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Introduction
Leukemia is a type of primary neoplastic disorder which 

originates from the bone marrow. Ever since its discovery in the 
19th century, numerous research endeavors have focused on the 
understanding behind the pathogenesis of leukemia as well as 
its treatment [1]. To date, hundreds of genetic aberrations have 
been attributed to the pathogenesis of leukemia [2]. Although our 
knowledge of its treatment and management has progressively 
increased over the years, even with today’s advance medical 
technology, leukemia remains the 11th most common cancer in the 
World [3]. Mortality resulting from the condition was reported 
to be as high as 73.4% [3]. Evidently, there is much room for 
improvement from our understanding towards the development  

 
of leukemia to our treatment and management approach for the 
disease.

Mesenchymal stem cells (MSCs) belong to a group of 
heterogeneous multipotent stem cells that have long been marveled 
for its therapeutic potential in many incapacitating diseases 
ever since its first identification [4]. Its potential to differentiate 
into multiple tissues has produced considerable interest among 
researchers, especially in the field of regenerative medicine [5]. 
In addition to its multi-potential capability, the MSCs have been 
reported to possess immunomodulatory properties [6]. Due to 
those properties, they are immune privileged cells which have 
considerable therapeutic values in autoimmune diseases such 
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Abstract 

Mesenchymal stem cells (MSCs) have been reported to possess modulatory effects on various types of cancers as well as immunomodulatory 
properties, which have intrigued many researchers. Over the past two decades, there has been a focus in literature on the interaction 
between MSCs and leukemias. However, the interactions between the MSCs and leukemic cells, in particular the k562 cells, have not been 
well documented. The aim of this study was to demonstrate the interactions between human bone marrow-derived MSCs (hBM-MSCs) on 
a chronic myeloid leukemic cell line (K562 cells). Co-culture of K562 cells with the hBM-MSC increased the viability of these cells in non-
contact and contact co-culture conditions. The same was observed when the K562 cells were cultured in hBM-MSC conditioned medium. 
Transmission electron microscopy (TEM) of K562 cells co-cultured with hBM-MSCs showed significant ultra-structural observations consistent 
with biochemical assays performed. The findings suggest that although cell-to-cell interaction is required for effective modulatory effect to 
occur, soluble substance secreted by the hBM-MSCs may also be able to emulate similar effects.

Keywords: Bone Marrow-Derived Mesenchymal Stem Cells (MSC); Chronic Myeloid Leukemia (CML); Mitochondria; Transmission Electron 
Microscopy (TEM)

Abbreviations: MSC: Bone Marrow-Derived Mesenchymal Stem Cells; CML: Chronic Myeloid Leukemia; TEM: Transmission Electron 
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as organ transplants [7]. To date, numerous clinical studies have 
since incorporated MSC therapy in an attempt to treat pathological 
diseases, such as graft-versus-host disease (GVHD) [8-11]. There has 
been a growing body of research which report on the interactions 
between MSCs and various types of cancer [12,13]. However, the 
results and findings regarding their behavior towards cancer have 
been controversial. Some studies reported that MSCs may have the 
ability to induce cancer cell death in vitro [14] while other studies 
have documented that they may actually support tumor growth and 
metastasis [13]. 

In order to elucidate the pathophysiology of leukemia, it is 
important to understand the hematopoietic microenvironment of 
the bone marrow (BM), which plays a pivotal role in the development 
and evolution of leukemia. In the bone marrow microenvironment, 
the BM-derived MSCs (BM-MSCs) constitute a major component. 
Therefore, a greater understanding of interactions between the 
BM-MSCs and leukemic cells may provide insights on the dynamic 
interplay between these two entities. To date, several studies have 
reported that MSCs possessing anti-apoptotic effects on various 
subtypes of leukemia [15,16]. This protective modulatory effect 
that MSCs seems to exert in various other tumor cells and their 
effect on the growth and sustenance of the malignant processes has 
also been documented in several other studies [13,17]. The MSCs 
were also found to have the ability to arrest leukemic cell division 
[18]. Therefore, the mechanistic nature of the interactions between 
MSCs and leukemic cells remains to be further illustrated. This 
aim of this study is to validate the modulatory effects of human 
BM-derived MSCs (hBM-MSCs) on K562 chronic myeloid leukemic 
(CML) cells using biochemical assays and changes at the ultra-
structural levels.

Materials and Methods
Cell Lines

The K562 CML cells are suspension cells and were cultured 
using RPMI medium (Mediatech, USA) supplemented with 10% 
fetal bovine serum (FBS) (Sigma, USA), 1% sodium pyruvate 
(Mediatech, USA), 1% penicillin-streptomycin (Mediatech, USA) 
under conditions set at 37°C in a humidified 5% CO2 atmosphere. 
The human BM-derived MSCs (hBM-MSCc) were a kind gift from 
Cytopeutics Sdn Bhd (Malaysia), given for the sole purpose of 
carrying out this study were cultured using low-glucose DMEM 
medium (Sigma, USA) supplemented with 10% FBS, 1% glutamax 
(Gibco, USA), 5 ng/ml bFGF (Millipore, USA), 5 ng/ml EGF (Millipore, 
USA) and 1% antibiotic-antimycotic solution (Gibco, USA) at 37°C in 
a humidified 5% CO2 atmosphere. For serum-free experiments, the 
hBM-MSCs were cultured using a serum-free medium (Invitrogen, 
USA) supplemented with 1% antibiotic-antimycotic solution (Gibco, 
USA). The culture was maintained similarly at 37°C in a humidified 
5% CO2 atmosphere.

Co-culture with hBM-MSCs
Various concentrations of the hBM-MSCs (0 to 2.5 x 104 cells/

ml) were seeded in the wells of a six-well plate. The hBM-MSCs 
were allowed to adhere to the plate overnight. The medium was 
then carefully removed replaced with fresh medium. To each test 

and control well, 1 ml of the K562 cells (2.5 x 105 cells/ml) was 
added. The hBM-MSCs to K562 ratio was maintained at 1:10 as 
previously described [33]. The cells were incubated at 37°C in a 
humidified 5% CO2 atmosphere for 24, 48 and 72 hours. Co-culture 
with hBM-MSCs was also performed using specialized serum-free 
medium (Invitrogen, USA). 

K562 Cultured with Conditioned Medium from hBM-MSC 

The hBM-MSCs (2.5 x 104 cells/ml) were seeded in the wells 
of a 6-well plate and left overnight at 37°C in a humidified 5% CO2 
atmosphere. The medium was carefully removed and replaced with 
fresh medium. The plate was returned to the incubator at 37°C 
in a humidified 5% CO2 atmosphere to be conditioned for 24, 48 
and 72 hours. At each interval, the hBM-MSCs culture medium was 
carefully removed in to a tube and centrifuged (1500 rpm for 5 
mins) to remove any detached cells. The conditioned medium was 
then added to the K562 cells (2.5 x 105 cells/ml) freshly plated into 
a 6-well plate. Fresh unconditioned hBM-MSCs culture medium was 
added to the control well containing the K562 cells. The cultures 
were incubated at 37°C in a humidified 5% CO2 atmosphere for 24, 
48 and 72 hours. Viability of the K562 cells was determined using 
the MTT [3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium 
bromide] assay as described previously [19]. The MTT assay was 
performed using triplicate wells and the experiment was repeated 
twice to ensure reproducibility.

Transwell (Non-contact) Culture with hBM-MSC 
Various concentrations (0 to 2.5x104 cells/ml) of hBM-MSCs 

were seeded in Transwell inserts (BD Biosciences, USA) fitted into 
the wells of a 6-well plate using a sterile forceps. The hBM-MSCs 
were allowed to adhere to the inserts overnight. The medium was 
then carefully removed and replaced with fresh new medium. The 
inserts were carefully removed using a sterile forceps to add 1 ml of 
K562 cells (2.5x105 cells/ml) into each test and control well, before 
fitting the inserts back into the wells. The cells were incubated at 
37°C in a humidified 5% CO2 atmosphere for 24, 48 and 72 hours. 
Transwell inserts of 0.4μm and 1.0μm pore sizes were used. 
Viability of the K562 cells after the three culture intervals was 
determined using the MTT assay. The MTT assay was performed 
using triplicate wells and the experiment was repeated twice to 
ensure reproducibility.

Ultrastructural Analysis of K562 Co-cultured with hBM-
MSC using Transmission Electron Microscopy

The K562 cells were subjected for transmission electron 
microscopy (TEM) to investigate the ultra-structural changes (if 
any) following co-culture with the hBM-MSCs. The K562 cells 
cultured alone served as negative control. Briefly, at the end of 
the co-culture period, the K562 cells were carefully removed and 
separated from the adherent MSCs. The K562 cells were carefully 
washed thrice with 2 ml of phosphate-buffered saline (PBS) to 
remove any residues from the culture medium. The cells were 
processed for primary fixation where the cells were incubated 
in 4% glutaraldehyde solution for 6 hours at 4°C. Following this, 
the cells were recovered by centrifugation (1500 rpm for 5 min). 
Once the fixative solution was removed, 30 µl of donkey serum was 
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added to the cells and the cells were left at room temperature for 30 
minutes to allow the mixture to solidify. 

The solidified samples were cut into 1 mm3 slices, which 
were left in 4% glutaraldehyde solution for 2 hours at 4°C. Once 
the fixative agent was removed, the samples were washed thrice 
with 0.1M sodium cacodylate buffer. Post fixation on the solidified 
samples was performed by adding 1% buffered osmium tetroxide 
and the samples were kept at 4°C for 2 hours. Following this, the 
samples washed thrice with 0.1M sodium cacodylate buffer. Then 

the samples were subjected to serial dehydration using increasing 
concentrations of acetone (35%, 50%, 75%, 95% and 100%). The 
samples were then subjected to infiltration using 1:1 acetone/resin 
mixture, 1:3 acetone/resin mixture and 100% resin, before they 
were embedded in 100% resin and allowed to polymerize in an 
oven set at 60°C for 24 to 48 hours. The embedded samples were 
cut into ultra-thin sections before the sections were viewed under 
the TEM (Hitachi, Japan) located at the Electron Microscopy Unit, 
Institute of Biological Science, University Putra Malaysia (UPM), 
Serdang, Malaysia.

Figure 1: Dose- and time-dependent enhancement of the viability of K562 cell by hBM-MSC in direct contact co-culture using 
(a) complete medium and (b) serum-free medium. Viability of K562 cells at three time intervals A) 24 hour B) 48 hour and C) 
72 hour and with increasing concentration of hBM-MSCs (1600, 3200, 6500, 12500, 25000 cells/ml) cultured in normal medium 
containing 10% FBS was determined. Viability of K562 cells at three time intervals D) 24 hour E) 48 hour and F) 72 hour 
and with increasing concentration of hBM-MSCs (1600, 3200, 6500, 12500, 25000 cells/ml) cultured in specialized serum-free 
medium was determined. K562 cells cultured alone were used as control.
(* P ≤0.05 versus control; ** P≤0.05 versus control)

Results
Viability of K562 Cells Cultured in Direct Contact with 
hBM-MSCs

The effects of hBM-MSC on K562 cells cultured in direct contact 
with the hBM-MSCs in the presence of complete medium enhanced 
the viability of the K562 cells in a dose- and time-dependent 
fashion (Figure 1A). The earliest significant (p≤0.05) increase in the 
viability of the K562 cells was 106.2% ± 6.3% when 1600 cells/mL 
hBM-MSC after 24 hours of culture. The highest viability (p≤0.001) 
was observed after 72 hours of co-culture (133.6% ± 13.7%). The 
same pattern was observed when the experiment was conducted 
using serum-free medium (Figure 1B). The results obtained 
were comparable with that obtained with direct contact culture 
experiments using complete medium. The earliest significant 
(p≤0.05) increase in the viability K562 cells (114.2% ± 15.3%) when 
these cells were co-cultured with 12500 cells/ml of the hBM-MSC 
for 24 hours. The highest cell viability (125.4% ± 4.4%; p≤0.001) 
was observed when the K562 cells were co-cultured with 12500 
cells/ml of the hBM-MSC for 48 hours. Unlike the direct contact 
culture (Figure 1A), there was a sharp drop in K562 cell viability 
towards the end of the culture experiment using specialised serum-
free medium (Figure 1B). After 72 hours of co-culture, at the highest 

concentration (25000 cells/ml) of the hBM-MSC, the viability of the 
K562 cells decreased (89.0% ± 10.8%; p≤0.05). 

Viability of K562 Cells Cultured in Conditioned Medium 
When the K562 cells were cultured with conditioned medium 

harvested from the hBM-MSC, there was a marked drop (87.7% ± 
6.8%; p≤0.001) in the viability of the K562 cells cultured for 24 hours 
in conditioned medium harvested from the hBM-MSC cultured for 
72 hours (Figure 2A). However, the viability of K562 cells in all three 
conditions (24, 48 and 72 hours conditioned medium) increased 
with highest viability (106.6% ± 3.5%; p≤0.001) observed following 
48 hours of culture in the conditioned medium harvested from 
the hBM-MSC previously conditioned for 24 hours. The enhanced 
viability of the K562 cells remained elevated when these cells were 
cultured up to 72 hours for most of the culture conditions. A slight 
dip (100.5% ± 6.1%; p≥0.05) in K562 cell viability was observed in 
the 72 hour interval using the conditioned medium harvested from 
the hBM-MSC previously conditioned for 72 hours (Figure 2A). A 
similar pattern was observed when the experiment was conducted 
using serum-free medium (Figure 2B). As shown Figure 2B, there 
was a marked drop (83.1% ± 8.8%; p≤0.05) in the viability of the 
K562 cells cultured for 24 hours in serum-free conditioned medium 
harvested from the hBM-MSC cultured for 72 hours. However, the 
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viability of K562 cells in all three conditions (24, 48 and 72 hours 
serum-free conditioned medium) increased with highest viability 
(115.4% ± 7.8%; p≤0.001) observed following 48 hours of culture 

in the conditioned medium harvested from the hBM-MSC cultured 
for 48 hours. The enhanced viability of K562 cells was sustained 
towards the end of the culture experiment. 

Figure 2: Dose- and time-dependent enhancement of the viability of K562 cell cultured using conditioned medium obtained 
using (a) complete medium and (b) serum-free medium. Viability of K562 cells at three time intervals A) 24 hour B) 48 hour 
and C) 72 hour and with increasing concentration of hBM-MSCs (1600, 3200, 6500, 12500, 25000 cells/ml) cultured in normal 
medium containing 10% FBS was determined. Viability of K562 cells at three time intervals D) 24 hour E) 48 hour and F) 72 
hour and with increasing concentration of hBM-MSCs (1600, 3200, 6500, 12500, 25000 cells/ml) cultured in specialized serum-
free medium was determined. K562 cells cultured alone were used as control.
(* P ≤0.05 versus control; ** P≤0.05 versus control).

Viability of K562 cells Cultured in Transwell (non-
contact) with hBM-MSCs

The effects of hBM-MSC on the viability of K562 cells physically 
separated by Transwell inserts with two pore sizes (0.4 µm or 1.0 
µm) were investigated as described earlier. As shown in Figure 3A, 
the viability of the K562 cultured using the Transwell with 0.4 µm 
pore size was found to be lower than the control, irrespective of the 
hBM-MSC concentration used and the culture duration. The lowest 
cell viability was found to be 90.1% ± 3.8% (p≤0.001) when the 

K562 cells were cultured with 12500 cells/ml of the hBM-MSC for 
24 hours. The viability of the K562 cultured using the Transwell 
with 1.0 µm pore size was also found to be lower than the control, 
irrespective of the hBM-MSC concentration used for the 24 and 48 
hour interval (Figure 3B). The lowest cell viability was found to be 
90.6% ± 6.0% (p≤0.05), when the K562 cells were cultured with 
25000 cells/ml of the hBM-MSC for 24 hours. However, at the 72 
hour interval, K562 cell viability was found to be higher than the 
control, irrespective of the hBM-MSC concentration used. Highest 
cell viability was found to be 111.9% ± 3.1% (p≤0.001).

Figure 3: Dose- and time-dependent enhancement of the viability of K562 cell by hBM-MSC in Transwell (non-contact) inserts 
of (a) (a) 0.4 µm and (b) 1.0 µm pore size cultured using complete medium. Viability of K562 cells at three time intervals A) 
24 hour B) 48 hour and C) 72 hour and with increasing concentration of hBM-MSCs (1600, 3200, 6500, 12500, 25000 cells/ml) 
cultured in Transwell inserts determined using the MTT assay. K562 cells cultured alone were used as control (0). 
(* P ≤0.05 versus control; ** P≤0.05 versus control)
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Human Bone Marrow-Derived Mesenchymal Stem Cells 
(hBM-MSCs) Leads to an Increase in Mitochondria in 
K562 Cells

Transmission electron microscopy was performed to investigate 
for any ultrastructural changes in K562 cells associated with co-
cultured with hBM-MSCs that could be appreciated under the 
transmission electron microscope. As shown in Figure 4, K562 cells 
co-cultured with hBM-MSCs in both complete medium containing 
10% FBS as well as in specialised serum-free medium are shown 

to express higher levels of mitochondrial masses as compared to 
K562 cells cultured alone after co-culture duration of 24 hours. The 
increase in mitochondrial masses was shown to be sustained in the 
48 hour interval, as shown in Figure 4(ii). In the 72 hour interval, 
mitochondrial masses was still expressed significantly higher 
in K562 cells co-cultured with hBM-MSCs in complete medium 
containing 10% FBS than in K562 cells cultured alone. However, 
as compared to the 48 hour interval, K562 cells co-cultured with 
hBM-MSCs in serum-free medium showed less expression of 
mitochondrial masses at the 72 hour interval. 

Figure 4: The morphology of the K562 cells co-cultured with the hBM-MSCs was observed using transmission electron 
microscopy (TEM) after (i) 24 hours, (ii) 48 hours or (iii) 48 hours of co-culture. The TEM pictures show morphology of K562 
cells alone, K562 cells co-cultured with hBM-MSCs in complete medium and/or serum-free. 

Discussion
In this study, hBM-MSCs are found to increase viability of K562 

cells in both normal culture medium with 10% FBS and specialized 
culture medium without serum. This finding is supported by 
several studies, documenting that hBM-MSCs provide pro-survival 
signals to cancer [1,25]. There have also been several studies 
which demonstrated that hBM-MSCs increase the survival of 
other subtypes of leukemic cells (20-23). Amongst these studies, 
some reported that hBM-MSCs require direct cell-to-cell surface 
interactions to efficiently exert the aforementioned effects [21,23]. 
In these culture experiments, the effects of hBM-MSCs on the 
viability of K562 cells were quantified using 3-(4, 5-Dimethylthiazol-
2-yl)-2,5-diphenyltetrazolium bromide (MTT). In viable cells, the 
yellow tetrazole would be reduced to purple formazan crystals. 
Dissolution of the crystals using a solvent provides a colorimetric 
endpoint which when quantified in a microplate reader, has a 
positive correlation with the viability of the cells. Due to this 
property, MTT assay has been widely used to evaluate viability of 
various types of cells [19]. 

The increase in viability of K562 cells shown in the Transwell 
(1.0 µm pore size) experiments (Figure 3B) suggests that hBM-
MSCs may be producing soluble factor(s) of sizes smaller than 1.0 
µm, which may affect the viability of the K562 cells. As there was 
no increase in viability of K562 cells observed in the Transwell 
(0.4 µm pore size) experiments (Figure 3A), it can be inferred that 
the soluble factor(s) involved may be bigger than 0.4 µm in size. 
The hBM-MSCs have been documented to secrete a myriad of 
various chemicals, including PGE2 [24], IL-1 [25], TGF- [26] 
and leukemia inhibitory factor (LIF) [27]. The findings observed 
in this study could be attributed to the possible involvement of 
soluble factor, stromal cell-derived factor-1 (SDF-1/CXCL12) in the 
interactions between hBM-MSCs and leukemia, which has been 
previously reported [28].

The results from the conditioned medium experiments (Figures 
2A & 2B) also showed an increase in the viability of K562 cells 
in medium previously conditioned by hBM-MSCs. These results 
suggest that hBM-MSCs may produce factors as discussed earlier, 
independent of any interactions with K562 cells. The hBM-MSCs 
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may plausibly secrete those soluble factors constitutively. This 
finding has been previously reported [29]. The increase in viability 
of K562 cells seen through the interactions with hBM-MSCs implies 
that hBM-MSCs may be contributing to the survival and sustenance 
of the malignant process. It may account for the increase in 
recurrence rate of leukemia previously reported in leukemic 
patients receiving MSC therapy in conjunction with bone marrow 
transplant [30]. It is known that MSCs are currently explored as 
potential therapeutic agent for various pathological diseases. Given 
that MSCs may contribute to oncogenesis, it is imperative for us 
to proceed with caution in our utilization of MSCs as therapeutic 
option before we fully understand the nature of MSCs as well as 
their interactions within the human body. 

Furthermore, the data obtained from this study suggests that 
the time duration and concentration in which K562 cells are co-
cultured with hBM-MSCs should be considered. For instance, 
hBM-MSC concentrations as low as 1600 cells/mL have been able 
to substantially increase the viability of K562 cells. Given the time- 
and dose-dependent relationship between K562 cells and hBM-
MSCs, it is plausible to hypothesize that the biological effect hBM-
MSCs may have on K562 cells in an in vivo setting can be immense. 
Yet, it should also be noted that there have been conflicting findings 
regarding the effects of hBM-MSCs on leukemic cells. Several studies 
have reported that hBM-MSCs possess anti-proliferative properties 
on various subtypes of leukemia [16,31]. The heterogeneity and 
source of the hBM-MSCs may also account for differing results in 
the different studies. 

Under the transmission electron microscope, an increase in 
mitochondrial masses in K562 cells co-cultured with hBM-MSCs 
can be appreciated in the first 24-hour interval. Since mitochondrial 
elements are responsible for the reduction of MTT and formation 
of purple formazan crystals [32], the increase in mitochondrial 
masses correlate with the increased reading obtained in the MTT 
viability assays performed. Although K562 cells have been viewed 
under the transmission electron microscope for various other 
studies [33], this study represents a novel attempt to observe for 
any ultrastructural changes that could be appreciated through 
the interaction between cell entities. As there has not been any 
documentation detailing the ultrastructural effects hBM-MSCs 
have on K562 cells, the mechanistic nature of how the number of 
mitochondria was elevated remains to be elucidated [34].

Conclusion
In conclusion, our results demonstrated that hBM-MSC indeed 

possess a modulatory effect on the cellular viability of K562 
leukemic cells. For the modulatory effect to take place effectively, 
cell-to-cell interaction looks to be essential. Through our Transwell 
experiments, our data also suggests that hBM-MSC may also secrete 
soluble factor(s) that exert a similar effect on K562 cell viability. 
Therefore, these results will support the notion that hBM-MSCs 
exert their modulatory effect on K562 cell viability via at least two 
pathways. Our research has also demonstrated significant ultra-
structural changes in K562 leukemic cells through interaction 
with hBM-MSCs. Although the mechanisms in which hBM-MSCs 
exert their effect on K562 cell viability remains to be elucidated, 

the increase in mitochondrial mass demonstrated in our TEM has 
provided a valuable clue for future works.
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