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Figure 6: Correlation between CT-AV in the graft and total score. There was a significant negative linear correlation {r = —0.841,
p < 0.0001). This result demonstrated that CT-AVs reflected the graft parenchymal damage.

Therefore, although we could perform unenhanced CT in
all recipients, **™Tc-GSA scintigraphy was only performed
in seven recipients with a relatively stabilized general con-
dition. .

We managed: to’ evaluate. the: translation: between the
CT-AVs and the objective data of ®MTc-GSA such as the
LHL15, ;

In the present study, there was a significant positive linear
correlation between the CT-AV and LHL15 r =0.803, p =
0.005) in the only seven recipients.

However, due to the small number of patients who under-
went M Te-GSA scintigraphy, evaluation of the graft func-
tional reserve by the correlation between the CT-AV and
LHL15 alone was difficult. Therefore, we evaluated the
graft functional reserve in the two CT-AV groups by con:
" ventional serum liver functron tests, coagulatron proﬂles
and’ chnrcal fmdlngs TR .

Considering that group - was accompanied by, hyperbiliru-
binemia, coagulopathy and massive ascites, this group was
recogmzed as the graft dysfunctron group

Although we performed gngc GSA scmtrgraphy rn only
seven recipients;. we: suspected. that.the: LHL 15, deterio~
rated due to loss of the.hepatic functlonmg mass.in the
graft, revealing a low CT-AV. It is suggested that assess-

ment of the mean CT-AV.in a graft may have the potentral

to be relrable for graft functronal [ESeIVe; i 1

Regardless of GV/SLV ratro CT-AVsin lrver grafts were de-
creased to under 60 HU in the two groups after LDLT.
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CT-AVs in group H began to recover at 3 weeks after LDLT,
but the low CT-AVs in group L persrsted for 3 months after
LDLT.

Regardmg the reason for the persrstent fow CT-AVs in
group L, six recrprents died of \ various causes, |ncludmg four
graft failures, within three months after LDLT, and three
recipients, who were successfully freated with stent in-
sertions for stenosis of hepatic venous anastomoses, had
persistent graft dysfunction. Therefore, we consider that
the recovery of the CT-AVs in group L was delayed in ‘com-
parison with group H. In fact, the CT-AVS of the remaining -
only two recipients in group L at 3 and 4 weeks after LDLT
were 55.7 4 3.3 HU and 57.4 & 1.7 HU, respectively, and
the CT-AVs began to recover at 4 weeks after LDLT.

Furthermore, 16 liver biopsy specimens in group B were
obtained from 10 recrprents in group | L. Because we con-
frrmed l|ver damage in group Bby hrstologroal analy 's the
CT AVs were so low in group L

The low CTAVs' (under 55 HU) in liver grafts at 1 Week
after LDLT are associated with greft dysfunction ‘and fatal
resuits, while CT-AVs over 60 HU may indicate adequate
graft regeneration with allograft functional reserve. s e« 7

The: 1-year. cumula’rrve survival rate in.group L was srgnn‘r—(
cantly lower than that in group.H. Therefore; we suggest
that CT-AVs at 1 week after LDLT may be predrc’uve of the
allograft func’uonal reserve and the recrprent prognosis.

Basrcally, thls result mdrcated that several factors that de-‘g
crease CT-AVs, rnfluence hepatocyte functron and induce
the loss of actual functional mass, and graft dysfunctlon
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Graft dysfunction may have several causes, such as the
graft size (1), the marginal grafts such as fatty liver {15),
preservation-repurfusion injury, overperfusion due to ex-
cess portal flow {16) and elevated PVP (17), and pre-
operative deteriorated condition closely related to MELD
score (18). ’

With regard to recipient background, among the two
groups, there were no significant differences in recipient
age, GRWR, CIT, WIT, intra-operative blood loss or the
presence of steatotic graft. However, the MELD scores
in group L were significant higher than those in group H'in
our present study.

High pre-operative MELD scores have been shown to have

an impact on the poor mortality of the recipients in sev--

eral reports (18-20). Therefore, MELD scores can be used
as predictors of the outcome after liver transplantation
(21-23). ’ -

Regarding the maintenance of the initial graft function,
the post-transplant metabolic and synthetic demands inre-
cipients with severely damaged liver function (hyperbiliru-
hinemia, coagulopathy) and a pre-operative deteriorated
general condition (renaf dysfunction, septic state, etc.) ag-
gravated the graft metabolic function (1,24).

Furthermore, the liver grafts may be insufficiently function-
ated for-the excessive metabolic and synthetic demands in
high-risk recipients, including reduced metabolic and syn-
thetic capacity (1). '

Therefore, a pre-operative deteriorated condition with a
high. MELD score may impair the graft function, leading
to graft dysfunction, graft failure and eventually multiple
organ failure.

Accordingly, we consider that graft dysfunction accompa-
nied by high MELD scores was responsible for the low
CT-AVs in group L.

Our histological evaluations of biopsy specimens revealed
that parenchymal damage was severe in the low CT-AV
group (CT-AV < 55 HU} compared with that in the high
CT-AV group (=55 HU} in aspects of hepatocyte necrosis,
congestion, microvesicular fat and neutrophil aggregates.

Moreover, considering that there wasa significant negative
linear correlation between the CT-AVs and the total scores,
and the scores of hepatocyte necrosis, microvesicular fat

and congestion, these occurrences may cause CT-AVs fo -

decrease in the graft. Therefore, we consider that CT-AVs
are associated with the total score, low CT-AVs may repre-
sent hepatic parenchymal damage that induces the loss of
actual hepatic functional mass and graft function reserve
may depend on the degree of necrosis, steatosis and con-
gestion in the graft parenchyma, histologically.

American Journal of Transplantation 2005; 5:-1076-1084
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Conclusion

The CT-AV may be a useful parameter for assessing liver
allograft functional reserve. We suggest that CT-AVs at
1 week after LDLT may be predictive of the altograft func-
tional reserve and the recipient prognosis.
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Background. Prolonged T-cell depletion affer liver
transplantation leads to life-threatening infections.
Members of the anti-apoptotic Bel-2 gene family can
maintain T-cell viability. T-cell pumbers and their
Bel-2 expression following living donor- liver frans-
plantation (LDLT) were analyzed in 108 surviving and
18 deceased recipients. |

Materials and methods. Bcl—2 mRNA levels and phe-
notyplc changes‘ : amined by quanti-
\ and by measuring expressmn of CD45RO

and CCR7.

Results. Based on the restoratmn of pempheral -ce]l
numbers, the 108 surviving recipients were classified
into three groups. All recipients showed. T.cell deple-
tion, down to approzamately 30% of pretransplant lev-
els within 3 h of graft reperfusion. In Group I, the
T-cell numbers were rapidly restored to pretransplant
levels, within 5 days, with a rapid decrease in Bel-2
mRNA levels immediately after LDLT. In Group II, the
T.cell numbers were restored to normal levels by 19
days, with down-regulation of Bel-2 mRNA. In Group
111, the T-cell numbers were maintained at low levels
for much longer, with high levels of Bel-2 mRNA. In all
three groups of reclplents, there was statistically sig-
pificant (# ='=0.78) inverse correlatmn between T-ce]l
numbers and Bel-2 mRNA, L

Concluswns For ‘successful transplamtatmn, homeo-
statlc restoratmn of T-cells must OCCUr as soon as poS-
sible. Evaluatmn of perlpheral T-¢ell numbers and of
Bcl—2 expresswn may have therapeutlc potentlal in

179 whom correspondence and reprm requests shou.ld be ad-
dressed at Division of Blosclence, Sl:uga Umvers1ty of Med_lcal SCJ.-)
ence, Seta, Otsu, Shlga 520- 2192 Japan E—maﬂ satoh@belle sI’uga—‘
med ac Jp ) h i ’

identifying those transplant patients who face in-
creased risk of infection. © 2005 Elsevior Inc. All rights resexved.

Key Words: human liver transplantation; T-cell num-
ber; Bel-2 mRNA; homeostatie restoration.

INTRODUCTION

Living donor liver transplantatmn (LDLT) is now an
established therapeutlc modality for treatmg severe
biliary atresia and metabolic diseases. in 1nfants, as
well as irreversible terminal liver disorders in adults
such as liver cirrhosis-and hepatocellular carcinoma
(HCO). At Kyoto University Hospltal pediatric LDLT
began in 1990 {1l. By 2004 we “performed more ‘tharn
1000 LDLT at the institute. LDLT at our institute has
mcreasmgly been used as a remedy for terminal liver
diseases in adults.

Direct or indirect alloréactive response to allogenic
MHC molecules immediately after liver transplanta-
tion causes a drastic depletion of specn’ically alloreac-
tive T-cells. Tolerance has been associated with many
mechanisms including Th cell immune deviation, in-
duction of regulatory of §Uppressor’ cells, ignorance,
and anergy. The' ‘most stringent 1 tolerance mechanism
is the complete_deletion. of T- cells.. However, serious
depletion of T-cells léads to life-threatening infections,
which are still the most common cause of death in liver
trangplant recipients [2]. Restoration of the normal
T-cell number, function; and repertmre diversity fol-
lowing T-cell depletlon is necessary in homeostatic reg-
ulation to maintain life; but little is known about the
mechanism of T-cell regeneration ‘after LDLT. '

The number of T-cells is determined by the homeo-

* static balance between’ proliferation of new cells and

e : P 6092-4804/05 $3o 00
e © 2005 E]sev:er Ine All nghts reserved
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TABLE 1
Recipient Groups and Operation Profiles
Group (n) .
(Male/Female) Original liver diseases (1)

Group I (34)
14/20

Group II (27)
17/10

Group II (61)
37/24

BA (20), Alagille syndrome (2), Wilson's disease (1) PBC (3), PSC (2), FHF (1), Propioric acidosis (1),
Polycystic disease (1), HCV-LC (1), HBV-LC + HCC (1), HCV-LC + HCC (1)

BA (8), BA, re-Tx (1), PBC (3), PSC (3), FHF (3), CTL (1), HBV-LC (1), HCV-LC (2), HBV-LC +
HCC (2), HCV-LC + HCC (5)

BA (6) BA, re-Tx (1), Short bowel (1), Hepatoblastoma (2), Wilson’s disease (1), PBC (8), PSC (1),
FHF (4), Alcoholie LC (1), HCC (Caroli) (1), HBV-LC (3), HCV-LC (10), HBV-LC + HCC (8), HCV-
LC + HCC (15), HBV + HCV-LC + HCC (1)

Note. Values are expressed as mean * SD,

Abbreviations: BA, Biliary atresia; PBC, Primary biliary curhosxs, PSC, Primary sclerosing cholangitis; FHF, Fulminant hepatic failure;
CTL, Citrullinemia; HBV, Hepatitis B virus; HCV, Hepatitis C virus; LC Liver cirrhosis; HCC, Hepatoceltular carcinoma.

death of senescent cells. The Bcl-2 gene family plays a
central role in T-cell survival and apoptosis [3]. Syn-
thesis of IL-2 was clearly attenuated by Bcl-2. Since
IL-2 expression is essential for translocation of the
nuclear factor of activated T-cells (NFAT), NFAT-
mediated transactivation is impaired by Bel-2 [4]. Sur-
vival of T-cells in appropriate numbers therefore re-
quires the continuous expression of anti—apoptotic
protein Bel-2. Changes in Bel-2 expression after liver
transplantation are therefore a way by which activated
T-cells xmght be selected for survwal in response “to

hat’ th1s s the’ ﬁrst Idescrlptlon ‘of
changes in Bel-2 synthesis to focus on its role in T-cell
homeostas1s after liver transplantatlon Below, the ab-

allograﬂ: reperfusmn until the T-cell number was once

again between normal limits.

_PATIENTS AND METHODS'

who underwent LDLT "Table 1 shows proﬁles of the’ surviving recip-
1ents and donors Wrxtten mformed consent was obtamed from each

Bthies Comirnittes’of our hospital ‘and ‘was in accordance with the
Helsmln Declaratlon of 1975 ag rewsed in 1983, il i

Operauons 3

“All patlents underwent standard LDLT [5] All grafts were flished
and preserved with h:lst1dme—tryptophan—ketoglutarate SOlllthD Ta-
ble 1 shows their ong;mal liver dlseases AR L

Immunosuppressmn

Baseline immunosuppression used a combination of tacrolimus
(FK506) and steroids. Target tacrolimus trough levels were initially
more than 10 ng/ml, decreasing gradually to approximately 6 to 8
ng/ml a few months affer LDLT. Methylpredonisolone was used for
induction and was switched to oral predonisolone 1 week after LDLT.

108, sumvmg and 3 deceased reclplents )

Predonisolone was gradually reduced and finally discontinued at
between 8 and 6 months after LDLT, provided that graft function
was maintained. ABO blood group matching between donor and
recipient was limited in LDLT, because we chose only living donor
candidates from among family members. In ABO-incompatible
transplants, cu-culatmg anti-A or anti-B antibodies can mediate hu-
moral rejection in recipients.

In cases of acute cellular rejection, steroid bolus pulse therapy was
performed (e.g., 10 mg/kg of methylprednisolone intravenous injec-
tion for 3 days). In cases with life-threatening complications, such as
posttransplant lymphoproliferative disorder, tacrolimus administra-
tion was stopped. 1mmed1ately Steroids were started at the time of
graft reperfusmn, with an initial dose of 10 mg/kg that was gradually
reduced and stopped completely by 3 to 6 months after transplanta«
tlon provided that liver function was stable.

** Acute rejection was diagnosed clinically and histologically accord-
ing to our reported previously criteria [6]. All rejection episodes were
treated using a steroid bolus mjectlon Diagnosis and prophylaxis of
infection were the same as we have reporfed. previously [7] The
crltena for sepsis Were those deﬁned by Bone [81.

Tissue Typing

-Serological tissue typing was performed in all patients for HLA-A,
HLA B and HLA DR loci.

Flow Cytometty

Heparlmzed venous blood samples were obtamed 1 h prior. to
strgery and then at 0,.1, 3, 6, 12, 36, and 120 h, and every week for
4 months following graft reperfusmn Measurements. were carried
out primarily on whole blood, which is more sensitive fo staining
than pur].ﬁed penpheral blood monénuclear cells. Since CD45RA and
CD45R0 expressmn are mutua.lly exclusive, we measured only the
CD45R0  isoform; except when ineasurmg cytokme for wh.‘lch
CD45RA was used.’ i

We used the fo]lowmg monoclonal ant1bod1es to stam cell surface
antigens: allophycocyanin (Coulter Immmunotech, Miami, FL, USA)
or PC-5 (Coulter Immunotech, Marseilles, France)—conjugated anti-
CD4 or CD8, ﬂuorescem 1sothlocyanate (FITC)~conJugated anti-,
CD45RO (N1ch1re1, Tokyo, Japan), TGconJuga’ced ant1—CD45RA
(Caltag ~Laboratories, Burlingame, = CA), y i
conjugated anti-CD3 (Coulter Immunotech, Miami, FL, USA) aud’
PE-conjugated anti-human CCR7 (DakoCytomation, Kyoto, Japan).

For intracellular staining we used 1sotype—matched controls. Cells
were exposed to the antibodies for 30 min at 4°C and washed twice
with PBS; 5000 cells were analyzed. FITC- and PE-labeled mouse !
IgG were used as isotype-matched background controls. We analyzed
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the stained cells on a FACS Calibur flow cytometer using three- and
four-color analysis with the CELL Quest software version 3.3 (BD
Biosciences, San Jose, CA).

Naive cells were defined as having CD45RA* and CCR7"; effector
cells were CD45RA* and CCR7™. Central/memory cells were
CD45RO* and CCRT*, and effector/memory cells were CD45RO,
CCR7™ cells [9]. .

Isolation of Peripheral T-Cells

To measure Bel-2 expréssion more accurately in terms of protein
or mRNA levels per T-cell, we used highly purified T-cells, since
Iymphocytes contain Bel-2 froin other- mononuclear cells, The purity
of CD3* T-cells ranged from 95 to 99% based on FACS analysis
(Becton Dickinson, San Jose, CA). Heparinized venous peripheral
blood was collected from our 25 patients at 0800 h, and from 45
healthy laboratory persomnel and medical students (28 men, 17
women; aged 33 * 19 years expressed as mean * 5D, range 469
years): In total, 213 venous blood samples were taken from the
transplant recipients and healthy individuals. Recipients with se-
vere leukopenia (<2000/u]) were excluded. ‘

The blood samples were kept on ice for up to 3 h, until the
mononuclear cells were ready following the use of Lymphoprep
(NYCOMED, Oslo, Norway). The T-cells were purified by positive
selection, since the purity and recovery of T-cells using negative
selection were inadequate for Bel-2 assays. For isolation, a High
Gradient Magnetic Separation Column type LS with CD3 mi-
crobeads (Miltenyi Biotech, Bergisch Gladbach, Germany) was used.
mRNA was prepared immediately after the isolation. To calculate
the number of cells in each T-cell subset and the total number of
T-cells, the proportion of cells staining positive was multiplied by the
absolute peripheral T-cell count, 70w e Do

+220+; Quantification of Bc1—2 mRNA Levélé

- We first examined whether the changes in Bcl-2 at the protein
level after liver transplantation corréspond to changes at the mRNA
Jevel.-We confirmed that the expressioh of Bel-2 mRNA-changes in
parallel with Bel-2 protein, However, variation in the Bel-2 protein
values, as measuréd by flow cytometry in the T-cells of nine healthy
individuals, exceeded the acceptable deviation. Our laboratory re-
céntly developed a more exact PCR assay that is able to evaluate
small amounts of Bel-2 mRNA in human peripheral T-cells [10].
Acécording to this method the levels fell in a narrow range, between
0.11'and 0.28 molecules/T-cell for healthy individuals. Furthermore,
Bel-2 mRNA showed greater, changes than Bel-2 protein following
liver transplantation. Measurement of Bel-2 mRNA is therefore ap-

. propriate. when studying homeostatic restoration of T-cells after
peripheral T-cell depletion in human liver transplant recipients:
it ¢ells were prepared from 2.5 ml of peripheral blood using CD3
microbeads: Total RNA was isolated from:the T-cell with' a QIAamp
RNA Blood Mini Kit from Qiagen (Hilden, Germany), and T-cell
¢DNA was synthesized using a first-strand cDNA Synthesis kit (Am-
érsham Pharmacia Biotech, Uppsala, Sweden), Bcl-2 mRNA was
measured using our quantitative PCR [10]. The sequence of primer
pairs used for amplification of mRNA and competitor fragments were
as follows: Bel-2 senise; 5'-CGA CGA CTT CTC €CG CCG CTA CCG
C-3"; antisense, 5-CCG CAT.GCT GGG GCC GTA CAG TTC C-3' [11lL

: Stausu(:alAnalyms RRN

- We determined bivariaté correlations using Spearman rank cor-
relation. Pairwise comparisons between groups were performed us-
ing Tukey-Kramer adjustment for multiple comparisons. We used
the statistical software package StatView 5 (Abacus Coneepts,
Berkeley, CA). All values in thé text (but not tables) are presented as
meati: + SEM. All' statistical tésts were two-sided; and we defined
significance as P < 0.05. it el R
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FIG. 1. Changes with time of peripheral T-cell number, CD4*
naive cells, and Bel-2 mRNA expression in Group I, II, and I
recipients after liver transplantation. Open circle, open triangle, and
closed circle, respectively, represent T-cell number, CD4™ naive cells,
and Bel-2 mRNA expression.

RESULTS
Three-Group Classification

Based on the capacity for restoration of peripheral
T-cells, the 108 surviving recipients were classified
into three groups. Group I recipients had restored their
T-cells to within normal limits in not more than 5 days,
Group I by 19 days, and Group III-recipients took
longer (see Table 1 and Fig. 1). Acute rejection occurred
in 27 of 121 recipients; in these patients, T-cell num-
bers were restored by steroid bolus injection. The time
points during rejection were excluded from Fig. 1. Pre-
operative numbers of peripheral T-cells and naive
T-cells decreased progressively from Group I to Group
I1I recipients. There was no difference between the
groups in the counts of central/memory and effector/
memory T-cells, however. . . = ©

In ‘all ‘recipients, T-cell numbers :fell drastically
within 6 h of graft reperfusion. In Group I recipients
the T-cell numbers fell to 8.5 x 10° cells/ml blood (32%
of pretransplant levels), in Group II recipients to 1.8 X
10° cells/ml blood (31%), and in Group IIT to 1.4 X 10°
cells/ml blood (33%). Table 2 shows preoperative pro-
files of CD4* and CD8" T-cells, The absolute numbers
of CD4"and CD8" naive cells decreased progressively
from Group I to Group IIT recipients, but there was no
significant difference between the three groups in rel-
ative proportion, although it was slightly higher in
Group 1. In CD4* and CD8" T-cells, the absolute num-
bers of central/memory, effector/memory, and effector
cells did not differ across the groups. The CD4*/CD8"
ratio was higher in Group I than in other groups and
healthy individuals. L ;
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Relation Between T-Cell Regeneration and Bcl-2 mRNA in the

- S @ I b = oy
. ;g,‘:}g 8 §§§I§ Three Groups
S g+gl g § ;g Al 883 We have analyzed the numbers of peripheral T-cells
wGNH O Naam at various time points until restoration of T-cells was
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8 g 3 § § ﬁ § wEaES number of T-cells remained incomplete even gfter
e %g VDY " 40—60. days. The Bel-2 mRNA remained at gonglfier-
g T g 3239 £ | gasa ably higher levels than the norm for healthy individu-
o § 3S S ; E Qaga alsE; ) v
a S5 nuaa rom 8-12 h after graft reperfusion, there was a
8 . X 8359% significant (P < 0.005) difference in T-cell numbers
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o L= 1 ESI T SO agag in Bel-2 mRNA levels at 12 h between Group I and
ﬁ, e S - 5 3 | @88 Group II or Group III recipients. However, a significant
B ] R0 ERh B A A difference (P < 0.01) was found in Bel-2 mRNA levels
=81 Pt TR GRS at 24 h between_ Group I and Groups Iand I1T. . -
Bl 3 EE8E SR E ‘The extent of T-cell depletion and Bel-2 ,Qvgrexpresf
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8 TR EE N
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FIG. 2. Number of peripheral T-cells versus Bcl-2 mRNA levels
at all observation times in 25 recipients.

First, a 53-year-old man underwent LDLT under
HCC with HBV-liver cirrhosis. The ABO combination
was incompatible. Bel-2 mRNA levels increased within
24 h of transplantation to 0.67 molecules/T-cell, and
T.cells decreased drastically to 0.44 X 10° cell/ml blood
(Fig. 3, left). The Bcl-2 mRNA level remained elevated
at 0.83—1.60 molecules/T-cell for 28 days, and T-cells
remained low at 0.2-0:5 X 10° cells/ml blood for 14
days, followed by a slight increase to 1.6 X 10° on
postoperative day 28. The condition of this recipient
was complicated by cerebral bleeding at 7 days post-
transplantation and by gastrointestinal bleeding at 13
‘days: At about 20 days, a fever (39°C) developed, with
leukacytosis (30,000 cells/ul) and elevated C-reactive
protein (CRP, 17.9 mg/dD. The patient died of multiple
organ failure on postoperative day 87, with bacterial
"inGQﬁOl’lS." e e g A T R T N S
. Second, a 64-year-old man underwent LDLT for liver
cirrhosis (HCV). His Bcl-2 mRNA levels exceeded 0.75
 molecules/T-cell for about 2 months from 8 days post-
operative, consistent with a marked decrease of T-cells
to less than 0.5 X 10%/ml (Fig. 3, middle). The patient’s
conidition was complicated by bacterial infection, with a
high bilirubinemia (>30 mg/dl); leukocytosis (=10,000/
1il); high CRP level (10.0 mg/dD), fever (38°C), and sep-
tic shock. He died of multiple organ:failure 63 days
after transplantation. ‘ by

Third, a 88-year-old female underwent LDLT for
subacute. fulminant- hepatitis. ‘The Bcl-2- mRNA con-
centration " in .T-cells: -increased: markedly to 1.24
molecules/T-cell, accompanied by a decrease in T-cell
numbers td 0.25.x 105 cells/ml blood at:postoperative
day 14 (Fig: 8; right).”At 28 days postoperative, the
Bel-2 mRNA concentration had fallen to'anormal level,
with a slight increase of T-cells to about 2.8 X 10°
cells/ml blood. However, hepatic function had deterio-
rated seriously; the bilirubin level was as large as 19.3
mg/dl. ‘A retransplantation: (Re. Tx.) was performed.
Within several days the Bcl-2 mRNA concentration
increased rapidly’ to 2:27 molecules/T-cell, ‘and - the
T-cell population fell markedly to 0.46 X. 10° cells/ml
blood. The patient’s clinical conditions were as follows:
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bilirubin, 22.8 mg/dl; leukocytosis, 42,200/pl; fever,
over 40°C; CRP, 4.5 mg/dl. Two weeks after retrans-
plantation, she died of severe pulmonary infection and
multiple organ failure associated with septic shock.

DISCUSSION
Characteristics of LDLT-Induced T-Cell Depletion

Homeostatic regeneration of T-cells after peripheral
T-cell. depletion is impaired in patients severely in-
focted with human immunodeficiency virus (HIV)-1
[12], following bone marrow transplantation [13, 14],
and after intensive chemotherapy and irradiation for
residual neoplastic disease [15, 16]. The profound de-
pletion of T-cells observed after liver transplantation is
markedly different from these depletions, however. "
Based on the present study, we propose that the fol-
lowing mechanism underlies the depletion of T-cells ‘
immediately after liver transplantation. First, large
numbers of donor passenger leukocytes migrate into
the recipient secondary lymphoid organs, lymph nodes,
and spleen. The activated T-cells, which differentiate
into effector T-cells capable of immediate effector func-
tion, migrate into the graft where they react with the
large size of liver allograft and its large component of
passenger leukocytes. This leads to overstimulation of
recipient T-cells which end up dying by apoptosis due
to Fas (CD95)-FasL: interactions, termed activation-
induced apoptosis {17, 18]. -

The lowest level of T-cell-depletion at 12 h postoper-
ative, for instance, varied considerably between-the
three groups, from 0.26 to 28.44 X 10° cells/ml blood.
However, the extent of T-cell depletion in all three
groups was approximately 30% of pretransplant levels
(Fig. 1). Alloreactive T-cells are known to constitute
about 1-10% of all T-cells, and the present value was

-prominently high. The total T-cell numbers of the three
‘groups before transplantation were 28~80% of healthy
individuals (14.7. X 10%), indicating that a considerable

number of the recipients’ peripheral T-cells.-had accu-
mulated. in the périportal field due to liver disorders
such as primaty biliary cirrhosis or chronic hepatitis C

19, 20]. This may be why the three groups displayed

high proportions of alloreactive T-cells. .-
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. FIG. 3. Variation with time of T-cell numbers and Bcl-2 mRNA
levels in three typical recipients who died after ‘transplantation.
MOF: multiple organ failure; G.I: bleeding: gastrointestinal bleed-

ing; Re; Tx: retransplantation; {: deceased.. -+
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Homeostasis-Driven T-Cell Regeneratmn in the Three Groups

We found a marked difference in the pattern of ho-
meostatic restoration of T-cells followmg T-cell deple-
tion in the three groups (Fig, 1). It is likely that the
homeostatic restoration following T-cell depletion in
Group I recipients. took place promptly through the
export of large numbers of recent thymic emigrant
T-cells (RTEs) into the periphery. In contrast, in recip-
ients in Groups II and III there was gradual restora-
tion of T-cell number after depletion, coupled with a
slowing down or even cessation of naive T-cell export
from the thymus, leaving an expanded population of
new memory cells,

The T-cell depletion following graft reperfusion
causes a deficit that induces homeostatic proliferation
[21, 22]. The thymus plays a key role in the repopula-
tion of the various T-cell subsets. In particular, the
regeneration of CD4™ T-cells and of naive T-cells de-
pends on thymopoiesis [22, 23]. Because of progressive
thymic involution, adult patients show a persisting
CD4" lymphopenia. Various factors affect T-cell regen-
eration after T-cell depletlon by LDLT. Humans suffer
an age-associated decline in thymic function that be-
gins as early as young adulthood and contributes con-
siderably to a decrease 1n the number of naive CD4"*
T-cells [23]. v
" Alsoy various 1mmunosuppresswe measures: inhibit
T-cell proliferation by enhanced apoptosis or cell-cycle

“inhibition. It has long been known'that circulating
Iymphocytes are markedly reduced by high doses of
‘prednisone in man [24]. However, recently prednisone
has generally ‘been admlmstered at its minimal dose
(less than 0.3 mg/kg) as"a daily maintenance level in
view of the steroid-enhancing effect of tacrolimus, and
the prednisone levels involved in the present study did
not have a significant effect on T-cell counts.

Most: importantly, T-cell diversity and population
‘'size ‘should be- maintained simultaneously. So long as
“export of RTEs in the perlphery continues, the T-cell
receptor (TCR): repertoire- in. Group I recipients. re-
mains diverse and the pool size is maintained. In con-
‘trast; reliance on pempheral expansion in Group II and
III recipients must cause a: progressive loss of’ reper-
‘toire’ diversity, leading. to: possiblé impairment of. im-
mune response; Intact functioning of the thymus is
also necessary for rapid and stable induction of toler-
ance [25], Long—term survival with early weaning from
1mmunosuppressmn follovvmg liver. transplants was
greater in children than in adults [26], apparently be-
cause ‘of actlve thymlc functmns . e

Regulatlon of Homeostatlc T Cell Regeneratlon by
“ Bcl-2 mRNA-

'In the present study, homeostatlc regeneratlon of
peripheral: T-cells was inhibited when Bcl-2. mRNA
levels increased to more than 0.5 molecules/T-cell (Flg
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2). This suggests that high levels of Bcl-2 expression
inhibit progression of the cell cycle. On the other hand,
although I1-2 produced by activated T-cells acts as the
primary progression factor in the mid G; phase [4, 27],
IL-2-production in all subsets except effector/memory
T-cells was similarly inhibited after LDLT in our three
groups (data not shown).

Under suboptimal growth conditions, Bcl-2 promotes
exit into quiescence and delays enfry of cells from
quiescence into the usual cycle. Conversely, when Bel-2
expression had fallen to normal levels or below, the
T-cells of transplant recipients underwent homeostatic
proliferation. Down-regulation of Bel-2 levels in T-cells
could shorten the G, — S-phase transition time, allow-
ing the cell to progress rapidly through the rest of the
cycle [4], The return of overexpressed Bel-2 to-normal
levels was associated with homeostatic restoration of
T-cells.

In normal individuals the tumover of naive T-cells is
slow compared with the memory pool, in which cells
turn over more rapidly [28]. It has recently been sug-
gested that naive T-cells undergo homeostatic prolifer-
ation, which is driven by low-affinity interactions with
self-MHC molecules loaded with self-peptides [29, 30].
Unlike naive T-cells, the memory pool no longer requires
continuous contact with self-antigen-stimulation. for
survival. The - memory: T-cell compartment. is: main-
tained independent of antigens by cytokine-stimulated

-or. antigen-stimulated proliferation - [31]:# Hence, - al-

though the mechanisms controlling homeostatic prolif-
eration of naive and of memory cells are fundamentally
different, T-cells must in both cases prollferate by pro-
gressing through: the cell ¢yele, = -0

Under conditions of T lymphocytopema, the TCR
signals and cytokine- or antigen-stimulation evidently
cause the T-cell cycle to progress through down-
regulation of Bcl-2, resulting in substantial replenish-
ment of the T-cell pool. It is therefore likely that subtle
up- or down-regulation in the level of Bel-2 is central to
any commitment - to - entry : into /. the “cell cycle Ain

"homeostasis-driven regeneration of nawe cand’ memory
T cells

T Ce]l Depletmn and Bcl 2 mRNA in Posttransp!ant
: hfe—'I'hreatenmg Infecuon

It has been suggested that depletlon of c1rcu1atmg

lymphocytes contributes to lethality due to sepsis [32].

However, the immune response to sepsis in liver trans-
plant recipients is véry. different from-that in most
other septic. patients. All.13 deceased recipients. are
characterized by profound depletion and Bel-2 mRNA
overexpression- of peripheral T-cells (Fig. 8). The immu-
nosuppressive cascade has a greater—and catastrophic—
effect on transplant. recipients than: on conventional
septic patients. They developed serious infections and
could not begin the homeostatic restoration of T-cells.
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Recipients at this stage are therefore susceptible to
viral, fungal, and bacterial infections; the longer this
stage lasts and the greater the T-cell depletion, the
greater the vulnerability. '

CONCLUSIONS

T-cell numbers decreased drastically within 6 h of
graft reperfusion (Fig. 1). In Group I, the depleted
T-cell numbers returned to normal within 5 days,
whereas in Group III the restoration of T-cells to nor-
mal took much longer. The absolute number of CD4"
naive cells greatly increased in Group I, but only a
slight increase was observed in Group IIL. In Group II
these changes were intermediate between Group I and
IIL. Since the CD4*/CD8" ratio was higher than in
other groups (Table 2), the prompt restoration of the
T-cells in Group I may be due to an export of RT'Es into
the periphery [22]. Groups II and III, in contrast; may
show persistent CD4* lymphopenia, which depends on
progressive thymic involution. Fig. 2 shows that the
peripheral T-cell number and the Bcl-2 mRNA level are
negatively correlated. All of the deceased patients were
characterized by profound depletion and Bcl-2 overex-

‘pression by peripheral T-cells (Fig. 3)..

It is therefore likely that regulation of the level of
Bel-2 is crucial for the regeneration of naive and mem-
ory eells. For successful liver transplantation it would
therefore be necessary to stimulate homeostatic resto-
ration of T-cells as early as possible. Monitoring of the
number of peripheral T-cells and of Bcl-2 expression
holds great therapeutic potential for showing the bal-
ance between immunosuppression and homeostatic re-
generation of T-cells, and for identifying the subgroup
of liver transplant recipients who face an increased
risk of infection.
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Initial Dosage Adjustment for Oral Administration of Tacrolimus Using
the Intestinal MDR1 Level in Living-Donor Liver Transplant Recipients

S. Masuda, M. Goto, M. Okuda, Y. Ogura, F. Oike, T. Kiuchi, K. Tanaka, and K. Inui

ABSTRACT

The role of intestinal P-glycoprotein (encoded by the MDRI/ABCBI1 gene) and/or
metabolic enzyme CYP3A4 for tacrolimus therapy was examined in recipients of
living-donor liver transplantation (LDLT), under the hypothesis that these proteins are
factors for pharmacokinetic variability. The intestinal mRNA expression level of
MDR1 and CYP3A4 was evaluated by real-time polymerase chain reaction (PCR),
using the upper jejunum from a part of the Roux-en-Y limb for biliary reconstruction
at LDLT. For 7 days postoperatively, good inverse correlation was found between the
tacrolimus concentration/dose (C/D) ratio and the intestinal mRNA level of MDR1

(r 0.776), but not of CYP3A4 (r

0.096), in the 46 cases. After classifying the

patients according to median of the intestinal MDR1 mRNA expression, the oral dose
of tacrolimus in the high-MDR1 group was approximately twofold higher than in the

- low-MDR1: group: (P *.001), whereas its trough level was similar between the two
groups. In addition; the cotrelation between the intestinal MDR1 mRNA level and the
- tacrolimus C/D tatio-was confirmed with a larger. population (r .-+ 0.645, n . ..104).. .
- Using the regression line between the intestinal MDR1 mRNA level and-tacrolimus -

C/D ratio, we could prospectively predict the -individual C/D ratio of tacrolimus

immediately after LDLT. Known genetic variations of the MDRI gene had no effect on

intestinal MDR1 mRNA level and tacrolimus C/D ratio in' LDLT patients. This =~
suggests that the intestinal mRNA level of MDR1 is a useful molecular marker for
determination of the personalized oral dose of tacrolimus in recipients of LDLT

- immediately after surgery.

LIV]NG—DONOR liver transplantation (LDLT) with

the immunosuppressant tacrolimus is a, principal .

patients with end—sj;aéé Ii\;éf ”fa'iil-

life-saving therapy for nts
ause the s of the

ure. Bécause the

on a

rejection, the maintenance of adequate’lveveljs: ‘on bloo‘deg
tacrolimus s’ critical Tacrolimus is principally metabo-_
lized by cytochrome P450 (CYP) 3A subfamilies in the
liver. Recently, the contribution’ of active. secretion by :

P-glycoprotein (the product of the MDRI/ABCBI gene)

and the metabolis

availability of tacrolimus. In the present. study, we exam-

ined the role of intestinal P-glycoprotein and/ot CYP3A4~
for tacrolimus therapy in LDLT recipients, underthe
hypothesis that these proteins are factors in pharmaco-,

kinetic variability.
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ansplantation depends
clicate balance between immunosuppression and.

si by CYP3Aexpressed in enterocytes
have been acknowledged as factors influencing the bio: -

MATERIALS AND METHODS' |
The upper jejunum was obtained from a part of the Roux-en-Y,
limb, for biliary, reconstruction at LDLT." The intestinal mRNA..
expression level of MDR1 and CYP3A4 was evaluated by rea 'iymg_.:
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