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Increased levels of proteins of the acute
inflammatory phase in the peritoneal fluid of
women with advanced stages of endometriosis

Zwiekszone stezenie biatek ostrej fazy w ptynie otrzewnowym kobiet
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Abstract

Objectives: Most investigators agree that endometriosis is associated with a state of subclinical, non-infectious
peritoneal inflammation. The objective of the study was to assess concentrations of two markers of the acute in-
flammatory phase proteins, haptoglobin and ceruloplasmin, in peritoneal fluid of endometriotic women.

Material and methods: 229 women who underwent diagnostic or therapeutic laparoscopy were included in the
study. Minimal, mild, moderate and severe endometriosis according to ASRM was confirmed in 119 women (study
groups), whereas 110 patients suffered from simple serous or dermoid ovarian cysts (reference groups). Haptoglo-
bin and ceruloplasmin concentrations in the peritoneal fluid samples aspirated during laparoscopy were measured
using commercially available radial immunodiffusion Kits.

Results: The concentration of haptoglobin in the peritoneal fluid of women with endometriosis was significantly
higher as compared to patients with serous and dermoid ovarian cysts. Significantly higher haptoglobin level was
observed in patients with severe and moderate endometriosis as compared to women from both reference groups.
No significant difference in the peritoneal fluid ceruloplasmin levels was found between patients with endometriosis
and women from reference groups. However, it was noted that ceruloplasmin levels are higher in the subgroup of
patients with severe endometriosis as compared to both reference groups and women with mild disease.
Conclusions: Our results support the hypothesis that endometriosis is associated with subclinical inflammation
within the peritoneal cavity. It may be speculated that pro-inflammatory stimuli strong enough to cause an increase
in acute inflammatory phase proteins peritoneal fluid concentrations are observed only in the advanced stages of
the disease.
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Streszczenie

Cel pracy: Etiopatogeneza endometriozy nie jest do konca wyjasniona, a wiekszos¢ badaczy zgadza sie, ze
w ptynie otrzewnowym kobiet chorych na te chorobe stwierdza sie subkliniczny proces zapalny pochodzenia
nie-infekcyjnego. Celem pracy byta ocena stezenia dwdch markerow, biatek ostrej fazy zapalnej: haptoglobiny
i ceruloplazminy w ptynie otrzewnowym kobiet z endometrioza.

Materiat i metody: Do badar wigczono 229 kobiet, ktdre przebyty diagnostycznag lub terapeutyczng laparoskopie.
Endometrioze w stopniu minimalnym, tagodnym, umiarkowanym wg ASRM potwierdzono histologicznie u 119
kobiet (grupa badana). Pozostate 110 pacjentek leczono z powodu prostych lub dermoidalnych torbieli (grupa
referencyjna). Stezenia haptoglobiny i ceruloplazminy w probkach ptynu otrzewnowego oceniano przy uzyciu
komercyjnych zestawow do immunodyfuzji radialnej.

Wyniki: Stezenie haptoglobiny w ptynie otrzewnowym pacjentek z endometriozg byfo znacznie wyzsze
w poréwnaniu do pacjentek z grupy referencyjnej. Wieksze stezenie haptoglobiny dotyczyto podgrupy pacjentek
z umiarkowang i ciezkg postacig choroby. Nie stwierdzono roznic w stezeniu ceruloplazminy w ptynie otrzewnowym
pacjentek z endometriozg w porownaniu do pacjentek z grupy referencyjnej. Jednakze wykazano, ze stezenie
ceruloplazminy jest wieksze w podgrupie pacjentek z ciezkg postaciga choroby w porownaniu do pacjentek z grupy
referencyjnej i podgrupy pacjentek z tagodng postacig choroby.

Whioski: Wyniki naszych badan potwierdzajg hipoteze o istnieniu subklinicznego stanu zapalnego w jamie

otrzewnowej pacjentek z endometriozg. Wydaje sie, ze dziatanie silnych bodzcow prozapalnych powodujgcych
zwiekszenie stezenia biatek ostrej fazy w ptynie otrzewnowym dotyczy jedynie pacjentek z zaawansowanymi

postaciami choroby.

Stowa kluczowe: bialka ostrej fazy / endometrioza / haptoglobina / ceruloplazmina

Introduction

Despite the high prevalence and extensive investigations,
the pathophysiology of endometriosis still remains enigmatic.
However, almost all investigators dealing with the topic agree
that endometriosis is associated with a state of subclinical, non-
infectious peritoneal inflammation with peritoneal fluid (PF) im-
munological and angiogenic factors playing critical role in the
disease pathogenesis. PF of women with endometriosis contains
an increased number of activated macrophages, which exert
phagocytic activity, produce and secrete numerous cytokines and
growth factors. The specific function of these compounds is quite
complex, and includes e.g. proliferation and differentiation of im-
munocompetent cells; hormones, enzymes, and acute inflamma-
tory phase proteins release stimulation; immunoglobulins secre-
tion regulation, chemotaxis and cytotoxicity mechanisms control
[1]. Also, the concentrations of cytokines and growth factors are
different in women with endometriosis as compared to healthy
individuals. Enhanced PF cytokines concentrations in women
with endometriosis reflect their increased production and secre-
tion by peritoneal resident macrophages, lymphocytes, endome-
triotic implants and peritoneal cells [2].

Human ceruloplasmin, is a protein exhibiting copper-de-
pendent oxidase activity and was first isolated from serum o, -
globulins in 1948 [3]. The 134-kDa protein is comprised of a
single polypeptide chain of 1046 amino-acid residues that tightly
binds up to 6 copper atoms. Under physiological conditions, it
binds up to 95% of circulating copper [4]. Ceruloplasmin has
an important role in maintaining iron homeostasis in organism.
Showing ferroxidase activity, it facilitates the oxidation of fer-
rous to ferric iron without the formation of hydroxides and su-
peroxide anion radicals. Additionally, it shows some superoxide
dismutase activity and thus it was speculated that it may be an
important factor maintaining total plasma antioxidant capacity
[5]. Ceruloplasmin is a positive acute phase protein and its serum
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concentration increases in response to most inflammatory agents
[6]. However, there is no data in the literature evaluating cerulo-
plasmin concentrations in PF of women with endometriosis.

Haptoglobin is a serum o,-glycoprotein produced by hepato-
cytes in response to inflammation and infection. Thus, it is also
classified as a positive acute phase protein [7]. Its serum concen-
tration increases even to 500% up to 7 days after inflammatory
stimulus and typically normalizes within 2-4 weeks after the in-
flammatory process resolves [8]. Haptoglobin concentration typi-
cally decreases in the course of haemolytic and liver diseases,
and during last weeks of pregnancy [9]. Haptoglobin plays an
important role in oxidative stress prevention. It binds free hemo-
globin with extremely high affinity preventing hydroxyl radicals
production [10]. Besides its anti-oxidative capacity, haptoglobin
influences the immune system, showing significant inhibitory
activity on the biosynthesis of Th2 cytokines [11]. It possesses
ability to bind monocytes, macrophages as well as B lympho-
cytes, granulocytes, NK cells, and CD8 lymphocytes [12]. Cid et
al. [13] proved that haptoglobin promotes both endothelial cells
growth and blood vessels differentiation, demonstrating direct
proangiogenic properties.

There were no differences observed in haptoglobin levels
and haptoglobin/protein index in PF of women with endome-
triosis and healthy controls [14,15]. However, according to Fer-
rero et al. [16], the haptoglobin B chain (HpBE) concentration is
increased in plasma and PF of endometriotic women. Similarly,
levels of a-1B-glycoprotein, an isoform of haptoglobin a chain,
are higher in PF of women with I and II stages of the disease [17].

Sharp et al. [18] identified haptoglobin-like protein showing
immunosuppressive and angiogenic properties in human uter-
ine endometrium cell cultures and rats with surgically induced
endometriosis. The protein was named ENDO-I (endometriosis
protein-I). Further investigations confirmed enhanced ENDO-I
production in both eutopic and ectopic endometrium of patients
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suffering from endometriosis when comparing to endometrium
of healthy women [19]. Haptoglobin expression was also found
in endometrial tissue fragments isolated from PF but the level of
the expression did not differ significantly between women with
endometriosis and healthy controls [20]. Macrophages isolated
from PF of endometriotic patients bind significantly more hap-
toglobin and secrete markedly more IL-6 than peritoneal macro-
phages of healthy women [15].

The objective of the study was to assess concentrations of
two markers of the acute inflammatory phase proteins, haptoglo-
bin and ceruloplasmin, in PF of women with endometriosis.

Material and methods

We examined 229 women, aged 15-53, who underwent di-
agnostic or therapeutic laparoscopy. Clinically and histologically
confirmed diagnosis established the following groups: women
with endometriosis (E, n=110), and as the reference groups, pa-
tients with simple serous (R1, n=78) and dermoid (R2, n=41)
ovarian cysts. In each case, endometriosis was staged according
to the American Society for Reproductive Medicine classification
[21]. The disease was found to be minimal (E1) in 23 cases, mild
(E2) in 25 patients, moderate (E3) in 39 women and severe (E4)
in 23 cases.

Medical history of the patients and basic clinical examina-
tion showed no general chronic diseases, accept for the condition,
which was the indication for laparoscopy. Mean age of women
did not differ significantly between the studied groups. Similarly,
no significant difference was found in the phase of menstrual
cycle of the time of laparoscopic procedures between women in
all study groups.

All patients signed an informed consent and the Lublin Med-
ical University Ethics Committee approval was obtained for the
study.

All visible PF was aspirated during laparoscopy from the an-
terior and posterior cul-de-sacs. Samples were immediately cen-
trifuged, and the supernatants were aspirated and stored at -70°C
until analysis. Haptoglobin and ceruloplasmin concentrations in
PF were measured using radial immunodiffusion kits (Human
Haptoglobin Bindarid, Prod. Code RN058.3 and Human Cae-
ruloplasmin Bindarid, Prod. Code RN045.3; The Binding Site
Ltd). After calculation of the assay results, PF concentrations of
haptoglobin and ceruloplasmin were expressed in nanograms per
milliliter.

All data were tested with the Shapiro-Wilk test for normal-
ity. Statistical significance was determined with the Mann-Whit-
ney U and H Kruskal-Wallis tests. Spearman’s rank coefficient
test was used to assess the relationship between variables. P value
less than 0.05 was considered statistically significant. Data are
presented as medians (Me), minima (Min), maxima (Max), lower
and upper quartiles.

Results

The concentration of haptoglobin in PF of patients with en-
dometriosis was significantly higher compared to women from
both reference groups (p<0.01) (Figure 1). Levels of haptoglobin
in PF of women with serous ovarian cysts were similar to those
noted in patients with dermoid cysts.

Significantly higher PF haptoglobin level was observed in
patients with severe and moderate endometriosis as compared
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Figure 1. Haptoglobin concentrations in the PF of studied groups.
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Figure 2. Ceruloplasmin concentrations in the PF of studied groups.

to women from both reference groups. Women with moderate
endometriosis had higher peritoneal haptoglobin concentrations
compared to patients with stage II endometriosis. No significant
differences were found between levels of haptoglobin in PF of
women with minimal and mild disease and patients from both
reference groups (Table I).

No significant difference in PF ceruloplasmin levels was
found between patients with endometriosis and women from ref-
erence groups (p>0.8) (Figure 2). PF ceruloplasmin levels did
not differ significantly between the reference groups. However,
by analyzing concentrations of ceruloplasmin in PF of women
with different stages of the disease, it was noted that they are
higher in the subgroup of patients with stage IV endometriosis as
compared to both reference groups and women with mild endo-
metriosis (Table II.).

Discussion

Accumulating data suggest that endometriosis is associated
with systemic subclinical inflammation. To test the hypothesis of
endometriosis-induced pelvic inflammatory process, we inves-
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Table 1. P values for comparisons of haptoglobin PF concentrations between study groups.

. P values for multiple comparisons (two-sided comparisons)
Variable: Kruskal-Wallis test
haptoglobin
R1 R2 E1 E2 E3 E4
R1 NS NS NS 0,000 0,001
R2 NS NS NS 0,000 0,005
E1 NS NS NS NS NS
E2 NS NS NS 0,022 NS
E3 0,001 0,000 NS 0,022 NS
E4 0,001 0,005 NS NS NS
NS: not significant.
Table I1. P values for comparisons of ceruloplasmin PF concentrations between study groups.
P values for multiple comparisons (two-sided comparisons)
Variable: Kruskal-Wallis test
ceruloplasmin
R1 R2 E1 E2 E3 E4

R1 NS NS NS NS 0,010
R2 NS NS NS NS 0,049
E1 NS NS NS NS NS
E2 NS NS NS NS 0,048
E3 NS NS NS NS NS
E4 0.010 0.049 NS 0.048 NS

NS: not significant

No statistically significant correlation was found between PF haptoglobin and ceruloplasmin levels (R=0.098; p=0.17).

tigated PF levels of haptoglobin and ceruloplasmin in patients
with endometriosis. In the study, we demonstrated that the con-
centration of haptoglobin in PF of women with endometriosis
was significantly higher as compared to patients with serous and
dermoid ovarian cysts. However, analyzing the results in terms
of severity of endometriosis, we found that this difference oc-
curs only in patients with moderate and severe disease. These re-
sults are in accordance with the ones gained by Dunselman et al.
[14]. Admittedly, they did not show differences in concentrations
of haptoglobin in PF between healthy women and patients with
endometriosis. However, it is worth mentioning that their work
was performed on the group of 25 patients only. The investiga-
tors recruited patients with minimal and mild disease, and did not
included patients with advanced disease. Thus, it can be assumed
that the conclusions they drew may be incomplete and biased.
Similarly, Sharpe-Timms et al. [15] demonstrated no significant
differences in the concentration of haptoglobin in PF of healthy
women and patients with endometriosis. Also in this case, the
study group consisted of 11 endometriotic patients only. Five of
them had I and II stage of endometriosis, four had III and IV
stage, and the ASRM classification was not applied in two pa-
tients. Due to the small sample size and the majority of women
with minimal and mild disease, the results obtained by the inves-
tigators in the studies may not be compatible and consistent with
the results gained in the presented clinical trial.

Ginekologia
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The concentration of haptoglobin increases during inflam-
mation processes. The results obtained in the present trial suggest
that in endometriotic patients, an increase in haptoglobin con-
centration in PF microenvironment may be the result of strong
pro-inflammatory stimuli acting intensively only in the advanced
stages of the disease. Haptoglobin, by binding free hemoglobin
and preventing the superoxide anion radicals formation, plays a
significant role in oxidative stress prevention. Higher concen-
trations of haptoglobin in PF in women with endometriosis can
hypothetically accompany the development of the disease. This
glycoprotein promotes growth of the endothelium cells and the
processes of neovascularization [13]. It therefore cannot be ruled
out that the raised concentration of haptoglobin in PF is one of
the factors promoting vascularization of the growing endometrial
implants.

Concentration of ceruloplasmin in PF of women with endo-
metriosis did not differ significantly between the study and the
reference groups. However, detailed analysis showed higher con-
centrations of ceruloplasmin in PF of women with severe stage
of the disease. It is worth mentioning that this observation is pio-
neering, and no studies investigating the role of ceruloplasmin in
PF of endometriotic patients have been published yet. Therefore,
we cannot compare and discuss our results with published data.
It seems that observed high PF ceruloplasmin concentrations are
closely related with the severity of the inflammation process,
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which occurs in the IV clinical stage of endometriosis. Increased
concentrations of this glycoprotein in the severe stadium of the
disease can prevent activation of the free radical process, by oxi-
dizing the ferrous ions to ferric.

Conclusion

In conclusion, we have observed higher concentrations of
two protein markers of the acute inflammatory phase (haptoglo-
bin and ceruloplasmin) in PF of women with advanced stages
of endometriosis. These results support the hypothesis that endo-
metriosis is associated with subclinical inflammation within the
peritoneal cavity [22]. However, our findings suggest that in the
case of endometriosis only the advanced stages of the disease
induce pro-inflammatory stimuli strong enough to cause increase
in PF haptoglobin and ceruloplasmin levels.
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