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Expression of 4-1BB molecule on peripheral
blood T cells in liver transplanted patients
and its clinical implication

Yun-Le Wan, Shu-Sen Zheng, Chang-Ku Jia, Ting-Bo Liang, Dong-Sheng Huang,
Wei-Lin Wang, Min-Wei Li and Zhi-Cheng Zhao

Hongzhou, China

OBJECTIVE: To investigate the gene expression of 4-1BB in peripheral blood monomuclear cells
(PBMCs} and its poasible significance in clinical liver transplantation.

METHODS . Reverse transcription-polymerase chain reaction (RT-PCR) was used to determine the gene
expression of 4-1BB in PBMCs from 22 patients receiving liver transplantation, 13 patients with primary
liver carcinoma ( PLC), and 12 healthy controls. To determine whether 4-1BB molecule is also expressed

on the surface of CD4* and CD8" T cell, flow cytometry was used to analyse the phenotype of T cell

subsets from the blood of liver transplantation patients.

RESULTS: 4-1BB mRNA was detected in PBMCs from stable survivors after liver transplantation, but
almost not detected in PBMCs from PLC patients and healthy controls. Meanwhile, 4-1BB was almost not
expressed on the surface of CD4" and CD8" T cells in healthy controls and PLC patients. A low level of
4-1BB expression, however, was found on the surface of CD4" and CD8" T cells from the stable

survivors after liver transplantation,

CONCLUSIONS: This study demonstrates that althongh patients are stable after liver transplantation,
effector T-cells can also be activated through the signal of 4-1BB molecule and persistent immune response
to grafts. Blockage of 4-1BB/4-1BBL pathway may benefitially reduce the clinical dosage of

immunosuppressive agents and prolong the survival of grafts.
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Introduction

he 4-1BB receptor in the tumor necrosis factor
receptor (TNFR) superfamily is a type I mem-
brane protein expressed on activated cytolytic and
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helper T cells!"*! as well as NK cells*! The ligand
for the 4-1BB receptor is 4-1BB ligand (4-1BBL),
which is expressed on antigen-presenting cells
{ APCs) including B cells, macrophages, and den-
dritic cells.*™ The 4-1BB receptor can costimulate
IL-2 production by resting primary T cells inde-
pendently of CD28 ligation. Signals delivered to T
cells by the 4-1BB receptor can induce T cells to
proliferate, differentiate, and protect the cells from
activation-induced cell death!® Recently, Seko et
al'™ found the expression of 4-1BB costimulatory
molecules on cardiac infiltrating cells and suggest-
ed that 4-1BB molecule plays a role in cell-mediat-
ed myocardial damage in patients with acute myo-
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carditis and dilated cardiomyopathy. To investigate
whether the effector T cells are atill in an activated
state in the blood of stable survivals after liver
transplantation, we analyzed the expression of 4-
1BB of peripheral blood T cells by using reverse
transcription-polymerase chain reaction { RT-PCR)
and flow cytometry.

Methods

Patients

From April 1993 to August 2002, liver transplanta-
tion was successfully performed in 112 patients
with end-stage hepatic disease. In this series, 22
patients with stable conditions were re-examined
from March to June 2002. Among them, 20 pa-
tients were male and 2 were female, aged from 35
to 58 years. Their primary diseases included cir-
thosis after hepatitis B (13 patients ), chronic se-
vere hepatitis (2, one of them was accompanied
with hepatorenal syndrome ), primary biliary cirrho-
sis (2), primaty hepatic carcinoma (4, two of
them were associated with cirrthosis, one with dif-
fused hepatic carcinoma, and the other with huge
hepatic carcinoma, showing tumor emboli in the
right branch of the portal vein), and hilar cholan-
giocarcinoma {1). Whole patients’ blood group
was the same as the donor. Basic immunotherapy
was prescribed with triple-drug regimens containing
cyclosporine A (CsA) or double-drug regimens
containing tacrolimus (FK506). Re-examination
showed that 2 of the 22 patients were complicated
by biliary stenosis( one of them associated with re-
current liver cancer), which was treated by stent
placement through endoscopic retrograde cholan-
giopancreatography (ERCP), one patient with re-
current liver cancer, 2 patients with cytomegalovi-
rus infection, and 6 patients with HBeAg(+). Ac-
cording to Child-Pugh’s classification of liver func-
tion, 17 of the 22 patients belonged to grade A and
5, grade B. The whole blood level of CsA was
109.78 ng/ml to 216.75 ng/ml, FK506 4.6 ng/ml
to 13.6 ng/ml. Thirteen patients with primary liver
carcinoma (PLC) were diagnosed pathologically
after operation and 12 healthy volunteers served as
controls.

Reagents

The following antibodies were used as rea-
gents for flow cytometric analysis in vitro assay.
Fluorescein  isothiocyanate  (FITC)-conjugated
mouse monoclonal antibodies ( mAbs) specific for
human surface antigens included anti-CDd4 (IgGlk
clone RPA-T4), anti-CD8 (IgGlk clone RPA-TS),
anti-CD3 (IgGlk elone UCHT1), phycoerythrin
{PE)-conjugated anti-CD25 {IgGlk clone M-A251),
anti-4-1BB (IgGlk clone 4B4-1), and FITL or PE-
conjugated mouse IgGlk (clone MOPC-21) as iso-
type controls, all purchased from BD PharMingen,
San Diego, CA, USA. Reveri-Aid™ M-MuLV re-
verse transeriptase and TaqDNA polymerase were
obtained from Promega, USA.

Peripheral blood mononuclear cell prepara-
tion

Five ml heparinized peripheral blood was
sampled from healthy volunteers, patients with
PLC and those after liver transplantation. In order
to isolate peripheral blood mononuclear cells { PB-
MCs), 5 ml heparinized blood was diluted at a rati-
o of 1:1 with phosphate halanced solutron { PBS)
containing 0. 6% Na3-citrate and layered over a 5
ml ficoll cushion. Afier centrifugation (20 min,
700 % g), the interface containing PBMCs was col-
lected and washed two times with PBS. The pre-
cipitate contained approximately 25% monocytes
and 75% lymphocytes.

RT-PCR analysis of gene expression levels
Total RNA was isolated from PBMCs by using
trizol {Gibeco BRL Life Technologies, Breda, the
Netherlands) according to the manufacturer’ s pro-
tocol. Briefly, the isolated PBMCs were resuspend-
edin 1 ml trizol. They were mixed with 500 pl
chloroform and incubated for 10 min on ice. After
centrifugation for 10 min (1000 x g), the RNA in
the upper phase was precipitated wvsing isopro-
panol. To minimize the loss of RNA during isopro-
panol precipitation, 100 mg glycogen was added as
a carrier. The RNA pellet obtained after centrifu-
gation for 20 min (10 000 x g) was washed with
70% ethanol, and dissolved in water. And then it
was quantified by OD26/28 determination, and
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visualized in an ethidium bromide-stained agarose
gel.

cDNA was prepared by reverse transcription of
total RNA (2 pg) using Monloney murine leuke-
mia virus { M-MuLV) reverse transcriptase. Two
micrograms of total RNA, and 2 pg of oligedT (25
ng/ml) were incubated for 10 min at 72 °C in a fi-
nal volume of 11 pl; 1 pl of reverse transcriptase
{200 u/pl), 2 pl of ANTP mixture and 5 pl of re-
verse transcriptase buffer (5 x ) were added to final
volume of 25 pl and incubated for 90 min at 42 C.
¢DNAs were stored at —20 C.

RT-PCR methodology was utilized to identify

4-1BB mRNA. ¢DNA used as template was check-
ed in respect to the human B,-MG amplification.
The following primers ( Shanghai Sangon, China)
were used :
B.-MG sense primer: 5°-CCAGCAGAGAATG-
GAAAGTC-3’; B,-MG antisense primer: 5’ -GAT-
GCTGCTTACATGTCTCG-3"; 4-1BB sense primer:
5" -TCAGGACCAGGAAGGAGTGT-3’; 4-1BB anti-
sense primer: 5’ -AACGGAGCGTGAGGAABAAC-
3.

Using these primers, fragments of 240 and
414bp were expected to result from amplification of
B,-MG and 4-1BB ¢DNAs, respectively.

Amplification using a PTC-200 DNA engine
{MJ Research, USA) was achieved by adding 2 pl
of ¢cDNA to a PCR mixture containing 20 pmol of
each primer for 4-1BB, 2.5 ul of Tag polymerase,
1 pl of 25 mmol dNTPs, 1.2 pl of 25 mmol MgCl,
and 10 x PCR buffer in a final volume of 25 pl.
For 3,-MG amplification, 1 pl of each primer at a
1:8 diluted concentration to 4-1BB primers was
used for reaction. After an initial denaturation for 4
min at 94 T, samples were subjected to 30 cycles
of amplification. annealing 45 s at 59 C, exten-
sion 60 s at 72 °C , and denaturation 45 s at 94 C.
PCR products (8 pl) were analyzed on 1.5% aga-
rose gel containing ethidium bromide using Kodak
DNA Analyses ( Gibco BRL, USA) with Kodak
digital science 15 2.0 software. The expression
level of 4-1BB mRNA was described as the ratio of
4-1BB/B,-MG x100.

Flow cytometric analysis

Staining and flow cytometric analysis were
petformed as described previously.™ Briefly, 100
wl of heparinized peripheral blood was incubated
in tubes {12 mm X 75 mm) with monoclonal anti-
body at room temperature for 15 min to 30 min.
Another 100 l of heparinized peripheral blood in-
cubated with FITL or PE-conjugated mouse IgGlk
{ clone MOPC-21) was used as negative isotype
control. Erythrocytes were lysed in tum with Im-
munoPrep A, B, and C haenwlytic solution on
Coulter Q-Prep ( Beckman-coulter, USA ). Align-
ment was checked using immunocheck beads
{ Beckman-coulter). All results were obtained us-
ing EPICS® XL FACScan ( Beckman-coulter) with
system" software. Forward- and side-scatter set-
tings were gated to exclude red cells and dehris,
and 1 x10* cells were analyzed for each determina-
tion.

Statistical analysis

Data were expressed as ¥ £5 (standard devia-
tions ). Statistical analysis was performed using
one-way ANOVA with SPSS 10. 0 sofiware. P val-
ues =0.05 were considered significant.

Results

Detection of 4-1BB mRNA in PBMCs

As expected, amplification of 4-1BB mRNA and
B,-MG mRNA from PBMCs stimulated by PHA
{Sigma, USA. ) led to 414bp and 240bp fragments
respectively { data not shown). 4-1BB mRNA ex-
pression was not detected in the sample from 8
healthy controls (66. 6% , 8/12) and 7 patients
with PLC (53. 8% , 7/13), while faint expression
of 4-1BB mRNA was found in another 4 healthy
volunteers and 6 patients with PLC. The median of
4-1BB mRNA expression level in each group was
0, whereas 4-1BB mRNA was detected in all sam-
ple from stable survivals of liver transplantation
{ median of expression level was 44.79. P <0.05,
comparison with healthy controls and PLC patients
respectively using Kruskal-Wallis H Test) ( Figs.
1 and 2).

Analysis of 4-1BB expressed on CD4* or
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Fig. 1. Comparison of 4-1BB mRNA expression level
among healthy controls, PL.C patients and stable sur-
vivors after liver transplantation.

Fig. 2. RT-PCR analysis of 4-1BB mRNA in PBMCs.
M: GenRuler™ 100bp DNA Ladder; Lanes 1 and 2.
healthy controls; Lanes 3 and 4. PLC patients; Lanes
5 to 7. stable survivors after liver transplantation.

Table 1. Analysis of T cells phenotypes of PBMCs from healthy controls, PLC patients and stable survivors underging liver

transplantation (x +5)

Group n CM CD8 ch4'/CD8' (D3 CD4' 4-1BB' CD8" 4-1BB' cD3' cD2s’
Healthy controls 12 32.51+6.12 28.327.34 1.18+0.22 70.11:9.14 25x10 462 %100 L67x10 12578 x107° 1171027
PLC putients 10 3371070 23.166.3 L84:L115 696632 6x107°:1.2%6x107°  5x10 °s1.Bx10> 1.95:0.8
Liver 22 27.9549.76% 29.80+11.85 1.55+2.13 70.19211.74 0.2420.4°%* 0.20:0.4%* 200187
transplaniation

4 versus PLC gronp, P <0.05; ** versus healthy and PLC gronp; P <0.01 , Y versus healthy group, P <0.05.

CD8* T cells and CD25 molecules on CD3* T
cells

To determine whether 4-1BB molecule is in-
volved in immune response after liver transplanta-
tion, flow cytometric analysis was used to analyse
T cell phenotypes, expression of 4-1BB molecules
on (4" or CDB' T cells, and CD25 molecules on
CD3 " T cells.

Percentage of CD8" T cell and CD3" T cell,
as well as the ratio of CD4 to CD8 revealed no
difference among the three groups (P >0.05)
{Table 1). However, the percentage of CD4" T
cell was significantly lower in the stable liver trans-
plantation group than in PLC group (P <0.05).
But the percentage of CD3" CD25" T cell in stable
liver transplantation group was significantly higher
than in healthy control group {P <0.05). 4-1BB
molecule was almost not found on the surface of
CD4" and CDB' T cell in the PLC and healthy
control groups. But a low expression of 4-1BB mo-
lecules just as its mRNA expression was detected
on the surface of CD4" and CD8" T cell in the sta-
ble liver transplantation group versus the healthy
and PLC groups, respectively {P <0.01).

Discussion

Orthotopie liver transplantation has become a well-
established modality for treatment of end-stage liver
disease.””! Progress has been made in the last 2
decades since the first OLT was performed for a
child in 1963. The development of new immuno-
suppressive agents and the refinement of surgical
techniques have improved the 1-year survival rate
from 20% to 30% in the 1970s to 80% to 90% in
the 1990s, and the 5-year survival rate up to 60% .
Nevertheless, almost all of the patients who under-
went liver transplantation should receive permanent
and regular treatment of immunosuppressive
agents. CsA withdrawal has been reported to result
in initial improvement of renal function and blood
pressure, though the benefits were unsustained
over time. The high incidence of cellular rejection
(50%) and ductopenic rejection {25%) resulied in
the death of two patients.’®"") B7/CD28 pathway
plays a critical role in T cells activation during the
allograft rejection, but immunosuppressive drugs
such as CsA or FK506 can adequately inhibit the
CD28 T-cell activation."™ The incidence of acute
rejection after liver transplantation is up to 50% to
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709%,*" and chronic rejection is still the main
cause of death in liver recipients who survived
more than 3 years."" This suggests that although
patients are prescribed permanent and regular
treatment of immunosuppressive agents, effector T-
cells can also be activated through the signal of
other molecules and immune response to grafts per-
manently. Cytomegalovirus infection or other com-
plications may induce a strong immunoresponse to
grafts or grafts rejected under this condition.!"”!

The 4-1BB receptor in the TNFR superfamily
is a type I membrane protein expressed on activa-
ted cytolytic and helper T cells'™ as well as NK
cells.”™ The ligand for 4-1BB receptor is 4-1BB
ligand (4-1BBL ), which is expressed on APCs
including B cells, macrophages, and dendritic
cells!**! Recent report!™ indicates that under the
condition of repeated Ag-stimulation, down-regula-
ted expression of CD28 molecule on activated T
cells leads to activatdon-induced cell death
{ AICD), while very few 4-1BB molecules may sup-
ply sufficient costimulatory signals to sustain T
cells activation, and inhibit AICD® Interaction of
4-1BB with 4-1BBL plays an important role in sus-
taining T cells activation, amplifying cytotoxic T
lymphocyte (CTL) response, as well as inducing
IL-2 production in the complete absence of a signal
through CD28 molecule.”"® Analysis of 4-1BBL
knockout mice has shown that 4-1BBL” mice as
well as CD28”" mice reject skin allografts as rapidly
as wild mice, whereas mice lacking both CD28 and
4-1BBL show a delay in skin allograft rejection.
(2] Using anti-4-1BB mAb infusion has demonstra-
ted that 4-1BB/4-1BBL interaction can amplify the
proliferation of CDR * T cells, and augment GVHD-
induced lethality and allogeneic BM rejection me-
diated by either CD4* or CD8" donor T cells.
(2] These findings suggest that 4-1BB signal plays
an important role in the cellular immune response
after allo-transplantation.

In this study, 4-1BB mRNA expression was
almost not detected in the samples from healthy
controls and patients with PLC, but was detected
in those from stable survivors after liver transplan-
tation. To further investigate that expression of 4-
1BB molecules on CD4" and CD8" T cells, flow
cylometer was used to analyze the phenotype of T

cells. The results showed that 4-1BB molecule was
almost not found on the surface of CD4 * and CD8*
T cell in the PLC and healthy control groups, indi-
cating tumor immune escape associated with 4-1BB
signals. A recent study'® demonstrates that immu-
nomodulatory gene therapy with 4-1BB ligand can
induce long-term remission of liver metastases in a
mouse model and augment CTL response against
tumor, making 4-1BB/4-1BBL pathway a promis-
ing target for anti-tumor immuno-therapy.=>! Mo-
reover, a significant higher percentage of CD3*
CD25" T cell, and a relatively low expression of 4-
1BB molecules on the surface of CD4" and CD8 "
T cell were found in stable survivors after liver
transplantation, suggesting that although patients
are stable after liver transplantation, effector T-
cells can also be activated through the signal of 4-
1BB molecule and persistent immune response to
grafis.

In summary, the data of this study show that
4-1BB molecule is not expressed on peripheral
blood T lymphocytes from healthy controls and PLC
patients, but induced to expressed on CD4* and
CDR* T cells with a relatively low level by allograft
antigen. The data also suggest that although pa-
tients are stable after liver transplantation, effector
T-cells can also be activated through the signal of
4-1BB molecule and exert a persistent immune re-
sponse (o grafis. Blockage of 4-1BB/4-1BBL path-
ways may benefitially reduce the clinical dosage of
immunosuppressive agents and prolong the graft
survival.
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