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ABSTRACT

Objective: Mast cells (MCs) have been proved to be multifunctional cells which are known to be located at peri-and intra-tumoral sites, playing an
active role physiologically or pathologically. In humans, MCs are subtyped by the difference in their neutral protease content. MCs that have gran-
ules containing tryptase alone (MCT) are predominantly found at mucosal sites. MCs whose granules possess tryptase along with chymase (MCTC)
are found especially within connective tissue. MC mediators have different functions and the coexistence of both MC subtypes contributes to tis-
sue homeostasis. Furthermore, cyclooxygenase-2 (COX-2) is an enzyme associated with inflammation, cell growth and differentiation, prevention of
apoptosis and tumorigenesis. Recent studies show the clinical significance of COX-2 expression in different tumor types. However, to our knowledge,
there is no data assessing the relationship between COX-2 and MC density in uterine leiomyomas. We aimed to investigate the relation between the
expression of COX-2, MC density, and proportional changes of MC phenotypes in human leiomyoma uteri and control cases, and also their possible
correlations between each other.

Methods: We performed a retrospective study of 34 cases carried out on parafin-embedded samples obtained from 14 control (group 1) and 20
leiomyoma uteri (group 2) patients who had undergone curative hysterectomy. These specimens were investigated immunohistochemically by using
anti-cyclooxygenase-2 (COX-2) antibodies to stain COX-2; anti-tryptase antibodies to stain MCT and anti-chymase antibodies to stain MCTC.

Results: In leiomyoma, the median value of COX-2 staining grade was 2 (min:1-max:3) which was statistically lower than that of controls with a median
value of 3 (min:2-max:4) (p=0.001). The median value of tryptase expression was 12 (min:10-max:16) in the control myometrium, slightly higher than
that of the leiomyoma group which had a median value of 10.5 (min:é6-max:15). On the other hand, the median value of chymase expression was 7
(min:4-max:13) in the control myometrium, which was significantly higher (p=0.001) than that of the leiomyoma group with a median value of 5 (min:2-
max:8). Thus, in the leiomyoma group, the mast cell subtypes, including tryptase+chymase proportion, was found to be significantly higher than the
controls (p=0.032). Moreover, COX-2, tryptase and chymase expressions showed no correlation in both groups.

Conclusion: This study has demonstrated that expressions of COX-2 and mast cell subtypes are reduced in leiomyoma, and the proportion of mast
cell subtypes of MCT+MCTC increases in leiomyoma compared to the control group. However, MC subtypes neither correlated with each other nor
with COX-2 expression in the leiomyoma and control series. Understanding the mechanisms for MC functions and the secretory molecules will pro-
vide a basis for a rational approach to the development of antitumoral therapy in patients with leiomyoma and other tumors. (JAREM 2011; 1: 44-8)
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OzZET

Amag: Mast hiicreleri (MH'ler)'nin cok fonksiyonlu hiicreler oldugu ispatlanmis olup, peri- ve intra-timéral bdlgelerde yerlesim goéstererek fizyolojik
yada patolojik olarak aktif bir rol oynadiklari bilinmektedir. insanlarda MH'ler, icerdikleri nétral proteaz farkliligina gére subtiplere aynilirlar. Sadace
triptazi iceren granullere sahip olan MH'ler (MCT), adirlikli olarak mukozal bélgelerde bulunurlar. Grandlleri triptaza ek olarak kimaz iceren MH'ler ise,
ozellikle bagd dokusunda yer alirlar. MH mediyatéorleri farkli fonksiyonlara sahiptirler ve her iki MH subtipi, doku hemostazina katilim gosterirler. Ayrica,
siklooksijenaz-2 (COX-2), inflamasyon, hiicre blyimesi ve farklilagmasi, apoptozun dnlenmesi ve tumorigenez ile ilikili bir enzimdir. Yakin zamandaki
calismalar, farkli timér tiplerinde COX-2 ekspresyonunun klinik nemini gdstermektedir. Ancak, bildigimiz kadariyla, uterin leiomyomalarinda, COX-2
ve MH dansitesinin arasindaki iligkiyi degerlendiren herhangi bir veri bulunmamaktadir. Biz de, insan leiomyoma ve kontrol vakalarinda COX-2 ekspres-
yonu ve MH dansitesi arasindaki iligkiyi ve MH fenotiplerinin oransal farkliliklarini ve birbirleriyle olan korelasyonlarini aragtirmayi amacladik.

Yéntemler: Otuz dort vakadan olusan retrospektif olarak yurittigimiz calismada kuratif histerektomi yapilmis 14 kontrol (grup 1) ve 20 uterin lei-
omyoma (grup 2) hastasinin parafine géomulu érnekleri elde edildi. Bu érnekler, COX-2'yi boyamak icin anti-COX-2 antikorlar, MCT'yi boyamak igin
anti-triptaz antikorlar ve MCTC'yi boyamak i¢in anti-kimaz antikorlar kullanilarak immunohistokimyasal olarak incelendi.

Bulgular: Leiomyomada COX-2 boyanma derecesinin median degeri 2 (min:1-maks:3) olarak, kontrolin median degeri olan 3 (min:2-maks:4)'e oranla
istatistiksel olarak anlamli derecede daha dustkti (p=0.001). Triptaz ekspresyonunun median dederi kontrol myometriumunda 12 (min:10-maks:16)
olarak, leiomyoma grubunun 10.5 (min:6-maks:15) olan median dederinden hafif derecede yiksekti. Diger taraftan, kimaz ekspresyonunun median
degeri kontrol myometriumunda 7 (min:4-maks:13) olarak, leiomyoma grubunun 5 (min:2-maks:8) olan median degerine gore belirgin derecede yiik-
sekti (p=0.001). Bdylece, leiomyoma grubunda triptaz iceren MH-=+kimaz iceren MH orani kontrole kiyasla belirgin derecede yiksek olarak bulundu
(p=0.032). Dahasi, COX-2, triptaz ve kimaz ekspresyonlari her 2 grupta da korelasyon géstermedi.
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Sonug: Bu ¢alisma, leiomyomada COX-2 ve MH subtiplerinin ekspresyonlarinin azaldigini ve MH subtipleri olan MCT+MCTC oraninin kontrole gére
arttigini gosterdi. Ancak, MH subtipleri kendi aralarinda yada COX-2 ekspresyonu ile arasinda herhangi bir korelasyon géstermedi. Bu baglamda,
MH fonksiyonlarinin ve sekretuar molekillerinin isleyis mekanizmalarini anlamak, leiomyoma ve diger timérlere sahip hastalarda anti-timaral tedavi
gelistirmede mantikli bir yaklagim icin bir taban olusturacaktir. (JAREM 2011; 1: 44-8)

Anahtar Sézciikler: Mast hlcreleri, triptaz, kimaz, siklooksijenaz-2, uterin leiomyomalar

INTRODUCTION

Uterine leiomyomas are generally considered as benign neo-
plasms. Nevertheless, they are the most common indication for
gynecological surgery. They occur in about 20-40% of women
during the reproductive years (1). Limited knowledge about their
biology makes it difficult to develop satisfactory non-surgical
treatments. However, the pathogenesis of leiomyomas has been
widely studied and many growth factors have been implicated in
their pathogenesis (2, 3).

Mast cells (MCs) have been proved to be multifunctional cells
which are known to be located at peri- and intra-tumoral sites,
playing an active role physiologically or pathologically. In the
second half of the 1990s, a close correlation between MCs and
angiogenesis was noted in cancers, angiomas, lymphomas, and
multiple myeloma (4, 5). In these neoplasms, MCs were detected
on the tumor periphery, in the surrounding connective tissue, and
in the vicinity of lymphatic and blood vessels.

In humans, MCs are subtyped by the difference in neutral prote-
ase (6). MCs with granules containing the protease tryptase alone
(MCT) are predominantly found at mucosal sites, and MCs whose
granules possess tryptase along with chymase (MCTC) are found
especially within connective tissue. T cell-derived growth factors
play an important role in the development and maintenance of
MCT at mucosal sites (7). MCT and MCTC also display functional
heterogeneity, with the former producing both IL-5 and IL-6, and
the latter producing only IL-4 (8). Despite these differences, it is
thought that the above phenotypes are plastic and interchange-
able. MC mediators cause different functions and the coexis-
tence of both MC subtypes contributes to tissue homeostasis.
Furthermore, increased/decreased MCD may or may not be as-
sociated with proportional changes of MC subtypes. This pheno-
typic change could be basically modified by the environment (9).

Furthermore, cyclooxygenase-2 (COX-2) is an inducible imme-
diate early gene associated with inflammation, cell growth and
differentiation, prevention of apoptosis and tumorigenesis (10).
Current studies suggest a clinical significance of COX-2 expres-
sion in different tumor types. Recently, it has been reported that
COX-2 contributes to angiogenesis involved in tumor growth and
advancement of various tumors (11, 12). Nevertheless, a close as-
sociation of COX-2 expression and MCs in colon cancer has also
been reported and an anti-tumoral effect of MCs was proposed
(13). In addition, COX-2 expression is reported to correlate with
tumor angiogenesis in patients with hepatitis (14, 15).

However, to our knowledge, there is no data assessing the rela-
tionship between COX-2 and MCD in uterine leiomyomas. We
aimed to determine the relation between COX-2 expression,
MCD and proportional changes of MC phenotypes in leiomyoma
uteri and control cases.

MATERIAL AND METHODS

Tissue samples and Patient characteristics
We performed a retrospective study of 34 cases, carried out on
parafin-embedded samples obtained from 14 control (Group 1),

20 leiomyoma uteri (Group 2) patients who had undergone cura-
tive hysterectomy at the Department of Obstetrics and Gynecol-
ogy in Afyon Kocatepe University. Diagnosis was made according
to the pathologic findings in all cases.

The ages of 14 control cases were between 37 and 53 years of
age, with a mean value of 45.7. The ages of 20 patients of leio-
myoma cases were between 42 and 55 years of age, with a mean
value of 47.4, which shows a statistically nonsignificant difference
compared to the control value. Each case was immunohisto-
chemically analysed by using anti-tryptase antibody to stain MCT
and anti-chymase antibody to stain MCTC. Anti-COX-2 antibody
was used to determine COX-2 expression. Myometrial tissue of
control cases and leiomyoma sections were evaluated for the ex-
pressions of these molecular markers. Their median and range
(min-max) values for each group were calculated (16) and then
compared among the groups. Moreover, a possible correlation
was investigated between COX-2 and MCs.

Immunohistochemistry (IHC)

The streptavidin-biotin-peroxidase method was performed for
immunohistochemical staining. For each case, representative
blocks were selected. Four micrometer-thick sections were cut,
and deparaffinized with xylene and ethanol. For COX-2 and trypt-
ase/chymase staining, to retrieve the antigen, the deparaffinized
slides were first heated in a microwave oven for 20 min in 10 mM
citrate buffer (pH 6.0) for all markers followed by cooling at room
temperature for 20 min. and washing twice with PBS. All sections
were incubated with 30 mL/L hydrogen peroxide for 10 min. to
inhibit endogenous peroxidase then washed twice with PBS. Af-
ter incubation with ultra V Bloc, treatment with primary antibody
at room temperature at a dilution of 1:100 for COX-2 and 1:2000
for tryptase/chymase was performed using the following anti-
bodies: rabbit polyclonal antibody against COX-2 (Neomarkers,
Thermoscientific, UK) and mouse monoclonal antibodies against
tryptase/chymase (Neomarkers, Thermoscientific, UK) for 20 min.
and 30 min., respectively.

Sections were then incubated with biotinylated goat anti-polyva-
lent and streptavidin peroxidase each for 15 min. at room tem-
perature. The color was developed with 3-amino-9- ethyl-carba-
zole (AEC) (Thermoscientific) for 15 min at room temperature and
counterstained with Mayer hematoxylin for 30 sec.

Assessment of COX-2 and Tryptase Staining
Immunohistochemical staining for COX-2 (Fig. 1) and tryptase/
chymase (Fig. 2a, b) in the myometrium of control uterine sec-
tions and in leiomyoma were semi-quantitatively evaluated in a
blind fashion. For COX-2, cytoplasmic staining was defined as
positive in muscle cells. An estimate of the percentage of immu-
noreactive cells was determined using a score of 0-3 (0: 0-4% cells
stained; 1: 5-29% cells stained; 2: 30-59% cells stained; and 3: 60-
100% cells stained). The staining intensity was scored as 0-3 (0,
negative; 1, weak; 2, moderate; 3, strong). Values for the quantity
and staining intensity scores were then multiplied, giving results
that ranged from O to 9.
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The expression levels of COX-2 were recorded according to the
following scoring criteria: grade 1 (score 0); grade 2 (scores 1 to 3);
grade 3 (scores 4 to 6); grade 4 (scores 7 to 9) (17, 18). The median
and range (min-max) values of the staining grades for COX-2 in
both groups were compared with each other.

The mean number of tryptase/chymase-positive MCs (MCT/
MCTC) per 5 fields with the most abundant infiltration at a magni-
fication of X400 (19) was counted in the control myometrium and
the leiomyoma, and the mean numbers were noted in each group.
The calculation was performed on the photograph of the fields on
computer. MCT actually reflects the number of total MCs, so we
used anti-tryptase antibody to assess total MC count, as well.

In order to make a correlation between mean values of MCT and
COX-2 grades, the mean MCT number was graded according to
a cut-off value of 11 (112grade 1 and 11<grade 2).

Statistical Analysis

Statistical analysis was performed by SPSS 11.0 for Windows soft-
ware. The immunohistochemical data are reported as median
and range (min-max) value. Comparison of the means between 2
groups were determined using the nonparametrical Mann-Whit-
ney U test. Bivariate correlation between variables was estimated
by Spearman correlation coefficients. A p value <0.05 was con-
sidered significant.

RESULTS

COX-2 Expression in control and leiomyoma
Immunoreactivity was observed in the cytoplasm of muscle cells.
Expression of COX-2 was also found in inflammatory cells such
as plasma cells. In the control group, the median value of COX-2
staining grade was 3 (min:2-max:4). In leiomyoma, the median
value of COX-2 staining grade was 2 (min:1-max:3), which was
statistically lower than that of the control (p=0,001) (Table 1). No
correlation was seen between myometrial COX-2 expressions
and tryptase/chymase expressions in both groups.

Tryptase, Chymase Expressions in control and leiomyoma

The median value of tryptase expression (MCT) was 12 (min:10-
max:16) in the control myometrium, slightly higher than that of
the leiomyoma group with a median value of 10.5 (min:6-max:15).

The median value of chymase expression (MCTC) was 7 (min:4-
max:13) in the control myometrium, significantly higher (p=0.001)
than that of the leiomyoma group with a median value of 5
(min:2-max:8). Thus, in the leiomyoma group, the MC including
tryptase+MC including chymase (MCT/MCTC) proportion was
significantly higher than the control (p=0.032). MC subtypes nei-
ther correlated with each other nor with COX-2 expression in the
leiomyoma and control groups.

DISCUSSION

MCs are multifunctional cells and it has recently been shown that
they can act as effector elements of the human immune system.
In vitro and in vivo studies have also linked MC degranulation
and activation with angiogenesis and neovascularization. Recent-
ly, MC tryptase was found to be a novel and potent angiogenic
factor (20). Although some authors postulate MCs to be enhanc-
ers of tumor development, especially through their effects on an-
giogenesis, mounting evidence indicates that MCs could inhibit
tumor growth (21).

MCs are known to be located at peritumoral and intratumoral
sites, playing an active role physiologically or pathologically.
MC infiltration and activation in tumors are mainly mediated by
tumor-derived stem cell factor and its receptor c-kit on MCs. Sev-
eral types of tumor cells exhibit an increased production of stem
cell factor, which stimulates MC migration, proliferation, and de-
granulation (22).

On the other hand, COX-2 is an immediate early response gene
that can be induced by a variety of tumor promoters, cytokines,
growth factors and hypoxia. Many epidemiological studies dem-
onstrate that treatment with non-steroidal anti-inflammatory drugs
(NSAIDs) reduce the incidence and mortality of certain malignan-
cies, especially gastrointestinal cancer. The cyclooxygenase (COX)
enzymes are well-known targets of NSAIDs. However, convention-
al NSAIDs non-selectively inhibit both the constitutive form COX-
1, and the inducible form COX-2. Recent evidence indicates that
COX-2 is an important molecular target for anticancer therapies. It
is now well-established that COX-2 is chronically overexpressed in
many premalignant, malignant, and metastastic cancers (23).

First of all, in our study we found that both mast cell subtypes
MCT and MCTC were reduced in the leiomyoma compared to
thecontrol group. Contrary to our result, Li et al. (24) reported an
increased MCD in leiomyoma. Another study found significantly
higher MC numbers in cellular leiomyoma compared to endome-
trial stromal sarcoma (25). Nevertheless, MCs were found to be
decreased significantly in some endometrial lesions such as atyp-
ical hyperplasia, endometrial sarcoma, and carcinoma (26, 27).
Additionally, in our previous study we compared MCD between
endometrial carcinoma (EC) and leiomyoma and found that, in
EC, the MCD was 9.7+2.4 (the mean number of tryptase-positive
MCs (MCT) per 5 fields, with the most abundant infiltration at a
magnification of X400) cell per in the myometrium, significantly
lower than that of control (p=0.01), but not much different from
that of leiomyoma (p=0.336) (28).

Another finding of our current study was a proportional change
in mast cell subtypes. We found that the tryptase+chymase ra-
tio was increased in the leiomyoma group, due to the significant
reduction of MCTC vs. slight reduction of MCT in leiomyoma.
Consistent with our study, a proportional change in MC subtypes
was observed in some tumors, for example, lip carcinoma (29). In
contrast, some studies revealed no proportional change such as
in colorectal, pulmonary, and hepatocellular carcinoma (30).

In this context, MC mediators produce different functions and
the coexistence of both MC subtypes contributes to tissue ho-
meostasis. Since mediators have been shown to influence vari-
ous aspects of tumor biology, the net effect of MC in the tumor
progression is difficult to evaluate. For instance, chymase was
demonstrated to induce apoptosis in some targets; yet, tryptase
is thought to be an angiogenic factor.

Table 1. The median and range (min-max) values of COX-
2, MCT and MCTC expressions in control myometrium and
leiomyoma uteri

Molecular markers COX-2 MCT MCTC
Control (Group 1) 3(2-4) 12 (10-16) 7 (4-13)
Leiomyoma Uteri (Group 2) 2 (1-3) 10.5 (6-15) 5(2-8)



Availability of MCs in inflamed and ulcerated tissues also raises
the question about MCs, whether they are really functioning as
an active player or are just an innocent passerby. In fact, MCs
might only be a reflection of a generalized inflammatory reaction
of the immune system. Some researchers suggest that MCs may
represent reactive cell types involved in the pathophysiology of
the host reaction. Actually, in this cytokine storm, it is very rea-
sonable to think that MCs may change its mediator content, and
the observed increased tryptase+chymase ratio could be actu-
ally secondary to the environmental inflammatory changes in the
tumor stroma. Our correspondences on the role of MC in tumor
tissue are also well documented in the recent literature (31-33).

Furthermore, in our study we found that COX-2 expression was
lower in leiomyoma than the control myometrium. Conversely,
COX-2 expression in endometrial cancer and hyperplasia was
found to be increased compared to normal endometria, and the
increased COX-2 expression in hyperplasia was suggested to be
an indication of an early step in carcinogenesis (34). Interestingly,
in an animal model studying uterine leiomyoma in the context of
pregnancy-associated changes in gene expression, leiomyoma
cells were found to express many genes of the parturient myo-
metrium, but were deficient in COX-2 expression (35).

On the other hand, increased COX-2 expression is one of the
characteristics of some tumors, such as in endometrial cancer.
Overexpression of COX-2 may induce the expression of VEGF,
increase angiogenesis, and enhance tumor growth in endome-
trial carcinoma (36). Cyclooxygenase-2 (COX-2) overexpression
is considered to be a significant predictor of actinic cheilitis
malignisation, as well (37). Thus, the literature shows increasing
evidence that overexpression of the COX-2 plays an important
role in tumor growth and spread of tumors by interfering with
different biological processes such as cell proliferation, cellular
adhesion, immune surveillance, apoptosis, inflammation, and
angiogenesis. COX-2 overexpression itself was also found to
reduce peritumoral CD8+ T cell infiltration. Nevertheless, the
tumorigenic mechanisms of COX-2 overexpression still remains
poorly understood and may include mechanisms that may act at
different stages of the disease. Also, contrary to these data; some
studies could not demonstrate any association between COX-
2 overexpression and survival. Some researchers even showed
better survival in tumors with COX-2 overexpression (38). Thus,
COX-2 overexpression in tumors does not always mean poor
prognosis and there appears to be many other factors mediating
its expression other than tryptase. Nevertheless, we believe that
our finding of the lower levels of COX-2 in leiomyoma may be a
characteristic of benign lesions.

We also checked for a correlation between COX-2 and MCT
and MCTC in leiomyoma and controls. We found no correlation
between COX-2 and MC subtypes in leiomyoma or control
myometrium. Actually, no statistically significant correlation
was found, but all three markers were found to be reduced in
leiomyoma compared to the control group Partially supporting
our findings, COX-2 expressing cells and the number of mast
cells were found to be decreased in hepatocellular carcinoma
with progression of the disease (39). Conversely, COX-2
overexpression in actinic cheilitis was found to be associated
with increased tryptase-positive MCs, suggesting tryptase as a
contributory factor for COX-2 up-regulation (37).
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In conclusion, this study has demonstrated that MC subtypes nei-
ther correlate with each other nor with COX-2 expression in the
leiomyoma and control groups, and the proportion of MC sub-
types is changed in the tumor microenvironment. Even though
it is hard to explain the conflicting results in the literature, they
may be due to wide variations in the timing of studies related to
tumor type as well as methodologies which were used for dem-
onstration of MC, its mediators, inflammatory cells and vessels.
Because of the conflicting reports about this issue, further studies
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are required. Understanding the mechanisms of the MC function
via secretory molecules provides a basis for a rational approach
to the development of antitumoral therapy in patients with leio-
myoma and other tumors.
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