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AbstrAct 
over the past half century, an extraordinary increase in civilization diseases have been un-

covered, among which the special part belongs to maladies to this or that extent associated with 
impairment of immunoprotective mechanisms: immunodeficiency conditions, allergic diseases, 
blood disorders, tumor pathology, etc. the increase in related morbidity rate is mainly observed 
in countries, the population of which was subjected to chronic stress: different model permanent 
stress factors. this latter equally refers to armenia as well: during the last 25 years the popula-
tion was stressed by different stress factors, such as the earthquake, war, social and domestic 
problems, processes of migration, etc. according to informal data for these years, the incidence 
of various immunodependent, oncological diseases, and diseases of blood among the population 
of the republic increased 5-10 and more times. 

the above stated gives evidence of necessity to analyze the existing ideas on possible mecha-
nisms of immune disturbances and defense reactions development and, in particular, on the role of 
immune mechanisms of defense in the pathogenesis of post-stressor pathological manifestations 
during the postnatal ontogenesis, and subsequently, gives proof to targeted research in this field.

Summarizing the above stated it is possible to conclude that adaptation mechanisms are inter-
related in a complicated manner and have bidirectional disposition, due to ability to proceed from 
the protective to damaging ones. they become the base or the constituent component for develop-
ment of pathological processes depending on the number, intensity, and duration of stress factors, 
as well as organism peculiarities characterized by its responsiveness or predisposition to different 
pathological processes. the stress reaction becomes a non-specific cause of numerous pathological 
conditions. 

the discussed study results help to shed light on important biological mechanisms that under-
lie human health.
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The main study of H. Selye and his numerous fol-
lowers described well-known, classical stress mani-
festations, its different stages, phenomenon of dis-
tress. The adaptive and pathogenetic significance of 
different types of stress was shown depending on its 
depth, duration, causing factors and initial functional 
condition of the organism [Selye h., 1972; 1979].

The stress theory postulates involvement of both 
sympathetic-adrenal-medullary (SAM) axis and hy-

pothalamic-pituitary-adrenal (HPA) axis in recipro-
cal reaction to stress; their response is implemented 
through the central neuronal mechanisms and pro-
vides further alterations and functional rearrange-
ments of different organs and systems, involving the 
immune system as well. According to H. Selye, the 
reaction of immune system presents, inter alia, the 
somatical expression of defense mechanisms mobili-
zation. In formation of defense reactions the stress 
has a significant influence on the immune system 
functions; the effect can be stimulating (in General 
Adaptation Syndrome) or inhibiting (in pathological 
display) [petrov r., 1976].
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The process of adaptation development takes 
place via two mechanisms: 1) mobilization of the 
functional system, which is specifically responsi-
ble for adaptation to a particular factor; and 2) 
non-specific response, which arises to any strong 
stimulus, i.e. the standard activation of the stress 
realizing system. The non-specific stress realizing 
system consists of central and two peripheral path-
ways that communicate with a central link of the 
whole organism. The central link is presented by 
nuclei in hypothalamus and brain stem and inte-
grates the three groups of neurons: corticotropin 
releasing factor (CRF) producing neurons of para-
ventricular nuclei in hypothalamus, CRF-neurons 
of brain stem, neurons producing vasopressin and 
oxitocin, and noradrenalin producing neurons.

The peripheral stress realizing pathways are rep-
resented by hypothalamic-pituitary-adrenal (HPA) 
axis, sympathetic-medullary-adrenal (SAM) axis 
and parasympathetic nervous system.

SAM responds the first to the stress stimulus. It 
provides short-lasting effects and then connects 
HPA, which amplifies and supplements effects of 
SAM. Somatotropic hormone (STH), triiodothyro-
nine (T3), thyroxin T4), parathyroid hormone, va-
sopressin, renin-angiotensin system also partici-
pate in stress realization: in ensuring and sustaining 
effects of SAM and HPA. SAM realizes ergotropic 
rearrangement of the organism functions; this latter 
requires appropriate energetic maintenance. As a 
result of SAM stimulation and subsequent effects 
of glucocorticoids, STH and thyroid hormones, the 
following metabolic processes take place: glyco-
genolysis and glyconeogenesis activation, leading to 
hyperglycemy, lypolysis activation, resulting in in-
crease of free fatty acids content; depression of ana-
bolic processes, proteolysis increasing amino acids 
content; increase in Ca2+ blood levels due to osteolysis; 
Na+ and water retention in the organism [Sapolsky r. 
et al., 2000; nikonov v., 2002; tkachuk t., 2006].

Moreover, the reaction of lymphoid tissue to ex-
treme stress factors has its peculiarity, such as lym-
phocytolysis in central and peripheral immune or-
gans caused by steroid hormones, cells metabolism 
depression, and enhancement of their migration. 
Under such immune deficiency states not only cell 
activity is inhibited in certain links of immunity, but 
changes of T- and B- lymphocytes and macrophages 
occur as well [petrenko W., petrenko e., 2001].

The antigens stress-like influence on immune 
reactions is the main factor. Antigens in organism 
change the functional state of immune system and 
cause alteration in the level of adrenocorticotrop 
hormone (ACTH), STH and glucocorticoid hor-
mones; the most stable phenomenon is early in-
crease in levels of these hormones. The first stress 
manifestation is vast migration of granulocytes 
from the depot. The functions and the phagocytic 
activity of the mentioned cells are impaired under 
the intensive stress influence. 

The reactional changes of organisms under 
stress resulting from extreme factors cannot be 
considered separately from the General Adaptation 
Syndrome, during which the leading role belongs 
to the hormones of HPA axis [Sapin m., 1999; 
Sapin m. et al., 2001].

Regulation of the HPA axis changes dramati-
cally over the course of gestation with profound 
implications for the mother and the fetus. One of 
the most significant changes during pregnancy is 
development of the placenta, a fetal organ with 
significant endocrine properties. During preg-
nancy, corticotropin-releasing hormone (CRH) is 
released from the placenta into both the maternal 
and fetal compartments. In contrast to the negative 
feedback regulation of hypothalamic CRH, corti-
sol increases the production of CRH from the pla-
centa. Placental CRH (pCRH) concentrations rise 
exponentially over the course of gestation. In addi-
tion to its effects on pCRH, maternal cortisol 
passes through the placenta. However, the effects 
of maternal cortisol on the fetus are modulated by 
the presence of p11βHSD2 enzyme, which oxi-
dizes cortisol into an inactive form, cortisone. The 
activity of mentioned enzyme increases as preg-
nancy advances and then drops precipitously, so 
that maternal cortisol is available to promote mat-
uration of the fetal lungs, central nervous system, 
as well as other organ systems. One system pro-
foundly influenced during human pregnancy is the 
“fight or flight” stress system because of the growth 
and development of the placenta [Sandman c., 
Davis e., 2010]. The placenta expresses genes for 
the major stress hormones: CRH (hCRHmRNA) 
and proopiomelanocortin, the precursor for ACTH, 
and beta-endorphin (BE). The concentration of all 
these stress hormones increases as pregnancy ad-
vances, but the exponential increase in pCRH in 
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maternal plasma is especially dramatic, reaching 
levels observed only in the hypothalamic portal 
system during physiological stress [lowry p., 
1993]. Moreover, in contrast to the well-known 
negative feedback, at regulation of the hypotha-
lamic CRH cortisol stimulates the expression of 
hCRHmRNA in the placenta, establishing a posi-
tive feedback loop that allows for the simultaneous 
increase of pCRH, ACTH, BE, and cortisol over 
the course of gestation. The difference in behavior 
of the CRH gene in the placenta and hypothalamus 
is due to the expression of different transcription 
factors, coactivators, and corepressors in these two 
tissues [King B. et al., 2002]. The increase of 
pCRH especially over the latter part of human ges-
tation plays a fundamental role in the organization 
of the fetal nervous system [Sandman c. et al., 
1999] and in maternal adaptation during preg-
nancy, including the influence on timing of the 
onset of spontaneous labor and delivery [mclean 
m. et al., 1995; Smith r. et al., 2002].

The effects of stress/HPA and placental axis hor-
mones are modulated by the activities of binding 
proteins and enzymes. For example, concurrent 
with increases in pCRH, maternal CRH-binding 
protein rises and then falls abruptly near the end of 
gestation [reul J. et al., 1994; mclean m. et al., 
1995]. Maternal plasma cortisol-binding globulin 
(CBG) levels also change across pregnancy. CBG 
production is stimulated by estrogens, and its levels 
increase progressively with advancing gestation 
until the end of gestation when there is a significant 
decline in CBG [ho J. et al., 2007]. The levels of 
placental 11β-HSD2, which oxidizes cortisol into 
its inactive form, cortisone [Sun K. et al., 1999], rise 
as gestation progresses before falling precipitously 
near term ensuring maturation of the fetal lungs, 
CNS, and other organ systems in full term births 
[ma X. et al., 2003; murphy v., clifton v., 2003].

The maternal-fetal endocrine changes are adap-
tive and important for fetal maturation, but if the 
hormone levels are elevated, for instance in re-
sponse to stress, the increase can affect the trajec-
tory of fetal development. Compelling evidence 
from the western Spade-foot toad implicates the 
HPA system and particularly CRH, in the control 
of the rate of development [Denver r., 1997; 1999; 
Boorse g., Denver r., 2002; Seasholtz a. et al., 
2002]. Rapidly evaporating pools of desert water 

result in elevation of CRH in the median eminence 
of the tadpoles precipitating metamorphic climax 
to escape imminent peril. If the CRH response is 
blocked during environmental desiccation, then 
the rate of development is arrested and the tad-
poles’ survival is compromised. This remarkable 
surveillance and response system has evolved and 
is conserved so that many species including the 
human fetus can detect threats to survival and ad-
just its developmental trajectory [mclean m. et al., 
1995; crespi e., Denver r., 2005; Kuzawa c., 
2005; pike i., 2005]. The placenta collects infor-
mation from its maternal host to prepare the fetus 
for postnatal survival [gluckman p., hanson m., 
2000]. If the fetal/placental unit detects stress sig-
nals from the maternal environment (e.g., corti-
sol), the “placental clock” [mclean m. et al., 1995] 
may be advanced by activation of the promoter re-
gion of the CRH gene, which initiates the placental 
synthesis of the “master” stress hormone, pCRH 
[Sandman c. et al., 2006]. The rapid increase in 
circulating pCRH initiates the cascade of events 
resulting in myometrial activation that increases 
the risk of preterm birth. In parallel, the fetus ad-
justs its developmental trajectory and/or modifies 
its nervous system to ensure survival in a poten-
tially hostile environment. Survival under these 
circumstances, however, is associated with com-
promised motor, cognitive, and emotional func-
tions [peterson B. et al., 2000; anderson p., Doyle 
l., 2003] and reduced region-specific brain gray 
matter volume [nosarti c. et al., 2002; peterson 
B. et al., 2003; Davis e. et al., 2011]. It is impor-
tant to acknowledge that there are vast differences 
in reproductive physiology, as well as in the trajec-
tory of fetal development of different species. 
These differences limit the validity of generalizing 
to humans from animal models [Smith r., 1999; 
Sandman c. et al., 2006].

It was believed in past that chronic psychosocial 
stress leads to the depression of immune reactions by 
decreasing the activity of all immune cells. Almost 
all immune cells have receptors for one or more hor-
mones that are associated with the hypothalamic-pi-
tuitary-adrenal (HPA) axis and the sympathetic-adre-
nal-medullary (SAM) axis [glaser r., Kiecolt-glaser 
J., 2005]. New findings support the hypothesis that 
chronic stress specifically alters the pattern of cyto-
kines that are secreted in response to an antigen. 



7

the New ArmeNiAN medicAl JourNAl, vol.6 (2012), no 4, p. TorgomyAN A.l. et al. 4-15

Under conditions of chronic stress there is a shift 
from T-helper 1 (Th1) cytokines to Th2 cytokines 
mediated by glucocorticoids, which suppress cellular 
immunity and activate humoral immunity [elenkov 
i., 2004; glaser r., Kiecolt-glaser J., 2005]. The 
consequences of pregnancy and social stress on blood 
immune cells and on plasma corticosterone concen-
trations revealed that normal pregnancy in control 
female rats was characterized by a progressive in-
crease in corticosterone concentration and increase 
of granulocytes. In contrast, CD4 T, CD8 T, and B 
cell number, as well as the proliferative response of 
lymphocytes decreased as pregnancy progressed. 
Corticosterone concentrations were substantially 
higher in pregnant stressed than in pregnant control 
rats. Furthermore, the numbers of monocytes, natural 
killer (NK) and B cells were lower in stressed female 
animals, and there was a strong trend towards sup-
pressed lymphocyte proliferation. Interestingly, preg-
nant females did not show granulocytosis in response 
to the stressor [Stefanski v. et al., 2005].

There are numerous animal studies in different 
species that show influence of prenatal stress on 
the offspring’s immune system in different periods 
of their postnatal life. For example, offspring of 
rats stressed during pregnancy showed reduced 
lymphocyte proliferation and cytolytic responses 
[Klein S., rager D., 1995; Kay g. et al., 1998], as 
well as a decrease in the total peripheral leukocyte 
count and alterations in the differential count by 
decreasing lymphocytes and increasing neutrophil 
and eosinophil counts, and a significant reduction 
in the percentage of peripheral CD8+ cells 
[llorente e. et al., 2002].

G. Csaba and colleagues measured immune cells 
hormone content (ACTH, histamine, serotonin, and 
T3) in offspring of stressed rat dams just before or 
directly after delivery. They detected elevation of 
ACTH content in males, which was convincing in 
each cell type (lymphocytes, monocytes, granulo-
cytes, and mast cells). Moreover, in mentioned cells 
of male offspring the content of this hormone was 
significantly higher than in those cells of females. 
The change in histamine and T3 content was incon-
sistent. As ACTH is the key hormone in the General 
Adaptation Syndrome, it seems likely that the prena-
tal stress primarily caused elevation in ACTH level 
and it was provoking the life-long hormonal imprint-
ing. There was a difference between the reaction of 

males and females (with males’ advance), which 
points to the gender dependence of the phenomenon. 
It is important that the effect of stress on the offspring 
was similar in case of direct (prenatal, in the mother) 
and indirect (postnatal, transmitted by milk) stress 
treatment, which calls attention to the danger of stress 
during this latter period [csaba g. et al., 2009].

The study conducted by N. Hodyl and co-work-
ers characterizes the innate immune response to 
bacterial exposure in rat offspring following mater-
nal exposure to a pro-inflammatory stimulus. The 
offspring’s innate immune responses were investi-
gated at four developmental time points in the rat by 
determination of immune cell subtypes and TNF-
alpha and IL-1beta response to in vivo lipopolysac-
charide (LPS) exposure. The pre-weaned offspring 
of exposed dams demonstrated no immune response 
to the LPS challenge, whereas control offspring re-
sponded with a typical elevation in cytokine levels. 
In pubescence no differences were observed be-
tween the responses of the control and exposed off-
spring. In adulthood and senescence, offspring of 
endotoxin treated dams had significantly less mono-
cytes in circulation than control offspring and dif-
ferential sex effects were only evident in these older 
animals [hodyl n. et al., 2007].

A. Götz with colleagues studied prenatal stress 
influence on immune function and immune cell 
numbers in adult male rats. The impact of social 
confrontations on distribution and function of 
blood immune cells in adult male rat offspring 
from stressed and non-stressed pregnancies re-
vealed generally lower number of neutrophiles, 
monocytes, T and NK cells and reduced lympho-
cyte proliferation in whole blood cultures of pre-
natally stressed intruder (PSI) males in compari-
son to the non-stressed control intruders (PCI). 
Differences also existed in the temporal dynamics 
of immunological changes. On confrontation day 
1, stress-induced reductions in lymphocyte and 
monocyte numbers but increased granulocyte 
counts were observed in both experimental and 
control groups. However, only PCI showed a par-
tial recovery of T cell and monocyte numbers on 
confrontation day 10 and a full restoration in all 
immune cell numbers 5 days post-confrontation 
[götz a. et al., 2007]. In addition, prenatally 
stressed (PS) males had significantly lower serum 
corticosterone concentrations under basal condi-
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tions, as well as after ACTH-challenge. The basal 
number of total leukocytes was significantly lower 
in the PS group due to significantly lower lympho-
cyte counts. In particular, the CD4+ T-helper cell 
subset was affected. The lymphocyte proliferation 
to pokeweed mitogen was lower in PS males. On 
this ground it is possible to assume that the nature 
of the stressor plays an important role for preg-
nancy outcome and physiology of the offspring in 
later life [götz a. et al., 2008].

C. Vanbesien-Malliot and associates (2007) re-
port on prominent increases in interferon (IFN)-γ 
expression and the CD8+ T cell compartment in 
6-month old adult offspring, whereas none of the 
PS-induced cellular perturbations reported in adult 
rats could be evidenced in younger (7 weeks old) 
rats. However, interestingly, the younger rats 
showed a marked increase in IL-5 mRNA expres-
sion in basal condition, and an increase in mRNA 
levels for IL-10 (1.54 times) and IL-6 (6.96 times) 
in stimulated splenocytes from adult offspring of 
PS rats relative to controls, supporting an element 
of increased Th2 bias. In addition, in vitro stimula-
tion with phytohemagglutinin-A induced an in-
crease in both the proliferation of T lymphocytes 
and the secretion of IFN-gamma in PS rats. Inter-
estingly, these alterations were undetectable in 
younger PS rats (7-week old), except for a slight 
increase in the mRNA expression of several pro-
inflammatory cytokines in peripheral blood mono-
nuclear cells. Moreover, in vivo neutralization of 
IFN- γ in young rats had no effects in PS group. It 
was reported for the first time on the long-lasting 
pro-inflammatory consequences of PS in rats [van-
besien-mailliot c. et al., 2007].

The study on Natural Killer (NK) proliferation 
and cytotoxisity indicated that: (a) proliferation 
did not vary as a function of sex or prenatal treat-
ment in either juvenile or adult offspring; (b) in 
juveniles NK (Natural Killer) cytotoxicity was 
marginally lower in males as compared to females, 
and was also marginally reduced by prenatal stress 
in males but not females, whereas in adults NK cy-
totoxicity was marginally enhanced by prenatal 
stress in both sexes; and (c) PS offspring of both 
sexes had higher levels of anti-Keyhole Limpet 
Hemocyanin (anti-KLH ) antibodies as compared 
to controls [Klein S., rager D., 1995].

J. Reul with colleagues investigated, whether 

non-abortive maternal infections would compro-
mise fetal brain development and alter hypotha-
lamic-pituitary-adrenocortical (HPA) axis function-
ing when adult. The study of putative teratogenic 
effects of a T cell-mediated immune response ver-
sus an endotoxic challenge revealed that adult male 
progeny (3 month old) of both experimental groups 
showed increased basal plasma corticosterone lev-
els, substantial decreases in mineralocorticoid (MR) 
and glucocorticoid receptor (GR) levels in the hip-
pocampus, a limbic brain structure critical for HPA 
axis regulation, whereas GR concentrations were 
unchanged in the hypothalamus and slightly in-
creased in anterior pituitary. Stimulation of the ma-
ternal immune system took place in both groups and 
was revealed by specific anti-human red blood cells 
(anti-HRBC) antibody production and enhanced 
IL-1 beta mRNA expression in splenocytes, respec-
tively. This study demonstrates that a T cell-medi-
ated immune response, as well as an endotoxic chal-
lenge during pregnancy, can induce anomalies in 
HPA axis function in adulthood. Clinically, it may 
be postulated that disturbed fetal brain development 
due to prenatal immune challenge increases the vul-
nerability to develop mental illness involving inad-
equate responses to stress [reul J. et al., 1994]. The 
offspring of PS mice were also shown to have an 
increased vulnerability toward airway hyper re-
sponsiveness and inflammation, accompanied by a 
Th2 biased immune response after Ag challenge 
[pincus-Knackstedt m. et al., 2006]. 

The investigation of the immune effects of prena-
tal stress in pigs was done in several studies con-
ducted by D. Couret with colleagues (2009), when 
maternal stressor was applied during early or late 
gestation. They found that early gestational stress 
(24-48 days) only affected the relative weight of ad-
renals on the fifth day of age. On the contrary, late 
gestational stress (79-103 days) increased the prolif-
eration index of blood cells regardless of the age. 
Overall, the effects of prenatal stress in pigs seem to 
depend on the stage of gestation, gender and the im-
mune compartment [couret D. et al., 2009 b]. The 
repeated social stress applied to pregnant sows dur-
ing late gestation can induce long-lasting effects on 
several parameters of the immune function of the off-
spring, such as decreased total numbers of white 
blood cells, lymphocytes and granulocytes from the 
26th to 60th day of age, the CD4(+)/CD8(+) T cell 
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ratio on day 4, and LPS induced-TNF-alpha produc-
tion on day 60. These effects are not due to modifica-
tions of the HPA axis activity and may impair the 
abilities of the piglets to efficiently react against in-
fections during the suckling period and around wean-
ing [couret D. et al., 2009 a]. The development and 
reactivity of the immune system of the offspring after 
restraint stress of pregnant sows resulted in signifi-
cant decreased serum immunoglobulin G (IgG) con-
centrations in suckling piglets at 1 and 3 days of age. 
Furthermore, the stress treatment of the sows had an 
immunosuppressive effect on lymphocyte prolifera-
tion (decreased T-cell proliferation at postnatal days 
1 and 7, and B-cell at days 1 and 35), whereas natural 
killer (NK) cell cytotoxicity was not altered by pre-
natal stress. The relative thymus weights were sig-
nificantly reduced in prenatally stressed (PS) piglets 
on the first and 35th day of life and the morbidity and 
mortality during the suckling period were signifi-
cantly increased in PS litters, as shown by a higher 
frequency of diseased and died piglets per litter. The 
cellular immunity was always higher in the control 
piglets which might be a result of the weaker stress 
hormone reactivity in PS animals. In conclusion, the 
results provide experimental evidence that prenatal 
maternal stress during late gestation is able to impair 
both humoral and cellular immune function in suck-
ling piglets. The data also suggest that gestational 
stress in pigs may affect the ontogeny of the fetal im-
mune system with consequences on the susceptibility 
to diseases and immune responsiveness to stressful 
stimuli of the offspring [tuchscherer m. et al., 2002].

The capacity of the neonate to respond to non-
self antigens was evaluated by C. Coe and co-
workers (1999) in infant monkeys born after nor-
mal and disturbed pregnancies. Mixed lymphocyte 
cultures were used to test the infants’ proliferative 
responses to mitomycin-treated stimulator cells, 
either from a genetically unrelated animal or from 
a virally transformed monkey cell line [coe c. et 
al., 1999]. Their findings demonstrate that certain 
immune responses at birth are extremely sensitive 
to prior prenatal events. Further, the bidirectional 
changes indicate that there may be critical periods 
in gestation when the same extrinsic events have 
radically different effects on the fetus. Several 
studies conducted by C. Coe and colleagues [sum-
marized in coe c., lubach g., 2005] revealed ef-
fects of hormone-treatment and psychological 

stress during pregnancy on rhesus monkeys. Mon-
keys born from these pregnancies showed lower 
production of cytokines after LPS stimulation, al-
tered proliferative response of mononuclear cells 
in response to self- and non-self antigens, and a 
tendency for reduction in circulating CD4+ cells 
compared to monkeys from undisturbed pregnan-
cies. Maternal stress during pregnancy also affects 
placental transfer of antibodies from the mother to 
the neonate, and this effect may depend on the sex 
of the fetus [coe c., crispen h., 2000].

Associations among prenatal maternal stress and 
cord blood mononuclear cell (CBMC) cytokine re-
sponses were prospectively examined by R. wright 
and associates (2010) in the Urban Environment 
and Childhood Asthma Study. Prenatal maternal 
stress included financial hardship, difficult life cir-
cumstances, community violence, neighborhood/
block and housing conditions. Factor analysis pro-
duced latent variables presenting individual stress-
ors and ecological-level strains (housing and neigh-
borhood problems), which were combined to create 
a composite cumulative stress indicator. CBMCs 
were incubated with innate (lipopolysaccharide, 
polyinosinic-polycytidylic acid, cytosine-phos-
phate-guanine dinucleotides, peptidoglycan) and 
adaptive (tetanus, dust mite, cockroach) stimuli, re-
spiratory syncytial virus, phytohemagglutinin, or 
medium alone. Cytokines were measured using 
multiplex Enzyme-linked immunosorbent assay 
(ELISA). Mothers with the highest cumulative 
stress were older and more likely to have asthma 
and deliver lower birth weight infants. Higher pre-
natal stress was related to increased IL-8 production 
after microbial (CpG, PIC, peptidoglycan) stimuli 
and increased TNF-α to microbial stimuli (CpG, 
PIC). In the adaptive panel, higher stress was asso-
ciated with increased IL-13 after dust mite stimula-
tion and reduced phytohemagglutinin-induced IFN-
γ. Prenatal stress was associated with altered innate 
and adaptive immune responses in CBMCs. Stress-
induced perinatal immunomodulation may impact 
the expression of allergic diseases in these children 
[Wright r. et al., 2010].

S. Entringer and colleagues (2008) studied an 
association between maternal psychosocial stress 
during pregnancy and changes in cytokine produc-
tion in response to antigen stimulation in the adult 
(female) offspring in humans. Young women that 
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were exposed to prenatal stress showed a bias for 
Th2 cytokine production due to an overproduction 
of IL-4 relative to IFN-γ, as well as higher IL-10 
and IL-6 levels after phytohaemagglutinin (PHA) 
stimulation [entringer S. et al., 2008]. There were 
no differences in the lymphocyte subpopulations, 
as well as the CD4:CD8 ratio assessed by fluores-
cence activated cell sorting (FACS) analysis; the 
higher concentration of Th2 cytokines seemed 
therefore not to be due to generally higher concen-
trations of T-cells in PS subjects. The observed 
changes seemed to be independent of birth weight 
and length of gestation, and postnatal factors like 
maternal care and traumatic events during child-
hood, as well as subjects’ present depression and 
neuroticism scores [entringer S. et al., 2008].

The prenatally stressed women in S. Entringer’s 
study (2008) showed a bias for similar cytokine 
production (shift towards Th2) to that of chroni-
cally stressed individuals [entringer S. et al., 
2008]. The findings of a decreased IL-4/IFN-γ 
ratio along with the increased production of both 
IL-10 and IL-6 are consistent with this enhanced 
Th2 bias. Although IL-10 is more pleiotropic in 
humans than in rodents and is not an exclusive Th2 
associated cytokine [mosmann t., Sad S., 1996], 
there is a substantial body of evidence to support 
its increase and association with a more pro-
nounced Th2 immune bias in the setting of chronic 
stress. Caregivers of persons with dementia exhib-
ited higher percentage of IL-10(+) lymphocytes 
[glaser r. et al., 2001]. G. Marshall and colleagues 
(1998) observed a decrease in IFN-γ accompanied 
by an increase in IL-10 during exam stress that re-
sulted in a decreased IFN-γ/IL-10 ratio [marshall 
g. et al., 1998]. The PS subjects in S. Entringer’s 
study also showed higher levels of IL-6. IL-6 sup-
ports B lymphocyte maturation and survival. Thus, 
this finding is consistent with the T-helper type 2 
responses that support antibody responses and sup-
press T cytotoxic responses. The shift from Th1 to 
Th2 may be related to changes in catecholamine 
levels, which are elevated as a result of psycho-
logical stress [entringer S. et al., 2008]. I. Elenkov 
and G. Chrousos (1999) reported that an increase 
in IL-10 production was associated with an in-
crease in catecholamines, and these changes re-
sulted in a shift from the Th1 to the Th2 direction. 
Possible implications for HPA axis activation in 

inducing a shift from Th1 to Th2 cytokine re-
sponses have also been demonstrated. Th1 and Th2 
responses are mutually inhibitory. Thus, the stress-
induced Th2 shift might have profound effects on 
the susceptibility of the organism to specific infec-
tions, and/or might influence the course of an in-
fection, the defense against which is primarily 
through cellular immune mechanisms. Further-
more, a Th2 predominant cytokine pattern associ-
ated with systemic lupus erythematosus (SLE) and 
atopies such as asthma, eczema, hay fever, urti-
caria and food allergy [elenkov i., chrousos g., 
1999] might predispose the PS individuals to de-
velop atopic and autoimmune diseases in later life.

P. wadhwa discussed possible mechanisms of 
how stress is transduced from pregnant mother to 
fetus, such as: a) transplacental transport of mater-
nal stress hormones to the fetus; b) maternal stress 
induced release of placental hormones that enter the 
fetal circulation; and c) maternal stress induced ef-
fects on placental physiology, including blood flow 
and changes in fetal metabolism impacting on oxy-
gen and glucose usage [Wadhwa p., 1998; 2005]. 
According to C. Coe and co-workers (2002) these 
changes can cause deleterious effects on organ de-
velopment, especially for hormone sensitive glands 
like the thymus, a critical immune organ, which is 
extremely sensitive to the stress-responsive adrenal 
corticosteroids during fetal development [Sawyer r. 
et al., 1977; coe c. et al., 2002].

Activation of the HPA axis has profound effects 
on the inflammatory immune response because virtu-
ally all components of the immune response are in-
fluenced by cortisol, including alterations of leuko-
cyte traffic and function, decrease in production of 
cytokines and other mediators of inflammation, and 
inhibition of the latter’s effect on target tissue. Expo-
sure to glucocorticoids in utero due to maternal psy-
chosocial stress during pregnancy may thus program 
immune function of the developing organism result-
ing in life-long alterations. In rodents and non-human 
primates the impact of prenatal stress on the immune 
system of the offspring later in life could already be 
confirmed [Klein S., rager D., 1995; Kay g. et al., 
1998; coe c., lubach g., 2005]. 

The consequences of maternal stress during 
pregnancy on the immune system of the offspring 
seem to depend, in part, on both the species and the 
age of investigated offspring. At birth, the immune 
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system of the neonate is primed towards Th2 
dominance. within the first two years of life the 
immune system is activated, probably via child-
hood infections, leading to a naturally occurring 
shift from Th2 to Th1 immunity. It has been sug-
gested that maternal stress during pregnancy may 
delay this crucial part of postpartum immune adap-
tation [Knackstedt m et al., 2005]. Atopy predis-
posed children show a delay in the shift towards a 
Th1-predominance. An increased production of 
Th2 cytokines such as IL-4, has been described in 
those newborns that later developed atopic dis-
eases [prescott S. et al., 1999]. Th2 primed T-cells 
producing high levels of IL-4 accompanied by 
high serum levels of IgE and increased numbers of 
eosinophils immunologically predispose these 
children to the onset of atopic diseases.

M. Coussons-Read and co-workers (2007) re-
vealed that psychosocial stress is related to increases 
in serum levels of pro-inflammatory cytokines late 
in pregnancy, and a growing body of research sug-
gests that increased inflammatory activity during 
pregnancy, generally, may have a negative impact 
on outcome. The present study further addressed 
these issues by assessing relationships between psy-
chosocial stress, social support, and serum cyto-
kines in early, mid, and late pregnancy, and the ef-
fects of stress and social support on the production 
of cytokines by stimulated lymphocytes in late 
pregnancy. In addition, relationships between stress, 
support, and serum C-reactive protein (CRP) during 
pregnancy were examined. Elevated stress was not 
only related to higher serum IL-6 late in pregnancy, 
but this relationship was also evident during early 
pregnancy and elevated stress was also associated 
with lower IL-10 in early pregnancy. No relation-
ships between stress and cytokines were apparent 
during the 2nd trimester of pregnancy. Elevated 
stress during the 2nd trimester and low social sup-
port during the 3rd trimester were related to in-
creased serum levels of CRP, further suggesting that 
psychosocial factors can contribute increased in-
flammation during pregnancy. Importantly, elevated 
stress levels across pregnancy were predictive of 
elevated production of the pro-inflammatory cyto-
kines IL-1B and IL-6 by stimulated lymphocytes in 
the 3rd trimester, suggesting that stress during preg-
nancy affects the function of immune system cells. 
These findings further support the notion that prena-

tal stress alters maternal physiology and immune 
function in a manner consistent with increased risk of 
pregnancy complications such as preeclampsia and 
premature labor [coussons-read m. et al., 2006].

S. Entringer and colleagues observed prenatal 
stress association with shorter telomere length in 
young adulthood. Leukocyte telomere length (LTL) 
is a predictor of age-related disease onset and mor-
tality. The association in adults of psychosocial 
stress or stress biomarkers with LTL suggests telo-
mere biology may represent a possible underlying 
mechanism linking stress and health. This study 
provides the first evidence in humans of an associa-
tion between prenatal stress (PS) exposure and sub-
sequent shorter telomere length. This observation 
may help shed light on an important biological path-
way underlying the developmental origins of adult 
health and disease risk [entringer S. et al., 2011].

Many preclinical and clinical reports have evi-
denced that exposure to elevated glucocorticoid lev-
els for prolonged periods of time is ultimately detri-
mental for the organism. Hypercorticism has been 
observed to cause immune suppression, steroid dia-
betes, inhibition of growth, hypertension, and infer-
tility [munck a. et al., 1984]. Moreover, a disturbed 
HPA axis regulation seems also to be implicated in 
the precipitation of psychiatric disease, such as major 
depression, and patients with Cushing’s disease often 
suffer from changes in mood and the affect reminis-
cent to those observed in major depressive illnesses 
[checkley S., 1992; holsboer F., 1992].

Thus, the above stated data analysis allows us 
to conclude: 

1) There is a disturbance of the immunological 
reactivity in both animals and humans, who have 
had prenatal stress. However, the extent, direction, 
and specific mechanisms for its development have 
not been studied. 

2) Available data are contradictory. They were 
obtained under the action of various stressors and 
do not reflect the status of the various links of im-
munity, which precludes their classification. 

3) Consistent, selective investigation of all 
units responsible for specific and nonspecific im-
munity in the human population in terms of psy-
choemotional stress natural effects and its qualita-
tive and quantitative testing must be done. 

4) It seems fundamentally important to study 
the characteristics of embryonic development of 
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immune organs in prenatal stress.
Summarizing the stated it is possible to con-

clude that adaptation mechanisms are interrelated 
in a complicated manner and have multidirectional 
disposition, due to ability to proceed from the pro-
tective to the damaging ones. They become the 
pathological process development base or the con-
stituent component. This passage can be induced 
by the number, intensity, and duration of stress 

factors, as well as by organism-level peculiarities 
characterized by its responsiveness or predisposi-
tion to different pathological processes. The stress 
reaction becomes a non-specific cause of numer-
ous pathological conditions. 

The discussed study results help to shed light 
on important biological mechanisms that underlie 
human health.
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