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ABSTRACT
Introduction: In vitro cultivation of DCs and cytokine-induced killer cells (CIK cells) — a special
phenotype of T lymphocyte populations — for cancer treatment has gained significant research
interest. The goal of this study is to understand whether the priming from DCs helps CIK cells to
exert their toxic function and kill the cancer cells. Methods: In this research, DCs were differen-
tiated from mononuclear cells in culture medium supplemented with Granulocyte-macrophage
colony-stimulating factor (GM-CSF), and Interleukin-4 (IL-4), and were induced to mature with can-
cer cell antigens. Umbilical cord bloodmononuclear cells were induced into CIK cells by Interferon-
γ (IFN-γ ), anti-CD3 antibody and IL-2. After 4-day exposure (with DC:CIK = 1:10), DCs and CIK cells
interacted with each other. Results: Indeed, DCs interacted with and secreted cytokines that stim-
ulated CIK cells to proliferate up to 133.7%. In addition, DC-CIK co-culture also stimulated strong
expression of IFN-γ . The analysis of flow cytometry data indicated that DC-CIK co-culture highly
expressed Granzyme B (70.47% ± 1.53, 4 times higher than MNCs, twice higher than CIK cells)
and CD3+CD56+ markers (13.27%± 2.73, 13 times higher than MNCs, twice higher than CIK cells).
Particularly, DC-CIK co-culture had the most specific lethal effects on cancer cells after 72 hours.
Conclusion: In conclusion, co-culture of DCs and CIK cells is capable of increasing the expression
of CIK-specific characteristics and CIK toxicity on cancer cells.
Keywords: co-culture, cytokine-induced killer cells (CIK cells), dendritic cells (DCs), umbilical cord
blood mononuclear cells

INTRODUCTION
Immunotherapy for cancer treatment has been ex-
tensively studied not only to improve the quantity of
the immune cell mediators but also in quality (such
as function) of these mediators to maximize the ef-
ficiency of immunotherapy1,2. It cannot be ignored
that immune cell therapy plays a very important role
in cancer treatment3,4. In general, the purpose of can-
cer treatments is to reduce tumor size and ultimately
eliminate cancer cells5; when the tumor is not de-
tectable anymore at the cellular level, this is evidence
for successful therapy6. It is also the goal of immune
cell therapy to demonstrate full and convincing abil-
ity to destroying the body’s abnormal cells, including
cancer cells7. Normal cells of the body accumulate
mutations that cannot be recovered. In fact, some
cancer cells arise from normal cells have a breakdown
in themechanism of self-control of cell growth, which
can gradually lead to formation of tumors8. There is
a disruption of the molecular balance between onco-
genes and tumor-suppressor genes9. When this cell
balance is disrupted, this can lead to an inbalance be-
tween cancer cells and immune cells10. The latter bal-

ance is considered the last and very important barrier
that the body makes. If this barrier is properly main-
tained, cancer does not have a chance to progress and
should degrade quickly and easily11. However, when
this barrier becomes extremely fragile, cancer cells
can pass the check-points, thereby allowing mutation
cascades to take place, which can trigger uncontrolled
proliferation12. Finally, the quantity of cancer cells
becomes overwhelming to immune cells13. It is also
because of the accumulation of many mutations that
cancer cells easily transform their own characteris-
tics, including dealing with the immune system14.
When an inadequate amount of immune cells exists,
cancer cells just keep evading from immune surveil-
lance15 until the quantity of cancer cells increases;
these cells now can tolerate the immune system that
was intended to engage or attack them16.
However, there are still many opportunities to cure
cancer. There have been many improvements in
routine treatments, such as surgery, chemotherapy
and radiotherapy for cancer- to increase the ability
to eliminate tumor cells17. However, such conven-
tional treatments are non-targeted treatments. For
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example, surgery is difficult to detect micro-tumors,
while chemotherapy and radiation kill the proliferat-
ing cells, including normal cells of the body18. As a
result, patients suffer from harmful side effects and
disease easily recurs. As one of the novel approaches
to find ways to destroy cancer cells effectively and
overcome the limitations of routine therapies, im-
munotherapy has been studied extensively and has
become prominent, achieving many encouraging re-
sults19.
As mentioned above, the amount of immune cells ca-
pable of identifying and destroying cancer cells needs
to be ensured and maintained 20. This is difficult to
achieve in patients with advanced disease or when
they have undergone conventional therapy since as
the disease progresses, the quantity of cancer cells
completely overwhelms the immune cells21. In the
latter situation, there are two unexpected outcomes
which can occur: severely affected immune cells can’t
be recovered both in number and function, and can-
cer cells can survive after treatment (even acquir-
ing strong resistance to the conventional methods)22.
This also explains why there are many promising re-
sults. In general, though, the effectiveness of im-
munotherapy has not been as expected 23. Part of this
is due to the fact that the cells responsible for tissue
and organ regeneration (stem cells) are negatively af-
fected by chemotherapy and radiation, and the im-
mune system is severely impaired 24.
A more appropriate approach towards cancer treat-
ment is a combination of therapies that can combine
widely used methods and/or incorporate novel, tar-
geted ones25. The combination helps promote the
advantages of each method as well as limit their de-
ficiencies. In particular, the combination helps re-
duce the dose of chemotherapy and/or radiation ther-
apy that is administered in patients26. The imme-
diate benefit is to limit or prevent unwanted side ef-
fects. In the types of immune cells studied, two candi-
dates emerged from both arms of the immune system:
dendritic cells (DCs) from innate immunity 27 and
cytokine-induced killer cells (CIK cells) from adap-
tive immunity 28.
Dendritic cells (DCs) are the most profes-
sional antigen-presenting cells (APC) 29. APCs
process protein into peptide fragments, which
incorporate with major histocompatibility complex
(MHC) and are presented to T cells30. A simultane-
ous secretion of co-stimulating factors are necessary
for the recognition of antigen via the T-cell receptor
(TCR)31. DCs are capable of activating both naive
and memory T cells, while macrophages only present

antigens to specific T cells, and B cells present anti-
gens to helper T cells32. DCs have been considered to
be the center of the immune system because they are
capable of stimulating humoral and cellular immune
responses33. In other words, both innate immunity
(via activation of natural killer cells (NK cells),
macrophages, and mast cells) and adaptive immunity
are in play. DCs are a heterogeneous population
of cells, possessing different markers and playing
different roles in the immune response34. DCs are
scattered throughout the covered surfaces of the body
in the immature phenotype, ready to arrest foreign
pathogens35. After capturing antigen, DCs perform
the processing function and present the antigen to
the cell surface, and they move to the T cell-rich re-
gion to present the antigen36. In vitro, DCs have
been isolated and differentiated from bone marrow
CD34+ cells, peripheral blood, and umbilical cord
blood mononuclear CD14+ cells37. Hematopoietic
stem cells have been cultured under the supplementa-
tion of stimulating factors, such as GM-CSF, IL-4 and
Tumor necrosis factor-α (TNF-α), to differentiate
into DCs 38. After the antigen is processed, DCs
rapidlymove into secondary lymph nodes, presenting
antigens to naive T cells to stimulate immune cells,
including CD4+ T cells (TH1) and CD8+ T cells39,
to activate memory B cells and inactive B cells, NK
and NKT cells40.
Cytokine-induced killer (CIK) cells are a type of cy-
totoxic T-cells with the phenotype of both T lym-
phocytes and NK cells41. In 1990, Schmidt-Wolf and
colleagues discovered that CIK cells, which exist in
the form of motile cell populations, when they dif-
ferentiated peripheral blood mononuclear cells with
cytokines, such as interferon-gamma (IFN-γ), anti-
CD3 mAb and interleukin-2 (IL-2) 42. CIK cells are
a heterogeneous cell population that is highly toxic
to tumor cells both in vitro and in vivo, without be-
ing limited by MHC and which cause low graft re-
action43. Their phenotypes include: CD56+CD3+,
CD56+CD3- and CD56-CD3+44. CIK cell toxicity is
closely related to increased expression of CD56+ and
CD3+ markers45. CIK cells are capable of indepen-
dent cytotoxicity and rapid growth in culture, mak-
ing it easier to infuse initially than using T cells46. In
co-culture, antigen-inducedDCs is responsible for di-
recting CIK cells to directly lyse tumor cells by secret-
ing cytokines, such as TNF-α , IL-2, and IL-1247.
These two types of cells receive a lot of attention be-
cause they can be easily obtained from differentiating
mononuclear cells in cord blood48, which could be
of great application significance when we can easily
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isolate, proliferate and select them, then infuse func-
tional cells back into patients with the goal of killing
cancer cells49. There are many studies that demon-
strate the ability of DCs and CIK cells in vitro50 51.
However, the treatment effect is low if only DCs were
infused into patients when the immune system no
longer has enough functional cells to destroy cancer,
or if only CIK cells were infused (without previous
priming). Thus, the time to recognize cancer cells is
delayed, which results in the uncontrollable incident
when tumor mass becomes significant. The combina-
tion ofDCs andCIK cells helps to limit thementioned
disadvantages, and DCs can present cancer cell anti-
gens to CIK cells by hundred-fold increase52. After
being administered into the patient’s body, these cells
help find and carry out the mechanism of poisoning
of cancer cells without harming normal cells.
The goal of this study is to understand whether prim-
ing fromDCs can help CIK cells to express their toxic
function, and kill the cancer cells. The results from
this study are clear evidence that the adequate combi-
nation helps the immune system to effectively iden-
tify and destroy cancer cells, and thus DC-CIK cell
mixture is a potential platform choice for cancer im-
munotherapy.

MATERIALS ANDMETHODS

Humanmaterials

Cord blood samples were collected from three healthy
pregnant women at the Van Hanh Hospital follow-
ing consent from donors. The collection procedure
and usage of these blood samples were approved by
the hospital ethical committee. Breast cancer cells
(VNBRCA) and human fibroblasts (hF) were pro-
vided from the biological bank of Stem Cell Institute
(VNUHCM University of Science). These cells were
cultured inDMEM/F12medium containing 10% fetal
bovine serum (FBS) and 1x Antibiotic-Antimycotic
(Gibco, Carlsbad, CA).

Method to produce cancer antigen

Confluent cancer cells were trypsinized and pelleted,
then suspended in 1ml of PBS. Membrane breaking
was conducted by quick freeze-thaw method: -1960C
in liquid nitrogen, 2 minutes → 370C, 2 minutes 30
seconds → vortex 30 seconds; this process was repli-
cated 5 times. Samples were centrifuged at 13000 rpm,
5 minutes, 40C. The suspension was collected, and
the antigen concentration was quantified by Bradford
method.

Bradfordmethod
To determine the amount of protein in the sample, a
known standard protein curve was made that showed
the correlation between concentration and absorp-
tion value at 595 nm (OD595). A common standard
protein solution is bovine serum albumin (BSA). Af-
ter adding the dye to the protein solution, the color
will appear within 2minutes and last up to 1 hour.The
optical density measurement was performed with a
spectrophotometer (DTX 880, Beckman Coulter).
Standard BSA protein (0.1mg/ml) was made. Pro-
tein (antigen) samples were tested by diluting with
distilled water (diluted 100 times). Bradford solution
was diluted 2.5-fold with distilled water. A standard
BSA curve was made: 0, 20, and 40-100 μl of standard
BSA solution (0.1mg/ml) was aliquoted into eachwell
and distilled water added to 100 μl. Antigen samples
(100 μl each) were added into the other wells then 100
μl of Bradford solution was added to each well. The
blank well contained 200 μl of distilled water. The
wells were shaken for 5 minutes at room temperature.
Optical density (OD) at 595 nmwavelength was mea-
sured. From themeasurement results, a standard pro-
tein curve was created for the relation between pro-
tein concentration and OD595 values. The value of
the antigen concentration to be measured was extrap-
olated.

Isolate umbilical cord blood mononuclear
cells
Based on the difference in density of blood cells,
granulocytes and erythrocytes were separated from
mononuclear cells. Granulocytes and erythrocytes
have a higher density at osmotic pressure of Ficoll, and
are deposited through the Ficoll layer during centrifu-
gation. Mononuclear cells with a lower density are in
the middle of the plasma-Ficoll layer. Mononuclear
cells can be easily collected, then washed to remove
platelets, Ficoll and plasma.
The following is the step-wise procedure for collecting
mononuclear cells:
Aliquot blood from blood collection bags into 50
ml centrifuge tube. Dilute blood with sterile PBS
at a ratio of 1: 1. Add 15 ml Ficoll straight to the
bottom of a 50-ml centrifuge tube. Add 30 ml di-
luted blood on the Ficoll layer. Avoid disturbance be-
tween Ficoll and blood, and create clear layer. Cen-
trifuge at a speed of 400 g, 30 minutes, 250C. Remove
the above plasma layer without affecting the interface
between the plasma-Ficoll. Transfer themononuclear
cells at the plasma-Ficoll interface into another cen-
trifuge tube, wash with sterile PBS (mixed at a ratio
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of 1: 1), and centrifuge at 800 g, 10 minutes. Remove
the supernatant, collect cell pellet, and suspend with
5 ml red blood cell lysis buffer for 5 minutes at room
temperature. Add PBS to 20 ml, centrifuge at a speed
of 300 g, 6 minutes. Repeat once. Suspend cell pel-
let with 5 ml of basic culture medium and transfer
to sterile culture flask. Incubate in a 370C, 5% CO2
incubator. After 2 hours, transfer the cell suspen-
sion to another culture flask and continue incubating
at 370C, 5% CO2 in the incubator. Perform 2 more
times to get MNCs, and differentiate into DCs. For
the last step, take the cell suspension to differentiate to
CIK cells. The determination of MNC cell count was
done by Trypan blue staining and marker expression
of MNC sample was tested at the end of the experi-
ment.

Differentiation of cord blood cordmononu-
clear cells into DC and CIK cells

Differentiation of DCs

Mononuclear blood cells could be obtained from
peripheral blood or umbilical cord blood. In this
study, DC were induced to mature from cord blood
mononuclear cells by a 10-day procedure.
Phase 1, dayD1: obtained from the attachedmononu-
clear cells in culture flask. Induction of mononuclear
cells by CM1 medium (containing 40 ng/ml IL-4 and
50 ng/ml GM-CSF). Refresh the culture medium ev-
ery 3 days.
Phase 2, day D7: Determine cell density and conduct
maturation of immatureDC (iDCs) with antigen (Ag)
lysates with concentration of 50 μg/ml medium.
Phase 3, day D10: mature DCs were obtained. DC
cell density was evaluated to determine the amount
of cells needed to perform DC-CIK co-culture.
Phase 4, day D14: DC samples cultured in CM1
mediumwere collected andused inMTTassay (group
of DC+CIK individual cell experiments).
Evaluation of cell growthwas done by determining the
number of cells obtained on day D10 and day D14 by
Trypan blue staining.

Differentiation of CIK cells

In this study, we isolated MNCs on day D0, then cul-
tured them, and induced and differentiated them into
CIK cells for 14 days the following procedure: MNCs
were cultured in RPMI-1640, 10% FBS, and 1% an-
tibiotic. On day D0, MNCs were induced with IFN-
γ 1000 U/ml, and on D1 they were induced with 50
ng/ml anti-CD3Ab and 1000U/ml IL-2.Themedium
was refreshed with 1000 U/ml IL-2 every 3 days.

DC-CIK Co-culture

In co-culture, DCs and CIKs can directly or indi-
rectly interact using physical or chemical barriers
(e.g. EDTA in the culture medium). In this experi-
ment, DC-CIK co-culture was in RPMI-1640, supple-
mented with IL-2 (1000 U/ml). The ratio used in this
experiment was DC:CIK = 1:10, in which DCs were
previously induced to mature before co-culture.
On D10, DCs and CIK cells were collected from cul-
ture, and cell density was determined with Trypan
blue staining. DC-CIK co-culture was done at a ra-
tio of 1:10 inRPMI-1640medium, supplementedwith
IL-2 (1,000 U/ml). Proliferation of the mixture was
evaluated after 4 days (D10-D14). The typical phe-
notypic expression of CIK cells (e.g. for Granzyme B
and CD3+CD56+ markers) was evaluated in the co-
culture by flow cytometry.

Evaluation of CIK gene expression after 4
days of co-culture

At day D14, cells in the culture plates were collected.

Acquisition of total RNA using easy-BLUET M

The protocol was as follows:
Collect 5x105 cells in each group to harvest total RNA.
Add 500 μl easy-BLUE T M , and vigorously vortex to
completely dissolve cell pellet. Add 200 μl Chloroform
and vigorously vortex. Centrifuge 13,000 rpm for 10
minutes. Gently aspirate the supernatant layer into
a new 1.5 mL centrifuge tube, avoiding disturbance
of the middle protein layer. Add isopropanol to the
tube at the same volume. Incubate for 10 minutes at
40C and then centrifuge at 13,000 rpm for 10 min-
utes. Discard the supernatant and dry the pellet. Add
1 ml of 70% Ethanol, invert the tube few times, and
centrifuge at 10,000 rpm for 5 minutes. Discard the
supernatant and dry the pellet. Then, dissolve RNA
pellet in 20-30 μl DEPC water. Finally, use 6 μl RNA
solution to measure OD (determination of total RNA
concentration) and perform electrophoresis to deter-
mine RNA quality after separation. hF cell RNA was
isolated for the control group.

RT-PCR

The brightness of RT-PCR products on the elec-
trophoresis was analyzed by ImageJ software (NIH,
USA) and GraphPad Prism (GraphPad Software, San
Diego, CA).
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Reactive ingredients Volume

2x PCR One Step Mix
Forward primer (10μM)

12.5 μl
0.75 μl

Reverse primer (10μM) 0.75 μl

20x RTase 1.25 μl

Template RNA Te μl (160 ng/μl reaction)

dH2O 9.75-Te μl

Total volume 25 μl

Table 1: Primers used in the study

Primer Primer sequence Pairing tempera-
ture

Melting temperature Product size
(bp)

GAPDH F: GGGAGCCAAAAGGGTCATCA
R: TGATGGCATGGACTGTGGTC

51.8 oC 54.36 oC
56.50 oC

203

IFN-γ F: TGGTTGTCCTGCCTGCAATA
R: TAGGTTGGCTGCCTAGTTGG

55.5 oC 59.60 oC
59.38 oC

277

TNF-α F: CCAGGCAGGTTCTCTTCCTC
R: GGGTTTGCTACAACATGGGC

58.6 oC 59.75 oC
59.75 oC

355

IL-2 F:AGTAACCTCAACTCCTGCCAC
R: TGTGAGCATCCTGGTGAGTT

60.2 oC 59.65 oC
58.94 oC

300

Table 2: Reaction cycle

Number of cycles Temperature Time

1 45 oC 10 minutes cDNA reverse transcription

1 95 oC 2 minutes Activate polymerase

40 95 oC
60 oC
72 oC

10 seconds
10 seconds
30 seconds

cDNA denaturation
Pairing primers on cDNA
Multiply product

Flow cytometry
Antibodies for flow cytometry were the following:
anti-Granzyme B antibody-phycoerythrin (PE) (Life
Technologies, Waltham, MA, USA), anti-CD3 mon-
oclonal antibody (Santa Cruz Biotechnology, Dal-
las, TX), IgG2a-fluorescein isothiocyanate (FITC)
(Sigma Aldrich, St. Louis, MO), anti-CD56 antibody-
allophycocyanin (APC) (Life Technologies), and
anti-CD56 (Santa Cruz Biotechnology) and IgG1-
fluorescent peridinin-chlorophyll protein (PER-CP)
(Santa Cruz Biotechnology).
Cells were fixed in 4% paraformaldehyde solution and
stored at 40C. Cells were divided into 3 tubes for anal-
ysis: (1) Unlabelled - No staining, (2) Surface marker:
CD3-FITC, CD56-APC, and (3) Intracellular marker:
Granzyme B-PE. For intracellular marker, permeabi-
lization was carried out by adding ice-cold FCM Per-
meabilization buffer solution onto cell pellet while

vortexing. The sample was shook for 5 minutes at
room temperature, and then centrifuged at 2000 rpm,
5 minutes. PBS wash was done to remove the buffer
solution.
Here is the stepwise protocol for FCM:
Add 2 μl of fluorescent antibody to each test tube ac-
cordingly. Add 100 μl of cell suspension. Vortex and
incubate at 40C, 30 minutes. Wash with PBS to re-
move excess antibodies. After centrifugation, resus-
pend with 500 μl 1% PFA solution. Samples were an-
alyzed by FacsCalibur (BDBiosciences, San Jose, CA).
Results were analyzed by CellQuest Pro software (BD
Biosciences, San Jose, CA).The graph was drawnwith
GraphPad Prism (BD Biosciences, San Jose, CA).

MTTmethod
On D13, target cells were seeded into 96-well plate
with density of 2000 cells/100 μl of RPMI-1640
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medium/well. Cells were divided into 3 experimen-
tal groups as follows: group A (culture medium),
group B (hF cells), and group C (VNBRCA cells). On
D14, cells were seed into each well (20,000 cells/100
μl RPMI-1640, with IL-2 at 1000 U/ml) at a target
cell: effector cell ratio of 1:10. Effector cells were di-
vided into 3 groups (DC-CIK,DC+CIK, andCIK). (1)
Group DC-CIK: DC-CIK cells co-cultured fromD10.
(2) Group DC+CIK: DC and CIK are collected af-
ter 14 days of culture, and DC:CIK ratio = 1:10 (3).
Group CIK: CIK cells were assessed after 14 days of
culture.
On D16/D17, after 48/72 hours of seeding effector
cells, MTTmeasurements were done: The brief proto-
col included adding 20 μl of 0.5 mg/ml MTT solution
to each well, and the plate was shook at 115 rpm/5
minutes at room temperature. After 3.5 hours, the
formation of MTT crystals was observed with a mi-
croscope. After 4 hours, all of the solution in the wells
was removed to be measured. Then, 200 μl of DMSO
solution was added to wash the MTT precipitate. OD
measurement at wavelength 570 nm was done to de-
termine the amount of formazan crystals formed, or
the number of cells alive after 48/72 hours exposure
to effector cells. Determination of the cytotoxicity of
the effector cells corresponding to the determination
of the target cell ratio (VNBRCA, hF) was destroyed
after the time of exposure with the effector cell (%):

Cell death rate =

(1− OD target cell−e f f ector cell−OD e f f ector cell
OD target cell )×100

The optical density value measures absorption at
wavelength of λ570nm. Target cells: VNBRCA cells
or hF cells. Effector cells: DC-CIK, DC+CIK cells,
and CIK cells.

RESULTS
Protein concentration determination by
Bradfordmethod

The standard protein curve is a linear line between
protein concentration and OD value measured at a
wavelength of λ595nm (OD595). Protein concentra-
tion value can be easily determined by the equation: y
= 1.8479x + 0.5878, where x is the protein concentra-
tion (mg/ml), and y is the value at OD595.
Based on the linear equation, we deduced that the
antigen concentration obtained after VNBC cancer
cell lysis. Antigen concentration (from the results)
was 1.97 mg/ml.

Differentiation of DCs, CIK cells and DC-CIK
co-culture

Differentiation of DCs
After 24 hours of primary culture, mononuclear
cells were differentiated into immature DCs in CM1
medium supplemented with 50 ng/ml GM-CSF and
40 ng/ml IL -4. After 4 days, when observing the
cells culture under a microscope, a group of den-
dritic cells which attached on the surface of flask ap-
peared; another group of cells attached but did not
yet grow branched projections. The remaining com-
ponent of the culture was floating cells (Figure 3A).
After 7 days, immature DC candidate cells were in-
duced to mature in CM1medium supplemented with
VNBRCA antigen at a concentration of 50 μg/ml
(Figure 3B).
After 3 days of antigen exposure (D10), DCs had a
marked morphological change, which is a sign of ma-
turity. The group of half-adhered and suspended cells
wasmuchhigher than in the previous period (data not
shown) and DCs have fewer dendrites. The change
of immature and mature DC morphology partly aids
in seeing the effects of antigens added to the culture
medium (Figure 3C and D).

Differentiation of CIK cells
MNCs obtained in the last transfer were used to
induce CIK with primary culture medium supple-
mented with IFN-γ (1000 U/ml). After 24 hours,
50 ng/ml anti-CD3 Ab and 1000 U/ml IL-2 were
added to the CIK culture medium. On D14, a
homogeneous CIK population was obtained; the
cells had a rounded morphology and showed strong
proliferative capability.

DC-CIK cell co-culture
On D10, a co-culture of DC and CIK cells was initi-
ated, at a 1:10 ratio (DC:CIK) in RPMI-1640 medium
supplemented with 1000 U/ml IL-2.

The proliferation of DCs, CIK cells, and DC-
CIK during culture
From D10-D14, the density of the cell populations
differentiated from cord blood mononuclear cells
(DCs, CIK cells and DC-CIK cells) was checked
(Figure 6).

The rate of cell proliferation on day D14 compared
with day D10 is determined by the formula:

H(%) =
cell quantity at D14−cell quantity at D10

cell quantity at D10
×100
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Figure 1: VNBCA(A) and hF (B) in complete DMEM/F12 medium. Breast cancer cells (VNBRCA) have a typical
epithelial form, and human fibroblasts (hF) are elongated shape. Both cell types grow fast in culture, and the
mediumare refresh every 2 days until cells get confluency.

Figure 2: Standard BSA curve at 595 nmwavelength. Bovine serum albumin (BSA) standard protein curve was
made that showed the correlation between concentration and absorption value at 595 nm (OD595). Data shown
asmean± SDof triplicatewells. Theoptical densitymeasurementwas performedwith a spectrophotometer. Con-
fluent cancer cells were used to produce protein mixture by quick freeze-thaw method. The value of the antigen
concentration to be measured was extrapolated.

The rate of cell proliferation after 4 days of cul-
ture (D10-D14) of the groups differed significantly
(p<0.05). In particular, CIK cells had the fastest
growth rate (average of 133.88%), DC-CIK co-culture
had slower growth rate (average 33.7%), and DCs no
long proliferate (growth rate<0). The results of growth
rate reflect the physiological state of the cell. In culture
on D14, DCs had been induced to mature and were
dying, CIK cells had a rapid growth rate during the
culture period of 14-21 days. The proliferation in the
DC-CIK group reflects the effectiveness of the DC-
CIK co-culture. After exposure time (4 days), DCs

and CIK cells interacted with each other. Thus, DCs
are capable of presenting antigens to CIK cells and se-
creting cytokines that stimulate CIK cells to prolifer-
ate.

Gene expression

RNAwas harvestedwith high purity andwithout rup-
ture.
In the three samples of gene expression analysis, the
results showed that theDC-CIK co-culture stimulated
a strong expression of IFN-γ in comparison with the
CIK alone (p <0.0001). There were no differences be-
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Figure 3: DC phenotype during culture. DCs at immature stage: DCs on D4 (A) and D7 (B); DCs at mature
stage: DCsdayonD10 (C) anddayD14 (D). The cellmorphological changes can easily be differentiatedbetween
two stages, which suggests that antigens have a significant impact on DC characteristics. After antigen induction,
DCs are fully capable of activating lymphocytes to function to destroy cells carrying that antigen.

Figure 4: CIK cell morphology during culture. MNCs on day D0 (A), CIK cells on D7 (B), CIK cells on D10 (C),
and CIK cells on D14 (D). CIK cells gradually proliferate without any changes in morphology

203



Science & Technology Development Journal, 22(2):196-212

Figure 5: DC-CIK cell co-culture on D14. After co-culture period, it is easy to see that the cell mixture has strong
proliferation capacity which occupies the entire culture flask surface intomany cell layers (the spherical cells cover
the cell layer below), which shows that there is an interaction between the two cell types keeps them dividing.

Figure 6: Cell growth rate after 4 days (D10-D14). CIK cells grow fastest (average of 133.88%), DC-CIK co-culture
had slower growth rate (average 33.7%), and DCs no longer proliferate.
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Figure 7: Gene expression on hF cells. hF cells do not express IFN-γ (I γ), TNF-α (T α),and IL-2 genes. Ga refers
to GAPDH.

Figure 8: Results of gene expression of GAPDH (A), IFN-γ (B), TNF-α (C), IL-2 (D). Lane 1 is 100bp ladder; lane
2, 3, 4, 5 & 6 correspond to CIK cells, DC-CIK cells, and DC-CIK in culturemedium addedwith EDTA at concentration
of 0.08, 0.04 and 0.02 mg/m, respectively. EDTA was added to interfere cell-cell interaction, apparently at high
concentrations of EDTA (0.08 mg/ml), cells do not express IFN gene.
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tweenTNF-α and IL-2 gene expression between those
groups.

Evaluation of marker expression in DC-CIK
co-culture and CIK cell populations

The expression of intracellular marker (Granzyme B)
and surfacemarker (CD3+CD56+) among the groups
differed significantly (Figure 9). For Granzyme
B, MNCs showed the lowest expression (18.74%
± 10.92), while DC-CIK co-culture showed the
strongest (70.47%± 1.53, 4 times higher thanMNCs).
The lowest expression of Granzyme B was observed
for CIK cells (42.67% ± 7.78, 2.28 times greater than
MNCs). For CD3+CD56+, the co-culture showed the
most expression (13.27% ± 2.73), which is 13 times
higher than that for MNCs (1.02%± 0.11). Note that
CIK cells expressed lower (6.82% ± 2.42, nearly 6.67
times that of MNCs). The results showed that co-
culture expressed the strongest expression, which is
better than CIK group. This proves that co-culture fa-
cilitates DCs and CIK cells to interact with each other,
increasing the CIK cell toxicity after exposure to DCs
induced with antigen. Therefore, the analysis results
of flow cytometry prove that DC-CIK co-culture has
the effect of increasing the ability of CIK to induce tu-
mor cell cytoxicity.

Evaluation of the ability to cause VNBRCA
cell death of DC-CIK co-culture
Experiments were conducted on two cell lines (VN-
BRCA and hF) with 3 cell effector cell groups, namely
the co-culture (DC-CIK), individual (DC+CIK), and
CIK, which assessed the ability to target cancer cells
through the priming of DCs inDC-CIK andDC+CIK
groups, compared to the CIK group. The time of con-
tact with target cells in 48 hours (for sample 1 and
sample 2) was evaluated, as well at 72 hours (for sam-
ples 3 and 4). The results of VNBRCA and hF cyto-
toxic assessment are expressed by the ratio of dead
target cells when contacting with effector cells. Af-
ter 48 hours of exposure with effector cells, in sam-
ple 1, effector cells do not affect fibroblasts (hF cells)
but cause cell death on VNBRCA breast cancer cells
(Figure 10).
In terms of VNBRCA cell death, cells in the individ-
ual culture group (DC+CIK) gave the best removal ef-
ficiency (41.21% ± 1.02), which was 3.73 times more
than the DC-CIK group (11.06% ± 0.54), while the
CIK group was lowest (20.72% ± 1.11), and was 1.83
times greater than the DC-CIK group (Figure 10).
In sample 2, effector cells did not affect fibroblasts
but caused cell death on VNBRCA breast cancer cells

(Figure 11).

In considering VNBRCA cell death, cells in DC+CIK
and CIK groups gave better killing efficiency than
the co-culture group (6.59 % ± 0.22). The rate of
cell death induced on VNBRCA cells did not dif-
fer between the 2 groups of effectors: DC+CIK cells
(23.63% ± 0.94) and CIK cells (24.50% ± 1.78), (p =
0.0603 > 0.05, Figure 11). Thus, after 48 hours, effec-
tor cells do not have toxic effects on hF cells but are
capable of lethality on VNBRCA cells, show since the
group of effector DC+CIK cells showed toxic effects
more significantly than the 2 groups of CIK and DC-
CIK.
After 72-hour exposure, in sample 3, the effector cells
of DC+CIK and CIK group caused toxic effects on
both hF and VNBRCA target cells (Figure 12).
On VNBRCA cells, the effector cells of DC+CIK cells
had the highest cell death effect (91.09% ± 4.17),
which was 1.6 times higher than the DC-CIK group
(57.24% ± 3.2). CIK cells do not make deadly effects
on VNBRCA cells (Figure 12). In sample 4, DC+CIK
effector cells caused toxicity on both target cell lines,
while DC-CIK cells had the most effective VNBRCA
cytotoxicity.

For hF cells, the groups of effector DC-CIK and CIK
cells did not kill target cells, but DC+CIK cells had
toxic effects on cell death at the rate of 31.71%± 2.65.
For VNBRCA cells, the lowest rate of cell death was
in the CIK group (20.58% ± 3.24), DC+CIK group
had the highest cell death rate (53%± 6.01, 2.58 times
more than CIK), and the DC-CIK group had the low-
est toxic effect (25.01%± 1.94, 1.22 times higher than
CIK cells) (Figure 13). After 72 hours, DC+CIK cell
group had the highest VNBRCA cytotoxic effect but
also killed hF cells. Therefore, DC-CIK co-culture in-
duced optimal cytotoxic effects after 72 hours of ex-
posure to target cells.
In summary, for the hF cells, cells of DC+CIK and
CIK groups had the effect of causing cell death af-
ter 72-hour exposure, in which the cell death rate of
DC+CIK group was high (38.24%± 7.69 on average).
Meanwhile, the DC-CIK group does not cause hF tar-
get cell death after both time points. For VNBRCA
cells, all 3 groups of the effector cells have a lethal
effect on cancer cells, in which DC+CIK group gave
the highest effect. The lethality of the DC-CIK group
increased after 72-hour exposure with the target cell.
Therefore, DC-CIK co-culture has the most specific
ability to eliminate VNBRCA breast cancer cells with
only causing lethal effects on cancer cells yet without
causing toxicity on fibroblasts (hF). The optimal toxi-
city of this group on VNBRCA occurs after 72 hours.
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Figure 9: Expression of CIK-specific cell marker. MNCs express Granzyme B lowest, while DC-CIK co-culture
showed the strongest expression. The co-culture also showed the most CD3+CD56+expression. Data shown as
mean± SD; * p<0.05

Figure 10: Percentage of dead cells after 48 hours of exposure to effector cells (%) of sample 1. Effector cells
do not affect fibroblasts (hF cells) but cause cell death on VNBRCA breast cancer cells. Data shown as mean± SD;
**** p<0.0001.

Figure 11: Percentage of dead cells after 48 hours of exposure of sample 2 to effector cells (%). Effector cells
do not affect fibroblasts (hF cells) but cause cell death on VNBRCA breast cancer cells. Data shown as mean± SD;
**** p<0.0001.
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Figure 12: Percentage of dead cells after 48 hours of exposure to effector cells (%) of sample 3. The effector
cells of DC+CIK and CIK group caused toxic effects on hF normal cell, CIK cells even do not make deadly effects on
VNBRCA cells. Data shown as mean±SD; ** p<0.005.

Figure 13: Percentage of dead cells after 72 hours of exposure of sample 4 to effector cells (%). DC+CIK ef-
fector cells caused toxicity on both target cell lines, while DC-CIK cells had themost effective VNBRCA cytotoxicity.
Data shown as mean± SD; * p<0.05.

DISCUSSION
Our body is capable of stimulating immune responses
to remove abnormal cells (cancer cells)53. The use
of the immune system to eliminate cancer cells in
the body is well known as immunotherapy for can-
cer treatment54. One of the main methods used is
immune cell therapy55. Immune cells have been cul-
tured in vitro in which they are induced to strongly
identify tumor cells before being infused into cancer
patients56. In vitro cultivation of DCs and Cytokine-
induced Killer cells (CIK cells) - a special phenotype
of T lymphocyte populations- for cancer treatment
has gained increasing research interests57.
Mononuclear cells were collected and cultured in pri-
mary culture supplemented with 10% serum (FBS) to
enhance selection of cells capable of adhering to the
surface of the flask; this helps to maximize the cells
with good adhesion, creating a good cell source for
DC differentiation58. In addition, FBS supplementa-
tion is also convenient for transferring the cell suspen-
sion afterwards and removing red blood cells about
2-3 hours later. According to Steinman and Cohn

(1973), the ability of mononuclear cell adhesion de-
creases with time in the primary medium, so that the
transferring creates space for the best mononuclear
cell adhesion59. It is very important to remove red
blood cells from the first stage of isolation60. If it has
been done without caution, mononuclear cell samples
have an abundance of both platelets and erythrocytes,
affecting the effectiveness of the subsequent lysis pro-
cess. This makes it difficult to determine the number
of cells or containment of noise signal via interference
marker analysis. Mononuclear cell population with
the best adhesion capacity obtained during the first
transfer was used as cell source for DCs differentia-
tion61. The cell population in the final transfer was
used to induce into CIK cells because these cells are
non-adherent cells.
DCs are one of the professional antigen presenting
cells (APC) of the immune system62. DCs are able
of capturing and presenting foreign antigens to T lym-
phocytes, thereby activating naiveT cells into antigen-
specific cytotoxic T cells63. On the other hand, acti-
vated T-cells secrete cytokines to stimulate the pro-
liferation of DCs 64. The co-culture of T-cells and
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antigen-primed DCs will stimulate the proliferation
and toxicity of T cells. In vitro, CD14+ mononu-
clear cells can be induced and differentiated into DC
with the presence of GM-CSF, IL-4, and TNF-α (tu-
mor necrosis factor-α)65. GM-CSF is believed to en-
sure the existence and differentiation of monocytes in
vitro, while IL-4 has been shown to inhibit the dif-
ferentiation into macrophages66. TNF-α also helps
to produce high levels of IL-12p70, thereby enhanc-
ing the ability to activate TH1 and CTLs 67. In studies
using DC in cancer therapy, replacing necrosis factor
TNF-α by tumor antigen is increasingly concerning
but markedly effective, especially in in vivo and clini-
cal trials68. Quick Freeze-Thaw is a common physical
method normally used for mammal cell lysis 69. This
method relies on mechanical impact directly on cell
membrane by forming ice crystals during the freez-
ing causing tearing, breaking cell membrane70. Cells
will be cleaved into smaller peptides 71. Cancer anti-
gens are biological agents induced dendritic cell ma-
turity as a physiological condition in the body72. The
use of antigens derived from tumor cell lysis to in-
duce DC maturation is necessary to provide strong
antitumor effect in both in vitro and in vivo73. Af-
ter being exposed to antigens, DCs reduce adhesion
and are able to migrate to lymph nodes due to secre-
tion of cytokines, such as TNF-α , IL-1 β 74. In par-
ticular, TNF-α is the stimulus for differentiating im-
mature DCs into mature DCs 75. The change of DC
cell morphology pre- and post-antigen exposure (or
immaturity and maturity) is clearly demonstrated by
observations on D7, D10 and D14 (Figure 3B, C, and
D). Immature DCs have distinctly long dendrites and
better adhesion than mature DCs 76.
Mononuclear cells isolated from periph-
eral blood may be induced into CIK cells by
IFN-γ , anti-CD3 antibody, and IL-2 77. CIK cells
have T lymphocytes and natural killer (NK) cell
characteristics, and contain heterogeneous pheno-
typic features (e.g. CD3-CD56+, CD3+CD56-, and
CD3+CD56+)78. CIK cells have pre-eminent traits,
such as rapid proliferation, toxicity to cancer cells
regardless of HLA and low rejection ability79. CIK
cells are capable of rapid growth during the 2-3 week
culture period, and CIK cells can grow up to a few
hundred fold80. Control of IFN-γ induction before
supplementation with IL-2 and anti-CD3 antibody is
crucial in creating cytotoxicity 81. Specifically, IFN-γ
activates monocytes to provide an important signal
in CD56+ T-cell proliferation82. The addition of IL-2
and anti-CD3 then mainly provide mitotic signals83.
CIK is a round-shape, floating cell population, not
adhering in culture (Figure 4B, C and D).

In our body, cell populations cannot function inde-
pendently, but have an interaction with other cell
populations to coexist84. Cell co-culture is one of the
methods to determine the interplay between popu-
lations, which can stimulate or inhibit each other85.
Co-culturing DCs and T cells to stimulate the body’s
immune response to pathogens as well as cancer cells
has yielded positive results86. However, the method
also has certain limitations such as weak T-cell vi-
tality, low quantity of T-cells isolated from patients,
and cultured T-cell characteristic alteration. All of
these factors increase in the risk of T-cell rejection out
of the patient’s body87. Bearing the characteristics
of CD3+ T lymphocytes, CIK cells are able to iden-
tify the antigen presented on DCs 88. Co-culture of
DCs and CIK cells is capable of increasing the expres-
sion of CIK-specific characteristics and CIK toxicity
on cancer cells89. The ratio of DC-CIK co-culture
is as diverse as 1: 3, 1: 5, 1:10, and 1:20, according
to previous studies90 91. The ratio used in this exper-
iment was DC:CIK = 1:10. After exposure time (4
days), DCs and CIK cells interacted with each other,
and DCs interacted with and secreted cytokines that
stimulate CIK cells to proliferate (Figure 6). In ad-
dition, DC-CIK co-culture also stimulated strong ex-
pression of IFN-γ (Figure 8B). The analysis results of
flow cytometry demonstrate that DC-CIK co-culture
highly express Granzyme B and CD3+CD56+ mark-
ers (Figure 9). Specifically, DC-CIK co-culture has
the most specific lethal effects on cancer cells after 72
hours.

CONCLUSION
The combination of DCs with CIK cells- with a func-
tion to determine the target cancer cells- is a po-
tential combined strategy with high efficiency and
safety compared to traditional therapies, such as
chemotherapy and radiotherapy, which cause sys-
temic immunodeficiency.

ABBREVIATIONS
Ag: antigen
APC: allophycocyanin
APC: Antigen-presenting cell
BSA: bovine serum albumin
CIK: Cytokine-induced killer cell
DC: Dendritic cell
FBS: fetal bovine serum
FITC: fluorescein isothiocyanate
GM-CSF: Granulocyte-macrophage colony-
stimulating factor
hF: human fibroblasts
iDC: immature DC
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IFN-γ : Interferon-γ
IL-2: Interleukin-2
IL-4: Interleukin-4
MHC: Major histocompatibility complex
MNC: Mononuclear cell
NK cell: Natural killer cell
PE: phycoerythrin
PER-CP: peridinin-chlorophyll
TCR: T-cell receptor
TNF-α : Tumor necrosis factor-α
VNBRCA: Breast cancer cell
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