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Resumen

Background: Desmoid tumor (DT) is a benign soft tissue tumor, characterized by local invasion and
frequent recurrences. It arises as a sporadic lesion or as part of familial adenomatous polyposis, which has
been associated with mutation in APC gene, responsible for the clearance of b -catenin. Mutant b-catenin is
resistant to degradation, and its accumulation could act as an oncoprotein. Microsatellite instability (MSI)
may drive tumor progression by promoting the acceleration of mutations in oncogenes and tumor
suppressor genes. The present study was undertaken to determine if there is a correlation between clinical
& anatomical features of DT and MSI & ß–catenin mutation.

Material and Methods: Six microsatellite makers (bat 25, bat 26, bat 40, tp53, d2s123 and d17s250) and
exon 3 of ß–catenin gene were tested in genomic DNA of normal and tumor tissue from 27 patients with
sporadic DT.

Results: We verified that DT was more common in women and in the second-fourth decades of life. We
detected MSI in 85% (23/27) and ß–catenin mutation in 68% (15/22) of these patients. We found no
correlation between MSI & ß–catenin mutation and location of DT. There is a significant correlation between
high-frequency of MSI and deeper level of infiltration.

Conclusion: The high incidence of MSI and mutant ß–catenin in sporadic DT seems to be associated to the
benign phenotype, which seems to be dependent on a complex of alternative genetic pathways which may
prevent malignancy. However, the aggressive behavior of sporadic DT was associated with high-frequency
of MSI.
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Introduccion    

Desmoid tumor (DT) is a benign soft-tissue tumor, classified among fibromatoses, which is characterized by
intense fibroblastic proliferation with minimum microscopic alteration. The infiltrative nature of DT is
responsible for its locally aggressive behavior and a high postoperative recurrence rate. The significance of
surgical resection with positive resection margins remains controversial as a predictor of local recurrence
(Lewis et al 1999).

DT can affect individuals of different ages, however it is more common in the second to fourth decades of
life, occurring in the abdominal or extra-abdominal wall. It occurs as a sporadic lesion or as part of
extraintestinal manifestations of familial adenomatous polyposis, which is associated with germline
mutations in the adenomatous polyposis coli (APC) gene (Clark & Phillips 1996). APC protein plays an
essential role in the clearance of b -catenin from the cytoplasm. Increased b -catenin may translocate to the
nuclei and serve as a transcriptional factor by binding to the T-cell factor/lymphoid enhancer factor family.
Mutations in APC or ß–catenin genes result in increased cytoplasmic levels of free ß–catenin, which may
then act as an oncoprotein through constitutive b-catenin-Tcf-regulated transcription (Morin et al 1997).

Multiple genetic changes occur during the development of cancer; this stepwise accumulation of
abnormalities is likely to be accelerated by genetic instability. The form of genomic instability associated
with defective DNA mismatch repair or replication error repair (RER) in tumors is called microsatellite
instability (MSI). A panel of five microsatellites has been recommended for research, and tumors may be
characterized on the basis of: high-frequency MSI, if two or more of the five markers show instability, and
low –frequency MSI, if only one marker shows instability (Boland et al 1998). Presence of MSI has been
demonstrated in a variety of both hereditary and sporadic tumors. Studies have shown that MSI confers a
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survival advantage (Lothe et al 1993, Gryfe et al 2000, Maxwell et al 2001), but data is conflicting on its
effect on the prognosis of some diseases (MacDonald et al 2000).

The present study was undertaken to determine if there is a correlation of clinical and anatomical features
with MSI and ß–catenin mutation and to identify molecular changes accounting for the phenotypic
characteristics of its aggressive behavior.

 

Material y Métodos    

Twenty-seven normal and tumor formalin-fixed, paraffin-embedded tissues were selected from patients of
Hospital das Clinicas - School of Medicine - University of São Paulo. Ethics Committee of HC-FMUSP (n
925/01) approved this research protocol. Clinical data of individual tumors are listed in Table 1.

Tumor Specimens. Normal and tumor tissues were microdissected using separate 5m m formalin-fixed,

paraffin-embedded slides for each one. Tissues were digested overnight at 56o C in a solution containing
10mg/ml proteinase K, and genomic DNA was extracted according to the method previously described
(Nascimento, et al. 2003), using Wizard Genomic Kit (Promega).

MSI Analysis. Tumor and corresponding normal DNA from each case were analyzed using a panel of six

markers. The sequences of the primer pairs were as follows: BAT25 (mononucleotide, 56o C): F= 5’-TCG
CCT CCA AGA ATG TAA GT-3’ and R= 5’- GAG CCA TAG TTA AAA TGC AGA-3’; BAT26 (mononucleotide,

59o C): F= 5’- TGA CTA CTT TTG ACT TCA GCC-3’ and R= 5’- GGG TTA AAA ATG TTG AAT GGTT-3’; BAT40

(mononucleotide, 52o C): F= 5’- ATT AAC TTC CTA CAC CAC AAC-3’ and R= 5’-CAA GGT GGT CTT GCT

CTA C-3’; D2S123 (dinucleotide, 59o C): F= 5’- AAA CAG GAT GCC TGC CTT TA-3’ and R= 5’- GTC CCA

TAG GTG GAA AGT CC-3’; D17S250 (dinucleotide, 57o C): F= 5’- GGA AGA ATC AAA TAG ACA AT-3’ and

R= 5’- GGT TTA AAT ATA TAT ATG GCC AGC-3’; TP53 (dinucleotide, 56oC): F= 5’- ACT GCC ACT CCT TGC
CCC ATT C-3’ and R= 5’-CAC CTC GGG CTG AAT AGT ATC CCT-3’.

PCR reactions were performed under standard conditions in a 25µl volume, 0,2µM primer sense and
antisense; +/- 200ng/ml of Genomic DNA; 0,2mM each of dATP, dGTP, dCTP and dTTP; 5U Taq Polymerase
Platinum pause 15 minutes (Invitrogem do Brasil); 10X PCR Buffer; 1.5 mM MgCl2 . Thermal cycling was
performed for 15 minutes (Taq Polymerase Platinum), in cycle 34, 1 minute at 94ºC, 1 minute at annealing,
1 minute at 72ºC and another 10 minutes at 72ºC, stocking at 4ºC. An aliquot of each PCR product was
electrophoresed in a 2% agarose gel, stained with ethidium bromide, and observed under ultraviolet light to
ensure that a single product of appropriate size was amplified. PCR products were diluted in Stop Solution
(95% formamide, 20mM EDTA, 0,05% bromophenol blue and 0,05% xylene cyanol). The diluted solution
was boiled at 100ºC and the diluted samples were placed in it for 5 hours, until their cooling, followed by
electrophoresis in 8% polyacrylamide gel at 4ºC, 250V, 8W for 1 hour and 30 minutes in the Hoefer 600 SE
series in an SDS 1X Buffer. Polyacrylamide gel was reddened in a silver nitrate 0.1% solution and
formamide 0.005% for 20 minutes. Detection of MSI determined the presence of new alleles in tumor tissue
against normal tissue.

B-Catenin gene mutation analysis: was assessed using primer of the exon 3 (F= 5’ – CTG ATT TGA TGG
AGT TGG ACA T-3’ and R= 5’- CCT TCA GTC AAG AAC AAG TAG C-3’). PCR was performed in a 75µl
volume containing 0,2µM of sense and antisense primer; +/- 200ng/ml of Genomic DNA; 0,2mM each of
dATP, dGTP, dCTP and dTTP; 5U Taq Polymerase Platinum pause 15 minutes; 10X PCR Buffer; 1.5 mM
MgCl2 . Thermal cycling was performed for 15 minutes (Taq Polymerase Platinum), in cycle 34, 1 minute at
94ºC, 1 minute at 55ºC annealing, 1 minute at 72ºC and another 10 minutes at 72ºC, stocking at 4ºC.
Aliquots were purified using the QIAquick PCR purification column (Quiagen, Chatsworth, CA) and
sequenced in automated sequencer MEGABASE (Amersham Pharmacia Biotech).

Statistical analysis. To elucidate the relationship of MSI and ß–catenin with the clinicopathological
features of DT, we used Fisher´s Exact Test for univariate analysis. We considered p values below 0.05
statistically significant.

Table 1. Clinical data and markers of MSI of abdominal DT

Case SEX AGE INFILTRATION MSI
1T F 42 Musc +adip      BAT40, TP53, S123
 4T F 19 Musc +adip      TP53
 7T F 39 Musc +adip      TP53, S123
 9T F 25 Musc +adip      BAT26,TP53, S123
12T F 42 Musc +adip      TP53, S123
13T F 41 Musc +adip      BAT26, BAT40,TP53
17T F 21 Adip                 TP53
20T F 37 Musc +adip      BAT40, TP53, S123
21T F 26 Musc +adip      BAT40, TP53
25T F 27 Musc +adip      NL
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26T F 39 Musc +adip      BAT40,TP53, S123

 

Resultados    

The 27 cases of DT studied were divided in three groups according to tumor site: abdominal, thoracic and
extra-abdominal (jaw, back, neck and limbs). The mean age of these patients was 28.2± 9.07 years (min=9
and max=42years), and there was no significant age difference between these three groups of patients. The
mean age of DT patients was: abdominal = 32.5± 8.94 years (Table 1), thoracic = 28.8± 5.63 years
(Table 2) and extra-abdominal =23.2± years (Table 3). There was no significant age difference between
these three groups studied.

We demonstrated a significant (p<0.01) association between abdominal DT and women by comparing these
three groups of patients. Furthermore, there was a higher prevalence of sporadic DT in women (19/27).

MSI. Twenty-seven samples from patients with sporadic DT were tested for the presence of mutations within
mono and dinucleotide repeats. The repeats that we studied (BAT25, BAT26, BAT40, D2S123, D17S250 and
TP53) were selected to supply optimal information on MSI related to RER defects (Boland et al 1998).

We demonstrated that 85% (23/27) of DT presented MSI. Of these DT, 37% (10/27) presented low
frequency MSI (MSI-L), and 48% (13/27) presented high frequency MSI (MSI-H). MSI-H was mainly in
abdominal and extra-abdominal DT.

There was no significant association between location of DT and presence of MSI.

There was a significant association (p<0.05) between MSI-H and depth of infiltration when we compared
level of infiltration and occurrence of MSI. Therefore, DT with MSI-H showed infiltration at the muscle tissue
level.

B-CATENIN MUTATION ANALYSIS

Fifteen of the 22 (68%) samples of DT analyzed had many point mutations in b -catenin, from codon 20 to
codon 68. A great number of DT showed missense mutations in the codon or in neighboring codons of
phosphorylation sites, which involved serine/threonine residues: 30 (tyrosine® serine), 34 (glycine®
alanine), 38 (glycine® tryptophan), 39 (alanine® cysteine/tyrosine/serine), 42 (threonine® glycine) and 43
(alanine® threonine). The other cases showed missense mutations in sites unrelated to the phosphorylation
regions: 21 (alanine® glycine), 26 (glycine® alanine), 27 (glycine® alanine/arginine), 66 (tryptophan®
leucine), 67 (glutamic acid® glycine) and 68 (glutamine® threonine). Furthermore, we showed point
mutations in codons 20, 34 and 41, where the amino acid was unchanged. We demonstrated that in the
same DT there was some kinds of mutations in exon 3 of the b -catenin gene.

Six of the ten (60%) cases of abdominal DT showed missense mutations in the neighboring codons of
phosphorylation sites (Table 4). Two cases of the five thoracic DT analyzed showed missense mutation, one
in the neighboring (codons 48 and 49) and another in unrelated (codons 66, 67 and 68) sites to
phosphorylation regions (Table 5). Four cases of the seven extra-abdominal DT showed missense
mutations, only two being in neighboring codons of phosphorylation sites (Table 6).

We did not find any significant association when we compared the location of DT and depth of infiltration with 
the presence of b -catenin missense mutation. We verified that the mutation in exon 3 of the b -catenin gene 
was present in all cases of DT with MSI. Therefore, the cases of DT without MSI presented no b -catenin 
mutations.

 

   
Table 2. Clinical data and markers of MSI of extra-abdominal DT
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Table 3. Clinical data and markers of MSI of thoracic DT

   
Table 4. Clinical data and ?-catenin mutation of abdominal DT
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Table 5. Clinical data and ?-catenin mutation in exon 3 of thoracic DT

   
Table 6. Clinical data and ?-catenin mutation of extra-abdominal DT
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Figure 1-A.

   
Figure 1-B.
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Figure 1. Analysis of genetic instability in paired normal (N) and tumor (T) DNA at loci TP53 -118bp (A), BAT40 – 123bp (B) and
BAT26 – 132bp (C). In tumor DNAs abnormal patterns indicating deletion are shown at each microsatellite locus. Patients numbers
are shown at the lanes.

Discusión    

Desmoid tumor occurs with a certain frequency as part of familial adenomatous polyposis (FAP), which is
associated with a mutation of the APC gene. The present study involves 27 cases of sporadic desmoid
tumors. In these cases, we observed a greater incidence in young adult women, as mentioned in previous
accounts (Mungas et al 1976). The pathogenesis of sporadic desmoid tumor not associated with FAP remains
unknown, yet a genetic model similar to hereditary neoplasms has been proposed. In the present study, we
investigated genetic alterations related to DNA repair caused by MSI, and oncogene activation caused by
mutation of ß-catenin.

To study MSI, we used 06 microsatellite markers, three mononucleotides and three dinucleotides, as
suggested by the National Cancer Institute of the USA (Boland et al 1998). We verified that the most
sensitive markers were the mononucleotides BAT26 and BAT40, both highly specific for identifying tumors
with high-frequency MSI. These findings are in agreement with other studies that verified that
mononucleotide microsatellite markers have greater sensitivity and specificity than dinucleotides in detecting
defective DNA mismatch repair (Nash et al 2003).

We demonstrated that 82% (22/27) of the desmoid tumors presented MSI and therefore they can be
associated with defects in the DNA repair pathway, causing an accumulation of mutations in oncogenes and
tumor suppressor genes, which would induce early tumor growth (Markowitz et al 1995). This explains the
appearance of desmoid tumor in young individuals as seen in our study, where the mean age was 28.2±
9.07.

On the other hand, the MSI phenotype also seems to be associated with a good prognosis in endometrial
and colorectal cancers. This association may be explained by the loss of DNA repair that favors an alteration
in the gene, resulting in a less virulent clinical phenotype (Gryfe et al 2000, Maxwell et al 2001), which can,
to some extent, explain the benign character of the desmoid tumor.

In the present study, we observed that the abdominal and extra-abdominal (not thoracic) desmoid tumors
showed high incidence of MSI, while thoracic tumors did not. Among the cases studied, we demonstrated
that 56% presented high MSI, suggesting that these sporadic desmoid tumors can be associated with a
familial history of neoplasms. The same was stated by Ruschoff et al (1995): after analyzing MSI studies on
patients with sporadic colorectal cancer, they informed that the cases with high MSI were very similar to
hereditary colorectal cancer in their morphological and biological characteristics.

The association of some cases of desmoid tumors with APC gene mutation and high levels of ß–catenin
suggest low degradation rate of ß–catenin in tumor tissue (Alman et al 1997). ? –catenin is involved in
cellular differentiation and proliferation and is quickly degraded in the absence of differentiation or growth
signals. APC protein controls degradation through the phosphorylation of serine and threonine residues
(Morin et al 1997). Deletion or mutation of one or more ß–catenin phosphorylation sites inhibits its
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degradation, increasing its action as a transcription activation factor. This intracellular increase of ß–catenin
due to ß–catenin or APC gene mutation has been suggested as an important factor in the oncogenesis of
colorectal cancer (Gumbiner 1995, Morin et al 1997).

Saito et al (2001) verified a correlation between the accumulation of ß–catenin and the increased expression
of the cyclin D1 gene in desmoid tumors, suggesting that ß–catenin acted like an oncoprotein in the APC-
ß–catenin-Tcf pathway, whose target gene is cyclin D1. Yet, this association between ß–catenin and cyclin
D1 was not correlated to MIB activity, reflecting the benign nature of this tumor. These authors
demonstrated a diffuse expression of PCNA in desmoid tumors, suggesting that PCNA is involved in DNA
repair and in DNA replication inhibition when it binds to cyclin D1, as stated by Xiong et al (1992). The
incidence of ß–catenin mutation in benign lesions like desmoid tumor, pilomatricoma and hepatoblastoma
suggests that the stabilization of ß–catenin is correlated to the benign phenotype. Approximately half of all
colon adenomas do not present APC gene mutation but present ß–catenin mutation (Kitaeva et al 1997,
Sparks et al 1998). B-catenin mutations in cancer have been described and the expression of mutant
ß–catenin in the cellular nucleus was associated with a non-invasive tumor and favorable prognosis (Mao et
al 2001).

The wide range mutations in exon 3 of ß–catenin detected in the present study affect serine and threonine
phosphorylation sites that are important in the degradation of ß–catenin and that can lead to an
accumulation of ß–catenin and translation of oncogenic signals. Additionally, ß–catenin mutations occurring
at the neighboring sites of Ser/Thr residues, as was observed in the present study, is also resistant to
degradation ( Saito et al 2002). Otherwise, these mutations can interfere with the formation of the
ß–catenin/?-catenin complex and disrupt the E-cadherin-catenin complex, thereby affecting intercellular
adhesion, as well as interfere in the accessibility of serine phosphorylation or in other ß–catenin functions,
such as when it serves as the substrate for caspase during apoptosis (Aberle et al 1996).

In colorectal cancer, a genetic model has been proposed where sequential accumulation of mutations in
specific genes, like the APC, K-ras and p53, would transform the normal epithelium in dysplasia and
carcinoma. In a study of colorectal cancer, Smith et al (2002) found that only 6.6% of the tumors had a
mutation in these three genes while 37.5% had a mutation in only one gene, therefore not confirming that
the existence of cancer is a sequential accumulation of mutations. Hence, there seems to be multiple
alternative genetic pathways for the appearance of a malignant neoplasia or alternative pathways that
prevent a benign neoplasia to become malignant, even if they show genetic alterations related to
oncogenes, as is the case with the desmoid tumor.

We will show that desmoid tumors affected young adult individuals, were more common in women, and
presented a genetic character with a high incidence of MSI and ß–catenin mutation. This genetic cancer is
very similar to hereditary neoplasms (Liu et al 1995; Markowitz 2000), which would, in a way, explain its
occurrence in young individuals. We will also show a correlation between the kind of infiltration and MSI:
tumors located in adipose tissue present low-frequency of MSI while tumors that infiltrate adipose and
muscle tissue present high-frequency of MSI.

 

Conclusiones    

 

CONCLUSION

The high incidence of MSI and mutant ß–catenin in sporadic DT seems to be associated to the benign
phenotype, which is not a result of a sequential accumulation of mutations, but seems to be dependent on a
complex of alternative genetic pathways which may prevent malignancy. However, the aggressive behavior
of sporadic DT was associated with high-frequency of MSI.
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