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Fig 5. mRNA expression levels of MDR1 and CYP3A4 and acute cellular rejection episodes in 121
recipients of living-donor liver transplantation. The mRNA expression levels of MDR1 (A) and
CYP3A4 (B) in mucosa derived from living-donor liver transplant recipients were determined by a
real-time polymerase chain reaction (PCR) analysis, as described in the Methods section. High and
low indicate whether the expression level of MDR1 mRNA and CYP3A4 mRNA in individual
mucosa was higher or lower than the median value for all intestinal samples, respectively. P values
were determined with the log-rank test. C, The mRNA expression levels of MDR1 in mucosa were
shown with (+) or without (—) acute cellular rejection during 10 days postoperatively. The P value
was determined with the Mann-Whitney U test.
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CYP3A4 (B) in mucosa denved from living- donor liver transplant rec1p1ents were determmed by a : i R
real-time PCR analysis, as described in the Methods sect1on High and low‘1nd1cate whether the,'“‘:
.expression level of MDRl mR\IA and CYP3A4 mRNA in md1v1dual mucosa‘was hlcrher or. lower Ay o

than the median value for all mtestmal samples respectlvely P values were determmed w1th the k

log-rank test. Tick marks indicat the len h of follow—up of 1nd1v1dual pat1ents who surv1ved

of tacrolimus were significantly:higher in patients cat- ' postoperative dayé/’,z and 10 were comparable betwé‘eh :
egorized- in the! high-MDR > groupthan those.in the: "~ the 2 groups (Fig 7, B). The odds ratio was 2:283 (95%
low-MDR1 group from postoperative day 3 (Fig 7, A).--  CI, 1.058-4.926). for. patients whose average trough

However, the daily trough levels of tacrolimus between -~ concentration of tacrolimus between postoperative days
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Fig 7. Postoperative. :eral_dos‘age‘an_yd trough concentration of tacrolimus in recipients after

living-donor liver transplantation. Daily_ oral

doéages (A) and trbiigﬁ cbnceﬁpratiohs (B) of tacroli--

mus for 121 patients receiving de novo living-donor liver transplants.are illustrated. The patients are

-or higher than the median yalue

" givided into 2 groups: low MDRI (open circles) and high MDR1 (solid circles). Low MDR1 and
_high MDR1 indicate whether the expression level of MDR1 mRNA m indiyidual mucosa was lower

¢ for all intestinal samples. Statistical analysis was performed by use

o the unpaired ¢ test after Welch correction. P values of less than “0S were shown. -~

2 and 4 was under 7. ng/mL and 2306 (95% CI,

1.058-5.028) for patients whose intestinal éxpression”

Jevel of MDR1 at ‘surgery was’ greatér than 0242~

(Table IT).

Correlation between
tacrolimus C/D ratio. In this study the average trough
ntr crolismus immediately after living- -

concentration of ta

oén’ mRNA level of MDRI and” "

donor liver :ﬁrhﬁé'pla;ntéitlon and the’ intestinal expres- -

sion level o
for predicting

immediately after transplantation (Figs 3 and 5 and
Table 1. If the mRNA level of MDRI at operation
is a potential pharmacokinetic factor, control of the
tacrolimus blood ;éohcghtfatibﬁ,Will be ‘éasier, and -
the frequency of episodes ‘of acute cellular rejection -
may be reduced. On the basis of this hypothesis, we
performed a correlation analysis of the molecular
data on intestinal absorptive barriers and tacrolimus
pharmacokinetics to examine whether the MDRI

f MDR1 were identified as factors useful
the risk' of acute’ cellular rejection

mRNA level at operation could be a pharmacokinetic
factor for individualized initial dosage adjustment.

As showh: in’ Fig' 8; the mRNA expression level of
MDRI" (7 =7=0.5672; P < -,0001),: but not of . -
CYP3A4 (r-=+0.0490, P. =-.5466), was inversely.-
correlated ‘with the C/D ratio of tacrolimus between ;.
postoperative days 2:and 4. ‘Although the mass. of .-
graft liver from: the-living donor was limited. in.the:-:
adult patients, the graft liver was relatively sufficient : ..
or large in the pediatric patients. Therefore it is also:-
important to ‘evaluate the engrafted liver mass as the i+

weicht ratio (Graft liver-mass. [in

WOLZIIL Lo ATLaiu

R

graft-to-recipient
kilograms]/Recipient body weight [in kilograms] at....
surgery "X 100 [percent]).2 Furthermore, when the::
patients were divided into 2 groups based on the: .
graft-to—recipient weight ratio (1.5) (Fig 9, A), the
coefficient of the correlation between the intestinal -
mRNA level of MDRI and tacrolimus C/D ratio
improved to —0.6798 (P < .0001) and —0.7180 (P
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Fig 8. Concentration/dose (C/D) ratio as a function of
mRNA expression levels of MDR1 and CYP3A4 in 164
recipients of living-donor liver transplantation. The average

C/D ratio in the first 4 days after surgery is compared with the -

logarithmically transformed mRNA levels of MDR1 (A) and
CYP3A4 (B).

< .0001) for the patients Whose graft- o
ratio was

weight ratio was over 1.5 and tho ‘
under 1.5, respectively (th 9, B and C) However,
the coefficient of the correlation between the intes-

tinal MDR1 mRNA level at surgery and the tacroli-
mus C/D ratio after postoperat_ryey day 5 gradually

decreased (Table IID).

DISCUSSION
Acute’ cellular rejection, an early complication of

orthotopicliver transplantation, occurs in more than

50% of " patients®”"?? and can be diagnosed only by
means ofa liver. biopsy.?

verse : effects “of antirejéction- treatment.:The- use. of
high-dose steroids is the first step in’ both the induction
of immunosuppression and:the treatment of acute cel-:

lular rejection despite 'side effects such as osteoporosrs e
recurrent viral hepatitis, and infections.?%32 The dtrectq;,;

accnr‘mhnp betweenaciite cellular rejection and nnhpnf’;'

LLaltial IOl

mortality rate is weak,” but this episode- Would be-a.:
trigger for other: severe. complications. such as: infecr -
tions, drug-induced renal injury and neurotoxicity, and .. .

recurrénce of hepatitis with viral amplification in pa-

tients receiving the antirejection treatment: In our study .. -
the patients categorized: in - the high-MDR1:.group - ...
showed a higher frequency of acute cellular rejection

Although it has minimal - :: -
_impact- on+ either+ death “or -late graft: function, acute: .
cellular rejection should be avoided to._reduce. the ad-- .,
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until postoperative day 10 and poor survival within 1
year after surgery (Figs 5 and 6). Therefore the indi-
vidual patients’ clinical history should be explored be-
cause “acute cellular rejection” might be hidden behind
the diagnosis at death. The incidence of acute cellular
rejection in our series was 25.6% (42/164 cases) until
postoperative day 10 and 32.2% overall (39/121 cases,
excluding 32 patients treated with high-dose steroids
for other reasons and 11 cases of post-transplant graft
liver failure) (Table I). Of 13 patients who died within
1 year after transplantation, 11 were categorized in the
high-MDR1 group. The mortality rate of high-MDR1
patients who had acute cellular rejection early on was
25% (6/24 cases), whereas all 15 patients in the low-
MDRI1 group were alive despite an episode of acute
cellular rejection. In addition, the mortality rate of
event-free patients was 15% (5/33 cases) in the high-
MDRI1 group and 4% (2/49 cases) in the low-MDR1
group. Focusing on the patients with acute cellular
rejection during the first 10 days after surgery, the
high-level expression of intestinal MDR1 was sug-
gested to be associated with poor survival by x? statis-
tics (6/24 cases in high-MDR1 group versus 0/15 cases
in low-MDR1 group, P = .0352). Although our results

~ were derived from a relatively small number of cases,
the intestinal expression level of MDRI at surgery

could be a prognostic factor in patients with acute
cellular rejection at an early phase. If the occurrence of
acute cellular rejection can be avoided in the high-

'MDR1 patients, the mortality rate may be decreased to

a level comparable to that in the low-MDR1 group. To
reduce the frequency of acute cellular rejection early
on, the average trough concentration of tacrolimus dur-
ing the initial 4 days after surgery should be kept above
7 ng/mL, with an initial dosage adjustment that takes

into consideration the intestinal expressron level of
MDRI at surgery. In addition, extensive exposure {0,

tacrolimus at an early phase may reduce the Inortahty' ,
rate of panents categorrzed in the hrgh MDRl _group. ;

The intestinal adenosme tnphosphate—dnven;
pump MDRI is consrdered to play an 1mportant ol
drug pharrnacokmetrcs

and c!rnhmnc at ap1nq1 . ca the repnrf hir

anls S2L0HL

Hoffrneyer et aI 34 several smgle nucleotrde polymor— :
phisms (SNPS) 1n MDR] affectrncr expressron or func- o

tion (or both) have been reported N otably, C3435T and

G2677T/A are detected at a relatrvely hrcrh frequency - ;

and - have been exanrnned for 1nﬁuences on the druc’
pharrnacokrnetrcs and expressron level of the Uene
product.®*3> We prevrously found that these SI\Ps did

ThlS drug transporter pre- ’
vents_ the luminal. entry of orally adrmnlstered drugs' L
such  as tacrohmus cyclosponne (INN crclosporm) L
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Fig 9. Histogram of graft-to-recipient weight ratio and C/D ratio as a function of mRNA expression
levels of MDR1 in 164 recipients of living-donor liver transplantation. A histogram of graft-versus-
recipient body weight ratio is shown (A). The dotted line denotes a graft-to-recipient weight ratio
of 1.5. The average C/D ratio in the first 4 days after surgery is compared with the logarithmically
transformed mRNA. levels of MDR1 in the recipients of living-donor liver transplantation with a
graft-to-recipient weight ratio above 1.5 (B) and below 1.5 (C).

Table. IIL Coéfﬁcieﬁt of chr‘e;lafcion,chtw‘een intestinal mRNA expression level of MDRI1 and tacrolimus

concentration/dose ratio in I‘ivikng—,d:onpr;li\'zje‘r_ transplantation patients

Grafi-to-recipient weight ratio <l5

Postoperative days

Graft-to-recipient weight ratio >1.5

- ot P value o P value

- Between 2 and 4 . —0.6798-and (n=99) ~0001  —0.7180and (@=55) - <.0001
Between 5 and 7 —0.3721 and (n=90) .0003 —0.4188 and (n=51) .0020
Between 8 and 14 —0.1598 and (n=98) 1163 —0.0241 and (n=52) 8660

*Data for patients treated with high-dose steroids including the days of administrati

‘not ‘affect the intestinal expression of MDRI and the
tacrolimus C/D ratio in'livin g-donor liver transplant
“recipients.?* In recipients of renal transplantation, the

trough concentratlons ‘of ‘cyclosporine and tacrolimus
were not influenced by the C3435T SNP.2**" In addi-

“tion, examinations in vitro with & vaccinia virus expres-
sion system and mammalian expression’ system using
LIC-PK1 cells indicated that the SNPs in MDRI do not
affect the membrane expression of P-fgp ‘or ‘transport
activity of drugs such as digoxin and ¢yciosporine.***?
However, there is litfle consensus conéérning the effect
on drug pharmacokinétics by 'SNPs in MDRI:** Re-
cently, a meta-analysis by Chowbay et ‘al*! revealed no
sionificant effect of the MDRI C3435T SNP on either
the pharmacokinetics of digoxin 6r'the intestinal ex-
pression level of P- glycopfotéih}*Inf'o'ur’”'st'udy' preoper-
ative complications ‘such as cholangitis, hyperbiliru-

on and 3 days after withdrawal were excluded.

binemia, intestinal congestion, pulmonary’ hypertension,
“and renal dysfunction: may’ have affected the expression
levels of MDR1, and therefore the direct expression level
_rather than SNPs of the gene would provide more
significant information “on:liver: transplant- recipients.
{ On' the other hand, CYP3A4:is also expressed in the
- upper intestinal epithelium 'and mediates the detoxifi-
cation “of ‘these’ immunosuppressants at. the intestinal
~wall, Therefore MDR1 and CYP3A4 are considered to
‘provide an “absorptive barmier.” We previously demon-
strated that the intestinal expression level of MDRI, but
fot ‘of CYP3A4; was inversely. correlated with. the
tacrolimus C/D ratio in small bowel transplant recipi-
ents, as well as patients after living-donor. liver
transplantation.’*2! In addition, enhanced expression
of MDR1 was associated with a reduction in the bio-
availability of cyclosporine in an adult case of living-
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donor liver transplantation.*? In our study we have
refined the correlation between the intestinal expression
level of MDR1 and tacrolimus C/D ratio during the first
4 days after surgery by taking into consideration the
graft-to-recipient weight ratio (Figs 8 and 9). The
trough concentration of tacrolimus at postoperative
days 3 and 4 was significantly lower in the patients
categorized in the acute cellular rejection group than in
those in the event-free group (Fig 1). In addition, keep-
ing the initial trough concentration of tacrolimus above
7 ng/ml was suggested to reduce the risk of acute
cellular rejection (Fig 3). Therefore the initial adjust-
ment of dosage based on the intestinal MDR1 mRNA
level may provide sufficient immunosuppression medi-
ated by tacrolimus with a rapid increase in the blood
concentration to around the target range (>7 ng/mL)
and help to reduce the frequency of acute cellular
rejection.

Some risk factors for acute cellular rejection after
liver transplantation such as primary disease, Child’s
classification, and polymorphisms of several cytokines
have been postulated.***** These were considered to be
congenital factors for patients receiving living-donor
liver transplantation, and there is no individualized

treatment to reduce the occurréence of acute cellular ;

rejection in patients categorized in the high-risk group.
In this study we have found that both the postoperative
blood concentration of tacrolimus and the intestinal

mRNA level of MDR1 at surgery. are significant. risk

factors for acute cellular rejection early on (Figs 3. and
5 and Table II). However, thesé risk factors are rela-
tively acquired issues and can be overcome by main-
taining the trough concentration of tacrolimus above 7
ng/mL for at least the first 4 days after surgery. In
addition, the intestinal expression level of MDR1 at
-surgery: would. be-.a. simple: pharmacokinetic marker
swith:which. to- adjust the’ initial, dosage of tacrohmus
tafter living-donor liver transplantatlon Therefore quan-
- tification of mucosal. MDR1: expression may provide
~for individualization of the dosage regimen of tacroli-
- mus, especially the initial dosage. In this study most of
- the . tacrolimus: concentrations: were below 10 ng/ml.,
especially in the acute cellular rejection group (Figs 1
~and ‘7, B). To avoid adverse reactions, doctors might be

Ty t ica the sa of tacrolimus in natients with
reluctant to raise the dose of tacrolimus in patients with

- acute cellular rejection. If we can obtain jejunal biopsy
specimens for the quantification of mucosal MDRI, the
postoperative - immunosuppressant = dosage - regimen
could be established before liver transplantation, en-
abling the tacrolimus trough level to be reached earlier
in’ patients with or without a high level of intestinal
MDR1. Therefore a pretherapeutic determination of the
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intestinal MDR1 mRNA level was suggested to be
useful to predict the initial dosage of tacrolimus re-
quired in individual patients and thus reduce the fre-
quency of acute cellular rejection immediately after
liver transplantation.

In this study we have confirmed that a high expres-
sion level of intestinal MDRI is a prognostic factor for
recipients of living-donor liver transplantation (Fig 6
A). Although that of CYP3A4 was also associated with
poor survival, the odds ratio was not statistically sig-
nificant. Therefore it was suggested that the intestinal
expression level of CYP3A4 was a prognostic factor
resulting from some secondary or unknown mecha-
nism. The intestinal expression level of MDR1 was
clearly related to the oral clearance of tacrolimus until
postoperative day 4 and the occurrence of acute cellular
rejection up to postoperative day 10 (Figs 5, A, 8, and
9 and Tables II and III). The significant association
between the high level of intestinal MDRI1 and the
l-year patient survival rate might be explained at least
partly by the prognostic significance of early exposure
to immunosuppressive therapy after liver transplanta-
tion. Therefore medication during ICU care may be
critical to survival, as well as the occurrence of acute
cellular’ rejectlon The molecular and immunologic

~ mechanism(s) behind these phenomena should be clar-
(iffed.

The grafted liver mass gradually regenerated after
surgery. Fukudo et al'® demonstrated kinetically that
the. clearance.of orally administered tacrolimus im-
proved or increased (or both) in the postoperative
period. In our study the coefficient of the correlation
between the intestinal MDR1 level and the C/D ratio
of tacrolimus decreased from postoperative day 5
(Table III). This background and our results sug-

~gested that hepatic function and the interindividual
 variation in_the rate, of graft liver regeneration were
.assocmted at least in part with the reduced contribu-
.tion .of the 1ntest1na1 MDRl or. laroe 1ntra1nd1v1dual
_yariation in the pharmacokmetlcs of tacrohmus after
. surgery. Surrooate markers relatmg to, the enzymatlc
.activity . assocrated w1th the 1nter1nd1v1dqal and intra-

1nd1v1dua1 Vanatlon .n. graft liver functlon after

: 11V1n0—donor hver transplantatlon are needed

Tn nealie ha advuane arl OnT mrauvinano
LI3 uvuv;u:u.uu ‘vvt.a ur.:.vu uuva.u\./uu;uu.a PEeYicus

finding that the enterocyte mRNA expression level of
MDRI1 was a simple.. and useful pharmacokmetlc
factor. for tacrohmus, especrally for adjustlncr the

- initial - dosage -in hvmc donor h\er transplant pa—

tients. In add1t10n the average trou0h concentration
of tacrolimus 1mmedlately after hvmo donor liver
transplantation should be mamtamed above 7 n0/mL
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for at least 4 days after surgery to prevent acute
cellular rejection. Therefore initial dosage adjust-
ment with consideration of the expression level of
MDR1 in the small intestine at living-donor liver
transplantation may reduce the frequency of acute
cellular rejection.

None of the authors has financial or personal relationships that

could potentially be perceived as influencing the described research.
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%4 BESEERCBY A EEHEEERE
BV
- FHERE
RETEY
NYS (F4 275 )
5%

FLCZ &5 F ik

- 18 500,000 BAL/5ml % 3~4 [/ H

AUTEERE © 1 100~200mg/ B 5 1~2

MCZ &i%EHE | 10mg/ke/ HEE AR (£72035 2~4/H)

ITCZz #ofxs 1 H

100~200mg/ A

AMPH sUEEHE ¢ 0.2~0.3mg/kg/ A
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FLCZ FilEE : 1|
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AMPH SGEFHE © 0.2~0.5mg/kg/ H

Hainmk
FLCZ siil#nE @ 11
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éi5F%ﬁﬁﬂ%f%é BEED, BHEFOR
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. FB5#5 (Prophylaxis)

h HEOFHHSIEHERPLBERSZICL o
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FBEONA ) A TENCTT 20 T TS
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nar A4 Ay reIERINED Amphotericin B
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;yﬁ%ﬁciﬁwk<wm#&60

B, 7Y =ETIESTEFINEZRESN, 1H
1441 01 ~28%8 123 BEORORS TEW
TR D 5o

NAY Ay BEBRCBWT, ERFHRERIM

FESWORERIC U280 TREEYE & LT OEIRDER
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