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Summary

Purpose: Mesenchymal stem cells (MSCs) represent a
new approach to the treatment of several neoplastic or
non-neoplastic disorders. Their potential to repair dam-
aged tissues through trans differentiation in conjunc-
tion with their immunomodulatory ability made them
promising candidates for cell-based immunotherapy and
regenerative medicine. In the present study, we aimed to
determine the effects of MSCs on proliferation, apoptosis
and gene expression profile of the acute lymphoblastic leu-
kemia (ALL) cell line CCRF-CEM.

Methods: The experiments were performed after MSCs
and CCRF-CEM cells were co-cultured for 72hrs. We ana-
lyzed the gene expression patterns to predict oncogenic

Introduction

Childhood leukemia represents about 35% of
all childhood malignancies. Acute lymphoblastic
leukemia (ALL) is one of the most common forms
of childhood cancer, representing 80-85% of all
leukemia cases [1]. MSCs play an important role in
the regulation of hematopoiesis and engraftment
of transplanted hematopoietic stem cells. Sever-
al studies have shown tumor stroma supporting
effects of MSCs mainly in solid tumors including
breast and gastric cancer. MSCs express growth
factors, enhance tumor vessel formation and cre-
ate tumor stem cell niches. Based on these char-
acteristics, MSCs have several tumor growth pro-
moting functions in the tumor microenvironment
[2]. On the other hand, the effects of MSCs on leu-
kemic cells are controversial. It was reported that

pathway dysregulation in the cell groups by quantitative
RT-PCR and immunohistochemical staining.

Results: Cell proliferation was significantly inhibited in
co-cultured CCRF-CEM cells compared to the control. Fur-
thermore, growth factors, p53, Bax and Caspase-9 expres-
sions were increased and cell-signaling gene expressions
decreased significantly. Despite increased levels of growth
factors (CTGF, VEGF, FGF, EGFR), the increased apoptosis
level was triggered by p53/ Bax.

Conclusion: In this study we have shown that human
MSCs have inhibitory effect on their neighboring malig-
nant leukemia cells.

Key words: acute lymphoblastic leukemia, apoptosis,
CCRF-CEM cell line, co-culture, mesenchymal stem cells

MSCs might induce apoptosis in leukemia cells
[3]. MSCs secrete various cytokines and chemok-
ines that suppress proliferation of lymphocytes
by arresting them at GO/G1 phase of the cell cycle
as reported by several authors [4]. Therefore, the
effects of MSCs in lymphocytic leukemia remain
to be elucidated.

Over two decades, cell-based immunotherapy
has become a major entity of chemoresistant leu-
kemia treatment. The infusion of unmodified do-
nor lymphocytes following relapse after allogeneic
transplantation may be curative in patients with
chronic myeloid leukemia (CML) and in some cas-
es with acute myeloid leukemia (AML). However,
this potentially curative role of cell-based immu-
notherapy has not been observed in patients with
ALL [5]. These observations suggest that some
tumor cells may escape from immune system
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by different molecular mechanisms. One mecha-
nism is tumor cell escape from programmed cell
death by expression of anti-apoptotic molecules
or downregulation and mutation of pro-apoptot-
ic molecules [6]. The balance between pro-apop-
totic and anti-apoptotic BCL-2 (B cell leukemia/
lymphoma-2) protein family members controls
the mitochondrial apoptotic pathway and target-
ing this mechanism may have a therapeutic role
in ALL [7]. In order to better understand how the
MSCs affect leukemia cells, we studied the effects
of MSCs on an ALL cell line CCRF-CEM. The pro-
liferation rate, cytotoxicity, apoptosis and expres-
sion profiles of the genes that have very impor-
tant functions in oncogenesis were investigated.

Methods

Cell lines

Bone marrow derived human MSCs were obtained
from Millipore and grown according to manufactur-
er’s protocol. They were cultured with Mesenchymal
Stem Cell Expansion Medium (MSC-EM, Millipore,
Darmstadt, Germany) supplemented with freshly added
8 ng/mL fibroblast growth factor-2 (FGF-2, Millipore).
Nunclon™A certified polystyrene flasks were used for
MSC culture experiments. MSCs were validated for
high expression level of cell surface molecules (CD44,
CD90, STRO-1) and for their absence of hematopoietic
cell surface markers (CD14 and CD19). MSCs are also
negative for the expression of the endothelial marker
M-CAM (CD146). The cells have also been validated
for their self-renewal and multi-lineage differentiation
capacities. Human T lymphoblast ALL cell line CCRF-
CEM was obtained from ATCC and cultured in RPMI-
1640 medium supplemented with 10% FBS, 100 U/
ml penicillin and streptomycin (Bio Ind., Kibbutz Beit
Haemek, Israel).

Preparation of the MSCs-conditioned medium

Passage 3-5 MSCs were used in all experiments.
2x106 cells were plated in T75 flask. Mesenchymal
Stem Cell Expansion Medium (MSC-EM) was changed
every two days and supplemented with freshly added
FGF-2. At the third replacement, medium was collect-
ed, filtered through a 0.2 mm filter, and stored at -80°C
as MSCs-conditioned medium (hMSCs-CM) [8]. At this
stage MSCs were 80-90% confluent in the culture flask.
MSC-EM was used as control.

Cytotoxicity assay

CCRF-CEM cell suspension was placed into 96-well
plate at a density of 1x10° cells in 100 pl RPMI-1640
medium per well, and 100 pl MSC-conditioned medi-
um was added to each well. Control cells were grown

in the 100 pul RPMI-1640 + 100 pl MSC-EM without
FGF-2. After 24, 48, 72 and 96 hours of incubation WST
(Roche Applied Science, Mannheim, Germany) reagent
was added to each well and incubated for 1 h. Formazan
formation was quantified spectrophotometrically at
450 nm using a micro plate reader (Thermo, Vantaa,
Finland). All experiments were performed in triplicate.

Co-culture experiments

Polycarbonate cell inserts with 0.4 pm pore size
were used for the co-culture experiments (Thermo).
MSCs suspension (500pl, 4x10° cells) was placed in
the 6-well plate [8]. After 24-hr incubation the medi-
um was aspirated, 2mL MSC-EM without FGF-2 were
added into the wells, and then inserts were placed into
each well. CCRF-CEM cell suspension (4x10° cells in
500pl RPMI) was added immediately into the cell in-
serts. For the control CCRF-CEM cells, 2ml MSC-EM
without FGF-2 were added into an empty well, then an
insert was placed into the well. CCRF-CEM cell suspen-
sion (4x10° cells in 500pnl RPMI) were added into the
cell insert and the medium was completed to 2ml. After
72-hr incubation, CCRF-CEM cells in the inserts of the
co-culture systems were collected and counted with Ce-
dex XS analyzer, which provides quantitative informa-
tion about cell concentration and cell viability. The cell
number in each insert was counted for three times, and
the results were expressed as mean value +SD.

Apoptosis assays

Cell death detection ELISA (Roche Applied Sci-
ence, Mannheim, Germany) and Annexin V-FITC/PI
apoptosis detection Kits (Biovision, Research Products,
Mountain View, CA, USA), were used for measurement
of cell death. ELISA kit allows detection of mono and
oligonucleosomes and measures apoptotic cell death.
1x105 cells/ml were obtained from control and co-cul-
tured CCRF-CEM wells. The cytoplasmic fraction was
separated, diluted with incubation buffer (1:10) and im-
munoassay performed according to the manufacturer’s
protocol. At the end of the experiment, color develop-
ment was quantified spectrophotometrically at 405 nm
against substrate solution as blank, and enrichment
factor was calculated according to the formula: mU of
the sample (dying/dead cells)/mU against the control
cells (mU=absorbance).

Annexin V-FITC/PI stained samples were analyz-
ed with a fluorescence microscope (Olympus, Tokyo,
Japan) to distinguish between viable (Annexin V-/PI-),
apoptotic (Annexin V1+/PI-), and necrotic (Annexin V-/
PI1+) cells.

Determination of differentially expressed genes by real-time
ready array

Total RNA was prepared using the MagNA Pure
LC RNA Isolation Kit (Roche Applied Science, Mann-
heim, Germany) after co-culture experiment of CCRF-
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Table 1. Real-time ready array gene list

Symbol Other symbols Name
CTGF CCN2, HCS24, IGFBP8, MGC102839, NOV2  Connective tissue growth factor
FGF1 ?ggilgﬁgigggziﬁtg7g§GPI;QG];EGFB fibroblast growth factor 1 (acidic)
FGF18  FGF-18, ZFGF5 fibroblast growth factor 18
FGF2 BFGF, FGFB, HBGF-2 fibroblast growth factor 2 (basic)
FGF9 GAF, HBFG-9, MGC119914, MGC119915 fibroblast growth factor 9 (glia-activating factor)
TGFA TFGA transforming growth factor, alpha
TGFB2  MGC116892, TGF-beta2 transforming growth factor, beta 2
TGFBR2 ?ﬁzg;é[‘éib];?asllk?l I:FDGSI‘:ZR]%,ZMFSZ RIIC, transforming growth factor, beta receptor II (70/80kDa)
THY1 CD90, FLJ33325 Thy-1 cell surface antigen
APAF1  APAF-1, CED4, DKFZp781B1145 Apoptotic peptidase activating factor 1
BAD BBC2, BCL2L8 BCL2-associated agonist of cell death
BAK1 II?AAE?CIB IA;ISSLéIIﬁG%CSIéZSIy BCL2L7P1, CDNI, BCL2-antagonist/killer 1
BAX BCL2L4 BCL2-associated X protein
BCL2 Bcl-2 B-cell CLL/lymphoma 2
BID FP497, MGC15319, MGC42355 BH3 interacting domain death agonist
BIK BIP1, BP4, NBK BCL2-interacting killer (apoptosis-inducing)
CASP] CARD17, ICE, IL1BC, INCA, P45 ;2?5?52111\; ;p;;)sé;)sis-related cysteine peptidase (interleukin 1,
CASP10 ALPS2, FLICE2, MCH4 caspase 10, apoptosis-related cysteine peptidase
CASP12 CASP12P1 caspase 12 (gene/pseudogene)
CASP14 MGC119078, MGC119079, MICE caspase 14, apoptosis-related cysteine peptidase
CASP2  CASP-2, ICH-1L, ICH-1L/1S, ICH1, NEDD2 caspase 2, apoptosis-related cysteine peptidase
CASP3  apopain, CPP32, CPP32B, SCA-1, Yama caspase 3, apoptosis-related cysteine peptidase
CASP4  ICE(rel)II, ICEREL-II, ICH-2, Mih1/TX, TX caspase 4, apoptosis-related cysteine peptidase
CASP5  ICE(rel)III, ICEREL-III, ICH-3, MGC141966 caspase 5, apoptosis- related cysteine peptidase
CASP6  MCH2 caspase 6, apoptosis- related cysteine peptidase
CASP7  CMH-1, ICE-LAP3, MCH3 caspase 7, apoptosis- related cysteine peptidase
CASP8  ALPS2B, CAP4, Casp-8, FLICE, FLJ17672, caspase 8, apoptosis- related cysteine peptidase
MACH, MCH5, MGC(C78473
CASP9  APAF-3, APAF3, CASPASE-9c, ICE-LAPG, caspase 9, apoptosis- related cysteine peptidase
MCH6
CYCS CYC, HCS, THC4 cytochrome c, somatic
FAS ALPS1A, APO-1, APT1, CD95, FAS1, FASTM, Fas (TNF receptor superfamily, member 6)
TNFRSF6
FASLG  APTI1LGl, CD178, CD95L, FasL, TNFSF6 Fas ligand (TNF superfamily, member 0)
AKT1 AKT, MGC99656, PKB, PKB-ALPHA, PRKBA, v-akt murine thymomaviral oncogene homolog 1
RAC, RAC-ALPHA
AKT2 PKBB, PKBBETA, PRKBB, RAC-BETA v-akt murine thymomaviral oncogene homolog 2
AKT3 DKFZp434N0250, PKB-GAMMA, PKBG, v-akt murine thymomaviral oncogene homolog 3 (protein kinase
PRKBG, RAC-gamma, RAC-PK-gamma, STK- B, gamma)
2
EGFR ERBB, ERBB1, HER1, mENA, PIG61 epidermal growth factor receptor (erythroblastic leukemia viral
(v-erb-b) oncogene homolog, (avian)
EPS15  AF-1P, AF1P, MLLT5 epidermal growth factor receptor pathway substrate 15
EPS8 epidermal growth factor receptor pathway substrate 8
GAB2 KIAAO0571 GRB2-associated binding protein 2
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GRB2

INPP5D
MTOR

PIK-
3C2A

PIK3CA
PTPN11

STAT1
STAT2
STAT3

STAT4
STAT6

CCNB1
CCNB2
CCNE1
CCNE2
CDC2

CDC25A
CDhC25C
CDK2

CDK-
N1A

CD-
KN1B

CDK-
N2A

CD-
KN2C

CHEK1
CHEK2

SFN
WEE1

JAK1

CD44

TNF
KRAS

MAP2K1
MAP2K2

MAPK1

ASH, EGFRBP-GRB2, Grb3-3, MST084,
MSTP084

hp51CN, SHIP

FLJ44809, FRAP, FRAP1, FRAP2, RAFT1,
RAPT1

CPK, DKFZp686L193, MGC142218, PI3-K-
C2(ALPHA), PI3-K-C2A, PI3K-C2alpha

MGC142161, MGC142163, p110-alpha, PI3K

BPTP3, CFC, MGC14433, NS1, PTP-1D, PT-
P2C, SH-PTP2, SH-PTP3, SHP-2, SHP2

DKFZp686B04100, ISGF-3, STAT91
ISGF-3, MGC59816, P113, STAT113
APRF, FLJ20882, HIES, MGC16063

SLEBI11
D12S1644, 1L-4-STAT, STATG6B, STAT6C

CCNB
HsT17299
CCNE
CYCE2

CDC28A, CDK1, DKFZp686L.20222,
MGC111195

CDC25A2
CDC25
p33(CDK2)

CAP20, CDKN1, CIP1, MDA-6, P21, p21CIP1,
p21Cip1/Wafl, SDI1, WAF1

CDKN4, KIP1, MEN1B, MEN4, P27KIP1

ARF, CDKA4I, CDKN2, CMM2, INK4, INK4a,
MLM, MTS1, p14, pl4ARF, p16, pl6INK4,
p16INK4a, p19, TP16

INK4C, p18, p18-INK4C

CHK1

bA444G7, CDS1, CHK2, HuCds1, LFS2,
PP1425, RAD53

YWHAS

DKFZp686118166, FLJ16446, WEE1A, WEE-
lhu

JAKI1A, JAK1B, JTK3

CD44R, CDW44, CSPG8, ECMR-III, HCELL,
IN, LHR, MC56, MDU2, MDU3, MGC10468,
MIC4, MUTCH-I, Pgpl

DIF, TNF-alpha, TNFA, TNFSF2

C-K-RAS, K-RAS2A, K-RAS2B, K-RAS4A,
K-RAS4B, KI-RAS, KRAS1, KRAS2, NS3,
RASK2

MAPKK1, MEK1, MKK1, PRKMK1

FLJ26075, MAPKK2, MEK2, MKK2, PRK-
MK2

ERK, ERK2, ERT1, MAPK2, p38, p40, p41,
p41mapk, P42MAPK, PRKM1, PRKM2

growth factor receptor-bound protein 2

inositol polyphosphate-5-phosphatase, 145kDa

mechanistic target of rapamycin (serine/threonine kinase)
phosphoinositide-3-kinase, class 2, alpha polypeptide

phosphoinositide-3-kinase, catalytic, alpha polypeptide

protein tyrosine phosphatase, non-receptortype 11

signal transducer and activator of transcription 1, 91kDa
signal transducer and activator of transcription 2, 113kDa

signal transducer and activator of transcription 3 (acute-phase
response factor)

signal transducer and activator of transcription 4

signal transducer and activator of transcription 6, interleukin-4
induced

cyclin B1
cyclin B2
cyclin E1
cyclin E2
cell division cycle 2, G1 to S and G2 to M

cell division cycle 25 homolog A (S. pombe)
cell division cycle 25 homolog C (S. pombe)
cyclin-dependent kinase 2

cyclin-dependent kinase inhibitor 1A (p21, Cipl)
cyclin-dependent kinase inhibitor 1B (p27, Kip1)

cyclin-dependent kinase inhibitor 2A (melanoma, p16, inhibits
CDK4)

cyclin-dependent kinase inhibitor 2C (p18, inhibits CDK4)

CHK1 checkpoint homolog (S. pombe)
CHK2 checkpoint homolog (S. pombe)

stratifin
'WEE1 homolog (S. pombe)

Janus kinase 1

CD44 molecule (Indian blood group)

tumor necrosis factor (TNF superfamily, member 2)

v-Ki-ras2 Kirsten rat sarcoma viral oncogene homolog

mitogen-activated protein kinase 1
mitogen-activated protein kinase 2
mitogen-activated protein kinase 1

Continued on next page
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MAPK3 ERKI1, HS44KDAP, HUMKERIA, MGC20180, mitogen-activated protein kinase 3
p44erkl, p44mapk, PRKM3
MAPK8 JNK, JNK1, JNK1A2, JNK21B1/2, PRKMS, mitogen-activated protein kinase 8
SAPK1
BRAF B-RAF1, BRAF], FLJ95109, MGC126806, v-raf murine sarcoma viral oncogene homolog B1
MGC138284, RAFB1
MAPK7 BMK]I, ERK4, ERK5, PRKM7 mitogen-activated protein kinase 7
ACTB PS1TP5BP1 actin, beta
GG6PD G6PD1 glucose-6-phosphate dehydrogenase
GAPDH G3PD, GAPD, MG(88685 glyceraldehyde-3-phosphate dehydrogenase
JAK2 JTK10 Janus kinase 2
LCK p561ck, pp58lck, YT16 lymphocyte-specific protein tyrosine kinase
NFKB2 LYT-10, LYT10, p52 Nuclear factor of kappa light polypeptide gene enhancer in
B-cells 2 (p49/p100)
FOX03  AF6q21, DKFZp781A0677, FKHRLI, Forkhead box 03
FKHRL1P2, FOX02, FOX03A, MGC12739,
MGC31925
CBL C-CBL, CBL2, RNF55 Cas-Br-M (murine) ecotropic retroviral transforming sequence
TP53 FLJ92943, LFS1, p53, TRP53 tumor protein p53
TP63 AIS, B(p51A), B(p51B), EEC3, KET, LMS, tumor protein p63
NBP, OFC8, p40, p51, p53CP, p63, p73H,
p73L, RHS, SHFM4, TP53CP, TP53L, TP73L
TP73 P73 tumor protein p73
FIGF VEGF-D, VEGFD c-fos induced growth factor (vascular endothelial growth factor D)
FLT1 FLT, VEGFR1 fms-related tyrosine kinase 1 (vascular endothelial growth factor/
vascular permeability factor receptor)
VEGFA MGC70609, MVCD1, VEGF, VEGF-A, VPF vascular endothelial growth factor A
VEGFC Flt4-L, VRP vascular endothelial growth factor C

CEM and MSCs. Ten pg of total RNA were reverse-tran-
scribed with the transcriptor high fidelity cDNA
synthesis kit (Roche Applied Science, Mannheim, Ger-
many). A real-time ready custom array panel was de-
signed for the quantification of differently expressed
gene expressions by real-time PCR using the LightCy-
cler 480 instrument (Table 1). Relative quantification of
each sample with G6PDH (glucose-6-phosphate dehy-
drogenase), GADPH (glyceraldehyde-3-phosphate de-
hydrogenase) and Beta-actin housekeeping genes was
achieved by using the instruments software.

Immunohistochemical analyses

Control and co-cultured CCRF-CEM cells embed-
ded in paraffin blocks were cut into 2um sections with
microtome (Leica MR 2145, Wetzlar, Germany). Im-
munohistochemical analyses were performed using
primary antibodies BCL-2, BAX, Caspase-3, Caspase-8,
Caspase-9, p53 and VEGEF, all obtained from Santa Cruz,
Texas, USA and diluted at 1/300. In brief, the depa-
raffinization procedure was accomplished in xylene for
1 h. Rehydration was done in sequential 100, 95, 80,
and 70% alcohol series for 2 min each. After leaving in
distilled water for 5 min, the samples were delineated
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on the object slide, washed in phosphate buffered saline
(PBS) for 10 min, and then left in trypsin for 15 min.
The primary antibody was then applied in an incubator
at 37°C and washed with PBS. Afterwards the biotiny-
lated secondary antibody was applied and washed with
PBS before incubating with the enzyme conjugate and
3,3-diaminobenzidine tetrahydrochloride (DAB). Sub-
sequently, sections were stained with Mayer’s hema-
toxylin (Zymed Laboratories, San Francisco, CA, USA)
and mounted with entellan. All sections were examined
and photographed with Olympus C-5050 digital cam-
era at Olympus BX51 microscope. The positive ratios
of immunohistochemical analyses were determined
by counting the positive and negative cells in the cell
groups.

Statistics

Statistical analyses of gene expressions were cal-
culated by CLC Main Workbench software (Aarchus,
Denmark). After normalization to the housekeeping
genes, log2 transformation was performed to the ex-
pression values and fold change; FDR (False Discov-
ery Rate) corrected p values were calculated. Statis-
tical analysis of cytotoxicity assays and quantitative
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Figure 1. Effects of MSCs-conditioned medium on the
CCRF-CEM cells viability. A: OD values of control and
MSCs-CM treated groups of CCRF-CEM cells. B: The
proliferation rate of MSCs-CM treated CCRF-CEM cells
normalized to control. *p= 0.075, ** p=0.04

immunohistochemistry was performed by Wilcoxon
Mann-Whitney non-parametric test using SPSS 13.0
software. The Student’s t-test was used to test the prob-
ability of significant differences between samples. Sta-
tistical significance was set at p<0.05.

Results

MSCs-conditioned medium affects the viability of the
CCRF-CEM cells

In order to study the effects of the soluble
factors in the MSCs conditioned medium, CCRF-
CEM cells were treated with MSCs-CM for 24,
48, 72, 96 hrs. The cell viability was evaluated by
WST cytotoxicity assay (Figure 1A). Our results
revealed that cell viability decreased as 8.29 + 6.9,
26.77 + 2.84 and 33.76 + 11.09%, respectively at
48, 72 and 96 hrs compared to control (Figure 1B).

MSCs inhibit the CCRF-CEM cell proliferation in the
co-culture system

In the co-culture systems, 4x10° CCRF-

Figure 2. Effects of hMSCs on apoptosis. A: Annexin
V-FITC/PI staining: Detection of apoptotic and necrotic
cells by Annexin V-FITC staining in control and co-cul-
tured CCRF-CEM cells. B: Cell death detection ELISA:
Detection of nucleosomes in cytoplasm in control and
co-cultured CCRF-CEM cells. CCRF-CEM cells were
co-cultured with MSCs. After 72hrs CCRF-CEM cells
were collected; the cytoplasmic fractions of the sam-
ples were obtained and prediluted 1:10 with incubation
buffer, then tested with the immunoassay. Substrate
reaction time: 10 min. Statistical significance was de-
termined using Student’s t test.

CEM cells were cultured with the same count of
MSCs. The cell count of co-cultured CCRF-CEM
was significantly decreased compared to control
(0.72+0.12 x10° vs 1.1+0.3 x10% p< 0.001). These
data confirms the presence of some factors pro-
duced from MSCs that exert an inhibitory effect
on cell proliferation.

MSCs induce apoptosis in CCRF-CEM cells in the
co-culture system

In order to examine the apoptotic effects of
MSCs on CCRF-CEM, the cells were co-cultured
for 72 hrs and apoptosis was evaluated using An-
nexin V-FITC/PI staining and cell death detection
ELISA assay. Annexin V-FITC/PI staining results

JBUON 2014; 19(4): 1011
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Figure 3. Hierarchical clustering of the gene expression profiles: Gene expression patterns of CCRF-CEM control,
MSC and CCR-CEM co-cultured cell lines. Each sample was carried out in triplicate.

revealed that apoptosis rate increased signifi-
cantly in co-cultured CCRF-CEM cells compared
to control (2.38 vs 55.68%; p<0.001), as shown in
Figure 2A. Also consistent with this result, we
found that there was 6-fold increment for the en-
richment factor in co-cultured CCRF-CEM cells
(p=0.0009, Figure 2B). Cell viability and apoptosis
assays clearly showed the obvious inhibiting ef-
fects of MSCs on CCRF-CEM cells.

JBUON 2014; 19(4): 1012

MSCs dysregulate the gene expression profiles of the
CCRF-CEM cells

Data obtained from gene expression analyses
demonstrated that ALL cell line CCRF-CEM did not
express any growth factors (Table 2). However, af-
ter co-culture with hMSCs, growth factors (CTGE,
VEGEFC, FGF1, FGF2, FGF9, EGFR, and EPS8) were
expressed in CCRF-CEM cells (Figure 3). mRNA ex-
pression of tumor suppressor p53 gene increased by
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Figure 4. Immunohistochemical protein expressions
in control and co-cultured CCRF-CEM cell groups. A:
Control CCRF-CEM cells; B: Co-cultured CCRF-CEM
cells with MSCs. The expressions of p53, Caspase-9
and Bax increased significantly after co-culture; on the
contrary, Caspase-3, Caspase-8 and Bcl expressions de-
creased in co-cultured CCRF-CEM cells.
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5.1 times in co-cultured CCRF-CEM cells (p<0.001,
Table 2). However, mRNA expressions of adapter
proteins (act for transmitting various signals in re-
sponse to stimuli through cytokine and growth fac-
tor receptors, and T- and B-cell antigen receptors)
decreased after co-culture treatments. GAB2 was
determined as the most reduced gene (10.34-fold,
p<0.0001) in co-cultured CCRF-CEM cells. A tyros-
ine phosphatase family member of PTPN11 mRNA
expression was also reduced 8.51-fold (p<0.0001).
The genes with decreased mRNA expression were
WEE1 (-6.63-fold, p=0.0001), INPP5D (-3.57-fold,
p=0.0001), AKT (-2.39-fold, p=0.0007), BRAF (-2.14-
fold, p=0.0002), CBL (-2.37-fold, p=0.0001) and TNF
(-2.11-fold, p=0.0002) as shown in Table 2 and Fig-
ure 3. Immunohistochemical analyses revealed that
p53, Caspase-9 and Bax expressions were increased
significantly after co-culture. However, Caspase-3,
Caspase-8 and Bcl2 expressions were decreased in
co-cultured CCRF-CEM cells. Immunohistochemical
results are summarized in Figures 4 and 5.

Discussion

MSCs are non-hematopoietic progenitor cells
capable to differentiate in vitro and in vivo into
several mesenchymal tissues such as bone, car-
tilage, muscle, ligament, tendon, and fat [9]. They
regulate lymphopoiesis and suppress the immune
response. However, the biological mechanisms
behind these observations remain unclear. Some
authors claim cell-cell contacts, whereas others
claim the role of cellular and soluble factors to

H Control

O Co-cultured

pe 0.001 p<0.001

p53

Bcl-2

Figure 5. Data analysis of immunohistochemical protein expressions in control and co-cultured CCRF-CEM cell
groups. Chi-square test revealed significant differences between the groups. Results are expressed as % positive

expression of counted cells.
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Table 2. List of genes that significantly increased and decreased in co-cultured CCRF-CEM cells compared to control

Fold Control Co-cultured
Gene Full name " p value** CCRF-CEM CCRF-CEM
change
Means Means
. 13.48 <0.0001
CTGF Connective tissue growth factor ND 0.15000
VEGFC Vascular endothelial growth factor-C 7.76 <0.0001 ND 0.04000
FGF2 Fibroblast growth factor-2 6.50 <0.0001 ND 0.02000
TP53 Tumor protein 53 5.10 <0.0001 ND 0.01000
EGFR Epidermal growth factor receptor 4.02 <0.0001 ND 0.00183
FGF1 Fibroblast growth factor-1 3.36 <0.0001 ND 0.00054
EPS8 Epidermal growth factor receptor 2.56 0.0012 0.00007 0.02000
pathway substrate-8
FGF9 Fibroblast growth factor-9 243 <0.0001 ND 0.00003
BCL2 B cell leukemia/lymphoma-2 -2.07 <0.0001 0.02000 0.00032
TNF Tumor necrosis factor -2.11 0.0002 0.10000 0.00674
BRAF v-raf murine sarcoma viral oncogene -2.14 0.0002 0.05000 0.00137
homolog-B1
CBL Cbl proto-oncogene -2.37 0.0001 0.03000 0.00023
AKT2 v-akt murine thymoma viral onco- -2.39 0.0007 0.14000 0.00872
gene homolog
INPP5D i;l;)eSltOl polyphosphate-5-phospha- -3.57 0.0001 0.13000 0.00061
FASLG Fas ligand -3.67 0.0001 0.00188 ND
WEE1 WEE1 homolog -6.63 <0.0001 0.02000 ND
EPS15 Epidermal growth factor receptor -7.11 <0.0001 0.03000 ND
pathway substrate 15
PTPN11 Protein tyrosine phosphatase, -8.51 <0.0001 0.05000 ND
non-receptor type-11
GAB2 Grb2-associated binding protein -10.34 <0.0001 0.09000 ND

*Values represent fold-changes of increased or decreased mRNA expressions. All values were normalized to three housekeeping
genes and then log2 transformation was performed. **FDR corrected p value, ND: not determined.

contribute to MSCs-mediated inhibition of prolif-
eration [10]. MSCs can inhibit the proliferation of
lymphocytes stimulated by mitogens, antibodies,
or alloantigens in a dose-dependent manner [4].
Plumas et al. reported that MSCs are unable to
activate allogeneic T-cells even in the presence
of T-cell growth factors [11]. Furthermore, MSCs
inhibit T-cell proliferation by inducing apoptosis
of activated T-cells but have no effect on resting
T-cells. It was reported that MSCs express 2,3-di-
oxygenase (IDO), which is an enzyme catalyzing
the conversion from tryptophan to kynurenine
[12]. Soluble factors, such as IFN-y, released dur-
ing T-cell activation could induce IDO expression
by MSCs and induction of apoptosis of activated
T-cells [11]. Several studies have shown the in-
volvement of cytokines, such as TNF-a, IFN-y,
TGF-B, IL-10, in MSCs-mediated immunosuppres-
sion [13]. MSCs produce cytokines, chemokines
and growth factors, such as interleukins, granulo-
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cyte colony stimulating factor, granulocyte-mac-
rophage colony stimulating factor, macrophage
colony stimulating factor [14].

MSCs have many properties that may induce
malignant transformation and cancer initiation
[15]. Recently, Momin et al. have indicated the on-
cogenic and tumor-supporting potential of MSCs
and they suggested rigorous evaluations of their
oncogenic potential [16]. Krampera and co-work-
ers showed that the co-culture of B-ALL cells with
hBM-MSCs significantly increased the number
of surviving B-ALL cells, compared with that ob-
tained by culturing B-ALL cells alone under the
same conditions [17]. The difference in the results
of Krampera’'s and our study could be due to the
used MSCs and the lineage of ALL. Homegrown
bone marrow-derived MSCs and B-lineage ALL
cells were used in the Krampera’s study. However,
we used a standard bone marrow-derived MSCs
and T-lineage ALL cell line CCRF-CEM.
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Several other reports have suggested sup-
pression of oncogenesis by MSCs [18]. A suppres-
sor function of MSCs has also been observed for
tumor cells of hematopoietic origin [19]. Our data
supports the hypothesis that MSCs can inhibit the
proliferation of ALL cells. The increased mRNA
and protein expression of p53 was the potential
factor for this inhibition. p53 is one of the most cel-
ebrated proteins because of its status as “guardian
of the genome”. It was reported that CCRF-CEM
cell line has two heterozygous mutations located
in the DNA binding domain of p53, thus its ex-
pression may have been functionally inactivated
by two different point mutations [20]. Go/M cell
cycle arrest and apoptosis are induced in CCRF-
CEM cells in p53-independent mechanisms [21].
Moreover, apoptosis was enhanced in the same
cell line after transfection with wild-type p53
cDNA in comparison to controls [22]. Our results
clearly showed that, p53 re-expression could be
provided by MSCs derived factors in CCRF-CEM
cells. BAX protein, which can be directly activated
by p53, also increased significantly in the co-cul-
tured CCRF-CEM cells and most likely increased
the expressions of p53/Bax induced apoptosis in
these cells.

It has been reported that effective cell death
in B- and T-ALL cells depends on the presence
of Caspase-8 for the majority of cytotoxic drugs
routinely used in the treatment of leukemia [23].
Re-expression of epigenetically downregulated
Caspase-8 represents a promising approach to in-
crease the efficacy of antileukemic therapy. Our
findings indicated that, although Caspase-8 ex-
pression decreased in both mRNA and protein lev-
el, cell proliferation was still inhibited. Caspase-3
is a protein that interacts with Caspase-8 and
Caspase-9, and is activated in the apoptotic cells
both by extrinsic and intrinsic pathways [24].
Surprisingly, in this study, after co-culture with
MSCs, Caspase-3 expression was significantly de-
creased in CCRF-CEM cells. There is also some ev-
idence for caspase-independent programmed cell
death in the literature [25]. BAX and BAK proteins
promote caspase activation and apoptosis, but
they also Kkill cells independently of APAF-1 and
downstream caspases, thus supporting our find-
ings the p53/BAX-induced cell death [26].

Co-culture with MSCs changed the expres-
sion of some cell signaling and growth factor ex-
pression profile of CCRF-CEM cells. For instance,
expression of GAB2 was the most reduced gene in
this profile. GAB2 is a member of the GRB2-associ-
ated binding proteins gene family and binds SHP2

(PTPN11) tyrosine phosphatase and GRB2 adapt-
er proteins. They act as adapters for transmitting
various signals in response to stimuli through
cytokine and growth factor receptors, and T- and
B-cell antigen receptors [27]. Our results showed
that GAB2 and PTPN11 expressions decreased
-10 and -8 fold, respectively, in CCRF-CEM cells
after co-culture (p<0.0001). PTPN11 encodes the
protein tyrosine phosphatase SHP2 and positively
regulates physiologic hematopoiesis [28]. Protein
tyrosine phosphatases (PTPs) have critical roles in
this regulation by controlling the functions of key
receptors and intracellular signaling molecules in
lymphocytes. In some cases, PTPs inhibit lympho-
cyte activation, whereas in others they promote
it [29]. Our result was supported by a report in
which negatively regulated PTPN11 in hemato-
poietic stem cells resulted in increased apoptosis
[28].

The exact role of the different growth factors
and cytokines in leukemic cell survival is not
well known, but probably they form complex and
dynamic networks in which leukemic blasts and
stromal cells complement each other’s cytokine
expression, as shown in co-culture models of ALL
[30]. Recently, some studies have shown that dys-
regulation of angiogenesis may lead to growth of
leukemia and leukemia cells may proliferate like
solid tumors [31]. MSCs secrete VEGF, TGF-$ and
matrix metalloproteinases, which have essential
roles in angiogenesis. Proangiogenic properties
of MSCs are favorable for tissue regeneration,
but stimulating effects on tumor growth and me-
tastasis were also revealed [32]. An increase of
bone marrow vascularization in childhood ALL
progression was published by Perez-Atayde et al.
[33]. Bone marrow of these children had increased
blood vessel content compared to normal counter-
parts, and it was suggested that leukemia might
be angiogenesis-dependent. Although we did not
find any expression of angiogenic factors in CCRF-
CEM cells, they expressed CTGF, VEGF-C, FGF,
EGFR and EPSS8 after co-culture with MSCs. An
increase in cell proliferation due to stimulation
of growth factor secretion was expected. However,
induction of apoptotic mechanisms and intracel-
lular signaling pathways shifted the balance to-
wards cell death.

In conclusion, we have shown that MSCs pos-
sess inhibitory effects on the proliferation of ALL
cells in co-culture experiments. Apoptosis was in-
duced by p53-Bax dependent manner and expres-
sion profile of genes associated with angiogene-
sis and cell signaling pathways was dysregulated
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after co-culture of ALL cells with MSCs. Further
studies are needed to delineate the role of MSCs
in the modification of the biological behavior of
ALL blasts which may have therapeutic implica-
tions, particularly after genetic manipulation.

References

1.

10.

11.

12.

13.

14.

Nathan D, Ginsburg D, Orkin SH et al. Nathan and Oski’s
Hematology of Infancy and Childhood (6th Edn). Na-
than D (Ed). Philadelphia, PA: WB Saunders Company;
2003;1168-1169.

Roorda BD, ter Elst A, Kamps WA,de Bont ES. Bone
marrow-derived cells and tumor growth: contribution
of bone marrow-derived cells to tumor micro-environ-
ments with special focus on mesenchymal stem cells.
Crit Rev Oncol Hematol 2009;69:187-198.

Tabe Y, Jin L, Tsutsumi-Ishii Y et al. Activation of in-
tegrin-linked kinase is a critical prosurvival pathway
induced in leukemic cells by bone marrow-derived stro-
mal cells. Cancer Res 2007;67:684-694.

Corcione A, Benvenuto F, Ferretti E et al. Human mes-
enchymal stem cells modulate B-cell functions. Blood
2006;107:367-372.

Hoelzer D, Gokbuget N, Ottmann O et al. Acute lymph-
oblastic leukemia. Hematol Am Soc Hematol Educ Pro-
gram 2002;162-192.

Igney FH, Krammer PH. Immune escape of tumors: ap-
optosis resistance and tumor counterattack. ] Leukoc
Biol 2002;71:907-920.

Youle R], Strasser A. The BCL-2 protein family: opposing
activities that mediate cell death. Nat Rev Mol Cell Biol
2008;9:47-59.

Tian LL, Yue W, Zhu F, Li S, Li W. Human mesenchymal
stem cells play a dual role on tumor cell growth in vitro
and in vivo. J Cell Physiol 2011;226:1860-1867.

Pittenger MF, Mackay AM, Beck SC et al. Multilineage
potential of adult human mesenchymal stem cells. Sci-
ence 1999;284:143-147.

Chamberlain G, Fox ], Ashton B, Middleton J. Concise
review: mesenchymal stem cells: their phenotype, differ-
entiation capacity, immunological features, and poten-
tial for homing. Stem Cells 2007;25:2739-2749.

Plumas J, Chaperot L, Richard MJ, Molens JP, Bensa JC,
Favrot MC. Mesenchymal stem cells induce apoptosis of
activated T cells. Leukemia 2005;19:1597-1604.

Meisel R, Zibert A, Laryea M, Gobel U, Daubener W,
Dilloo D. Human bone marrow stromal cells inhib-
it allogeneic T-cell responses by indoleamine 2,3-di-
oxygenase-mediated tryptophan degradation. Blood
2004;103:4619-4621.

Popp FC, Renner P, Eggenhofer E et al. Mesenchymal
stem cells as immunomodulators after liver transplan-
tation. Liver Transpl 2009;15:1192-1198.

Kim DH, Yoo KH, Choi KS et al. Gene expression profile

JBUON 2014; 19(4): 1016

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Acknowledgements

This work was supported by the Ege Universi-

ty Research Fund (2010-TIP-070).

of cytokine and growth factor during differentiation of
bone marrow-derived mesenchymal stem cell. Cytokine
2005;31:119-126.

Serakinci N, Guldberg P, Burns JS et al. Adult human
mesenchymal stem cell as a target for neoplastic trans-
formation. Oncogene 2004;23:5095-5098.

Momin EN, Vela G, Zaidi HA, Quinones-Hinojosa A. The
Oncogenic Potential of Mesenchymal Stem Cells in the
Treatment of Cancer: Directions for Future Research.
Curr Immunol Rev 2010;6:137-148.

Nwabo Kamdje AH, Mosna F, Bifari F et al. Notch-3 and
Notch-4 signaling rescue from apoptosis human B-ALL
cells in contact with human bone marrow-derived mes-
enchymal stromal cells. Blood 2011;118: 380-389.

Wei Z, Chen N, Guo H et al. Bone marrow mesenchymal
stem cells from leukemia patients inhibit growth and
apoptosis in serum-deprived K562 cells. ] Exp Clin Can-
cer Res 2009;28:141.

Zhu Y, Sun Z, Han Q et al. Human mesenchymal stem
cells inhibit cancer cell proliferation by secreting DKK-
1. Leukemia 2009;23:925-933.

Cinti C, Claudio PP, Luca AD et al. A serine 37 muta-
tion associated with two missense mutations at highly
conserved regions of p53 affect pro-apoptotic genes ex-
pression in a T-lymphoblastoid drug resistant cell line.
Oncogene 2000;19:5098-5105.

Shieh DE, Cheng HY, Yen MH, Chiang LC, Lin CC. Baica-
lin-induced apoptosis is mediated by Bcl-2-dependent,
but not p53-dependent pathway in human leukemia cell
lines. Am J Chin Med 2006;34:245-261.

Massumi M, Ziaee AA, Sarbolouki MN. Apoptosis in-
duction in human lymphoma and leukemia cell lines
by transfection via dendrosomes carrying wild-type p53
cDNA. Biotechnol Lett 2006;28:61-66.

Ehrhardt H, Wachter F, Maurer M, Stahnke K, Jeremias 1.
Important role of caspase-8 for chemosensitivity of ALL
cells. Clin Cancer Res 2011;17:7605-7613.

Ghavami S, Hashemi M, Ande SR et al. Apoptosis and
cancer: mutations within caspase genes. ] Med Genet
2009;46:497-510.

Cheng EH, Wei MC, Weiler S et al. BCL-2, BCL-X(L) se-
quester BH3 domain-only molecules preventing BAX-
and BAK-mediated mitochondrial apoptosis. Mol Cell
2001;8:705-711.

Abraham MC, Shaham S. Death without caspases,
caspases without death. Trends Cell Biol 2004;14:184-
193.

Arnaud M, Mzali R, Gesbert F et al. Interaction of the ty-
rosine phosphatase SHP-2 with Gab2 regulates Rho-de-



Mesenchymal stem cells and lymphoblastic leukemia

1017

28.

29.

30.

pendent activation of the c-fos serum response element
by interleukin-2. Biochem J 2004;382:545-556.

Nabinger SC,Chan R]. Shp2 function in hematopoietic
stem cell biology and leukemogenesis. Curr Opin Hema-
tol 2012;19:273-279.

Rhee [LVeillette A. Protein tyrosine phosphatases in
lymphocyte activation and autoimmunity. Nat Immu-
nol 2012;13:439-447.

Wu S, Korte A, Kebelmann-Betzing C, Gessner R, Henze
G, Seeger K. Interaction of bone marrow stromal cells
with lymphoblasts and effects of predinsolone on cy-

31.

32.

33.

tokine expression. Leuk Res 2005;29:63-72.

Ayala F, Dewar R, Kieran M, Kalluri R. Contribution of
bone microenvironment to leukemogenesis and leu-
kemia progression. Leukemia 2009;23:2233-2241.
Zhang K, Shi B, Chen J et al. Bone marrow mesenchymal
stem cells induce angiogenesis and promote bladder
cancer growth in a rabbit model. Urol Int 2010;84:94-9.
Perez-Atayde AR, Sallan SE, Tedrow U, Connors S, Allred
E, Folkman J. Spectrum of tumor angiogenesis in the

bone marrow of children with acute lymphoblastic leu-
kemia. Am J Pathol 1997;150:815-821.

JBUON 2014; 19(4): 1017



