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Abstract

AIM: To develop a cancer vaccine of dendritic cells derived
from human cord blood CD34* cells and to investigate its
cytotoxicity on human hepatocarcinoma cells /n vitro and
in sever combined immunodeficiency (SCID) mice.

METHODS: Lymphocytes from cord blood or peripheral
blood were primed by DCs, which were derived from cord
blood and pulsed with whole tumor cell lysates. Nonradiative
neutral red uptake assay was adopted to detect the
cytotoxicity of primed lymphocytes on human hepatocarcinoma
cell line BEL-7402 /n vitro. The anti-tumor effect of primed
lymphocytes /n vivo was detected in SCID mice, including
therapeutic effect and vaccination effect.

RESULTS: The cytotoxicity of DC vaccine primed lymphocytes
from cord blood or peripheral blood on human hepatoc-
arcinoma cell line BEL-7402 was significantly higher than
that of unprimed lymphocytes /in vitro (44.09% vs 14.69%,
47.92% vs 19.44%, P<0.01). There was no significant
difference between the cytotoxicity of primed lymphocytes
from cord blood and peripheral blood (~>0.05). The tumor
growth rate and tumor size were smaller in SCID mice
treated or vaccinated with primed lymphocytes than those
with unprimed lymphocytes. SCID mice vaccinated with
primed lymphocytes had a lower tumor incidence (80%
vs 100%, P<0.05) and delayed tumor latent period
compared with mice vaccinated with unprimed lymphocytes
(11d vs7d, P<0.01).

CONCLUSION: Vaccine of cord blood derived-DCs has
an inhibitory activity on growth of human hepatocarcinoma
cells in vitro and in SCID mice. The results also implicate
the potential role of cord blood derived-DC vaccine in
clinical tumor immunotherapy.
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INTRODUCTION

Hepatocarcinoma is a major malignant cancer in Asian and
southern African countries. Resection, chemotherapy and
alcohol injection are potentially curative for only small, local
tumors. Unfortunately, the diseases of most patients have
developed to the advanced stage at diagnosis. In China, the
mortality of hepatocatcinoma ranks second among malignant
tumors, only behind that of lung cancer in urban areas and
stomach cancet in rural areas!".

Dendritic cells (DCs) express abundant MHC molecules
and costimulatory molecules, and are professional antigen
presenting cells (APC). Immature DCs can uptake antigens
through macropinocytosis, phagocytosis and receptor-
mediated endocytosis and have a poor ability to activate
lymphocytes. After capturing antigens, immature DCs come
into mature stage and migrate from peripheral areas to
lymph nodes, where they present antigens to lymphocytes
and activate the immune response. For their potent ability
to present antigens and activate lymphocytes, DCs are
considered as the natural adjuvant for immune response?.
Not surprisingly, tumor cells could escape from host
immune surveillance when there is a functional failure of
DCs, and the fact is that the number of mature DCs with
normal functions was dectreased in local tumor tissue and
petipheral blood of tumor patients™?. Based on these,
DC-based experiments have been developed for tumor
immunotherapy in the past decade. Our laboratory once
tfound that DCs from mice spleen fused with hepatocarcinoma
cells that manifested antitumor effects 7z vivo. There are
also reports on DCs from human peripheral blood generating
specific T cell responses and eliciting tumor regression®”.
However, getting a great deal of peripheral blood or other
tissues from tumor patients to produce DCs ## vitro is not
practical in clinics. Since peripheral blood DCs are derived
from bone marrow CD34" multipotential hematopoietic
stem cells z# vivo, Ferrari et a/®, adopted chemotherapy
combined with granulocyte colony-stimulating factors to
mobilize bone marrow CD34" cells into peripheral blood
of cancer patients, and they found with such results that
there was an increase of CD34" cells in peripheral blood,
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but the number of DCs was not significantly increased,
and the subset of DCs changed, i.e., the ratio of DC1/DC2
reversed, implicating that the differentiation of DCs in
cancer patients was dysfunctional.

In cord blood, the percentage of CD34" cells is slightly
lower than in bone marrow, but the percentage of CD34*/
CD38" cells is higher. Compated with CD34*/CD38" cells,
CD34"/CD38" cells are early stem cells and more sensitive
to stimulation of cytokines®'". In addition, harvesting cord
blood is a slightly invasive procedure. Here, we investigated
the anti-tumor effects of DCs from human cord blood
CD34" cells on human hepatocarcinoma cell line BEL-7402
in vitro and in sever combined immunodeficiency (SCID)
mice.

MATERIALS AND METHODS

Tumor cell line and animals

Human hepatocellular carcinoma cell line BEL-7402
(Shanghai Institute of Cell Biology, Chinese Academy of
Sciences) was cultured in RPMI 1640 (GIBCO BRL, USA)
containing 10% heat-inactivated newborn calf serum (NCS,
GIBCO BRL, USA), 100 U/mL. penicillin and 100 pg/ml.
streptomycin at 37 “C in a humidified atmosphere containing
50 mL/L CO,. SCID mice (6-8-wk old) were purchased
from Animal Center of Sun Yat-Sen University Medical
College (Guangzhou, China), bred in a specific-pathogen-
free laboratory at Shantou University Medical College
Affiliated Tumor Hospital. All animal procedures were
performed in accordance with recommendations for the
proper use and catre of laboratory animals.

Preparing DCs from human cord blood

Normal human umbilical cord blood was obtained from
Department of Obstetrics of the First Affiliated Hospital
of Shantou University Medical College. Fresh cord blood
samples were diluted 1:4 in PBS (pH 7.4). After Ficoll-
Hypaque (1.077 g/ml, Tianjin Hematology Institute, China)
centrifugation (400 t/min for 35 min at 20 C), mononuclear
cells were collected from the interface and washed twice in
PBS (200 r/min for 10 min at 20 C).

Cord blood CD34" hematopoietic stem cells were labeled
with a CD34" progenitor cell isolation kit (Miltenyi Biotec,
Germany) and separated from cord blood mononuclear
cells by Mini magnetic cell sorting (Mini MACS, Miltenyi
Biotec, Germany) according to the protocol. DCs were
induced from cord blood CD34" hematopoietic stem cells
as previously described!"". Briefly, CD34" cells were adjusted
to the concentration of 3X10*/mL and cultured at 37 C
in a humidified 50 mI./L. CO, atmosphere in RPMI 1640
containing 10% NCS, 100 U/mL penicillin, 100 pg/mL
streptomycin and supplemented with 100 pg/mL recombined
human granulocyte-macrophage colony-stimulating factor
(thGM-CSF, Biotinge Co., China), 50 U/mL recombined
human tumor necrosis factor-o. (TNF-a, PeproTech EC
Ltd Co., UK). For every 2 d, half of the medium was replaced
with fresh complete medium supplemented with 100 pg/mL
thGM-CSF, 50 U/mL TNF-a for a total period of 2 wk.
The differentiation process of DCs was observed under a
phase contrast microscope (Olympus, Japan).

Pulsing DCs with whole tumor cell lysates

Human hepatocarcinoma cell line BEL-7402 was trypsinized
and washed twice in PBS, then lysed by ultrasonication
(Misonix, USA). The cell lysates were monitored by light
microscopy. After being cultured with GM-CSF and TNF-a
for 14 d, cord blood-derived DCs were collected and
incubated with whole cell lysates of BEL-7402 at a ratio
of three tumor cells equivalent to one DC (i.e., 3:1) in
RPMI 1640 containing 10% NCS. After 12 h of incubation,
pulsed DCs were washed twice in PBS and resuspended in
RPMI 1640.

Priming lymphocytes in vitro with pulsed DCs
Human peripheral blood (from healthy volunteers of our
laboratory) or cord blood (from Department of Obstetrics
of the First Affiliated Hospital of Shantou University
Medical College) mononuclear cells were isolated with Ficoll-
Hypaque by density gradient centrifugation and cultured in
RPMI 1640 complete medium. After being incubated for
4 h, non-adherent cells were harvested as lymphocytes.
Cord blood derived-whole tumor cell Iysate pulsed-DCs
were added to lymphocytes from peripheral blood or cord
blood at a responder-to-stimulator ratio of 20:1 in RPMI
1640 containing 10% NCS and 80 U/mL recombined
human interleukin-2 (thIL-2, Biotinge Co., China). After
being cultured for 5 d, cells were harvested as primed
lymphocytes.

Neutral red uptake assay

Human hepatocarcinoma cell line BEL-7402 was seeded
into 96-well cell culture plates (Costar, USA) at a concentration
of 0.4x10*/200 pL per well. After 24-h incubation, the
culture medium was removed and the cell number was
counted. Then fresh medium containing DC-primed
lymphocytes from peripheral blood, DC-primed lymphocytes
from cord blood, unprimed lymphocytes from peripheral
blood, unprimed lymphocytes from cord blood were added
as effector cells in PB-DLC group, CB-DLC group, PB-LC
group and CB-LC group respectively, at an effector-to-
target ratio of 10:1, three wells for every group. In control
group, no effector cells were added. Forty-eight hours after
the effector cells were added, the medium was replaced by
100 pL neutral red (30 pg/mL). After incubation for another
1 h, the neutral red was removed. Cultures were carefully
washed twice with PBS and the neutral red in tumor cells
was extracted with 100 pL solution of 1% hydrochloric
acid/ethanol. Neutral red absorbance value (A value) of
tumor cells at wavelength 570 nm was detected with a 3550-
UV microplate reader (Bio-Rad, USA). Each assay was
performed in quadruplicate. The results were presented as
mean*SD. Cytolytic activities of the effector cells were
calculated as (1-A value of experimental group/.A value
of control group)*100%.

Treatment or vaccination with primed lymphocytes in SCID
mice

Tumor cells and SCID mice were prepared as described
above. To study the therapeutic effect of DC-primed
lymphocytes on hepatoma 7 vivo, a human hepatoma model
was established in SCID mice by subcutaneous (s.c.) injection
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of viable BEL-7402 of logarithmic stage (2X10° cells in
100 pL PBS for each mouse) at the right flank. Subsequently,
the tumot-bearing mice in Tr-DLC group and Tr-LC group
(5 mice/group) were injected s.c. at the left flank with 1x107
DC-primed lymphocytes or with unprimed lymphocytes
from peripheral blood respectively, twice at 3-d intervals.

To study the protective effect of DC-primed lymphocytes
on human hepatocarcinoma cells iz vivo, SCID mice in Im-
DIC group and Im-LC group (5 mice/group) were first
vaccinated with 1x10” DC-primed lymphocytes or with
unprimed lymphocytes respectively, twice at 3-d intervals.
Four days after the second vaccination, the mice in Im-
DLC group and Im-LC group were both challenged with
human hepatocarcinoma BEL-7402 cells of logarithmic
stage (2X10° cells in 100 pLL PBS for each mouse).

In control group, SCID mice were just injected s.c. with
human hepatocatcinoma BEL-7402 cells (2X10°) at the right
flank. After tumor cell injection, tumor incidence and tumor
latent period of all mice were recorded. The widest diameter
(@) and narrowest diameter (4) of the tumor i vivo were
measured twice a week with calipers. Tumor volume was
calculated according to the formula T7= al? /23, After 32 d
of tumor cell injection, all the mice were killed and tumor
volume was measured ex v7vo.

Statistical analysis

Data were analyzed with SPSS11.0 statistical software.
Tumor volumes were statistically analyzed after evolution.
The significant difference between groups was determined
by one-way ANOVA test. Two-sided P<0.05 was considered
statistically significant. No mouse was excluded from this
study.

RESULTS
Generation of DCs from cord blood CD34" cells

CD34" cells from cord blood were round and regular with
a diameter of about 7-8 um. Under the stimulation of
rthGM-CSF 100 pg/ml. and thTNF-a 50 U/mlL, the cell
number increased and cell clones formed. At the same time
the cells stretched out cytoplasmic projections. During the
later period of culture, DCs shed from the clones to the
medium. On day 14, the total number of cells increased
about 20-fold. Under a phase contrast microscope, we found
that after being pulsed with BEL-7402 cell lysates at a ratio
of 311, human cord blood-derived DCs displayed more
pronounced dendritic processes (Figure 1).

Cytotoxicity of DC-primed lymphocytes in vitro
Lymphocytes were primed by tumor cell lysate pulsed-DCs
at a responder-to-stimulator ratio of 20:1 for 5 d. As shown
in Table 1, the neutral red absorbance value of viable tumor
cells in PB-DLC group and CB-DLC group was significantly
lower than that in PB-LC and CB-LC groups (P<0.01). There
was no significant difference in .4 value between PB-DLC
group and CB-DLC group (P>0.05). According to A value,
the cytotoxicity of primed lymphocytes from peripheral
blood or cord blood was 47.92% and 44.09% respectively,
while the cytotoxicity of unprimed lymphocytes was 19.44%
and 14.69%.

Figure 1 Morphology of DCs. A: Morphology of DCs derived from cord blood
at d 14 was irregular and with cytoplasm projections. B: After being pulsed with
whole tumor cell lysates, the dendritic processes of DCs being more typical
(phase contrast microscope, 20%5.5).

Table 1 Neutral red absorbance value (A value) of human
hepatocarcinoma BEL-7402 cells and cytotoxicity of effector cells
in different groups (meantSD)

Group A Cytotoxicity (%)
Control 0.1286+0.0165

CB-LC 0.1097+0.0276° 14.69
PB-LC 0.1036+0.0291° 19.44
CB-DLC 0.071940.0118"¢ 44.09
PB-DLC 0.0670+0.0145" 47.92

2P<0.05 vs control group, "P<0.01 vs control group, “P<0.01 vs CB-LC group,
fP<0.01 vs PB-LC group.

Therapeutic effect of DC-primed lymphocytes in SCID mice
To evaluate whether DCs derived from cord blood had
therapeutic effects on hepatoma cells /7 vivo, treatment
experiments were performed in SCID mice. All SCID mice
developed tumors within 7 d after injection of 2X10°
hepatocarcinoma BEL-7402 cells. In tumor-bearing mice
treated with DC-primed lymphocytes, both the tumor
growth rate iz vivo (Figure 2) and the tumor volume measured
ex vivo on the 32 d after tumor cell injection (Figure 3)
were smaller than those in mice treated with unprimed
lymphocytes (P<0.05). There was no significant difference
between mice treated with unprimed lymphocytes and mice
in control group (P>0.05) (Figures 2 and 3).

Protective effect of primed lymphocytes in SCID mice

To evaluate whether DCs derived from cord blood exerted
protective effects in SCID mice against human hepatoma
cells in vivo, vaccination experiments were performed. All

mice (5/5) vaccinated with unprimed lymphocytes developed
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Figure 2 Growth curves of human hepatocarcinoma BEL-7402 cells in SCID
mice treated with DC-primed lymphocytes (Tr-DLC), unprimed lymphocytes
(Tr-LC) and in control group respectively.
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Figure 3 All mice were killed after 32 d of tumor cell injection and tumor
volumes measured ex vivo and presented as mean+SD after evolution (5 mice/
group).

tumors within 7 d after injection of 2X10¢ hepatocarcinoma
cells. On day 32 after tumor challenge, 80% (4/5) mice
vaccinated with DC-primed lymphocytes developed tumors
and the tumor latent period was about 11-14 d. Tumor
growth rate iz vivo (Figure 4) and tumor volume measured
ex vivo on the 32™ d after tumor cell challenge (Figure 5)
both decreased in mice vaccinated with DC-primed
lymphocytes compared with mice vaccinated with unprimed
lymphocytes and mice in control group (P<0.05).

DISCUSSION

In this study, CD34" cells were isolated from cord blood
mononuclear cells by Mini MACS. With the stimulation of
thGM-CSF and thTNF-a, cord blood-derived CD34" cells
could proliferate, and the cell number and formation of
cell clones were increased. In this experiment, the number
of total cells increased about 20-fold after being cultured
for 14 d with cytokines. During proliferation, cells differentiated
into DCs and displayed cell projections. Caux e a''),
reported that cord blood CD34" cells differentiated into
DCs in two different ways with the stimulation of GM-
CSF and TNF-a. After being cocultured with cytokines
for 5-7 d, there were two kinds of cell phenotypes, one was
CD147, the other was CD1a*. On the 12-14" d of culture,
they both differentiated into DCs.

After being pulsed with whole tumor cell lysates, cord
blood-detived DCs manifested more processes, which were
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Figure 4 Growth curves of human hepatocarcinoma cell BEL-7402 in SCID
mice vaccinated with DC-primed lymphocytes (Im-DLC), unprimed lymphocytes
(Im-LC) and in control group respectively.
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Figure 5 All mice were killed after 32 d of tumor cell challenge and tumor
volumes were measured ex vivo and presented as mean+SD after evolution
(5 mice/group).

similar to the morphological changes of Langerhans cells
from skin stretching out typical dendsrites after being cultured
for several days 7 vitro. Researchers also found that formation
of cell dendrites was related to the expression of cell skeleton
55 ku fascin-actin bundling protein!?. Fascin and CD83
wete also the phenotypic characteristics of matute DCs'*",
We considered that the typical dendrites might be the
morphological characteristics of mature DCs.

Since neutral red can stain viable cells and is rejected by
dead cells, we adopted the nonradiative neutral red uptake
assay in this study to detect the absorbance value of tumor
cells, and then the cytolytic activity of effector cells on
tumor cells was calculated according to the absorbance value.
The results in Table 1 indicated that the cytotoxicity of
primed lymphocytes was significantly higher than that of
unprimed lymphocytes from peripheral blood ir vitro, so
were primed lymphocytes and unprimed lymphocytes from
cord blood. Cord blood lymphocytes mainly consist of
CD45RA" naive cells!®. Our finding in this study that there
was no significant difference between the cytolytic activity
of primed lymphocytes from cord and peripheral blood
suggested that DCs from cord blood respectively could
activate naive lymphocytes as well as memory lymphocytes,
which was consistent with previous reports!'”.

The potent effect of DCs on activating resting lymphocytes
was associated with its surface molecules and cell skeleton.
One of these molecules attracting the attention of many
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researchers is DC-SIGN (DC-specific ICAM-3 grabbing
nonintegrin), which is the receptor of HIV and mycobacteria,
more importantly, also the high affinitive receptor of
intercellular adhesion molecule (ICAM)-3 expressed on
lymphocytes!®2%. DC-SIGN can promote DCs to contact
with lymphocytes through combination with ICAM-3, even
without the existence of antigens. Moreover, the contact
of DCs with lymphocytes and formation of immunosynapse
are necessary for DCs presenting antigens and activating
lymphocytes. Cell skeleton protein fascin not only takes part
in maintaining cell morphology and developing cell dendrites
but also plays an important role in the active skeleton
rearrangement and formation of immunosynapsel'**!.
Mosialos ef al*?, and Kupfer and Singer™ reported that
DCs were the only leukocytes that could express fascin and
the only APC that could make an active rearrangement of
its skeleton during the formation of immunosynapse. It is
possible that the DC-specific DC-SIGN and the ability of
skeleton rearrangement are associated with its specific ability
to activate resting lymphocytes.

In this study, we adopted SCID mice, which lacked T
and B lymphocytes genetically, to study the antitumor effect
of DC primed lymphocytes 7z vivo. The sections stained
with HE showed that spleen cells of SCID mice were
scattered with no obvious splenic corpuscle or periarterial
lymphatic sheath (picture not shown). This indicated that
SCID mice in this experiment had no “immune leak”, so
there was no host immune response to injected cells. In
SCID mice treated with DC-primed lymphocytes, the rate
of tumor growth was slower than that of mice in control
group, suggesting that DC vaccine can inhibit tumor growth
in vive. While in mice vaccinated with DC-primed lymphocytes,
and challenged with human hepatocarcinoma cells, though
still some mice developed tumors, tumor incidence was
significantly decreased, implicating the antitumor effect of
DC vaccine iz vivo. The reason why the tumor volume in
mice treated with unprimed lymphocytes was greater than
that in control group may be the heterogeneity of individuals.
After all, the difference between these two groups was not
significant (P>0.05).

The rejection of tumor cells 7z vivo depends on effector
T cells. In the results of our experiments, tumor cell lysates
pulsed-DC vaccine manifested some therapeutic and
protective effects against tumor cells 7z vivo. The use of
tumor cell lysates as a source of antigens to pulse DCs has
several advantages. First, it mimics the physiologic process
by which a growing tumor induces an immune response.
Second, there is also a possibility that DCs pulsed with whole
tumor cell Iysates could present a broader range of epitopes
of tumor antigens and activate polyclone subpopulations
of T cells compared to a single peptide or antigen-pulsed
DCs. Third, it is not necessary to characterize and isolate
tumor molecular antigens. The preparation of such a DC
vaccine pulsed with whole tumor cell lysates is relative facile.
One disadvantage of this approach, however, is the potential
danger of evoking autoimmune reactivity to self or normal
tissues. Anti-dsDNA and anti-nuclear antibodies were found
existing in animal experiments after vaccinated with whole
tumor antigen-pulsed DCsP**). In clinic, fortunately, no
unbearable side effects have been reported except for rare

vitiligo in melanoma patients treated with whole tumor
antigen-pulsed DCsP%. Many clinic experiments have also
proved that DC vaccine is safe for patients. We wish this
preliminary study can provide some evidence for advanced
study of cord blood-derived DC vaccine and its application
in clinics for tumor patients.
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