
BASIC SCIENCE 

COMPARISON OF GENE EXPRESSION PROFILES BETWEEN 
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ABSTRACT 
Objectives. To compare the gene expression alterations in human Peyronie's disease (PD) and Dupuytren 's 
disease (DD) to determine whether they share a common pathophysiology. Multiple mRNA expression 
profiles of human PD have previously shown that genes that regulate fibroblast replication , myofibroblast 
differentiation, collagen metabolism , tissue repair, and ossi fication are involved. DD, a palmar fascia fibrosis , 
may be associated with PD. 
Methods. Total RNA samples from PD plaques, normal tunica albuginea, Dupuytren 's nodules, and normal 
palmar fascia (n ine samples per group) were subjected to differential gene expression profile analysis 
(Ciontech Atlas DNA microarray) comparing PD with tunica albuginea and DD with normal palmar fascia . 
Changes of more than 2.0 in PD and DD compared with tunica albuginea and normal palmar fascia , 
respectively, were recorded. Reverse transcriptase-polymerase chain reactions were performed for some 
genes whose expression was altered in PD. 
Results . Some of the gene families upregulated in both PD and DD were (a) collagen degradation: matrix 
metal loproteinase (MMP). with MMP2 and MMP9, and thymosins (MMP activators). with TM{:l1 0 and TM{:l4; 
(b) ossification: osteoblast-specific factors (OSFs) OSF- 1 and OSF-2 (DD only) ; and (c) myofibroblast 
differentiation: RhoGDP dissociation inhibitor 1. The genes upregulated in PD only were decorin (an inhibitor 
of transforming growth factor-beta 1 and a part of fibroblast replication/collagen synthesis) and early growth 
response protein . Reverse transcriptase-polymerase chain reaction confirmed these changes. 
Conclusions. Th ese data demonstrate that the pattern of alterations in the expression of certain gene 
fami l ies in PD and DD is simi lar, suggesting that they share a common pathophysiology and may be amenable 
to the same therapeutic regimens . UROLOGY 64: 399-404, 2004. © 2004 Elsevier Inc. 

Peyronie's disease (PD) is a localized fibromato
sis in the tunica albuginea (TA) of the penis, 

leading to penile deformation, often associated 
with erectile dysfunction and/or pain.1 lt is as
sumed to be caused by trauma to the erect penis, 
resulting in extravasation of fibrin and o ther blood 
proteins into theTA that, together with other un
known factors, elicit an inflammatory reaction fol
lowed by the produc tion of pro-fibrotic agents, 
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such as transforming growth factor-beta! (TGF
{31) and reactive oxygen species.23 These pro-fi
brotic factors promote collagen synthesis and/or 
inhibit its breakdown and stimulate the differenti
ation of fibroblasts in the TA into myofibro
blasts,4-6 cells that share the phenotype of fibro
blasts and smooth muscle and are critical factors in 
wound healing. 

Myofibroblasts normally disappear by apoptosis 
after wound healing, but they can persist abnor
mally in incomplete wound healing and accumu
late in fibrotic processes. 7 Primary cultures of fi
broblasts differentiating into myofibroblasts 
within the PD plaque and normal TA have been 
characteri.zed.5 ·6 •8 To counteract fibrosis, these fi
broblasts and myofibroblasts express inducible ni
tric oxide synthase, which produces a continuous 
output of nitric oxide that has been proposed to 
inhibit TGF-/31 synthesis, quench reactive oxygen 
species, reduce myofibroblast differentiation , and 
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promote collagen breakdown by activating metal
loproteinases (MMPs).-+- 8 

PD is often accompanied (21% in one report) by 
another fibrosis, Dupuytren's disease (DD), occur
ring in the palmar fascia and characterized by sim
ilar fibrotic alterations, although its relationship to 
trauma is less establishedY-11 As in PD, the myofi
broblast is an essential cellular component of the 
DD nodules.U However, it is not known whether , 
irrespective of etiology, PD and DD share a com
mon pathophysiology and a similar interplay of 
pro-fibrotic and antifibrotic mechanisms. 

The advent of the D A microarrays for the dif
ferential analysis of expression of multiple genes1 2 

allowed us to establish the proof of concept in PD 
by defining gene expression variations between PD 
and TA in a small number of patients. 13 In the 
present work, we have extended these observa
tions to a larger number of specimens and com
pared the results with those obtained in DD nod
ules versus normal tendon tissue and in fibroblast/ 
myofibroblast cell cultures from PD versus the 
homologous cells cultured from normal TA. 

MATERIAL AND METHODS 

T ISSUES AND CELL C ULTURES 
PD plaques were excised from the penis of 9 patients who 

underwent tunica incision/excision and/or venous grafting or 
insertion of a penile prosthesis. The control TA tissue was 
obtained from 2 patients undergo ing penectomy to treat pe
nile cancer (tissue dis tant from the tumor) and 7 pati ents with 
erectile dysfunction undergoing penile prosthesis surgery 
who did not have PD. The mean patient age fo r those wi th PD 
was 58 years (range 54 to 62) and for those with normal TA 
was 59 years (range 43 to 69). For the samples of DD, the 
involved palmar fascia was obtained at fasciectomy from 9 
patients, and the control tissue was obtained from adjacent 
noncom promised tendon (m ean age 68 years, range 58 to 76). 
All subjects provided wriuen informed consent under institu
tional review board approval. Total RNA was isolated from 50 
to 100 mg of tissue, except for the DD control ligament (less 
than 20 mg), using the TriZol procedure and was quality ver
ified by analytical gel electrophoresis. 13 

Fibroblastlmyofibroblast cell cultures were obtained from 
one PD plaque and one normal T A tissue samples, 5·8 using fo r 
analysis representative samples at passages 7 and 9. Immuno
staining for vi men tin established the purity of the culture, and 
alpha-smooth muscle actin detected myofibroblasts.5 ·8 The 
RNA was isolated as above. 

D A MICROARRAY A SSAY 

Total R A samples from each of the individual specimens 
were digested with R Ase-free DNAse I and reverse tran
scribed. cD lA samples were labeled with phosphorus-32[de
oxyadenosine triphosphate) using a primer mix for 1176 
genes in the Human Atlas 1.2 array kit (Ciontech, Palo Alto, 
Cali f)l3 The labeled eDNA samples were separately hybrid
ized ( total 40) against a pair of identical nylon membranes for 
which each eDNA was represented as a single spot distributed 
in panels of functionally related genes. The radioactive signals 
were visualized by both autoradiography and phosphor imag
ing, and a comparison of the intensities of each signal was 
performed between the fo llowing RNA samples: PD plaque 
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versus normal TA; DD nodule versus control ligament; and PD 
cells versus TA cells (Atlas Image 1.0; 20 paired comparisons 
total). Values were corrected for differences in hybridization 
efficiency between the two membranes by dividing the average 
expression of all genes in the respective arrays ("global nor
malization "). Adjusted values with relative differences in gene 
expression of more than 2.0 up or down were selected . 

REVERSE TRA SCRIPTASE-POLYMERASE CHAI REACTION 

CoNFIRMATION 
RNA was reversed transcribed using random priming13 fol

lowed by semiquantitative polymerase chain reaction (PCR) 
analysis. The 5' ends of the forward and reverse primers cor
responded , respectively, to the fo llowing nucleotide positions 
on the human gene sequences in GenBank: pleiotrophin (os
teoblast-specific factor [OSF)-1; 39/420/accension number 
[AN] X52946); MMP2 (477/778/AN ] 03210); decorin (686/ 
922/AN M14219); thymosin (3 (TMSB)-10 (40/342/AN 
M92381); TMSB-4 (300/496/A M17733); and glyceralde
hyde phosphate dehydrogenase (75/1083/AN XM006959) . 
The reactions were conducted with glyceraldehyde phosphate 
dehydrogenase as the reference gene for 25 cycles. DNA frag
ments were separated by electrophoresis, visualized by 
ethidium bromide, and scanned . Band intensities were deter
mined by densitometry and normalized to the respective glyc
eraldehyde phosphate dehydrogenase band. 

STATISTICAL A NALYSIS 
Values are expressed as the mean :!:: standard error or as the 

range. For DNA microarrays, these values were obtained from 
the computer analysis program as ratios; therefore, no statis
tical treatment was applied. For reverse transcriptase (RT)
PCR, the nonnality distribution of the data was established 
using the W ilk-Shapiro test, and the outcome measures be
tween the PD and control groups were compared by the two
tier t test. Diffe rences were cons idered statistically significant 
at P < 0.05 (Graph Pad Prism, version 3.0 , program) . 

RESULTS 

A series of 15 genes were upregulated and none 
were downregulated in the PD plaque versus the 
normal TA in at least 2 of the 9 patients. In the DD 
nodules versus the control ligament, 16 and 3 
genes were upregulated and downregulated , re
spectively, in at least 4 of the patients. In the fibro
blasts cultured from the PD plaque compared with 
the ones from the normal TA, 10 genes were up
regulated and none were downregulated. 

Table I shows that eight genes relevant to fibrosis 
were upregulated in both PD plaques and DD, and 
six of these same genes were also upregulated in 
the PD fibroblast cultures. None were downregu
lated. Also, eight genes were upregulated only in 
DD, five only in the PD plaques, and one was 
downregulated only in DD; with two genes affected 
in opposite directions in the PD plaques and DD. In 
the PD plaques, changes agreeing with the varia
tion represented by the mean value occurred for 
most genes in less than one half of the patients. In 
contrast, in the DD nodules, the upregulation in 
gene expression depicted by the mean value oc
curred for five genes in 7 or more of 9 patients. In 
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TABLE I. Alterations of gene expression in Dupuytren's nodules, Peyronie 's plaques, and 
cultured fibroblasts, determined with DNA microarray assay 

Peyronie's 

Dupuytren's Peyronie' s 
Fibroblasts 

Nodules Plaques M ean± Range 
or Individual 

Prot ein/Gene n M ean ± SE n M ean ± SE n Value 

Matrix metalloproteinase 2 (M MP-2); 9 29 ± 10 2 4.7 ± 2.6 

72-kDa gelatinase A 
Mat rix metalloprote inase 9 (MMP-9) 2 50.8 ± 0.8 

Thymosin beta- 1 0 (TMSB- 1 0) 9 5.9 ± 2.6 5 5.5 ± 1.3 2 2 ± 0.26 

Thymosin beta-4; FX 8 5.9 ± 1.5 5 2.5 ± 0.9 2 1.9 ± 0. 1 

Cortact in ; amplaxin; ems-1 oncogene 8 22.6 ± 7.9 4 15.5 ± 12.2 2 4.8 ± 2.9 

Transforming protein RhoA H 12 (Rho 12) 6 2.6 ± 0.5 3 5.5 ± 2.3 1.7 

RhoGDP dissociation inhib itor 1 (Rho-GDI 6 3.5 ± 1.4 2 18.3 ± 2.4 4.8 

1 ); Rho-GDI alpha (G DIA 1); ARHGDIA 
Pleiotrophin precursor (PTN); osteoblast 5 5.6 ± 1.4 3 4.3 ± 0.5 

specific factor 1 (OSF- 1) 
Osteoblast specific factor 2 (OSF-2); 4 26.7 ± 12.7 

OSF-2P1 
Amyloid A4 protein precu rsor; nexin II 5 5.8 ± 2.0 3 2.4 ± 0.8 2.4 

(PN-11) 
Defender agai nst ce ll death 1 (DAD- 1) 7 4 .0 ± 0.5 3.3 

Ubiquitin 6 3.4 ± 0.3 
Heat shock 27-kDa protein (HSP27) 5 2.9 ± 1.1 2.8 

Procollagen alpha 2 subunit 6 10.4 ± 5.2 
Macrophage-speci fic stimulating factor 5 6 .4 ± 3.7 2.4 

(MCSF or CSF 1) 
Guanine nucleotide-binding protei n Gs 6 5. 1 ± 2.6 

alpha subunit 
Alpha 1 caten in ; cadheri n-associated 5 2 .7 ± 1.5 

protein 
Transcription factor AP- 1 6 5.8 ± 1.1 

Early growth response protein 1 (hEGR1) 6 6 .2 ::':: 1.2 

Monocyte chemotactic protein 1 (MCP 1) 4 9 .2 ± 5.4 

Bone prot eoglycan II precursor (PGS2); 6 0. 5 ± 0 .1 5 2.5 ± 0.3 

decori n (DCN ) 
T-cell-specific rantes protein precursor 4 0.3 ± 0 .1 3 2.5 ± 0.8 

lntegrin beta- 1 4 3.2 ± 0.6 2 6 . 1 ± 4.4 

Copper-t ransporting ATPase 2; copper 4 0. 1 ± 0 
pump 2 

Matched comparisons between individual diseased (n = 9) and comrol (n = 9) tissues from each pmielll chosen at random, were pcrformcd within Pcy ronie's and Dupuyrrcn's 
groups; comparisons for Peyrmzie's cells ittvolved a11 n = 2, making a total of20 individual matched hybridizations in rhis study ; n represents m1mbe1 of compczrisons exhibiting 
a more rhan twofold change in same direction os mecw value. 

the case of the PD fibroblast cultures, seven and 
nine genes showed the same alterations as in the 
PD and DD tissues, respectively. 

Of the genes upregulated in both PD and DD, 
the ones most prominently increased were MMPs 
involved in collagen breakdown , 14 specifically 
MMP-2 in all the DD nodules and either MMP-2 or 
MMP-9 in one half of the PD plaques. This was not 
reflected in the PD fibroblast cultures. The second 
group of overexpressed genes were the thymosins, 
peptides that are activators of MMPs and that in
teract with fibrin.l5 ·16 TMSB-10 and TMSB-4 were 
upregulated in nine and eight, respectively, of n ine 
DD nodules, and one or the other thymosins was 
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upregulated in five PD plaques. Both genes were 
also overexpressed in the PD fibroblast cultures. 

Cortactin or amplaxin, a gene involved in actin/ 
cytoskeleton in teractions required for fibroblasts 
and myofibroblasts to generate the con tractile 
forces that are operative in wound healing, 17 was 
overexpressed in most of the DD nodules but in 
only one half of the PD plaques. PD fibroblast cul
tures also overexpressed this gene. This pattern 
was also seen in DD, PD plaques, and PD fibroblast 
cultures with other genes with a similar function 
and additional involvement in controlling apopto
sis (eg, RhoGDP dissociation inhibitor 1 and trans
forming protein RhoA Hl2) .18 Either OSF-1 or 
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FIGURE l. Confirmation by RT-PCR of alterat ions in expression of some selected genes in PD plaques and DD 
nodules. Total RNA samples (n = 4 to 6) were submitted to RT-PCR for genes specified compared with RNA samples 
from respective control tissues. (Right) DNA bands stained with ethidium bromide on agarose gels for selected 
genes. (Left) Band intensities evaluated by densitometry and corrected by value for glyceraldehyde phosphate 
dehydrogenase reference gene. * P < 0. 05; * ** P < 0. 00 / . 

OSF-2 19 ·20 was overexpressed in every DD nodule; 
in the PD plaque, only OSF-l was overexpressed , 
but only in l of 3 of patients, with no alterations in 
OSF-2 levels. Neither of these two genes were over
expressed in the PD fibroblast cultures. A protease 
inhibitor, amyloid A4 protein,21 ·22 associated with 
inflammation and apoptosis, was also stimulated in 
less than one half of the patients in both DD and PD 
plaques. 

Differential alterations in expression between 
DD and PD plaques were observed with four pro
teins also associated with apoptosis, proteolysis, 
and inflammation: defender agains t cell death-l , 23 

ubiquitin ,24 heat shock 27 -kDa p rotein, 13 and mac
rophage-specific stimu latory factor,25 as well as the 
most obvious indicator of fibrosis, the collagen 
subunit procollagen alpha2. Th ese mR As were 
upregula ted in most DD nodules, but no t in PD 
plaques, although they (excep t for collagen and 
ubiqu itin ) were modestly increased in the PD fi 
broblast cultures. In contrast, the general tran
scription factor AP l 26 and immediate early growth 
response gene (hEGRl ), both associa ted with fi
broblast replication, and monocyte chemoattrac
tant protein- l , involved in inflammation and de
tected in our earlier report, 13 were upregulated in 
several PD plaques, bu t not in DD or the PD cells. 
Two genes exhibited the opposite behavior in the 
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PD plaques and DD: decm·in , an anti-TGF-/31 fac
tor,27 and T-cell-specifi.c rantes protein precursor, 
associated with inflammation and monocyte che
moattractan t protein-l induction,28 both of which 
were reduced in DD and upregulated in PD, but not 
changed in the PD cells. 

Confirmation of these alterations was obtained 
in some selected cases by semiquantitative RT -PCR 
(Fig. l ). MMP2 was, as expected from the microar
rays, upregulated in both DD and PD, albeit to a 
much lower extent, probably reflecting the lower 
sensitivity and higher variability ofRT -PCR. A sim
ilar situation was found with TMSB-10, and, in the 
case of DD (not assayed in PD), with TMSB-4. 
OSF-l was assayed in PD and not in DD and 
showed a more modest upregulation than in the 
microarrays. Finally, decorin showed the behavior 
detected with microarrays (ie, downregulation in 
DD versus an increase in PD). 

COMME T 

These data extend and confirm our preliminary 
results demonstrating the usefu lness of the D A 
microarrays to define changes in mR A levels in 
PD in relation to normal TA 1.13 and es tablish the 
first comparison of multiple gene expression in 
two fibrotic conditions, PD and DD, which are fre-
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-
quently associated . ln addition, this method iden
tified genes that undergo changes of expression in 
the PD fibroblast cultures similar to those found in 
the original PD tissue. Three main features were 
observed: (a) the heterogeneity ofPD plaques com
pared with DD nodules in terms of pathophysiol
ogy, as revealed by the lower number of patients 
with PD displaying a common dysregulation of ex
pression for any given gene, in agreement with the 
different progression of both diseasest.9 ; (b) the 
existence of some genes with similar alterations in 
mR A levels compared with their normal tissues 
in both diseases, maintained in most cases in the 
PD cells, particularly for MMPs, thymosins, OSFs, 
and genes involved in fibroblast apoptosis and dif
ferentiation, suggesting tissue remodeling; and (c) 
individual genes also belonging to apoptotic and 
inflammation-related pathways whose expression 
is affected specifically in PD compared with DD. 

The most remarkable changes in gene expression 
were the ones related to defense mechanisms 
against fibrosis, which confirmed that the PD 
plaque and DD nodules are in active remodeling 
and no t in terminal involution. 1•13 Thymosins in 
both tissues, as well as in the PD fibroblasts, and 
decorin only in PD, were overexpressed , probably 
trying to overcome and/or inhibit inflammation , 
defective collagen breakdown, and the pro-fibrotic 
effector TGF-{3. Thymosins are the major G-actin 
sequestering proteins: TMSB-4 can accelerate heal
ing of skin wounds and burns in the cornea, and 
TMSB-10 is pro-apoptotic and anti-inflammato
ryls,l6 Both thymosins induce MMP, whose high 
levels in both PD and DD may represent an unsuc
cessful attempt to reduce collagen deposition, ow
ing to resistance by either cross-links caused by 
advanced glycation end products29 or by inhibition 
of MMP activity through accumulation of MMP 
inhibitors. 14 In PD, the impaired collagen break
clown may become, a t the late s tage of fibrosis 
found in most surgically excised plaques, more 
deleterious than excessive collagen synthesis , be
cause no increase in collagen mR A was detected , 
in contrast to the findings in our previous s tudy. 13 

The remodeling caused by myofibroblast differ
entiation and apoptosis30 is also apparent in the 
upregulation of pro-apoptotic Rho proteins, cor
tactin, and amyloid protein precursor in both tis
sues and the PD cells and only in DD and PD cells 
for pro-apoptotic ubiquitin and heat shock 2 7 -kDa 
pro tein and antiapoptotic defender against cell 
death-1. The Rho family is of particu lar note be
cause RhoA Hl2 is an intracellu lar small GTPase1s 
involved in apoptosis, contractility (cytoskeleton), 
myofibroblast differentiation , and blockade of 
growth and regeneration. The inhibitor Rho-GDl1 
keeps Rho proteins in the inactive stage, its over
expression blocks the myofibroblast phenotype 
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and collagen synthesis, and its cleavage by 
caspase-3 s timulates apoptosis, so that Rho-GDl 1 
is likely to act as an antifibrotic factor, antagoniz
ing Rho proteins. Interestingly, RhoNRho kinase 
signali.ng counteracts penile erection and is inhib
ited by nitric oxide.31 

Cortactin 17 is also a target for caspase 3 during 
apoptosis and a key regulator of actin cytoskeleton 
remodeling, being the effector of fibroblast growth 
factor-1 signaling fo r cell migration and interac
tion with the extracellular matrix. An interesting 
finding was the upregulation of the Alzheimer pro
tein, amyloid A4 protein precursor,2 1•22 seen in 
60% and 33% of the patients with DD and PD, 
respectively, accompanied by a significant reduc
tion in copper-transporting adenosine triphos
phatase 2 in every one of the DD nodules in which 
amyloid A4 protein precursor was increased. This 
is in agreement with amyloid A4 protein precursor 
binding copper and being the major regulator of 
copper homeostasis,32 which in turn is involved in 
inflammation, oxidative stress , and reactive oxy
gen species production, a major putative cause of 
fibrosis in general and in PD in particular. 1- 8 

Another pathologically meaningful alteration is 
the upregulation of OSF-1 and/or OSF-2 in PD, in 
which the plaque is frequently associated with os
sification. Surprisingly , however , it was also seen 
in DD, in which ossification does not appear to 
take place. We have found pluripotent cells in fi
broblastlmyofibroblast cultures from the PD 
plaque that were able to undergo osteogenesis and 
calcification (unpublished data), and these cells 
may be present in DD, as judged by the OSF-1 
and/or OSF-2 overexpression in every nodule. 

CONCLUSIONS 

By looking at the endogenous pattern of gene 
expression, this s tudy provides targets of poten tial 
pharmacologic modulation of the levels of genes 
associated with antifibrotic mechanisms. An obvi
ous s trategy is the upregulation of TMSB and 
decorin and, alternatively, the activation of MMPs 
by downregulation of their inhibitors . The stimu
lation of myofibroblast apoptosis and blockade of 
its differentiation with Rho inhibitors or cortactin 
may be also beneficial, because accumulation of 
these cells in an abnormal healing p rocess subse
quent to trauma may relate to the fibrosis seen in 
PD and DD.s-s Treatment with L-arginine and 
phosphodiesterase inhibitors, both stimulating ap
optosis and remodeling by nitric oxide/cyclic 
guanosine monophosphate or cyclic guanosine 
monophosphate alone, respectively, has been 
shown to prevent th e fibrotic plaque in th e TGF-{3 
animal model of PD.8 We are now determining 
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whether these alterations in mR A expression 
translate into their respective protein levels. 
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