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Abstract: Acute lymphoblastic leukemia (ALL) is the most common cancer type observed in 
childhood. Bone marrow (BM) microenvironment has significant role both at the beginning and the 
progress of leukemic period. Mesenchymal stem cells (MSCs) that make up microenvironment, 
regulate growth factors, cytokines and induction of survival of ALL cells by generating intracellular 
signals and establishing drug resistance. p97/VCP is a type of protein and it is responsible for also 
intracellular ubiquitin proteasome pathway, endoplasmic-reticulum-associated protein 
degradation, cell cycle, apoptosis and autophagy. It is shown that p97/VCP is overexpressed in the 
most of the cancer types including the ALL. p97/VCP inhibitors serve as therapeutic agents. 
Amongst p97/VCP inhibitors, DBeQ (dibenzylquinazoline-2,4-diamine) provide to undergo 
apoptosis and prevents cell proliferation. In this study, MSCs obtained from ALL patients and 
healthy donors were isolated by density-gradient method and then these cells were cultured. Cells 
were incubated with DBeQ. Cell apoptosis was determined by Annexin V/PI method (in flow 
cytometry). According to obtained data, availability of p97/VCP inhibitor which was recommended 
to be used as therapeutic agent in the treatment of other cancer types, in ALL treatment will be 
evaluated and this study will provide a basis for future studies. 

Keywords: Acute lymphoblastic leukemia (ALL); Mesenchymal stem cells (MSCs); apoptosis; 
DBeQ; p97/VCP 

 

1. Introduction 

Acute lymphoblastic leukemia (ALL) is a malignant disease that develop from uncontrolled 
proliferation of B and T lymphocyte cells because of mutations occurring in the bone marrow [1]. 
Mesenchymal stem cells (MSCs) have an important role in the binding of hematopoietic stem cells 
(HSCs) and secretion of many cytokines [2]. The bone marrow microenvironment provides the self-
renewal and differentiation characters of MSCs. The most important events in the stem cell niche is 
to maintain the number of stem cells in the niche [3]. 

p97/Valosin containing protein (VCP) is a member of the AAA + ATPase family. p97/VCP has 
been working on many important pathway such as protein degradation, cell cyle [4]. But the most 
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important features of p97/VCP are the role of autophagosome maturation, autophagy and apoptosis 
mechanism [5].  

There are many p97/VCP inhibitors but it has been shown that DBeQ has no toxic effects on the 
cell and induce cell death mechanism [6]. 

Apoptosis or programmed cell death is a cell mechanism that is used to destroy unwanted, 
damaged or potentially neoplastic cells [7]. When the cells enter the apoptosis, the phosphatidylserine 
present in the membrane of the cells in translocated to the outside of the cell membrane. 

The aim of this study was to investigate the effects of DBeQ on viability and apoptosis in MSCs 
that are obtained from childhood ALL patients and compare the results with healthy donors. 

2. Materials and Methods 

2.1. Selection of Groups 

BM samples were derived from the patients (n = 4) who were diagnosed with ALL. Control 
groups were selected from healthy volunteer donors (n = 6) of patients who applied for allogenic 
transplantation to BM transplantation unit. After taken approval from healthy donors, sample was 
taken. The study was approved by the local ethical committee. 

2.2. Collection of Samples 

2–4 mL BM samples of ALL patients aspirated at the time of diagnosis before treatment, were 
accepted to Stem Cell Processing and Storage Laboratory. In addition, 2–4 mL BM samples of healthy 
donors were harvested from posterior iliac crest under general anesthesia. 

2.3. Separation of Mononuclear Cells (MNCs) by Density-Gradient Method 

BM samples were mixed with PBS (Phosphate Buffered Saline) (Biochrom, Germany) at a ratio 
of 1:1 and then they laid on 4 mL of Biocoll (1.077 g/mL) separating solution (Biochrom, Germany). 
MNCs were separated by centrifugation. 

2.4. Transition from MNCs to MSCs 

MNCs were cultured in 25 cm2 flasks (T25) with Dulbeco’s Modified Eagle Medium Low 
Glucose (DMEM-LG) (Biochrom, Germany), 10% FBS (Biochrom, Germany) and 1% penicillin-
streptomycin (Biochrom, Germany). The culture media were changed every 3 days. In about two 
weeks, cells reached confluency of 90% in culture flasks. 

2.5. Characterization of MSCs 

(a) Morphological analysis: Cells adhere to the plastic surface and show spindle-polygonal 
morphology by using inverted microscope. (b) Differentiation assays: The differentiation assays of 
mesenchymal stem cells were performed as indicated in our previous studies [8]. 

2.6. Culture of MSCs with DBeQ 

10 µM DBeQ, which is inhibitor of p97/VCP, was added to MSCs and incubated for 1 h. 

2.7. Apoptosis Determination by Annexin V/PI 

Cells were acquired on a Beckman Coulter Navios using Kalusa version 1.2 software by using 
Annexin V FITC/PI apoptosis kit for flow-cytometry. 

3. Results 

Figures 1 and 2 illustrates the data of flow-cytometric analysis. DBeQ was given to the 
mesenchymal stem cells 2 of 4 patients (Figure 1) and 3 of 6 healthy donors (Figure 2) and they are 
indicated as DBeQ + in the figures. Non-given groups are indicated as DBeQ −. 
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Figure 1. The schematic representation of the graph for apoptosis analysis in flow cytometry is shown 
in the 1st patient flow results. Field 1 shows live cells. Field 2 shows early apoptotic cells. Field 3 
shows late apoptotic. cells. Field 4 shows necrotic cells. Therefore, it is important the results to 
compare the apoptotic cells after incubating with the inhibitor, to compare the live cells before 
incubating with the inhibitor. 

 
Figure 2. This figure is showed flow analysis results of healthy donor group. 

4. Discussion 

This is the first report concerning the function of p97/VCP on bone marrow MSCs. In the study 
we had two groups. The first group BM-MSCs samples were derived from ALL patients (n = 4) and 
the second group BM-MSCs samples were derived from healthy donors (n = 6). And then, the groups 
were subdivided into two which were classified as DBeQ − and DBeQ +. After an hour incubation 
period we analyzed the apoptotic cell percantage of the groups. 

The percentage of late apoptotic cells in patients BM-MSCs were 93% and 83% where as in 
healthy donors BM-MSCs, these were 54%, 62% and 5% respectively. We did not analyze this results 
statistically because two of the results of healthy donors (54% and 62%) were relatively higher as 
expected in normal healthy bone marrow microenvironment. We explain this result as it is possible 
that we used freezed- thawed samples for two healthy donors BM-MSCs that may change apoptotic 
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profiles during these procedures and only one sample that we used freshly, expressed normal 
apoptotic profile with only 5% late apoptotic cells. So, we compared the results with only that freshly 
used sample. And according to results, the patients BM-MSCs in non-inhibitor (DBeQ −) group have 
increased number of apoptotic cells when compared with healthy donors BM-MSCs. The higher 
percentage of apoptosis in patients BM-MSCs could be the result of effected bone marrow 
microenvironment as it is known that malign processes could lead to changes in cell signaling and 
could create specialized cancer microenvironment with supportive or destructive MSCs [8]. 

When the results of DBeQ + groups were compared, the percentage of late apoptotic cells where 
90% and 68% in ALL patients BM-MSCs and 75%, 86%, 79% in healthy donors BM-MSCs. The 
percentage of apoptotic cells in all DBeQ + groups were significantly higher than DBeQ − healthy 
donors. 

In summary, the present study, investigating the apoptotic profiles of BM-MSCs in ALL patients 
and healthy donors revealed that DBeQ inhibition of p97/VCP in culture conditions induce apoptosis 
especially in healthy donors BM-MSCs therefore; as ALL patients BM-MSCs have increased apoptotic 
activity DBeQ only support the apoptotic condition. These preliminary results suggest a possible role 
of p97/VCP on apoptotic pathway of BM-MSCs. Further studies may provide molecular insight into 
the roles of p97/VCP in BM-MSCs even in healthy and pathologic conditions. 
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