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Abstract

AIM: Dendritomas formed by fusing cancer cells to dendritic
cells have already been applied to clinical treatment trial
of several types of cancers. Dendritic cells for the fusion in
most trials and experiments were from blood monocytes
in standard 7-d protocol culture, which requires 5-7 d of
culture with granulocyte-macrophage—colony-stimulating
factor (GM-CSF) and interleukin-4 (IL-4), followed by 2-3 d
of activation with a combination of proinflammatory
mediators such as tumor necrosis factora (TNFa), interleukin-
1B (IL-1P), interleukin-6 (IL-6) and prostaglandin E, (PGE,).
One study showed that mature monocyte-derived dendritic
cells could be obtained within 48 h of in vitro culture with
the same protocol as standard 7-d culture and referred to
as FastDCs. Here we aimed to fuse human hepatocellular
carcinoma cell line HCCLM3 cells with mature monocyte-
derived dendritic cells within 48 h of in vitro culture (FastDC).

METHODS: HCCLM3 cells were cultured in RPMI 1640 with
150 mL/L fetal calf serum (FCS). CD14+monocytes from
healthy human peripheral blood were purified with MACS
CD14 isolation kit and cultured in six-well plates in fresh
complete DC medium containing RPMI-1640, 20 mL/L
heat inactivated human AB serum, 2 mmol/L L-glutamine,
100 pg/mL gentamicin, 1 000 U/mL GM-CSF and 500 U/mL
IL-4 for 24 h, then proinflammatory mediators such as TNFa
(1 000 U/mL), IL-1B (10 ng/mL), IL-6 (10 ng/mL) and PGE,
(1 pg/mL) were supplemented for another 24 h, and thus
mature FastDCs were generated. HCCLM3 cells and FastDCs
were labeled with red fluorescent dye PKH26-GL and green
fluorescent dye PKH67-GL respectively. After the red
fluorescent-stained HCCLM3 cells were irradiated with
50 Gy, FastDCs and irradiated HCCLM3 cells were fused in
500 mL/L polyethylene glycol(PEG)+100 mL/L dimethyl
sulfoxide (DMSO) to generate novel dendritomas. The FastDCs

and novel dendritomas were immunostained with anti-
CD80, anti-CD86, anti-CD83, anti-HLA-DR mAbs and
analyzed by fluorescence-activated cell sorting (FACS).
Novel dendritomas were nucleus-stained with Hoechst
33258 and analyzed by confocal laser scanning microscopy.

RESULTS: Mature FastDCs with highly expressed surface
markers CD80, CD86, CD83 and HLA-DR were generated
within 48 h /n vitro. Novel dendritomas with dual red-green
fluorescence were constructed fast and successfully, and
FACS analysis showed that the fusion efficiency was 24.27%
and the novel dendritomas expressed the same activation
markers as FastDCs. Confocal laser scanning microscopy
analysis showed representative images of dendritomas.

CONCLUSION: Dendritomas can be formed fast with
mature FastDCs from healthy human peripheral blood
monocytes (PBMC) by incubation with GM-CSF and IL-4 for
24 h and by activation with proinflammatory mediators for
an additional period of 24 h. Owing to shorter time required
for /in vitro DCs development, the generation of these novel
dendritomas reduced labor and cost. This rapid method
for formation of dendritomas may represent a new strategy
for immunotherapy of hepatocellular carcinoma.
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INTRODUCTION

Dendritic cells (DCs) are professiona antigen-presenting cells
(APCs) and play key rolesin initiating and managing specific
primary immune responses, including the activation of tumor-
reactive cytotoxic T cells (CTLs)!*2. The fusion of DCs with
tumor cellsamong various tumor vaccination strategiesfocusing
on DCs has become a promising approachi®4. At present, most
experimental and clinical studiesrely onthein vitro development
of DCsfrom CD34* progenitor cells or blood monocytes®’!.
Commonly, according to standard 7-d protocol, blood monocytes
wereculturedfor 5-7 dwith GM-CSFand I L-4todevel opimmature
DCs which were activated for another 2-3 d with monocyte-
conditioned media(MCM) or acombination of proinflammeatory
mediators such as TNFa, IL-1f3, IL-6 and PGE; so that mature
DCswith full T stimulatory capacity were obtained®. It was
reported that mature DCsin 48 h in vitro culture with the same
combination of proinflammatory mediators as standard 7-d
protocol’s were obtained and referred to as FastDCs®. The
report indicated that FastDCs were as effective as monocyte-
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derived DCsfrom standard 7-d protocol culturein stimulating
primary antigen-specific Thl-type immune responses®. Here
we aimed to fuse human hepatocellular carcinoma cell line
HCCLM3 cdllswith mature dendritic cells (FastDCs) within48 h
of in vitro culture.

MATERIALS AND METHODS

Materials

All reagents were obtained from the indicated sources. GM-
CSF, TNFa, IL-1p, IL-6 were purchased from R&D Systems
(Minnesgpolis, USA), IL-4 from Promega (USA), PKH26-GL,
PKH67-GL, 500 mL/L PEG+100 mL/L DM SO, gentamicin,
Hoechst 33258 and PGE, from Sigma-Aldrich China Inc.
(Shanghai, China), Feta cdf serum (FCS), RPMI-1640 medium,
L-glutamine, penicillinand streptomycinfrom Invitrogen (USA).
All mAbs (anti-HLA-DR, APC-conjugated; anti-CD80, Cy-
Chrome-conjugated; anti-CD86, APC-conjugated; anti-CD83,
APC-conjugated) were obtained from BD PharMingen (USA),
and CD14isolationkit from Miltenyi Biotec. (Bergisch-Gladbach,
Germany), and Ficoll-Hypaque from Pharmacia (Sweden),
Human AB serum from Chuanye Inc.(Tianjin, China). Human
HCCLM3 cdl linewas agift from Professor Zhao-You Tang in
Liver Cancer Institute (Zhongshan Hospita, Fudan University).

Methods

Cultureof hepatocdlular carcinomaHCCLM 3 cells Human
HCCLM3 cells were grown in complete culture medium
containing RPM1-1640, 150 mL /L hegat-inactivated FCS, 2 mmol/L
L-glutamine, 100 U/mL penicillin and 100 pg/mL streptomycin.
I solation and culture of CD14+monocytes Peripheral blood
mononuclear cells (PBMC) wereisolated from peripheral blood
of healthy donors by Ficoll-Hypague (1.077 g) density gradient
centrifugation. CD14+ cells of the PBMC were separated by
performing positive selection with CD 14+ micro magnetic beads
according to the manufacturer’ sinstructions and subsequently
culturedin six-well plates (1x10°cell¥mL ) infresh complete DC
medium (RPMI-1640, 20mL/L heatinactivated human AB serum,
2 mmol/L L-glutamine, 100 pg/mL gentamicin, supplemented
with 1000 U/mL GM-CSF and 500 U/mL IL-4) for 24 h, followed
by incubation with acombination of proinflammatory mediators
suchas TNF-a (1000 U/mL), IL-13 (10 ng/mL), IL-6 (10 ng/mL)
and PGE; (1 pg/mL ) for another 24 h to produce FastDCs.
Analysis of FastDCs by fluor escence-activated cell sorting
FastDCs were immunostained with the following mAbs: anti-
CD80, anti-CD86, anti-CD83, anti-HLA-DR. Surface marker
analysis was performed by fluorescence-activated cell sorting
(FACS).

Fluor escent labeling of dendritic cellsand human HCCLM 3
cells Commercia fluorescent cell linker kits PKH67-GL and
PKH26-GL were used for membrane labeling of FastDCs and
HCCLM3 cells. The FastDCs were labeled fluorescent green
with PKH67-GL and HCCLM3 cells were label ed fluorescent
redwith PKH26-GL . Thewhole procedurewasperformedat 25 °C.
The cellsto be stained were washed with serum-free RPMI -
1640. The cdl suspension was centrifuged at 400 r/minfor 5min
to produce a cell pellet. The supernatant was removed, leaving
lessthan 25 pL. medium on the pellet. One milliliter of diluent C
was added to resuspend the cells. Then 4x10*molar dyes (x2)
were prepared with diluent Cimmediately before staining. The
cellsin diluent C were added rapidly to one milliliter of 2xdye.
The cellsand dye were mixed by gentle pipetting. The mixture
was incubated at 25 ‘C for 5 min. The staining process was
stopped by adding an equal volume of FCS and incubating for
1 min. The stained cells were diluted with an equal volume of
complete culture medium and centrifuged at 400 r/min for 10 min
and removed for at least three washes. Then the cells were

resuspended in fresh complete medium. The staining efficiency
was monitored by fluorescent microscopy.

Fusion of dendritic cellsand human HCCLM 3 cdlls After the
red fluorescent-stained HCCLM 3 cellswereirradiated with 50 Gy,
the DCs and irradiated HCCLM3 cells were fused together by
mixingtwo cdl typesat an 1:1 ratioina50mL conical centrifugation
tube. Onemilliliter of fusogen containing 500 mL/L PEG+ 100mL/L
DM SO was added to the mixture by dropping for 1-1.5 min.
Ninemillilitersof serum-free RPM1-1640 with 25 mmol/L Hepes
was added to the mixture for over 5 min. Forty milliliters of
serum-free RPM1-1640 was added to the cell mixture and the
mixture was pelleted by centrifugation at 800 r/min for 10 min.
After the supernatant was removed, the cells were resuspended
inone milliliter of complete culture medium.

Sort and analysisof novel dendritomas The fused cellswere
resuspended in phosphate-buffered saline for detection of dual
fluorescent dendritomas by FACS.

The novel dendritomas were sorted based on dual green

and red fluorescence using a FACS caliber cell sorter (Becton
Dickinson, USA). The cells were centrifuged at 800 r/min for
15 min. After the supernatant was removed, the cells were
immunostained with the same mADbs as for FastDCs and
activation markers were analyzed.
Analysis of novel dendritomas by confocal laser scanning
microscopy The fused cells were resuspended in phosphate-
buffered saline and centrifuged at 400 r/min for 10 min. After
the supernatant was removed, Hoechst 33258 for nucleus
staining was dropped in and the cells were resuspended in
phosphate-buffered saline 5 min later and centrifuged at
400 r/minfor 10 min again. After the cellswerefixed with 10 g/L
paraformal dehyde, nucleus-stained cells were resuspended in
phosphate-buffered saline for analysis of dendritomas by
confocal laser scanning microscopy.

RESULTS

Characteristics of DCs derived from human peripheral blood
CD14+ monocytes within 48 h of in vitro culture
Monocyteswereenriched from PBM C by CD14-positive selection
with MACS and subsequently cultured with GM-CSF and IL-4
for 48 h. Proinflammatory mediatorssuchas TNFa, IL-1[3, IL-6
and PGE, were added to accelerate DCs maturation after 24 h of
culturewith GM-CSF and IL-4. The cells displayed mature DC
activation markers such as CD83*, CD80**, CD86**and HLA-
DR*within 48 h (Figure 1A) and formed long cytoplasmic
protrusions typical of mature DCs, while monocytes cultured
with GM-CSF and IL-4 adonefor 48 h displayed and maintained
monocyte-like morphology. Using thistwo-step differentiation
strategy, alarge number of mature and viable DCs ( about 30%
of theinitial population of monocytes) could be obtained.

Staining efficiency of dendritic cells and human HCCLM3 cells
After FastDCsand HCCLM3 cellswerelabe ed with PKHE7-GL
and PKH26-GL respectively, the cells were examined under
fluorescent microscopy and more than 95% of the cells were
stained successfully.

Fusion efficiency indicated by FACS analysis

FastDCs were stained fluorescent green with PKH67-GL and
HCCLMa3 cellswere stained fluorescent red with PKH26-GL.
The stained two cell types were fused together by admixing
them and dropping fusogen. The novel dendritomas would take
on dual fluorescence. FACS analysis showed that the percentage
of red and green dual fluorescent dendritomasin the fused cell
mixture was 24.27%, which represented fusion efficiency (Figure 2)
and the novel dendritomas expressed the same markers as
FastDCs (Figure 1B).
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Figure 1 FACS analysis of activation markers on FastDCs and novel dendritomas. A: Expression of DCs activation markers on
FastDCs determined by FACS. B: DCs activation markers expressing on novel dendritomas determined by FACS.
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Figure 2 Fusion efficiency analysis by FACS. A: Control group
(mixture): 3.19% dual-fluorescent cells. B: Fusion group: 27.46%
dual-fluorescent cells.

Representative images of dendritomas under confocal laser

scanning microscopy

FastDCsand HCCLM3 cellswere stained with PKH67-GL and
PKH26-GL respectively. After FatDCsand HCCLM 3 cellswere
fused, nuclear counterstaining was performed using Hoechst
33258. Under confocal laser scanning microscopy, FastDCs
were detected as green cellsand HCCLM3 cells were detected
asred and the representative image of adendritomawas a dual
fluorescent cell with two blue nuclel (Figure 3).

8um
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Figure 3 Images of novel dendritomas and HCCLM3 cells
under confocal laser scanning microscopy. A: Red tumor and
dendritoma cells. B: Green dendritoma cells. C: One dendritoma
cell with two blue nuclei and one tumor cell with one nucleus.
D: One dendritoma cell (right) characteristic of a dual-fluores-
cent cell with two blue nuclei while one red fluorescent tu-
mor cell (left) with one nucleus.

DISCUSSION

Ashighly specialized antigen-presenting cells, DCs constitute
a unique system of cells that induce and control immune
responses. Owing to their unique ability to capture and present
antigens, thereby inducing and managing immune responses,
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DCshave becomeattractive vectorsand targetsfor immunol ogical
intervention in numerous diseases and represent optimal
candidates, especially for cancer immunotherapy. Sofar, various
tumor vaccination strategies have been developed based on
the loading of DCs with tumor-associated antigens (TAAS)®%,
including defined peptides of known sequences™*¥, undefined
acid-eluted peptides from autol ogous tumors*¥, whole tumor
lysates®, tumor cell-derived RNA et al.® Another promising
aternativeisthefusion of DCswith tumor cell$4. Thisapproach
is based on the idea that multiple TAASs are endogenously
processed and presented by MHC class | molecules, thereby
stimulating tumor-specific CTLg .

In 1997, Gong et al.!® reported that they fused breast
carcinoma cells with DCs to produce dendritomas which were
capable of presenting antigens effectively and inducing
antitumor-specific CTLs. Afterwards, anumber of experimental
and clinical trials with significant effects on several types of
cancerssuch asmelanoma, leukemia, glioma, gastric carcinoma,
myeloma, renal cell carcinoma and ovarian carcinoma were
reported&31,

At present, DCs, for experimental and clinical fusion trial,
wereobtained mainly fromin vitro standard 7-d protocol culture.
Infact, thekinetics of DCsdifferentiation from blood monocytes
under physiologic conditions might not be reflected by current
standard protocols for the in vitro development of DCS9. One
research showed that a subpopulation of blood monocytes
differentiated into DCs within 48 h in a model simulating
transendothelial migration into lymphatic vessel Y. Dauer
et al .®reported that they cultured blood monocytes within 48 h
invitro with the same combination of proinflammatory mediators
as standard 7-d protocol and obtained mature DCs with their
ability similar to standard protocol DCsin stimulating primary
antigen-specific Thl-typeimmune responses, and inducing the
production of 1FNy and activating autologous naive T cells,
and the DCs were referred to as FastDCs. We cultured and
obtained FastDCs with activation markers using the same
methods and successfully constructed dendritomas by fusing
FastDCswith HCCLM3 cells. Our study showed that thefusion
of the two cells was feasible and the novel dendritomas
expressed the same surface markers as FastDCs. Compared
with common standard protocol methods, this new strategy
not only simplified the process and reduced labor, cost and
time for the whole experiment procedure, but also may be less
disrupted by microbia contamination.

In conclusion, our novel strategy may facilitate the use of
dendritomasin clinical trials of cancer immunotherapy
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