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Increased secretion of leptin in individuals with excessive amount of adipose tissue can be the basis for the de-
velopment of comorbid pathology associated with obesity, including lung pathology. Aim of the study — to establish
and analyze pathomorphological and immunohistochemical features of lung tissue changes in the autopsy mate-
rial of deceased obese persons. The total sample of the deceased amounted to 60 deceased. Two research groups
were formed: group 1 (control group, n=30) consisted of deceased persons with normal body weight and group
2 (n=30) — of deceased with obesity. The deceased were weighed to measure and evaluate body weight, and the
body mass index (BMI) was calculated. The histological and histochemical examination was performed in line with
the hematoxylin-eosin staining and Azan trichrome method. Leptin polyclonal antibodies (Thermo Fisher Scientific,
Germany) were used to determine leptin expression. The average value (M) and the average (m) error were calcu-
lated. Differences in average values were considered significant with a probability level of at least 95% (p<0.05).
The average body weight and BMI of the deceased in group 2 were significantly higher than that of the deceased in
group 1. According to the results of the pathohistological, histochemical, and immunohistochemical examination of
the lung tissue of the deceased in group 1, slight changes in the lung tissue were revealed. In group 2, on the other
hand, pronounced pathological changes in the lungs were observed. Pathomorphological changes typical for chronic
bronchitis, pulmonary emphysema, focal pneumosclerosis, and the initial manifestation of pulmonary hypertension
were found in the obese deceased (group 2). The immunohistochemical study established a moderate and significant

expression of leptin in the deceased of group.
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Connection of the publication with planned re-
search works.

The study was carried out within the framework of
the complex research “Study of pathogenetic mecha-
nisms and pathomorphological features of diseases of
the endocrine, cardiovascular, respiratory, nervous, di-
gestive, urinary and reproductive systems with the aim
of improving their morphological diagnosis” (state reg-
istration number 0123U201668).

Introduction.

According to current statistical data, the number of
people with excess body weight accounts for more than
2 billion today, which is about 30% of the world’s popu-
lation, and continues to grow steadily worldwide [1].
The World Health Organization (WHO) defines obesity
as an abnormal or excessive accumulation of fat, which
poses a health risk, in particular, because obesity is a risk
factor for developing a number of diseases [2].

Even though adipose tissue was considered for long
only as an energy depot, currently, it has been proven
that it is an important endocrine organ that produces
adipocytokines with hormonal activity [3]. Among adi-
pocytokines, leptin, which acts as a pro-inflammatory
cytokine, is considered the most studied and the one
with the most significant effect. Increased secretion of
leptin in individuals with an excessive amount of adi-
pose tissue can have a significant effect on the function
of internal organs, in particular through direct poten-
tiation of inflammation and disruption of homeostasis
through expression in target organs, and be the basis
for the development of comorbid pathology associated

with obesity [4]. Such diseases include arterial hyperten-
sion, coronary artery disease, heart rhythm and conduc-
tion disturbances, cerebral blood circulation disorders,
venous thrombosis of various sites, metabolic syndrome
and type Il diabetes, osteoarthritis, non-alcoholic fatty
hepatitis, gallstone disease, chronic kidney disease, dis-
eases of the reproductive system, infertility, malignant
tumors of various anatomical sites and others [5].

As for lung pathology, its association with obesity is
not so obvious and has not been studied enough. Al-
though the relationship between overweight and obe-
sity, particularly in the development of obstructive sleep
apnea and hypoventilation syndrome, is becoming in-
creasingly evident, there are still much conflicting data
on whether overweight and obesity reliably influence
the development, course, and mortality of patients with
chronic obstructive pulmonary disease (COPD) [6]. The
potential association between obesity and COPD is cur-
rently widely investigated, but very little is known about
the mechanisms underlying this association [7].

The aim of the study.

To establish and analyze the pathomorphological and
immunohistochemical features of lung tissue changes in
the autopsy material of deceased obese individuals.

Object and research methods.

The total sample of the deceased amounted to 60
people. Two research groups were formed:

e Group 1 (control group, n=30) consisted of de-
ceased with normal body weight, without diagnosed
diseases, which were directly or indirectly associated
with pathological changes in lung tissue;

410

ISSN 2077-4214. Bicuuk npo6nem 6ionorii i meauuunn — 2023 — Bun. 2 (169) / Bulletin of problems in biology and medicine — 2023 - Issue 2 (169)



NATOMOP®OI0T1A

e Group 2 (n=30) — deceased with obesity, without
diagnosed diseases, which were directly or indirectly as-
sociated with pathological changes in lung tissue.

To measure body weight, the deceased were
weighed, and the body mass index (BMI) was calculated.

The weighing of the deceased was carried out using
medical stretchers with a weighing function, which was
developed by us. The medical stretcher contains a frame
of two longitudinal crossbars with support legs, while
the crossbars are connected to each other by transverse
crossbars, which are additionally equipped with modu-
lar lamellae and four strain gauges located on the prod-
uct’s support legs, and one weight processor module on
the front side of the stretcher. For weighing, the body
of the deceased was placed on a medical stretcher and
placed on any surface. Information about the load from
all strain gauges was transmitted to the weighing pro-
cessor module, which generated the received data into
weight in kilograms and grams.

BMI was calculated according to the following for-
mula: BM] = m’

12

where | — body length (m), m — body mass (kg).

Fixation of lung necroptates and their subsequent
processing were performed according to standard
methods using hematoxylin-eosin staining.

The histochemical examination was carried out in
line with the Azan trichrome method (using the five-
reagent set “Azan trichrome”) —according to the results
of nuclear staining, erythrocytes, acidophilic granules of
the pituitary gland acquire a red color, neurofibrils (neu-
roglia) — shades of red, muscle fibers — from pink to
red-pink, collagen, reticulin, membranes of basophilic
cells, the stroma of renal glomeruli, basal membranes
— from blue to dark blue, respectively. Elastic fibers are
not stained [8].

Polyclonal antibodies against human leptin (Thermo
Fisher Scientific, Germany) were used to determine
leptin expression. The evaluation of the immunohisto-
chemical reaction was carried out by a semi-quantitative
method taking into account the spread of expression in
the fields of vision, “-” no expression, “+” separately lo-
cated expression fields, “++” — expression zones with a

tendency to merge, “+++” expression zones that com-
pletely fill the field of vision.

Figure 1 — Focal desquamation of the bronchial epithelium, slight
peribronchial, and vascular sclerosis in lung tissue of deceased of
group 1. Hematoxylin-eosin staining. Magnification: x100.

Statistical processing of the results was carried out
using the Statistica 12 software package. The average
value (M) and the average (m) error were calculated.
Differences in average values were considered signifi-
cant with a probability level of at least 95% (p<0.05).

Research results and their discussion.

The average age of the deceased in group 1 was
51.6%3.3 years; in group 2, this indicator was 55.6+2.7
years. There were 15 men and 15 women in each group.
The groups did not significantly differ from each other
(p>0.05) by age and sex.

The average body weight of the deceased of group 2
was 98.6+4.3 kg and was significantly (p<0.001) higher
than that of the deceased of group 1, where this indica-
tor was 60.0+2.0 kg. Consistently, the average value of
BMI (20.5£0.7 in group 1 and 34.7£1.3 in group 2) was
also significantly (p<0.001) higher in the deceased of
group 2 compared to those in group 1.

During the postmortem pathomorphological exami-
nation of the lungs in group 1, minor pathological changes
were found. Focal desquamation of the bronchial epithe-
lium, slight peribronchial sclerosis, and small focal peri-
bronchial mononuclear infiltration were identified in the
airways. In the respiratory departments, slight thickening
of the interalveolar membranes (IAM) due to pleurisy and
focal sclerosis, isolated foci of emphysema, and atelecta-
sis were visualized. We also confirmed slight sclerosis of
the walls of the pulmonary vessels and congestion of the
microcirculation vessels (fig. 1).

Histochemical examination revealed moderate peri-
bronchial and intravascular collagenization and single
foci of collagen fibers in IAM (fig. 2).

According to the results of an immunohistochemical
study in the lungs of deceased persons in group 1, the
presence of separately located fields of leptin expres-
sion in the airways and respiratory departments was
established, which were considered insignificant — “+”
(fig. 3).

Changes detected and described in the control group
are considered minimal. Low expression of leptin in lung
tissue is expected to be found in the epithelial cells of
the airways and respiratory departments, as well as in
immune cells if they are present [9, 10].

According to the results of the postmortem patho-
morphological examination of the lungs of the deceased
of group 2, focal desquamation of the bronchial epithe-

Figure 2 — Peribronchial and intravascular collagenization in
lung tissue of deceased of group 1. Azan trichrome staining.
Magnification: x100.
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Figure 3 - Insignificant leptin expression in lung tissue
of the deceased of group 1. Immunohistochemical method.
Magnification: x100.

lium, significant sclerosis of the bronchial walls, and
peribronchial sclerosis with subsequent deformation of
the bronchial lumens, as well as multifocal peribronchial
mononuclear infiltration were found in the airways. In
the respiratory departments, significant thickening of
the IAM was noted caused by severe sclerosis and pleu-
risy, focal emphysema, and atelectasis. Also, the pulmo-
nary vessels were distinguished by the presence of sig-
nificant sclerotic changes with stenosis and deformation
of their lumens (fig. 4).

According to the results of the histochemical exami-
nation, significant intra — and peribronchial, as well as
intravascular collagenization, was revealed. Compared
with those in the deceased group 1, the changes of IAM
with visualization of the diffuse arrangement of collagen
fibers in most of them were significantly different (fig.
5).

Immunohistochemical examination of leptin expres-
sion in the lungs of deceased individuals in group 2 re-
vealed multiple fields of expression in the airways and
respiratory departments, which were graded as moder-
ate “++” and significant “+++” (fig. 6).

The presence of emphysema of the lungs, pneumos-
clerosis, and pathological changes typical for chronic
bronchitis in the deceased with obesity can mutually
be considered as signs of COPD. Current research data
describing the relationship between obesity and COPD

Figure 5 — Diffuse arrangement of collagen fibers in IAM and
peribronchial collagenization in lung tissue of deceased group 2.
Azan trichrome staining. Magnification: x100.

Figure 4 - Significant thickening of the IAM and peribronchial
sclerosis in lung tissue of deceased group 2. Hematoxylin-eosin
staining. Magnification: x100.
is conflicting. According to the data of the study by Patel
et al., an increase in BMI and overweight are associated
with a significantly more severe clinical course of COPD
than in patients with normal body weight; in particular,
stage 3 and 4 COPD was most common in overweight
and obese individuals [11]. At the same time, other pop-
ulation-based studies claim that the life expectancy of
patients with COPD is significantly higher in overweight
and obese individuals than in normal-weight patients,

which is considered the “obesity paradox” [12].

Current research data on the association of pneu-
mofibrosis with obesity is also limited and controversial.
At present, there are many theories of the occurrence
of pulmonary fibrosis caused by obesity. One of them
considers the possible induction by a high-fat diet of the
release of inflammatory mediators from adipose tissue
involving adipocytes and macrophages, the effects of
which are important for the development of pulmonary
fibrosis. It is also believed that the accumulation of adi-
pose tissue can mechanically disrupt lung function and
cause diaphragm fibrosis, which in turn can indirectly
potentiate the occurrence of inflammatory changes in
the lungs with the development of pneumofibrosis [13].

Conclusions.

In the deceased of the control group, minor patho-
morphological, histochemical, and immunohistochemi-
cal changes in the lung tissue were identified, which
were considered to be minimal and of no meaningful
pathological significance.

Figure 6 — Significant expression of leptin in lung tissue of deceased
group 2. Immunohistochemical method. Magnification: x100.
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Pathomorphological and histochemical changes
typical for chronic bronchitis, pulmonary emphysema,
focal pneumosclerosis, and the initial manifestation of
pulmonary hypertension were found in the obese de-
ceased (group 2). The immunohistochemical study al-
lowed the establishment of moderate and significant
leptin expression in the deceased of group 2.

Taking into account the fact that the deceased with
obesity were not diagnosed with any diseases that were
directly or indirectly associated with pathological chang-
es in the lung tissue, it can be assumed that the devel-

airways, respiratory departments of the lungs, as well as
pulmonary vessels, is associated with the obesity in this
cohort of the deceased.

Prospects for further research.

It is planned to study the connection of obesity with
the occurrence, development, and complications of
diseases of the respiratory system, in particular, their
pathomorphological, histochemical, and immunohisto-
chemical features in people of different ages, sexes, and
degrees of obesity, given the insufficient data on this
problem and the controversy of the results of existing

opment of a whole range of pathological changes in the  studies.
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NATOMOP®ONONIYHI TA IMYHOTICTOXIMIYHI OCOBJ/IUBOCTI 3MIH NEFEHb MPU OXUPIHHI

Masyp O. 0.

Pestome. Bcmyn. OXUPIHHA € BKpai akTyabHOI Npo61emoto CMCTEMM OpraHi3aLLii OXOpoHM 340pOB’A; YacTKa
0Cib i3 OXMPIHHAM NPOrpecMBHO 3POCTAE B YCbOMY CBIiTi. He3Bakatoum Ha Te, L0 KMPOBY TKaHUHY TpMBasao 6yno
NPUAHATO PO3rNALATU ILLE AK AeN0 eHeprii, Ha CbOroAHI JOBEAEHO, L0 Lie BaXKANBUIA EHAOKPUHHUI OpraH, AKUM
NPOAYKYE 3HAUYMMY KifbKICTb aAMNOLMTOKIHIB, cepes, AKMX Halbinbll BUBYEHMM Ta TaKUM, LLLO BOSIOAIE HaNbiNbLL
BaroMMM BMN/IMBOM, BBAXKalOTb IENTUH, AKWUI L€ AK NPO3anaibHUIA LUTOKIH. XO4a B3aEMO3B’A30K HaABaru Ta OXKMu-
piHHA, 30Kpema B PO3BUTKY OBCTPYKTUBHOMO anHOe CHY Ta MiNOBEHTUAALIMHOrO CMHAPOMY, CTa€E BCe 6iNbll o4eBua-
HUM, goci € 6araTo cynepeynnBumx SaHUX LWOAO TOrO, YX HaAMIPHA Bara Ta OXKUPIHHA, @ TaKOXK NiABULLEHUI piBEHb
NenTUHY AOCTOBIPHO BM/IMBAIOTb HA PO3BUTOK, Nepebir Ta CMepTHICTb Y NALEHTIB 3 XPOHIYHUM 06CTPYKTUBHMM 3a-
XBOPIOBAHHAM nereHb. Mema. BcTaHOBUTM Ta NpoaHanisyBaTv natoMopdoioriyHi Ta iMyHOricToXimiuHi ocobamsocTi
3MiH /lIereHeBOi TKAHMHW B aBTOMCIMHOMY MaTepiani NOMepANX OCib i3 OXKMUPIHHAM.

06’ekm i mMemodu docnidnceHHA. 3aranbHa BMGipKa nomepanx ctaHosmna 60 ocib. byno cdpopmosaHo ABi Ao-
cnigHi rpynu: rpyny 1 (KoHTponbHa rpyna, n=30) ckfanu nomepni 3 HOPMasbHOK Macoto Tina, 6e3 aiarHocTosa-
HWX 3aXBOPIOBaHb, AKi NPAMO YK onocepesKoBaHO ByaKn acoLiioBaHi i3 MATONONYHUMM 3MIHAMU TKAHWUHW fiereHb;
rpyny 2 (n=30) — nomepi i3 OXKMPiHHAM, 6e3 AiarHOCTOBAHMX 3aXBOPIOBaHb, AKI NPAMO YK onocepeaKoBaHo bynu
acouiioBaHi i3 MaToNOrNYHUMM 3MiIHAMM TKAHMHW fiereHb. 18 BUMIPOBAHHA MacK Tina 34iCHIOBANM 3BaKyBaHHSA
NomepAKnx i po3paxoByBann iHAEKC macK Tina (IMT). FicToximiuHe AoCNiAKEeHHA BUKOHYBANOCh 32 METOAMKO A3aH
Tpuxpom (i3 3acTocyBaHHAM N'ATMpPEeareHTHOro Habopy «AsaH TpUXPOM»). [N BU3HAUYEHHS eKcnpecii NenTuHy Bu-
KOPWUCTOBYBANUCh NOANIKAOHANbHI aHTUTINA NPOTU NtoAacbKoro nentuHy (Thermo Fisher Scientific, HimeyunHa). Pos-
paxoByBa/u cepelHe 3Ha4YeHHaA (M) i noxmnbKy cepeaHboro (m). BiAMiHHOCTI cepefiHiX BEMUYMH BBAXKAAMN 3HAYYLLM-
MW 3 piBHEM MMOBIpHOCTI He meHwe 95% (p<0,05).

Pe3ynemamu. CepeaHn maca Tina nomepanx rpynu 2 ctaHosuna 98,6+4,3 Kr i Buasmnacb goctosipHo (p<0,001)
BULL,0HO, aHiXK TaKa y MomepsiMx rpynu 1, ae uen nokasHuK ckaas 60,0+2,0 Kr. 3aKOHOMIpHO, cepegHe 3HauyeHHA IMT
(20,540,7 y rpyni 1 Ta 34,7+1,3 y rpyni 2) Tako» BUABUAOCH A0CTOBIPHO (p<0,001) BUWMM Yy MOMepAUX rpynu 2 y
NOPIBHAHHI i3 TakMM y rpyni 1. 3a pe3ynbTaTamm riCTOXiMIYHOTO AOCAIAMKEHHA TKAHWHWU NereHb NOMepPAUX rpynu 2
BUAB/IEHO 3HAYHY iHTpPa — Ta NepebpoHXia/ibHY, a TAKOXK iIHTPABACKYNAPHY Ko/lareHisauito. Y NopiBHAHHI i3 TaKMmM
y nomepaux rpynu 1 3Haummo BiapisHAAMcb 3miHM MAI 3 Bi3yanisauieto Andy3HOro posTallyBaHHA KONareHoBMX
BOJIOKOH Yy BinbLOCTi 3 HUX. IMyHOTiCTOXiMiYHE AOCAiIAKEHHS eKCrpecii IeNTUHY B NereHAX NoMepaunx ocib y rpyni 2
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BUABWJIO MHOXWHHI NO/IA eKcrpecii B MOBITPOHOCHUX LW/IAXaX Ta pecnipaToOpHUX Bigainax, aki 6yau ouiHeHi sK no-
MipHi «++» Ta 3HAYHI «+++».

BucHo8KuU. Y noMepanx i3 oXXnpiHHAM (rpyna 2), BUaBAeHO NaToMOpPdO0TiYHI Ta FCTOXiMiYHI 3MiHM NpUTamMaHHi
XPOHIYHOMY BPOHXITY, embizeMi nereHb, BOrHULLEBOMY MHEBMOCK/IEPO3Y Ta NOYAaTKOBOMY NPOSBY SiereHeBoi rinep-
TeH3sii. IMyHoricToximiuHe gocnigKeHHA 403BOIMA0 BCTAHOBUTU NOMIPHY Ta 3HAYHY eKCNPECit0 NeNTUHY Y MOMEPAUX
rpynu 2. MoXHa npunycTuTH, WO PO3BMTOK LiN0T HU3KM NATONOTMYHMX 3MiH NMOBITPOHOCHUX LINAXIB, pecnipaTopHMX
BiA4iNiB IereHb, a TAKOXK JIereHeBUX CYAMH acoLLiioBaHi i3 HAfABHICTIO OXKMPIHHA Y AaHOI KOTOPTU MOMEPINX.

KnrouoBi cnoBa: 0XXMpPiHHA, NENTUH, NereHi, ricToximia, imyHorictoximis.

PATHOMORPHOLOGICAL AND IMMUNOHISTOCHEMICAL FEATURES OF LUNG CHANGES IN OBESITY

Mazur O. Yu.

Abstract. Introduction. Obesity is an extremely significant problem in the healthcare system; the proportion of
people with obesity is progressively increasing worldwide. Even though adipose tissue was considered for long only
as an energy depot, today it has been proven that it is an important endocrine organ producing adipocytokines,
including leptin, which acts as a pro-inflammatory cytokine. Although the relationship between overweight and
obesity, particularly in the development of obstructive sleep apnea and hypoventilation syndrome, is becoming in-
creasingly evident, there is still much conflicting evidence as to whether overweight and obesity, as well as increased
leptin levels, reliably influence the development, course, and mortality of patients with chronic obstructive pulmo-
nary disease. Aim of the study. To establish and analyze pathomorphological, and immunohistochemical features of
lung tissue changes in the autopsy material of deceased obese persons.

Object and research methods. The total sample of the deceased amounted to 60 deceased. Two research groups
were formed: group 1 (control group, n=30) consisted of deceased persons with normal body weight, without diag-
nosed diseases, which were directly or indirectly associated with pathological changes in lung tissue; group 2 (n=30)
— deceased with obesity, without diagnosed diseases, which were directly or indirectly associated with pathological
changes in lung tissue. To measure body weight, the deceased were weighed, and the body mass index (BMI) was
calculated. The histochemical examination was performed in line with the Azan trichrome method (using the five-
reagent “Azan trichrome” kit). Polyclonal antibodies against human leptin (Thermo Fisher Scientific, Germany) were
used to determine leptin expression. The average value (M) and the average (m) error were calculated. Differences
in average values were considered significant with a probability level of at least 95% (p<0.05).

The results. The average body weight of the deceased of group 2 was 98.6+4.3 kg, which was significantly
(p<0.001) higher than that of the deceased of group 1, where this indicator was 60.0+2.0 kg. Regularly, the average
value of BMI (20.5+0.7 in group 1 and 34.7+1.3 in group 2) was also significantly (p<0.001) higher in the deceased
of group 2 compared to those in group 1. The results of the histochemical examination of the lung tissue of the de-
ceased of group 2 revealed significant intra — and peribronchial, as well as intravascular collagenization. Compared
to those, the changes in interalveolar membranes with visualization of the diffuse location of collagen fibers in most
of them differed significantly compared to the deceased of group 1. Immunohistochemical examination of leptin
expression in the lungs of deceased individuals in group 2 revealed multiple fields of expression in the airways and
respiratory tracts, which were graded as moderate “++” and significant “+++”.

Conclusions. Pathomorphological changes typical for chronic bronchitis, pulmonary emphysema, focal pneumos-
clerosis, and the initial manifestation of pulmonary hypertension were found in the obese deceased (group 2). The
immunohistochemical study established a moderate and significant expression of leptin in the deceased of group 2.
It can be assumed that the development of a wide range of pathological changes in the airways, respiratory depart-
ments of the lungs, and pulmonary vessels is associated with obesity in this cohort of the deceased.

Key words: obesity, leptin, lungs, histochemistry, immunohistochemistry.
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