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Abstract: Objectives: Certain tumor cells pretreated with chemotherapeutic drugs become more susceptible to death by 
apoptosis induced by killer cells of the immune system. We examined the CD8+ cytotoxic T lymphocyte (CTL)-mediated 
cytotoxicity in myeloid leukemia cell lines pretreated with chemotherapeutic drugs. 

Methods: Peripheral blood mononuclear cells were expanded in vitro in the presence of phytohemagglutinin-P, 
interleukins-2 and -15. CD3+ CD8+ cells representing the CTLs were isolated using magnetic immunoselection and used 
in immune cytotoxicity experiments against K562 and CMK leukemia cells, pretreated with two different concentrations of 
cytarabine and etoposide.  

Results: In CMK cells pretreated with etoposide at 2 μM and 20 μM concentrations, the mean cell-mediated immune 
cytotoxicity rose to 21.4 ± 12.9% (p=0.09) and 23.4 ± 12.6% (p=0.046), respectively, when compared to the control value 
of 6.6 ± 3.8%. In CMK cells pretreated with cytarabine at 1 μM and 10 μM concentrations, the mean immune cytotoxicity 
rose to 14.3 ± 11.2% and 22.6 ± 15.2%, respectively, compared to the control value of 8.7 ± 6.3%, although these results 
did not reach statistical significance. However, a similar increase in CTL-mediated immune cytotoxicity was not observed 
against drug-treated K562 cells. 

Conclusion: This study suggests that pretreatment with chemotherapeutic drugs can render CMK leukemia cells more 
susceptible to immune attack by activated CTLs. Further studies are needed to explore this phenomenon, to establish an 
immune-enhancing effect of pretreatment with chemotherapy in the treatment of leukemia. 
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INTRODUCTION 

The presence of an effective anti-leukemic immune 
response may be important in the eradication of 
leukemia. Two therapeutic modalities used in the 
treatment of leukemia, allogeneic hematopoietic stem 
cell transplantation (HSCT) and donor lymphocyte 

infusions (DLIs), operate through an allogeneic cell-
mediated immune reaction, termed the graft-versus-
leukemia (GVL) reaction [1, 2]. The effector cells 
involved in the GVL reaction include the natural killer 
(NK) cells and the cytotoxic T lymphocytes (CTLs). The 
high rate of relapse following T cell-depleted HSCT for 

hematologic malignancies [3] and reversal of relapse 
following DLI [4, 5] constitute evidence for the 
important role CTLs play in the mediation of the GVL. It 
can be speculated that enhancing the immune 
capabilities of CTLs may help reduce radiation and 
chemotherapy doses but still achieve cure from 

leukemia. This can be achieved by priming donor’s T 
cells with tumoral antigens prior to HSCT and thereby 
producing clones of donor cytotoxic effector cells 
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specifically targeting tumoral tissue; however, this 
approach is cumbersome, time-consuming and not 
always feasible in the clinical setting. Fortunately, both 

CTLs and NK cells can be activated and expanded in 

vitro with interleukin (IL)-2 stimulation without priming 
with tumoral antigens. Such cells are called 
lymphokine-activated killer (LAK) cells [6, 7]. 

Effector/cytotoxic cells of the immune system kill 
tumor cells through activation of apoptosis, or 
programmed cell death. The two major molecular 
mechanisms involved in the induction of apoptosis in 

the target cells include the granule exocytosis 
(perforin/granzyme pathway), and death ligand/death 
receptor interaction. The death receptors that transmit 
apoptotic signals into the target cell are membrane-
spanning proteins that belong to the tumor necrosis 
factor (TNF) receptor family of molecules, and include 

the Fas, TNF receptor 1, and receptors for the TNF 
receptor apoptosis inducing ligand (TRAIL). The 
corresponding ligands expressed by the 
effector/cytotoxic cells include the Fas ligand, TNF- , 
and TRAIL, respectively [8-10]. 

One of the ways tumor cells evade immune 
surveillance is by blocking apoptotic signals that could 
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be delivered by the effector cells of the immune 
system. This could be either through down-regulation 

of death receptors on the cell surface or by disabling 
intracellular downstream pathways of apoptosis. 
Chemotherapeutic drugs can reverse this immune 
evasion by either up-regulating the surface death 
receptors or salvaging the downstream pathways, 
ultimately re-establishing a pro-apoptotic state in the 

tumor cell [11, 12]. As an example, in esophageal 
cancer cell lines, cisplatin induces the expression of 
Fas. Through Fas/Fas ligand interaction, LAK cells thus 
exert an augmented cytotoxicity against esophageal 
cancer cells pretreated with cisplatin [13]. Similarly, 
leukemia cells exposed to chemotherapeutic drugs 

become more sensitive to the anti-leukemic activity of 
soluble TRAIL [14]. Anti-leukemia drug 
homoharringtonine sensitizes human colorectal 
carcinoma cells to TRAIL-induced apoptosis [15]. The 
synergistic effects of combining cell-mediated immune 
therapy with pretreatment of tumor cells have been 

shown in several tumor cell lines, using different 
chemotherapeutic drugs [16-31]. 

In this study we have examined immune cytotoxicity 
by unprimed lymphokine-activated peripheral blood 
CD8+ T lymphocytes against myeloid leukemia cell 
lines that were pretreated with chemotherapeutic 
agents. We were able to demonstrate that pretreatment 
with chemotherapeutic agents could render at least one 

leukemic cell line more vulnerable to CTL-mediated 
immune killing. 

MATERIALS AND METHODS 

Generation of CD8+ -LAK Cells 

Peripheral blood samples were collected from 6 
healthy volunteers in accordance with the protocols 
approved by the Wayne State University Human 
Investigations Committee and the Institutional Review 
Board. Peripheral blood mononuclear cells were 
isolated after centrifugation of fresh blood collected 
from 6 healthy volunteer donors on Ficoll Histopaque-
1077 and were cultured for six days at a concentration 
of 1  106 cells/ml in RPMI 1640 medium 
supplemented with 10% fetal bovine serum, 2 mM 
glutamine, 50 μg/ml gentamycin in the presence of IL-2 
(100 U/ml), IL-15 (10 ng/ml), and phytohemagglutinin-P 
(5 μg/mL) [32,33]. 

Isolation of CD8+ -CTLs 

On the 6th day of incubation, CD3+ CD8+ LAK cells 
were purified using immunomagnetic negative selection 

(Miltenyi Biotec, Gladbach, Germany), according to the 
manufacturer’s protocol for CD8+ T Cell Isolation Kit II. 

Briefly, LAK cells were magnetically labeled with a 
cocktail of biotin-conjugated antibodies against CD4, 
CD16, CD19, CD36, CD56, glycophorin A, CD123, and 
TCR / , which were subsequently labeled with anti-
biotin antibody-coupled magnetic cell sorter (MACS) 
microbeads for depletion. Immobilization of the 

magnetically labeled cells on a depletion column 
isolated the CD3+ CD8+ cells. The separated cells 
were cultured in RPMI 1640 medium supplemented 
with 10% fetal bovine serum and antibiotics as 
described above. These cells were used in the co-
incubation assays on days 1-4 of separation. 

Target Cells  

Two myeloid leukemia cell lines, K562 and CMK, 
served as the target cells. K562 cells, originally derived 
from the erythroleukemia blast crisis of a patient with 

chronic myeloid leukemia [34], were obtained from 
ATCC (Manassas, VA). CMK cells, established from an 
individual with Down’s syndrome suffering from acute 
megakaryoblastic leukemia [35], were obtained from 
German Collection of Microorganisms and Cell 
Cultures (Brunschweig, Germany). Cells were 

maintained in RPMI 1640 culture media, supplemented 
with 10% FBS. Target cells were placed in three 
separate wells for a twelve-hour overnight incubation 
with drugs (cytarabine 1μM and 10μM concentrations; 
or etoposide 2μM and 20μM concentrations) or without 
drugs (controls). We determined the dose of each 

chemotherapeutic drug based on our earlier 
experiments with these agents [33]. 

Flow Cytometric Cell-mediated Cytotoxicity Assay  

At the end of the incubation with drugs, effector and 
target cells were co-incubated at a 4:1 effector/target 
ratio in 12  75 mm (5 mL) round bottom polystyrene 
tubes (Falcon, Becton-Dickinson, Franklin Lakes, NJ) 
at 37°C in 5% CO2 for 2 hours following an initial 
centrifugation at 115 g for 5 minutes. We decided to 

use 2 hour co-incubation time in this study since our 
earlier experiments showed good correlation between 2 
hour and 4 hour killings [36]. Following co-incubation, 5 
μl of mouse anti-human PE-conjugated monoclonal 
antibody to CD33 (Immunotech, Inc., Westbrook, ME) 
was added into the cell suspension to label target cells. 

10 μl of FITC-conjugated annexin V (annV) and 
propidium iodide (PI) and 50 μl of Annexin Buffer 
(TACSTM AnnexinV-FITC; R&D Systems, Minneapolis, 
MN) were also added into the cell suspension to label 
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Figure 1: Pretreatment with etoposide increases susceptibility of CMK cells to CTL-mediated cytotoxicity. (A) Etoposide 
pretreated cells became apoptotic, showing increased AnnV binding, as seen in histograms from a representative experiment 
where CD8+ CTLs were co-incubated with CMK cells pretreated with etoposide. The upper panel displays baseline and the 
lower panel displays co-incubation histograms. In this sample, baseline cell viability decreased from 94.3% to 80.7% following 
co-incubation with CTLs, producing an immune cytotoxicity value of 13.6%. In cells pretreated with the 20 μM concentration of 
etoposide, viability decreased from 89.7% to 41.1%, reaching an immune cytotoxicity value of 48.6%. (B) Mean cell viability of 
etoposide-treated CMK cells represented as bars. Results are the average of six independent experiments. Each error bar 
indicates the standard deviation. (C) Increase in immune cytotoxicity in etoposide-treated CMK cells depicted in a box-and-
whisker plot. The mean immune cytotoxicity rose 3.2-fold with the lower concentration and 3.7-fold with the higher concentration 
compared to baseline. 
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apoptotic or dead cells. The cell solution was 
subsequently incubated for 20 minutes in the dark, at 

room temperature. To standardize the analysis, 10 μl of 
Flow-countTM fluorospheres and 400 μl of Annexin 
Buffer were added to cell suspensions at the end of the 
incubation. We utilized flow cytometry (EPICS-XL MCL, 
Coulter, Miami, FL), to assess in vitro cell-mediated 
cytotoxicity [36]. CD33-positive events were gated on, 

and analysis of annV versus PI binding displayed the 
viable (annV-/PI-) and apoptotic/dead cells. Immune 
cytotoxicity of the control and drug-pretreated groups 
was defined as the loss of (percentage) viability 
following CTL-mediated immune attack on target cells, 
relative to baseline. This value was calculated as 
below: 

Immune cytotoxicity = (baseline cell viability) – 
(cell viability after co-incubation with CTLs) 

Each experiment was repeated six times, on 
different days.  

Statistical Analysis 

One-way analysis of variance was used to compare 
immune cytotoxicity values between differing 

concentrations of drugs and controls for each drug 
experiment. Bonferroni correction was used to reduce 
type I error in deriving significance of these 
comparisons. Significance was determined as p: < 
0.05. All statistic calculations were performed using the 
Statistical Package for Social Sciences (SPSS-12.5 for 
Windows). 

RESULTS 

Etoposide Pretreatment Enhanced CTL-Mediated 
Cytotoxicity in the CMK Cell Line 

Although CMK cells showed minimal susceptibility 
to CTL-mediated immune cytotoxicity at baseline, this 

susceptibility became more pronounced following 
pretreatment with etoposide, as shown in Figure 1. The 
mean cell viability dropped from 92.4 ± 2.2% (95% CI 
90.1 – 94.7) to 71.1 ± 13.8% (95% CI 56.6 – 85.6) 
(p=0.002) following co-incubation with CTLs, in cells 
pretreated with the 2 μM concentration of the drug. 

Although this signified a 3.2-fold increase in the mean 
immune cytotoxicity from the baseline value of 6.6 ± 
3.8% (95% CI 2.6 – 10.6) to 21.4 ± 12.9% (95% CI 7.8 
– 34.9), statistical significance was not reached 
(p:0.09). In cells pretreated with the 20 μM 
concentration of etoposide, the mean cell viability 

plummeted to 67.6 ± 13.7% (95% CI 53.2 – 82.0) from 

a baseline value of 91.0 ± 2.7% (95% CI 88.2 – 93.9) 
following co-incubation with CTLs (p:<0.001), 

translating into a 3.7-fold increase in mean immune 
cytotoxicity to 23.4 ± 12.6% (95% CI 10.2 – 36.7, 
p:<0.05), compared to the baseline value. 

Cytarabine Pretreatment Enhanced CTL-Mediated 
Cytotoxicity in the CMK Cell Line 

CMK cells pretreated with cytarabine have also 
displayed a trend towards increased susceptibility to 
CTL-mediated immune attack (Figure 2); however, 
statistical significance was not reached. In CMK cells 
pretreated with the lower (1 μM) concentration of 
cytarabine, the mean cell viability dropped from the 

baseline value of 95.0 ± 2.0% (95% CI 92.8 - 97.1) to 
80.7 ± 13.1% (95% CI 66.9 – 94.5) (p: 0.265). With this 
concentration, the mean immune cytotoxicity increased 
1.6-fold to 14.3 ± 11.2% (95% CI 2.5 – 26.0) compared 
to the control value of 8.7 ± 6.3 % (95% CI 2.1 – 15.3, 
p=1.00). Pretreatment with the higher (10 μM) 

concentration of cytarabine led to a drop in cell viability 
from the baseline value of 93.1 ± 2.9% (95% CI 90.0 – 
96.1) to 70.5 ± 17.9% (95% CI 51.7 – 89.2) (p=0.006). 
This signified a 2.6-fold increase in the mean immune 
cytotoxicity to 22.6 ± 15.2% (95% CI 6.7 – 38.5, 
p=0.16), compared to the baseline value given above. 

Pretreatment with Drugs did not Render K562 Cell 
Line More Susceptible to CTL-Mediated Immune 
Attack 

Unlike CMK cells, K562 cells showed resistance to 
both etoposide and cytarabine, and there was no 
increase in susceptibility to CTL-mediated immune 
attack. Baseline and co-incubation cell viability values 

were virtually unchanged in cytarabine-pretreated cells, 
yielding mean immune cytotoxicity values of 2.2 ± 2.8% 
(95% CI - 0.7 – 5.1), 0.7 ± 1.7% (95% CI -1.1 – 2.5), 
and 1.9 ± 2.2% (95% CI -0.4 – 4.1), for baseline, lower-
concentration, and higher-concentration pretreatment 
groups, respectively. Etoposide pretreatment produced 

similar results, with little and insignificant change in 
mean immune cytotoxicity: 0.4 ± 0.6% (95% CI -0.2 – 
1.0), 1.0 ± 1.1% (95% CI -0.2 – 2.2), and 0.5 ± 1.4% 
(95% CI 1.0 – 2.0) for baseline, lower-concentration, 
and higher-concentration pretreatment groups, 
respectively. 

DISCUSSION 

In this study, we have demonstrated that anti-
leukemic in vitro cytotoxicity mediated by stimulated 
CD8+ CTLs is enhanced by pretreatment of certain 



230    Journal of Analytical Oncology, 2013 Vol. 2, No. 4 Özgönenel et al. 

 

A 

 

B 

Figure 2: Pretreatment with cytarabine increases susceptibility of CMK cells to CTL-mediated cytotoxicity. (A) Mean cell viability 
of cytarabine-treated CMK cells represented as bars. Results are the average of six independent experiments. Each error bar 
indicates the standard deviation. (B) Increase in immune cytotoxicity in etoposide-treated CMK cells depicted in a box-and-
whisker plot. The mean immune cytotoxicity rose 1.6-fold with the lower concentration and 2.6-fold with the higher concentration 
compared to baseline. 

leukemia cells with chemotherapeutic drugs. This is in 
accordance with the previous studies that have 
demonstrated an increased LAK or CTL-mediated 
cytotoxicity in several tumor cell lines that were 
pretreated with chemotherapeutic drugs [13-30]. 

The effector cells used in the cytotoxicity assays 
were allogeneic unprimed CD8+ T cells. This is more 
representative of the clinical setting of allogeneic HSCT 
for acute myeloid leukemia, where donor’s cells are not 
sensitized against the recipient’s leukemic antigens. 

NK cells exert a more efficient GVL reaction while 
avoiding graft-versus-host effects, and therefore 
constitute a promising tool for immune therapy of 
leukemia; however, their use is fraught with the 
necessity of finding NK alloreactive donors [37, 38]. For 
these two reasons, we chose to use unprimed CD8+ T 
cells, to mimic the clinical setting.  

Activation of naïve T cells was achieved with the 
use of IL-2 and IL–15, whereas the mitogen 
phytohemagglutinin-P aided in expanding the number 
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of T cells. Naïve CD8+ T cells can differentiate into 
CTLs when stimulated with IL-15, which not only 

stimulates synthesis of proinflammatory cytokines, 
interferon-  and TNF- , but also induces the 
expression of perforin and granzyme B in these cells 
[39]. IL-15 can also induce bystander killing in memory 
phenotype CD8+ T cells [40], and these cells could 
have contributed to the baseline cytotoxicity observed 

in our experiments. Magnetic separation of CD8+CD3+ 
cells was delayed until the 6th day to take advantage of 
a heterogeneous milieu of peripheral blood 
mononuclear cells, which would include the NK cells 
and the monocytes. The presence of monocytes 
enhances the LAK activity of T cells [41]. 

The CMK cell line was particularly sensitive to 
pretreatment with both chemotherapeutic drugs 

(etoposide and cytarabine). This cell line is known to be 
sensitive to chemotherapy, especially cytarabine, a 
pyrimidine analog that disrupts DNA synthesis [42]. 
Cytarabine can also mediate apoptosis by inhibiting 
nuclear transcription factor kappa B (NF- B) [43]. 
Interestingly, cytarabine pretreatment did not show a 

statistically significant  immune-enhancing effect in our 
study. Repeated experiments, using higher 
concentrations of cytarabine, should be executed to 
explore the presence of various immune-enhancing 
effect of this drug against the CMK cell line. 

We did not observe an increased susceptibility to 
CTL-mediated killing in K562 cells following exposure 
to chemotherapeutic drugs. It is possible that there was 

an acquired resistance in the K562 cell line we used in 
our experiments, preventing not only drug-induced 
cytotoxicity but also induction of apoptosis [44]. It is 
possible that in the concentrations used in our 
experiments, the drugs were not able to affect the 
intracellular pathways of apoptosis in K562 cells. The 

molecular mechanisms that confer resistance to 
chemotherapy-induced apoptosis in leukemia cells 
must be explored in such resistant cells. Identifying 
such mechanisms may help explain why such cells are 
also resistant to immune-mediated cytotoxicity. 

In conclusion, the results of our study suggest that 
pretreatment with chemotherapy (e.g. etoposide and 
cytarabine) and allogeneic cell-mediated immune 

therapy act in synergy against the CMK cell line. 
Further studies, that make use of different drugs and 
that involve multiple cell lines and possibly patient 
samples, are warranted to establish the presence of a 
synergy between chemotherapy and the anti-leukemic 
immune response. If the existence of such a 

phenomenon is proven to exist, its clinical applications 
may help achieve an improved cure rate in leukemia.  
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