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Modulatory effect of a
complex fraction derived
from colostrum on fibroblast
contractibility and
consequences on repair
tissue
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ABSTRACT

A complex compound (immune ('IM’) fraction) from colostrum-derived whey was investigated for its potential
wound healing properties. One of its most intriguing in vitro abilities was to significantly inhibit the contraction of
collagen gel while fibroblast density remained as in control gels. This antagonist effect was dose dependent and
fibroblasts in these gels did not exhibit any stress fibres. Subsequently, in vivo studies have been conducted in two
wound models in guinea pigs. Daily application on full-thickness wounds of a liquid formulation of the IM fraction
(first model) significantly delayed wound closure by contraction compared to what normally occurred in control
wounds. In another wound model, a gel formulation of the IM fraction was applied on scar tissues, which resulted
in a minimised residual scar on 5/8 wounds compared to corresponding wound areas seen prior to treatment.
Conversely, most control wounds exhibited scar tissue from which 3/8 resembled hypertrophic scar tissue. Wound
tissue treated with IM fraction covered a significantly larger area than in the control wounds, whereas the collagen
deposition was unchanged as in the presence of a-smooth muscle actin. Thus, IM fraction may act by modulating
the contraction rate and wound remodelling.
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INTRODUCTION

Cutaneous wound healing is a complex phe-
nomenon that involves different steps leading
towards permanent repair scar tissue, whereas,
in comparison, tissue regeneration may occur
in foetal wounds as a result of many factors
such as a very limited inflammatory reac-
tion (1). In many cases, scar tissue is considered
normal and relatively accepted in a hidden
area. However, under some circumstances,
excessive scarring representing fibrotic skin
conditions such as hypertrophic scar tissue and
keloids (the latter extends beyond the initial
wound boundary) appears unsightly. In addi-
tion, after a burn injury, scar tissue is often
accompanied by wound contractures that raise
many problems such as restricted joint mobility
and psychosocial issues.

The causes of excessive scarring have been
attributed to genetic predisposition (e.g. darker
skin with a prevalence of 4-6% in the Black
population and in Asians and Hispanics),
delayed epithelialisation (e.g. burn wounds,
laser resurfacing, dermabrasion), persistent
inflammation, age (less excessive scar tissue in
ageing population) and persistence of tension
on wound closure (2,3).

The management of tissue repair has focused
on the use of silicone gels or sheets (i.e. com-
pression therapy) that are well accepted to limit
wound contracture after complete covering of
burn wounds. Conventional treatments con-
sisting of topical applications of corticosteroids
and compression therapy have also been used.
Despite this, these patients have to turn to
plastic and reconstructive surgery to improve
scar tissue aesthetics. In addition, hypertrophic
scars and keloids can be difficult to treat. Surgi-
cal excision is one of the most efficient therapies
despite some recurrence (4). Alternately, dif-
ferent products have been investigated to min-
imise or reduce scar tissue production as well
as the size of hypertrophic scars and keloids,
and particularly their recurrence after surgery.
Different products have been administered
locally such as imiquimod, resiquimod, ver-
apamil, tacrolimus, 5-fluorouracil, bleomycin,
retinoids, vitamin E, interleukin-10 (IL-10),
mannose-6-phosphate and interferon from
which some have shown reducing recurrence
rates associated with the removal of the scar.
More recently, transforming growth factor-83
(TGF-B3; Avotermin®) has been reported to be
successful in a clinical trial (5). Other therapies
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such as cryosurgery, radiotherapy and lasers
have been proposed. However, research is still
in progress towards reducing scar tissue forma-
tion with targeting products (i.e. antagonists)
based on biological and physiological knowl-
edge of connective tissue repair formation (5).

Colostrum is the first protein-rich fluid
secreted by the mammary glands in the first
few days just after giving birth. Colostrum
is rich in antimicrobial peptides that provide
passive immunity to protect the newborn from
infections. It also promotes the development of
the immune system and facilitates the growth
and immune maturation of many tissues due
to an important source of growth factors, in
particular the insulin-like growth factor (IGF)
family, which is known to contain potent mito-
gens and cell survival factors. IGFs also play
an important role for successful wound heal-
ing during the early phase (6,7). Colostrum can
be processed to extract and concentrate bioac-
tive compounds such as growth factors and
antimicrobial peptides, but it is also rich in
casein that masks the bioactive components. A
procedure has recently been developed, impli-
cating sequential steps to obtain a liquid form
of a casein-depleted colostrum whey fraction
(called the 'IM’ fraction or IMf) that contains
effective amounts of bioactive growth factors,
specifically IGF-1 (43 ng/ml), but not of any
TGEF-p isoforms, and 70% peptides of less than
500 Da which have not been fully characterised
(data not published).

The aim of the present study was to evaluate
the wound healing properties of the IMf,
and particularly the late phase of scar tissue
and remodelling, based on in vitro results
of fibroblast-mediated collagen gel contraction
assay.

MATERIALS AND METHODS
In vitro assessments
Preparation of the IMf

Fat was separated from raw frozen bovine
colostrum using a milk separator. Caseins were
then precipitated with the addition of double
strength microbial rennet (Danisco, Madison,
WI). The curds were separated by centrifu-
gation to form colostrum whey at 65°C. After
removing casein fines from the colostrum whey
with a milk separator, the colostrum whey was
then heated to 50°C and submitted to an ultra-
filtration step using a spiral wound membrane
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with a molecular weight cut-off of 10 kDa
(Parker Process Advanced Filtration, Oxnard,
CA). The ultrafiltration permeate was collected
and acidified to pH 3-2. The acidified permeate
was then concentrated by nanofiltration result-
ing in an IMf solution containing a 2% w/v
average of proteins (stock solution). In addi-
tion, a crude colostrum extract (‘crude’) free of
casein was collected prior to the whey heating
stage. The crude extract was then used as a con-
trol component in the in vitro investigations.

For each experiment, the IMf stock solution
was sterilised by gamma radiation (2 kGray)
because the membrane filtration sterilisation
resulted in clumsy precipitates and loss of
bioactivity. The pH of the IMf stock solution
(keptat4°Cin the dark until used) was adjusted
with sterile 1 N NaOH and then diluted in
culture medium for the in vitro studies and
in phosphate buffered solution (PBS) for the
in vivo studies. The crude extract that came in
powder form was dissolved in culture medium
at a stock solution of 10 mg/ml (corresponding
at a 1:1 dilution of the IMf).

Fibroblasts

Human fibroblasts were derived from fore-
skins, after written informed consent which
was approved by the Centre Hospitalier Uni-
versitaire de Québec (CHUQ)’s Ethics Com-
mittee. Cells were used at passages 10-25.
They were maintained in Dulbecco’s modified
Eagle’s medium (DMEM; Sigma Chemical Co.,
St Louis, MO) supplemented with 5% foetal
bovine serum (FBS) and containing antibi-
otics and antifungals. For the cultures in the
presence of the compounds to be tested, the
concentration of FBS was set at 0-5%. Control
culture conditions consisted of media with 5%
and 0-5% FBS. Cultures were performed in 5%
CO; and humid atmosphere.

Collagen gel contraction assay

Fibroblasts were mixed in a collagen solution
prior to gel formation at a density of 5 x 10*
cells per 500 ul gel in each well of 24-multiwell
plates. Collagen gels were made by mixing
a rat tail tendon collagen solution (initial con-
centration: 3-5 mg/ml) with the cell-containing
medium solution at a ratio of 1:2-5 (final col-
lagen concentration: 1-4 mg/ml). One millil-
itre of the cell-containing medium solution
was composed of 200 pl DMEM 5x without

NaHCO;z, 100 ul FBS, 100 ul NaHCO; (0-26
M), 4 ul NaOH (1 N), 20 pl ddH>O and 176 pl
of cell suspension as previously described (8).
Gels were formed after 15-minute incubation.
After 2—4 hours of incubation in medium with
serum (5%)-supplemented medium, medium
was changed, cell cultures rinsed and the dif-
ferent compounds to be tested were diluted
in culture medium supplemented with 0-5%
FBS. Compounds were introduced daily for
four consecutive days. Triplicate samples were
analysed and the experiment was repeated. By
24 hours the gels were released from wells and
left floating. Medium was changed at day 2.
After 4 days, images of the gels were taken and
gel surfaces were quantified using an image
analysis system (Image J, Scion Corporation,
Frederick, MD).

Measurement of mitochondrial activity (XTT
assay)

To investigate the activity of fibroblasts in
the collagen gel, an XTT (2,3-bis 2 methoxy-4-
nitro-5-sulfopheny-2H-tetrazolium-5-carboxy-
anilide inner salt) assay was performed
according to the manufacturer’s procedure
(TOX2, Sigma-Aldrich Canada Ltd, Oakville,
Ontario, Canada). After a 4-day culture period,
gels were rinsed in PBS (x2; 15 minutes). A PBS
solution of XTT (1 mg/ml) was mixed with a
PBS solution of phenazinemethosulphate and
incubated at 37°C for 1hour. Optical densi-
ties were then measured with a fluorometer
(Spectra Max 340Pe Molecular Devices, Sun-
nyvale, CA) set at 450-nm absorbance, and the
values were subtracted from the blank values.
For each condition, cultures were performed in
triplicate. Adsorbances were correlated to cell
numbers using correlation equations obtained
from standard curves of known dilutions of
live fibroblasts (as references).

Visualisation of actin filaments (F-actin)
and a-SM actin

At 4days of culture, cell-embedded gels
were washed in PBS and then fixed either
in 3-7% formaldehyde solution in PBS (F-
actin filaments) for 3-4 hours or in 100%
acetone [w-smooth muscle (SM) actin] for
2 hours, followed by several rinses in PBS.
F-Actin was shown using an Alexa-fluor phal-
lacidin (Molecular Probes, Invitrogen, Burling-
ton, Ontario, Canada) in fibroblasts embedded
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in gels that were previously permeabilised
with a 0-1% Triton-X-100 in PBS. «-SM actin
was shown by staining directly the fibroblast-
embedded gels with the Cy3-conjugated mon-
oclonal anti-o-SM actin (Sigma-Aldrich, St
Louis, MO) followed by rinsing in PBS. Then,
the samples laid on slides and embedded in
a mounting fluid (glycerol-Tris) were directly
observed under fluorescence at an excitation of
346 nm and an emission of 442 nm using a filter
and a long-distance working condensator.

In vivo assessments

The animal studies were performed after
approval by our local institutional Animal Care
Committee and in agreement with the guide-
lines of the Canadian Council for Animal Care.
All animals received human care.

Two distinct full-thickness wound models
were developed to investigate the effects of the
IMf in female guinea pigs (Hartley, Charles
River, Montréal, Quebec, Canada). In the first
model, wounds were left open and treated
immediately after wounding to assess the early
phases of wound healing. The second model
considered the effect of a topical treatment
on scar tissue modelling only after complete
epithelialisation.

First animal model (‘treated immediately’)

One full-thickness wound (2-5 x 2 cm) was per-
formed on each flank of each animal (n = 18),
close to the spinal cord. Under sterile surgi-
cal conditions and anaesthesia, skin including
the subcutaneous tissue was excised down
to the subcutaneous muscle that was left in
place. Any dermal connective and fat tissues
left after excision were carefully removed, and
haemostasis was insured by a temporary com-
pression. The two wounds created on each
animal were treated with the same treatment
to avoid any interference. Different dilutions
of IMf were applied onto those wounds on a
daily basis for 23 days. Animals from the con-
trol groups received PBS, the buffered solution
used to dilute IMf. Three animals (six wounds)
were used for each condition. Wounds were
then covered with a transparent self-adhesive
polyurethane film (Tegaderm®, 3M), followed
by a sterile gauze. The trunk of each animal
was wrapped with a self-adhesive elastic ban-
dage (Elastoplast®) to maintain the dressing
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in place and to avoid any trauma. The ban-
dage was left in place and periodically changed
every 3-5 days. A dorsal zip-like opening was
made in the dressing in order to introduce the
compounds onto the wounds on a daily basis.
For each group, one animal was euthanised at
day 15 and the other two at day 23.

Second animal model (“treated once closed’)

Two full-thickness wounds (1 x 1 cm) on each
flank of each animal were created following
the same surgical and dressing procedures as
described for the first model, except that the
polyurethane film was directly applied onto
wounds without any treatment. The dressing
was left secured in place for 5 days, replaced
for an additional five days and the wounds
were then left to heal spontaneously without
any dressing. By day 20 postwounding, epithe-
lialisation was almost completed (>95%) in
most cases, and the treatments started. A con-
centrated form of the IMf stock formulation
(cIM) was produced by processing IMf to a
speed-vacuum concentration (<100 mTorr at
room temperature) resulting in a gel formula-
tion that can easily be applied like an unguent.
cIM was then sterilised by gamma radiations.
A control gel formulation was derived from a
2% w /v bovine serum albumin (BSA) in PBS
solution, which was concentrated (cBSA) in
similar conditions by speed vacuum and then
sterilised by gamma radiation.

On each animal, two wounds on one flank
were treated with the cIM and two others with
cBSA as control wounds on the other flank.
The compound to be applied was alternately
selected on the left or right flank distributed
amongst a total of eight guinea pigs (i.e. eight
wounds per condition). The formulations were
applied by 'massage” over the closed wounds
that were then left free of dressing. A home-
made Elizabeth’s collar was secured in place
on each animal immediately after application
of the compound. The collar was left in place
for at least 1 hour. The treatment was applied
every day for 14 days.

Quantification

In both models, quantification of the macro-
scopic views of wound surface areas was
performed directly on photographs using the
Image ] program. Photographs of the wounds
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were taken periodically at the same focus dis-
tances during the treatment phase; a measuring
tape was used to scale the wounds. At the end
of the experiments, animals were euthanised.
Wounds and the surrounding skin were
excised and fixed in formaldehyde for histolog-
ical investigations. Specimens were embedded
in paraffin and sectioned through the mid-
dle of the wound and its margins in order to
reach the wound’s largest size (perpendicu-
lar to the crania-caudal axis). Tissue sections
were stained with haematoxylin-eosin saffron
(HES). Other sections were stained with picro-
sirius red to observe the organisation of col-
lagen fibres in wound tissues under polarised
light. Unstained sections were also processed
to identify «-SM actin in scar tissues using the
Cy3-conjugated monoclonal anti-«-SM actin.
As the specimens were fixed in formalde-
hyde, an antigen retrieval buffer was used (5:1
solution of 0-1 M sodium citrate/0-1 M cit-
ric acid at pH 6-0) followed by heating slides
at 55°C for 5 minutes in a microwave. Slides
were then rinsed in PBS and mounted with a
fluorescent mounting fluid. Observation was
performed as described earlier in the in vitro
investigation.

Digitalised images of wound sections were
captured with a video camera (Q-Imaging,
Burnaby, British Columbia, Canada). Using
the Image J program, the surfaces occupied
by wound tissues (wound area) were mea-
sured by tracing their contours. The wound
tissue thickness was also measured following
three lengths perpendicular to the wound sur-
face and limited at the bottom of the wound
by the subcutaneous muscle or the fatty tissue
depending on the structures identified below
the wound tissue. A ratio of epidermal cover-
ing was calculated after measuring the length
of non epithelialised wound surface reported
to the entire length of the wound surface
(independently of the epidermis thickness). In
addition, the surface occupied by birefringent
collagen fibres on picro-sirius-stained sections
was measured in the wound tissue and then
related to the total surface wound tissue area
in each tissue section.

Statistical analyses

Significant in vitro differences were deter-
mined by the one-way analysis of variance
(ANOVA) test using the Student-New-
man-Keuls method as a multiple pairwise

comparison procedure. The P value was set
at <0.05. In the in vivo studies, one-way
ANOVA was also used with the Fisher’s
least significance distance (LSD) method as a
multiple pairwise comparison procedure. The
P value was set at <0-05. In certain conditions,
the Student’s {-test was used to compare two
sets of data with a P value at 0-001.

RESULTS

In vitro studies

Collagen gel released from the wells rapidly
contracted in the presence of medium supple-
mented with 5% FBS and at a lesser degree
with 0-5% in a significant manner (Figure 1). In
the presence of decreasing dilutions of the IMf,
the gel was less contracted than the two con-
trol media (0-5% and 5% FBS) particularly at
low dilutions (Figure 1A). The areas of the gels
measured at day 6 were significantly increased
(P < 0-05) in the presence of low dilutions rang-
ing from 1:0-5 to 1:10 (v/v of IMf/culture
medium) as compared to the control culture
in the presence of 5% FBS (Figure 1A). The
surface area values at 1:1 and 1:0-5 dilutions
were also significantly different to all the other
conditions including the two control media.
In the presence of increasing concentrations of
the crude extract, the contraction occurred in
a similar manner as found in the positive con-
trol (0-5% FBS) but significantly lower than the
negative controls (5% FBS), except for the high-
est concentration (10 mg/ml) (Figure 1B). The
contraction induced by the crude extract was
significantly higher than that in the presence of
the IMf.

Fibroblast activity in collagen gel as mea-
sured indirectly by an XTT assay was close
to the activity measured in the two control
medium conditions in the presence of the
lowest dilution (1:0-5) of IMf (Figure 1C). In
higher IMf dilutions (1:10-1:1), the activities
of fibroblasts were significantly increased in
comparison with the other conditions. In the
presence of 0-1 and 1mg/ml crude extract,
the number of cells present in gels was close
to those in the control media, while at 5 and
10 mg/ml a significant increase was observed
in comparison with those in the presence of
0-5% FBS (Figure 1D).

Fibroblasts exposed to low dilutions of IMf
exhibited largely aggregated and elongated
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Figure 1. Fibroblast-populated collagen gel contraction assay. The surface areas occupied by the collagen gel were measured
after 6 days in the presence of decreasing dilutions of IMf (A) and increasing concentrations of crude extract (B). All conditions were
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Figure 2. Actin distribution in fibroblasts embedded in
collagen gel after 4 days. F-actin stained with Alexa-fluor
phallacidin (A) and «-smooth muscle (SM) actins stained with a
Cy3-labelled antibody (B) were observed in the presence of IMf
at various dilutions and in the two controls. Bar = 100 um.
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F-actin compared to those grown in the pres-
ence of low serum as a control (Figure 2A).
The formation of stress fibres was observed
particularly in the fibroblasts grown in 5% FBS
and with high dilutions of IMf. Cells stained
for «-SM actin presented diffuse fluorescence in
the presence of IMf or 0-5% FBS compared with
the cells in the presence of 5% FBS (Figure 2B).
«-SM actin in the presence of the crude extract
appeared similar to that in 0-5% FBS (data not
shown).

In vivo studies

Treatment of open wounds over a 23-day
period (first model) resulted in less wound
contraction when IMf (1:0-5) was applied com-
pared to wounds treated with PBS (Figure 3A).
Measurements of the wound contraction did
not show any significant difference compared
to control wounds after treatment with differ-
ent dilutions of IMf (from 1:1000 to 1:10). A
significant decrease in wound contraction was
observed only by day 14 at 1:1 dilution of IMf
and by day 23 at the lowest dilution (1:0-5),
compared to their respective control wounds
(Figure 3B). On histological sections (day 23),
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Figure 3. Full-thickness wounds (2 x 2-5 cm) treated immediately after wounding (first wound model). (A) Representative images
of the wounds at different periods of treatment with IMf (1:1 dilution) and compared to control wounds treated with the vehicle
phosphate buffered solution (PBS) (bar = 1 cm). (B) Wound surface areas (cm?) as measured on days 5 (white bars), 9 (light grey
bars), 14 (dark grey bars) and 23 (dark bars) (means + SEM are presented; n = 18 up to day 15, and n = 12 up to day 23;
*significantly different compared to control conditions at respective time periods).

the areas occupied by the wound tissues were
significantly higher after treatment with 1:1
IMf compared to control wounds, but not with
the other conditions (data not shown). How-
ever, there was no significant difference in the
wound tissue thickness, epidermal covering
and deposition of birefringent collagen.
Wounds only treated after closure (second
model) appeared contracted following a four-
point star-like shape at day 0 of treatment, with
very few unclosed tiny areas in 4/16 wounds
(Figure 4A). Treatment of these wounds for
14 days with the cIM resulted in wounds that
had spread out in the form of a slight residue,
and had lost their four-point star shape in 5/8
wounds (Figure 4A). Four out of eight wounds
presented a visible scar in the cIM-treated
wound tissue. Wounds treated with cBSA had
less spreading except for 1/8 and in all cases
obvious scar tissue was present. The surfaces
occupied by the residual wound areas and the
scar tissues themselves were traced for quan-
tification (Figure 4B). The area occupied by the

obvious scar tissue was then subtracted from
the total area for each wound. These values
show a significant difference in the residual
wound areas between the cIM-treated wounds
and those treated by cBSA (Figure 4C).

In addition, haematoxylin-phloxine-saffron
(HPS)-stained histological sections show larger
scar tissue in the wounds treated by cIM com-
pared with those treated by cBSA. The surface
areas were significantly different between the
cIM- and cBSA-treated wounds (Figure 5A).
Epidermal covering was present in both con-
ditions. Staining with «-SM actin showed close
distributions within the scar tissue between
the cIM- and cBSA-treated wounds and both
present important angiogenesis (Figure 5B).
After picro-sirius red staining and observation
under a polarised light, wound collagen fibre
contents exhibited similar patterns in cIM- and
cBSA-treated wounds (Figure 5C). The area
fractions of birefringent collagen in wound scar
tissues were also calculated and no significant
difference was found (Figure 5C).
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Figure 4. Full-thickness wounds (1 x 1 cm) treated after complete epithelialisation (second wound model) (A) Macroscopic images
of the eight wounds (numbered) as they appeared after spontaneous healing during 20 days (D0) and then treated with either cIM
or concentrated bovine serum albumin (cBSA) for another 14 days (D14) (bar = 5 mm). (B) The margins of residual wounds (dashed
lines filled with light grey) and obvious scar tissue (straight lines filled with dark grey) were traced from the images in (A) (columns
D14). (C) Surfaces occupied by light grey areas from (B) and subtracted from those in dark grey in wounds treated with cIM and cBSA

(means = SEM are presented; n = 8).

DISCUSSION

Amongst different fractions derived from
colostrums, the IMf has the property to limit
the contractibility of human dermal fibroblasts
in a dose-dependent manner, which was not
because of a decrease in the number of liv-
ing cells present in the collagen gel. Moreover,
those fibroblasts did not acquire stress fibres.
By comparison with the crude extract, IMf may
be involved in the modulation of tissue remod-
elling which can be of interest in scar tissue
prevention. The question is then whether it
should be applied onto wounds either at the
early phase of wound healing or after wound
closure. Upon wounding, the application of
relatively high concentrations of IMf delayed
wound contraction, and subsequently wound
closure without significant consequences on
the morphological patterns within wound tis-
sues. Furthermore, repeated applications of
the cIM on closed wounds resulted, in many
cases, in the dissipation of the forming scar.
The healing behaviour was also reflected by a
larger wound tissue as observed on histological
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sections with non excessive collagen deposition
and no change in the distribution of «-SM
actin. Thus, in vitro and in vivo observations
are relatively concomitant. On one hand, the
wound closure is delayed by the compound,
on the other hand, relatively long-term studies
show reduced scarring.

Collagen gel contraction is the result of col-
lagen remodelling by fibroblasts in which the
cytoskeleton plays an important role and it
may also predict tissue contraction (9,10) . Dis-
ruptors of the cytoskeleton such as colchicine
and cytochalasin decrease collagen gel con-
traction (9) as well as antifibrogenic agents
such as pentoxifylline (11). TGF-g1 and -52,
which play a critical role in scarring and
fibrosis, induce fibroblasts to contract collagen
gel (12-14). In addition, TGF-g increased trans-
differentiation of fibroblasts into contractile
myofibroblasts containing stress fibres (15,16).
Although TGF-g has been found in bovine milk
whey extract and skimmed colostrums (17-19),
the filtration process to obtain IMf may elim-
inate TGF-B. Screening IMf for a variety of

Key Points

upon wounding, the application
of relatively high concentrations
of IMf delayed wound contrac-
tion, and subsequently wound
closure without significant con-
sequences on the morphological
patterns within wound tissues
furthermore, repeated applica-
tions of the cIM on closed
wounds resulted, in many cases,
in the dissipation of the forming
scar

the healing behaviour was also
reflected by a larger wound tis-
sue as observed on histological
sections with non excessive col-
lagen deposition and no change
in the distribution of «-SM actin
thus, in vitro and in vivo obser-
vations are relatively concomi-
tant

onone hand, the wound closure
is delayed by the compound,
on the other hand, relatively
long-term studies show reduced
scarring
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e it has been recently shown that
IMf stimulates the production
of antimicrobial peptide, the
B-defensin (personal communi-
cation), which is known to pro-
mote wound closure in diabetic
or infected wounds, by limiting
the inflammatory response and
by the inhibition of TGF-g

e in the present study, the heal-
ing response of full-thickness
open wounds was selected to
investigate the effect of a top-
ical compound during the early
phase of wound healing in a
group of animals and during the
later scarring phase in another
group

e in humans, macroscopic evalu-
ation of scar tissues after burns
comprises a scale that includes
pigmentation, pliability, height
and vascularity
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Figure 5. Histological observations and quantification of wounds treated after wound closure (second model). (A) Haematoxylin-
phloxine-saffron (HPS)-stained sections of wounds after 14 days (total 34 days) of treatment with cIM and concentrated bovine serum
albumin (cBSA) (bar = 500 um) and the surface areas occupied by the scar tissue are presented after cIM and cBSA treatments.
(B) The distribution of a-smooth muscle (SM) actin was observed after immunohistochemistry in scar tissues treated with cIM and
BSA, and in normal dermis (ND). (C) Birefringent collagen deposited in wounds was observed on picro-sirius-stained tissue sections
under a polarised light (bar = 250 um) and the fraction area of collagen deposition in wounds was quantified (means + SEM are

presented; n = 8).

growth factors and cytokines ended up with
the presence of IGF-1, but not TGF-f. The pres-
ence of IGF-], in relatively large amounts, in the
IMf may explain less contraction of a collagen
gel and collagen production. However, IGFs
are also known to enhance wound healing in
its early phase (7), which has not been shown
in our first wound model. The limitation of gel
contraction and the absence of stress fibres in
fibroblasts as observed with the IMf suggest
that specific compounds within IMf play a role
in the modulation of scar tissue and wound
contraction as observed in the two guinea pig
models. A variety of small peptides (70% below
500 Da) has also been found in the IMf but has
not yet been completely identified. Amongst
them, it may be possible to find relaxin which
has also been detected in milk-derived prod-
ucts. Relaxin is known to modulate both IGF-1
and TGF-g1 and to decrease the expression of
«a-SM actin (20). Moreover, colostrum-derived

products may also contain hormones such
as estrogens that reduce the inflammatory
response and increase collagen deposition,
thereby the remodelling phase of the healing
wound (21). In addition, it has been recently
shown that IMf stimulates the production of
antimicrobial peptide, the g-defensin (personal
communication), which is known to promote
wound closure in diabetic or infected wounds,
by limiting the inflammatory response and by
the inhibition of TGF-8 (1,22-25).

In the present study, the healing response
of full-thickness open wounds was selected
to investigate the effect of a topical com-
pound during the early phase of wound heal-
ing in a group of animals and during the
later scarring phase in another group. A pre-
vious study using this model had focused
only on wound contraction rate and micro-
scopic assessment without reporting the clini-
cal appearance (26). In humans, macroscopic

© 2011 The Authors
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evaluation of scar tissues after burns com-
prises a scale that includes pigmentation, pli-
ability, height and vascularity (27). However,
such criteria are difficult to apply in wounds
created in animals in which wound contraction,
almost inexistent in humans, is also involved in
the wound closure process. In addition, there
is no ideal scarring wound model in small
rodents (28-30). The morphological aspects of
scar tissues and the quantification of scar sur-
face areas can be a valuable assessment of the
scarring process in these rodents. Thus, a dis-
sipated scar-like tissue as observed after cIM
treatment can be considered as wounds that are
healed with limited remodelling and wound
contraction.

Although scar tissue management should
be focused on their prophylaxis, the preva-
lence of hypertrophic scars, keloids and wound
contracture after burns is inevitable due to
the extent of trauma and individual and
genetic considerations. Moreover, their recur-
rence after reconstructive surgery is still
an issue. Topical applications of naturally
derived products, such as genistein and camp-
tothecin, have been proposed to improve scar-
ring (31,32). Colostrum-derived compounds
may have interesting features among the alter-
native natural products, in which IGF-1 and
relaxin may play a role. The IMf/cIM may
be considered as an antagonist of scar tis-
sue formation. However, further studies on
larger animals are needed prior to clinical
trials.
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