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Abstract

The choice of the tumor antigen preparation used for dendritic cell (DC) loading is important
for optimizing DC vaccines. In the present study, we compared DCs pulsed with hepato-
cellular carcinoma (HCC) total RNA or cell lysates for their capacity to activate T cells. We
showed here that HCC total RNA pulsed-DCs induced effector T lymphocyte responses
which showed higher killing ability to HCC cell lines, as well as higher frequency of IFN-y
producing of CD4+ and CD8+ T cells when compared with lysate pulsed-DCs. Both of RNA
and lysate loading did not influence the changes of mature DC phenotype and the capacity of
inducing T cell proliferation. However, HCC lysate loading significantly inhibited the pro-
duction of inflammatory cytokines IL-12p70, IFN-y and enhanced the secretion of an-
ti-inflammatory cytokines IL-10 of mature DCs. Our results indicated that DCs loaded with
HCC RNA are superior to that loaded with lysate in priming anti-HCC CTL response,
suggesting that total RNA may be a better choice for DCs-based HCC immunotherapy.
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Introduction

Hepatocellular carcinoma (HCC) is one of the
most common cancers that typically has poor prog-
nosis. It is the third leading cause of cancer deaths
worldwide, especially in Asia (1-3). Traditional the-
rapeutic modalities such as hepatic resection did not
significantly increase the 5-year survival rate. There-
fore, it is urgently required to develop novel treat-
ment strategies for HCC. Dendritic cells (DC) are
highly specialized antigen-presenting cells (APC) that
control a spectrum of innate and adaptive immune
responses, and could effectively induce cytotoxic T
lymphocyte (CTL) response against cancer (4, 5). The
objective regressions after DC-based treatments are

observed in some patients, even in those with metas-
tatic disease (6, 7). Recently, increasing reports dem-
onstrated that HCC antigen-loaded DC could pro-
mote the priming of specific CTL responses, including
in vivo and in vitro model (8, 9). In clinical trial, some
of HCC patients showed stable disease after vacci-
nated with HCC lysate-pulsed DCs (10-12). These
studies clearly demonstrated that DC-based immu-
notherapy could be a promising approach for HCC
treatment.

A critical issue in optimizing DC vaccines is the
choice of tumor antigen for DC loading. Loading
MHC class I and class II molecules at the cell surface
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of DCs with peptides derived from defined antigens is
the most commonly used strategy (13). The limita-
tions of this method are that the tumor antigen must
have been identified, and only a restricted repertoire
of T-cell clones could be induced, thereby limiting the
ability of the immune system to control tumor antigen
variation (5). An alternative strategy is loading DC
with total tumor antigen such as tumor lysate, which
could generate a diverse immune response that in-
volves many CD4+ T-cell and CTL clones against
tumor antigens, including both identified and un-
identified antigens. Tumor cell lysate has been widely
used as total antigen for DC-based cancer immuno-
therapy, including HCC (11, 12). However, several
studies recently reported that tumor lysate would
impair the function of DCs and result in limited im-
mune responses, indicated the potential disadvantage
of tumor lysate (14-16). Another commonly used total
antigen is tumor-derived RNA, which is an attractive
method because its isolation and use in clinical set-
tings is more straightforward than the use of ex-
ogenously provided peptides and proteins (17).
Loading DC with RNA has been turned out to effi-
ciently stimulate robust CTL responses and antitumor
immunity in human, including in vitro study and
clinical trial (18-24), suggesting that RNA-loaded DC
might be a promise strategy for cancer immunothe-
rapy. So far, there are few studies on the relative ef-
ficacy of lysate or RNA loading methods to be per-
formed in HCC.

Thus, in the present study we compared DC ei-
ther loaded with tumor lysates or RNA from the same
HCC cell line for their capacity to stimulate specific
anti-HCC immune responses. In a separate in vitro
model of whole HCC antigen loading, our studies
showed that pulsing DCs with HCC total RNA in-
duced a higher frequency of activated CTLs and
T-helper cells, as well as stronger tumor cell lysis
compared with lysate. These results provide new
information for optimization of DCs-based immuno-
therapy in HCC.

Material and Methods

Cell Lines and Culture

Different human HCC cell lines, Hep-G2,
Hep-3B, were obtained from the American Type
Culture Collection (ATCC). Huh-7, SMMC-7721 cell
lines were obtained from the Committee of Type
Culture Collection of Chinese Academy of Sciences
(Shanghai, China). Cells were grown in RPMI 1640
supplemented with 10% (v/v) FBS (fetal bovine se-
rum) and antibiotics (50 pg/ml each of penicillin,

streptomycin and gentamicin) at 37 °C in a humidified
5% COatmosphere.

Culture of Human DCs

PBMC were isolated from peripheral blood of
healthy donors by Ficoll-Hypaque gradient centrifu-
gation. And then, monocytes were allowed to adhere
in six-well culture plates for 1 hour at 37°C. Nonad-
herent cells were removed and cultured in 20 U/ml
IL-2 medium for further use. Adherent cells were
cultured in AIM-V complete medium supplemented
with 1,000 U/ml GM-CSF and 400 U/ml IL-4 (Bio-
Source, USA). Half of the old medium was replaced
every 2 days with fresh medium. After culture for 6
days, immature dendritic cells (iDCs) were generated.

Tumor cell RNA or Lysates Loading of Cultured
DCs

Total RNA was extracted from HCC cell lines
using Trizol reagent (Invitrogen, USA) according to
the manufacturer’s instructions. Tumor cell lysates
were generated by four rapid freeze-thaw cycles as
described (25). Both RNA and protein loading of DCs
was performed by simple coincubation of DCs with-
out any transfection reagent. In brief, immature DCs
generated on day 6 were washed twice in PBS,
counted, and resuspended in AIM-V medium sup-
plemented with GM-CSF and IL-4. Then tumor cells
RNA or lysates were added (20 pg RNA or 100 pg
lysates/5x10°> DCs in 1 ml medium) and incubated
with DCs for 3 hour in a humidified incubator at
37°C/5% CO,. After 3 hours, antigen-loaded DCs
were treated with 0.1 KE/ml (10 pg/ml) OK432
(Shandong Lukang Pharmaceutical Co., China) for 48
hour.

In Vitro Generation of CTLs and Cytotoxicity
Assays

Antigen loading-DCs were cocultured with au-
tologeous nonadherent PBMCs from the same healthy
donor at a ratio of 1:10 in AIM-V medium containing
IL-2 (25 units/ml) in 24 well plates. Half of the old
medium was replaced every 2 days with fresh me-
dium. After 5 days of coculture, the cells were used
for cytotoxicity assays using the lactat dehydroge-
nase-release assay (CytoTox 96; Promega, USA) ac-
cording to the protocol.

Phenotypic Analysis of DC by Flow Cytometry

DCs or T cells were re-suspended at 2.5 x 10°
cells in 100 pl of PBS and incubated for 30 min at 4°C
with different fluorescein isothiocyanate (FITC)-
conjugated monoclone antibodies (mAbs) or appro-
priate isotype controls. After three washes in cold
phosphate-buffered saline (PBS) supplemented with
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0.5% of bovine serum albumin (BSA), cells were fixed
with 2% paraformaldehyde in PBS. The following
mAbs were used: FITC-anti-CD80, FITC-anti-CD83,
FITC-anti-CD86, FITC-anti-HLA-DR (BD Biosciences,
USA). Cells were collected and analyzed using a Cy-
tomics™ FC500 Flow Cytometry (Beckman Coulter).
Data analysis was performed by CXP Analysis soft-
ware (Beckman Coulter).

Mixed Lymphocyte Reaction (MLR)

For proliferation assays, non-adherent cells col-
lected from freshly isolated PBMC were resuspended
in PBS (1 x 107 cells/ml) containing carboxyfluo-
rescein diacetate succinimidyl ester (CFSE, Molecular
Probes) at a final concentration of 1 uM, incubated at
37°C for 10 min, and washed three times. And then
the labeled cells were coincubated with anti-
gen-loading DC pretreated with OK-432 for 5 days at
1:10 ratios on a 48-well plate in AIM-V medium. Cells
were harvested and analyzed by FACS. Data analysis
was performed using CXP Analysis software (Beck-
man Coulter).

Analysis of Cytokines

Cytokines TNF-a, IL-12p70, IFN-y, IP-10, IL-10
and TGF-f in the supernatants of differently treated
DCs cultures were measured by ELISA kits (Bio-
Source Systems) according to the manufacturer’s
protocols.

Flow Cytometric Analysis of Intracellular Cyto-
kine Expression

To determine the stimulation of T cells by HCC
antigen-loading DCs, IFN-y and IL-4 expression was
assessed by intracellular staining. Briefly, T cells were
collected and incubated at 37°C for 6 h in AIM-V me-
dium containing 1 pg/ml anti-CD3 mAb and 1 pg/ml
anti-CD28 mAb (BD Biosciences, USA). Brefeldin A,
10 ng/ ml, was added for the final 5 h of incubation to
block cytokine secretion. The cells were harvested,
washed and stained with PE-conjugated anti-CD4 and
FITC-conjugated anti-CD8 mAb for 30 min on ice.
Then the cells were fixed with 2% paraformaldehyde
in phosphate buffered saline (PBS) for 15 min at room
temperature and permeabilized with PBS/0.5% sapo-
nin (Sigma, St Louis, MO) for another 10 min at room
temperature. Finally, cells were further labeled with
APC-conjugated anti-IFN-y or anti-IL-4 mAb and
analyzed by flow cytometer.

Statistical Analysis

Data were compared using the Student’s ¢ test,
and differences of p<0.05 were considered to be sig-

nificant. Each experiment was repeated at least three
times.

Results

Cytolytic Activity of the T cells Against HCC Cell
Lines in vitro

First, we detected cytotoxic activity of T cells
induced by DC loaded with RNA or lysate from the
HCC cell line. As demonstrated in Fig. 1, both HCC
RNA and lysate-pulsed DCs were capable of stimu-
lating CTLs that recognized and lysed HCC cell lines.
However, loading DC with RNA could induce the
better lytic activity than lysate (the percentages of
cytotoxicity were between approximately 10% to 23%
for RNA loading group vs 4% to 9% for lysate-pulsed
group at an effector : target ratio of 30 : 1, p<0.05). We
used four different HCC cell lines for detection, and
the same trend was observed (Fig. 1), indicated that
loading DC with RNA might stimulate higher cyto-
lytic activity of the T cells against HCC.

Cytokine Production of CD4+ and CD8+ T Cells

The intracellular staining for IFN-y and IL-4
production were carried out to further assess the
function of the T cells generated from co-culture with
HCC RNA or lysate pulsed-DCs. From the Fig. 2, we
found that RNA pulsed-DCs induced significant
higher numbers of IFN-y+CD4+ and IFN-y+CD8+ T
cells compared to lysate pulsed-DCs. Low levels of
IL-4 producing were detected in T cells stimulated by
both type antigen pulsed-DCs (data not show). These
results indicate that HCC RNA pulsed-DCs activate
Thl and CTL functional T cells more efficiently than
HCC lysate pulsed-DCs.

Effect of HCC Total RNA or Lysate Pulsing on
DCs Phenotype Changes and Cytokines Produc-
tion

Next, DCs immunophenotype changes and cy-
tokine production were detected by flow cytometre
and ELISA to analyze the effects of HCC total RNA or
lysate on DCs maturation. As shown in Fig. 3, un-
treated DCs exhibited low-level expression of costi-
mulatory molecules CD80, CD86 as well as the ma-
turation marker CD83, HLA-DR. OK-432 stimulation
significantly increased CD80, CD83, CD86 and
HLA-DR expression. Both of HCC total RNA and
lysate pulsing enhanced CD80 expression but did not
significantly alter CD83, CD86 and HLA-DR expres-
sion of mature DCs. These results indicated that HCC
total RNA or lysate pulsing did not inhibit costimu-
latory molecules and maturation marker expression of
mature DCs.
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Figure I. Tumor cell killing by T cells stimulated with tumor antigen-pulsed DCs. Autologeous nonadherent PBMCs were
cocultured with DCs pulsed with HCC total RNA or lysate. After 5 days of incubation, cytotoxic activity of T cells against
Hep-G2, Hep-3B, Huh-7 and SMMC-7721 was evaluated using a LDH release assay at different E:T ratios. *p<0.05.
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Figure 2. Intracellular IFN-y production of CD4+ and CD8+ T-cells stimulated with DC pulsed with HCC total RNA or
lysate. Autologeous nonadherent PBMCs were cocultured with RNA-DCs or lysate-DCs for 5 days. And then, T cells were
collected and accessed for intracellular expression of IFN-y in CD4+ and CD8+ T cells using flow cytometry. Original
histograms are shown with percentage of dual-positive cells. *p<0.05.
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Figure 3. Analysis of DC phenotype by flow cytometry. Different group of DCs were harvested and processed for staining
with a panel of mADb as indicated. The staining of the indicated surface marker is shown and the percentage of positive cells
is stated. The MFI value are also indicated.
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Another important feature of functional DCs is

secretion of cytokines from DCs, including IL-12p70,
the production of inflammatory cytokines. Thus, the

IFN-y, TNF-a, IP-10, IL-10 and TGF-p were further
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detected. The level of IL-12p70, IFN-y, TNF-a and
IP-10 increased significantly in the culture superna-
tants when immature DCs were stimulated with
OK-432 (Fig. 4). However, OK-432 treatment did not
induce IL-10 and TGF-f production of DCs. HCC
RNA loading slightly decreased the production of
IL-12p70, and did not exert the production of IFN-y,
TNF-a and IP-10. However, tumor lysate loading
markedly decreased the production of IL-12p70,
IFN-y and IP-10, meanwhile, increased the production
of IL-10 especially when the Hep3b cell line is used.
Both HCC RNA and lysate loading did not enhance
the production of TGF-. These results demonstrated
that HCC lysate pulsing will impair Thl-type cyto-
kines secretion and promote anti-inflammatory cyto-
kines production of DCs.

Effect of HCC RNA or Lysate Pulsing on the
Stimulatory Capacity of DCs

To assess the functional consequences of HCC
tumor whole antigen-pulsed DCs, we examined the T
cell stimulatory activity of tumor RNA or ly-
sate-pulsed DCs in MLR by CFSE dilution experi-
ments. As shown in Fig. 5, both tumor RNA and ly-
sate-pulsed DCs have potent stimulatory capacity. T
cell proliferation was 43.62% (RNA loading) vs.
34.23% (lysate loading) for HepG2; 34.48% (RNA
loading) vs. 28.9% (lysate loading) for Hep3B; 36.87%
(RNA loading) vs. 36.20% (lysate loading) for Huh?,
and 39.04% (RNA loading) vs. 35.56% (lysate loading)
for SMMC7721 respectively. The amount of prolife-
ration of T cells was comparable for two types of an-
tigen-loaded DCs.
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Figure 5. The stimulatory capacity of DCs pulsed with HCC total RNA or lysate. Analysis of T cells proliferation. Au-
tologous T lymphocytes labeled with CFSE were mixed with RNA-DCs or lysate-DCs at a ratio of 10:1 (T cells to DCs) and
cocultured for 5 days. T cell proliferation was performed using flow cytometry and the percentage of proliferated T cells is
stated.
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Discussion

Dendritic cell (DC)-based therapy has proved to
be effective in patients with a variety of malignancies,
including HCC. However, an optimal preparation
protocol using DCs and the best means for enhancing
antigens has not yet been described completely. In
the present study, we have demonstrated that DCs
loaded with HCC total RNA are more potent antigen
than that loaded with lysates in activating effctor T
cells such as Thl and CTL against HCC cell lines,
which was evidenced by a higher percentage of tumor
cell killing, as well as higher IFN-y secretion of CD4+
and CD8+ T cells in DCs loaded with HCC total RNA.
As well known, activation and polarization of naive T
cells requires three signals from DC. Signal 1is the
interaction between major histocompatibility complex
(MHC) molecules containing peptide fragments on
the DC and the T-cell receptor (TCR) on the T cell.
Signal 2 is the interaction between costimulatory mo-
lecules (e.g. CD80/86) on the surface of the DC with
ligands (e.g. CD28) on the T-cell surface. Signal 3 is
the secretion of proinflammatory cytokines (e.g. in-
terleukin 12 (IL-12)) by the DC (26-28). Signal 1 and
signal 2 allow naive T cells to develop into protective
effector cells, while signal 3 promotes the activated
CD4+ and CD8+ to differentiate into Thl and CTL
(29-31). In our study, we found that loading DC with
HCC total RNA and lysate did not result in the de-
creased expression of MHC class II and costimulatory
molecules, indicating that the two type of antigen did
not impair the signal 1 and signal 2. However, unlike
RNA, HCC lysate pulsing significantly suppressed
the inflammatory cytokines such as IL-12 and IFN-y
production, indicating that HCC lysate would dis-
order signal 3. Thus, loading DC with HCC lysate
induced limited T cells responses might be due to
decreased inflammatory cytokines environment.

The cytokine microenvironment plays a key role
in T helper cell differentiation toward Th1 or Th2 cell
type during immune responses (32). The IL-12 pro-
duced by DC polarizes the T-cell response towards a
Th1l phenotype, which is believed to be preferential
for cancer immunotherapy (33, 34). The absence of
IL-12p70 leads to depressed Thl-responses and hence
a paucity of IFN-y-support for CD8+ CTL. It has been
reported that tumor lysate, such as melanoma, would
suppress IL-12p70 secretion, resulting in less effi-
ciently generating Thl-responses from naive T-cells,
and restoring IL-12p70 production of DC permitted
effective generation of Thl-responses (14-16). These
results are in agreement with our studies. Thus, tu-

mor RNA loading may be a better choice to induce
Th1 and CTL response compared with tumor lysate.

IL-12 production is positively regulated by
IFN-y, which IL-12 itself induces (35, 36). Multiple
studies have shown that DCs also produce IFN-y (37,
38), suggesting the presence of an autocrine-positive
feedback pathway between IL-12 and IFN-y for DC
activation (39). In our study, we found OK-432 sti-
mulation could also promote human DCs to secrete
high level of IFN-y, and HCC lysate loading signifi-
cantly suppress IFN-y production as well as IL-12,
indicating HCC lysate could destroy the positive
feedback loop of IL-12 and IFN-y, and then influence
the Th1 response induction.

In summary, our data showed that pulsing DCs
with total RNA as antigen seems to be a promising
alternative to lysate for priming better Thl and CTL
response against hepatoma cells. Our study might
provide a reasonable strategy for DC-based immu-
notherapy in HCC. Further investigation should be
done to evaluate the efficacy of this strategy in clinical
application.
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