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Abstract

AIM: To observe the biological specialization of human
peripheral blood dendritic cells (DC) and cord blood
derived DC and its effects on effector cells killing human
hepatocarcinoma cell line BEL-7402 /n vitro.

METHODS: The DC biological characteristics were
detected with immunohistochemical and MTT assay.
Two antitumor experimental groups are: peripheral
blood DC and cord blood DC groups. Peripheral blood
DC groups used LAK cells as the effector cells and BEL-
7402 as target cells, while cord blood DC groups used
CTL induced by tumor antigen twice pulsed DC as
effector cells and BEL-7402 as target cells, additional
peripheral blood DC and cord blood DC are added to
observe its stimulating activities to effector cells. The
effectorids cytotoxicity to tumor cells were detected
with neutral red colorimetric assay at two effector/
target ratios of 5:1 and 10:1.

RESULTS: Peripheral blood DC and cord blood DC highly
expressed HLA-ABC, HLA-DR, HLA-DQ, CD54 and S-
100 protein. The stimulating activities to lymphocyte
proliferation were compared between experimental
groups (DC added) and control group (no DC added),
in six experiment subgroups,the DC/lymphocyte ratio
was sequentially 0.25:100, 0.5:100, 1:100, 2:100,
4:100 and 8:100, A values(x+s) were 0.75396+0.009,
0.84916+0.010, 0.90894+0.012, 0.98371+0.007, 1.
01299+0.006 and 1.20384+0.006 in peripheral blood
DC groups and 0.77650+0.005, 0.83008+0.007, O.
92725+0.007, 1.05990+0.010, 1.15583+0.011, 1.
22983+0.011 in cord blood DC groups. A value was
0.59517+0.005 in control group. The stimulating
activities were higher in experimental groups than in
control group (P<0.01), which were increased when
the DC concentration was enlarged (P<0.01). Two
differently derived DCs had the same phenotypes and
similar stimulating activities (£>0.05). In peripheral
blood DC groups, the cytotoxicity (x+ts) of the LD
groups (experimental groups) and L groups (control
group) was 58.16%+2.03% (5:1), 46c18%+2.25%
(10:1) and 38c13%+1.29% (5:1) and 65.40%+1.56%
(10:1) respectively; in cord blood DC groups, TD groups
(experimental groups) and T groups (control groups)
were 69.71%+2.33 % (5:1), 77.64%+1.94% (10:1)
and 56.89%+1.82% (5:1) and 60.99%+1.42% (10:1)
respectively. The cytotoxicity activities were enhanced
with increased effector/target ratio (P<0.01). At the same

effector/target ratio, the cytotoxicity of experimental
groups were bigger than that of control groups (P<0.01).
The cytotoxicity activities of cord blood DC groups were
higher than that of peripheral blood DC groups (P<0.01).

CONCLUSION: Peripheral blood DC and cord blood DC are
mature DC in morphology and function, both can enhance
the effector cell killing activities to hepatocarcinoma cells.
DC pulsed with tumor antigen can induce higher specific
CTL activity than unpulsed DC.
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INTRODUCTION

Dendritic cells (DC) is a potent professional antigen presenting
cell, the only one that can stimulate the naive T celll*4. DC can
present exogenous antigen to CD4* cell by MHC-11 antigen
presenting pathways aswell asto CD8* cell by MHC-1 pathways.
It also provides plenty of costimulating signals, so that it plays
akey role in antitumor immunity™>®. Although the peripheral
blood DC is easily separated, DC weas able to enhance the
killing activity of Lymphkine and PHA activated killer (LAK)
cellsin vitro*®*2, but in some patients with tumors, especially
some patients with advanced tumors, autogenous DC may be
defective.In this article, two differently derived DCs are studied
on their induction of anti-hepatocarcinoma cell activity. It
provides experimental evidence for clinical application
of DC directed tumor immunotherapy.

MATERIAL AND METHODS

Blood

Human peripheral blood provided by young volunteers, and
cord blood provided by Shantou University MedicalMollege
FirstAffiliated Hospital.

Tumor cell line
BEL-7402 tumor cell line was bought from Experimental Animal
Center,Sun Yat-Sen University of Medical Sciences.

Main reagents

Percoll was purchased from Pharmacia.Mini-MACS(magnetic
activated cell sorter) and CD34 cell separation kit were
purchased from Miltenyi GmbH Biotec, a kit including the
following reagents: Al-human Ig (FcR), A2-haptin coupled
CD34 monoclonal antibody, B-colloid anti-haptin antibody and
microbead. rhSCF, rhGM-CSF and rh TNF-a were obtained from
Pepro Tech Ltd or Institute of Basic Medicine Sciences,Chinese
Military Medical Academy.Mouse anti-human antibody CD54,
HLA-ABC, HLA-DR, HLA-DQ, S-100 protein and SABC
immunohistochemical kit were obtained from Biotec, Boehringer
Mannheim and Boster, respectively. MTT was from Amresco.

Isolation of human blood DC
I solation of Human Peripheral blood DC® Four step method of
our laboratory was used.Peripheral blood mononuclear cells from
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healthy volunteers were prepared using Ficoll-Hypaque (p=1077 g-
L-1) centrifugation method. Interface cells were collected and
washed three times to remove platelets. Discontinuous
Percoll density gradient centrifugation was employed, and
interface cells between 35% and 50% called preliminary
enrichment of DC were collected, cultured in PRMI 1640
with 100mL -L* inactivated fetal calf serum (100 mL-L* FCS
PRMI 1640) at 37°C, in a saturation humidity, atmosphere of
50mL-L* CO, for 36 hours, then panned on |g coated petri
dish for further purification, nonadhesive cells were collected
as the mature DC.

Isolation of human cord blood DC The CD34* stem cells, were
seperated using CD34* stem cell separation kit and microbead,
Mini-MACS cell sorter, cultured with rhGM-CSF, rhTNF-a and
rhSCF for 14 d, mature DC was acquired.

Immunohistochemistry method for DC phenotypes

Peripheral blood DC smear and cord blood DC smear were
prepared and incubated with mouse anti human HLA-ABC,
CD54, HLA-DQ, HLA-DR and S-100 protein primary antibody.
ABC staining and DAB were used to display the result.

DC stimulating activity to homogenous lymphocyte

DC stimulating activity to homogenous lymphocyte
proliferation Human peripheral blood lymphocytes were
obtained by Ficoll separation method. Two groups of peripheral
blood DC and cord blood DC were divided. In each group, six
subgroups were divided according to the DC/lymphocyte ratio
of 0.25:100, 0.5:100, 1:100, 2:100, 4:100 and 8:100 respectively.
Lymphocyte concentration was 8x108-L-%, PHA was 50mg-L 1.
Control group as DC*PHA served as control in each subgroup.
Additional lymphocyte+PHA and PHA also served as control
groups. Each subgroup set three wells on 96 multiwell culture
plates. Each experiment repeated 4 times.

MTT colorimetric method detecting the lymphocyte
proliferation Add 20 pl MTT (5g-L?) to each well of multiwell
culture plate, incubate for 4 hours, then add 150uL DM SO,
mixed about 10 min until the crystal completely dissolved. The
absorption value (A value) of each well was immediately read
by Bio-Rad 3550-UV type automatic enzyme linked detector at
490nm wavelength. The minus of A value in experimental group
and A in DC+PHA shows the proliferative response. The minus
of A vauein lymphocyte * PHA group and A in PHA shows
the lymphocyte proliferation of control group. SPSS software
was applied for analysis of variation.

Effector cells induced

LAK cell induced The human peripheral blood mononuclear
cells were prepared by the same procedure above, cultured
at 2x10°-L* population with the final concentration of rhiL-2
1000kU-L*and PHA 20mg-L*in 100mL-L* FCS PRMI-1640 at
37°C in afull humidified 50mL:L* CO, atmosphere for 7 d.
Half volume of solution was replaced by fresh culture medium
at d4.

CTL induced twice by antigen pulsed DC The whole culture
system included human peripheral mononuclear cells 1x10°-L 2,
cord blood DC 5x108-L%, ultrasonic disrupted BEL-7402 cells
1x10°-L%, IL-2 80 kU-L*. They were cultured for 5 d and pulsed
again at d3. Control culture system (no DC added) was set.

Antitumor experiment

DC induced CTL killing activity to hepatocar cinoma cells The
experiment was conducted two groups. periphera blood DC group and
cord blood DC group, each group being divided into two subgroups.
Periphera blood DC groups. BEL-7402+LAK (L group) as control

group, BEL-7402 +LAK +DC (LD group) as experiment group.
BEL-7402 cell concentration was 8x10%-L%, DC was 8x10°-L %,
two LAK /BEL-7402 ratio of 5:1 and 10:1 were applied.Cord
blood DC groups. BEL7402+CTL (T group) as control group,
BEL7402+DC-CTL (TD group) as experimental group. Cell
concentration and ratio were the same as above. Additional
BEL- 7402 culture media was set as control group. Each group
set three paralleled wells, cultured in 96 multiwell culture plate
for 48 hours, the effetor cell killing activities were detected. The
procedure above was repeated for 4 times.

Neutral red uptake method Neutral red uptake method was
applied to detect the cytotoxicity activities of effetor cells,0.1
mL neutral red solution 0.3g-L * was added to each well, incubated
at 37jaefor 1 h, rinsed with PBS, solution of hydrochloride
ethanol 0.1 mL was added, and absorbance was detected at 570
nm by Bio-Rad automatic enzyme linked detector. Formula for
cytotoxicity calculation is below:

A value of experiment group-A value of medium control group
x100%

A value of control group-A value of medium control group

SPSS for windows statistic software are used for data variation
analysis.

RESULTS

DC phenotypes analysis

Immunohistochemical ABC method showed that human
peripheral blood DC and human cord blood DC had high
expression of HLA-ABC, HLA-DR, HLA-DQ and CD54. S-100
protein was also positive. Positive cells were big and irregular
in shaped and filled with diffuse brown-yellow particles in
cytoplasm, the neucleus was also big and irregular. However,
the phenotype difference between peripheral blood DC and
cord blood DC was not distinct.

DC stimulating activity to lymphocyte

In human peripheral blood DC and human cord blood DC
groups, lymphocyte proliferation activities were significantly
higher than control groups (P<0.01), which was increased when
DC concentration was enlarged (P<0.01). Human peripheral
blood DC and human cord blood derived DC had no significant
difference in lymphocyte stimulation (P>0.05, Figure 1).
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Figure 1 Lymphocyte proliferation response by different DC concentrations.

DC induced effector’s cytotoxicity activities

In groups of human peripheral blood DC and human cord blood
DC, cytotoxicity activities enhanced with the increased effector/
target ratio (P<0.01). Within the same ratio, cytotoxicity activities
of experimental groups were higher than control groups (P<0.01).
Cytotoxicity activities of human cord blood DC groups were bigger
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than human peripheral blood DC groups (P<0.01, Figure 2)
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Figure 2 DC’s effect to cytotoxity activity of effector against BEL7402.

DISCUSSION

DC is a potent antigen presenting cells, mainly takes part in cell
immunity and T cell dependent humora immunity, and plays akey
role in antitumor immunity™*2, Recently, with the construction of
DC isolation method and expanding culture in vitro, research has
transfer red from the relationship between tumor infiltrating DC
and the prognosis to DC application in tumor immunotherapy,
especially how to improve the tumor cell immunogenocity and
enhance the DC antigen presenting efficacy and stimulating activity
to CTL[23, |n this experiment, DC of human peripheral blood and
cord blood were studied on its potential in clinical application.

Human peripheral blood DC isolation was made according
to four step method modified in this laboratory. This method is
easy to operate, low in cost and reliable, and has been used in this
laboratory for many years, and high purity of DC can be obtained
by this method®#2. Another method is used in cord blood DC
isolation: CD34* cell isolation kit combined with cell factor
expanding culture for preparation of cord blood derived DC. This
is an advancing method. The principle of CD34* cell isolation kitis
as follows. CD34* monoclonal antibody recognizes the specific
antigen of stem cell membrane, by which the antibody coupled
magnetic microbead binds to cells, when the cells pass through
column in the magnetic field, the CD34* can be acquired by positive
selection. Three reagents comprises in CD34* isolation kit: A1,
human |g, used as blocking reagent to FcR for preventive non
specific binding of CD34* monoclona antibody to CD34 cells. A2,
hapten coupled CD34 monoclona antibody, can specifically bind
with CD34 molecule. B, anti-hapten antibody linked with microbead,
can link the microbead with CD34* cells. When the cdlls pass through
MACS (magnetic cell sorter) column in magnetic field, negative
cdlls can pass through the column, while positive cells were absorbed
to column. When the column was token away from magnetic field,
the elution from column included the positive cells. MACS cell
isolation has been verified by immunofluorescent PCR, FISH and
FACS method. It has the characteridtics of high purity (93%6-99.9%)4,
large number of cells processing ability in a single time, and easy
operating, smple procedure. When cell factors such as rhGM-CSF,
rhTNF-a and SCF are added to stem cell culture media, most of
CD34" cdlsdifferentiate to DC*. Though the GM-CSF can stimulate
cdl growth of both the DC progenitor and monocyte or macrophage,
for high purity of CD34* cell in initiate couture system, clearance
most of monocyte and macrophage by its adherence to flask by
replacing media and culture plate.Cell factor secreted by monocyte
and macrophage also benefits DC devel opment.

In this article, a series of antibodies were used for
immunohistochemical staining of DC, results showed that human
periphera blood DC had and CD34* derived cord blood DC high

expression of CD54, HLA-ABC, HLA-DR, HLA-DQ, and S-100
protein.The positive cells accounted for above 95% and 90%
respectively, demonstrating that DC here is maturel3+%,

For DC functional analysis, MTT assay was used to detect the
DC activity of stimulating the allogenious lymphocyte.The
principle of MTT assay is that the living proliferating cells can
deoxidizethe MTT (thiazoyl blue tetrazolium bromide) to purple
crystal formazan and deposit in cytoplasm, so we can use the
colorimetric method to detect the cell proliferation. With
continuous modification, it has become a very consummate
method with characteristics of sensitivity, simple procedure,
safety and no radioactivity. In this experiment, DC can clearly
stimulate the lymphocyte response to PHA. It shows that the
DC has potent MLR stimulating activity which contributes to
DC expression of adherence and MHC- II molecule. Phenotype
and functionally mature DC of high purity provided primitive
condition for DC application in antitumor.

Tumor cells expressed low level antigen and has antigen
modulation, so tumor antigen can not be efficiently presented
and the T cell mediated immune response can not be activated,
by which tumor can escape the surveillance of immune system.
As a nonprofessional APC, tumor cells with no expression of
costimulator often leads to T cell anergy. Special attention has
been paid to DC for its present exogenous antigen to CD8* cell
by MHC- I antigen presenting pathway as well as its expression
of costimulating signal®4%. In this article, peripheral and human
cord blood DC can significantly improve effector’s cytotoxicity,
due to alarge quantity of dendrites, and many kindsof surface
molecules and receptors and cytokine secreted**2. LAK cells
induced for 7 days chiefly demonstrated CTL’s characteristic of
CD16, CD8' and CD3*,which can efficiently kill the target cellg4+4.,
It has been found recently that DC secretion of exosome can
present antigen and induce immune response. This is another
path for effector activation!*”). In general,from patients in well
condition, autogenous peripheral blood DC and LAK cells can
be acquired, for it islow in cost; while in patient in bad condition,
cord blood DC can be used as an dternative.

Cord blood DC can more efficiently induce effector’s
cytotoxicity than peripheral blood DC, due to the following
factors: (O Cord blood DC comprises some immature DC,the
coexistence of mature and immature DC can be synergetic,
immature DC can ingest and process antigen, while mature DC
can present antigen and activate T cells, therefore, coexistence
of mature and immature DC is better than single mature DCI8l,
& Both cord DC and CTL were pulse twice with tumor antigen,
and specific antitumor activity improved. LAK cells induced7
days can secrete perforin and granular particles nonspecific to
aly kill target cells while human cord blood DC pulsed in vitro
by tumor antigen can efficiently present tumor antigen to
effector which occupy the TCR of CTL, and activate the specific
CTL, with the help of costimulator such as CD80,CD86 and
CDA40. Furthermore, DC can secrete nave T specific chemotactic
factor DC-CCK. Some other cell factors such as MCP-1,
RANTES and IL-8 also can also play a chemotactic rolein DC
emigrant. DC can form a cluster of cells and secrete a large
number of I1L-12 which bind with IL-12R of CTL and enhance
CTL proliferating response and cytotoxicity. IL-12 mediates T, 1
immune response and inclines to tumor killing activity#2451 |f
permitted, twice antigen pulsed DC should be used.

Summary, human blood DC and cord blood DC have a potentia
application in the clinical therapy of hepatocarcinoma, especidly late
hepatocarcinoma.
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