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Abstract
AIM: To establish the potential of poly(3-hydroxybu-
tyrate-co-3-hydroxyhexanoate) (PHBHHx) as a material 
for tendon repair. 

METHODS: The biocompatibility of PHBHHx with both 
rat tenocytes (rT) and human mesenchymal stem cells 
(hMSC) was explored by monitoring adhesive character-
istics on films of varying weight/volume ratios coupled 
to a culture atmosphere of either 21% O2 (air) or 2% 
O2 (physiological normoxia). The diameter and stiffness 
of PHBHHx films was established using optical coher-
ence tomography and mechanical testing, respectively.

RESULTS: Film thickness correlated directly with weight/

volume PHBHHx (r 2 = 0.9473) ranging from 0.1 mm 
(0.8% weight/volume) to 0.19 mm (2.4% weight/vol-
ume). Film stiffness on the other hand displayed a 
biphasic response which increased rapidly at values > 
1.6% weight/volume. Optimal cell attachment of rT 
required films of ≥ 1.6% and ≥ 2.0% weight/volume 
PHBHHx in 2% O2 and 21% O2 respectively. A qualita-
tive adhesion increase was noted for hMSC in films 
≥ 1.2% weight/volume, becoming significant at 2% 
weight/volume in 2% O2. An increase in cell adhesion 
was also noted with ≥ 2% weight/volume PHBHHx in 
21% O2. Cell migration into films was not observed. 

CONCLUSION: This evaluation demonstrates that 
PHBHHx is a suitable polymer for future cell/polymer 
replacement strategies in tendon repair.

© 2012 Baishideng. All rights reserved.

Key words: Mesenchymal stem cell; Tenocytes; Polyhy-
droxyalkanoates; Hypoxia; Poly(3-hydroxybutyrate-co-
3-hydroxyhexanoate)
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INTRODUCTION
Polyhydroxyalkanoates (PHA) are a family of  biopoly-
mers consisting of  polyesters of  many different hydroxy-
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carboxylic acid molecules. Micro-organisms produce 
PHAs as an energy storage molecule when exposed to 
unbalanced growth conditions during culture; for in-
stance, excess lauric acid, limited nitrogen and limited 
phosphorous supply[1]. Originally viewed as replacements 
for traditional petrochemical-derived polymers, PHAs are 
now largely redundant as everyday materials due to the 
prohibitive cost of  large quantity production[1]. There is 
now increased interest in these polymers from the medi-
cal device sector where the earlier prohibitive costs are 
reduced due to the reduced scale of  operations. In addi-
tion, PHAs display relatively high immunotolerance, low 
toxicity and biodegradability which are all crucial for the 
medical device sector[2].

PHBHHx is the designation of  molecules consisting 
of  random co polymers of  3-Hydroxybutyrate and 3-Hy-
droxyhexanoate[3]. It is one of  the few PHA molecules 
that can currently be produced on a large enough scale 
for use in both scientific research and medical device 
construction[4]. PHBHHx has a melting temperature of  
111.7 ℃, a glass transition temperature of  -0.67 ℃, a 
tensile strength of  4.1 MPa, an elongation at break of  
103.8%, and a Young’s modulus of  130.4 MPa, making it 
potentially useful for widespread biomaterial applications 
and different cell types[5,6].

Tendons form the bridge between muscle and bone. 
They are typically slow to repair after injury or disease, 
have a poor blood supply and are relatively acellular when 
compared to other tissues[7]. Tendon is composed mainly 
of  collagen type Ⅰ fibrils arranged in a hierarchical struc-
ture surrounded by a layer of  endotenon[8]. These fas-
cicles come together to form larger and larger subunits, 
eventually forming the complete tendon. The arrange-
ment of  collagen Ⅰ fibrils give the tendon its strength 
in tension. Tenocytes are the major cell group present in 
tendons, making up around 95% of  the cellular mass[9]. 
They are a highly specialized form of  fibroblast and are 
responsible for the maintenance of  tendon extracellular 
matrix (ECM) [collagen Ⅰ (the major component of  
tendon), collagen Ⅲ, collagen Ⅴ, glycosaminoglycans, 
elastin and fibronectin] and for the repair of  tendon tis-
sue, either after injury or as part of  normal physiologi-
cal process[10,11]. Under normal physiological conditions, 
tenocytes are found in small numbers spread between the 
collagen fibrils[10]. 

Human mesenchymal stem cells (hMSCs) are viewed 
as a candidate cell source for tendon tissue engineering 
as, unlike tenocytes, they can be readily sourced, isolated 
and expanded in vitro. The exposure of  hMSCs to exter-
nal tensile forces and/or supplementation with additional 
growth factors can induce differentiation into cells that 
resemble tenocytes in physiological activity and marker 
expression profile have been produced[12,13].

The objective of  this investigation was to monitor and 
quantify the interaction (attachment) and monitor the mi-
gration of  tenocytes and hMSCs with PHBHHx polymer 
films of  a variety of  weight:volume ratios to characterize 
the optimal ratios for use in tissue engineering application. 

Here we show that both cell types adhere to PHBHHx 
films, with tenocytes preferring a thicker, stiffer scaffold, 
whereas MSCs adhered to all PHBHHx films tested, with 
greater adhesion noted in physiological oxygen conditions. 
Migration across, but not into, PHBHHx films was also 
apparent for both rat tenocytes (rT) and hMSC. Taken 
together, this demonstrates that PHBHHx is a suitable 
biomaterial for tendon tissue engineering.

MATERIALS AND METHODS
Cells
Tenocytes were isolated from the Achilles tendon of  8 wk 
old male Wistar rats. The tendon was dissected, minced into 
1 mm sections, and placed onto a dry Petri dish. The ten-
don was allowed to adhere for 1 h before careful addition 
of  5 mL pre-warmed media [DMEM (4.5 g/L glucose) 
(Lonza, UK), 10% Fetal bovine serum (FBS) (Lonza, 
UK), 1% L-Glutamine (L-Glut) (Lonza, UK), 1% non 
essential amino acids (NEAA) (Lonza, UK)], taking care 
not to dislodge tissue pieces. These were then incubated 
under standard conditions for 7 d, during which time 
cells migrated from the tendon tissue onto the petri dish. 
Cells were then expanded in T-75 flasks in either 21% O2 
or 2% O2 using previously described methodologies[14,15].

hMSC were isolated from human bone marrow via 
an adhesion method described elsewhere[16]. hMSC were 
maintained on 10 ng/mL Fibronectin (Lonza, UK) 
coated flasks in DMEM, 5% FBS, NEAA, and L-Glut 
and incubated at 37 ℃, 7% CO2 and either 21% O2 or 2% 
O2. Nitrogen gas was supplied using an N2 generator sup-
plied by Peak Scientific. Culture media was changed twice 
weekly. hMSCs were passaged at 90%-95% confluency 
using Trypsin/EDTA. During experimentation, passage 
numbers of  4 or less were used.

Polymer
PHBHHx [87.9% Hydroxybutyrate (HB), 12.1% Hydroxy-
hexanoate (HHx)] was dissolved in 10 mL chloroform 
(Sigma Alrich, UK), at varying weights (0.08-0.24 g/10 mL) 
at room temperature in a sealed, clean glass tube. Once dis-
solved, 3.2 mL was poured into an open 60 mm glass Petri 
dish and left overnight to ensure complete evaporation. 
Films were then transferred into non-adherent 60 mm 
Petri dishes (Sterilin, UK), one film/dish. Films were 
then washed in 3 mL 70% Ethanol/ 30% distilled H2O for 
3 h, before washing with sterile PBS (Lonza, UK) 3 times. 
The films were dried for 1 h before use. 

Polymer characterization
Polymer thickness was measured using a home built Op-
tical Coherence Tomography (OCT) system according 
to a previously published method[17]. OCT generated im-
ages (laser wavelength interference patterns) were taken 
at random areas of  3 different films, with 3 images taken 
of  each film. Image J analysis software was then used to 
determine thickness.

Stiffness was measured using a BOSE ElectroForce 
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3200 system. Samples were cut to 22 mm × 5 mm ribbons 
and placed into the grips, with 10 mm of  the polymer in 
each grip, leaving a 2 mm initial sample length. This was 
then deformed by 0.5 mm in a uniaxial direction and the 
force required measured. Stiffness was calculated with the 
equation: k = F/δ, where k = stiffness, F = force and δ = 
displacement in single direction of  freedom (i.e., direction 
the force acts in). 

Cell attachment
Following preparation, PHBHHx films were immersed in 
3 mL media containing 3 × 104 cells/mL in non-adher-
ent, 6 well plates (Costar, UK). After 24 h incubation in 
either 21% O2 or 2% O2, films were removed from the 
dishes, gently washed in PBS, placed in a 15 mL centri-
fuge tube and immersed in pre-warmed Trypsin/EDTA 
(Lonza, UK) for 5 min, before quenching with excess 
media and removing the film. The surface of  the non-ad-
herent dish was also washed once with PBS and exposed 
to 1 mL Trypsin/EDTA for 5 min, before quenching 
with excess media. After centrifugation, cell pellets were 
re-suspended and cell counts established from both film 
and non-adherent well by hemocytometer counts of  Try-
pan Blue (Sigma Alrich, UK) positive cells only. A control 
group where cells were seeded into wells containing no 
polymer film was also performed. The combined film 
and well cell counts were treated as 100% and used to 
establish percentage attachment.

Cell migration
Cell migration was measured by labeling cells with DiO 
(Vybrant Multicolor Cell Labeling Kit, Invitrogen, UK) 
and inoculating them as described earlier onto 2% PHB-
HHx films. These were then incubated in a 21% O2 or 2% 
O2 incubator for 24 or 72 h, after which time the media 
was removed, the well washed with PBS, fixed with 4% 
Paraformaldehyde (Sigma Alrich, UK) for 5 min, and 
then re-immersed in PBS. Confocal microscopy (Olympus 
Fluoview, Olympus IX71) was performed to determine 
if  cells had migrated into polymer films, by creating a “z-
stack” representation of  the polymer cross section, giving 
a fluorescent signal where cells are located and allowing 
for a plane of  reference to be made from the images.

Statistical analysis
Results were deemed to be significant if  P ≤ 0.05, or as 
indicated in figure legends using a 2-tailed, paired, Stu-
dents T-test.

RESULTS
Polymer characterization
Films were first characterized by determining both thick-
ness and stiffness. Thickness was determined using OCT 
and Image J analysis software. The thickness of  polymer 
films correlated directly with the initial polymer input (r2 
= 0.947). The 0.8% weight/volume films had an average 
thickness 0.10 ± 0.009 mm, while the 2.4% weight/vol-

ume films had a measured thickness of  0.19 ± 0.018 mm 
(Figure 1A). We next sought to determine the stiffness 
of  the polymer films examined above. Stiffness was de-
termined with mechanical testing with the Bose Electro-
Force 3200 system as described in Materials and Methods. 
The calculated stiffness (resistance to elongation) values 
ranged from 153 ± 42 N/m (0.8% weight/volume 
PHBHHx) to 1706 ± 371 N/m (2.4% weight/volume 
PHBHHx). A biphasic increase in stiffness was observed 
between ≤ 1.6% weight/volume (N/m = 135.24 * 
weight/volume, r2 = 0.9605) and ≤ 1.6% weight/volume 
(N/m = 570 * weight/volume, r2 = 0.9657) A significant 
increase in stiffness was observed between films ≥ 2% 
weight/volume when compared to ≤ 1.6% weight/vol-
ume (P ≤ 0.024) (Figure 1B). 

Cellular attachment
rT seeded onto PHBHHx films in 21% O2 displayed a 
significant increase in film-adherence between 0.8% 
weight/volume (3.87 × 104 ± 2.73 × 104 cells/film) and 
≤ 2.0% weight/volume (≤ 9.47 ± 4.46 cells/film, P 
≤ 0.02). Similarly, the percentage of  cells attached to 
the film in relationship to the overall number of  cells in 
each demonstrated a significant increase between 0.8% 
weight/volume (19.36% ± 4.98%) and ≤ 1.6% weight/
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Figure 1  Characterization of poly(3-hydroxybutyrate-co-3-hydroxyhex-
anoate) films. A: Optical Coherence Tomography and Image J software analy-
sis were used to determine poly(3-hydroxybutyrate-co-3-hydroxyhexanoate) 
(PHBHHx) film thickness. Average ± 1SD shown on graph, n = 9; B: PHBHHX 
film stiffness was measured with the BOSE ElectoForce 3200 system. Average 
± 1 SD shown on graph, n = 3. aIndicates significant increase compared to ≤ 
0.6% weight/volume PHBHHx. Trend lines are indicated by hatched red lines.
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volume (≤ 68.38% ± 7.31%, P ≤ 0.02) (Figure 2B). The 
use of  physiological oxygen (2% O2) in rT PHBBHx film 
adherence and percentage attachment studies yielded 
similar results to above. Significant increases in adherence 
were noted between films of  0.8% weight/volume and 
1.6% weight/volume (0.87 ± 0.42 × 104 vs 8.67 ± 3.84 
× 104 - 13.73 ± 5.36 × 104, P ≤ 0.05) (Figure 2A), dem-
onstrating that rT cells adhere better to substrates with a 
stiffness ≥ 420 N/m. Significant increases in percentage 
cell attachment were also noted between films of  0.8% 
weight/volume (34.37% ± 8.27%) and ≤ 1.6% weight/
volume (≤ 84.36% ± 3.98%, P ≤ 0.01) (Figure 2B). Di-
rect comparison of  attachment profiles in 21% O2 and 2% 
O2 revealed a significant increase in cell attachment to 
1.6% weight/volume films in 2% O2 vs 21% O2 (P = 0.05) 
(Figure 2B). 

hMSC adherence to PHBHHx films with varying 
weight/volume ratios was relatively consistent in 21% 
O2 across all films tested although a significant increase 
was noted between films of  1.2% weight/volume (0.53 
× 104 ± 0.12 × 104 cells/film) and 2% weight/volume 
(0.88 × 104 ± 0.23 × 104 cells/film) (P = 0.04) (Figure 2C). 
When expressed as a percentage of  total cells present 
in the dish (film and well), considerable variability was 
noted. Qualitative increases in cell attachment were noted 
between 1.2% weight/volume (19.7% ± 8.4%) and 2% 

weight/volume (61.1% ± 22.9%) (P = 0.059) (Figure 2D), 
suggesting that hMSCs require a stiffer substrate than rT 
cells for optimal attachment. Reducing atmospheric oxy-
gen to 2% O2 created a qualitative rise in cellular attach-
ment between 0.8% weight/volume (0.73 × 104 ± 0.41 
× 104) and 1.2% weight/volume (1.0 × 104 ± 0.53 × 104) 
(P = 0.63) (Figure 2C). Little variation was seen between 
films where weight/volume ≥ 1.2%. When expressing 
values as a percentage of  total cells present, non signifi-
cant increases were seen between 0.8% weight/volume 
(28.7% ± 11.8%) and 1.2% weight/volume (53.8% ± 
9.7%); however, a significant increase is observed when 
0.8% weight/volume (28.7% ± 11.8%) and 2.4% weight/
volume (77.1% ± 20.6%) (P = 0.03) (Figure 2D) are 
compared. Taken together, this indicated that hMSC cul-
tured in physiological oxygen display an adherence pref-
erence for PHBHHx films with stiffness of  240 N/m (vs 
1220 N/m in 21% O2).

Cellular migration
Our final investigation was intended to determine if  
cells rapidly migrated into PHBHHx films. Based on 
our previous observations, we used a 2% PHBHHx film 
throughout. No tenocyte or MSC migration was observed 
into the polymer film after either 24 or 72 h in either O2 
concentration in either x-z or y-z directions (Figure 3). 
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Figure 2  Cell attachment to poly(3-hydroxybutyrate-co-3-hydroxyhexanoate) films. A: Number of tenocytes attached to poly(3-hydroxybutyrate-co-3-hydroxy-
hexanoate) (PHBHHx) films of varying % weight/volume polymer concentration; B: Tenocyte attachment to films of varying % weight/volume polymer concentration as 
a percentage of total cell number in the well; C: Number of human mesenchymal stem cells (hMSCs) attached to varying % weight/volume concentration of polymer; D: 
hMSCs attachment to films of varying % weight/volume polymer concentration as a percentage of total cell number in the well. Axes are as labeled, error bars indicate 
one standard deviation. aIndicates P ≤ 0.05, bP ≤ 0.02, dP ≤ 0.01 vs ≤ 0.8% weight/volume PHBHHx or as indicated.
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Substantial spreading across the surface of  the PHBHHx 
was apparent after 72 h, indicating its high compatibility 
with tenocytes and hMSCs (Figure 3F).

DISCUSSION
This study demonstrates for the first time that tenocytes 
will adhere to and spread across PHBHHx polymer films 
with a preferred rigidity of  > 420 N/m. This supports 
the assertion of  PHBHHx as a candidate material for 
tendon tissue engineering and adds to the body of  litera-
ture supporting the biocompatibility of  PHBHHx.

PHBHHx has been previously used to culture many 
different cell types. A previous report demonstrated that 
hMSC adherence was greatly improved on PHBHHx 
films when compared to both tissue culture plastic and 
other PHA molecules[6]. Adipose derived MSCs were also 
successfully cultured in 3D PHBHHx scaffolds before 
being stimulated into chondrogenic differentiation[18]. The 
PHBHHx scaffold provided the cells with a suitable ma-
trix for support of  growth and differentiation in vitro and 
when implanted in vivo as evidence by the production of  
cartilaginous ECM, a key requirement of  cartilage tissue 
engineered constructs. ECM is also the key component 
in tendon as it is this, rather than the cellular component, 
that sustains the mechanical load[8]. Therefore, PHBHHx 
can be used as a 3D scaffold to support cells while they 
express and develop an ECM. This support capacity is 
not limited to chondrocytes, as demonstrated by the os-
teogenic differentiation of  rabbit bone marrow derived 
stem cells on PHBHHx providing additional demonstra-

tion of  the polymers applicability for orthopedic applica-
tion use[3].

The proportion of  HHx in the polymer has been pro-
posed as an important modulator of  cell behavior. Prolif-
erative capacity of  rat smooth muscle cells was enhanced 
by 20% HHx although attachment at seeding was optimal 
with 12% HHx[19]. In our study we also found robust at-
tachment of  hMSC and rT to 12% HHx polymer films 
when used at the optimal weight/volume ratio.

Investigation into rT attachment to PHBHHx films 
as a total of  all cells present in the well demonstrates that 
when weight/volume ratios of  ≥ 1.6% were used, virtu-
ally all cells adhered to the film in preference to the un-
treated plastic surface. This can in some part be explained 
by the increase in stiffness of  the polymer film between 
1.6% and 2.0% weight/volume. In other words, increased 
polymer rigidity promoted increased tenocyte adhesion. 
This reinforces a number of  previous studies which 
have demonstrated that material stiffness affects cellular 
behavior in many ways, including adhesion[20-22]. hMSCs 
have previously been shown to adhere to PHBHHx and 
many other different surfaces with differing mechani-
cal properties[3,23,24], explaining why little difference was 
found between polymer concentrations. As cell fate was 
not investigated in this study, it is not known what, if  
any, effect on differentiation potency this had. Ongoing 
3-D tissue engineering experimentation will address these 
questions.

The tendon is poorly vascularized and has a low mean 
oxygen concentration[25]. We therefore performed our 
investigation in both room oxygen (21% O2) and tendon 
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tissue normoxia (2% O2). Previous studies into the effects 
of  different oxygen concentrations on cells have also 
demonstrated enhanced proliferation, enhanced clonoge-
nicity, reduced karyotypic abnormalities, reduced spon-
taneous differentiation, altered transcriptional profiles, 
and altered FTIR profiles across numerous cell types, 
including hMSCs[14,15,26-28]. When comparing 2% O2 with 
21% O2, only small differences were found between cell 
number or percentage attachment at the same PHBHHx 
concentration for either cell type. A qualitative increase 
was observed in tenocytes (≥ 1.6% weight/volume) in 
21% O2 over 2% O2; however, this was not significant. 
For reasons we do not fully understand, we observed 
large standard deviations in a number of  2% O2 sample 
groups, which could be contributing to this. It should be 
noted that little difference in the percentage of  cells at-
tached to the polymer were observed between the differ-
ing oxygen conditions, demonstrating that oxygen tension 
was not effecting cellular attachment to the films per se 
but was rather reducing the population of  cells available 
for attachment. hMSCs were generally noted to adhere 
better in hypoxic conditions to all polymer film composi-
tions; however, no significant rises were found, possibly 
due to large inter-group deviations. To our knowledge, 
this is the first study looking into the in vitro effects of  
oxygen tension on the interaction of  primary mammalian 
cells with polyhydroxyalkanoate scaffolds.

Cell spreading was monitored across polymer surfaces 
in the absence of  mechanical stimuli or directional forces 
over a period of  72 h by marking cells with fluorescent 
tracker dye (DiO). This method was essential due to poly-
mer opacity. After 24 h, the cells were clumped together 
on the surface of  the polymer. This behavior is not un-
common in cell culture and can be explained by the cells 
not being separated sufficiently when re-suspending after 
centrifugation. After 72 h, the cells were seen to move 
apart from each other, filling the available space on the 
polymer. Yang et al[29] found that mouse islet cells showed 
increased metabolic activity when cells were cultured on 
PHBHHx when compared to tissue culture plastic and 
Poly Lactic Acid. This investigation also looked into cell 
migration across a PHBHHx film surface, finding that 
cells were moving from an even distribution to clump 
together to start to form functional units. These find-
ings agree with this work that cell locomotion is possible 
across PHBHHx surfaces.

DiO and other similar dyes used for tracking cells can 
be expelled by the ABCG2 multi-drug transporter path-
way[30]. hMSC retained dye more efficiently than tenocytes 
although both had undergone reductions in intensity 
after 72 h, suggesting that the dye had been exocytosed. 
Migration into the polymer surface was measured with 
confocal microscope generated z-stacks, allowing for 
cross sectional views to be created in both the x-z and 
y-z directions. Cells were always found to be in one plane 
of  view, with no further fluorescent signatures being 
seen above or below the single plane. This indicated that 
the cells remained on the surface of  the polymer as op-

posed to migrating into it, indicating that localized poly-
mer degradation had not occurred over the time period 
tested. This observation is reinforced by previous reports 
which state that PHBHHx is broken down in vivo[31] and 
in vitro[32] at very slow rates via hydrolysis. Further inves-
tigation of  cell migration into and across PHBHHx sur-
faces could potentially form the basis of  a mathematical 
modeling study; however, this is beyond the scope of  this 
investigation.

This investigation demonstrates that tenocytes and 
hMSCs can adhere to and spread across PHBHHx films 
over 24 and 72 h time periods. Film scaffolds fabricated 
with ≥ 1.6% weight/volume polymer/solvent, with a 
stiffness ≥ 420 N/m are the most effective in supporting 
this activity with rT cells; however, hMSCs displayed a 
capacity for adhesion to all polymer films of  stiffness ≥ 
240 N/m. Physiological normoxia increased hMSC adhe-
sion to most PHBHHx films; however, no significant dif-
ferences were seen due to large intergroup variation and 
little effect was observed on rT cell adhesion. PHBHHx 
can now be considered to be a potential material for use 
in future tendon tissue engineering application. 
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COMMENTS
Background
Tendon injury is an increasing problem in medical science due to the very slow 
rate at which damaged tendon repairs. Current surgical repair techniques can 
be ineffective in some cases. As a result, tissue engineering is seen as a viable 
option in tendon repair. Previous studies into the effectiveness of alternative 
replacement materials to tendon are starting to show good results; however, 
a perfect solution is yet to be found. Poly(3-hydroxybutyrate-co-3-hydroxyhex-
anoate) (PHBHHx) has been shown to support several cell types, but as yet 
tendon cells have not been investigated.
Research frontiers
Current research into tendon tissue engineering focuses on finding materials 
that can support cellular adhesion while at the same time being able to with-
stand the high mechanical forces transmitted through tendons, restoring func-
tion at a faster rate than would otherwise be possible.
Innovations and breakthroughs
This investigation has for the first time looked into the interaction of PHBHHx 
with rat tenocytes (rT) and the effect of PHBHHx scaffold stiffness on human 
mesenchymal stem cells (hMSCs). It has also looked at how atmospheric oxy-
gen effects PHBHHx/cell interaction. 
Applications
This research provides the basis for further investigation of Polyhydroxyalkano-
ate polymer molecules in the field of tendon tissue engineering. This is an excit-
ing development, as PHA molecules, specifically PHBHHx, are renowned for 
their long term mechanical integrity and biocompatibility in vivo.
Terminology
PHBHHx: is a natural polymer produced as an intracellular energy storage 
molecule by bacteria in certain conditions. hMSC: are pre curser cells to many 
different tissue types in the body, including bone, cartilage, skeletal muscle and 
tendon. rT: Rat Tendon cell (tenocyte) are cells isolated from tendon from adult 
rats. OCT: Optical Coherence Tomography is a laser based system used for 
investigating thin sections of materials or the upper layers of block materials.
Peer review
The manuscript is a brief research communication reporting mainly attachment 
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of MSC and tenocyte to poly(3-hydroxybutyrate-co-3-hydroxyhexanoate) (or 
PHBHHx) films. The adhesive properties of both cell types were examined in 
relationship to varying weight/volume ratios of PHBHHx and O2 tension. The 
manuscript by Lomas et al demonstrates that rT and human MSCs adhere to 
and migrate on PHBHHx. The work is noteworthy due to the fact that PHBHHx 
is one of the few polymers that can be produced on a large scale and also has 
properties suitable for medical use.

REFERENCES
1	 Chen GQ. A microbial polyhydroxyalkanoates (PHA) based 

bio- and materials industry. Chem Soc Rev 2009; 38: 2434-2446 
2	 Chen GQ, Wu Q. The application of polyhydroxyalkano-

ates as tissue engineering materials. Biomaterials 2005; 26: 
6565-6578

3	 Wang YW, Wu Q, Chen GQ. Attachment, proliferation and 
differentiation of osteoblasts on random biopolyester poly(3-
hydroxybutyrate-co-3-hydroxyhexanoate) scaffolds. Biomate-
rials 2004; 25: 669-675

4	 Chen GQ, Zhang G, Park SJ, Lee SY. Industrial scale pro-
duction of poly(3-hydroxybutyrate-co-3-hydroxyhexanoate). 
Appl Microbiol Biotechnol 2001; 57: 50-55

5	 Bian YZ, Wang Y, Aibaidoula G, Chen GQ, Wu Q. Evalu-
ation of poly(3-hydroxybutyrate-co-3-hydroxyhexanoate) 
conduits for peripheral nerve regeneration. Biomaterials 2009; 
30: 217-225

6	 Hu YJ, Wei X, Zhao W, Liu YS, Chen GQ. Biocompatibil-
ity of poly(3-hydroxybutyrate-co-3-hydroxyvalerate-co-3-
hydroxyhexanoate) with bone marrow mesenchymal stem 
cells. Acta Biomater 2009; 5: 1115-1125

7	 Bullough R, Finnigan T, Kay A, Maffulli N, Forsyth NR. 
Tendon repair through stem cell intervention: cellular and 
molecular approaches. Disabil Rehabil 2008; 30: 1746-1751 

8	 Kannus P. Structure of the tendon connective tissue. Scand J 
Med Sci Sports 2000; 10: 312-320

9	 Schulze-Tanzil G, Mobasheri A, Clegg PD, Sendzik J, John T, 
Shakibaei M. Cultivation of human tenocytes in high-density 
culture. Histochem Cell Biol 2004; 122: 219-228

10	 Richardson LE, Dudhia J, Clegg PD, Smith R. Stem cells in 
veterinary medicine--attempts at regenerating equine tendon 
after injury. Trends Biotechnol 2007; 25: 409-416

11	 Bernard-Beaubois K, Hecquet C, Houcine O, Hayem G, 
Adolphe M. Culture and characterization of juvenile rabbit 
tenocytes. Cell Biol Toxicol 1997; 13: 103-113

12	 Wang QW, Chen ZL, Piao YJ. Mesenchymal stem cells dif-
ferentiate into tenocytes by bone morphogenetic protein 
(BMP) 12 gene transfer. J Biosci Bioeng 2005; 100: 418-422 

13	 Krampera M, Pizzolo G, Aprili G, Franchini M. Mesenchy-
mal stem cells for bone, cartilage, tendon and skeletal muscle 
repair. Bone 2006; 39: 678-683

14	 Forsyth NR, Musio A, Vezzoni P, Simpson AH, Noble BS, 
McWhir J. Physiologic oxygen enhances human embryonic 
stem cell clonal recovery and reduces chromosomal abnor-
malities. Cloning Stem Cells 2006; 8: 16-23

15	 Forsyth NR, Kay A, Hampson K, Downing A, Talbot R, Mc-
Whir J. Transcriptome alterations due to physiological nor-
moxic (2% O2) culture of human embryonic stem cells. Regen 
Med 2008; 3: 817-833

16	 Wimpenny I, Hampson K, Yang Y, Ashammakhi N, Forsyth 
NR. One-step recovery of marrow stromal cells on nanofi-
bers. Tissue Eng Part C Methods 2010; 16: 503-509

17	 Ahearne M, Wilson SL, Liu KK, Rauz S, El Haj AJ, Yang 
Y. Influence of cell and collagen concentration on the cell-
matrix mechanical relationship in a corneal stroma wound 
healing model. Exp Eye Res 2010; 91: 584-591

18	 Ye C, Hu P, Ma MX, Xiang Y, Liu RG, Shang XW. PHB/PH-
BHHx scaffolds and human adipose-derived stem cells for 
cartilage tissue engineering. Biomaterials 2009; 30: 4401-4406 

19	 Qu XH, Wu Q, Liang J, Zou B, Chen GQ. Effect of 3-hy-
droxyhexanoate content in poly(3-hydroxybutyrate-co-3-
hydroxyhexanoate) on in vitro growth and differentiation of 
smooth muscle cells. Biomaterials 2006; 27: 2944-2950

20	 Sharma RI, Snedeker JG. Biochemical and biomechanical 
gradients for directed bone marrow stromal cell differentia-
tion toward tendon and bone. Biomaterials 2010; 31: 7695-7704 

21	 Chatterjee K, Lin-Gibson S, Wallace WE, Parekh SH, Lee YJ, 
Cicerone MT, Young MF, Simon CG. The effect of 3D hydro-
gel scaffold modulus on osteoblast differentiation and min-
eralization revealed by combinatorial screening. Biomaterials 
2010; 31: 5051-5062

22	 Georges PC, Janmey PA. Cell type-specific response to 
growth on soft materials. J Appl Physiol 2005; 98: 1547-1553 

23	 Chen JL, Yin Z, Shen WL, Chen X, Heng BC, Zou XH, Ouy-
ang HW. Efficacy of hESC-MSCs in knitted silk-collagen 
scaffold for tendon tissue engineering and their roles. Bioma-
terials 2010; 31: 9438-9451

24	 Lyons FG, Al-Munajjed AA, Kieran SM, Toner ME, Murphy 
CM, Duffy GP, O’Brien FJ. The healing of bony defects by 
cell-free collagen-based scaffolds compared to stem cell-
seeded tissue engineered constructs. Biomaterials 2010; 31: 
9232-9243

25	 Doral MN, Alam M, Bozkurt M, Turhan E, Atay OA, Dön-
mez G, Maffulli N. Functional anatomy of the Achilles ten-
don. Knee Surg Sports Traumatol Arthrosc 2010; 18: 638-643 

26	 Pijanka JK, Kumar D, Dale T, Yousef I, Parkes G, Untereiner 
V, Yang Y, Dumas P, Collins D, Manfait M, Sockalingum 
GD, Forsyth NR, Sulé-Suso J. Vibrational spectroscopy dif-
ferentiates between multipotent and pluripotent stem cells. 
Analyst 2010; 135: 3126-3132

27	 Holzwarth C, Vaegler M, Gieseke F, Pfister SM, Handgret-
inger R, Kerst G, Müller I. Low physiologic oxygen tensions 
reduce proliferation and differentiation of human multipo-
tent mesenchymal stromal cells. BMC Cell Biol 2010; 11: 11 

28	 Ezashi T, Das P, Roberts RM. Low O2 tensions and the pre-
vention of differentiation of hES cells. Proc Natl Acad Sci USA 
2005; 102: 4783-4788 

29	 Yang XD, Li HM, Chen M, Zou XH, Zhu LY, Wei CJ, Chen 
GQ. Enhanced insulin production from murine islet beta 
cells incubated on poly(3-hydroxybutyrate-co-3-hydroxy-
hexanoate). J Biomed Mater Res A 2010; 92: 548-555

30	 Sales-Pardo I, Avendaño A, Barquinero J, Domingo JC, 
Marin P, Petriz J. The Hoechst low-fluorescent profile of the 
side population: clonogenicity versus dye retention. Blood 
2006; 108: 1774; author reply 1774-1775

31	 Qu XH, Wu Q, Zhang KY, Chen GQ. In vivo studies of 
poly(3-hydroxybutyrate-co-3-hydroxyhexanoate) based 
polymers: biodegradation and tissue reactions. Biomaterials 
2006; 27: 3540-3548

32	 Liu Q, Chen GQ. In vitro biocompatibility and degradation 
of terpolyester 3HB-co-4HB-co-3HHx, consisting of 3-hy-
droxybutyrate, 4-hydroxybutyrate and 3-hydroxyhexanoate. 
J Biomater Sci Polym Ed 2008; 19: 1521-1533

S- Editor  Wang JL    L- Editor  Roemmele A    E- Editor  Zheng XM

Lomas AJ et al . PHBHHx supports hMSC and tenocyte adhesion



ACKNOWLEDGMENTS

Acknowledgments to reviewers of World Journal of 
Stem Cells

We acknowledge our sincere thanks to our reviewers. Many 
reviewers have contributed their expertise and time to the 
peer review, a critical process to ensure the quality of  our 
World Series Journals. Both the editors of  the journals and 
authors of  the manuscripts submitted to the journals are 
grateful to the following reviewers for reviewing the articles 
(either published or rejected) over the past period of  time.

�

Online Submissions: http://www.wjgnet.com/esps/
wjsc@wjgnet.com
www.wjgnet.com

World J Stem Cells  2012 September 26; 4(9): I
ISSN 1948-0210 (online)

© 2012 Baishideng. All rights reserved.

         September 26, 2012|Volume 4|Issue 9|

Markus Frank, MD, Assistant Professor, Harvard Medical 
School, Transplantation Research Center, Children's Hospital 
Boston, Enders Research Building Room 816, 300 Longwood 
Avenue, Boston, MA 02115, United States

Alice Pébay, PhD, Centre for Neuroscience and Department 
of  Pharmacology, University of  Melbourne, Parkville VIC 
3010, Australia

Zhong-Chao Han, MD, PhD, Professor, Institute of  He-
matology, Chinese Academy of  Medical Sciences and Peking 
Union Medical College, Tianjin 300020, China

Hiroyuki Miyoshi, PhD, Subteam for Manipulation of  Cell 
Fate, BioResourceCenter, RIKEN, 3-1-1 Koyadai, Tsukuba, 
Ibaraki 305-0074, Japan

Heli Teija Kristiina Skottman, PhD, Academy of  Finland Re-
search fellow, Regea Institute for Regenerative medicine, Univer-
sity of  Tampere, Finland, Biokatu 12, 33520 Tampere, Finland

Soren Paludan Sheikh, MD, PhD, Professor, Department 
of  Biochemistry, Pharmacology and Genetics, Odense Univs-

ersity Hospital, University of  Southern Denmark, Sdr. Boule-
vard 29, DK 5000, Denmark

Ludwig Aigner, PhD, Professor, Institute of  Molecular 
Regenerative Medicine, Paracelsus Medical University, Struber-
gasse 21, A-5020 Salzburg, Austria

Borhane Annabi, PhD, Professor, Department of  Chemis-
try, Biomed Research Centre, Université du Québec à Montréal 
Montreal, Quebec, H2X 2J6, Canada

Denis Corbeil, PhD, Tissue Engineering Laboratories, Bio-
tec, Medical Faculty, Technical University of  Dresden, Tatz-
berg 47-49, 01307 Dresden, Germany

Mieke Geens, PhD, EMGE, UZ Brussel, Laarbeeklaan 101, 
1090 Jette, Brussels, Belgium

Xiao-Yan Jiang, MD, PhD, Associate Professor, Medical 
Genetics, University of  British Columbia, Senior Scientist, 
Terry Fox Laboratory, BC Cancer Agency Research Centre, 
675 West 10th Avenue, Vancouver, BC V5Z 1L3, Canada

John F Zhong, PhD, Assistant Professor, School of  Medi-
cine, University of  Southern California, 2025 Zonal Ave, RMR 
210, Los Angeles, CA 90033, United States

Hong Yu, PhD, Miami VA Health Care System, 1201 NW 
16th St, Research 151, Miami, FL 33125, United States

Andre Van Wijnen, PhD, Department of  Cell Biology, Rm 
S3-322, University of  Massachusetts Medical School, 55 Lake 
Avenue North, Worcester, MA 01655, United States

WJSC|www.wjgnet.com



Events Calendar 2012
January 22-27, 2012
Keystone Symposia: Cardiovascular 
Development and Regeneration 
Taos, NM, United States

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

February 16, 2012
The 2012 London Regenerative 
Medicine Event 
London, United Kingdom

February 23, 2012
CiRA Symposium: Advances in 
Nuclear Reprogramming and Stem 
Cell Research 
Kyoto, Japan 

February 26 - March 2, 2012
Gordon Research Conference: 
Reprogramming Cell Fate
Galveston, TX, United States 

March 9, 2012
Cell Culture Technology: Recent 
Advances, Future Prospects
London, United Kingdom

March 11-16, 2012 
Keystone Symposia: The Life of a 
Stem Cell: From Birth to Death 
Olympic Valley (Lake Tahoe), 
CA, United States

March 25-30, 2012
Keystone Symposia: Advances in 
Islet Biology 
Monterey, CA, United States

March 28-29, 2012
Single Cell Analysis Europe
Edinburgh, United Kingdom

April 1 - 6, 2012 
Keystone Symposia: Mechanisms 
of Whole Organ Regeneration, 
joint with Regenerative Tissue 
Engineering and Transplantation 
Breckenridge, CO, United States

April 25-28, 2012 
3rd International Congress on 
Responsible Stem Cell Research 
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-
-Biological, Pharmaceutical, Medical 
& Dental Sciences
University of the Punjab, Lahore, 
Pakistan

April 29 - May 2, 2012
3rd International Conference on 
Stem Cell Engineering (ICSCE) 
Co-organized by the Society for 
Biological Engineering (SBE) and the 
ISSCR 
Seattle, WA, United States

April 30, 2012 
Stem Cells to Tissues 
Boston, MA, United States

April 30, 2012
Regenerative Biology: From Stem 
Cells to Tissues
The Joseph B Martin Conference 
Center, Harvard Medical School 
Boston, MA, United States

April 30-May 2, 2012 
Till & McCulloch Meetings
Montreal, QC, Canada

May 18, 2012 
The 2012 Stem Cell Discussion 
Forum 
London, United Kingdom 

May 21-22, 2012 
Driving Stem Cell Research Towards 
Therapy. 
Edinburgh, United Kingdom 

June 5-8, 2012
18th Annual International Society 
for Cellular Therapy Meeting
Washington, DC, United States

June 13-16, 2012
International Society for Stem Cell 
Research 10th Annual Meeting
Yokohama, Japan

June 25-27, 2012
The Stem Cell Niche - development 
and disease 
Copenhagen, Denmark 

June 27-28, 2012
Bioprocessing & Stem Cells Europe 
London, United Kingdom 

June 28-29, 2012
Origins of Tissue Stem Cells
Edinburgh, United Kingdom

July 9-11, 2012
Stem Cells in Cancer - 2nd annual 
Cambridge Stem Cell International 
Symposium 
Cambridge, United Kingdom

July 15-18, 2012
39th Annual Meeting & Exposition 
of the Controlled Release Society
Smart Materials - From Innovation 
to Translation
Centre des Congrès de Québec, 
Québec City, Canada

August 29 - September 1, 2012
EMBL Conference: Stem Cells in 
Cancer and Regenerative Medicine 
Heidelberg, Germany 

September 5-8, 2012
TERMIS World Congress 2012 
Vienna, Austria

October 15-17 2012
13th World Congress of the 
International Society for Diseases of 
the Esophagus
Venice, Italy

November 6, 2012
Stem Cells and Metabolism
The Salk Institute of Biological 
Studies La Jolla, 
CA, United States
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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.

Name of journal
World Journal of  Stem Cells

ISSN
ISSN 1948-0210 (online)

Editor-in-Chief
Oscar Kuang-Sheng Lee, MD, PhD, Professor, Medical Research 
and Education of  Veterans General Hospital-Taipei, No. 322, Sec. 2, 
Shih-pai Road, Shih-pai, Taipei, 11217, Taiwan, China

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
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Instructions to authors

E-mail: wjsc@wjgnet.com
http://www.wjgnet.com
Telephone: +86-10-85381891
Fax: +86-10-85381893

Indexed and Abstracted in 
PubMed Central, PubMed, Digital Object Identifier, and Directory 
of  Open Access Journals.

Published by
Baishideng Publishing Group Co., Limited

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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Instructions to authors

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.

Acknowledgments
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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. 
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