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Background: A decreased immune surveillance as a consequence of packed red blood cell (PRBC) transfusions has been linked to
cancer recurrence and progression, but a causal mechanism remains unclear. During processing and storage of PRBC, numerous
bioactive substances accumulate in the acellular fraction (supernatant) of PRBC.
Aim: The study aimed to determine whether the supernatant of leukocyte-reduced (LR) and non-leukocyte-reduced (NLR) long-stored
PRBC can modulate the survival and proliferation of myeloid leukemia K-562 cells, and the influence of cisplatin (cisPt) on these
processes.
Methods: Viability, proliferation, DNA damage, intracellular reactive oxygen species (ROS), caspase-3/7 and caspase-9 levels were
determined in response to the LR or NLR, fresh (day 1) and long-stored (day 42) PRBCs.
Results: The supernatants of fresh (day 1) and stored (day 42) PRBC, in the absence and presence of cisPt, promoted apoptosis of
K-562 cells via the increased production of reactive oxygen species (ROS) and increased level of DNA damage, which was manifested
by the viability reduction and inhibition of K-562 cell proliferation. No significant influence of the pre-storage leukocyte-filtration and
storage time of PRBC units on their anti-proliferative effect was demonstrated.
Conclusion: The findings may suggest that the PRBC acellular fraction does not affect chronic myeloid leukemia (CML) progression.
However, these issues are pioneering and require further study.
Keywords: red blood cell, transfusion, myeloid leukemia, K-562 cells, cisplatin

Introduction
Anemia (defined as hemoglobin (Hb) levels below the normal value) is a common cancer-related complication, which
can be caused by cancer itself, as occurs in blood malignancies as a result of the bone marrow infiltration by the
malignant cells, and/or by a side effect of a high-dose chemotherapy.1 Therefore, patients with some hematologic
malignancies, such as acute myeloid leukemia (AML) require frequent packed red blood cell (PRBC) transfusions.2

Although essentially safe, PRBC transfusion is often associated with the significant risks of severe post-transfusion
reactions such as, among others, transfusion-related immune modulation (TRIM).3

A decreased immune surveillance as a consequence of blood transfusions has been linked to cancer recurrence and
progression. Moreover, soluble factors present in PRBC can directly stimulate tumor growth and spread.4 An association
between perioperative transfusion of allogeneic blood products and risk for recurrence has been proved in colorectal5–7

and a few other cancers,8 but the mechanism of this phenomenon has not been clarified yet. There are also some
controversial studies not confirming such relationships in many types of cancer.8
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Upon processing and routine storage, red blood cells undergo numerous biochemical and physiological changes with
the concomitant release of numerous, potentially hazardous, bioactive substances (ie, extracellular Hb, heme, iron,
proteolytic enzymes, pro-inflammatory cytokines, chemokines, immunomodulating and vasoactive mediators, lipids and
microparticles (MPs), mainly released from erythrocytes) into the acellular fraction of the PRBC unit.9 Pre-storage
leukoreduction reduces 3 logs (99.9%) leukocyte numbers10 which significantly decreases the accumulation of metabo-
lites and cellular components into the PRBC unit.11

K-562 is the human erythroleukemia cell line of CML in the blast phase having the Philadelphia chromosome (Ph),
caused by the t (9:22) chromosomal reciprocal translocation which produces the BCR-ABL1 fusion gene. The product of
this gene, the chimeric BCR-ABL1 protein (p210BCR-ABL) is characterized by deregulated, constitutively activated
tyrosine kinase and plays an important role in the induction of CML.12 Cisplatin, PtCl2(NH3)2, (cisPt) is a cytostatic
drug, commonly applied in laboratory research that has also been clinically used with some success in the chemotherapy
of several types of malignant tumors.13 Cisplatin has been shown to induce apoptosis in CML cells.14

To the best of our knowledge, only a few previous reports have evaluated the response of cancer cells to PRBC.15,16

Moreover, no previous study has addressed its influence on the anti-proliferative effects of anti-neoplastics. This in vitro
study was designed in a classic model system applying K-562 cells (widely used as a “workhorse” cell line) and cisPt (one
of the most known anti-cancer drugs) which have commonly been used in biomedical research. The aim of the study was to
determine whether the progressive changes occurring in long-stored PRBC (42 days established as an acceptable norm) can
modulate the survival and proliferation of K-562 cells, and the influence of leukoreduction on these processes. To achieve
this goal, we evaluated the effect of the acellular fraction (supernatant) of the fresh (day 1) and stored (day 42) PRBC, that
had been pre-storage leukoreduced or the non-leukoreduced, on the viability and proliferation of K-562 cells, as well as on
DNA damage, ROS levels, and apoptosis, in the absence and presence of cisPt.

Materials and Methods
Reagents
Cell Counting Kit-8 (CCK-8), cisplatin (cisPt), Cell Proliferation ELISA - BrdU colorimetric Kit (Roche), DAPI (4′,6-
diamidino-2-phenylindole dihydrochloride), 2′,7′-dichlorofluorescin diacetate (H2DCF-DA), penicillin-streptomycin
solution, normal melting-point agarose (NMP), RPMI-1640 medium with L-glutamine, Triton™ X-100, hydrogen
peroxide, and low melting-point agarose (LMP) were purchased from Sigma-Aldrich Chemicals (St. Louis, MO,
USA). Dulbecco’s Phosphate Buffered Saline without calcium and magnesium (DPBS), Hanks BSS (HBSS) without
phenol red with calcium and magnesium were purchased from Biological Industries (Cromwell, CT, USA), and heat-
inactivated fetal bovine serum (FBS) from Biowest (Nuaillé, France). All other analytical grade and high-quality
chemicals were obtained from local commercial suppliers, such as Chempur (Piekary Slaskie, Poland) or POCH S.A.
(Gliwice, Poland).

Packed Red Blood Cells
Five SAGM-preserved PRBC transfusion units were purchased from the Regional Blood Donation and Blood Treatment
Centre in Lodz (Poland). Each of the SAGM-preserved non-leukoreduced (NLR; leukocytes <109/unit) PRBCs, prepared
in accordance with the standard procedures currently applied in blood banks, were divided into four equal aliquots by
transferring them to the transfer bags in a closed system. Leukocytes from two transfer bags were removed during the
gravity filtration process using a leukocyte depletion filter (BioR Flex, Fresenius Kabi AG, Bad Homburg, Germany) to
obtain the pre-storage leukoreduced PRBC (LR; leukocytes <106/unit), the other two transfer bags were left unfiltered.
All processes were carried out under sterile conditions in the Regional Blood Donation and Blood Treatment Centre
(Lodz). The NLR and LR PRBC had been stored, for 1 day or 42 days, at 4±2°C. This study was approved by the
University of Lodz Research Ethics Committee (no. 26/KBBN-UŁ/I/2017).
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Supernatants from Stored PRBC
Supernatants from PRBC, both NLR and LR, on day 1 (sNLR1 and sLR1, respectively) and on day 42 of storage
(sNLR42 and sLR42) were obtained in accordance with the method described by Westerman et al.17 Briefly, PRBC units
were centrifuged at 2000 g for 10 min at 4°C, the supernatants were removed and spun at 3000 g for 10 min at 4°C.
Supernatants received by this method contain erythrocyte-derived microparticles (EMPs). Supernatants from PRBC were
filtered through a syringe PES filter membrane with pore size 0.22 µm (TPP Techno Plastic Products AG, Switzerland),
aliquoted, and stored at −70°C.

Cell Culture and Treatment
Human chronic myelogenous leukemia cell line (K-562; ATCC® CCL-243™) was obtained from the American Type
Culture Collection (ATCC; Manassas, VA, USA). Cells were grown in RPMI-1640 medium supplemented with 10%
heat-inactivated FBS and 1% penicillin-streptomycin solution (10,000 units penicillin and 10 mg streptomycin/mL) in a
humidified atmosphere with 5% CO2 at 37°C.

For each experiment, cells were seeded on 96-well tissue culture plates and grown for 24 h in a complete culture
medium supplemented with 5% (in some experiments also 10 and 20%) by volume of PRBC supernatants (sNLR1,
sLR1, sNLR42, sLR42) or with medium alone as a control, in the presence or absence of cisPt. The optimal concentra-
tion of cisPt (10 µM) used in experiments was determined experimentally. First, IC50 was determined for the K-562 cell
line, then a 2-fold lower cisPt concentration (½ IC50) was finally used in each experiment.

Cell Viability
The colorimetric assay, cell counting kit-8 (CCK-8), was conducted to assess cytotoxicity after treatment with the
supernatants. K-562 cells (5000 per well) were grown in 96-well plates for 24 h, then the supernatants and cisPt (where
needed) were added to fresh culture medium in the plates. After 24 h, cells were washed twice with DPBS, then 100 μL
of fresh media and CCK-8 solution (10 μL) were added to each well, followed by incubation for 4 h, at 37°C with 5%
CO2. The absorbance at 450 nm was determined in the microplate reader SPECTROstar® Nano (BMG LABTECH
GmbH, Ortenberg, Germany). Cell viability was expressed as a percentage of the control (untreated) cells.

Proliferation Assay
For the quantification of K-562 cell proliferation, the bromodeoxyuridine (BrdU) proliferation assay was performed with
a commercially available kit (BrdU colorimetric Kit, Roche) following the manufacturer’s instruction. The absorbance at
370 nm and 492 nm (reference wavelength) were measured in the microplate reader SPECTROstar® Nano. Cell
proliferation was expressed as a percentage of the untreated cells.

Comet Assay
The genotoxic effect of PRBC supernatants was assessed by the comet assay performed under alkaline conditions
according to the procedure of Singh et al18 with some modifications.19 K-562 cells were incubated for 60 min at 37°C
with 5 and 20% of the supernatants. Cells suspended in fresh culture medium served as a negative control. Positive
control was prepared by treating cells with 10 µM hydrogen peroxide. After incubation, supernatants were removed by
centrifugation (180 g, 15 min, ambient temperature). Pellet of cells was suspended in 1.0% LMP agarose and spread onto
microscope slides pre-coated with 0.5% NMP agarose. Next, the cells were lysed for 1 h, at 4°C in a lysis buffer (2.5 M
NaCl, 100 mM EDTA, 1% Triton X-100, 10 mM Tris, pH 10). All remaining steps including electrophoresis, DAPI
comet staining, and measuring were performed according to Czubatka et al.20

ROS Level
The intracellular ROS levels were measured using the spectrofluorimetric method with the H2DCF-DA fluorescent
probe.21 K-562 cells (5000 per well) were centrifuged (1500 g, 5 min) and then the pellet was suspended in HBSS with
10 µM H2DCF-DA (30 min, 37°C, 5% CO2). The fluorescent probe was removed, and cells were washed twice with
HBSS. Cells were re-suspended in the washing buffer and seeded on a 96-well black bottom microplate. The PRBC
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supernatants and cisPt (where needed) to the final concentration of 10 µM (½ IC50) were added into wells. Cells treated
with 10 µM H2O2 were used as positive controls, cells suspended in HBSS (untreated) as negative controls. After
incubation (60 min, 37°C), fluorescence intensity was read at λex = 485 nm excitation and λem = 538 nm emission
(Fluoroskan™ Microplate Fluorometer; Thermo Scientific™).

Activity of Caspases 3/7 and 9
Caspase-3/7 and 9 enzymatic activities in K-562 cells were assessed using the commercial fluorescent apoptosis system,
Apo-ONE® Homogeneous Caspase-3/7 Assay, and luminescent assay, Caspase-Glo® 9 Assay (Promega; Madison, USA),
respectively. The assays were performed according to the manufacturer’s instructions. Cells were seeded (20,000 and
40,000 cells/well, respectively) on 96-well black or white bottom microplates, respectively. The culture medium served
as the blank (“background”), untreated cells as the negative control. The positive control was also performed using cells
supplemented with cisPt (apoptosis inducer). Cells incubated with cisPt and an inhibitor of caspase activity Z-VAD-FMK
(final concentration 20 µM) served as the additional control. The fluorescence was measured at λex = 485 nm excitation
and λem = 538 nm emission (Fluoroskan™ Microplate Fluorometer; Thermo Scientific™) after the profluorescent
Z-DEVD-R110 substrate addition. Whereas the luminescent signal was read using the Synergy™ HTX Multi-Mode
Microplate Reader (BioTek; Winooski, USA) after the addition of the luminogenic substrate containing the LEHD
sequence with a proteasome inhibitor (MG-132).

Statistical Analysis
All obtained results are presented as mean values ± SD. Using Shapiro–Wilk test, the normality of the results was
analyzed. Then, the non-parametric Levene’s test for homogeneity of variance was performed. Based on the Levene’s test
(ANOVA) followed by post-hoc Tukey’s test the differences between values were evaluated. All obtained data were
analysed using StatSoft Inc. “Statistica” v. 13.1. The values of p<0.05 are considered to be statistically significant. All
presented figures were prepared using GraphPad Prism 5 Software.

Results
As shown in Figure 1A and B, a significant reduction of the percentage of viable K-562 cells after 24-h culture with the
supernatants has been noted, at doses 10 and 20% v/v, compared to untreated control cells (by 60–67%; p<0.001).
Moreover, these supernatants’ doses significantly augmented the cytotoxic effect of cisPt against K-562 cells. Exposure
to 5% sNLR1 and sNLR42 resulted in an approximately 2-fold slighter cytotoxic effect compared to the control
(Figure 1C). Since experiments carried out with 2% supernatants did not prove statistically significant changes in cell
survival (data not shown), the dose of 5% was finally taken as optimal for further experiments.

Subsequently, the supernatants (sNLR1, sLR1, sLR42) have been found to significantly inhibit (by above 25%;
p<0,05) cell proliferation when assessed by BrdU incorporation (Figure 2). Cells cultured in the presence of cisPt and
supernatants isolated from unfiltered units of PRBC showed more than 2-fold reduced proliferative capacity (p<0.01)
compared to cells treated with cisPt. Cisplatin alone inhibited the proliferation of K-562 cells by about 50% (p<0.001)
compared to control.

The amount of intracellular ROS was determined using the H2DCF-DA fluorescent probe. K-562 cells exposed to
sNLR42, sLR1 and sLR42 showed an increased ROS level by 55% (p<0.01), 67% (p<0.01) and 42% (p<0.05),
respectively, compared to untreated cells (Figure 3). In the experimental system in which cells were treated with cisPt,
also an increase in ROS levels (by above 30%; p<0.05) was observed in the presence of sNLR42 and sLR1. Cisplatin-
induced ROS generation in K-562 cells was to a degree approximately 50% greater than that in control.

The degree of DNA damage (ie single and double-strand breaks and alkali-labile sites) can be detected by the alkaline
comet assay. As shown in Figure 4, supernatants from the filtered PRBC units (5% v/v), especially sLR1, caused above
5-fold (p<0.01) increase of the percentage of “tail” DNA compared to control, while higher concentrations (20% v/v) of
sNLR1, sLR1, and sLR42 turned out to be more genotoxic for cells (a 6–8-fold increase of the total DNA damage levels).

DNA damage, mostly double-strand breaks, if not repaired, is known to trigger apoptotic cell death. Activities of
caspase-3/7 in K-562 cells treated with sNLR1, sNLR42, and sLR1, as well as caspase 9 in cells exposed to sNLR1 and
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sLR1 were found to be elevated (by approximately 36%; p<0.05 and above 25%; p<0.001), respectively (Figure 5A and
B). The anti-cancer drug cisPt significantly activated caspase-3/7 (by approx. 48%; p<0.05) and caspase-9 (by approx.
40%; p<0.001), while the caspase inhibitor Z-VAD-FMK inhibited their activity. In the presence of cisPt, supernatants
from PRBC units on day 1 of storage also increased the activity of both caspase 3/7 and 9, compared to cells cultured
with cisPt alone.

The effect of supernatants on the survival of K-562 cells in the presence of Z-VAD-FMK was determined (CCK-8
assay). The viability of cells cultured in the presence of supernatants and the inhibitor, both with and without cisPt, was
similar to that of untreated cells.

Discussion
Numerous biological mediators (eg as cytokines, eicosanoids, growth factors) that have pro-tumoral activity have been
identified in the acellular fraction of PRBC, proposing that it may have tumor-promoting effect,10 therefore it was
reasonable to hypothesize that PRBC would increase growth and proliferation of cultured cancer cells. Unexpectedly, our
studies demonstrate that PRBC supernatants substantially decreased the survival of K-562 cells in a commercial viability
assay (Figure 1), and they also inhibited the proliferative capacity of K-562 cells (Figure 2). These cytotoxic effects
against the cancer cells were found to be independent on the PRBC ex vivo storage duration and leukocyte depletion.
Similar cytotoxic effects have also been noted in the presence of the anti-cancer drug (cisPt). Further, intracellular ROS
levels were determined, to clarify whether these could be involved in inhibiting the growth and proliferation of cancer

Figure 1 Viability of K-562 cells after incubation (24 h) with different concentrations of the PRBC supernatants in the absence or presence of cisPt (10 µM) evaluated using
the CCK-8 assay. The figure shows mean values from 5 independent experiments (A and B) and 10 independent measurements for (C). All data is presented as a percentage
of control (untreated cells - assumed as 100%). Error bars denote ± SD; #p<0.05 vs control with cisPt, **p<0.01 vs control (untreated cells), ##p<0.01 vs control with cisPt,
***/###p<0.001 compared to the appropriate control.
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cells grown in a medium supplemented with the supernatants (5%), which confirmed that indeed the supernatants induced
the excessive ROS generation (Figure 3). The elevated ROS in cells may contribute to the development of DNA damage
(and other cellular biomolecules) and hyperactivation of ROS signaling pathways leading to cell death. A tendency to

Figure 2 Proliferation of K-562 cells, assessed by the BrdU incorporation during DNA synthesis, after incubation (24 h) with the PRBC supernatants (5%) in the absence or
presence of cisPt (10 µM). All data is presented as a percentage of control (untreated cells - assumed as 100%). Error bars denote ± SD, n = 3 (independent experiments);
*p<0.05 vs control (untreated cells), ##p<0.01 vs control with cisPt, ***p<0.001 vs control (untreated cells).

Figure 3 The intracellular ROS level in K-562 cells after incubation (60 min, 37°C) with the PRBC supernatants (5%) in the absence or presence of cisPt (10 µM). All data is
presented as a percentage of control (untreated cells - assumed as 100%). Error bars denote ± SD, n = 3–5 (independent experiments); */#p<0.05 compared to the
appropriate control, **p<0.01 vs control (untreated cells).
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increases the DNA damage levels after incubation of cells with the lower supernatant concentration (5%), as well as
much stronger genotoxic effect of the supernatants at their higher dose (20%), were observed (Figure 4).

Many intra- and extracellular factors can regulate the apoptosis process. The elevated levels of DNA damage (mostly
double-strand breaks, if not properly repaired by the cellular DNA repair mechanisms) and/or excessive intracellular
ROS, among others, are common factors inducing apoptosis.22,23 Caspases (cysteine-aspartic proteases) are a family of
protease enzymes essential for the execution of programmed cell death. Caspase-9 is involved in the initiation of the
apoptotic process in the endogenous mitochondrial pathway. Its activation mediates the excitation of caspase-3 and 7,
which act as effectors in the executive phase of the apoptotic process.22,23 Supernatants, regardless of the preparation
method, both in the presence and absence of cisPt, were shown to enhance the apoptosis (Figure 5A and B), which was
additionally confirmed by inhibiting the activity of caspases (CCK-8 assay performed in the presence of Z-VAD-FMK,
an inhibitor of caspases) (Figure 5C).

Nowadays, in the era of the second-generation tyrosine kinase inhibitors (TKI), cisPt is not routinely used in the
treatment of CML or AML. However, cisPt and its analogues have been widely used in the treatment of various types of
human cancer, both as monotherapy and in combination with other drugs.13 Cisplatin is also commonly applied in
laboratory research as a cytotoxic drug that kills cancer cells by a direct interaction with DNA through the formation of
intra-strand bonds that inhibit replication, leading to cell cycle arrest and then apoptosis.13,24 Cisplatin-induced DNA
damage activates various signaling pathways to prevent or promote cell death. The mechanism of the anti-tumor activity
of cisPt is not fully understood. Only 1% of the cisPt present in a cell has been shown to bind to nuclear DNA. The
remaining percentage reacts with membrane and cytoplasm components, which indicates that the drug may also exert a
cytotoxic effect through mechanisms independent of nuclear DNA binding,25 eg, by inducing the production of ROS.26

Our data confirmed the involvement of ROS in the mechanism of the drug cytotoxic action on K-562 cells (Figure 3).
Moreover, PRBC supernatants had the slight effect (Figure 1) or potentiated (Figures 2, 3, 5A and B) the cytotoxicity of
cisPt against K-562 cells.

The results indicate that one of the possible mechanisms responsible for the cytotoxic effect of the supernatants on
K-562 cells is the excessive oxidative stress (OS), which can result from the presence of Hb degradation products in the
PRBC unit. Due to the innovative nature of the study and the lack of appropriate references, the interpretation of the

Figure 4 The DNA damage, measured as a percentage of tail DNA in the alkaline comet assay, in K-562 cells pre-incubated for 1 h at 37°C with the PRBC supernatants (5%
and 20% v/v). All experiments included a negative (untreated cells) and positive (10 µM H2O2) control. Error bars denote ± SD, n = 3 (independent experiments); **p<0.01,
***p<0.001 compared to untreated cells.
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results and determination of their clinical relevance is difficult. Free Hb, heme, and iron, delivered to the recipient’s
circulation with the transfused PRBC, are sources of non-transferrin bound iron (NTBI) and may be toxic,27 eg by
participating in ROS generation.27,28 Chronic OS and the accompanying inflammation are well-known factors influencing
the progression of neoplastic disease.29 Compared to normal cells, cancer cells are characterized by much higher ROS
levels, due to, among others, mitochondrial dysfunction and increased metabolism. On the other hand, very high
concentrations of intracellular ROS are extremely toxic to cells, which can be used in anti-cancer therapies based on
either the inhibition of the cellular antioxidant defense or the enhancement of ROS production.30

The role of OS in the progression of hematopoietic malignancies (including CML, AML) has been well documented
but is still not fully understood.31 Our results remain inconsistent with the data published by Barnett et al15 who showed
that supernatants of long-stored (unfiltered and filtered) PRBC increased proliferation and migration of mouse pancreatic
cancer cells (Pan02), and when administered intravenously contributed to pancreatic cancer progression in mice. The
inconsistency with the obtained results may be related to the use of a completely different line of cancer cells,
additionally of mouse origin. It is possible that substances present in PRBC supernatants may have different effects in
different types of cancer. Moreover, Zhuang et al reported the effect of platelet-derived growth factor (PDGF) and
vascular endothelial growth factor (VEGF), accumulating in PRBC, on the proliferation of human hepatocellular
carcinoma cells (HepG2).16 The authors demonstrated that the supernatants of unfiltered RBCs increased the proliferation
of these cells.16 The discrepancy between their and our results may result from not only different cell lines used but also
from other differences in experimental systems (cells were incubated with supernatants for 48 h and no information was
provided on the amount of supernatant used in the study). In our studies, the incubation time of cells with supernatants

Figure 5 Activities of caspase-3/7 (A) and caspase-9 (B) in K-562 cells treated (24 h) with the PRBC supernatants (5%) in the absence or presence of cisPt (10 µM). (C)
shows K-562 cells viability in the presence of caspase inhibitor Z-VAD-FMK, PRBC supernatants, and cisPt. Data obtained from viability measurements are presented as a
percentage of control (untreated cells - assumed as 100%). Error bars denote ± SD, n = 3 (independent experiments); */#p<0.05, ***/###p<0.001 compared to the
appropriate control.
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(24 hours) was selected due to the population doubling time, which in the case of K-562 cells ranged between 18 and 34
hours. This time, however, may have been too short to properly assess the pro-proliferative properties of the supernatants.
In all the conducted experiments, a direct influence of SAGM on the tested parameters was excluded. Since we used the
syringe filters with a pore size of 0.22 µm before freezing the supernatants used in the study, the participation of
microparticles in the effect of the supernatants on cells can also be largely excluded. Tayer et al32 also used 0.22 µm
filters in their studies to remove MPs from samples.

Possibly, some antitumorigenic cytokines, ie, interferons, IL-4, IL-6, IL-12, TNF-α, TGF-β,33 are also responsible for
the cytotoxic effect of the supernatants. These cytokines are pleiotropic and depending on the concentration or stage of
the disease, they may have different properties. For example, their low concentrations may initiate the growth of
neoplastic cells, and high concentrations inhibit them. In the supernatants of unfiltered RBCs, no effect of storage on
the increase of IL-6 concentration was demonstrated.34 The Generally accepted theory of “cytokine fields” in the tumor
microenvironment, defining the ratio of the amount of Th2 and Th3 cytokines in relation to Th1, allows to some extent to
understand the role of these protein mediators in neoplastic diseases.35,36

The results of the current study indicate that the storage time of PRBC and leukocyte depletion did not
significantly influence the response of K-562 cells to the supernatant. In agreement with these in vitro findings,
in the study on patients diagnosed with cancer, Kekre et al37 reported no impact of the transfused PRBC storage
duration on OS or cancer recurrence. Filtration does not fully prevent the accumulation of some inflammatory agents
in clinically relevant concentrations in the supernatant. Therefore, the presence in supernatants of polyunsaturated
fatty acids and their oxidation products, demonstrated both in unfiltered and filtered units, on the 42 day of storage38

may be responsible for their cytotoxicity towards K-562 cells. In the fresh PRBC the concentration of 12-HETE
(involved in such processes as oxidative stress, inflammation, and neoplastic disease) does not differ between filtered
and unfiltered units.39

Conclusion
To sum up, the supernatants in both experimental systems (in the absence and presence of cisPt) promoted apoptosis of K-562
cells via the pro-oxidative effect (increased ROS production and consequently increased genotoxicity), which was manifested
by the viability reduction and inhibition of K-562 cell proliferation. No significant influence of the pre-storage leukocyte-
filtration and storage time of PRBC units on their anti-proliferative effect was demonstrated. These findings may suggest that
the PRBC acellular fraction does not affect the CML progression. However, at the current phase of the research our results may
not be of much relevance from a clinical point of view. This issue requires further study. One of the important questions
remains whether PRBC supernatants can modulate the anti-proliferative effects of other anti-cancer drugs, approved to
treatment of AML/CML either in modern therapies (imatinib and other second-generation TKI) or in traditional cytotoxic
chemotherapy (anthracycline, cytarabine, omacetaxine, etoposide, cladribine, or fludarabine).
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