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Ag gres sive fibromatosis, usu ally termed desmoid tu -

mor, de vel ops from mus cle con nec tive tis sue, fasciae and

aponeuroses. Ag gres sive fibromatosis lo cated in var i ous

parts of the body dem on strates dif fer en ti ated bi o log i cal

be hav ior. Ab nor mal i ties in TGF-β ex pres sion are very

com mon in many dis ease pro cesses, in clud ing neoplasms.

Immunohistochemical anal y sis em ploy ing a monoclonal

an ti body against TGF-β was per formed on ar chi val ma te -

rial, con sist ing of 38 cases of ag gres sive fibromatosis,

among which 23 rep re sented ab dom i nal, 11 ex tra-ab dom -

i nal and 4 intra-ab dom i nal lo cal iza tions. The sec tions for

immuno histo chemical study were stained us ing the

streptavidin-bi o tin (ABC) method. The av er age per cent -

age of cells pos i tively stained for TGF-β pro tein was

40.2% in the group of ex tra-ab dom i nal, 58.5% in the

group of ab dom i nal and 72.8% in the group of intra-ab -

dom i nal lo cal iza tions. There were sig nif i cant dif fer ences

ob served be tween the an a lyzed groups of desmoid tu mor

(p<0.05). A pos i tive cy to plas mic re ac tion for TGF-β was

noted in 65.8% (25/38) of the ag gres sive fibromatoses.

Overexpression of TGF-β pro tein was noted in 39.5%

(15/38) of the ag gres sive fibromatoses. High ex pres sion

no ticed in desmoid fibroblasts might in di cate that this

pro tein plays a cru cial role in the de vel op ment of ag gres -

sive fibromatosis.

In tro duc tion

Ag gres sive fibromatosis, also called a desmoid tu mor, is

a mesenchymal neo plasm and de vel ops from mus cle con nec -

tive tis sue, fasciae and aponeuroses. This neo plasm is com -

posed of a clonal pro lif er a tion of spin dle (fibrocyte-like) cells. 

Histologically it is com posed of fibroblasts and myofibro -

blasts in a collagenous, of ten fo cally myxoid back ground

[30]. Dur ing the proliferative phase of wound heal ing, me -

senchymal (fibroblast-like) cells mi grate into the heal ing

wound, pro lif er ate, and pro duce a dis or ga nized ma trix, pro -

vid ing the ini tial ten sile strength [7]. Desmoid is a neo plasm

rarely un der go ing histological ma lig nancy and lacks met a -

static po ten tial, but dem on strates the abil ity to lo cal in fil tra -

tion of tis sues and is char ac ter ized by high risk of re cur rence

af ter sur gi cal treat ment [13, 19, 20, 24]. Ag gres sive fibro -

matosis may oc cur in ex tra-ab dom i nal, ab dom i nal and

intra-ab dom i nal lo ca tions [30]. Ag gres sive fibromatosis lo -

cated in var i ous parts of the body dem on strates dif fer en ti ated

bi o log i cal be hav ior [20, 22].

The eti ol ogy of desmoid tu mor is un cer tain, how ever,

trauma, en do crine and ge netic fac tors have been con sid ered

caus ative fac tors (re view Ferenc et al. [9]). This neo plasm

oc curs spo rad i cally, it is also as so ci ated with fa mil ial ad -

eno ma tous polyposis (FAP). Most of the spo radic cases of

ag gres sive fibromatosis con tain a so matic mu ta tion in ei ther 

the ad eno ma tous polyposis coli (APC) or β-catenin genes

[2, 7, 28, 29].

TGF-β is a multifunctional pro tein which af fects many

pro teins, takes part in cell cy cle reg u la tion and, thanks to

this it in flu ences cell growth and dif fer en ti a tion. Pro tein

prod ucts of TGF-β, same as p16INK4A and Rb genes, play

cru cial role in reg u la tion of G1/S tran si tion in the cell cy cle

[11]. TGF-β can stim u late the pro lif er a tion of mesenchymal 
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cells, but it can also act as a growth-in hib i tor fac tor for ep i -

the lial, lym phoid, hematopoietic, and en do the lial cells.

TGF-β plays an im por tant role in the angiogenesis, the stim -

u la tion of extracellular ma trix syn the sis, in clud ing col la gen

type I, as well as in tis sue re pair and heal ing pro cesses (re -

view Staliñska and Ferenc [27]). Ab nor mal i ties in TGF-β
ex pres sion are very com mon in many dis ease pro cesses in -

clud ing neoplasms [7, 18, 21, 26, 27].

The aim of the study was to es ti mate immunohisto -

chemically the ex pres sion of TGF-β pro tein in desmoid cells.

Ma te rial and Meth ods

Ma te rial

Par af fin em bed ded ar chi val tis sues of 38 cases of ag -

gres sive fibromatosis (desmoid) were stud ied: 23 ab dom i -

nal, 11 ex tra-ab dom i nal and 4 intra-ab dom i nal. All the

sec tions were in de pend ently ex am ined by two ex pe ri enced

pa thol o gists (A.K. and J.S.), us ing a con fer ence mi cro scope

and were histopathologically clas si fied, as rec om mended by 

Weiss and Goldblum [30].

Immunohistochemical screen ing

Rep re sen ta tive par af fin blocks con tain ing tu mor ma te -

rial from each case were sec tioned at 4 µm, fixed on

silanized slides and dried over night at 56.7°C. An ti gen re -

trieval was per formed with ci trate buffer (0.01 M, pH 6.0) in 

a stan dard mi cro wave unit. The sec tions for immunohisto -

chemistry were stained us ing the streptavidin-bi o tin (ABC)

method accord ing to Hsu et al. [12]. Deparaffinized sec tions 

were treated with 3% hy dro gen per ox ide (H2O2) for 5 min to 

block en dog e nous peroxidase ac tiv ity. Non spe cific an ti -

body bind ing was re duced by in cu ba tion of the sec tions for

10 min with nor mal horse se rum. The slides were in cu bated

with a 1:30 di lu tion of the pri mary mouse monoclonal

anti-TGF-β an ti body (clone: NCL-TGFβ, Novocastra, UK). 

In the neg a tive con trol re ac tion the pri mary an ti body was

omit ted. The re ac tion prod ucts were dem on strated us ing the

Novocastra Uni ver sal De tec tion Kit (NCL-RTU-D) from

Novocastra. 3,3’-diaminobenzidine (DAB) was used as

chromogen, and the sec tions were counter stained with

Mayers hematoxylin, de hy drated and mounted. The par af -

fin-em bed ded sec tions from pla centa were used as pos i tive

con trol for TGF-β. For each case the immuno histochemical

re ac tion for CD34 (clone: NCL-L-END, Novocastra, UK)

was per formed. 

The immunohistochemical stain ing of cells was es ti -

mated by means of the quan ti ta tive method us ing com puter

pro gram IMAGEJ v. 1.34. The re sults were ex pressed as the 

per cent age of pos i tive cells per 250–900 ag gres sive fibro -

matosis cells, counted un der mag ni fi ca tion of objec tive lens

(×40). The cases dis play ing cells with gran u lar cy to plas mic

stain ing with re spect to TGF-β were con sid ered as pos i tive

(Fig. 1). The rel a tive num ber of immunoreactive cells was

graded as fol lows: (–) – less than 10% of tu mor cells stained

pos i tively; (+) – 10–50% of tu mor cells stained pos i tively;

(++) >50% of tu mor cells stained pos i tively. Le sions scored

as (++) were con sid ered as show ing high expression

(overexpression) of the protein.

Sta tis ti cal pro ce dure

All the pa ram e ters rep re sented as the mean per cent ages of 

pos i tively stained cells were com pared us ing Mann-Whit ney

test, where p<0.05 was con sid ered sig nif i cant.

Re sults

The av er age per cent age of the cells pos i tively stained for

TGF-β pro tein was 40.2% (SD=11.0) in the group of ex -

tra-ab dom i nal, 58.5% (SD=16.3) in the group of ab dom i nal

and 72.8% (SD=20.8) in the group of intra-ab dom i nal lo cal -

iza tion (Ta ble 1). The av er age val ues of the per cent age of cells 

stained pos i tively for TGF-β ob served in the intra-ab dom i nal
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TABLE 1
The av er age per cent of TGF-β-pos i tive cells in the study
groups

Group

(tu mor lo cal iza tion) 
N M SD

Ab dom i nal 23 58.5 16.3

Ex tra-ab dom i nal 11 40.2 11.0

Intra-ab dom i nal 4 72.8 20.8

N – num ber of cases; M – arith me tic mean; SD – stan dard de vi a tion

Fig. 1. Ex pres sion of TGF-β pro tein in ag gres sive fibromatosis. Lens

magn. 200×.



group were sta tis ti cally higher than in the ab dom i nal group

(p<0.05) and in the ex tra-ab dom i nal group (p<0.05). The av -

er age val ues of the per cent age of cells stained pos i tively for

TGF-β ob served in the ab dom i nal group were sta tis ti cally

higher than in the ex tra-ab dom i nal group (p<0.05). 

A pos i tive cy to plas mic re ac tion for TGF-β pro tein was

noted in 65.8% (25/38) of the ag gres sive fibromatoses.

Overexpression of TGF-β pro tein (more than 50% pos i -

tively stained cells) was noted in 39.5% (15/38) of the ag -

gres sive fibromatoses (Table 2). 

Dis cus sion 

Ag gres sive fibromatosis is a mesenchymal neo plasm,

which de spite be nign na ture and lack of met a static po ten tial

dem on strates the ten dency to lo cal in fil tra tion of tis sues.

This tu mor de vel ops from mus cle con nec tive tis sue, fasciae

and aponeuroses. On mi cros copy, fibroblasts are ob served

dis persed in extracellular ma trix, the main com po nent of

which is collagen type I [30].

It has been pos tu lated that growth fac tors e.g. trans form -

ing growth fac tor β (TGF-β), play an im por tant role in the de -

vel op ment of nu mer ous neoplasms in clud ing ag gres sive

fibromatosis [18, 25]. TGF-β is pro duced by nearly all types

of cells in an or gan ism, among oth ers by blood plate lets,

macrophages and the re sul tant ef fect of its ac tiv ity de pends on 

the kind of tis sue and the con text this fac tor is ac tive in. Dur -

ing the trans mis sion of a sig nal in duced by TGF-β through

TβRI and TβRII re cep tors and Smad pro teins, the type of the

in duced cel lu lar re sponse de pends on which co fac tor pro teins

Smad pro teins would bind in a nu cleus and on the ex pres sion

of which genes they stim u late or in hibit [17, 23]. The ef fect of

TGF-β on the de vel op ment of a neo plasm may be ei ther pos i -

tive or neg a tive and de pends on the kind of cells cre at ing the

en vi ron ment of the given type of a tu mor or the con text of the

mu ta tion which con trib uted to its for ma tion. The TGF-β gene

may act as the tu mor sup pres sor be cause its pro tein prod uct

in hib its the di vi sion of nu mer ous cells e.g. ep i the lial, en do the -

lial, hematopoietic or, as protooncogene, be cause is nec es sary

for the develop ment of metastases [1]. In both these cases

TGF-β-stim u lated sig nal is trans mit ted through Smad pro -

teins [21]. In gen eral, it is as sumed that in the early phase of

the neo plasm de vel op ment TGF-β acts as a sup pres sor,

whereas in the stage of pro gres sion its ac tiv ity is pro mot ing

[3]. Also al ter ations in TGF-β sig nal ing can be the base for

neo plasm de vel op ment. These al ter ations most fre quently

con cern the mu ta tion of TGF-β1 gene, the genes cod ing

TβRI, TβRII (TGFBR1, TGFBR2) re cep tors or Smad pro -

teins [3, 25, 27]. Fur ther more, transduction of sig nal through

TGF-β in fibroblasts is in di cated to af fect ep i the lial cells.

Such in ter ac tions be tween stromal fibroblasts and ep i the lial

cells in the en vi ron ment of tu mor tis sue have a sig nif i cant ef -

fect on its ini ti a tion and fur ther pro gres sion [3].

TGF-β has also the abil ity to in duce fibroblasts trans -

for ma tion into myofibroblasts, which dem on strate fea tures

char ac ter is tic both for fibroblasts and for smooth mus cles,

ini ti at ing among oth ers the syn the sis of α-actin, caldesmon

or my o sin heavy chains. These myofibroblasts take part in

the for ma tion of a foun da tion on the wound site in the

course of heal ing pro cess and col la gen syn the sized by them

en sures strength and elas tic ity of this con struc tion [8]. On

the other hand, the for ma tion of myofibroblasts of ten con -

trib utes to tu mor pro gres sion al though the pro cess of

fibroblasts trans for ma tion is not lim ited only to fibroblasts

orig i nat ing from the tu mor but may also concern the cells in

healthy tissues [3]. 

As it has al ready been men tioned, TGF-β de spite in hib -

i tory ef fect on ep i the lial and en do the lial cell di vi sion is

a stimulator of mesenchymal cells di vi sion [25, 27]. More -

over, TGF-β may fa cil i tate the ef fect of other growth fac tors 

such as: EGF, PDGF or FGF [18] and also stim u lates di -

rectly and in di rectly the syn the sis of ex tra-cel lu lar ma trix

com po nents in clud ing proteoglycans, glycosaminoglycans,

col la gen and fibronectin [5, 10, 15, 18]. TGF-β was found to 

be a stimulator of glycosaminoglycans syn the sis in the

desmoid fibroblast cells [16]. Fur ther more, TGF-β in hib its

the syn the sis of pro teas es de grad ing ex tra-cel lu lar ma trix

com po nents and stimulates the production of their inhibitors 

[4, 6, 8].

Fibroblasts iso lated from fibromatous le sions are char -

ac ter ized by in ten si fied se cre tion of glycosaminoglycans,

col la gen and TGF-β as com pared to nor mal fibroblasts [14]. 

In the car ried out by us stud ies, pos i tive cy to plas mic re ac -

tion for TGF-β pro tein was ob served in 65.8% (25/38) of

desmoid cases. Overexpression of TGF-β (more than 50%

pos i tively stained cells) was noted in 39.5% (15/38) of the

ag gres sive fibromatoses. Then, mean val ues of the per cent -

age of cells pos i tive for TGF-β pro tein were high est in

intra-ab dom i nal form and were 72.8% (SD=20.8). Locci et
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TABLE 2 
The num ber of TGF-β-pos i tive and neg a tive cases in the
study groups

An ti body/

an ti gen
N

++

n (%)

+

n (%)

–

n (%)

TGF-β 38 15 (39.5) 10 (26.3) 13 (34.2)

(++) >50%; (+) 10–50%; (–) <10% of pos i tive cells; N – num ber of

cases stud ied; n (%) – num ber (per cent) of pos i tive or neg a tive cases



al. [16] ob served 6-fold in crease of TGF-β1 in desmoid

fibroblast cul tures as com pared to nor mal fibroblasts. The

in crease of TGF-β level in ag gres sive fibromatosis cells in

com par i son to skin fibroblasts was also noted in immu no -

histochemical ex am i na tions of Mills et al. [18]. El e vated

level of TGF-β is also char ac ter is tic for many other types of

neoplasms in which the pro cess of tis sue fi bro sis oc curs [4].

De spite the fact that desmoid eti ol ogy is not fully rec og -

nized, an in jury af ter sur gi cal pro ce dure as so ci ated with the

dis rup tion of tis sues (about 25% of cases) is thought to be one

of the causes of this neo plasm de vel op ment [24]. Some des -

moid tu mors oc cur in the scar af ter ap pen dec tomy, laparo -

tomy or other sur gi cal pro ce dures in the area of ab dom i nal

cav ity (cicatrical fibromatosis) [30]. Es pe cially in FAP pa -

tients, there is a strong cor re la tion be tween pro phy lac tic

proctocolectomy and the sub se quent de vel op ment of desmoid 

tu mors [24]. Ac cord ing to Weiss and Goldblum [30], the in -

jury of tis sue in pa tients with ge netic pre dis po si tion to fi brous

tis sue over growth is an im por tant cause of the de vel op ment of

intra-ab dom i nal fibromatosis (fibromatosis of pel vis, mesen -

tery in Gardner’s syn drome).

In the case of sur gi cal dis rup tion of the tis sue line, it is

nat u ral that the or gan ism ini ti ates the re pair pro cess, which

is as so ci ated with the se cre tion of nu mer ous cytokines.

TGF-β in dis pens able for the ini ti a tion and fi nal iz ing of this

pro cess plays a key role in the re pair of the dam aged tis sues.

How ever, fur ther TGF-β pro duc tion by autoinduction af ter

the end of the re pair pro cess of the dam aged tis sues may re -

sult in the ini ti a tion of a cas cade of mo lec u lar events lead ing 

to the de vel op ment of dis eases in clud ing neo plas tic dis eases 

in which a pro cess of nor mal or patho log i cal fi bro sis is the

ba sic oc cur rence. 

The noted in our stud ies highly pos i tive immuno histo -

chemical re ac tion for TGF-β in desmoid cells may point to

the share of TGF-β in the de vel op ment of this neo plasm.
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