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ORIGINAL ARTICLE

Histology of Intestinal Allografts

Lymphocyte Apoptosis and Phagocytosis of Lymphocytic Apoptotic
Bodies Are Diagnostic Findings of Acute Rejection
in Addition to Crypt Apoptosis
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Abstract: Acute rejection of a small-bowel transplant is often
difficult to diagnose due to complicated immune responses. The
present study aimed to elucidate the specific immune responses
involved in intestinal transplant rejection. We correlated im-
munchistologic findings with an increase in crypt apoptosis, which
has been commonly accepted as a criterion for the diagnosis of
acute cellular rejection (ACR). Of 8 patients who received an in-
testinal allograft at Kyoto University Hospital, biopsy specimens
from 7 patients were assessed immunohistologically with anti-
bodies against 20 types of lymphocytic antigens including CD3,
CD4, CD8, CD79a, CD20, IgG, and T-cell receptor, along with
assessment of the patients’ clinical courses. It was revealed that, in
addition to apoptotic crypts, T-lymphocyte apoptosis and phag-
ocytosis of apoptotic bodies in the lamina propria of villi were
findings of ACR; both were observed in all cases. Immunostaining
of the Fas ligand, one of the apoptosis-inducing molecules, was
useful for the identification of the apoptotic bodies in the lamina
propria of villi. Apoptotic body phagocytosis may be a surrogate
diagnostic finding of grafts undergoing ACR.

Key Words: intestinal transplantation, apoptosis, Fas ligand,
lymphocyte, phagocytosis, acute cellular rejection
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BACKGROUND

Intestinal transplantation is a commonly accepted
standard therapy for patients with irreversible parenteral
nutrition complications associated with short-bowel syn-
drome,'® Hirschsprung disease, and related diseases such as
chronic idiopathic intestinal pseudo-obstruction syndrome
or megacystis-microcolon-intestinal hypoperistalsis  syn-
drome®*!® One-year patient survival rate after trans-
plantation has improved, and more than half of the children
who survive a transplani can now be weaned off parenteral
nutrition.'® However, acute cellular rejection (ACR), which
may be detected by histopathologic methods, remains the
major cause of intestinal graft failure after transplantation.
Histopathologic diagnosis is uscful in the detection of
ACR."-15 In fact, for most patients who experience severe
acute rejection, sufficient recovery of mucosal absorption
function remains difficult, and bacterial infection is in-
evitable.® Therefore, the diagnosis and (reatment of acute
rejection in the early phase are critical for postoperative care.

The major histologic finding of acute rejection is a
mixed celiular inflammation infiltrate including activated
large lymphocytes and crypt apoptosis.'>!> In the current
study, we applied a grading system of acute rejection ac-
cording to criteria defined at an international meeting.'?
Crypt apoptosis involves epithelial stem cell injury, and its
development inhibits sufficient recovery of mucosa. The level
of mucosal damage caused by ulceration due to apoptosis is
therefore critical in terms of transplant success. The aim of
this study was to precisely evaluate immune responses in an
intestinal allograft before the appearance of crypt apoptosis
in order to prevent the development of rejection.

MATERIALS AND METHODS

Case Selection
In the 15 years between May 1997 and February 2012,
8 patients underwent orthotopic intestinal transplantation at

Am } Surg Pathol » Volume 37, Number 2, February 2013
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TABLE 1. Clinical Profiles of Patients and Donors

Patient  Patient: Age (y)/Sex  Donor: Age (y)/Sex ACR (POD) Steroid Pulse  Immunosuppressants Eticlogy  Induction
1 2/M 20-30/F 12 + Tacro/azatiofsteroid SB
2 0/F 20-30/F 12 + Tacro/cyclofsteroid SB OKT3
18 +
20 +
25 +
3 4/M 20-30/F 66 + Tacro/steroid SB
4 4/F 20-30/F 22 + Tacro/steroid SB
5 12/F 20-30/F 27 + Tacro/steroid CIIP Daclizumab
6 19/M 40-50/M 12 + Tacro/cyclo/steroid SB Daclizumab
7 10/F 30-40/M 11 + Tacro/cyclo/steroid CIIP Basiliximab
19 + Thymoglobulin

Etiology: status of native intestine of the patient.
Steroid pulse: 10 to 20 mg/kg/d.

CHP indicates chronic idiopathic intestinal pseudo-obstruction syndrome; F, female; M. male; SB, short-howe! syndrome.

Kyoto University Hospital. All of the protocols of this study
were approved by the Committee of Medical Ethics of the
Graduate School of Medicine, Kyoto University, and the
study was performed with the informed consent of the
patients’ parents.

The patients commonly received immunosuppressant
therapy consisting of tacrolimus for suppression of immune
responses o the allograft. In brief, intravenous tacrolimus
(baseline, 5 to 15ng/mL) and methylprednisolone were
commonly used as maintenance therapy for im-
munosuppression in patients 2 to 7.'6 Mycophenolate mo-
fetil was transiently adminisirated for treatment of ACR in
patients 5 to 7 after the present histologic examination.

To evaluate the degree of rejection and the effect of
immunosuppressive therapy, daily endoscopic examina-
tions were performed for the first 2 months. Specifically,
endoscopic examination, including biopsy, was performed
every day or every other day from posttransplantation
operative day (POD) 7 to 20 (Table 1). From POD 21 to 50,
biopsy examination was performed once or twice a week,
and endoscopic examination was performed when patients
complained of fever (> 37°C) and had an increased pe-
ripheral blood C-reactive protein level of >1.0mg/0.1L.
Frozen sections were prepared for immunohistochemical
analysis, and hematoxylin and eosin (H&E)-stained sec-
tions of formaldehyde-fixed paraffin-embedded specimens
were prepared from residual frozen samples. We examined
the immunohistology of frozen biopsied specimens in ad-
dition to the H&E-stained paraffin-embedded specimens
and investigated the early histologic features of ACR
to determine the appearance of ACR before the develop-
ment of crypt apoptosis. When ACR was diagnosed
pathologically, the patients received steroid pulse therapy
(15 to 20mg/kg/d). The profiles of the patients and donors
are shown in Table 1.

Immunohistochemistry

A total of 282 frozen biopsy specimens were taken
from intact and damaged mucosa and used for histologic
diagnosis. The immunohistochemistry protocol was pre-
viously reported.!”

© 2012 Lippincott Williams & Wilkins

The following antibodies, obtained from the indicated
sources, were used for immunostaining: anti-CD3 (Dako,
Glostrup, Denmark); anti-CD4 (Dako); anti-CD8 (Dako);
anti-CD20 (Dako); anti-CD79a (Dako); antileukocyte
common antigen (Dako); anti-CD45RO (Dako); anti-
Ki67 (Dako); anti-p53 (Dako); anti-PCNA (Dako); anti-
cyclin D1(Dako); anti-Fas (Dako); anti-Fasl. (Nichirei,
Tokyo, Japan); anti-IgG and anti-IgM, used to determine
nonspecific binding (Dako); anti-C4d; and anti-T-cell re-
ceptor aff chain (Immunotech Inc., Marseille, France). All
antibodies were diluted to 1:100. 3,3-Diaminobenzidine
or phycoerythrin-labeled streptavidin and fluorescein
isothiocyanate-labeled/phycoerythrin-labeled  streptavidin
(Vector Labs, Burlingame, CA) staining was used for vis-
valization of the immunohistochemical signal. Terminal
deoxynucleotidyl transferase-mediated deoxyuridine tri-
phosphate-biotin nick end-labeling (TUNEL) staining of
apoptosis was performed using an in situ apoptosis de-
tection kit (Takara, Otsu, Japan).

Diagnosis of ACR

The histology of the intestinal graft was diagnosed
according to previously reported criteria.'1215 To iden-
tify ACR, the following histologic criteria were used: in-
flammatory infiltrate, increased crypt epithelial apoptosis
(usually with >6 apoptotic bodies/10 crypts), architec-
tural distortion of villi, and mucosal ulceration changes.
To accurately detect apoptotic bodies, TUNEL staining
of the graft specimens was additionally performed.

Statistical Analysis

Interindividual differences in the responses to high-
dose steroid therapy (> 15 mg/kg/d) were assessed using
the Student ¢ test (SPSS 10.0.5 from SPSS Inc., Chicago,
IL), as this test provides the most conservative estimates.
All P values were 2-sided and were considered to be
statistically significant if <0.01. P values were not ad-
justed for multiple testing.

www.ajsp.com | 179
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FIGURE 1. Collection of macrophages and apoptotic bodies in the LP of villi. H&E and immunochistochemical staining of biopsy
specimens of intestinal transplants at POD 9 to 13 were analyzed. A-B, Collection of macrophages (indicated by arrows in A and B
with apoptotic bodies in the LP. A, B, patient 7. C, Apoptotic bodies in the LP are indicated by arrows. Six apoptotic bodies were
observed. D, Crypt apoptosis that appeared 2 days after the collections of LP macrophages containing apoptotic bodies appeared

in patient 5.

180 | www.ajsp.com © 2012 Lippincott Williams & Wilkins
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FIGURE 2. TUNEL staining of apoptotic bodies in the LP. TUNEL staining of the normal donor intestine for patient 2 (A) and
transplanted intestine with ACR on POD 12 are shown. B, Arrows indicate the TUNEL-positive cells in the LP. The signal was
visualized with 3,3'-diamincobenzidine. Counter staining was performed with H&E.

RESULTS

Apoptotic Bodies and Phagocytosis in the
Lamina Propria of Villi

The transplanted intestines were assessed through
H&E staining and immunohistochemical analysis of sec-
tions. We commonly observed apoptotic bodies when crypt
apoptosis was present in the lamina propria (LP) of villi
(Figs. 1A~-C). These apoptotic bodies were localized around
capillary veins and were frequently eosinophilic. In addi-
tion, the macrophages were weakly eosinophilic and their
collections in the LP of villi contained the apoptotic bodies.
The macrophage collections and apoptosis in the LP (LP
apoptosis) was followed by the appearance of >6 crypt
apoptoses per 10 crypts, which is diagnostic of ACR, in all
7 of the allografts studied (Fig. 1D).

Identification of Apoptotic Bodies

To confirm LP apoptosis, we stained the apoptotic
bodies using the TUNEL method. The normal intestine,
that is intestinal grafts before transplantation, was weakly
stained at the crypt (range, 0.1 to 1.3 per 10 crypts; me-
dian, 0.4 per 10 crypts; n = 7) (Fig. 2A). In contrast,
apoptotic crypts in the grafts undergoing ACR were in-
tensely stained (range, 6.2 to 8.5 per 10 crypts; median,
6.3 per 10 crypts; n = 7) and apoptotic bodies in macro-
phages in the LP were additionally stained (Fig. 2B).

« 2012 Lippincott Williams & Wilkins

Apoptotic Bodies in the LP Contained T Cells

To identify the types of cells undergoing apoptosis
in the LP of the graft during ACR, immunochistochemical
analysis using an antibody against the Fas ligand (FasL),
an apoptosis-related molecule, was carried out to detect
apoptosis. In the normal control, that is grafts before
transplantation, intact cells showed FasL signals
(Fig. 3A); in contrast, apoptotic signals were positively
stained by FasL antibody in the graft undergoing ACR in
addition to the intact cells (Fig. 3B).

Subsequently, multicolor fluorescent staining was
performed. FasL and T-cell receptor were doubly stained,
and 4',6-diamidino-2-phenylindole was used to stain the
nuclei. Intact FasL+ T cells were observed in the donor
normal intestine before transplantation. In addition to
this intact FasL + T cells, apoptotic FasL + T cells were
observed in the transplants during ACR (Fig. 3C, D).

Phagocytosis is an Additional Finding of ACR

In addition, macrophages phagocytosing the apop-
totic FasL+ cells were frequently observed in the LP
(Fig. 4A). Immunohistochemical analysis of a serial sec-
tion of the same tissue using an anti-CD68 antibody also
showed that CD68 " macrophages phagocytosed FasL +
apoptotic bodies in the LP of villi in allografts ongoing
ACR (Fig. 4B). Thus, FasL staining is useful for
the identification of apoptotic bodies in allografts and
TUNEL staining (Table 2).

www.ajsp.com | 181
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FIGURE 3. Apoptotic bodies containing T cells. (A, B) FasL immunostaining of donor intestine (A) and transplant tissues in ACR
(B). The inset in (B) shows a high-power magnification of an apoptotic body aggregation. The FasL signal in apoptotic clusters was
visualized with 3,3'-diaminobenzidine around the crypt. Counter staining was performed with hematoxylin. C and D, Co-staining
of apoptotic clusters by fluorescent immunostaining of FasL and T-cell receptor. Phycoerythrin-streptavidin-stained FasL (red) and
fluorescein isothiocyanate-streptavidin (green) (T-cell-receptor staining) can be seen. Nuclei were visualized using 4/, 6-diamidino-
2-phenylindole. C Triply stained intact FasL+ T cells in the donor intestine before transplantation (patient 7). The arrow indicates
intact FasL+ T cells. D, Triply stained FasL+ apoptotic T cells in the donor intestine before transplantation (patient 7). Arrows in (D)

indicate the apoptotic fragments. Scale bars are shown.

LP Apoptosis may be a Surrogate Finding of
Crypt Apoptosis

On the basis of this staining, we semiquantitatively
scored the apoptosis in the LP (score 0, no signals; score 1,
scant and isolated signals; score 2, a few signal ag-
gregations; score 3, signal aggregates surrounding the

182 | www.ajsp.com

crypt). A total of 150 specimens did not contain the suffi-
cient number of crypt (> 10) architecture for the diagnosis
of ACR, and the LP apoptosis score closely correlated with
the crypt apoptosis count in the remaining 132 sections
(R* =0.87, P < 0.001), indicating that LP apoptosis can be
a surrogate finding of crypt apoptosis (Fig. 5).

«: 2012 Lippincott Williams & Wilkins
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FIGURE 4. Phagocytosis of apoptotic bodies. A, FasL immunostaining of an apoptotic body cluster that was phagocytosed by a
macrophage. The FasL signal was visualized with 3,3'-diaminobenzidine. Brown-stained Fasl-containing apoptotic bodies sur-
rounding the nucleus of the phagocytosing macrophage. B, Immunostaining of macrophages using anti-CD68, and visualization
of the signal with 3,3'-diaminobenzidine. An apoptotic bedy cluster that was phagocytosed by a macrophage (brown stain) can
be seen.

DISCUSSION popularized. In the present cases, mycophenolate mofetil
The present study includes only 7 transplants, but  was transiently administrated after our histologic follow-
histologic assessment was performed using 20 types of  up. The treatment protocol for the therapy and follow-up
immunohistochemical markers and was correlated with  has been constitutively stable using tacrolimus and steroids.
the clinical courses. FasL was selected as a marker of  Although there have been previous reports regarding T-cell
apoptosis in intestinal transplants on the basis of the  apoptosis in the intestine in ongoing ACR or graft-versus-
immunohistochemical study. host disease, its clinical significance has not been evi-
For the long-term period, novel immunologic sup-  dent.!®-2 In the current study, FasL + T-cell apoptosis was
pressants, such as mycophenolate mofetil, have been  a useful indicator of evident transplant rejection.

TABLE 2. Histologic Profiles of Patients and Donors

Mixed LP
ACR Inflammatory Apoptotic Villous Apoptosis  Phagocytosis FasL + ACR
Patient (POD) Infiltrate Crypt Counts Architecture  (Score) in LP T Cellin LP Other Findings  Grade
1 12 Marked 8.5 Distortion 3 + Marked increasc  Chronic rejection 3
and apoptosis
2 12 Marked 63 Soughing 3 + Marked increasc  Neutrophilic 2
and apoptosis infiltrates
18 5.9 2 + Modest increase 2
20 6.1 2 + Modest increcase 2
25 6.2 2 + Modest increase 1
3 66  Mild 6.1 2 + Modest increasce !
4 22 Moderate 715 Distortion 2 + Modest incrcase 2
5 27  Marked 6.2 Distortion 2 + Marked increase 2
6 12 Moderate 6.4 Soughing 2 + Marked increasc 2
and apoptosis
7 n Moderate 6.5 Ulceration 1 + No significant Cad 3
increase immunostaining +
19 7.6 Shoriening 3 + No significant 2
increase
Apoptotic crypt count: per 10 crypts
ACR grades 0 to 3 according to the International grading scheme.'?
LP apoptosis indicates [ymphocytic apoptosis (in the LP) in ACR: phagocytosis in LP, phagocytosis (of the apoptotic bodies) in LP.
« 2012 Lippincott Williams & Wilkins www.ajsp.com | 183
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y = 0.3564x + 0.0701
R? = 0.66871

T 2 3 4 5 6 7 8 9
Aaopatoids count per 10 oypts

FIGURE 5. Correlation between the LP apoptotic score and
the count of apoptotic crypts. A regression analysis of the LP
apoptotic score and the count of apoptotic crypts was carried
out. The shown equation shows the close correlation between
the LP apoptotic score and the count of apoptotic crypts.

It remains unclear how T cells undergoing apoplosis
in the LP result in indeterminate ACR. Because T cells
commonly express both Fasl and Fas, | plausible mech-
anism of T-cell apoptosis is that FasL produced by some of
the T cells interacted with the Fas on other T cells to induce
their apoptosis.2'?? In contrast, it was not evident whether
this expressed FasL directly contributed to the crypt
apoptosis that was observed during ACR. Our previous
cytokine measurements suggested that a variety of cyto-
kines increased at the onset of ACR!® and that tumor
necrosis factor-o. contributed to mucosal damage in graft-
versus-host disease.?? In the present study, we suspect that
FasL, in addition to tumor necrosis factor-o, is the major
factor in mucosal damage of the graft. The phagocytosis of
apoptotic T cells by macrophages that was observed in the
intestinal allografts of the current study was also previously
observed in a liver allograft.”® Thus, these phagocytic
findings may be common to all allografts in ACR.

Because crypt apoptosis is probably irreversible, 2425
mucosal damage cannot be prevented once crypt apoptosis
has become evident. However, when only surface mucosa
was biopsied, there was often insufficient specimen for the
detection of crypt apoptosis. In this case, accurate evalua-
tion of crypt apoptosis requires TUNEL or other exami-
nation methods that are not routine and take time to
complete. Therefore, identification of the initial and sub-
sequent responses of intestinal allografis leading to ACR is
essential for better prognosis. In the present study, T-cell
apoptosis in the LP was as good an indicative finding as
crypt apoptosis. Although more studies will be necessary
for understanding this T-cell response, T-cell apoptosis
appears to be a useful finding for diagnosing ACR in in-
testinal allografts. Although the study population remains
small in the current study, because there are few compre-
hensive immunohistochemistry studies that are correlated
with clinical findings in patients who have undergone in-
testinal transplants, our study provides novel information
of intestinal transplant histology.
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Current Status of Intestinal Transplantation in Japan

T. Ueno, M. Wada, K. Hoshino, Y. Yonekawa, and M. Fukuzawa

ABSTRACT

The development of total parenteral nutrition (TPN) has dramatically improved the
prognosis of patients afflicted with intestinal failure. However, TPN-related complications,
which remain a problem for patients with intestinal failure can be addressed by intestinal
transplantation, which can significantly improve their prognosis and quality of life. The first
intestinal transplantation in Japan occurred in 1996. Of the 17 intestinal transplantations
performed to date, six were obtained from deceased donors and 11 from living donors. The
primary indications were: short gut syndrome (n = 8), intestinal function disorder (n = 7),
and retransplantation (n = 2). In our experience, the 1-year and 5-year patient survival
rates are 87% and 69%. All nine patients receiving transplants in the last 7 years have
survived, which seem to be acceptable results for the treatment of intestinal failure.
Relatively few intestinal transplantations have been performed to date, mainly due to the
lack of national health insurance coverage for the procedure and the ban of the use of
donors below 15 years of age. Liver failure patients are also ineligible because liver-
intestine or multiorgan transplants are not allowed by current guidelines. Case numbers
may increase in the future as the result of allowing for pediatric donors in the new Act on
Organ Transplantation, which went into effect in July 2010. We continue to work on
reforming national insurance coverage to cover multiorgan transplantations.

HE PROGNOQOSIS FOR SHORT GUT SYNDROME

and intestinal failure has improved dramatically owing
to the development of total parenteral nutrition (TPN).
However, TPN-related complications, such as central ve-
nous catheter infection, thrombosis of venous access, and
parenteral nutrition-associated cholestasis, are still major
problems for patients with intestinal failure. Intestinal
transplantation can significantly improve their prognosis
and their quality of life.

The first intestinal transplantation in Japan was per-
formed in 1996. As of September 2010 the total number of
intestinal transplantations in Japan has reached to 20 cases.
Herein we have reviewed the current status of intestinal
transplantation in Japan and discussed existing issues.

METHODS

The Japanese intestinal transplantation registry was updated and
published in 2009.' Data up to June 2010 were added from
institutions performing transplantations. Herein we have reviewed
the patient profiles, procedures, and outcomes of Japanese intes-
tinal transplantation based on currently available data. Data were
analyzed using the JMP software package, version 8.0 (SAS
Institute, USA).

© 2011 by Elsevier Inc. All rights reserved.
360 Park Avenue South, New York, NY 10010-1710

Transplantation Proceedings, 43, 2405-2407 (2011)

RESULTS

In Japan, 17 intestinal transplantations were performed on
15 patients by June 2010. Six cases involved deceased
donors; the others, living related donors. The annual num-
bers of intestinal transplantations, according to organ do-
nation type, are shown in Fig 1.

There were nine male and six female recipients. The age
distribution of the recipients is shown in Fig 2. Two-thirds
of the patients were over 7 years old. The indications for
intestinal transplantation are shown in Fig 3, Approximately
half of the patients had conditions that result in short gut
syndrome. Most patients received isolated intestinal trans-
plants. There was one simultaneous liver-intestine transplan-
tation from a living related donor. However, there was one
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Fig 1. Number of intestinal transplantations by year and
source. DD, deceased donor; LRD, living related donor.

isolated case of intestinal transplantation followed a living
related donor liver graft.

Patient and graft survival as of August 2010 are shown in
Kaplan-Meier plots (Figs 4 and 5). The 1-year and S-year
patient survival rates were 87% and 69%, respectively.
These rates were comparable to those from the interna-
tional intestinal transplant registry. Moreover, there was
160% survival among the nine patients whose transplanta-
tions were performed in the last 7 years since September
2003. Three patients died due to infections. There was one
mortality due to posttransplant lymphoproliferative disease.

Graft function in terms of TPN-dependence was excel-
lent. All patients became TPN-free after intestinal trans-
plantation, although 55% of patients require continuous or
intermittent intravenous fluid support. However, peripheral
intravenous fluid therapy is not life-threatening.

DISCUSSION

The outcomes of intestinal transplantation have been im-
proving. In our experience, the 1-year and 5-year patient
survival rates were 87% and 69%. All nine patients receiv-
ing transplants in the last 7 years have survived which are
considered acceptable results for the treatment of intestinal
failure. Our results in Japan are comparable with those
worldwide, although there are only one or two cases
performed per year, whereas there have been over 2000
intestinal transplantations undertaken worldwide.

There were two major reasons for the relative paucity of
intestinal transplantations in Japan. One reason is the lack
of available organs. For a long time, only relatively few

Fig 2. Recipient age distribution.
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Fig 3. Indications for intestinal transplantation.

donations were obtainable from deceased donors in Japan,
As with other solid organs, most intestinal transplantations
in Japan used living related donors. However, the situation
has changed due to a new Act on Organ transplantation law
effective July 2010; the estimated number of deceased
donations is predicted to increase by ten-fold, alleviating
the shortage of organs.

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 with short gut syndrome develop liver
failure. They need simultaneous liver-intestine transplants,
which presents a reduced risk of an acute rejection episode
than an isolated intestinal transplant because the liver
appears to display protective effects on the intestinal graft
according to small bowel transplant registry 2009. Current
organ allocation guidelines do not allow for simultaneous
combined liver-intestine organ retrieval; thus, a simultane-
ous liver-intestine transplant is impossible from deceased
donor sources. Isolated intestinal transplants have been
attempted from deceased donors following living related
liver transplantation, a so-called sequential combined liver-
intestine transplantation.

Proportion surviving

0.2~ n=15
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Fig 4. Patient survival.
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Previously the laws on organ transplantation banned the
use of donors below 15 years of age. This is the main reason
why only one-third of recipients were under 7 years old.
Intestinal transplantation for infants was not previously
possible because of the organ size mismatch. Such patients

2407

will benefit from intestinal transplants in the future. More-
over, younger patients sometimes develop liver failure.?
Multiorgan transplantation is a good choice for such pa-
tients.®

In conclusion, since intestinal transplantation in Japan
has yielded satisfactory results, indications for the proce-
dure must be expanded. The national health insurance
should cover intestinal transplantations to save patients from
suffering TPN-related complications. Systems for combined
simultaneous liver-intestine and multiorgan transplantations
should be developed. We continue to work on reforming
national health insurance coverage to realize multiorgan
transplantation in Japan.

REFERENCES

1. The Japanese Society for Intestinal Transplantation: A report
of Japanese intestinla transplant registry. Ishoku 44:589, 2009

2. Wales PW, de Silva N, Kim J, et al: Neonatal short bowel
syndrome: population-based estimates of incidence and mortality
rates. J Pediatr Surg 39:690, 2004

3. Tzakis AG, Kato T, Levi DM, et al: 100 multivisceral trans-
plants at a single center. Ann Surg 242:480, 2005; discussion 491

—277—



40 ANRSBE Vol. 43 No. 1, 2011-1

B BE IVEIBEEE—BROSE O RO A

R NEBAHED B & FIRE R

m H &

FUBIE

NEBHEIZBERSIC ST 2B ERE L
LTI hTi ), SN Tl 2,000 BloEmE
BiFbh T3, BEERFKGPBRED DA
BEBEORBIZEECE 3D DTIRRP 2D,
BEORMIzAEL, MBolRSEBEONE L Hilk
LCBEORVLLRALIZEDTNS,

AAERCIE, chEciz 18 FlicL 20 Ho
NEBIESTbN, 14 ABEFEL T3, EHE
B B OBEEREDHSRERIcmELTED, A
B EEFISRBE BTSN 20105F 6 B
Tl MEBEERIT R 156 (17 B) 0RWERE
i, B 1 E0RFEERH TR, 5 FEFE
1% 69% TH -7z, 2003 £ 9 BRI Thbii: 12
PIRTRCTEFLTED, BHOFRICERT 3
bDEAE-TWVSBY,

&%, BRcBVTh X o380 mELE
P oRmBEEE Nz —5, MEBiEE, RE
SEER, RERROEBA LR > TinI L,
NEOBFEF F—BZnE CROLLN TR
ko libicky, BLVWilihokd tBHHEER
2EOE2R Aokt WIBRRIND B,

AW TR, BRMNEBEOBENSORRIZOW
TR L, EBROBRMEBE & {IThROR
FEFr—bonBlEziET 55 2 coMBRL
BROBEIzOWTHEET B,

[. BERMNABEOHMFDORR
REE, SR CTONIERNMNEBEES

Motoshi Wada Hironori Kudo Masaki Nio
* BbARSRSEES2AFRM N BB
(T980-8574 AUE&WHIRBERAT 1-1)

T B ® £ B E &

i 0T 1985 £F 4 ABRICHET E i igig o~
TOEFIMERRES (Intestinal Transplant Regis-
try) IB@REh, 2oSRIZ 2 Fc—BRHRsh
FENBBEY YRS Y L THESIN TV S,
2000 F£9HRKAPV7 - Fu—=>CHESI
1L EDY YRS LTI, 2000455 Ak
TCRERINIENC DL THREN SN,

CDFEI L B L, 15 73 (53) DHERRT, 2,038
(1,151) Bz LT 2,188 (1,236) ElD/NERIE
VBT EN T B (B y aRRARH) . EfEO
ERMEEE RS L, 1990 SR, BiNER% R
L, 2005 fEBLREIXERDRY 220 (120) PlDE®
EBTHONT 3, BEFROWTRICOWTART
&5 L, NBEIMBIED 926 (407) [, FFlE-/A
WEeiEhs 725 (580) [, PR2&LERRBHE:
537 (249) Bl 5TV 3, EEFF—2056 045
BBEOBREIRAEEN TRV (47~66 B L
Bbh3), NEBHELSEON IUBELELL
n, MNEBHEOKRSEIIMIE FF—» 5 0BHET
H5,

LM 1,238 (542) B, 5L 703 (464)
(BRAD 57%, MRTIE 86%) 2B IRFEED» S5
LB L T 3, BiEA 0 Bz,
LEEF DR 60% % MRIE DTV B, FERIZD
REIERABICRZzOFERICENRD 6, MR
Plcid EEEEEY, PIBEEIRE, BB L vo
T SERMED B IR RAICSERE ¢ 5 BB I R
L 7= B REEREDY 68% % 5D TV 588, IRASI
TIRREBEEFHOE SN 58% L 2Rl {, 8
[RimieiEs & OBERNERSE, 7u—-vK 4
B L EHERROFBR L 2 3ERE RE>Tw
% /NG E BABIOBWIZBERRIC b 25N,
ARTANEREBE L FNERREE S

—278—



MRIBE Vol. 43 No. 1, 2011-1 a1

BHEXN 13 TOZENEFNHEDTVBEDOICH
LT, BABITR/MEEIMBESL-> E1E L,
HEHZLHDTVE, TNRBETFRLOAMET
% 2 IFHSREREE (intestinal filure-associated liver
disease : IFALD) 23MRBIICE T & b BIEEIC
B oh, PNETIE IFALD 2 53T LA
HWIFR £ NEB D7 2 FHBH L koTw
5 L2EBRLTW3,

BiEsRMMRE% conditional graft survival (%
1 FEEMDOZOBOLEE) THB L, LE
DHETR, ENRFIOREICIZLA LENBDS
ny, BHEEoR LI NEBHEICBITA SR
MR TH -7, 2000 EORFE TR, 797
5 EEERPERNHB L, PLTOTRHS
HEELTED, 2004 SEDEMD 5 FEEFRI
50% 2BATw3, &IAREAITR 2005~
2009 FEICBEBT b fERMIZ, 2004 FLRTD
fEG) & h_&EFESE, conditional graft survival & b
KEELTBY, SERoEBHRERESEEIN
BERTCHoT, EFOBER, EBOMLELLED
BRI 5 LR RoR ELIcFEL T
watEI6h3,

0. bHEC&ETZERNMNEBEORR

OAMEIC BT B/NEBHEIE, R —8d
Bz & RNROMFE F -5 5 DIFESRER T
NETEDONTVRPoRIEREYS, 10D
REBHE L ARCER FF—2 5 DBHENS T
b TV, 1996 F£ICREARETCEHARD O LS
MNEBEBRTEN?, 208, 118 (35 14
B&EHEFF—b 6 OFE-/MNEREBIE) Tbhh
TV 3,—7, MFE K F— & OBiEEIZ D b o
7238, JFEF F—d 5 DMEBIEEHRT 2 ED
BREEZTOLZ24%L, ERRPHEAT,
IFALD DRE TR WESHTE L T I3 LR R
B (1EEBLE) OB LR EABS VI L
s 2007 EPBRBATED, chETIfic
WLTHTENRTW2 (B1),

£k F =20 OWoMEBRETR, Fr—Kk
MNEBBEEEZRIZIRVES, FI7MELT
BT 2BE30LBRE FF—2/0BD/ 40%B
TLva08RENTHE, 2D, L¥EIY

—279—

4- 9RET ™ -
CI R K —

1996 1998 2000 2002 2004 2006 2008 2010
B 1 NRBEOREHE

F BSEIRGCE, MR SHEEBETE B IR SO,
757 b BRRET 30N KELBEELS, b
BeohE b EENNBBED 11 M 8
FIT1EY EnEFMBONTEY, 8HDTR
T BWTBERED B CEIREED & DRt
WHECcH o7z, BHEBERHEELEONLMRD
3B, BHEBEIRERD ST, 8,
B D catch up PE RO RKR L ERHRS
NTHHD, EEMEBETIIEDOL VYL
VHICRL TR+ o BEERTE WA LE
Ao, —F, & ICBHENL D SRSy
AT B EAPHRABICB VT, BIRRE (Bh
Y —ig) b5 OHEBIZTEIRECIXH 545, AL
HTF3%s & DIRIREBIRICAE 9 Bk & &8 5 BiieE
BELOELECHBEVBLBL23ENOALN
557, 2T 57 ORI ICHIBDSH B A
BRI EESD 2 EEBEELEI SN, TOKT
RBFE F =26 0&/MED 5 v IZEEDO—BY
EDBHEBLVENEELZ N,
LIECTbhlAEE (16D /RFE o f) F
F = & DPMEBIEDOBIERER, FERRORNR
2HE2 3IKRT, INGDTF—FIRARENT
w3 ARNMNEBHETRSOBHEBHEERVDX
BB BVIZEERBLE LTARSATWEF—
¥, H2VIEEHRAOF—FICETHTVS, I
FBFF—oDBHEI BN I B 5 /i 19 R L
DRNER, B3 4 Bz 7~18 BOEER (&
B) ~EEEAT, 6 BUTONREMICHT S
RS F 7 — & /MR A EBEWN CIRRET
bhTwiy, RERREGEMIBEROBBE



42 RAEL Vol. 43 No. 1, 2011-1

&K+ = (n=11)

BFE K~ (n=9)

B2 LYy hoBilEER
*EEFNBRRBHE L A2E
PEEFBHEEO NS =REFNBBHE 2
Hegt

»2H, ERERENIM, e a RTINS
RRSRE, BIEISRIERIEIBEISRELR L 0RE
HEESEREEN 4 Ch o, EBERRCHES
FARSEMCNL, EEFSHEBICNERF—»
5 D/NEBHEEBTLEbOMBEIR 26 HY, M
36— 5 DFBREDRZD B VERIE B
T, FAe2 &% L RERSER I 3 HRK
Byde i, MHRE LCHARWAIED 543, &
e HNITMFE 1 7 — 2 & DI~ MERBSBHE
BTbh s REEHF LEZ SN, EENEBHE
EFLED, ERE (BE) »3VERRADOBE
EHSBEEEASE VW EEREOERTSH
%, 2003 £ 10 AL, BOE 7 £MfTbhlh
BBED 12 Wiz T RTEFL T3, 6 BT
(=B I 12 10 BRE) DRI 2/ BBHEIE
1 Tbh Tz, 2003 £ 9 ABBTOIES
T, EEEZRBIIEVBTELRLo 4RV TNR
b 10 BRMONBERCH B 2 LIRERTAE
THB, EEHMABDI L 2 Hliz, BlERILDE
B2 E0 Lk 2 RUT OEMNC, MNE®
fEBIZS I TPALD D517 L, RYuiEdL L oBiEt:
DEREMBRECIEE LT 29, FTez &bk
L7, X EaASRAZEDL S o
T 3N, SBOBROBELEIONS,
BABERO/NESEOERMSIZ 18 Fl & Sixw
bon, BEOBBITEHCELEL, BADHE
LIELTOBERDOEVLDD L oTWBY, —F,
AREER, & < ICHETT L 72 IFALD # &8k L i
PN T3 RBBULLBNT B I LIITFDR
v, S8, WERBBHEZOMET I, M2
ST ¥ F—5 5 OBEOEIAB/FEE N,

—280—

E&FEFF—(n=11)

ks [ BEEniRene
O] zoidgneens B 58H

3 =R
*EEFMBRRSE 1 et
*r e ERFBHEE O /NBBE = RIFEF BB 2
Hlest

NIRRT § B B - NBBE S 3 I3 S5
BHEANOZINE, fEECOMGERETLL
b I/MRSEORRRBER 4 £ oRRHIEOE
HBRBLEL OGNS,

I, MNEBEORBERICHE TR EH

NEBEIXMBOIREBME L N, 2 DEML,
BRI L e s, hoBRBENMT T
CEERBSERIC R TwaDIN L, kXEE
BR, EBERBROBEA L L > TV, BEFH
LINBRERICREOBEREN 1D, BEPY
THEROKE LEFNAHELE 2> T3, BAD
MR CANEBHEZT 2 DI ESE2BE L ER
bbb, T LEFNREEER MBI
EOKERBTICRoTwS,

BRlBwTh, @ MNEBEOBEIEAmLEL,
% DEFAIVEIRER» o TCETVLE I L,
@ BHEEMPWBENMOBTR-LBET2ERREA
HEEETH 3, BAIRRIFCHRER» O
BL ZfEPlcBVTid, BiERIICHETCHo%
BlRRELR ek d 3 BELERER0SHZE
Wy sc LBTETHH, MEBHEHIZEREEFD
EREN il cEsBREChe L, @l

L DEGIEIT A IRV BERE IR SRR 1528
Bl b L ICBEFWCHEERZ2T>TED,
BRSEOEZBRIIBSEICERENTWVWEZE, @
BENLDMEBSEECREZERIC L SEFET
2ok, BEREBRTS L, SBRERNEBHED
FHED DI 2 —A D B { MNEBRIEDFEER,
EokiRBERKROBALRE I LMBESZNS,



MRS Vol. 43 No.1, 2011-1 43

NEBHEOHERS RENGIcE L LTHERAZNS
RS /) LR THB, §70VLREZD
FSsME L hANBBHEICEREN, F70Y AR
DBRBILL Y/ DMEBBHEOBKIGAMNAEL Lo
78, NBEBHEOEERZEXILIITY ARDE
BEWEBEH, Fy7a)rR (BRG: 7usy
7) ORBEAICNBBIHEIEA- TS, K&
BokZ, WHiIZBoEEBEIOBMYBEN:
RIBLIzHDTW3B,

BiFtE X CEEF -+ —2 6 DMBEBHEICDO
T, Bk D EEERANOHGH2 IhE T2
Blichl hiFodd8, 1 BB IKEMNS, &l
FFF—56DBIHEBBYUBGE R ot
», 2EBEREL LCHEAT 3 RENHA, Vo
79 7 D/INBBIEBOEEE SN T 5 8%
IR DT Dot e DB E L I 57,2010 4 B
2, B&SBEERRWAMAKERE~GERER
DERIEH R T, BABHEZES, HARNRNH
#£&, HEMEBHEWRES S o O/NBEHED S
79 78ACET 2 BEHRRHL 2, MEBHE
icownT, @ 7u sy 7 DEmEn:, @ MNEB
HOREER~OBHRF2WTL TTI AétL
L, BEZOEMHEZToTWE, 7R/ 70H
B/ MNEBHEEDOIEGEIGOMHMSEME 1, A
BRIESGERREE LCRBIONE, KEhiE
BLOABM, IhEHETLT, O NPRELSHt
SRBRBESHEADREL LT, EEBEcn
L, MEBIE (EEHMNEEMEE, BSHEAMNEG
FRELN, FEEESLGANESIER) 2 RBSRINBOE
BEEWN L L TOBEREMNFEN T CIcRRBEINT
BH, SEERORIRILEDPIHICBBINB N
pILPHRENS, E5SBOBEE LT,
@ 7u 73 7 Ao REMGFHEIIC VT, MNER
EBoBBNRENH 7o b a— L2 ER - BE
L, 20BN OLDOBRERETI L
BELTHS,

V., BRADORE, MNEMFERF—5OBIHE

BIREBTEBRINTW R EETS (EBEE
BOBEETEETS) AloTReFEBICHETS
kRS, MNEBHEOEE L 2 OREE T
B LIREEL Y, BRETCHBIEMERICENENS

BET, T CIRHMORFTFECBIRREBOSUHE
Z &L T3 too late DEERHE {, REMEL
DBROEFEZRD, BEFBROTCRLF
LHRELE o TWVB, TDRY, BERLDN
BICBWT, Bifid o DRBEH, HiRkRez
DEPHEDERICIZ, BEOEENC/NEBHE
bEDTEER - BEWITIRETHZ LN
Z 2 Db & IT intestinal rehabilitation program

(IRP) LW I EMHREBELINEBIN TV 29,
BUERY 2 PIRIEY - SRV ZIET Z &Ik D,
IR © DD 3 WIREEE OEF2 B
T—5C, NEBEOBEIREN L2 OEIG LK
HMlzk) o toRwky, BIEBHEHOWERER
T CLEBEELEINTWS, BiREE~DE
FEORVWEEOREBHETLY, BHENE»E
HHTEL EHERDOL WEBERERICY L TR,
NEBHEDOBIS & K2 SHICB W FEiN%E
LEZ 50,

IFALD IXEERRPEMIZ & b 2 DFRIZSKET,
BrOBEORWBY, FHaEE B,
non-alcoholic steatohepatitis (NASH), (ki &
S IEE, FTA€k®BiT73, FIER, ARko
BETLFIFERoRBEL S, LR
HEH, FHlaEES2EL 75 [FALD i3 Y
R BEL, BELLRT WY, HRELED N
B, BATREHSRHCFREREE I mgsE L
ETRELLTELICL DD 5T, NASH 6
FrgtEn, FFEEIC V7 3 BLaBEEIcEs
BIEGADS >, BEPER, PIMREGEER: &
DEREEL L 72 & #iCid 90 IFALD Htdka D
TFLTEY, ERSHETH %, IFALD BEFEL
THRICMBREBBEE T o284, BIEER
IFALD DB 2 o L d@ME ST HY,
IFALD #5177 2 Blic /MBS E 0@ %2 %
ABZLEBEELEZIONS,

FERMPICBIT 2 EHERBOREEER 10
FADHESD =D 245 BIT, 2D 50%HE K
IFALD D7 DIZFET 2 LHE I T 319,
[FALD MATBHFARA2IC W > B ICRFF
B-PMBERHED 5 R EFEBECLIEHL A
ZOMS, Loy b RHRL EEBONS
INEDGE, LYYy DEBEERL YOG

—281—



E VoY N FF—DY AL X2y FR2ERL
BTl T, MNEDBFEF 7 —25 6 DBIED
LR B,

INETHBEICBWTHNEDOMIEF -85
DBHEBENICRBD s Twilahro iz, IR,
BB 10 kg LT ORARM K U FFRE-G
HrVRSEBEBEZITI Z LiigbHCEEET
Hotz, TORDFUMBERFALICEMED
BEFLEAEHRGT 50, DIEOREIRZ
NECEANOERBECE S22 20
feo THE TR 5 BIOMNRBETSRES, Wi
IR L TBEZRIT TS,

2010 £ 7 B OWIEIGEBIEEORIT o/, 4
REBFEF 7 —2 6 OBMEMIEEOIC A E B o
3, BT O RIEHIER OISO AHl i -
MNED B INEEEOCSIRBHEIEREINT
Wiznkd, ZOECOYRATFLAEBHMERAKE
b BHBEHH B,

E B ADOBEIC & 2RED 2 OINFE B —b
& DA REEIZRIIN L 7248, 2010 £ 10 HREE,
MRDOBFE ¥ = 6 OIRSRREUIREZTFbI T
Wiy, WIERSSBEE T B RER AR
WoEd» o OFRRtzRD LI LiTkoTw
335, T LI LRBTLHFEDLDEESEH
DRFZFs I Liciih oy, BREOYFYA
LT, BERMARREL RECEFORED
27 s NSRRI LR Sy — R b BE
Sh, IR EOMBEREEEL, ELOERRN
3 LHEEND, BFECHSRBMEICNT 5B
BRoNB L) FRES2HEL, DROBIF
F—b o DERREEET 2 H o 0 RMERZ
BRI, BRBOBHZHI 2 LBBETH
BLEITCnS,

X B
1) BAMEBEFRS, EHFRA, #BBEF : 840

—282—

BBEEASREE. B (12) : 2010 (E1EH)
2) Uemoto S, Fujimoto Y, Inomata ¥, et al ¢ Living-
related small bowel transplantation : the first case in
Japan, Pediatr Transplant 2 : 40~44, 1998
3) Ishii T, Wada M, Nishi K, et al : Living-related intes-
tinal transplantation for a patient with hypoganglio-
nosis. Pediatr Transplant 10 : 244-247, 2006
4) AR  MNBEBEOKRETEG (2) BB BY
BBUR, ST 20 : 65-69, 2003
5) RAJIFER, i I, ELAREE, i METE
BELHIT 2EHMEBHEOER SHOBMHIS:
471-480, 2002
6) Wada M, Ishii T, Kato T, et al : Living-related small
bowel transplantation : two cases experiences. Trans-
plant Proc 37 © 1381-1382, 2005
7) M@ & RHEE NEREH 4 EBMNEBIE
2 PloigR:. S HOBIE 18 : 145-151, 2005
8) Todo S, Tzakis AG, Abu~-Elmagd K, et al : Cadaveric
small bowel and bowel-liver transplantation in
humans, Transplantation 53 (2) : 369-376, 1992
9) Sudan D, DiBaise J, Torres C, et al : A multidisciplin-
ary approach to the treatment of intestinal failure. J
Gastrointest Surg 9 ¢ 165-176, 2005
10) RILHAER, M@ &, BHEE, & Bz
ZHHI B8 Vv>7: Hirshsprung JABREREBROEH,
ARSR 88 (6) : 765-77L, 2006
11) A £, FHIM, KILFORE, it : ARANES
OB ORIR LIk~ ORE, Bl 41 (3) 221~
226, 2006
12) TEHAs, HEMZ, TE & b MERL, A
BRES o FaMmER R, MRS 2 (9)
912-917, 2010
13) Fel MI, Wu HS, lyer K, et al : Rapid reversal of par-
enteral-nutrition—associated cirrhosis following iso-
lated intestinal transplantation. ] Gastrointest Surg
18 © 1717-1723, 2009
14) Wales PW, de Silva N, Kim J, et al : Neonatal short
bowel syndrome : population—based estimates of ici-
dence and mortality rates. J Pediatr Surg 39 : 690~
695, 2004
15) Kato T, Mittal N, Nishi S, et aj : The role of intesti-
nal transplantation in the management of babies with
extensive gut resections. ] Pediatr Surg 36 : 145~
149, 2003



V. &8}



(8) HILSHREREBDE g1

BERE

1. #=
BEARRIT/NFEREPEBEELZITBEE N D ORBRINA RT3 L RolRETH A, HLERREIC
THAMBEERTETHIN, BHELE T LEICESLZ L b D, RERSEE LTI NEOYERA
BRI LD EBERER & NEOIESESOEEIC L BT EHEEL VD, FEREOLDOLH Y,
BRI IBE EEEEIIRN - IRRICEE L QW2 ORERTH 5,

2. EF
AR 23 FOREREIZ LD ERLFIRRBIEFE L TV ABEARAEOEFITIB L2004, 20 )
HCEBEGRRE R EFEENTNEN 100 LIRE LH STV A5,

3. JFKE

AR BRI R L IR EBEEE I ST o, FRLENEIC L > TER D, EIBERERE
ITERMERBRLI 0 — ke ETREBIBYIBREIT o 2R, /INEOE SN EH LIBEEENE 2D
LOTHD, BEEHEZORRIVELRAAOSALEL, REBOER - HBEICEEEEZ-72H 0
IRV, EARENCIIEEEN ORISR IC b o TRO N L -, MR OKERELE2 b

no,

4. FER

FRERBIZE > TREL ERDP, BEFREOER S LTHEEO TR, BB, EE. R,
BROBRRNE S OEBMEOBHEEREREZTTHLOR KU TH S, HRELTERERSY A 7 nan
VIR AERMIN DR ONARET HRELH D MMIHS) , BABERAR+STHEZ b, ¥E
EE (KEHBNAR, REESE) 2k,

5. EFHE

BOBE, BRIBXELST CIIHOICRBLZ2RETERVEDEYHBOBIREENLE L SN AERN
2, FRRREOADHE & LT, RS, Bfa. 17 —T7 VY, KERDEOHEENRDIT S
N5, giRo I & ERREREAFINSZ L, REBEZ KT, BEFCIIEELREREBRXE2EV R
‘@"O

6. JRIEE

BUER CTIINEMICRRERIEOREIREZ B 272 9, BANRIBEF R, HEEEEZTTY, B
R, NEHE, R ATRVWEAICIE., BOFEREHIRL, TLEIREELZITY, BEBIBEL &R
THZELHD, BOHEIZL Y FLERIREE OGS BE 2 E5 1/ NEBRE OIS & 725

7. WFEEIE
& RT3t B/ NN OMeSTIC B3 2 A 5uEE

—283—



#H 2
(5% ~Ebtsest bt HiExR]

e |HAVBBEZAS ==EE S E (==
5A30H B 1lE
6H
TH2H8 WG
8 A /N R B
9A3H ITWG
9H22H B2 A Bl
10H
11H
12H e E AR
1A EH SEGPR SRy M -Z2 N FE 1%
1A T4 SiEFPR gk M - 1R DY) D
1H30H F3m]
2A9H PN = ES
28 k4 JE B Gy ) - 20 0 8 0
2H228 | BIfERE SRR R 5 FHEA
3A15.16H  Z84[E B8] /NS RER TR HEEER
3A TA E 5B G5 R 4
3ATH WG FEAS

—285—



