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Abstract
Cancer remains one of the leading causes of mortal-
ity and morbidity throughout the world. To a signifi-
cant extent, current conventional cancer therapies are 
symptomatic and passive in nature. The major obstacle 
to the development of effective cancer therapy is be-
lieved to be the absence of sufficient specificity. Since 
the discovery of the tumor-oriented homing capacity 
of mesenchymal stem cells (MSCs), the application of 
specific anticancer gene-engineered MSCs has held 
great potential for cancer therapies. The dual-targeted 
strategy is based on MSCs’ capacity of tumor-directed 
migration and incorporation and in situ  expression of 
tumor-specific anticancer genes. With the aim of trans-
lating bench work into meaningful clinical applications, 
we describe the tumor tropism of MSCs and their use 
as therapeutic vehicles, the dual-targeted anticancer 
potential of engineered MSCs and a putative personal-
ized strategy with anticancer gene-engineered MSCs.

© 2011 Baishideng. All rights reserved.
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INTRODUCTION
Cancer is one of  the top life-threatening diseases, ac-
counting for an estimated one in four human deaths in 
all age groups in the Untied States in 2010[1]. Current 
conventional cancer therapies (surgery, chemotherapy 
and radiotherapy) are, to a significant extent, symptom-
atic and passive in nature. Despite improved treatment 
models, many tumors remain unresponsive to traditional 
therapy. When fatalities occur, the majority of  cancer pa-
tients die from the recurrence of  metastasis or therapy-
related life-threatening complications. The major obstacle 
limiting the effectiveness of  conventional therapies for 
cancer is their tumor specificity. Therefore, it is critical to 
explore efficient remedial strategies specifically targeting 
neoplasms. 

Mesenchymal stem cells (MSCs) are the first type of  
stem cells to be utilized in clinical regenerative medicine. 
In addition to their capability of  multipotent differentia-
tion, MSCs show many other therapeutically advanta-
geous features, such as easy acquisition, fast ex vivo expan-
sion, the feasibility of  autologous transplantation and a 
powerful paracrine function. More recently, the specific 
tumor-oriented migration and incorporation of  MSCs 
have been demonstrated in various pre-clinical models, 
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revealing the potential for MSCs to be used as ideal vec-
tors for delivering anticancer agents. With the discovery 
of  specific anticancer genes and the revelation of  MSCs’ 
capacity of  tumor-directed migration and incorporation, 
a new research field has been inspired with the aim of  
achieving efficient therapy for cancer using engineered 
MSCs. In the present review, following a general descrip-
tion of  MSCs we describe the interactions of  MSC with 
cancers and the dual-targeted anticancer potential of  en-
gineered MSCs. We also proposed a putative personalized 
strategy with anticancer gene-engineered MSCs to treat 
patients with cancers.

OVERVIEW OF MSCs
MSCs are a group of  adult stem cells naturally found 
in the body. They were first identified in the stromal 
compartment of  bone marrow by Friedenstein and col-
leagues in 1960s[2,3]. The exact nature and localization of  
MSCs in vivo remain poorly understood. In addition to 
bone marrow, MSCs have been shown to be present in a 
number of  other adult and fetal tissues, including amni-
otic fluid, heart, skeletal muscle, adipose tissue, synovial 
tissue, pancreas, placenta, cord blood and circulating 
blood. It has been assumed that basically all organs con-
taining connective tissue also contain MSCs[4]. Among 
adult stem cells, MSCs are the most studied and the 
best characterized stem cells. MSCs are primitive cells 
originating from the mesodermal germ layer and were 
classically described as giving rise to connective tissues, 
skeletal muscle cells, and cells of  the vascular system. 
MSCs can differentiate into cells of  the mesodermal 
lineage, such as bone, fat and cartilage cells, but they 
also have endodermic and neuroectodermic differentia-
tion potential. Indeed, bone marrow-derived MSCs are 
a heterogeneous rather than homogeneous population[5]. 
As a result of  their supposed capacity of  self-renewal 
and differentiation, bone marrow-derived stromal cells 
were first considered as stem cells by Caplan and named 
MSCs[6], although there is some controversy regarding 
their nomenclature[7]. MSCs have generated considerable 
biomedical interest since their multilineage potential was 
first identified in 1999[8]. 

Owing to their easy acquisition, fast ex vivo expansion, 
and the feasibility of  autologous transplantation, MSCs 
became the first type of  stem cells to be utilized in the 
clinical regenerative medicine. MSCs can differentiate 
to several cell types and produce important growth fac-
tors and cytokines. They may provide important cues for 
cell survival in damaged tissues, with or without direct 
participation in long-term tissue repair[9]. MSCs also have 
the ability to modify the response of  immune cells and 
are thereby associated with immune-related disorders, 
especially autoimmune diseases[10,11]. More detailed infor-
mation on their characterization, tissue distribution and 
therapeutic potential is described in recent reviews[7,12]. 

Recently, the specific tumor-oriented migration and 
incorporation of  MSCs have been demonstrated in vari-

ous pre-clinical models, demonstrating the potential for 
MSCs to be used as ideal carriers for anticancer agents[13]. 
In addition to bone marrow-derived MSCs cells obtained 
from other tissues, such as adipose tissue, can also be 
potentially used as anticancer gene vehicles for cancer 
therapy[14,15]. As discussed in the following section, MSCs 
possess both pro- and anti-cancer properties[16]. It is not 
an overstatement to describe MSCs as a “double-edged 
sword” in their interaction with tumors. However, if  
MSCs are suitably engineered with anticancer genes they 
could be employed as a valuable “single-edged sword” 
against cancers.

TUMOR-TROPIC CAPACITIES OF MSCs
The first evidence of  the tropism of  MSCs to tumors 
was demonstrated by implantation of  rat MSCs into rats 
bearing syngeneic gliomas[17]. Since then, an increasing 
number of  studies have verified MSC tropism toward 
primary and metastatic tumor locations. Tumors can be 
characterized as “wounds that never heal”, serving as a 
continuous source of  cytokines, chemokines and other 
inflammatory mediators[18]. These signals are capable of  
recruiting respondent cell types including MSCs. Tumor-
directed migration and incorporation of  MSCs were 
evidenced in a number of  pre-clinical studies in vitro us-
ing transwell migration assays and in vivo using animal 
tumor models. The homing capacity of  MSCs has been 
demonstrated with almost all tested human cancer cell 
lines, such as lung cancer[19], malignant glioma[20-22], Ka-
posi’s sarcoma[23], breast cancer[24,25], colon carcinoma[26], 
pancreatic cancer[27,28], melanoma[29] and ovarian cancer[24]. 
High frequency of  MSC migration and incorporation 
was observed in in vitro co-culture and in vivo xenograft 
tumors respectively. These findings were consistent, in-
dependent of  tumor type, immuno-competence, and the 
route of  MSC delivery. The tropism of  MSCs for tumor 
microenvironment is obvious, but the molecular mecha-
nisms underlying the tumor-directed migration of  MSCs 
have not been fully elucidated. The preconditions for this 
phenomenon are the production of  chemo-attractant 
molecules from tumor tissue and the expression of  cor-
responding receptors in MSCs[12]. The complex multistep 
process by which leukocytes migrate to peripheral sites 
of  inflammation has been proposed as a paradigm. The 
possible pathways and prospective models have been 
summarized in recent reviews[7,13,30].

Although it is undisputable that MSCs migrate and 
integrate toward tumor tissues, their fate and function 
inside the tumor seems ambiguous and sometimes para-
doxical, attributable to the complexities of  both MSCs 
and tumor microenvironments. In order to make perti-
nent use of  MSCs, it is essential to understand their ad-
vantages and disadvantages with regard to tumorigenesis. 
Native MSCs have been shown to suppress tumor growth 
in models of  glioma[17], Kaposi’s sarcoma[23], malignant 
melanoma[31], Lewis lung carcinoma[31], and colon carci-
noma[32]. The release of  soluble factors by MSCs has also 
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been shown to reduce tumor growth and progression of  
glioma[17], melanoma and lung carcinoma models[31], and 
conditioned media from MSCs have been sown to cause 
the downregulation of  NFκB in hepatoma and breast 
cancer cells resulting in a decrease in their in vitro prolif-
eration[33]. While the precise mechanism underlying the 
intrinsic antitumor properties of  MSCs has not been fully 
investigated, it is presumably related to the down-regu-
lation of  Akt, NFκB and Wnt signaling pathways[13]. On 
the other hand, several studies have demonstrated that 
MSCs can augment tumor growth[34-36]. Promotion of  tu-
mor growth is possibly mediated by MSC production of  
immunosuppressive factors and by the contribution of  
MSCs to tumor stroma and tumor vascularization. The 
intrinsic anti- and pro-tumorigenic effects of  MSCs were 
summarized in our recent review[12]. 

MSCs AS THERAPEUTIC VEHICLES 
Since the discovery of  their tumor-directed homing ca-
pacity, MSCs have been considered as ideal therapeutic 
vehicles to deliver anticancer agents. In addition to their 
tumor-homing properties, MSCs are also easily trans-
duced by integrating vectors due to their high levels of  
amphotropic receptors[37] and offer long-term gene ex-
pression without alteration of  phenotype[38,39]. To date, a 
number of  anticancer genes have been successfully en-
gineered into MSCs, which then demonstrate anticancer 
effects in various carcinoma models. Table 1 summarizes 
experimental models using MSCs as therapeutic vehicles 

to deliver anticancer agents. 
MSCs can also be utilized to deliver prodrug-converting 

enzymes. A pioneer example is the combination of  herpes 
simplex virus-thymidine kinase (HSV-tk) (Table 1) gene-
engineered MSCs and systemic administration of  ganci-
clovir[57]. Within tumors, HSV-tk is released by engineered 
MSCs and converts (phosphorylates) the prodrug ganci-
clovir into its toxic form, thereby inhibiting DNA synthe-
sis and leading to cell death. In addition, there is a substan-
tial bystander effect that leads to the death of  neighboring 
cells. This therapeutic regimen has been successfully 
employed in glioma[58] and pancreatic cancer[28] experi-
mental models. MSCs have been used to deliver another 
prodrug-converting enzyme, cytosine deaminase. Follow-
ing systemic administration, the prodrug 5-fluorocytosine 
is converted into the highly toxic active drug 5-fluorouracil 
in tumors. This system has shown therapeutic effective-
ness in animal cancer models, such as melanoma[59], colon 
carcinoma[14], and prostate cancer[41].

The methods of  MSC administration has been clas-
sified as directional, semi-directional and systemic[60]. For 
MSC-based cancer therapy, MSCs have been delivered to 
a variety of  tumor models using a number of  methods. 
Systemic delivery methods include intravenous (iv)[29] and 
intra-arterial[61] injection, whereas, intratumoral implanta-
tion[17], intraperitoneal[62] and intracerebral[61] injections, 
and intratracheal administration[63] are respectively con-
sidered as directional and semi-directional deliveries. The 
selection of  delivery route for MSCs is based on consid-
eration of  factors, such as the type, location and stage of  
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Table 1  Mesenchymal stem cells as cellular vehicles for targeting cancer

Anticancer agent Anticancer mechanism Tumor model Route of MSC 
admi-nistration

Species: MSC/tumor/host Ref.

CX3CL1 Immunostimulatory Lung iv Mouse/mouse/mouse [40]
CD Prodrug converting Prostate sc/iv Human/human/mouse [41]

Colon sc/iv Human/human/mouse [14]
HSV-tk Glioma it Rat/rat/rat [42]

Pancreas iv Mouse/mouse/mouse [28]
IFNα Immunostimulatory and apoptosis indcing Melanoma iv Mouse/mouse/mouse [43]

Glioma it/ic Mouse/mouse/mouse [44]
IFNβ Breast sc/iv Human/human/mouse [29,45]

Pancreas ip Human/human/mouse [27]
IL2 Glioma it/ic Rat/rat/rat [17]
IL7 Immunostimulatory Glioma it Rat/rat/rat [46]
IL12 Activates cytotoxic lymphocyte and NK cells Melanoma iv Mouse/mouse/mouse [47]

Hepatoma iv Mouse/mouse/mouse [47]
Breast iv Mouse/mouse/mouse [47]

IL18 Immunostimulatory Glioma it Rat/rat/rat [48]
NK4 Inhibits angiogenesis Colon iv Mouse/mouse/mouse [49]
TRAIL Induces apoptosis Glioma it Human/human/mouse [20]

Glioma ic Human/human/mouse [50]
Glioma iv Human/human/mouse [22,51]
Lung iv Human/human/mouse [52]

Breast, lung sc/iv Human/human/mouse [53]
Colon sc Human/human/mouse [54,55]

Pancreas iv Human/human/mouse [56]

CD: Cytosine deaminase; CX3CL1: Chemokine fractalkine; HSV-tk: Herpes simplex virus-thymidine kinase; ic: Intracerebral; IFN: Interferon; IL: 
Interleukin; ip: Intraperitoneal; it: Intratumoral; iv: Intravenous; NK: Natural killer; sc: Subcutaneous; TRAIL: Tumor necrosis factor-related apoptosis-
inducing ligand.
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cancer, and the feasibility of  surgical interventions.

MULTIPLE ANTICANCER EFFECTS OF 
ENGINEERED MSCs
As described above, the major limitation on the effec-
tiveness of  conventional therapies for cancer treatment 
is their lack of  tumor specificity. Advanced drug target-
ing of  tumor cells is often impossible when treating 
highly invasive and infiltrative tumors, because of  the 
high level of  migration and invasiveness of  tumor cells. 
Uncontrolled drug distribution in the body, resulting in 
insufficient concentration at the tumor site and toxic 
concentration on normal cells, is the cause of  anticancer 
inefficacy, and is often the direct cause of  side effects 
and sometimes life-threatening complications. Targeting 
solid tumors with antitumor gene therapy has also been 
hindered by systemic toxicity, low efficiency of  delivery 
and nominal temporal expression. However, MSC-medi-
ated anticancer therapies can overcome these limitations, 
mainly through preferentially homing to sites of  primary 
and metastatic tumors and delivering antitumor agents. 
Anticancer gene-engineered MSCs are capable of  specifi-
cally targeting and acting on tumors through multiple 
selections. The first selection is attributable to the tumor-
directed migration and incorporation of  MSCs. This 
phenomenon is independent of  tumor type, immuno-
competence, and the route of  MSC delivery. In addition 
to the intrinsic anticancer effects of  MSCs, the presence 
of  MSCs in the tumor microenvironment allows the 
agents which are delivered by MSCs to exert their anti-
cancer function locally and constantly. Therefore, the sys-
temic and organ-specific side effects of  anticancer agents 
can be greatly minimized by using this cell-based vector 
system. 

The second level of  selection lies in the cancer-specific 
agents being carried or expressed by MSCs. The research 
using MSCs as a vehicle for delivering agents to treat can-
cer has been greatly stimulated by the advances in study 
on specific anticancer genes. As indicated in Table 1, a 
number of  anticancer genes have been engineered into 
MSCs, resulting in anticancer effects on various carcino-
ma models. In the tumor microenvironment, engineered 
MSCs could serve as a constant source of  anticancer 
agent production, and locally release anticancer agents, 
which act on adjacent tumor cells thereby efficiently in-
ducing tumor growth inhibition or apoptosis.

Additional selection can be achieved by modifying the 
vector construction according to organ-specific protein 
expression. For example, pancreas- or insulinoma-specific 
anticancer gene-bearing vectors can be made by employ-
ing an insulin promoter. Similarly, the unique expression 
of  albumin by hepatocytes, neurotransmitter expression 
by neurons and surfactant expression by pulmonary al-
veoli can also be used to construct organ-specific expres-
sion vectors. If  engineered with organ-specific vectors, 
MSCs express anticancer proteins only when they home 
to tumors located in the corresponding organs or to 

metastatic sites with the same type of  cells.
It is worth noting that different types of  viral vectors 

have been used to deliver the targeted genes in cancer 
gene therapy, including retrovirus, lentivirus, adenovirus 
and poxvirus. Retrovirus-induced oncogenesis remains 
the major concern in relation to retrovirus use in clinical 
applications. The targeted sites of  integration, the most 
crucial factor associated with oncogenicity, are distinct for 
different retroviruses. In addition to insertional effects on 
protein-coding genes, insertional activation of  non-coding 
sequences, such as microRNAs, should be carefully ex-
amined[64]. One effective and novel approach in the virus-
mediated treatment of  cancer is the use of  conditionally 
replicating adenoviruses (CRAds), which can replicate in 
tumor cells but not in normal cells. Upon lysis of  infected 
tumor cells, CRAds are released and can infect neighbor-
ing tumor cells. The current approaches targeting CRAds 
specifically to cancer cells were described in a recent re-
view[65]. More recently, this field was further stimulated by 
the clinical report of  Breitbach et al[66] who constructed a 
multi-mechanistic cancer-targeted oncolytic poxvirus and 
successfully applied it to patients with cancers. However, 
anti-viral immunity may theoretically attenuate the ef-
ficiency of  viral vector-mediated therapy. As described in 
the following section, MSC-mediated gene therapy has 
unique advantages especially in terms of  tumor-targeting 
selections.

ADVANTAGES OF MSC-MEDIATED 
THERAPY AND PUTATIVE 
PERSONALIZED MEDICINE
Intrinsic strength for transplantation
The greatest benefit of  MSCs in clinical application is 
their suitability for autologous transplantation. Autotrans-
plantation of  MSCs has been used in a numerous clinical 
studies, most of  most of  them in regenerative medicine 
applications, such as myocardial infarction[67,68], traumatic 
brain injury[60], and liver disease[69]. MSCs also represent 
an advantageous cell type for allogeneic transplantation. 
A number of  different studies have demonstrated that 
MSCs avoid allogeneic rejection in humans and in dif-
ferent animal models[70,71]. MSCs are immune-privileged, 
characterized by low expression of  MHC-I with no 
expression of  MHC-II and co-stimulatory molecules 
such as CD80, CD86 and CD40[72]. Due to their limited 
immunogenicity, MSCs are poorly recognized by HLA-
incompatible hosts. This opens up a much broader range 
of  uses for MSCs in transplantation, compared to cells 
from autologous sources only.

Possible pre-determination of carcinoma sensitivity to 
anticancer agents
Pre-determination of  the sensitivity of  particular carci-
noma to any given anticancer agents is a critical step in 
developing personalized medicine. During ex vivo expan-
sion, MSCs can be engineered with a variety of  anti-
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cancer agents and assessed in vitro. Transwell co-culture 
and/or real-time monitoring techniques can be applied 
to this detection. The cells isolated from clinical tumor 
biopsy are the most practically meaningful targets. Once 
a sensitive anticancer agent is selected, engineered MSCs 
can be prepared on a large scale for the treatment.

Potential synergistic effect of multiple anticancer 
agents
In addition to the therapeutic specificity of  anticancer 
agents, the development of  drug resistance of  tumor 
cells is another factor contributing to inefficient cancer 
therapy. Since the beginning of  cancer chemotherapy the 
frequent lack of  drug response in solid tumors has been 
a major problem. In nearly 50% of  all cancer cases, resis-
tance to chemotherapy already exists before drug treat-
ment starts (intrinsic resistance), and in a large propor-
tion of  remaining cases drug resistance develops during 
the treatment (acquired resistance)[73]. The mechanisms 
contributing to multidrug resistance phenotype and the 
challenges facing molecular targeted therapy were dis-
cussed in a recent review[74]. MSC-based cancer therapy 
is capable of  providing multiple anticancer agents syn-
chronously, which may potentiate therapeutic efficiency. 
For example, tumor necrosis factor-related apoptosis-
inducing ligand (TRAIL) has gained attention in cancer 
gene therapy because of  its capacity to induce apoptosis 
specifically in tumor cells. Cancer specificity is deter-

mined by the differential expression of  death receptors 
(DR4 and DR5). Dominant expression of  DR4 and/or 
DR5 is a determinant factor for the sensitivity of  target 
tumor cells to TRAIL. The expression of  death receptors 
varies with tumor type and stage as well as the therapy 
utilized, and the sensitivity of  tumor cells to TRAIL is 
not particularly consistent even under apparently identical 
conditions[75,76]. Recent work of  our group demonstrates 
that TRAIL-insensitive Panc-1 cell can be suppressed 
by transducing a death receptor-independent anticancer 
gene phosphatase and tensin homolog (PTEN) (Figure 1). 
PTEN is a phosphatidylinositol phosphatate phosphatase 
and is frequently inactivated in human cancers[77]. Loss of  
PTEN function is associated with constitutive survival 
signaling through the phosphatidylinositol-3 kinas/Akt 
pathway. PTEN has also been demonstrated to sensitize 
tumor cells to death receptor-mediated apoptosis induced 
by TRAIL[78,79] and non-receptor mediated apoptosis 
induced by a kinase inhibitor staurosporine and chemo-
therapeutic agents mitoxantrone and etoposide[78]. The 
MSC-mediated therapeutic spectrum can be dramatically 
broadened by using multiple anticancer gene-engineered 
MSCs, and theoretically, a synergistic effect can be 
achieved via application of  multiple anticancer agents si-
multaneously.

Putative personalized medicine
MSCs can be acquired from the patients’ own body, 
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Figure 1  Tumor necrosis factor-related apoptosis-inducing ligand- and/or phosphatase and tensin homolog-induced apoptosis in Panc-1 cells. Panc-1 cells 
were pre-detected for death receptors and showed negative expression of death receptor 4 and 5. The cells were plated on day 0 and transfected with TRAIL- and/or 
phosphatase and tensin homolog (PTEN)-bearing vectors on day 1. Apoptosis was assessed on day 3 with a live/dead assay. The top two rows represent the cells 
transfected with TRAIL or PTEN individually, and the bottom row shows the cells with co-transfection of two vectors. Column 1: Whole population of cells which were 
still attached to the surface during the assessment; Column 2: Live cells stained with calcein show green; Column 3: Dead cells stained with EthD-1 show red; column 
4: Merged images. Original magnification, × 400. TRAIL: Tumor necrosis factor-related apoptosis-inducing ligand; PTEN: Phosphatase and tensin homolog.
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quickly expanded in vitro and easily transduced with ex-
pression vectors. The exhibition of  the powerful tumor-
directed migration capacity of  MSCs makes them suitable 
for use in anticancer therapies. Anticancer-engineered 
MSCs could be eventually used as an alterative treatment 
for cancer patients without the concern of  rejection or 
other ethical problems. Since there is a great deal of  vari-
ation amongst the cancer patient population with respect 
to degree of  carcinogenic differentiation and preparation 
of  human MSCs, it is unlikely that a single fixed thera-
peutic model will be found that would successfully per-
form on different types of  cancers. In order to translate 
bench research into real clinical applications, it will be 
necessary to develop a specific personalized treatment for 
each individual patient. Figure 2 illustrated putative per-
sonalized strategy with anticancer gene-engineered MSCs. 

CONCLUSION
There is a pressing clinical demand for more efficient 
remedies to replace existing symptomatic anticancer 
therapies. The extensive achievements of  MSCs and 
anticancer agent studies have laid the foundation for the 
exploitation of  MSC-based cancer therapies. MSCs pos-
sess powerful capabilities of  tumor-directed migration 
and incorporation, giving them the potential of  acting as 
optimal vehicles to deliver anticancer agents. Although 
MSCs have both positive and negative effects on tumor 
progression, profound anticancer effects have been dem-
onstrated by using apropriately engineered MSCs. MSC-
mediated anticancer therapy relies on tumor-specific 
selectivity provided by MSCs and MSC-carried anticancer 
agents. Homed directly at the tumor microenvironment, 
engineered MSCs are able to express and/or release an-
ticancer agents constantly, acting on the adjacent tumor 
cells. To date, however, almost all of  the available findings 
are confined to cell culture and/or animal cancer models, 

and more well-designed pre-clinical studies are definitely 
required before applying this strategy to real clinical set-
tings.

In conclusion, the recent progress in both stem cell 
and anticancer gene studies has great potential for exploi-
tation in new efficient cancer therapies. The combination 
of  human MSCs and specific anticancer genes can selec-
tively act upon targeted tumor cells. Further translational 
studies could lead to novel and effective treatments for 
cancer. Hopefully, the utilization of  dual-targeted anti-
cancer gene-engineered MSCs will be of  great benefit to 
future cancer patients.
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Abstract
AIM: To study the immunophenotype of hematopoietic 
progenitor cells from cord blood (CB) grafts (n  = 39) in 
comparison with adult apheresis grafts (AG, n  = 229) 
and pre-apheresis peripheral blood (PAPB) samples (n  
= 908) using flow cytometry analysis.

METHODS: First, we performed a qualitative analysis 
of CD34+ cell sub-populations in both CB and PAPB 
grafts using the standardized ISHAGE protocol and a 
wide panel of 20 monoclonal antibodies. Next, we stud-
ied some parameters, such as the age of mothers and 
the weight of newborns, which can influence the qual-
ity and the quantity of CD34+ cells from CB. 

RESULTS: We found that the percentage of apoptotic 
cells was high in CB in comparison to PAPB (PAPB: 4.6% 
± 2.6% vs  CB: 53.4% ± 5.2%, P  < 0.001). In CB, the 
weight of newborn and the age of the mother have the 
influence on CD34+ cells. The follow-up of Ag CD133 

in the ISHAGE double platform protocol in association 
with CD45, CD34 and the 7’AAD shows an equal rate 
between the two cell populations CD133+CD45+CD34+ 
high and CD34+CD45+ high with a higher percentage. 
So, is the inclusion of Ac CD133 necessary in the pres-
ent panel included in the ISHAGE method? Last part, 
we showed a significant presence of interferon γ in CB 
in comparison to PAPB, the annexin showing the high 
number of apoptotic cells in CB. 

CONCLUSION: This study demonstrates that many 
different obstetric factors must be taken into account 
when processing and cryo-banking umbilical CB units 
for transplantation.

© 2011 Baishideng. All rights reserved.

Key words: Immunophenotyping; Hematopoietic pro-
genitor; Cord blood; Mobilized blood

Peer reviewer: Pranela Rameshwar, PhD, Professor, Depart-
ment of Medicine-Hematology/Oncology, UMDNJ-New Jersey 
Medical School, MSB, Room E-579, 185 South Orange Avenue, 
Newark, NJ 07103, United States

Ben Azouna N, Berraeis L, Regaya Z, Jenhani F. Immunopheno-
typing of hematopoietic progenitor cells: Comparison between 
cord blood and adult mobilized blood grafts. World J Stem 
Cells 2011; 3(11): 104-112  Available from: URL: http://www.
wjgnet.com/1948-0210/full/v3/i11/104.htm  DOI: http://dx.doi.
org/10.4252/wjsc.v3.i11.104

INTRODUCTION
The global rise in the use of  umbilical cord blood (UCB) 
as a transplant source has been amazing; over 20 000 
transplants have already taken place alone[1-3]. It has be-
come a real alternative to bone marrow (BM) and periph-
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eral blood as a source of  adult stem cells to treat multiple 
diseases. 

UCB has become such a popular adult stem cell 
source for many reasons, not least because over 130 mil-
lion births per annum worldwide represent the largest, 
easily available stem cell source. It also allows for storage 
of  units from ethnic minorities not easily possible within 
BM registries[2,3]. This potentially allows for an increase 
in the rate of  matched unrelated donor allogenic trans-
plants[3]. It has also been found that there is a lower risk 
of  graft versus host disease (GvHD) when transplanting 
UCB when compared to BM[3-6]. 

Although a valuable source of  hematopoietic stem 
cells (HSCs), in order to bank UCB units suitable for 
transplantation effectively, samples need to be charac-
terized and obstetric factors which impact upon UCB 
quality should be further examined. In this study, we 
compared two different parts of  UCB: before placenta 
delivery (CB) and after placenta delivery (PlaB). For this 
comparison we used four different physiological param-
eters that pertain to either the baby or the mother and 
we compared levels of  HSC CD34+. The four different 
parameters were: number of  pregnancies of  mothers, 
mother’s age at delivery, newborn weight and newborn’
s sex. Previous studies show that some patterns have 
already emerged. Birth weight impacted on HSC concen-
trations, especially mid-stage HSC[6-8]. When looking at 
mother’s age, a previous study demonstrated that HSC 
concentration is greatly reduced as age increases[7]. Infant 
gender has previously been found to have an impact on 
HSC of  UCB samples and newborn boys appear to have 
fewer stem cells than girls[8,9] whereas other works showed 
that the newborn’s sex was not found to be significant to 
influence HSC in UCB. The number of  pregnancies was 
also studied and seems to have an impact on HSC con-
centrations in UCB[7,8].

The principle aim of  this study was to optimize UCB 
separation and cryopreservation by the characterization 
of  these cellular groups. Several physiological factors 
were examined in order to determine the most suitable 
method. However, some of  these findings appeared 
themselves to be of  particular interest. In the last part of  
this work, variable levels of  immaturity were detected on 
pre-apheresis peripheral blood (PAPB) and UCB popula-
tions using CD34, CD133 and CD45 antigens. In parallel, 
we analyzed some antigens to compare between these 
two HSC sources.

MATERIALS AND METHODS
Cells sources 
PAPB samples (n = 190) were collected from patients 
from the Hematology Department at Aziza Othmana 
Hospital, the National Center of  Bone Marrow Trans-
plantation, Salah Azaiez Hospital, the Military Hospital 
and the National Blood center (Tunis, Tunisia). These 
patients, suffering from various conditions including: 34 
acute myeloid leukemia, 24 acute lymphoblastic leukemia, 

5 chronic myelocytic leukemia, 32 Medullar Aplasis, 31 
multiple myelomas, 4 Diffuse Large Cell B Lymphomas, 
13 Fanconi disease, 4 Gaucher disease, 6 Drepanocytosis, 
2 β-Thalassemic, 24 Hodgkin’s diseases, 6 Non Hodgkin’
s diseases, 1 mantle cell lymphoma and 1 Kahler’s disease 
were destined for autologous or allogenic HSC transplan-
tation performed at the National Centre of  Bone Mar-
row Transplantation. Blood samples were taken in tubes 
containing EDTA as anticoagulant (Vacutainer®, Becton-
Dickinson). These patients consisted of  89 women and 
98 men whose mean age was 39.5 years. We noted that 
these PAPB samples are collected from patients after 
treatment with conditioning factors such as as G-CSF.

Apheresis graft (AG) samples were collected in the 
same patients (n = 189) who were studied in PAPB. 

Cord blood (CB) and PlaB samples were collected 
from women (n = 39) who had delivered at the Wassila 
Bourguiba maternity centre in Tunis and whose mean 
age (± SE) was 28.4 ± 4.4 years. After the umbilical cord 
was clamped off  from the newborn, the CB was col-
lected by aspiration using a syringe needle in a sterile tube 
containing EDTA as anticoagulant (Vacutainer®, Becton-
Dickinson). Two collection methods were used by blood 
punction: (1) from the maternal end of  the severed cord 
after vaginal delivery of  the infant while the placenta was 
still in uterus (CB sample); and (2) from placenta-umbili-
cal cord junction after placenta delivery (PlaB sample). 

Numbers of  CD34+ cells were derived from either 
the flow cytometry assessed per cent CD34+ cells within 
the nucleated cells and/or the white blood cell count 
from a hematology cell analyzer. All the samples were 
processed within 1 h of  collection.

Flow cytometric analysis 
Four-color flow cytometric analysis was performed with 
Cell Quest Pro (Becton Dickinson), as follows. Whole 
blood cells were stained with appropriate amounts of  
fluorescein isothiocyanate (FITC)-, phycoerythrin (PE)-, 
peridinin-chlorophyll-a protein- and allophycocyanin 
(APC) conjugated to the following monoclonal antibodies 
at 4℃ for 20 min: mouse anti-human- anti-CD34-FITC, 
anti-CD45-FITC, anti-CD133- APC, anti-CD19-PE, anti-
CD38-FITC, anti-CD11c-FITC, anti-CD25-FITC, anti-
CD117-PE, anti-HLA-DR-FITC, - anti-CD7-FITC, anti-
CD33-PE, anti-CD20-FITC, anti-CD15-FITC, anti-
CD56-PE and anti- CD10-PE. 

All McAbss were obtained from Becton Dickinson. 
The intracellular-antigens were: anti-TdT-PE, anti-IL2-
PE, anti-IL4-PE and anti-interferon (IFN)α-FITC. The 
cell viability marker 7’AAD was used to exclude dead or 
apoptotic cells or DNA colorants to mark the cells and 
exclude the fragments.

Red blood cells were then lysed with FACS lysing 
solution (Becton-Dickinson, San Diego, CA). The cells 
were washed twice and suspended in phosphate-buff-
ered saline. Analysis was performed on cells within the 
mononuclear light scatter and side scatter and on CD34-
positive cells by CD34-positive staining and side scatter. 
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A total of  at least 100 000 events were analyzed for each 
sample.

Hematological cell counts
The total number of  CD34+ cells from PAPB, AG or 
CB samples was measured by direct flow cytometry. The 
results were expressed as %CD34+ cells and the number 
of  CD34+ cells/µL. 

Statistical analysis 
Means were compared statistically using the STAT-
GRAPHICS Centurion XVI program, version 16.0.08. 
A one-way analysis of  variance and Newman-Keuls mul-
tiple range test were carried out to determine any signifi-
cant difference between group values at P < 0.05. Values 
are mean ± SE. 

RESULTS
Viability study of different CD34+ sources
The cell viability determined by the 7’AAD staining of  
each biological sample (Figure 1) allowed us to distin-
guish three cell populations: (1) living cells (7’AADneg), (2) 
dead cells (7’AADpos); and (3) apoptotic cells (7’AADlow).

Thus, for PAPB samples mean percentage of  liv-
ing cells was 82.0% ± 11.9% that of  dead cells 13.4% ± 
12.4% and that of  apoptotic cells 4.6% ± 2.6%. For AG 
samples, this percentage was 49% ± 14.4%, 33.5% ± 
13.4% and 18.3% ± 8.4% respectively. For CB samples, 
this percentage was 40.7% ± 2.7%, 1.1% ± 0.37% and 
53.4% ± 5.2%, respectively (P = 0.0003). 

Enumeration of CD34+ cells in PAPB, AG and CB 
samples by flow cytometry
From all the 190 PAPB samples, the mean CD34+ cell 
counts in PAPB was 80.5 ± 5.8 × 106 per kg. Forty-five 
per cent of  patients had counts less than 50 cells/µL, 
25% between 50 and 100 cells/µL, 18 % between 100 
and 200 cells/µL and 12% above 200 cells/µL.

From 189 AG, mean CD34+ cell count was 5 ± 0.3 
× 106 per kg in collected grafts. Only one aphaeresis 
was performed in 52% of  the patients, with a mean of  
(2500 ± 181.9 CD34+ cells/µL), while 36% of  the pa-
tients were collected after two aphaeresis (1365.4 ± 128.5 
CD34+ cells/µL), and only 10% of  patients had more 
than 2 aphaeresis (978 ± 217 CD34+ cells/µL).

From 39 CB samples, mean CD34+ cell count was 
16.0 ± 3.5/µL, while from PlaB samples this mean was 
14.57 ± 2.9/µL. No Statistical significance between CB 
and PlaB samples for CD34+ was found (P = 0.31).

The most important feature with CB samples and 
PlaB samples was a much wider variation rate of  CD34+ 
cell counts compared to PAPB and AG samples. This 
finding led us to investigate several factors that could af-
fect CB and PlaB CD34+ cell content, including those 
related to the mother such as age, parity, blood group and 
newborn’s sex.

Immunophenotypic profile of CD34+ cells from PAPB, 
AG and CB samples
We used a panel of  20 different McAbs to determine 
precisely the different subpopulations of  CD34+ cells 
present in PAPB, AG, CB and PlaB samples. 

We compared three sources of  CD34+ cells (PAPB, 
AG and CB), the samples were gated on 100% living 
CD45+CD34+ cells.

Some antigens were strongly expressed on CD34+ 
cells in PAPB in comparison to CB such as CD133+ 
(91.3% ± 8.6% in PAPB vs 39% ± 13.8%, P = 0.04) and 
CD38 (74.8% ± 17.9% in PAPB vs 47.8% ± 10.1%, P < 
0.05). Other antigens were also strongly expressed but 
little statistical significance in expression was found such 
as: HLA-DR+ (96.7% ± 3% in PAPB vs 57.3% ± 11.8% 
in CB) and CD45+ (68.5% ± 31.4% in PAPB vs 44.6% ± 
18.7% in CB, P > 0.05) (Figure 2).

The intracellular antigen IFNγ appeared in CB in a 
higher percentage than PAPB and AG (81.7% ± 8.1% in 
CB vs 27.1% ± 7.7% in AG and 44.3% ± 3% in PAPB, 
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Figure 1  Profile of apoptotic cells in CD34+ cells from three different 
sources. The averages and SE of samples from independent biological rep-
licates are shown: aP = 0.005, in a Kurskal wallis test. PAPB: Pre-apheresis 
peripheral blood; AG: Apheresis graft; CB: Cord blood.
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Figure 2  Comparison of the antigenic profile of CD34+ cells from three 
different sources: pre-apheresis peripheral blood, apheresis graft and 
cord blood. Results are expressed as mean percentage ± SE of positive cells. 
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graft; CB: Cord blood; IFN: Interferon.
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P < 0.0001). Also the same statistical result was found 
for CD33+ antigen: (52% ± 13.8% in CB and 57.7% ± 
13.6% in AG vs only 12.5% ± 4.6%, P = 0.01) (Figure 2).

Other antigens were moderately expressed like CD25 
with a higher percentage in PAPB in comparison to CB 
(43% ± 19.1% in PAPB and 42.2% ± 9.1% in AG vs 
0% in CB, P = 0.01), CD19 (51.9% ± 8.3% in PAPB vs 
5.14% ± 2.2% in AG and 25% ± 2.5% in CB, P < 0.05) 
and CD7 with a low occurrence in CB (30.4% ± 8.2% 
in PAPB and 87.8% ± 8.9% in AG vs 20% ± 5% in CB, 
P = 0.01) whereas CD15 presented a high percentage in 
CB (41% ± 13.8% in CB vs 3% ± 1.6% in AG and 12.5% 
± 1.3%, P = 0.01), also CD33 presented a statistically 
significant level in CB (52% ± 13.8%) and AG (57.7% 
± 13.6%) compared with the low percentage in PAPB 
(12.5% ± 4.6%, P = 0.01).

Finally, a few antigens were practically absent in the 
three different CD34+ sources such as: CD11c, CD20, 
CD10 and CD56 (Figure 2).

Comparable results were found for CD117 antigen 
which was expressed in higher proportions in CB than 
in PAPB with mean values of  (41.0% ± 15.4% in CB vs 
4.84% ± 2.7%, P = 0.01) (Figure 2).

Analysis of the factors that could influence CD34+ 
cell content in CB and placental blood: Number of 
pregnancies, mother’s age, newborn’s weight and 
newborn’s gender
In this study, many parameters that can impact on 

CD34+ cells from CB were analyzed. For every param-
eter we compared two different parts of  the umbilical 
cord: CB is the part near to the newborn and PlaB is part 
of  placenta after delivery. 

The number of  pregnancies ranged from 1 to 3. This 
parameter appears to have an impact on CB CD34+ cell 
counts. Thus, CBs from multiparous women (G > 2) dis-
played higher CD34+ cell counts than that from primipa-
rous women (G = 1) (0.22% ± 0.03% vs 0.18% ± 0.03%). 
Figure 3A illustrates the relationship between the number 
of  pregnancies and CD34+ cell counts in CB and in 
PlaB. This difference was statistically clear in multiparous 
women (0.45% ± 0.18% vs 0.29% ± 0.08%, P = 0.02) 
(Figure 3A).

The relationship between mother’s age at delivery and 
CD34+ cell counts was also examined (Figure 3B). The age 
range of  the 39 women studied was between 19-39 years 
with a mean age of  28.26 ± 4.4 years. 

Mothers under 25 years presented (CB: 0.21% ± 0.04% 
vs PlaB: 0.18% ± 0.05%, P = 0.35), and over 30 years pre-
sented (CB: 0.26% ± 0.05% vs PlaB: 0.84% ± 0.56%, P = 
0.1), these results were not statistically significant. Those 
mothers aged between 25-30 years tended to have lower 
CD34+ cell counts (CB: 0.2% ± 0.05% vs PlaB: 0.45% ± 
0.09%, P = 0.02) with a significant difference. 

Newborn’s weight appeared to influence CD34+ 
counts in CB samples. Thus, CD34+ counts were higher 
with newborns above 3.5 kg body weight than with new-
borns beneath 3 kg body weight (mean values 0.26% ± 
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Figure 3  Variation of the incidence of hematopoietic stem cell CD34+ in relation to the number of pregnancies (A), the mother’s age (B), the newborn’s 
weight (C) and sex (D): Comparison between cord blood and placenta delivery. Data showed here represent average ± SE. aP < 0.05. G: Gestation; CB: Cord 
blood; PlaB: Placenta delivery.
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0.03% vs 0.11% ± 0.02%). The difference between the 
UCB sites (CB and PlaB) was statistically significant only 
for body weight superior to 3.5 kg (0.7% ± 0.31%) (P = 
0.05) (Figure 3C).

Newborn’s gender presented a significant difference: 
female CD34+% samples differed between PlaB and CB 
(CB: 0.19% ± 0.04% vs PlaB: 0.74% ± 0.36%, P = 0.02) 
whereas the male samples did not show a significant dif-
ference between the two sources (Figure 3D). 

Another parameter was studied: mother’s blood 
group, but it had no statistically significant influence on 
CD34+ cell counts.

A quantitative study by flow cytometry of CD133 antigen 
in CB, PAPB and AG in association with CD34
In this part of  study, we were interested in the CD34+ 
CD45+CD133+ cell population. We analyzed different 
antigen expression with the objective of  determining the 
phenotype and studying the level of  immaturity between 
PAPB and CB. 

Firstly, we studied the presence of  CD133 and used 
the panel of  Abs to detect HSCs with the antigen CD34. 
We showed that the number of  positive cells CD133+, 
CD45+, CD34+, 7’AAD- was equivalent to the number 
of  CD45+ CD34+ cells. This result for PAPB: (CD133+ 
CD45+CD34+; 94.7 ± 18.9 cells/µL vs CD45+CD34+; 
142.1 ± 25.5 cells/µL, P > 0.05) (Figure 4A).

In the case of  CB, the values were lower than PAPB, 
but the same result is obtained: equivalent numbers of  posi-
tive cells (CD133+CD45+CD34+; 18.0 ± 7.7 cells/µL vs 

CD45+CD34+; 23.7 ± 8.6 cells/µL, P > 0.05) (Figure 4B).
Secondly, different antigens were studied: CD38, 

IFNγ, Annexin, HLA-DR, TdT, GlyA, CD15, CD20 and 
CD117. We showed that the intracellular marker IFNγ 
was present in a higher percentage in CB samples com-
paredto PAPB (81.7% ± 7.5% vs 21.2% ± 1.7%, P < 0.05).

Also, we found a similar, statistically significant result 
with TdT antigen (58.7% ± 8.1% in CB vs 6.2% ± 3.3% 
in PAPB, P < 0.01).

Our data, using Annexin, show that CB contains a 
significantly higher percentage apoptotic cells compared 
to PAPB CD34+CD45+CD133+ cells. This result is 
in accordance with our results of  viability with 7’AAD. 
Here, we found the same high percentage of  apoptotic 
cells in CB (48.8% ± 3.3% in CB vs 10.2% ± 1.9%, P < 
0.05) (Figure 5).

DISCUSSION
Reserachers have long been interested in determining the 
best immunophenotyping technique for identifying and 
counting HSC CD34+. 

Our work focused on the qualitative and quantita-
tive study of  HSC CD34+ cells in three samples groups: 
PAPB, AG and CB. The use of  the viability marker 7’
AAD allowed us to conduct our study using flow cytom-
etry. Thus, each time we observed three cell populations: 
living cells 7’-AADneg, apoptotic cells 7’-AADdim and dead 
cells7’-AADpos.

Our results showed that the viability of  HSC CD34+ 
cells, in AG samples, was reduced in comparison with 
PAPB (33.5% of  cells 7’AADpos for AG vs 13.5% only 
for PAPB). The number of  apoptotic cells is higher in 
CB (59%). Our results are similar to those described 
by Shim et al[10] in 2006 who confirmed, using Annexin 
V (as an indicator of  apoptosis), the very high level of  
apoptotic cells in CB. This apoptosis increases even more 
with cryopreservation. Several studies made by differ-
ent authors inform us that 7’AAD is a very important 
marker in the qualitative and quantitative study of  HSC 
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CD34+[11-17].
Keeney et al[18] have shown that the use of  7’AAD 

evaluates negatively the presence of  cells CD34+/µL per 
sample, sometimes at 50%, suggesting that these cells are 
not viable and so not useful to graft; this has allowed for 
its integration into the routine enumerating protocol of  
HSC CD34+.

The qualitative analysis of  HSC CD34+ in three 
samples types (PAPB, AG and CB) revealed differentia-
tion markers expressed at a lower level in CB: CD133 
(91.3% ± 8.6% in PAPB vs 39.0% ± 13.8% in CB): this 
was shown to be significant (P = 0.04). 

According to the literature, the lower rate of  anti-
gen HLA-DR expression in CB has also been observed 
by other authors. It has, been suggested that this is an 
advantage in comparison with other sources of  HSC 
CD34+ (BM) in engraftment capacity with a reduction 
of  GvHD[19] reactions.

In our study, antigen CD133 appeared with a higher 
frequency in PAPB and AG than CB (91.3% ± 8.6% in 
PAPB vs 39.0% ± 13.8% in CB, P = 0.04). Our results 
agreed with those suggested by other authors. Indeed, 
in 2007, Tura et al[20] noted an expression percentage of  
phenotype CD34+ CD133+ of  about 79% in PAPB, of  
53% in CB and only 13% in BM. This significant differ-
ence between CB and PAPB seems to be related to the 
injection of  growth factors like G-CSF.

The antigen CD45 is one of  the most important fac-
tors in the detection of  CSH CD34+ by means of  differ-
ent qualitative and quantitative protocols. This is why it 
was always included in our study panels. However, it was 
expressed with a weak intensity in comparison with other 
antigens (CD34, CD133) less than 102 on the logarith-
mic scale in FL1 and with variable frequencies according 
to the biological sample under examination: (68.56% ± 
31.4% in PAPB, 80% ± 20% in AG) and a lesser rate in 
the case of  CB: (44.66% ± 18.7%). However, this differ-
ence was not statistically significant in our study. CD45 is 
a surface marker restricted to the hematopoietic lineage 
in mature PB, with the exception of  erythroid cells and 
platelets which causes the loss of  this antigen during 
maturation. Ogata et al[21], suggest edthat cells (CD45+ 
CD34- CD38- Lin-) are probably less mature than cells 
(CD45+ CD34+ CD38- Lin-). Other authors[22-26] studied 
the co-expression of  antigens CD34 and CD45 in differ-
ent sources of  HSC CD34+ and they noted that the ratio 
of  CD34+ CD45+ cells appeared to be similar between 
CB and normal PB at 30% but it was higher in BM (60%). 
The level was higher still in PAPB. Indeed, we think that 
the level of  CD34+ CD45+cells depends on condition-
ing and on the protocol used for this conditioning: (che-
motherapy and G-CSF: 35%, chemotherapy only 20%).

The immunophenotyping of  HSC CD34+ has al-
lowed us to follow the expression frequency of  the anti-
gen CD33. Indeed, the latter was present at a lower level 
in PAPB (12.5% ± 4.6%) compared with CB (52.0% ± 
13.8%, P = 0.01). It appeared also more highly expressed 
in AG samples (57.7% ± 13.6%). In 1997, the results of  
Sakabe et al[27] proved that CD34+ cells, in PAPB, which 

do not express antigens CD33, HLA-DR or CD38, con-
tain all types of  progenitors including CFU-Mix. On the 
contrary, the population (CD34+ CD33+) contains a large 
number of  CFU-GM, unlike cells CD34+ CD38- which 
contain few CFU-GM cells. 

In this study, the antigen CD38 was strongly ex-
pressed on CD34+ cells in PAPB compared to CB (74.8% 
± 17.9% in PAPB vs 47.8% ± 10.1%, P < 0.05). Many 
researchers showed that the expression of  CD38, multi-
functional membrane co-enzyme, is a negative regulator 
in HSC. This phenomenon is still a potential research 
topic. The results of  the percentage of  cell population 
(CD34+ CD38-) and (CD34+ CD38+) seem contradictory 
from one team to another[28]. Many authors[2,3,29], note 
that (CD34+ CD38-) CB cells can proliferate rapidly in 
response to cytokine stimulation compared to those of  
BM.

In summary, our data shows that UCB contains a sig-
nificantly higher percentage of  these CD34+CD38- primi-
tive progenitors compared to PAPB CD34+ cells. This 
suggests that CD34+ stem cell populations taken from 
UCB have higher engraftment capacity than CD34+cells 
from conditioned PB since they contain a higher percent-
age of  pluripotent stem cells. This is in accordance with 
the successful clinical use of  UCB even when a low num-
ber of  cells was transplanted[2,3].

Recently, McKenzie et al[30] confirmed that the ex-
pression of  antigen CD38 is not continuous in the 
hematopoietic hierarchy but has a high expression rate 
in cells involved in cell-cell interactions: CD34+ CD38+ 
cells have only the capacity for cell repopulation and 
producing progenitors in the short term. The expression 
of  the marker CD38, beyond a certain level, becomes 
non-reversible and is associated with differentiation and 
the repopulation capacity.

Concerning Ag CD117 or c-kit, we mention in our 
results a low expression percentage in PAPB (4.84% ± 
2.7%) compared to higher rates in CB (41.0% ± 15.4%, P 
= 0.01). Our results confirm the works of  Sakabe et al[27] 
who found a 20% frequency of  CD34+ cells expressing 
Ag c-kit in PAPB, clearly lower than the cells of  BM or 
those deriving from CB. Moreover, three cellular fractions 
have been identified: c-kithigh, c-kitlow and c-kit-. The two 
populations CD34+ c-kithigh and CD34+c-kitlow are most 
abundant, at about 70%, enriched mainly by the BFU-E; 
while the CD34+c-kit population is the least abundant, 
enriched by the CFU-GM.

In 2006, Machaliński et al[31] had the idea of  follow-
ing the expression potential of  Ag CD117 according to 
the age of  the donors: they reported that the Ag CD117 
seemed significantly higher among the donors 35 years or 
younger compared with thoseover 35 years.

The multiparous factor of  the mothers appears to 
have an impact on CB CD34+ cell counts. Our CB data 
from multiparous women (G > 2) displayed higher 
CD34+ cell counts than that from primiparous women (G 
= 1) (0.22% ± 0.03% vs 0.18% ± 0.03%).

Indeed, recently, different authors have suggested that 
this parameter has an impact on CD34+ cells from CB. 
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Gajkowska et al[32] reported that the incidence of  mono-
nuclear cells, including that of  CD34+ cells, decreases 
significantly (P= 0.0001) with the increase of  the number 
of  gestations (from 1 to 7).

Concerning the newborn’s weight, our results showed 
that CD34+ counts were higher with newborns above 3.5 
kg body weight than with newborns below 3 kg (mean 
values 0.26% ± 0.03% vs 0.11% ± 0.02%). The difference 
between the two sites of  CB was statistically significant 
only for body weight over 3.5 kg (0.7% ± 0.31%, P = 
0.05). Our results confirm those suggested by McGuckin 
et al[9].

The mother’s age at the time of  delivery indicated 
that the younger the mother, the higher the incidence of  
CD34+ cells. In fact, mothers between 25-30 years tended 
to have lower CD34+ cell counts (CB: 0.2% ± 0.05% vs 
PlaB: 0.45% ± 0.09%, P = 0.02) with a significant differ-
ence between the two sites of  CB samples. We notice that 
similar results were described by McGuckin et al[9].

The newborn’s sex seems to influence the number of  
CSH CD34+ cells in CB. We have noticed in our series 
of  samples a significant difference in females between 
the PlaB and CB (CB: 0.19% ± 0.04% vs PlaB: 0.74% ± 
0.36%, P = 0.02) whereas there was not a significant dif-
ference in males between the two sources of  CD34+% 
cells. McGuckin et al[9] made the same observations as 
ours with additionally, the presence, among female babies, 
of  a higher concentration of  precocious cells (CD45+dim/
CD34-/CD133+) and late cells (CD45+/CD34+/CD133+).

A great debate concerning the concentration of  CSH 
CD34+ cells in the placenta and the umbilical cord pres-
ents a potential research topic. The difference in blood 
sampling site in the CB shows, in a curious way, a clear 
variation of  the percentage in CSH CD34+. However, it 
is important to point out that the sampling in the cord 
is made before the delivery of  the placenta. Through 
the different parameters mentioned in this work, our 
researches compared the variation of  the rate of  CSH 
CD34+ only before and after delivery. 

The mother’s blood group is one parameter studied 
in our work, but our data showed a statistical difference. 
Galan et al[33] also described the possible effects of  blood 
groups on the proliferation and the capacity for self-
renewal of  CD34+ CB cells. Indeed, the results of  this 
study suggested that, following culture in the presence of  
growth factors, the proliferation of  CD34+ cells with the 
phenotype O+ 23.2% (extremes from 21% to 25%) for 
the group (O) may be more important than the one per-
ceived with the phenotypes A: 21% (from 15% to 33%) 
and B: 19% (from 12% to 30%) which seemed to be in-
dependent of  the culture conditions.

There are other parameters we have not dealt with 
in our work such as the age of  gestation. According to 
one study, the percentage of  CD34+ cells, in relation to 
CD45+ cells or mononuclear cells, is inversely propor-
tional to the age of  gestation[9]. The frequency of  these 
cells is significantly higher among the premature newborn 
than among the babies born at term[7]. The sharp change 
in the incidence of  CD34+ cells seems to occur in the 

40th gestation week with a low incidence before and a 
high incidence after[8]. Thus, do the best units of  CB valid 
for a future graft, come from the eldest among the new-
born and those born of  mothers who are younger and 
have had fewer pregnancies? Can other parameters such 
as the placenta weight and vaginal delivery, have an effect 
on the incidence of  CSH CD34+ of  CB?

Finally, in the population (CD45+CD34+CD133+), 
we showed the highest percentage of  IFNγ in CB com-
paredto PAPB (P < 0.0001). The follow-up of  the anti-
gen CD133 by flow cytometry, in association with CD45, 
CD34 and 7’AAD shows that the total number, of  posi-
tive cells (CD133+ CD45+CD34+7’AAD-) is equivalent to 
the total number of  (CD45+CD34+7’AAD-) cells. This 
equality of  incidence of  these two cellular populations 
implies that in order to detect the (CD34+CD133+high) 
cells, the CD34+ cells should be targeted. Several studies 
have targeted the CD34+CD133+ cellular population. The 
same result was found in PAPB and CB.

The proportion of  CD34+ cells which co-express the 
marker CD133 appears in a decreasing way in PAPB, CB 
and BM[24].

Other authors reported that after conditioning with 
G-CSF, the predominance of  doubly positive populations 
(CD34+CD133+) is observed in a quantity similar to that 
of  cells CD34+ with a low frequency of  GvHD[22].

UCB raised great hope as an alternative source of  
transplantable hematopoietic stem/progenitor cell (HSPC) 
to adult BM or PAPB. CB HSPC has been used success-
fully in over 2000 HSC transplantations in a range of  ma-
lignant and non-malignant diseases. In spite of  the high 
level of  apoptotic cells in CB shown in this study, it still 
offers a new source of  cellular therapy.

Recently, cells expressing the CD133 antigen were 
considered a potent substitute to CD34+ cells. Phenotypic 
and functional studies revealed CB CD133+ populations 
contain higher levels of  early HSPC than CB CD34+ har-
vested populations. 

In summary, the simple maneuver of  placing the 
new-born on the maternal abdomen after delivery and 
the method to collect the blood before or after cord 
clamping may significantly increase the influence of  other 
parameters like the newborn’s weight or the mother’s age 
and therefore the absolute amount of  blood progeni-
tors required for engraftment success of  UCB transplant 
without any harmful effects to the newborn.

We showed also that the population CD34+CD45+ 
was similar to the CD34+CD45+CD133+ positive 
cells in PAPB and CB. Our data also showed that in 
CD34+CD133+ cells there was an increased level of  
cells positive for IFNγ from CB compared to PAPB. In 
earlier studies, IFNγ was shown to act as an anti-prolifer-
ative and pro-inflammatory cytokine.

COMMENTS
Background
Studies of Immunophenotyping hematopoietic progenitor cells from cord blood 
(CB) and some parameters, such as the age of mothers and the weight of new-
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borns, which can influence the quality and the quantity of CD34+ cells from CB: 
a comparison with adult mobilized blood grafts
Research frontiers
CSH CD34+ is a sort of natural biological material and it has been processed 
into many forms for medical us in celltherapy. The research hotspot is to dem-
onstrate that many different obstetric factors must be taken into account when 
processing and cryo-banking umbilical CB (UCB) units for transplantation.
Innovations and breakthroughs
In the previous application of CB CSH CD34+ in celltherapy in human, medicine 
particularly in the hematopoietic reconstructions it was found that the simple 
maneuver of placing the new-born on the maternal abdomen after delivery and 
the method to collect the blood before or after cord clamping may significantly 
increase the influence of other parameters like the newborn`s weight or the 
mother`s age and therefore the absolute amount of blood progenitors required 
for engraftment success of UCB transplant without any harmful effects to the 
newborn.
Applications
The study results suggest that the CB CSH CD34 + is a potential therapeutic 
material that could be used as a transplant source. It has become a real al-
ternative to bone marrow (BM) and peripheral blood (PB) as a source of adult 
stem cells to treat multiple diseases. 
Terminology
The most important feature with CB samples and placenta delivery (PlaB) 
samples was a much wider variation rate of CD34+ cell counts compared to pre-
apheresis peripheral blood (PAPB) and apheresis grafts samples. This finding 
led us to investigate several factors that could affect CB and PlaB CD34+ cell 
content, including those related to the mother such as age, parity, blood group 
and newborn’s sex.
Peer review
This is a descriptive study in which authors analyze and optimize UCB sepa-
ration and cryopreservation by the characterization of these cellular groups. 
Several physiological factors were examined in order to determine the most 
suitable method by flow cytometry using monoclonal antibodies. The results 
are interesting and suggest that the UCB raised great hope as an alternative 
source of transplantable hematopoietic stem/progenitor cell (HSPC) to adult BM 
or PAPB. CB HSPC and a potential therapeutic substance that could be used in 
medicine regenerative. 
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GENERAL INFORMATION
World Journal of  Stem Cells (World J Stem Cells, WJSC, online ISSN 
1948-0210, DOI: 10.4252), is a monthly, open-access (OA), peer-
reviewed journal supported by an editorial board of  284 experts 
in stem cell from 28 countries.

The biggest advantage of  the OA model is that it provides free, 
full-text articles in PDF and other formats for experts and the pub-
lic without registration, which eliminates the obstacle that traditional 
journals possess and usually delays the speed of  the propagation 
and communication of  scientific research results. The open access 
model has been proven to be a true approach that may achieve the 
ultimate goal of  the journals, i.e. the maximization of  the value to 
the readers, authors and society.

Maximization of personal benefits
The role of  academic journals is to exhibit the scientific levels of  
a country, a university, a center, a department, and even a scientist, 
and build an important bridge for communication between scien-
tists and the public. As we all know, the significance of  the publica-
tion of  scientific articles lies not only in disseminating and com-
municating innovative scientific achievements and academic views, 
as well as promoting the application of  scientific achievements, but 
also in formally recognizing the "priority" and "copyright" of  in-
novative achievements published, as well as evaluating research per-
formance and academic levels. So, to realize these desired attributes 
of  WJSC and create a well-recognized journal, the following four 
types of  personal benefits should be maximized. The maximization 
of  personal benefits refers to the pursuit of  the maximum personal 
benefits in a well-considered optimal manner without violation of  
the laws, ethical rules and the benefits of  others. (1) Maximization 
of  the benefits of  editorial board members: The primary task of  
editorial board members is to give a peer review of  an unpublished 
scientific article via online office system to evaluate its innovative-
ness, scientific and practical values and determine whether it should 
be published or not. During peer review, editorial board members 
can also obtain cutting-edge information in that field at first hand. 
As leaders in their field, they have priority to be invited to write 
articles and publish commentary articles. We will put peer review-
ers’ names and affiliations along with the article they reviewed in 
the journal to acknowledge their contribution; (2) Maximization of  
the benefits of  authors: Since WJSC is an open-access journal, read-
ers around the world can immediately download and read, free of  
charge, high-quality, peer-reviewed articles from WJSC official web-
site, thereby realizing the goals and significance of  the communica-
tion between authors and peers as well as public reading; (3) Maxi-
mization of  the benefits of  readers: Readers can read or use, free of  
charge, high-quality peer-reviewed articles without any limits, and 
cite the arguments, viewpoints, concepts, theories, methods, results, 
conclusion or facts and data of  pertinent literature so as to vali-
date the innovativeness, scientific and practical values of  their own 
research achievements, thus ensuring that their articles have novel 
arguments or viewpoints, solid evidence and correct conclusion; 
and (4) Maximization of  the benefits of  employees: It is an iron law 
that a first-class journal is unable to exist without first-class editors, 
and only first-class editors can create a first-class academic journal. 
We insist on strengthening our team cultivation and construction so 
that every employee, in an open, fair and transparent environment, 
could contribute their wisdom to edit and publish high-quality ar-

ticles, thereby realizing the maximization of  the personal benefits 
of  editorial board members, authors and readers, and yielding the 
greatest social and economic benefits.

Aims and scope
The major task of  WJSC is to report rapidly original articles and 
comprehensive reviews on basic laboratory investigations of  stem 
cells and their application in clinical care and treatment of  patients. 
WJSC is designed to cover all aspects of  stem cells, including: 
Embryonic, neural, hematopoietic, mesenchymal, tissue-specific, 
and cancer stem cells; the stem cell niche; stem cell genomics and 
proteomics; and stem cell techniques and their application in clinical 
trials. Papers published in WJSC will cover the biology, culture, 
differentiation and application of  stem cells from all stages of  their 
development, from germ cell to embryo and adult.

Columns
The columns in the issues of  WJSC will include: (1) Editorial: To 
introduce and comment on major advances and developments 
in the field; (2) Frontier: To review representative achievements, 
comment on the state of  current research, and propose directions 
for future research; (3) Topic Highlight: This column consists of  
three formats, including (A) 10 invited review articles on a hot topic, 
(B) a commentary on common issues of  this hot topic, and (C) a 
commentary on the 10 individual articles; (4) Observation: To update 
the development of  old and new questions, highlight unsolved 
problems, and provide strategies on how to solve the questions; 
(5) Guidelines for Basic Research: To provide guidelines for basic 
research; (6) Guidelines for Clinical Practice: To provide guidelines for 
clinical diagnosis and treatment; (7) Review: To review systemically 
progress and unresolved problems in the field, comment on the 
state of  current research, and make suggestions for future work; (8) 
Original Articles: T To report innovative and original findings in stem 
cells; (9) Brief  Articles: To briefly report the novel and innovative 
findings in stem cells; (10) Case Report: To report a rare or typical 
case; (11) Letters to the Editor: To discuss and make reply to the 
contributions published in WJSC, or to introduce and comment 
on a controversial issue of  general interest; (12) Book Reviews: To 
introduce and comment on quality monographs of  stem cells; and 
(13) Guidelines: To introduce consensuses and guidelines reached 
by international and national academic authorities worldwide on the 
research in stem cells.
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Instructions to authors

authors except where indicated otherwise.

Biostatistical editing
Statisital review is performed after peer review. We invite an expert 
in Biomedical Statistics from to evaluate the statistical method used 
in the paper, including t-test (group or paired comparisons), chi-
squared test, Ridit, probit, logit, regression (linear, curvilinear, or 
stepwise), correlation, analysis of  variance, analysis of  covariance, 
etc. The reviewing points include: (1) Statistical methods should 
be described when they are used to verify the results; (2) Whether 
the statistical techniques are suitable or correct; (3) Only homoge-
neous data can be averaged. Standard deviations are preferred to 
standard errors. Give the number of  observations and subjects (n). 
Losses in observations, such as drop-outs from the study should be 
reported; (4) Values such as ED50, LD50, IC50 should have their 
95% confidence limits calculated and compared by weighted probit 
analysis (Bliss and Finney); and (5) The word ‘significantly’ should 
be replaced by its synonyms (if  it indicates extent) or the P value (if  
it indicates statistical significance). 

Conflict-of-interest statement
In the interests of  transparency and to help reviewers assess any poten-
tial bias, WJSC requires authors of  all papers to declare any compet-
ing commercial, personal, political, intellectual, or religious interests  
in relation to the submitted work. Referees are also asked to indi-
cate any potential conflict they might have reviewing a particular 
paper. Before submitting, authors are suggested to read “Uniform 
Requirements for Manuscripts Submitted to Biomedical Journals: 
Ethical Considerations in the Conduct and Reporting of  Research: 
Conflicts of  Interest” from International Committee of  Medical 
Journal Editors (ICMJE), which is available at: http://www.icmje.
org/ethical_4conflicts.html. 

Sample wording: [Name of  individual] has received fees for serv-
ing as a speaker, a consultant and an advisory board member for [names 
of  organizations], and has received research funding from [names of  
organization]. [Name of  individual] is an employee of  [name of  or-
ganization]. [Name of  individual] owns stocks and shares in [name of  
organization]. [Name of  individual] owns patent [patent identification 
and brief  description]. 

Statement of informed consent
Manuscripts should contain a statement to the effect that all human 
studies have been reviewed by the appropriate ethics committee 
or it should be stated clearly in the text that all persons gave their 
informed consent prior to their inclusion in the study. Details that 
might disclose the identity of  the subjects under study should be 
omitted. Authors should also draw attention to the Code of  Ethics 
of  the World Medical Association (Declaration of  Helsinki, 1964, 
as revised in 2004).

Statement of human and animal rights
When reporting the results from experiments, authors should follow 
the highest standards and the trial should comform to Good Clini-
cal Practice (for example, US Food and Drug Administration Good 
Clinical Practice in FDA-Regulated Clinical Trials; UK Medicines 
Research Council Guidelines for Good Clinical Practice in Clinical 
Trials) and/or the World Medical Association Declaration of  Hel-
sinki. Generally, we suggest authors follow the lead investigator’s na-
tional standard. If  doubt exists whether the research was conducted 
in accordance with the above standards, the authors must explain the 
rationale for their approach and demonstrate that the institutional 
review body explicitly approved the doubtful aspects of  the study. 

Before submitting, authors should make their study approved 
by the relevant research ethics committee or institutional review 
board. If  human participants were involved, manuscripts must be 
accompanied by a statement that the experiments were undertaken 
with the understanding and appropriate informed consent of  each. 
Any personal item or information will not be published without ex-
plicit consents from the involved patients. If  experimental animals 
were used, the materials and methods (experimental procedures) 
section must clearly indicate that appropriate measures were taken 

to minimize pain or discomfort, and details of  animal care should 
be provided.

SUBMISSION OF MANUSCRIPTS
Manuscripts should be typed in 1.5 line spacing and 12 pt. Book 
Antiqua with ample margins. Number all pages consecutively, and 
start each of  the following sections on a new page: Title Page, Ab-
stract, Introduction, Materials and Methods, Results, Discussion, 
Acknowledgements, References, Tables, Figures, and Figure Leg-
ends. Neither the editors nor the publisher are responsible for the 
opinions expressed by contributors. Manuscripts formally accepted 
for publication become the permanent property of  Baishideng 
Publishing Group Co., Limited, and may not be reproduced by any 
means, in whole or in part, without the written permission of  both 
the authors and the publisher. We reserve the right to copy-edit and 
put onto our website accepted manuscripts. Authors should follow 
the relevant guidelines for the care and use of  laboratory animals 
of  their institution or national animal welfare committee. For the 
sake of  transparency in regard to the performance and reporting of  
clinical trials, we endorse the policy of  the ICMJE to refuse to pub-
lish papers on clinical trial results if  the trial was not recorded in a 
publicly-accessible registry at its outset. The only register now avail-
able, to our knowledge, is http://www.clinicaltrials.gov sponsored 
by the United States National Library of  Medicine and we encour-
age all potential contributors to register with it. However, in the case 
that other registers become available you will be duly notified. A 
letter of  recommendation from each author’s organization should 
be provided with the contributed article to ensure the privacy and 
secrecy of  research is protected.

Authors should retain one copy of  the text, tables, photographs 
and illustrations because rejected manuscripts will not be returned 
to the author(s) and the editors will not be responsible for loss or 
damage to photographs and illustrations sustained during mailing.

Online submissions
Manuscripts should be submitted through the Online Submission 
System at: http://www.wjgnet.com/1948-0210office. Authors are 
highly recommended to consult the ONLINE INSTRUCTIONS 
TO AUTHORS (http://www.wjgnet.com/1948-0210/g_info_ 
20100313165700.htm) before attempting to submit online. For 
assistance, authors encountering problems with the Online Submi
ssion System may send an email describing the problem to wjsc@
wjgnet.com, or by telephone: +86-10-85381891. If  you submit your 
manuscript online, do not make a postal contribution. Repeated 
online submission for the same manuscript is strictly prohibited.

MANUSCRIPT PREPARATION
All contributions should be written in English. All articles must be 
submitted using word-processing software. All submissions must be 
typed in 1.5 line spacing and 12 pt. Book Antiqua with ample margins. 
Style should conform to our house format. Required information for 
each of  the manuscript sections is as follows:

Title page
Title: Title should be less than 12 words.

Running title: A short running title of  less than 6 words should be 
provided.

Authorship: Authorship credit should be in accordance with the 
standard proposed by International Committee of  Medical Journal 
Editors, based on (1) substantial contributions to conception and 
design, acquisition of  data, or analysis and interpretation of  data; (2) 
drafting the article or revising it critically for important intellectual 
content; and (3) final approval of  the version to be published. Au-
thors should meet conditions 1, 2, and 3.

Institution: Author names should be given first, then the complete 
name of  institution, city, province and postcode. For example, Xu-
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Chen Zhang, Li-Xin Mei, Department of  Pathology, Chengde 
Medical College, Chengde 067000, Hebei Province, China. One au-
thor may be represented from two institutions, for example, George 
Sgourakis, Department of  General, Visceral, and Transplantation 
Surgery, Essen 45122, Germany; George Sgourakis, 2nd Surgical 
Department, Korgialenio-Benakio Red Cross Hospital, Athens 
15451, Greece

Author contributions: The format of  this section should be: 
Author contributions: Wang CL and Liang L contributed equally 
to this work; Wang CL, Liang L, Fu JF, Zou CC, Hong F and Wu 
XM designed the research; Wang CL, Zou CC, Hong F and Wu 
XM performed the research; Xue JZ and Lu JR contributed new 
reagents/analytic tools; Wang CL, Liang L and Fu JF analyzed the 
data; and Wang CL, Liang L and Fu JF wrote the paper.

Supportive foundations: The complete name and number of  
supportive foundations should be provided, e.g. Supported by 
National Natural Science Foundation of  China, No. 30224801

Correspondence to: Only one corresponding address should 
be provided. Author names should be given first, then author 
title, affiliation, the complete name of  institution, city, postcode, 
province, country, and email. All the letters in the email should be 
in lower case. A space interval should be inserted between country 
name and email address. For example, Montgomery Bissell, MD, 
Professor of  Medicine, Chief, Liver Center, Gastroenterology 
Division, University of  California, Box 0538, San Francisco, CA 
94143, United States. montgomery.bissell@ucsf.edu

Telephone and fax: Telephone and fax should consist of  +, 
country number, district number and telephone or fax number, e.g. 
Telephone: +86-10-85381891 Fax: +86-10-85381893

Peer reviewers: All articles received are subject to peer review. 
Normally, three experts are invited for each article. Decision for 
acceptance is made only when at least two experts recommend 
an article for publication. Reviewers for accepted manuscripts are 
acknowledged in each manuscript, and reviewers of  articles which 
were not accepted will be acknowledged at the end of  each issue. 
To ensure the quality of  the articles published in WJSC, reviewers 
of  accepted manuscripts will be announced by publishing the 
name, title/position and institution of  the reviewer in the footnote 
accompanying the printed article. For example, reviewers: Professor 
Jing-Yuan Fang, Shanghai Institute of  Digestive Disease, Shanghai, 
Affiliated Renji Hospital, Medical Faculty, Shanghai Jiaotong 
University, Shanghai, China; Professor Xin-Wei Han, Department 
of  Radiology, The First Affiliated Hospital, Zhengzhou University, 
Zhengzhou, Henan Province, China; and Professor Anren Kuang, 
Department of  Nuclear Medicine, Huaxi Hospital, Sichuan 
University, Chengdu, Sichuan Province, China.

Abstract
There are unstructured abstracts (no more than 256 words) and 
structured abstracts (no more than 480). The specific requirements 
for structured abstracts are as follows: 

An informative, structured abstracts of  no more than 480 words 
should accompany each manuscript. Abstracts for original contri-
butions should be structured into the following sections. AIM (no 
more than 20 words): Only the purpose should be included. Please 
write the aim as the form of  “To investigate/study/…; MATERI-
ALS AND METHODS (no more than 140 words); RESULTS (no 
more than 294 words): You should present P values where appropri-
ate and must provide relevant data to illustrate how they were ob-
tained, e.g. 6.92 ± 3.86 vs 3.61 ± 1.67, P < 0.001; CONCLUSION (no 
more than 26 words).

Key words
Please list 5-10 key words, selected mainly from Index Medicus, 
which reflect the content of  the study.

Text
For articles of  these sections, original articles and brief  articles, the 
main text should be structured into the following sections: INTRO-
DUCTION, MATERIALS AND METHODS, RESULTS and 
DISCUSSION, and should include appropriate Figures and Tables. 
Data should be presented in the main text or in Figures and Tables, 
but not in both. The main text format of  these sections, editorial, 
topic highlight, case report, letters to the editors, can be found at: 
http://www.wjgnet.com/1948-0210/g_info_list.htm. 

Illustrations
Figures should be numbered as 1, 2, 3, etc., and mentioned clearly 
in the main text. Provide a brief  title for each figure on a sepa-
rate page. Detailed legends should not be provided under the 
figures. This part should be added into the text where the figures 
are applicable. Figures should be either Photoshop or Illustra-
tor files (in tiff, eps, jpeg formats) at high-resolution. Examples 
can be found at: http://www.wjgnet.com/1007-9327/13/4520.
pdf; http://www.wjgnet.com/1007-9327/13/4554.pdf; http://
www.wjgnet.com/1007-9327/13/4891.pdf; http://www.
wjgnet.com/1007-9327/13/4986.pdf; http://www.wjgnet.
com/1007-9327/13/4498.pdf. Keeping all elements compiled is 
necessary in line-art image. Scale bars should be used rather than 
magnification factors, with the length of  the bar defined in the leg-
end rather than on the bar itself. File names should identify the fig-
ure and panel. Avoid layering type directly over shaded or textured 
areas. Please use uniform legends for the same subjects. For exam-
ple: Figure 1  Pathological changes in atrophic gastritis after treat-
ment. A: ...; B: ...; C: ...; D: ...; E: ...; F: ...; G: …etc. It is our principle 
to publish high resolution-figures for the printed and E-versions.

Tables
Three-line tables should be numbered 1, 2, 3, etc., and mentioned 
clearly in the main text. Provide a brief  title for each table. Detailed 
legends should not be included under tables, but rather added into 
the text where applicable. The information should complement, 
but not duplicate the text. Use one horizontal line under the title, a 
second under column heads, and a third below the Table, above any 
footnotes. Vertical and italic lines should be omitted.

Notes in tables and illustrations
Data that are not statistically significant should not be noted. aP < 
0.05, bP < 0.01 should be noted (P > 0.05 should not be noted). If  
there are other series of  P values, cP < 0.05 and dP < 0.01 are used. 
A third series of  P values can be expressed as eP < 0.05 and fP < 0.01. 
Other notes in tables or under illustrations should be expressed as 
1F, 2F, 3F; or sometimes as other symbols with a superscript (Arabic 
numerals) in the upper left corner. In a multi-curve illustration, each 
curve should be labeled with ●, ○, ■, □, ▲, △, etc., in a certain 
sequence.

Acknowledgments
Brief  acknowledgments of  persons who have made genuine con-
tributions to the manuscript and who endorse the data and conclu-
sions should be included. Authors are responsible for obtaining 
written permission to use any copyrighted text and/or illustrations.

REFERENCES
Coding system
The author should number the references in Arabic numerals 
according to the citation order in the text. Put reference numbers 
in square brackets in superscript at the end of  citation content or 
after the cited author’s name. For citation content which is part of  
the narration, the coding number and square brackets should be 
typeset normally. For example, “Crohn’s disease (CD) is associated 
with increased intestinal permeability[1,2]”. If  references are cited 
directly in the text, they should be put together within the text, for 
example, “From references[19,22-24], we know that...”

When the authors write the references, please ensure that 
the order in text is the same as in the references section, and also 
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ensure the spelling accuracy of  the first author’s name. Do not list 
the same citation twice. 

PMID and DOI
Pleased provide PubMed citation numbers to the reference list, 
e.g. PMID and DOI, which can be found at http://www.ncbi.
nlm.nih.gov/sites/entrez?db=pubmed and http://www.crossref.
org/SimpleTextQuery/, respectively. The numbers will be used in 
E-version of  this journal.

Style for journal references
Authors: the name of  the first author should be typed in bold-
faced letters. The family name of  all authors should be typed with 
the initial letter capitalized, followed by their abbreviated first 
and middle initials. (For example, Lian-Sheng Ma is abbreviated 
as Ma LS, Bo-Rong Pan as Pan BR). The title of  the cited article 
and italicized journal title (journal title should be in its abbreviated 
form as shown in PubMed), publication date, volume number (in 
black), start page, and end page [PMID: 11819634   DOI: 10.3748/
wjg.13.5396].

Style for book references
Authors: the name of  the first author should be typed in bold-faced 
letters. The surname of  all authors should be typed with the initial 
letter capitalized, followed by their abbreviated middle and first 
initials. (For example, Lian-Sheng Ma is abbreviated as Ma LS, Bo-
Rong Pan as Pan BR) Book title. Publication number. Publication 
place: Publication press, Year: start page and end page.

Format
Journals 
English journal article (list all authors and include the PMID where applicable)
1	 Jung EM, Clevert DA, Schreyer AG, Schmitt S, Rennert J, 

Kubale R, Feuerbach S, Jung F. Evaluation of  quantitative con-
trast harmonic imaging to assess malignancy of  liver tumors: 
A prospective controlled two-center study. World J Gastroenterol 
2007; 13: 6356-6364 [PMID: 18081224   DOI: 10.3748/wjg.13. 
6356]

Chinese journal article (list all authors and include the PMID where applicable)
2	 Lin GZ, Wang XZ, Wang P, Lin J, Yang FD. Immunologic 

effect of  Jianpi Yishen decoction in treatment of  Pixu-diar-
rhoea. Shijie Huaren Xiaohua Zazhi 1999; 7: 285-287

In press
3	 Tian D, Araki H, Stahl E, Bergelson J, Kreitman M. Signature 

of  balancing selection in Arabidopsis. Proc Natl Acad Sci USA 
2006; In press

Organization as author
4	 Diabetes Prevention Program Research Group. Hyperten-

sion, insulin, and proinsulin in participants with impaired glu-
cose tolerance. Hypertension 2002; 40: 679-686 [PMID: 12411462   
PMCID:2516377   DOI:10.1161/01.HYP.0000035706.28494. 
09]

Both personal authors and an organization as author 
5	 Vallancien G, Emberton M, Harving N, van Moorselaar RJ; 

Alf-One Study Group. Sexual dysfunction in 1, 274 European 
men suffering from lower urinary tract symptoms. J Urol 
2003; 169: 2257-2261 [PMID: 12771764   DOI:10.1097/01.ju. 
0000067940.76090.73]

No author given
6	 21st century heart solution may have a sting in the tail. BMJ 

2002; 325: 184 [PMID: 12142303   DOI:10.1136/bmj.325. 
7357.184]

Volume with supplement
7	 Geraud G, Spierings EL, Keywood C. Tolerability and safety 

of  frovatriptan with short- and long-term use for treatment 
of  migraine and in comparison with sumatriptan. Headache 
2002; 42 Suppl 2: S93-99 [PMID: 12028325   DOI:10.1046/
j.1526-4610.42.s2.7.x]

Issue with no volume
8	 Banit DM, Kaufer H, Hartford JM. Intraoperative frozen 

section analysis in revision total joint arthroplasty. Clin Orthop 
Relat Res 2002; (401): 230-238 [PMID: 12151900   DOI:10.10
97/00003086-200208000-00026]

No volume or issue
9	 Outreach: Bringing HIV-positive individuals into care. HRSA 

Careaction 2002; 1-6 [PMID: 12154804]

Books
Personal author(s)
10	 Sherlock S, Dooley J. Diseases of  the liver and billiary system. 

9th ed. Oxford: Blackwell Sci Pub, 1993: 258-296
Chapter in a book (list all authors)
11	 Lam SK. Academic investigator’s perspectives of  medical 

treatment for peptic ulcer. In: Swabb EA, Azabo S. Ulcer 
disease: investigation and basis for therapy. New York: Marcel 
Dekker, 1991: 431-450

Author(s) and editor(s)
12	 Breedlove GK, Schorfheide AM. Adolescent pregnancy. 

2nd ed. Wieczorek RR, editor. White Plains (NY): March of  
Dimes Education Services, 2001: 20-34

Conference proceedings
13	 Harnden P, Joffe JK, Jones WG, editors. Germ cell tumours V. 

Proceedings of  the 5th Germ cell tumours Conference; 2001 
Sep 13-15; Leeds, UK. New York: Springer, 2002: 30-56

Conference paper
14	 Christensen S, Oppacher F. An analysis of  Koza's computa-

tional effort statistic for genetic programming. In: Foster JA, 
Lutton E, Miller J, Ryan C, Tettamanzi AG, editors. Genetic 
programming. EuroGP 2002: Proceedings of  the 5th Euro-
pean Conference on Genetic Programming; 2002 Apr 3-5; 
Kinsdale, Ireland. Berlin: Springer, 2002: 182-191

Electronic journal (list all authors)
15	 Morse SS. Factors in the emergence of  infectious diseases. 

Emerg Infect Dis serial online, 1995-01-03, cited 1996-06-05; 
1(1): 24 screens. Available from: URL: http://www.cdc.gov/
ncidod/eid/index.htm

Patent (list all authors)
16	 Pagedas AC, inventor; Ancel Surgical R&D Inc., assignee. 

Flexible endoscopic grasping and cutting device and positioning 
tool assembly. United States patent US 20020103498. 2002 Aug 
1

Statistical data
Write as mean ± SD or mean ± SE.

Statistical expression
Express t test as t (in italics), F test as F (in italics), chi square test as 
χ2 (in Greek), related coefficient as r (in italics), degree of  freedom 
as υ (in Greek), sample number as n (in italics), and probability as P (in 
italics).

Units
Use SI units. For example: body mass, m (B) = 78 kg; blood pres-
sure, p (B) = 16.2/12.3 kPa; incubation time, t (incubation) = 96 h, 
blood glucose concentration, c (glucose) 6.4 ± 2.1 mmol/L; blood 
CEA mass concentration, p (CEA) = 8.6 24.5 mg/L; CO2 volume 
fraction, 50 mL/L CO2, not 5% CO2; likewise for 40 g/L formal-
dehyde, not 10% formalin; and mass fraction, 8 ng/g, etc. Arabic 
numerals such as 23, 243, 641 should be read 23 243 641.

The format for how to accurately write common units and 
quantums can be found at: http://www.wjgnet.com/1948-0210/
g_info_20100313172144.htm.

Abbreviations
Standard abbreviations should be defined in the abstract and on first 
mention in the text. In general, terms should not be abbreviated 
unless they are used repeatedly and the abbreviation is helpful to 
the reader. Permissible abbreviations are listed in Units, Symbols 
and Abbreviations: A Guide for Biological and Medical Editors and 
Authors (Ed. Baron DN, 1988) published by The Royal Society of  
Medicine, London. Certain commonly used abbreviations, such as 
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Instructions to authors

DNA, RNA, HIV, LD50, PCR, HBV, ECG, WBC, RBC, CT, ESR, 
CSF, IgG, ELISA, PBS, ATP, EDTA, mAb, can be used directly 
without further explanation.

Italics
Quantities: t time or temperature, c concentration, A area, l length, 
m mass, V volume.
Genotypes: gyrA, arg 1, c myc, c fos, etc.
Restriction enzymes: EcoRI, HindI, BamHI, Kbo I, Kpn I, etc.
Biology: H. pylori, E coli, etc.

Examples for paper writing
Editorial: http://www.wjgnet.com/1948-0210/
g_info_20100313165833.htm

Frontier: http://www.wjgnet.com/1948-0210/
g_info_20100313170509.htm

Topic highlight: http://www.wjgnet.com/1948-0210/
g_info_20100313170618.htm

Observation: http://www.wjgnet.com/1948-0210/
g_info_20100313170727.htm

Guidelines for basic research: http://www.wjgnet.com/1948-0210/
g_info_20100313170855.htm

Guidelines for clinical practice: http://www.wjgnet.
com/1948-0210/g_info_20100313171012.htm

Review: http://www.wjgnet.com/1948-0210/
g_info_20100313171124.htm

Original articles: http://www.wjgnet.com/1948-0210/
g_info_20100313171239.htm

Brief  articles: http://www.wjgnet.com/1948-0210/
g_info_20100313171358.htm

Case report: http://www.wjgnet.com/1948-0210/
g_info_20100313171504.htm

Letters to the editor: http://www.wjgnet.com/1948-0210/
g_info_20100313171613.htm

Book reviews: http://www.wjgnet.com/1948-0210/
g_info_20100313171713.htm

Guidelines: http://www.wjgnet.com/1948-0210/
g_info_20100313171803.htm

SUBMISSION OF THE REVISED 
MANUSCRIPTS AFTER ACCEPTED
Please revise your article according to the revision policies of  
WJSC. The revised version including manuscript and high-resolu-
tion image figures (if  any) should be copied on a floppy or com-
pact disk. The author should send the revised manuscript, along 
with printed high-resolution color or black and white photos, 
copyright transfer letter, and responses to the reviewers by courier 

(such as EMS/DHL).

Editorial Office
World Journal of Stem Cells
Editorial Department: Room 903, Building D, 
Ocean International Center, No. 62 Dongsihuan Zhonglu, 
Chaoyang District, Beijing 100025, China
E-mail: wjsc@wjgnet.com
http://www.wjgnet.com
Telephone: +86-10-8538-1891
Fax: +86-10-8538-1893

Language evaluation 
The language of  a manuscript will be graded before it is sent for revi-
sion. (1) Grade A: priority publishing; (2) Grade B: minor language 
polishing; (3) Grade C: a great deal of  language polishing needed; and 
(4) Grade D: rejected. Revised articles should reach Grade A or B.

Copyright assignment form
Please download a Copyright assignment form from http://www.
wjgnet.com/1948-0210/g_info_20100313172045.htm.

Responses to reviewers
Please revise your article according to the comments/suggestions 
provided by the reviewers. The format for responses to the reviewers’ 
comments can be found at: http://www.wjgnet.com/1948-0210/
g_info_20100313172000.htm.

Proof of financial support
For paper supported by a foundation, authors should provide a 
copy of  the document and serial number of  the foundation.

Links to documents related to the manuscript 
WJSC will be initiating a platform to promote dynamic interactions 
between the editors, peer reviewers, readers and authors. After a man-
uscript is published online, links to the PDF version of  the submitted 
manuscript, the peer-reviewers’ report and the revised manuscript will 
be put on-line. Readers can make comments on the peer reviewer’s 
report, authors’ responses to peer reviewers, and the revised manu-
script. We hope that authors will benefit from this feedback and be 
able to revise the manuscript accordingly in a timely manner.

Science news releases
Authors of  accepted manuscripts are suggested to write a science 
news item to promote their articles. The news will be released rap-
idly at EurekAlert/AAAS (http://www.eurekalert.org). The title for 
news items should be less than 90 characters; the summary should 
be less than 75 words; and main body less than 500 words. Science 
news items should be lawful, ethical, and strictly based on your 
original content with an attractive title and interesting pictures.

Publication fee
WJSC is an international, peer-reviewed, Open-Access, online journal. 
Articles published by this journal are distributed under the terms of  
the Creative Commons Attribution Non-commercial License, which 
permits use, distribution, and reproduction in any medium, provided 
the original work is properly cited, the use is non commercial and is 
otherwise in compliance with the license. Authors of  accepted articles 
must pay a publication fee. The related standards are as follows. 
Publication fee: 1300 USD per article. Editorial, topic highlights, book 
reviews and letters to the editor are published free of  charge.
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