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Biologic scaffolds composed of extracellular matrix (ECM) have been used successfully in preclinical models and
humans for constructive remodeling of functional, site-appropriate tissue after injury. The mechanisms under-
lying ECM-mediated constructive remodeling are not completely understood, but scaffold degradation and site-
directed recruitment of both differentiated and progenitor cells are thought to play critical roles. Previous studies
have shown that degradation products of ECM scaffolds can recruit a population of progenitor cells both in vitro
and in vivo. The present study identified a single cryptic peptide derived from the a subunit of the collagen III
molecule that is chemotactic for a well-characterized perivascular stem cell in vitro and causes the site-directed
accumulation of progenitor cells in vivo. The oligopeptide was additionally chemotactic for human cortical
neural stem cells, rat adipocyte stem cells, C2C12 myoblast cells, and rat Schwann cells in vitro. In an adult
murine model of digit amputation, treatment with this peptide after mid-second phalanx amputation resulted in
a greater number of Sox2 + and Sca1 + ,Lin - cells at the site of injury compared to controls. Since progenitor cell
activation and recruitment are key prerequisites for epimorphic regeneration in adult mammalian tissues, en-
dogenous site-directed recruitment of such cells has the potential to alter the default wound healing response
from scar tissue toward regeneration.

Introduction

Biologic scaffolds composed of extracellular matrix
(ECM) have been used successfully to promote site-

specific, functional remodeling of soft tissue in both
preclinical animal models1–10 and human clinical applica-
tions.11–14 Secreted by the cells of each tissue, ECM is highly
conserved among many species and consists of molecules
such as collagen, fibronectin, laminin, vitronectin, glycos-
aminoglycans, and growth factors oriented in a specific
three-dimensional structure and composition optimized for
each tissue of origin.15,16 Although the mechanisms of ECM
scaffold-mediated constructive remodeling are not fully un-
derstood, stem cell recruitment17,18 and the release of bio-
active peptides by protease-mediated ECM degradation are
thought to play a role in the constructive remodeling pro-
cess.19–21 In addition to possessing antimicrobial proper-
ties,22–25 cryptic bioactive peptides derived from degradation
of ECM components have been shown to be capable of ini-
tiating and potentiating constructive remodeling pathways
such as angiogenesis, mitogenesis, and chemotaxis of site-
specific cells.26–28 Degradation products from ECM bioscaf-
folds have also been shown to recruit progenitor cells
in vitro29–31 and in vivo.32 Thus, degradation products of

ECM may be a therapeutic option for promoting site-directed
recruitment of endogenous tissue progenitor cells for con-
structive remodeling of tissue after injury.

The present study identified a single cryptic peptide de-
rived from protease-mediated degradation of an ECM bios-
caffold derived from porcine urinary bladder that can
promote in vitro migration of multiple cell types, including
progenitor cells. Furthermore, the present study showed that
the isolated peptide was capable of promoting localized ac-
cumulation of progenitor populations to a site of injury
in vivo, many of which express markers of multipotency.

Materials and Methods

Overview of experimental design

The experimental methods were designed to systemati-
cally isolate a single matricryptic peptide that exhibits che-
motactic potential for a well-characterized population of
human perivascular stem cells30 previously shown to mi-
grate toward degradation products of ECM in low and high
oxygen conditions.32,33 Matricryptic peptides were prepared
by enzymatic degradation of biologic scaffolds derived from
urinary bladder ECM, and subsequent serial fractionation of
the resulting degradation products by ionic charge, size, and
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hydrophobicity. At each step, a transwell assay was utilized
to determine the chemotactic potential of each eluted fraction
for these stem cells. After isolation of a single cryptic peptide,
the peptide was then synthesized and its chemotactic po-
tential was evaluated for multiple types of progenitor cells
and differentiated cells. Finally, an established model of
adult murine digit amputation28 was utilized to evaluate the
ability of the cryptic peptide to promote the site-specific ac-
cumulation of progenitor cells in vivo. In all cases, statistical
significance was determined by two-tailed Student’s t-test
with a= 0.05 and b = 0.2.

Decellularization of tissue and preparation
of ECM degradation products

Porcine urinary bladders were harvested from euthanized
market weight (240–260 lb) pigs. The basement membrane
and underlying lamina propria were isolated and harvested
as previously described.34 After treatment with peracetic
acid, ethanol, deionized H2O, and phosphate-buffered saline
(PBS), lyophilized sheets were comminuted and digested in
0.1 mg/mL pepsin and 0.01 N HCl for 48 h before neutrali-
zation and dilution in PBS to yield a 5 mg/mL solution.31

Isolation of chemotactic peptide

Peptides of pepsin-digested urinary bladder matrix (UBM)
were fractionated via ammonium sulfate precipitation.
Fractions were analyzed for protein content via BCA assay
(Thermo) and chemotactic ability (as described below). Mo-
lecules in the 0%–20% fraction of ammonium sulfate pre-
cipitation were discarded to remove the most gelatinous
fractions and leave a solution suitable for subsequent chro-
matographic separation. The remaining 20%–80% ammo-
nium sulfate precipitant was isolated, dialyzed into PBS, and
concentrated using Amicon Ultra-4 (Millipore) devices.
Concentrated protein was fractionated via two G3000SWXL
HPLC size exclusion columns (Tosoh) in series at 0.5 mL/
min in 10 mM Tris, pH 7.4, 50 mM NaCl. Each fraction was
analyzed for protein content and chemotactic ability.

Larger post size exclusion chromatography chemotactic
fractions were pooled and adjusted to pH 8.8 in 50 mM Tris
buffer and loaded onto a 1 mL HiTrap Q ion exchange col-
umn at 0.5 mL/min. Bound peptides were washed in buffer
(50 mM Tris, pH 8.8) before fractionation using 0.2, 0.4, 0.5,
0.6, 0.7, 0.8, and 1.0 M salt concentrations in the same buffer.
Factions were dialyzed into PBS, and analyzed for protein
concentration and chemotactic properties. Fractions showing
chemotactic ability were concentrated via centrifugal filtra-
tion and injected onto an Octadecyl 4PW reverse phase col-
umn (Tosoh) and eluted over a 0%–80% gradient of
methanol in 10 mM ammonium carbonate buffer at 0.5 mL/
min. Fractions were concentrated via centrifugal evapora-
tion, resuspended in H2O, and analyzed for protein abun-
dance and chemotactic properties. The peptide that revealed
maximal chemotactic ability per mg of chemoattractant was
further characterized by mass spectrometry (NextGen-
Sciences) and then chemically synthesized (GenScript). A
BLAST search for sequence homology was conducted using
the nonredundant protein sequences (nr) database and
Blastp algorithm. Parameters of the search were as follows:
(1) max target sequences = 100, (2) expect threshold = 200,000,
(3) word size = 2, (4) Matrix = PAM30, (5) gap cost

existence = 9 and extension = 1, and (6) no compositional
adjustments.

Source of cells and culture conditions

Human perivasular stem cells were a gift from Dr. Bruno
Peault, and these cells were isolated and prepared as previ-
ously described.30 Perivascular stem cells were cultured in
high-glucose Dulbecco’s modified Eagle’s medium (DMEM;
Invitrogen) containing 20% fetal bovine serum (FBS; Ther-
mo), 100 U/mL penicillin, and 100 mg/mL streptomycin
(Sigma) at 37�C in 5% CO2. Human cortical neuroepithelium
stem (CTX) cells were a gift from ReNeuronTM. CTX cells
were cultured in DMEM:F12 supplemented with 0.03%
Human albumin solution, 100mg/mL human Apo-Transferrin,
16.2mg/mL Putrescine DiHCl, 5mg/mL Insulin, 60 ng/mL
Progesterone, 2 mM L-Glutamine, 40 ng/mL Sodium Selinite,
10 ng/mL human bFGF, 20 ng/mL human Epidermal growth
factor, and 100 nM 4-Hydroxytestosterone. Human adipose
stem cells were isolated as previously described,35 and cul-
tured in DMEM/F12 supplemented with 10% heat-inactivated
FBS, 100 U/mL penicillin, and 100mg/mL streptomycin.
C2C12 muscle myoblast cells, IEC-6 intestinal epithelial cells,
RT4-D6P2T rat Schwann cells, and HMEC human microvas-
cular endothelial cells were obtained from American Type
Culture Collection (ATCC) and cultured following ATCC
guidelines.

Transwell cell migration assays

Chemotaxis assays were conducted in a transwell as de-
scribed previously.31 Perivascular stem cells were grown in
culture medium to *80% confluence and starved overnight
in DMEM containing 0.5% heat-inactivated serum. After
starvation, cells were resuspended in DMEM at a concen-
tration of 6 · 105 cells/mL for 1 h. Polycarbonate PFB filters
(Neuro Probe) with 8 mm pores were coated with 0.05 mg/
mL Collagen Type I (BD Biosciences). The number of cells
that migrated toward the lower chamber through 8 mm pore
polycarbonate PFB filters (Neuro Probe) was determined
after 5 h. The lower wells contained different amounts of the
ECM peptide fraction of interest. Migrated cells were stained
by 4¢,6-diamidino-2-phenylindole and quantified with Im-
ageJ (NIH). All of the data are reported as the mean value of
triplicate determinations with standard deviations. The assay
was performed on three separate occasions. C2C12, IEC-6,
RT4-D6P2T, and HMEC cells were grown to 80% confluence,
and starved in serum-free media overnight before placement
in the transwell assay. CTX cells were grown to *80%
confluence and were unstarved before resuspension and
placement in the transwell assay. All other methods were
identical for each cell type.

Animal model of digit amputation

All methods were approved by the Institutional Animal
Care and Use Committee at the University of Pittsburgh and
performed in compliance with NIH Guidelines for the Care
and Use of Laboratory Animals. Mid-second phalanx digit
amputation of the third digit on each hindfoot in adult 6–8-
week-old C57/BL6 mice ( Jackson Laboratories) was com-
pleted as previously described.32 After amputation, digits
were either treated with a subcutaneous injection of 15 mL of
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10 mM peptide, or the same volume of PBS as a carrier
control (n = 4 for each group). Treatments were administered
at 0, 24, and 96 h post-surgery. Animals were sacrificed via
cervical dislocation under deep isoflurane anesthesia (5%–
6%) at day 7 post-surgery. Digits were either fixed and sec-
tioned for histologic analysis and immunolabeling (described
below), or harvested for cell isolation for subsequent fluo-
rescence-activated cell sorting (FACS analysis, cytospin, or
immunolabeling; described below).

Tissue immunolabeling

Harvested mouse digits were fixed in 10% neutral buff-
ered formalin and decalcified for 2 weeks in 5% formic acid
before being paraffin embedded, sectioned, and stained for
Sox2 (Millipore, AB5603), Sca1 (Abcam, ab25196), or Ki67
(Abcam, ab15580). After deparaffinization, antigen retrieval
in 10 mM citrate buffer (citrate: C1285; Spectrum) was per-
formed for 25 min at 95�C. Slides were blocked for 1 h at
room temperature in 1% bovine serum albumin (BSA) in
PBS, and then incubated with primary antibody overnight at
4�C. Slides were then rinsed in PBS, treated with 3% hy-
drogen peroxide solution in PBS for 30 min, washed, and
incubated for 1 h with HRP-conjugated anti-rat IgG (P0450;
Dako) or anti-rabbit IgG (P0448; Dako) antibodies, washed,
and developed with 3,3¢-diaminobenzidine (DAB; Vector
Labs). All primary antibodies were diluted 1:100 in blocking
solution, and all secondary antibodies were diluted 1:200 in
blocking solution.

After staining with DAB, all slides were counter-stained
with Harris’ hematoxylin, dehydrated, coverslipped with
nonaqueous mounting medium, and imaged. Images were
taken at 40 · magnification and 200 · magnification. For
quantification of the number of cells positive for markers,
three images were taken for each sample: distal to the am-
putated edge of the bone, and lateral to the cut edge of the
bone on either side. The number of positive cells in each
image was counted by three independent investigators who
were blinded to the treatment group. The mean number of
positive cells was compared between various groups by a
two-sided, unpaired Student’s t-test with unequal variance.
Significance was determined at p = 0.05 level (a = 0.05,
b = 0.2).

Flow cytometric analysis

Amputated digits were harvested and placed into cold
culture medium consisting of DMEM, 10% mesenchymal
stem cell-grade FBS (Invitrogen), 100 U/mL penicillin,
100 mg/mL streptomycin, and 0.1 mg/mL ciprofloxacin
(USP, 1134313). Using a microdissection microscope and
aseptic technique, the epidermis and dermis were removed
and the soft tissue distal to the amputated second phalanx
bone was harvested into serum free DMEM containing 2%
Collagenase Type II (Gibco Invitrogen, 17101–015) for 30 min
at 37�C, filtered through a 70 mm filter, counted, and pre-
pared for flow cytometric analysis expression of Sca1 (Ab-
cam, ab25031) or markers of differentiated blood-derived
cells (Lineage cocktail, 559971). Cells were filtered through a
70 mm filter and incubated in primary antibody for 1 h,
washed, and then incubated in a streptavidin APC-Cy7-
conjugated secondary antibody (554063; BD Biosciences) for
1 h before washing and flow cytometric analysis.

Cytospin and cell immunolabeling

After cytospin of 1 · 104 cells per slide, each slide was fixed
in methanol for 30 s and stored at - 20�C. Before staining,
slides were rehydrated in PBS for 5 min, and cells were
permeablized in 0.1% TritonX/PBS for 15 min. Slides were
blocked in 1% BSA/PBS for 1 h before overnight incubation
with goat anti-Sox2 (1:50) (SantaCruz, Y-17, sc17320), rabbit
anti-Sox2 (1:100) (Millipore, AB5623), rat anti-Sca1-FITC
(1:50) (Abcam, ab25031), or rabbit anti-phospho-Histone-H3
(1:100) (Abcam, ab32107) primary antibody diluted in
blocking solution. After two washes in PBS, slides were in-
cubated for 1 h with donkey anti-goat IgG-Alexa Fluor 350
(1:100) (Invitrogen, A21081) and/or donkey anti-rabbit IgG-
Alexa Fluor 546 (1:250) (Invitrogen, A10040) diluted in
blocking solution. After two washes in PBS, slides were
counterstained with DRAQ5 (1:500) (Cell Signal, 4084) di-
luted in PBS for 30 s before three washes in PBS and cover-
slipping with fluorescent mounting medium (Dako, S3023).
All images were taken at 200 · magnification.

Results

Isolation, identification, and synthesis
of chemotactic cryptic peptide

The various protein fractions after ammonium sulfate
precipitation were dialized against PBS and all fractions
showed chemotactic activity (migration of the perivascular
stem cells to the bottom well of the transwell chambers)
compared to the PBS control (Fig. 1a, b). The fractions were
pooled, concentrated, and further fractionated via size ex-
clusion chromatography (Fig. 1c). Protein quantification
showed that the peptide fragments distributed into two
peaks, with a long tail of small size molecules. Analysis of
each fraction showed that the chemotactic effect was also
distributed into two peaks. However, these chemotactic
peaks were not aligned with the protein peaks. Chemotactic
activity of each fraction did not correlate with the total
amount of protein, but rather was a net effect of the distri-
bution of specific molecules with the UBM peptide mix.

Analysis of the second chemotactic peak showed these
molecules to be too small to bind to ion exchange beads
carrying either a positive or negative charge resulted in very
little capture. Thus, the most chemotactic fractions from the
first size exclusion peak were pooled and refractionated via
ion exchange chromatography (Fig. 1d). After adjustment to
pH 8.8, the remaining peptides were bound to a HiTrap Q
ion exchange column, washed in salt-free buffer, and eluted
over a series of increasing concentrations of salt. The frac-
tions were adjusted to a biological buffering condition and
analyzed for chemotactic activity (Fig. 1e). The fraction with
the greatest chemoactivity per mg/mL of protein was chosen
for further study. The fraction with the greatest chemotactic
activity per mg/mL of protein was the 0.6 M fraction. The
0.6 M fraction was further fractionated by reverse phase
chromatography (Fig. 1f). Unbound peptides (peak 1) and
bound peptides were eluted over a 0%–80% methanol gra-
dient and analyzed for protein concentration. Protein peaks
were then evaluated for chemotactic activity (Fig. 1g). Frac-
tions 2 and 4 showed the greatest amount of chemotactic
activity, and lesser chemotactic activity was also shown
in the unbound fraction. Because Fraction 2 showed the
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greatest chemoactivity per mg of protein, this fraction was
isolated for sequence analysis by mass spectrometry. Analysis
showed that the fraction consisted predominantly of a single
peptide with the amino acid sequence of IAGVGGEKSGGF, a
sequence identical to a string of amino acids from the C-
terminal telopeptide of collagen IIIa. The peptide was

chemically synthesized and evaluated in the same transwell
chemotactic assay over a range of concentrations (Fig. 1h).
Chemokinetic activity as a cause of the cell migration was
ruled out by varying the relative concentrations of the pep-
tide in the upper and lower wells of the transwell chambers
(Fig. 1h). A BLAST search of the isolated peptide sequence
showed that the peptide sequence was highly conserved in
collagen IIIa among eight mammalian species, including
human (Fig. 1i).

Cryptic peptide shows in vitro chemotactic
activity toward several cell types

The synthesized peptide showed positive chemotactic ac-
tivity toward human neuroepithelial cells (Fig. 2a), human
adipose stem cells (Fig. 2b), C2C12 mouse myoblast cells
(Fig. 2c), the RT4-D6P2T rat Schwann cell line (Fig. 2d), and
human microvascular endothelial cells (HMEC) (Fig. 2e). The
rat intestinal cell IEC-6 line (Fig. 2f) was unresponsive to the
peptide.

Cryptic peptide shows in vivo recruitment
of cells positive for Sox2 and Sca1

Histologic examination of peptide-treated digits at day 7
post-amputation showed a dense, cellular infiltrate both
lateral and distal to the site of amputation, concomitant with
an invaginating epithelium and incomplete basement mem-
brane (Fig. 3a). The PBS-treated digits showed a less dense
cellular infiltrate concomitant with scar tissue deposition and
a mature epithelium consistent with a typical wound healing
response in the murine digit (Fig. 3b).36 Immunolabeling
studies showed a 6.6-fold increase in Sox2 + cells and a 1.6-
fold increase in Sca1 + cells at the site of amputation after
peptide treatment as compared to PBS treatment (Fig. 3c).
FACS analysis of the Sca1 + cells showed that the Sca1 + cells
did not co-express markers of differentiated blood lineage
(Fig. 3d). Isolated cells that were co-immunolabeled for both
Sox2 + and Sca1 + confirmed co-expression of Sca1 and Sox2
in a subset of cells (Fig. 3e).

Histologic sections from peptide-treated and PBS-treated
digits were also stained for Ki67 to evaluate cell proliferation.
At day 7 postamputation, peptide treatment led to a 1.9-fold
increase in Ki67 + cells at the site of amputation (Fig. 3b).
Cells were located both lateral and distal to the plane of
amputation. To confirm that Sox2 + and Sca1 + cells were
undergoing mitosis, accumulated cells were isolated and co-
immunolabeled for phosphorylated Histone H337 and either
Sox2 or Sca1. Subsets of both Sox2 + cells and Sca1 + cells

FIG. 1. Identification of chemotactic peptide. Urinary
bladder matrix digest was fractionated and chemotactic
ability quantified against perivascular stem cells by ammo-
nium sulfate (A, B), size exclusion (C), ion exchange (D, E),
and reverse phase (F, G) chromatography. Peptide was
identified via mass spectroscopy and synthesized to assay
for chemotactic potential for human perivascular stem cells
(H). A BLAST search for the isolated peptide sequence
showed over 75% homology with the Collagen IIIa molecule
over eight separate species (I). Error bars are mean – SD.
*p < 0.05 as compared to negative control. SD, standard
deviation.

‰
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also showed pan-nuclear expression of phosphorylated
Histone H3 (Fig. 4), consistent with ongoing mitosis.37

Discussion

The present study identifies a novel matricryptic peptide
with in vitro chemotactic activity for several types of pro-
genitor cells and differentiated cells. This peptide is also as-
sociated with the increased presence of Sox2 + and
Sca1 + ,Lin - cells at the site of experimentally induced injury
in a mouse model. As a short 12 amino acid oligopeptide
derived from the C-terminal telopeptide region of the colla-
gen IIIa molecule, the sequence of this molecule is highly
conserved amongst at least eight mammalian species.

The C-terminal telopeptide region of fibrillar collagen is
known to be a site of interchain cross-linking of cysteine
residues that ultimately stabilize the triple helix structure of
collagen.38 Thus, in the absence of injury and protease-
mediated degradation, it is unlikely that such a sequence
would actively interact with cells due to extensive cross-
linking. However, protease-mediated matrix degradation at
a site of injury would not only destabilize and release pep-
tides from the triple helical domain of collagen, but also
expose and cleave the telopeptide regions of collagen to re-
lease cryptic peptides similar in sequence to the isolated
peptide in the present study. Previous studies have shown
that telopeptide sequences can be isolated in the circulating

FIG. 2. Peptide promotes migration of multiple cell types
in vitro. The chemotactic ability of the peptide was tested over
six orders of magnitude concentration against human neu-
roepithelial cortical (CTX) stem cells (A), human adipose stem
cells (B), mouse myoblast (C2C12) cells (C), rat Schwann (RT4-
D6P2T) cells (D), human microvascular endothelial (HMEC)
cells (E), and rat intestinal epithelial (IEC6) cells (F). Error bars
are Mean – SD. *p < 0.05 as compared to negative control.

FIG. 3. Peptide treatment
results in greater number of
cells in vivo. Adult mouse
hind foot digits were ampu-
tated at the mid-second pha-
lanx and treated with 15mL of
either PBS or peptide. Histo-
logic examination by hema-
toxylin and eosin staining
showed a thinner, invaginat-
ing epithelium concomitant
with a denser cellular re-
sponse after peptide treat-
ment (A) as compared to PBS
carrier control treatment (B).
Histologic sections showed
that peptide treatment led a
greater number of Sox2, Sca1,
and Ki67-positive cells at the
site of amputation (C). Flow
cytometric analysis confirmed
that Sca1 + cells did not ex-
press markers of differenti-
ated blood lineage (D). Co-
expression of Sca1 and Sox2
was observed in subsets of
cells after cytospin and co-
immunolabeling (arrow) (E).
Images were taken at
40 · magnification (A, B),
630 · magnification (A, B), or
400 · magnification (C, E). Er-
ror bars are Mean – SD.
*p < 0.05. **p < 0.01. PBS,
phosphate-buffered saline.
Color images available online
at www.liebertonline.com/tea
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blood after turnover of collagen and soft tissue remodeling in
a clinical setting.39–41 Thus, while the cryptic peptide in the
present study was isolated by nonphysiologic methods of
degradation, it is likely that a similar peptide can and would
be released in vivo at a site of injury.

The concept of cryptic fragments of parent matrix mole-
cules having biologically relevant properties is not new.
Antimicrobial activity of matricryptic peptides in the form of
defensins,22 cecropins,23,24 and magainins25 has been identi-
fied by many groups and is thought to represent an evolu-
tionary survival advantage in response to injury. Angiogenic
and anti-angiogenic cryptic peptides such as endostatin,42

restin,43 and arrestin44 have been described and have been
used therapeutically for a variety of conditions. Such cryptic
peptides can be released from ECM by proteases secreted by
immune cells at a site of injury, and thus logically represent a
desirable aspect of the host response to tissue injury.

The recruitment of various cell types such as stem and
progenitor cells, endothelial cells, and muscle precursor cells
to sites of tissue injury represents a logical and plausible host
response to support tissue reconstruction. The mechanisms
underlying such a recruitment process are largely unknown,
but it is feasible that cryptic peptides represent one such
strategy. The manner in which the oligopeptide described
herein was generated was nonphysiologic, but a previous
study has shown naturally occurring degradation products
after ECM-mediated tissue reconstruction have similar
properties.45 In fact, degradation products of ECM have been
shown to regulate the site-directed recruitment of differen-
tiated26–28 and progenitor cells29,31,32 in vivo.

Site-specific recruitment of multipotent progenitor cells in
response to limb amputation is a prerequisite for blastemal
based epimorphic regeneration in species such as newts and
axolotls.46 Soluble factors are present that can recruit selected
cell types and selected genetic programs are activated to
participate in the regeneration process that results in a per-
fect phenocopy of the missing tissue structure.46–48 While
blastema formation does not occur after injury in adult
mammalian species, recruitment to and/or directed differ-
entiation of tissue specific progenitor cells at the site of injury

has the potential to alter the default scar tissue wound
healing response toward a more constructive tissue re-
modeling response.49,50 In organs such as the liver, bone
marrow, and intestinal lining that are capable of mounting a
regenerative response to injury, activation and recruitment of
progenitor cell compartments is an important prerequisite to
site-appropriate tissue regeneration.51–53 Thus, recruitment
of multipotent progenitor cells to a site of injury in response
to placement of a chemotactic peptide may be considered as
a form of endogenous stem or progenitor cell therapy. The
clinical efficacy of such therapies, however, remains to be
determined.

The present study identified a single peptide derived from
a mixture of matricryptic peptides that can recruit stem,
progenitor, and differentiated cells in vitro and is associated
with an increased accumulation of such cells at sites of injury
in vivo. However, the findings of the present study do not
preclude the existence of other pro- and anti-chemotactic
matricryptic peptides. It is likely that degradation of ECM
leads to release of a large mixture of anti- and pro-chemotactic
peptides that yields an overall net effect in vivo. Indeed, cer-
tain fractions of the ammonium sulfate precipitated peptides
in the present study showed inhibited migration of progenitor
cells, a finding suggesting that degradation products of ECM
such as UBM contain chemotactically positive, negative, and
likely also neutral peptides. Isolation of these peptides was
not pursued. Although an active peptide described in the
present study was isolated from a mix of mammalian ma-
tricryptic peptides, the naturally occurring contribution of this
particular peptide to the host response to injury was not
determined. The present study also showed the efficacy of the
isolated oligopeptide in an adult mammalian model of digit
amputation via local accumulation of progenitor cells at the
site of injury. While the present study cannot determine
whether the efficacy of the isolated peptide is dependent on
the type of injury, future studies will further investigate the
potential role of the peptide in progenitor cell recruitment in
various other types of injury.

Additionally, the present study focused on identifying a
bioactive cryptic fragment of one source of ECM. ECM de-

FIG. 4. To confirm that
Sca1 + and Sox2 + cells were
actively proliferating, iso-
lated cells were cytospun and
co-immunolabeled for either
Sca1 or Sox2 and a marker of
cells in the M phase of the cell
cycle, phosphorylated His-
tone H3.37 Subsets of Sca1 +
and Sox2 + co-expressed nu-
clear Histone H3 (arrows).
Images were taken at
400 · magnification. Color
images available online at
www.liebertonline.com/tea
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rived from the porcine urinary bladder has been used in
multiple pre-clinical applications for site-specific remodeling
of a variety of soft tissues.54–63 However, commercially
available biologic scaffolds composed of ECM are derived
from a number of species and organs.64 It is possible, and in
fact likely, that a similar cryptic peptide would be found in
ECMs from other sources. Collagen III is a common con-
stituent of many soft tissues from which ECM scaffolds are
made, and its sequence is highly conserved from species to
species. The present study found that the isolated cryptic
peptide’s sequence is also highly conserved among over
eight species, many of which are already used as sources of
ECM for commercial applications. Thus, it is likely and ex-
pected that the isolated cryptic peptide, or a similar deriva-
tive of such a peptide, would qualitatively possess the same
bioactive properties in multiple mammalian species and
commercially available ECM scaffolds.

In summary, the present study identifies a chemotactic
matricryptic peptide capable of site-directed accumulation of
selected progenitor cells and differentiated cells in vitro and
in vivo. Furthermore, treatment of an injury site in a murine
model of digit amputation with this peptide is associated
with the accumulation of endogenous Sox2 + and Sca1 + ,
Lin - cells. In the present study, the recruited cells clearly did
not spontaneously differentiate and form functional tissue.
Nevertheless, the findings of the present study provide a
potential strategy for endogenous stem cell recruitment to a
site of injury. The next logical step in promoting tissue re-
generation of more complex tissues will involve identifying
strategies by which to direct the spatiotemporally appropri-
ate proliferation and differentiation of the multipotent pro-
genitor cells.
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