM remnants for hepatic
uptake via apoE receptor-mediated endocytosis.
Although VLDL remnants were not mentioned in the
literature, it is likely that their clearance is also delayed
in hypertriglyceridemic patients.

Interestingly, ML-25 did not react with the large
lipoproteins that were reactive with G11-6 (Figure 2).
The oxidative change in this fraction might be too weak
to be recognized by ML-25. We speculate that the clear-
ance of TG-rich lipoproteins is more rapid than that of
small dense LDL,'* and therefore, little MDA-modifi-
cation occurs in TG-rich lipoproteins.

The acquisition of an adequate quantity of standard
substance for G11-6 ELISA remains to be solved.
Although TG-rich LDL isolated from patients with
advanced liver disease can be used as a standard sub-
stance in G11-6 ELISA, it is difficult to obtain a large
volume of serum from patients. The use of copper-oxi-
dized LDL might solve this problem, as reported by
Kotani ef al.® in their MDA-LDL ELISA.

In conclusion, G11-6 has the advantage of detecting
large oxidized lipoproteins, probably oxidized remnant
lipoproteins, which are increased in hypertriglyceri-
demic patients. G11-6 might be useful in elucidating
the role of large oxidized lipoproteins in cardiovascular
disease.
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Abstract

Introduction We assessed the impact of intestinal trans-
plantation on Japanese pediatric patients with intestinal
failure with data from the Japanese intestinal transplant
registry.

Methods Standardized forms were sent to all known
intestinal transplantation programs, requesting information
on transplants performed between 1996 and June 30, 2012.
Patients younger than 18 years were analyzed. Patient and
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graft survival estimates were obtained using the Kaplan—
Meier method.

Results  Of the 14 intestinal transplants, 4 were deceased
and 10 were living donor transplants. The primary indi-
cations were: short gut syndrome (n = 7), intestinal
functional disorder (n = 6), and re-transplantation
(n = 1). The overall 1- and 5-year patient survival rates
were 77 and 57 %, respectively. In transplants performed
after 2006 (n = 6), the one-year patient survival rate was
83 %, and the 5-year survival rate was 83 %. Graft one-
and S5-year survival rates were 83 and 83 %, respectively.
The living-related transplant survival rate was 80 % at
1 year and 68 % at 2 years, compared to 67 and 67 % for
cadaveric transplant recipients. There were no statistically
significant differences in patient (p = 0.88) and graft
(p = 0.76) survival rates between living donor and
cadaveric transplant recipients. All current survivors dis-
continued PN.

Conclusion Intestinal transplantation has become an
effective therapy for patients with intestinal failure who
cannot tolerate PN.

Keywords Intestinal transplant - Pediatric
transplant - Japanese registry

Introduction

Intestinal failure is caused by a critical reduction of
functional gut mass to below the minimal amount neces-
sary for adequate digestion and absorption to satisfy
nutrient and fluid requirements for maintenance in adults
and growth in children [!]. The most common type of
intestinal failure is short bowel syndrome with an esti-
mated incidence of 3-5 cases per 100 000 births per year
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[2]. Advances in neonatal intensive care, anesthesia,
nutritional support, and surgical techniques have improved
the survival of children, so the prevalence of common
causes of short bowel syndrome, including gastroschisis,
necrotizing enterocolitis, and intestinal atresia has likely
increased in recent years [3]. Some survivors, however,
develop irreversible intestinal failure. The prognosis for
intestinal failure related to short gut syndrome and intes-
tinal motility disorders has improved dramatically owing
to the development of parenteral nutrition (PN). Some
children achieve long-term survival with PN at home with
a relatively good quality of life, but others develop serious
side effects that can eventually lead to death. However,
PN-related complications, such as loss of venous access
and intestinal failure-associated liver disease (IFALD), are
still major problems for patients with intestinal failure [4].
Intestinal transplantation can significantly improve their
prognosis and quality of life. Early efforts to transplant the
small bowel have failed due to refractory graft rejection
and sepsis. Outcomes improved during the early 1990s,
but survival rates were still inferior to those for other
organ transplants. Over the past 5 years, individual centers
have reported improved outcomes with better long-term
intestinal engraftment.

The first intestinal transplant in Japan was performed in
1996. The total number of intestinal transplants in Japan
has increased to 24 as of June 2011. We assessed the
impact of intestinal transplantation on Japanese pediatric
patients with intestinal failure based on data from the
Japanese intestinal transplant registry.

Methods

Standardized forms were sent to all known intestinal
transplantation programs, requesting information on
intestinal transplants performed between 1996 and June
30, 2012. The data included age, sex, date of birth, date
of transplant, type of donor (deceased or living), pre-
transplant status (home or hospital), underlying disease,
procedure, ABO blood type, immunosuppression regimen
(induction and maintenance therapy), and post-transplant
status (PN requirement, intravenous (IV) fluid require-
ment, and daily life restrictions). Patients under 18 years
of age were analyzed. The data were entered into a
Microsoft Excel spreadsheet and analyzed with JMP
version 10.0 (SAS Institute Inc, USA). Patient and graft
survival estimates were obtained using the Kaplan-Meier
method. For survival analysis, failure was defined as
occurring on the date of graft removal or death. A
p value <0.05 was considered statistically significant.
This study was approved by the institutional review
board.
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Results

Four programs provided data on 14 grafts in 13 patients
who were received transplants between 1 April 1996, and
30 June 2012 in Japan. The participation rate was 100 %.
All intestinal transplants performed in Japan are captured
in the registry database. All patients were followed, unless
the patient has passed way. Ten grafts were obtained from
living donors, and four cases involved deceased donors.
The annual number of intestinal transplants, according to
organ donation type, is shown in Fig. 1. Prior to 2005,
25 % of patients who underwent transplantation were
called in from home, as compared with 66 % in the last
5 years (Fig. 2).

There were nine male and five female recipients. The
age distribution of the recipients is shown in Fig. 3. Two-
thirds of the patients were over 6 years old. The youngest
recipient was 8 months. The causes of intestinal failure
requiring intestinal transplantation are shown in Fig. 4.
Approximately half of the patients had conditions that
result in short gut syndrome.

Most patients (n = 13) received isolated intestinal
transplants. There was only one case of simultaneous liver-
intestinal transplantation from two living-related donors.
Twelve patients received grafts from donors with an
identical ABO blood type. Two patients received grafts
from ABO compatible donors. There were no transplants
involving ABO incompatibility. All patients were on ta-
crolimus maintenance therapy. The types of induction
therapy used are shown in Fig. 5. Antibody-based induc-
tion therapy and tacrolimus-based maintenance immuno-
suppression were used even if the medication was not
commercially available in Japan.

Graft and patient overall survival as of June 2011 are
shown in Kaplan—Meier plots (Fig. 6a, b, respectively).
The one-year and 5-year patient survival rates were 77 and
57 %, respectively, comparable with rates from the inter-
national intestinal transplant registry. Five recipients died.

2 T

& Cadaveric
& Living

n=14

Fig. 1 Number of intestinal transplants by year
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n=14

Fig. 2 Pre-transplant patient status

n=14

Fig. 3 Recipient age at transplant

Re-Tx, 1
MID, 1

intestinal
atresia, 1

n=14

Fig. 4 Cause of intestinal failure NEC necrotizing enterocolitis,
CIIPS chronic idiopathic intestinal pseudo-obstruction syndrome,
MID microvillus inclusion disease, Re-Tx Re-transplant

The causes of death included sepsis (n = 3), post-trans-
plant lymphoma (n = 1) and intra cranial hemorrhage
(n=1).

The 1-year overall graft survival rate was 80 % for
cadaveric grafts versus 50 % for living donor grafts
(p = 0.76), as shown in Fig. 7a. The 1-year overall patient

Nam_a, 1

Daclizumab,
8

Basiliximab,

3

N=14

Fig. 5 Induction immunosuppression therapy rA7G rabbit anti-
thymus globulin, OK7-3 anti-CD3 monoclonal antibody
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Fig. 6 Overall graft (a) and patient (b) survival

survival rate was 80 % for cadaveric grafts versus 67 % for
living donor grafts (p = 0.88), as shown in Fig. 7b.

Graft survival improved over the last 5 years. The one-
and five-year graft survival rates were 83 and 83 % for
2006-2011 versus 63 and 38 % for 19962005 (p = 0.14),
as shown in Fig. 8a. The 1- and 5-year patient survival
rates were 83 and 83 % for 2006-2011 versus 71 and 43 %
for 1996-2005 (p = 0.27), as shown in Fig. 8b.
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Fig. 7 Graft (a) and patient (b) survival according to graft type

Graft function in terms of PN dependence was excellent.
All patients became PN-free after intestinal transplantation,
although two-thirds of patients require continuous or
intermittent intravenous fluid support. Of the eight patients
who were alive at the time of data collection, all patients
were off parenteral nutrition, with three patients requiring
intravenous fluids daily, two patients requiring intravenous
fluids occasionally (Fig. 9). Most recipients stopped par-
enteral supplementation, eat, and have resumed normal
activities. Of the seven surviving patients 1 year after
transplant, six lead a full life.

Discussion

Children with intestinal failure are at risk for numerous
complications, especially PN-related complications. For
example, loss of venous access and IFALD are still major
problems for patients with intestinal failure because they
are potentially life-threatening [4].

Catheter-related bloodstream infections were common

in patients with intestinal failure [S]. Survival of children

with chronic intestinal failure has increased as result of
home PN. Adequate central venous accesses crucial for the
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Fig. 8 Graft (a) and patient (b) survival by era
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Fig. 9 Intravenous (IV) fluid
transplantation

intestinal

requirement  after

successful management of home PN, but venous access can
be complicated by episodes of catheter-associated infec-
tion, repeated procedures to replace catheters, and catheter-
related thrombosis. Management and prevention of cathe-
ter-related thrombosis are of vital importance. [6].

IFALD can be a progressive and fatal entity in children
with short gut syndrome. Parenteral fish oil-based fat
emulsions are safe and may be effective in the treatment of
PN-associated liver disease [7]. A lipid reduction protocol
may prevent cholestasis [8]. Despite all efforts to prevent
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complications, some children develop end-stage intestinal
failure.

As outcomes of intestinal transplantation have
improved, it has become the definitive treatment for
patients with intestinal failure who cannot tolerate PN.
Over the past decade, intestinal transplantation has become
accepted as standard therapy for patients with life-threat-
ening complications of PN in many countries [9, 10].

Currently, evaluation for transplant is recommended for
pediatric patients with intestinal failure who are doing
poorly on PN due to loss of more than 50 % of the major
intravenous access sites (two out of four sites include both
internal jugular veins and subclavian veins); recurrent
severe catheter-related sepsis; progressive liver dysfunc-
tion; or impaired renal function due to massive gastroin-
testinal fluid loss.

Timely referral to an intestinal transplant program is
important for children with intestinal failure because
intestinal transplantation is easier and safer with adequate
central venous access and normal liver function [11]. For
patients who undergo intestinal transplantation, patient
survival is similar to remaining on PN. The inclination is
therefore to move towards earlier transplantation and
avoiding the need for concomitant liver transplantation [ 12].

The 2011 report of the intestinal transplant registry
confirmed that intestinal transplantation has become a
definitive therapeutic option for patients with intestinal
failure. By 2011, 2,611 intestinal transplants had been
performed throughout the world with 79 participating
centers worldwide. Three types of intestinal transplantation
are performed: (1) isolated intestinal transplantation (1,184
cases); (2) liver and intestine transplantation (845 cases);
and (3) multivisceral transplantation (619 cases). In pedi-
atric patients, two-thirds acquired short gut syndrome as a
result of congenital disease, including gastroschisis, intes-
tinal atresia, and necrotizing enterocolitis [10].

On the other hand, only 14 intestinal transplants have
been performed in patients under 18 years of age in Japan.
The number is relatively small, although it is estimated that
40 pediatric patients require intestinal transplants nation-
wide [13]. In the Japanese experience, the 1- and 5-year
overall patient survival rates are 77 and 57 %. The one-
year survival rate was 83 % for the last 5 years. These are
considered acceptable results for the treatment of intestinal
failure. Our results in Japan are comparable with results
worldwide, even though there are only one or two cases per
year performed in Japan compared to over 100 intestinal
transplants yearly performed in the world. In our opinion,
children with intestinal failure should be treated with
intestinal transplantation in Japan as well as in other
countries when feasible.

There were two major reasons for the low number of
intestinal transplants in Japan. One reason is the lack of

available organs. For a long time, relatively few donations
from deceased donors were obtainable in Japan. As with
other solid organs, most intestinal transplants in Japan are
performed with living-related donors. Although the situa-
tion has changed due to the new Act on Organ Trans-
plantation, which went into effect in 2010, the number of
deceased donations has not increased dramatically, espe-
cially among pediatric donors.

The financial barrier is the other, more profound reason
preventing the greater use of intestinal transplantation in
Japan. Since the procedure is not covered by health
insurance, either the patient or the transplant center must
pay the considerable costs out of pocket.

Some patients develop liver failure with short gut syn-
drome. These patients need simultaneous liver-intestinal
transplants. A combined liver-intestine transplant has less
risk of acute rejection than an isolated intestinal transplant
because the liver may have protective effects on the
intestine [10]. Combined liver and intestine transplants are
the most frequent procedure in infants and children,
accounting for half of the cases. Current organ allocation
guidelines have not allowed for simultaneous combined
liver—intestine organ retrieval until the law was revised in
2010; thus, simultaneous liver—intestine transplantation
with a deceased donor graft had been impossible. Isolated
intestinal transplantation, the preferred procedure, was
offered to patients with limited IV access or recurrent line
infections. Combined liver—intestine transplants are per-
formed for treatment of irreversible liver disease caused by
PN. Isolated intestinal transplantation from deceased
donors following living-related liver transplantation,
referred to as sequential combined liver-intestine trans-
plantation, has been attempted.

Previously, the law on organ transplantation banned
donors below 15 years of age. This is the main reason why
there were relatively few pediatric transplant recipients.
Intestinal transplant for infants was previously not possible
because of donor-recipient size mismatch. Only a small
number of pediatric transplants have been performed.
Pediatric patients still await the opportunity to benefit from
intestinal transplantation. Moreover, younger patients
sometimes develop liver failure [3]. Multivisceral trans-
plants are recommended for the treatment of severe gas-
trointestinal motility disorders [14]. However organ
allocation guidelines do not allow for multivisceral organ
retrieval. Further reform of allocation guidelines is needed.

This analysis found that improved induction immuno-
suppression is strongly associated with higher survival
rates. The use of antibody induction therapy appears to be
particularly important for the success of intestinal trans-
plantation, possibly due to the large lymphoid mass of this
type of graft [15]. Induction with rabbit anti-thymus glob-
ulin (rATG) minimized the amount of tacrolimus needed for
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