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Abstract
Epithelial-mesenchymal interactions are important in wound healing and scarring, but are difficult
to study in vitro. We have previously reported on an in vitro keratinocyte-fibroblast coculture
system exploring these interactions and found that coculture modifies the levels of cytokines they
secrete. The same coculture model was used to study changes in MMP- and TIMP-activity. We
hypothesized that the previously shown decrease of collagen is partly due to increased MMPs.

Adult human cutaneous keratinocytes and fibroblasts were cocultured under serum-free
conditions. Keratinocytes were either kept at the air-liquid-interface or hydrated. The conditioned
medium was submitted to a multiplex sandwich enzyme-linked immunosorbent assay including
gelatinases, collagenases, stromelysins, and tissue inhibitors of metalloproteinases. Collagen
content was determined by western blot. Zymography depicted the gelatinases in conditioned
media. For confirmation of the coculture results fibroblasts were treated with conditioned media
from keratinocyte monocultures as well.

MMP-1, MMP-9, and MMP-10 were mainly secreted by keratinocytes, whereas MMP-2, TIMP-1
and -2 by fibroblasts. MMP-13 was secreted by both cell types at comparable levels. Collagenases,
gelatinases, MMP-3, and TIMPs increased significantly in cocultures compared to monocultures.
Hydration of keratinocytes revealed a significant increase of MMP-3 and MMP-2, and a decrease
of TIMP-2.

Paracrine interactions between keratinocytes and fibroblasts modify strongly MMPs and TIMPs,
whereas hydration of keratinocytes had a smaller impact in this context. The observed changes
may be in part responsible for reduced collagen in coculture conditioned media. The present
coculture experiments reemphasize the role of epidermis in controlling scarring.
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Introduction
Cutaneous wound healing is a finely controlled dynamic event involving multiple cell types,
extracellular matrix, an array of soluble cytokines, and proteases. At the end of the
remodeling phase the wound resolves in most cases to a normal barely visible scar without
functional consequences. Hypertrophic scar formation represents wound healing where the
control mechanisms are abnormal and excessive collagen has been deposited [1,2]. Clinical
observations suggest that wounds with delayed epithelialization have excess dermal collagen
deposition, and thus form hypertrophic scars.

Regulation of collagen synthesis and deposition is a direct approach to control scar tissue
formation. Type I collagen is the major collagen of the extracellular matrix and the major
structural protein of scar tissue [1]. Its metabolism is modulated by numerous cytokines
including the transforming growth factor-β superfamily, tumor necrosis factor-α (TNF-α)
and interleukin-1 (IL-1) [3].

Experimental observations support the hypothesis that keratinocytes strongly contribute to
the modulation of dermal fibroblast collagen production and degradation [4,5]. Detailed
mechanisms of paracrine interactions between keratinocytes and fibroblasts have partly been
investigated [6]. We have previously shown keratinocytes-fibroblast dependent production
of TNF-α and IL-1 influencing collagen secretion in an in vitro coculture model [7].

Collagen degradation happens through cleavage by matrix metalloproteinases (MMPs).
Another line of evidence has implicated the epidermis to be also an important factor in
regulating MMP activity [8,9].

In cutaneous wounds MMPs are synthesized by keratinocytes, fibroblasts, macrophages, and
endothelial cells [10]. They are up-regulated within hours after injury [11].

During wound healing the collagenases, gelatinases, and stromelysins are of particular
relevance [10,12]: MMP-1, MMP-3, MMP-9 and MMP-10 contribute to keratinocyte
migration during epithelialization. MMP-2, together with MMP-3 and MMP-13, is
important in collagen degradation. MMPs also contribute to morphogenesis, angiogenesis,
growth factor release, processing of precursor proteins, and to cell-cell as well as cell-matrix
interactions [12].

However, the secretory behaviour of primary human cutaneous keratinocytes and fibroblasts
concerning the different types of MMPs and TIMPs has not fully been elucidated. An
exhaustive literature search is not giving the answer on the MMP profile secreted by
keratinocytes and fibroblasts. No comparison of the whole array of MMPs that are employed
during wound healing has been made in a single connected experiment.

The purpose of this study was to examine in vitro the effects of paracrine epithelial-
mesenchymal interactions on MMPs and TIMPs that are assumed most relevant to wound
healing and scarring by using a keratinocyte-fibroblast coculture system.

Primary adult human epidermal keratinocytes and dermal fibroblasts were cocultured under
serum-free conditions. A comparison was made between monocultures and cocultures on the
level of the released collagenases, gelatinases, stromelysins, tissue inhibitors of
metalloproteinases, and the content of collagen I in conditioned media. In addition we
wished to elucidate the impact of keratinocyte hydration on MMP- and TIMP-activity as we
had previously demonstrated its importance in the regulation of keratinocyte cytokine
expression [7].
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Material and Methods
Cell Culture

Isolation of the primary human cells was performed with the approval of the Northwestern
University Institutional Review Board.

Keratinocytes—Epidermal keratinocyte cultures were isolated from normal skin from
three healthy female donors (21-30 years) undergoing breast reduction. The samples were
placed in sterile culture plates and washed with Ca2+-, Mg2+-free PBS containing penicillin-
streptomycin. The tissue was cut into 1 cm2 pieces. The dermis was removed using dispase.
The epidermal sheets were digested with trypsin. The released keratinocytes were cultured
in Defined Keratinocyte-SFM (a serum- and BPE-free medium with low calcium (<0.1
mM), containing a growth supplement, Invitrogen, Carlsbad, CA) and penicillin-
streptomycin (humidified, 5% CO2, 37°C) [13]. Cells were passaged during amplification at
max. 80% confluence and used between passages 4-7.

Fibroblasts—Dermal fibroblast cultures were isolated from normal skin from three female
donors (20-26 years) undergoing breast reduction. De-epithelialized dermal tissue pieces
were incubated at 37°C in collagenase type II (200 U/ml; Invitrogen, Carlsbad, CA) in
serum-free Dulbecco's modified Eagle's medium (DMEM, Invitrogen, Carlsbad, CA). After
inactivation of the collagenase by addion of DMEM containing 10% fetal bovine serum
(FBS; Invitrogen, Carlsbad, CA) fibroblasts were released by trituration of the remaining
tissue fragments. The released cells were cultured in fibroblast growth media (DMEM
supplemented with 10% FBS and 1% penicillin-streptomycin) under standard culture
conditions (humidified, 5% CO2, 37°C). Cells were passaged 1:3 upon confluence and used
between passages 3-5.

Keratinocyte-Fibroblast Coculture
A coculture model was used to study paracrine interactions between keratinocytes and
fibroblasts as previously described [7,14]. The model consists of two chambers separated by
a semi-permeable 3.0 μm pore-size polyethylene terepthalate membrane (Fig. 1).

After reaching a high proliferative activity, the keratinocytes were passaged at a cell density
of 50,000 cells per cm2 into 6-well-inserts (4.65 cm2, BD Falcon™, San Jose, CA) at the
presence of Defined K-SFM and remained submerged under serum-free conditions at low
calcium (<0.1 mM) until confluence was complete and stratification became apparent. At
this point the keratinocytes were exposed to air by keeping them at the air-liquid interface in
Defined K-SFM supplemented with 10% FBS.

Meanwhile the fibroblasts were passed into 6-well plates (9.6 cm2, BD Falcon™, San Jose,
CA) at a density of 40,000 cells per cm2 and cultured until confluent.

To initiate coculture both cell types were washed with sterile PBS and the keratinocyte-
populated inserts were placed together with the confluent fibroblasts in the presence of
DMEM supplemented with 1% BSA (bovine serum albumin, Sigma Chemical Co., St.
Louis, MO), 1% ITS (insulin, transferrin and selenium, Sigma Chemical Co., St. Louis,
MO), 1% penicillin-streptomycin and 50μg/ml vitamin C under hydrating conditions. In one
group keratinocytes remained at the air-liquid interface in another they were submerged by
media. The monocultured controls were treated equally. After 72 hours conditioned media
was collected and after centrifugation at 3000 rpm for 15 minutes used for analysis or for
further experiments.
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Fibroblast Treatment with Conditioned Media from Keratinocytes
Fibroblasts were passed into 6-well plates at a density of 40,000 cells per cm2. When
confluent they were washed with sterile PBS and treated with conditioned media from either
air-exposed or hydrated monocultured keratinocytes (see coculture experiment). The
controls were treated with conditioned media obtained from the control fibroblasts treated
with the same experimental media. After 48 hours conditioned media was collected,
centrifuged at 3000 rpm for 15 minutes and used for analysis.

Enzyme-Linked Immunosorbent Assay (ELISA)
The concentrations of MMP-1, MMP-8, MMP-13, MMP-2, MMP-9, MMP-3, MMP-10,
TIMP-1 and TIMP-2 in conditioned media were analyzed by SearchLight Human MMP
Array 1 (Pierce, Rockford, IL) as described previously [23].

Each well of the microplate provided was pre-spotted with MMP- and TIMP-specific
antibodies that capture the active form of these proteins in the standards and samples added
to the plate. After washing away of unbound proteins the biotinylated detecting antibodies
were added. After washing away of excess detecting antibody streptavidin-horseradish
peroxidase was added. The latter reacted with SUPERSIGNAL ELISA Femto
Chemiluminescent Substrate (Patent 6,432,662) to produce a luminescent signal that is
detected with a SEARCHLIGHT CCD Imaging and Analysis system. The amount of signal
produced was proportional to the amount of each protein in the original sample. Each
sample was assayed 2 times and the mean value of both measurements was used.

Western Blot Analysis
Collagen content in conditioned media was measured by western blot analysis as described
previously [11]. Duplicate samples were subjected to 4 to 12% acrylamide gradient SDS-
polyacrylamide gel electrophoresis. The proteins were transferred to PVDF (320 mA for 150
minutes in a Western blotting apparatus cooled to 4°C in the cold room; Bio-Rad
Laboratories, Hercules, CA), blocked with 5% powdered milk in PBS with 0.1% Tween 20,
and reacted with LF67 at a 1:20,000 dilution (a rabbit antihuman collagen-I antibody,
generously provided by Dr. L. W. Fisher, National Institutes of Health [24]). The blots
reacted with goat anti-rabbit horseradish peroxidase (Pierce Chemical Co., Rockford, IL),
developed for chemiluminescence using enhanced chemiluminescence reagents (Amersham,
England) and analyzed with a digital scanner EPI-CHEMI II Darkroom (UVP, Upland, CA)
using UVP Labworks 4.0 software. Band intensities were normalized to total protein content
and expressed as a stimulation index.

Zymography
Gelatinase activities present in conditioned media were visualized by gelatine zymography
as described previously [15]. Duplicate samples of conditioned media were subjected to 10-
well 10% Tris-Glycine gels containing copolymerized gelatine (Invitrogen, Carlsbad, CA)
and electrophoretically separated under non-reducing conditions. Following electrophoresis,
gels were washed with 2.5% Triton X-100 and incubated in 0.1 M glycine, 10 mM CaCl2, 1
μM ZnCl2, pH 8.3 for 24 hours prior to staining with Coomassie Blue. The zymograms were
used for qualitative comparison (Fig. 2).

Statistical Analysis
Cells from three different donors were used for three independent experiments; the results
were uniformly consistent, although the magnitudes varied. Each experiment including
various treatments was performed in triplicate for each cell strain and repeated three times.
Individual cell strain responses to treatments were quantified, averaged and compared to
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control treatments using the Student's t-test for paired groups. The level of significance was
set to p values less than 0.05 in all analyses. Data are presented as mean ± SEM of percent
change.

Results
Primary adult human epidermal keratinocytes and primary adult dermal fibroblasts released
matrix metalloproteinases (MMPs) and tissue inhibitors of metalloproteinases (TIMPs) at
differing intensity. The various experimental conditions lead to significant changes of the
measured MMP- and TIMP-activities (Table 1).

Keratinocyte-Fibroblast Coculture
Collagenase-1 (MMP-1) was secreted by monocultured keratinocytes and monocultured
fibroblasts, though at lower levels by the latter. Coculture increased the content of MMP-1
in conditioned media up to ninefold. Collagenase-2 (MMP-8) and collagenase-3 (MMP-13)
were secreted at lower concentrations than MMP-1, but at comparable levels by
monocultured keratinocytes and monocultured fibroblasts. Coculture increased MMP-8
more than threefold, to a lesser degree MMP-13. The measured concentrations of MMP-1,
MMP-8, and MMP-13 were within the range from 17.76-827.04 ng/ml, 91.02-788.67 pg/ml
and 157.61-597.43 pg/ml respectively (Fig. 3).

Gelatinase A (MMP-2) was secreted in monoculture by both cell types, but at very low
levels by keratinocytes in comparison to fibroblasts. There was a more than twofold increase
of MMP-2 under coculture conditions. Gelatinase B (MMP-9) was mainly secreted by
keratinocytes and only at very low levels by fibroblasts. Coculture increased MMP-9 by
more than twofold. The measured concentrations of MMP-2 and -9 were within the range
from 14.81-451.49 ng/ml and 1.19-75.74 ng/ml respectively (Fig 4).

Stromelysin-1 (MMP-3) was secreted predominantly by fibroblasts. It was also detectable at
very low levels in conditioned media from keratinocyte monocultures. Coculture increased
the content of MMP-3 in conditioned media fivefold. Stromelysin-2 (MMP-10) was secreted
mainly by keratinocytes and was only detectable at very low levels in conditioned media
from fibroblast monocultures. In conditioned media from cocultures MMP-10 showed a
tendency to higher levels. The measured concentrations of MMP-3 and -10 were within the
range from 58.71-5555.5 ng/ml and 0.32-61.05 ng/ml respectively (Fig. 5).

Both examined tissue inhibitors of metalloproteinases (TIMP-1 and TIMP-2) were secreted
at lower levels by monocultured keratinocytes than by monocultured fibroblasts. Coculture
increased the concentrations of TIMP-1 and TIMP-2 at least by a factor of two. The
measured concentrations of TIMP-1 and -2 were within the range from 3.38-772.37 and
4.68-81.4 ng/ml respectively (Fig. 6).

These results were strengthened by the conditioned media experiment: when treated with
conditioned media from air-treated keratinocytes fibroblasts secreted more collagenases,
MMP-2, MMP-3, and more TIMPs than their controls.

Effects of Keratinocyte Hydration
Hydration of keratinocytes in the coculture experiment had a significant impact on MMP
levels in conditioned media in the case of MMP 3 and TIMP-2. The already remarkable
increase of MMP 3 in coculture media was further significantly intensified in the presence
of hydrated keratinocytes whereas TIMP-2 decreased in this context (Fig. 7).
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When adding conditioned media from hydrated keratinocytes to fibroblasts the activities of
MMP-1, MMP-3, and MMP-2 increased by 10%, 17% and 24%. TIMP-2 decreased by 40%
after addition of conditioned media from hydrated keratinocytes (Fig. 8).

Collagen—Collagen I content in conditioned media decreased significantly when
fibroblasts were cocultured with keratinocytes [11]. Hydration of the present keratinocytes
decreased collagen further (Fig. 9).

Discussion
MMPs are important in wound healing. They are needed for degradation of provisional
matrix, angiogenesis, cell migration and extracellular matrix remodeling. Wound healing is
impaired when MMPs are absent [16,17]. On the other hand excessive levels of MMPs
impair wound healing or act destructive on normal tissue as in the case of rheumatoid
arthritis or cardiovascular disease [18-20]. Premature collagen damage in photoaged skin is
credited to MMPs induced by UV-light [21]. TIMPs are the natural inhibitors of MMPs. An
imbalance between the activity of MMPs and TIMPs is stated to cause chronic non-healing
wounds on one side and fibrotic disorders on the other [22,23].

In hypertrophic scars and keloids specific MMPs and TIMPs are still present in contrast to
uninjured skin or normal scars [24,25]. The decreased production of MMP-1 in post-burn
hypertrophic scar fibroblasts was stated to make these wounds prone to hypertrophic scars
[26]. In an open wound, advancing epithelium results in apoptosis and reduction in
inflammation in the underlying granulation tissue, and early grafting or addition of epithelial
cells to resurface a wound result in improved scars [27,28]. These results suggest that part of
the reason for improved scar and reduced collagen accumulation clinically could be due to
increased MMP expression and increased collagen degradation, and support the observation
that epithelial mesenchymal cell interactions enhance scar remodeling.

To date it cannot be said which MMP is more important for collagen degradation. A
comparison of the entire array of MMPs and TIMPs all together in the context of wound
healing and scarring is still missing. It is very likely that the activity of the different MMP
groups make the sum together with their interplay with the TIMPs. The spectrum of
substrates among the individual enzymes is quite similar though they act on them with
different affinity. Nevertheless, the collagenases are noteworthy in particular as they control
the process of collagen degradation. MMP-1 initiates matrix degradation by cleaving
fibrillar native triple helical collagen and making it susceptible for the final break-down by
the gelatinases and MMP-3. MMP-3 on the other side might play an important role in
hypertrophic scars as it degrades proteoglycans [29]. Chondroitin-4-sulfate has been found
to coat the whorl-like nodules in hypertrophic scars that contain collagen [30]. Its resistance
to collagenases undoubtedly reduces the accessibility of these nodules to MMP degradation.

The collagen breakdown in a scar in vivo is impacted by which cells and where in the
microenvironment these MMP are released than the affinity of the enzyme-substrate
interactions. Epithelial-mesenchymal interactions are potentially important in this context,
but teasing out these interactions in vivo is not feasible. Coculture of two different cells
types in an insert system is a reliable method to investigate paracrine interactions in vitro.
Our results add some new insights into this complex process.

In our experiments monocultured keratinocytes secreted mainly MMP-1, MMP-9, and
MMP-10 whereas monocultured fibroblasts secreted predominantly MMP-2, MMP-3,
TIMP-1, and TIMP-2. The collagenases MMP-8 and MMP-13 were secreted by both cell
types at comparable low levels. Coculture of keratinocytes with fibroblasts had an overall

Tandara and Mustoe Page 6

J Plast Reconstr Aesthet Surg. Author manuscript; available in PMC 2012 January 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



and strong impact on the activity of MMPs and TIMPs: almost all MMPs and both TIMPs
that were investigated in this study increased significantly and very consistently in
conditioned media from cocultures. The conditioned media experiments strengthened these
results: monocultured fibroblasts that were treated with conditioned media from air-exposed
monocultured keratinocytes secreted more collagenases, more MMP-2, more MMP-3, and
more TIMPs than their controls.

In coculture we saw an impressive fivefold increase of MMP-3. As a broad spectrum
proteinase MMP-3 is important in degradation of major components of the extracellular
matrix [29]. The gelatinases increased more than twofold and TIMP-1 and TIMP-2
increased up to fourfold and threefold respectively and confirmed in part a previous
observation [9]. Our observed ninefold increase of MMP-1 in conditioned media from the
coculture experiments matches findings from others [31].

Hydration of keratinocytes caused slight changes in most MMPs and TIMPs. They were
significant in the case of MMP-3 and of TIMP-2 as well as of MMP-2. We had hypothesized
a change in MMP activity under hydration, based on our previous observations on beneficial
effects of epidermal hydration on scarring [32]. By restoration of the barrier function either
by hydration or a mature stratum corneum the stimulus for epithelial proliferation is reduced
– as a consequence less activated more differentiated keratinocytes are present and scarring
is reduced [33].

Paracrine cross-talk between keratinocytes and fibroblasts influences the activity of various
MMPs [8,34]. In the present study we examined in connected experiments the impact of
these paracrine interactions on MMPs and tissue inhibitors of metalloproteinases (TIMPs)
that are supposed to be involved in wound healing and are secreted by keratinocytes and
fibroblasts. We chose the methodology of using primary cutaneous keratinocytes and
fibroblasts at low passage numbers to model the in vivo wound, though recognizing the
limitations of an in vitro system.

Consideration of the role of MMPs is critical to understanding scarring, as collagen
deposition is a balance of synthesis and degradation. Our data strongly support the
hypothesis that paracrine interactions between keratinocytes and fibroblasts direct the
balance between proliferative and degradative processes related to collagen metabolism and,
ultimately, scar formation. We were able to show that MMP activity is significantly induced
when keratinocytes and fibroblasts were cocultured and that these increases were associated
with decreased levels of collagen. These results provide further evidence for a paracrine
interaction between keratinocytes and fibroblasts that appears to play an important role in
the regulation of collagen metabolism.
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Figure 1. Experimental setup
(A) Adult human epidermal keratinocytes (HK, left) were cultured submerged in inserts
until confluent and stratifying and then set to the air-liquid-interface for 7 days. Adult
human dermal fibroblasts (HDF, right) were cultured in 6-well-plates until confluent.
Images were captured at ×100 magnification and are representative of all the cell cultures
used in this study. (B) Hydration experiment. Keratinocytes (HK) and fibroblasts (HDF)
were cocultured for 72 hours as in (B) except the keratinocytes were hydrated with culture
medium. The monocultured controls were exposed to the same conditions.
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Figure 2. Representative gelatine zymograms
(A) Conditioned media from the coculture experiment (HK-A, air-treated keratinocytes;
HK-H, hydrated keratinocytes; Co, coculture, A, air-treated; H, hydrated) in comparison to
the conditioned media of monocultured keratinocytes and fibroblasts (HDF, control
fibroblasts). One representative experiment. (B) Conditioned media from the conditioned
media experiment (HDF-A, fibroblasts treated with conditioned media from air-treated
keratinocytes; HDF-H, fibroblasts treated with conditioned media from hydrated
keratinocytes; (HDF, control fibroblasts). Two representative experiments.
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Figure 3. Coculture-Experiment
(A) MMP-1 (Collagenase-1) in conditioned media from the coculture experiment (ELISA):
Averaged absolute values in [ng/ml] ± SEM, *p < 0.05. (B) MMP-8 (Collagenase-2) in
conditioned media from the coculture experiment (ELISA): Averaged absolute values in [pg/
ml] ± SEM, *p < 0.05. (C) MMP-13 (Collagenase-3) in conditioned media from the
coculture experiment (ELISA): Averaged absolute values in [pg/ml] ± SEM, *p < 0.05.
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Figure 4. Coculture-Experiment
(A) MMP-2 (Gelatinase-A) in conditioned media from the coculture experiment (ELISA):
Avaraged absolute values in [ng/ml] ± SEM, *p < 0.05. (B) MMP-9 (Gelatinase-B) in
conditioned media from the coculture experiment (ELISA): Avaraged absolute values in [ng/
ml] ± SEM, *p < 0.05.
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Figure 5. Coculture-Experiment
(A) MMP-3 (Stromelysin-1) in conditioned media from the coculture experiment (ELISA):
Averaged absolute values in [ng/ml] ± SEM, */**p < 0.05. (B) MMP-10 (Stromelysin-2) in
conditioned media from the coculture experiment (ELISA): Averaged absolute values in [ng/
ml] ± SEM.
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Figure 6. Coculture-Experiment
(A) TIMP-1 (Tissue inhibitor of metalloproteinases 1) in conditioned media from the
coculture experiment (ELISA): Averaged absolute values in [ng/ml] ± SEM, *p < 0.05. (B)
TIMP-2 (Tissue inhibitor of metalloproteinases 2) in conditioned media from the coculture
experiment (ELISA): Averaged absolute values in [ng/ml] ± SEM, *p < 0.05.
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Figure 7. Hydration of Keratinocytes: Coculture-Experiment
(A) MMP-3 in conditioned media from the coculture experiment (ELISA): Averaged
absolute values in [ng/ml] ± SEM from various conditions, *p < 0.05. (B) TIMP-2 in
conditioned media from the coculture experiment (ELISA): Averaged absolute values in [ng/
ml] ± SEM from various conditions, *p < 0.05.
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Figure 8. Hydration of Keratinocytes: Treatment of HDFs with Conditioned Media from HKs
(A) MMP-3 (Stromelysin-1) in conditioned media from fibroblasts from the conditioned-
media experiment (ELISA): Fibroblasts were treated with conditioned media from
keratinocytes kept under different conditions. Absolute values in [ng/ml], */**p < 0.05. (B)
MMP-2 (Gelatinase A) in conditioned media from fibroblasts from the conditioned-media
experiment (ELISA): Fibroblasts were treated with conditioned media from keratinocytes
kept under different conditions. Absolute values in [ng/ml], */**p < 0.05.
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Figure 9.
(A) Collagen-I-Content (Western blot): Two representative collagen-I Western blots of
conditioned media from cocultures (Air, air-treatment; H2O, hydration) in comparison to the
conditioned media of monocultured fibroblasts (C, control). LF67, rabbit antihuman
collagen 1 (generously provided by Dr. L. W. Fisher, National Institutes of Health[24]),
binds to the different stages of the post-translational biochemical modification of the
secreted procollagen polypeptide. The fibroblasts secrete the soluble ‘procollagen’ which
represents the major part in conditioned media. Outside the cell, procollagen peptidases
cleave the registration peptides to form pC-collagen and pN-collagen. The LF67 antibody
recognizes the pC-collagen as well. After 72 hours at which time the experiment ended only
a small part of the secreted procollagen has been transformed to collagen. (B) Collagen-I-
Content (IODs of Western blots): Relative collagen content in conditioned media [in %]
between the two coculture groups in comparison to the conditioned media of monocultured
fibroblasts, *p < 0.05. The IODs of the control were set to 100 %.
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