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Abstract. Immune-histochemical indicators of the morpho-functional state of the thyroid gland in norm and
after prenatal antigenic exposure. Fedosieieva O.V. During the individual development and exposure to infectious
agents of the organism, the structural components of the thyroid gland can change significantly. In modern research,
great importance is attracted to the study of mechanisms for maintaining morphological homeostasis of the thyroid
gland and ideas about its structural and functional restructuring in response to the body's immune system to various
infections. The morpho-functional features of the thyroid gland of newborn animals after prenatal action of thyroid-
nonspecific antigen (staphylococcal toxoid) have been experimentally established. In antigen premiu rats, the timing of
folliculogenesis changes, as well as the sizes, distribution and immunohistochemical expression of antibodies to
thyroglobulin, the functional state of thyrocytes and follicles compared to normal change. The detected immuno-
histochemical changes indicate signs of morpho-functional immaturity of the organ with hypoactivity elements.

Pedepar. UMmyHorncroxummuyeckue nokazarei MoppopyHKUMOHAIBLHOI0 COCTOSIHMS LIUTOBUIHOM Kejie3bl B
HOpMe H NocJie NPeHATAIbHOIl aHTHreHHoW Harpy3ku. ®@egoceeBa O.B. B xode unousudyanvrnozo paseumus u
BIUAHUA  UHPEKYUOHHBIX dA2eHMO8 HA Op2aHU3M CHMPYKMYpHble KOMHOHEHMbl WUMOSUOHOU Jicene3bl  MO2ym
cyuwjecmeenno MeHAmocs. B cospemennvix ucciedosanuax 6oavuioe sHavenue npuoaemcs u3y4eHuo MexaHu3mos noo-
Oeporcanust Mopghono2uteckoe0 20Meocmasa WUmMoSUOHOU Jicele3bl U NpeoCmasieHuli 0 ee CMpPYKmypHO-(YHK-
YUOHANLHOU hepecmpolike 8 YCI08UAX Peakyuu UMMYHHOU CUCIEMbl Op2anusMa HA pasnuyHvie uHgexyuu. DKchne-
PUMEHMANLHO  YCMAHOGAEHbL  MOPHOPDYHKYUOHANbHBIE OCOOEHHOCMU  WUMOBUOHOU  Jicesie3bl  HOBOPOIHCOEHHbIX
JICUBOMMHBIX NOCIAE NPEHAMANLHO20 OeliCmBUs Mupeoud-Hecneyuduueckozo anmuzena (CmapuiokoKkKoso2o aHa-
moKcuna). Y ammuceH-npemMupo8anHblx KpoiC USMEHAIOMCSA CPOKU (DOMNUKYI02eHe3d, d MAaKdice pasmepwl, pac-
npedenenue U UMMYHOSUCTHOXUMUYECKASA IKCNPECCUsi AHMumen K mupono0yauny, GYHKYUOHAIbHOe COCMOsHUEe MUpo-
yumos u oanuxynoe no cpasuenuro c¢ Hopmoiu. OOHapysiceHHble UMMYHOLUCMOXUMUYECKUE USMEHeHUsl Ceude-
MenbCMaYIom 0 NPUSHAKAX MOPPODYHKYUOHATLHOU HE3PeNOCU OP2AHA C IEMEHMAMU SUNOAKINUBHOCTHU.

The thyroid gland is characterized by high
structural and functional lability in response to the
influence of various exogenous factors. In the course
of individual development and influence of
infectious agents on the body, the structural
components of the thyroid gland can change
significantly [4, 12]. In modern research, great
importance is attracted to the study of mechanisms
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for maintaining morphological homeostasis of the
thyroid gland and ideas about its structural and
functional restructuring in terms of the response of
the body's immune system to various infections.
Particular attention in this issue is drawn to the
influence of various factors on the body of the
pregnant woman, i.e. prenatal nonspecific action of
external infectious antigens on the body, which
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would have long-term manifestations after birth [5].
Antigenic load at critical times of ontogenesis can
cause significant "breakages" in the child's immune
system [10]. The consequence of the past infections
can be the initiation of morphological changes of
organs and barrier structures, i.e. these infections
may not lead to permanent changes in the structure,
but only leave a permanent immunological "back-
ground" in the organ and the body as a whole, which
under the impact of various causative agents may
further initiate pathological conditions, including
autoimmune diseases, etc. [10, 15]. The peculiarities
of the interaction of the fetus or newborn with
exogenous antigens may be crucial in the formation
of their immune status in the future [7, 8, 9, 13].
Under the influence of prenatal antigenic load there
is a premature exit of T-lymphocytes from the
thymus which in tissues change not only terms of
development of structural elements, but also their
immunological tolerance, etc. [1, 2, 3]. A number
of scientific studies have shown that bacterial
infection can provide both antigen-specific signal
and antigen-nonspecific support required to induce
a pathogenic autoimmune response [6, 11, 14].
Therefore, the study of thyroid morphogenesis
under the conditions of prenatal action of antigens
of infectious origin is a relevant and promising
scientific direction.

The aim of the study was to establish the
morpho-functional features of the thyroid gland of
experimental animals in the norm and after prenatal
action of thyroid-nonspecific antigen.

MATERIALS AND METHODS OF RESEARCH

The material for the study was the thyroid gland
of Wistar rats aged 1 to 7 days of postnatal deve-
lopment (54 animals), 6 animals in each group.
Three groups of animals on day 1, 3, 7 of life after
birth were studied: I group — intact animals (norm);
II group - control, animals which were injected with
0.9% NaCl solution on day 18 of the dated
pregnancy; Il group — experimental animals, which
were injected with liquid purified adsorbed sta-
phylococcal toxoid (10-14 binding units in 1 ml,
diluted 10 times) on day 18 of dated pregnancy by
the method of Voloshin MA. (Pat. 49377, Ukraine,
2010 and Pat. 63020, Ukraine, 2011). Antigen and
0.9% NaCl solution were administered to the fetus
surgically during laparotomy, by intrauterine, trans-
dermal subcutaneous injection into the interscapular
area at a dose of 0.05 ml per fetus.

The thyroid gland was fixed in a 10% solution of
neutral buffered formalin during the day. The
objects were put into paraffin blocks by the
conventional method. Histological sections 3-5 pm
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thick were stained with hematoxylin and eosin for
survey light microscopy and morphometry.

Immunohistochemical study was used to estab-
lish synthetic activity, assess the functional state of
the organ and performed in accordance with the
protocol recommended by the manufacturer for a
particular antibody. Thyroglobulin Antibody (2H11)
from Santa Cruz Biotechnology, Inc. was used by
the method of indirect staining with immuno-
peroxidase using conjugated HRP murine IgG-
binding proteins, m-IgGkx BP-HRP, followed by
incubation in a substrate of peroxidase and a mixture
of chromogen DAB-3-diaminobenzidine tetrachlo-
ride and by counterstaining of nuclei with Mayer
hematoxylin, dehydration, brightening, and balming.

The result was regarded as positive in the case of
chromogen salts in the form of a specific reaction
(cytoplasmic, membrane reaction depending on the
location of the antigen). The intensity of benzidine
label deposition was evaluated in points according to
the following gradation: "0" — no reaction, light
yellow color. "1" — weak reaction, light brown color;
"2" — moderate reaction, brown color; "3" — intense
reaction, dark brown color. Intermediate shades
were denoted as 0.5; 1.5 and 2.5 points, respectively.
In order to control the method, a series of studies
was conducted using positive and negative samples,
which served as standards.

Photo documentation of the studied objects was
performed using a Carl Zeiss microscope "Primo
Star" using an AxioCam camera, a set of morpho-
metric studies was performed using the Zeiss Zen
program (2017).

Statistical analysis of the results was performed
using a personal computer based on the Windows
XP operating system using the statistical package
"Statistica for Windows 6.0" (StatSoftlnc., Serial
number XAXXR712D833214FANS), Excel (Micro-
soft Office, USA). Methods of variation statistics
were used. All research results were recorded in
journals and protocols of primary documentation, as
well as with the wuse of electronic media.
Significance of differences between groups was
assessed using Student-Fisher t-test for a confidence
level of at least 95% (p<0.05).

RESULTS AND DISCUSSION

Light microscopy of serial sections of the thyroid
gland of animals of intact and control groups of the
Ist day of life revealed that the parenchyma of the
organ consists of follicles of colloidal-free type of
secretion and interfollicular thyrocytes. The cavity in
the center of most follicles is not visualized or the
formation of the primary cavity begins (Fig. 1, a). At
the same time, in prenatally antigen premium
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animals of the experimental group, the glandular
component of the thyroid gland is morphologically
more structured: most follicles have a cavity with
oxyphilic stained content without marginal
vacuolation. Some follicles have an irregular shape
and invaginations from thyrocytes into the lumen of
the follicles, indicating continued folliculogenesis.
The size of the thyroid follicles of animals of the
experimental group was 1.3 times significantly
larger compared to the control and intact groups, the
data of which did not differ significantly. The
expression of antibodies to thyroglobulin (Tg) in the
thyroid gland of animals of group I and II is mo-
derate and is visualized in the cytoplasm of
thyrocytes. Cytoplasmic Tg  -expression is uneven
and has a foamy appearance (Fig. 1, a), due to Tg
vacuoles, while in most follicular thyrocytes,
prenatally antigen premium thyroglobulin is not
detected immunohistochemically. In Tg" thyrocytes,
the expression of the corresponding marker is weak
and evenly diffusely distributed in the cytoplasm
(Fig. 1, b). Moreover, in the hollow follicles of the
experimental group thyroglobulin was not detected
immunohistochemically (Fig. 1, b). The number of
Tg" thyrocytes of animals of group III is 2.4 times
less per unit of area compared to groups I and II.

On the 3rd day of postnatal life in the thyroid
gland of animals of groups I and II, single hollow
follicles with colloidal type of secretion appear,
which are mostly subcapsular. Among the spherical
follicles the part is of the irregular shape. Cubic
follicular thyrocytes lie on the basement membrane,
tightly connected to each other. Moderate,
sometimes intensive cytoplasmic Tg expression of
follicular thyrocytes is revealed. Immunohis-
tochemically, thyroglobulin with intensive parietal
expression and moderate central thyroglobulin is
detected in the follicle cavity. Small marginal
vacuoles of colloid resorption are partially
visualized in single follicles of medium diameter.
During this period in the thyroid gland of ex-
perimental animals, follicles of hollow colloidal type
appear throughout the volume of the organ. Follicles
of medium diameter of spherical shape are localized
under the capsule. The intensity of Tg" expression is
weak and uniform throughout the follicle cavity,
even parietal in the area of resorption vacuoles.
Cytoplasmic Tg'-reaction is weak but uniform in all
follicular thyrocytes.

The ratio of follicles of different sizes (small:
medium: large) in animals of the intact and control
groups on the 7th day is 3:1:0, and in antigen
premium — 1:2:1, respectively. In the ratio of tissue
components a decrease in the specific area of the
thyroid epithelium per unit of area is revealed. This
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is due to the fact that the height of the cells of the
follicular epithelium becomes smaller, cubic and flat
shape of thyrocytes predominates, cylindrical cells
occur rare, mainly in small follicles of colloidal
type. The average diameter of the nuclei is
significantly reduced compared to the control group,
being 0.25+£0.01 ym. The number of nucleoli in
thyrocytes per unit of area in the experimental group
significantly decreased, as compared with the
control, which is 22.7+1.04 and 34.4+1.01, res-
pectively, indicating a decrease in the synthesis of
subunits of ribosomes, and hence gross synthesis of
protein products. An increase in the relative
percentage of the area of the follicle cavity due to an
increase in the number of large and medium follicles
in antigen premium animals compared with groups |
and II was revealed. The absence of resorption
vacuoles in a number of follicles respectively is
accompanied by a delayed excretion of hormones
into the bloodstream and leads to overstretching of
such follicles and, as a consequence, flattening of
the thyroid epithelium. This is fully confirmed
immunohistochemically by the presence of weakly
expressed Tg™ expression both in the cytoplasm of
thyrocytes and moderate in the colloid of thyroid
follicles of antigen premium rats (Fig. 1, d), in
contrast to animals of intact and control groups,
where the reaction was intense in these structures
(Fig. 1, ¢). Tg" colloid with signs of degeneration
was also detected in large thyroid follicles of
experimental animals (Fig. 1, d).

Thus, in the neonatal period, rats undergo sig-
nificant morpho-functional changes in the paren-
chyma of the thyroid gland, which are characterized
by intensive folliculogenesis and intracellular
development of the synthetic apparatus of thy-
rocytes, which is characterized by pronounced pro-
duction of prehormone (thyroglobulin) and
hormones of the thyroid gland. It has been
experimentally proven that in prenatally antigen
premium animals with staphylococcal toxoid
anatoxin, the timing of formation of structural and
functional units of the thyroid gland, their size,
distribution and functional state change, as com-
pared to normal. Despite a more developed
morphological structure of the thyroid gland and the
advance of folliculogenesis compared with intact
animals, the experimental group showed immuno-
histochemical signs of functional immaturity of the
organ, which is characterized by weak cytoplasmic
and colloidal Tg" expression. This is a sign of
reduced protein-synthesizing function of thyrocytes,
and almost absence of vacuoles of resorption and
flattening of the thyroid epithelium of individual
follicles are morphological signs of reduced
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hormone-producing function of the thyroid gland. —morphofunctional immaturity of the organ with
Moreover, such a morphological picture was signs of hypoactivity.

visualized on serial sections in both lobes

throughout the parenchyma of the organ and being Conflict of interest. The author declares no
not mosaic, which allows us to assert the signs of conflict of interest.

Immunohistochemical expression of antibodies to thyroglobulin in the thyroid gland of newborn rats
of Wistar line on day 1 (a, b) and 7 (c, d) of life. Magnification: a, b — x1000; in, g — x400.

a — weak cytoplasmic expression of Tg" in thyrocytes of colloid-type follicles of the thyroid gland of rats of the
control group (indicated by arrows); asterisks indicate the formation of the primary cavity of the follicles.

b — arrows indicate Tg" thyrocytes with weakly expressed immunohistochemical expression of antibodies of
hollow thyroid follicles of antigen premium animals of the experimental group.

¢ — thyroid gland of animals of the control group, arrows indicate Tg" follicles with intensive cytoplasmic and
colloidal expression, asterisks indicate colloid with resorption vacuoles.

g — arrows indicate a colloid with signs of degeneration of follicles of the thyroid gland of animals after
prenatal antigenic loading with staphylococcal anatoxin.

REFERENCES
1. Dolgikh VT, Zolotov AN. Immunology. Moscow: 2. Zdor VV, Markelova EV, Geltser BI. [New par-
Yurayt Publishing House. 2020. p. 248 Available from: ticipants in the violation of tolerance to thyroid antigens:
https://urait.ru/book/immunologiya-455693 to the concept of immunopathogenesis of autoimmune

21/ Vol. XXV1/ 2 43



THEORETICAL MEDICINE

diseases of the thyroid gland (literature review)]. Medical
immunology. 2016;18(3):209-20. Russian.
doi: https://doi.org/10.15789/1563-0625-2016-3-209-220.

3. Matveishina TM, Shtanko IF. [Influence of in-
trauterine antigenic load on the intensity of distribution of
receptors to sialospecific lectins in the structures of the
mucous pharynx of rats]. Bulletin of problems of biology
and medicine. 2016;129(2):214-9. Ukrainian.

4. Franceschi C, Ostan R, Mariotti S, Monti D, Vi-
tale G. The Aging Thyroid: A Reappraisal Within the
Geroscience Integrated Perspective. Endocrine reviews.
2019;40(5):1250-70.
doi: https://doi.org/10.1210/er.2018-00170

5. Tkachenko VI, Maksimets YaA. [Risk factors for
the occurrence and progression of autoimmune diseases of
the thyroid gland: a systematic analysis of data for the last 10
years]. Family medicine. 2017;5(73):20-25. Ukrainian.

6. Bliddal S, Nielsen CH, Feldt-Rasmussen U. Re-
cent advances in understanding autoimmune thyroid
disease: the tallest tree in the forest of polyautoimmunity.
F1000Research. 2017;6:1776.
doi: https://doi.org/10.12688/f1000research.11535.1

7. Harrington WE, Kakuru A, Jagannathan P. Malaria
in pregnancy shapes the development of foetal and infant
immunity. Parasite immunology. 2019;41(3):e12573.
doi: https://doi.org/10.1111/pim.12573

8. Hong M, Bertoletti A. Tolerance and immunity
to pathogens in early life: insights from HBV infection.
Seminars in immunopathology. 2017;39(6):643-52.
doi: https://doi.org/10.1007/s00281-017-0641-1

9. Kan B, Razzaghian HR, Lavoie PM. An Im-
munological Perspective on Neonatal Sepsis. Trends

in  molecular medicine. 2016;22(4):290-302.
doi: https://doi.org/10.1016/j.molmed.2016.02.001

10. McLachlan SM, Rapoport B. Breaking to-
lerance to thyroid antigens: changing concepts in
thyroid  autoimmunity. Endocrine reviews.
2014;35(1):59-105.
doi: https://doi.org/10.1210/er.2013-1055

11. Marino M, LatrofaF, Menconi F, Chiovato L,
Vitti P. Role of genetic and non-genetic factors in the
etiology of Graves' disease. Journal of endocrinological
investigation. 2015;38(3):283-94.
https://doi.org/10.1007/s40618-014-0214-2

12. The Aging Thyroid: A Reappraisal Within the
Geroscience Integrated Perspective / C. Franceschi et al.

Endocr. Rev. 2019. Vol.40, No.5. P.1250-1270.
DOI: https://doi.org/10.1210/er.2018-00170
13. LiuP, ZhenglJ, YangP, WangX, WeiC,

Zhang S, Feng S, LanJ, He B, Zhao D, LiJ, Zhang Y.
The immunologic status of newborns born to SARS-CoV-
2-infected mothers in Wuhan, China. The Journal of
allergy and clinical immunology. 2020;146(1):101-
109.el. doi: https://doi.org/10.1016/j.jaci.2020.04.038

14. Kohling HL, Plummer SF, Marchesi JR, David-
ge KS, Ludgate M. The microbiota and autoimmunity:
Their role in thyroid autoimmune diseases. Clinical
immunology  (Orlando, Fla.). 2017;183:63-74.
doi: https://doi.org/10.1016/j.clim.2017.07.001

15. Qiu CC, Caricchio R, Gallucci S. Triggers of
Autoimmunity: The Role of Bacterial Infections in the
Extracellular Exposure of Lupus Nuclear Autoan-
tigens.Frontiers in  immunology. 2019;10:2608.
doi: https://doi.org/10.3389/fimmu.2019.02608

CIIMCOK JITEPATYPHU

1. Honrux B., 3omoroB A. ImmyHONOTHA. MOCKBa:
W3z n-so FOpaiit, 2020. 248 c.

URL.: https://urait.ru/book/immunologiya-455693

2. 3paop B. B., Mapkenosa E. B., I'enbuiep b. 1. Ho-
BBIC YYACTHUKHU HAPYIICHUS TOJIEPAHTHOCTH K aHTUTCHAM
IIMTOBU/IHON KeJe3bl: K KOHLENIUH UMMYHOIIaTOreHe3a
AyTOMMMYHHBIX  3a00JIeBaHMHA IUTOBHIHOW >KeJe3bl
(0030p muTepatypsl). Meduyunckas ummynonoeus. 2016.
T. 18, Ne 3. C. 209-220.

DOI: https://doi.org/10.15789/1563-0625-2016-3-209-220

3. Marseitmuna T. M., lltansko I. ©. Bonus BHY-
TPIIIHROYTPOOHOTO AHTUTEHHOTO HABAaHTAXXECHHSA Ha
IHTCHCHBHICTh PO3MOAITy peHenTopiB [0 ciajocme-
nU(QIYHUX JIEKTHHIB B CTPYKTypax CJIHM30BOi IJIOTKH
urypiB. Bicwuk npobnem 6ionoeii i meduyunu. 2016.
Bum. 2, T. 129, No. 2. C. 214-219.

4. Txauenko B.1., Maxkcumens . A.  ®axrtopu
PU3MKYy BHHUKHEHHS Ta IPOTPECYBaHHS aBTOIMYHHHX
3aXBOPIOBAaHb INUTOIMOMIOHOT 3aJ03W: CHUCTEMATHIHHUHA
aHami3 maHux 3a octaHHe 10-piuus. Cemelinas meouyuna.
2017.T. 73, Ne 5. C. 20-25.

5. Are Perinatal Events Risk Factors for
Childhood Thyroid Autoimmunity? / B. Jonsdottir et

44

al. Eur. Thyroid J. 2017. Vol. 6, No. 6. P.298-306.
DOTI:https://doi.org/10.1159/000479964

6. Bliddal S., Nielsen C. H., Feldt-Rasmussen U.
Recent advances in understanding autoimmune thyroid
disease: the tallest tree in the forest of polyautoimmunity.
F1000Res. 2017. Vol. 6. P. 1776.
DOI: https://doi.org/10.12688/f1000research.11535.1

7. Harrington W. E., Kakuru A., Jagannathan P.
Malaria in pregnancy shapes the development of foetal
and infant immunity. Parasite Immunol. 2019. Vol. 41,
No. 3. P. e12573.
https://doi.org/10.1111/pim.12573

8. Hong M., Bertoletti A. Tolerance and immunity
to pathogens in early life: insights from HBV infection.
Semin. Immunopathol. 2017. Vol. 39, No. 6. P. 643-652.
DOIL: https://doi.org/10.1007/s00281-017-0641-1

9. Kan B., Razzaghian H. R., Lavoie P. M. An
Immunological Perspective on Neonatal Sepsis. Trends
Mol.  Med. 2016. Vol.22, No.4. P.290-302.
DOI: https://doi.org/10.1016/j.molmed.2016.02.001

10. McLachlan S. M., Rapoport B. Breaking tole-
rance to Thyroid Antigens: changing concepts in thyroid

Licensed under CC BY 4.0



MEJINYHI IIEPCIIEKTUBH / MEDICNI PERSPEKTIVI

autoimmunity. Endocr. Rev. 2014. Vol. 35, No. 1. P. 59-
105. DOL: https://doi.org/10.1210/er.2013-1055

11. Role of genetic and non- genetic factors in the
etiology of Graves’ disease / M. Marino et al. J.
Endocrinol.  Investig.  2015. Vol.38. P.283-294.
DOI: https://doi.org/10.1007/s40618-014-0214-2

12. The Aging Thyroid: A Reappraisal Within the
Geroscience Integrated Perspective / C. Franceschi et al.
Endocr. Rev. 2019. Vol.40, No.5. P.1250-1270.
DOI: https://doi.org/10.1210/er.2018-00170.

13. The immunologic status of newborns born to SARS-
CoV-2-infected mothers in Wuhan, China / P. Liu et al. J.

21/ Vol. XXVI/ 2

Allergy Clin. Immunol. 2020. Vol. 146, No. 1. P. 101-109.¢el.
DOI: https://doi.org/10.1016/j.jaci.2020.04.038

14. The microbiota and autoimmunity: Their role in
thyroid autoimmune diseases / H. L. Kohling et al. Clin.
Immunol. 2017. Vol. 183. P. 63-74.
DOIL: https://doi.org/10.1016/j.clim.2017.07.001

15. Qiu C. C., Caricchio R., Gallucci S. Triggers
of Autoimmunity: The Role of Bacterial Infections in
the Extracellular Exposure of Lupus Nuclear
Autoantigens. Front Immunol. 2019. Vol. 10. P. 2608.
DOI: https://doi.org/10.3389/fimmu.2019.02608.

The article was received
2021.03.25

45



