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No. Diag. Sex AgeatLT BW atLT Age at Peak NH3 Hemodia-filtr Neurological

Onse ation impairments Outcome
1 CPSID F 4m 6.1 3d 1,412 Yes Yes Alive
2 CPSID F 6 m 6.9 2d 1,445 Yes Yes Alive
3* CPSID F 8m 8.0 1d 300 No No Alive
4 CPSID F 10m 8.2 3d 605 No No Alive
5** OTCD M 3m 5.6 5d 1,873 Yes Yes Alive
6 OTCD M 5m 7.2 1d 3,770 Yes Yes Alive
7 OTCD M 5m 7.8 4d 472 Yes Yes Alive
8§ OTCD M Tm 9.0 3d 3,210 Yes Yes Alive
9 OTCD F 2y9m 13 2y 360 No No Alive

o7 IHE#RR &3 2 FMEERIER D
5. BEBIR X D ERLEHFE*ET 2 2
LSHEERTH 5, FHERIEASIE, K
FRECHT 28E (ZEFET LV VA,
phenylacetate, carnitine, arginine 7z &)
BOERIE5, IERBED OTCD B
R/CPS1D T, RBNI Y bo—ATH
T VEZTHYEN T Y b a— VR R RER %
DB, BVIRTET €= 7 MIfE CRA5H
PEZCESTEA O H BT, wizds
WABHAR CRBZ2RINETREZVEEZ
T3, FPAHHNESCE - ES
bIREBECOLVEEEL DI, BLF
BT NETHD, ARHAE CER R RIES
TR, FERLUBEOREHRNEZD QOL
BT 256, HFEEMEEENS 5,
LR CRFTERBEOREY A 7 VEEE
wxtl, HEpyRIcBEEEEL T3
(R2). FERTHLE7 vE= 7 ME2H
wt%é;NH3>%m@MLikm%%é
FWbhdb &3 NH3 >300ug/dLosies
TG, BN 2 EEH 238G,
B7 ST MEOEEET> T3, BE
ETIMNCHIFREEET L o528, #HER
FIEDRFEY A 7 VEBETE, 3A4B~10
A B CHBROET v 7 MED R HFFZE

TG LTz, FIET > = PR {E 1L 472~
3,210ug/dLTH Y, WEREMRFCIL
T 6 P THREINC 2 @B HEEr BA LI
bbb od, BEBEE 6B D, &
%, FFijaBEnEE & T, - Break
Through MffifFah 3,

3) Glycogen storage 1b (GSDib)

GSD 1 b iXGlucose-6-phosphatase trans-
locase KW X DIRMPERAR Z 3, HikE
BHERERRTH 5, USMIRGRE S
Tk EQORRRAFE ORI C, Mo
U=V BRI TW AR, HET 2iFH
BB L 2BEREDET 2 L%,
BAEES AR O EMABEARIES L LW
QOL DETTHS, HBMHEK X D ImEEE%R
EL, FEEEILERL 25, FEgREX
LTBY, RRCERECE: CEYT 2, Mg
FERERE L HET 21D, +5kki b iER
LW oFifrEd iz oy, Yk
T GSD1b kLT 5 GIFFRtE S EML
Tw3 (R3), BERERIIERLI A~
88k 4 7 AT, ERETREE BN
WhBEBbha, BEBELRDI, I
ERBETEEERER L VEEL, LI
BRNENSKRECHRRHERFTE L, 7
BFRELWHES Ik > Tl ngs,
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R3 FERE D CHTDISE (BUNEEFEIREY—)

Pre TX Improved

No.  Sex Age at LT Mutation Neurological . Outcome

. . Neutropenia
tmpairments

1 M lyim G339D/IVSI+1G>A No Yes Alive

2 F 1y2m WI18R/IVS7+1G>T No Yes Alive

3 F 3y6m WI118R Yes Yes Alive

4 F 3 yl0m WI1I8R/IVSI+1G> A Yes Yes Alive

5 F 8yd4m WI118R Yes Yes Alive

KA bWET A2EFADED OGNS,

4) HHERBAHEYE (Methylmalonic
acidemia : MMA, Propionic acidemia :
PA)

MMA QERCHREEEREEAE L 2E
BBRBEEET, TOREHEEIRL/20,000
AL#HEIR TV 30, ABEEEDORAR,
methylmalonyl-CoA mutase D54 KIE
(mut0) « FHHKRIE (mut-), 7o 3HEEE
T¥ 3 Adenosylcobalamin &pEE (cb1
A, ¢cb1B) TH2YW, AFN<u rBNE
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b, BATRIE S FEFANBE G
T 58, FBHESIREEE T2 WD,
FRBX ¥ 2 ARREE - ERHIRIESE
BOHERT 50, 7Y RV RHEENRL R
b, BED QOL s »m LT 5, HF
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Progressive familial intrahepatic cholestasis:
a single-center experience of living-donor
liver transplantation during two

decades in Japan

Hori T, Egawa H, Takada Y, Ueda M, Oike F, Ogura Y, Sakamoto S,
Kasahara M, Ogawa K, Miyagawa-Fayashino A, Yonekawa Y, Yorifuji T,
Watanabe X-Ichiro, Doi H, Nguyen JH, Chen F, Baine A-MT, Gardner
LB, Uemoto S. Progressive familial intrahepatic cholestasis: a single-center
experience of living-donor liver teansplantation during two decades in
Japan.

Clin Transplant 2011: 25: 776-785. ® 2010 John Wiley & Sons A/S.

Abstract: Background: Progressive familial intrahepatic cholestasis (PFIC)
results in liver cirrhosis. Therefore, some PFIC patients require liver
transplantation (LT). Although three types of PFIC have been identified,
their etiologies include unknown mechanisms.

Patients: A total of 717 recipients who underwent living-donor LT (LDLT)
at <20 yr old were enrolled in this study, Among these recipients, {4 PFIC
recipients comprising 11 PFIC type | (PFIC1) and three PFIC type 2
(PFIC2) were evaluated,

Results: Three of 11 PRICI recipients died, while all three PFIC2 recipients
survived. Eight of 11 PFICI recipients showed steatosis after LDLT.
Among the eight steatosis-positive PFICI recipients, seven showed severe
steatosis and seven were complicated with steatohepatitis, Nine of 11 PFIC]
recipients showed fibrosis after LDLT, and eight of the nine fibrosis-positive
PFICI reciplents showed severe fibsosis. In contrast to the PFICI recipi-
ents, the PFIC2 recipients did not show any steatosis or fibrosis after
LDLT,

Conclusions: The clinical courses and outcomes of PFICI recipients after
LDLT are still not sufficient owing to steatosis/fibrosis, unlike the case for
PFICZ recipients. As PFICI patients will require LT during the long-term
progression of the disease, further strategy improvements are required for
PFIC1 patients.

Progressive familial intrahepatic cholestasis (PFIC)
refers to a heterogeneous group of autosomal
recessive disorders of childhood that disrupt bile
formation and present with cholestasis of hepato-
cellular origin. The actual prevalence remains
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unknown, but the estimated incidence is one per
50 060100 000 births. The natural course of PRIC
causes portal hypertension, liver failure, cirrho-
sis, hepatocellular carcinoma, and extrahepatic
manifestations. Three types of PFIC have been



identified as follows: (i) deficiency of familial
intrahiepatic cholestasis 1 (FIC1), so-called Byler’s
disease, as PFIC type 1 (PFICL); (ii) deficiency of
bile salt export pump (BSEP), so-called Byler's
syndrome, as PFIC type 2 (PFIC2); and (iii)
deficiency of multidrug resistant 3 (MDR3) as
PFIC type 3 (PFIC3). Each mutation is related to
hepatocellular transport system genes involved in
bile formation (1). Although the etiologies of the
three PFIC types have previously been demon-
strated, they include unknown mechanisms. Chole-
stasis is a major clinical sign in all three PFIC types.
PFIC should be suspected in children with a clinical
history of cholestasis of unknown origin after
exclusion of the other main causes of cholestasis
(2). A high level of serum bile acid (BA) excludes
primary disorders of BA synthesis (3). The pheno-
typic findings in PFIC1 and PFIC2 are similar,
although some slight phenotypic differences have
been identified (4-9). Bxtrahepatic features that
have been documented in PFICI patients, such as
persistent short stature, sensorineural deafness,
watery diarrhea, pancreatitis, elevated sweat elec-
trolyte concentration, and liver steatosis (10), have
not been reported in PFIC2, Therapy with ursode-
oxycholic acid (UDCA) is considered during the
initial therapeutic management of children with all
types of PFIC (11), although PFIC patients are
theoretically associated with a risk of further
development of biliary stones, drug-induced chole-
stasis and intrahepatic cholestasis of pregnancy
(ICP) during the disease course. Female PFIC
patients under UDCA therapy who reach adult-
hood with their native liver must not stop UDCA
during pregnancy because of the risk of developing
sevete ICP as observed in a previously reported
patient who became pregnant (1, 12). More
advanced strategies such as cell transplantation,
gene therapy or specific targeted pharmacotherapy
may represent alternative therapies for all types of
PFIC in the future (13-16). Although UDCA
therapy has advantages, especially for PFIC3, the
resultant liver cirrhosis in PFIC patients requires
liver transplantation (LT) including living-donor
LT (LDLT) as a definitive therapy.

Here, we present the data for our PFIC patients
after LDLT during two decades (1999-2009) and
review the current literature about PFIC.

Patients and methods
Patients

Since 1990, 735 adult and 702 pediatric recipients
underwent LT at Kyoto University Hospital. A
total of 717 LDLT recipients whose ages at LDLT

LDLT for PFIC patients

were <20 yr were enrolled in this study, Among
these LDLT recipients, 11 PFICI and three PFIC2
recipients were evatuated. We had no experience of
LDLT for PFIC3 patients during these two
decades. One PFICI patient had a history of
paroxysmal atrial fibrillation.

The 14 PFIC recipients comprised five males and
nine females, and their age range at LDLT was
0.6-18.2 yr. The time from the diagnosis of PFIC to
LDLT was 1417.9 + 20554 d (range, 75-5935 d)
in the PFIC!l recipients and 288.7 + 273.3
(range, 43-583 d) in the PFIC2 recipients. THe
values of standard deviation (SD) in height and
body weight at LDLT were 4.5 + 1.8 (range from
~7.5 to —=L.1) and 2.1 £ 1.0 (range from -3.5 to
0.3), respectively. Thus, the growth retardation was
confirmed in all patients. The serum level of total
BA was elevated to 439.1 4 109.8 pmol/mL
(range, 299-600 pmol/mL), while the serum level
of gamma-ghutamyltransferase (y-GT) was normal
at 16.6 4 4.0 TU/L (range, 12-26 1U/L). The mean
Child-Pugh score was 7.9 + 0.8 points (range, 7-9
points). The mean score of the Model for Bnd-stage
Liver Disease (MELD) or Pediatric End-stage Liver
Disease (PELD) was 12.3 £ 4.1 points (range, 5-19
points). Pre-operative statuses were LI cases at
home and three were hospitalized cases, The United
Network for Organ Sharing (UNQS) statuses were
estimated to be 12 cases of status III and two cases
of status IIB. The ABO blood groups were charac-
terized as 11 identical cases, two compatible cases
and one incompatible case. The donor relationships
were 10 fathers, three mothers and one grand-
mother. The mean donor age was 36,9 & 7.1 yr
(vange, 28-47 yr). One donor was HBsAb-positive
donor. These data are summarized in Table 1.

The protocol of the study was approved by the
Ethics Review Committee for Clinical Studies of
Kyoto University Graduate School of Medicine.

Zero-hour liver biopsy in living donor

Basically, the routine checks including computed
tomography (CT) number assessments for liver
dysfunction, steatosis and non-alcoholic steatohep-
atitis (NASH) were performed in living donor
beforehand.

To confirm the condition of graft, our institution
employed zero-h liver biopsy during living-donor
operation at the time point before starting the
procedures of hepatectoiy.

Operation

There were lateral-segment grafts and one case
each of extended lateral-segment and left-lobe
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Tabls 1, Profiles of the PFIC patienis

Growth retardation

Histopathological findings

Case Age at MELDPELD  UNOS  ABQ
number  PFIC LBLT{y}  Helght(SD)  Weight (SD)  score {poinl}  status  compatiblity GRWR  Reciplents® (F)  Living donors®
i Typs 1 3.7 ~-73 ~3.5 18 il Compatible 2.80 4 -
2 Type 1 4.4 -35 ~1.2 & i Identical 168 4 -
3 Type i 140 -15 ~-2.9 18 i Identical 1.657 4 -
4 Type 1 142 -48 -2.2 18 il Compalible 1.20 4 -
5 Typet 53 ~5.5 -25 14 118 Identical 143 4 -
6 Type 1 6.3 ~8.4 -2.8 g ] Identical 1.54 4 -
7 Type§ 182 -5.0 -35 17 Hil Identical 1.29 4 <5
8 Typs 3 3.7 ~3.3 -1.0 10 il ldentical 208 4 0
8 Type1 45 43 -18 11 ] Identicat 157 4 0
10 Type 1 1.8 -33 -25 14 S Identicat 255 4 0
1t Type 1 1.2 -4.0 -23 i4 il ldentical 402 4 <5
12 . Type2 1.4 ~34 -24 i8 il Idantical 3.7 4 1]
13 Typs2 06 ~1.1 03 9 B Incompatible  2.24 4 0
14 Type 2 46 ~3.1 -13 12 it Identical 1.38 4 0

GRWR, graltfreciplent weight ratio; LDLT, fiving-donor Ever transplantation; MELD, Model for End-slage Liver Diseass; PELD, Pedialiic Fnd-stage Liver Diseass; FFIC,
pragressive familal Intrahapatic chotestasts; SO, standard deviatlon; UNOS, United Nelwork for Otgan Sharing.

®Fibrosis scores by the METAVIR system in removed nativs livers. ’

“The petcentage of stealosls In zero-h biopsy specimens chianed dutlng donor operations.

grafts. The mean graft/recipient weight ratio was
2.08 & 091 (range, 1.20-4.02). Histopathological
analyses of biopsy specimens during the donor
operation were performed in seven cases, and
normal findings were confirmed. The mean
operative time was 5254 * 574 min (range,
402-636 min) and the mean blood loss was
949.3 + 833.9 mL (range, 105-2610 mL). The
mean cold and warm ischemic times were
51.0 + 29.4 min (range, 15-99 min) and 35.9 +
11.6 roin (range, 24-56 min), respectively.
Basically, the left hepatic vein or common trunk
of the left and middle hepatic veins was anasto-
mosed to the inferior vena cava in an ead-to-side
fashion. Portal veins were reconstructed in an end-
to-end fashion, after the confirmation of enough
front-flows. Hepatic arterles were anastomosed
in an end-to-end fashion by using microscope.
Hepaticojejunostomy were petformed in twelve
cases, and duct-to-duct reconstruction in two cases,
as biliary reconstruction during initial LDLT.
Essentially, the posterior wall was sutured with a
continuous-suture technique and the anferior
wall was sutured with an interrupted-suture
technique, using absorbable monocryl threads
(6-0 PDS II; Ethicon Inc., Somerville, NJ USA).

Immunosuppression

. Immunosuppression after LDLT was started with
tacrolimus and methylprednisolone. The trough
level of tacrolimus was maintained at 8-15 ng/mL
during the early post-operative period, based on the
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clinical findings in each case. Methylprednisolone
was given intravenously (I mg/kg) once daily
from post-operative day (POD) 1 to POD 3 followed
by 0.5 mg/kg once daily for the next three d,
On POD 7, 0.3 mg/kg of methylprednisolone was
given intravenously. Steroid administration was
switched to oral prednisolone 0.3 mg/kg once daily
on POD 8. This dose was reduced to 0.1 mgfkg
at one month after LDLT. Thereafter, immuno-
suppressants were adjusted according to clinical
course. We had already overcome ABO-incompat-
ibility in LDLT, and our regimens for these recip-
ients, including heparin usage, were described
previously (17).

Histopathological analysis

In our institution, laboratory and ultrasound
examinations were routinely performed after
LDLT in all recipients. A liver needle biopsy
(LNB) protocol is not employed in our institution,

- However, ultrasound-guided LNBs were per-

formed, if required, based on the results of
conventional liver function tests, findings of Dopp-
ler uitrasound examinations and consideration of
the original diseases. All the PFIC recipients
underwent LNBs after LDLT, and received histo-
pathological follow-up by LNBs.

All liver tissues were fixed in neutral buffered
formalin, embedded in paraffin, and sliced into
4 pm-thick sections. The morphological character-
istics were assessed by standard hematoxylin-eosin
staining, and hepatic fibrosis was evaluated by



Masson  trichrome and reticulin  staining.
Post-transplant steatosis was calculated as the
percentage of steatosis in the liver tissue (I8).
Macrovesicular steatosis was graded quantitatively
according to the percentage of involved hepato-
cytes (18). Steatohepatitis was diagnosed according
to the degree of steatosis, ballooning degeneration
and portal/lobular inflammation. The fibrosis
scores were strictly estimated based on the presence
or absence of post-operative steatosis. Bstimation
of the hepatic venous area is important during
the early phase of fibrosis progression in NASH
(19), although the fibrosis in common hepatitis
initially occurs in the periportal area, In the
assessments of post-transplant fibrosis, we used

the fibrosis scores in the NASH score for the .

PFIC1 recipients with steatosis, and the META-
VIR score for the recipients without steatosis. The
fibrosis scores in the recipients with steatosis were
assigned as follows (19): 1, perivenular fibrosis; 2,
perivenular and periportal fibrosis; 3, bridging
fibrosis; 4, citrhosis. The fibrosis scores in the
recipients without steatosis were assigned as fol-
lows (20): 1, periportal fibrosis; 2, bridging fibrosis;
3, pre-cirrhosis; 4, cirrhosis,

Statistical analysis

The survival curves were calculated by the Kaplan-
Meier method (the log-rank test). Statistical anal-
yses were performed using spss software version
16.0 (SPSS Inc., Chicago, IL, USA). p < 0.05 was
considered statistically significant.

Restilts

Histopathological analyses in native fiver of recipients
and zero-h biopsy specimens of living donar

Histopathologically, cirrhosis without steatosis
(F4) was confirmed in the native livers of all
recipients (Table 1).

All 14 living donors had no PFIC symptoms. All
living donor showed no liver disfunction and
abnormalities in image studies. Bight of ‘14 living
donors received zero-h biopsy during living-donor
operation (Cases 7-14), and no steatosis was
confirmed. All of these eight living donors showed
a percentage below five, at least (Table 1),

Clinical courses and outcomes after LDLT

The mean hospital stay after LDLT was
70.7 £ 42.8 d (range, 29-189 d). Digestive symp-
toms after LDLT were confirmed in 10 of 11
PFICI recipients (Cases 1-7 and 9-11), but absent

LDLTY for PFIC patients

in all the PFIC2 recipients. Cirrhotic findings
including esophageal varix and splenomegaly after
LDLT were confirmed in six PFICI recipients, and
these recipients received endoscopic or surgical
therapies for esophageal varix and splenomegaly
(Cases 2, 3, 5, 7, 8, 10). One PFICI recipient
suffered from de novo autoimmune hepatitis (ATH)
(Case 2), and was closely followed. Among the
PFIC2 recipients, one received steroid pulse and
muromonab-CD3 therapies for refractory acute
cellular rejection during the early post-operative
period {Case 14).

The actual survival curves are shown in Fig, 1.
Three of 11 PFICI recipients died, whereas all
three PRIC2 recipients survived, One PFICI
recipient died after rupture of the splenic artery
at POD 5032 (Case 3). One PFICI recipient
received a retransplantation on POD 4646 owing
to graft loss, but she died of cardiac failure at 25 d
after the retransplantation (Case 5). One PFICI
recipient suffered” from chronic rejection at six
months after LDLT, and underwent a retransplan-
tation on POD 1393. An arterioportal shunt
occurred after the retransplantation, and another
retransplantation was performed on POD 1986
after the initial LDLT. However, rupture of an
esophageal varix occurred on POD 2005 after the
initial LDLT (Case 10).

UDCA and pancreatic enzyme supplementation

In our institution, UDCA was routinely used after
LDLT. Therefore, all PFIC recipients received this
therapy. Pancreatic enzyme was supplied in two
PFICI recipients after LDLT due to chronic pan-
creatitis (Cases 1 and 5), although PFIC2 recipients
did not need pancreatic enzyme supplementation.

Histopathological findings after LDLT

The histopathological findings are shown in
Table 2. The mean petformance of LNBs after
LDLT was 8.3 & 5.1 times (range, 3-23 times).

Eight of 11 PFICI recipients showed steatosis
after LDLT (Cases 1, 3, 59 and 11), whereas no
steatosis was confirmed in the remaining three
PFICI1 recipients (Cases 2, 4 and 10). Seven of the
eight steatosis-positive PFICI recipients showed
steatosis degrees of 280% (Cases 1, 3, 5, 6, 8, 9 and
11). The mean POD when the steatosis reached its
peak was 229.6 + 253.7d (range, 21-736 d).
Seven of the eight steatosis-positive PFICI recip-
ients also showed findings of steatohepatitis (Cases
1,3,5 6,7 9and {1).

Overall, eight of 1{ PFICI recipients (73%)
showed steatosis with fibrosis after LDLT, whereas
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© 1.0 }. PFIC? recipients (n =3)
0.3 k—_‘\x“

= Other recipients (= 703)

Fod
T 0.6 F—l
d —— _
E 1 PFICI recipients {n = 1)
2 04+
Fig. 1. Survival curves for PFICI,
1 PFIC2, and other recipients after living-
0.2 donor liver transplantation (LDLT).
The survival curves after LDLT in cach
of the {I PFICI recipients, three
0.0- PFIC2 recipients, and 703 other
. . " . T ; ; . . recipients were calcutated by the
0 5 10 15 20 (ear) Kaplan—Meier method, PFIC,
progressive familial intrahepatic
Time after LT cholestasis.
Table 2. Histopathological findings after LDLY
Steatosis Fibrosis
Case LNBs after Other histopathological
number PFIC  LDLT (imes) LNB®(POD) Percentage  Steatchepatilis  INB* (POD)  Score® (F)  findings after LDLT Qutcome (POD)
1 Typet 10 378 o0 + 2303 3 - Alive (6884)
2 Typet 8 ~ 0 - 4171 4 De novo AlH Alive (6604}
3 Typet 8 45 20 + 480 4 - Dead (5032}
4 Type1 4 - 0 - - ¢ - Alive {6605)
8 Typet 13 1306 80 + 1869 3 - Dead (4671}
6 Type1 8 138 80 + 468 3 - Alive (4295)
7 Tyoel 7 736 30 + 3254 4 - Alive (4065)
8 Typet 3 87 80 - - ] - Alive {3384)
9 Typet 1 97 90 + 994 3 - Alive (3265)
10 Typsl 23 -~ 1] - 1125 4 Chrenic rejection Dead (2005}
11 Type1 & 34 &0 + 34 1 - Alive (2028)
12 Type2 4 - 0 - - 0 - Alive {2453)
13 Type2 6 - 0 - - [\ - Alive {1801)
14 Type2 7 - 0 - - 0 Refractory ACR Alive (500)

ACR, acute cellular rejection; AlH, aulolmmuna hepatitls; LOLT, fiving-dener liver transplantation; LNB, liver needie biepsy; NASH, nonaloohlic steatohepatitis; PF!C,

progressive famifal Intrahepatic choiestasls; POD, postoperative day.

e PODs of the peak Fndings are shown if the histopathologleal findngs were positive. The earliest POTs are shown if the histopathological findings were equal.
tfibrosls score: the NASH score was used for stealosis-positive recipients, while the METAVIR score was used for steatosls-negative reciplents.

no fibrosis was confirmed in the PFIC2 recipients.
Moreover, the steatosis and steatohepatilis that
subsequently caused fibrosis were surprisingly
confirmed even during the early post-operative
period in these PFIC] recipients.

Nine of 11 PFIC! recipients showed fibrosis
after LDLT (Cases 1-3, 5-7 and 9-11), whereas no
fibrosis was confirmed in the remaining two PFIC
recipients. Bight of the nine fibrosis-positive PFICI
recipients showed F scores of 23 (Cases 1-3, 5-7,
9 and 10). The mean POD when the F score
reached its peak was 1632.8 £ 1391.4 d (range,
344171 d). Among the nine F score-positive
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PFIC1 recipients, seven wetre complicated with
steatosis (Cases 1, 3, 5-7, 9 and 1), and two had
fibrosis without steatosis (F4) for another reason
(de novo ATH and chronic rejection) (Cases 2 and
10). In contrast to the PFICI recipients, the PFIC2
recipients did not show any steatosis or fibrosis,

Tolaf external biliary diversion (TEBD)

In one PFICI recipient (Case 10), TEBD was
performed at retransplantation, although we had
no experience of TEBD at initial LDLTs. How-
ever, we cannof confirm the effects of LDLT



accompanied by TEBD, because this patient suf-
fered graft loss owing to an arterioportal shunt
after the retransplantation.

In our institution, TEBD is performed as a
hepatico-jejuno-cutancostomy. An isolated jejunal
interposition of 15-20 cm in length is made with
the proper meseniery at a point 20 cm distant from
Treitz’s ligament, Next, hepatico-jejunostomy was
made. The jejunal interposition is placed between
the hepatic hilum and the skin. An end-stoma is
made in the right lower quadrant of the abdominal
wall.

Discusslon

The combined considerations of clinical, biochem- -

ical, radiological and histological approaches.
including liver immunostaining and biliary lipid
analyses help diagnosis of PFIC candidates. Clin-
ical manifestations of each type of PFIC docu-
mented in these studies are summarized in Table 3.

Table 3. Characteristic manifestations of FFIC

LDLT for PFIC patients

Phenotypic findings and extrahepalic features
have been described in PFICL (4-10). The hepatic
histopathology is characterized by canalicular
cholestasis and the absence of true ductular pro-
liferation with only periportal biliary metaplasia of
hepatocytes. PFICI is caused by mutations in the
ATP8B! gene (designated FIC1) (7). Adenosine
triphosphate (ATP) is elaborated from adenosine
diphosphate and phosphoric acid via ATPase, and
the FICI gene, which encodes a P-type ATPase, is
located on human chromosome 18, Some investi-
gators have described that impaired FIC1 function
results in substantial downregulation of farnesoid
X receptor (FXR), a nuclear receptor involved in
the regulation of BA metabolism, with subsequent
downregulation of BSEP in the liver and upregu-
lation of BA synthesis and the apical sodium bile
salt (BS) fransporter in the intestine (21). The
possible mechanisms of BA overload in hepato-
cytes are highlighted in Fig. 2A. The extrahepatic
features such as diarrhea, liver steatosis, and short

PFIC1 {FIC1 deficlency) PFIC2 (BSEP deficiency) PHIC3 (MDR3 deficiency)
{Byler's diseass) (Byler's syndrome)
Inheritance 18g21-22 Autosomal recessive Autosomal recessive
Age of onset Meonatal period Neonatel period 1 month-20 yr
Cholestasis Chronlc Chronic Chronie
Ductular proliferation Absent Absent Absant
Progression to cicrhosis Yes Yos Yos
Cutaneous prurilus Severe Severe Moderate
Serum y-GT activity Normat Nomat High
Serum cholesterol level Normal Nomal Normal
Serum PBA concentration Vety high Very high High
Bils composition Low PBA concentraticn Yery low PBA concenlralion Low phospholipid concenlration
Gene (encoding proteln} Autoscmal recassive ABCB11 (BSEP) ABCB4 (MDR3)
Chromosomal locus ATP8B1 (FIC1) 2q24 7q2t
Function of hereditary defect Aminophosphelipid lransiocase BA secrelion Phosphatidyicholine secreticn
Hepatocyte focation Canaliculer membrane Canalicular membrane Canalicular membrane
Other stes of mMRNA expression  Cholanglocytes None » Nane
Intestine
Pancreas
Resuliant functional defect ATP-dependent ATP-depandent ATP-dependent
Arminophospholipid translocase BA transport in ble Phosphatidylchaline
transkccation In bile
Histopathological findings Canalicular cholestasis Canaficular cholestasis Rare cholestasls

Absence of true duclutar preliferation

Perigorial biliary meiaplasia
of hepalocyles

Absence of true duclular profiferation

Severe kbulat injury

True ductutar proliferation
Normal interlobular bife ducts

Pronounced portalficbular fiorosis
Pronaunced portalflobutar inflammation

Hepatocellular necrasls
Giant celf transformation
Parturbed liver architeciure

More pronounced lobularfportal fibrosis
More pronounced bobrdarfportal

Rare exiensive portal fibiosis
Mixed inflammatory infiltrate

. inflammaticn

More abvicus hepalacellufar necrosis
More abvicus giant celf transformation
More perurbed fiver architscture

Rare hiliary cirrhosis
Slight giant cell fransformaticn
No biliary epithalium Injury

ATP, adenosine tiphasphate; BA, ble acid; BSEP, bils salt export pump; FICH, faniiial intrahepallc cholestasls 1; y-GT, ganvna-glutamyltransferase; MDRS, multidrug
rasistant 3; PBA, primary bife acid; PFIC, pregressive familial intrahepat'c cholestasis.

781



Hori et al,

E Cholestatic Tiver

oot
Fx¢

Normal

Hepatocyte Bile duct Blle duet

\’ rict

1 P-type ATPs
. ‘ Enterolmpa(lcclreula{lon—I

Intenti
nsEe Hoons) HSEP | Inhitied testine

BS BS BS uptake]

Y
/-

r

secrelion - - 2 Cholestatic biie salts § gER Y}
T 0s [)001 t
Normal PFIC2 Normail
Hepatecyte Bite duel Hepatocyte Bile duct ifepatocyte (,: Bile duet Hepatoeyte Rile duct
Nowwsl Ro
BA BA : Nermal
1 BA sceredion BA gceretion Mo
Presphatldyl chplice
AP . Sosphatidyl cbeline
e seerction seetetion
ooz ADP MBHR3
AT s i - L o
a0 % pepp 3 25 o ica olize
o _ﬁ @ . Bs\ . .{
-
Bs stixed minclins i &£ ses

Fig, 2. Schemas of the mechanisms for the different types of progressive familial intrahepatic cholestasis (PFIC). (A) The possible
mechanism of PFICL. The FICI protein is located on the canalicular membrane of hepatocytes, but is mainly expressed in intra-
hepatic cholangiocytes. The function of the P-type ATPase is still unknown. However, it could be an aminophospholipid transporter
responsible for maintaining the enrichment of phosphatidylserine and phosphatidylethanolamine on the inner leaffet of the plasma
membrane. The asymmetric distribution of lipids in the membrane bilayer plays a protective role against high concentrations of bile
salt (BS) in the canalicular hunen. The issue of how these mutations cause cholestasis remains unclear. It is postulated that abnormal
protein function may indirectly disturb the biliary secretion of BA, thus explaining the low concentration of biliary BA. Impaired
FICI funclion results in substantisl downregulation of farnesoid X receptor (FXR), a suclear receptor involved in the regulation of
BA metabolism, with subsequent downregulation of bile salt export pump (BSEP) in the liver and upregulation of BA synthesis and
the apical sodium BS transporter in the intestine, Eventualfy, these events lead to BA overload in hepatocytes. (B) Enterohepatic
cicculation in PFICI. The downregulation of the cystic fibrosis transmembtane conductance regulator in cholangiocytes has been
reported in PFIC1, and this downregulation could contribute to the impairment of bile secretion and explain some of the extrahepatic
features. The FIC1 gene is expressed in various crgans, including the liver, pancreas, small intestine and kidney, but is more highly
expressed in the small intestine than in the liver. Therefore, enterohepatic cycling of BS should be considered in PFICI, This may also
explrin the digestive symptoms including chronic diarrhea in PFICI. Other extrahepatic features such as persistent short stature,
deafness, and pancreatitis suggest a general cefl biological function for FICL. The downregulation of FXR in intestines is suggested in
this pathway. (C) The mechanism of PEIC2. The BSEP protein, which is expressed on the hepatocyte canalicular membrane, is the
major exporter of primary bile acid against extreme gradients of concentration. Mutations in this gene are responsible for decreased
biliary BS secretion, which leads to decreased bile flow and accumulation of BS inside the hepatocytes, thereby resulting in severe
hepatocellular damage. (ID) The mechanism of PFIC3. The mechanism of the liver damage in PFIC3 is related to the absence of
bitiary phospholipids. The damage to the bile canaliculi and bitiary epithelinm probably results from continuous exposure to

hydrophobic BSs, the detergent effects of which are no longer countered by pliospholipids, thus leading to cholangitis, FICI, familial
intrahepatic cholestasis 1.

stature that are sometimes associated with PFICI secretion is restored after LT (7, 10), while diarthea
do not improve or may be aggravated after may be favorably managed by bile adsorptive resin
successful biliary diversion or LT (1, 10). Chronic treatment (10). Similar to these previous reports,
diarrhea may become intractable when biliary BS our data confirmed digestive symptoms after

782



