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Purpose: Dupuytren's disease (DD) is a c o m m o n f ibrot ic condi t ion of Ihe palmar fascia, 
leading to deposition of col lagen-rich cords and finger contractions. The metzinc in super-
family contains key enzymes in the turnover of collagen and other extracellular matrix 
macromolecules . A number of broad-spectrum matrix metalloproteinase inhibitors , used in 
cancer c l inical trials, caused side effects of D D - l i k e contractures. W e tested the hypothesis 
that changes in the expression of specific metalloproteinases underlie or contribute to the 
fibrosis and contracture seen in D D . 

Methods : W e col lected tissue from patients w i t h D D and used normal palmar fascia as a 
control . W e prof i led (he expression of the entire matrix metalloproteinase ( M M / ) , tissue 
inhibi tor of metailoproteinases (TIMP), and a disintegrin and metalloproteinase domain w i t h 
thrombospondin moti f {ADAMTS) gene families in these tissues using real-time reverse-
transcription polymerase chain reaction. 

Results: A number of metalloproteinases and inhibitors are regulated in D D . The expression 
of 3 key collagenases, MMP1, MMP73, and MMP74 is increased significantly in the D D 
nodule, as is the expression of the collagen biosynthetic enzyme ADAMTS14. The expression 
of MMP7, an enzyme w i t h broad substrate specificity, is increased in the D D nodule and 
remains equally expressed in the D D cord. T/MP7 expression is increased significantly in D D 
nodule compared w i t h normal palmar fascia. 

Conc lus ions: This study measured the expression of all MMP, ADAMTS, and T/MP genes in 
D D . Contraction and fibrosis may result from: (1) increased collagen biosynthesis mediated 
by increased A D A M T S - 1 4 ; (2) an increased level of TIMP-1 b locking M M P - 1 - and M M P -
13-mediated collagenolysis; and (3) contract ion enabled by M M P - 1 4 - m e d i a t e d pericellular 
collagenolysis (and potentially MMP-7) , w h i c h may escape inhib i t ion by TIMP-1 . The 
complete expression profile w i l l provide a knowledge-based approach to novel therapeutics 
targeting these genes. (J Hand Surg 2 0 0 7 ; 3 2 A : 3 4 3 - 3 5 1 . Copyright © 2007 by the American 
Society for Surgery of the Hand.) 
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D -

upuytren ' s disease ( D D ) is a c o m m o n con
d i t i o n w i t h 4 % to 6 % o f Caucasian popula 
tions h a v i n g evidence o f disease, 1 and affect

i n g up to 2 0 % o f men older than 65 years o f age? 
C l i n i c a l l y it is characterized by fibrosis o f the palmar 
fascia; progression and potent ia l ly onset o f the dis
ease involves the f o r m a t i o n and p r o l i f e r a t i o n o f m y o 
fibroblasts. Three dist inct h is to logic phases have 

been de sc r ibed . 3 w i t h a pro l i fera t ive phase leading to 
the development o f a nodular les ion. an i n v o l u t i o n a l 
phase in w h i c h cells a l ign themselves to lines o f 
stress, and a residual phase leaving a scar-like cord 
tissue. Thus . the nodules are thought to represent an 
active phase o f disease wi th myof ibroblas t p r o l i f e r 
a t i o n . whereas the cords represent late-stage disease 
and the absence o f myof ibroblas ts . 
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The matr ix metalloproteinases ( M M P s ) are a f a m 
i l y o f 23 enzymes in human beings that include the 
o n l y m a m m a l i a n enzymes able to degrade the co l la 
gen tr iple helix in a specific manner under phys io 
logic c o n d i t i o n s . 4 The classic collagenases are 
M M P - I , -8, and -13 o f the h u m a n enzyme s. M o r e 
recently, M M P - 2 (gelatinase A ) and M M P - 1 4 ( M T l -
M M P ) also have been shown to make this specific 
cleavage. a l though w i t h less catalyt ic e f f i c i e n c y . 5 -
Other M M P s also have been i m p l i c a t e d in co l lagen 
turnover (eg, M M P - 3 , by v i r tue o f its a b i l i t y to 
activate the pro-enzyme f o r m o f M M P - 1 ) . 8 A related 
f a m i l y o f metalloproteinases, a d i s i n t e g r i n and met
alloproteinase d o m a i n w i t h t h r o m b o s p o n d i n m o t i f 
( A D A M T S s ) , have 19 members in human beings and 
also are impl i ca ted in extracel lular matr ix ( E C M ) 
metabolism. These include enzymes capable of 
degrading the proteoglycan, aggrecan (at least 
A D A M T S - 1 , -4, -5, -8, -9, and -15), and 3 procollagen 
N-propeptidases ( A D A M T S - 2 , -3, and -14) . M a n y 
other members o f this f a m i l y are o f u n k n o w n func
t i o n . 9 A f a m i l y o f 4 specific inhib i tors , the tissue 
i n h i b i t o r s o f metalloproteinases ( T I M P s ) , have been 
described. 10 A l t h o u g h the a b i l i t y o f the 4 T I M P s to 
i n h i b i t M M P s is largely promiscuous , a number o f 
f u n c t i o n a l dif ferences have been noted; for example , 
T I M P - 2 , -3 , and -4, but not T I M P - l , are effect ive 
inh ib i tors o f the membrane-type metalloproteinase 
( M T - M M P ) subclas s. Specif ic i ty among the T I M P s 
for inhibi t ion o f the A D A M T S f a m i l y o f m e t a l l o p r o -
teinases also has been descr ibed, w i t h T I M P - 3 
b e i n g a potent i n h i b i t o r o f A D A M T S - 4 (aggre-
canase-1) and A D A M T S - 5 ( a g g r e c a n a s e - 2 ) . 1 ' I n 
m a n y fibrotic diseases such as those a f f e c t i n g the 
l i v e r , l u n g , and s k i n , M M P s ( a n d re la ted m e t a l l o 
proteinases) and T I M P s p lay an i m p o r t a n t r o l e . 
N o r m a l E C M t u r n o v e r can be v i e w e d as a balance 
be tween prote inase and i n h i b i t o r a c t i v i t i e s . w i t h 
f ibrosis c o m i n g f r o m an i m b a l a n c e a w a y f r o m 
p r o t e o l y s i s . 4 

In the 1980s and 1990s, several smal l m o l e c u l e 
i n h i b i t o r s o f M M P s were i n v o l v e d i n c l i n i c a l t r ia ls 
in a v a r i e t y o f c a n c e r s . 1 2 T h e m a j o r side e f fec t o f 
these drugs was a so-ca l led musculoskeletal syn
drome. o f t e n r e f e r r e d to as m u s c u l o s k e l e t a l pa in 
a c c o m p a n i e d b y t e n d o n i t i s . 1 3 1 4 T h i s was dose-
and t i m e - d e p e n d e n t and revers ib le o n t reatment 
d i s c o n t i n u a t i o n , but d i d not respond w e l l to n o n 
s tero ida l a n t i - i n f l a m m a t o r y d r u g s or l o w - d o s e ste¬
r o i d t rea tment . T h e c l i n i c a l presenta t ion , w h e n re¬
p o r t e d i n d e t a i l , is descr ibed as f r o z e n shoulder or 
a c o n d i t i o n r e s e m b l i n g D D . 1 5 B o t h o f these c o n -

d i t i o n i n v o l v e s i m i l a r f i b r o t i c mechanisms ( o f the 
shoulder j o i n t capsule in the case o f f rozen s h o u l 
der ) , the l a y i n g d o w n o f a c o l l a g e n - r i c h E C M . and 
the i n v o l v e m e n t o f m y o f i b r o b l a s t - m e d i a t e d c o n 
t r a c t i o n , 1 6 ' 1 7 A l t h o u g h D O and f r o z e n s h o u l d e r 
have d i f f e r e n t n a t u r a l h is tor ies (the f o r m e r a p r o 
gressive disease. the lat ter u s u a l l y s e l f - l i m i t i n g 
and r e s o l v i n g in t i m e ) , they m a y w e l l share com¬
m o n p a t h w a y n l ead ing to c o n t r a c t u r e . 1 6 T h e M M P 
i n h i b i t o r s that cause the m u s c u l o s k e l e t a l s y n d r o m e 
are p a n - M M P i n h i b i t o r s , s h o w i n g an a p p r o x i ¬
m a t e l y n a n o m o l a r (or l o w e r ) i n h i b i t i o n constant 
against m a n y o f the M M P s tested. M o r e o v e r , there 
is g o o d evidence that they also m a y i n h i b i t re la ted 
meta l loprote inases (eg , A D A M T S s ) . I n d e e d . the 
musculoske le ta l s y n d r o m e u s u a l l y is ascr ibed to 
the i n h i b i t i o n o f nontarget meta l loprote inases . 

T h e measurement o f a s m a l l subset o f M M P s and 
T I M P s ( M M P - 1 , -2, -9, T I M P - l and -2) in the sera o f 
patients w i t h D D . compared w i t h patients w h o had 
ca ipa l tunnel release, lends some support to the tenet 
that expression o f these enzyme s is altered in D D . 1 8 

Patients w i t h D D had s igni f i cant ly higher serum 
T I M P - 1 levels and the investigators I S suggested that 
there is a systemic change in the M M P - t o - T I M P ratio 
that may lead to increased col lagen deposi t ion. A 
microarray analysis o f gene expression in D D and 
Peyronie 's disease, compared w i t h normal palmar 
fascia and tunica albuginea, respectively, showed 
upregulat ion o f MMP2 and MMP9 in diseased tis
s u e . 1 9 A reverse-transcription polymerase chain re
action ( P C R ) - b a s e d comparison o f Dupuytren ' s tis¬
sue w i t h f rozen shoulder or cont ro l shoulder tissues 
showed expression o f MMPI, MMP2, MMP9. and 
TIMPI in al l tissues, w i t h MMP3 absent f r o m D D 
tissue a n d MMP14 increased compared w i t h shoulder 
t i s s u e . 2 0 A n earlier report also showed an increased 
expression o f M M P - 2 and M M P - 9 in D u p u y t r e n ' s 
tissue in response to mechanical l o a d ? 1 None of 
these studies were able to look at al l members o f the 
M M P , T I M P , and related metal loproteinase gene 
fami l i es . 

F r o m these data we proposed the hypothesis that 
M M P s , A D A M T S s , and T I M P s may play a key role 
in the onset or progression o f D D and related disor
ders. Hence, we used a quantitat ive reverse-transcrip
t i o n PCR methodology to profi le the expression o f a l l 
members o f the M M P , A D A M T S , and T I M P fami¬
lies in nodule and cord tissue f r o m D D patients and 
compared this w i t h normal palmar fascia taken at 
carpal tunnel relea e. 
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Materials and Methods 
Tissue Samples 

A l l surgery was per formed at the N o r f o l k and N o r 
w i c h U n i v e r s i t y Hospita l under approval f r o m the 
local research ethics c o m m i t t e e and all patients gave 
i n f o r m e d consent. Tissue f r o m patients w i t h D D was 
taken at fasc iectomy (n = 20 ; age range, 4 2 - 8 3 y ; 3 
w o m e n , 20 men) . Samples were d i v i d e d into regions 
o f nodule and cord according to gross m o r p h o l o g y . 
N o r m a l pa lmar fascia was taken f r o m patients w i t h ¬
out D D w h o had carpal tunnel release (n = 20: age 
range, 25—84 y; 17 w o m e n , 3 men) . Tissue was 
dissected into a p p r o x i m a t e l y 5 - m m pieces and snap 
frozen i n l i q u i d n i t rogen w i t h i n 15 to 30 minutes o f 
surgery. 

R N A E x t r a c t i o n 

Tissue was w e i g h e d and homogenized in reagent 
( T R l z o l ; I n v i t r o g e n Paisley, U K ) ( l mL/0.1 g tissue) 
using an homogenizer ( U l t r a T u r r a x , I K A , Staufen, 
G e r m a n y ) . Particulates were pel leted at 10.000 g for 
10 minutes at 4 ° C and the supernatant was recovered. 
A total o f 600 ju.L c h l o r o f o r m was added per 1 m L 
T R l z o l , v o r t e x e d for 15 seconds, and incubated at 
r o o m temperature for 10 minutes . The TRIzol/chlo-
r o f o r m so lut ion was c e n t r i f u g e d at I 0,000 g for 15 
minutes at 4 ° C and the aqueous layer was placed into 
a fresh tube. A total o f 0.5 X v o l u m e o f I 0 0 % 
ethanol was added and m i x e d . Samples were appl ied 
to spin co lumns (RNeasy M i n i K i t ; Qiagen, C r a w l e y , 
West Sussex, U K ) , cent r i fuged at f u l l speed for 15 
seconds, a n d the flow t h r o u g h w a s discarded as de
scribed by Price et a l . 2 2 C o l u m n s then were washed 
and eluted according to the manufacturer 's instruc
t ions. R N A samples were quant i f i ed using a spectro-
photometer ( N a n o D r o p ; a n o D r o p Technologies , 
W i l m i n g t o n , D E ) and stored at - 8 0 ° C . 

Synthes is o f C o m p l e m e n t a r y D N A 
C o m p l e m e n t a r y D N A was synthesized f r o m 1 J.g o f 
to ta l R N A us ing reverse transcriptase (Superscript I I , 
I n v i t r o g e n ) and random hexamers in a to ta l v o l u m e 
o f 20 J.L according to the manufacturer ' s instruc
t ions. C o m p l e m e n t a r y D N A was stored at - 2 0 ° C 
u n t i l used in downstream PCR. 

Q u a n t i t a t i v e R e a l - T i m e 
P o l y m e r a s e C h a i n R e a c t i o n 

O l i g o n u c l e o t i d e pr imers and fluorescent-labeled 
probes were designed (Pr imer Express 1.0 software; 
A p p l i e d Biosystems. W a r r i n g t o n , U K ) . Sequences 
for MMP and TIMP pr imers and probes were as 

described by N u t t a l l et a l 2 3 and ADAMTS pr imers 
and probes were as described by Porter et a l . 2 4 T o 
c o n t r o l against a m p l i f i c a t i o n o f genomic D N A . p r i m 
ers were placed w i t h i n di f ferent exons close to an 
intron/exon boundary. w i t h the probe spanning 2 
n e i g h b o r i n g exons where possible. Basic L o c a l 
A l i g n m e n t Search T o o l ( B L A S T ) searches for a l l the 
p r i m e r and probe sequences also were conducted to 
ensure gene speci f ic i ty . The 18S r ibosomal R N A 
( r R N A ) gene was used as an endogenous contro l to 
normal ize for dif ferences in the amount o f to ta l R N A 
present i n each sample; J 8S rRs A pr imers and probe 
were purchased f r o m A p p l i e d Biosystems. 

The r e l a t i v e q u a n t i f i c a t i o n o f genes was per¬
f o r m e d u s i n g the A B I P r i s m 7 7 0 0 sequence detec¬
t i o n system ( A p p l i e d B i o s y s t e m s ) i n accordance 
w i t h the m a n u f a c t u r e r ' s p r o t o c o l . Po lymerase 
c h a i n react ions c o n t a i n e d 5 n g o f rever e - t i a n -
sc r ibed R N A ( I ng f o r I 8 S analyses) , 5 0 % 2 X 
Master M i x ( T a g m a n 2 X Master M i x , A p p l i e d 
B i o s y s t e m s ) . 100 n m o l / L o f each p r i m e r , and 2 0 0 
n m o l / L o f probe i n a t o t a l v o l u m e o f 25 JXL. 
C o n d i t i o n s for the PCR reac t ion were 2 minutes at 
5 0 ° C , 10 minutes at 9 5 ° C , then 4 0 cycles each 
c o n s i s t i n g o f 15 seconds at 9 5 ° C and 1 m i n u t e at 
6 0 ° C . 

T h e threshold cyc le ( C T ) , the cyc le number at 
w h i c h the signal is detectable above the baseline, was 
t ransformed in 2 ways. T o gain an approximate com¬
parison across all genes measured, the a m p l i f i c a t i o n 
ef f ic iency was assumed to be identical across al l 
p r i m e r sets and normal ized to 18S expression us ing a 
t ransformat ion propor t iona l to normal ized copy n u m 
ber ( 2 _ A C | ) , where A C T is C T (target gene) - Cp 
(18S). W h e n c o m p a r i n g the expression o f a single 
gene across sample groups, standard curves for each 
gene were generated using the c o m p l e m e n t a r y D A 
(cDS A ) f r o m one sample and m a k i n g 2 - f o l d serial 
d i l u t i o n s across an appropriate range. Relat ive input 
amounts o f template c D A then were calculated 
f r o m C p us ing the standard curves; data are presented 
as relative levels o f messenger R N A ( m R N A ) nor
mal ized to 18S r R N A . A s a final quality control for the 
purified R N A samples, on ly those c D N A s w i t h i n ± I .5 
C T o f the median value for 18S for al l samples were 
used in the downstream study. 

T o ascertain that the a m p l i f i c a t i o n p r o d u c t was 
indeed that o f the des ired target gene. p r o d u c t s 
were u b c l o n e d and sequenced. A l l p r i m e r and 
probe ,ets have been s h o w n to a m p l i f y specif ic 

p r o d u c t s f r o m a p p r o p r i a t e h u m a n tissue sam-
2 3 , 2 4 p l e s . 2 , 2 
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F igure 1 . C o m p a r a t i v e exp ress i on o f M M P genes in n o r m a l p a l m a r fasc ia versus c o r d a n d n o d u l e t issue f r o m D D . T he 
e xp r e s s i o n leve l o f e a c h g e n e w a s d e t e r m i n e d as de s c r i b ed in t he Ma t e r i a l s a n d M e t h o d s se c t i o n a n d n o r m a l i z e d t o the 
leve l o f 7 8 5 rRNA g ene exp ress i on u s i n g ..lCT ( C T I ta rge t gene ] - C T | 1 8 S | ) . O p e n boxes , n o r m a l ; f i l l e d bo xes , c o r d ; d o t t e d 
bo xes , n o d u i e . T h e b o x - a n d - w h i s k e r p l o t s h ows t he m e d i a n , a n d e a c h se c t i o n r ep resen t s a q u a r t i l e o f t he da ta . N.D. , no t 
d e t e c t e d . 

Statist ical A n a l y s i s 

Analyses were per formed on 19 samples f r o m each 
g r o u p because I sample in each g r o u p fai led qual i ty 
cont ro l as detailed p r e v i o u s l y . Differences between 
the 3 groups were defined using a K r u s k a l - W a l l i s 
test or p a i r - w i s e c o m p a r i s o n u s i n g a 2 -s ided M a n n -
W h i t n e y U test ( i n G r a p h P a d Prism 4 ; GraphPad 
Software Inc. San D i e g o . C A ) ; these nonparametric 
te t make no pr ior assumption o n the data distr ibu¬
t i o n . T o account for differences in age and gender, 

tandardized expression data using the tandard 
curve method were subjected to a logar i thmic tran -
f o r m a t i o n to approximate n o r m a l i z a t i o n and te ted 
b y analysi s o f covariance ( A N C O V A ; SPSS for W i n 
d o w s : SPSS Inc. Chicago . I L ) . Further analysi s o f 

corre lat ion w a p e r f o r m e d u ing the Spearman rank 
corre lat ion (SPSS for W i n d o w ). 

Results 
E x a m i n i n g the o v e r a l l pattern o f gene expression 
shown in Figures I to 3. a s t r i k i n g feature is that the 
level o f TIMP gene expres sion is higher than that o f 
the proteinase genes. Broadly , the level o f steady-
state m R N A acros • the 3 gene fami l ies assayed is 
TIMP > ADAMTS > MMP. Table I show s the d i f 
ferences in gene expres ion between the D D nodule and 
cord tissue compared w i t h normal palmar fascia. 

A l t h o u g h D D o b v i o u ly involves the l a y i n g d o w n 
o f excess col lagenou m a t r i x , t h i matr ix i ••. pre- u m -
ably al o r e m o d e l e d and hor tened d u r i n g disease 
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F igure 2. C o m p a r a t i v e e xp r e ss i on o f ADAMTS genes in n o r m a l p a l m a r fasc ia versus c o r d a n d n o d u l e t issue f r o m D D . T he 
e xp r e s s i o n leve l o f e a c h g e n e w a s d e t e r m i n e d as de s c r i b ed in t he Ma t e r i a l s a n d M e t h o d s se c t i o n a n d n o r m a l i z e d t o t he 
leve l o f 1 8 5 rR ; g ene e x p r e s s i o n us i ng . . lC T ( C T I ta rge t gene ] - C T [ 1 8 S ] ) . O p e n boxes , n o r m a l ; f i l l e d boxes , c o r d ; d o t t e d 
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d e t e c t e d . 
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F igure 3. Compa r a t i v e exp ress ion o f TIMP genes in n o rma l 
p a lma r fascia versus c o r d and nodu le t issue f r om D D . The 
exp ress ion level o f each gene was d e t e rm i n ed as desc r i bed in 
the Mater ia ls and Me thods sec t ion and n o rma l i z e d to the 
level o f 7 8 5 rRNA gene express ion us ing ACy- (CT [ target 
gene l - C T [ 18S ] ) . O p e n boxes , n o r m a l ; f i l l ed boxes , c o r d ; 
do t ted boxes , n odu l e . T he b o x - a nd -wh i s k e r plot shows the 
m e d i a n , a n d each sec t ion represents a qua r t i l e o f the data . 

progression either as a consequence o f tension or 
c o n t r i b u t i n g to increased tension. Thus, the expres
sion o f 3 procol lagen N-propeptidases , ADAMTS2, 
ADAMTS3. and par t i cular ly ADAMTS14. is increased 
in the DD nodule , consistent w i t h an increase in 
col lagen synthesis. Conversely , the expression o f 
several enzymes capable o f m e d i a t i n g col lagen 
breakdown, MMPI, MMP2, MMP13, and MMP14, 
also is increased in the DD nodule compared w i t h 
normal palmar fascia, consistent w i t h increased colla¬
gen turnover. The increase o f all o f the earlier-described 
enzymes is to some extent attenuated in the DD cord. 

C o m p a r i n g the DD nodule w i t h the cord, it is clear 
that many genes that are induced in the nodule are at 
least less induced in the c o r d , w i t h many not signif¬
icant ly d i f f e r e n t in the cord compared w i t h n o r m a l 
palmar fascia. T h e o n l y gene whose expression is 
increased i n the DD n o d u l e and remains increased to 
a s i m i l a r l e v e l in the DD c o r d is MMP7: M M P - 7 has 
a broad substrate s p e c i f i c i t y , 2 5 and this may represent 
a c o n t i n u e d m a t r i x r e m o d e l i n g process in the DD 
cord (see later) . 

The mo st s igni f i cant ly d o w n r e g u l a t e d gene i n the 
DD nodule is MMP3. Th i s appears to be a recurr ing 
theme in diseases i n v o l v i n g matr ix destruction be
cause s i m i l a r f indings have been reported i n osteo-
ar thr i t i c c a r t i l a g e 2 6 and degenerat ive t e n d i n o p a t h y . 2 7 

Six A D A M T S enzymes have been s h o w n to be ag-
grecanases. at least in vitro, ADAM1TS-1, ADAM1TS-4. 

ADAMTS-5, ADAM1TS-8. ADAM1TS-9, and 
A D A M T S - 1 5 . ADAMTSI5 is expressed in normal 
palmar fascia, but not regulated in DD tissue. 
ADAMTS4. ADAMTS5. and ADAMTS9 all are ex¬
pressed in n o r m a l palmar fascia and increased in the 
DD nodule . but not the cord . ADAMTSI is expressed 
robust ly in normal palmar fascia and expression is 
l o w e r in the DO nodule. ADAMTS8 is undetectable 
in most tissue amples. 

O f the TIMPs, TIMPI expression is increased in 
the OD nodule , but TIMP2, TIMPi. and TIMP4 a l l 
are expressed at l o w e r levels in the DO nodule than 
i n normal palmar fa cia. 

A n a l y is o f covariance showed that there is a 
relat ionship between the pat ient 's age and the level 
o f gene expression for MMP3, MMPI6. MMP17, 
MMP25. TIMPI. TIMP2. ADAMTSI. ADAMTS5. 
and ADAMTSI8. Analys i s o f covariance also showed 
a weak relat ionship between gender and expression 
o f MMP16). TIMP2, ADAMTS3. and ADAMTS5. The 
stat is t ical ly s ignif icant differences in gene expression 
for these genes between groups (detailed p r e v i o u s l y ) , 
however , are paral le led in this analysis in al l 
cases apart f r o m ADAMTS18. The expression of 
ADAMTSI8 shows no statistical dif ference between 
groups under A C O V A analysis but shows weak 
significance when analyzed by either Kruskal -Wal l i s or 
in pair-wise analysis using the M a n n - W h i t n e y U test. 
For the expression o f MMP3. TIMP1. and TIMP2. there 
is a trong correlation w i t h age i n normal palmar fascia 
(the former 2 decreasing w i t h age, the latter increasing) 
that is lost in DD tissues. This shows that regulatory 
mechanisms for these genes are aberrant in disease. 
Table 2 shows a Spearman rank correlat ion analysis 
for the 9 genes showing an effect of age in A N C O V A . 
Figure 4 shows the corre la t ion o f MMP3 expression 
w i t h age in the normal palmar fascia. 

Discussion 
I n creens o f gene expression the need to account for 
m u l t i p l e testing in the stat ist ical analyses is problem¬
atic. The B o n f e r r o n i correct ion is often conservative, 
r e m o v i n g type I error (false po i t i v e ) at the expen e 
o f type I I error (false negat ive) . T h i s w o u l d l i m i t the 
u t i l i t y o f gene expression studies in w h i c h the val id¬
i t y o f any m u l t i p l e testing procedure has yet to be 
ascer ta ined . 2 8 2 9 In Table \, we have not appl ied any 
correction for m u l t i p l e test ing. a l though at the 5% 
signif icance level (p = .05) a false-posit ive rate o f \ 
in 20 w o u l d be expected. 

O f p r i m e importance to the phenotypic outcome o f 
these changes in gene expression is the final balance 
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Table 1 . Compar ison of Gene Expression Between No rma l Palmar Fascia, Co rd , and Nodu le Tissue 
From D D 

Gene 

va l ue 

N o r m a l versus n o d u l e 
( + , h i ghe r in nodu l e ) 

N o r m a l versus c o r d 
( + , h i ghe r in co rd ) 

N o d u l e ve rsus c o r d 
( + , h ighe r i n co rd ) 

M M P 7 + .0009 NS s 
MMP2 + <.0001 + .0043 - .0043 
MMP3 - <.0001 - .0002 + .0091 
MMP7 + <.0001 + <.0001 NS 
MMP8 >s s + .044 
MMP9 . s s NS 
MMP70 NS s NS 
MMP77 + <.0001 + <.0001 - .004 
MMP72 NS NS NS 
MMP73 + <.0001 + .0003 - .0012 
MMP74 + <.0001 NS - .0061 
MMP75 + .0144 NS .0098 
MMP76 + <.0001 + .036 - .004 
MMP77 + <.0001 NS - <.0001 
MMP79 + <.0001 NS - .0028 
MMP20 ND D ND 
MMP27 + .0071 NS s 
MMP23 s NS NS 
MMP24 NS NS NS 
MMP25 NS NS NS 
MMP26 ND ND ND 
MMP27 - .0003 s + .002 
MMP28 NS s .04 
ADAMT5 7 - .011 s + .0043 
ADAMT52 + .0012 NS - .012 
ADAMT53 + .0034 + .018 NS 
ADAMT54 + .0024 NS .0005 
ADAMTS5 + .0066 NS - .017 
ADAMTS6 - .0043 NS + .04 
ADAMTS7 NS NS NS 
ADAMTS8 - .0056 NS + .0043 
ADAMT59 + .0037 NS NS 
ADAMT570 s NS s 
ADAMT572 + <.0001 + .0028 - .002 
ADAMT5 73 s s s 
ADAMT574 + <.0001 s - .0002 
ADAMT575 s s + .036 
ADAMT5 76 + .0223 s - .0024 
ADAMT5 77 NS s NS 
ADAMT5 78 + .036 + .0144 NS 
ADAMT579 - .0056 s + .021 
ADAMTS20 .0034 s + .0031 
TIMP7 + .0008 NS - .028 
TIMP2 - .0115 NS + .0005 
TIMP3 - .004 NS NS 
TIMP4 - .004 NS + .03 

f 

Statistical analysis w a s performed p a i r - w i s e u s i n g the M a n n - W h i t n e y U test. 
i\S, not s i g n i f i c a n t ; ND , not d e t e c t e d . 

of proteinase versus i n h i b i t o r . A l t h o u g h this is i m 
possible to ascertain f r o m a study at the steady-state 
m R N A level such as this, it is clear that TIMPI is the 
only TIMP whose expression is increased s i g n i f i 

cant ly i n the D D nodule compared w i t h n o r m a l p a l 
mar fascia. Indeed, TIMP2. TIMP3. and TIMP4 a l l 
are reduced in the D D nodule. Thus , in the D D 
nodule, the s i tuat ion may be s i m i l a r to that described 

J* 
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in l iver f ibrosis , in w h i c h the potential fo r matr ix 
degradation is present, even in advanced disease. but 
is prevented by T I M P e x p r e s s i o n . 3 0 O f potential i m 
portance here is the fact that T I M P - 1 is a poor 
i n h i b i t o r o f M M P - 1 4 . M M P - 1 5 , M M P - 1 6 , and 
M M P - 2 4 . ' " Because expression o f MMPI4 and 
MMP/6 is s ignif icant ly increased in the D D nodule, 
these proteinases might escape i n h i b i t i o n f r o m 
T I M P - 1 . This also may p r o v i d e a mechanism for 
col lagen remodel ing , par t i cu lar ly in the per ice l lular 
e n v i r o n m e n t (by M M P - 1 4 , a m e m b r a n e - b o u n d en
zyme) d u r i n g contract ion in the presence o f T I M P - 1 . 
S i m i l a r l y , M M P - 7 (whose expression is increased 
equal ly in both the D D nodule and the cord) , lacks a 
C-terminal h e m o p e x i n - l i k e d o m a i n that is c o m m o n 
to most M M P s , decreasing its a f f in i ty for at least 
T I M P - 1 , 3 ' and potent ia l ly resist ing i n h i b i t i o n in pa¬
t h o l o g y . 

Several studies have compared the contractile prop
erties of Dupuytren's c o r d - or n o d u l e - d e r i v e d f i b r o 
blasts w i t h c o n t r o l c u l t u r e s . 3 2 - 3 5 Results v a r i e d 
d e p e n d i n g o n the m o d e l o f c o n t r a c t i o n used, b u t 
the consensus appears t o be that D u p u y t r e n ' s fi
broblasts can generate s i g n i f i c a n t l y increased con¬
t r a c t i l e f o r c e c o m p a r e d w i t h c o n t r o l ce l ls , w i t h 
n o d u l e - d e r i v e d c e l l s s h o w i n g greatest c o n t r a c t i o n . 
I n such m o d e l s , b r o a d - s p e c t r u m synthet ic M M P 
i n h i b i t o r s have been s h o w n to i n h i b i t contrac 
t i o n , 3 6 3 7 and this is para l l e led by the i n h i b i t i o n o f 
w o u n d c o n t r a c t i o n i n a mouse m o d e l o f s k i n 
w o u n d h e a l i n g . 3 8 T h i s lat ter s t u d y also r e p o r t e d a 
decrease in a - s m o o t h musc le actin express ion in 
the presence o f the M M P i n h i b i t o r . T h i s b l o c k a d e 

Table 2 . Cor re la t ion of Gene Expression W i t h 
Age in No rma l Palmar Fascia, Co rd , o r Nodu le 
Tissue From D D 

p va l ue (r va lue ) 

Gene C o r d N o d u l e N o r m a l 
MMP3 
MMP16 
MMP17 

TIMP2 
ADAMTSI 
ADAMTS5 

.318 

.204 

.322 

.323 

.632 

.280 
.051 (.454) 

.627 
ADAMTS78 .022 (- .523) 

.273 

.307 
.024 (—.516) 

.358 

.557 

.416 

.263 
.011 ( — .567) 

.468 

<.001 ( — .774) 
.063 (—.435) 

.616 

.115 
.012 (— .565) 
.013 (.558) 

.473 

.743 

.348 
Genes s h o w n are those i d e n t i f i e d by A N C O V A . Statistical ana l 
ysis w a s p e r f o r m e d us ing the Spearman r a n k c o r r e l a t i o n . T h e 
Spearman r v a l u e is s h o w n w h e r e c o r r e l a t i o n is s igni f icant (pos
i t ive v a l u e indicates an increase in express ion w i t h age, negat ive 
v a l u e indicates a decrease in express ion w i t h age). 

2.5' 

U 2.0 

alS 1.5 ' 
N 

ro 1.0 

U5 0.5 > 

0.0 
20 " 30 40 50 60 70 8 0 9 0 

A g e ( y e a r s ) 

F igu re 4 . Co r r e l a t i o n of MMP3 express ion w i t h age in nor 
mal pa lma r fasc ia. The exp ress i on level o f M M P 3 was deter
m i n e d us ing t he s tandard c u r v e me t h o d as desc r i bed in the 
Ma te r i a l s and Me t h o d s sec t ion and n o rma l i z e d to the level o f 
7 8 5 rRNA gene exp ress ion u s i ng an ad jus ted A C T ( C T I target 
gene l - C T 118S], a l l o w i n g for e f f i c i e n c y o f p r ime r - p r o be 
sets). The so l id l ine shows the best f i t as de t e rm i ned by l inear 
regress ion, w i t h do t t ed l ines de f i n i ng 9 5 % c o n f i d e n c e l im i ts . 

o f c o n t r a c t i o n is d i f f i c u l t to d o v e t a i l w i t h the re¬
p o r t e d side effects o f some o f these M M P i n h i b i ¬
tors i n c l i n i c a l t r ia ls i n w h i c h D u p u t y r e n ' s - l i k e 
contracture and frozen shoulder were o b s e r v e d ' 3 - ' 5 ; 
however , this may r e f e c t the fact that culture models 
o f col lagen lattice contract ion o n l y represent a single 
facet o f a more complex disease process. A g a i n , 
d r a w i n g on the analogy w i t h l i v e r fibrosis, a treat¬
ment that downregulates T I M P s but increases the 
a c t i v i t y o f M M P s m a y be an appropriate therapy for 
D D . 3 n One such poss ib i l i ty is r e l a x i n , an i n s u l i n - l i k e 
g r o w t h factor hormone reported to decrease col lagen 
expression, increase M M P , and decrease T I M P ex
pression in a variety o f w r / f r o and /» v i v o m o d -
e l s . 3 9 - 4 2 

It also may be possible to target col lagen biosyn¬
thesis via b lockade o f A D A M T S - 1 4 . Funct ional 
over lap between the 3 A D A M T S p r o c o l l a g e n - N -
propeptida ses ( A D A M T S - 2 , -3, and -14) provides 
the potent ia l to i n h i b i t A D A M T S - 1 4 w i t h o u t d i s r u p 
t i o n o f g l o b a l col lagen synthes i s , 4 3 but this may be 
suf f i c ient to s l o w or halt co l l a ge n deposi t ion i n D D . 

The current study examines the expression o f the 
entire MMP, ADAMTS. and TIMP famil ies in D D . 
These enzymes and i n h i b i t o r s have cr i t ica l roles in 
extracel lular matr ix homeostasis, w h i c h is c lear ly 
dysregulated in D D . These data w i l l a l l o w future 
w o r k to focus on the f u n c t i o n o f specific meta l lopro-
teinases in the disease process. 

Received f o r publ icat ion October 25. 2006: accepted in revised f o r m 
December 15. 2006. 

The authors received a research grant f r o m Act ion A r t h r i t i s . 



350 The Journal of H a n d Surgery / V o l . 3 2 A N o . 3 M a r c h 2007 

Corresponding author: [an M . Clark, P h D . School of B i o l o g i c a l Sci
ences. Universi ty of Ea st A n g l i a . N o r w i c h . NR-1 7TJ. United K i n g d o m : 
e-mail: i .clark@uea.ac.uk. 

Copyright ID 2007 by the American Society for Surgery of the Hand 

0363-5023/07/32A03-0007S32.00/0 
d o i : I 0.10l6/j.jhsa.2006.12.0 i 0 

References 
1. Thurston AJ . Dupuytren's disease. J Bone Joint Surg 2003: 

85B :469-477 . 

2. Mikkelsen O A . Epidemiology of a Norwegian population. 
In: McFarlane R M . McGrouther D A . Flint M H . eds. D u -
puytren ' s disease: biology and treatment. New York: 
Churchil l Livingstone. 1990:191-200. 

3. Luck JV. Dupuytren's contracture: a new concept of the 
pathogenesis correlated wi th surgical management. J Bone 
Joint Surg 1959:41 A : 6 3 5 - 6 6 4 . 

4. Brinckerhoff CE, Matrisian L M . Matr ix metalloproteinases: 
a tail o f a frog that became a prince. Nat Rev M o l Cell B io l 
2002:3:207-214. 

5. Knauper V . Lopez-Otin C, Smith B. Knight G , Murphy G. 
Biochemical characterization of human collagenase-3. J B io l 
Chem 1996:271:1544-1550. 

6. Ohuchi E, l m a i K, Fujii Y , Sato H . Seiki M . Okada Y . 
Membrane type I matrix metalloproteinase digests intersti
tial collagens and other extracellular matrix macromole-
cules. J Biol Chem 1997:272:2446-2451. 

7. d 'Ortho M P . W i l l H . Atkinson S. Butler G. Messent A . 
Gavri lovic J. et al. Membrane-type matrix metalloprotein
ases I and 2 exhibit broad-spectrum proteolytic capacities 
comparable to many matrix metalloproteinases. Eur J Bio-
chem 1997:250:751-757. 

8. M u r p h y G . Cockett M I . Stephens PE. Smith BJ. Docherty 
AJ. Stromelysin is an activator o f procollagenase. A study 
with natural and recombinant enzymes. Biochem J 1987; 

248:265-268. 
9. Potter S. Clark I M . Kevorkian L . Edwards DR. The A D 

A M T S metalloproteinases. Biochem J 2005:386: I 5-27. 
10. Baker A H . Edwards DR. M u r p h y G. Metalloproteinase 

inhibitors: biological actions and therapeutic opportunities. 
J Cell Sci 2002;l 15:3719-3727. 

11. Kashiwagi M . Tortorella M . Nagase H . Brew K. T I M P - 3 is 
a potent inhib i tor of aggrecanase I ( A D A M - T S 4 ) and ag-
grecanase 2 ( A D A M - T S 5 ) . J B i o i Chem 2001 ;276: 12501¬
12504. 

12. Brown PD. Ongoing trials w i t h matrix metalloproteinase 
inhibitors. Expert Opin lnvestig Drugs 2000;9:2167-2177. 

13. B i rd J. Montana JG. W i l l s RE, Baxter A D , Owen D A . 
Selective matrix metalloproteinase ( M M P ) inhibitors having 
reduced side-effects. Chemical Abstract 1999;129:225751. 

14. D r u m m o n d A H , Beckett P. B r o w n PD, Bone E A . Davidson 
A H , Galloway W A . et al. Preclinical and cl inical studies o f 
M M P inhibitors in cancer. A n n N Y Acad Sci 1999:878: 

228-235. 
15. Hutchinson JW. Tierney G M . Parsons SL. Davis TR. D u -

puytren' s disease and frozen shoulder induced by treatment 
with a matrix metalloproteinase inhibitor. J Bone Joint Surg 
l998:80B:907-908. 

16. Smith SP. Devaraj VS. Bunker T D . The association between 
frozen shoulder and Dupuytren's disease. J Shoulder Elbow 
Surg 2001:10:149-151. 

17. Schaer H. Die atiologie der periarthritis humeroscapularis. 
Ergebn Chir Orthop 1936:29: I I . 

18. Ulr ich D . Hrynyschyn K. Pallua N . Matr ix metalloprotein-
ases and tissue inhibitors o f metalloproteinases in sera and 
tissue of patients wi th Dupuytren's disease. Plast Reconstr 
Surg 2003:1 12:1279-1286. 

19. Qian A , Meals RA. Rajfer J. Gonzalez-Cadavicl NF. Com
parison of gene expression profiles between Peyronie's dis
ease and Dupuytren's contracture. Urology 2004:64:399¬
404. 

20. Bunker T D . Reilly J. Band KS. Hamblen D L . Expression of 
growth factors. cytokines and matrix metalloproteinases in 
frozen shoulder. J Bone Joim Surg 2000:82B:768-773. 

21. Tarlton JF. Meagher P. B r o w n R A . McGrouther D A . Bailey 
AJ , Afoke A . Mechanical stress in v i t r o induces increased 
expression of M M P s 2 and 9 in excised Dupuytren's disease 
tissue. J Hand Surg I 998:23B:297-302. 

22. Price JS, Waters JG. Darrah C, Pennington C. Edwards DR, 
Donell ST. Clark I M . The role o f chondrocyte senescence in 
osteoarthritis. A g i n g Cell 2002: I :57-65. 

23. Nuttal l RK. Pennington CJ. Tapl in J. Wheal A . Y o n g V W . 
Forsyth PA. Edwards DR. Elevated membrane-type matrix 
metalloproteinases in gliomas revealed by profi l ing pro
teases and inhibitors in human cancer cells. M o l Cancer Res 
2003: I :333-345. 

24. Porter S. Scott SD. Sassoon E M , Wi l l iams MR. Jones JL, 
Gi r l ing A C . et al. Dysregulated expression of adamalysin-
thrombospondin genes in human breast carcinoma. Clin 
Cancer Res 2004:10:2429-2440. 

25. Clark I M , Parker AE. Metalloproteinases: their role in ar¬
thritis and potential as therapeutic targets. Expert Opin Ther 
Targets 2003:7: 19-34. 

26. Kevorkian L . Young D A . Darrah C. Donell ST. Shepstone 
L. Porter S, et al. Expression prof i l ing of metalloproteinases 
and their inhibitors in cartilage. Arthri t is Rheum 2004:50: 
131-141. 

27. Jones GC, Corps A N . Pennington CJ. Clark I M , Edwards 
DR, Bradley M M . et al. Expression prof i l ing of metallopro
teinases and tissue inhibitors of metalloproteinases in normal 
and degenerate human Achil les tendon. Arthri t is Rheum 
2006;54:832-842. 

28. Jung SH, Bang H . Young S. Sample size calculation for 
mult iple testing in microarray data analysis. Biostatistics 
2005;6: 157-169. 

29. Bretz F. Landgrebe J, Bmnner E. Mult ipl ic i ty issues in microar
ray experiments. Methods Inf Med 2005:44:431-437. 

30. lredale JP. Cirrhosis: new research provides a basis for 
rational and targeted treatments. B M J 2003:327: l 43-147. 

31 . Baragi V M . Fliszar CJ, Conroy M C . Ye Q Z . Shipley JM. 
Welgu s HG. Contribution of the C-terminal domain of met
alloproteinases to binding by tissue inhibitor of metallopro
teinases. C-terminal truncated stromelysin and matrilysin 
exhibi t equally compromised binding affinities a s compared 
to full- length stromelysin. J Biol Chem l994;269:12692¬
12697. 

32. Bisson M A . Mudera V . McGrouther D A . Grobbelaar A O . 
The contractile properties and responses to tensional loading 
of Dupuytren's disease—derived fibroblasts are altered: a 
cause of the contracture? Plast Reconstr Surg 2004; I 13:61 1 -

624. 
33. M o y e r K E . Banducci DR. Graham W P 11l. Ehrlich HP. 

mailto:i.clark@uea.ac.uk


l o hns t on et al / Me ta l l op ro te i nases i n Dupuy t r e n ' s D isease 351 

Dupuytren's disease: physiologic changes in nodule and 39. 
cord libroblasts through aging in vi tro . Plast Reconstr Surg 
2002:110:187-196. 

34. Tarpila E, Ghassemifar M R . Wingren S, Agren M . Franzen 
L. Contraction of collagen lattices by cells f r o m Dupuytren ' s 40. 
nodules. J Hand Surg 1996:2 lB :8 0 1 -8 0 5 . 

35. Rayan G M . Tomasek JJ. Generation o f contractile force by 
cultured Dupuytren's disease and normal palmar libroblasts. 4 1 . 
Tissue Cell 1994:26:747-756. 

36. Daniels JT. Cambrey A D . Occleston NIL. Garrett Q. Tar-
nuzzer RW, Schultz GS. Khaw PT. M a t r i x metal lopro
teinase i n h i b i t i o n modulates l ibroblast-mediated matr ix 
contraction and collagen product ion in v i t r o . Invest O p h - 42. 
thalmol Vis Sci 2003:44:1 104 -1 1 10. 

37. Scott K A , Wood EJ, Karran E H . A matrix metalloproteinase 
inhibitor which prevents fibroblast-mediated collagen lattice 
contraction. FEBS Lett 1998:441:137-140. 43. 

38. Miras tsch i j sk i U . Haaksma CJ. Tomasek JJ. Agren M S . 
M a t r i x metalloproteinase i n h i b i t o r G M 600 1 attenuates 
kerat inocyte m i g r a t i o n . contraction and myofibroblast 
format ion in skin wounds. Exp Cel l Res 2004:299:465¬
475. 

Unemori E N , Beck LS, Lee W P . X u Y, Siegel M . Keller G . I 
et al. Human relaxin decreases collagen accumulation in 
v i v o in t w o rodent models o f fibrosis. J Invest Dermatol 
1993:1 0 1 :280-285. 
Unemori E N . Amento EP. Relaxin modulates synthesis and 
secretion of procollagenase and collagen by human dermal 
fibroblasts. J B io l Chem 1990:265:10681-10685. 
Unemori E N . Pickford L B . Salles A L . Piercy CE. Grove 
B H . Erikson M E . Amento EP. Relaxin induces an extracel¬
lular matrix-degrading phenotype in human lung fibroblasts 
in vitro and inhibits lung fibrosis in a murine model in v ivo . 
J C l in Invest 1996:98:2739-2745. 
Wi l l iams EJ. Benyon RC. T r i m . H a d w i n R. Grove B H . 
Arthur M J , et al. Relaxin inhibits effective collagen deposi¬
tion by cultured hepatic stellate cells and decreases rat l iver 
fibrosis in v i v o . Gut 200 1 :49:577-583. 
Le Gof f C. Somerville RP. Kesteloot F. Powell K , B i rk DE. 
Colige A C . Apte SS. Regulation of procollagen amino-
propeptide processing during mouse embryogenesis by spe¬
cialization of homologous A D A M T S proteases: insights on 
collagen biosynthesis and dermatosparaxis. Development 
2006:133:1587-1596. 

i 


