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Psychoimmune interactions were studied in women of reproductive age with endometriosis.
Pronounced immunological shifts manifested in a shift of the T-cellular immunity, resulting in
imbalanced production of pro- (IL-1p, IL-2, IFN-y) and anti-inflammatory (IL-4) cytokines.
Significant correlations between the severity of mental shifts and immunopathogenetic factors
in the studied patient population demonstrated the psychoneuroimmune nature of endome-

triosis.
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Endometriosis is diagnosed in 7-50% women and is
one of the most incident causes of infertility. This
hormone-dependent disease develops under conditions
of disorders in immune homeostasis and consists in
benign growth of uterine tissue, similar to the endo-
metrium by morphological and functional characteris-
tics, outside the uterine cavity [3]. Despite numerous
studies, the etiology and pathogenesis of this disease
remain an object of discussions. However, the scien-
tists are unanimous about one thing — the disease is
multifactorial.

Focused attention to evaluation of mental health
of women suffering from this disease can be explained
by its leading position in the structure of stubborn pain
syndrome. Today endometriosis is the most incident
and severe gynecological disease in women of repro-
ductive age, which negatively tells on their mental and
physical status and quality of life. Stubborn lasting
painful manifestations in endometriosis are risk factors
for the development of secondary mental disorders;
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anxiety and depression augment subjective painful
sensations. The study of the relationship between pain
and depression in the patients with endometriosis re-
vealed high incidence of affective disorders in this
patient population [14,16]. Chronic mental disorders
become the main predictor determining the clinical
and social prognosis [4,15].

Understanding of the important role of the im-
mune system in the development of endometriosis sug-
gested new approaches to studies of its pathogenesis
and to the treatment of patients suffering from this
disease. The results of many-year studies demonstrated
a relationship between the mental and immunologi-
cal reactions. The immune and nervous systems are
components of the adaptation mechanism with a com-
mon transmitter system. Disorders in the mechanism
of adaptation manifest by changes in the transmitter
processes in both systems [1,10]. According to current
views, disorders in immunocyte differentiation and in
the cytokine profile in endometriosis are pathogeneti-
cally significant [2,16]. Cytokines modulate emotional
status and activation of cognitive functions through
release and exchange of transmitters. Imbalance of
cytokine production, in turn, causes disorders in the
mental status, motivation, and behavior. On the other
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hand, the nervous and mental disorders lead to im-
mune system dysfunction [13].

We studied the psychoimmune relationships in
endometriosis in women of reproductive age.

MATERIALS AND METHODS

The study was carried out in 50 women aged 18-45
years (mean age 35.44+1.2 years), 30 of these with
internal genital (adenomyosis) and 20 with external
genital endometriosis. All women signed informed
consent to participation in the study. The women were
observed at Regional Center for Family Planning and
Reproduction (Tomsk). Patients with severe concomi-
tant diseases were excluded from the study. The diag-
nosis was verified by ultrasonic examination of pelvic
organs (82%), histeroscopy on days 4-7 of the cycle
(56%), laparoscopy (92%), and evaluation of CA-125
oncomarker (74%). Thorough clinical and anamnestic
studies were carried out in all women: the complaints
were recorded and classified, case history was studied,
the presence and type of extragenital disease were
evaluated, and hereditary factors were analyzed.

Evaluation of the severity of pelvic organs in-
volvement in endometriosis in accordance with the
Classification of the American Society of Fertility
(1999) showed stage I of the process in 22%, stage
II in 42%, stage III in 24%, and stage IV in 12% pa-
tients. The majority (86%) of women had a history
of reproductive function failure because of “delayed
first pregnancy”, 48% suffered from menstrual func-
tion disorders in the pubertal and early reproductive
age (12% had menometrorrhagia, 8% oligomenorrhea,
28% algodysmenorrhea), and 64% had confirmed fam-
ily history of endometriosis.

Despite the principal differences of the clinical
picture of various forms of endometriosis, the leading
symptom (in 96% of all examined patients) was pelvic
pain resistant to courses of anti-inflammatory therapy
and augmenting during coitus and menses. The clinical
picture of the painful syndrome manifested with the
beginning of menses (92%). This symptom often led to
disability, while pain during coitus made the majority
of them (74%) avoid sexual life, this largely prevent-
ing the solution of the second problem, anovulatory
sterility. Control group consisted of 30 healthy women
with similar characteristics.

Clinical psychopathological method and metho-
dological instruments Hamilton anxiety scale (HAS),
Hamilton depression rating scale (HDRS), Aleksan-
drovich clinical questionnaire (a variant of B. D. Kar-
vasarsky questionnaire [6]), and Holmes—Rahe social
adaptation scale were used in the study.

Immunophenotyping of peripheral blood lympho-
cytes by CD markers (CD3, CD4, CD8, CD16, CD25,

CD72, and CD95) was carried out by the immuno-
cytochemical method. The results were expressed in
percent and absolute values. The concentrations of
immunocytokines (IL-1B, IL-2, IL-4, IFN-y) in cul-
ture fluids were measured. Mononuclear cells were
isolated in Ficoll-Paque density gradient (Pharmacia)
and cultured (2x10° cell/ml) in RPMI-1640 with 10%
inactivated FCS, 0.3 mg/ml L-glutamine, 10 mM
HEPES (Flow), and 100 pg/ml gentamicin at 5% CO,
for 24 h. Cytokine production was stimulated by add-
ing phytohemagglutinin (PHA) to the medium. EIA
was carried out according to instructions for commer-
cial kits (Procon). Optical densities of solutions were
recorded on a Multiskan EX microplate photometer
(ThermoLabSystems). Cytokine concentrations were
calculated by calibration curves.

The results were processed using standard Statis-
tica 8.0 software. The normality of data distribution
was verified by the Kolmogorov—Smirnov test. The
equality of selected means was tested by the Student
t test and Mann—Whitney U test. Analysis of correla-
tions of the psychometric and immunological values
was carried out using Pirson’s coefficient of correla-
tions (7).

RESULTS

Evaluation of the mental status of patients with en-
dometriosis detected depressive symptoms in 78%
(HDRS score 11.8+1.2). In accordance with this objec-
tive clinical rating, the majority of women (74%) had
been surviving a petit mal depression during the study,
22% had a depressive episode of medium severity, and
4% had a severe depressive episode. It is noteworthy
that the women noted a relationship between aggrava-
tion of depressive moods and emergence of painful
symptoms in the reproductive system.

The degree of stress loading in patients with en-
dometriosis was 223.44+34.8 points according to T. H.
Holmes score and corresponded to the critical level of
stress resistance. As generally stress is closely related
to speculations related to potential threat, and hence
anxiety is the predominating and obligate element of
stress and an important component of the pathogenesis
of somatic disease. The mean group value indicated
predominating moderate level of anxiety in the pa-
tients (HAS score 21.2+1.7). The mental component of
anxiety was the most incident and intense (HAS score
12.5+1.3 points) in the structure of mental disorders,
while somatic manifestations were less pronounced
(8.7£1.1 points). According to published data, one of
the main mechanisms of combined anxiety and depres-
sion symptoms phenomenon in this patient population
was changed activity of neurotransmitter activities in
anxiety. This imbalance led to the development of an
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opposite status by the reduced regulation mechanism,
that is, anxiety transformed into depression [7].
Anxiety and depression were as a rule co-morbid
in examined patients. Analysis of correlations showed
positive correlations between anxiety level and in-
tensity of depressive symptoms (r=0.41 at p<0.001).
The anxiety symptoms predominated over depression
symptoms in the clinical picture of mental disorders
in the studied patient population. It is noteworthy that
combination of anxious and depressive disorders cam-
ouflaged the depression symptoms, thus determining
the deterioration of the prognosis for these disorders.
A total of 72% patients complained of asthenic mani-
festations (reduced working capacity, rapid fatigue,
disorders in concentration of attention and memory).
Half (52%) of the patients complained of sleep disor-
ders, 46% of them suffering from presomnic insomnia,
28% had superficial sleep with frequent awakening
episodes, and 36% patients complained of having no
proper sleep at night and felt tired in the morning.
Evaluation of the subpopulation composition of
the peripheral blood lymphocytes demonstrated po-
larization of the immune response towards the Thl-
route. This phenomenon manifested by a significant
reduction of activity of cytotoxic T-lymphocytes,
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carrying surface CD8 molecules, in comparison with
the parameters in healthy women (Table 1). The per-
centage of CD4" cells with helper activity increased
significantly, and hence, the immunoregulatory index
increased in comparison with the control.

On the other hand, the absolute counts of cells
with cytotoxic potential (CD16%) were significantly
lower in the studied patients in comparison with do-
nors (Table 1). Study of the B-component showed
a statistically significant (p<0.01) elevation of the
absolute count of CD72* lymphocytes in examined
patients in comparison with the controls (Table 1).
The count of T-lymphocyte subpopulation express-
ing CD25 activation marker, for which IL-2 served
as the ligand, was significantly lower in the studied
patient population than in healthy controls (Table 1).
The study of lymphocyte sensitivity to proapoptogenic
signals showed significant changes in this parameter
in women with endometriosis, which was shown by
reduction of the absolute count and percentage of cells
carrying CD95" receptor on their surface (Table 1).

According to modern concepts, stimulation of
Th1-lymphocytes, conjugated with the production of
the key cytokines IL-1B, IL-2, and IFN-y, stimulates
cellular immunity, and the immune response determi-

TABLE 1. Subpopulation Composition of the Peripheral Blood Lymphocytes in Healthy Women and Patients Suffering from

Endometriosis (X+m)

Group
Parameter

healthy women women of reproductive age

of reproductive age suffering from endometriosis
CD3* % 67.53+4.60 52.87+3.87
x10%/n 1.31+0.12 1.28+0.09
CD4* % 38.51+£3.07 67.43+4.09*
x10%/n 0.49+0.05 0.78+0.06*
CD8* % 32.13+2.76 21.97+1.92*
x10%/n 0.57+0.04 0.32+0.02*
Immunoregulatory index (CD4*/CD8") 1.23+0.08 1.95+0.14*
CDh72* % 16.14+1.27 15.74+1.36
x10%/liter 0.29+0.02 0.46+0.04*
Ccbh16* % 12.64+1.03 7.04+£0.59*
x10%/n 0.21+0.02 0.14%£0.01*
CD95* % 8.01+£0.75 3.89+0.04*
x10%/n 0.23%£0.02 0.13+0.09**
CDh25* % 17.09+1.36 8.11+£0.76*
x10%/n 0.27+0.02 0.46+0.03**

Note. Here and in Table 2: *p<0.05, **p<0.01, ***p<0.001 in comparison with the corresponding parameters in healthy women.
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nation by the humoral type is realized under conditions
of predominant effect of Th2-cytokines, of which IL-4
is the discriminant one [8]. Study of the cytokine-
producing function of peripheral blood mononuclears
in endometriosis patients showed shifts in the studied
parameters. Study of IFN-y production by mononucle-
ars showed a significant increase of its spontaneous
and PHA-stimulated secretion in comparison with the
levels in donors (Table 2). Previous studies showed
that elevation of IFN-y level was clinically paralleled
by disorders in the psychoemotional sphere, memory,
cognitive and mnestic activities, by reduction of atten-
tion concentration, sleep disorders, and a significant
reduction of performance abilities [5].

It was found that disorders in IL-1f level also led
to psychoneurological disturbances. Increase in the
level of this IL in infectious diseases was associated
with anorexia, increase of slow-wave sleep, and reduc-
tion of motor activity. Anti-inflammatory IL-10 (IL-1f
receptor antagonist) presumably limited activities of
proinflammatory cytokines [5]. Our studies showed
than the constitutional production of IL-1p by immu-
nocompetent cells increased, while induced synthesis
of this cytokine reduced in comparison with its values
in the control group (Table 2).

Another key Th1-cytokine, IL-2, also contributed
to modulation of mental activity in endometriosis. In-
tracentral injection of IL-2 caused a reduction of the
electrical activity of the hypothalamic supraoptical
and paraventricular nuclei. Microphoretic delivery of
IL-2 to the hippocampal sensorimotor cortical neu-
rons modified the neuronal activity pattern. On the
other hand, the cytokine effect depended on the CNS
reactivity. The dual nature of the cytokine effect mani-
fested by its capacity to stimulation of the neuronal

pulsed activity and to inhibition of the neuronal dis-
charges, which was determined by individual reactions
to stress factors [5]. Immunological studies revealed a
statistically significant (p<0.01) elevation of the basal
production of IL-2, discriminant for realization of the
Thl-mediated immune response in the studied patient
population, the level of induced synthesis of this cyto-
kine remaining comparable to that in healthy women
(Table 2).

Recent studies demonstrated the impact of chronic
stress, present in the studied patient population, on
the status of the immune system and psychoemotional
sphere, which were characterized by changes in IL-4
synthesis by peripheral blood mononuclear cells [8].
The constitutional and PHA-stimulated mononuclear
production of IL-4 stimulating T-helper polarization
towards Th2 was significantly decreased in patients
compared to controls (Table 2). These data indicated
pronounced immunological shifts in endometriosis pa-
tients, manifesting in deficiency of T-cellular immu-
nity presumably resulting in the detected imbalance of
pro- (IL-1pB, IL-2, IFN-y) to anti-inflammatory (IL-4)
cytokine production.

Modern studies in psychoneuroimmunology dem-
onstrated that the immunoregulatory processes were an
obligatory component of intricate network of adaptive
reactions. Our study of psychoimmune interrelation-
ships detected significant correlations between the im-
mune factors involved in the pathogenesis of the en-
dometrioid disease and the psychopathological status
of patients. Depression and anxiety were among the
basal mental reactions. Positive correlations between
the severity of depressive symptoms and spontane-
ous production of IL-2 (r=0.46, p<0.01) and induced
synthesis of proinflammatory cytokines IL-1p (»=0.38,

TABLE 2. Spontaneous and PHA-Induced Production of Immunocytokines by Peripheral Blood Mononuclear Cells (pg/ml)
in Healthy Women and Patients Suffering from Endometriosis (X+m)

Group
Parameter
healthy women women of reproductive age
of reproductive age suffering from endometriosis
IL-18 spontaneous 50.91+£3.09 121.28+9.62**
PHA-stimulated 132.87+8.97 95.46+9.32*
IL-2 spontaneous 42.70+3.65 58.25+10.15
PHA-stimulated 196.30+£18.42 105.63+15.74**
IL-4 spontaneous 58.89+9.34 116.33+£11.79***
PHA-stimulated 146.05+18.04 236.31£13.19**
IFN-y spontaneous 106.01+£12.78 146.82+18.15**
PHA-stimulated 276.32+22.09 146.82+18.15**
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p<0.05) and IFN-y (=0.43, p<0.05) were detected. In-
verse relationships between depression symptoms and
the counts of the following lymphocyte subpopulations
were found: T-lymphocytes, identified as CD3* cells
(r=-0.39, p<0.05), cytotoxic lymphocytes (r=-0.42,
p<0.05), NK cells (r=-0.53, p<0.01), and stimulated
T-lymphocytes carrying surface CD25" molecules (=
-0.36, p<0.05). These associations confirmed the hy-
pothesis on the involvement of the cytokine network
functioning in the pathogenesis of affective disorders.

Some associations of anxiety level are worthy
of note: positive correlations between anxiety level
and activity of lymphocytes carrying the CD16 cell
differentiation marker (#=0.38, p<0.05) and between
anxiety level and levels of spontaneous production of
proinflammatory IL-1p (+=0.46, p<0.01) and IL-2 cy-
tokines (=0.55, p<0.01) and inverse correlations be-
tween anxiety level and total counts of T-helper CD4*
(r=-0.33, p<0.05) and CD8* lymphocytes (+=0.36,
p<0.05). It was previously hypothesized [9] that im-
mune dysfunction associated with depression was
caused by changes in the cytokine pattern and con-
tributed to emergence of sleep disorders and asthenic
symptoms. Basic studies in neurosciences proved that
proinflammatory cytokines modulated the CNS activ-
ity and, presumably, were involved in the emergence
of insomnia and asthenia symptoms [11].

Study of the relationship between the intensity
(classified by Alexandrovich’ score) of manifestations
of sleep disorders and asthenia (frequent comorbid
symptoms of affective disorders) and immune param-
eters also revealed some significant correlations. In-
somnia formed positive relationships with the basal
level of Thl-cytokine IL-1B (»=0.37, p<0.05) and
Th2-cytokine IL-4 (r=0.41, p<0.05) and with NK
cell count in the peripheral blood (r=0.34, p<0.05).
Analysis of correlations showed positive relationships
between the intensity of asthenic manifestations and
spontaneous production of IL-2 (=0.38, p<0.05) and
level of B-lymphocyte population in the peripheral
blood (r=0.35, p<0.05); opposite trends were found
for the count of cytotoxic T-lymphocytes (r=-0.39,
p<0.05). These data confirmed the theory of genesis of
asthenia as a multifactorial disorder of neuroimmune
interactions, leading to immune imbalance and CNS
dysregulation.

Hence, the results of the study, demonstrating
close psychoimmune interactions in endometriosis
in women of reproductive age suggest regarding the
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pathogenesis of endometrioid disease from the stand-
point of a close relationship of the mental status and
immune and reproductive systems functioning. The
elements of the universal functional neuroimmuno-
endocrine system are related to each other by mu-
tual regulation for performance of a common func-
tion — homeostasis maintenance. This fact explains
the formation of a combined disease of the component
systems, irrespective of the initial disorder. Further
comprehensive studies of the relationships between the
pathological processes in the female reproductive sys-
tem and mental status will make it possible to create
highly effective integrative methods for prevention,
therapy, and rehabilitation of women suffering from
endometriosis.

The study was carried out within the framework
of the grant from the President of the Russian Fed-
eration for State Support of Young Russian Scientists
(MK-3743.2008.7).

REFERENCES

1. E. K. Ailamazyan, M. 1. Yarmolinskaya, N. Yu. Shved, et al.,
Vestn. Rossiisk. Voen. Med. Akad., No. 2, 16-22 (2009).

2. Yu. A. Aleksandrovskii and V. P. Chekhonin, Clinical Immu-
nology of Borderline Mental Disorders [in Russian], Moscow
(2005).

3. V. P. Baskakov, Yu. V. Tsvelev, and E. F. Kira, The Endome-
trioid Disease [in Russian], St. Petersburg (2002).

4. G. N. Kryzhanovskii, S. V. Magaeva, S. V. Makarov, et al.,
Neuroimmunopathology [in Russian], Moscow (2003).

5. D. M. Mendelevich and V. D. Mendelevich, Nevrol. Vestn., 25,
Nos. 1-2, 104-108 (1993).

6. Psychotherapeutic Encyclopedia, Ed. B. D. Karvasarskii [in
Russian], St. Petersburg (1998).

7. V. Ya. Semke, E. D. Schastnyi, and G. G. Simutkin, Affective
Disorders [in Russian], Tomsk (2004).

8. H. O. Besedovsky and A. D. Rey, Brain Behav. Immun., 21,
No. 1, 33-44 (2007).

9. R. Dantzer, /bid., 15, No. 1, 7-24 (2001).

10. M. R. Irwin, Ibid., 22, No. 2, 129-139 (2008).

11. M. R. Irwin and A. H. Miller, /bid., 21, No. 4, 374-383 (2007).

12. G. Jones, C. Jenkinson, N. Taylor, et al., Hum. Reprod., 21,
No. 10, 2686-2693 (2006).

13. D. Kerr, C. Krishnan, M. L. Pucak, and J. Carmen, Int. Rev.
Psychiatry, 17, No. 6, 443-449 (2005).

14. E. L. Poleshuk, M. J. Bair, K. Kroenke, et al., Psychosomatics,
50, No. 3, 270-276 (2009).

15. M. Rauchfuss, H. Kentenich, F. Siedentopf, and G. Danzer, J.
Psychosom. Obstet. Gynaecol., 26, No. 2, 85-91 (2005).

16. F. Siedentopf, N. Tariverdian, M. Rucke, et al., Am. J. Reprod.
Immunol., 60, No. 5, 449-461 (2008).




	Abstract

	MATERIALS AND METHODS
	RESULTS
	REFERENCES



