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A B S T R A C T

Inhibins are dimeric glycoproteins, composed of an alpha-subunit (inhibin-a) and one of

two possible beta-subunits (bA or bB), with substantial roles in human reproduction and

in endocrine-responsive tumours. The aims of this study were to determine the distribu-

tion of inhibin-a, -bA and -bB subunits in malignant human endometrial tissue and the

assessment of an association with specific clinicopathologic tumour features and clinical

outcome. A series of 302 endometrial cancer tissue samples were immunohistochemically

analysed with monoclonal antibodies against inhibin subunits. The inhibin-a subunit

showed a significant association with histological grading, surgical staging, lymph node

status and diabetes in patients with endometrial cancer. Interestingly, loss of inhibin-a

expression resulted in a poorer survival of endometrial cancer patients. Additionally, sur-

vival analysis demonstrated that inhibin-a immunoreactivity was an independent prog-

nostic factor for progression-free survival, cause-specific survival as well as for overall

survival. In contrast, although inhibin-bA- and -bB subunits showed a significant associa-

tion between endometrial histological subtypes and histological grading, both subunits

were not found to be associated with survival in endometrial cancer patients. Therefore,

inhibin-a immunostaining might be used as a simple and efficient marker to identify

high-risk patients leading to the selection of patients for an aggressive adjuvant therapy.

� 2009 Elsevier Ltd. All rights reserved.
1. Introduction

Endometrial cancer is the most frequent gynaecologic genital

malignancy in the western world, with an increasing inci-

dence in the industrial nations.1,2 Traditional prognostic

factors are histological type, tumour grade and depth of

myometrial invasion. Although endogenous and exogenous
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sources of unopposed oestrogen increase the risk of endome-

trial adenocarcinoma, the molecular pathogenesis of endo-

metrial carcinoma remains unclear.1 However, the currently

applied diagnostic technology is insufficient to identify endo-

metrial cancer patients with poor prognosis. Therefore, addi-

tional immunohistochemistry of specific markers might be a

useful alternative to select high-risk patients.3
.
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Inhibins and activins are homologous proteins, sharing

common b-subunits, comprising a nine-cysteine distribution

pattern similar to the transforming growth factor-beta (TGF-

b) family of proteins.4,5 Inhibins, in contrast to activins, con-

sist of an a-subunit and one of two possible b-subunits (bA

or bB). The a-subunit is able to form heterodimers with either

bA- or bB-subunit, resulting in the formation of either inhibin

A (a-bA) or inhibin B (a-bB), respectively. Activins are homodi-

mers of b-subunits linked by a disulphide bond. Thus,

depending on the subunit combination, there are three iso-

forms of activin, namely activin A (bA–bA), activin B (bB–bB)

and activin AB (bA–bB), which were found to be expressed.4,5

Inhibin has been demonstrated in normal, hyperplastic

and malignant human endometrium6–11, although the precise

roles of inhibin subunits remain still unknown. Interestingly,

TGF-b has been recognised as a tumour suppressor in pre-

malignant stages of carcinogenesis with an additional dual

role as a pro-oncogene in the later stages of disease, leading

to metastasis.12 The tumour suppressor activity of the inhibin

a-subunit was first identified after functional deletion of the

inhibin-a gene in male and female mice, resulting in primary

gonadal sex cord-stromal tumours.13 We recently demon-

strated a higher expression of the inhibin-a, -bA and -bB

subunits in hyperplastic endometrial tissue than in adenocar-

cinomas, suggesting an involvement of these subunits in

endometrial pathogenesis.11,14,15 Furthermore, determination

of the expression pattern of the inhibin-a subunit in human

endometrial tissue might be of predominant importance,

since the preferred secretion form of inhibin or activin is

determined by this subunit.

Therefore, the aims of this study were

(a) the determination of the expression and tissue distri-

bution pattern of the inhibin-a, -bB and -bB subunits

in malignant endometrial tissues;

(b) the assessment of these subunits as immunohisto-

chemical markers for malignant endometrial

adenocarcinoma;

(c) the assessment of an association of inhibin/activin sub-

unit expression with specific clinicopathologic tumour

features and clinical outcome in a large number of

endometrial cancer tissues.

2. Materials and methods

2.1. Tissue samples

Three hundred and two hysterectomy specimens containing

endometrial carcinoma tissue were obtained from the patho-

logical archives of the 1st Department of Obstetrics and

Gynaecology – Ludwig-Maximilians-University Munich be-

tween the years 1990 and 2002. In a previous study, endome-

trial specimens until the year 2001 were analysed for the

expression of oestrogen receptor alpha (ERa) and beta (ERb),

progesterone receptor A (PR-A) and B (PR-B).41 All haematox-

ylin and eosin-stained slides were re-reviewed by a gynaeco-

logical pathologist (N. S.) to verify the diagnosis, histological

grade, histological type, surgical stage, lymphangiosis and

haemangiosis.16 Women with sarcoma of the uterus were
excluded from this study. Pathological stage and histological

subtype were determined according to International Federa-

tion of Gynaecology and Obstetrics (FIGOs) criteria.17 Histo-

logical classification was performed according to the World

Health Organisation (WHO) system in well-differentiated

(G1; n = 165), moderately differentiated (G2; n = 83) and poorly

differentiated (G3; n = 54) carcinomas.

Patients with endometrial carcinoma received modified

radical hysterectomy, salpingo-oophorectomy or selective

pelvic lymphadenectomy, with or without para-aortic lym-

phadenectomy. Lymph node dissection was generally per-

formed in patients having tumours with deep myometrial

invasion and/or high-grade or aggressive histological fea-

tures. Obesity, advanced age and excessive comorbidity were

factors preventing full surgical staging.

Patient data were obtained from three sources: hospital tu-

mour registry, automated database and chart review. The Mu-

nich tumour registry systematically collects baseline data,

including demographic data, diagnosis, additionally diseases

(i.e. obesity, diabetes and hypertension) and treatment infor-

mation on all the cancer patients, who are diagnosed or trea-

ted at the 1st Department of Obstetrics and Gynaecology.

Automated records and, when available, charts for each pa-

tient were reviewed to verify the diagnosis and the presence

or the absence of radiologic or pathological evidence of dis-

ease recurrence. Patients’ data were analysed anonymously.

All cases of recurrence had radiologic evidence or biopsy-pro-

ven progression of disease. Only the records of patients who

died of disease were considered to be uncensored; the records

of all patients who were alive at follow-up or who did not die

of disease (or a related cause) were considered to be censored.

Additionally, those cases where the exact cause of death was

unknown but died within two years after the diagnosis of a

metastatic lesion have been censored as previously

described.41

2.2. Immunohistochemistry

Immunohistochemistry with specific antibodies against inhi-

bin subunits was performed using a combination of pressure

cooker heating and the standard streptavidin-biotin-peroxi-

dase complex with the use of the mouse-IgG-Vectastain Elite

ABC kit (Vector Laboratories, Burlingame, California, United

States) as previously described.8 Briefly, paraffin-fixed tissue

sections were dewaxed using xylol for 15 min, rehydrated in

an ascending series of alcohols (70%, 96% and 100%) and sub-

jected to antigen retrieval on a high setting for 10min in a

pressure cooker in sodium citrate buffer (pH 6.0), containing

citric acid 0.1M and sodium citrate 0.1 M in distilled water.

After cooling, the slides were washed twice in PBS. Endoge-

nous peroxidase activity was quenched by immersion in a

3% hydrogen peroxide solution (Merck, Darmstadt, Germany)

dissolved in methanol for 20 min. Non-specific binding of the

primary antibodies was blocked by incubating the sections

with diluted normal serum (10 ml PBS containing 150 ll horse

serum) for 20 min at room temperature. Sections were incu-

bated at room temperature for 120 min with the monoclonal

primary antibodies (inhibin-a, clone R1, diluted in PBS 1:50; in-

hibin-bA, E4, diluted in PBS 1:50; inhibin-bB, C5, diluted in PBS

1:10; obtained from Serotec – Oxford – United Kingdom). After



Table 1 – Clinicopathological characteristics of the analysed endometrial carcinomas.

Total (n = 302) Endometrioid adenocarcinomas Non-endometrioid carcinomas

Endometrioid (n = 221) Mucinous (n = 14) Mixed (n = 34) Serous (n = 22) Clear cell (n = 6) Undifferentiated (n = 5)

Age (years) < 65 156 (51.7%) 114 (51.6%) 7 (50%) 21 (61.8%) 7 (31.8%) 4 (66.7%) 3 (60%)

> 65 146 (48.3%) 107 (48.4%) 7 (50%) 13 (38.2%) 15 (68.2%) 2 (33.3%) 2 (40%)

WHO grading Grade 1 165 (54.6%) 138 (62.4%) 10 (71.4%) 11 (32.4%) 5 (22.7%) 1 (16.7%) 0 (0%)

Grade 2 83 (27.5%) 58 (26.2%) 4 (28.5%) 14 (41.2%) 5 (22.7%) 2 (33.3%) 0 (0%)

Grade 3 54 (17.9%) 25 (11.3%) 0 (0%) 9 (26.5%) 12 (54.5%) 3 (50%) 5 (100%)

FIGO stage FIGO I 225 (74.5%) 176 (79.6%) 12 (85.7%) 19 (55.9%) 13 (59.1%) 2 (33.3%) 3 (60%)

FIGO II 22 (7.3%) 15 (6.8%) 0 (0%) 4 (11.8%) 0 (0%) 3 (50%) 0 (0%)

FIGO III 46 (15.2%) 22 (10%) 2 (14.3%) 11 (32.3%) 8 (36.4%) 1 (16.7%) 2 (40%)

FIGO IV 9 (3.0%) 8 (3.6%) 0 (0%) 0 (0%) 1 (4.5%) 0 (0%) 0 (0%)

LN status Negative 193 (63.9%) 145 (65.6%) 9 (64.3%) 17 (50%) 15 (68.2%) 5 (83.3%) 2 (40%)

Positive 25 (8.3%) 13 (5.9%) 1 (7.1%) 6 (17.6%) 3 (13.6%) 1 (16.7%) 1 (20%)

Unknown 84 (27.8%) 63 (28.5%) 4 (28.6%) 11 (32.4%) 4 (18.2%) 0 (0%) 2 (40%)

Lymphangiosis Negative 272 (90.1%) 202 (91.4%) 13 (92.9%) 29 (85.3%) 19 (86.4%) 6 (100%) 3 (60%)

Positive 30 (9.9%) 19 (8.6%) 1 (7.1%) 5 (14.7%) 3 (13.6%) 0 (0%) 2 (40%)

Haemangiosis Negative 294 (97.4%) 215 (97.3%) 14 (100%) 33 (97.1%) 22 (100%) 6 (100%) 4 (80%)

Positive 8 (2.8%) 6 (2.7%) 0 (0%) 1 (2.9%) 0 (0%) 0 (0%) 1 (20%)

Diabetes Negative 268 (88.7%) 193 (87.3%) 14 (100%) 32 (94.1%) 20 (90.9%) 6 (100%) 3 (60%)

Positive 34 (11.3%) 28 (12.7%) 0 (0%) 2 (5.9%) 2 (9.1%) 0 (0%) 2 (40%)

Adipositas Negative 198 (65.6%) 139 (62.9%) 8 (57.1%) 27 (79.4%) 15 (68.2%) 6 (100%) 3 (60%)

Positive 104 (34.4%) 82 (37.1%) 6 (42.9%) 7 (20.6%) 7 (31.8%) 0 (0%) 2 (40%)

Hypertension Negative 183 (60.6%) 129 (58.4%) 5 (35.7%) 26 (76.5%) 16 (72.7%) 5 (83.3%) 2 (40%)

Positive 119 (39.4%) 92 (41.6%) 9 (64.3%) 8 (23.5%) 6 (27.3%) 1 (16.7%) 3 (60%)

Radiotherapy Negative 177 (58.6%) 136 (61.5%) 9 (64.3%) 13 (38.2%) 14 (61.5%) 4 (66.7%) 1 (20%)

Positive 119 (39.4%) 79 (35.7%) 5 (35.7%) 21 (61.8%) 8 (36.4%) 2 (33.3%) 4 (80%)

Denial 6 (2.0%) 6 (2.7%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)

Anti-hormone

therapy

Negative 293 (97.0) 216 (97.7%) 14 (100%) 32 (94.1%) 20 (90.9%) 6 (100%) 5 (100%)

Positive 9 (3.0%) 5 (2.3%) 0 (0%) 2 (11.3%) 2 (9.1%) 0 (0%) 0 (0%)

Denial 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)

1
3

0
6

E
U

R
O

P
E

A
N

J
O

U
R

N
A

L
O

F
C

A
N

C
E

R
4

5
(
2

0
0

9
)

1
3

0
4

–
1

3
1

4



E U R O P E A N J O U R N A L O F C A N C E R 4 5 ( 2 0 0 9 ) 1 3 0 4 – 1 3 1 4 1307
washing with PBS, the slides were incubated in diluted biotin-

ylated mouse anti-serum (10 ml PBS containing 50 ll horse

serum) for another 30 min at room temperature. After incuba-

tion with the avidin-biotin peroxidase complex (ABC) for an-

other 30 min and after repeated washing steps with PBS,

visualisation was performed with substrate and chromogenic

3,3 0-diaminobenzidine (DAB; Dako, Glostrup, Denmark) for

8–10 min. The slides were counterstained with Mayer’s acidic

haematoxylin, and washed in an ascending series of alcohols

(50–98%). After xylol treatment, the slides were covered. Neg-

ative controls were performed by replacing the primary anti-

body with normal mouse IgG in the same dilution used for

inhibin detection as previously described.8
Fig. 1 – (a–c) Expression of inhibin-a, -bA and -bB subunits in m

minimal to moderate expression in well-differentiated endome

tiated carcinomas did not demonstrate an inhibin-a immunorea

and -bB subunits was higher compared to the a-subunit. The st

differentiated endometrial cancer (Fig. 1c, ·250) than in poorly di

bA expression, the inhibin-bB immunoreactivity was lower in w

poorly differentiated carcinomas (Fig. 1f, ·400).
2.3. Immunohistochemical evaluation

The intensity and distribution patterns of specific inhibin-

subunit immunohistochemical cytoplasmatic staining reac-

tion were evaluated by two blinded, independent observers,

including a gynaecological pathologist, using a semi-quanti-

tative score (IRS) as previously described18, and were previ-

ously used to asses inhibin expression in endometrial and

placental tissues.8,19,20

The IRS was calculated by multiplication of the optical

staining intensity (graded as 0 = no, 1 = weak, 2 = moderate

and 3 = strong staining) and the percentage of positively

stained cells (0 = no staining, 1 = <10% of the cells,
alignant human endometrial tissue. Inhibin-a showed

trial cancer tissue (Fig. 1a, ·250), whereas poorly differen-

ctivity (Fig. 1b, ·400). The staining intensity of the inhibin-bA

aining reaction against inhibin-bA was low in well-

fferentiated carcinomas (Fig. 1d, ·400). Similar to the inhibin-

ell-differentiated endometrial cancer (Fig. 1e, ·250) than in
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2 = 11–50% of the cells, 3 = 51–80% of the cells and 4 = >81% of

the cells). Sections were examined using a Leica (Solms, Ger-

many) photomicroscope. The IRS of the inhibin-a, -ba and -bB

immunohistochemical expression levels was compared using

the Kruskal–Wallis one-way analysis of variance by ranks.

2.4. Statistical analysis

For the purposes of statistical survival analysis, inhibin/activin

subunits in tumour samples were considered to be elevated if

the immunohistochemical staining score of a tumour sample

was higher than the median as previously described.22,41

Increased/positive versus not increased/negative immuno-

staining in tumour samples was compared using the chi-square

test and the exact Fisher’s test wherever applicable.

The outcome variables analysed were progression-free

survival, cause-specific survival and overall survival. Univari-

ate analysis was performed with Kaplan–Meier life-table

curves to estimate survival, and was compared using the log

rank test.23 Prognostic models used multivariate Cox regres-

sion analysis for multivariate analyses of survival in a for-

ward stepwise manner.24 Data were adjusted for age, FIGO

stage, WHO grade, lymph node involvement, lymphangiosis,

haemangiosis, unfavourable histology (endometrioid versus

papillary serous/clear cell), hypertension, obesity, diabetes,

anti-hormone therapy and radiation therapy. Lymph node

involvement was entered as categorical variable defined as

no lymph node involvement, positive lymph nodes and un-

known status. Significance of differences was assumed at

p 6 0.05 as the two-sided tests (SPSS, version 14.0; SPSS Inc.,

Munich, Germany) were used.
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3. Results

3.1. Clinicopathological characterisation

Of the total amount of 302 endometrial samples, 293 endo-

metrial carcinomas were analysed for the expression of

oestrogen receptor alpha (ERa) and beta (ERb), progesterone

receptor A (PR-A) and B (PR-B) in a recent study.41 The med-

ian patients’ age of this analysed population at the time of

diagnosis was 64.5 years (range 35.5–87.9 years). 225

(74.5%) and 22 (7.3%) patients were diagnosed in FIGO stages

I and II, respectively, while 46 (15.2%) patients had FIGO

stage III and 9 patients (3%) presented with metastatic dis-

ease (FIGO IV). Of the 302 patients analysed, 265 had an

endometrioid histology (87.7%), while 37 (12.3%) patients

presented with a serous/clear cell or undifferentiated carci-

noma (Table 1). Of the endometrioid carcinomas, 221 pa-

tients demonstrated an endometrioid adenocarcinoma

(83.4%), 5.3% showed a mucinous carcinoma and 12.8%

showed a mixed adenocarcinoma. Lymph node sampling

or dissection was generally performed in patients having tu-

mours with deep myometrial invasion and/or high-grade or

aggressive histological features. Pelvic and/or para-aortic

lymph node sampling was performed for 218 patients

(72.2%) with 25 patients (11.5%) demonstrating lymph node

metastasis. A low FIGO stage (FIGO Ia), obesity, advanced

age and excessive comorbidity were factors prohibiting full
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surgical staging in 84 patients (27.8%). Obesity was observed

in 104 (34.4%) cases, while 119 (39.4%) and 34 (11.3%) pa-

tients presented with hypertension and diabetes, respec-

tively. Of the 302 patients analysed, 119 patients (39.4%)

received a radiation therapy, while 6 (2%) denied a recom-

mended radiation therapy. Nine patients (3%) received an

anti-hormone treatment. During the follow-up interval, tu-

mour recurrence was observed in 47 patients (15.6%), and

40 patients (13.2%) died of the disease.

3.2. Endometrial carcinoma samples

3.2.1. Inhibin-a
Positive inhibin-a immunostaining was observed in 71 out of

302 endometrial carcinoma samples (23.5%) (Fig. 1a–b). No

significant difference in the inhibin-a expression was found

among the various subtypes of endometrial carcinomas

(p = 0.793) (Table 2). Inhibin-a expression in endometrial carci-

noma samples revealed a significant association with patient

age (p < 0.01), grading (p < 0.001), FIGO stage (p < 0.001) lymph

node status (p < 0.05) and diabetes (p < 0.01) (Table 3).
Table 3 – Univariate statistical analysis for inhibin-a, -bA and -b
N.S. = not significant. LN = lymph node.

Total (n = 30

Age (years) <65 156 (51.7%)

>65 146 (48.3%)

Chi-square

WHO grading Grade 1 + 2 248 (82.1%)

Grade 3 54 (17.9%)

Chi-square

FIGO stage FIGO I + II 247 (81.8%)

FIGO III + IV 55 (18.2%)

Chi-square

Histology Endometrioid 265 (87.7%)

Non-endometrioid 37 (12.3%)

Chi-square

LN status Negative 193 (63.9%)

Positive 25 (8.3%)

Unknown 84 (27.8%)

Chi-square

Lymphangiosis Negative 272 (90.1%)

Positive 30 (9.9%)

Chi-square

Haemangiosis Negative 294 (97.4%)

Positive 8 (2.6%)

Chi-square

Diabetes Negative 268 (88.7%)

Positive 34 (11.3%)

Chi-square

Adipositas Negative 198 (65.5%)

Positive 104 (34.4%)

Chi-square

Hypertension Negative 183 (60.6%)

Positive 119 (39.4%)

Chi-square

Radiotherapy Negative 183 (60.6%)

Positive 119 (39.4%)

Chi-square

Anti-hormone therapy Negative 293 (97.0)

Positive 9 (3.0%)

Chi-square
3.2.2. Inhibin-bA and –bB
A positive immunohistochemical staining reaction for inhi-

bin-bA (Fig. 1c–d) and -bB (Fig. 1e–f) was observed in 296 cases.

Significant differences in the IRS of inhibin-bA and -bB were

demonstrated among the various subtypes of endometrial

carcinomas (p = 0.007 and p < 0.001, respectively). By analys-

ing positive and negative expressions, we could also observe

a significant difference between the different histological

subtypes (p < 0.05 and p < 0.01, respectively). Additionally,

we demonstrated a correlation between inhibin-bA and -bB

expression and grading (p < 0.05 each, respectively) (Table 3).

A significant correlation between the bA and bB-subunits

was also observed (p < 0.001).

3.3. Survival analysis

The median overall survival time for the uncensored sub-

group was 39.1 months (range 0.7–145.7 months), whereas

the median follow-up of censored patients was 89.7 months

(range 0.3–176.8 months). The follow-up time until the occur-

rence of progression was 33.8 months (range 0.01–145.7
B subunits according to various clinicopathologic features.

2) Inhibin-alpha Inhibin-bA Inhibin-bB

47 (30.1%) 71 (45.5%) 75 (48.1%)

24 (16.4%) 77 (52.8%) 66 (45.2%)

0.006 N.S. N.S.

68 (27.4%) 114 (46.0%) 108 (43.5%)

3 (5.6%) 34 (63.0%) 33 (61.3%)

< 0.001 0.025 0.024

68 (27.5%) 119 (48.2%) 111 (44.9%)

3 (5.5%) 29 (52.7%) 30 (54.5%)

< 0.001 N.S. N.S.

63 (23.8%) 123 (48.0%) 116 (42.8%)

8 (21.5%) 25 (67.6%) 25 (67.6%)

N.S. 0.022 0.008

52 (26.4%) 93 (48.2%) 89 (46.1%)

1 (0.04%) 13 (52%) 13 (52%)

18 (21.4%) 42 (50%) 39 (46.4%)

0.034 N.S. N.S.

68 (25%) 135 (50.7%) 123 (45.2%)

3 (10%) 13 (43.3%) 18 (60%)

N.S. N.S. N.S.

71 (24.1%) 144 (49%) 137 (46.6%)

0 (0%) 4 (50%) 4 (50%)

N.S. N.S. N.S.

69 (25.4%) 134 (50%) 124 (46.3%)

2 (5.9%) 14 (41.2%) 17 (50%)

0.009 N.S. N.S.

49 (24.7%) 98 (49.5%) 98 (49.5%)

22 (21.5%) 50 (48.1%) 43 (41.3%)

N.S. N.S. N.S.

50 (27.3%) 96 (52.4%) 93 (50.8%)

21 (17.6%) 52 (43.7%) 48 (40.3%)

N.S. N.S. N.S.

46 (25.1%) 92 (50.3%) 84 (45.9%)

25 (219%) 56 (47.1%) 57 (47.9%)

N.S. N.S. N.S.

68 (23.2%) 144 (49.1%) 136 (46.4%)

5 (55.6%) 4 (44.4%) 5 (55.6%)

0.036 N.S. N.S.
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Fig.2– (a–c)Kaplan–Meiercurvesofclinicaloutcomeregarding

inhibin-a expression for progression-free survival (Fig. 2a),

cause-specific survival (Fig. 2b) and overall survival (Fig. 2b).
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months). Univariate survival analysis demonstrated a signifi-

cantly better progression-free survival of patients who ex-

pressed the inhibin-a subunit (Fig. 2a) (p = 0.04, log rank

test). Additionally, patients without inhibin-a expression

demonstrated a significantly poorer cause-specific survival

(Fig. 2b) and overall survival (Fig. 2c). In contrast, both inhi-

bin-bA and inhibin-bB subunits did not demonstrate any sig-

nificant differences in progression-free survival, cause-

specific survival and overall survival (Fig. 3a–f). Other clinical

parameters, including advanced surgical stage (stage I/II ver-

sus stage III/IV) and advanced histological grade (G3 versus

G1 or G2), known prognostic factors of endometrial cancer,

significantly affected the survival rates in the evaluated pa-

tients, demonstrating the validity of the patient group enroled

in our study (p in log rank was <0.001 for both analysed

parameters for progression-free, cause-specific and overall

survival, respectively).

The Cox regression led to a model containing four indepen-

dent terms that were predictive of progression-free survival:

WHO grading (p = 0.002), FIGO stage (p < 0.001), lymph node

involvement (p = 0.016) and inhibin-a expression (p = 0.026)

(Table 4). Independentprognostic factors for cause-specific sur-

vival were age (p = 0.004), FIGO stage (p < 0.001), grade

(p = 0.003) and inhibin-a expression (p = 0.025). The overall

survival was influenced by age (p < 0.001), FIGO stage (p <

0.001), tumour grade (p = 0.008), lymph node involvement

(p < 0.001), haemangiosis (p = 0.018), high blood pressure (p =

0.042) and the immunohistochemical inhibin-a expression

(p = 0.021) (Table 4).

4. Discussion

Although more than 50% of the patients with endometrial

carcinoma are diagnosed with FIGO stage I, as many as 20%

die of their disease.28 This is an unusual situation, compared

to other solid tumours, and may reflect the failure of current

diagnostics to identify pre-malignant stages and endometrial

cancer patients with a poor prognosis. Several clinical param-

eters including well-known prognostic factors such as age,

advanced surgical stage, advanced histological grading as

well as lymph node involvement2 affected significantly the

survival rates in this study, demonstrating the validity of

the patient group enroled. Additionally, older age with associ-

ated comorbidities, including hypertension or diabetes, is also

associated with a poorer survival.2,29 Moreover, a negative

steroid receptor expression (oestrogen and progesterone

receptors) also demonstrated a poorer progression-free,

cause-specific and overall survival in the analysed endome-

trial cancer patients41, confirming previous results25–27 and

contributing also to the validity of this cohort.

In this series of 302 patients, a differential immunohisto-

chemical expression of inhibin subunits was demonstrated

in malignant endometrial tissue. The inhibin-a subunit

showed a significant association with histological grading,

surgical staging, lymph node status and diabetes in patients

with endometrial cancer. Additionally, survival analysis

demonstrated that inhibin-a immunoreactivity was a signifi-

cantly independent prognostic factor for progression-free sur-

vival and cause-specific survival as well as for overall survival.
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Fig. 3 – (a–f) Kaplan–Meier curves of clinical outcome regarding inhibin-bA expression for progression-free survival (Fig. 3a),

cause-specific survival (Fig. 3b) and overall survival (Fig. 3c) and inhibin-bB expression for progression-free survival (Fig. 3d),

cause-specific survival (Fig. 3e) and overall survival (Fig. 3f).
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Table 4 – Hazard ratios by multivariate Cox regression analysis.

Progression Cause-specific survival Overall survival

RR CI (5–95%) p RR CI (5–95%) p RR CI (5–95%) p

Age (>65years) – – – 2.742 1.39–5.42 0.004 3.350 1.96–5.72 <0.001

WHO grading (G3 versus G1/G2) 2.753 1.46–5.14 0.002 2.814 1.43–5.53 0.003 1.978 1.19–3.28 0.008

FIGO stage (III/IV versus I/II) 14.170 7.11–28.25 <0.001 4.905 2.47–9.74 <0.001 3.880 2.06–7.31 <0.001

LN (negative versus positive) 0.441 0.23–0.86 0.016 – – – – – –

Hypertension (negative versus positive) – – – – – – 0.617 0.39–0.98 0.042

Haemangiosis (positive versus negative) – – – – – – 3.450 1.24–9.60 0.018

Inhibin-alpha (positive versus negative) 0.259 0.08–0.79 0.026 0.101 0.01–0.76 0.025 0.469 0.25–0.89 0.021
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In contrast, although bA- and bB subunits showed a signifi-

cant association towards the different endometrial histologi-

cal subtypes and histological grading, both subunits were not

associated with survival in endometrial cancer patients.

Meanwhile, it is evident that inhibin subunits are expressed

in a wide range of human tissues including placenta19,20,30,

breast tissue21 and human endometrium6–11,14,15, suggesting

a possible role in endometrial proliferation and growth.10 How-

ever, the most interesting function of inhibin-a might be its ac-

tion as a possible tumour suppressor gene, according to the

results from transgenic mouse models for ovarian can-

cer.13,31,32 Recently, a significantly lower inhibin-a expression

in well-differentiated adenocarcinomas than in normal and

hyperplastic endometrial tissue was demonstrated.11,33 These

results also led to the hypothesis that inhibin-a might be a

tumour suppressor with crucial functions in endometrial car-

cinoma development.15 In this study, the loss of immunoreac-

tivity of inhibin-a in tumour tissue correlated with advanced

surgical stage and histological grading and poor prognosis.

Therefore, we conclude that inhibin-a has a tumour suppres-

sive function in endometrial cancer, and influences both the

progression process and the disease-associated mortality rate.

Moreover, the significant differences in the overall survival

suggest further implements of the inhibin- subunit in endo-

metrial cancer patients.

The exact molecular mechanism of an inhibin- subunit

downregulation in advanced endometrial carcinomas is still

not clear. However, in prostate cancer the inhibin- promoter

can be silenced by hypermethylation.42,43 Promoter hyperme-

thylation, described for cell cycle regulator proteins and E-

cadherin expression44, is a quite often observed gene silenc-

ing mechanism during human cancer progression, including

that of endometrial cancer.45 It has further been shown that

the inhibin-alpha subunit can be regulated by GATA and

CCAAT/enhancer-binding protein-ß transcription factors46,47,

but too little is known about the involvement and the expres-

sion of these transcription factors in the human endome-

trium and endometrial carcinomas. However, generally it is

believed that inhibin-alpha subunit is a tumour suppressor

gene silenced by mechanisms common to other tumour sup-

pressor genes.48

The possible functions of the inhibin-b subunits in human

endometrial cancer are controversial and still unclear. Since

activin A, the homodimer of the inhibin-bA subunit, is modu-

lated by estradiol34 and has the ability to enhance prolifera-

tion in certain cancer cell lines35, a role for activin A in

endometrial tumourigenesis has been suggested.36 However,
activin may inhibit angiogenesis, probably as its function as

a growth inhibitor of vascular endothelial cells.37 Therefore,

expression of inhibin-b subunits during carcinogenesis might

play an important role in endometrial angiogenesis.

Interestingly, the loss of the inhibin-a subunit production

in mice resulted in marked increase of activin production in

the ovary. The inhibin-a sufficient mice presented with

cachectic symptoms that were associated with the compen-

satory excessive secretion of activin.31 Recently, activin A

has been found at significantly higher concentrations in cul-

ture media from cell lines, uterine washings and serum from

patients with endometrial carcinomas, suggesting a secretion

of activin A into the extracellular fluid and into the circula-

tion.6 Since activin A can modulate cell growth, proliferation

and apoptosis38, a growth inhibitory role for activin A in

pre-malignant transformation could be suggested. Activin B

has been recently suggested as a marker for patients with

ovarian granulosa cell tumours39, and inhibin B might be a

more specific marker than inhibin A.40 Therefore, inhibin-bB

and a possible formation of inhibin B and/or activin B might

play important roles in endometrial malignant transforma-

tion, although serological data in cancer patients are still

missing. Although we could demonstrate an association be-

tween these b-subunits and histological grading in this study,

no association with other clinicopathological parameters and

survival was observed. Therefore, both b-subunits are not

useful markers to assess and identify high-risk patients with

endometrial carcinomas.

In conclusion, the immunostaining of inhibin-a subunit

showed a significant association with histological grading,

surgical staging, lymph node status and diabetes in patients

with endometrial cancer. The loss of inhibin-a immunoreac-

tivity resulted in a poorer survival of the affected patients.

Therefore, inhibin-a might be a tumour suppressor in human

endometrium as suggested for ovarian tissue. Additionally,

the inhibin-a immunoreactivity was a significantly indepen-

dent prognostic factor for progression-free, cause-specific

and overall survival. In contrast, although bA- and bB sub-

units showed a significant association between the different

endometrial histological subtypes and histological grading,

both subunits were not associated with the survival of endo-

metrial cancer patients. Therefore, the inhibin-a immuno-

staining might be used as an easy, simple and highly

efficient marker to identify high-risk patients, and may aid

in the selection of patients for a more aggressive adjuvant

therapy. However, the prognostic significance of the inhibin-

a-subunit and the use of the inhibin subunits as specific
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markers in endometrial pathogenesis should be analysed in

further studies.
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Ludwig-Maximilians-University Munich (297/03), the Fried-

rich-Baur-Institute and the Weigland Stipendium Program of

the Ludwig-Maximilians-University Munich for I. Mylonas.
R E F E R E N C E S
1. Sherman ME. Theories of endometrial carcinogenesis: a
multidisciplinary approach. Mod Pathol 2000;13:295–308.

2. Amant F, Moerman P, Neven P, Timmerman D, Van Limbergen
E, Vergote I. Endometrial cancer. Lancet 2005;366:491–505.

3. Oreskovic S, Babic D, Kalafatic D, Barisic D, Beketic-Oreskovic
L. A significance of immunohistochemical determination of
steroid receptors, cell proliferation factor Ki-67 and protein
p53 in endometrial carcinoma. Gynecol Oncol 2004;93:34–40.

4. Vale W, Rivier C, Hsueh A, et al. Chemical and biological
characterization of the inhibin family of protein hormones.
Recent Prog Horm Res 1988;44:1–34.

5. Welt CK. Regulation and function of inhibins in the normal
menstrual cycle. Semin Reprod Med 2004;22:187–93.

6. Petraglia F, Florio P, Luisi S, et al. Expression and secretion of
inhibin and activin in normal and neoplastic uterine tissues.
High levels of serum activin A in women with endometrial
and cervical carcinoma. J Clin Endocrinol Metab
1998;83:1194–200.

7. Mylonas I, Jeschke U, Winkler L, et al. Immunohistochemical
expression of inhibin-alpha in human endometrium and the
in vitro secretion of inhibin, estradiol and cortisol in cultured
human endometrial glandular cells. Arch Gynecol Obstet
2003;268:142–50.

8. Mylonas I, Jeschke U, Wiest I, et al. Inhibin/activin subunits
alpha, beta-A and beta-B are differentially expressed in
normal human endometrium throughout the menstrual
cycle. Histochem Cell Biol 2004;122:461–71.

9. Mylonas I, Winkler L, Jeschke U, Briese V, Friese K.
Investigations on isolation, purification and cultivation of
human endometrial cells and on the in vitro inhibin
expression in glandular epithelial cells. Zentralbl Gynakol
2003;125:415–23.

10. Otani T, Minami S, Kokawa K, Shikone T, Yamoto M, Nakano
R. Immunohistochemical localization of activin A in human
endometrial tissues during the menstrual cycle and in early
pregnancy. Obstet Gynecol 1998;91:685–92.

11. Mylonas I, Makovitzky J, Richter DU, Jeschke U, Briese V, Friese
K. Expression of the inhibin-alpha subunit in normal,
hyperplastic and malignant endometrial tissue: an
immunohistochemical analysis. Gynecol Oncol 2004;93:92–7.

12. Risbridger GP, Ball EM, Wang H, Mellor SL, Peehl DM. Re-
evaluation of inhibin alpha subunit as a tumour suppressor in
prostate cancer. Mol Cell Endocrinol 2004;225:73–6.

13. Matzuk MM, Finegold MJ, Su JG, Hsueh AJ, Bradley A. Alpha-
inhibin is a tumour-suppressor gene with gonadal specificity
in mice. Nature 1992;360:313–9.

14. Mylonas I, Makovitzky J, Hoeing A, et al. Inhibin/activin
subunits beta-A (-betaA) and beta-B (-betaB) are differentially
localised in normal, hyperplastic and malignant human
endometrial tissue. Acta Histochem 2006;108:1–11.

15. Worbs S, Shabani N, Mayr D, et al. Expression of the inhibin/
activin subunits (-alpha, -betaA and -betaB) in normal and
carcinogenic endometrial tissue: possible
immunohistochemical differentiation markers. Oncol Rep
2007;17:97–104.

16. Sobin LH, Wittekind C. TNM classification of malignant
tumours. Hoboken, New Jersey: John Wiley & Sons; 2002.

17. FIGO stages (announcements) – revision. Gynecol Oncol
1989;35:125–7.

18. Remmele W, Stegner HE. Vorschlag zur einheitlichen
Definierung eines immunreaktiven Score (IRS) für den
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