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Elevated expression of pleiotrophin in human hypertrophic scars
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Abstract Hypertrophic scar (HS) is a cutaneous fibrotic
disorder characterized by persistent inflammation, exces-
sive proliferation of fibroblasts, and abundant accumulation
of extracellular matrix (ECM) proteins. Pleiotrophin (PTN)
is a highly conserved and secreted ECM-associated protein
that belongs to a novel family of heparin-binding cytokines
with multiple biological functions. The aim of this study
was to detect and compare the expression and localization
of PTN in HS tissues and normal skin tissues. Surgically
removed HS tissue samples and site-matched normal skin
specimens were obtained from 18 patients during the scar
excision and reconstructive surgery. Semi-quantitative RT-
PCR, Western blot analysis and immunohistochemistry
were used to determine PTN gene expression and locali-
zation in skin tissues. Compared with the normal skin tis-
sues, PTN was highly expressed at both mRNA and protein
levels in HS tissues (P < 0.01). In immunohistochemical
staining, PTN protein was localized in the cells of both
epidermis and dermis in skin tissues, and there were
increased staining intensity of PTN in HS tissues than in
normal skin samples. In conclusion, elevated expression of
PTN is likely to be involved in the pathogenesis of HS.
Further studies are still required to elucidate the exact role
of PTN in HS formation.
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Introduction

Hypertrophic scar (HS) is a cutaneous fibrotic disorder that
occurs usually within 8 weeks following wound closure with
excess tension, wound infection, hypoxia, or other traumatic
skin injury (Niessen et al. 1999). In addition to a cosmetic
concern, HS is frequently associated with symptoms of pain,
pruritus, contractures, and other functional problems (Bock
et al. 2006). Despite considerable research efforts in recent
years, the underlying pathophysiology of HS remains to be
elucidated. It is, however, generally accepted that persistent
inflammation, excessive proliferation of fibroblasts, and
abundant accumulation of extracellular matrix (ECM) pro-
teins are key processes in the formation of HS (Tredget et al.
1997; Gauglitz et al. 2011). Therefore, understanding the
changes in ECM molecules and cytokines involved in these
processes may provide valuable information about the
pathophysiology of this disease.

Pleiotrophin (PTN) (also known as heparin-binding
growth-associated molecule [HB-GAM] or osteoblast spe-
cific factor-1 [OSF-1]) is a highly conserved and secreted
ECM-associated protein that belongs to a novel family of
heparin-binding cytokines with similar biological activities
(Deuel et al. 2002). PTN was initially described as a growth
factor produced by the bovine uterus (Milner et al. 1989) and
as a neurite outgrowth promoting factor present in the neo-
natal rat brain (Rauvala 1989). Subsequent studies showed
that PTN is strongly expressed in multiple tissues during
later stages of embryogenesis, suggesting a critical role of
PTN in development (Vanderwinden et al. 1992). Recently,
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considerable accumulated evidence suggests that activation
of PTN is involved in various physiopathological processes,
such as angiogenesis (Perez-Pinera et al. 2008), odonto-
genesis (Erlandsen et al. 2012), atherosclerosis (Li et al.
2010), bone formation (Imai et al. 2009), peritoneal fibrosis
(Yokoi et al. 2012), wound healing (Florin et al. 2005), and
tumorigenesis (Papadimitriou et al. 2009). In particular,
Florin et al. have reported that PTN exerts a mitogenic effect
on primary human keratinocytes, and activation of PTN is
observed during cutaneous wound healing in vivo (Florin
et al. 2005). Furthermore, PTN has been shown to trigger
inflammation and increased peritoneal permeability, thereby
leading to peritoneal fibrosis (Yokoi et al. 2012). Given the
role of PTN in growth- and inflammation-promoting activ-
ities, it is possible to hypothesize that the expression of PTN
may be changed in HS tissues.

In the present study, we analyzed the expression of PTN
in the specimens of HS and normal skin samples from 18
patients by using semi-quantitative RT-PCR, Western blot
analysis, and immunohistochemistry. Our data showed
increased expression of PTN in HS specimens compared to
the normal skin tissues, suggesting that PTN is likely to be
involved in the pathophysiology of HS.

Materials and methods
Patients and clinical specimens

Surgically excised HS tissue samples and site-matched
normal skin specimens were obtained from 18 patients who
received scar excision and reconstructive surgery at
6—12 months after thermal injury. These patients consisted
of 7 male and 11 female, with a median age of 32 years
(range, 12-79 years). None of these patients received
preoperative glucocorticosteroids or radiotherapy. All the
scars were in proliferative phase confirmed pathologically.
All tissues were divided into two proportions, one
immersed in 10 % formalin solution for histopathological
examination and immunohistochemistry, and the remaining
part in liquid nitrogen for semi-quantitative RT-PCR and
Western blot analysis. Written informed consent was
obtained from either patients or their guardians, and this
study was approved by the Ethics Committee of The
General Hospital of Shenyang Military Area Command.

Histological examination

Skin tissues were fixed in 10 % formalin solution over-
night, embedded in paraffin, and sectioned with a thickness
of 5 um. The tissue sections were placed on slides and
stained with routine haematoxylin and eosin (H&E) for
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histology and Mason’s Trichrome for distribution of col-
lagen. The slides were then viewed under a light micro-
scope (BA400 Binocular Microscope; Motic, Xiamen,
China).

Immunohistochemistry

Paraffin-embedded tissue sections were pretreated at 60 °C
for 2 h, deparaffinized in xylene, and hydrated gradually
through a series of graded ethanol. Thereafter, antigen
retrieval was carried out by microwaving the sections in
10 mmol/1 citrate buffer (pH 6.0) for 10 min, and endog-
enous peroxidase activity was blocked by using 0.3 %
hydrogen peroxide in methanol. The sections were treated
with 10 % normal goat serum to reduce non-specific
binding, and then incubated with a goat polyclonal anti-
body against human PTN (1:100 diluted; Santa Cruz Bio-
technology, Santa Cruz, CA, USA) in a humidified
chamber at 4 °C overnight, followed by the corresponding
streptavidin-biotinylated secondary antibody. Finally,
immunolabeled sections were visualized by using 3,
3/-diaminobenzidine (DAB), then counterstained with
hematoxylin, dehydrated, and mounted. Negative controls
were achieved by an isotype matched IgG in each of the
immunostaining.

Semi-quantitative RT-PCR

Total RNA was isolated from frozen tissue samples using the
RNA simple total-RNA kit (Tiangen, Beijing, China)
according to the manufacturer’s instructions. One micro-
gram of total RNA from each sample was reverse-tran-
scribed to single-strand cDNA with an oligo dT primer.
Semi-quantitative RT-PCR was performed in a final volume
of 20 pl of containing 2 pl of 10 x Taq buffer, 0.5 M of
forward and reverse primers, 1.6 pl of dNTPs, 0.1 pl of Taq
polymerase (Tiangen), and 1 pl of template cDNA. The
forward and reverse primers were 5-TCTCCATT
TCCCTTCCGTTCC-3’ and 5'-AGGTTGCTACCGCTGA
GTCC-3' for the target gene PTN and were 5'-CTTAGTTG
CGTTACACCCTTTCTTG-3' and 5'-CTGTCACCTTCAC
CGTTCCAGTTT-3' for the reference gene f-actin. The
PCR products were visualized by electrophoresisona 1.5 %
agarose gel stained with ethidium bromide.

Western blot analysis

Total proteins were isolated from frozen tissues using
ice-cold radioimmunoprecipitation (RIPA) lysis buffer
(Beyotime Institute of Biotechnology, Haimen, China),
and concentrations of soluble proteins were quantified using
the Bradford method. Equal amounts of protein were
separated on sodium dodecyl sulfate polyacrylamide gel
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electrophoresis (SDS-PAGE) and electrotransferred to
polyvinylidene fluoride (PVDF) membranes (Millipore,
Bedford, MA, USA) using a semi-dry transfer apparatus. The
membranes were blocked with 5 % skimmed milk at room
temperature for 2 h and then immunoblotted overnight at
4 °C with anti-PTN polyclonal antibody (1:1,000 diluted;
Santa Cruz Biotechnology) or anti- f-actin antibody (dilution
1: 5,000, Sigma, St. Louis, MO, USA), followed by incu-
bation with their respective horseradish peroxidase-conju-
gated secondary antibodies. Antibody binding was probed
using an ECL plus chemiluminescence kit (Millipore) and
visualized by exposing membranes to X-ray films. The
intensity of the bands was then quantified by densitometric
analysis and normalized to the loading control $-actin.

Statistical analysis

All data are presented as mean =+ standard deviation (SD),
and raw data were analyzed by the unpaired Student t test
using SPSS 13.0 software (SPSS Inc., Chicago, IL, USA).
The values of P less than 0.05 were considered statistically
significant.

Results
Morphological characteristics of HS tissues

Specimens were obtained from patients who developed
clinical signs of HT including thickened, hyperemic,
raised, pruritic, and itchy scars confined to the site of
injury. Site-matched normal skin samples from the same
patients were served as controls. Histological observations
were conducted in both HS and normal skin tissues, and
histological characteristics of HT compared with normal
skin are illustrated in Fig. 1. H&E staining showed a thick
layer of keratinocytes in epidermis and an abundance of
dermal cell density in HS specimens (Fig. 1a), whereas a
thin epidermal layer and less dense of cells were found in
normal skin samples (Fig. 1b). Masson’s staining also
revealed that the typical feature of HS tissues was fibrosis
characterized by excessive accumulation of ECM resulting
from the excessive of hypercellularity proliferation in
dermis (Fig. 1c). The collagen fibers appeared flexible and
arranged in a network in normal skins (Fig. 1d), while the
collagen fibers appeared swirl-shaped in thick collagen
fibers instead of a network in HS tissues (Fig. 1c). More-
over, in HS tissues, loosely packed collagen fiber bundles
showed to be thicker with a parallel noodle-shaped struc-
ture oriented in one direction (Fig. Ic). In contrast, in
normal skin, thin collagen fibers were organized in a bas-
ket-weave orientation throughout the connective tissue
(Fig. 1d).

High expression of PTN in HS tissues compared
with matched normal tissues

Immunohistochemical staining showed that PTN protein
was localized in the cells of both epidermis and dermis in
skin tissues. In comparison to normal skin tissues, which
showed scarce PTN staining in the cells of both epidermis
and dermis (Fig. 2b), HS tissues exhibited intensive PTN
positive staining in epidermal and dermal layer as well as
the extracellular matrix (Fig. 2a). To further clarify the
above findings, mRNA and protein levels of PTN in all the
tissues were analyzed by semi-quantitative RT-PCR and
Western blot analysis, respectively. As shown in Fig. 3a
and b, the relative expression of PTN mRNA in HS tissues
was markedly higher than that in the normal skin samples
(P < 0.01). Figure 3c shows representative blots of PTN
protein expression by Western blot analysis. f-actin
expression was used as the internal control for each sample.
Relative band densities for PTN expression after normal-
ized by f-actin expression is shown in Fig. 3d. The results
of Western blot analysis revealed that the protein expres-
sion levels of PTN were significantly up-regulated in HS
tissues compared with normal skins (P < 0.01). Taken
together, our data suggest that elevated expression of PTN
is likely to be involved in the pathogenesis of HS.

Discussion

In this study, we investigated the expression of PTN
mRNA and protein, and observed the differential expres-
sion of PTN between HS and normal skin tissues. From the
results of immunohistochemical observations, we found
that PTN protein was localized in the cells of both epi-
dermis and dermis in skin tissues, and there were increased
staining intensity of PTN in HS tissues than in normal skin
samples. In addition, PTN was significantly up-regulated at
both mRNA and protein levels in HS tissues as compared
with the site-matched normal skin specimens.

As an important secreted and heparin-binding cytokine,
PTN has been reported to exert various biological func-
tions. Although the role of PTN in other systems has been
extensively studied, to our knowledge this study represents,
for the first time, evidence for increased expression of PTN
in HS tissues. Florin et al. have demonstrated that PTN
exerts a mitogenic effect on primary human keratinocytes,
and activation of PTN is observed during cutaneous wound
healing in vivo (Florin et al. 2005). In agreement with these
observations, the present study also showed that PTN
protein was localized in both epidermis and dermis in HS
and normal skin tissues. These findings suggest a key
physiological role of PTN in various tissue types.
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Fig. 1 Histological evaluation of HS tissues (a and ¢) and normal skin samples (b and d) by H&E staining (a and b) and Mason’s Trichrome
staining (¢ and d). H&E, hematoxylin & eosin. Bars, 50 pm

A

Fig. 2 Immunohistochemical detection of PTN protein expression in there were increased staining intensity of PTN in HS tissues than in
HS tissues (a) and normal skin samples (b). PTN protein was normal skin samples. Bars, 50 pm
localized in the cells of both epidermis and dermis in skin tissues, and
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Fig. 3 Semi-quantitative RT-PCR (a and b) and Western blot
analysis (c and d) of PTN expression in 18 cases of HS tissues and
site-matched normal skin samples. a Representative ethidium bro-
mide-stained agarose gel is shown. b Band intensities were quantified
and the intensities of the bands corresponding to PTN were compared

Notably, we found increased PTN expression in HS
tissues compared with normal skin samples. Increased PTN
expression was demonstrated by both immunostaining of
skin tissue sections and by total protein expression of snap
frozen skin tissue homogenates. However, the mechanisms
by which aberrant PTN expression contributes to the
pathogenesis of HS remain unknown. Angiogenesis has
long been known to play an essential role in the early stage
of wound healing, and there are reports of microvascular
abnormalities in pathological scars (Kischer 1992; Kurok-
awa et al. 2010). In addition, it has been suggested that
anti-angiogenesis may inhibit the proliferation of fibro-
blasts and production of collagen, and might thus be used
as an effective strategy for early intervention of HS for-
mation (Song et al. 2009). Recently, mounting evidence
has shown that PTN is a multifunctional angiogenic factor
that stimulates both normal and pathological angiogenesis
(Perez-Pinera et al. 2008). Thus, we speculated that
stimulation of angiogenesis may represent as one of the
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to those corresponding to fS-actin (n = 18). ¢ Representative blots are
shown, and the protein size is expressed in kDa. d Densitometric
values were normalized by f-actin levels (n = 18). HS, hypertrophic
scar tissue; N, normal skin tissues

mechanisms for the role of PTN in the pathogenesis of HS
formation. Furthermore, recent evidence also suggests that
several signaling pathways, such as the Wnt/f-catenin and
Notch pathways, are also involved in the pathogenesis of
HS formation (Sato 2006; Xia et al. 2009; Diao et al.
2009). Weng et al. have documented that PTN regulates
lung epithelial cell proliferation and differentiation during
fetal lung development via f-catenin and Notch pathways
(Weng et al. 2009). Therefore, PTN is likely to contribute
to the pathogenesis of HS formation via integration of
multiple signaling pathways, including the f-catenin and
Notch pathways. Nonetheless, it remains unknown whether
the increased PTN is a cause or a consequence of HS
formation. Further studies are also necessary to elucidate
the functional roles of PTN in the pathophysiology of HS,
and to explain whether PTN could be used to prevent the
formation of HS.

In summary, the present study demonstrated that PTN is
highly expressed at both mRNA and protein levels in HS
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tissues, and there is a significant increase in PTN expres-
sion HS tissues compared with that in normal skin tissues.
Further studies are still required to elucidate the exact role
of PTN in HS formation.
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