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Intraperitoneal injection of rat IFN-α and human IL-2 to rats with experimental endo-
metriosis led to complete regression of endometrioid heterotopies in 50 and 60% cases,
respectively. Retention of the endometrioid epithelium resulted in a significant reduction
of proliferative activity of its cells, degree of vascularization, and number of macro-
phages in the leukocytic infiltration of endometrioid heterotopies.
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Endometriosis ranks among the first in the structure
of gynecological morbidity. The etiology and pa-
thogenesis of this disease remain little studied [2].

More and more data attest to an important role
of disorders in local immune response in the de-
velopment of external genital endometriosis. For
example, it was found that the count and functional
activity of peritoneal fluid macrophages increased
in patients with endometriosis, which was paral-
leled by decreased activity of natural killer cells and
cytotoxic T lymphocytes [3-8]. Therefore, the pos-
sibility of selective stimulation of defense functions
of immunocompetent cells with activating cyto-
kines and their combinations in patients with exter-
nal genital endometriosis is an important problem.

Clinical trials of immunomodulating drugs for
the treatment of endometriosis were carried out
[6,8]. However, the mechanism leading to regres-
sion of endometrioid heterotopies during immuno-
modulating therapy remains not quite clear.

We compared the efficiency of intraperitoneal
injections of IL-2 and IFN-α2 (activating cytokines)
in the treatment of external genital endometriosis in

rats and studied possible mechanisms leading to
regression of endometrioid heterotopies.

MATERIALS AND METHODS

Experimental endometriosis (EE) was reproduced
in 60 female Wistar rats by autotransplantation of
fragments of the left uterine horn onto the inner
surface of the anterior abdominal wall (endometri-
um faced the abdominal cavity). All surgical inter-
ventions were carried out under pentobarbital nar-
cosis (50 mg/kg). Absorbable thread (Biosorb 6.0;
Alcon Surgical) was used. Ten days after trans-
plantation of the uterine horns, the animals were
divided into 3 groups.

Group 1 rats (n=20) received 3 injections (with
1-day intervals) of human recombinant yeast IL-2
(Biotech) in a dose of 8000 U/kg (conversed from
the mean dose for humans of 500,000 U) into the
abdominal cavity under aseptic conditions.

Group 2 animals (n=20) received 3 injections
(with 1-day intervals) of rat recombinant IFN-α
(Sigma-Aldrich) in a dose of 15,000 U/kg (con-
versed from the mean dose for humans of 1×106

U) into the abdominal cavity under aseptic con-
ditions.

Group 3 (n=20; control) animals received sterile
saline injections into the abdominal cavity under
aseptic conditions according to the same protocol.
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All animals were sacrificed 40 days after the
start of the experiment; EE foci were examined vi-
sually and their histological structure was evalua-
ted. Proliferative activity of endometrioid gland
epithelial cells and vascular endotheliocytes in EE
foci was evaluated by the following criteria: area
of nuclei, cell ploidy, and activity of nucleolar
organizer regions (NOR) [1]. Vascularization of EE
foci was evaluated by the summary area of vessels
and mean capillary lumen, activity of angiogenesis
was evaluated by the morphological criteria of pro-
liferation of capillary endotheliocytes.

For evaluation of vascularization of EE foci,
karyometry, estimation of the main populations of
immunocompetent cells, and evaluation of NOR
activity the sections were stained with hematoxylin
and eosin, by the method of Romanowsky—Giem-
sa, with acridine orange, and impregnated with sil-
ver nitrate.

Systemic morphometric analysis of remote EE
foci was carried out using microtelephotometric
image analyzer consisting of VKM 380 videocam,
LUMAM P-8 polyfunctional microscope, block for
digital processing of images, and Pentium III com-
puter with VideoTest-Morpho software (Istra-Vi-
deoTest).

RESULTS

Comparison of macroscopic characteristics of EE
foci (Fig. 1) showed white foci and decreased inci-
dence of red foci in groups 1 and 2.

Microscopy showed foci of typical endometri-
oid epithelium in EE areas in all animals of the
control group, which indicated the development of
EE in all cases. No ectopic endometrium was detec-
ted in endometriosis zone in 12 rats (60.0%) of
group 1 and 10 rats (50.0%) of group 2, which
indicated regression of endometrioid heterotopias.
Complete replacement of EE focus with granula-
tion tissue was observed in 9 rats of group 1 and
in 5 rats of group 2, multicystic degeneration of EE
area was detected in similar numbers of animals (in
3 in group 1 and in 2 in group 2), necrosis of EE
focus was not observed in group 1, but was detec-
ted in 2 animals in group 2 (Fig. 2).

Morphometry showed that irrespective of the
drug, the volume of EE foci and area of retained
endometrioid glands in treated animals were signi-
ficantly lower than in group 3 (Fig. 3). Evaluation
of the area of nuclei, height of the epithelium, ecto-
pic endometrial cell ploidy, and NOR activity in
their nuclei showed a significant reduction of all

b

ca

d

Fig. 1. Macroscopic characteristics of EE zones in animals treated with different drugs. a) red focus of endometriosis (group 3); b) cyst
on the transplant surface (group 3); c) white focus of endometriosis (group 1); d) white focus of endometriosis (group 2).
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a b c

Fig. 2. Variants of endometriosis foci regression in groups treated with different drugs. Arrows show: a) transplant necrosis (group 2);
b) multicystic degeneration of endometriosis focus (group 2); c) replacement of endometriosis focus by granulation tissue (group 1).
Here and in Fig. 3: hematoxylin and eosin staining, ×40.

b ca

Fig. 3. Microscopic picture of endometriosis zones with intact epithelium in animals receiving different preparations. Arrows show: transplant
and endometrioid gland in group 3 (a); decreased volume of the transplant and area of the endometrioid gland in groups 1 (b) and 2 (c).
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parameters reflecting proliferative activity of epithe-
lial cells in EE foci of treated rats. The height of
ectopic epithelium and NOR area in the nuclei of
its cells were significantly lower in animals treated
with IL-2 (Table 1).

Analysis of vascularization of EE foci showed
a significant reduction in the summary area of the
vascular bed, mean area of capillary lumen, areas
of endotheliocyte nuclei, endothelial cell ploidy,
and NOR activity in endotheliocyte nuclei of ani-
mals treated with IL-2 and IFN-α, the degree of
this reduction not depended on the drug (Table 2).

Treatment with IL-2 and especially with IFN-α
intensified leukocytic infiltration of endometrioid
heterotopies. Not only the intensity of leukocytic
infiltration increased in the EE focus; its qualitative
composition also changed (lymphocyte count signi-
ficantly increased, while the counts of macropha-

TABLE 1. Proliferative Activity of Epithelial Cells in Endometrioid Heterotopies (M±m)

Height of epithelium, μ 8.68±0.58*** 10.90±0.86**+ 14.10±0.74

Area of epitheliocyte nuclei, μ2 15.58±1.44** 15.00±0.97*** 19.97±0.76

Epitheliocyte ploidy, DNA content per cell, c 2.49±0.25* 2.38±0.13** 3.35±0.32

Number of NOR in nucleus 2.05±0.07* 2.10±0.12* 2.63±0.16

Mean area of NOR, μ2 1.06±0.04*** 1.36±0.08*+ 1.61±0.09+

Summary area of NOR, μ2 2.11±0.10** 2.42±0.08*++ 3.17±0.32

Note. Here and in Tables 2, 3: *p<0.05, **p<0.01, ***p<0.001 compared to group 3; +p<0.05, ++p<0.01 compared to group 1.

Parameter Group 3 (n=20)Group 2 (n=12)Group 1 (n=8)

TABLE 2. Vascularization of Endometrioid Heterotopies (M±m)

Percent of vascular lumen area
from transplant area 8.11±0.95* 8.00±1.00* 10.79±0.70

Mean capillary lumen, μ2 77.30±6.00** 63.38±5.53*** 107.97±9.73

Epitheliocyte nuclei area, μ2 8.69±0.36* 7.91±0.41*** 10.33±0.54

Epitheliocyte ploidy, DNA content per cell, c 2.04±0.07* 2.02±0.06* 2.28±0.09

Number of NOR in nucleus 1.88±0.19 1.77±0.18 1.98±0.11

Mean area of NOR, μ2 0.53±0.05* 0.54±0.04* 0.74±0.09

Summary area of NOR, μ2 0.86±0.11*** 0.83±0.05*** 1.35±0.08

Parameter Group 3 (n=20)Group 2 (n=20)Group 1 (n=20)

TABLE 3. Cell Composition of Leukocyte Infiltration in Endometrioid Heterotopies and Peritoneal Fluid (M±m)

Leukocytes per 1 mm2 3697.00±308.60*** 4932.00±396.80***++ 1863.00±359.00

Neutrophils, % 2.09±0.37* 3.18±0.32 3.36±0.92

Mast cells, % 1.28±0.28* 1.54±0.40* 2.95±0.58

Macrophages, % 0.83±0.17*** 1.29±0.14*+ 2.00±0.25

Lymphocytes, % 95.80±2.35** 93.99±1.37* 91.69±3.95

Parameter Group 3 (n=20)Group 2 (n=20)Group 1 (n=20)

ges, mast cells, and neutrophils decreased). IFN-α
more markedly reduced the count of macrophages in
leukocytic infiltration compared to IL-2 (Table 3).

Analysis of the results indicated that intraperi-
toneal treatment with IFN-α and IL-2 led to com-
plete regression of EE foci in 50 and 60% animals,
respectively. The volume of EE foci decreased
significantly in remaining endometrioid glands; pro-
liferative activity of ectopic endometrial cells de-
creased. These data suggest that the action of IFN-α
and IL-2 in regression of EE can be mediated thought
activation of lymphocytes infiltrating endometriosis
foci and exhibiting a direct cytotoxic effect on ecto-
pic endometrium cells in parallel with reduced counts
of macrophages initiating the angiogenesis pro-
cesses. Decreased vascularization of EE foci and
reduced activity of endothelial cells as a result of
treatment are additional proofs in favor of this
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hypothesis. The reduction of proliferative activity
of ectopic endometrial cells after IL-2 treatment
was more pronounced; there was no local side ef-
fect (necrosis of EE foci). On the other hand, lower
(in comparison with IL-2) efficiency of IFN-α was
due to short period of treatment. It is known that
therapy of tumor processes and chronic viral infec-
tions requires long, some times for many months,
IFN treatment. Presumably, external genital endo-
metriosis, as a chronic disease with dysregulation
of cell proliferation, also requires long-term IFN
therapy for attaining a stable clinical morphological
effect, in other words, an intraperitoneal injection
of IFN-α should be supplemented by a long-term
course of intramuscular or subcutaneous injections
of the preparation.
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