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Introduction: Dupuytren's disease plagues human hands and digits producing fibrotic nod­
ules and fascial cords with resultant d�bilitating flexion contracture deformities. Interest in 
this condition is great but because the disease is specific to humans and study has been ham­
pered by the lack of an i1r1·iw model. By utilizing a_n inriw .. nude"' rat model it is possible to 
maintain and study ex planted Dupuytren's contracted palmar fascia for prolonged periods of 
time . 
. \laterials and .\lethods: Human specimens were diYided into four. one for in Yitro analysis. 
and three for modd ex plantation. The ex planted tissue was perfused with either transforming 
growth factor bcta-2 (TGFJJ:!). its antibody. or a control Yehicle. Explant biopsies were 
obtained at 30 and 60 days and compared to tissue prior to ex plantation. Immunohistochemis­
try of collagen I and Ill. D�A synthesis, protein production, and fibroblast kinetics were seri­
ally determined. 
Results: Perfusion of explantcd Dupu)tren's tissue by TGFJJ:! upregulated collagen I and III 
from biopsies obtained from the explants at 30 days when compared to vehicle control 
(P-dlOOI). Perfusion with antibody prevented this upregulation when compared to ,-chicle 
control (P-<0.001). Cell cultures deriYed from fibroblasts obtained from biopsies of the 
explants perfused with TGFJJ:! increased D�A synthesis, protein production and fibroblast 
kinetics. 
Conclusion: These findings paralleled those from other fibroproliferatiYe disorders suggest­
ing a role for TGFJJ:! in the pathogenesis of Dupuytren's contracture as well as possible noYel 
treatment approaches. 

Keyu·ords: Dupu)tren's Disease, Transforming gro\\lh factor beta, Transforming gro\\th factor beta anti­
body. cytokines, sandwich-island nap 

1:-\TRODUCTI0:-1 

It h>s been over 150 years since Dupuytren's initial 
description of a progressive fibrosis affecting human 

hands and digits.[l,2] Interest in the commonly rec­
ognized entity of Dupuytren's disease has resulted in 
detailed study and precise characterization of its 
altered palmodigital anatomy_ Anatomic descriptions 
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of such pathologic palmar fascia have been presented 
pre\·ious]y,[3,4] The desire to treat and liberate the 
hands compromised by Dupuytren's contracture 
remains widespread. Currently surgical fasciectomy 
with concomitant cord and nodule excision is recog­
nized as the principal therapeutic modality for this 
condition while methods of effective medical therapy 
are currently under investigation.[5�8] 

The flexion deformities localized to the palmodig­
ital aponeurosis associated with Dupuytren's disease 
have been compared to other progressh·e human 
fibrotic conditions_ It is postulated that many of the 
same factors that contribute to the development of 
other progressive human fibrotic conditions such as 
hypertrophic scar and keloid also play a role in the 
development of Dupuytren's disease.[9�17] In fact, it 
is known that a small percentage of Dupuytren's 
patients will be found to be afflicted with other fibros­
ing conditions_[ IS] 

The mechanisms and biology responsible for 
abnormal human wound repair and the de,-elopment 
of scar formation continue to he aggressively studied. 
An array of tissue cytokines orchestrate the sequence 
of normal wound repair. There are now significant 
data that demonstrate that cytokines also have critical 
roles in abnormal wound repair and the formation of 
various human proliferative-type scars. Evidence 
points to transforming growth factor beta (TGFp) as 
the key C)1okine that initiates and terminates normal 
tissue repair. and with sustained production under­
takes the development of pathologic progressive tis­
sue fibrosis.[l 9] Recent data in animals suggest that 
persistent overexpression of disregulated activation of 
the C)1okine TGFp may lead to proliferative scar­
ring.[20,21] 

TGFp has been demonstrated to have a significant 
effect on Dupuytren's fibroblasts as welL With normal 
human skin as a control, mitogenesis of cultured 
Dupuytren's fibroblasts following treatment with 
exogenous TGFp was documented.[22] Intracellular 

. immunologic marking of both TGFp1 and TGFp1 in 
Dupuytren's nodule tissue explant in ritro studies 
have been confirmed_[23] The addition of exogenous 
isoforms TGFp1 and TGFp1 separately and in combi­
nation was significantly mitogenic for Dupu)1ren's 

I 

myofibroblasts wrsus control palmar fascia in these 
same ·

in ritro experiments.[23] \Ve have produced 
si"'ilar data for keloid fibroblasts_ It has been demon­
strated that TGFp2 is significantly mitogenic for 
human keloid fibroblasts maintained in an in ritro cell 
culture environment compared to human control cul­
tures.[24] Exogenous TGFp1 treatment resulted in 
significantly increased procollagen production and 
D:-IA synthesis by these same human keloid fibrob­
last cultures. 

Dupu)1ren's contracture is known to be a naturally 
occurring disease in humans only. This feature has 
restricted the investigation of Dupuytren's disease to 
in ritro techniques. A reproducible in ril·o model is 
necessary for the dynamic study and biologic manipu­
lation of human Dupuytren's affected palmar fascia. 
Dupuytren's lesions were produced in monkeys by 
traumatic disruption of palmar fascial fibers, but 
capacity for study purposes has been limited.[l 3] 
Dupuytren's affected palmar aponeurosis explants 
have been maintained in an athymic mouse from 
which characteristics of histologic and electron 
microscopic structural changes following extended 
specimen implantation were determined.[25] Our lab­
oratory has perfected an in rim (athymic) "nude" rat 
vascularized sandwich-island flap model that reme­
died the identical predicament for the proliferative 
dermal scars of keloid and hypertrophic scar which 
are also restricted to humans_[26] To date no compa­
rable in \'il·o Dupuytren's contracture data exist and 
data obtained from keloid, non-bum hypertrophic 
scar, and bum hypertrophic scar confirm our ability to 
maintain hunian Dupuytren's tissue explants in this 
same in rho �·nude., rat model for extended peri­
ods-[27,28] 

Numerous similarities appear to exist between 
Dupuytren's contracture fibroblast in \'itro cell culture 
data and comparable keloid and bum hypertrophic 
and proliferative scar in \·itro cell culture data. The 
influences exerted by the important tissue cytokine 
TGFp on these various tissue cultures are also compa­
rable as demonstrated by analogous in ritro biochem­
ical and cell proliferation data, Therefore, this study 
utilizes the vascularized sandwich island flap in the 
"nude" rat as an in \·iro model of Dupuytren's disease 
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and demonstrates biologic manipulation of 
Dupuytren's ex plants by TGF�2 and its neutralizing 

antibody. 

MATERIALS Al\D METHODS 

Collection and General Characterization 

of Affected Dupuytren's Contracture Tissue 

Specimens were obtained from human subjects who 

were . undergoing elective Dupuytren's contracture 
release and fasciectomy independent of this study. 

Tissues were used immediately or stored at 4°C in 

RP;\11-16-tO with IO'k fetal bovine serum (FBS) to 

which 20 Jlg/ml gentamicin and 2 Jlg/ml Amphoter­
icin B had been added.[29,30] This methodology has 
been demonstrated to be successful for up to 72 

hours.[29] Specimens were then divided into four 
pieces. three of which were placed into a sandwich 

island flap on individual "nude"' rats as described 
later. The fourth piece was used for in ritro cell cul­
ture and proliferation kinetics. 

Animal Care and Surgical Procedures 

Outbred, congenitally "nude" (athymic) rats were pur­
chased commercially (Harlan Sprague Dawley, Inc., 

Indianapolis, 1;-.1). All animals were male and weighed 
between 250 and 300 g. The animals were housed in 
pathogen-free barrier facilities. in cages with sealed 
air-filters. animal isolators, laminar flow units. and 
laminar flow rooms. All supplies including food, water, 
bedding, etc., were sterilized to prevent infection. Pro­

cedures recommended in the Guide for Care and Use 
of the Nude !\louse in Biomedical Research (Institute 
of Laboratory Animal Resources, 1976) were used at 
all times. Persons handling the rats wore caps, masks, 
sterile gowns and gloves, and shoe covers. All surgical 
operations on the "nude·· rats were carried out under 
intraperitoneal Nembutal anesthesia, 35 mglkg body 
weight. using aseptic surgical techniques. Operations 

were J?Crforrned under a unidirectional airflow biologi­

cal hood. Surgical instruments were sterilized by auto­
daye technique and surgical sites were prepared with 

povidone iodine solution. 

A total of 12 "nude" rats were used in this study. 

The prepared human specimens were explanted in the 
''nude"• rats in a two-stage procedure as described by 
Polo and colleagues.[26] The first stage was creation 
of the sandwich flap. The abdominal skin of the rat 
was incised along three sides, creating a flap based on 

the superficial inferior epigastric pedicle. The width 
of the flap base was between 30 and 35 mm. The 
medial edge of the flap was located 5 mm from mid­
line, and the cephalad edge of the flap was 10 mm 
caudal to the xiphoid process of the sternum. The pre­

pared human Dupuytren's specimen was sutured to 
the inner surface of the flap. The flap was then 
returned to its bed, in the normal anatomic position. 

This surgical procedure resulted in a s:indwich flap, 
which received the entirety of its blood supply from 
the superficial inferior epigastric vessels. 

The final step in the preparation of the flap was ini­
tiated three weeks later. The femoral vessels. which 
arise 3-4 rum distal to the origin of the superficial 
inferior epigastric vessels were surgically isolated and 

divided thus ma:dmizing blood flO\v into the sand­

wich flap through the superficial inferior epigastric 
vessels. The sandwich flap was then raised while iso­
lated on its neurovascular pedicle (single artery, vein. 
and nerve) and tubed, converting it to a sand­
wich-island flap. The flap, on its isolated pedicle, was 

then mm·ed through a subcutaneous tunnel to the ipsi­
lateral flank where it was externalized and sutured in 

place on the dorsum of the rat. The abdominal donor 
site was closed primarily. The transfer of the island 
flap achieves two goals. It isolates the ex planted spec­
imen on a vascularized pedicle away from potential 
cannibalization as well as facilitates observation and 
accurate measurement of the specimens. Importantly. 
this provides an isolated vascular pedicle providing 
the blood to the explanted sample allowing for direct 
perfusion of cytokines and antibodies. 
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Biologic :\Ianipulation of Dupuytren's Specimen 

Ex plants with Perfusion ofTGF p2 or Neutralizing 

Antibody to TGF p2 

The animals were divided into three equal groups and 
the Dupuytren's implants were directly perfused with 
200 ng of recombinant human TGFp2 (Genzyme, 
Framingham, MA)/sodium acetate; 250 Jlg 
anti-TGFp2 neutralizing antibody (Genzyme, Fram­
ingham, MAl/phosphate buffered saline (PBS); or 
PBS as a control Yehicle. The total mlume of each 
perfusion was I 00 JlL Perfusion was undertaken daily 
for 5 COllSeCuliYe days, and again On days 10, J5, and 
20. The amount of recombinant TGFp1 was used 
because of a dose response cun·e demonstrating 200 
ng to giYe the most marked response.[27) The anti­
body dosage was determined by using the same 
method. At 30 days following initiation of treatment, 
biopsies were obtained from each rat. At this time one 
half of the explant was remoYed. The biopsy speci­
men was divided into three parts. The first part was 
placed in I O'k formalin solution and processed for 
light microscopy. The second part was immediately 
embedded in Histo Prep (Fisher Scientific, Piusburgh, 
PA) and snap-frozen in liquid nitrogen. The tissue 
was then cut in 3 Jlffi sections on a cryostat at -20°C 
and mounted on polysialic acid glass slides in prepa­
ration for immunohistochemical staining of collagen 
I, and collagen IlL The third part was used to eYaluate 
growth kinetic responses. The rats were sacrificed on 
day 60 and the remaining explants were remo\·ed. 
Once again. the specimens were divided as on day 30 
with one part used for light microscopy. one part used 
for immunohistochemical staining and one part used 
to e\·aluate growth kinetic responses. 

Histology 

The tissues were dehydrated through a graded series 
of ethanol, then similarly through xylene, and embed­
ded in paraffin. The blocks were cut at about 5 Jlm 
and the sections were stained with hematoxylin-eosin 
and .Masson's trichrome stain. l\.lasson 's trichrome 
was utilized to document total coHagen formation. 

Immun
_
ohistochemistry for TGF P2• Collagen I 

and Collagen III 

The immunohistochemical technique used was that 
validated for collagen I and collagen Ill by Shah, et 
aL[31) Cryosections were incubated with PBS for 30 
minutes at room temperature. Sections were fixed in 
4'k paraformaldehyde for 20 minutes. Endogenous 
peroxidase was blocked by a 30 minute incubation in 
I 'k hydrogen peroxide in PBS. After PBS washing, 
sections were incubated with diluted normal goat 
serum (I: 10) to block nonspecific protein binding. 
Sections were then incubated for 2 hours at room tem­
perature in a humidified chamber with rabbit antibod­
ies specific for TGFp2 (Santa Cruz Biotechnology, 
Inc. Santa Cruz, CA), diluted I :50 in I percent 
BSA/PBS; and for collagen I and collagen Ill 
(Chemicon International Inc., Temecula, CA), diluted 
I :20 in I percent BSA/PBS. Unbound antibody was 
remO\·ed by washing with PBS. Bound antibody was 
localized with biotinylated goal antibody. After 
applying ABC solution (Vector Labs, St. Louis, 1\10), 
3,3-diaminobenzidine (DAB) with hydrogen peroxide 
was added as a substrate. Control staining was per­
formed using PBS in place of the primary antibody 
and in place of the secondary antibody separately. At 
least two sections from each specimen were immu­
nostained for TGFp2• collagen I and collagen IlL 

Quantification of Trichrome 

and Immunohistochemical Staining 

Sections of l\.fasson 's trichrome staining and immuno­
histochemical staining were photographed using a 
Leitz Dialux microscope and Kodak Ektachrome 
6-1 ASA film corrected for tungsten light. The photo­
graphs were then digitized using a standard desktop 
flatbed scanner. The staining was changed from blue 
(trichrome staining) or brown (immunostaining) into 
black on a white background. The intensity of stain­
ing was measured in ten randomly chosen noncontig­
uous and non-overlapping squares of each section 
using Sigma Scan (Jande! Scientific, Corte 1\!adeira, 
CA). The intensity was measured between 0 to 255 (0 
being no light intensity or black and 255 being the 

Material may be protected by copyright law (Title 17, U.S. Code) 

( 



� 
I 
) 

I 

- - ----=----··-· 

CYTOKJ:--:E M.-\.'.:IPL"LATIO:--: I� DT.:PUYTRE:--:"5 DISEASE -l-17 

greatest intensity or pure white). Because the staining 

was displayed as black on white, we subtracted the 

intensity measurement from 255 to depict greater 

staining with a higher value. 

Cell Culture and Proliferation Kinetics 

In dtro cell culture characteristics of Dupuytren "s dis­

ease specimens prior to and following explantation 

and treatment were measured by assays for cellular 

proliferation and protein production. Biopsy speci­

mens. obtained from the "nude"' rats and those 

obtained from human subjects were rinsed in 10 ml of 

calcium- and magnesium-free Dulbecco's phos­

phate-buffered saline (Sigma Chemical Co., St. Louis, 

1\10) supplemented with gentam)-cin (20 mg/ml) for 

30 minutes at room temperature. A second antibiotic 

rinse using 10,000 U/ml penicillin G, 25 !lg/ml 

amphotericin B, and 10,000 !lg/ml streptomycin sul­

fate solution (Gibco BRL, Grand Island, NY) was 

performed for 10 minutes. Each biopsy specimen was 

cut into 1-2 mm pieces, placed onto 60 mm culture 

dishes and incubated for 15 minutes at 37' C. A 10 ml 

aliquot of Dulbecco's modified Eagle's medium 

(D:\IE:\1; Gibco, BRL) was carefully and slowly 

added to the culture dish, which was then incubated at 

37' C in 5'k carbon dioxide. The cells were subcul­

tured until 80� confluence was obtained by removing 

the medium and tissue fragments from the culture 

dish with calcium- and magnesium-free Dulbccco's 

phosphate-buffered saline solution (Gibco, BRL). 

Trypsin-ethylenediaminetetraacetic acid (0.25'k) 
(Gibco BRL) was added, and the cultures were incu­

bated at 37' C for 15 minutes. A 15 ml aliquot of soy­

bean trypsin inhibitor (Sigma) was added. The 

cultures were centrifuged at 1000 g for I 0 minutes. 

The supernatant was decanted and the cell pellets 

were resuspended in 5 ml Dulbecco's modified 

Eagle's medium. This rinse/wash and 5-minute centri­

fuge was repeated three times. Trypan blue dye exclu­

sion was used to determine cell count and viability. 

The cells were counted using a hemocytometer, and 

their cell number was adjusted to I x I OS cells, which 

were then plated on a 35-mm Petri dish with 2 ml 

0:\IE�I and 10'k fetal bovine serum, and incubated at 

3T;J C in 5lk carbon dioxide. The medium was 

changed every 3 days. The four groups of biopsy 

specimens, those obtained directly from patients and 

those obtained from nude rats treated with vehicle 

control, TGF�2 and TGF�2 antibody were maintained 

in culture. Each group was duplicated 5 times. Sam­

ples from each group were removed on days 1. 3, 5 

and 7 and were trypsinized, washed with PBS, centri­

fuged, and resuspended in I ml 0:\IE�I. The viability 

and cell count were determined using the Trypan Blue 

dye exclusion method and a hemocytometer. 

Assessment of 0:-.IA synthesis was determined by 
3H-thymidine uptake of the cell lysate. A total of 2.0 x 

10� fibroblast cells per well of a 96-well tissue culture 

plate (Dow Corning) were incubated at 37° C in 5€£ 

C02 and 1\IE:\1. After 24 hours the cells were exposed 

to I microcurie/well of 3H-thymidine (6.7 Cilmmole) 

(New England Nuclear) for 24 hours. The supernatant 

was aspirated and the cells lysed by addition of IOm.\1 

Tris HCL (pH 7.5), I m.\1 EDTA, 0.5'k sodium 

dodecyl sulfate. Duplicate aliquots of cell lysate were 

precipitated with I volume of 20l/r trichloroacetic acid 

and I mg/ml salmon sperm D:\'A at -20' C for 30 min­

utes followed by centrifugation at 12,000 g for 15 min­

utes. The supernatant was aspirated and the precipitates 

were collected on glass fiber filters, dried, and quanti· 

lied by liquid scintillation counting. 0:-.IA synthesis 

was expressed as disintegrations per minute (DP�l) of 

tritium-thymidine in 2-t hours per culture. 

Total protein synthesized was determined by the 
3H-proline uptake of the cell lysate. This was assessed 

by placing 2.0 x 10� fibroblast cells/well into a 

96-welJ tissue culture plate. Cells were incubated for 

24 hours at 37' C in 5'k CO, and l\IE:\1. The cells 

were exposed to 5 microCilw;ll of 3H·proline for 24 

hours. The supernatant was aspirated and the cells 

were lysed by addition of IOm.\1 Tris HCI (pH 7.5), I 

m.\1 EDTA, 0.5'k sodium dodecyl sulfate. The lysate 

was precipitated for 30 minutes with 20'k trichloro­

acetic acid, PBS and I 'k BSA at -20T. Total protein 

synthesized during the 24-hour labeling period was 

estimated by determining DP:\1 of acid-precipitable 

protein in cell culture lysates. Precipitates were col­

lected on glass fiber filters, dried, and quantified by 

liquid scintillation counting. 
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Statistical analysis 

The numerical data between treatment and control 
groups derived from trichrome and inununohistochem­
ical staining for collagen I and coHa2en III were com­
pared using a one-way analysis of v�ance perfonned 
by Sigma Stat (Jande! Scientific, Corte l\ladera, CA). 
An all painvise comparison procedure (Tukey's test) 
was performed for statistically significant differences 
wrified upon Al\'OVA. Significant differences were 
determined to have a P value of less than 0.05. 

Cell count was compared among the fibroblasts 
obtained from ex planted specimens treated with ,·ehicle 
control, TGFP2• and TGFp2antibody. The numerical 
data from each day (1, 3, 5, and 7) was compared using 
a one-way analysis of variance (SigmaStat, Jande! Sci­
entific). An all pain vise comparison pr;,edure (T ukey 's 
test) was performed for statistically significant differ­
ences verified upon Al\'OVA. Significant differences 
were determined to b3\·e a P value of less than 0.05. 
Comparisons were made of fibroblasts cultured from 
biopsies obtained at both 30 and 60 days. !\'ext, the 
fibroblasts obtained directly from patients and placed 
into cell culture were compared with fibroblasts cul­
tured from biopsies obtained on 30 and 60 days that bad 
undagone treatment with TGFp2. A one-way analysis 
of variance (SigmaStat, Jande! Scientific) was per­

. formed with an all pairwise comparison procedure 
(Tukey's test) performed for statistically significant dif­
ferences ,-erified upon Al\OVA. Significant differences 
were determined to have a P value of less than 0.05. 

Each data point from DNA synthesis and protein 
production was assayed in duplicate from duplicate cul­
tures. The numerical data between patient control. vehi­
cle control, TGFp2 treated and TGFp2 antibody treated 
were compared using a one-way analysis of variance. 
An all painvise comparison procedure (Tukey's test) 
was performed for statistically significant differences 
wrified upon Al\'OVA. Significant differences were 
determined to have a P value of less than 0.05. 

RESULTS 

The Dupuytren's Disease tissue explanted in the 
.. nude" rats remained viable in this system without 

any evid
_
ence of rejection during the 60 day study. 

Histological examination of the biopsies obtained at 
30 am! 60 days demonstrated maintenance of the par­
ent human Dupuytren's tissue structure. 

!\Iasson's trichrome stain of biopsies obtained at 30 
days showed a higher intensity of staining of the 
TGFp2 group compared to control and TGFp2 anti­
body treated groups (P<O.OOI). There was also an 
increased intensity of staining of control compared to 
the TGFp2 antibody treated group (P<O.OOI). 1\'o sta­
tistically_ significant differences were observed with 
staining of biopsies obtained at 60 days. (Figure I) 

The immunohistochemical staining for collagen I of 
biopsies obtained at 30 days demonstrated that the 
group treated with TGFp2 bad increased intensity of 
staining compared to control and the TGFp2 antibody 
treated groups (P<O.OOI). There was also an increased 
intensity of staining of control compared to the 
TGFp2antibody treated group (P<O.OOI). 1\'o statisti­
cally significant differences were observed with immu­
nostaining of biopsies obtained at 60 days. (Figure 2) 

The immunohistochemical staining for coHagen III 
of biopsies obtained at 30 days also showed the group 
treated with TGFp2 had increased intensity of staining 
compared to control and the TGFp2 antibody treated 
groups (P<O.OOI). As with collagen I staining, there 
was also increased intensity of staining of control 
compared to the TGFp2 antibody treated group 
(P<O.OOI). There were no statistically significant dif­
ferences observed with immunostaining of biopsies 
obtained at 60 days. (Figure 3) 

Biopsies of explanted Dupuytren's tissue obtained 
at 30 days grown in cell culture were compared with 
one another in tenus of their ceil growth kinetics. 
TGFp2 appeared to stimulate the cells to reproduce 
and proliferate significantly more so than control 
(P;().O 18) and TGF�2 antibody treated group 
(P;{l.009) by day 5 in culture. By day seven in culture 
the stimulation of the cells to reproduce and prolifer­
ate in the TGFp2 treated group was significantly 
greater compared to the TGF�2 antibody treated 
group (P;().037). (Figure 4) Biopsies of Dupuytren's 
tissue obtained at 60 days demonstrated an increase in 
the proliferative potential of the TGFp2 treated group 
compared to control and the TGF�2 antibody treated 
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DUPUYTREN'S TREATED WITH TGFB2 
AND TGFB2 ANTIB_ODY 

MASSON'S TRICHROME STAIN 

** 

Control 

* 

TGF82 Treatll<l TGF82 Antibody 
Treatll<l 

-l-19 

-p<0.001 
-p<O.D01 

FIGCR.E I Masson·s trichrome stain for collagen patterns shows a higher intensity of staining for the TGF132 treated group compared to the 
control and TGFp2 antibody treated groups at 30 days (P<O.OOI). There is also an increased intensity of staining of control compared to the 
TGFfl2 antibody treated group (P<O.OOI) 
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DUPUYTREN'S TREATED WITH TGFB2 
AND TGF62 ANTIBODY 

COLLAGEN IIMMUNOSTAINING 
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FIGURE 2 Immunohistochemical staining for collagen I shows lhe TGFp2 treated group had an increased intensity of staining compared to 
control and the TGFp2 antibody treated groups at 30 days (P<O.OOI). llus increase was also demonstrated when comparing control and the 
TGFp2 antibody treated group (P<O.OOI) 
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DUPUYTREN'S TREATED WITH TGFB2 AND TGFB2 

ANTIBODY COLLAGEN III IMMUNOSTAINING 

* 

** 

• p<O.OOf 
-p<0.001 
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FIGVRE 3 Immunohistochemical staining for collagen III at 30 days demonstrates an increased intensity of staining of the group treated 
with TGFp:!compared to control and TGFp:! antibody treated groups (P<O.OOI). There is also increased intensity of staining of control com­
pared to the TGFp:! antibody treated group (P<O.OOI) 
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DAY 30 DUPUYTREN'S CELL PROUFERATION KINETICS 
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FIGL;RE -1- Dupuytren"s cell proliferation kinetics of fibroblasts obtained from Dupuytren's ex plants treated with TGFp2 and biopsied at 30 
days demonstrating an increase in cell number compared to fibroblasts ob1:1ined from Dupuytren"s explants treated with control and fibrob-­
lasts obtained from Dupuy1ren"s explants treated with TGFp:! antibody by day 5 (P=0.018 and 0.009 respecti\"ely). At day se\"en there was an 
increase in cell proliferation in the TGF13.2 treated group compared to the TGF131 antibody treated group (P<0.037) 
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DAY 60 DUPUYTREN'S CELL PROUFERATION KINETICS 
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FIGCRE 5 Dupuytren"s cell prolifo:ration kinetics at 60 days do:monstrating an increase in cell number of fibroblast obtained from biopsies of 
explams treated with TGF�� comparcd to the to fibroblaSis obtained from biopsies of expl:mts treated with vehicle and fibroblasts obtained 
from biopsies of expb.nts treated with TGFp2antibody at day 7. (P<OJ.lOI) 

group (P<O.OO I). (Figure 5) A comparison of the 
ex planted Dupuytren's tissue treated with TGFp2 and 
the Dupuytren�s tissue immediately grown in cell cul­
ture without explantation demonstrates an increase in 
the proliferati,·e potential of the 30 day TGFpTtreated 
group at both 5 and 7 days (P<0.05). This prolifera­
ti\·e potential was not demonstrated in ceil cultures 
from biopsies obtained at 60 days in the 
TGFprtreated group when compared to Dupuytren's 
tissue immediately placed into cell culture. (Figure 6) 

TGFp2 treatment significantly increased D�A syn­
thesis in Dupuytren's fibroblasts at day 3 compared to 
Dupuytren's fibroblasts immediately placed into cell 
culture without explantation, explanted Dupuytren's 
fibroblasts cultured from those treated with vehicle 
only, and explanted Dupuytren's fibroblasts cultured 
frollJ those treated with TGFp2 antibody (P<0.05). 
This increase in D�A synthesis in the TGFp2treated 
fibroblasts persisted at day 5 when compared to vehi-

cle control (P<0.05) and at day 7 when compared to 
Dupuytren's fibroblast immediately placed into cell 
culture, whick control and fibroblasts obtained from 
explants treated with TGFp2 antibody. (Figure 7) 

Total protein synthesized in Dupuytren's fibroblasts 
cultured from biopsies obtained from ex plants treated 
with TGFp2 was significantly increased when com­
pared to Dupuytren's fibroblasts placed immediately 
into ceil culture without explantation, Dupuytren ·s 
fibroblasts obtained from explants treated with vehi­
cle control, and Dupuytren's fibroblasts obtained from 
explants treated with TGFp2 antibody. This increase 
was seen in days 3, 5, and 7 of tissue culture (P<0.05) 
with the exception of fibroblasts obtained from biop­
sies of explants treated with TGFp2 antibody on day 
7. These fibroblasts demonstrated increased protein 
production compared to the fibroblasts obtained from 
biopsies of explants treated with TGFp2. (Figure 8) 
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FIGCRE 6 Dupu)1ren"s cell prolifer.�..tion kinetics of fibroblasts obtained from expbnted Dupu)1ren"s tissue treated with TGF�2 biopsied at 
days 30 and 60 demonstr.J.tes and increase in cell number by days 5 and 7 compared to fibroblasts ob1:1ined from Dupuytren ·s tissue placed 
immediately into cell culture (0.05) 
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FIGCRE 7 !Xtermination of D�A synthesis demonstr.J.tes an increase ofDXA production in fibroblasts obtained from ex plants treated with 
TGF�2 compared to fibroblasts obtained from expl:rnts treated with ,-ehicte control at days 3. 5. and 7. (P-dt05) There was an increase of 
D�A production in fibroblasts obtained from explants treated with TGF�2 compared to Dupuytren·s tissue placed immediately into cetl cul­
ture and fibroblast obtained from expl:rnts treated with TGF�2 antibody on days 3 and 7 (P<0.05) 
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PROTEIN PROOUCOON 

CD -::J c: 
:i 
� 
CD 

a. 
.. c: 
0 

;:: 
.. � 
CJI 
CD -
c: 

-;; 
Q 

4000 

3500 

3000 

2500 

2000 

1500 

1000 

500 

0 

OCONTROL 
DlV£HICLE 
DTGFB2 
Ill ANTIBODY 

'1'<0.05 

Day3 Days Day7 

FIGVRE 8 Determination of protein production demonstrates an increase in total protein synthesized in Dupuytren's fibroblasts cultured 
from biopsies obtained from explants treated with TGF�2 compared to Dupuytren's fibroh!J.sts placed immediately into cell culture a'l.d 
Dupuytren's fibroblasts obtained from explants treated with ,·ehide control on days 3, 5, and 7 and Dupuytren's fibroblasts obtained from 
ex plants treated with TGFp2 antibody on days 3 and 5 (P<0.05) 

DISCUSSJO:\' 

By using the in ril'o "nude'' rat vascularized sand­

wich-island flap model. we have demonstrated signif­

icantly increased types I and III collagen production 

by Dupuytren's tissue xenografts after administration 

of exogenous TGFp2 to such xenografts. \Ye ha\·e also 

demonstrated significantly decreased types I and III 

collagen production by Dupuytren's tissue xenografts 

from biopsies obtained at 30 days after administration 

of exogenous TGFp2 antibody to such xenografts. 

Biopsies obtained at 60 days did not show any statisti­

cal differences between the treatment groups however 

this may he explained by the timing of the last treat­

ment dose. Treatment was ended at day 20 and the 

effects of treatment would likely ha,-e subsided by 

day 60. Tissue cultures de,-eloped from explants of 

·these intra-flap maintained and TGFp2-treated 

Dupuytren's tissue also displayed increased cell pro­

liferation kinetics with inhibition of these same bio-

logic effects consequent to treatment of the explants 

with neutralizing TGFp2 antibody. These data are 

similar to previous data demonstrating increased 

types I and III collagen production by keloid and bum 

hypertrophic scar xenografts in an identical 

modd.[32] Tissue cultures deYeioped from explants 

of TGFp2 treated keloid and hypertrophic bum scars 

also displayed increased in vitro cell proliferation 

kinetics and inhibition of these same biologic effects 

consequent to treatment of human keloid and prolifer­

ati\·e scar with neutralizing TGFp2 antibody.[27,28] 

The increase in absolute cell number may represent 

either mitogensis and increased cell proliferation or 

diminished apoptosis and thus a failure to undergo 

natural cell death. 3H-Thymidine uptake and detenni­

nation of DNA synthesis aid in delineating these 

processes. It is expected that increased fibroblast cell 

proliferation yields a concordant increase in D�A 

synthesis while a failure to undergo apoptosis is 

expected to result in a stable DNA volume. The 
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results demonstrate increased D�A S) nthesis in the 

explants treated with TGF�2 which is similar to data 

obtained from keloid fibroblasts.[2-l) However, treat­

ment of explants with TGF�2 antibody did not show a 

significant decrease of D�A sy�nhesis in the fibro­

blast cultures. This is likely explained by the fact that 

in the keloid studies the fibroblasts were cultured in 

the presence of TGFp2or TGFp2 antibody whereas in 

this study the Dupuytren's explants were exposed 

while in riro and no further treatment was gi\·en once 

the cells were placed in culture. It is likely the effect 

of TGFp2 antibody treatment on the explants dimin­

ished greatly over the time the fibroblasts spent in 

culture. Protein production in fibroblasts cultured 

from Dupuytren �s tissue explants was also similar to 

keloid data with TGFp2 treatment significantly 

increasing protein production. However� after 7 days 

in culture protein production was increased in the 

antibody treated explants. Once again, the effects of 

the antibody on the explants may haYe diminished 

once the cells were placed in culture. 

All recent eYidence suggests that TGFpt and 

TGFp2 are the key cytokines in scarring and fibrotic 

conditions.[l9-21,33-39) It has been demonstrated 

that TGFp2 plays an important role in the fibrogenic 

nature of Dupuytren's disease.[22.23] Fibroblasts are 

abundant within the affected palmar fascia and TGFp 
has been demonstrated to be a stimulus for both colla­

gen and noncollagen production by these cells.[40-

42] It follows that upregulation and an oYerall 

increase in total protein subsequent to TGFp2therapy 

versus leYels produced by non-TGFp2 treated fibrob­

lasts support this postulate. l\lore support for the role 

of TGFp2 in Dupuytren's disease is the increased pro­

liferation potential of fibroblasts isolated from 

TGFp2treated Dupuytren's palmar fascia compared to 

fresh non-TGFp2 treated Dupuytren's palmar fascia. 

Because Dupuytren's disease is known to naturally 

affect only humans, in ri\·o studies have been dis­

tinctly hampered. Scientific models haYe been diffi­

cult to define and of limited ,·alue. The "nude' rat 

yascularized island-sandwich flap allows successful 

maintenance of keloid, hypertrophic bum and hyper­

trophic scar explants. Published data confirm greater 

than one year survival of human ex planted scar in this 

"nude' rat model.[26] Our data also demonstrate 

maintenance of Yiable Dupuytren's affected palmar 

fasci51 explants for up to 60 days. The "nude' rat 

model ensures that proliferati\·e scar specimens are 

exposed to an isolated vasculature unique to the flap. 

This anatomic feature allows for focal cytokine 

administration and resultant biologic manipulation of 

the secluded tissue specimens. 

The etiology of Dupuytren's contracture remains 

unknown. but we theorize that Dupuytren's disea.c;e is 

pathob!ologicaiiy related to the progressive fibrosing 

human physiologic disorders of keloid and prolifera­

tive scar fonnation. If stimulation of fibrosis by 

TGFp2 plays a role in the pathogenesis of Dupuytren's 

disease, recent data supports new fonns of treatment. 

Neutralizing antibodies to TGFpt and TGFp2 haYe 

been demonstrated to reduce dermal scarring in rat 

dermal wounds.[31,43] TGFp2 antibody has been 

demonstrated to decrease contraction of keloid or 

bum hypertrophic scar fibroblast-populated collagen 

lattices.[28) These obserYations ha\·e been extended 

to in riro demonstrations that explanted human pro­

liferative scar coHagen production can be downregu­

lated by TGFp2antibody.[32) There are other ways to 

attack oYer production of TGFpt and TGFp2. McCal­

lion and Ferguson have used exogenous . man­

nose-6-phosphate to reduce scarring in rodent, 

porcine, and human wounds.[4-l) l\lannose-6-phos­

phate pre\·ents actiYation of TGFpt by competitiYe 

inhibition of binding of the critical latency associated 

peptide(LAP).[ 19) Decorin protein has also been used 

in the central nervous system to decrease fibrotic 

scarring known to be secondary to TGFpi-£45] Doco­

rin binds and neutralizes all three TGFp isoforms.[46] 

Tamoxifen can inhibit keloid fibroblast proliferation 

and decrease collagen production.[35) These actions 

have been reported to be due to a decrease in TGFp 
production.[47] Finally, Tredget, et a! ha,·e been able 

to decrease the mlume of hypertrophic scars \\ith the 

use of systemic interferon alpha-2b.[48) The action 

appears to be secondary to the ability of interferon 

alph-2b to normalize elevated le\·els of TGFpt and 

TGFp2· 

By neutralizing or downregulating TGF�2• it may 

be possible to manipulate and control Dupuytren's 

Material may be protected by copyright law (Title 17, U.S. Code) 

l 
I 
I 
I 
I 
r'
· 

it 



CYTOKI:-;E n-'.:-;IPI:LATIQ:-; IX DI:PUYTRE:-;"S DISEASE .t55 

contracture in the clinical setting. The de,·eJopment of 

a pharmacologic anecdote able to halt this progressive 

and debilitating disease. or perhaps even reverse it 

human manifestations. may ultimately he possible. 
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