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Abstract. Retinoblastoma (RB) is a challenging disease that
affects mostly young children. Chemical therapy has been
shown to have limitations during clinical practice, principally
because of the ability of RB to become resistant to the treat-
ment. Nevertheless, chemotherapy is still the main treatment
for RB, and immunotherapy has become a promising treatment
for most solid tumors with fewer side effects than traditional
therapies. In this study, we explored the antitumor effects of
cytokine-induced killer (CIK) cells co-cultured with dendritic
cells (DCs) pulsed with complete tumor antigens (DC-Ag).
Cytotoxicity and specificity were evaluated on an RB cell line
(RB-Y79), on a human normal retina cell line ("\TERT-RPEI)
and a carboplatin-resistant RB cell line. Our results showed
that CIK differentiation and cytotoxicity were enhanced by
co-culturing CIKs with DC-Ag. Moreover, the co-culture
improved the CIK proliferation rate by increasing IL-6 and
decreasing IL-10 levels in the culture medium. Furthermore,
the use of DC-Ag-CIK cells had little effect on normal retinal
cells but high cytotoxicity on RB cells even on carboplatin-
resistant retinoblastoma cells. This is the first study showing
that DC cells pulsed with the complete tumor antigen improve
proliferation, differentiation and cytotoxic activity of CIKs
specific not only for RB but also for the chemotherapy-resis-
tant form of the malady. Thus highly efficient immunotherapy
based on DC-Ag-CIK cells may be a potential effective and
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safe mean of treating RB especially to patients where tradi-
tional chemical therapy has failed.

Introduction

Retinoblastoma (RB) is the most common intraocular malig-
nancy in children. Worldwide, the incidence of RB is ~1 in
15,000, with nearly 9,000 new cases of RB reported each year
(1). In China, most children with RB are in the late-stage of the
disease because of delayed/late diagnosis. The morbidity and
mortality are significantly higher than in developed countries
(2,3). Patients with RB are typically children <5 years old and
>89% of patients are <3 years old at the onset of RB; some
present symptoms at birth (4). At present, the main treatments
are systemic chemotherapy combined with local treatment (1).
Although the efficacy of chemotherapy has recently improved,
the long-term systemic chemotherapy can cause severe side
effects, such as bone marrow suppression, ototoxicity, renal
toxicity and other adverse reactions that affect the child's
quality of life (5,6). These side effects are particularly serious
because children are in an active phase of development during
the treatment. Other disadvantages include the induction of
multidrug resistance induced by the high-dose chemotherapy
used to treat RB (7,8). Therefore, finding a new method to treat
RB effectively has become a priority. Biological treatments (and
in special adoptive immunotherapy) have been shown to have
great potential as an adjunct treatment to control the disease.
Adoptive immunotherapy uses the natural ability of the immune
system to recognize and eliminate continuously arising trans-
formed cells. This approach can be efficiently employed for the
eradication of residual cancer cells and prevention or delay of
tumor relapse (9). An example is the case of solid tumors, where
antigen-specific immunotherapy has emerged as a promising
approach (10-12). One of the key players in mediating immune
response are the dendritic cells (DCs) as they are specialized in
priming naive helper and cytotoxic T-lymphocytes and directly
trigger natural killer (NK) cell function (13). In addition, DCs
can be loaded with antigens (DC-Ag) that may increase the
DC's specificity. This in turn enhances the targeting of killing
cancer cells (14-16). Functional T-lymphocytes can be gener-
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ated in vitro from peripheral blood mononuclear cells (PBMCs)
by using specific media formulations. A sub-population of the
T-lymphocytes, differentiated in vitro by addition of specific
cytokines to the media culture is the cytokine-induced killer
(CIK) cells. The CIK cells are major histocompatibility complex
(MHCO)-unrestricted with the characteristic CD3*CD56* pheno-
type and they have been shown, in vitro and in medical practice,
to be efficient killers of tumor cells (9,17-19). These CIK cells
with the ability to attack tumor cells are expressed on the cell
surface of CD3/CD56. Some studies have shown that CIKs
co-cultured with DCs (DC-CIKs) can have better antitumor
activity on a variety of cancers (20-22). However, until now
DC-CIKs have not been reported to exhibit cytotoxicity towards
RB cells.

There are some questions about the ability of the antigens
obtained from cancer cell line lysates to generate enough
cancer cell targeting specificity to allow for DC-CIKs to be
used extensively for clinical treatment instead of a personal-
ized therapy. However, the ability of the antigen (Ag) loaded
DC-CIK co-culture (DC-Ag-CIK) to transactivate one another
via the reciprocal production of cytokines could promote
more tumor killing activity in vitro. This enhanced tumor
killing activity could overcome the limitation of not using a
personalized therapy. In advanced RB cases, chemotherapy is
the main available treatment that offers a chance of rescuing
the eyeballs. However, the drugs used in this treatment have
a negative effect on humoral and cellular immunity and the
damage to the immune system is related to both the dose and
the duration of administration (23,24). Clearly then an effective
immunotherapy treatment against RB would be advanta-
geous. Thus, we evaluated the antitumor immune responses
of immunotherapy on RB cells in vitro and provide evidence
for a new method for treating RB. We used RB antigen pulsed
DCs co-cultured with CIK cells to investigate the cytotoxic
effect on the RB cell line RB-Y79. Our results showed that the
Ag pulsed DC cells promote cell proliferation and increase the
CIK differentiation in vitro by regulating the secretion of IL-6
and decreasing IL-10 cytokine levels. Also we show that Ag
pulsed DCs specifically enhanced the CIK cytotoxicity on RB
cells. Importantly, this is the first demonstration of the ability
of DC-Ag-CIKs to kill RB cells and carboplatin resistance
RB cells. Because it is specific for RB with no cytotoxic effect
on normal retina cells, this immunotherapeutic approach could
represent a safe, less toxic and effective treatment for RB.

Materials and methods

Celllines and reagents. Human retinoblastoma cell line RB-Y79
was purchased from American Type Culture Collection (ATCC,
Rockville, MD, USA), human retinal pigment epithelium cell
line hTERT-RPE1 was purchased from JENNIO Biological
Co. (Guangzhou, China). All the cells were cultured at 37°C in
a humidified incubator under 5% CO, in RPMI-1640 (Gibco,
USA) with 10% fetal bovine serum (FBS) (Gibco, Australia)
and 1% penicillin-streptomycin solution (Gibco, USA). All
anti-human CD3-FITC, CD8-APC, CD56-PE, CD80-PE,
CD83-APC, CD86-FITC antibodies were obtained from BD
Co. (BD, USA). Cytokines recombinant mutant human tumor
necrosis factor-a (TNF-a), recombinant human interferon-y
(IFN-vy), recombinant human interleukin-2 (IL-2), recom-
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binant human granulocyte/macrophage colony-stimulating
factor (GM-CSF), recombinant human interleukin-4 (IL-4)
and CD3 monoclonal antibody were purchased from
Peprotech (Rocky Hill, NJ, USA). Propidium iodide (PI) and
5-carboxy-fluorescein diacetate succinimidyl ester (CFSE)
were purchased from Beyotime Institute of Biotechnology
(Shanghai, China), Carboplatin was purchased from Qilu
Pharmaceutical Co. (Ji'nan, Shandong, China).

Generation of dendritic cells and CIK cells. Blood was freshly
drawn from healthy volunteers according to our protocol accepted
by the local ethics committee (LEC). PBMCs were isolated by
Ficoll/Hypaque density gradient centrifugation, according to
standard procedures (25). PBMCs at a density of 5x10° cells/ml
were allowed to adhere in Alys-505 complete culture medium
(Alys-505 medium supplemented with 0.5% auto-plasma and
1% penicillin/streptomycin) for 3 h at 37°C in a humidified 5%
CO, incubator. The adherent PBMCs were cultured in Alys-505
complete medium with 500 U/ml GM-CSF and 1000 U/ml IL-4
to generate DCs. The medium was changed every 3 days. In the
experiment where TNF-a was tested, 1000 U/ml of TNF-a was
added to the media on day 6. The non-adherent PBMCs were
cultured in Alys-505 complete medium containing 1000 IU/ml
IFN-v, 200 ng/ml CD3 monoclonal antibody and 250 U/ml IL-2
for generating CIK cells. After day 7 in culture, CIK cells were
sub-cultured in fresh Alys-505 complete culture medium with
200 U/ml IL-2 every 3 days.

Tumor lysates and pulsing DCs. RB-Y79 tumor lysates were
generated by three rapid freeze-thaw cycles. Briefly, confluent
cultures of RB-Y79 were detached by incubation with trypsin-
EDTA 0.05% for 5 min, washed in PBS and resuspended in
PBS at a density of 1.5x107 cells/ml. The cells in suspension
were frozen in liquid nitrogen and disrupted by three freeze-
thaw cycles. The cell lysis was clarified by centrifugation for
10 min at 600 x g. The supernatant was then collected and
stored at -80°C. DCs were incubated in the presence of the
tumor lysates from the day 3 of DC maturation.

CIK and DC cells co-culture and cells proliferation assay.
CIK cells were co-cultured on day 7 with autologous 7-day DC
or DC-Ag in a 3:1 ratio. All the groups were cultured at 37°C in
a humidified 5% CO, incubator and sub-cultured every 3 days
in Alys-505 complete culture medium with 200 U/ml IL-2.
Cell number was counted from day 7 to 15 in culture using
Counter Star with the software Automated Cell Counter.

Flow cytometry. DCs were phenotyped with a panel of anti-
bodies: CD80-PE, CD83-APC and CD86-FITC. CIK cells were
phenotyped with antibodies against CD3-FITC, CD8-APC and
CD56-PE. A mouse IgG (PE/FITC/APC) (BD) was used as a
negative control in all the assays. Briefly, 1x10° cells were incu-
bated with the corresponding antibodies at 4°C for 15 min and
then washed with PBS. A total of 10,000 cells were measured
and analysed using CellQuest Pro software. Dual-color flow
cytometric analysis was performed on a BD FACSCalibur.

Quantitation of cytokine production by DC and CIK cells.
On day 15, supernatants from all experimental groups were
collected. IL-6 and IL-10 levels in the media culture were
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quantitatively measure by using a Cytometric Bead Array
Human Th1/Th2 Cytokine kit IT (BD) according to the manu-
facturer's instructions.

Cytotoxicity assay. CIK cells, DC-CIK cells and DC-Ag-CIK
cells were harvest on day 15 and the cytotoxic activity was
measured on target cells, either RB-Y79 or hTERT-RPEI cells.
Briefly, RB-Y79 cells and hTERT-RPEI cells were suspended
in PBS at a density of 1x10° cells/ml and stained with 2 gmol/l
CFSE for 10 min at 37°C. After washing 3 times with
RPMI-1640 medium containing 10% FBS, the CFSE-labeled
RB-Y79 cells or hTERT-RPEI cells were co-cultured with
CIK cells, DC-CIK cells, DC-Ag-CIK cells, respectively. A
10:1, 20:1 and 40:1 effector:target cell ratio was used. RB-Y79
or hTERT-RPEI cells were cultured with media from the
respective effector cell group and they were used as control
for the natural death percentage. After culturing for 24 h, the
cells from all groups were collected and washed twice with
PBS and then incubated with PI (1 xg/ml) at room temperature
for 10 min. Life and dead cells were analysed using dual-color
flow cytometric analysis performed on a BD FACSCalibur.
Each group was tested in triplicate.

For testing the effect of the media on CIK cytotoxicity,
1x10° RB-Y79 cells were co-cultured with 1x10° CIK cells
using conditioned media from CIK cells, DC medium and
DC-Ag medium. The cytotoxicity was analysed in triplicate as
desribed above. In all experiments the cytotoxic activity was
defined as the percentage of dead cells after 24 h of treatment
less the natural death percentage of the respective cell type.

Cytotoxicity assay on RB-resistant cells (RB-R). RB-Y79 cells
in logarithmic phase were incubated with 40 pg/ml at 37°Cin a
humidified 5% CO, incubator for 2 h. After centrifugation and
washing, the medium containing the drug was discarded. Cells
were cultured then in complete culture medium (RPMI + 10%
FBS and 1% penicillin/streptomycin). Once the culture growth
into the logarithmic phase again the Carboplatin treatment
was repeated. The same procedure was repeated for several
months until generating a stable resistant cell line at 40 pg/ml
carboplatin.

For testing RB-R cell resistance to carboplatin, RB-Y79
and RB-R cells were cultured in the presence of 10, 20, 40,
50, 60, 70, 80, 90 or 100 pg/ml carboplatin respectively. After
24 h, cell numbers were counted in the culture using Counter
Star with the Automated Cell Counter software. In addition,
1x10° RB-Y79 and RB-R cells were cultured with carboplatin
at 40 ug/ml, respectively. The cytotoxicity was analysed as
described above.

For the cytotoxicity assay, CIK, DC-CIK cells and
DC-Ag-CIK cells were harvest on day 15 and co-cultured
with RB-Y79 and RB-R cells in a ratio 20:1 in the presence
or absence of 40 pg/ml carboplatin. After culturing for 24 h,
the cells from all groups were collected and washed twice
with PBS and then stained with 2 ymol/l CFSE and PI 1 pg/
ml. Viable and dead cells were analysed using dual-color flow
cytometric analysis performed on a BD FACSCalibur. Each
group was tested in triplicate.

For every experiment the cytotoxic activity was defined as
the percentage of dead cells after 24 h of treatment less the
percentage of natural death of the respective cell type.
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Results

Morphological characterization and phenotypical analysis of
DC maturation in vitro. In this study mature and active DCs
were generated in vitro from peripheral blood mononuclear cells
(PBMCs) taken from a healthy volunteer. Cell differentiation in
culture was followed over time by checking cell morphology.
The mature phenotype was recognized by analyzing the expres-
sion of the clusters of differentiation (CD80, CD83, CD86) in
the cell membrane using flow cytometry (FCM) (Fig. 1).

Freshly isolated PBMCs were spherical and small, the cell
surface was smooth and no protrusions were observed by light
microscopy (Fig. 1A, left image). After culturing for 3 days
in the presence of cytokine-enriched media, the adherent
cells became larger and oval. On day 7, cells lost the ability
to adhere to the plastic and started to grow in suspension.
An additional morphological feature of these cells was the
increment in size, irregular shaped nuclei and the formation
of numerous dendritic-like actin processes emerging from
the cell body (Fig. 1A, middle and right images) depicting the
typical DC morphology corresponding to a mature phenotype.
As expected, this change in morphology was accompanied by
an increase in the cell surface expression of the CDs (Fig. 1B).
After 7 days in culture, FCM assay detected values for the
CDs significantly higher compared with the cells on day 3
(P<0.01) [compare CD80 (11.60+1.37)%, CD83 (12.11+0.94)%
and CD86 (15.28+0.35)% on day 3 with CD80 (46.65+1.26)%,
CD83 (26.14+1.16)% and CD86 (31.05+1.12)% on day 7]. The
results showed that DCs developed into the mature phenotype
after 7 days (Fig. 1C).

To test the effect of tumor antigen on DC differentiation
and maturation in vitro, tumor lysed from RB-Y79 cells (Ag)
was added to the DCs from day 3 in culture. On day 7, DC-Ag
cells were harvested and the same CDs as above were analysed
by FCM. As shown in Fig. 1B and D (top panels), the DC-Ag
cells expressed higher levels of CD80 and CD86 compared
with DC cultured in cytokine enriched media alone (without
Ag) (P<0.01). However, no significant differences were found
for CD83 levels.

Because TNF-a have a positive effect on DC differen-
tiation and maturation (26), we tested whether the antigen had
a co-stimulatory effect after 1 day of treatment with TNF-o on
DC maturation. To examine this hypothesis we analysed CD
expression levels on cell surface by FCM (Fig. 1D, bottom
panels). The results showed that the addition of TNF-a to the
culture medium on day 6 increased significantly CD80, CDS§3
and CD86 expressions compared to DC without TNF-a (P<0.01),
with more obvious differences in the expression level of CD§3.
TNF-a had a similar effect on DC-Ag cells (Fig. 1E) (P<0.05).

Overall, our findings showed that the antigen could upregu-
late the expression of the CDs that act as co-stimulatory
molecules promoting DC differentiation. In addition, TNF-a
had a strong effect on the overall maturation of DCs.

Because TNF-a favored DC differentiation in vitro, the
following experiments were performed in the presence of
TNF-a. Thus, we can discriminate the effects on DC function
attributable to Ag that are independent of maturation.

Morphologic characterization and phenotypic analysis of
CIK maturation in vitro. CIK cells are a sub-population of
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Figure 1. Morphological characterization and phenotypical analysis of DC maturation in vitro. (A) PBMCs on day 1 and DCs cultured in presence of GM-CSF,
IL-4, or TNF-a for 7 days were plated on glass coverslips, fixed and stained for actin filaments with phallodin-TRITC (right). Cells were imaged using DIC
microscopy and fluorescence for visualization of the actin filaments (right). Arrowheads show representatives PBMC cells (left) and arrows indicate distinctive
features of a mature DC cell after culture in a cytokine-enriched media for 7 days. Scale bars, 20 ym. (B) DCs cultured in a cytokine-enriched media were
incubated with CD80-PE, CD83-APC and CD86-FITC antibodies and the phenotypes of these cells were analyzed by FCM as described in Materials and
methods. The figure shows the FCM data for the CD86 expression after 3 (left) and 7 days (right) in culture. The quantification of CD80, CD83 and CD86
expression for 3 and 7 days in culture is given as mean = SE from three independent experiments. “P<0.01 (C). (D) FCM analysis of CD86 expression after
7 days in culture on DC (top left), DC-Ag cells (top right) and with addition of TNF-a (bottom) in the culture media. (E) The quantification of CD80, CD83
and CD86 expression from the FCM data is given as mean = SE from three independent experiments. “P<0.01.

cytotoxic T-lymphocytes with the characteristic CD3*CD56*
phenotype. In order to generate CIK cells in vitro, the non-
adherent PBMCs were separated and cultured in the presence
of interferon-y (IFN-y), CD3 monoclonal antibody and IL-2
among other cytokines. After the 7th day in culture, cell
morphology indicated that CIK cells had acquired the mature
phenotype (Fig. 2A). At day 7, the cell area was on average
five times bigger than at day 1 in culture (data no shown)
depicting irregular shape. Multiple cells formed clusters and
gathered into cell aggregates (arrows in Fig. 2A, left panel).
Interestingly, we noted that the actin cytoskeleton of these
mature CIK cells attained a polarized distribution (Fig. 2A,
middle and right panels).

Next, we analysed the proportion of cells expressing
CD3*CD56*, CD3*CD8*, CD3* and CD8" in the cell popula-
tion that had grown in the cytokine-enriched media. As shown

in Fig. 2B and C, the proportion of CD3*CD56* and CD3*CD8*
cells increased on day 15 compared with day 7 (P<0.01).

It has been reported that the CIK cells could interact with
DCs resulting in an increment of CIK cytotoxic and cytolytic
activities against tumor cells. To examine if this applies to
our CIK in the presence of DC-Ag, we further examined
whether these DC-Ag cells could expand the proportion of
mature CD3*CD56* CIK cells in culture. CIK and DC-CIK
or DC-Ag-CIK phenotypes were assayed with fluorescence-
activated cell sorting analyses. On day 15, the proportion of
CD3*CD56" and CD3*CD8"* cells were higher when the CIK
cells were co-cultured with DC-Ag cells (P<0.01). No obvious
differences were found when DC-CIK cells were compared
with CIK cells (P>0.05). There were no significant differences
for the population of CD3* and CDS8* cells compared between
the other groups (P>0.05) (Fig. 2D and E).
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Figure 2. Morphological characterization and phenotypical analysis of CIK cell maturation in vitro. (A) CIK cells from non-adherent PBMCs cultured in the
presence of IFN-y and IL-2, CD3 monoclonal antibody for 7 days was plated on glass coverslips, fixed and stained for actin filaments with phalloidin-TRITC
(right). Cells were imaged using DIC microscopy and fluorescence for visualization of the actin filaments (right). Arrowheads indicate the cell clusters typical
of differentiated CIK cell culture (left) and arrows indicate distinctive features of a mature CIK cell after culturing in a cytokine-enriched media for 7 days.
(B) CIK cells cultured for 7 or 15 days were incubated with CD3-FITC, CD8-APC and CD56-PE antibodies. The phenotypes of these cells were analyzed
by FCM as described in Materials and methods. The image showed the FCM data for the CD3*CD56* expression after 7 (left) and 15 days (right) in culture.
The quantification of CD3*, CD8*, CD3*CD8* and CD3*CD56" expression for 7 and 15 days in culture is given as mean + SE from three independent experi-
ments. “P<0.01 (C). (D) FCM analysis of CD3*CD56* expression after 15 days in culture on CIK (left), CIK co-culture with DC (DC-CIK) (middle) and CIK
co-culture with antigen loaded DC (Ag-DC-CIK) (right). (E) The quantification of CD3*, CD8*, CD3*CD8" and CD3*CD56" expression from the FCM data is

given as mean * SE from three independent experiments. “P<0.01.

The results stated above showed the CD3*CD56* CIK cell
proportion increases in the T-lymphocyte population when
they are co-cultured with DC-Ag cells.

Proliferation of CIK cells and cytokine production. We found
that CIK cells in culture proliferated in a non-exponential
manner, especially from day 9 onwards (Fig. 3A). To examine
whether DCs or DC-Ag affected CIK proliferation, CIK cells
were co-cultured with DCs or DC-Ag from day 7 to 15 and
the cell number per ml of medium was quantified everyday
in the different groups (Fig. 3A). After 15 days in culture the
absolute cell number had significantly (P<0.01) increased
5.36+1.58, 8.37+2.19 and 9.38+1.97-fold in CIK, DC-CIK and
DC-Ag-CIK, respectively (Fig. 3A).

To investigate a possible cause for the differences observed
on CIK cell proliferation, we determined the level of two cyto-
kines that have been shown to play a role in the proliferation
of these cells (IL-6 and IL-10). IL-6 was selected because it
was shown to have stimulatory effect on CIK proliferation and
IL-10 because it has inhibitory effect on primary alloreactive

T-cell responses (27,28). The supernatants from CIK and
DC-CIK or DC-Ag-CIK cultures were collected on day 15 and
the specific cytokines were quantified by using a Cytometric
Bead Array Human Th1/Th2 cytokine kit. As shown in Fig. 3B
and C, IL-6 levels increased 3-fold when CIK cells were
grown in the presence of DC cells or DC-Ag (1.65+0.13 pg/
ml) and (1.78+0.28 pg/ml), respectively, compared with levels
of secreted IL-6 in CIK culture alone (0.57+0.16 pg/ml)
(P<0.01). In contrast, secreted IL-10 level was two-fold lower
in DC-Ag-CIK cell co-culture (Fig. 3C) compared with CIK or
CIK co-cultured with DC cells (Fig. 3B and D). These results
indicate that CIK cells increased proliferation in the presence
of DCs and DC-Ag might be a consequence of the combina-
tion of a low level of the inhibitory IL-10 and elevation of the
stimulatory IL-6 levels in these co-culture conditions.

Cytotoxicity assay. Having shown that the DC-Ag cell enhanced
CIK proliferation and differentiation in vitro (Figs. 1 and 2) we
next tested whether these processes translated to an increment
in CIK cytotoxic activity on RB-Y79 cells (Fig. 4).
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Figure 3. Proliferation of CIK cells and cytokine production. (A) Quantification of the number of CIK cells cultured from 7 to 15 days in CIK alone (e), CIK
co-culture with DC cells (@) and CIK co-cultured with antigen loaded DC cells (a). (B-D) FCM analysis of IL-6 and IL-10 cytokines secreted in the CIK,
DC-CIK and DC-Ag-CIK media culture. Supernatants from CIK alone, CIK co-culture with DC cells (CIK-DC) and CIK co-cultured with antigen loaded DC
cells (DC-Ag-CIK) were collected and the levels of IL-6 (C) and IL-10 (D) cytokines were determined by Cytometric Bead Array Human Th1/Th2 cytokine
kit IT (B). Values are given as mean + SE from three independent experiments. “P<0.01.

CIK cells were co-cultured either with autologous non-
pulsed DCs or tumor lysate-pulsed DCs (DC-Ag) for 7 days
starting on culture day 7 and tested for cytotoxicity against
RB-Y79 cell line at day 14. The cytotoxicity was assayed by
FCM using specific dyes for labeling viable and dead cells.
The results, shown in Fig. 4, are expressed as the proportion of
cells that are dead relative to the total number of cancer cells
in the culture, minus the natural cell death observed in each
condition.

As shown in Fig. 4A, CIK cells generated by the cyto-
kine-enriched media killed ~6% of the RB-Y79 cells after
co-culturing for 24 h at a ratio of 10:1 [effector cells:target
cells (E:T)]. The cytotoxicity doubled when the CIK had
been co-cultured with the DCs for 7 days. Moreover, the CIK
cytotoxicity was significantly higher when they were in the
presence of DC-Ag (P<0.001). Higher E:T ratios resulted in
significantly higher cytotoxicity (P<0.01) throughout the
experimental conditions. This observation suggests that the
effects are unlikely to result from unspecific influences, other
than the killer cells.

To rule out the possibility that the cytotoxicity was the
result of some unidentified agent present in the cell media
rather than by the CIK cell activity, the cytotoxic of the assay
was performed on RB-Y79 cells incubating the CIK with
conditioned media taken from DC or DC-Ag cultures instead
of with the DCs or DC-Ag. No significant difference was found
on the CIK cytotoxic activity on RB-Y79 cells between the 3
treatments (Fig. 4B) (P>0.05). These observations suggested
that the enhancement of cytotoxic activity on tumor cells could
be at least in part explained by the direct interaction of CIK
cells with mature DC rather than by activity of the components
we added to the culture media.

CIK cells have been described as a highly efficient cytotoxic
effector capable of lysing tumor cell targets by a mechanism
that is non-MHC restricted. Because of this, we explored
whether CIK cells (mature and activated with DC and DC-Ag)
have specific cytotoxic activity on RB cell lines or if they also
targeted normal retinal cells. We set up the cytotoxic assay as
described above and we determined the CIK cytotoxic activity
on hTERT-RPEI cells. Surprisingly, no significant cytotox-
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Figure 4. Cytotoxicity in vitro of the effector cells. (A-C) CIK, DC-CIK or DC-Ag-CIK effector cells were cultured for 15 days. The resulting effector
cell populations were used to examine cytotoxicity on RB-Y79 (A) and RPE]1 cells (C). Target cells were labeled with CFSE and incubated for 24 h with
effector cells at E:T ratios of 10:1, 20:1 and 40:1. Dead cells labeled with CFSE/PI were detected by FCM. (B) Cytotoxicity of CIK cells against RB-Y79

cells cultured in medium from CIK culture, DCs culture medium or DC-Ag culture medium. Data are given as mean + SE from three independent experi-
ments. “P<0.01.
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Figure 5. In vitro cytotoxicity of immunotherapy on carboplatin-resistant cells in combination with carboplatin. (A and B) RB-Y79 cells (A) and RB-Y79
carboplatin resistance cells (RB-R) (B) were cultured in the presence of 10, 20, 40, 50, 60, 70, 80, 90 and 100 pg/ml carboplatin respectively for 24 h. Cell
numbers were counted in the culture using Counter Star with the software Automated Cell Counter. Data are given as mean * SE from three independent
experiments. (C) RB-Y79 cells and RB-R cells were cultured with 40 ug/ml carboplatin for 24 h and dead cells were measure by PI/CFSE staining. Data are
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on RB-R cells in combination with carboplatin. Data are given as mean + SE from three independent experiments. “P<0.01.

icity was detected on hTERT-RPEI cells in any of the assayed
groups. The CIK cytotoxic activity on these cells was 1.13% at
an ET ratio of 10:1 (Fig. 4C).

Cytotoxicity assay for carboplatin-resistant RB cells. After
establishing the RB-Y79 carboplatin-resistant cell line, cells
were tested for their ability to survive and proliferate in a
media containing carboplatin. Resistant and sensitive RB
cells were cultured with increasing dosis of carboplatin and
the cell survival was analysed after 24 h. The result showed

that the number of live RB-sensitive cells decreased signifi-
cantly as the carboplatin concentration increased. In contrast,
the number of RB-resistant living cells was not significantly
affected until a dose of 50 ug/ml of carboplatin. However,
RB-resistant survival cells gradually decreased with 50 pg/ml
or higher drug concentration (Fig. 5A and B). Given this ability
of the RB-resistant cells to survive at 40 pg/ml carboplatin, we
named it RB-R cells.

In order to prove that RB-R cells are resistant to carbo-
platin, 40 pg/ml of carboplatin was used on RB-sensitive cells
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and RB-R cells. The result showed that the ability to survive
carboplatin was more than two-fold increased in RB-R cells
compared to the sensitive RB cells (Fig. 5C).

We have shown that CIK, DC-CIK and DC-Ag-CIK cells
had a strong cytotoxic activity on normal RB cells, we wanted
to test whether the effector cells could kill RB-R cells effi-
ciently. CIK, DC-CIK and DC-Ag-CIK cells were used after
7 days co-culture on day 14 and tested for cytotoxicity against
RB-R cell line at 40 pg/ml. The cytotoxicity was assayed by
FCM using specific dyes for labeling viable and dead cells.
DC-Ag-CIK cells generated by the cytokine-enriched media
killed ~20% of the RB-R cells after co-culturing for 24 h at
an E:T ratio of 20:1 (Fig. 5D). The cytotoxicity of DC-Ag-CIK
cells against RB-R cells were higher than DC-CIK and CIK
cells (P<0.01), but there was no significant difference between
DC-CIK and CIK cells (P>0.05). To test the combined effect
of carboplatin, RB-R cells co-cultured with effector cells were
incubated with 40 pg/ml carboplatin for 24 h. The cytotox-
icity of DC-Ag-CIK in combination with carboplatin showed
the best antitumor activity compared with DC-CIK and CIK
cells, and DC-CIK were higher than CIK cells (P<0.01). In all
groups, the effector cells that were combined with carboplatin
showed higher cytotoxicity than effector cells alone (P<0.01).

Discussion

In recent years, there has been growing interest in cancer
immunotherapy. After reducing tumor burden, immunotherapy
can be used as an adjunctive treatment that can effectively
remove the residual tumor cells. Our study focused on the two
principal players: the T-lymphocytes and the DCs. DCs are
the most powerful antigen-presenting cells, with a capacity of
antigen-presentation that is hundreds of times more efficient
than B lymphocytes and macrophages (29). They can activate
resting T-cells and induce the generation of antigen-specific
cytotoxic T-lymphocytes, which are the initiators of the
immune response (30). On the other hand, the CIK cells are
a population of heterogeneous T-lymphocytes generated by
the in vitro differentiation of mononuclear cells from the
peripheral blood (31). CIK cells cultured with multiple cyto-
kines including IL-2, CD3 monoclonal antibody and IFN-y and
those that express the CD3*CD56* have been shown to have
a strong antitumor effect (19,32,33). Among their advantages
over other T-lymphocytes generated in vitro from peripheral
blood such as LAK/NK cells, CIK cells are easy to generate in
large numbers, readily expandable from cancer patients (34),
with minimal graft-versus host reaction (35) and the cytotoxic
activity is not restricted to MHC (36,37). Immunotherapy
has been used for treating a variety of adult solid tumors
such as liver cancer, gastric carcinoma, melanoma, and renal
carcinoma with good efficacy (32,38-41). For pediatric solid
tumors, some studies have shown that CIK treatment have a
good antitumor activity in vitro on lymphoma, osteosarcoma,
Ewing's family tumors and neuroblastoma (42,43), but only
few studies have been reported on the treatment of children
because of a lower incidence of pediatric tumors and due to
ethical issues.

One practical strategy for improving the effectiveness of
immunotherapy relies on the fact that enhanced cytotoxicity
is gained when CIK cells are co-culture with DCs (44-46)
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and this effect is even stronger when CIK are co-cultured with
tumor antigen pulsed DCs (20,47). Combining DCs pulsed
with Ag (which exhibit unique antigen-presenting function)
with CIK cells (which have strong antitumor activity) would
probably cause a double antitumor effect. In pediatric oncology
a few tumor-associated antigens have been identified (48). This
problem is solved in part by the use of the whole-tumor lysed
as a source of tumor-antigens for DC-loading. This would
induce a stronger immune response than that obtained by
pulsing DCs with a single or perhaps several defined tumor
peptides (49). In addition, with this approach, there is no need
for revealing the nature of the tumor-associated antigen and
its epitope. Therefore, for our study we used a retinoblastoma
(RB) cell line (RB-Y79 cells) lysates as tumor antigen to load
DCs.

To develop an effective cancer therapy there are at least
three important aspects we have to achieve: one is obtaining
enough effector cell numbers, two, producing effector cells
with a high cytotoxic activity against tumor cells and three,
generating effector cells with specific cytotoxicity for the
target cell.

In PBMCs the normal proportion of CD3*CD56* cells
is low (1-5%). We have been able to obtain up to 40% of
CD3*CD56" cells under certain experimental conditions
(data not shown). This very high proportion will make it
difficult to discern what might be modest effects of the Ag
or of co-culture with DC cells. To prevent this, we used a
cytokine-enriched media to achieve a basal level of matura-
tion that allowed us to detect slight differences of DC-Ag on
CIK differentiation. In fact, the CIK proportion after 15 days
in culture increased by ~300% of CD3*CD56* proportion in
the presence of the DC-Ag cells.

In our study, the DC-Ag-CIK cells were substantially
more cytotoxic against RB cells than DC-CIK and CIK cells
alone. This increment in the CIK cytotoxic activity when
co-cultured with DC pulsed with the Ag is probably due to both
an increment of the proportion of T-lymphocyte expressing
CD3*CD56" plus a larger number of cells actively differen-
tiating and proliferating. The increment in cell number could
be explained by the fact that the secreted IL-6 is higher in the
co-cultured DC-Ag-CIK inducing cells to proliferate. IL-6 is
a pleiotropic cytokine secreted by DCs, T-lymphocytes and
macrophages, which has been shown to support the growth of
T- and B-lymphocytes in vitro (27). Another possible explana-
tion could be that IL-6 triggers IL-2 secretion which in turn
can promote autocrine CIK proliferation (50). Accordingly, a
decrease in the level of secreted IL-10 could promote prolif-
eration. It has been reported that IL-10 downregulates CD80
and CD86 expression at the DC surface therefore having an
inhibitory effect on alloreactive T-cell responses (28). On the
other hand, IL-10 has been involved in decreased secretion of
IL-12 and IFN-y which are the cytokines reported to promote
lymphocyte proliferation (28). Our results are consistent with
IL-6 and IL-10 playing a role in the observed proliferation of
CIK cells. However, the extent to which this may account for
the net effects seen needs to be addressed.

Regardless whether the effector cells were co-cultured
with DCs or Ag pulsed DCs or even CIK alone, there was no
significant cytotoxicity on normal retina cells. This fact can
not be explained by the presence of the Ag or the DC func-
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tion itself since the CIK themselves failed to kill the normal
retina cells. This provides preliminary evidence supporting
the safety of this approach in the clinical practice for RB. It
is also important to highlight that the enhanced cytotoxicity,
the high proliferation ratio, the increment in differentiation of
the CD3*CD56* cells and the specificity of the cytotoxicity
on tumor cells are not due to components or cytokines added
to the culture media. Furthermore, those improve features of
CIKs are rather the direct result of the DCs and the DC-Ag
cells on the CIK maturation and function. Lin et al (51) showed
in vitro that the addition of IL-6 in the culture medium could
increase CD3*CD56* T-lymphocytes and therefore enhances
proliferation and cytotoxicity of effector cells. In light of this
report, it would be useful to examine whether the CIK-Ag-DC
cells in this study are comparable in cytotoxic activity against
RB cells to the CIK-IL-6 cells described by Lin et al (51).

Finally, we present substantial evidence of effective cyto-
toxicity of the combination of CIK with DC-Ag on tumor RB
cells. Albeit our CIK active proportion is relatively low under
our experimental conditions, once the DC cells are in the
blood stream they could still activate the naive T-lymphocytes.
In this event, administration of the complex CIK-Ag-DC can
have advantages over other immunotherapies. In fact, it has
been reported that injected DC-CIK in the body exert their
action for <40 days. The efficacy of this therapy has yet to be
demonstrated in animal paradigms. This study demonstrates
for the first time that an immunotherapy-based approach using
CIK cells could be effective to treat RB, mainly because it has
selective effect on carboplatin-resistant retinoblastoma cells.
Thus highly efficient immunotherapy based on DC-Ag-CIK
cells is a potentially effective and safe means of treating RB
especially for patients where traditional chemical therapy has
failed.
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