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Abstract
Leukemia stem cells (LSCs), which constitute a minority 
of the tumor bulk, are functionally defined on the basis 
of their ability to transfer leukemia into an immunode-
ficient recipient animal. The presence of LSCs has been 
demonstrated in acute lymphoblastic leukemia (ALL), of 
which ALL with Philadelphia chromosome-positive (Ph+). 
The use of imatinib, a tyrosine kinase inhibitor (TKI), 
as part of front-line treatment and in combination with 
cytotoxic agents, has greatly improved the proportions 
of complete response and molecular remission and the 
overall outcome in adults with newly diagnosed Ph+ 
ALL. New challenges have emerged with respect to 
induction of resistance to imatinib via  Abelson tyrosine 
kinase mutations. An important recent addition to the 
arsenal against Ph+ leukemias in general was the devel-
opment of novel TKIs, such as nilotinib and dasatinib. 
However, in vitro  experiments have suggested that 
TKIs have an antiproliferative but not an antiapoptotic 
or cytotoxic effect on the most primitive ALL stem cells. 
None of the TKIs in clinical use target the LSC. Second 
generation TKI dasatinib has been shown to have a 
more profound effect on the stem cell compartment 
but the drug was still unable to kill the most primitive 

LSCs. Allogeneic stem cell transplantation (SCT) re-
mains the only curative treatment available for these 
patients. Several mechanisms were proposed to explain 
the resistance of LSCs to TKIs in addition to mutations. 
Hence, TKIs may be used as a bridge to SCT rather 
than monotherapy or combination with standard che-
motherapy. Better understanding the biology of Ph+ ALL 
will open new avenues for effective management. In 
this review, we highlight recent findings relating to the 
question of LSCs in Ph+ ALL.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION
Over the past decades, it has been recognized that tumors 
contain a subpopulation of  cells with biological features 
that are reminiscent of  stem cells[1]. The modern con-
cept of  “cancer stem cell” was promoted by John Dick 
and colleagues, who showed that cells with the ability to 
transfer human acute myeloid leukemia (AML) to NOD/
SCID mice are frequently found exclusively in the CD34+ 
CD38- compartment[2,3]. Stem cells modulate tissue for-
mation, maintenance and repair, based on a complex 
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interaction of  cell-autonomous and cell-no autonomous 
regulatory mechanisms[4]. Classically, these cells could 
be subdivided into more or less primitive subpopula-
tions that are organized in a hierarchy reminiscent of  the 
normal hematopoietic system. A slow cycling fraction 
of  cells is generating a fast cycling fraction. However, an 
alternative hypothesis predicts that all tumor cells have 
the potential to self-renew and recapitulate the tumor 
but with a low probability that any tumor cell enters the 
cell cycle and finds a permissive environment[5]. Acute 
lymphoblastic leukemia (ALL) defines a heterogeneous 
group of  leukemias that express predominantly lymphoid 
cell surface markers[6]. Although proof  of  the existence 
of  a stem cell-like population maintaining ALL has been 
elusive, subpopulations with primitive phenotypes have 
been reported in clinical ALL samples. Response to 
therapy is related to biological characteristics of  the cell 
of  origin and to the primitive stem cell-like population. 
Philadelphia chromosome-positive (Ph+) ALL is regarded 
as a specific entity. The initial treatment of  Ph+ ALL has 
recently been dramatically changed by the introduction of  
Abl tyrosine kinase inhibitors (TKIs). However, cure de-
pends on the eradication of  the leukemia stem cell (LSC). 
This review will discuss current treatment and evidence 
for an ALL stem cell in Ph+ ALL and its relationship with 
new therapeutic advances based on TKI therapy in this 
disease.

Ph (breakpoint cluster region-
Abelson tyrosine kinase)-POSITIVE 
B-LYMPHOBLASTIC LEUKEMIA
In 1960, Nowell and Hungerford described a small G 
group chromosome, the Ph[7]. The Ph+ chromosome is 
the most frequent cytogenetic abnormality in human 
leukemia and can be detected in a range of  2% to 5% 
of  children with ALL[8] and 20% to 40% of  adults with 
ALL[9]. The proportion of  Ph+ ALL cases increases with 
age[10] but in very old persons the proportion decreases 
again[9]. This t(9;22) translocation leads to a head-to-
tail fusion of  the Abelson tyrosine kinase (ABL) proto-
oncogene from chromosome 9 with a 5’ half  of  the 
breakpoint cluster region (BCR) sequences on chromo-
some 22[11]. Transcription of  BCR-ABL results either in 
a 8.5-kilobase (kb) messenger RNA (mRNA) that codes 
for a 210-kb protein when ABL moves to the major BCR 
(M-BCR) or in a 7.5-kb RNA encoding a 190-kb protein 
when it moves to the M-BCR[12]. BCR-ABL proteins 
demonstrate enhanced tyrosine kinase activity compared 
to the normal ABL gene product. P190 exhibits a higher 
transforming potential than p210 in animal models[13]. 
The p190 protein is usually found in 2/3 of  adults with 
de novo Ph+ ALL[14,15]. The constitutively active tyrosine 
kinase product BCR-ABL provides a pathogenetic ex-
planation for the initiation of  Ph+ ALL as well as a criti-
cal molecular therapeutic target. Both possible chimeric 
mRNAs (p210 and p190) can be sensitively and specifi-

cally detected by the real-time polymerase chain reaction 
(RT-PCR)[16]. Recent reports suggest that the expression 
of  the p190 transcript was associated with a significant 
increase in the risk of  relapse[14]. BCR-ABL expression 
in hematopoietic cells is known to induce resistance to 
apoptosis, growth factor independence, as well as altera-
tions in cell-cell and cell-matrix interactions[17]. Clinically, 
patients present with a variable white blood cell count 
and have an increased risk of  developing meningeal leu-
kemia during the course of  treatment, although central 
nervous system leukemia was not significantly more 
frequent (5%) at diagnosis[10]. Ph+ ALL are found almost 
exclusively among B-cell linage ALL (CD10+ precursor 
B-cell ALL). Leukemic cells often present surface expres-
sion of  CD34 antigen (89%), and frequent expression 
of  myeloid markers (15% to 20%)[14]. Additional chro-
mosome abnormalities have been observed in 70% of  
Ph+ ALL patients[18], including mainly 9p abnormalities, 
monosomy 7 or hyperdiploid karyotypes > 50. CD117 is 
typically not expressed and only rarely is t(9;22) seen in 
T-lymphoblastic leukemia. Patients with t(9;22) classically 
have a poor prognosis.

CURRENT THERAPEUTIC STRATEGIES IN 
Ph+ ALL
TKIs
The Ph+ chromosome has historically been the worst 
prognostic indicator in ALL. The initial treatment of  
Ph+ ALL has been dramatically changed by the introduc-
tion of  ABL TKIs. Imatinib mesylate, 2-phenylamino 
pyrimidine, binds to the ABL-ATP site in a competitive 
manner, stabilizing ABL in its inactive conformation and 
inhibiting its tyrosine kinase activity. Following initial 
studies showing that use of  imatinib mesylate as a single 
agent in Ph+ ALL yielded potential responses but was 
unlikely to be sufficient for long-term disease control, 
the efficacy of  imatinib was explored as front-line treat-
ment combined with chemotherapy, either concurrently 
(simultaneous administration) or sequentially (alternating 
administration)[19-23]. Imatinib was given concurrently at 
400 mg/d for the first 14 d with each cycle of  the hyper-
CVAD regimen[19]. In this study, complete remission (CR) 
rate was 96%. There was no unexpected toxicity related 
to the addition of  imatinib. Similarly, encouraging data 
were reported by the Japanese Adult Leukemia Study 
Group, in which imatinib was started after 1 wk of  induc-
tion therapy and then coadministered with chemotherapy 
during the remainder of  a standard induction[20]. The CR 
rate was 96% (median time to CR: 28 d) and a remark-
ably high molecular response rate became apparent as 
early as 2 mo after starting treatment. Transplant candi-
dates had a better chance of  receiving allogeneic stem 
cell transplantation (SCT) with imatinib-combined regi-
men. Alternating and concurrent imatinib-chemotherapy 
combinations were compared by the German Multicenter 
ALL (GMALL) trial in two sequential patient cohorts[24]. 
Efficacy analyses based on BCR-ABL transcript levels 
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showed a clear advantage of  the simultaneous over the 
alternating schedule, with 52% of  patients achieving PCR 
negativity (vs 19%). Several approaches using imatinib-
based induction therapy have been explored for elderly 
patients. Monotherapy with imatinib was explored in el-
derly patients, who had an extremely poor outcome with 
chemotherapy alone. Imatinib with or without cortico-
steroids resulted in high CR rates of  90% to 100%[22,23,25]. 
With relatively minimal use of  imatinib (600 mg/d for 
phase 2 induction), the Group for Research on Adult 
Acute Lymphoblastic Leukemia showed a higher CR rate 
compared with historical controls[25]. Similar results were 
reported by the Italian group using continuous adminis-
tration of  imatinib (800 mg) only combined with predni-
sone[23]. The German group (GMALL) conducted a ran-
domized study comparing induction therapy with single-
agent imatinib with standard induction chemotherapy[22]. 
Response rate was better with single-agent imatinib (96% 
vs 50%). Achievement of  molecular remission was as-
sociated with longer disease-free survival. Unfortunately, 
imatinib resistance developed rapidly and was quickly fol-
lowed by disease progression. Disease recurrence was re-
lated to a high rate of  ABL mutations in the tyrosine ki-
nase domain (TKD)[26]. Data from the United Kingdom 
Acute Lymphoblastic Leukemia (UKALL)XII/Eastern 
Cooperative Oncology Group 2993 study, in which ima-
tinib (600 mg) was started with phase 2 induction, did 
not initially provide clear evidence that imatinib alters the 
outcome of  the disease[27] but finally showed an advantage 
for the imatinib arm[28]. Studies demonstrated that a quies-
cent population of  LSCs with BCR-ABL kinase domain 

mutations, detectable prior to initiation of  imatinib ther-
apy, gives rise to leukemic cells that persist because they 
are inherently resistant to imatinib (Figure 1)[29]. Quiescent 
LSCs also have high BCR-ABL transcript levels. 

New strategies using second generation TKIs are be-
ing developed to overcome resistance to imatinib. A re-
cent phase Ⅱ study combining the hyperCVAD regimen 
with dasatinib (50 mg bid) for the first 14 d of  each cycle 
showed CR achievement in 93% of  newly diagnosed 
Ph+ ALL, with molecular remissions observed even after 
the first cycle[30]. In a series combining dasatinib (70 mg 
bid) with only steroids, CR was achieved in all cases with 
a very marked clearance of  blasts already at day 22[31]. 
Nilotinib as monotherapy also appeared to have promis-
ing activity and a favorable safety profile[32]. Its use in 
combination with chemotherapy is currently tested. Even 
20-fold more potent BCR-ABL inhibition with nilotinib 
did not induce apoptosis of  quiescent CD34+ cells nor 
did inhibition with a dual SRC-ABL kinase inhibitor[33].

The appearance of  mutations which are most prob-
ably but not exclusively related to resistance led to avoid-
ing induction drugs, such as anthracyclines or alkylating 
agents, which can cause mutational resistance and prefer-
ence for methotrexate, cytarabine and asparaginase. Such 
a trial in older adult patients led to high CR rate and im-
proved survival[34].

The role of hematopoietic SCT in Ph+ ALL
Allogeneic SCT from a related or unrelated donor has 
historically been the standard form of  consolidation in 
Ph+ ALL, with 27% to 65% of  long-term survival in 
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Figure 1  Effect of tyrosine kinase inhibitor on Philadelphia chromosome-positive acute lymphoblastic leukemia and their stem cell counterparts. Therapy 
with tyrosine kinase inhibitor (TKI) results in the depletion of cycling leukemia cells (of which progenitor cells) without eliminating the Leukemia stem cells (LSCs), then 
the latter can regenerate the tumor after that therapy is halted. This seems to explain why TKI treatment needs to be chronic and why future drug development needs 
to be focused on agents that stike at the core of tumors by destroying stem cells.
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patients grafted in first CR[28,35,36]. The aggressivity of  the 
disease often resulted in a rapid relapse prior to transplant 
and only 30% to 50% of  patients in first remission even-
tually underwent allogeneic SCT. The relapse-free surviv-
al advantage of  the patient developing acute or chronic 
graft-vs-host disease (GVHD) and the description of  
PCR conversion after developing GVHD have suggested 
that Ph+ ALL was particularly sensitive to the graft-vs-
leukemia effect[37]. The recent incorporation of  TKIs into 
standard ALL therapy has resulted in improved remission 
induction rates of  95%, with 50% to 70% of  patients 
achieving molecular negativity. More patients were able 
to receive SCT in first CR, resulting in improved overall 
survival rates of  43% to 78% with 1-3 years of  follow-
up[20,21,24,38,39]. The combination of  imatinib and multiagent 
chemotherapy did not result in increased toxicity and did 
not unfavorably affect allogeneic SCT. The molecular de-
tection of  the BCR-ABL fusion mRNA by PCR has been 
shown to be an effective method for monitoring disease. 
BCR-ABL levels before transplantation are prognostic. 
Patients who are in remission morphologically and mo-
lecularly have the best outcome, whereas those who are 
molecularly positive, although still in conventional remis-
sion, suffer a relatively higher relapse rate[40]. Results after 
allogeneic SCT may be improved by the use of  imatinib 
as maintenance. Patients remaining BCR-ABL positive af-
ter allogeneic SCT can achieve molecular remission with 
imatinib and survive long-term. Thus, post-transplant 
imatinib can reduce the relapse rate. However, imatinib 
should not be given before 6 to 8 wk after transplanta-
tion to avoid cumulative toxicity. Duration of  TKI main-
tenance remains open, either for 2 years or stopped after 
repeated minimal residual disease negativity.

RESISTANCE TO TKIs
The effectiveness of  imatinib alone is limited by the rela-
tively frequent development of  resistance. Mechanisms 
that have been implicated in resistance include rapid 
drug efflux[41], amplification of  the BCR-ABL gene[42], 
reduced binding affinity of  imatinib to the ATP-binding 
site due to genetic changes[43], and BCR-ABL indepen-
dence resulting from secondary transforming events[44]. 
As in chronic phase myeloid leukemia (CML), secondary 
resistance in Ph+ ALL is frequently associated with point 
mutations in the TKD of  BCR-ABL[43,45]. Among these 
resistance mechanisms, dose escalation of  imatinib or 
the use of  more potent ABL inhibitors could resolve the 
first events, while only the use of  multitargeted inhibitors 
could restore sensitivity in the other mechanisms. ABL 
TKD mutations generally are comprised of  two cat-
egories: mutations that directly impede contact between 
imatinib and Bcr-Abl, such as the gatekeeper mutations 
T315I and F317L[46], and mutations that alter the spacial 
conformation of  the BCR-ABL protein by affecting the 
P-loop containing the ATP-binding pocket and/or the 
activating loop[45]. To date, more than 50 ABL TKD mu-
tations have been identified. Data on the frequency and 

incidence of  mutations in Ph+ ALL have been relatively 
sparse. However, the German group showed that ABL 
mutations could be detected in nearly 40% of  patients 
at the time of  diagnosis in imatinib-naïve patients (P-
loop mutations in 80% and T314I mutation in 17%)[26]. 
At the time of  recurrence, ABL mutations were found 
in 84% of  cases (P-loop mutations in 57% and T315I 
mutation in 19%). The mutated clone then consistently 
represented the dominant population. Almost all patients 
with mutant BCR-ABL detected before imatinib therapy 
had the same mutation at relapse. Remission duration did 
not differ significantly between patients with or without 
a detectable early mutation. Imatinib initially suppressed 
the dominant, unmutated leukemic population, without 
simultaneous outgrowth of  the pre-existing mutant sub-
clones. However, these pre-existing mutant clones almost 
invariably give rise to eventual relapse. To significantly 
improve outcome, it would be necessary to eliminate 
clones harboring mutations during the early phase of  
treatment, before they have acquired additional resistance 
mechanisms. The cause for relapse has been related to 
TKI resistance of  the LSCs and/or immune tolerance of  
leukemic cells. In vitro experiments have suggested that 
TKIs have an antiproliferative, but not a proapoptotic 
or cytotoxic effect on the most primitive Ph+ stem cells 
(CD34+ CD38- cells)[47,48]. Second generation TKI dasat-
inib has been shown to have a more profound effect on 
the stem cell compartment when compared to imatinib 
or nilotinib, but the drug was still unable to kill the most 
primitive CD34+ CD38- LSCs in vitro[48]. However, recent 
analyses in CML with successful TKI therapy have dem-
onstrated the eradication of  most Ph+ CD34+ CD38- 
cells from the central bone marrow[49]. Selective chemical 
inhibition of  Src family kinases decreases growth and ex-
pression of  stem cell genes, including Oct3/4 and Nanog, 
involved in self  renewal and survival of  LSCs[50].

Resistance attributable to kinase domain mutations 
can lead to relapse despite the development of  second-
generation compounds, including dasatinib and nilotinib. 
Despite these therapeutic options, the cross-resistant 
BCR-ABL T315I mutation remains a major clinical chal-
lenge. The first evaluations of  AP24534 present this drug 
as a potent multi-targeted kinase inhibitor active against 
T315I and all other BCR-ABL mutants[51-54]. AP24534 
could be the next treatment of  choice in hematological 
malignancies with Ph+ chromosome, particularly Ph+ 
ALL known for its frequent occurrence of  T315I muta-
tion. However, its potential action on LSCs is still un-
known.

LSCs IN ALL
ALL defines a heterogeneous group of  leukemias. Re-
ports assessing the cell of  origin have been contradictory. 
Discrepancies may be related to the heterogeneity of  the 
disease. In ALL and other malignancies, compelling re-
search suggests that a population of  cancer stem cells is 
able to regenerate or self-renew, resulting in therapeutic 
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resistance and disease progression. A number of  stud-
ies indicate that quiescent LSCs are resistant to therapies 
that target rapidly dividing cells. However, the marked 
differences in response to therapy could be related to the 
different characteristics of  the cell of  origin, and to the 
existence and relative importance of  a primitive LSC pop-
ulation for a given ALL subtype. Rearrangements of  the 
T-cell receptor or the immunoglobulin heavy chain genes 
support the theory that T- and B-lineage ALL originate in 
cells already committed to the T- or B-cell lineages. In vivo 
xenotransplantation model showed that CD34+ CD38+ 
CD19+ and CD34+ CD38- CD19+ cells from pediatric 
patients with B-ALL initiate B-ALL in primary recipients, 
whereas the recipients of  CD34+ CD38- CD10- CD19- 
cells showed normal human hematopoietic repopula-
tion[55]. Furthermore, transplantation of  CD34+ CD38+ 
CD19+ cells resulted in the development of  B-ALL in 
secondary recipients, demonstrating self-renewal capacity. 
In T-ALL, cells capable of  long-term proliferation have 
been demonstrated in the CD34+ CD4- and CD34+ CD7- 
cell subfractions[56]. In TEL/AML1 rearranged ALL, the 
earliest population that consistently conferred leukemia to 
immunocompromised mice has been defined as CD34+ 
CD38– CD19+[57,58]. Engraftment was also reported from 
a more differentiated CD34– CD19+ subpopulation[59], 
questioning the existence of  a strict hierarchy in this type 
of  ALL. Normal individuals may have B cells harbor-
ing a TEL/AML1 fusion that never undergo leukemic 
transformation, suggesting a ‘multi-hit’ model of  leuke-
mogenesis, in which TEL/AML1-positive precursor cells 
constitute a pre-leukemic pool[60]. In hyperdiploid ALL, it 
appears that some cases have leukemia-initiating activity 
in populations consistent with later mid-stage B-cell de-
velopment[61]. Only CD34+ CD10– or CD34+ CD19– cells 
resulted in reliable leukemic engraftment in ALL samples 
with normal karyotype[62]. MLL-AF4-positive cells were 
reported in high frequency in the CD34+ CD19– com-
partment. These cells, carrying an immature phenotype, 
suggest a developmental stage prior to commitment to 
the lymphoid lineage[59]. The microenvironment may play 
an important role in determining lineage fate in MLL-
rearranged leukemias[63,64].

LSCs IN BCR-ABL-POSITIVE ALL
CD34+ stem cells cannot be effectively killed by BCR-
ABL kinase inhibitor imatinib treatment both in vitro and 
in vivo[47,65]. BCR-ABL transcripts are still detectable in 
CD34+ cells after a long-term treatment with imatinib[65], 
suggesting that these LSCs cannot be eradicated through 
inhibiting BCR-ABL kinase activity. Similarly, imatinib 
does not eradicate LSCs in mice[66]. These results in-
dicate that some unknown pathways contribute to the 
maintenance of  survival and self-renewal of  LSCs. The 
LSCs seem to be biologically distinct from their more 
differentiated progeny. Therefore, the agents acting 
against the more mature blasts will not be as efficient in 
eradicating the LSCs. Divisional asymmetry and environ-

mental asymmetry are two mechanisms responsible for 
asymmetric cell division. In the first case, specific cell-
fate determinants redistribute unequally among daughter 
cells, of  which one receives these determinants, while 
the other proceeds to differentiation. In the other case, a 
LSC would first undergo a symmetric division. However, 
only one cell remains in the bone marrow niche and con-
serves stem cell fate, while the other cell enters a different 
microenvironment and subsequently produces signals ini-
tiating differentiation. Identification of  novel genes that 
play critical role in regulating the function of  LSCs can 
contribute to the development of  new therapeutic strate-
gies through targeting LSCs.

Given the central role that LSCs play in leukemia 
maintenance, studies have focused on identifying path-
ways of  proliferation, self-renewal and survival that are 
differentially active in LSCs rather than normal hemato-
poetic stem cells. The expression of  p190 or p210 BCR-
ABL fusion forms is sufficient to cause leukemia in 
animal models[67]. The JAK-STAT, Ras-Raf-MEK-ERK, 
PI3K-AKT, c-Myc, SAPK-JNK and NF-κB pathways 
are among the pathways activated by BCR-ABL. Those 
pathways are involved in cell proliferation and inhibition 
of  apoptosis. Ph+ ALL is also characterized by a high 
degree of  genomic instability that is induced by the BCR-
ABL protein, as demonstrated by the increased frequency 
of  DNA insertions and deletions present in BCR-ABL 
pre-leukemic mice[68]. Ph+ ALL often presents aberrant 
splicing of  key genes in lymphoid development, such as 
BTK and SLP-65, and deleterious mutations of  IKZF1, 
a gene that encodes the zinc-finger transcription factor 
Ikaros[69,70]. The aberrant splicing of  SLP-65 and BTK in 
B-cell precursors results in shorter transcripts that halt 
lymphoid maturation[71]. The deletion of  exons of  IKZF1 
results in a dominant negative form of  Ikaros that lacks 
the DNA-binding domain. This mutated form halts 
B-cell differentiation and contributes to the expression 
of  some myeloid specific genes[70]. Its overexpression 
may also contribute to resistance to TKIs[72]. A common 
additional mutation in Ph+ ALL is the deletion of  9p21, 
compromising the INK4A-ARF gene[73]. The activation 
of  p14ARF induces cell cycle arrest and apoptosis through 
p53 activation and Arf-null BCR-ABL+ cells induce more 
severe leukemia in irradiated mice recipients. Another 
particularity of  Ph+ ALL is the dependence of  BCR-
ABL transformation on Src kinases that do not appear to 
be required for the induction of  CML[74]. However, CML 
progression to lymphoid blast crisis may also depend on 
Src kinases as lymphoid blast crisis cells are also depen-
dent on Lyn for survival, to a higher extent than myeloid 
blast crisis CML cells, suggesting a lineage-specific signal-
ing pathway or mechanism[75].

In contrast with CML, if  Ph+ ALL is lineage re-
stricted, one should find the Ph+ only in lymphoid cells. 
However, original studies in patients did not yield such 
a clear cut distinction. Involvement of  the myeloid 
compartment has been reported for Ph+ ALL[76]. The 
Ph could be detected in both mature myeloid cells and 
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myeloid colony-forming units, suggesting that at least 
in some patients the leukemia-initiating event occurs in 
a primitive cell that has not already undergone lineage 
commitment[77]. An alternative explanation would be that 
BCR-ABL ALL blasts reacquire specific lineage promis-
cuity. Recent functional studies conclude that LSC in 
Ph+ ALL is a primitive cell lymphoid that is restricted as 
it will not originate from myeloid or erythroid colonies, 
although the studies differ on the characterization of  this 
LSC. The CD34+ CD38- CD19- cell compartment has 
been shown to be involved in patients with p210 BCR-
ABL ALL but not in those with p190 BCR-ABL ALL[58]. 
The p210 BCR-ABL transcript could also be identified 
in CD34+ CD33+ and CD34- CD33+ myeloid precursors, 
which was not the case for the p190 transcript. However, 
CD34+ CD38- CD19- p210-positive cells did not induce 
leukemia in NOD/SCID mice. This contrasts with other 
results showing NOD/SCID engrafting leukemic cells 
only in the CD34+ CD38- subfraction and not in the 
CD34+ CD38+ cells[78]. The CD34+ CD19- cells have also 
been shown as the most undifferentiated leukemia pro-
genitors in patients with Ph+ ALL but they did not differ-
entiate into myeloid colonies[79].

CONCLUSION
By definition, cure of  leukemia requires eradication or 
transcriptional control of  LSCs. To date, little is known 
regarding the efficacy of  TKIs in the longer term. Al-
though reduction in the number of  LSCs by TKI therapy 
is feasible, quiescent LSCs are likely to survive to TKIs 
combined with chemotherapy. Allogeneic transplantation 
remains therefore the treatment of  choice, preferably in 
first CR. However, a more complete understanding of  
the biology of  Ph+ chromosome is needed in order to 
cure patients who cannot receive allogeneic SCT. Patients 
with Ph+ ALL may be heterogeneous. The determination 
of  residual populations of  quiescent Ph+ cells is impor-
tant for evaluating response in treated patients. Specific 
inhibition of  LSCs in Ph+ ALL is a suitable approach to 
developing a cure for this disease in the future. Several 
gene products required by LSCs have been shown to be 
potential targets for inhibiting LSCs. The mechanisms by 
which involved pathways regulate the function of  LSCs 
need to be further studied.
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Abstract
AIM: To explore the feasibility of placenta tissue as a 
reliable and efficient source for generating mesenchy-
mal stem cells (MSC). 

METHODS: MSC were generated from human placenta 
tissue by enzymatic digestion and mechanical dissocia-
tion. The placenta MSC (PLC-MSC) were characterized 
for expression of cell surface markers, embryonic stem 
cell (ECS) gene expression and their differentiation 
ability into adipocytes and osteocytes. The immunosup-
pressive properties of PLC-MSC on resting and phyto-
hemagglutinin (PHA) stimulated allogenic T cells were 
assessed by means of cell proliferation via  incorporation 
of tritium thymidine (3H-TdR). 

RESULTS: The generated PLC-MSC appeared as spin-
dle-shaped cells, expressed common MSC surface mark-
ers and ESC transcriptional factors. They also differen-

tiated into adipogenic and osteogenic lineages when 
induced. However, continuous cultivation up to passage 
15 caused changes in morphological appearance and 
cellular senescence, although the stem cell nature of 
their protein expression was unchanged. In terms of 
their immunosuppressive properties, PLC-MSC were 
unable to stimulate resting T cell proliferation; they in-
hibited the PHA stimulated T cells in a dose dependent 
manner through cell to cell contact. In our study, MSC 
generated from human placenta exhibited similar mes-
enchymal cell surface markers; MSC-like gene expres-
sion pattern and MSC-like differentiation potential were 
comparable to other sources of MSC. 

CONCLUSION: We suggest that placenta tissues can 
serve as an alternative source of MSC for future experi-
mental and clinical studies.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION
A substantial amount of  research over the past two dec-
ades has resulted in greater understanding of  human 
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adult stem cell biology not only in the basic sciences 
but also in relation to therapeutic usage[1,2]. Among stem 
cells, mesenchymal stem cells (MSC) have become an im-
portant component in stem cell-based neo-therapies for 
tissue regeneration and transplantation. MSC are widely 
distributed in a variety of  adult tissues such as adipose 
tissue, bone, lung, peripheral blood and are either con-
stantly present or their pool is replenished due to migra-
tion from the bone marrow[3-5]. It was recently demon-
strated that MSC are also present in umbilical cord blood, 
placenta and foetal tissues[4,6].

Unlike other stem cells, MSC derived from bone 
marrow have been investigated extensively for their im-
munosuppressive activity and have been exploited in 
treating autoimmune diseases as well as graft vs host 
disease (GVHD)[7]. Current literature indicates MSC-
exerted immunosuppression is an important modulator 
in the allogenic immune response that involves mainly 
lymphocytes[8-10] and antigen presenting cells[11,12]. Some 
of  these effects have been well exploited in therapeu-
tics, such as in induction of  tolerogenic response in 
GVHD[7,13] and enhanced antitumor therapy[14,15]. In 
addition, studies in animal models have shown that 
transplanted MSC have the potential to migrate to sites 
of  injury, differentiate into appropriate phenotype and 
regenerate the injured tissue[16-20]. 

Bone marrow is the are the most extensively studied 
source of  MSC (BM-MSC). However, BM-MSC have to 
be aspirated using an invasive procedure that can cause 
discomfort to the donor. This limited accessibility is 
couple with relatively low cell yield (0.001%-0.01%), with 
the numbers of  stem cells significantly decreasing with 
age[21,22]. MSC derived from embryonic and aborted foetal 
tissues can overcome the volumetric problem but their 
usage in clinical application and research is still hindered 
by ethical issues and remains controversial. To overcome 
these problems, an alternative source of  MSC which 
avoids ethical issues and is easily accessible at low cost is 
recommended.

In this study, we assessed the presence of  MSC in 
human delivery waste tissues such as placenta which are 
more readily available for research at low cost[23]. We have 
showed that the MSC generated from human placenta 
tissues were able to expand and express similar charac-
teristics as of  BM-MSC in terms of  mesenchymal and 
functional properties. We have also documented that 
placental MSC undergo cellular senescence as detected by 
morphological changes and thereby impose limitations 
on the culture expansion.

MATERIALS AND METHODS
Generation of MSC from human placenta tissue
Placenta samples (n = 5) were collected upon delivery 
from normal full term pregnancies with the assistance 
of  gynaecologists from Britannia Women and Children 
Specialist Centre. All samples were obtained with written, 
informed consent in accordance with the ethical commit-

tee requirements of  the Faculty of  Medicine and Health 
Sciences, Universiti Putra Malaysia. The human placenta 
tissues were processed using our established mechanical 
disassociation and enzymatic digestion method[15]. Briefly, 
placenta tissue was minced into a paste-like consistency 
and digested in enzymatic mixtures containing 0.4% 
type Ⅱ collagenase (Worthington, New Jersey, USA) and 
0.01% DNAse (Worthington, New Jersey, USA). Fol-
lowing this, tissues were mechanically dissociated using a 
hand held cell homogenizer (Hassen Wagger). The single 
cell suspension was resuspended in MSC complete media 
containing Dulbecco’s Modified Eagle’s medium with 
nutrient mixtures F-12 (HAM) (1:1) with GLUTAMAX-I 
(Gibco, Invitrogen, USA), 10% foetal bovine serum (Stem 
Cell Technology Inc., London, UK), 1% Penicillin and 
Streptomycin (Gibco, Invitrogen), 0.5% Fungizone (Gib-
co, Invitrogen), 0.1% Gentamicin (Gibco, Invitrogen) 
and 40 ng/mL basic fibroblastic growth factor (bFGF) 
(Promega). The single nucleated cells (30 × 106 cells/T25 
culture flask) were cultured in MSC complete media. 
Primary cultures were incubated for at least a week in a 
37 ℃ humidified 5% CO2 incubator and non-adherent 
cells were removed by replacing the media. Upon reach-
ing 70% to 80% confluence, adherent MSC were harvest-
ed via trypsinisation (0.05% trypsin-EDTA, Invitrogen, 
BRL, Canada) for use in downstream experiments.

Immunophenotyping of PLC-MSC
Placenta MSC (PLC-MSC) were stained with a panel of  
MSC specific monoclonal antibodies: CD73-PE, CD29-
PE, CD90-PE, MHC Ⅰ-PE-Cy5, MHC Ⅱ-FITC, CD45-
FITC, CD34-FITC, CD80-PE, CD86-APC, (Becton 
Dickinson, Biosciences Pharmingen) and CD105-FITC, 
STRO-1-FITC (RandD System). 7-amino-actinomycin-D 
(7-AAD) (BD Pharmingen) was added for dead cell dis-
crimination. Immunophenotyping was performed on the 
same cells aliquoted equally into different tubes according 
to experimental design. Stained cells were re-suspended 
in PBS, analysed using FACSCalibur flow cytometer (Bec-
ton Dickinson). The computed data were analysed using 
CellQuestPro software provided by the manufacturer. 

RT-PCR of PLC-MSC
Total RNA was extracted from PLC-MSC, differenti-
ated adipocytes and osteocytes using TRIzol® Reagent 
(Invitrogen, USA). RT-PCR was performed using the 
ImPromII™ Reverse Transcription System (Promega, 
USA) and cDNA and Taq DNA Polymerase kit (Qiagen). 
Genes of  interest were obtained using primers synthe-
sized from EUROGENTEC AIT as shown in Table 1.

Differentiation assay 
PLC-MSC at 100% confluence were induced to differenti-
ate into adipocytes, and osteocytes using MSC Adipogene-
sis Kit and MSC Osteogenesis Kit (CHEMICON). Adipo-
genesis induction medium contained 10% FBS, 1 μmol/L 
dexamethasone, 0.5 mmol/L IBMX, 10 μg/mL insulin, 
100 μmol/L indomethacin, 1% Penicillin and Strepto-
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mycin and 90% DMEM/F12. Osteogenesis induction 
medium consisted of  10% FBS, 0.1 μmol/L dexametha-
sone solution, 0.2 mmol/L ascorbic acid 2-phosphate solu-
tion, 10 mmol/L glycerol 2-phosphate, 1% Penicillin and 
Streptomycin and 87% DMEM/F12. After differentiation, 
the adipocytes and osteocytes were fixed and stained with 
Oil Red O Solution and Alizarin Red Solution respectively. 
Chondrogenesis was induced using a Chondrocyte Dif-
ferentiation Kit (STEMPRO®). Micromass cultures were 
generated by seeding 5 μL (1.6 × 107 cells/mL) droplets 
and were cultured in Chondrogenesis differentiation me-
dium contained fresh 90% STEMPRO® Chondrocyte 
Differentiation Basal Medium and 10% STEMPRO® 
Chondrogenesis Supplements. After 21 d of  cultivation, 
the chondrocytes were fixed and stained with 1% Alcian 
Blue solution and visualized under light microscope. 

Growth Kinetics and doubling time
PLC-MSC (4 × 103 cell/well) were plated into 6-well 
plates and incubated at 37 ℃ in a 5% CO2 humidified 
incubator. Media was changed twice weekly. Triplicates 
of  PLC-MSC were harvested every 2 d until day 14 us-
ing 0.05% trypsin-EDTA and the growth curve of  PLC-
MSC was determined by performing trypan blue exclu-
sion cell counts. About 0.3 × 106 of  MSC from every 
passages were cultured in 100 mm Petri dishes and a 
trypan blue cell count was performed when the cells had 
attained full confluency. The initial seeding, days in cul-
ture and cell yield were recorded and the doubling time 
determined using the Patterson Formula [Td = Tlg2/lg 
(Nt/N0)], Td is the doubling time (h), T is the time taken 
for cells to proliferate from N0 to Nt (hour), and N is the 
cell count. 

T cell proliferation assay
PLC-MSC was co-cultured with T cells at 1:5, 1:10, 1:50 
and 1:100 ratios in a 96 well plate and stimulated with 
phytohemagglutinin (PHA) (Roche). Cultures were incu-
bated for 72 h and pulsed with Tritium thymidine (3H-
TdR) [0.037 MBq/well (0.5 μCi/well) (Perkin Elmer)] 
for the final 18 h of  incubation. At 72 h, cells were har-
vested onto glass fiber filter mats A (Perkin Elmer) using 
a 96 well plate manual cell harvester (MACH IIIM-FM, 
Tomtec, Inc. Hamden, CT USA). Scintillation cocktail 
was added and thymidine incorporation was measured 
by liquid scintillation spectroscopy using the Microbeta 
Trilux β counter (Pelkin Elmer). For transwell assays, T 

cells were physically separated from PLC-MSC by tran-
swell chambers with 1 μm pore size membrane (Becton 
Dickinson).

Statistical analysis
The data were expressed as mean ± SE. The Student t-test 
was performed to compare the values of  two means. Sig-
nificance level was determined as P < 0.05.

RESULTS
PLC-MSC exhibit mesenchymal morphological features
Formation of  heterogeneous monolayer, adherent and 
spindle shaped fibroblast-like cells were observed for PLC-
MSC and an average of  14 d was required for PLC-MSC 
to attain confluence (Figure 1A). The initial growth of  
PLC-MSC cultures at passage 0 (P0) consisted of  two dif-
ferent heterogeneous populations; one with fibroblast-like 
morphology and the other with epithelial-like morphology. 
Upon trypsinisation and sub-cultivation, the epithelial-
like population disappeared from the culture and could no 
longer be found in subsequent passages (Figure 1B). PLC-
MSC were successfully cultured and expanded till P15. 
At early passages, MSC were obtained with well-defined 
smaller sized spindle shaped cells. However, these fea-
tures gradually changed at later passages (P15 onwards). 
PLC-MSC at later passages appeared less defined, larger 
in size, less adherent and produced more debris in the 
culture supernatant (Figure 1C). 

Expression profile of PLC-MSC 
Immunophenotyping of  PLC-MSC was performed from 
P2 to P15. At early passage (P2), more than 90% of  PLC-
MSC were positive for integrin markers (CD29), mesen-
chymal markers (CD105 and CD73), CD90 and major his-
tocompatibility class Ⅰ antigen (MHC Ⅰ) (Figure 2). All 
samples showed negative expression for hematopoietic 
cell markers (CD45 and CD34), co-stimulatory molecules 
(CD80 and CD86) and major histocompatibility class 
Ⅱ antigen (MHC Ⅱ). RT-PCR showed that PLC-MSC 
express embryonic stem cell (ESC) transcriptional factors 
such as Nanog, Sox2, Rex1and Oct4 (Figure 3). Expres-
sion of  these markers was consistent for the subsequent 
passages. 

PLC-MSC differentiate into mesodermal lineages
MSC were induced for adipogenic, osteogenic and chon-
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Table 1  Primers for transcription factors for indicated genes

Gene Forward primer Reverse primer

Nanog AGTCCCAAAGGCAAACAACCCACTTC ATCTGCTGGAGGCTGAGGTATTTCTGTCTC
Sox2 ATGCACCGCTACGACGTGA CTTTTGCACCCCTCCCATTT
Rex-1 CAGATCCTAAACAGCTCGCAGAAT GCGTACGCAAATTAAAGTCCAGA
4-Oct CGACCATCTGCCGCTTTGAG CCCCCTGTCCCCCATTCCTA
Osteopontin GAAGGACAGTTATGAAACGAGT AACATAGACATAACCCTGAAGC
Osteocalcin ATGAGAGCCCTCACACTCCT CAAGGGGAAGAGGAAAGAAG
GAPDH TTGCAACTGTTTTAGGACTTT AGCATTGGGAAATGTTCAAGG
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drogenic differentiation along with standard culture me-
dium as control. Histochemistry evaluation of  PLC-MSC 

in inductive cultures showed their ability to differentiate 
into adipocytes, osteocytes and chondrocytes (Figure 4A). 
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Figure 1  Morphology of placenta mesenchymal stem cells primary cultures. A: The formation of heterogeneous populations of placenta mesenchymal stem 
cells (PLC-MSC) with fibroblastic and epithelioid morphologies at passage 0, P0 until confluence at day 14; B: Homogenous population of PLC-MSC at P1; Disappear-
ance of the epitheloid population and appearance of fibroblast-like cells upon trypsinisation and passaging; C: Comparison of early and late passages of primary MSC 
cultures (C). Photomicrographs taken using phase contrast microscope at magnification 100 ×.
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Adipogenic induction resulted in formation of  lipid vacu-
oles which stained red with Oil-Red-O, whereas osteo-
genic induction resulted in deposition of  calcium miner-
als (stained orangy-red with Alizarin Red). Chondrogenic 
induction resulted in formation of  proteoglycans, stained 
blue by Alcian Blue solution. Images were captured using 
a phase contrast microscope. RNA analysis confirmed 
the osteogenic differentiation of  PLC-MSC as the cells 
in osteogenic induction media expressed mRNA for the 
osteocalcin (OC) and osteopontin (OP) (Figure 4B). 

Growth Kinetics analysis of PLC-MSC
Growth kinetics of  PLC-MSC at early passage P3  
(Figure 5A) showed a shorter lag-phase at day 1-6, fol-
lowed by a rapid log-phase from day 6-12 until a plateau 
was reached. On average, the doubling time of  PLC-
MSC (Figure 5B) was 41 h.

PLC-MSC inhibit stimulated PBMC via cell to cell contact
The effect of  PLC-MSC on T-cell proliferation was eval-
uated by co-culturing MSC with resting or PHA stimu-
lated T lymphocytes and measured by 3H-TdR uptake. As 
shown in Figure 6, PLC-MSC were unable to stimulate 
the resting allogenic T cell but inhibited PHA stimulated 
T cells proliferation in a dose dependent manner. In 
order to determine the mode of  inhibition, PLC-MSC 
were also co-cultured directly and physically separated 
by transwell inserts. T cells proliferation was significantly 
inhibited in direct co-culture whereas in the transwell sys-
tem the suppression of  T cells proliferation was less pro-
found and not statistically significant. Meanwhile, PLC-
MSC conditioned media (supernatant) did not suppress 
the activated T cell proliferation.

DISCUSSION
In this study, we have successfully generated MSC from hu-
man placental tissue by using a combination of  enzymatic 
digestion and mechanical dissociation[24]. The method 
yielded a high number of  nucleated cells upon expansion. 
The MSC population was enriched by plastic adherence as 
the expansion capacity of  MSC are dependent on initial 
plating densities and plastic source for adhesion[25,26]. 
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Figure 3  Gene expression by reverse transcription-polymerase chain 
reaction of placenta mesenchymal stem cells. Placenta mesenchymal stem 
cells express markers of embryonic stem cell transcriptional factors such as 
Nanog, Sox2, Rex-1 and Oct4. GAPDH was used as a reference gene. 100 bp 
DNA ladder was used as a marker.

Figure 2  Immunophenotyping of placenta mesenchymal stem cells by flow cytometry. Adherent placenta mesenchymal stem cells (MSC) were harvested upon 
confluence and stained for MSC cell surface markers using a panel of anti human antibodies. Results represent at least 3 experiments.
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The initial primary culture of  placenta-derived single 
cell suspensions gives rise to a heterogeneous popula-
tion of  mainly fibroblast and epithelial-like morphology 
(Figure 1). This phenomenon, previously reported as a 
heterogeneous population in primary cultures, might be 
due to variations in cultivation method such as culture 
media, growth supplements and other pre-selection crite-
ria[27,28]. However, endothelial-like cells do not contribute 
to the proliferation as they failed to proliferate at P0 and 
were unable to sustain beyond P0 in pre-optimised MSC 
complete media. Others have also reported that upon 
trypsinisation and subsequent sub-culture, the fibroblastic 
cells predominate the primary culture and continued to 
proliferate[29,30]. The growth kinetics measured for epithe-

lial-like cell free cultures showed that the early passages of  
PLC-MSC had rapid growth kinetics and with an average 
doubling time of  PLC-MSC of  41 h (Figure 5). However, 
the growth kinetics of  PLC-MSC at later passage (P15 
onwards) was sluggish; consisting of  pro-longed lag and 
log phases; taking longer to attain confluence and show-
ing higher doubling time in comparison to the earlier pas-
sages (data not shown). 

We also evaluated the morphological changes of  PLC-
MSC throughout the numerous passages. In the early pas-
sages, PLC-MSC appeared to be firmly adherent, smaller 
in size and had a well defined shape. However, this mor-
phology gradually changed as the passages increased. At 
later passages (P15 onwards), PLC-MSC appeared slightly 
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Figure 4  Differentiation potential of placenta mesenchymal stem cells into mesodermal lineages. A: Placenta MSC (PLC-MSC) after 3 wk in adipogenic or 
osteogenic or normal cell culture medium. Formation of lipid droplets (stained red in Oil-Red-O), calcium deposition (stained orangy-red in Alizarin Red) and formation 
of proteoglycans (stained blue in Alcian Blue) confirms the ability to differentiate into mesodermal lineages. The picture was taken using phase contrast microscope at 
100 × magnification. B: PLC-MSC differentiated into osteocytes expresses Osteocalcin (OC) and Osteopontin (OP) (data from two independent experiments). M: 100 
bp DNA ladder; N: Non template control as negative control; C: Control-undifferentiated PLC-MSC; G1: GAPDH for differentiated PLC-MSC; G2: GAPDH for control.
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bigger, elongated, less defined, less proliferative and even-
tually underwent senescence. According to Mareddy et al[31] 
and others, MSC cultures undergo senescence upon ex-
pansion, as indicated by the slow growth and reduced dif-
ferentiation ability of  MSC even though they still express 
normal levels of  MSC surface markers[32]. In line with this, 
although the immunophenotype of  later passage of  PLC-
MSC is unchanged (data not shown), continuous growth 
in culture and trypsinisation may be a major cause for 
loss of  stemness as long term cultures are much inclined 
to spontaneous differentiation. In view of  this, we have 
utilized PLC-MSC from early passages in our downstream 
experiments. However, the changes in morphology due to 
prolonged culture and trypsinisation need to be confirmed 
using karyotype analysis to determine cellular senescence. 

There is no a single marker for depicting MSC. How-
ever, as per recommendation from International Society 
for Cellular Therapy (ISCT), a panel of  antibodies was 
utilised as a minimal criterium to characterise human 
MSC. Dominici et al[33] have defined human MSC by im-
munophenotyping as they co-express CD105, CD73, 
CD90 while lacking expression for CD45, CD34, CD14 
or CD11b, CD79α or CD19 and HLA-DR. Our ex-
panded PLC-MSC cultures met most of  these criteria 
and were non-hematopoietic and non-immunogenic as 

they did not express CD45, CD80, CD86 and MHC class 
Ⅱ (HLA-DR) antigens while they were positive for typi-
cal MSC surface antigens (CD105, CD73, CD29, CD90 
and MHC class Ⅰ-Figure 2). Gene expression was found 
to be similar to that of  BM-MSC and other sources of  
MSC[4,5,21]. PLC-MSC express the distinct surface proteins 
for MSC and at molecular level they also express ESC 
markers; Nanog, Sox2, Rex-1 and Oct4 (Figure 3). Simi-
lar expression patterns were also reported for chorion 
and amnion derived MSC[34]. These ESC markers are es-
sential transcriptional factors and are usually expressed 
by pluripotent cells to maintain their undifferentiated 
state or “stemness”[35,36]. The intrinsic stemness proper-
ties of  PLC-MSC, as measured by surface staining and 
expression of  transcription factors at the molecular level, 
further supports the functional properties of  MSC when 
they directly differentiated into osteoblasts, adipocytes 
and chondrocytes (Figure 4). These findings suggest 
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Figure 6  Dose dependent inhibitory effect of placenta mesenchymal stem 
cells on phytohemagglutinin stimulated PBMC via cell to cell contact. 
A: Peripheral blood mononuclear cells (5 × 105 cells) with or without phytohe-
magglutinin (PHA) stimulation were co-cultured with various ratios of placenta 
mesenchymal stem cells (PLC-MSC) and incubated for 72 h. For the final 18 h 
of the culture, tritium thymidine (3H-TdR) was pulsed into the wells. PLC-MSC 
failed to stimulate proliferation of resting T cells but PLC-MSC inhibited acti-
vated T cells proliferation in a dose dependent mechanism; B: PBMC (2 × 106) 
stimulated with PHA were also co-cultured with 2 × 105 PLC-MSC (direct and 
indirect contact) and MSC conditioned media in a 12 well plate. T cells were 
harvested after 48 h of incubation, plated in 96-well plates and proliferation was 
measured by 3H-TdR on day 3. This result represents the average percentage 
of T cell proliferation ± SD of 3 repeated experiments. aP < 0.05 vs positive 
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that MSC derived from placenta tissues can give rise to 
mesodermal lineages, comparable to other sources of  
MSC[37,38]. However, the utilization of  early passage of  
PLC-MSC is desirable as PLC-MSC are subject to cellular 
ageing.

Despite the normal expression of  MHC class Ⅰ, 
PLC-MSC failed to stimulate the proliferation of  resting 
allogenic T cells. The hypo-immunogenicity of  PLC-MSC 
may be due to the lack of  MHC class Ⅱ and co-stimula-
tory molecule (CD80 and CD86) expression which pre-
vents them from presenting antigens to allogenic T cells. 
Nevertheless, the proliferation of  PHA stimulated T cells 
was found to be dramatically inhibited in a dose depend-
ent manner when co-cultured with MSC at various ratios. 
A similar inhibitory pattern was observed in human bone 
marrow derived MSC[9]. Although the transwell experi-
ments exclude the role of  soluble factors in PLC-MSC 
mediated immunosuppression, a noticeable yet non- sig-
nificant inhibition caused by the autocrine effect of  PLC-
MSC secreting inflammatory cytokines in the presence of  
activated T cells. However, this contradicts other studies 
where soluble factors were also found to inhibit T cells 
profoundly[38,39].

In conclusion, our study has indicated that, upon 
successful expansion, PLC-MSC exhibit similar mesen-
chymal cell surface markers, an MSC-like gene expression 
pattern and MSC-like differentiation potential similar to 
other sources of  MSC. This study indicates that placenta 
tissues have the potential to serve as an alternative to 
bone marrow as a source of  MSC for future use experi-
mental and clinical applications.
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Taos, NM, United States

February 2-3, 2012
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San Diego, CA, United States 

February 16, 2012
The 2012 London Regenerative 
Medicine Event 
London, United Kingdom
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Nuclear Reprogramming and Stem 
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Kyoto, Japan 
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Galveston, TX, United States 
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London, United Kingdom
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CA, United States
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Keystone Symposia: Advances in 
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Monterey, CA, United States
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Edinburgh, United Kingdom
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Aula Nuova del Sinodo
Vatican City, Vatican City 

April 27-29, 2012
2nd Institute of Advanced Dental 
Sciences & Research International 
Conference 2012: Fundamentals of 
Conducting and Reporting Research-
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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 scientists 
and the public. As we all know, the significance of  the publication 
of  scientific articles lies not only in disseminating and communicat-
ing 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  innovative 
achievements published, as well as evaluating research performance 
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  per-
sonal benefits refers to the pursuit of  the maximum personal ben-
efits 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  edito-
rial board members is to give a peer review of  an unpublished sci-
entific article via online office system to evaluate its innovativeness, 
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 reviewers’ 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 OA journal, readers around the world 
can immediately download and read, free of  charge, high-quality, 
peer-reviewed articles from WJSC official website, thereby realizing 
the goals and significance of  the communication between authors 
and peers as well as public reading; (3) Maximization 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 validate 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 wis-
dom to edit and publish high-quality articles, 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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SPECIAL STATEMENT
All articles published in this journal represent the viewpoints of  the 
authors except where indicated otherwise.

Biostatistical editing
Statisital review is performed after peer review. We invite an ex-
pert in Biomedical Statistics 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/esps/. 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:
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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-
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 less than 256 words) and 

structured abstracts (no less than 480). The specific requirements 
for structured abstracts are as follows: 

An informative, structured abstracts of  no less 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 less than 140 words); RESULTS (no 
less 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.
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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 
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-
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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 
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-resolution image 
figures (if  any) should be re-submitted online (http://www.wjgnet.
com/1948-0210office/). The author should send the copyright 
transfer letter, responses to the reviewers, English language Grade B 
certificate (for non-native speakers of  English) and final manuscript 
checklist to wjsc@wjgnet.com.

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, OA, 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. Publication fee: 600 USD per 
article. Editorial, topic highlights, book reviews and letters to the 
editor are published free of  charge.
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