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Cartilage interstitial fluid (CIF) containing bFGF, IGF1, TGFB1, BMP7, MCSF, GCSF, LIF
and CIF-like cocktail, composed of agents found in CIF, changed the expression of many
genes in cells of the synovial membrane. Because the main type of cells of the synovial
membrane are fibroblast-like cells, in the present work we evaluated the response of dermal
fibroblasts to CIF and CIF-like cocktail and compared it with the response of synovial
membrane cells. In the presence of CIF, fibroblasts changed shape from roughly polygonal to
spindle-like, elongated cells. Real-time PCR showed that CIF stimulated expression of
HAS1, HAS2, MMP3, TGFB1, TNF and IL6 while expression of collagen type I, versican,
aggrecan, MMP2, TIMP2, TIMP3, and IL 1 was inhibited. The CIF-like cocktail stimulated
expression of HAS1, HAS2, collagen type I, TGFpland TNF. Both exerted a similar effect on
the expression of HAS1, TGFB1, TNF and had no influence on TIMPI and lubricin
expression. The CIF-like cocktail, contrary to CIF, did not influence versican, aggrecan,
MMP2, MMP3, TIMP2, TIMP3, IL1f and IL6 expression.
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We have previously demonstrated that cartilage
interstitial fluid (CIF) rinsed out from the cartilage
of immature rats contained basic fibroblast growth
factor (bFGF), insulin-like growth factor 1 (IGF1),
transforming growth factor 1 (TGFpB1), bone
morphogenetic protein 7 (BMP7), macrophage
colony stimulating factor (MCSF), granulocyte
colony stimulating factor (GCSF) and leukemia
inhibitory factor (LIF). In the synovial membrane
ofthe knee joint from adult rats CIF stimulated ex-
pression of hyaluronan synthases 1 and 2 (HASI,
HAS?2), lubricin, collagen type I, versican, aggrecan,
matrix metalloproteases 2 and 3 (MMP2, MMP3),
tissue inhibitors of metalloproteases 1,2, 3 (TIMP1,
TIMP2, TIMP3), interleukin 6 (IL6), TGFB1 and
decreased expression of tumor necrosis factor (TNF)
and interleukin 1 (IL1B) (HYC ef al. 2016). The
synovial membrane is, however, a complex tissue

formed by four main types of cells, namely syno-
viocytes (fibroblast-like cells), macrophages, adi-
pocytes and endoteliocytes (HYC et al. 2011);
thus, the response to CIF represents a summary of
the activities of various cell types. Since one of the
main types of cells in the synovial membrane are
fibroblast-like synoviocytes, fibroblasts, the most
common type of cells found in connective tissue,
may also be a target for CIF action. Fibroblasts
produce collagens forming a three-dimensional
framework for other tissues. Moreover, they con-
trol and modulate the extracellular matrix, and
thus indirectly influence the function of other cells
within the given tissue or organ. Beyond their role
in structural support, fibroblasts are able to secrete
and respond to cytokines, chemokines, and growth
factors (VAN LINTHOUT et al. 2014). Matrix met-
alloproteinases (MMPs), the tissue inhibitors of
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metalloproteinases (TIMPs) and growth factors
produced by fibroblasts, degrade or stimulate the
synthesis of numerous extracellular components.
Their orchestrated activity is vitally important to
ensure successful tissue growth, remodeling and
repair after damage (BALCERZAK et al. 2001;
BIRKEDAL-HANSEN 1995). Fibroblasts from vari-
ous tissues, however, considerably differ in mor-
phology, proliferation, matrix production and MMP
expression (CHANG et al. 2014; LINDNER et al.
2012; NOLTE et al. 2008). It is known that fibro-
blasts from the papillary and reticular layer of dermis
differ in morphology, rate of growth, and secretory
profile (DRISKELL ef al. 2013; DRISKELL & WATT
2015; JANSON et al. 2014). Fibroblasts from upper
dermis (papillary fibroblasts) regulate hair growth
and the arrector pili muscle. Cells from the lower
dermis (reticular fibroblasts) synthesize the bulk
of the fibrillar extracellular matrix. Since papillary
fibroblasts differentiate into reticular fibroblasts in
monolayer cultures (JANSON et al. 2014), in our
experiments fibroblasts prepared from the whole
dermis were used.

The purpose of our work was to evaluate the in-
fluence of cartilage interstitial fluid (CIF) and
CIF-like cocktail (prepared from all factors found
in CIF) on gene expression in dermal fibroblasts.
These experiments have an interesting prospective
aspect. TAKEHARA (2000) suggested that cock-
tails of various growth factors may permit subtle
growth regulation of skin fibroblasts and that such
technology would have applications in the treat-
ment of many skin diseases. Thus, recognition of
how CIF, as the connective tissue intercellular fluid
with evolutionary established composition proba-
bly optimal for tissue performance, influences
gene expression may help to realize this goal.

Materials and Methods

Animals

Three-to five day-old inbred Lewis rats of both
sexes served as cartilage donors for CIF prepara-
tion and culture of dermal fibroblasts. The animals
were obtained from the Animal Unit of the War-
saw Medical University. The study and the meth-
ods were approved by the Animal Ethics Commit-
tee of the Warsaw Medical University (2011.11.29
No.34/2011).

Cartilage interstitial fluid (CIF) preparation

CIF was prepared as described previously (HYC
et al. 2016). Briefly, CIF was rinsed out from the
articular-epiphyseal cartilage complexes dissected
from newborn rats. After clearing from the sur-

rounding tissues, cartilages from 2 animals were
put into 2 ml of PBS (Gibco BRL, Paisley, Scot-
land, UK) and cut into small fragments which, to-
gether with PBS, were transferred into a 50 ml
Luer Lock syringe closed with the Hamilton PTFE
Body Two-Way Valve (Sigma-Aldrich Chemie,
Steinheim, Germany). The air in the syringe was
pressed with the plunger to increase pressure up to
three bars. Then the plunger was slowly released.
This procedure was repeated 20 times. The fluid
was separated from cartilage fragments by cen-
trifugation, desalted on PD-10 columns (Amersham
Biosciences, Uppsala, Sweden) and lyophilized.
CIF from 10-20 rats was pooled to obtain more
uniform material. The lyophilisate was dissolved
in RPMI (Gibco) medium and the protein content
was determined. The total amount of protein in CIF
harvested from cartilage obtained from one animal
varied from 0.87 to 1.1 mg. The working solution
of CIF was standardized to contain 1 mg/ml of pro-
tein.

Preparation of the CIF-like cocktail

The CIF-like cocktail contained commercial, re-
combined cytokines, used in concentration identi-
cal to that found in CIF, i.e. 25 pg/ml GCSF,
60 pg/ml MCSF, 25 pg/ml LIF, 80 pg/ml BMP7
and 2.3 ng/ml bFGF (PromoKine; PromoCell
GmbH, Heidelberg, Germany), 0.5 ng/ml TGFp1
(Sigma) and 2.0 ng/ml IGF1 (R&D Systems Inc.,
Minneapolis, MN, USA) (HYC ef al. 2016).

Isolation and culture of dermal fibroblasts

Three-to five-day old rats were killed by cervical
dislocation and put into 10% Antibiotic-Antimycotic
Solution (Sigma) at 37°C for 1h. The skin was cut
into small fragments. The enzyme solution used
for cell liberation contained 0.25% collagenase
(Type I), 0.05% DNase, 17.5 pM Na-p-tosyl-1-
-lysine chloromethyl ketone and 1% Antibiotic-
Antimycotic Solution (Sigma) in RPMI medium,
(GIBCO). Skin fragments were stirred on a mag-
netic stirrer at 37°C for 60 min. The cells were fil-
tered through a 40-pm mesh nylon filter and
seeded into 25cm? flasks (Corning Inc., Corning,
NY, USA) in the RPMI medium, supplemented
with 10% FCS and antibiotics at a density of 10° cells
per flask. After the cells reached subconfluency,
they were detached with 0.25% trypsin-EDTA
(Sigma), rinsed and seeded into 24 well flat-
bottomed plates (Corning) at a density of 5x10* per
well. Control medium contained RPMI supple-
mented with 2% of FBS, 1% Antibiotic-Antimycotic
Solution, and 1 mg/ml of bovine albumin (Sigma).
Experimental groups contained 1 mg/ml of CIF or
1 mg/ml of BSA with CIF-like cocktail. The cells were
incubated in humidified atmosphere of 5% CO, in
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airat 37°C for 24 h. After incubation the total RNA
from cultured cells was isolated and the expression
of genes encoding: HAS1, lubricin, collagen type
I, aggrecan, versican, MMP3, TIMP1, IL1B, IL6,
TNF and TGFB1 was examined.

Some fibroblasts in control or experimental me-
dium were also seeded onto 12 mm glass slides
placed in 24 well plates (Corning) and after 24 h of
culture cells were stained with hematoxylin and eosin.

Total fibroblast RNA isolation

RNA was isolated with the NucleoSpin® RNA 11
kit (Macherey-Nagel, Duren, Germany), according
to the manufacturer’s protocol (using of DNase di-
gestion). The quantity and quality of the isolated
total RNA was evaluated spectrophotometrically
using ND-2000 — Spectrophotometer NanoDrop2000
with software for analysis of nucleic acids
(Thermo Fisher Scientific, Wilmington, Dela-
ware, USA).

Reverse transcription

Reverse transcription was performed using the
High Capacity cDNA Reverse Transcription Kit
(Applied Biosystems, Cheshire, UK), according to
the manufacturer’s protocol in an Eppendorf Mas-
tercycler gradient (10 min 25°C, 120 min 37°C,
5 sec 85°C). Briefly, 2 pl of 10x RT buffer, 0.8 ul
of 25x ANTP Mix, 2 pl of 10x Random Primers,
1 ul of Multiscribe Reverse Transcriptase, 4.2 ul of
nuclease-free water and 10 pl of mRNA (0.5 pg)
per one reaction. cDNA samples were stored at-20°C.

Real-time PCR

Real-time PCR was performed in the ABI
PRISM 7500 (Applied Biosystems) using 96-well
optical plates. Each sample was run in triplicate
and was supplied with an endogenous control (Rat
GAPDH endogenous control Rn01775763 g1,
probe was stained with FAM and both primers and
probe map within a single exon). For gene expres-
sion analysis, the proper TagMan expression as-
says were used. (Rn00597231 ml for HASI,
Rn00565774 m1 for HAS2, Rn01526721 m1 for
collagen type I, Rn00573424 m1 for aggrecan,
Rn01493763 ml for versican, Rn01490812 ml
for lubricin, Rn01538167 for MMP2, Rn00591740 ml
for MMP3, Rn 00587558 ml for TIMPI,
Rn00573232 m1 for TIMP2, Rn00441826 ml
for TIMP3, Rn00572010 ml for TGFpI,
Rn99999017 m1 for TNF, Rn00580432 ml for
IL1B and Rn01410330 _ml for IL6). All probes
were stained with FAM and all span exons (Ap-
plied Biosystems). Reactions were run in 25 pl
volume with TagMan Universal Master Mix, the

appropriate primer set, MGB probe and 50 ng of cDNA
template. Universal thermal conditions, 10 min at
95°C, 40 cycles of 15 sec at 95°C and 1 min at
60°C, were used. Data analysis was done with se-
quence detection software ver. 1.2 (Applied Bio-
systems).

Statistical analysis

Data were analyzed by the Mann-Whitney U test
(Statistical2 software, StatSoft Polska) (LIVAK &
SCHMITTGEN 2001). A p-value <0.05 was consid-
ered to indicate a statistically significant differ-
ence.
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Fig. 1 A, B, C. Fibroblasts incubated 24 h: A — in the control
medium; B — in the medium with CIF; C — with CIF-like
cocktail; hematoxylin and eozin, x400.
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Fig. 2. Mean + SE of HASs, matrix proteins, MMPs, TIMPs and cytokine mRNA levels in the dermal fibroblasts after 24 h of
incubation with CIF or CIF-like cocktail. In each group n=12. Relative expression was calculated against the reference gene,

GAPDH. All data were analyzed by a Mann-

hitney U test.

Statistically significant differences between control and

experimental groups are marked with asterisks. Statistically insignificant differences between the influence of CIF and
CIF-like cocktail are joined by brackets, because the lack of differences suggests that CIF-like cocktail acts similarly to CIF.

Results

The influence of CIF was observed at the level of
morphology of cultured cells. Control fibroblasts
were flattened and had multiform appearance with
scanty, usually short processes (Fig. 1A). In CIF
treated cultures cells were smaller, assumed a spindle-
like form with long, thin processes or were triangu-
lar with slim, very long extensions. (Fig. 1B). The
influence of CIF-like cocktail on the morphology
of cultured fibroblasts was similar to the influence
of CIF but less pronounced (Fig. 1C).

At the molecular level, CIF stimulated expres-
sion of HAS1, HAS2, MMP3, TGFB1, TNF and
IL6. Expression of collagen type I, versican, ag-
grecan, MMP2, TIMP2, TIMP3, and IL1f was in-
hibited. The CIF-like cocktail stimulated expres-
sion of HAS1, HAS2, collagen I, TGF and TNF.
Both agents exerted a similar effect (according to
the Mann-Whitney test) on the expression of genes
encoding HAS1, TGFB1, TNF and had no influ-
ence of TIMP1 and lubricin expression. The CIF-
like cocktail, contrary to CIF, did not influence
versican, aggrecan, MMP2, MMP3, TIMP2, TIMP3,
IL1p and IL6 expression (Fig. 2).

Discussion

In previous work (HYC et al. 2016) the influence
of CIF and CIF-like cocktail on gene expression in
cells of synovial membranes cultured as whole or-
gans was studied. Although the synovial mem-
brane response was tested after 4 hours of
incubation and exposition of dermal fibroblasts
lasted 24h, there is a partial similarity in action of
CIF in both types of cultures, stimulatory in the
case of HAS1, HAS2, MMP3, TGFp1, IL6 and in-
hibitory in the case of IL1J (Fig. 2, Table 1). On
the other hand, CIF stimulated expression of TNF
in dermal fibroblasts and inhibited it in synovial
membrane. CIF stimulated expression of collagen
type 1, aggrecan, versican, MMP2, TIMP2 and
TIMP3 in the synovial membrane and inhibited
their expression in dermal fibroblasts although
both IGF1 (BLACKSTOCK et al. 2014) and TGFp1
(CHU & PRASAD 1999; TAKEHARA 2000; VARGA
et al. 1987, VERRECCHIA & MAUVIEL 2004) en-
hance collagen type I expression, as well as pro-
teoglycan synthesis (PATIL et al. 2011; SAH ef al.
1994; SCHALKWIIK et al. 1989). Thus, the inhibi-
tory effect of CIF in dermal fibroblasts, which con-
tains both these factors in considerable concentra-
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Table 1

Comparison of cartilage interstitial fluid (CIF) and CIF-like cocktail influence on gene ex-
pression in dermal fibroblasts and synovial membrane cells. Increased gene expression (+),

decreased gene expression (—)

Gene Dermal fibroblasts Synovial membranes (by HYC et al. 2016)
CIF CIF-like cocktail CIF CIF-like cocktail

HASI + + + +

HAS2 + + + not studied
Collagen type 1 - + + +
Versican - no effect + not studied
Aggrecan - no effect + +
Lubricin no effect no effect + +

MMP2 - no effect + not studied
MMP3 + no effect + no effect
TIMP1 no effect no effect + +
TIMP2 - no effect + not studied
TIMP3 - no effect + not studied
TGFB1 + + + +

TNF + + - no effect
IL1B - no effect - not studied
IL6 + no effect + no effect

tions (IGF1 2ngand TGFB1 0.5 ng/ml) (HYC et al.
2016) isunexpected. Fibroblasts, however, secrete
a variety of growth factors, cytokines, and che-
mokines, such as bFGF, HGF, KGF, GMCSF,
VEGFa, PDGF-BB, IL1a, IL6, IL8, TGFB1, TNF
and CC motif chemokine ligands CCL2, CCLS5,
CCLI11 (GRON et al. 2002; HAKENJOS et al. 2000;
MAAROF et al. 2016; MAAS-SZABOWSKI &
FUSENIG 1996; SCHWACHULA et al. 1994). 1t is
therefore possible that the effects of CIF or CIF-
like cocktail are influenced by endogenous cytoki-
nes produced in response to exogenous stimula-
tion.

The action of CIF-like cocktail in both cultures
was similar to that of CIF only for HAS1 and
TFGpI1 (Table 1).

TGFB1 inhibited MMP3 (stromelysin 1) expres-
sion (BARRIENTOS ef al. 2008) while bFGF stimu-
lated it in chondrocytes (KREJCI ef al. 2005) and
periodontal ligament cells (HAKKI et al. 2009;
SCHIMAZU & MORISHITA 2003). In our experi-
ments expression of MMP3 was dramatically aug-
mented in CIF treated fibroblasts, but not after
CIF-like cocktail stimulation. Since both TGFp1
and bFGF were present in the same concentrations
in CIF and the CIF-like cocktail, some other fac-
tors must participate in the induction of the CIF ef-
fect. Recently, PRIAM ef al. (2013) found that the
14-3-3¢ protein released from bone cells under in-
fluence of mechanical stress strongly raised
MMP3 expression; it remains to be seen whether
such protein is also produced by chondrocytes.

The differences in action of CIF and CIF-like
cocktail probably result from the lack of some fac-
tors in the CIF-like cocktail, moreover, native LIF
and hematopoetic growth factors are glycosylated
(MATHIEU et al. 2012; MORSTYN & BURGESS
1988) while recombinant forms lack carbohydrate
components and that could influence their activity.

In summary, CIF is a mixture of different agents
produced by articular chondrocytes affecting a va-
riety of cells and processes. The composition of
CIF was naturally established during evolution
and probably could be optimal for the proper func-
tion of chondrocytes, synoviocytes and also other
connective tissue cells.

As a matter of historical interest, in the pre-
cytokine and pre-prion era, pulverized calf carti-
lage was used as a stimulant for wound healing and
treatment of chronic ulcers (PRUDDEN 1964). Gly-
cosaminoglycans or other matrix components
were considered to be the active agents, since the
existence of growth factors, such as those present
in CIF, was at that time unknown. Were they re-
sponsible for the therapeutic effects of powdered
cartilage?

Acknowledgements

The study was supported by the National Science
Centre (Poland) on the basis of decision number:
DEC-2012/05/B/NZ4/02646.



32 A.HyC et al.

References

BALCERZAK D., QUERENGESSER L., DIXON W.T., BARACOS V.E.
2001. Coordinate expression of matrix-degrading prote-
inases and their activators and inhibitors in bovine skeletal
muscle. J. Anim. Sci. 79: 94-107.

BIRKEDAL-HANSEN H. 1995. Proteolytic remodeling of ex-
tracellular matrix. Cur. Opin. Cell Biol. 7: 728-735.

BLACKSTOCK C.D., HIGASHI Y., SUKHANOV S., SHAIS.Y.,
STEFANOVIC B., TABONY AM., YOSHIDA T., DELAFON-
TAINE P. 2014. Insulin-like growth factor-1 increases syn-
thesis of collagen type I via induction of the mRNA-binding
protein LARP6 expression and binding to the 5* stem-loop
of COLlal and COLl1a2 mRNA. J. Biol. Chem. 289:
7264-7274.

BARRIENTOS S., STOJADINOVIC O., GOLINKO M.S., BREM H.,
ToMIC-CANIC M. 2008. Growth factors and cytokines in
wound healing. Wound Repair Regen. 16: 585-601.

CHANGY.,LIH., GUO Z. 2014. Mesenchymal Stem Cell-Like
Properties in Fibroblasts. Cell. Physiol. Biochem. 34:
703-714.

CHU A.J., PRASAD J.K. 1999. Up-regulation by human re-
combinant transforming growth factor beta-1 of collagen
production in cultured dermal fibroblasts is mediated by the
inhibition of nitric oxide signaling. J. Am. Coll. Surg. 188:
271-280.

DRISKELL R.R., LICHTENBERGER B.M., HOSTE E.,
KRETZSCHMAR K., SIMONS B.D., CHARALAMBOUS M.,
FERRON S.R., HERAULT Y., PAvVLOVIC G., FERGU-
SON-SMITH A.C., WATT F.M. 2013. Distinct fibroblast
lineages determine dermal architecture in skin development
and repair. Nature 504: 277-281.

DRISKELL R.R., WATT F.M. 2015. Understanding fibroblast
heterogeneity in the skin Trends Cell Biol. 25: 92-99.

GRON B., STOLTZE K., ANDERSSON A., DABELSTEEN E.
2002. Oral fibroblasts produce more HGF and KGF than
skin fibroblasts in response to co-culture with keratinocytes.
APMIS 110: 892-898.

HAKENJOS L., BAMBERG M., RODEMANN H.P. 2000. TGF-
betal-mediated alterations of rat lung fibroblast differentia-
tion resulting in the radiation-induced fibrotic phenotype.
Int. J. Radiat. Biol. 76: 503-509.

HAKKI S.S., HAKKI E.E., NOHUTCU R.M. 2009. Regulation
of matrix metalloproteinases and tissue inhibitors of matrix
metalloproteinases by basic fibroblast growth factor and
dexamethasone in periodontal ligament cells. J. Periodont.
Res. 44: 794-802.

HYC A., MOSKALEWSKI S., OSIECKA-IWAN A. 2016. Influ-
ence of cartilage interstitial fluid on the mRNA levels of ma-
trix proteins, cytokines, metalloproteases and their
inhibitors in synovial membrane. Int. J. Mol. Med. 38:
937-942.

HYC A., OSIECKA-IWAN A., NIDERLA-BIELINSKA J., MOS-
KALEWSKIS. 2011. Influence of LPS, TNF, TGF-1 and IL4
on the expression of MMPs, TIMPs and selected cytokines
in rat synovial membranes incubated in vitro. Int. J. Mol.
Med. 27: 127-137.

JANSON D., SAINTIGNY G., ZEYPVELD J., MAHE C., EL
GHALBZOURI A. 2014. TGF-B1 induces differentiation of
papillary fibroblasts to reticular fibroblasts in monolayer
culture but not in human skin equivalents. Eur. J. Dermatol.
24: 342-348.

KREICI P., MASRI B., FONTAINE V., MEKIKIAN P.B., WEIS M.A.,
PRATS H., WILCOX W.R. 2005. Interaction of fibroblast
growth factor and C-natriuretic peptide signaling in regula-
tion of chondrocyte proliferation and extracellular matrix
homeostasis. J. Cell. Sci. 118: 5089-5100.

LINDNER D., ZIETSCH C., BECHER P.M., SCHULZE K.,
SCHULTHEISS H.P., TSCHOPE C., WESTERMANN D. 2012.
Differential expression of matrix metalloproteases in human
fibroblasts with different origins. Biochem. Res. Int. 2012:
875742.

Livak K.J., SCHMITTGEN T.D. 2001. Analysis of relative
gene expression data using real-time quantitative PCR and
the 22DDCT method. Methods 25: 402-408.

MAAROF M., LAW J.X., CHOWDHURY S.R., KHAIROJI K.A.,
SAIM A.B., IDRUS R.B. 2016. Secretion of wound healing
mediators by single and bi-layer skin substitutes. Cytotech-
nology 68: 1873-1884.

MAAS-SZABOWSKI N., FUSENIG N.E. 1996. Interleukin-1-
induced growth factor expression in postmitotic and resting
fibroblasts. J. Invest. Dermatol. 107: 849-855.

MATHIEU M.E., SAUCOURT C., MOURNETAS V., GAUTHER-
EAU X., THEZE N., PRALORAN V., THIEBAUD P., BOEUF H.
2012. LIF-dependent signaling: new pieces in the Lego.
Stem Cell Rev. 8: 1-15.

MORSTYN G., BURGESS A.W. 1988. Haemopoietic growth
factors: a review. Cancer. Res. 48: 5624-5637.

NOLTE S.V., XU W., RENNEKAMPFF H.O., RODEMANN H.P.
2008. Diversity of fibroblasts — a review on implications for
skin tissue engineering. Cells Tissues Organs 187: 165-176.

PATIL A.S., SABLE R.B., KoTHARI R.M. 2011. An update on
transforming growth factor-f (TGF-p): sources, types, func-
tions and clinical applicability for cartilage/bone healing.
J. Cell. Physiol. 226: 3094-3103.

PRIAM S., BOUGAULT C., HOUARD X., GOSSET M., SALVATC.,
BERENBAUM F., JACQUES C. 2013. Identification of Soluble
14-3-3 as a Novel Subchondral Bone Mediator Involved in
Cartilage Degradation in Osteoarthritis. Arthritis Rheuma-
tism 65: 1831-1842.

PRUDDEN J.F. 1964. Wound healing produced by cartilage
preparations. The enhancement of acceleration with a report
on the use of a cartilage preparation in clinically chronic ul-
cers and in primarily closed human surgical incisions. Arch.
Surg. 89: 1046-1059.

SAHR.I., CHEN A.C., GRODZINSKY A.J., TRIPPEL S.B. 1994.
Differential effects of bFGF and IGF-1 on matrix metabo-
lism in calf and adult bovine cartilage explants. Arch. Bio-
chem. Biophys. 308: 137-47.

SCHALKWIIK J., JOOSTEN L.A., VAN DEN BERG W.B., VAN
WYKJ.J., VANDE PUTTE L.B. 1989. Insulin-like growth fac-
tor stimulation of chondrocyte proteoglycan synthesis by hu-
man synovial fluid. Arthritis. Rheum. 32: 66-71.

SCHWACHULA A., RIEMANN D., KEHLEN A., LANGNER J.
1994. Characterization of the immunophenotype and func-
tional properties of fibroblast-like synoviocytes in compari-
son to skin fibroblasts and umbilical vein endothelial cells.
Immunobiology 190: 67-92.

TAKEHARA K. 2000. Growth regulation of skin fibroblasts.
J. Dermatol. Sci. 24 Suppl. 1: 70-77.

SHIMAZU A., MORISHITA M. 2003. Basic fibroblast growth
factor induces the expression of matrix metalloproteinase-3
in human periodontal ligament cells through the MEK2
mitogen-activated protein kinase pathway. J. Periodontal.
Res. 38: 122-129.

VAN LINTHOUT S., MITEVA K., TSCHOPE C. 2014. Crosstalk
between fibroblasts and inflammatory cells. Cardiovascular
Research 102: 258-269.

VARGA J., ROSENBLOOM J., JIMENEZ S.A. 1987. Transform-
ing growth factor b (TGFb) causes a persistent increase in
steady-state amounts of type I and type III collagen and fi-
bronectin mRNAs in normal human dermal fibroblasts. Bio-
chem. J. 247: 597-604.

VERRECCHIA F., MAUVIEL A. 2004. TGF-beta and TNF-
alpha: antagonistic cytokines controlling type I collagen
gene expression. Cell. Signal. 16: 873-880.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


