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LI

PRl AR, T RERR & EORKEHE O
BYDRE CRENERELF I E B IHE0D
9, overwhelming postsplenectomy infection
(OPSD) & LCHEEIN TV A, Sk #H
EBWVIRURZFRHE L, RETHORUKSLER
ZAERD 5 OPSI 2 @BHIZB W THEZ BT
BHIEDPEETHS. —J, CRFMEITHT S
AR AM OB, CRIFRBHLZE L7 PR
WA HAT SN 528, BRERIITRENRT &
2570, SObGRARELE ZLTRMED D
5. A, EAFEME MG CHIFLRERE
23454 % —7 x> (interferon ; IFN) 3
B:H1Z OPSI 2 F84E L7275, SHiAHIC & 0 By
LB 1Pl 2R L720T, XEMNEEZMZ T
WmET5.
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BEARRE - BERRE, WORERME, U9, FRRtEmsk
AR A HESR BT,

FAHEE - mAEERAT 205, WILWEd (27
%), FEFINEUIRRAT (59 m%).

KIERE - & IFREZE, FefsigE, TP KB
B, Kk CRUBMITZ.

HTEIE BT, BUE L, BME L, @
M 22 L.

BRERE - 1998 12 HCV yidkkatE %= 545, 2000
FEOMBICTHBEREZERSINWEEZ2 %2
L, EECTICTHAMYRFEEOHRLEZD
2. FOHO7 -7 v I 200843 B
JFS6, 10mm KO#FE-MALHME (hepatocellular
carcinoma ; HCC) Zxt UREEIG T ¥ F ik BEF &
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BEAHEAT E 7z, 2009 4E 1 A A S JEKEEE A5
BL, FEMEEFEEESH N FAE2 P2
BT HCC o3t L T BRI e i 5 )51
fTah, 8 HICHAATESR (86, 17mm) & HH
%25 (S8, 8mm) % ZX& 72 AN F M i1 Child-Pugh
104, CTHY, FEMRMEEFEE, HCC, I/h
WAzt LCkE % FF— & LAk
L, RIS E AT U, RIS T RERE
77 F v OFEIHAT Uk h o 2. SN
FlLrFovurisyra) s 2zHn, g
T RAF T 31 B CHRBE L A2 4 AT 28000/
75 o T2 /AR B i B B 2 X IE #E 220000/ %
TEALAZ W3 rHEFTCTLF=vR VLS
saY LA, FOHIEZY 7O AXBHTOHNFE
TAU—T v TH LTS, 201044 BIZHF
WRERE L RO FERTIE AL, FO TPIRIR
DRIEIBEE o PP REBDBETHY, T2
AMHEH O RIZAD 2 d o 72, HCV-RNA €&
1% 7.1loglU/ml, genotype ix1b T3 1, CHIJF
KEFELZH L, IFNB (600 5 IU/H) + 1 N E
1Y (400mg/H) ZBIB L. BERBIZOVWT
EEHEHEE, IFSYSFEERRR AR
VTANNV PR EERMAUMHL, v bur—u
X BIFTH o7z, PEGIFNa2b (70ug/:#) + Y /3
Y1) v (400mg/H) &S L4 8 BiZik HCV-
RNARBE L o725, ToHBE/LLZD
IFNBHEA L LY, RENHAZELZ BIC 12
HYBEAREE 2o 72,

ABEZBHICY 7Y LAARL Y ZTAKRY VIZ
W L7z, AKeE: HCV-RNA & 1.2logIlU/ml
THh, AE#2HHICIFNB (60075 IU/H) +
YSNEY Y (400mg/H) BB LA, 4HHE
Bh L RE, R, THZEOHELEHERS M
L, ZORIEKT LBEECOEMNMEZRD T 3y
2lhol, TusNY b OLEREPEL LD
EDORUMGEEY 3 v 2 EEL, EHRETH
HL7z.

HIERBEE - BE 145cm, AE 43kg, Bl
~V EAVEM6/GCS, kiR 3867, MR¥m 110/45,
ME 68/31lmmHg, SpO:85~90% (room air).

SERERFRAFT R - WBC 500/ul, Plt 36000/l

(108)

HAMLEWFERMRE £1128 B2 %

LT, PCT >100ng/ml @ b5 % FR HEiE g
ENRBREINT. IFN OBIER O £ 2 5
n5 Hb77g/dl LM %R/, PT 43%, APTT
66sec & EEEIRE 2RO, BRYIEIZ L 5 HENE
Z b7 Cre 128mg/dl & BHEEEEDED
72. AST 10021U/1, ALT 306IU/1 & iFtakREsE
bREDTz.

Wl ICU AZEHR I D x a4 s (MEPM) 3
g/HENYax A4 vy (VCM) &5 2L
PEFIRBIZ S OIWCBE/L, ATREHE T BFG
L7z, $-BHEEELETLZIREE o727
¥, FERMEEN R (CHDF) 28 A L7
SEIEIFRET THBYRETH VR A AV F v
FF R YA FN)+YFuyaxdy v
(CPFX) 600mg/H + 7 &+&5Y ¥~ B (AMPH-
B) 150mg/H #/m %, CHDF % #ifT L %2 24% 5+
SERERE L. SHICRY IFY VIRERE
(PMX) #Hif7, & a7 Y5 (vglobulin)
iRG L7z MBEERE R D S Streptococcus preu-
moniae H3FR Y S A, BRIEHS 0 BUE B UK B E
DEEEEZEZ LN VEM 2 Y 2V F (LZD)
1200mg/ HICEE#, M, JEREIEIIEE L&
ERG D L7, FN, CPFX, AMPH-B, LZD
RIMEEEOREILLZEEL T 14 HHEES,
MEPM D 21 HE#x 5 LT L7z, Bk E
oW THE L7 RE 20 H HiZ CHDF %
BEmE, 25 H BIC—mti~B=E L7z (Figurel,
Table1). :BERIIRMBAKRIC L 5 ADLIKT R
WIS R EE RO P2 HREB XU ADL i&
&L, 20114 3 HIZBBEL 7.

n % =

FRTE 5 B AE B RS AE (OPSD) & i3 MLfE TR I 5
fE L9 % BUERURGE C, BB TORMRR
B\ELY, EFHBECLPD2DL LT 50~70% &
FETHIETEAPYY, MR S OPSI BIE F TO
B 1L AM» S 208D LESFE TR
HEPDHY, —RERETLHEBREND Y.
ToEERER, DR TIR013~81%, BATIE
028~43% BEL VWb TBH/NBHI L LB L
TEHRABNIZA 2 L, RBIEERE 2 BT OREH
VN INE 2REAe
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Figure 1.

OPSI FAE® DihFFEM. CHDF (Rl BN MEE), PMX (R 3% YBERE), FN (k2

ANAy FFRUTL), VCM (NravwA ), LZD (V4 V') F), CPFX (¥ 7u7ua¥¥3 ), AMPHB

(7255 > B), MEPM (X BREL).

Table 1. MH#EMAEROHER
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NS FERE I RE3HH BIETHH REI4HE RAEDHAE
WBC (u) 1800 500 21000 14100 6800 3400
Hb (g/d) 83 7.7 88 8.7 89 838
Pit (uD) 108000 36000 29000 15000 12000 49000
PT (%) 39 43 39 66 59 59
APTT (sec) 29.3 66 86.7 64.5 41.1 374
BUN (mg/dD) 15 28 34 40 88 47
Cre (mg/dl) 054 1.28 2.65 1.73 1.72 1.62
TP (g/dD) 77 6.7 58 58 56 6.7
Alb (g7dD) 4 32 37 33 32 34
T-bil (mg/dl) 04 23 49 11 6.2 23
AST (1U/1) 28 1002 680 100 40 24
ALT (I1u/D 18 306 198 47 8 19
LDH (IU/1) 243 846 1284 399 305 244
CRP (mg/di) 0.01 043 6.33 1361 117 116
BS (mg/dl) 93 179 95 233 157 145
HbAlc (%) 55
HCV-RNA E# (logIlU/ml) <12 6.8

(109)
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BERAWIIHE, YA VA, BHEH BEABWAR
EHoWBEWPETLNLH, HREME T
LT, BFICHiBRE (50~90%), BEBEZH, 4
IV VYR, BEE (25%) 5% V0
B REIRECHE LT, BflgoBF Iz L b
NRCL2~2B5OMREREEED) X7 ¥ dH
Z)IS)M).

T o> e B AR RE (2 BE LT, MR S 4
WD 4% 2HALLTB Y ARRBIITFEO 10 #5H
0, BURREA RIS R VI E, BUMEASRY 10
BOIETTEEVWDRTWS, L )
REAR, PMERRE ZhCHPibEE, +7
Vo VAT E v o 2RO KT A S R
WS B R PURRE AR DR T A%, B AR
ZRHIEABITEEZOLNTWAHYYY,

OPSI D#IFAERIE, F2h, R, BEE» S,
BE, WERE, TR, R Vo 2o bEHER R &
JEIF BB TR D O L, REFITH B
R, FH & Vo HERERE AFE L LTy
5.

AREFNS AR BT 5 F R REERNIC 5
fiE L7z OPSI THh 5. I % PR L 7= B ik
HHED IFN BEADHTH Y, —MHHICHCV B
PhAE B TIE BB RS 14 DUAIC 70~90% DHFERIT
MBFO R IT BRI HER SN, BWR2a v b
T— s RTH 5~10 EDMIT 8~44% DAER]
THFREZE & 2 59 $7- HCV Btk & B A 6]
WWBWIBHIESEDY T 7 MEERE BHEATR
e B LK, EHERIZ699% vs 806%, 4
FRITZ746% vs 835% & OMEBENH Y, T

I3 Gmh sE 2ol X, BHBOCHFE

BRI DN REERT HLENH L. FRF
BEEOIFN - U NE ) VEERAERICBWT, B
& ) BRBMAMEE B LRV THERFT &
5720, IM/ARET 23 EE 4% IFN OFif%
&, BEOIVTIAT UV ARED LI LI
HBTX5.

AHEFITIE, AR TRz D
DT, PRHEBIZ1IETOPSIZHELZ. [
FRICAEIRIT RS R, B2 IC OPSI % 364 L L
Bl MERIZ1IHORT, 404584, HBVICX

(110)

HAMLSR AN 1128 B2 %

B BEERF S0 U CTHEAT S N7 M BUAS 8 A AR 4R
JFRBHAERTH Y, Mtk 80 H THEEE L 7243tk
136 H B IC{EBHEEE FFRICHRZZ L7z, Strep-
tococcus pneumoniae, Prneumocystis carinii \Z K 5%
HiEMis, OPSI &L ZHrah, W& PRE ¥
BEWE, yglobulin TOEFHEIZIY, HEH
1614 18 HCHE, 41 HHIGBRLTWwAY,

50~70% & B WEFERIZ D b & T ARGEH]
ERATELHE, FTABRPICRELL-CL
BETON5. B Y OPSI DWEAERITH
LEFERZ I L & LR b oN% <,
RERI AL CHBPEAT IRERZNRTR L L

bEEING. KEEF TIIERRL A &V % R
o THETE, MBERESCHGMEDESHIC
TR DEBRABORHZRT LI 2L, £
T NTIPRGRERRPEN & Vo TR RBEEITZ
7o, WIS, MIEYEY a v 7 OB D 3 wIR
BT, SHEREEICH LT, CHDF Z HEfT L
B OB KGR TOPBEENR 1T o 2 5%
Tohs.

IFN - Y N¥Y RS E & OPSI BHEICD W
T, C BIFFREZEAE B D SME PSS 1205 %
Mrtk, IFN - Y N ¥ BEH BRI OPSI % %
fiE L 7-#k &6 A dH 5 452, IFEN & OPSI Z4E & @
BLREIZOWTIEH L2 TR, SHBROME Y
BTHo. KEFERFBEZEOERETHY,
HHE O C BT REFERTTHRD OPSL L £ Y,
BEARTICH5 2 LARBICHS L-WRED D
5,

OPSI ODFFicoWTTH A, BMICL )&
EIHIREICH 2 BEICL 5T, 2D OPSI W
PICTHTELPHPFEELRETHS. — W%
R R FEINTVEHA, Sl d 28
METICMARET 77 2H%E5 L, 6T,
D LIE5~10FET L DBEMEG R I LT
BY05, REF D & BB NP o512
BMLT, HREHHRETCOME REWPIHE
THhY, FRGBPEPLEEIZOWTHHELR D
TEVHRARBONTWRVOSBEIRTHS. 4
BCIFEHE LT 14 HYUL ERS, d LI
BHRICEFIREIRE L7 RIZKS T 558t L
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LT\ 5285 5%, Z kit coks 7o ba—
WOLERAYE T L,

— R, B 25 Bk B @ 9% B K F pneumolysin
[l e P 7 N i 7 O A [ =18 Nl ol = S
AN HIV e i EOREAEBRE TR R
Mt 28 ER B I HiE  (invasive pneumococcal dis-
ease ; IPD) (ZREA L 72 T3 pneumolysin PLiE
i EREZHD BV EDMESNTWEY, £
7o, AAEBIO K ) R EEREEIIBITHMERKE Y
7 F BB TL, TrF v ERRDIMEROM
RBERBICLIVBGHEZ o HEDY D
A0 7 F yREMBHE T, IPD RERZIC
EHETEZELTH 23% PEEL, TORESR
I3 E IPD SR 50 512 b A2 M bhs,
T F UREEEZETIIRBERETL Y 7 F U
PHEREN, KEMICBCTL Y 75 VEETE
ThHh.

Ltk BEEFESLEAICOPSIZHMEES
CZEDEETHA. %%&®M%®5%M~%%

FEREHEMERERETH D, BIUER RGO
UX?ké%éhTméc&%%%&w,&wo
T2 D H BV,

&

AR AE, WBER o C B ZHR I
35 IFN #EERICHEEL, eyl 0PSID 1
Bl L7, BB IIBVTIIIRFRN TR
MR ZATHOPSI Z BHEICBCmEL 7 4
O— EEENLETH Y, BEEEHORESLIELS
BARMEIC B BHiRERE T 7 F %570 b

O~ VO EHED B LENFD L. T IMREKRE
o F v REMTORBEZEIBVTY, HETF
itz 7 F VHRENET L.

B BERIDICHILY, ARICERE suggesmon

e iEn e RIGKEFERKRELOME L, &
ARFEFEFHCZ LT

B

AN BE S 5 2 H OFIZA
tL

X #®
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Overwhelming postsplenectomy infection during combination therapy
with interferon ribavirin after living donor liver transplantation
for hepatitis C : a case report

Manpei YAMASHITA, Akihiko SOYAMA, Mitsuhisa TAKATSUKI, Masaaki HIDAKA”,
Hisamitsu MIY AAKI?, Tamotsu KUROKI", Kazuhiko NAKAQO?” and Susumu EGUCHI”

Y Department of Surgery, Nagasaki University Graduate School of Biomedical Sciences

? Department of Gastroenterology and Hepatology, Nagasaki University Graduate School of Biomedical Sciences

A 60-year old woman was admitted for reintroduction of interferon/ribavirin combination therapy to pre-
vent the recurrence of hepatitis C following living donor liver transplantation (LDLT). She had also under-
gone splenectomy during LDLT to avoid postoperative pancytopenia due to hypersplenism. However, a few
days after reintroduction of the therapy, she developed severe diarrhea and fever that progressed to circula-
tory and respiratory shock. Blood culture was positive for Strepfococcus pneumoniae, leading to a diagnosis of
overwhelming postsplenectomy infection (OPSI). Although the patient developed multi-organ failure, she ul-
timately recovered after intensive care including mechanical ventilation and hemodialysis. Once OPSI is sus-
pected, intensive care should be commenced immediately given the disease’s fulminant clinical course and
high mortality. Postoperative prophylaxis with the pneumococcal vaccine needs to be tested in a multi-
center study. :

(113)
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Preoperative Simulation With a 3-Dimensional
Printed Solid Model for One-Step Reconstruction
of Multiple Hepatic Veins During Living Donor
Liver Transplantation

Received July 7, 2014; accepted October 6, 2014.

TO THE EDITORS:

A 53-year-old male patient underwent living donor
liver transplantation (LDLT) for hepatitis C virus-
infected liver cirrhosis complicated with hepatocellu-
lar carcinoma. Preoperative 3-dimensional (3D)
images were obtained with a 3D image analysis sys-
tem (Synapse Vincent; Fujifilm Medical, Tokyo,
Japan) so that we could evaluate the graft volume
and possible congested volume after implantation in
LDLT. This revealed that a large middle hepatic vein
(MHV) drained a vast area in the right lobe (Fig.
1A,B). The estimated volume of the donor's whole
liver was 1048 mL. The extended left graft was con-
sidered to be small for the size of the recipient and
corresponded to 30% of the recipient's standard
liver volume; also, it had an estimated congested
area of 407 mL, which was equivalent to 39% of the
donor’s liver volume in the remnant right lobe (Fig.
1C). As a result, if a left lobe graft could be pro-
cured, the functional remnant liver volume was esti-
mated to become 20% of the donor’s liver volume.
Hence, the left lobe was considered inappropriate
not only because of the small-for-size graft for the
recipient but also because of safety concerns for the
donor.

After ensuring sufficient drainage of the left lobe by
medial segmental vein (V4) and the left hepatic vein,
we decided to use a right lobe graft with the MHV
because the volume was considered sufficient and
was equivalent to 47.5% of the standard liver volume
of the recipient. A preoperative contrast-enhanced
computed tomography scan revealed a distance of
2 cm between the donor’s right hepatic vein (RHV)
and MHV at the estimated Cantlie line. Because of the
location and alignment, we planned to use an autolo-
gous portal vein (PV) Y-graft interposition for the
hepatic vein anastomosis. The image of the Y-graft

from the recipient’'s PV was also made with the
Synapse Vincent program (Fig. 2).

An extended right lobe graft was transplanted from
the patient’s wife, and the actual graft weight was
493 g, which corresponded to 42.3% of the recipi-
ent’s standard liver volume. A hilar PV was harvested
from the recipient, and ex vivo hepatic vein recon-
struction was performed through the connection of a
right portal branch to the MHV and a left portal
branch to the RHV with continuous 5-0 polypropyl-
ene monofilament sutures. An end-to-end anastomo-
sis was performed between the explanted main PV
graft and the inferior vena cava with continuous 5-0
polypropylene monofilament sutures. In addition, the
right inferior hepatic vein (RIHV) was directly anasto-
mosed to the inferior vena cava. After reperfusion,
intraoperative Doppler ultrasound showed a stable
and sufficient hepatic inflow and outflow from the 3
anastomosed hepatic veins. The length of the recipi-
ent operation was 13 hours 15 minutes, and the
blood loss was 11,700 g. At the time of this writing,
8 months after LDLT, the patient was doing well
with good liver function. The fact that both the MHV
and the RHV were patent in the early postoperative
period is considered to have contributed to the
patient’s recovery. The donor favorably recovered
without any complications. The study protocol
received a priori approval by the appropriate institu-
tional review board comimittee.

DISCUSSION

An extended right lobe graft is uncommon in Japan
because of concerns about donor safety. On the other
hand, approximately 58% of individuals have an MHV
that is larger than or the same size as the RHV, and
in 13% of right liver lobes, the MHV partially or totally
drains a vast area, including segment 6,! as with our
patient. A preoperative 3D image simulation depicting
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Figure. 1.

(A,B) A preoperative 3D image evaluation of the donor’s graft revealed that the large MHV drained a vast area in the right

lobe (arrows). (C) The estimated volume of the congested area (the yellow area with arrowheads) was 407 mL, which was equivalent to

39% of the donor’s liver volume in the remnant right lobe.

PV Y-graft

Figure. 2. A preoperative 3D simulation of the autologous PV Y-
graft interposition for the hepatic vein anastomosis connecting a
right portal branch to the MHV and a left portal branch to the
RHV was performed with the Synapse Vincent program.

the anatomy in detail and providing an accurate esti-
mate of the possible congested volume prompted us to
make the decision to use an extended right lobe graft
in this case.

The usefulness of explanted autologous PV grafts
for hepatic vein tributaries in LDLT has recently
been reported.}? Although previous reports have
described the use of a PV graft for MHV tributaries,
including segment 5 and 8 veins, in our case, both
main drainage veins, including the MHV and the
RHV, were reconstructed with an interposition Y-
shaped PV graft. Subsequently, the main outflow of
the liver graft depended on this reconstruction. The
reconstruction of the main drainage veins of the right
liver graft with an explanted hilar PV graft is consid-
ered to be an effective management strategy for
cases with a large distance between the hepatic veins
in LDLT.

The useful application of a 3D volume analyzer in
the field of liver surgery has recently been reported.>*
Meticulous preoperative volumetry of the partial liver
graft is essential in terms of both postoperative graft
function and donor safety. One of the strongest merits
of using a 3D volume analyzer is that it is possible to

=102~



268

LIVER TRANSPLANTATION, February 2015

Figure. 3.

(A,B) A 3D solid model of the graft obtained from a 3D printer was constructed from the data obtained with the Synapse

Vincent program. A gumlike material was used to make (C) the recipient’s PV tree with (D) a PV Y-graft, and these models were effective
for allowing the reconstructed shape of the anastomosis to be understood with appropriate spatial perception.

estimate each vessel's circulating and draining areas.
On the basis of this estimate, we are able to evaluate
whether to reconstruct the MHV tributaries or anoma-
lous hepatic veins in LDLT.

With the recent development of 3D printers, solid
3D models can be made from images obtained with a
3D volume analyzer. In this case, we made a 3D
model from the data generated by the Synapse Vin-
cent program (Fig. 3A,B). The solid 3D model was
effective as a preoperative simulation, and the plastic
liver and gum-like material made to represent the ves-
sels made it easy to imagine the reconstructed shape
and angle of the anastomosis with appropriate spatial
perception (Fig. 3C,D), which helped us to choose an
appropriate surgical strategy. It should also be noted
that the use of a 3D printed model during surgical
planning was helpful not only for the operating sur-
geons, but also for young surgeons as training, so
that they could understand the detailed representa-
tion of the future complex anastomosis in LDLT.
Although making a 3D solid model for every case is
currently expensive, it is considered to be worthwhile
for select cases such as ours because of its efficacy in
facilitating operation planning. We highly recommend
using a 3D printed model in cases with complex vas-
cular or biliary anatomy, which require multiple or
complicated anastomoses with or without the use of
graft interposition.
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Aim: Recurrent hepatitis C (RHC) and acute cellular rejection
(AR) remain critical problems following liver transplantation
(LT) in hepatitis C virus (HCV) positive recipients because of
the similar clinical features. Discrimination between these
conditions can be problematic, and adjunctive biomarkers
would be useful to discriminate these processes. The aim of
our study was to investigate the possibility of the intragraft
miR-122 and -155 expression as new biomarkers after LT.

Methods: A total of 29 HCV positive recipients were
enrolled in this study. Intragraft expressions of mirR-122 and
-155 were studied between RHC predominant (n = 17) and AR
predominant cases (n = 12) using quantitative reverse tran-
scription polymerase chain reaction. Furthermore, we inves-
tigated the correlations between these expression levels and
clinical serum parameters.

Results: Intragraft miR-122 expression had a good correla-
tion with serum alkaline phosphatase (P = 0.02), but it was not
correlated with the serum HCV viral load. The expression
levels of miR-122 in the AR group were significantly higher
than those in the RHC group (P = 0.0006) and, inversely, the
expression levels of miR-155 in the AR group were signifi-
cantly lower than those in the RHC group (P = 0.01).

Conclusion: Our study emphasizes a useful pattern of miR-

122 and -155 as ancillary markers to discriminate AR predomi-
nant cases from RHC in HCV positive patients after LT.

Key words: acute cellular rejection, hepatitis C, liver
transplantation, miRNA, molecular biomarker

INTRODUCTION

IVER TRANSPLANTATION (LT) has been a life-
saving and well-established treatment for acute liver
failure and various end-stage liver diseases. However,
both acute cellular rejection (AR) and recurrent hepatitis
C (RHC) as complications after LT have life-threatening

Correspondence: Dr Phillip Ruiz, Department of Surgery, University of
Miami Miller School of Medicine, 1600 NW, 10th Avenue, Rosensteil
Medical Science Building 8150, Miami, FL 33136, USA. Email:
pruiz@med. miami.edu

Author contribution: Tadafumi Asaoka performed research and
participated in the study design, writing the paper and data
analysis. Dayami Hernandez participated in the technical
support for the experiments. Panagiotis Tryphonopoulos and
Jennifer Garcia participated in obtaining clinical data. Akin
Tekin, Thiago Beduschi, Seigo Nishida, Ji Fan and Rodrigo
Vianna participated in the study design and suggestions. Phillip
Ruiz participated in the study design, revising the paper,
pathological diagnosis and data analysis.

Received 16 July 2014; revision 21 August 2014; accepted 8
September 2014.

898

implications and they are the leading causes of graft loss
and retransplantation.’ In particular, in hepatitis C virus
(HCV) patients, one of the most serious problems is the
fact that sometimes they can reveal overlapping features
in both entities. Although histology remains the gold
standard for differentiating AR from RHGC, it is often
challenging to distinguish which process is more pre-
dominant in those cases.? This has significant clinical
implications because the treatment of AR can adversely
potentiate HCV recurrence. In this regard, the findings
of new biomarkers and a deeper understanding of the
regulation of AR and RHC will lead to better control of
liver allograft viability.?

miRNA are small non-coding RNA molecules that
function at the post-transcriptional level. miRNA consist
of approximately 22 nucleotide RNA that suppress the
expression of messenger RNA bearing partially comple-
mentary sequences by accelerating their degradation
and inhibiting their translation into protein.* They have
been implicated in various molecular mechanisms such
as viral infection and immune responses.*®

© 2014 The Japan Society of Hepatology

-104-



Hepatology Research 2015; 45: 898-905

miR-122 is a liver-specific member and it accounts
for approximately 70% of the total miRNA content of
liver.” miR-122 binds to two highly conserved sites in
HCV RNA, and protects it from degradation rather
than causing it to be degraded. Actually, liver-specific
miR-122 was recently reported to be crucial for effi-
cient replication of HCV RNA and has been shown to
facilitate the replication of HCV in vitro.®' It also
modulates the expression of genes involved in hepatic
lipid and cholesterol metabolism.”>"* A change in
levels of miR-122 in the liver and blood has been con-
firmed as an indicator for liver disease'® and the
use of miR-122 as biomarker for hepatitis C has been
proposed.'¢

The miRNA have a critical role in regulating the
expression of genes relevant to allograft rejection
and the induction of immune tolerance. miR-155
has been shown to dramatically impact both innate
and adaptive immune processes, including inflamma-
tion, antigen presentation, T-cell differentiation,
cytokine production and regulatory T-cell (Treg)
functions.'”*

As described above, miR-122 and -155 have
been reported as key molecules for HCV replication
and CD4* T-cell differentiation, respectively. How-
ever, the clinical significance of these miRNA in
recipients after LT remains unclear. So, we focused on
miR-122 and -155 as HCV and host related factors,
respectively.

We hypothesized that intragraft miRNA are
dysregulated in liver allografts with RHC and AR after
LT. In order to reveal the clinical significance of miR-122
and -155 expressions after LT, we developed an assay
to measure their levels in formalin-fixed tissue from
HCV-infected human liver allografts and correlated
them with clinical parameters. The aim of our study is to
investigate the intragraft expression levels of miR-122
and -155 in liver transplants and evaluate the clinical
relevance and discriminatory capacity in conjunction
with histology.

METHODS

Study sites and internal review
board approval

LL PATIENTS GAVE their written informed consent.

This study was performed at the University of
Miami, Miami Transplant Institute. The study protocol
was approved by the internal review board of the Uni-
versity of Miami.

Intragraft expression of miRNA-122 and -155 899

Patients and controls

We evaluated a total of 29 liver allograft biopsy speci-
mens from 29 recipients after LT available for this study
from March 2008 to September 2010. All of these cases
were HCV positive patients, and the biopsy samples
were obtained when the patients had liver dysfunction,
with all changes in immunosuppressive or antiviral
therapy being recorded. We defined liver dysfunction as
elevated total bilirubin (>2.0 mg/dL), aspartate amino-
transferase (>40 IU/L) and alanine aminotransferase
(>40 IU/L) levels. Additional liver tissues from 20
normal livers were used as a pooled control mixture. A
mixture of RNA from the normal parts of liver speci-
mens of 20 patients with liver metastases from colon
cancer was used as a reference for analysis.

Histopathological examination of liver
biopsy samples and sample classifications

Hematoxylin-eosin-stained sections of the 29 samples
were examined by experienced pathologists at the Uni-
versity of Miami. AR-labeled specimens were graded
according to the Banff classification and the inflamma-
tory grade and fibrosis stage for RHC were scored with
the METAVIR scoring system. After the evaluation of
these biopsy samples, prior to the assay, the investiga-
tors followed the patients and confirmed that those
pathological diagnoses matched the clinical course of
the patients. On the basis of the clinicopathological
assessment, patients were assigned to two groups:

1 The RHC group: no evidence of AR or mild AR on the
basis of the Banff criteria and an inflammatory grade
of hepatitis greater than G1. These patients were
pathologically diagnosed as RHC predominant with
possible superimposed AR.

2 The AR group: mild (rejection activity index, 4-5) or
moderate (rejection activity index, 6-7) AR on the
basis of the Banff criteria and an inflammatory grade
of hepatitis greater than G1. These patients were
pathologically diagnosed as AR predominant with
possible superimposed RHC.

Blood sampling

A peripheral blood sample was collected from each indi-
vidual just before the liver biopsy. Standard parameters
of liver allograft function were measured at the Immune
Monitoring Laboratory, University of Miami.

Total RNA isolation

Total RNA was extracted from formalin-fixed paraffin-
embedded (FFPE) biopsy samples using the RecoverAll

© 2014 The Japan Society of Hepatology
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Total Nucleic Acid Isolation Kit (Applied Biosystems,
Foster City, CA, USA) for FFPE tissues according to
the manufacturer’s instructions. The concentration and
quality of total RNA were measured by a NanoDrop
ND-1000 spectrophotometer {Nanodrop Technologies,
Inc., Wilmington, DE, USA) and checked by the ultra-
violet absorbance at 260 nm and 280 nm (A260/280). A
260/280 absorbance ratio range of 1.9-2.1 was consid-
ered acceptable for miRNA assay.

Quantification of miR-122 and -155

Real-time polymerase chain reaction (PCR) analysis of
miR-122 and -155 expression were performed in 29
FFPE tissue samples (AR/RHC; 12/17) using TagMan
miRNA assays with individual miRNA-specific primers
(Applied Biosystems). The real-time PCR was run on
the Applied Biosystems 7900HT Fast Real-Time PCR
System. The expression of each miRNA was normalized
using the small RNU44 as internal control. Relative
quantification was done based on pooled normal livers
using a comparative Ct method. Ct values of more than
35 were eliminated from analysis. Reverse transcription
(RT)-PCR was performed in triplicate and the average
data of each sample was used for further analysis. The
data of each group was compared by the Mann-Whitney
U-test.

Real-time PCR for miRNA targets

In order to discover the functional interactions between
miRNA and mRNA genes in liver allografts, we selected
a couple of genes (signal transducers and activators of
transcription 1, STAT1; bile acid coenzyme A, BAAT)
related to miR-155 and -122. STAT1 is well known as
one of the key molecules in the Janus kinase (JAK)/
STAT signaling pathway which is involved in miR-155
expression.”® BAAT was selected by mimiRNA (http://
mimirna.centenary.org.au), a resource designed to
graphically represent human miRNA expression profiles
and discover miRNA targets. We analyzed STAT1 and
BAAT expression by quantitative real-time RT-PCR
using the original pooled samples. The real-time PCR is
run on the Applied Biosystems 7900HT Fast Real-Time
PCR System with individual mRNA-specific primers.
The expression values of genes were normalized relative
to glyceraldehyde 3-phosphate dehydrogenase of the
same samples.

Statistical analysis

Data were expressed as median and range values. Differ-
ences were tested by the exact y*test or Mann-Whitney

© 2014 The Japan Society of Hepatology
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-U-test, and correlation between two variables was ana-

lyzed using the Pearson correlation coefficient. All differ-
ences were considered statistically significant at P < 0.05.
SPSS for Windows version 8.0] software (SPSS, Chicago,
IL, USA) was used for all analyses.

RESULTS

Clinicopathological features

N THE BASIS of the classification described in the

Methods section, the set of 29 samples used in this
study consisted of 17 samples belonging to the RHC
group and 12 samples belonging to the AR group. All
patients underwent liver transplantation for HCV-
related cirrhosis and received a graft from a heart
beating donor. Most patients were treated with a
combination of calcineurin inhibitor, corticosteroids
and mycophenolate mofetil (7/29 were on mycophe-
nolate mofetil and 14/29 received maintenance
corticosteroids).

There were no significant differences in age, sex,
primary liver disease, serum total bilirubin, serum
alanine aminotransferase or serum HCV RNA levels
between the RHC and AR groups (Table 1).

Intragraft miR-122 and -155
expression levels

Intragraft (i.e. from paraffin block) expression of miR-
122 was decreased in all recipients relative to normal
liver. Particularly, intragraft miR-122 expression was sig-
nificantly decreased in the RHC group (median, 0.07)
rather than the AR group (median, 0.34) (P = 0.0006).
On the other hand, miR-155 expression was signifi-
cantly increased in the RHC group (median, 1.92) as
compared with the AR group (median, 0.90) (P=0.01)

(Fig. 1).

Clinical relevance between intragraft
miR-122 and -155 expression and
standard laboratory parameters in HCV
positive recipients

We correlated miR-122 and -155 levels in liver allografts
with standard laboratory parameters by Spearman'’s
rank correlation coefficient analysis. Intragraft miR-122
expression demonstrated a positive correlation with
serum ALP levels, but it was not correlated with serum
AST, ALT and HCV viral load. miR-155 expression had
no correlation with any laboratory parameters. Values of
correlation coefficient (*) and P-values are shown in
Figure 2.
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Table 1 Clinicopathological features

Intragraft expression of miRNA-122 and -155 901

Category

RHC (n=17)

AR (n=12) P

Age
Sex (M/F)
Days after transplantation
Primary disease
HCV/LC
HCV/HCC
Immune suppression
FK based
CyA based
Steroid addition
MMF addition
Rapamycin addition
Rejection grade
No evidence of rejection
Indeterminate
Mild
Moderate
Severe
Chronic hepatitis C
Grade

Laboratory data
T-Bil (mg/dL)
AST (IU/L)
ALT (IU/L)
ALP (IU/L)

HCV RNA (PCR, x10* IU/mL)

57 (15-72)
9/8
146 (74-4327)

12
5

[y

—
OO WO N S S Y

e i )

-1 Ut o

1.8 (0.1-23.5)
203 (36-566)
192 (26-1306)
264 (90-650)

57 (49-67) 0.94
8/4 0.46
31 (7-525) 0.0031

7 0.49
5

= ol OO = Ul 00 W W

ey

OO NOO

fay

OO O NO

2.9 (0.5-14) 0.53
110 (27-665) 0.23
375 (58-935) 0.27
244 (103-1177) 0.67

1185 x 10* (4790-416 x 10%) 1780 x 10* (10* x 104-301 x 10%) 0.50

tThe level of statistical significance was set at P < 0.05.
ALP, alkaline phosphatase; ALT, alanine aminotransferase; AR, acute cellular rejection; AST, aspartate aminotransferase; CyA,
cyclosporin; FK, tacrolimus; HCC, hepatocellular carcinoma; HCV, hepatitis C virus; LT, liver transplantation; MMF, mycophenolate
mofetil; PCR, polymerase chain reaction; RHC, recurrent hepatitis C; T-Bil, total bilirubin; Treg, T regulatory cell.

Correlation assay between miRNA and

target gene expression in liver allografts
We selected BAAT and STATI1 as the target genes for
miR-122 and -155, respectively. Intragraft miR-122
expressions had a positive correlation with BAAT
(P =0.0034), but there was no correlation between miR-

155 and STATI (Fig. 3).
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Distribution chart of total 29 samples

based on intragraft miR-122 and -155
expression levels

The distribution map revealed that the intragraft
expression pattern of high miR-122/low miR-155 was
characteristic of the AR group, while the pattern of high
miR-155/low miR-122 was a distinctive trend in the
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patients with chronic hepatitis C than that in healthy
controls.'® They also suggested that serum miR-122
levels correlated well with ALT and histological activity
index score.'® These previous reports supported the
hypothesis that miR-122 may leak out of injured hepa-
tocytes into circulating blood, and the decline of miR-
122 levels in the liver allograft may correspond to the
destruction of HCV-infected hepatocytes.

We found that intragraft miR-122 expression in liver
allograft was significantly downregulated in recipients
with RHC and AR compared with healthy controls. In

© 2014 The Japan Society of Hepatology

Figure 2 Correlation assay between intragraft miR-122 and
-155 expression and standard laboratory parameters in hepa-
titis C virus (HCV) positive recipients. We correlated miR-122
and -155 levels in liver allografts with standard laboratory
parameters by Spearman’s rank correlation coefficient analysis.
Intragraft miR-122 expression has a positive correlation with
serum alkaline phosphatase (ALP) levels, but it was not
correlated with peripheral HCV viral load. Values of correla-
tion coefficient (1?) and P-values are shown. ALT, alanine ami-
notransferase; AST, aspartate aminotransferase; T-Bil, total
bilirubin.
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Figure 3 Correlation assay between intragraft miRNA and related gene expression in hepatitis C virus (HCV) positive recipients.
Levels of intragraft miR-122 correlated significantly with levels of intragraft bile acid coenzyme A (BAAT) in the same samples
(P=0.0034). But, intragraft miR-155 expression did not have the significant correlation with intragraft signal transducer and

activator of transcription (STAT)1 expression (P = 0.74).

particular, HCV positive recipients with active viral
hepatitis showed that intragraft miR-122 expression sig-
nificantly decreased in comparison with AR after LT.
From our results, it is not possible to determine if miR-
122 downregulation is a cause or consequence of active
hepatitis but this finding was consistent with previous

miR-155/control
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Figure 4 Distribution chart of total 29 samples based on
intragraft miR-122 and -155 expression levels. The distribution
map revealed that the intragraft expression pattern of high
miR-122/low miR-155 was characteristic of the acute cellular
rejection (AR) group, while the pattern of high miR-155/low
miR-122 was a distinctive trend in the recurrent hepatitis
C (RHC) group. Interestingly, miR-122 expression levels
were inversely correlated with miR-155 expression levels
(P=0.047). ® AR (n=12); O, RHC (n=17).

findings. Our data demonstrated the first clinical find-
ings of differential miR-122 expression in liver allograft
between AR and RHC.

miR-122 has been reported to have another critical
role in regulating lipid homeostasis by controlling cho-
lesterol synthesis and lipoprotein secretion in the liver.”
A recent study demonstrated that mice lacking the gene
encoding miR-122 develop extensive lipid accumula-
tion and reduced glycogen storage in the livers.'>!3%
They suggested that long-term suppression of miR-122
causes persistent steatohepatitis, fibrosis and spontane-
ous hepatocellular carcinoma. Actually, some studies
showed that hepatic steatosis could be present in liver
allografts with RHC after LT and that ballooning
degeneration and cholestasis correlate with more rapid
development of allograft cirrhosis.**?® In our study,
the decreased miR-122 expression in liver allograft
may be associable with these clinical and pathological
features.

We selected BAAT as the target gene for miR-122 based
on the mimiRNA database (http://mimima.centenary
.org.au), discovering functional interactions between
miRNA and mRNA genes. We found that intragraft miR-
122 expression has a strong positive correlation with
BAAT (P =0.0034) (Fig. 3) thus confirming that indeed
the miRNA and the target gene are similarly influenced
during RHC in the graft. It has been reported that a defect
of BAAT can cause intrahepatic cholestasis;* thus, sup-
pression of miR-122 and BAAT and their interactions as
our studies indicate, could be associated with altered

© 2014 The Japan Society of Hepatology
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lipid metabolism and steatosis in the liver allograft in
HCV positive recipients.

miR-155 has been shown to regulate STAT1 expres-
sion and, conversely, STAT1 also partially regulates
the JAK/STAT) signaling pathway. One recent study
reported the presence of a positive feedback cycle of
miR-155 and STAT1 in response to inflammatory
signals or infection.*® In our study, we could not detect
a significant correlation between miR-155 and STAT1,
but there are several possible explanations for our
results. For example, miR-155 could be regulated by
additional other target molecules yet to be described,
because the field of miR-mRNA interactions is still very
young,.

It has been reported that miR-155 is highly expressed
in Treg, as a direct target of Foxp3,>?* and Treg devel-
opment required miR-155.% In this study, we found a
repression of miR-155 in liver allografts undergoing AR.
Our results raise the possibility that reduction of miR-
155 may reflect insufficient Treg activity in the rejecting
liver allograft.

It is known that miR-155 is not limited to immune
cells (dendritic cells, Kupffer cells, monocytes, natural
killer cells, T cells), and is also prevalent in non-immune
cells such as hepatocytes and endothelial cells. These
studies have suggested that there is a positive correlation
between serum miR-155 and miR-122 increase in HCV
positive patients.” Interestingly, in our study, miR-122
expression levels were inversely correlated with miR-155
expression in liver allograft (P = 0.047). The expression
balance of miR-122 and -155 in the RHC group was
remarkably different from that in the AR group (Fig. 4).
We analyzed cut-off values of miR-122 and -155 expres-
sion using a receiver-operator curve. Our analysis
showed that AR can be diagnosed using the levels of
miR-122 and -155 in the liver graft (miR-122: cut-off,
0.12; area under the curve [AUC], 0.864; sensitivity,
81.8%; specificity, 62.5%; miR-155: cut-off, 0.99; AUC,
0.79; sensitivity, 81.3%; specificity, 63.6%) (Supple-
mental Fig. S1). Our novel finding implies that the
intragraft expression of miR-122 and -155 may serve as
potential molecular biomarkers to distinguish between
AR and RHC after LT.

One of the limitations of this study is the heteroge-
neous sample populations which were biopsied at dif-
ferent time intervals from LT. However, there were no
significant expression differences between early (<6
months after LT) and late (>6 months after LT) biopsied
samples after LT (Supplemental Fig. $2).

The other limitation of this study is the small sample
size. An external validation cohort should be evaluated

© 2014 The Japan Society of Hepatology
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to make sure of reproducibility. Furthermore, various
additional patient samples, such as patients trans-
planted with alcoholic liver disease, are needed to
confirm our preliminary findings.
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SUPPORTING INFORMATION

DDITIONAL SUPPORTING INFORMATION may
be found in the online version of this article at the
publisher’s website:

Figure S1 Receiver-operator curve (ROC). Cut-off
values for diagnosis were ascertained using the ROC,
and the sensitivity and specificity were calculated for
each cut-off value.

Figure S2 Intragraft miR-122 and -155 expression
levels according to time interval after liver transplanta-
tion (LT). There were no significant differences of miR-
122 and -155 expressions between early (<6 months
after LT) and late (>6 months later after LT) biopsied
samples after LT. Expression data was represented based
on comparative Ct method and normalized using
RNU44 as the endogenous control. The relative expres-
sion of each sample was calculated using normal liver
mixture as a reference.
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