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Endocrine disruptors (EDs) are bound by steroid receptors, have steroid-like
effects, and by this, negatively influence hormone-regulated processes. Phytoestrogens,
which are consumed in enormously high amount by man, are also EDs; however, in
contrast to industrial or communal EDs, in some cases have beneficial effects. As immune
cells have steroid (first of all, estrogen) nuclear and plasma membrane receptors, which
bind phytostrogens (genistein, daidzein, etc.), the development, lifespan, and function of
them are deeply influenced by phytoestrogens. They can provoke perinatal faulty
hormonal imprinting with lifelong consequences. However, faulty imprinting can be
developed not only perinatally but also in other critical periods of life, as weaning,
adolescence, and even in continuously dividing cells (e.g., hemopoietic cells) during the
whole life. This means that the phytoestrogens could cause direct – instant or long-lasting –
steroid effects and durable imprinting effects. As the effect of hormonal imprinting is
epigenetically inherited, the phytoestrogen’s effects appear in the progeny generations, and
the generationally repeated disruptor effects will be different from the present ones. This
could also be manifested in the amount, type, and appearance of autoimmune diseases.
The consumption of soy is enormously growing, and its immune effect is extended. As the
immune system influences basic physiological processes, it seems likely that evolutionary
alterations will be observed. In this case, some phytoestrogens will be needed for the
normal life of man, as it happened in the case of vitamins A and D, which are already life-
important exohormones. However, quantitatively or qualitatively enormous amount of
phytoestrogens will cause pathological and epigenetically inherited alterations.
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Introduction

A significant problem of our age is that the environment of man is filled with
hormone-like molecules or such molecules which have other structures, however,
are able to bind to steroid hormone receptors. These are the endocrine disruptors
(EDs), which can influence the transmission of normal hormonal messages,
simulating the real hormones or inhibiting their binding. Most of the EDs are
human (industrial, agrotechnical, or communal) products; however, there are also
natural EDs contained by plants that are consumed by human beings. The most
important forms of these latter are the phytoestrogens.

The well-known disruptor effects of the aforementioned molecules are
manifested in the sexual area, the thyroid gland, the brain, and the immune system.

General (Non-Immune) Effects of Phytoestrogens

Phytoestrogens are plant steroids, which include isoflavones, lignans,
coumestanes, stilbenes, and the flavonoids, such as quercetin and kaempferol
[1]. From human point of view, the isoflavones seem to be the most important.
They have a special position among EDs, as

1. in contrast to other (such as industrial) disruptors, they enter into the human
organism purposely as men, although knowing their properties, consume
them as components of food;

2. considering point 1, their amount entering into human organism is higher
than the other ones;

3. they can enter into the human organism during the most critical develop-
mental periods;

4. they are in “human use” since 1,000 years; and
5. in contrast to other disruptors in addition to dangerous impacts, they have

proved beneficial effects in the case of different diseases.
The most studied phytoestrogens are the isoflavones of soy bean, genistein

(GS), and daidzein. GS and the female sexual hormone estradiol have similar structure
and this phytoestrogen can be bound by estrogen receptors ER alpha and beta, mainly
by the latter [2, 3]. These receptors can be found in many systems and organs,
including the cells of the immune system. The binding of GS to the ER beta receptor
is as strong as that of beta estradiol and by this, GS can influence the development
and function of these systems, or organs. GS’s effect is outstanding in the case of
the reproductive system [4], where acting during the development can cause
cryptorchidism and hypospadias as well as functional alterations (such as infertility).
There are strong grounds for suspecting that its chronical use is responsible for
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stepping forward of menarche. Its long-lasting use can cause the weakening of thyroid
function (hypothyreosis) [5] – as thyroid hormone receptors are belonging to the
steroid receptor superfamily – and also negatively influences the cognitive function of
the brain; however, many positive effects are also known. The Asian population
which consumes soy food since 3,000 years have higher rates of thyroid, esophageal,
pancreatic, stomach, and liver cancers but lower rate of breast, prostate, and colon
cancers [6]. Effects similar to GS are provoked by the less-studied daidzein.

Immune Effects of EDs in General

During the evolution, the steroid receptors first appeared in vertebrates [7].
The first steroid receptor was an estrogen receptor (second was progesterone) and all
other steroid receptors were evolved from them [8–10]. These – supplemented with
other nuclear receptors (e.g., thyroid hormone receptor, retinoid receptor, peroxy-
some proliferetor activated receptor, etc.) – compose the steroid (nuclear) receptor
superfamily. It is known that immune cells have estrogen receptors and some of
them have other steroid receptors also. These receptors (ER alpha and ER beta) are
localized in the nucleus. However, there are also membrane-localized estrogen
receptors, which can provoke instant response [11–13]. In addition, estrogen is the
most ancient hormone. Estrogens affect the development and organization of
immune cells and organs and modulate immunological responses. In the absence
of ER alpha, ERKOmice have hypoplastic thymus and spleen and increased amount
of immature thymocytes [14]. Considering these facts, the immune effect of EDs,
which mimic steroids, cannot be surprising [15]. EDs can act by binding to the
receptors and stimulating their action or also by binding to the receptors and
inhibiting the binding and action of the natural hormone (estradiol) [16].

EDs are influencing the synthesis of immunoglobulins, cytokines, and
inflammatory mediators [17] and immune cell activation as well as the cell’s
survival are exerted by them [18]. This means that the humoral immunity is
seriously influenced. This property is manifested by the decrease of immunity,
provocation of inflammation, and allergic diseases as well as induction of
autoimmune diseases [19]. They help the manifestation of cancerous alterations.

Immune Effects of Phytoestrogens

Facts

GS treatment of adult mice caused dose-dependent decrease of the thymus
weight and decreased the number of thymocytes (2,1,10). This decrease could be
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about 80% [20, 21]. In other experiment, GS also decreased the number of
thymocytes, and this reduction was 86% [20]. In human soy-fed infants, marked
thymic atrophy was observed [20]. GS influences cytokine production and
secretion and activate NK cells. There were experiments in which GS selectively
enhanced or decreased the immune activity [20, 22]. Sometimes, high isoflavone
diet caused enhanced and, in other case, decreased inflammatory effects in the F0
and F1 generations. About 46%–67% decrease in deleted-type hypersensitivity
was observed in footpad test [23]. GS enhances the cytotoxic response mediated
by NK and cytotoxic T cells and the cytokine production from T cells [16]. GS
also reduced the number of developing CD4+ and CD8+ thymocytes [20, 24].

Cell-mediated immunity is suppressed by GS [23]. Its high concentrations
inhibit leukotriene B4, interleukins (ILs) and interleukin receptors [25], T cell-
mediated tumoricidal activity, leukocyte adherence, T-cell motility, and also
inhibits the activation of NK cells. These effects are reversible [23]. GS can also
increase thymic size [26], if the treatment was done perinatally. However, prenatal
exposure to soy isoflavones causes immunosuppression in adult age [27]. In adult
mice, 200 mg/kg dose of GS leads to near total elimination of thymocytes [20] and
8 mg/kg reduced the antibody formation by more than 50%.

In man, gamma globulins and immunoglobulins were decreased in soy-fed
infants and also T-cell functions show impairment. Reduced levels of antibodies
against diseases (polio, tetanus, diphteria, and pertussis) [28] were observed.
Cell-mediated immunity was decreased [23]. There are both increasing and
decreasing effects [21]. GS exposure perinatally (during lactation) increases the
thymus masses and decreases CD4−CD8− thymocytes in adult age [26]. GS
induces thymus involution, employed developmentally [29].

Daidzein enhanced the mice peritoneal macrophages and the weight of
thymus [18]. In mice, it helped the activation of spleen cells in producing
antibodies to sheep erythrocytes [18]. High doses of daidzein stimulated non-
specific immunity in mice (increase of phagocytic response by peritoneal macro-
phages and thymic weight) and in general activates humoral immunity [30].
Thymic weight was increased and phagocytic avtivity was enhanced as well as the
number of circulating lymphocytes under the effect of daidzein treatment [30].

Soy isoflavones stimulated allergic reactions [31]. Female mice were more
sensitive to isoflavones than males [18]. They were beneficial in chronic
health disorders, by regulating immune response [19]. IL-1α and IL-2 were
suppressed, IL-4 was stimulated by dietary soy phytoestrogens in rats, and
total leukocyte count was also increased [32]. In case of chronic bacterial
infection (Mycobacterium avium) in mice, soy diet influences the production of
key regulatory cytokines [33]. The discrepancy in some results can be explained
by different targets, different receptors [34], and immune cell dependency.
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The isoflavones (GS and daidzein) suppress dendritic cell maturation and subse-
quent effector cells’ functions (immune sensitizations) in human cases [35].

Phytoestrogens and Autoimmunity

Soy-containing commercial rodent diet influences cytokine production and
accelerates renal damage in autoimmune Murphy Roths Large/lymphoproliferative
(MRL/lpr) mice [36, 37]. The effects are mediated by suppression of inflammatory
pathways [38]. GS protects the pancreas from autoimmune destruction and by this,
from developing type-1 diabetes. Oral dosing of the phytoestrogen reduced the
incidence and increased the time of onset in female non-obese diabetic mice [39]. In
Hashimoto thyroiditis patients, likely by regulating Th1 cells improves thyroid
function [40]. GS, by modulating anti-inflammatory cytokines, ameliorated the
clinical symptoms in experimental autoimmune encephalomyelitis, a mice-model of
sclerosis multiplex [41]. In early phase of the disease, it reduced neural demyelin-
ation, suppressed the production of interferon (INF)-γ, and enhanced IL-10 secretion
in splenocytes and the brain. It also reduced IL-12 and TNF-α secretion of
splenocytes and suppressed proliferation and cytotoxicity of T cells [42].

Perinatal exposure of GS causes life-long effects to the immune system. In
70-day-old rats, thymus of the perinatally treated male rats were higher the
percentages of CD4+CD8+ thymocytes, and CD8+ splenocytes and total T cells
in the spleen were also higher in GS-exposed males than that of control ones. In
contrast to these results, the amount of CD4−CD8− thymocytes was lower [26].

Daidzein reduced the extent of demyelination and severity in case of allergic
encephalomyelitis. After the onset of the disease, treatment with high doses of
reduced INF-γ and IL-12 secretion enhanced IL-10 production, suppressed
lymphocyte proliferation, and decreased cytotoxicity [43]. Daidzein, by enhancing
efferocytotic capability of macrophages, also reduces in case of autoimmune and
inflammatory diseases [44].

Dietary isoflavones worsen the development of glomerulonephritis in
female MRL/lpr mice, which have systemic lupus erythematosus, by enhanced
immune complex protein deposition and altered cellular infiltration [45].

Dietary GS, in less concentration than it is in soy-fed infants, causes thymic
atrophy and immune abnormalities [20].

Pre-menopausal women’s systemic lupus erythematosus incidence is ex-
tremely higher related to men of the same age range (9:1) and after menopause, it is
5:1. This is in the preadolescent population 3:1 [46].

Coumoestrol, which is found in some plants and Chinese medicinal herbs,
decreases thyroid-specific autoantibodies and supresses autoimmune thyroiditis [47].
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Conclusions

Considering the not at all complete list of data shown above, it can be
declared that phytoestrogens influence the immune system; however, the direction
and strength of their effects are dependent on many factors as the species, gender,
organ or cell, duration or life-phase of exposure, concentration, etc. Although the
phytoestrogens are present in the animal (human) organisms in higher concentra-
tions than natural hormones, their effects seem to be less. As an example, in infants
fed by soy infant formula, the isoflavone concentration is 13.000 to 22.000 higher
(about the amount that is caused by five anticoncipient tablets) than estradiol
plasma concentration; however, their steroid hormonal effect is less effective than
that of the natural hormone [48]. Almost all of this extreme amount of phytoes-
trogen is present in inactive form and in the intestinal tract will be transformed to a
biologically active form. After that, it can disturb the effects of natural hormones,
causing faulty hormonal imprinting [49–51] with late, life-long alteration of
physiological processes, sex organ development, thyroid function, brain matura-
tion, and immune response included [52, 53]. The hormonal imprinting is
absolutely needed and physiological around birth in case of the first encounter
between the own hormones of the newborn and the developing receptors and this
is disturbed (cheated) by related molecules (synthetic hormones, environmental
pollutants, and EDs, etc.) [52, 54, 55] or are influenced by quantitative changes of
physiological molecules.

Faulty hormonal imprinting of the immune system can develop, as hormones
and hormone receptors are present in the immune cells [51, 56]. These receptors are
reacting to steroid or thyroid hormones, as well as to peptide ones (endorphin,
thyroid-stimulating hormone, gonadotropic hormone, etc. [51, 57–59]). The steroid
hormone receptors are the members of steroid receptor superfamily and seem to be
very important from this aspect. This group includes the sex hormone receptors,
thyroid hormone receptors, adrenal gland steroid hormone (glucocorticoid and
mineralocorticoid) receptors, vitamin D receptors, and retinoid receptors, all of
them influencing the development, the lifespan, and function of immune system
[60–64]. The hormones, binding to the receptors, can influence each immune cells
or specifically one type of them (e.g., thyroid hormone effects on macrophages
[63]). The receptors are present in the nucleus; however, some of them can be found
as plasma membrane receptors [65]. This is very important as the membrane-bound
receptors are responsible for the instant response of the cells and also there is a
possibility of combined (nuclear and membrane receptor transmitted) response. As
these receptors belong to the same hormone family, there is a possibility of overlap
between the members in critical periods of life, when the developmental window
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for hormonal imprinting is open. This is first of all the perinatal critical period and
the most important – normal or faulty – hormonal imprinting taking place in that
time. The normal – physiological – imprinting is absolutely needed for the normal
binding of receptors and hormones for life, the faulty inmprinting converts it to a
pathological one. As phytoestrogens are able to bind to the estrogen receptors (α or
β) of immune cells, they can disturb the further development and function of these
cells, lifelong. It is known that glucocorticoid receptors are altered by neonatal
phytoestrogen imprinting [66] and sexual behavior of rats is also influenced [55]
however, unknown is the effect on immunity, however, it can be supposed. In
addition, the effect of faulty hormonal imprinting is transmitted epigenetically to
the progeny generations, at least up to the third one [67, 68]. The methylation
pattern, which has a basic role on epigenetic inheritance, is deeply influenced by
phytoestrogens [69–72]. This means that the phytoestrogen consumption of the
next generations will cause different effects on steroid-directed functions related to
the present ones, as the new imprinting alters receptors, which were already
influenced in the previous generations.

As there are many members of the steroid receptor superfamily, these
receptors can be found in the cells of the immune system; in addition, there are
nuclear and membrane bound forms alike, sometimes controversial effects of
phytoestrogens can be explained. This goes not only to the case of perinatal
imprinting but also for adult’s exposure. Because in the real world imprinters are
not always effect alone, but in the presence of other imprinter(s) [66], this can
change the strength and direction of the effect.

Although the faulty imprinting effect seems most dangerous in the perinatal
period, it is not ineffective during the whole life. In later phases, the effect of
phytoestrogenes is manifested directly as a steroid effect, stimulating or inhibiting
the immune system and the effect is likely reversible [23]. However, hormonal
imprinting is executed not only perinatally but also later at weaning, during
adolescence, and in continuously dividing (differentiating) cells for life [49, 69].
This means that phytoestrogens are able to alter physiological and pathological
processes (as immunity and autoimmunity) [56, 73] directly, as a steroid effect, or
can provoke imprinting at any phase of life, however, with different strength. In
addition, minimal dose of them can provoke imprinting which also transmitted to
the progenies, as hormonal imprinting – as it was mentioned before – is inherited
epigenetically.

The human consumption of soy started about 3,000 years ago by the Asian
population; however, it bursted into Europe (and America) only in the last century.
Since this time, its per capita consumption gradually increased: between 1961 and
1972, the growth rate was 3.5% and between 2009 and 2010, it was 5.9%. Only in
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2005, according to Greenpeace, about 1.2 million hectares of soy was planted in
Brazilian rainforests [74]. Infants are consuming soy in the formula, whereas
adults in tofu, miso, ice cream, cold meat, etc. And also in the meat of animals
(pork, chicken, etc.) as farm animals are fed also with soy, as about 90% of of 200
million tonnes/year produced worldwilde, is used to feed animals [75].

Knowing that in the Asian population, soy did not cause special diseases,
and phytoestrogens are sometimes believed harmless. However, the construction
of the Asian people is different, related to the European (American) ones and it can
be supposed that this is due to the different nourishing during millenials. From this
aspect, the immune system could not be an exception. The time of menarche is
earlier in the Asian populations and today, since the extreme consumption of
phytosteroids in Europe, similar tendency can be observed [76, 77]. There are not
exact evidences to similar alterations in case of immune system; however, it can be
strongly supposed.

As it was shown, in contrast to other (industrial and communal) EDs,
phytoestrogens also have beneficial effects on the function of immune system.
However, it is not cleared when and in what doses are beneficial and when
dangerous. The results of animal experiments are contradictory and cannot be
securely projected to human beings. There is a similar situation in the case of
autoimmunity where effects, provoking disease can be found as well, as such,
which improves the symptoms. The human observations are also controversial, so
it is difficult to declare definite opinion.

In case of human autoimmune diseases, phytoestrogens could have benefi-
cial effects if they are used as a therapy and there is a similar situation in the case of
different tumors. These latter’s effects are transmitted through the immune system,
the activation or suppression of which is the basis of the improvement. Although
the immunomodulatory role of sex steroids was demonstrated in the pathogenesis
of systemic lupus erythematosus, rheumatoid arthritis, and multiple sclerosis [78],
the scientific background is not cleared as well as the background of phytoestro-
gen’s beneficial effects.

Most of the EDs are entering into human organism as we are not able to
avoid them. They are present in the environment as products of industrial activity
which helps to improve our life or as products of agrotechnic, which helps to
satisfy our nourishment, as well as in the form of drugs, water and air-pollutants, or
nutrient supplements [79–81]. This means that they are consumed involuntarily.
Phytoestrogens are consumed as side products in nutrients (fruits as plum, pear,
vegetables as beans, sprouts, cabbage, spinach, grains, hops, garlic, onion, wine, tea,
and outstandingly soy) and are consumed wilfully, although knowing their effects.
This means that our immune system is influenced continously by them without
knowing the direction and the direct target of phytoestrogen bombardment.

8 CSABA

Acta Microbiologica et Immunologica Hungarica 65, 2018



The mass consumption of phytoestrogens by man could cause evolutionary
alterations [82–84]. It is clear that the Caucasian and Asian men are different from
many points of view. There are hormonal differences, which are manifested as the
time of menarche and menopuse, as the start of adolescence, etc. There are not
exact comparisons in case of immunity; however, it seems to be sure that
differences can also be observed and they are likely ascribed to the three millenial
phytoestrogen consumption. Now in Europe and America, the soy consumption is
high and enormously growing and the signs of alterations in hormone-regulated
indexes are shown. Considering the hormonal imprinting and its epigenetic
inheritance [67, 69], the gradual changes of immune parameters by it are not
precluded. The amount and appearance of autoimmune diseases can be changed in
the progeny generations as well, as the reaction of the patients to medicaments.
This means, that later phytoestrogens would be classified as exohormones, as
happened in case of vitamins A and D [79, 85, 86], which are absolutely needed
for the normal life of human beings.
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