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Interleukin-6 and soluble Interleukin-6 receptor
in peritoneal fluid and serum
of patients with endometriosis

W. SCHRODER - R. GAETJE ) - R. BAUMANN )

Summary: OBJECTIVE - Interleukin-6 (IL-6) and soluble Interleukin-6-receptor (sIL-6R) con-
centrations were investigated in patients with endometriosis and other benign gynecologic diseases.

MEeTtHODS - During laparoscopy or laparotomy peritoneal fluid and serum were collected from
29 patients with endometriosis, 31 patients with benign ovarian masses and 4 patients with chronic
inflammation or adhesions. Interleukin-6 (IL-6) concentrations were determined by Elisa-technique.

ResuLrts - Patients with endometriosis stage IV revealed slightly higher IL-6 concetrations
in peritoneal fluid when compared to patients with stage I to II disease and ovarian masses/
chronic inflammation. IL-6 serum concentrations were higher in cases of stage I and II when
compared to stage III and IV and ovarian masses/chronic inflammation. Patients with endome-
triosis revealed significantly higher sIL-6 receptor concentrations in peritoneal fluid and serum

as compared to patients with ovarian cysts and chronic inflammation.

CONCLUSION -

IL-6 and soluble IL-6 receptor may be considered to be involved in endome-

triosis. However, the patho-physiologic mechanism must be the subject of further investigation.
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dometriosis.

INTRODUCTION

Peritoneal fluid and its cellular and
humoral constituents are considered to be
involved in the pathophysiology of pelvic
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inflammatory disease, endometriosis and
infertility (*).

Interleukin-6 (IL-6) is a cytokine pro-
duced by wvarious cell types including
peritoneal macrophages (*) and human
endometrial (3) as well as endometriotic
stromal cells (*).

IL-6 is suggested to be an important
mediator in acute phase reaction, inflam-
mation and angiogenesis during folliculo-
genesis and formation of decidua (°). Oo-
sterlynck et al. (°) considered angiogenic
activity important in the growth and pro-
gression of endometriotic lesions. As a
consequence, a role of IL-6 in the endo-
metriosis process may be assumed. In
this study IL-6 and soluble Interleukin-6
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receptor concentrations in peritoneal fluid
and serum were measured in patients with
endometriosis and in those with other
benign gynecologic diseases.

MATERIALS AND METHODS

Patients

Peritoneal fluid and serum were obtained
from 64 patients during laparoscopy or laparo-
tomy for benign gynecologic disease. The mean
age of the patients was 33.9 (=+ 12) years rang-
ing from 18 to 72 years. Thirty-one patients
had benign ovarian masses. Chronic inflamma-
tion or adhesions were found in 4 cases. Endo-
metriosis was diagnosed in 29 patients. The
revised American Fertility Society Classification
was used for staging of endometriosis. Four
patients had endometriosis stage I, 9 stage II, 8
stage IIT and 8 stage IV.

Protein content, Interleukin-6 and Interleukin-
6-receptor. Peritoneal fluid was centrifuged for
sedimentation of cellular material. The super-
natants and the serum were stored at —80°C
until measurements were performed. Interleu-
kin-6 and soluble Interleukin-6 receptor con-
centrations were determined by the quantitative
“sandwich” enzyme immunoassay technique using
commercial kits (IL-6: R&D Systems, Minnea-
polis, USA; IL-6-Receptor: Biosource, Cama-
rillo, USA). The Bio-Rad-Protein Assay Dye
Reagent (BIO-RAD, Richmond, USA) was used
for measurement of protein content of perito-
neal fluid. Interleukin-6 and soluble Interleukin-
6 receptor concentrations in peritoneal fluid
were referred to total protein concentrations.

Statistical analysis

Statistical evaluation of the data was perfor-
med by the Wilcoxon test. Medians were used
for statistical description as the data, tested by
Kolmogoroff-Smirnoff-test, were not normally
distributed.

RESULTS
Interleukin-6

Patients with endometriosis stage IV
revealed slightly higher IL-6 concentra-
tion in peritoneal fluid when compared
to patients with stage I to IIT disease
and ovarian masses/chronic inflammation.
However, the differences were not stati-
stically significant. In contrast IL-6 serum

concentrations were higher in cases of
endometriosis stage I and IT when com-
pared to stage IIT and IV or patients
with benign ovarian masses/chronic in-
flammation. Patients having ovarian mas-
ses or chronic inflammation / adhesions
showed similar I1-6 values. IL-6 concen-
trations in peritoneal fluid were not cor-
related to serum values.

Soluble Interleukin-6 receptor

As the commercial sIL-6R test kit was
available sIL-6 receptor concentration was
measured in 24 nonselected consecutive
patients. Patients with endometriosis re-
vealed significantly higher sII-6 receptor
concentrations in peritoneal fluid and se-
rum as compared to patients with ovarian
cysts or chronic inflammation (p < 0.05).
The peritoneal fluid of stage I and II
disease revealed higher amounts of sIL-6
receptor than those of stage IIT and IV,
but this was not statistically significant.
Patients with ovarian masses and chronic
inflammation/adhesions showed similar
sIL-6 receptor values.

DISCUSSION

Immunological mechanisms are postu-
lated as being involved in endometriotic
disease. Several Authors have reported
decreased natural killer cell activity in
patients with endometriosis (»%9). Ac-
cording to the transplantation theory of
Sampson it is assumed that defective im-
munological mechanism has facilitated
outgrowth of endometriotic implants ().

IL-6 is suggested as a mediator in an-
giogenesis, which may be important during
progression of endometriotic lesions. An-
giogenic activity of peritoneal fluid was
enhanced in patients with endometrio-
sis (°). Tabibzadeh er al. demonstrated
estradiol regulated IL-6 secretion by hu-
man endometrial stromal cells (}). The
Authors suggested an effect of IL-6 on
the proliferation of overlying epithelium
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Table 1. — Interleukin-6 concentrations in serum

and peritoneal fluid.

INTERLEUKIN -6

Serum Peritoneal fluid
pg/ml pg/mg protein
Median Range Median Range
Endometriosis
Stage I n.= 4 1.3 1-16.1 0.6 04-1
Stage 1T . n= 9 0.9* 0-71 0.6 0-100
Stage III n= 8 0* 0-1 0.7 0-59
Stage IV n= 8 0 0-6.7 1.2 03-17.3
Total . n. = 29 0.3 0-16.1 0.7 0-100
Ovarian masses/
chronic inflammation/
adhesions n. =35 0.005 0-8.1 0.6 0-41.3
* p = 0.0165.

in a hormonally modulated way. In con-
trast IL-6 secretion by endometriotic
stromal cells was not influenced by estra-
diol or progesterone (*). An autokrine re-
gulation of IL-6 in development of endo-
metriotic lesions may be supposed as anti-
IL-6 inhibited endometriotic cell prolifera-
tion in vitro (%).

In agreement with our results Boutten
et al. reported that IL-6 concentrations in
peritoneal fluid of patients with stage I
and II disease were not significantly dif-
ferent when compated to endometriosis-

Table 2. — Soluble Interleukin-6-receptor concen

free women (*). In our population slightly
enhanced IL-6 values were found in the
peritoneal fluid of patients with stage IV
disease, which were not included in
Boutten’s study .However, Boutten et
al. (%) demonstrated significantly enhanced
IL-6 secretion by peritoneal macrophages
of endometriosis patients.

Whether the IL-6 detected in the peri-
toneal fluid of patients with endometrio-
sis originated from endometriosis implants
themselves or from acitvated peritoneal
macrophages could not be decided by this

trations in serum and peritonedl fluid.

INTERLEUKIN-6-RECEPTOR

Serum Peritoneal fluid
pg/ml pg/mg protein
Median Range Median Range
Endometriosis
Stage I n=1 1171 — 2.7
Stage I . n= 7 111 83-1231 2.1 09-48
Stage III n= 2 569 88.3-1050 0.9 —
Stage IV n= 6 144 84-211 1.2 0-29
Total . n. =16 188* 8.4-1231 1.9%* 0-4.8
Ovarian masses/
chronic inflammation/
adhesions n.= 8 30* 8.9-348 0.3%* 0-1

* p = 0.0346; **p = 0.0282.
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study. As patients with benign ovarian
masses had IL-6 concentrations compara-
ble to patients with mild endometriosis
IL-6 production by peritoneal macropha-
ges may be assumed.

In general, soluble cytokine receptors
are supposed to be natural antagonists of
cytokine (). Nevertheless, there is strong
evidence that soluble IL-6 receptor me-
diates and potentiates cytokine action (>
B. 1) Moreover, the biological effects of
IL-6 may be mediated to cells not expres-
sing membraneous IL-6 receptor (* B),
In the present study patients with endo-
metriosis showed significantly enhanced
sIL-6 receptor concentrations in peritoneal
fluid and serum. The sIL-6R is generated
by the shedding of the membrane IL-6
receptor (). It may be speculated that
proteases secreted by endometriotic cells
cause enhanced shedding of membrane
IL-6 receptor. In contrast to IL-6 peri-
toneal fluid of patients with stage I
and II disease revealed higher sIL-6 re-
ceptor levels when compared to stage 111
and IV. Due to the small number of ob-
servations these correlations require fur-
ther confirmation. sIL-6R may be masked
in stage III/TV endometriosis, revealing
higher IL-6 concentrations by bioactive
IL-6-sIL-6R complexes.

In summary, IL-6 and soluble IL-6 re-
ceptor, may be considered to be involved
in endometriosis. Direct effects on endo-
metriotic cell growth as well as indirect
effects e.g. on angiogenesis are discussed.
At present, there is no detailed knowledge
concerning the pathophysiologic mecha-
nism of IL-6 and soluble IL-6 receptor
action in endometriosis. This will have
to be subject of further investigation.

REFERENCES

1) Mori H., Sawairi M., Nakagawa M., Itoh
N., Wada K., Tamaya T.: “Peritoneal fluid
Interleukin-18 and Tumor Necrosis Factor
in patients with benign gynecoolgic disease”.
Am. J. Reprod. Immunol., 1991, 26, 62-67.

2) Boutten A., Dehoux M., Edelman P., Seta
N., Menard A., Madelenat P., Durand G.:
“IL-6 and acute phase plasma proteins in
peritoneal fluid of women with endome-

triosis”. Clin. Chim. Acta, 1992, 210, 187-

95.

Tabibzadeh S.S., Santhanam U., Sehgal P.

B, May L.T.: “Cytokine-induced produc-

tion of IFN-B,/IL-6 by freshly explanted

human endometrial stromal cells”. J. Im-

munol., 1989, 142, 3134-3139.

4) Imaizumi E., Hirata J., Tode T., Kikuchi
Y., Nagata I.: “Intetleukin-6 production in
endometriosis”. Nippon-Sanka Fujinki Gak-
kai Zasshi, 1993, 15, 415-422.

5) Motro B., Itin A., Sachs L., Keshet E.:
“Pattern of interleukin-6 gene expression in
vivo suggests a role for this cytokine in
angiogenesis”. Proc. Natl. Acad. Sci. USA,
1990, 87, 3092-3096.

Qosterlynck D.J., Meuleman C., Sobis H.,
Vandeputte M., Koninckx P.R.: “Angio-
genic activity of peritoneal fluid from wo-
men with endometriosis”. Fertil. Steril.,
1993, 59, 778-782.

Vigano P., Vercelline P., Di Blasio A.M.,
Colombe A., Candiani G.B., Vignali M.:
“Deficient antiendometrium lymphocyte-me-
diated cytotoxicity in patients with endome-
triosis”. Fert. Steril., 1991, 56, 894-899.

8) Oosterlynck D.]J., Cornilie F.J., Waer M.,
Vandeputte M., Koninckx P.R.: “Women
with endometriosis show a defect in natural
killer activity resulting in a decreased cyto-
toxicity to autologous endometrium”. Fert.
Steril., 1991, 56, 45-51.

Oosterlynck D.J., Meuleman C., Waer M.,
Koninckx P.R., Vandeputte M.: “Immuno-
suppressive activity of peritoneal fluid in
women with endometriosis”. Obstet. Gyne-
col., 1993, 82, 206-212.

10) Dmowski W.P., Steele R. W., Baker G.F.:

AV
~

£

~
—

\O
~

“Deficient cellular immunity in endome-
triosis”. Am. J. Obstet. Gynecol., 1981,
141, 377-383.

11) Kishimoto T.: “The biology of interleu-
kin-6”. Blood, 1989, 74, 1-10.

12) Tamura T., Udagawa N., Takahashi N.,
Miyaura C., Tanaka S., Yamada Y., Koi-
shihara Y., Ohsugi Y., Kumaki K., Taga
T.: “Soluble interleukin-6 receptor triggers
osteoclast formation by interleukin-6”. Proc.
Natl. Acad. Sci. USA, 1993, 90, 11924-
11928.

Suzuki H., Yasukawa K., Saito T., Narazaki
M., Hasegawa A., Taga T., Kishimoto T.:
“Serum soluble interleukin-6 receptor in
MRL/1 pr mice is elevated with age and

13

~

13



W. Schroder - R. Gaetje - R. Baumann

14)

15)

14

mediates the interleukin-6 signal”. Eur. ].
Immunol., 1993, 23, 1978-1982.

Millberg J., Schooltink H., Stoyan T., Giin-
ther M., Graeve L., Buse G., Mackiewicz
A., Heinrich P.C., Rose-John S.: “The so-
luble interleukin-6 receptor is generated by
shedding”. Eur. ]. Immunol., 1993, 23,
473-480.

Novik D., Shulman L.M., Chen L., Revel
M.: “Enhancement of interleukin-6 cyto-

static effect on human breast carcinoma
cells by soluble IL-6 receptor from urine
and reversion by monoclonal antibody”.
Cytokine, 1992, 4, 6-11.

Address reprint requests to:

Dr. SCHROEDER WILLIBALD

Universitits Frauenklinik Theodor Stern Kay 7
D 6000 Frankfurt Am Main 70 (Germany)



