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Estradiol belongs to a family of steroid hormones that primarily controls the reproductive 

system. 17β-estradiol (E2) is the predominant and most biologically active estrogen. Growing 
evidences suggest that E2 may have a regulatory effects on immune system and can directly influence 
the function if cell-mediated immunity. Nevertheless, the effect of E2 on innate immune cells, 
particularly monocytes and neutrophils, has been so far poorly investigated. This study was aimed to 
investigate in vitro production of TNF-α, IL-1β, MCP-1 and IL-8 by whole blood cells following 
short-term exposure (4 hours) to 17β-estradiol (E2) in the presence or absence of LPS. The impact of 
E2 on β2 integrin (CD11b/CD18) and L-selectin (CD62L) expression on the surface of human blood 
monocytes and neutrophils was also evaluated. We demonstrated an inhibitory effect of E2 on LPS-
induced TNF-α production, the feature that could play a critical role in the regulation of inflammatory 
response. Expression of CD62L on neutrophils and monocytes was also decreased in the presence of 
E2. Thus, the results of our study indicate that E2 may have an immunomodulatory action on innate 
immune cells and modulate ongoing inflammatory response. 

Neutrophils, monocytes, estradiol, gene expression, cytokines 
 

¾ëïñ³¹ÇáÉÁ å³ïÏ³ÝáõÙ ¿ ëï»ñáÇ¹³ÛÇÝ ÑáñÙáÝÝ»ñÇ ÁÝï³ÝÇùÇÝ, áñÇ ³é³Ýóù³ÛÇÝ ¹»ñÁ 
í»ñ³ñï³¹ñáÕ³Ï³Ý Ñ³Ù³Ï³ñ·Ç ³ßË³ï³ÝùÇ Ï³ñ·³íáñáõÙÝ ¿: ¾ëïñá·»Ý ÑáñÙáÝÇ ÑÇÙÝ³Ï³Ý ¢ 
Ï»Ýë³μ³Ýáñ»Ý ³é³í»É ³ÏïÇí Ó¢Á Ñ³Ý¹Çë³ÝáõÙ ¿ 17β ¿ëïñ³¹ÇáÉÁ (E2): ØÇ ß³ñù Ñ»ï³-
½áïáõÃÛáõÝÝ»ñ óáõÛó »Ý ïí»É, áñ E2-Ý Ï³ñáÕ ¿ áõÝ»Ý³É Ï³ñ·³íáñÇã ³½¹»óáõÃÛáõÝ ÇÙáõÝ³ÛÇÝ 
Ñ³Ù³Ï³ñ·Ç íñ³ ¢ ³ÝÙÇç³Ï³Ýáñ»Ý ³½¹»É μçç³ÛÇÝ ÙÇçÝáñ¹³íáñí³Í ÇÙáõÝ³ÛÇÝ å³ï³ëË³ÝÇ íñ³: 
²ÛÝáõ³Ù»Ý³ÛÝÇí, ÙÇÝã ûñë, μÝ³ÍÇÝ ÇÙáõÝ³ÛÇÝ μçÇçÝ»ñÇª Ù³ëÝ³íáñ³å»ë ÙáÝáóÇïÝ»ñÇ ¢ Ý»Ûï-
ñáýÇÉÝ»ñÇ íñ³ E2-Ç ³½¹»óáõÃÛáõÝÁ μ³í³Ï³Ý³ã³÷ áõëáõÙÝ³ëÇñí³Í ã¿: îíÛ³É Ñ»ï³½áïáõÃÛ³Ý 
Ýå³ï³ÏÝ ¿ áõëáõÙÝ³ëÇñ»É in vitro å³ÛÙ³ÝÝ»ñáõÙ ³ÙμáÕç³Ï³Ý ³ñÛ³Ý μçÇçÝ»ñÇ ÏáÕÙÇó TNF-α, IL-
1β, MCP-1 ¢ IL-8 ³ñï³¹ñ»Éáõ áõÝ³ÏáõÃÛáõÝÁ 17β-¿ëïñ³¹ÇáÉÇ (E2) Ï³ñ×³ï¢ ³½¹»óáõÃÛáõÝÇó Ñ»ïá 
(4 Å)ª LPS-Ç ³éÏ³ÛáõÃÛ³Ý Ï³Ù μ³ó³Ï³ÛáõÃÛ³Ý å³ÛÙ³ÝÝ»ñáõÙ: ÆÝãå»ë Ý³¢ áõëáõÙÝ³ëÇñí»É ¿ E2-Ç 
³½¹»óáõÃÛáõÝÁ ÙáÝáóÇïÝ»ñÇ ¢ Ý»ÛïñáýÇÉÝ»ñÇ Ù³Ï»ñ»ë³ÛÇÝ ÙáÉ»ÏáõÉÝ»ñ β2 ÇÝï»·ñÇÝÇ 
(CD11b/CD18) ¢ L ë»É»ÏïÇÝÇ (CD62L) ¿ùëåñ»ëÇ³ÛÇ íñ³: Ø»ñ ÏáÕÙÇó óáõÛó ¿ ïñí»É E2-Ý óáõó³μ»ñáõÙ 
¿ ×ÝßÇã ³½¹»óáõÃÛáõÝ LPS-áí ËÃ³Ýí³Í TNF-α-Ç ³ñï³¹ñáõÃÛ³Ý íñ³, ÇÝãÁ, ÑÝ³ñ³íáñ ¿, Ï³ñáÕ ¿ 
áñáßÇã ¹»ñ áõÝ»Ý³É μáñμáù³ÛÇÝ å³ï³ëË³ÝÇ Ï³ñ·³íáñÙ³Ý Å³Ù³Ý³Ï: E2-Ç ³½¹»óáõÃÛáõÝÇó Ñ»ïá 
Ý»ÛïñáýÇÉÝ»ñáõÙ ¢ ÙáÝáóÇïÝ»ñáõÙ Ýí³½áõÙ ¿ Ý³¢ CD62L-Ç ¿ùëåñ»ëÇ³ÛÇ Ù³Ï³ñ¹³ÏÁ: ²ÛëåÇëáí, 
ëï³óí³Í ³ñ¹ÛáõÝùÝ»ñÁ óáõÛó »Ý ï³ÉÇë, áñ μÝ³ÍÇÝ ÇÙáõÝ³ÛÇÝ μçÇçÝ»ñáõÙ E2-Ý Ï³ñáÕ ¿ áõÝ»Ý³É 
ÇÙáõÝáÏ³ñ·³íáñÇã ³½¹»óáõÃÛáõÝ ¢ modulate ÁÝÃ³óÇÏ ÇÙáõÝ³ÛÇÝ å³ï³ëË³ÝÁ: 

Ý»ÛïñáýÇÉÝ»ñ, ÙáÝáóÇïÝ»ñ, ¾ëïñ³¹ÇáÉ, ·»Ý³ÛÇÝ ¿ùëåñ»ëÇ³, óÇïáÏÇÝÝ»ñ 
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Эстрадиол относится к группе стероидных гормонов, которые главным образом конт-
ролируют репродуктивную систему. 17β-эстрадиол (E2) является одним из основных и наи-
более биологически активных эстрогенов. Накопленные свидетельства указывают на то, что 
E2 способен оказывать регуляторный эффект на имунную систему и способен непосредст-
венно воздействовать на функционирование клеточного звена иммунитета. Тем не менее, 
воздействие E2 на клетки врожденного иммунитета, в частности моноциты и нейтрофилы 
остается плохо изученным. Таким образом, целью данного исследования явилось изучение in 
vitro продукции TNF-α, IL-1β, MCP-1 и IL-8 клетками цельной крови прсле кротковременного 
(4 часа) воздействия 17β-эстрадиола (E2) в присутствии или отсутствии LPS. Кроме того была 
проведена оценка воздействия E2 на экспрессию β2 интегрина (CD11b/CD18) и L-селектина 
(CD62L) на поверхности моноцитов и нейтрофилов крови человека. Нами был продемонст-
рирован ингибиторный эффект E2 на LPS-индуцированную продукцию TNF-α, особен-
ность/свойство которая может играть критическую роль в регуляции воспалительного ответа. 
Экпоессия CD62L на нейтрофилах и моноцитах  так же была снижена в присутствии E2. Таким 
образом, результаты нашего исследования указывают на то, что E2 может иметь иммуно-
модуляторное воздействие на клетки врожденного иммунитета и способен модулировать 
развитие воспалительной реакции. 

нейтрофилы, моноциты, эстрадиол, генная экспрессия, цитокиы 
 

Hormones are chemical messengers secreted by endocrine glands that regulate 
numerous biologic processes, including growth and development, reproduction, immunity 
and homeostasis. The link between immune and endocrine systems is being increasingly 
recognized. The regulation of this well-balanced machinery occurs through interactions of 
hormones with receptors on immune cells which modulate immune cell response and 
function. Various observations suggest that sex hormones may not only simply affect the 
immune responses but may also predispose persons to allergies and autoimmune diseases 
[1]. It was suggested that high incidence and prevalence rates of autoimmune diseases in 
women could be associated with the hormonal fluctuations to which they are exposed 
throughout life [1]. Particularly, it was shown that estrogen (or 17β-estradiol) can broadly 
affect innate and adaptive immune processes through estrogen receptors expressed on most 
immune cells. Despite many known links between E2 and immune function, the exact role 
of this hormone in inflammation is controversial. While pro-inflammatory features of 17β-
estradiol were previously reported [2], recent evidences suggested anti-inflammatory effect 
of E2 [3]. This study was aimed to analyze the production of TNF-α, IL-1β, MCP-1 and IL-
8 by whole blood cells and determine the expression of β2 integrin and L-selectin on 
monocytes and neutrophils from healthy subjects after E2 exposure in the presence or 
absence of LPS. 

 
Materials and methods 
Sampling. The study was approved by the Ethical Committee of the Institute of 

Molecular Biology of the NAS RA (IRB IORG0003427). Venous blood samples were 
obtained from 12 healthy women (mean age of 33 ± 3,4 years). None of the selected donors 
was taking any medication at the time of the experiments, or suffered from acute/chronic 
diseases. Blood of selected women was collected in the mid follicular phase to minimize 
diversity of estrogen levels in the blood. 

In vitro stimulation of whole blood with E2 and LPS. Peripheral blood samples was 
collected in EDTA tubes, and diluted 1:10 with RPMI-1640 medium (Gibco) containing 
10% fetal calf serum (FCS) and 2 mM L-glutamine (Sigma). The blood was distributed in 
24-well plates and stimulated with E2 (100µM) in the presence or absence of LPS (100 
ng/ml) for 4 hours at 37°C.  

 Cytokine measurements. Cytokine content in supernatants was measured with 
specific immunoassays according to the manufacturer's instructions. Cytokine production 
was analyzed using Human IL-1β, IL-8, TNF-α and MCP-1 ELISA MAX Deluxe kits 
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(Biolegend, UK). The samples were read at 450 nm in a 96-well plate reader (HumaReader 
HS, Human Diagnostics Worldwide, Germany). 

 Flow cytometric analysis. At the end of stimulations, cells were harvested and 
incubated with fluorescent mAb toward CD14, CD16, CD11b, CD18, and CD62L for 30 
minutes. Labeled cells, after further washing, were resuspended in PBS supplemented with 
1% BSA. Antigen expression was analyzed on a Partec CyFlow Space (Partec, Germany). 
10 000 events were collected from each sample.  

 Statistics. Statistical analyses were carried out using the Statsoft Statistica package 
(http://www.statsoft.com). All values are given as means ± standard errors of the means. 
For continuous variables, groups were compared using the paired Student’s t-test. P values 
≤ 0.05 were considered as significant. 
 

Results 
 Effect of E2 and LPS on surface expression of CD11b, CD18, and CD62L. In 

neutrophils, LPS significantly enhanced membrane expression of CD11b/CD18 (P <0.01). 
In monocytes, LPS exposure resulted in increased CD11b surface expression (P <0.05). 
Expression of CD62L on neutrophils were suppressed by LPS (P <0.05), while in 
monocytes the level of CD62L remained unchanged after exposure to LPS. Presence of E2 
did not substantially affected LPS-induced expression of surface CD11b, CD18 or CD62L 
on both cell populations. In absence of LPS, E2 administration significantly suppressed 
cell-surface expression of CD62L on both monocytes and neutrophils (P <0.05) (Figure 1). 
 

 

 

 

 
Figure 1. Effect of E2 (100 µM) and LPS (100 ng/ml) on expression CD11b, CD62L, and CD18 surface markers 

in neutrophils and monocytes from lysed whole blood. Data represented as mean fluorescence intensity 
(MFI) ± S.E.M. Neutrophils were identified according to FSC/SSC gate and showing CD16bright and 

CD14− staining. Monocytees were identified according to FSC/SSC gate and showing CD14+ staining. *P < 0.05, 
**P < 0.01 compared with the untreated control group (Ctl).  

 
 Cytokine production by whole blood cells in the presence of E2 and LPS. A low 

level of constitutive IL-1β, IL-8, TNF-α and MCP-1 was detected in supernatants from uns-
timulated control cells. Administration of endotoxin increased the levels of all tested cyto-
kines in whole blood culture supernatants in comparison to unstimulated group (Figure 2). 
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Figure 2.  Effect of E2 (100 µM) and LPS (100 ng/ml) on the production of IL-1β, IL-8, TNF-α and MCP-1. Data 

are presented as means ± S.E.M. **P < 0.01, ***P < 0.001 compared with the untreated control group (Ctl), 
#P < 0.05 compared with the LPS exposure. 

 
Treatment of cells with E2 had no significant effect on production of all studied 

cytokines. E2 exposure had an inhibitory effect on LPS-induced production of TNF-α (P 
<0.05) (Figure 2).  

Discussion 
In the present study we investigated immunomodulatory properties of primary female 

hormone 17β-estradiol and its role in LPS-mediated innate immune response. We observed 
a modulatory effect of E2 on neutrophils and monocyte-derived molecules which are 
involved in the regulation of inflammation. E2 did not affect cytokine production in 
cultures of whole blood cells, but notably suppressed LPS-induced TNF-α production. 
Besides, E2 administration diminished production of MCP-1 and IL-1β in LPS-treated cells 
(albeit data is not significant). Available data in the literature concerning effect of estradiol 
on endotoxin-stimulated cells is highly controversial. Different research groups 
demonstrated that production of cytokine such as IL-1β and IL-8 could be inhibited or even 
potentiated by E2, depending on experimental condition [2; 4; 5]. Our results suggest 
activation of adhesion properties of the cells by E2 as reflected by the decreased expression 
of CD62L (decrease in the expression of CD62L is due to shedding effect). Together these 
results indicate that under inflammatory condition E2 is capable of attenuating cytokine-
mediated inflammatory responses of innate immune cells, presenting promising way to 
prevent excessive inflammation. 

In conclusion, our experimental findings have provided additional evidence of the 
immunomodulatory properties of 17β-estradiol which is of special importance for 
regulating aberrant immune responses during steady state and inflammation. 
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It is shown that among hazardous factors of the environment the high level of indust-

rial, transport and community ambient noise are extremely dangerous, which drastically 
decrease the resistibility of an organism, promote different diseases development and 
particularly lead to the Cognitive disorders, affect learning, memory, perception, and the 
problem solving [20,15,17]. The latteris much likely to be associated with an increase of 
the stress hormone release and the oxidative stress (OS) development [1]. Epidemiological 
research provides the possibility of an integral risk estimation of community noise based 
directly on the empirical data gained under the genuine conditions of exposure, considering 
factors potent to amplify or attenuate the noise exerted effects [21]. 

The data obtained serve as evidence of the structural reorganization and the functional 
change of bio-membranes in experimental animals under the noise action due to lipid 
peroxidation (LPO) process activation and α-Tocopherol exhaustion in tissues and 
significant protective effects of antioxidants and the stress –limiting compounds, among 
which we consider adrenoblockers [14]. Our investigations have shown a harmful action of 
chronic noise on the protein oxidative modification processes intensity both in plasma and 
Erythrocyte Membranes and the modifying effects of α2-adrenoblockers on oxidative 
intensity, as well [14,22].   

Considering all the above mentioned it is necessary to study effects related only to the 
noise influence in experiments, eliminating possibility of side effects. 

Open field activity enables scientists evaluating locomotor behavioral activity, 
including the Total distance travelled, Average speed, Number of line crossings, Total 


