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Abstract
Objective
The protein components of the extracellular matrix (ECM) are responsible for driving tissue morphogenesis, the
development of differentiated function, and the sequestration of biologically active molecules such as growth factors
in close proximity to tissue and organ cells. Recent reports indicate that saliva and exocrine tissue lysates from
Soégren's syndrome patients and the non-obese diabetic (NOD) mouse model for autoimmune exocrinopathy demon-
strate elevated levels of specific enzymes that degrade the ECM, especially the matrix metalloproteinases (MMPS).
To determine if elevated levels of MMPs could be important in exocrine tissue destruction, we examined proteolytic
activity against two ECM proteoglycans, decorin and biglycan.

Methods
Purified recombinant human core protein for decorin or biglycan was incubated with saliva or gland lysates from
either control BALB/c or NOD mice. Degraded proteoglycan products wer e estimated by Western blotting analysis
using anti-decorin or anti-biglycan monospecific polyclonal antibodies. The levels of TGFf protein were measured
by ELISA.

Results
Proteolytic activity for decorin and biglycan was not observed in the saliva and salivary gland lysates collected from
C57BL/6 or BALB/c mice used as normal controls. In contrast, both proteoglycans were degraded by saliva and
exocrine gland lysates from NOD mice and the congenic partner strains NOD-scid and NOD.B10.H2°. This proteo-
Iytic activity for proteoglycans was inhibited by the MMP inhibitors, EDTA, GM6001 and 1,10-phenanthroline.
Protein steady state levels for TGF wereincreased in the saliva and gland lysates from 20-week old NOD strains,
as compared to BALB/c mice and NOD treated with the MMP inhibitor GM6001. With the inhibition of MMP
activity, TGFp levels declined in saliva and gland lysates.

Conclusion
Proteolytic degradation of the ECM molecules decorin and biglycan is elevated in the exocrine tissues of the NOD
mouse model for §ogren's syndrome. Furthermore, the proteolysis of small leucine-rich proteoglycans correlates
with the presence of elevated levels of TGFf in gland lysates and saliva.
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Introduction

Interactions between the matrix metallo-
proteinase enzymes (MMPs) and their
substrates, the extracellular matrix

(ECM) proteins, are essential elements
in the morphological development of

glandular structure during fetal devel op-
ment (1-3). Paradoxically, these prote-

ases may also accel erate destruction of

tissues through the degradation of ECM

proteins. Thus, elevated MMP activity
is often observed in malignant tumor me-
tastasis, cystic lesion formation (4,5), as
well asin tissue destruction in autoim-

mune disease (6). Sjogren’s syndromeis
a chronic autoimmune disease, charac-

terized by the clinica presentation of dry
mouth (xerostomia) and dry eyes (kera-
toconjunctivitis sicca). These sicca
symptoms appear to result from exocrine
gland adenitis (7, 8), thelesions of which
contain activated B- and T-lymphocytes
that elaborate pro-inflammatory cyto-

kines. Exocrine tissues obtained from
both Sjdgren’s syndrome patients and
mouse models for Sjégren’s syndrome
contain increased levels of proteolytic
enzymes involved with ECM degra-

dation and programmed cell death (9-

13).

Destruction of ECM by MMPsis often
accompanied by alterations in the con-

centrations of tissue-associated growth
factors (14). Thisis especialy truein
patients with Sjégren’s syndrome (15-

18) for transforming growth factor-beta
(TGFb), which may function to prevent
lymphocyte infiltration into the exocrine
glands (19). This concept has been sup-
ported by studies using a TGFb-knock-

out mouse genetically predisposed for
developing §ogren’s syndrome-like pa-
thology in which massive lymphocytic
infiltration of exocrine tissues occursin
the absence of this growth factor (20, 21).

One ECM molecule that has been report-
ed to function asareservoir for TGFb is
decorin (22, 23). Decorinisasmall pro-

teoglycan which, like biglycan, belongs
to the leucine-rich family of ECM mol-

ecules and plays arolein the regulation
of fibrillogenesis and the maintenance of
tissue differentiation by binding with col-
lagen, fibronectin and thrombospondin.

It is thought that a disulfide loop created
in the carboxy portion of the molecule
is capable of encircling a collagen mole-
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cule in its mechanism of stabilizing fi-
brils and adding orientation during fi-
brillogenesis (24). This potentia role has
been demonstrated with the generation
of decorin null mice, which grow nor-
mally to adulthood, but subsequently
exhibit increased dermal fragility, rela
ted to abnormal collagen morphol ogy
(24).

The ability of decorin to act as areser-
voir of TGFb is achieved by sequestra-
tion of growth factorsin the ECM from
their respective cell surface receptors.
Because both decorin and biglycan work
to maintain the structure of the ECM, it
is not surprising that the local destruc-
tion of proteoglycansin various connec-
tive tissue autoimmune diseases leads to
altered concentrations of biologicaly ac-
tive TGFb (25-28). Degradation of small
proteoglycans is associated with the enz-
ymatic activity of MMP-2, MMP-3 and
MMP-7 (28). The expression of decorin
and biglycan is regulated by TGFb and
a number of inflammatory cytokines.
Both IL-1 and IL-4 up-regulate decorin
expression, while TNFa and TGFb in-
hibit transcription. In contrast, IL-6 and
TGFb inhibit biglycan transcription
which is counteracted by the presence
of TNFa (24).

Reports of elevated levels of MMP ac-
tivity in the saliva and exocrine tissues
of S§jégren’s syndrome patients, as well
as animal models exhibiting Sjogren’s
syndrome-like pathology (9, 18, 29-31),
led us to examine the exocrine tissues of
NOD mice with active sialoadenitis for
their proteolytic action on the ECM-as-
sociated proteoglycans, decorin and bi-
glycan. We report that the exocrine tis-
sue and saliva of NOD mice contain
increased levels of proteolytically de-
graded decorin and biglycan. The deg-
radation most likely isthe result of MMP
activity in the exocrine tissues. The pro-
teolytic cleavage of decorin and biglycan
is accompanied by elevated levels of
TGFb.

Materials and methods

Materials

Groups of n=6 female C57BL/6, BALB/
¢, NOD/Lt, NOD-scid and NOD.B10.
H2b mice, 8 and 20 weeks of age, were
obtained from the Department of Pathol-
ogy Mouse Fecility, University of Flori-



da (32, 33). Pilocarpine, d,|-1soprotere-
nol, EDTA and 1,10-phenanthroline
were purchased from Sigma Chemical
Co. (St. Louis, MO). Reagents for SDS-
PAGE were purchased from Fisher Sci-
entific (Pittsburgh, PA). PVDF mem-
brane used for Western blotting analysis
was purchased from Millipore Corpora-
tion (Bedford, MA). Purified core pro-
teins of decorin and biglycan, and mono-
specific polyclonal antibodies for these
proteoglycans were the generous gifts of
Dr. David J. McQuillan, Center for Ex-
tracellular Matrix Biology, Institute of
Biosciences and Technology, Texas A &
M University (34, 35).

Saliva collection and preparation of
gland lysates.

Salivawas collected from each strain of
mice (n =6) after stimulation of secre-
tion by 0.2 mg of isoproterenol and 0.5
mg pilocarpine per 100 g body weight
dissolved in phosphate-buffered saline
(PBS) as previoudly described (32, 33).
The secretagogue cocktail was adminis-
tered (0.1 ml volume) through an intra-
abdominal injection. Salivawas collect-
ed for 10 min using a micropipette and
placed into chilled 1.5 ml microfuge
tubes. Saliva samples were immediately
frozen and kept in a-70°C freezer until
analysis.

The parotid, submandibular and lacrimal
glands were collected after the mice had
been anesthetized following inhal ation
of metaphane and killed by cervical dis-
location. Each gland was homogenized
in 50 mM Tris buffer (pH 7.5) after eli-
mination of the surrounding connective
tissue, fat and lymph nodes, and kept fro-
zen at -70°C until final analysis. The ef-
fect of the MMP inhibitors, 10mM EDTA
or 10 mM 1,10-phenanthroline on prote-
olytic activity was investigated by their
addition to the incubation buffer. For
preparation of soluble fractions of gland
lysates, tissues (n=5 mice) from each
strain were pooled. Proteins from lysates
were extracted with 1.0 N HCI and cen-
trifuged at 10,000 xg at 4°C to remove
insoluble matrix and membrane proteins
(36). Protein concentrations of both sa-
livaand gland lysate were measured by
the methods of Bradford (37) using a
Bio-Rad protein assay kit (Hercules,
CA), with bovine serum albumin as a
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standard.

For the in vivo MMP inhibitor studies,
sets of female BALB/c, NOD/Lt, NOD-
scid and NOD.B10.H2P mice (n=3) re-
ceived every other day intraperitoneal
injections of 100 mg/kg N-[2(R)-2-(hy-
droxamido carbonylmethyl)4-methyI-
pentanoyl]-L-tryptophane methylamide
(GM6001®) a broad spectrum MMP in-
hibitor, for aperiod of 13 weeks begin-
ning at 7 weeks of age (26). Animals
were given food and water ad libitum,
with food removed 18 hrs prior to eu-
thanization by cervical dislocation.
Gland lysates and saliva were prepared
as above.

Proteoglycan degradation by saliva

or gland lysate.

Proteoglycan degrading activities of sa-
liva (10 m), and exocrine gland lysates
(10 ng) from BALB/c and congenic
NOD mice were investigated by the fol-
lowing methods. Purified core protein of
decorin or biglycan (0.2 ng) were incu-
bated with each saliva or gland lysate in
PBSfor 2 hr at 37°C, in atotal volume
of 25 . To detect the digestion of en-
dogenous murine proteoglycans, 50 ng
of total gland lysate was separated by
polyacrylamide electrophoresis. To in-
vestigate the influence for proteolytic
activitiesby MMPs, EDTA or 1,10-phen-
anthroline was added to the PBS. These
reactions were stopped by the addition
of tracking dye containing 1% 2-mer-
captoethanol and 10% sodium dodecy!
sulfate (SDS), the samples were subse-
quently heated for 5 min at 100°C, prior
to loading into the well of polyacryla-
mide gels.

DS PAGE and Western blotting
analysis

Detection of degraded proteoglycan pep-
tides in tissue and saliva samples were
determined through separation on 10%
SDS-polyacrylamide gels (38). The pro-
tein fragments were then transferred to
PV DF membranes (39). After transfer-
ring, the membranes were blocked with
5% non-fat dry milk for 2 hr and immun-
oblotted overnight with arabbit poly-
clonal antibody to decorin or biglycan
at a1:500 dilution. After 3 times wash-
ing with 10 mM Tris buffer (pH7.4) con-
taining 200 mM NaCl, the membrane
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was incubated an additional 2 hr with
1:5000 diluted akaline phosphatase-con-
jugated goat anti-rabbit immunoglobu-
lin (40). The blots were washed and ex-
posed by chromogenic substrate, NTB
(32, 33).

TGFp1 protein detection

The concentration of TGFb, in saliva
and gland lysates was measured by an
antibody sandwich method of the en-
zyme-linked immunoadsorbant assay
(ELISA), using the TGFb1 Emax™ Im-
munoAssay System (Promega, Madison,
WI). The kit assay included the purified
TBFb1 protein for generating the stand-
ard concentration curve. Salivaand gland
lysates from BALB/c and NOD mice
were diluted in PBS to 500 ng/ml for the
assay. Following acid extraction as de-
scribed above, test materia and a TGFby
standard were added in a 1:2 serid dilu-
tion to monoclonal antibody-coated 96-
well microtiter plates. The plates were
incubated at room temperature for 90
min with shaking, followed by washing
and the addition of a second rabbit poly-
clonal TGFb; antibody. Subsequent to a
2 hr incubation, the plates were again
washed and incubated for 2 hr with an
anti-rabbit horseradish peroxidase-con-
jugated antibody.

After removal of unbound antibody, per-
oxidase substrate was added for color de-
velopment. The reaction was terminated
by the addition of 1 M phosphoric acid
and the color change was measured at
an optical density of 450 nm, using aBio-
Rad automated plate reader (Emoryville,
CA). The TGFb; concentration in saliva
and gland lysates was calculated by lin-
ear regression against the TGFb1 stand-
ard curve.

Satistical analysis

All measures of variance are given as
standard errors of the mean. Using the
Shapiro and Wilk' stest (41), the distri-
butions for saliva and gland lysates
TGFb concentration were found to be
normal (p > 0.05) and were analyzed by
a parametric analysis of variance
(ANOVA). Test of ANOVA between in-
dependent means were performed using
SAS computer software programs (SAS
Institute, Cary NC). Values were consid-
ered significant when p < 0.05.
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Results

Detection of endogenous murine
decorin and biglycan in salivary

gland lysates

The presence of endogenous decorin and
biglycan in the submandibular gland was
investigated by Western blot analysis
using polyclonal antibodies against core
proteins for these proteoglycans as pri-
mary antibodies. As shown in Figure 1,
immunoreactive peptides for biglycan of
Mr = 65-70, 33 and 21 kDa were detected
in submandibular gland lysates from nor-
mal control BALB/c and NOD/Lt mice.
Similar peptides were observed in the
congenic immunodeficient NOD-scid
mice, and the model for primary Sj6-
gren’s syndrome-like pathophysiology,
NOD.B10.H2b. Two additional peptide
fragments of My = 29-32, kDa were pre-
sent in the lysates prepared from the three
NOD strains, but were not major pep-
tides detected by the antibody in control
BALB/c mice (Fig.1). An additional uni-
gue band was detected in NOD strains

at 25 kDa, while a peptide band at 23
kDa was present in low concentrations
in the control mice. Pre-incubation of the
primary antibody with recombinant bi-

glycan or decorin eliminated the detec-

tion of any of the peptide bands pre-

sented in the figure.

A faint doublet band with an My of ap-

proximately 55-60 kDa, potentialy in-

tact murine decorin, was detected in the
submandibular gland lysates of control

BALB/c mice (Fig. 1). In contrast, a
number of degradation products from
decorin were observed in the submandi-
bular gland lysates from congenic NOD
and parental NOD/Lt strain at My = 32
kDa. NOD.B10.H2b and NOD-scid mice
appear to have additional bands detect-
able at My = 40 kDa, while NOD-scid
and NOD/Lt have an additional peptide
band reactive at 25 kDa. The reason for
the variability of detected peptide prod-
uctsfor decorin as compared to biglycan
in the gland lysates from the various
NOD strainsis not clear.

Degradation of exogenous human

recombinant decorin and biglycan

The specific degradation of decorin and
biglycan was followed by Western blot
using the same antibodies as above and
the addition of exogenous proteoglycan
substrates to the incubation cocktail con-
taining saliva or gland lysate samples.
Figure 2 shows atypica degradation pro-
file of decorin (right panel) and biglycan
(left panel) after incubation with 20-
week old C57BL/6, BALB/c or 8 and 20
weeks of age NOD/Lt sdliva. Proteolytic
activity towards decorin and biglycan
was hot observed by the saliva collected
from BALB/c or C57BL/6 mice used as
anormal control, whereas decorin and
biglycan were degraded by saliva from
20 weeks of age NOD/Lt mice. Subman-
dibular gland lysates from 8-week old
NOD/Lt mice showed a mild amount of
degradation of biglycan asindicated by
the decreased staining of the upper band
of the doublet, but no such pattern of
degradation was evident towards the
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Fig. 1. Western blot detection of decorin and biglycan in the submandibular gland lysates from normal control BALB/c mice and congenic NOD mice. Fifty
ng of protein was separated on 10% SDS-PAGE gels followed by detection with monospecific polyclonal antibodies to decorin or biglycan. Murine biglycan
and decorin show amolecular mass of My » 65-70 kDa. The blot presented is representative of the detection pattern identified in n = 6 mice/strain (33). Each
sample was analyzed on two separate occasions for reproducibility. Pre-stained molecular weight standards are; 110,000 Da, phosphorylase B; 77,000 Da,
bovine serum albumin; 48,200 Da, ovalbumin; 33,800 Da, carbonic anhydrase; 28,600 soy bean trypsin inhibitor; 20,500 Da, lysozyme.
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exogenous decorin substrate. Similar
degradation patterns were obtained with
NOD-scid and NOD.B10. H2b saliva
(data not shown). Decorin and biglycan
appear to be especially sensitive to pro-
teolytic digestion by salivaof older NOD
mice asthe intact core peptide was nearly
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completely degraded. The enzymatic
degradation of both proteoglycans was
inhibited by the addition of the divalent
cation chelator, EDTA, or the specific
MMP inhibitor, 1,10-phenanthroline
(Fig. 2). Aninability to degrade exoge-
nously added proteoglycan was observ-

ed using saliva from 20 week old NOD
mice treated by chronic infusion of the
MMP inhibitor GM6001.

Figure 3 shows the degradation of de-
corin and biglycan after incubation with
exocrine gland lysates. When decorin or
biglycan was incubated with subman-
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Fig. 2. Western blot detection of decorin and biglycan following incubation with saliva from C57BL/6, BALB/c or 8- and 20-week old NOD/Lt mice. Purified
recombinant human decorin or biglycan core protein (0.2 mg) was incubated with the saliva (10 m) from NOD/Lt, C57BL/6 or BALB/c mice. The proteins were
separated on 10% SDS-PAGE gels followed by detection with a monospecific polyclona antibody to decorin or biglycan. Inhibition of proteoglycan digestion
was provided by the inclusion of EDTA, 1,10-phenanthroline or saliva from mice treated with GM6001. Molecular weight standards are asin Figure 1.
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Fig. 3. Western blot detection of recombinant decorin and biglycan degradation products in the gland lysates from BALB/c or NOD strain mice. Decorin or
biglycan core protein (0.02 ng) was incubated with each gland lysate (10 ng), followed by detection with a monospecific polyclonal antibody. Gland lysates
represent a pool of exocrine tissues from n =6 animals per group. The gel was run on 3 separate occasions for reproducibility. Control lanes represent
recombinant proteoglycans without incubation with gland lysates.
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dibular gland lysates, the proteoglycan
band was detected in a degraded form
in NOD/Lt, NOD-scid and NOD.B10.
H2b mice, but not in BALB/c control
mice. Furthermore, similar low molecu-
lar weight peptide fragments were gen-
erated to those previously observed in
the submandibular gland lysates (see
Figure 1) when examining endogenous
mouse proteoglycan proteins. The pro-
teoglycan bands were reduced in both
size and intensity by parotid and lacrimal
gland lysates from NOD/Lt, NOD-scid
and NOD.B10.H2b mice. The greatest
degree of proteolytic digestions appeared
in the parotid gland lysates from NOD-
scid mice. The least degradation of ex-
ogenous decorin and biglycan was ob-
served in lacrimal gland lysates, although
decorin was more sensitive to proteoly-
sis than biglycan (Fig. 3). All lacrimal
gland preparations from the mice, includ-
ing the BALB/c control had a detectable
digestion fragment at My » 30 kDa.
Submandibular gland lysates prepared
from mice receiving chronic infusion of
the MMP inhibitor GM6001, were no
longer capable of degrading the exogen-
ously added proteoglycan decorin (Fig.
4). Lysates prepared from young NOD
mice as additional controls, showed mild
proteolytic activity to decorin when com-
pared to GM6001-treated 8- and 20-
week old NOD/Lt mice or BALB/c con-
trols.

Detection of TGFp in saliva and
exocrine tissues

The concentration of biologically active
TGFb4 was determined for saliva and
gland lysates from congenic NOD strains
and BALBI/c control mice. As presented
in Tablel, salivalevels of acid extract-
able TGFb; of 20-week old NOD strains

ranged from 123- to 246-fold higher than
that detected in salivafrom BALB/c
mice (p < 0.001). The concentration of
growth factor isolated from younger age
NOD-scid mice (8 weeks of age) was
lower than in older mice, 352 + 189 pg/
ml, when compared to older NOD-scid,
but 80-fold greater than observed in
BALB/c (p<0.01). Theleve of biologi-
cally active TGFb; released from gland
lysates from NOD mice was also greater
than that obtained from control mice.
The parotid, submandibular and lacrimal
gland levels of growth factor were ap-
proximately 2-fold higher in NOD/Lt
micethanin BALB/c (Tablel; p < 0.02).
In contrast, the concentration of TGFb1
in gland lysates from NOD-scid and

NOD.B10H2b were amost 3-fold great-
er compared to BALB/c gland lysates (p
<0.01). Gland lysates from NOD/Lt and
congenic strains of mice given GM6001
had reduced levels of TGFb1. The con-
centrations were similar to those detected
in control mice (Tablel; p > 0.05).

Discussion

Decorin and biglycan are small proteo-
glycans, classified as belonging to the
leucine-rich repeat family of proteogly-
cans, which are found primarily in con-
nective tissues as a component of the
ECM (22). Thisfamily of proteoglycans
contain aleucine-rich peptide domain
that is capable of interaction with colla
gen fibrils and specifically binding mol-
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Fig. 4. Western blot detection of exogenous decorin proteolytic digestion by submandibular gland lysates
from BALB/c and NOD/Lt mice treated with GM6001. Decorin core protein was detected as described
in Figure 3. Gland lysates were collected from 20 week old control mice and 8 and 20 week old NOD/Lt
treated for one and 13 weeks, respectively, with GM6001. The gel was run on 3 separate occasions for

reproducibility.

Table 1. TGFb; concentration in saliva and exocrine gland lysates*.

Tissue/Source BALB/c NOD/Lt NOD-scid NOD.B10.H20

Submandibular 172+ 05/ 155+ 4.6 283+4.3/ 139+6.2 51.8+ 105 141+ 4.4 57.7+14.7/ 129+ 2.4
Parotid 344+41 37.0+£78 89.7+26.0/ 33.0+5.6 103.2 £ 19.8/ 42.7+ 9.6 94.7+ 3.0/ 358+4.2
Lacrimal 485+24/ 351+57 97.5+104/ 374+6.3 123.0+ 3.4/ 30.3+8.3 93.0+£28/36.7+5.1
Sdival 44+31 63+29 757.0+ 2444/ 56+38 5455+ 816/ 45+4.7 1085+ 255.7/ 53+3.9

*The concentration of TGFb; was determined from the soluble fraction of gland lysates (n = 5 animals per pool). The concentration of TGFb is expressed as
the mean pg/100 ng protein + standard error. All assays were performed in duplicate on two separate occasions for reproducibility.
Values expressed as mean pg/ml saliva + standard error.
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ecules of TGFb (42-44). The presence
of these proteoglycans have been dem-
onstrated in rat submandibular glands
using biochemical and immunohisto-
chemical techniques (45). It was sug-
gested that decorin is expressed in the
fibrous connective tissues surrounding
excretory ducts and plays an important
role in the regulation of basement mem-
brane-connective tissue interactions (45).
Western blot analysis of submandibular
gland lysates from NOD and BALB/c,
using polyclonal antibodies against core
proteins of decorin or biglycan, suggest
that these proteoglycans are also present
in the submandibular glands of adult
mice.

The results of the present study further
demonstrate that these proteoglycans are
susceptible to digestion by ectopically
expressed MM Ps of NOD mice exhibit-
ing Sjogren’ s syndrome-like pathol ogy.
The ability to inhibit the digestion of
these proteins by EDTA and 1,10-phen-
anthroline, along with the pattern of di-
gestion peptides resembling the products
generated by purified MMPs (28), sug-
gest that the presence of MMP-2 and
MMP-3in NOD mice (29) could be re-
sponsible for the aberrant degradation of
decorin and biglycan. It isinteresting to
note that aberrant proteolytic degrada-
tion of leucine-rich proteoglycans has
been observed in autoimmune arthritis
(25, 26).

The ECM proteins often contain sequen-
ces of growth factor domains or are ca-
pable of sequestering growth factorsin
close proximity to cells (43, 46). There-
lease of TGFb from decorin has previ-
ously been detailed following digestion
with MMP-2, MMP-3 and MMP-7 (28).
Several of these MM Ps have been shown
to be elevated in the fluids of patients
and animal models for Sjégren’s syn-
drome (9, 18, 29, 31). These MMPswere
capable of degrading decorin and bigly-
can into numerous small peptides simi-
lar in size to those observed in our West-
ern blots of human recombinant proteo-
glycans (28).

Sequestration of TGFb by ECM prote-
oglycans does not lead to a neutraliza-
tion of biological activity. Both soluble
and ECM-TGFb complexes retain bio-
logical activity (28, 46). Reports on the
levels of TGFb mRNA from exocrine
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tissue biopsy of Sjogren’s syndrome pa-
tients have described both increased and
decreased steady state expression for this
growth factor (14-17). It must be noted,
however, that mMRNA levels do not
equate to the protein levels present in the
tissues, although at least one report pro-
vides evidence from labial sdivary gland
biopsies for increased levels of TGFby
protein (47). The tissues isolated from
such patients are end-stage in nature as
compared to the active process of dis-
ease occurring in NOD mice; thus, itis
difficult to make a comparison between
the changesin the anima mode! for auto-
immune exocrinopathy and human pa-
thology. Interestingly, an animal model
for autoimmune exocrinopathy, the TGF-
b knockout mouse, demonstrates a path-
ophysiology similar to Sjégren’s syn-
drome (18, 20). Itisunclear asto therole
of TGFb1 in the disease process since
treatment of these mice with exogenous
growth factor fail to suppress the serol-
ogy of §ogren’s syndrome-like histopa
thology. For proper epithelial cell pro-
liferation and differentiation, TGFb may
require localization within the ECM mi-
lieu (48). Therefore, without proper con-
finement within the ECM, TGFb1 may
have areduced interaction with glandular
cell surface receptors.

The detection of elevated levels of pro-
teases in Sjogren’s syndrome patients
and the NOD mouse appear to influence
the composition of the ECM surround-
ing the epithelial cells of the exocrine
glands. Besides activation of transcrip-
tion for genes regulating ECM proteins,
TGFb has been shown to down-regulate
MMP synthesis (44). Long term inhibi-
tion of MMP activity by in vivo treat-
ment with GM 6001 (29) resulted in
dropsinthe level of TGFb in saliva and
gland lysates of NOD mice to the con-
centrations observed in control C57BL/
6 or BALB/c mice. However, under these
conditions disease pathogenesis was not
altered (29).

In summary, the detection of ectopic
degradation of decorin and biglycan
appears to take place through the aber-
rant MM P activity associated with Sj6-
gren’s syndrome-like disease in NOD
mice. The degradation of ECM proteins
may provide the signal for increased
growth factor synthesisin an attempt to
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re-establish eptithelial cell anchorage-
dependent differentiated function. These
eventsin disease pathogenesis may re-
quire glandular cellsto interact with an
ECM-growth factor complex rather than
free growth factor. The inability of GM-
6001 to delay or prevent autoimmune
exocrinopathy in NOD mice does not
rule out the possibility that ECM mol-
ecules other than decorin and biglycan,
which are susceptible to MM Ps and not
inhibited by GM6001, may be involved
in the pathogenesis. Alternatively, the
age of initiation of GM6001 infusion,
beginning at 7 weeks of age, may be too
late to prevent disease progression in
spite of the presence of normal glandu-
lar histology and biochemical markers
established for the disease.
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