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Abstract 
Currently several studies are being carried out on var-
ious properties of mesenchymal stem cells (MSCs)
however there are a few investigations about drug
metabolizing properties of these cells. The aim of this
study was to measure the key factors involved in drug
metabolism in human bone marrow MSCs. For this
purpose, cellular glutathione (GSH), glutathione S-
transferase (GSTs) and cytochrome P450 class 3A4
(CYP3A4) were detected in these cells. Results
showed that CYP3A4 and GSTA1-1 mRNA are not
detectable in MSCs however mRNA specific for
GSTP1-1 was considerably expressed in MSCs. GSH
content and GST activity was also detected in MSCs.
These data suggest that human bone marrow MSCs
possess the drug metabolizing activity which may be
useful in handling drugs and chemotherapeutic agents
passing to the bone marrow.
Keywords: Human bone marrow mesenchymal stem
cells; Drug metabolism; Glutathione S-transferases,
cytochrome P450

INTRODUCTION

Mesenchymal stem cells (MSCs) are multipotent stro-

mal cells that originate from the mesenchymal and

connective tissues. They function in tissue homeosta-

sis and repair (Gregory et al., 2005) and express differ-

ent surface markers (Reyes et al., 2001). These cells

can give rise to different mesodermal cell lineages,

including osteoblasts, chondroblasts and adipocytes

(Wagnera et al., 2006; Talens-Visconti, 2006). Bone

marrow has traditionally been seen as an organ com-

posed of two main systems rooted in distinct lineages-

hematopoietic stem cells (HSCs) and the associated

supporting stroma (Weatherall, 1997). These cells not

only coexist but also cooperate functionally (Bianco et
al., 2001).

There are very few reports in the literature on the

biotransformation enzyme expression in bone marrow

stem cells. It has been reported that CYP2E1 is

expressed in CD34+ stem cells derived from human

bone marrow (Czekaj et al., 2005). The drug metabo-

lizing enzymes (DMEs) are a diverse group of proteins

that are responsible for metabolizing xenobiotic com-

pounds. These enzymes are divided into two groups:

phase I includes oxidative drug metabolizing enzymes

such as cytochrome P450s enzymes (CYP450) and

phase II biotransformation enzymes such as glu-

tathione transferases (GSTs). These enzymes are

important factors for the elimination of toxic metabo-

lites of the xenobiotic compounds (Guengerich, 1995).

GSTs catalyze the formation of thioether conjugates
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between glutathione (GSH) and reactive xenobiotics

and comprise a family of dimeric proteins whose sub-

units have been placed into five families namely,

Alpha, Mu, Pi, Theta and Sigma, according to their

amino-acid sequence identities (Mannervik et al.,
2005). 

GSTs are involved in the metabolism of toxic prod-

ucts of lipid oxidation generated by oxidative stress

(Listowsky, 2005). GSTP is expressed in many tumors

and over expression of this enzyme has been strongly

associated with drug resistance (Lo and Ali-Osman,

2007; Hayes et al., 2005). Moreover, investigations

have shown that expression of GST enzymes especial-

ly GSTPi have protective effects on HSCs against anti-

cancer drugs such as cyclophosphamide (Matsunaga et
al., 2000). 

GSH acts as antioxidant via direct GSH-ROS

(Reactive oxygen species) interaction and through glu-

tathione peroxidaes (Meister and Anderson, 1983).

Moreover, GSH serves as a necessary nucleophile in a

number of detoxification reactions and GSH content of

HSCs also is very important in anti cancer drug resist-

ant (Tew et al., 1993). 

In this study, attempts were made to study the

major xenobiotic metabolizing factors in MSCs resid-

ing in human bone marrow. The results of this study is

implicated in understanding the role of MSCs in sup-

porting the bone marrow cellular functions and subse-

quent differentiation in situ or ex vivo. In this study

human bone marrow MSCs were isolated and cultured

and characterized as described in detail elsewhere

(Kazemnejad et al., 2009). All samples (n=10) were

obtained from Bone Marrow Transplantation Center,

Shariati Hospital, Tehran, Iran and written informed

consent was obtained from all the donors.

For Immunocytochemistry (ICC), the cells were

fixed with 4% paraformaldehyde and permeabilized

with 0.4% triton X-100 and then incubated overnight

at 4°C with primary antibody; mouse anti-human total

GST (1:1000). Subsequently, the cells were incubated

with fluorescence labeled second antibody, FITC-

labeled goat anti-mouse IgG at 37°C for 1 h in dark

room. Then the cells were incubated with DAPI (4’, 6-

diamidino-2-phenylindole; 1:1000) for nuclear stain-

ing. The cells were visualized using a fluorescence

microscope (Nikon, TE-2000, Tokyo, Japan). The GST

specific activity was measured using CDNB (1-chloro-

2, 4-ninitrobenzene) as the substrate according to

Habig et al. (1974). Absorbance at 340 nm was moni-

tored for 3 min using CECIL UV spectrophotometer.

Protein concentration in the samples was determined

using Bradford protein assay protocol

(Bradford,1976).

Reverse transcription polymerase chain reaction

(RT-PCR) was used to estimated the expression of

CYP3A4, GST A1 and GSTPi. Briefly, total RNA was

extracted from the cells using the RNXTM (-PLUS)

kit (CinnaGen Co, Tehran, Iran), then 11 microlitre of

total RNA was reverse-transcribed using

RevertAidTM First strand cDNA syntatase kit

(Fermentas, Germany). PCR was conducted using

approximately 50 ng cDNA to amplify genes. After

initial denaturation at 95ºC for 2 min, PCR amplifica-

tion was continued at 95ºC for 30 s, annealing temper-

ature for 30 s, and 72ºC for 30 min for a total 30

cycles, and final extension at 72ºC for 5 min. The

sequences of the primers used in this study are shown

in Table 1. β-actin (as housekeeping gene) was used as
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Gene sequence Product size

(bp)

Annealing  tem-

perature (°C)

Accession

Number

GST A1-1

GST P1-1

CYP3A4

β-actin 

F 5'- GTGCAGACCAGAGCCATTCT-3'

R 5'- GCAAGCTTGGCATCTTTTTC-3' 

F 5'- ACCTCCGCTGCAAATACATC-3'

R 5'- GGCTAGGACCTCATGGATCA-3'

F 5'-CCT TAC ATA TAC ACA CCC TTT GGA AGT-31.2

R 5'-AGC TCA ATG CAT GTA CAG AAT CCC CGG TTA-3'

F 5'- TTCTACAATGAGCTGCGTGTGG-3' 

R 5'- GTGTTGAAGGTCTCAAACATGAT-3'

170 

206 

382 

119

58

58

62

58

AL590363.6

NM_000852.3

Table 1. Primers and annealing temperature used in RT-PCR.



internal control.

The intracellular GSH was measured in the MSCs

and HepG2 cells using 10% trichloroacetic acid (to

precipitate proteins) and then the mixture was cen-

trifuged at 15700 g for 1 min to remove the denaurat-

ed proteins and GSH was measured in supernatant

using Ellman’s protocol. GSH was expressed as

μmoles/106 cells. In this study, all the samples and

standards were run in triplicate. Data are presented as

mean± SEM. The results were analyzed by Student’s t-

test. P<0.05 was considered statistically significant.

The results showed that total GST activity deter-

mined using CDNB as substrate in MSCs and in

HepG2 cells (as positive control) is 78±2.8 and 31±1.5

nmol/min/mg proteins, respectively (Table 2). ICC

analysis carried out on MSCs using mouse anti-human

total GST showed that total GST enzyme is expressed

to detectable levels. Likewise, total GST was

expressed in HepG2 cells (Fig. 1). 

As shown in Table 2, both cells (MSCs and HepG2

cells) contained detectable amounts of reduced GSH.

Comparison of GSH levels indicates that GSH is sig-

nificantly (P<0.05) higher in MSCs as compared to

HepG2 cells. The level of GSH in MSCs and in HepG2

was 1.3±0.07 and 0.32±0.01 μmol/106 cells respec-

tively (Table 2). 

The expression of GST at protein levels in MSCs

was further confirmed using RT-PCR technique

designed for GST-P and GST-A specific mRNAs. The

results presented in Figure 2 revealed that GST-p is

well expressed in MSCs, whereas, GST-A as well as

CYP3A4 were not expressed in these cell. Both the

GST classes were expressed at mRNA levels in HepG2

cells which are considered as control (Fig. 2).

Over the past decade, chemotherapeutic agents

have provided significant benefits and cures by elimi-

nating tumor mass (Choti, 2009). One problem of can-

cer therapy is that the anti cancer agents also kill nor-

mal proliferating cells. Moreover cancer cells can

resist to anti cancer drugs. This could be due to many

factors such as individual differences of patients espe-

cially genes and proteins involved in DNA repair,

apoptosis and over expression of enzymes that can

detoxify the drugs such as GST enzymes (Johansson,

2010). For example, GSTP is over expressed in many

tumors and over expression of this enzyme has been

strongly associated with drug resistance (Lo and Ali-

Osman, 2007; Hayes et al., 2005).  Expression of bio-

transformation enzymes such as GSTs family especial-

ly GSTP in bone marrow cells may have protective

effects on these cells against the toxicity of high dose

chemotherapy with regimen comprised of anti cancer

drugs (Niitsu et al., 1998). 

Investigations have shown that MSCs and HSCs

may have a poor ability to detoxify environmental

chemicals via enzymatic biotransformation pathways,

for example CD34+ cells have capacity of biotransfor-

mation enzyme expression. Moreover it has been

reported that bone marrow MSCs contain low basal

levels of CYP450 isotypes such as CYP1A1,

CYP1A2, CYP2B6, CYP2D6, CYP3A4 and CYP2E1

(Czekaj et al., 2005; Sa-ngiamsuntorn et al., 2011).

The results of this study have indicated that undiffer-

entiated bone marrow cells express very little

CYP3A4 before differentiation. Whereas the cells can

develop expression of CYP3A4 during hepatogenic

differentiation induced in presence of hepatocyte

growth factot (Allameh et al., 2009). 

In the present study, we showed that MSCs derived
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Cell type Total GST

(nmol/min/mg protein)

GSH level

(μmol/106 cells)

MSCs

HepG2

78±2.8

31±1.5

1.33±0.07

0.32±0.01

Table 2. Glutathione S-transferase activity and cellular GSH content

in MSCs and HepG2 cells.

Results are presented mean ± SEM of three samples carried out in triplicate.
P<0.05 considered significant. HepG2 is served as positive control.

Figure 1. ICC staining of glutathione S-transferase in MSCs and in
HepG2. A: Positive staining of GST was evidenced in MSCs. B:
Nuclei stained with DAPI shown in parts. C and D: Positive staining
of total GST and nucleus staining with DAPI in HepG2 were shown
in parts.



from bone marrow strongly express GSTP1-1 isoform

at mRNA level; however expression of GSTA1-1

mRNA was not detectable in these cells. Investigation

of functionality of total GST enzyme in these cells

showed that total GST enzyme is functionally active in

MSCs. Moreover, expression of total GST was con-

firmed using ICC. Although CYP3A4 was not

detectable in MSCs derived from bone marrow.

Expression of GSTP and relatively high level of GSH

in MSCs suggest that drug metabolizing system is

active in these cells. Some investigations also have

shown that GST enzymes can be expressed in bone

marrow stem cells. For instance, Shao and co-workers

showed that HSCs derived from fetal liver expressed

high levels of GSTP1 mRNA; however, were unable to

express detectable level of GSTA1 (Shao et al., 2006).

Also it has been reported that GSTA1 mRNA is not

expressed in CD34+ stem cells derived from human

bone marrow (Czerwinski et al., 1997).  Because the

hGSTA proteins are the dominant GST isoforms that

protect against oxidative damage (Hubatsch et al.,
1998), hence lack of GSTA in MSCs implies that this

class of GST may not be involved in protection of

bone marrow cells against the byproducts of oxidative

stress. Moreover, previous studies showed that MSCs

have high level of GSH; therefore GSH content of

MSCs can potentially protect bone marrow stem cells

from the endogenous and exogenous xenobiotics

(Allameh et al., 2009).  

The expression of GSTP enzyme is believed to

inhibit apoptosis in cancer cells and thereby make

these cells resistant to anti cancer drugs (Bernardini et
al., 2000). Hence GSTP expression in MSCs is

involved in drug resistance which are transferred to

bone marrow. Resistance of MSCs which are believed

to support HSCs in bone marrow against chemothera-

py drugs can reduce side effects of cancer therapy in

bone marrow. The data presented hereby indicate that

the presence of the basic enzymes necessary for drug

metabolism in MSCs, as supporting tissue in bone

marrow can offer partial protection to bone marrow

cells. Further studies are required to better understand

the role of xenobiotic metabolizing and conjugating

enzymes in the susceptibility of MSCs to chemicals

and anti cancer drugs. 

Acknowledgments

Financial support provided by “Iran National Science
Foundation (INSF)’’ is greatly acknowledged. 

References

Allameh A, Esmaeli S, Kazemnejad S, Soleimani M (2009).

Differential expression of glutathione S-transferases P1-1 and

A1-1 at protein and mRNA levels in hepatocytes derived from

human bone marrow. Toxicol In Vitro. 23: 674-679.

Bernardini S, Bernassola F, Cortese C, Ballerini S, Melino G, Motti

C, Bellincampi L, Iori R, Federici G (2000). Modulation of

GST P1-1 activity by polymerization during apoptosis. J Cell

Biochem. 77: 645-653.

Bianco P, Riminucci M, Gronthos S, Robey PG (2001). Bone mar-

row stromal stem cells: nature, biology, and potential applica-

tions. Stem Cells. 19: 180-192. 

Bradford M (1976). A rapid and sensitive method for the quantita-

tion of microgram quantities of protein utilizing the principle

of protein dye-binding. Anal Biochem. 72: 248-254.

Choti MA (2009). Chemotherapy-associated hepatotoxicity: do we

need to be concerned? Ann Surg Oncol. 16: 2391-2394.

Czekaj P, Wiaderkiewicz A, Florek E, Wiaderkiewicz R (2005).

Tobacco smoke-dependent changes in cytochrome P450 1A1,

Esmaeli et al.

273

Figure 2. Expression of CYP3A4, GST A1 and GST Pi genes in MSCs and in HepG2 (as positive control) using RT-PCR. β-actin as a house
keeping gene was used as internal control. 



1A2, and 2E1 protein expressions in fetuses, newborns, preg-

nant rats, and human placenta. Arch Toxicol. 79: 13-24.

Czerwinski M, Kiem HP, Slattery JT (1997). Human CD34+ cells

do not express glutathione S-transferases alpha. Gene Ther. 4:

268-270.

Ellman GL (1959). Tissue sulfhydryl groups. Arch of Biochem
Biophys. 82: 70-77.

Gregory CA, DJ Prockop, JL Spees (2005). Non-hematopoietic

bone marrow stem cells: molecular control of expansion and

differentiation. Exp Cell Res. 306: 330-335.

Guengerich FP (1995). Cytochrome P450: Structure, Mechanism,

and Biochemistry (Second Edition), Chapter 14, edited by

Paul R. Ortiz de Montellano, Plenum Press, New York.

Hayes JD, Flanagan JU, Jowsey IR (2005). Glutathione transferas-

es. Annu Rev Pharmacol Toxicol. 45: 51-88.

Habig WH, Jakoby WB (1981). Assays for differentiation of glu-

tathione stransferases. Method Enzymol. 77: 398-405.

Hubatsch I, Ridderstrom M, Mannervik B (1998). Human glu-

tathione transferase A4-4: an alpha class enzyme with high

catalytic efficiency in the conjugation of 4-hydroxynonenal

and other genotoxic products of lipid peroxidation. Biochem
J. 330: 175-179.

Kazemnejad S, Allameh A, Soleimani M, Gharehbaghian A,

Mohammadi Y, Amirizadeh N, Jazayeri M (2009).

Biochemical and molecular characterization of hepatocyte-

like cells derived from human bone marrow mesenchymal

stem cells on a novel three-dimensional biocompatible

nanofibrous scaffold. J Gastroenterol Hepatol. 24: 278-287. 

Johansson K (2010). Microsomal glutathione transferase 1 in anti

cancer drug resistance and protection against oxidative stress.

Published by Karolinska Institute. pp 17-25.

Listowsky I (2005). Proposed intracellular regulatory functions of

glutathione transferases by recognition and binding to S-glu-

tathiolated proteins. J Pept Res. 65: 42-46.

Lo HW, Ali-Osman F (2007). Genetic polymorphism and function

of glutathione S-transferases in tumor drug resistance. Curr
Opin Pharmacol. 7: 367-374.

Matsunaga T, Sakamaki S, Kuga T, Kuroda H, Kusakabe T,

Akiyama T, Konuma Y, Hirayama Y, Kobune M, Kato J,

Sasaki K, Kogawa K, Koyama R, Niitsu Y (2000). GST-pi

gene-transduced hematopoietic progenitor cell transplantation

overcomes the bone marrow toxicity of cyclophosphamide in

mice. Hum Gene Ther. 11: 1671-1681.

Mannervik B, Board PG, Hayes JD, Listowsky I, Pearson WR

(2005). Nomenclature for mammalian soluble glutathione

transferases. Meth in Enzymol. 401: 1-8.

Meister A, Anderson ME (1983). Glutathione. Annu Rev Biochem.

52: 711-760.   

Niitsu Y, Takahashi Y, Ban N, Takayama T, Saito T, Katahira T,

Umetsu Y, Nakajima T, Ohi M, Kuga T, Sakamaki S,

Matsunaga T, Hirayama Y, Kuroda H, Homma H, Kato J,

Kogawa K (1998). A proof of glutathione S-transferase-π-

related multidrug resistance by transfer of antisense gene to

cancer cells and sense gene to bone marrow stem cell.

Chemico-Biological Interactions. 111-112: 325-332.

Reyes M, Lund T, Lenvik T, Aguiar D, Koodie L, and Verfaillie C.

M (2001). Purification and ex vivo expansion of postnatal

human marrow mesodermal progenitor cells. Blood 98: 2615-

2625.

Sa-ngiamsuntorn KT, Wongkajornsilp A, Kasetsinsombat K,

Duangsa-ard S, Nuntakarn L, Borwornpinyo S,

Akarasereenont P, Limsrichamrern S, Hongeng S (2011).

Upregulation of CYP 450s expression of immortalized hepa-

tocyte-like cells derived from mesenchymal stem cells by

enzyme inducers. BMC Biotechnol. 11: 89.

Shao J, Stapleton PL, Lin YS, Gallanger EP (2006). Cytochrome

P450 and glutathione S-transferase mRNA expression in

human fetal liver hematopoitic stem cells. Drug Metabol
Disposit. 35: 168-175.

Talens-visconti R, Bonora A, Javer R, Castell J, Lecon MJ (2006).

Hepatogenic differentiation of human mesenchymal stem

cells from adipose tissue in comparsion with bone marrow

mesenchymal stem cells. Word J Gastroenterol. 12: 5834-

5845.

Tew KD, Houghton JA, Houghton PJ (1993). Preclinical and

Clinical Modulation of Anticancer Drugs. Boca Ralon, FL:

CRC Press. 

Wagnera W, Feldmann RE, Seckingera A, Maurerb MH, Wein F,

Blake J, Krause U, Kalenka A, Bürgers HF, Saffrich R,

Wuchter P, Kuschinsky W, Ho AD (2006). The heterogeneity

of human mesenchymal stem cell preparations-evidence from

simultaneous analysis of proteomes and transcriptomes. Exp
Hematol. 34: 536-548.

Weatherall DJ (1997). ABC of clinical haematology. The heredi-

tary anaemias. Br Med J. 314: 492-496.

IRANIAN JOURNAL of BIOTECHNOLOGY, Vol. 10, No. 4, October 2012

274


