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Abstract

AlIM: To investigate the expression of 4-1BB molecule in
hepatocellular carcinoma (HCC) and its adjacent tissues.

METHODS: Reverse transcription—polymerase chain reaction
(RT-PCR) was used to determine the gene expression of
4-1BB in hepatocarcinoma and its adjacent tissues, and
peripheral blood mononuclear cells (PBMCs) from both HCC
and health control groups. Flow cytometry was used to
analyse the phenotypes of T cell subsets from the blood of
HCC patients and healthy volunteers, and further to determine
whether 4-1BB molecules were also expressed on the surface
of CD4+ and CD8+ T cells. The localization of 4-1BB proteins
on tumor infiltrating T cells was determined by direct
immunofluorescence cytochemical staining and detected by
confocal microscopy.

RESULTS: 4-1BB mRNA, which was not detectable in normal
liver, was found in 19 liver tissues adjacent to tumor edge
(<1.0 cm). Low expression of 4-1BB mRNA was shown in 8
tumor tissues and 6 liver tissues located within 1 to 5 cm
away from tumor edge. In PBMCs, 4-1BB mRNA was almost
not detected. Percentage of CD4*, CD8* and CD3*/CD25* T
cells, as well as ratio of CD4 to CD8 revealed no difference
between groups (P>0.05, respectively), while a significant
lower percentage of CD3* T cell was found in HCC group as
compared to healthy control group (P<0.05). However, 4-1BB
molecules were almost not found on the surface of CD4+ and
CD8+ T cells in HCC and healthy control group. Double-staining
of 4-1BB*/CD4* and 4-1BB*/CD8" immunofluorescence on
tumor infiltrating T cells was detected in 13 liver tissues
adjacent to tumor edge (<1.0 cm) by confocal microscopy.

CONCLUSION: Although HCC may escape from immune
attack by weak immunogenicity or downregulated expression
of MHC-1 molecules on the tumor cell surface, tumor
infiltrating T cells can be activated via other costimulatory
signal pathways to exert a limited antitumor effect on local
microenvironment. The present study also implicates that
modulating 4-1BB/4-1BBL costimulatory pathway may be
an effective immunotherapy strateg to augment the host
response.
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INTRODUCTION

Hepatocellular carcinoma (HCC) has a very poor prognosis
owing to its high malignancy, and it ranks second cause of
cancer death in Ching¥. Curative tumour resection or orthotopic
liver transplantation (LTx) seemsto be an optimal treatment.
Nevertheless, the recurrence rate remains high both after
tumour resection and L Tx22%, Chemotherapy and embolisation
are at best palliative with few impacts on survival™. Recently,
immunotherapy has been used with some success for such
tumours as melanoma*** and renal-cell carcinoma*>® that
are associated with an inflammatory or immune response.
However, like most solid tumours, HCC has long been
considered poorly immunogenic and substantially refractory
to immunotherapy. Since a better prognosis of HCC attributes
to the anti-tumor effect induced by cellular immunity of
infiltrating CD8* and CD4* T lymphocytes®”, these tumor
infiltrating lymphocytes (TILs) might be in an activated status
and play alimited immune protection in microenvironment.

The 4-1BB receptor, a recently identified molecule of
tumor necrosis factor- receptor (TNFR) superfamily, isatypel
membrane protein expressed on activated cytolytic and helper
T cellg®9 aswell asNK cell§?. Theligand for 4-1BB receptor
isa4-1BB ligand (4-1BBL), which is expressed on APCs
including B cells, macrophages, and dendritic cell$2+22, Ligation
of 4-1BB with 4-1BB ligand plays animportant rolein sustaining
T cells activation, amplifying cytotoxic T lymphocyte (CTL)
response, aswell asinducing IL-2 production in the complete
absence of a signal through CD28 molecule®?3, A recent
research demonstrated that immunomodulatory gene therapy
with 4-1BB ligand could induce long-term remission of liver
metastases in a mouse model and augment CTL response
againgt tumor!, The present study was to detect whether 4-
1BB moleculeswere expressed on infiltrating CD4+ and CD8+
T cellsin HCC and its adjacent tissues, and to illustrate the
role of 4-1BB/4-1BBL pathway in tumor immunity.

MATERIALS AND METHODS

Patients

Nineteen patients with HCC confirmed by histopathologic
examination were selected. Among them, 14 were male and 5
femal e aged from 28 to 68 years (average, 49.67+13.04 years).
Three liver specimens from mismatched cadaver donor and
22 healthy peripheral blood specimens from Blood Center of
Zhejiang Province were served as controls.

Reagents
Fluorescein isothiocyanate (FITC) -conjugated mouse
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monoclonal antibodies (mAbs) specific for human surface
antigensincluding anti-CD4 (IgG1k clone RPA-T4), anti-CD8
(lgG1k clone RPA-T8), anti-CD3 (IgG1k clone UCHT1),
phycoerythrin (PE)-conjugated anti- CD25 (1gG1k clone M-
A251), anti-4-1BB (1gG1k clone 4B4-1), and FITL or PE-
conjugated mouse | gG1k (clone MOPC-21) asisotype controls
were purchased from Becton Dickinson, San Jose, CA.
RevertAid™ M-MuLV reverse transcriptase and Taq DNA
polymerase were obtained from Promega, USA.

Peripheral blood mononuclear cell preparation

In order to isolate PBMCs, 5 ml heparinized blood was diluted
1:1 with PBS containing 0.6% Na3-citrate and layered over a
5 ml Ficoll cushion. After centrifugation (20 min, 700xg), the
interface containing PBM Cs was collected and washed twice
with PBS. This precipitate contained approximately 25%
monocytes and 75% lymphocytes.

Reverse transcriptase-polymerase chain reaction (RT-PCR)
Semi-quantitative assessment of 4-1BB mRNA expression was
performed using RT-PCR on a PTC-200 DNA engine (MJ
Research, USA). Brigfly, total RNA was prepared from PBMCs
and liver tissuesusing TRIZOL (Gibco BRL Life Technologies,
Breda, the Netherlands). cDNA was synthesized with 2 ng of
total RNA template using the superscript pre-amplification
system (Promega, USA) and random primersin afinal volume
of 20 m. The cDNA used as template was checked in respect
to human b,-MG amplification. The following primers
(Shanghai Sangon, China) were used: b2-M G sense primer:
5 -CCAGCAGAGAATGGAAAGTC-3', h2-MG antisense
primer: 5 - GATGCTGCTTACATGTCTCG-3', 4-1BB sense
primer: 5 -TCAGGACCAGGAAGGAGTGT-3', 4-1BB
antisense primer: 5 -AACGGAGCGTGAGGAAGAAC-3' .
Using these primers, fragments of 240 bp, and 414 bp were
expected to result from amplification of b,-MG and 4-1BB
cDNAs, respectively. PCR reactions contained 20 pmol of each
primer for 4-1BB, 2.5 u of Tag polymerase, 1 ml of 25 mM
dNTPs, 1.2 m of 25 mM MgCI2 and 10xPCR buffer in afinal
volume of 25 m. For b,-MG amplification, 1 m of each primer
at a 1:8 diluted concentration to 4-1BB primers was used for
the reaction. PCR products (8 nl) were analyzed on 1.5%
agarose gel containing ethidium bromide using Kodak DNA
analyser (Gibco BRL) with Kodak digital science 1S 2.0
software. The expression level of 4-1BB mRNA was described
astheratio of 4-1BB/b,-MGx100.

Flow cytometric analysis

One hundred microliters of heparinized peripheral blood were
incubated with monoclonal antibody at room temperature in
dark for 15 min to 30 min according to the manufacturer’ s
instructions. Another 100 m of heparinized peripheral blood
incubated with FITL or PE- conjugated mouse 1gG1k (clone
MOPC-21) was used as negative isotype control. Erythrocytes
were lysed in turn with ImmunoPrep A, B, and C haemolytic
solution on Coulter Q-Prep (Beckman-coulter). Alignment was
checked using immunocheck beads (Beckman-coulter). All
results were obtained using EPICS® XL FACScan (Beckman-
coulter) with system'' software.

Direct immunofluorescence histochemical staining protocol
Tissues were stored at -70 ‘C until use. Four nm-thick frozen
sections (on poly-L -lysine coated dides) were fixed in acetone
for 10 min at 4 °C. The sections were blocked in phosphate
buffered saline (PBS) and 1% bovine serum albumin (BSA)
for 1 h, followed by incubation with FITC and PE labeled
antibodies or conjugated isotype matched control antibodies
for 16 hat 4 °C. After extensively washed (overnight), stained
sections were covered in PBS and kept in dark at 4 °C.

Confocal microscopy

LEICA TCS-SP confocal microscope (Germany) was equipped
with argon lasersand Leicainverted research biologica microscope
with an oil immersion objective lensof x40 (NA1.30). The sections
processed for immunocytochemistry were viewed under
LEICA TCS-SP confocal microscope. After standard
fluorescence observations, 4-1BB and CD4 or CD8 localization
on TIL was automatically scanned by laser emitted at 488 nm
and imaged by using PowerScanner physiology software. FITC
and PE fluorescence emissions were captured through grating
at 530/30-nm and 605/30-nm respectively.

Statistical analysis

Data were expressed as mean+SD. Statistical analysis was
performed using one-way ANOV A with SPSS 10.0 software.
Kruskal-Wallis H test and Student’ st test were also used for
the nonparametric and parametric data analysis between two
groups, respectively. A Pvaue << 0.05wasconsdered sgnificant.

RESULTS

Expression of 4-1BB mRNA in tumor tissues but almost not
in PBMCs

4-1BB mRNA was not detectable in normal liver, but was
detected in all 19 liver tissues adjacent to tumor edge (<1.0 cm).
Low expression of 4-1BB mRNA was shown in 8 tumor tissues
and 6 liver tissues located within 1 to 5 cm away from tumor
edge. However, in PBMCs, 4-1BB mRNA expression was
not detected in samples from 18 healthy controls (81.82%,
18/22) and 13 patients with HCC (68.42%, 13/19). Very low
expression of 4-1BB mRNA was detected in another 4 healthy
volunteers and 6 patients with HCC. However, the median
level of 4-1BB mRNA expression from PBMCsin each group
was 0 (P>0.05) (Figures 1, 2).

M N1 N2 H1 H2 H3 P1 P2 P3 P’1 P2 P’3

414 BP
240 BP

Figure 1 Representative RT-PCR results of 4-1BB mRNA ex-
pression in normal liver, and HCC tissues as well as its adja-
cent tissues. (M, GeneRulerTM 100 bp DNA Ladder Plus; N,
normal liver; H, HCC tissues; P, adjacent tissues to HCC (<1 cm),
P~ liver tissues located within 1 to 5 cm away from tumor edge)

M N1 N2 N3 N4 N5 H1 H2 H3H4 H5 H6

414 BP

Figure 2 Representative RT-PCR results of 4-1BB mRNA ex-
pression in PBMCs (M,GeneRuler™ 100 bp DNA Ladder Plus;
N, healthy control; H, HCC group).

Almost no detection of 4-1BB molecules on CD4*or CD8* T
cells in PBMCs

In order to analyze T cell phenotypes, and determine whether
4-1BB molecules expressed on T cells from PBMCs, flow
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Table 1 Analysis of T cells phenotypes of PBMCs from healthy controls and HCC patients (Mean+SD)

Groups n CD4 CD8 CD3 CD3/CD25 CD4/CDs8
Normal control 22 34.74+6.19 28.70+5.11 66.56+10.24 1.22+0.13 1.20£0.18
HCC 19 31.40+4.70 25.83+3.98 61.30+4.61 1.22+0.12 1.26+0.17
P value 0.058 0.051 0.038 0.918 0.279
0.7 + 0.10
0.6 .
0.08 HCC patients
0.5 n=19
& 0.4 - ~ 0.06 - T
— [32]
[a)] —
Q 03 - 8 0.04 -
2 02 HCC patients g
°© Healthy controls n=19 o 0.02 Healthy controls
R —1— n=22
0.0 0.00 -
-0.1 A -0.02 B

Figure 3 Comparison of 4-1BB molecules on CD4* or CD8* PBMCs between healthy controls and HCC patients.

-
-

Figure 4 Confocal laser micrographs of TILs in HCC adjacent tissues processed for the immunocytochemical detection of 4-1BB
and CD4 or CD8 molecules. (A and D, FITC immunofluorescence for CD4 and CD8 molecules respectively; B and E, PE immunof-
luorescence for 4-1BB molecules; C and F, automatically synthetic micrographs by computer soft for A and B, and D and E,

respectively).

cytometric analysis was used. The results are shown in Table
1. Percentages of CD4*, CD8" T cellsand CD3'CD25' T cells,
aswell astheratio of CD4 to CD8 had no significant differences
between the groups (P>0.05). However, asignificantly higher
percentage of CD3" T cellswasfound in healthy control group
as compared to HCC group (P<0.05). 4-1BB molecules were
almost not found on the surface of CD4*" and CD8* T cellsin
HCC and healthy control group. The percentage of 4-1BB*/CD4*
or CD8' T cdllsin two groups was not more than 0.1%, and the
median valuein each group was 0 (P= 0.406 for 4-1BB*/CD4",
P=0.209 for 4-1BB* /CD8", respectively). (Tablel, Figure 3).

Co-localization of 4-1BB and CD4 or CD8 on TILs

Todeterminewhether TILswerethe sameclonesas T lymphocytes
from peripheral blood, confocal laser microscopy was used to
detect 4-1BB expressions on TILs. As expected, we did not
find any PE conjugated 4-1BB and FITC conjugated CD4 or
CD8 fluorescence located within 3 normal liver tissues.
However, co-localization of 4-1BB*/CD4* or CD8" on TIL was
visualized by confocal laser microscopy in 3 tumor tissues and

1 liver tissue located within 1 to 5 cm away from tumor edge,
aswell as 13 tumor adjacent tissues within 1 cm. (Figure 4).

DISCUSSION

It seems that a better prognosis of HCC could attribute to the
anti-tumor effect induced by cellular immunity of infiltrating
CD8" and CD4* T lymphocytes'. However, like most solid
tumours, HCC has long been considered poorly immunogenic.
Tumor cellswere capable of delivering antigen-specific signals
to T cells clone, but could not deliver costimulatory signals,
e.g., a B7/CD28 interaction®21, necessary for full T cell
activation, could lead to the evasion of immune surveillance
by malignant cell§%1. Moreover, evidences have demonstrated
that TILscan down-regulate the expression of CD28 molecules,
but <till could retain alimited immune protection in local tumor
microenviroment!?”), Therefore, other molecules may involve
in sustaining T cells activation and amplifying cytotoxic T
lymphocytes response.

In this study, we found that 4-1BB mRNA transcripts were
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not detectable in normal liver, but were detected in all 19 liver
tissues adjacent to tumor edge (<1.0 cm). In some tumor and
liver tissues located within 1 to 5 cm away from tumor edge,
low expression of 4-1BB mRNA was also detected. Since 4-
1BB molecules were mainly expressed on activated T
lymphocytes*®29, 4-1BB transcripts might derive from TILs.
Toidentify thishypothesis, direct immunofluorescence staining
of 4-1BB and CD4 or CD8 on TILswas examined by confocal
microscope. Co-localization of 4-1BB*/CD4* or CD8*
fluorescence located on TILs was visualized by confocal
microscopy in tumor and liver tissue within 1 to 5 cm away
from tumor edge, as well as tumor adjacent tissues within 1
cm. Previous researches reported that interaction of 4-1BB with
4-1BB ligand played an important role in sustaining T cells
activation, amplifying cytotoxic T lymphocyte (CTL) response,
aswell asinducing IL-2 production in the complete absence
of a signal through CD28 molecul el??, A recent report
indicated that under the condition of repeated Ag-stimulation,
down-regulated expression of CD28 molecule on activated T
cells could lead to activation-induced cell death (A1CD)®,
while very few 4-1BB molecules might supply sufficient
costimulatory signalsto sustain T cells activation, and inhibit
AICDE3U, |n fact, accumulative evidence has confirmed that
4-1BB/4-1BB ligand pathway plays a role in transplant
immunity®234 and autoimmune disease!®*", Therefore, the
present study may provide an important clue that 4-1BB
molecules are also involved in the process of infiltrating CD4*
and CD8' T cellsactivation, at least partly, and that modulating
4-1BB/4-1BB ligand pathway might augment CTL response
against tumor2438-401,

However, even if these infiltrating lymphocytes are
functionally activated via4-1BB signals or the others, and are
truly specific for tumor cells, why they could not inhibit the
tumour growth? This phenomenon wasinexplicable. Cytotoxic
T cells propagated from biopsies showed a specific killing
of the tumor cells in vitro, confirming that the complex
microenvironment inside the tumor tissue was not able to
provide the optimal condition for TILs to fully exert their
functions in inhibiting tumor growth, or even to induce
apoptosis of TILsthrough Fas/Fas ligand system!*+42,

Toexploreif the TILswerethe same clonesas T lymphocytes
from peripheral blood, we analyzed the phenotypes of
peripheral blood lymphocytes, and examined 4-1BB molecules
and its mRNA transcripts by flow cytometry and RT-PCR
respectively. To our surprise, we failed to detect 4-1BB mRNA
in peripheral blood lymphocytes and 4-1BB molecules on
peripheral CD4* or CD8' T cells from HCC patients. But our
results confirmed that asignificantly lower percentage of CD3*
T cellswasfound in HCC group as compared to healthy control
group, which was coincided with other research data*!. Since
the phenotype and function of lymphocytes collected from the
peripheral blood were not the same as those of lymphocytes
from tumor draining regional lymph nodes and tumor tissues,
we found that 4-1BB molecules were existed in infiltrating
CD4+ and CD8+ T cellsbut not in peripheral blood lymphocytes.
Therefore, we may conclude that TILs and peripheral blood
lymphocytes are not the same cloneg*++,

In summary, we examined 4-1BB molecules expression in
infiltrating T cellsin HCC specimens, indicating that tumor
infiltrating T cells can be activated via other costimulatory
signals, e.g., 4-1BB, and exert alimited antitumor protectionin
local microenvironment. The present study also implicatesthat
modulating 4-1BB/4-1BBL costimulatory pathway may be an
effectiveimmunotherapy strategy to augment the host response.
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