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Background The role of glucocortiocid injection ther-
apy in spontaneous tendon rupture is controversial. We
hypothesized that glucocorticoids suppress proteogly-
can production in tendon and studied the in vitro effects
of dexamethasone and triamcinolone on proteoglycan
production by cultured human tenocytes.

Material and methods We obtained primary cultures
of human tenocytes from explants of healthy human
patellar tendon. The human tenocytes were treated
with 1 uM dexamethasone or 1 pM triamcinolone. The
amount of proteoglycan production was measured by
35S-sulfate incorporation assay and compared with
control cultures. The reversibility of the effect of dexa-
methasone by co-incubation with 10 ng platelet-derived
growth factor (PDGFBB) was also tested.

Results Treatment with 1 uM triamcinolone reduced
the amount of 33S-sulfate incorporation to 80% of con-
trol cultures (p = 0.007), whereas 1 yM dexamethasone
reduced it to 72% (p = 0.01). Co-incubation of 10 ng/mL
PDGFBB with 1 pM dexamethasone returned the 33S-
sulfate incorporation to a level that was significantly
higher than for dexamethasone treatment alone
(108%; p = 0.01).

Interpretation  Glucocorticoids suppressed proteo-
glycan production in cultured human tenocytes. The
suppression by dexamethasone was reversed by simul-
taneous addition of PDGFBB. Suppressed proteoglycan
production may affect the viscoelastic properties of
tendon and increase the risk of spontaneous rupture.

Glucocorticoid injection therapy is widely used
in the treatment of many inflammatory condi-
tions and musculoskeletal soft tissue disorders,
especially tendonitis, paratendinitis, bursitis and
other acute or chronic tendinopathies (Leadbetter
1990, Benson and Ptaszek 1992, Read and Motto
1992, Nelson et al. 1995). Glucocorticoids are
effective anti-inflammatory agents and give rapid
clinical response. However, there have been many
case reports of spontaneous tendon rupture, both
after local glucocorticoid injections (Chechick et
al. 1982, Kleinman and Gross 1983, Stannard and
Bucknell 1993, Smith et al. 1999) and with sys-
temic glucocorticoid therapy (Kotnis et al. 1999).
Previous studies on histological and mechani-
cal changes after glucocorticoid injections using
in vivo animal models have produced conflict-
ing results (Oxlund et al. 1981, Kapetanos 1982,
McWhorter et al. 1991, Wiggins et al. 1995, Camp-
bell et al. 1996, Tatari et al. 2001). On the other
hand, there is little information on the effect of
glucocorticoids on tendon at the cellular level. The
role of glucocorticoids in tendon rupture remains
controversial.

It is well known that the effects of glucocorti-
coids differ significantly with cell type, and may
vary with the growth state and other associated fac-
tors (Oikarinen et al. 1991). Glucocorticoids block
the growth of hepatocytes (Ledda-Columbano et
al. 1994), but induce cell growth and prolifera-
tion in fibroblasts (Delany and Brinckerhoft 1992).
Changes observed may differ when different animal
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species are used. In order to obtain information rel-
evant to tendon rupture in humans, it is imperative
that the effect of glucocorticoids should be tested
using human tendons. Unfortunately, there have
been very few studies on human tendons.

We have previously investigated the effects of
glucocorticoids on cultured human tenocytes. We
found that both dexamethasone and triamcinolone
significantly reduce cell viability, suppress cell
proliferation, and reduce collagen synthesis in cul-
tured human tenocytes (Wong et al. 2003, 2004).
Simultaneous administration of platelet-derived
growth factor (PDGFBB) reversed the effects of
1 uM dexamethasone on cultured human teno-
cytes (Wong et al. 2003). However, it was unclear
whether glucocorticoids have any effect on proteo-
glycan production in human tenocytes. We hypoth-
esized that glucocorticoids also suppress proteogly-
can synthesis in human tenocytes. We studied the
in vitro effects of dexamethasone and triamcino-
lone on proteoglycan synthesis in human tenocytes
using 33S-sulfate labeling in a human tenocyte cell
culture system. We also tested whether PDGFBB
could reverse the effect of dexamethasone on pro-
teoglycan synthesis.

Material and methods
Reagents and culture medium

Dexamethasone sodium phosphate and triam-
cinolone acetonide were obtained from Sigma
Chemical Co. (St. Louis, MO) for use in cell cul-
ture. Dulbecco’s Modification of Eagle’s Medium,
penicillin-streptomycin, and fetal calf serum were
obtained from Gibco Laboratories (Grand Island,
NY). Recombinant human PDGFBB was pur-
chased from R & D Systems (Minneapolis, MN).

Commercially available heat-inactivated fetal
calf serum was treated with dextran-coated char-
coal at 4°C for 12 h prior to use, in order to mini-
mize the effects of endogenous steroids in the
serum. Phenol red-free Dulbecco’s Modification of
Eagle’s Medium supplemented with 10% charcoal-
treated fetal calf serum was used in all experiments
(abbreviated as DMEM).

Human tenocyte cell culture

The research protocol was approved by the Human

Research Ethics Committee of our institution.
With informed consent, we harvested tendon tissue
blocks (2x2x3 mm) from healthy patellar tendon
during anterior cruciate ligament reconstructions
with bone-patellar tendon-bone autograft. These
were used as explants for primary cell cultures.
The culture method followed our previous modifi-
cation of Chard’s method (Chan et al. 1997, Chard
et al. 1987). The tissue was rinsed twice in phos-
phate-buffered saline (PBS) containing 1% antibi-
otic mixture (100 U/mL penicillin and 100 pg/mL
streptomycin), cut into 1 mm? pieces under sterile
conditions, and then digested with a mixture of
1 mM 0.25% trypsin (w/v) and EDTA for 5 min.
The digested tissue blocks were transferred to a
35-mm culture dish with DMEM, and incubated
in an atmosphere of 5% CO,, 95% air at 37°C.
The culture medium was changed twice a week.
Tendon fibroblasts from explants were trypsinized
with trypsin-EDTA solution and subcultured onto
75-cm? culture flasks at a seeding density of 107
cells per flask under the same culture conditions.
Cells from the second and third passages were used
for the experiments.

Proteoglycan production

The amount of proteoglycan produced by the
human tenocytes was measured by 33S-sulfate
labeling (Yanagishita et al. 1987, Vogel and Her-
nandez 1992). Cultured human tenocytes were
seeded onto 24-well culture plates at a density
of 2x10* cells per well and incubated for 6 days
until a confluent monolayer was obtained. The
cells were treated with either 1 uM triamcinolone,
1 uM dexamethasone, 10 ng PDGFBB, or 1 uM
dexamethasone together with 10 ng PDGFBB for
48 h. DMEM alone was added to the control well.
3S-sulfate (10 pCi/mL) (Radiochemical Center,
Amersham, UK) was added to each well in the last
24 h. The culture medium was then removed and
the cells were lysed with 0.25N NaOH. Cell debris
and extracellular matrix were scraped off with a
cell scraper. The homogenate was then dialyzed
in PBS using dialysis tubing (Arthur H. Thomas
Co. PA). Radioactivity was measured with a liquid
scintillation counter (Packard Instrument Com-
pany, Meriden, CT). For each set of data, three sets
of cells were used for radioactivity measurements
and three simultaneous sets were reserved for cell
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Figure 1. Treatment with 1 pM dexamethasone (Dexa) and
1 pM triamcinolone (Triam) both suppressed proteoglycan
synthesis by cultured human tenocytes, as measured by
353-sulfate incorporation. Values represent mean (SE) per-
centage of control 35S-sulfate incorporation (10 subjects,
with 3 replicates per subject). 2p = 0.007 and P p = 0.012
compared with control (DMEM), 2-tailed Wilcoxon signed-
ranks test.

counting using a hemocytometer after trypsiniza-
tion. All activities were normalized against cell
number and expressed as counts per minute (cpm)
per 1,000 cells.

Statistics

The sample size (n) refers to the number of human
subjects tested for each assay. All tests were per-
formed in triplicate. Results were normalized
against cell number and calculated as percentage
of the control, and presented as mean (SE). Com-
parison between treatments was performed with
2-tailed Wilcoxon signed-ranks test. All statisti-
cal tests were performed with SPSS version 11.0
(SPSS Inc., Chicago, IL). Differences were consid-
ered to be statistically significant at p-values less
than 0.05.

Results

Treatment of confluent monolayers of human teno-
cytes with 1 uM triamcinolone acetonide for 48 h
resulted in a reduction in the amount of 33S-sulfate
incorporation to 80% (5%) of control values (n =
10; p=0.007), while 1 uM dexamethasone reduced
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Figure 2. The effect of dexamethasone on proteoglycan
synthesis by human tenocytes and reversibility of the effect
by PDGFBB. The results represent 35S-sulfate incorpora-
tion with DMEM alone (DMEM), treatment with 1 pM dexa-
methasone (Dexa), with 10 ng/mL PDGFBB (PDGF), and
co-incubation with 1 pM dexamethasone and 10 ng/mL
PDGFBB (Dexa+PDGF). Values represent mean (SE)
percentage of control 35S-sulfate incorporation (10 sub-
jects, with 3 replicates per subject). 2 p = 0.01 and P p =
0.01 compared with control. © p = 0.01 compared with 1
UM dexamethasone treatment, 2-tailed Wilcoxon signed-
ranks test.

the 3°S-sulfate incorporation to 72% (7%) of con-
trol values (n = 10; p = 0.01). There was no dif-
ference between the response to triamcinolone and
the response to dexamethasone (Figure 1).

Treatment of confluent monolayers of human
tenocytes with 10 ng/mL. PDGFBB increased
the amount of 3S-sulfate incorporated to 144%
(9%) (n= 10; p = 0.012). Co-incubation of cells
with 10 ng/mL. PDGFBB and 1 pM dexametha-
sone increased 3°S-sulfate incorporation to 108%
of control, a significant increase compared with
dexamethasone treatment alone (n = 10; p = 0.01)
(Figure 2).

Discussion

Our findings confirmed our hypothesis that glu-
cocorticoids suppress proteoglycan synthesis by
human tenocytes. 1 uM is within the range of
physiological serum concentration after oral inges-
tion of glucocorticoids in humans (Loew et al.
1986). The dosage of 1 uM dexamethasone and tri-
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amcinolone has already been shown to effectively
suppress cellular metabolism and collagen synthe-
sis in cultured human tenocytes, and the effect of
dexamethasone is reversed by 10 ng/mL PDGFBB
(Wong et al. 2003, 2004). We therefore chose the
same glucocorticoids and same dosages in the cur-
rent study to examine their effects on proteoglycan
synthesis. Both dexamethasone and triamcinolone
treatment at 1 uM significantly suppressed proteo-
glycan synthesis in cultured human tenocytes.

The biosynthesis of proteoglycans involves the
formation of repeating disaccharide chains linked
to a core protein. Radiolabeling provides a conve-
nient way of following proteoglycan synthesis. The
35S-sulfate incorporation method was used to mea-
sure the amount of proteoglycan synthesis (Yanag-
ishita et al. 1987, Vogel and Hernandez 1992), as
more than 90% of the activity incorporated with
this precursor will be in proteoglycan (Yanagishita
et al. 1987).

Proteoglycans are complex macromolecules
consisting of polyanionic glycosaminoglycan side-
chains attached to a core protein. They are strongly
hydrophilic. Proteoglycans increase the turgor of
tendon, and enable rapid diffusion of water-soluble
molecules and cell migration. Proteoglycans are
involved in the regulation of extracellular matrix
organization and collagen fibrillogensis (Scott et
al. 1981, Scott and Hughes 1986). They play an
important role in the viscoelastic properties of
tendon (Elliott et al. 2003). The production of an
appropriate amount of proteoglycans is therefore
very important for the normal organization and
function of tendons. The ability of human teno-
cytes to increase proteoglycan synthesis and extra-
cellular matrix production is particularly important
at times of tendon healing and repair. The suppres-
sion of proteoglycan synthesis by dexamethasone
and triamcinolone may disturb the organization of
the extracellular matrix and collagen fibrillogensis
during healing, subsequently affecting the visco-
elastic properties of the tendon and predisposing it
to spontaneous rupture.

The co-incubation of 1 uM dexamethasone with
10 ng/mL. PDGFBB reversed the effect of 1 uM
dexamethasone on human tenocyte proteoglycan
production. The amount of proteoglycan produc-
tion with co-incubation was comparable to that of
the control. A different effect might be obtained

if other dosages are chosen. The current balanc-
ing dosages of dexamethasone and PDGFBB were
determined in previous well-controlled in vitro
experiments (Wong et al. 2003). The actual combat-
ing dose for clinical applications can be expected
to be different, and would have to be determined
separately (Chan et al. 1997).

The effects of PDGF have been investigated in
other types of tissue (Heldin and Westermark 1999,
Adcock and Caramori 2001). The cellular effects
of PDGFBB in rabbit were found to differ in differ-
ent tendons (Yoshikawa and Abrahamsson 2001).
In contrast to their balancing effects seen on co-
incubation demonstrated in this study, the fibrop-
roliferative effect of PDGF on skin fibroblasts was
not apparently affected by dexamethasone (Peter-
son et al. 1994). These findings again illustrate the
tissue specificity of dexamethasone and PDGF, and
the need for extreme care in extrapolating results
from other studies. The importance of selecting the
appropriate cells or tissues for studies cannot be
over-emphasized.

We used an in vitro cell culture system to study
the effect of glucocorticoids and PDGFBB on
proteoglycan synthesis by human tenocytes. The
presence of tendinopathy, inflammatory reactions,
circulation, other cytokines and growth factors in
the human body would much complicate the actual
in vivo response. Our findings should thus be inter-
preted in perspective.
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