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Abstract

We examined the immunohistochemical expression of aromatase cytochrome P450 (P450arom), estrogen receptor (ER), progesterone
receptor (PR), and Ki-67 in postoperative uterine sarcomas 81) and the corresponding eutopic endometria=(20) to evaluate the
relationships between the endocrine character of uterine sarcomas and the clinical features. In sarcoma tissues, P450arom was detected i
55% of cases, ER in 42%, PR in 42%, and Ki-67 in 90%. In eutopic endometria, P450arom was detected in 60% of cases, ER in 60%, and
PR in 35%. There were correlations in the steroid-related proteins between the tumors and endBme@i@q1-0.026). The positivity
of endometrial P450aronP(= 0.04) and ER P = 0.006) was higher in surviving patients than dead patients regardless of the menstrual
state. The results demonstrate correlation between the expression of P450arom, ER, and PR in tumors and eutopic endometria. Intense
expression of the steroid-related proteins was associated with better survival.
© 2004 Elsevier Ltd. All rights reserved.
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1. Introduction with the circulating estrogen stimulates the tumor growth.
A preliminary study has shown aromatase activity in uterine
Uterine sarcomas are rare tumors of mesodermal origin sarcomag16], however, the expression of P450arom and
accounting for 3% of uterine malignancifd§. Uterine sar- the relationship to the steroid receptors have not been stud-
comas are associated with poor prognosis because of theifed. To reconsider the endocrine character of uterine sar-
aggressiveness and low sensitivity to chemotherapy, radia-comas, we examined the immunohistochemical expression
tion, and hormone therapy. As detected in gynecologic neo- of P450arom, ER, PR, and the cell proliferation-associated
plasms, estrogen receptor (ER), and progesterone receptoantigen Ki-67 in both uterine sarcoma tissues and the cor-
(PR) have been demonstrated in uterine sarcof@aSs]. responding eutopic endometria. We analyzed the relation-
While the use of steroids in the treatment of uterine sarco- ships between the status of the steroid-related proteins and
mas has been suggest&d6], no relationship between the the clinical features.
receptor status and the response to adjuvant hormonal ther-
apy has been show@,4].
Studies have shown that the steroid receptor-positive neo-2. Materials and methods
plasms of both benign tumors such as endometrigs8,
adenomyosig8], and leiomyoma§9,10], and malignanttu-  2.1. Subjects
mors such as endometrial candéd,12] ovarian cancer
[13], and breast cancgi4,15], also contain aromatase cy- A total of 31 cases of uterine sarcomas that had been
tochrome P450 (P450arom), the enzyme responsible for espathohistologically diagnosed using the removed uteri were
trogen biosynthesis. The local expression of P450arom mayselected from the files at Kyoto Prefectural University of
increase the local estrogen concentration, which togetherMedicine ¢ = 11) and Akashi City Hospitals(= 20). Of
the 31 cases, 22 were leiomyosarcomas (LMS), five were
* Corresponding author. Tek:81-75-251-5560; fax381-75-212-1265. endometrial stromal sarcomas (ESS), and four were ma-
E-mail address: kitawaki@koto.kpu-m.ac.jp (J. Kitawaki). lignant mixed mullerian tumors (MMMT)Table 1. The
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Table 1

Expression of P450arom, ER, PR, and Ki-67 in uterine sarcomas

Case no. Age Menstrual  Clinical Survival Histolog$  Tumor Eutopic endometrium

(vears) status stage P450arom  ER PR Ki-67 P450arom  ER PR

1 40 Pre | Alive LMS +© + ++ + + + +
2 47 Pre | Alive LMS + ++ +++ + ++ + -
3 48 Pre | Alive LMS + — — + + + ++
4 21 Pre | Alive LMS + +++ +++ + ++ +++ +++
5 42 Pre | Alive LMS — — — + + + +
6 52 Pre | Alive LMS — — — + - - -
7 35 Pre | Alive LMS + — — + + ++ -
8 39 Pre | Alive LMS + — + - + + +
9 48 Pre | Alive LMS — + — . . + -
10 49 Pre | Alive ESS — - ++ + - ++ +
11 49 Pre | Alive ESS — — — + ++ - -
12 55 Post | Alive LMS + ++ + ++ + -
13 61 Post | Alive LMS — — - ++ - - -
14 68 Post Il Alive MMMT + —+ ++ + + +++ ++
15 51 Pre 1] Alive LMS + - +++ + ++ ++ -
16 49 Pre | Alive LMS + - - + N.A.

17 23 Pre | Alive ESS — + +++ + N.A.

18 60 Post Il Alive ESS + + + N.A.

19 81 Post 11} Alive LMS — + - -+ N.A.

20 71 Post 1l Alive MMMT + + — ++ N.A.

21 59 Post \Y Alive LMS - - - + N.A.

22 44 Pre | Dead LMS - + ++ - - - -

23 52 Pre | Dead LMS + + ++ + + - -

24 57 Post 1] Dead LMS + - — ++ - - -

25 42 Pre [\ Dead ESS - - + - - -

26 46 Pre [\ Dead MMMT + — - + - - -

27 49 Pre 1] Dead LMS + - — ++ N.A.

28 47 Pre v Dead LMS - - - ++ N.A.

29 53 Post \ Dead LMS + + - + N.A.

30 59 Post \ Dead LMS — — — +++ N.A.

31 51 Post \ Dead MMMT — + + + N.A.

N.A., not available.
aPre, premenopause; post, postmenopause.
bLMS, leiomyosarcoma; ESS, endometrial stromal sarcoma; MMMT, malignant mullerian tumor.
¢The immunostaining intensity was classified into four grades: negative, weak, moderate, and strong, according to the criteria d&ssrtimedan

clinical stages at the operation were recorded according toclaving was omitted for the P450arom immunostaining. The
the International Federation of Gynecologists and Obstetri- sections were incubated for 10 min at room temperature with
cians (FIGO) staging system for endometrial carcinomas. Dako Protein Block Serum-Free (Dako, Carpinteria, CA),
All of the patients had had no other endocrine disease. and then for 24 h at 4C with a polyclonal antiserum against
The tissues had been fixed with 10% phosphate-bufferedP450arom (PAb R-8-2, 1:100(1)8] or monoclonal antibod-
paraformaldehyde and embedded in paraffin. In each casejes (5p.g/ml, Dako) against ER, PR or Ki-67. The sections
1-3 tissue blocks prepared from different portions of the were washed three times with wash buffer, and incubated
tumors were subjected to immunohistochemical staining. for 30 min at room temperature with biotinylated anti-rabbit
In 20 of the 31 cases, the eutopic endometrial tissues wereor anti-mouse immunoglobulins (Dako). The sections were
also available for evaluation of the histologic and immuno- then washed three times with wash buffer, and incubated

histochemical staining. with streptavidin-conjugated horseradish peroxidase (Dako).
The sections were colored with 3,3-diaminobenzidine hy-
2.2. Immunohistochemistry drochloride solution, and counterstained with hematoxylin

after three further washes in buffer.

Immunohistochemical staining was performed as previ-  For positive controls, chorionic tissues from patients un-
ously describedlL7]. Briefly, the tissue blocks were cut into  dergoing elective termination of pregnancy between 6 and 9
4 um sections. The sections were deparaffinized, autoclavedweeks gestation for reasons other than gynecological ones
at 121°C for 20 min in 0.01 M citrate buffer (pH 6.0), treated were used. Negative controls for P450arom were incubated
for 5min with 3% HO, to block the endogenous peroxi- with the same dilution of nonimmunized rabbit serum or
dase, and washed three times with 0.05M Tris—HCI buffer PAb R-8-2 that had been pretreated with immunopurified
(pH 7.6) containing 0.05% Tween 20 (wash buffer). Auto- human placental P450arom (509 P450arom per 1ml
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diluted PAb R-8-2) to block the active site. Negative con- displayed negative stainingig. 1B). There were no remark-
trols for the other antigens were incubated with the same able differences in the staining pattern among the histologic
dilution of nonimmunized mouse IgG. types. ER Fig. 10 and PR Fig. 1D) were stained in the
For the immunostaining of tumor tissues, the staining in- nuclei of tumor cells, almost focally except for two cases
tensity was classified into four grades; no tumor cells with diffuse immunostaining. In ESS, intense immunostain-
stained;+, less than 25% of the tumor cells stainegh, ing was observed in areas with high vascularity. In MMMT,
25-50% of the tumor cells stained; ardt-+, more than more intense immunostaining was observed in the cancer-
50% of the tumor cells stained. For the immunostaining of ous cells than in the sarcoma cells. There was no remark-
eutopic endometrium, the staining intensity was graded us-able difference between the localization of P450arom and
ing a semiquantitative index known as ldrscore using the  the steroid receptors, although the localizations were not al-

following equation: H—score= )_ Pi, wherei is the in- ways the same. In cases where both ER and PR were ex-
tensity of staining with a value of 0, 1, 2 or 3 (negative, pressed, they were immunolocalized in the same areas of
weak, moderate, or strong, respectively) @i the per- the tumor. Ki-67 was stained diffusely in the nuclei of tumor
centage of stained cells for each givie(from 0 to 100%) cells Fig. 1B.

[19]. The score was classified into four grades:H-score In the eutopic endometrium of a uterus bearing a sar-

<20; +, between 21 and 1006;+, between 101 and 200; coma, P450arom was immunostained exclusively in the cy-
and+++, between 201 and 300. Approximately 500 cells toplasm of glandular epithelial cells and faintly in the stroma
were observed on the three slides that had been preparedFig. 1F, although some cases displayed negative staining
from three different portions of each tissue, and the mean (Fig. 1G. ER (Fig. 1H) and PR Fig. 1I) were immunos-

of two scores calculated by two independent observers wastained in the nuclei of both epithelia and stroma, being more

used for determination of the staining intensity. intense in the epithelia.
Of the 31 uterine sarcoma tissues, P450arom was im-
2.3. Satistics munohistochemically detected in 17 cases (55%; 13 of 22

LMS, 1 of 5 ESS, 3 of 4 MMMT). ER was detected in 13
The relationships between the parameters were analyzedcases (42%; 8 LMS, 2 ESS, 3 MMMT) and PR was detected
with Mann—-Whitney’sU-test, Spearman’s correlation coef- in 13 cases (42%; 8 LMS, 3 ESS, 2 MMMT). Ki-67 was
ficient by rank test, and/or one factor ANOVA. R value positive in 28 tumors (90%)Table J). Of the 20 cases of
of <0.05 was considered significant. eutopic endometrial tissues, P450arom was detected in 12
cases (60%), ER in 12 cases (60%), and PR in seven cases
(35%) (Table .
3. Results The relationships between the clinical and immunohisto-
chemical parameters were analyzed statisticalble 2.
In the LMS tissues, P450arom was stained diffusely in The clinical stage was higher in the dead patients than in
the cytoplasm of tumor cell$={g. 1A), although some cases the surviving patients § = 0.001 by Mann—-Whitney’s

Table 2
Relationships among clinical parameters and immunohistochemical staining intensity of P450arom, ER, PR, and Ki-67 in the uterine sarconm tissues a
corresponding eutopic endometria

Survival Stage Tumor Endometrium
P450arom ER PR P450arom ER
Survival - - - — - - -
Stage 0.01 - - - - - -
Menstrual state NS 0.009 - - - - -
Tumor
P450arom NS NS - — - - -
ER NS NS NS - - - -
PR NS NS NS re=0.41, 0008 - - -
Ki-67 NS 0.005 NS NS NS - -
Endometrium
P450arom 0.04 NS rs= 0.74, 0.00% NS rs=0.63, 0.008 — -
ER 0.006 NS NS rs= 0.49, 0.028 rs = 0.61, 0.0® rs=0.52,008 -
PR NS NS NS rs= 0.59, 0.008 NS NS rs= 0.67, 0.00%

Values represen® values, rs, correlation coefficient. NS, not significant. (=) Values are listed in the other columns.
@ Mann—Whitney’'sU-test.
b Spearman’s correlation coefficient by rank test.
¢One factor ANOVA.
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U-test), and higher in the postmenopausal patients than in There were correlations between the immunostaining
the premenopausal patienfs £ 0.009 by Mann—Whitney’s  intensities of ER and PR in both the tumors &s0.41,
U-test). As the clinical stage progressed, the immunohisto- P = 0.004 by Spearman’s correlation coefficient by rank

chemical intensity of Ki-67 in the tumor increasefl & test) Fig. 2A) and the eutopic endometria (s 0.67,
0.005 by one factor ANOVA). However, there were no sig- P = 0.007 by Spearman’s correlation coefficient by
nificant relationships between the histologic types and the rank test) Fig. 2B). There was a correlation between
other parameters. P450arom and ER in the endometrium &s0.52, P =

Fig. 1. Representative immunohistochemical staining for (A and F) aromatase cytochrome P450 (P450arom), (C and H) estrogen receptors, (D and |
progesterone receptors, and (E) Ki-67, (A—E) in the tumor and (F-l) the corresponding endometrium in leiomyosarcoma tissues. Negative P450aror
staining in a (B) tumor and (G) eutopic endometrium. Original magnificationx3®ar = 20.m.
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Fig. 1. Continued).

o

0.03 by Spearman’s correlation coefficient by rank test) endometrium (rs= 0.74, P = 0.001 by Spearman’s cor-

(Table 2.

relation coefficient by rank testf{g. 3), between the tu-

There were close relationships for the steroid-related pa- mor ER and the endometrial ER #s0.49, P = 0.026 by
rameters between the tumors and the eutopic endometriaSpearman’s correlation coefficient by rank test), between the
There was a correlation between P450arom in the tumor andtumor ER and the endometrial PR #s0.59, P = 0.006
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Fig. 2. Positive correlation between the immunostaining intensities of ER and PR in both the (A) tumors and the (B) eutopic endomets20.¢4) rs
P =0.004 and (B) rs= 0.67, P = 0.007 by Spearman’s correlation coefficient by rank teSt),(Premenopausal patientsh), postmenopausal patients.
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160 growth of uterine sarcomas and sex steroids is not as well
understood as it is in endometrial cancer and breast cancer.
In the present study, ER and PR were detected in the uterine
1201 o sarcoma tissues and the immunostaining intensity of both
A receptors was correlated, consistent with previous findings
that there was a correlation between the levels of ER and
80- PR determined by binding ass&s3]. The expressions of
ER and PR have been demonstrated in estrogen-dependent
o benign and malignant uterine tumors, ovarian cancer,
40+ and breast cancer. Interestingly, such tumors also express
5 P450arom[7-16], which may increase the local estrogen
0 O o concentration and stimulate the tumor growth. To the best
oJQ o A . of our knowledge, this is the first report to demonstrate the
0 10 20 30 expression of P450arom in uterine sarcomas. Furthermore,
P450arom in tumor (%) this is the first study to examine the steroid-related parame-
ters in the eutopic endometrium of patients with uterine sar-
Fig. 3. Positive correlation between the immunostaining intensities of ~omas. The present study showed that P450arom, ER and/or

P450arom in the tumors and the eutopic endometria. @74, P = 0.001 . . .
n he umors eutopl e Os74, PR were expressed in the eutopic endometrium of 50% of
by Spearman’s correlation coefficient by rank te&d),( Premenopausal

H score for endometrial P450arom

patients; &), postmenopausal patients. postmenopausal patients with sarcomas. While P450arom
is not expressed in the eutopic endometrium of disease-
Table 3 free women, it is expressed in the eutopic endometrium of
The positivity of endometrial P450arom and ER was associated with Patients with endometriosis, adenomyosis and/or leiomy-
better survival omas|[8]. However, P450arom ceases to be expressed after
H-score pa menopausgl7]. ER and PR also become faint in the en-
_ T I+ . dometrium of postmenopausal women who are disease-free
Endometrial P450arom or who have a benign disease. P450arom is the product of the
Alive 4(1) 6 (1) 5 (1) 0 CYP19 gene, which is located on chromosome 15g21.1 with
Dead 4 (1) 1 0 0 0.04 10 exons. The tissue-specific gene expression of P450arom
Endometrial ER is regulated by multiple untranslated exorfi2D]. Among
Alive 3(1) 7 (1) 3 2 (1) the steroid-related parameters of P450arom, ER, and PR,
Dead 5(1) 0 0 0 0.005 there were correlations between many pairs of the param-
Numbers in the parentheses are postmenopausal patients. eters in the tumor and in the endometrium. Furthermore,
2By Mann-Whitney'sU-test. the clinical stage was significantly higher in the cases of

postmenopausal women than in the cases of premenopausal
by Spearman’s correlation coefficient by rank test), between women. The positivity of endometrial P450arom and ER
the tumor PR and the endometrial P450arom=r9.63, was significantly higher in the surviving patients than in the
P = 0.009 by Spearman’s correlation coefficient by rank dead patients regardless of the menstrual state.
test), and between the tumor PR and the endometrial ER Taken together, it is suggested that the eutopic en-
(rs=0.61, P = 0.01 by Spearman’s correlation coefficient dometrium reflects the endocrine environment in the tumor
by rank test) Table 2. tissue. It is also suggested that the intense expression of
Furthermore, tumor PR was negative in seven casessteroid-related proteins is associated with better survival.
(70%) of dead patients. In all five cases of dead patients The present findings will be applicable to the clinical di-
whose endometria were available for immunostaining, both agnosis of uterine sarcomas in postmenopausa| women.
endometrial ER and PR were negative, and in four casesFor example, if P450arom, ER and/or PR are expressed in
(80%), except for one case, endometrial P450arom wasa biopsy specimen of the eutopic endometrium, a higher
negative. The immunohistochemical intensity of endome- chance of sarcoma should be suspected.
trial P450arom P = 0.04 by Mann-Whitney’dJ-test) and While the present study showed no correlation between
ER (P = 0.006 by Mann-Whitney'sJ-test) was greater in  the expression of steroid receptors and the histologic types
the surviving patients than in the dead patients regardlessof sarcomas due to the limited number of cases, Navarro
of the menstrual statefgble 3. et al. [5] have suggested that ESS contains more abundant
steroid receptors than the other two histologic types and that
antiestrogenic drugs may be considered for the treatment of
4. Discussion ER- and PR-positive ESS. Among actual cases, medrox-
yprogesterone acetate (MPA) was effective in the treatment
While the presence of steroid receptors in uterine sarco-of a case with multiple metastasizing LMS with the ex-
mas has been reportg¢d-5], the association between the pression of ER and PR6], whereas no relationship has
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been shown between the receptor status and the response t@6] T. Uchida, K. Nakakawaji, J. Sakamoto, H. Kojima, H. Murakami,
adjuvant hormonal therapf2,4]. However, one should be J. Kato, M. Yasuej The effective_n_ess of medroxyprogesterone in the
careful in evaluating the latter report because MPA as well treatment of multiple metastasizing leiomyosarcomas: report of a
tamoxifen, which acts as an estrogen agonist, were used..; o= Surg. Today 26 (1996) 138-141.
as o : 9 g o ‘[7] L.S. Noble, E.R. Simpson, A. Johns, S.E. Bulun, Aromatase
Increased incidences of both uterine endometrial adenocar-  expression in endometriosis, J. Clin. Endocrinol. Metab. 81 (1996)
cinomas and sarcomas have been pointed out in women  174-179.
with breast cancer who are tak|ng tamoxif@l]_ As [8] J. Kitawaki, T. NOgl:JChi, T. Amgtsu, K. Maeda, K. Tsukamoto, H.
demonstrated in the present study, uterine sarcomas exert Yamamoto, T. Honjo, Expression of aromatase cytochrome PA50
. . . . . protein and messenger ribonucleic acid in human endometriotic and
'n S.Itu estrogen production and ster0|d rec?ptor expression adenomyotic tissues but not in normal endometrium, Biol. Reprod.
similar to estrogen-dependent benign uterine tumors such 57 (1997) 514-519.
as leiomyomas. However, unlike leiomyomas, the expres- [9] T. Yamamoto, K. Takamori, H. Okada, Effect of aminoglutethimide
sion of steroid receptors is less interj@2,23] and such a” a”d,f\;SteEegO”e1?%2“;;:?;;“2%i” human uterine leiomyoma,
: : : : orm. Metab. Res. —549.
an estrogenic environment may not contmue Fo stimulate [10] S.E. Bulun, E.R. Simpson. R.A. Word, Expression of the CYP19
the g_rOWth of sarcomas but may regmate it. It is therefore gene and its product aromatase cytochrome P450 in human uterine
possible that some cases may respond poorly to the hor- leiomyoma tissues and cells in culture, J. Clin. Endocrinol. Metab.
monal therapy even if they contain ER and PR, and that 78 (1994) 736-743.

some cases may actually worsen after the administration ofl11] J. Yamaki, T. Yamamoto, H. Okada, Aromatization of
hormones such as tamoxifen androstenedione by normal and neoplastic endometrium of the uterus,

. . J. Steroid Biochem. 22 (1985) 63-66.
In conclusion, P450arom, ER, and PR were expressed in[12] se. Bulun, K. Economos, D. Miller, E.R. Simpson, CYP19

the tumor tissues and corresponding eutopic endometria of  (aromatase cytochrome P450) gene expression in human malignant
uterine sarcomas. High grades of correlations were found  endometrial tumors, J. Clin. Endocrinol. Metab. 79 (1994) 1831-
between the expression of the steroid-related proteins in the _ 1834 _

. . . [13] J. Kitawaki, T. Noguchi, T. Yamamoto, K. Yokota, K. Maeda, M.
tumo_rs and the eut(?plc endomem_a' Intehse expressm_n of Urabe, H. Honjo, Immunohistochemical localisation of aromatase
steroid-related proteins was associated with better survival.  ang its correlation with progesterone receptors in ovarian epithelial
Further investigation concerning the steroid metabolism tumours, Anticancer Res. 16 (1996) 91-98.
and responsiveness needs to be performed. Examination ofl4] V.H. James, J.M. McNeil, L.C. Lai, C.J. Newton, M.W. Ghilchik,
P450arom, ER, and PR in the tumor tissues and eutopic ~ -J- Reed, Aromatase activity in normal breast and breast tumor

. . L. tissues: in vivo and in vitro studies, Steroids 50 (1987) 269-

endometria may be useful in predicting the response to hor- 574

mones and the prognosis in each case of uterine sarcoma. [15] H. Sasano, H. Nagura, N. Harada, Y. Goukon, M. Kimura,
Immunolocalization of aromatase and other steroidogenic enzymes
in human breast disorders, Hum. Pathol. 25 (1994) 530-535.

[16] L. Tseng, J.K. Tseng, W.J. Mann, J.C. Chumas, M.L. Stone, J.
Mazella, B. Sun, T.G. Amalfitano, R.C. Wallach, Endocrine aspects of
human uterine sarcoma: a preliminary study, Am. J. Obstet. Gynecol.
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