Integrative Clinical Medicine

Review Article

Oat

open access text

ISSN: 2515-0219

Faulty hormonal imprinting and its importance in the

clinical medicine

Gyorgy Csaba*

Department of Genetics, Cell- and Imunobiology, Semmelweis University, Budapest, Hungary

Abstract

Hormonal imprinting is a physiological process, taking place perinatally at the first encounter between the developing receptor and its target hormone. It is needed
for the normal function of the receptor-hormone complex and it is valid for life. Faulty imprinting can be provoked by related molecules (e.g. medication, communal
or industrial endocrine disruptors) which lifelong disturb the normal hormonal effects, provoking late-manifested diseases.

Introduction

Parallel with the development and differentiation of cells during
the ontogenetic development, they make hormone receptors (in the
plasma membrane or inside the cells) and hormones which can be
bound by these receptors, regulating the cells’ functions by a humoral
way, under the control of the nervous system. However, these two
components must be adjusted to each-other. This purpose is solved by
the hormonal imprinting, when the two components are tuned up, in
an early period of life. Hormonal imprinting is needed for the normal
endocrine regulation, which could not be normal without this [1].

Physiological and faulty hormonal imprinting

Hormonal imprinting takes place perinatally at the first encounter
between the developing hormone receptors and the hormones of
fetus or infant. This process lifelong influences the recognition of
hormones by receptors, consequently the normal (physiological)
function of receptor-hormone complex [2-6]. However, during the
perinatal period, when the developmental window for imprinting
is open, related (similar) molecules, present in the environment
(blood circulation) also can be bound by the receptors, causing
altered effects of the system for life [3,6] These related molecules can
be other members of tha same hormone family, synthetic hormone
analogues, administered as therapeutic factors as well, as endocrine
disruptors (hormone-like molecules). The related molecules can
disturb the normal receptor-hormone contact and action by binding
to the receptors giving false information or displacing the physiological
hormone, not permitting the transmission of the normal message.
The receptors are rather sensitive to imprinting, as well as to faulty
imprinting, when the critical developmental window for imprinting is
open [7]; femtomolar concentrations [8] of physiological imprinters
as well, as faulty imprinters are suitable for provoking it. Creditable
and multitudinous animal experiments justify that the effect of the
perinatal faulty imprinting is manifested later [e.g. ref. 9,10] in adult
age, when -in men- the connection between the faulty imprinting and
the disease is difficult to determine.

Hormonal imprinting does not cause alteration in the DNA
sequences (code), however provokes epigenetic changes (expression of
genes) which are inherited from cells to cells in the same individuum.
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This causes the late manifestation of diseases, caused by the faulty
imprinting and this could be the basis of developmental origin of health
and disease (DOHaD) [11,12] as well as, the metabolic imprinting
[13,14] and immunological imprinting [15,16]. As an epigenetic
process, it is inherited to the progeny generations, which was observed
in mammalian (rat) experiments [17-23] up to the third generation
[24], however in case of unicellulars up to the 1000th generation [8].
Of course, there are no data on inheritance in human relation, however
this is presumable.

Functional teratogenesis

Faulty hormonal imprinting is a functional teratogen [25].
In contrast to the morphological teratogens the faulty hormonal
imprinting effect is not observable at birth, however it is manifested
in later phases of life. This justified in animal experiments in many
systemes of the mammalian organism, as the immune system [15],
skeletal system [26,27], neuroendocrine system [28-33], sexuality [34-
36], where the faulty imprinters’ effect can be studied. These studies
show that the faulty imprinting causes heavy and light pathological
changes alike, depending on the importance of the given system in
the organism and the effect of imprinter. Functional teratogenicity
is as important as morphological one. Obesity or diabetes could be
more dangerous than the absence of the little finger [37]. In addition:
functional teratogenicity prolong the period when cautiousness is
needed: ,perinatal” includes ,early postnatal” and this surpass the
period of gravidity, consequently the period after birth as important
from the aspect of functional teratogenesis, as the embryonic one in
morphological ones.

Although the perinatal period is the most sensitive for faulty
imprinting, there are other periods of life, when faulty imprinting can
be provoked. These are the time of weaning, outstandingly the period
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of adolescence and in continuously muliplicating cells (e.g. in the bone
marrow), the whole life [38-40]. However, the perinatal imprinting the
most determining, imprintings of the other periods are also important
but not so decisive, while as it is supposed, they can modify the
maladjustment by the perinatal faulty imprinting.

Faulty imprinters, endocrine disruptors

Faulty hormonal imprinting could develop spontaneously
and endogeneously, without external intervention, as in case of
overproduction of the target hormone or overproduction of related
hormone from the same hormone family, however these cases seem
to be rare. Its development by medical intervention (therapy) by
materials (medicaments) are more frequent. There are vitamins,
as vitamin A and D, which are really hormones having receptors in
the steroid receptor superfamily and giving them in the period of
openness of the developmental window for steroid receptors could
provoke faulty imprinting in animal experiments [41]. However, in
our modern age, the faulty imprinting by environmental endocrine
disruptors seem to be the most frequent. Our environment is filled with
endocrine disruptors from aromatic hydrocarbons (in cigarette smoke
and exhaust fume) to our food [42] where soy flavonoids (genistein,
daidzein) represent them (also in baby formulas) [43]. The endocrine
disruptors are enriched in breastmilk and are transported from the
mother to the infant by the most recommended nourishing form, in
the most sensitive imprinting-period of life [44-48]. However there is
not a possibility to avoid the contamination by endocrine disruptors:
they are present in the surface of sprayed fruits, in the feeding bottle of
infants and flasks of mineral water, etc. There is a possibility to forbid
the known disruptors however immediately a mass of new molecules
appear instead of them. At the same time it is not known what will
be the consequence of the chronic bombardment by the endocrine
disruptors, as this could be a positive effect by transforming the
endocrine system consequently better adaptation of regulation by the
human organism in a long run, but could be catastrophal, considering
the present tendencies [49]. Hormonal imprinting has been described
about 40 years ago [2] and since this time it must be considered in
pathological processes however, in the present time, when the
chemization is extremely growing by the use of classical disruptors
(as e.g. bisphenol A, in plastic industry, vinclozolin in agrotechnics,
etc-) and production of a mass of new types of molecules which are
produced every day, seems to be more important.

Faulty imprinting and late diseases

The clinician wants to know the origin of the diagnosed disease, and
in many cases only the consideration of faulty hormonal imprinting
helps to do this. At the same time this knowledge helps to avoid the
manifestation of the disease which would be caused by medical
intervention. The weight of faulty imprinting depends on the organ
system or organ in wich it is provoked. A faulty imprinting which
touches the steroid receptor hormone family causes a heavy -system
level -alteration, as mass of different cells have steroid receptors, and
peroxisome proliferator receptors as well, as aromatic hydrocarbon
receptors are also included [50,51]. Present day endocrine disruptors
mainly have steroid character and this badly influences human
sexuality from the shifting of sex-proportion at birth [52] to the sexual
aberrations and homosexuality [53,54]. Faulty imprinting which
touches the nervous system also causes heavy -mostly behavioural-
problems as well, as the faulty imprinting of the immune system,
which could disturb the complete series of defense reactions, from
infections to carcinogenesis and lifespan [55-56]. *As faulty hormonal
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imprinting and its consequences (e.g. DOHaD) are newcomers in
clinical medicine, most of its effects are not completely mapped
however -considering the extremely growing variants and enormous
amount of endocrine disruptors as well, as perinatal medications- must
be counted, preparing diagnosis.

References

1. Csaba G, Nagy SU (1985) Influence of neonatal suppression of TSH production
(neonatal hyperthyroidism) on response to TSH in adulthood. J Endocrinol Invest 8:
557-559. [Crossref]

2. Csaba G (1980) Phylogeny and ontogeny of hormone receptors: the selection theory
of receptor formation and hormonal imprinting. Biol Rev Camb Philos Soc 55: 47-63.
[Crossref]

3. Csaba G (2011) The biological basis and clinical significance of hormonal imprinting,
an epigenetic process. Clin Epigenetics 2: 187-196. [Crossref]

4. Csaba G (1984) The present state in the phylogeny and ontogeny of hormone receptors.
Horm Metab Res 16: 329-335. [Crossref]

5. Csaba G (2000) Hormonal imprinting: its role during the evolution and development of
hormones and receptors. Cell Biol Int 24: 407-414. [Crossref]

6. Csaba G (2008) Hormonal imprinting: phylogeny, ontogeny, diseases and possible role
in present-day human evolution. Cell Biochem Function 26: 1-10. [Crossref]

7. Braw-Tal R (2010) Endocrine disruptors and timing of human exposure. Pediatr
Endocrinol Rev 8: 41-46. [Crossref]

8. Kohidai L, Lajké E, Pallinger E, Csaba G (2012) Verification of epigenetic inheritance
in a unicellular model system: multigenerational effects of hormonal imprinting. Cell
Biol Int 36: 951-959. [Crossref]

9. Brindak OI, Pozyvalo SM, Shendrik IV, Gradiushko AA (1992) [Hormonal imprinting
and its significance in the physiology and pathology of the endocrine system]. Usp
Fiziol Nauk 23: 78-84. [Crossref]

10. Tchernitchin AN, Tchernitchin NN, Mena MA, Unda C, Soto J (1999) Imprinting:
perinatal exposures cause the development of diseases during the adult age. Acta Biol
Hung 50: 425-440. [Crossref]

11. Barker DJ (2007) The origins of the developmental origins theory. J Intern Med 261:
412-417. [Crossref]

12. Suzuki K (2018) The developing world of DOHaD. J Dev Orig Health Dis 9: 266-269.
[Crossref]

13. Sullivan EL, Grove KL (2010) Metabolic imprinting in obesity. Forum Nutr 63: 186-
194. [Crossref]

14. Levin BE (2006) Metabolic imprinting: critical impact of the perinatal environment
on the regulation of energy homeostasis. Philos Trans R Soc Lond B Biol Soc 361:
1107-1121. [Crossref]

15. Csaba G (2014) Immunoendocrinology: faulty hormonal imprinting in the immune
system. Acta Microbiol Immunol Hung 61: 89-106. [Crossref]

16. Lemke H, Tanasa RI, Trad A, Lange H (2009) Benefits and burden of the maternally-
mediated immunological imprinting. Autoimmun Rev 8: 394-399. [Crossref]

17. Tekes K, Gyenge M, Hantos M, Csaba G (2009) Transgenerational hormonal
imprinting caused by vitamin A and vitamin D treatment of newborn rats. Alterations
in the biogenic amine contents of the adult brain. Brain Dev 31: 666-670. [Crossref]

18. Skinner MK, Manikkam M, Guerrero-Bosagna C (2010) Epigenetic transgenerational
actions of environmental factors in disease etiology. Trends Endocrinol Metab 21, 214-
222. [Crossref]

19. Skinner MK (2007) Endocrine disruptors and epigenetic transgenerational disease
etiology. Pediatr Res 61: 48R-50R. [Crossref]

20. Manikkam, M., Guerrero-Bosagna C, Tracey, R., Haque MM, Skinner MK.2012.
Transgenerational actions of environmental compounds on reproductive disease and
identification of epigenetic biomarkers of ancestral exposures. PLoS One 7: €31901.
[Crossref]

2

. Walker DM, Gore AC (2011) Transgenerational neuroendocrine disruption of
reproduction. Nat Rev Endocrinol 7: 197-207. [Crossref]

22. Csaba G (2014) Transgenerational effects of perinatal hormonal imprinting. In:
Tollefsbol T (Ed) Transgenerational epigenetics. Elsevier, New York 255-267.

Volume 3: 2-3


https://www.ncbi.nlm.nih.gov/pubmed/3833900
https://www.ncbi.nlm.nih.gov/pubmed/6244865
file:///H:/Journals/TDM/TDM%20Vol%202/TDM-Vol-2.1/TDM_2.1-AI/The biological basis and clinical significance of hormonal imprinting, an epigenetic process
http://www.ncbi.nlm.nih.gov/pubmed/6092249
http://www.ncbi.nlm.nih.gov/pubmed/10875888
https://www.ncbi.nlm.nih.gov/pubmed/17437316
https://www.ncbi.nlm.nih.gov/pubmed/21037543
https://www.ncbi.nlm.nih.gov/pubmed/22770530
http://www.ncbi.nlm.nih.gov/pubmed/1326143
https://www.ncbi.nlm.nih.gov/pubmed/10735177
http://www.ncbi.nlm.nih.gov/pubmed/17444880
http://www.ncbi.nlm.nih.gov/pubmed/28870276
http://www.ncbi.nlm.nih.gov/pubmed/19955786
https://www.ncbi.nlm.nih.gov/pubmed/16815795
http://www.ncbi.nlm.nih.gov/pubmed/24939679
https://www.ncbi.nlm.nih.gov/pubmed/19135180
https://www.ncbi.nlm.nih.gov/pubmed/19091501
https://www.ncbi.nlm.nih.gov/pubmed/20074974
http://www.ncbi.nlm.nih.gov/pubmed/17413841
https://www.ncbi.nlm.nih.gov/pubmed/22389676
http://www.ncbi.nlm.nih.gov/pubmed/21263448

Csaba G (2019) Faulty hormonal imprinting and its importance in the clinical medicine

23.

24.

25.

26.

217.

28.

29.

30.

3

32.

33.

34.

35.

36.

37.

38.

39.

Csaba G (2007) Thoughts on the cultural evolution of man. Developmental imprinting
and transgenerational effect. Riv Biol 100: 461-474. [Crossref]

Csaba G (2016) The faulty perinatal hormonal imprinting as functional teratogen. Curr
Ped Rev 12: 222-229. [Crossref]

Csaba G, Inczefi-Gonda A (1998) Transgenerational effect of a single neonatal
benzpyrene treatment on the glucocorticoid receptor of the rat thymus. Hum Exp
Toxicol 17: 88-92. [Crossref]

Csaba G (2019) Bone Manifestation of Faulty Perinatal Hormonal Imprinting: A
Review. Curr Pediatr Rev 15: 4-9. [Crossref]

Karabélyos C, Horvath C, Hollo 1, Csaba G (1998) Effect of neonatal vitamin D3
treatment (hormonal imprinting) on the bone mineralization of adult non-treatad and
dexamethasone- treated rats. Hum Exp Toxicol 17: 424-429. [Crossref]

Ishizuka M, Yonemoto J, Zaha H, Tohyama C, Sone H (2003) Perinatal exposure to
low doses of 2,3,7,8-tetrachlorodibenzo-p-dioxin alters sex-dependent expression of
hepatic CYP2C11. J Biochem Mol Toxicol 17: 278-285. [Crossref]

Tekes K, Gyenge M, Hantos M, Csaba G (2007) Effect of beta-endorphin imprinting
during late pregnancy on the brain serotonin and plasma nociceptin levels of adult male
rats: Horm Metab Res 39: 479-481. [Crossref]

Tekes K, Hantos M, Csaba G (2004) Single neonatal treatment with beta-endorphin
(hormonal imprinting) extremely enhances nocistatin level of cerebrospinal fluid in
adult rats. Life Sci 74: 1993-1997. [Crossref]

. Csaba G, Knippel B, Karabélyos C, Inczefi-Gonda A, Hantos M, et al. (2003) Effect

of neonatal beta-endorphin imprinting on sexual behavior and brain serotonin level in
adult rats. Life Sci 73: 103-114. [Crossref]

Csaba G, Tekes K (2005) Is the brain hormonally imprintable? Brain Dev 27: 465-471.
[Crossref]

Reznikov AG, Nosenko ND, Taraseenko LV, Sinitsyn PV, Polyakova LI (2001) Early
and long-term neuroendocrine effects of prenatal stress in male and female rats.
Neurosci Behav Physiol 31: 1-5.

Csaba G, Gaal A (1997) Effect of perinatal vitamin A or rertinoic acid treatment
(hormonal imprinting) on the sexual behavior of adult rats. Hum Exp Toxicol 16: 193-
197. [Crossref]

Csaba G (2017) The Present and Future of Human Sexuality: Impact of Faulty Perinatal
Hormonal Imprinting. Sex Med Rev 5: 163-169. [Crossref]

Mirzahosseini S, Karabélyos C, Dobozy O, Csaba G (1996) Changes in sexual behavior
of adult male and female rats neonatally treated with vitamin D3. Hum Exp Toxicol 15:
573-576. [Crossref]

Bodin J, Bolling AK, Becher R, Kuper F, Levik M, et al. (2014) Transmaternal
bisphenol A exposure accelerates diabetes type 1 development in NOD mice. Toxicol
Sci 137: 311-323. [Crossref]

Gaal A, Csaba G (1998) Testosterone and progesterone level alterations in the adult rat
after retinoid (retinol or retinoic acid) treatment (imprinting) in neonatal or adolescent
age. Horm Metab Res 30: 487-489. [Crossref]

Csaba G, Inczefi-Gonda A (2001) Similarities and dissimilarities of newborn and
adolescent rats in the binding capacity of thymic glucocorticoid receptors. Mech Ageing
Dev 122: 327-334. [Crossref]

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51,

52.

53.

54.

55.

56.

57.

Csaba G, Inczefi-Gonda A (2005) Molecules acting at receptor level at weaning durably
influence liver glucocorticoid receptors. Acta Physiol Hung 92: 33-38. [Crossref]

Csaba G (2017) Vitamin-caused faulty perinatal hormonal imprinting and its
consequences in adult age. Physiol Int 104: 217-225. [Crossref]

Csaba G (2018) Effect of endocrine disruptor phytoestrogens on the immune system:
Present and future. Acta Microbiol Immunol Hung 65: 1-14. [Crossref]

Csaba G, Inczefi-Gonda A (2002) Effect of a single treatment (imprinting) with
genistein or combined tratment with genisteint+ benzpyrene on the binding capacity
of glucocorticoid and estrogen receptors of adult rats. Hum Exp Toxicol 21: 231-234.
[Crossref]

Phillips DI, Barker DJ, Osmond C (1993) Infant feeding, fetal growth and adult thyroid
function. Acta Endocrinol (Copenh) 129: 134-138. [Crossref]

Csaba G (2018) Lifelong impact of breastmilk-transmitted hormones and endocrine
disruptors. J Clin Endocrinol Res 1: 29-34.

Csaba G, Inczefi-Gonda A (1994) Breastmilk can mediate chemical imprinting.
Benzpyrene exposure during lactation reduces the thymic glucocorticoid receptor
density of the offspring. Gen Pharmacol 25: 603-606. [Crossref]

Gaal A, Csaba G (1998) Effect of retinoid (vitamin A or retinoic acid) treatment (hormonal
imprinting) through breastmilk on the glucocorticoid receptor and estrogen receptor binding
capacity of the adult rat offspring. Hum Exp Toxicol 17: 560-563. [Crossref]

Kalb AC, Kalb AL, Cardoso TF, Fernandes CG, Corcini CD, et al. (2016) Maternal
transfer of bisphenol A during nursing causes sperm impairment in male offspring. Arch
Environ Contam Toxicol 70: 793-801. [Crossref]

Csaba G (2019) The role of endocrine disruptors in the present and future human
endocrine evolution: The ED-exohormone system. J Trans! Sci 5: 1-3.

Safe S, McDougal A (2002) Mechanism of action and development of selective
aryl hydrocarbon receptor modulators for treatment of hormone-dependent cancers
(Review). Int J Oncol 20: 1123-1128. [Crossref]

Tian J, Fenf'Y, Fu H, Xie HQ, Jiang, et al. (2015) The aryl hydrocarbon receptor: a key
bridging molecule of external and internal chemical signals. Environ Sci Technol 49:
9518-9531. [Crossref]

Pergament E, Toydemir PB, Fiddler M (2002) Sex ratio: a biological perspective of
‘Sex and the City’. Reprod Biomed Online 5: 43-46. [Crossref]

Crews D, Gore AC, Hsu TS, Dangleben NL, Spinetta M, et al. (2007) Transgenerational
epigenetic imprints on mate preference. Proc Natl Acad Sci U S A 104: 5942-5946.
[Crossref]

Arena AC, Pereira OC (2002) Neonatal inhalatory anesthetic exposure: reproductive
changes in male rats. Comp Biochem Physiol C Toxicol Pharmacol 133: 633-640. [Crossref]

Prins GS, Birch L, Tang WY, Ho SM (2007) Developmental estrogen exposures
predispose to prostate carcinogenesis with aging. Reprod Toxicol 23: 374-382.
[Crossref]

Csaba G (2019) Immunity and longevity. Acta Microbiol Immunol Hung 66: 1-17.
[Crossref]

Weinhouse C, Anderson OS, Bergin IL, Vandenbergh DJ, Gyekis JP, et al. (2014) Dose-
dependent incidence of hepatic tumors in adult mice following perinatal exposure to
bisphenol A. Environ Health Perspect 122: 485-491. [Crossref]

Copyright: ©2019 Csaba G. This is an open-access article distributed under the terms of the Creative Commons Attribution License, which permits unrestricted use,
distribution, and reproduction in any medium, provided the original author and source are credited.

Int Clin Med, 2019

doi: 10.15761/ICM.1000143

Volume 3: 3-3


http://www.ncbi.nlm.nih.gov/pubmed/18278742
https://www.ncbi.nlm.nih.gov/pubmed/27396910
https://www.ncbi.nlm.nih.gov/pubmed/9506259
http://www.ncbi.nlm.nih.gov/pubmed/30474530
https://www.ncbi.nlm.nih.gov/pubmed/9756134
http://www.ncbi.nlm.nih.gov/pubmed/14595850
https://www.ncbi.nlm.nih.gov/pubmed/14967194/
https://www.ncbi.nlm.nih.gov/pubmed/14967194/
https://www.ncbi.nlm.nih.gov/pubmed/12726891
http://www.ncbi.nlm.nih.gov/pubmed/16198202
https://www.ncbi.nlm.nih.gov/pubmed/9154442
http://www.ncbi.nlm.nih.gov/pubmed/27989781
http://www.ncbi.nlm.nih.gov/pubmed/8818710
https://www.ncbi.nlm.nih.gov/pubmed/24189131
https://www.ncbi.nlm.nih.gov/pubmed/9761376
https://www.ncbi.nlm.nih.gov/pubmed/11311319
https://www.ncbi.nlm.nih.gov/pubmed/16003943
http://www.ncbi.nlm.nih.gov/pubmed/28956641
http://www.ncbi.nlm.nih.gov/pubmed/29486575
https://www.ncbi.nlm.nih.gov/pubmed/12141392
https://www.ncbi.nlm.nih.gov/pubmed/8372598
https://www.ncbi.nlm.nih.gov/pubmed/7926611
https://www.ncbi.nlm.nih.gov/pubmed/9821019
https://www.ncbi.nlm.nih.gov/pubmed/26250451
https://www.ncbi.nlm.nih.gov/pubmed/12011988
https://www.ncbi.nlm.nih.gov/pubmed/26079192
http://www.ncbi.nlm.nih.gov/pubmed/12470545
http://www.ncbi.nlm.nih.gov/pubmed/17389367
https://www.ncbi.nlm.nih.gov/pubmed/12458191
https://www.ncbi.nlm.nih.gov/pubmed/17123779
http://www.ncbi.nlm.nih.gov/pubmed/29968490
https://www.ncbi.nlm.nih.gov/pubmed/24487385

	Title
	Correspondence
	Abstract
	Introduction
	Physiological and faulty hormonal imprinting 
	Functional teratogenesis 
	Faulty imprinters, endocrine disruptors  
	Faulty imprinting and late diseases 
	References

