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PURPOSE. To investigate the role of anti-inflammatory TSG-6 in
controlling MMP-1 and MMP-3, which have been shown to be
upregulated in conjunctivochalasis (CCh).

METHODS. Immunostaining of TSG-6 was compared between
normal and CCh conjunctiva and Tenon’s capsule. Second
cultures of normal and CCh fibroblasts were transfected with
or without TSG-6 siRNA and then with or without the addition
of TNF-� or IL-1�. Cell lysates and culture media were col-
lected to assess apoptosis with the use of ELISA and the ex-
pression of TSG-6, MMP-1, and MMP-3 transcripts and proteins
with the use of qRT-PCR and Western blot analysis, respec-
tively.

RESULTS. TSG-6 expression was constitutive in the in vivo
normal conjunctival epithelium. Significantly more TSG-6 –
positive cells than normal specimens were noted in CCh
subconjunctival tissue and Tenon’s capsule. TSG-6 was con-
stitutively expressed intracellularly by both resting normal
and CCh fibroblasts but was secreted extracellularly only by
resting CCh fibroblasts. Intracellular and extracellular TSG-6
proteins were markedly upregulated by TNF-� or IL-1� in
normal and CCh fibroblasts. Active MMP-1 was found in CCh
fibroblasts intracellularly and extracellularly, whereas only
proMMP-1 was found intracellularly in normal fibroblasts.
Knockdown by TSG-6 siRNA upregulated more MMP-1 than
MMP-3 transcripts in normal and CCh fibroblasts. TSG-6
siRNA led to extracellular MMP-1 expression by normal
fibroblasts such as CCh fibroblasts. This activation of MMP-1
was further enhanced by IL-1�. Cell apoptosis was higher in
CCh fibroblasts and further aggravated by TSG-6 siRNA
knockdown.

CONCLUSIONS. TSG-6 exerts an anti-inflammatory function by
counteracting the transcription of MMP-1 and MMP-3 and the
activation of MMP-1. Dysfunction of TSG-6 might play a role in
the pathogenesis of CCh. (Invest Ophthalmol Vis Sci. 2012;53:
1372–1380) DOI:10.1167/iovs.11-8738

Conjunctivochalasis (CCh), defined as a loose, redundant,
and nonedematous bulbar conjunctiva interposed be-

tween the globe and the eyelid, is a frequently overlooked
ocular surface problem in the aging population.1–3 Although
initially asymptomatic, CCh eventually leads to dryness, tear-
ing, subconjunctival hemorrhage, and exposure2–4 Tear levels
of proinflammatory cytokines such as tumor necrosis factor-�
(TNF-�), interleukin 1-� (IL-1�), IL-6, and IL-8 are elevated in
CCh patients.5–7 The coexisting ocular surface inflammation
might further be aggravated by delayed tear clearance, which is
also frequently associated with CCh.8–10

We have long speculated that excessive proteolytic degra-
dation by matrix metalloproteinases (MMPs) leads to CCh. In
support of this hypothesis, we have reported that cultured CCh
fibroblasts produce more MMP-1 and MMP-3 transcripts and
proteins than normal conjunctival fibroblasts11 and that such
overexpression of MMP-1 and MMP-3 is further upregulated by
TNF-� or IL-1�12 Others7 have also shown that a significantly
higher number of conjunctival epithelial cells and stromal cells
express MMP-3 and MMP-9 in CCh patients. Even if we as-
sumed that CCh is a disease caused by the dysregulation of
MMPs, it remains unclear whether MMP dysregulation is caus-
atively linked to the patient’s ability to manage ocular surface
inflammation.

One such linkage might be TNF-stimulated gene-6 (TSG-6),
which is secreted by cultured human fibroblasts under the
stimulation of TNF-�.13,14 TSG-6, a 35-kDa glycosaminoglycan-
binding protein,15,16 is not expressed but is rapidly upregu-
lated by TNF-� or IL-1 in most normal cells.13,14,16 TSG-6 exerts
anti-inflammatory activities in experimental models of arthri-
tis,17–19 acute myocardial infarction,20 and acute corneal chem-
ical burn.21,22 One mechanism for TSG-6 to yield a chondro-
protective effect in the arthritic process23 and to exert its
anti-inflammatory action in rat corneas that have been chemi-
cally burned21 might be through the suppression of MMPs
activation. Herein, we provide strong evidence supporting the
notion that TSG-6 downregulates the transcription and activa-
tion of MMP-1 and MMP-3 as one key anti-inflammatory action
in combating the development of CCh.

MATERIALS AND METHODS

Materials

Dulbecco’s modified Eagle’s medium (DMEM), Ham’s/F12 medium,
amphotericin B, gentamicin, fetal bovine serum, L-glutamine, human
epidermal growth factor, �-mercaptoethanol, 0.25% trypsin/1 mM
EDTA (T/E), Hank’s balanced salt solution, phosphate-buffered saline
(PBS; pH 7.4), dispase II, collagenase A, and insulin-transferrin-sodium
selenite supplement were obtained from Roche (Indianapolis, IN).
Hydrocortisone, dimethyl sulfoxide, cholera toxin, bovine serum albu-
min (BSA), Triton X-100, Hoechst 33342, �-actin, IL-1�, TNF-�, and
anti–mouse IgG-FITC were purchased from Sigma-Aldrich (St. Louis,
MO). Mouse anti–human TSG-6 IgG and mouse anti–human pro/active
MMP-1 and pro/active MMP-3 antibodies24 were obtained from R&D
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Systems (Minneapolis, MN). Polyclonal rabbit anti–mouse immuno-
globulins/HRP was purchased from Dako (Carpinteria, CA).

Human Conjunctival Fibroblast Cultures

Adherence to tenets of Declaration of Helsinki for research involving
human or human tissue and under protocol 06-013 approved by the
Institutional Review Board of Baptist Hospital of Miami/South Miami
Hospital (Miami, FL), CCh specimens were obtained from four patients
after surgical removal. Two CCh patients (a 60-year-old man and a
77-year-old woman) did not have any other ocular surface diseases.
Two CCh patients (an 82-year-old man and a 60-year-old woman) also
had aqueous tear-deficient dry eye that had been treated with punctal
occlusion. Normal conjunctival specimens were obtained from the
corneoscleral rims of five human cadaveric donors younger than age 40
(causes of death were accidental [trauma or drowning]) provided by
the Florida Lions Eye Bank (Miami, FL). To remove epithelial sheets,25

both conjunctival specimens were digested with 10 mg/mL Dispase II
at 4°C for 12 hours under 95% humidified 5% CO2 in plastic dishes
containing the supplemented hormonal epithelial medium (SHEM),
which was made of an equal volume of HEPES-buffered DMEM and
Ham’s F12 containing bicarbonate, 0.5% dimethyl sulfoxide, 2 ng/mL
mouse EGF, 5 �g/mL insulin, 5 �g/mL transferrin, 5 ng/mL sodium
selenite, 0.5 �g/mL hydrocortisone, 30 ng/mL cholera toxin, 5% FBS,
50 �g/mL gentamicin, and 1.25 �g/mL amphotericin B. The remaining
subconjunctival stromal tissue was minced and digested with 1 mg/mL
collagenase A in SHEM at 37°C for 12 hours under 95% humidified
air/5% CO2. After centrifugation at 3000 rpm for 5 minutes, cells
released by collagenase were collected from the pellet and seeded at a
density of 4.0 � 104 cells per 12-well plate in SHEM. On 80% to 90%
confluence, fibroblasts were released by T/E and split at 1:4 to another
12-well plate in the same medium. Cell lysates from the secondary
passage cultures were used in this study.

Cell Treatments

Secondary cultures at 90% confluence were switched to DMEM with
0.5% FBS for 48 hours. Some cultures were then added with 20 ng/mL
TNF-� or IL-1� for 4 or 24 hours before they were harvested for total
RNA or protein, respectively. Other cultures were transfected by 100
nM TSG-6 siRNA (SR304882A) or scrambled RNA (scRNA) (SR30004)
(both from OriGene Technologies, Rockville, MD) for 48 hours. During
the last 24 hours, cultures were treated with or without 20 ng/mL
IL-1�.

Immunostaining

The conjunctival tissue and the underlying Tenon’s capsule were
separated from both normal and CCh specimens, cryosectioned to
6-�m thickness, and dried for 5 minutes before they were fixed with
4% paraformaldehyde for 15 minutes. The sections were permeabilized
with 0.2% Triton X-100 in PBS for 15 to 30 minutes and blocked with
0.2% BSA in PBS for 1 hour at room temperature before incubation in
the primary antibody against TSG-6 (1:100) overnight at 4°C. The
secondary antibody (FITC- anti–mouse IgG (1:100) was then incubated
for 1 hour using appropriate isotype-matched nonspecific IgG antibod-
ies as controls.

Quantitative Real-Time Polymerase
Chain Reaction

Total RNA was extracted using an extraction kit (RNeasy Mini Kit;
Qiagen, Valencia, CA) and reverse-transcribed using a transcription kit
(High Capacity Reverse Transcription Kit; Applied Biosystems, Foster
City, CA). cDNA of each sample was amplified by real-time RT-PCR
using specific primer-probe mixtures and DNA polymerase in a PCR
system (7000 Real-time PCR; Applied Biosystems). The real-time PCR
profile consisted of 10 minutes of initial activation at 95°C followed by
40 cycles of 15-second denaturation at 95°C and 1 minute annealing
and extension at 60°C. All assays were performed in triplicate; the

results were normalized by glceraldehyde-3-phosphate dehydrogenase
(GAPDH) as an internal control. Relative gene expression data were
analyzed by the comparative CT method (��CT). All gene expression
assays used are listed in Table 1.

Western Blot Analysis

To identify the expression of TSG-6, MMP-1, and MMP-3 proteins,
Western blot analysis was performed using their specific antibodies.
Total proteins of 20 �g (for TSG-6) or 35 �g (for MMP-1 and MMP-3)
from cell lysates or 20 to 25 �L of concentrated culture media from
different fibroblast cultures were separated by electrophoresis on 4%
to 15% (wt/vol) gradient acrylamide ready gels under denaturing and
reducing conditions. Proteins in gels were transferred to a nitrocellu-
lose membrane, which was then blocked with 5% (wt/vol) fat-free milk
in TBST (50 mM Tris-HCl, pH 7.5, 150 mM NaCl, 0.05% [vol/vol]
Tween-20), followed by sequential incubation with specific primary
antibodies to TSG-6 (1:1000), pro/active MMP-1 (1:500), and pro/active
MMP-3 (1:500) and the secondary antibody (rabbit anti–mouse immu-
noglobulins/HRP, 1:1000), using �-actin as the loading control. Immu-
noreactive proteins were detected with reagent (Western Lighting
Chemiluminesence Reagent; PerkinElmer, Waltham, MA).

Cell Death Detection ELISA Assay

Culture media and cell lysates from 104 cells were collected and
subjected to assay (Cell Death Detection ELISAPLUS; Roche, Indianap-
olis, IN), which is a photometric enzyme immunoassay for in vitro
qualitative and quantitative determination of cytoplasmic histone-asso-
ciated DNA fragments (mononucleosomes and oligonucleosomes) gen-
erated by apoptotic cell death using mouse monoclonal anti–histone
and anti–DNA antibodies, respectively. Positive and negative controls
were provided by the manufacturer. The activity was determined by
absorbance measured at 405 nm (Fusion Universal Microplate Ana-
lyzer; Packard, Indianapolis, IN).

Statistical Analysis

All summary data were reported as mean � SD for each group and
compared using Student’s unpaired t-test (Excel; Microsoft, Redmond,
WA). Test results were reported as two-tailed P values, where P � 0.05
was considered statistically significant.

RESULTS

More TSG-6–Positive Cells in CCh Subconjunctival
Tissue and Tenon’s Capsule

Positive immunoreactive staining to TSG-6 was noted in the full
thickness of the conjunctival epithelium of representative nor-
mal (Fig. 1A) and CCh (Figs. 1B, 1C) specimens. Little scattered
positive staining to TSG-6 was also noted in normal (Fig. 1D)
subconjunctival tissue and Tenon’s capsule; however, more
intensive positive staining was noted in CCh subconjunctival
tissue (Figs. 1B, 1C) and Tenon’s capsule (Figs. 1E, 1F). Higher
magnification revealed that positive TSG-6 immunostaining
was found in the cytoplasm and the extracellular matrix of
both epithelia and fibroblasts (Figs. 1A, 1C, insets). The per-
centage of TSG-6–positive cells in CCh specimens was more
than that in normal specimens (Fig. 1G; P � 0.01; n � 4).
There was no difference between the subconjunctival tissue

TABLE 1. Assay ID and Probe Sequence Use for Real-time PCR

Gene Assay ID UniID Product Length (bp)

GADPH Hs02758891_g1 Hs.4279728 93
TSG-6 Hs01113602_ml Hs.437322 81
MMP-1 Hs00899658_ml Hs.83169 64
MMP-3 Hs00968305_ml Hs.375129 126
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and the Tenon’s capsule in either normal (P � 0.37; n � 4) or
CCh (P � 0.20; n � 4) specimens. These findings were noted
in all five cadaveric donors and four CCh specimens. These
results further suggested that more TSG-6 protein was present
intracellularly and extracellularly in CCh subconjunctival tissue
and the Tenon’s capsule.

Upregulation of TSG-6 Transcripts and Proteins
by TNF-� or IL-1�

TSG-6 is originally identified as cDNA derived from TNF-�–
stimulated human fibroblasts13,14 and is expressed in a variety
of cell types only after the stimulation of TNF-�, IL-1,13,14,16 or

LPS26,27 or growth factors such as TGF-�, FGF, and FGF-1.28,29

To explore the immunostaining finding of TSG-6, we isolated
both normal and CCh conjunctival fibroblasts. qRT-PCR con-
firmed that the TSG-6 transcript expressed by resting normal
conjunctival fibroblasts was negligibly low but significantly
(85- and 68-fold) upregulated by TNF-� and IL-1�, respectively
(Fig. 2A; both P � 0.01; n � 4). In contrast, the TSG-6
transcript expressed by resting CCh conjunctival fibroblasts
was 3-fold higher than that of normal conjunctival fibroblasts
(Fig. 2A; P � 0.01; n � 4). Similarly, the expression of TSG-6
transcript in CCh fibroblasts was upregulated 22- and 21-fold
by TNF-� and IL-1�, respectively (Fig. 2A; both P � 0.01; n �

FIGURE 1. Immunofluorescence
staining of TSG-6 in normal and
CCh conjunctiva and Tenon’s cap-
sule. One representative normal (A,
D) and two representative CCh (B,
C, E, F), conjunctival tissue (A, C),
and Tenon’s capsule (D–F) were
subjected to immunofluorescence
staining using a TSG-6 –specific an-
tibody. More positive immunostain-
ing to TSG-6 was noted in CCh than in
normal conjunctival stroma (B, C) and
Tenon’s capsule (E, F). Nuclear coun-
terstaining was performed by Hoechst
33342. All images except those in the
insets in (A) and (C) were taken at the
same magnification. Scale bar, 50 �m.
The percentage of TSG-6–positive
cells in the subconjunctival tissue
and the Tenon’s capsule of normal
(�) and CCh (f) samples (n � 4)
were quantified and compared (G).
*P � 0.01 versus normal.

FIGURE 2. Upregulation of TSG-6 transcripts and proteins by TNF-� or IL-1� in normal and CCh
fibroblasts. Both normal (�) and CCh (f) fibroblasts were cultured in DMEM with 0.5% FBS for 48 hour
before the addition of TNF-� or IL-1�. Cell lysates were collected at 4 hours to measure TSG-6 transcripts
by qRT-PCR using GAPDH as the internal control (A, #P � 0.01 vs. normal; *P � 0.01 vs. control). Cell
lysates (B, top) and culture media (B, bottom) were collected at 24 hours to measure TSG-6 protein by
Western blot analysis using �-actin as the loading control.
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4). Western blot analysis detected a similar intensity of the
35-kDa band of TSG-6 protein in cell lysates of both resting
normal and CCh fibroblasts (Fig. 2B, top). The intensity in-
creased 3.5- and 3-fold in normal fibroblasts but 1.7- and 1.8-
fold in CCh fibroblasts by TNF-� and IL-1�, respectively. The
TSG-6 protein band was absent in culture media of resting
normal fibroblasts but present in culture media of resting CCh
fibroblasts (Fig. 2B, bottom). The protein level of TSG-6 in
culture media was upregulated by TNF-� and IL-1� in normal
and CCh fibroblasts. These results suggested that TSG-6 was
constitutively expressed intracellularly in both resting normal
and CCh fibroblasts but was secreted in culture media only by
resting CCh fibroblasts. Expression and extracellular secretion
of TSG-6 were upregulated by TNF-� or IL-1� in both normal
and CCh fibroblasts.

Upregulation of MMP-1 and MMP-3 Transcripts
and Activation of MMP-1 by TNF-� and IL-1�

Previously, we reported the overexpression of MMP-1 and
MMP-3 transcripts in CCh fibroblasts using Northern blot anal-
ysis.11 Herein, qRT-PCR confirmed that resting CCh fibroblasts
expressed MMP-1 and MMP-3 transcripts 2- and 4-fold those
expressed by resting normal fibroblasts (Fig. 3A; both P � 0.01;
n � 4). Consistent with our report that TNF-� and IL-1�
upregulate MMP-1 and MMP-3 transcripts and proteins in CCh
fibroblasts,12 we also noted that MMP-1 and MMP-3 transcripts
were upregulated 3- and 18-fold in normal fibroblasts by TNF-�
and 5- and 95-fold by IL-1�, respectively (all P � 0.01; n � 4).
A similar upregulation of 4- and 6-fold by TNF-� and 5- and
10-fold by IL-1�, respectively, was noted in CCh fibroblasts (all
P � 0.01; n � 4). Although the expression of MMP-1 and
MMP-3 proteins by CCh fibroblasts were further promoted by
TNF-� or IL-1�,12 it remained unclear whether elevated MMP-1
and MMP-3 proteins were active. Using different primary anti-
bodies that recognize both proMMPs and actMMPs, Western
blot analysis revealed two protein bands. For MMP-1 they were
53 kDa proMMP-1 and 48 kDa actMMP-1, and for MMP-3 they
were 65 kDa proMMP-3 and 58 kDa actMMP-3 (Fig. 3B) in both
cell lysates and culture media. In cell lysates, the intensity of
the proMMP-1 protein was similar in resting normal and CCh
fibroblasts but was upregulated 1.5- and 2-fold in normal fibro-
blasts by TNF-� and IL-1�, respectively, and 2.2-fold in CCh
fibroblasts by IL-1�. In contrast, the actMMP-1 protein was

undetectable in normal fibroblasts but upregulated 4-fold in
resting CCh fibroblasts. The actMMP-1 protein was upregulated
2.5- and 8.4-fold in normal fibroblasts and 4- and 8-fold in CCh
fibroblasts by TNF-� and IL-1�, respectively. In culture media,
proMMP-1 proteins were similar in both normal and CCh fibro-
blasts regardless of whether cytokine stimulation occurred. In
contrast, actMMP-1 was detected in resting CCh but not in
normal fibroblasts and was upregulated to the detectable level
in normal fibroblasts and 6-fold in CCh fibroblasts by TNF-� and
IL-1�, respectively. In cell lysates, the intensity of the
proMMP-3 protein band was similar before stimulation but
similarly upregulated 2-fold by either TNF-� or IL-1� in normal
and CCh fibroblasts. The actMMP-3 protein band was present
in resting normal fibroblasts but increased 2.5-fold in resting
CCh fibroblasts. The intensity of the actMMP-3 protein band
was upregulated 3- and 8.8-fold in normal fibroblasts and 4.5-
and 6-fold in CCh fibroblasts by TNF-� and IL-1�, respectively.
In culture media, the intensity of the proMMP-3 protein band
was also similar between normal and CCh fibroblasts and was
not upregulated by either TNF-� or IL-1�. actMMP-3 was
slightly upregulated by IL-1�. These results indicated that rest-
ing CCh fibroblasts expressed more MMP-1 and MMP-3 tran-
scripts and actMMP-1 proteins than resting normal fibroblasts.
On stimulation by TNF-� and IL-1�, both MMP-1 and MMP-3
transcripts and actMMP-1 protein were upregulated in normal
and CCh fibroblasts.

Upregulation of MMP-1 and MMP-3 Transcription
and Activation by TSG-6 Knockdown

Because transcripts and proteins of MMP-1, MMP-3, and TSG-6
were all upregulated by TNF-� and IL-1� (Figs. 2, 3), we thus
chose TSG-6 siRNA to downregulate TSG-6 transcript and pro-
tein expression to resolve the relationship between MMPs and
TSG-6. qRT-PCR verified that the chosen TSG-6 siRNA indeed
downregulated 70% and 88% of the transcript level expressed
by normal and CCh fibroblasts, respectively (Fig. 4A). Western
blot analysis also confirmed that TSG-6 protein expression was
downregulated 75% and 84% by TSG-6 siRNA in normal and
CCh fibroblasts, respectively (Fig. 4B).

Without stimulation by IL-1�, and similar to what is shown
in Figure 3A, the expression of MMP-1 and MMP-3 transcripts
by resting CCh fibroblasts treated with scRNA were greater
(7- and 9-fold) than the expression of resting normal fibroblasts

FIGURE 3. Upregulation of MMP-1
and MMP-3 transcripts and proteins by
TNF-� or IL-1� in normal and CCh fi-
broblasts. In the same cultures as de-
scribed in Figure 2, expression of
MMP-1 and MMP-3 transcripts in nor-
mal fibroblasts (�) and CCh fibroblasts
(f) was detected by qRT-PCR (A, #P �
0.01 vs. normal; *P � 0.01 vs. control).
Both proMMP-1 and actMMP-1 (top)
and proMMP-3 and actMMP-3proteins
(bottom) in cell lysates and culture me-
dia were monitored by Western blot
analysis (B).
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(Fig. 5A; both P � 0.01; n � 4). TSG-6 siRNA significantly
upregulated MMP-1 and MMP-3 transcripts 52- and 52-fold in
normal fibroblasts and 58- and 13-fold in CCh fibroblasts (Fig.
5A; all P � 0.01; n � 4). The overall extent of upregulation of
MMP-1 and MMP-3 transcripts by TSG-6 siRNA was more pro-
nounced in CCh fibroblasts than normal fibroblasts (P � 0.01;
n � 4). With stimulation by IL-1� and as shown in Figure 3A,
the expression of MMP-1 transcripts in CCh fibroblasts was
higher than in normal fibroblasts (Fig. 5B; P � 0.05; n � 4),
whereas the expression of MMP-3 transcripts was similar in
both cells (P � 0.12; n � 4) when treated with scRNA. Both
MMP-1 and MMP-3 transcripts expressed by normal fibroblasts
were further upregulated 4- and 4-fold, respectively, by TSG-6
siRNA (both P � 0.01; n � 4). As a comparison, MMP-1 and
MMP-3 transcripts in CCh fibroblasts were upregulated 11- and
3-fold, respectively, by TSG-6 siRNA (both P � 0.01; n � 4).

Without stimulation by IL-1� and as shown in Figure 3B,
neither proMMP-1 nor actMMP-1 was present in cell lysates and
culture media of normal fibroblasts. In contrast, proMMP-1
protein was found in cell lysates, whereas actMMP-1 protein
was found in culture media of CCh fibroblasts (Fig. 6A). TSG-6
siRNA induced proMMP-1 protein in cell lysates and actMMP-1
proteins in culture media of normal fibroblasts, a pattern re-
sembling that of CCh fibroblasts treated with scRNA. In con-
trast, TSG-6 siRNA induced actMMP-1 in cell lysates and up-
regulated actMMP-1 in culture media of CCh fibroblasts. As
shown in Figure 3B, proMMP-3 and actMMP-3 were expressed
in cell lysates by resting normal and CCh fibroblasts treated
with scRNA, but actMMP-3 expressed by resting CCh fibro-
blasts was 2.6-fold that of normal fibroblasts (Fig. 6A). TSG-6
siRNA increased actMMP-3 by 2- and 3-fold in normal fibro-
blasts and CCh fibroblasts, respectively. However, proMMP-3,
but not actMMP-3, was found in culture media of both normal
and CCh fibroblasts.

With stimulation by IL-1� and as shown in Figure 3B, act-
MMP-1 was found in both cell lysates and culture media of
normal and CCh fibroblasts treated by scRNA (Fig. 6B). How-
ever, TSG-6 siRNA further upregulated actMMP-1 8-fold in cell
lysates of CCh but not normal fibroblasts, and it upregulated

actMMP-1 3- and 5.2-fold in culture media of normal and CCh
fibroblasts, respectively. Consistent with what is shown in
Figure 3B, IL-1� increased actMMP-3 in both cell lysates and
culture media of resting normal and CCh fibroblasts; the level
of actMMP-3 was increased 2-fold by TSG-6 siRNA in normal
and CCh fibroblasts, respectively. Taken together, these find-
ings indicated that knockdown by TSG-6 siRNA upregulated
more MMP-1 than MMP-3 transcripts in normal and CCh fibro-
blasts. Without IL-1�, TSG-6 knockdown activated MMP-1 pro-
tein expression in normal fibroblasts in a direction resembling
CCh fibroblasts. Such activation of MMP-1 was further en-
hanced by IL-1�.

Cell Apoptosis Promoted by TSG-6 Knockdown

Interestingly, many small round and detached cells appeared as
early as 24 h and became apparent approximately 36 hours
after transfection by TSG-6 siRNA in normal and CCh fibroblast
cultures (Fig. 7A). This morphologic change was correlated
with apoptosis, as judged by cell death detection ELISA (Fig.
7B). In short, the extent of cell apoptosis in cell lysates was low
in both normal and CCh fibroblasts (P � 0.052; n � 3) but
increased 4- and 5-fold in normal and CCh fibroblasts by TSG-6
siRNA, respectively (both P � 0.01; n � 3). Apoptosis in cell
lysates caused by TSG-6 siRNA in CCh fibroblasts was signifi-
cantly greater than in normal fibroblasts (P � 0.05; n � 3). A
similar result was noted in culture media (Fig. 7B). Compared
with cells treated with scRNA, the extent of cell necrosis in
culture media of CCh fibroblasts was higher than that of nor-
mal fibroblasts (P � 0.05; n � 3). TSG-6 siRNA further pro-
moted the extent of cell necrosis to 2.5- and 2.7-fold in normal
and CCh fibroblasts, respectively (both P � 0.01, n � 3); the
extent of cell necrosis in CCh fibroblasts was significantly
higher than that in normal fibroblasts (P � 0.05; n � 3). These
results indicated that CCh fibroblasts exhibited higher apopto-
sis than normal fibroblasts and that such apoptosis was further
promoted by TSG-6 knockdown.

FIGURE 4. Knockdown efficiency
of TSG-6 siRNA. Both normal and
CCh fibroblasts were cultured in
DMEM with 0.5% FBS for 48 hours
before transfection with 100 nM
TSG-6 siRNA or scRNA for another 48
hours. qRT-PCR showed that the
TSG-6 transcript was markedly down-
regulated using GAPDH as the inter-
nal control (A, *P � 0.01 vs. scRNA).
Western blot analysis also showed
that the TSG-6 protein was notably
downregulated using �-actin as the
loading control (B).
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DISCUSSION

Generally speaking, TSG-6 is not constitutively expressed in
most tissues, but it is upregulated by proinflammatory cyto-
kines in a variety of cells, including articular chondrocytes,30

synoviocytes,31 cervical smooth muscle cells,32 peripheral
blood mononuclear cells,14 and myeloid dendritic cells.33 A
high level of TSG-6 protein is detected in the sera of patients
who have bacterial sepsis and systemic lupus erythematosus16

and in joint tissues and synovial fluids of patients with various
forms of arthritis.31,34 Thus, the finding of more TSG-6–posi-
tive cells in CCh subconjunctival stroma and Tenon’s capsule
than cadaveric donors (Fig. 1) supported the notion that TSG-6
might exert an anti-inflammatory role in CCh, as claimed in
other tissues. The overexpression of TSG-6 in CCh subconjunc-
tival stroma and Tenon’s capsule was consistent with the
finding of a higher expression of TSG-6 transcript by resting
CCh fibroblasts than normal fibroblasts (Fig. 2A) and a higher
expression of TSG-6 protein in culture media of resting CCh
fibroblasts (Fig. 2B). Because TSG-6 transcript and protein were
further upregulated by TNF-� and IL-1� (Fig. 2B), and because
there exists a higher level of proinflammatory cytokines in the
tear meniscus of CCh patients,5,7 it is plausible that ocular
surface inflammation might be upregulated TSG-6 in CCh.

We have long speculated that excessive degradation of the
underlying Tenon’s capsule in CCh35,36 is caused by the over-
expression of MMP-1 and MMP-3.11,12 MMP-1, also known as
interstitial collagenase, can cleave the triple helix of fibrillar

collagens I, II, and III. MMP-3, also known as stromelysin-1, has
a broader substrate specificity of degrading collagens III, IV, IX,
and X, laminin, proteoglycans, and fibronectin.37The present
study supported our earlier finding that MMP-1 and MMP-3
transcripts and proteins are overexpressed by CCh fibroblasts.
However, for the first time, we showed that actMMP-1 was
found in cell lysates and culture media of resting CCh fibro-
blasts, whereas only proMMP-1 was found in cell lysates of
resting normal fibroblasts (Fig. 3). Both actMMP-1 and act-
MMP-3 were further upregulated by TNF-� or IL-1� in normal
and CCh fibroblasts. As a contrast to resting normal conjunc-
tival fibroblasts, actMMP-1 was upregulated only by TNF-� and
IL-1� in resting CCh fibroblasts (Figs. 3, 6). These data suggest
that proteolytic degradation of matrix by actMMP-1 is intrinsi-
cally upregulated in CCh fibroblasts but only upregulated in
normal fibroblasts by proinflammatory cytokines.

TSG-6 (Fig. 2), MMP-1, and MMP-3 (Fig. 3) were all upregu-
lated by TNF-� and IL-1� in both normal and CCh fibroblasts,
suggesting that these three genes were all under the regulation
of inflammation. In U373MG cells, the overexpression of
C/EBP�, a transcription factor downstream of NF-�B,38 also
upregulates the transcription of TSG-6, MMP-1, and MMP-3.39

To resolve the causative relationship between TSG-6 and MMP-
1/MMP-3, we used TSG-6 siRNA to downregulate its transcript
and protein (Fig. 4) and disclosed for the first time that one
plausible mechanism explaining how MMP-1 is activated in
CCh fibroblasts might be the dysregulation of TSG-6. In the

FIGURE 5. Upregulation of MMP-1 and MMP-3 transcripts in normal and CCh fibroblasts by TSG-6 knockdown. Both normal and CCh fibroblasts
were cultured in DMEM with 0.5% FBS for 48 hours and were transfected with TSG-6 scRNA (�) or siRNA (f) for another 48 hours without (A)
or with (B) IL-1� added for the last 24 hours. Cell lysates were collected for MMP-1 and MMP-3 mRNA detection by qRT-PCR. *P � 0.01 versus
scRNA.
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absence of IL-1�, TSG-6 siRNA dramatically upregulated the
expression of MMP-1 transcript more so than MMP-3 transcript
(Fig. 6) and enhanced the expression of proMMP-1 in cell
lysates and actMMP-1 in culture media of normal fibroblasts

(Fig. 6), resulting in an expression pattern resembling that of
resting CCh (Fig. 3). In the presence of IL-1�, these changes
were more accentuated. These findings strongly suggest that
the expression of TSG-6 is meant to counteract the transcrip-

FIGURE 6. Upregulation of MMP-1 and MMP-3 protein and actMMP-1 by TSG-6 knockdown. In the same cultures described in Figure 4, cell lysates
were collected for Western blot analysis of proMMP1and actMMP-1 proteins (top) and MMP-3 proteins (bottom) in cell lysates and culture media
of both normal and CCh fibroblasts without (A) and with (B) stimulation of IL-1� using �-actin as the loading control.

FIGURE 7. Apoptosis promoted by
TSG-6 knockdown. Both normal and
CCh fibroblasts were cultured in
DMEM with 0.5% FBS for 48 hours
and were transfected with TSG-6
siRNA for another 48 hours while
IL-1� was added for the last 24 hours.
(A) Compared with the control
treated with scRNA (a, normal fibro-
blasts; c, CCh fibroblasts), TSG-6
siRNA caused more detached round
cells in normal (b) and CCh fibro-
blasts (d). All images were taken at
the same magnification. Scale bar,
100 �m. Compared with scRNA (�),
the extent of cell apoptosis was also
significantly increased by TSG-6
siRNA (f) (*P � 0.01) in cell lysates
(B, top) and in culture media (B, bot-
tom) in normal and CCh fibroblasts.
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tion and activation of MMP-1 particularly. Such an action re-
sembles the anti-inflammatory role of TSG-6 in suppressing
MMP-9 activation in rat chemically burned corneas21 and its
chondroprotective role in suppressing MMP activation in the
arthritic joint of TSG-6 transgenic mice.23 In the experimental
models of arthritis17,19 and corneal chemical burns,21,22 the
protective role of TSG-6 is demonstrated by transgenic overex-
pression and exogenous application of TSG-6 (i.e., through an
extracellular route). The likelihood for extracellular TSG-6 to
exert its anti-inflammatory action is also suggested by its in vivo
constitutive extracellular expression in the normal conjuncti-
val epithelium (Fig. 1) and the extracellular expression of
TSG-6 only by CCh fibroblasts (Fig. 2). Hence, the pathogenesis
of CCh might involve the dysregulation of TSG-6 expression.
Further studies are worthwhile to determine how MMP-1 is
activated in CCh fibroblasts and whether the activation of
MMP-1 in CCh fibroblasts is mediated by the overproduction of
reactive oxygen species or serine proteinases known to acti-
vate MMP-140 and how TSG-6 might control such an activation
process.

Extracellular MMP-1 and MMP-3 may conceivably cause
anoikis by threatening cell adhesion to the extracellular matrix.
However, the present study further showed that elevated lev-
els of actMMP-1 and actMMP-3 were noted intracellularly in
both normal and CCh fibroblasts, especially if stimulated by
IL-1� (Fig. 3). Because the overexpression of intracellular act-
MMP-1 and actMMP3 was also correlated with apoptosis exac-
erbated by TSG-6 siRNA (Fig. 7) and because more apoptotic
cells were also found in CCh specimens (Guo et al., manuscript
submitted), we cannot rule out the likelihood that such over-
expression of intracellular actMMP-1 and actMMP-3 might
cause apoptosis. Such reasoning is supported by recent stud-
ies41,42 showing that intracellular actMMP-1 is responsible for
cell death of cultured neurons and myocytes cells and that
intracellular actMMP-3 is also responsible for causing apopto-
sis, including in DArgic neurons and hepatic myofibro-
blasts.24,43,44 Further studies focusing on the protective role of
TSG-6 in combating MMP activities and cell death may shed
light on the pathogenesis of CCh, which is highlighted by
excessive degradation of the underlying Tenon’s capsule.
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