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Abstract

The proteoglycan decorin putatively inhibits cell adhesion and cell migration on various
extracellular matrix substrates through interactions with B4 integrins. This study therefore
examined the adhesive, migration, and proliferative characteristics of decorin knockout (Dcn™")
murine embryonic fibroblasts compared to wild-type controls on collagen-coated, fibronectin-
coated, and uncoated tissue culture plates. The Dcn™~ cells showed significantly greater
proliferation than wild-type controls on all substrates. The Dcn™~ cells also showed significantly
greater adhesion to both collagen and fibronectin; both cell types showed greater adhesion to
collagen. The addition of exogenous decorin had a differential effect on adhesion to collagen
between cell types, but not on fibronectin. For collagen, blocking either a, or B4 integrin subunits
significantly reduced adhesion for Dcn~/~ cells; whereas for fibronectin, blocking either the as or
{31 integrin subunits reduced adhesion for both cell types. Decorin and the asf; integrin may have
lesser roles in adhesion to fibronectin than previously presumed. Finally, compared to wild-type
cells, Den~/~ cells showed greater migration on both uncoated and collagen substrates. This study
demonstrates that decorin affects the biology of various integrins that participate in cell
proliferation, adhesion, and migration on various substrates.
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INTRODUCTION

Decorin, a member of the small leucine rich proteoglycan family, is an important regulator
of collagen fibrillogenesis,! collagen degradation,? and matrix organization.® Given this
close association with collagen, decorin is therefore involved in foreign body reactions to
implanted biomaterials* as well as the remodeling of native and engineered tissues. Decorin
also modulates collagenase gene expression and the availability of growth factors in the
extracellular matrix by binding of the decorin core protein to fibronectin,>® collagen,” and
transforming growth factor beta (TGF-B).8:9 Increased decorin expression has also been
reported in healing wounds, 10 fibrotic tissues within infarcted myocardium,1112 tissues
undergoing angiogenesis,13 tumor stroma,4 and arthritic joints.1® The involvement of
decorin in the above tissue remodeling and pathogenesis can be attributed in part to the
inhibitory effect of decorin on cell adhesion16:17 as well as the ability of decorin to bind to
TGF-° and epidermal growth factor receptors.18-21 Due to both of these effects, the
addition of decorin has been shown to influence the proliferation of many different cell
types.19.22.23

Cell adhesion to extracellular matrix substrates, predominantly fibronectin, collagen,
vitronectin, fibrinogen, and laminin, regulates several aspects of normal cell behavior, such
as proliferation, migration, gene expression, and protein synthesis.>24 Cell adhesion to these
matrix molecules occurs mainly through B1 integrins and triggers a variety of signaling
pathways.2* Interestingly, the negative influence of decorin on cell adhesion to these
substrates has also been shown to be mediated via the By subunit of integrin.17:25.26
However, it is still unclear whether this influence is primarily mediated by the 1 subunit
binding to the glycosaminoglycan (GAG) chain28 or the core protein of decorin, or the
proteoglycan itself binding to the substrate.6:27

The influence of decorin on cell adhesion to matrix components likely also affects
engineered tissue material behavior, particularly through the regulation of collagen
fibrillogenesis. Previously, it was thought that decorin deficiency consistently causes
irregular collagen fibril density and morphology.11:2829 However, it was also shown that
tendons from decorin deficient mice actually exhibited greater strength than corresponding
tissues from wild-type controls.39-31 Furthermore, prolapsed mitral valves, which exhibit
reduced mechanical strength,32 were recently shown to contain a greater abundance of
decorin than in normal valves.12 These conflicting reports suggest that the influence of
decorin may depend on substrate, environment, and cell type. Therefore, there is a need for
further investigation into the role of decorin, particularly with respect to cell-integrin-matrix
interactions, in the development, maturation, and mechanical behavior of engineered tissues.

We previously investigated a novel means of elucidating the myriad contributions of decorin
to engineered tissue development using decorin knockout (Den™~) murine embryonic
fibroblasts (MEFs).33:34 Interestingly, we found that that 3-D collagen gels seeded with
Dcn~/~ MEFs showed greater matrix organization, cell proliferation, ultimate tensile
strength, and elastic modulus than those seeded with wild-type control cells. The properties
demonstrated by these collagen gels seeded with Dcn™'~ cells were partly influenced by
TGF-B and the mechanical environment within the ECM. Specifically, the presence of TGF-
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B improved gel contraction, matrix organization, and tensile strength of collagen gels seeded
with Den™ cells.33 In addition, cyclically straining these collagen gels helped to increase
collagen fibril density, proteoglycan density, GAG chain length, and elastic modulus.3* We
also found that the Dcn™~ cells expressed greater amounts of a,p; integrin than wild-type
cells. If MEF adhesion to collagen is substantially governed by ayay integrins, then the
greater expression of c,f; integrins by the Den™~ cells would result in improved cellular
adhesion and consequently superior matrix organization. These observed characteristics of
the developing 3-D collagen gels could also be attributed to decorin-dependent differences
in adhesion and migration behavior between the Den™~ and wild-type cells. Although cell
adhesion and migration are highly relevant to tissue engineering, these behaviors have not
been previously investigated for Dcn~/~ cells, yet understanding such behavior could
explain the greater contraction of collagen gels seeded with these cells.

In this study, we assessed the influence of decorin on the proliferative, adhesive, and
migration behavior of Dcn™/~ and wild-type MEFs grown on uncoated, collagen-coated, or
fibronectin-coated tissue culture plastic, using the rationale that the surface-dependent cell
behavior from these 2-D experiments would be consistent with observations from the 3-D
tissue model. Since Dcn™/~ cells were previously shown to express a greater amount of af;
integrins, we also investigated the contribution of a, and 1 integrin subunits to cellular
adhesion to collagen. In addition, we investigated the influence of decorin on fibronectin
adhesion via the agf; integrin,3® commonly known as the fibronectin receptor, to investigate
the substrate-dependent effects of decorin.

EXPERIMENTAL PROCEDURES

Cell culture

Embryonic fibroblasts were isolated from euthanized Dcn™/~ or wild-type mouse embryos
(12.5 to 13.5 gestational days old) from Balbc background, as described in previous
studies.33 Embryonic fibroblasts were selected for use in this study and in previous studies33
because these less differentiated cells were believed to behave in a manner that could be
generalized to multiple, more differentiated cell types. The cells were maintained in an
incubator (37°C, 5% CO,, 95% humidity) and supplemented with culture medium
containing high glucose Dulbecco's Modified Eagle Medium (DMEM, Mediatech, Inc.,
Herndon, VA), 10% fetal bovine serum (Hyclone, Logan, UT), 1% antibiotic/antimycotic/
antifungal solution (Mediatech, Inc.), and 1% L-glutamine (Mediatech, Inc.). The medium
was changed every 2 days and the cells were passaged upon confluence. Cells from passage
numbers Ps—Pg were used in this study.

Proliferation assays

The growth studies for the different types of cells were performed on uncoated, collagen,
and fibronectin-coated tissue culture plastic. For the study using uncoated tissue culture
plates, cells were grown in 6-well plates at an initial seeding density of 1x10° cells/well
(10.5x3 cells/cm?) and the medium was changed every alternate day. The cells were
harvested from triplicate wells every 2 days up to a total of 10 days. Cell numbers were
measured using a hemacytometer (trypan blue exclusion).
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For the studies using collagen-coated and fibronectin-coated plates, the cells were grown in
12-well plates coated with type I collagen or human fibronectin (both from BD Biosciences,
Franklin Lakes, NJ). Cells were seeded at an initial density of 1.5x10° cells/well (3.9x104
cells/cm?) and the medium changed every alternate day. Since the cells were grown on
collagen and fibronectin, instead of trypsinizing the cells, an MTT assay (Sigma, St. Louis,
MO) was performed according to the manufacturer’s instructions on the cells from triplicate
wells every 2 days up to a total of 10 days. Although MTT assays directly measure cell
metabolic activity, they are also widely used to assess cell abundance.3¢ The higher cell
density used in this study was required to achieve suitable absorbance values for the MTT
assay. To perform the MTT assay, the culture media was first aspirated to remove any
unadhered cells, then 1 ml of new media along with 100 pl of MTT reagent (5 mg/ml in
sterile PBS, Sigma) was added to each well and the adherent cells were incubated at 37°C
for 4 hours. After the incubation period, 1 ml of MTT solvent (0.1 N HCI in anhydrous
isopropanol) was added to each well and mixed by trituration until the formazan blue
crystals dissolved. The absorbance of the resulting formazan blue product was measured in
triplicate at 570 and 690 nm using a spectrophotometer (SpectraMax M2, Molecular
Devices, Sunnyvale, CA). The number of adhered cells per day was calculated by
comparing the net absorbance (As70—Aggg) With net absorbance for a standard curve derived
from known cell numbers (measured using a hemacytometer and trypan blue exclusion). The
standard curves were created by measuring net absorbance from triplicate wells seeded at
0.1, 0.5, 1.0, 2.0, and 4.0x10° cells/well. Since different cell lines might metabolize MTT
differently, standard curves for both cell types were created to verify any difference in
absorbance for the same cell number.

Adhesion assays

Cell adhesion to collagen and fibronectin coated surfaces was analyzed for both cell types.
To evaluate time dependent adhesion to collagen, cells were plated in triplicate in 12-well
tissue culture plates coated with type | collagen at an initial seeding density of 1.5x10° cells/
well (3.9x10% cells/cm?2). After 0, 5, 10, 30, 60, 90, and 120 min, the culture media was
aspirated to remove any unadherent cells, and 1 ml of media was added to the specific wells.
The number of the adherent cells at each timepoint was measured using the MTT assay and
normalized to the number of cells adhered at the final timepoint.

To evaluate the effect of cell concentration on the adhesion to collagen, cells were plated in
triplicate wells at 0.5, 1.0, 2.0, and 4.0x10° cells/well (1.3, 2.6, 5.3, and 10.5x10* cells/cm?).
After 1.5 h, the MTT assay was used to determine the number of adhered cells as previously
described.

The above studies (time and concentration dependence) were also performed using
fibronectin coated plates in order to determine if the role of decorin in cell adhesion was
substrate-dependent. Although identical seeding densities were used, the experimental times
were reduced to a final time of 60 min for the time dependence study and 30 min for the
varying cell concentration study since both cell types adhered to fibronectin more rapidly
than to type | collagen. Fibronectin substrate studies were also performed in triplicate wells.
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Another study tested the ability of exogenously added decorin (from bovine articular
cartilage, Sigma) to restore the Dcn™~ cells to wild-type behavior. The cells were plated in
triplicate in a 12-well tissue culture plate coated with type | collagen at an initial seeding
density of 2.0x10° cells/well. Immediately after seeding the cells, exogenous decorin (0, 1,
5, 10, or 20 pg/ml) was added to each well. After 1 h, the MTT assay was used to determine
the number of adhered cells. The number of adhered cells for each concentration of decorin
was normalized to the data from the control wells, to which no exogenous decorin was
added.

Effect of blocking B integrins on cell adhesion

To determine the influence of 8, integrins on MEF adhesion to different matrix substrates,
antibodies against the different integrin subunits were used in a competitive binding study.
For adhesion to 12 well collagen-coated plates, antibodies against a, and 31 were used
(Rabbit integrin a2 and B, from the Integrin f1 Antibody Kit, Chemicon International,
Temecula, CA). Because adhesion to fibronectin is heavily mediated by the asp; integrin,
studies on 12 well fibronectin-coated plates used antibodies against the ag and 1 (Rabbit
integrin ag and B, from the Integrin B; Antibody Kit, Chemicon International). The optimal
antibody concentration required to cause an effect on cellular adhesion for both cell types on
each substrate was determined to be 1:500. To perform this study, 1 ml of media containing
1.5x10° Den™/~ or wild-type cells (3.9x104 cells/cm?) and the antibodies against either ay,
asg or B integrin subunits was added to triplicate wells of 12-well plates coated with either
type | collagen or fibronectin. Control wells were treated with rabbit 1gG (Vector
Laboratories Inc., Burlingame, CA) as an isotype control antibody to test for non-specific
binding. After 90 min (collagen) or 30 min (fibronectin), the number of adhered cells was
measured using the MTT assay as previously described. Each study was performed in
triplicate wells and repeated three times. The numbers of adhered cells were normalized to
the number of adhered cells in the control wells.

Migration study

Cell migration on collagen-coated, fibronectin-coated, and uncoated tissue culture plates
was determined for both cell types. The design of this study was based on methods
employed in several previously published migration studies.37-3% One cloning cylinder (10
mm diameter x 10 mm high, Fisher Scientific, Pittsburgh, PA) was placed at the center of
each well of 6-well tissue culture plates, either uncoated or coated with type | collagen (BD
Biosciences), or 12-well tissue culture plates coated with human fibronectin. Cells were
seeded inside the cloning ring at 45,000 cells/well (in a volume of 50 pl to avoid leakage
from the cloning rings) and incubated at 37°C. After four hours, the cloning ring was
removed and the wells were carefully washed twice with PBS to remove unadhered cells.
Three ml of fresh media containing mitomyocin C (0.5 pg/ml, Sigma) was then added to
each well. Each well was viewed with an inverted microscope to verify that the cells were
adherent and confined within the circular region previously created by the cloning cylinder.
After incubating the cells for 24 hours, the number of cells that migrated out of the original
circular region (based on comparison with an equivalent size circle drawn on a transparency)
was counted. The study was performed in triplicate wells for both cell types on collagen-
coated and uncoated surfaces.
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Statistical analysis

Replicate analyses were averaged to obtain means and standard deviations. Statistical
evaluations were performed using SigmaStat software (SPSS, Chicago, IL) for single factor
and multiple factor ANOVAs. When a significant difference was observed, post-hoc testing
was performed as suggested by the software for pair-wise comparisons. A value of p<0.05
was considered significant.

RESULTS

Greater proliferation for Dcn™~ cells

Since decorin inhibits cell growth for a variety of cell types,1922.23 the cell growth on
uncoated, collagen-coated, and fibronectin-coated tissue culture plates were determined for
both cell types. The 2-D growth studies performed on all surfaces confirmed the general
observation that the Dcn™/~ fibroblasts had higher growth rate than the wild-type cells
(p<0.001, Fig. 1a—c).

Greater adhesion for Dcn™~ cells

Since cell division is reportedly dominated by cell adhesion,16:17 the adhesion studies
investigated which cell line demonstrated a faster adhesion rate and greater overall
adherence to collagen and fibronectin. For the varying time experiment, there were
differences in adhesion between the cell types after 10 minutes for both collagen and
fibronectin substrates, with the maximum differences in adhesion at the 30 and 60 minute
timepoints (Fig. 2). Regardless of the substrate, the Dcn™/~ cells had a faster adhesion rate
and greater overall adhesion than wild-type cells (p<0.001 for cell type and for both
substrates). Both types of MEFs demonstrated greater adhesion to collagen than to
fibronectin, although their initial rates of adhesion were faster on fibronectin. The varying
concentration experiment determined if cellular adhesion was dependent on cell density. For
the varying concentration experiment, adhesion was observed to be dependent on the
number of seeded cells and the cell type on both substrates (Fig. 3, p<0.001 for cell
concentration and cell type on both substrates). At most cell concentrations tested, the
Dcn™/~ cells showed greater adhesion to both substrates than did the wild-type cells
(p<0.001).

The exogenous decorin study verified the direct effect of decorin on cellular adhesion to
collagen and fibronectin substrates. For this study, the adhesion of Dcn™~ and wild-type
MEF to either substrate was measured after 60 min. The specific concentration of exogenous
decorin added was found to have a significant effect on cell adhesion to both substrates (Fig.
4, p<0.005 for both collagen and fibronectin). With increasing concentrations of exogenous
decorin, the Dcn™/~ cells demonstrated decreased adherence to collagen (p<0.005 for 10 and
20 pg/ml) and fibronectin (p<0.005 for 5 and 20 pg/ml) compared to untreated controls. At
20 pg/ml, the exogenous decorin had a greater inhibitory effect on Den~/~ cell adhesion to
collagen than on adhesion to fibronectin (p<0.05 for substrate effect). In the presence of
exogenous decorin, wild-type cell adhesion did not change significantly on collagen, but
was significantly reduced on fibronectin (p<0.001 for 5, 10, and 20 ug/ml vs. control). In
other words, in the presence of exogenous decorin, Dcn™~ showed less cell adhesion to
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collagen than did wild-type cells, but both cell types showed a comparable reduction in
adhesion to fibronectin.

Blocking B1 integrins limited adhesion to collagen and fibronectin

Since P, integrins are reported to contribute to fibroblast adhesion to collagen type | and
fibronectin,*041 cell adhesion after blocking with antibodies against the B, as, or as
integrin subunits was assessed using the MTT assay. On collagen-coated plates, blocking the
B2or B4 subunits caused a significant reduction in adhesion of Dcn™~ cells when compared
to wells treated with isotype control antibodies (Fig. 5a, p<0.05 for both antibodies). There
was no significant change in wild-type cell adhesion when blocking either the a, or 1
subunits.

Using antibodies against the as or 1 subunits to block adhesion to fibronectin-coated plates
produced similar results to the study on collagen-coated plates. Blocking either the as or p1
subunits significantly reduced Den™~ cell adhesion to fibronectin when compared to control
wells (Fig. 5b, p<0.05 for both antibodies). Wild-type adhesion to fibronectin was
significantly decreased when the ag subunit was blocked (p<0.05), and showed a slight
reduction when the B4 subunit was blocked (p=0.085, trend). There was no significant
difference between wild-type and Dcn™/~ cell adhesion to fibronectin as a result of blocking
either the ag or 1 subunits.

Greater cell migration for Den™~ cells

Cell migration on uncoated, collagen-coated, and fibronectin-coated plates was determined
by counting the number of cells migrating outwards from the edge of a circular area
(previously confined by a cloning cylinder) in wells of a 6-well tissue culture plate either
uncoated or collagen-coated, or a 12-well tissue culture plate coated with fibronectin.
Dcn™/~ cells demonstrated greater migration compared to wild-type cells (Fig. 6) on both
uncoated (p<0.01) and collagen-coated plates (p<0.05), but not on fibronectin (p=0.726).
Furthermore, there was a significant difference in the number of cells migrating on the
different tissue culture substrates (p<0.001). On the collagen and fibronectin-coated plates,
cell migration did not advance much further than the outline of the cloning cylinder, whereas
in the uncoated plate, cells migrated a slightly greater distance away from the edge of the
cloning cylinder.

DISCUSSION

The goal of this study was to probe the substrate-dependent influence of decorin on cell
proliferation, adhesion, and migration. To our knowledge, this is the first investigation of
these characteristics that has employed the unique biological advantages of Den™~ cells.
The main findings of this study were that Dcn~/~ cells demonstrated significantly greater
cell adhesion, migration, and proliferation than wild-type cells. In addition, both of these
types of MEFs demonstrated different affinities for adhesion to collagen and fibronectin
substrates. More specifically, adhesion of these cells to collagen appears to be modulated by
a decorin-ayp4 integrin complex. The results of this study help to augment the findings of
our previous reports that Dcn™~ cells expressed more a,f; integrins and caused greater
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contraction, matrix organization, and cell proliferation within 3D collagen gels than did
wild-type cells.33:34 Collagen gel contraction assays are useful in comparing the behavior of
different cell types, but can also be used to study specific interactions between cells and
collagen because the cells seeded within collagen gels will migrate and align themselves in
the direction of tension via a,p; and other integrins.#2-44 These results also help to clarify
the substrate-dependent influence of decorin on the material behavior and matrix
organization of engineered tissues.

Decorin can inhibit cell growth for a variety of cell types'922.23 by binding to and
sequestering TGF-B° as well as by binding to the epidermal growth factor receptor.18-21
Correspondingly, we previously showed that Dcn™/~ cell-seeded collagen gels had greater
cell densities than control wild-type cell-seeded gels. Here, the proliferation studies
demonstrated that Dcn~/~ cells grow faster on uncoated, collagen-coated, and fibronectin-
coated tissue culture plastic than wild-type cells. While the results of this 2-D study might
have been influenced by the presence of TGF-B, or lack thereof,?-33 reports that decorin
influences cell adhesion to a variety of matrix proteins®~7 lead us to speculate that
differential adhesion by the two cell types might have also contributed to the differences in
cell growth rate observed in 2D and 3D studies.16:17

Because the influence of decorin on cell adhesion and migration in vivo is relevant to
numerous cells types,”26:27 we investigated the adhesion of the Den™~ and wild-type cells
to collagen. Our results suggest that Den™~ cells exhibit greater adhesion to collagen than
wild-type cells through greater expression33 and availability of a,p; integrins. Indeed, cells
expressing a,P integrins preferentially bind to type I collagen.*? The reduction of collagen
binding by blocking the a, and 4 integrin subunits on Dcn™~ cells demonstrates that
adhesion is strongly mediated by this integrin family. The addition of exogenous decorin
resulted in a concentration-dependent reduction in adhesion of Den™~ cells to collagen,
presumably by the interactions between decorin and a,f; integrins,2> which were more
abundant in the Dcn™/~ cells. This result is consistent with previous reports that the external
addition of decorin inhibited human skin fibroblast adhesion to collagen.#> Taken together,
these results support the findings that Dcn™/~ cells caused greater contraction of 3-D
collagen type | gels than did wild-type cells.

Although MEF adhesion to collagen was of primary interest, fibroblasts also demonstrate
high affinity to fibronectin,*6 and reportedly bind via f; integrins, specifically the asp;
integrin.#041 Therefore, fibronectin was also investigated to determine if the different cell
types showed substrate-dependent differential adhesion. Dcn™/~ cells again exhibited greater
adhesion to fibronectin than wild-type cells in the time and concentration-dependent studies.
While both types of cells adhered more rapidly to fibronectin than to collagen in the first
few minutes, their cumulative adhesion to fibronectin was approximately half that of
collagen, suggesting that these cells have a higher affinity for collagen binding than
fibronectin binding. Interestingly, our results showed a reduction in both Den™~ and wild-
type adhesion to fibronectin with the addition of exogenous decorin. Blocking either the ag
or By integrin subunit reduced both Dcn™/~ and wild-type adhesion as well. That Den™~ and
wild-type cells adhered similarly to fibronectin in both studies suggests that decorin does not
inhibit fibronectin-dependent adhesion through binding to the asf; integrin as was
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previously presumed,4041 but may act through other integrins known to bind to fibronectin,
such as ayBy,347 ayPs,*® ayPe,? and apy.5051 This interpretation is supported by the
lesser inhibitory effects of decorin on adhesion to fibronectin. In the exogenous decorin
assay, Dcn™/~ adhesion to fibronectin, in the presence of 20 pg/ml of decorin, decreased
approximately 20% as opposed to a reduction of 40% on collagen. In addition, blocking
asP reduced Den~/~ adhesion to fibronectin only 10%, whereas blocking ayp; reduced
Dcn~/~ adhesion to collagen by 40%. Another possibility on the inhibitory mechanism of
decorin is that decorin became bound to the fibronectin itself before either cell type could
adhere. Decorin has been shown previously to bind to the RGD sequence on fibronectin
directly,>27 although it is not clear whether decorin binds to fibronectin via its core protein
or GAG chain. Considered together, our results on adhesion to fibronectin provide insight
into the high affinity of fibroblasts for this substrate.

With respect to cell migration, greater numbers of Dcn~/~ cells migrated across both type |
collagen-coated and uncoated tissue culture plates than did wild-type cells. This finding
supports the work of Merle et al., who showed that the addition of decorin to migrating
osteosarcoma cells slowed their migration on type | collagen and fibronectin.26 The reduced
migration of both cell types on fibronectin also supports the work of Fuja et al., who showed
that vocal fold stellate cells exhibit greater affinity to fibronectin.#6 Overall, these 2-D
studies suggest that the faster migration by the Dcn™~ cells, in combination with their
increased adhesion to matrix molecules, would enable them to initiate remodeling of 3-D
collagen matrices than would be possible by the wild-type cells.

There were a number of limitations to this study. With respect to the study motivation, we
acknowledge that the observed patterns in cell adhesion, proliferation, and migration found
in this 2-D study may differ from these same processes within 3-D matrices and in vivo
tissues. The cell migration investigated in this study represents random migration by the
cells and does not reflect migration dictated by any specific chemoattractant. This study also
did not investigate the role of the different structural components of the decorin molecule
(i.e., either the core protein or GAG chain) on these outcomes. Further investigation
regarding the matrix binding structural components of decorin will continue to shed light on
the unique characteristics of these Dcn™/~ cells and their study in 2-D and 3-D cultures.
Investigation of other integrins, such as a1 and ay1p31 that are involved in cell adhesion to
collagen, and ay/B1, avPs, avPe, and agPq for fibronectin, would continue to reveal the
multifaceted role of decorin in cell-matrix adhesion. Finally, our results must be considered
in the context of this 2D in vitro study, particularly in light of mixed findings from various
cell and tissue systems. For example, we previously reported that collagenous engineered
tissues containing Dcn™/~ MEFs demonstrated improved matrix organization and
strength,33:34 but scar tissues in mature Den™/~ mice were found to contain loosely packed
collagen fibrils with a wide distribution of fibril diameters.1! In another study, the addition
of decorin to collagen-coated titanium implants actually increased osteoblast proliferation
and accelerated focal adhesion formation.52:53 The differential influences of decorin that
have been observed between various tissues and cell types may be a consequence of
differential modulation of TGF-B between cell types, as has been shown previously.>45°
Nonetheless, these reports highlight the profound influence of this proteoglycan on the
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remodeling and healing of native tissues, engineered tissues, and implantable biomaterials,
and motivate further research in this area.

CONCLUSION

Although the role of decorin in cell adhesion to fibronectin has been widely investigated,
only a few studies have examined its influence in cell adhesion to collagen. Furthermore, no
previous study has conclusively demonstrated substrate-specific, decorin-mediated cell
behavior. Here, we report that decorin deficient murine embryonic fibroblasts show greater
proliferation, adhesion, and migration than wild-type cells. In addition, we observed unique
substrate-specific effects, potentially due to interactions between decorin and either the
adhesion molecules or substrate, and demonstrated that the adhesion of these cells to
fibronectin was only slightly inhibited by blocking f3; integrins. These unique decorin-
dependent interactions suggest that decorin actively modulates the cell-mediated matrix
organization of engineered and native tissues.
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Figure 1.

Days

In 2-D culture, decorin knockout (Dcn™'~) cells grew faster than wild-type cells. The cells
were grown on uncoated or collagen coated surfaces. The Dcn™/~ cells demonstrated
significantly higher proliferation than the wild-type cells (p<0.001) in all three 2-D culture
studies. Data represents average values (n=3 for uncoated & collagen-coated, n=6 for
fibronectin-coated) at each time point and error bar represents standard deviation.
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Decorin knockout (Dcn™™) cells demonstrated greater cellular adhesion on (a) collagen-
coated and (b) fibronectin-coated 12-well plates. Cell adhesion at various time point is
normalized to 150x103 cells (i.e. total cells). Data represents average values (n=9) at each
time point and error bar represents standard deviation. There was a statistically significant
difference between the cell-types (p<0.001) for both collagen and fibronectin substrate.
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Cellular adhesion to (a) collagen-coated and (b) fibronectin-coated 12-well plates were
dependent on cell concentration for both cell-types. Data represents average values (n=21)
for each cell density and error bar represents standard deviation. A significant increase in
cellular adhesion was observed for cell concentration for both cell-types (p<0.001) for both
collagen and fibronectin substrates. Decorin knockout (Den™™) cells also adhered at a
significantly greater amount than wild-type cells on both substrates at all concentrations,
except at the concentration of 1x10° on collagen. (p<0.001).
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Reduced cellular adhesion by decorin knockout (Dcn™~) and wild-type cells after addition
of exogenous decorin on (a) collagen-coated and (b) fibronectin-coated 12-well plates. Cell
adhesion for various concentration of decorin is normalized to 2x10° cells (no added
decorin). Sample size (n) was 6-9 for each concentration on each substrate. Data represents
average values for each concentration of decorin and error bar represents standard deviation.
There was a significant decrease in adhesion for Dcn™/~cells with increasing concentration
of exogenously added decorin on both substrates (p<0.005 for control vs. 10 and 20 pg/ml
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on collagen, p<0.005 for control vs. 5 and 20 pg/ml), and a significant decrease in
concentration-dependent adhesion for wild-type cells on fibronectin (p<0.005 for control vs.
5, 10, and 20 pg/ml). There was also a significant effect of cell type on cellular adhesion on
both fibronectin and collagen (p<0.001 for cell type on both substrates).
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Figure5.
Effect of (a) blocking a, and B4 integrin subunits on cellular adhesion by decorin knockout

(Den~7) and wild-type cells on collagen-coated 12-well plates and (b) blocking as and B
integrin subunits on cellular adhesion by Dcn™~ and wild-type cells on fibronectin-coated
12-well plates. Cell adhesion after blocking a, and 3, integrin were normalized to control
(rabbit 1gG) for each cell-type. Data represents average values (n=6) for each condition and
error bar represents standard deviation. For collagen, blocking a, and B integrin subunits
resulted in a significant difference in adhesion in Den™/~ when compared to control
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(p<0.005), but not wild-type adhesion but not for wild-type cells For fibronectin, there was a
significant difference in cell adhesion with respect to controls of both cell types when
blocking as (p<0.005 for Den™'~, p<0.05 for wild-type), but only a significant decrease in
Dcn~/~ adhesion when blocking Bs. (p<0.05) *: p<0.05 with respect to controls.
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Figure®6.
Greater cell migration by decorin knockout (Den™™) cells as compared to wild-types on

uncoated and collagen-coated tissue culture plastic. Data represents average values (n=3 for
uncoated and collagen-coated, n=6 for fibronectin) for each cell type for both substrate and

error bar represents standard deviation. There was a significant difference in cell migration

for cell-type and substrate (p<0.05). ~ indicates significant difference (p<0.05) between the
cell types.

J Biomed Mater Res A. Author manuscript; available in PMC 2015 April 14.



