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Aim: To investigate the effects of trans-cinnamaldehyde (TCA) on the human leukemia K562 cell line and the cytotoxicity of cytokine-

induced killer (CIK) cells against K562 cells.

Methods: Apoptosis, Fas expression, and mitochondrial transmembrane potential in K652 cells were analyzed using flow cytometry.
K562 cells were labeled with CFSE. The cytotoxic effect of expanded CIK cells on CFSE-labeled K562 cells was determined by FACS

flow cytometry.

Results: Treatment with TCA 180 umol/L for 9 h induced apoptosis in 8.9%+1.23% of K562 cells. Treatment with 120 or 180
pumol/L TCA for 24 h significantly increased the apoptotic cells to 18.63%+1.42 % and 38.98%+2.74%, respectively. TCA significantly
upregulates Fas expression and decreases mitochondrial transmembrane potential in K562 cells. TCA treatment at 120 and 180
pmol/L for 9 h enhanced the percentage of lysis of K562 cells by expanded CIK cells from 34.84%+2.13% to 48.21%+2.22 % and
64.81%+3.22% at the E:F ratio of 25:1 and from 49.26%+3.22% to 57.81%+5.13% and 73.36%+5.98% at E:F ratio of 50:1.
Conclusion: TCA exerts cytotoxic effects on human leukemia K562 cells by inducing apoptosis and synergizing the cytotoxicity of CIK
cells against K562 cells. These properties of TCA are beneficial to the treatment of leukemia, even in the patients who have received

hematopoietic stem cells transplantation (HSCT).
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Introduction
Although allogeneic hematopoietic stem cell transplanta-
tion (HSCT) is a highly effective treatment for leukemia, its
therapeutic potential is counterbalanced by treatment-related
toxicity, especially the development of graft-versus-host dis-
ease (GVHD) and relapse due to minimal residual leukemic
cells remains, which are major complications and formidable
obstacles'. Many patients relapse with or die of GVHD, even
after transplantation. The use of immunosuppressors against
GVHD is not conducive to the absolute depletion of residual
leukemic cells. Therefore, the development of appropriate
anticancer drugs remains an important goal®.
Trans-Cinnamaldehyde (TCA), also known as cinnamalde-
hyde, is an active compound isolated from the stem bark of
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Cinnamomum cassia. The chemical structure of TCA is shown
in Figure 1. TCA can be applied as a flavorant, an agrichemi-
cal, an antimicrobial and in miscellaneous uses, such as a cor-
rosion inhibitor for steel and other ferrous alloys in corrosive
fluids. With the exception of being a skin irritant, TCA has
low toxicity. Recent documented data showed TCA could
induce the apoptosis of several human tumor cell lines, includ-
ing human promyelocytic leukemia HL-60 cells™ *. Interest-
ingly, TCA has been shown to interfere with T cell activation
through different mechanisms and could, therefore, have
additive effects on the inhibition of T cell activation®. Acti-
vated T cells are well recognized as the first component of a
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Figure 1. Chemical structure of TCA.
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GVHD reaction”. Thus, TCA may be a promising drug for
modulating the immune response and dealing with relapse
and GVHD.

Cytokine-induced killer (CIK) cells, derived from the periph-
eral blood of normal donors or leukemia/lymphoma patients,
are T cells with a characteristic immunophenotype of CD3
and CD56 double positivity. Data show that CIK cells exhibit
potent anti-tumor activity in vitro and in vivo, they do not
interfere with bone marrow engraftment in vivo and have little
GVHD activity in several allogeneic models”.. In this study,
we first investigate the effects of TCA on the apoptosis of K562
leukemic cells and the effect of TCA on the cytotoxicity of CIK
cells against K562 cells. Our aim is to provide evidence for the
development of TCA as an anticancer drug to treat leukemia,
even in patients after HSCT.

Materials and methods

Reagents

TCA (CyHgO, molecular weight=132.16, purity=95%) was
obtained from Sinopharm Chemical Reagent Co Ltd, China. A
200 mmol/L solution of TCA was prepared in dimethyl sul-
foxide (DMSQO) and stored in aliquots at -20 °C until use. The
final concentration of DMSO did not exceed 0.1% in any exper-
iment. DMSO and propidium iodide (PI) were purchased
from Sigma-Aldrich Inc, USA. Fetal bovine serum (FBS) and
RPMI 1640 were purchased from Gibco-BRL Inc, USA. Ficoll-
Hypaque (1.077 g/mL) was purchased from Haoyang Biologi-
cal manufacture Co, China. Fluorescein isothiocyanate (FITC)
labeled anti-CD3 antibody (CD3-FITC), phycoerythrin (PE)
labeled anti-Fas (CD95) and anti-CD56 antibodies (CD95-PE,
CD56-PE) were obtained from BD PharMingen, USA. The
Annexin-V/PI Staining Kit was purchased from Bender Med-
systems Inc, Austria. Carboxyfluorescein succinimidyl ester
(CFSE) was purchased from Molecular Probes, USA. Anti-
CD3 (Orthoclone OKT 3) was from Cilag GmbH, Germany.
Interleukin-1p (IL-1P) and interleukin-2 (IL-2) were purchased
from R&D Systems, Germany. Human recombinant interferon
vy (IFN-y) was purchased from Boehringer Mannheim, Ger-
many.

Cell culture

The K562 cell line was obtained from the American Type
Culture Collection, USA. Cells were cultured in complete
medium (RPMI-1640 medium with 10% FBS containing 100
U/mL penicillin, 100 pg/mL streptomycin) at 37 °C in a 5%
CO, humidified atmosphere. The medium was changed every
2 days. The experiments were performed on cells during their
exponential phase of growth.

Apoptosis analysis by flow cytometry

K562 cells were treated with various concentrations of TCA for
4,9, 0or 24 h. Cells were harvested and labeled with Annexin V
conjugated with fluorescein isothiocyanate (Annexin V-FITC)
and PI. The cells were then analyzed by flow cytometry.
Apoptotic cells were defined as Annexin V-positive and PI-
negative cells (early apoptotic cells) plus Annexin V-positive
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and PI-positive cells (late apoptotic cells).

Fas/CD95 expression analysis by flow cytometry

After treatment with TCA for 4, 9, or 24 h, K562 cells were
washed with PBS and incubated for 20 min on ice with PE-
labeled anti-Fas (CD95) antibody. Then, the cells were imme-
diately analyzed by the flow cytometry.

Mitochondrial transmembrane potential (Awm) analysis by flow
cytometry

After treatment with TCA for 24 h, K562 cells were washed
with PBS and incubated for 15 min at 37 °C with 0.5 mg/L
Rho123, a fluorescent staining dye used to evaluate the change
of Aym. The cells were immediately analyzed by the flow
cytometry.

Generation and immunophenotype identification of CIK cells
CIK cells were generated under good manufacturing practice
conditions as previously described®. First, peripheral blood
samples from five healthy donors were collected after obtain-
ing informed consent. Mononuclear cells were isolated by
Ficoll-Hypaque gradient purification as per the manufacturer’s
instructions. Peripheral blood mononuclear cells (PBMNCs)
were grown in complete culture medium at 37 °C in a 5% CO,
humidified atmosphere. At day 0, IFN-y was added to the
cells at a final concentration of 1000 U/mL. After 24 h of incu-
bation, 50 ng/mL of anti-CD3, 100 U/mL IL-1$ and 300 U/
mL IL-2 were added. Cells were incubated and sub-cultured
every third day in fresh complete medium containing IL-2 and
anti-CD3 at 3x10° cells/mL. CIK cells were harvested on day
+10. Immunophenotypic identification of the PBMNCs on
day 0 and CIK cells on day +10 was performed by FACS flow
cytometry (Becton Dickinson). The percentages of lympho-
cytes expressing CD3CD56 molecules were determined at each
time point.

Cytotoxicity assay

K562 cells were labeled with CFSE, a fluorescent live cell-
staining dye, according to the original method described
elsewhere and modified”. CFSE-labeled K562 cells were
seeded at a density of 2x10° cells/mL into a flask in complete
medium and pretreated with TCA at a final concentration of
120 or 180 umol/L for 4 h. Following TCA exposure, the cells
were reseeded in 24-well plates as the target cells (T) at a con-
stant number of 60000 cells after two washes with complete
medium. CIK cells were added as effector cells (E) into target
cell cultures at one of two E:T ratios (25:1 or 50:1). In parallel,
target cells were incubated alone to measure basal lysis. For
the continuous TCA treatment group, TCA at a final concen-
tration of 120 or 180 pmol/L was added into corresponding
cultures. All cells were incubated for another 5 h. Then, ali-
quots of freshly collected cells were centrifuged, washed in
PBS and resuspended in PBS containing 25 pg/mL PL. After
incubation for 20 min at room temperature in the dark, acqui-
sition was performed without delay on a FACS flow cytom-
eter. CFSE fluorescence and PI emission were detected using



the FL-1 and FL-2 channels, respectively. At each E:T ratio
(25:1 or 50:1), 5000 target cells were acquired. Analysis was
performed with the Cell Quest software (Becton Dickinson).

Statistical analysis

All data are expressed as meanststandard deviations (SD).
Statistical analysis was performed using SPSS12.0. Differences
between repeated experiments with variable concentrations
of TCA were computed using the Student’s ¢ test. P<0.05 was
considered to be statistically significant.

Results

TCA induced apoptosis in K562 cells

K562 cells were treated with 120 or 180 pmol/L TCA. At 4,
9, or 24 h, cells were harvested for apoptosis analysis. At 4 h,
TCA did not significantly induce K562 cells apoptosis. At 9
h, 180 pmol/L TCA markedly induced K562 cells apoptosis
(8.9%%1.23%). At 24 h, TCA significantly increased the per-
centage of apoptotic cells in a dose-dependent manner (Figure
2). The apoptosis rate after treatment with 120 or 180 pmol/L
TCA was 18.63%+1.42% and 38.98%+2.74%, respectively. The
spontaneous apoptosis rate was 3.56%=0.72% in K562 cells.

TCA upregulated Fas expression in K562 cells

Fas/CD95 was not universally expressed in K562 cells, as
described previously™. Exposure of K562 cells to TCA
resulted in the expression of Fas/CD95 in K562 cells in a time-
dependent fashion and a dose-dependent manner (Figure 3).
At 4 h, 180 pmol/L TCA upregulated Fas/CD95 expression in
K562 cells. At 9 h and 24 h, 120 and 180 pmol/L TCA signifi-
cantly increased Fas/CD95 expression in K562 cells.

TCA decreased the mitochondrial transmembrane potential
(Agm) in K562 cells

K562 cells were treated with 120 or 180 pmol/L TCA for
24 h. The mitochondrial transmembrane potential (Aym)
in K562 cells was analyzed by flow cytometry. TCA at 120
and 180 pmol/L induced the loss of Aym in K562 cells from
1.56%%0.35% to 14.16%%2.56% and 28.84%+3.53%, respectively.

TCA synergized the cytotoxicity of CIK cells to K562 cells

To characterize the expanded CIK cells, the immunopheno-
type of the expanded cells was determined using flow cytom-
etry. The CD3"CD56" subset of cells comprised just 1%-4.7%
of the lymphocytes in the freshly isolated PBMNCs in the
starting culture. On day +10, the CD3"CD56" subset of cells
was significantly expanded in the range of 28% to 50%, with a
median of 37%.

The cytotoxic effect of expanded CIK cells was verified
by performing a cytotoxicity assay against the CFSE-labeled
target K562 cells. The K562 cells in a 20:1 E:T ratio were not
distinct in the ungated forward scatter (FSC)/side scatter
(SSC) dot plot shown in Figure 4. To quantitate specific lysis,
flow cytometry analysis was performed in two steps: (1) selec-
tion of target cells on the SSC/CFSE dot plot, distinguishable
from effector cells by their CFSE-positivity (Figure 4B); and (2)
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Figure 2. TCA induced significant apoptosis in K562 cells in a dose-
dependent manner at 24 h. A) Original flow cytometry data. Medium
supplemented with O uymol/L TCA (Control); Medium supplemented with
120 pmol/L TCA (TCA 120); Medium supplemented with 180 umol/L TCA
(TCA 180). B) Percentage of apoptosis in K562 cells. n=6. Mean+SD.
°P<0.05 vs Control. °P<0.05 vs 120 umol/L TCA.

determination of the percentage of target lysis, corresponding
to the percentage of CFSE'PI" cells (sample lysis) in the pres-
ence of effectors at a given E:T ratio (Figure 4C). In parallel,
basal lysis was quantified, corresponding to the percentage
of dead K562 target cells in the absence of both CIK cells and
TCA. The percentage of specific lysis for a given E:T ratio was
calculated as follows:

0 is - % :
%Specific lysis= %Sample lysis - %Basal lysis

1 - %Basal lysis

Measurable cytotoxicity was observed at the effector:target
ratio of 25:1 and 50:1, with a mean specific lysis rate of
34.84%+2.13% and 49.26%%3.22%, respectively (Figure 5).
After the above experiments, we evaluated the combined
effects of CIK cells and TCA on K562 cells. To exclude the
influence of TCA alone on the K562 cells, we pretreated target

863

Acta Pharmacologica Sinica



www.nature.com/aps
Zhang JH et al

864

5r A b
o AF
5 &
88 3r
[7a)
8O 2
28
O L
Control TCA120 TCA180
18r B be
__15¢
RS L
o 12
S o 9t b
[7a)
80
1 S 6r
% : -
wuw 3k
ol  n—
Control TCA120 TCA180
35 be
_30F
5¥ 251
c
s l§ 20 b
£8 15¢
g8 10r
g o
oL ————
Control TCA120 TCA180

Figure 3. TCA upregulated expression of Fas/CD95 in K562 cells. A)
Effect of TCA treatment for 4 h on expression of Fas/CD95 in K562 cells. B)
Effect of TCA treatment for 9 h on expression of Fas/CD95 in K562 cells. C)
Effect of TCA treatment for 24 h on expression of Fas/CD95 in K562 cells.
n=5. Mean#SD. "P<0.05 vs Control. °P<0.05 vs 120 umol/L TCA.
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Figure 4. Lysis quantitation by the CFSE/PI assay. A) K562 cells are not
distinct in the ungated FSC/SSC dot plot. B) Selection of K562 target
cells (R1 gate) according to their CFSE-positivity on the SSC/CFSE dot plot.
C) Quantitation of target cell lysis on the CFSE/PI dot plot. Dead K562
cells (R2 gate) are positive for both Pl and CFSE.

cells with 0, 120, or 180 pmol/L TCA for 4 h and then washed
the TCA out or continued to treat with 120 or 180 pmol/L
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Figure 5. TCA synergized the cytotoxicity of CIK cells to K562 cells.
A) Effect of TCA on cytotoxic activity by CIK cells to K562 cells at the
indicated effector:target ratio of 0:1. B) Effect of TCA on cytotoxic activity
by CIK cells to K562 cells at the indicated effector: target ratio of 25:1.
C) Effect of TCA on cytotoxic activity by CIK cells to K562 at the indicated
effector: target ratio of 50:1. n=5. Mean+SD. °P<0.05 vs Control.
°P<0.05 vs 120 umol/L TCA treated continuously. TCA washout group:
target cells were pretreated with TCA for 4 h and then washed out in the
presence of CIK cells. TCA continuously treated group: target cells were
pretreated with TCA for 4 h and then for another 5 h in the presence of
CIK cells.

TCA for another 5 h in the presence of CIK cells. The effect of
CIK cells on K562 cells in TCA washed out groups showed no
significant difference to that of TCA untreated groups at the
two tested E:T ratios. When target cells were continuously
treated with TCA, specific lysis was increased compared to
corresponding partners. TCA at 120 and 180 pmol/L induced
the specific lysis of CIK cells are rates of 48.21%+2.22% and
64.81%+3.22%, respectively, at the E:T ratio of 25:1 and of
57.81%+5.13% and 73.36%+5.98%, respectively, at the E:T ratio
of 50:1.

Discussion

K562 cells were the first established human immortalized
myelogenous leukemia line. These cells are of the erythroleu-
kemia type and are derived from a 53-year old female patient
with chronic myeloid leukemia (CML) in blast crisis. In cul-
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ture, K562 cells exhibit much less clumping than many other
suspension lines. K562 cells can spontaneously develop char-
acteristics similar to early-stage erythrocytes, granulocytes and
monocytes and are easily killed by natural killer (NK) cells as
they lack the MHC complex required to inhibit NK activity.
Thus, K562 cells were chosen to explore the cytotoxic effects of
TCA in this study.

Our data show that TCA induces apoptosis of human myel-
oid leukemia K562 cells, upregulates Fas/CD95 expression,
decreases mitochondrial transmembrane potential (Aym) in
the treated K562 cells and synergizes the cytotoxicity of CIK
cells to K562 cells. These data suggest TCA may trigger the
extrinsic or Fas-mediated apoptotic pathway in K562 cells
as well as the intrinsic or mitochondrial-mediated apoptotic
pathway.

Cell apoptotic pathways commonly include the Fas and
mitochondrial-mediated apoptotic pathway™.
tor is the most intensely studied death receptor. Fas forms the

The Fas recep-

death inducing signaling complex (DISC) upon ligand bind-
ing. Membrane-anchored Fas ligand trimer on the surface of
an adjacent cell causes trimerization of the Fas receptor. The
extrinsic Fas pathway is sufficient to induce complete apop-
tosis in certain cell types through DISC assembly and subse-
quent caspase-8 activation. It is well known that the Fas/Fas
ligand (FasL) pathway is an alternative effector mechanism
used by CIK cells to lyse their target cells" ™. CIK cells syn-
thesize FasL and CIK culture supernatants contain biologically
active soluble FasL"l. Cytotoxicity was blocked by the addi-
tion of anti-Fas mAb!"™. A subset of CIK cells may induce an
advantageous Thl-dominance microenvironment, inducing
tumor apoptosis through the Fas/FasL pathway causing anti-
tumor cytotoxicity in vivo™.

CIK cells are MHC-unrestricted cytotoxic lymphocytes with
the characteristic CD3'CD56" phenotype. They are generated
from peripheral blood lymphocytes and represent a rare sub-
set of circulating lymphocytes (from 1% to 5% of peripheral
blood lymphocytes)™.. At maturity, CIK cells exhibit potent
cytotoxicity against autologous acute myeloid leukemia (AML)
targets, as well as against allogeneic myeloid leukemia cells,
regardless of the HLA types of these targets. It has also been
reported that CIK cells are cytolytic against CML cells, both
in vitro and in the SCID mouse tumor model"®. Donor gener-
ated CIK cells do not induce GVHD as observed for unfrac-
tionated donor splenocytes, and they prolong the survival of
murine leukemia-bearing mice. Therefore, the use of CIK cells
in immunotherapy to eradicate resistant residual tumor cells
with limited toxicity against normal cells is very promising™”.
In the present study, TCA upregulated the expression of Fas,
indicating the Fas/FasL pathway may be involved in apopto-
sis by TCA and in the enhanced cytotoxicity triggered by CIK
cells.

TCA, a drug with immunomodulatory and antitumor char-
acteristics, was shown to induce apoptosis of K562 cells by Fas
and mitochondrial-mediated apoptotic pathway. TCA syner-
gized the cytotoxic capability of CIK cells against K562 target
cells, perhaps via the upregulation of Fas on the target cells. If

the combination of CIK cells and TCA can be used clinically,
they may synergistically act on malignant cells in a manner
that is beneficial to patients.

Current treatment strategies in adult patients with AML
lead to complete remission (CR) in 50%-80% of the patients.
Additionally, more than 80% of childhood and 35% of adult
acute lymphoblastic leukemia (ALL) patients are cured with
modern chemotherapy supplemented with HSCT™. Despite
major progress in treating hematologic malignancies, much
work remains ahead. Some of these patients will eventually
relapse due to the persistence of residual leukemic cells that

escape the cytotoxic effects of therapy'™'l.

Occasionally, rou-
tine radiation and chemotherapy used to treat leukemia are
both unable to eradicate the residual and metastatic leukemic
cells. Thus, with the exception of graft-versus-leukemia (GVL)
effect, there are not many treatment options available today
to eradicate residual malignant cells. However, GVL effect is
mediated by GVHD, a potentially dangerous and usually mor-
tal condition often developed by patients following HSCT?.
Therefore, it is necessary to develop new strategies to treat
patients post-HSCT.

In conclusion, TCA has cytotoxic effects on human leukemia
K562 cells by inducing apoptosis and synergizing the cyto-
toxicity of CIK to K562 cells. These properties of TCA may
be beneficial in treatment of leukemia, even in post-HSCT
patients.
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