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Background: Nodular fasciitis is the most common reactive mesenchymal lesion to be misidenti-
fied as a type of sarcoma. HuR is an mRNA-binding protein that can stabilize cyclooxygenase-2
(COX-2) mRNA leading to COX-2 overexpression. The aim of this study is a comparison of the
expressions of COX-2 and HuR and the relationships between their expressions and the clinico-
pathological parameters in nodular fasciitis and low-grade sarcoma. Methods: We measured the
expression of HUR and COX-2 in 21 cases of nodular fasciitis and 37 cases of low-grade sarco-
ma using immunohistochemistry. Results: The frequency of cytoplasmic immunoreactivity for
HuR was 5 of 21 cases of nodular fasciitis (23.8%) and 23 of 37 cases of low-grade sarcoma
(62.1%) (p=.013). COX-2 expression was moderate or strong in nodular fasciitis (12/21, 57.1%)
and in low-grade sarcoma (29/37, 78.4%) (p=.034). In addition, a significant difference existed
between these two entities in terms of the relationship between moderate or strong COX-2 ex-
pression and HuR cytoplasmic immunoreactivity (p=.009). Moderate or strong COX-2 immuno-
reactivity correlated with nuclear (p=.016) or cytoplasmic HuR (p=.024) expression in low-grade
sarcoma but not in nodular fasciitis. Conclusions: This study suggests that HUR and COX-2 ex-
pression may be useful to differentiate nodular fasciitis from low-grade sarcoma.
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Nodular fasciitis, also known as pseudosarcomatous fasciitis,
is a benign soft tissue lesion most commonly found in the su-
petficial fascia composed of fibroblasts and myofibroblasts. Pre-
vious history of trauma may be present. Despite heightened
awareness of this entity, nodular fasciitis may still be mistaken
for a sarcoma given its characteristic rapid growth, rich cellular-
ity, and mitotic figures. Hence, some cases of nodular fasciitis
have been treated with unnecessary and overly radical surgery.

The cyclooxygenase (COX) enzymes, are rate-limiting en-
zymes, which convert arachidonic acid into eicosanoids. Two iso-
forms of COX have been characterized: ubiquitously expressed
COX-1 and inducible COX-2. Overexpression of COX-2 is of-
ten observed in the tissues of chronic inflammation and several
cancers, which probably substantiate the existence of mecha-
nisms common to both inflammation and tumorigenesis, such as
proliferation, progression, induction of several growth factors, in-
vasion, and tumor cell resistance to apoptosis in the various epi-
thelial cell tumors and some mesenchymal lesions.'® The COX-
2 gene is tightly regulated, and its 3’ untranslated region (UTR)
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is the principal region determining the inherent instability of
COX-2. The 3" UTR contains several copies of the mRNA-de-
stabilizing motif, AU-rich elements (AREs) that regulate
mRNA stability through either of two crucial steps in eukaryotic
mRNA vanishment: deadenylation or the subsequent 3" to 5’
degradation of the mRNA body.’” As a result of COX-2 mRNA
stabilization through the activity of a kind of mRNA binding
protein, HuR, it results in an overexpression of COX-2."" Al-
though there are many reports that COX-2 has significant activi-
ties in various epithelial cell tumors, there are few reports on the
expression of COX-2 and its stabilizer, HuR, in mesenchymal
lesions."!

The purpose of this study is the measurement and compari-
son of the expressions of COX-2 and HuR and the relationships
between their expressions and clinicopathological parameters in
nodular fasciitis and low-grade sarcoma through immunohisto-

chemical staining.
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MATERIALS AND METHODS 2009. All available clinical data were acquired from a review of
the patients’ medical records. The histopathological diagnosis
Case selection and specimens was verified by an independent evaluation of all of the hematox-

Twenty-one cases of nodular fasciitis and 37 cases of low-grade ylin and eosin slides by two pathologists (Fig. 1A, D, G, J) and
sarcoma were chosen from the surgical specimens of Eulji Uni- the histologic grade of the sarcoma was based on the Fédération
versity Hospital, Daejeon, between January 2000 and December Nationale de Centres de Lutte Contre le Cancer (FNCLCC) and

Fig. 1. Representative microphotographs of hematoxylin and eosin (H&E) and immunohistochemical stainings. In nodular fascittis (A, H&E; B,
HuR; C, COX-2), the tumor cells show weak or focal HUR staining in the nucleus (B) and weak COX-2 staining in the cytoplasm (C). In der-
matofibrosarcoma protuberans (D, H&E; E, HuR; F, COX-2), the tumor cells show strong HuR staining in the nucleus (E) and moderate COX-
2 staining in the cytoplasm (F). In leiomyosarcoma (G, H&E; H, HuR; I, COX-2), the tumor cells show moderate or strong HuR staining in the
nucleus and cytoplasm (H) and strong COX-2 staining in the cytoplasm ()). In liposarcoma (J, H&E; K, HuR; L, COX-2), the tumor cells show
moderate or strong HuR staining in the nucleus and cytoplasm (K) and strong COX-2 staining in the cytoplasm (L).
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National Cancer Institute (NCI) grading systems.

Immunohistochemistry and scoring

Immunohistochemical staining was performed using an En-
Vision Detection Kit System (Dako, Glostrup, Denmark).
Briefly, 4-pm-thick sections were cut and mounted onto si-
lanized slides, dewaxed in xylene, and rehydrated with a grad-
ed ethanol series. The sections were treated in a 0.1 M citrate
buffer (pH 6.0) for 10 minutes using a microwave oven anti-
gen-retrieval procedure. The endogenous peroxidase activity
was blocked by incubation with 3% hydrogen peroxide for 5
minutes at room temperature. The tissue sections were incu-
bated for 1 hour at 37°C with a COX-2 specific monoclonal
antibody (1:100, Cayman Chemical, Ann Arbor, MI, USA), or
with a mouse HuR monoclonal antibody (1:100, Zymed,
South San Francisco, CA, USA). The sections were then incu-
bated with the secondary antibody for 30 minutes at room
temperature, visualized using diaminobenzidine and counter-
stained with Mayer’s hematoxylin. The negative control was
performed with the antibody diluent as a substitute for the
primary antibody.

Two pathologists scored the frequency and intensity of COX-
2 and HuR staining in a blinded procedure and all specimens
with discordant scores were reevaluated and the consensus score
was obtained and used for statistical analysis. The expression of
COX-2 was scored into the following four groups: 0, no stain-
ing; 1, weak diffuse cytoplasmic staining (may contain a stron-
ger intensity in less than 10% of the cells); 2, moderate granu-
lar cytoplasmic staining in more than 10% of the cells; and 3,
strong granular cytoplasmic staining in more than 50% of cells.
In HuR scoring, the nuclear and cytoplasmic staining were
scored independently into the following four groups: 0, no
staining; 1, weak and/or focal (<5% of the cells) staining; 2,
moderate or strong staining (< 50% of the cells); and 3, moder-
ate or strong staining (=50% of the cells). COX-2 scores 0 and
1 were combined and were considered weakly staining in order
to represent low COX-2 expression. HuR scores 2 and 3 were
combined and were considered strong staining.

Statistical analysis

The correlations between the COX-2 and HuR staining in-
tensity and clinicopathological parameters were evaluated using
a chi-square (x?) test. A p<.05 was considered statistically sig-
nificant.
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RESULTS

Clinicopathologic characteristics of nodular fasciitis and
low-grade sarcoma

In the 21 nodular fasciitis cases, the age of the patients ranged
from 9 to 51 years (mean age, 31 years). Twelve patients were
male and 9 were female. The greatest diameter of the 21 nodular
fasciitis cases ranged from 0.4 to 4.2 cm (mean, 1.6 cm). In the
37 low-grade sarcoma cases, the age of the patients ranged from
3 to 79 years (mean age, 46 years). Twenty patients were male
and 17 were female. The greatest diameter of the 37 low-grade
sarcoma cases ranged from 1.2 to 21.0 cm (mean, 5.6 cm). The
specific pathologic entities of low-grade sarcoma were dermato-
fibrosarcoma protuberans (DFSP; n = 22), well-differentiated or
myxoid liposarcoma (n=9), and leiomyosarcoma (n=6). Accord-
ing to the FNCLCC and NCI grading systems, the histologic
grade of the 37 low-grade sarcoma cases was grade 1. Of the 37
low-grade sarcoma cases, 4 cases showed recurrences and 1 case
showed metastasis.

Nuclear and cytoplasmic expression of HUR and its
correlation with clinical parameters

In the nodular fasciitis cases, the tumor cells did not express
HuR in the nucleus or cytoplasm in 23.8% of the cases (5/21),
in the nucleus only in 52.4% of the cases (11/21), and in both
the cytoplasm and nucleus in 23.8% of the cases (5/21) (Fig.
1B). Among the 5 nodular fasciitis cases, 4 cases showed weak
or focal staining, and only 1 case showed moderate cytoplasmic
expression (Table 1). In the low-grade sarcoma cases, the tumor
cells did not exptess HuR in the nucleus or cytoplasm in 16.2%
of the cases (6/37), in the nucleus only in 21.6% of the cases
(8/37), and in both the cytoplasm and nucleus in 62.2% of the
cases (23/37) (Fig. 1E, H, K). In DFSP, the tumor cells did not
express HuR in the nucleus and cytoplasm in 13.6% of the cases
(3/22), in the nucleus only in 13.6% of the cases (3/22), and in
both the cytoplasm and nucleus in 72.7% of the cases (16/22).
Among the 23 low-grade sarcoma cases, 12 cases showed weak
or focal staining, and 11 cases showed moderate or strong cyto-
plasmic expression (Table 1). The frequency of cytoplasmic posi-
tivity for HuR was higher in the low-grade sarcoma cases than
in the nodular fasciitis cases and this was statistically significant
(p=.013) (Table 1). No correlation was identified between nu-
clear or cytoplasmic HuR expression and age, gender, or tumor
size in the nodular fasciitis and low-grade sarcoma cases. No
correlation was seen between nuclear or cytoplasmic HuR ex-
pression and specific pathologic entities of low-grade sarcoma
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and recurrence or metastasis.

Expression of COX-2 and its correlation with clinical
parameters

Moderate or strong COX-2 expression was observed in 12
(57.1%) of the 21 nodular fasciitis cases (Fig. 1C). Moderate or
strong COX-2 expression was observed in 29 of the 37 low-
grade sarcoma cases (78.4%) and in 17 of 22 DFSP cases
(77.3%) (Fig. 1F, I, L). The frequency of moderate or strong
COX-2 expression was higher in low-grade sarcoma than in
nodular fasciitis and was statistically significant (p=.034) (Table
1). No correlation was identified between COX-2 expression
and age, gender, and tumor size in nodular fasciitis and low-
grade sarcoma cases. No correlation was seen between COX-2
expression and specific pathologic entities of low-grade sarcoma

Table 1. Comparison of nodular fasciitis and low-grade sarcoma
according to HUR and COX-2 expression

Immunohistochemical Nodular Low-grade p-value
reactivity fasciitis (1=21) sarcoma (n=37) (chi-square test)
Nuclear HUR
Negative 5 6 .393
Weakly 8 10
Strong 8 21
Cytoplasmic HUR
Negative 16 14 .013
Weakly 4 12
Strong 1 11
COX-2
Weakly 9 8 .034
Moderate 10 14
Strong 2 15
Cytoplasmic HuR/ 12 29
Moderate or strong
COX-2
Negative 9 7 .009
Weakly 2 11
Strong 1 11

COX-2, cyclooxygenase-2.
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and recurrence or metastasis as well.

Nuclear and cytoplasmic expression of HUR and its
correlation with COX-2 expression

Moderate or strong COX-2 immunoreactivity correlated with
nuclear (p=.016) or cytoplasmic HuR (p=.024) expression in
low-grade sarcoma (Table 2). However, in nodular fasciitis, no
correlation was seen between moderate or strong COX-2 im-
munoreactivity and either nuclear or cytoplasmic HuR expres-
sion. Among the 12 cases of nodular fasciitis showing moderate
or strong COX-2 immunoreactivity, 11 cases were negative or
weakly positive for cytoplasmic HuR expression and the re-
maining 1 case showed only strong positive cytoplasmic HuR
expression. In contrast to the nodular fasciitis cases, among the
29 cases of low-grade sarcoma showing moderate or strong
COX-2 expression, 22 cases showed weak or strong (11 cases,
weak; 11 cases, strong) cytoplasmic HuR immunoreactivity,
and 7 cases were negative. Among the 17 cases of DFSP show-
ing moderate or strong COX-2 expression, 15 cases showed
weak or strong (6 cases, weak; 9 cases, strong) cytoplasmic HuR
immunoreactivity and 2 cases were negative. In addition, there
was a significant difference between these two entities (nodular
fasciitis and low-grade sarcoma) in terms of the relationship be-
tween moderate or strong COX-2 expression and cytoplasmic
HuR immunoreactivity (p=.009) (Table 1).

DISCUSSION

The modulation of gene expression by the post-transcriptional
change of mRNA stability is an important process in the control
of cellular growth."” HuR, which is one of the essential ARE
binding stabilizing factors for mRINA, is up-regulated in several
cancers.'”'® This suggests that a dysregulation of mRNA stabil-
ity might be involved in the development, growth and acquisi-

Table 2. Association between nuclear and cytoplasmic HUR immunoreactivity and COX-2 expression in nodular fasciitis and low-grade sar-

coma

Nodular fasciitis (n=21), COX-2 positive

Low-grade sarcoma (n=37), COX-2 positive

HUR immunoreactivity gl _p-value
Weakly Moderate Stong  (chi-squaretest)  weakly Moderate Strong  (chi-square test)
Nuclear
Negative or weakly 5 6 2 497 7 5 4 .016
Strong 4 4 0 1 10 10
Cytoplasmic
Negative 7 7 2 784 7 4 3 .024
Weakly 2 2 0 1 5 6
Strong 0 1 0 0 6 5

COX-2, cyclooxygenase-2.
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tion of malignant behaviors of these cancers. In the normal con-
dition, COX-2 expression is tightly controlled and the alteration
of HuR expression accelerates the expression of COX-2. The
overexpression of COX-2 in several carcinomas and some sarco-
matous lesions suggests its roles in tumorigenesis.'* Lee et al.’
suggest that COX-2 is directly associated with cell proliferation,
migration and invasion in human osteosarcoma cells. Endo et
al.” suggest that COX-2 overexpression in chondrosarcoma is a
negative prognostic factor that may be strongly associated with
histologic grade. There have been some reports showing that the
constitutive overexpression of COX-2 is the consequence of
HuR overexpression in ovarian, colon, laryngeal, and salivary
cancers, and that the relationship between HuR and COX-2
plays a significant role in the carcinogenesis of several carcino-
mas, but there are only a few reports for mesenchymal le-
sions.'™"1"1 Our study investigates the expression and correla-
tion of HuR and COX-2 expression in sarcomas and nodular
fasciitis, a benign pseudosarcomatous lesion. Dixon et al.'’ re-
ported that mRNAs of COX-2, vascular endothelial growth fac-
tor (VEGF), and interleukin-8 (IL-8) were constitutively trasn-
scribed and turned over slowly in colon cancer cells showing
augmented tumor growth. They concluded that the observed
mRNA stabilization is the consequence of the faulty recognition
of class II-type AREs present within COX-2, VEGE, and IL-8,
as well as the dysregulatory overexpression of HuR. Several stud-
ies have recently reported that the cytoplasmic expression of
HuR is correlated with COX-2 over-expression and a poor out-
come. HuR binds to certain mRNAs in the nucleus, and this
HuR-mRNAs complex is then transported to the cytoplasm.
Because the nucleocytoplasmic translocation of HuR is essen-
tially needed for its activity and its cytoplasmic presence is found
in several types of carcinomas, it was hypothetically considered
that cytoplasmic expression of HuR could be a prognostic mark-
er in several cancers.”*'*”?! In our study, there was a correlation
between moderate or strong COX-2 immunoreactivity and cy-
toplasmic or nuclear HuR expression in low-grade sarcomas, but
not in nodular fasciitis. Therefore, we think that HuR expression
is needed for COX-2 overexpression, which might even be part-
ly associated with the tumorigenesis of low-grade sarcoma in ad-
dition to several carcinomas.

In our study, the COX-2 protein was detected in 12 of the 21
nodular fasciitis cases (57.1%). Among them, COX-2 expres-
sion showed strong immunoreactivity in only two cases. On the
other hand, 29 of the 37 low-grade sarcoma cases showed COX-
2 immunoreactivity (78.4%) and among them, 15 cases showed
strong immunoreactivity. There was a considerable difference in
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the incidence of COX-2 overexpression between cases of nodu-
lar fasciitis and low-grade sarcoma (p=.034). Cytoplasmic HuR
expression was lower in the nodular fasciitis than in low-grade
sarcoma (p=.013). Moreover, cytoplasmic HuR expression was
strong in only 1 out of 12 cases showing moderate or strong
COX-2 expression in nodular fasciitis (8.3%) and in 11 of 29
cases showing moderate or strong COX-2 expression in low-
grade sarcoma (37.9%) and this difference was statistically sig-
nificant (p=.009). This suggests that HuR and COX-2 expres-
sion may be useful in differentiating nodular fasciitis from low-
grade sarcoma and may be used to determine the unknown bio-
logic behavior of proliferative spindle cell lesions, particularly in
those of a borderline nature. In our study, there was no correla-
tion found between COX-2 overexpression and cytoplasmic or
nuclear HuR immunoreactivity in nodular fasciitis. This result
suggests a possibility that COX-2 mRNA stability is modulat-
ed by more complex mechanisms.?
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