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NEW DATA ON HISTOGENESIS
AND HISTOLOGICAL STRUCTURE OF LUNG CANCER

Background. Lung cancer (LC) is one of the most common malignant neoplasms in men around the world, which
poses a number of important challenges for scientists. Aim. To analyze the histogenesis, features of the histologi-
cal structure, and growth of LC. Materials and Methods. The surgical material of 81 patients with LC was studied.
Histological preparations were stained with hematoxylin and eosin (H&E) using the Papanicolaou method. Immu-
nohistochemical reactions with monoclonals (Ki-67, PCNA) were conducted. Results. In histological preparations
of all LC types (squamous, adenocarcinoma, and small cell), along with solid growth, tumor growth in the alveoli
was determined, which started from the basal membrane and grew toward the alveolus center, as evidenced by the
morphological features of growth, tumor spread, and development of necrosis in the center. Conclusion. In all the
studied histological preparations of LC, tumor growth in the alveoli is noted, which is confirmed by structural and
cellular signs and the nature of tumor decay in the alveolus center, which corresponds to the general patterns of de-
velopment of malignant epithelial tumors.

Keywords: lung cancer, histological research, immunohistochemical examination, histogenesis, growth in the alveoli.

Lung cancer (LC) is the most deadly cancer in the
world. It occupies a leading position in terms of
morbidity and mortality [1—5]. Unfortunately,
mortality rates remain high within 1 year from
the date of LC detection, and in recent years they
have increased from 60 to 67% [3, 6—9]. LC is
diagnosed in 65—67% of patients in stages III
and IV, when a fatal clinical course is already ob-
served and it is impossible to carry out the entire

complex of special treatment [3, 5, 6]. The 5-year
survival rates are low: 63.5% in stage I, 43.5% in
stage II, and 22.9% in stage III [6]. The lowest
five-year survival rate (less than 7%) is registered
in patients with small cell lung cancer (SCLC) [5].

Oncopulmonologists are certain of the asymp-
tomatic onset and prolongation of LC until the
appearance of clinical symptoms that force the
patient to seek medical help [3, 6, 8]. These data
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indicate many unresolved issues in the diagnosis
and development of LC, which are to be studied.

For an in-depth study of the LC problem, we
have specified the morphological aspects of the
lung epithelial tissue in normal conditions. The
researchers found that among all epithelial cells
in the lung, pneumocytes (alveolocytes) of type
IT (ATII) are characterized by mitotic activity
and the shortest time of renewal, that is, they be-
long to stem cells (SC) [10]. Along with this, the
results of special electron microscopic studies
by Zagorulko and Askari [11] also confirm that
ATIIs are lung SCs. The presence and morpho-
functional features of SC in the lung are reported
by many independent scientists [11—19].

On the other hand, known literature data in-
dicate a similar structure of the lung root and
its peripheral part. That is, bronchiolo-alveolar
structures branch out from large bronchi as re-
ported in the monograph by I. Esipova [cited
in 8] and the atlas by E Netter [16]. The estab-
lished fact is of decisive importance in the study
of the onset and development of pathological
processes in the lung. The process of LC devel-
opment becomes more understandable, taking
into account the well-known position expressed
by I. Esipova [cited in 20]: “The data of morpho-
logy and physiology made it possible to come
to a consensus that the functional unit of the
lung, which responds integrally under various
pathological processes, starts from the terminal
bronchiole. This definition is approved by the
International Nomenclature”. This means that
the lung structure in the central and peripheral
parts is characterized by the presence of termi-
nal bronchioles, in which, as established later,
there are SCs directly related to the onset of the
LC development.

Experimental studies allowed Kim et al. [ci-
ted in 20] to name bronchiolo-alveolar stem
cells (BASC) as the progenitor cells of LC. The
authors showed that an increase in the number
of BASCs correlates with tumor progression in
mice; this fact could confirm that the LC devel-
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opment originates from BASC. A large group
of scientists working on experimental models
presented the transition of the bronchial epithe-
lium to the alveolar one in the form of a visual
scheme, in which signs of cell atypia are clearly
demonstrated [7, 13, 14, 17]. It is the place of
transition of one type of epithelium to another
that is the most vulnerable in the development of
a pathological process in the pulmonary system,
and the cells themselves are SCs characterized
by a high growth potential, which can serve as
a trigger for reactive and malignant growths.

An objectively significant fact has been estab-
lished that corresponds to the general biologi-
cal pattern of development of pathological pro-
cesses of tumorous and non-tumorous genesis
in the locus of the epithelium the least resistant
to pathological effects. It is known in medicine
as the “Status resistance minimum”, which is di-
rectly related to the topic of our report.

The structural and morphological complex of
lung epithelial cells was also studied in the ex-
periment of the so-called niche. It exhibits hy-
perexpression of SC proliferative factors and
their stimulating effect on neighboring SCs in
the form of uncontrolled growth, which is char-
acteristic of precancerous and cancerous proces-
ses [14, 17, 21]. It has been established that nic-
hes, as a place of transition of bronchial epithelial
cells to alveolar epithelium, are located through-
out the lung tissue [22]. This is evidenced by
the results of experimental lung carcinogenesis,
which showed that regardless of the route of the
carcinogen administration (intratracheal or pa-
renteral), cancer, as arule, develops in perip-
heral parts of the lung [22].

Many morphological and clinical studies are
devoted to the issues of histogenesis and various
aspects of LC growth [7, 23—26]. When study-
ing histological preparations of low differenti-
ated LC forms, the authors found areas of dou-
ble and triple phenotypic differentiation in the
composition of tumors, which does not exclude
their common histogenesis [12, 26, 27]. These
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data allowed scientists to express a maxim about
a single origin of LC development, and along
with this, to suggest that peripheral LC develops
from the epithelium of small bronchi, starting
from the distal sections, from bronchioles and,
probably, from alveoli (Alv) [28, 29]. Such a pro-
babilistic conclusion indicates the uncertainty of
LC histogenesis. The authors also report the de-
velopment of squamous lung cancer (SqCLC) in
the distal parts of the organ [20, 26, 30], which
cannot confirm its genesis from the columnar
epithelium of the bronchi. The fact that tumo-
rous and non-tumorous processes develop in the
bronchiolo-alveolar junctions of the lung is sta-
ted by a number of authors [27—29].

It should be noted that in modern cancer pul-
monology, the term non-small cell LC (NSCLC),
which includes the two most common histologi-
cal forms — squamous and adenocarcinoma,
is accepted. Such a generalized name is due to
many common biological, morphological, and
clinical characteristics of these LC forms. There
is also a similar effectiveness of the treatment of
these LC types [4], which indirectly may indicate
a single origin of their development.

According to Pennycuick and Janes [2], the
complexity of the study of lung carcinogenesis
is that already at the early stages of LC develop-
ment, heterogeneity of cellular mutations is no-
ted. The genetic studies by Gazdar et al. [30] made
it possible to state that the three most common
aberrations are characteristic of all histological
LC types. The data obtained at the genetic level
confirm the similarity in the manifestation of
the biological essence of SQCLC and adenocar-
cinoma (AC) and suggest a common origin of
their development. Along with this, a number of
morphologists came to the conclusion that the
cells of the columnar epithelium are the most re-
sistant to any chemical and biological influences,
that is, they cannot be the origin of LC deve-
lopment [20].

When studying the synthesis of mucins, the
authors proved that MUCI was detected in ATII
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cells and in elements of the main histological LC
types, which makes them more similar in terms
of morphofunctional features and can confirm
their consistent histogenesis [23].

When clarifying the nature of LC growth,
scientists report its proximal-distal spread and
growth in the submucosal layer in all layers of the
bronchial epithelium [9, 19]. The development of
lung AC in the form of a polyp in the pulmonary
bulla is known, which confirms the onset and de-
velopment of AC in the lung parenchyma [29, 31].

A number of scientists have shown that AC is
characterized by endobronchial growth. A CT
scan revealed a lesion in the form of centrilobu-
lar nodules like a “tree with buds”, which resem-
bles the pattern of growth of bronchiolo-alveolar
structures from large bronchi, as reported in
[16] and confirms the multifocal growth of LC.

Summing up the results of various studies
concerning the origin and the nature of LC, it
can be stated that the data obtained made it pos-
sible to rise many questions. However, some
studies indicate the uncertainty of LC histo-
genesis, since many scientists still express their
opinion in a hypothetical form, which justifies
the need for scientific research to clarify the LC
histogenesis and other significant theoretical is-
sues of cancer morphology and clinical practice.
Thus, there have been no substantiated answers
in the literature to a number of important ques-
tions concerning theoretical and clinical data: 1.
It remains unclear why LC is the most common
and deadly cancer in the world with a mortality
rate of up to 1 year from the date of LC diagno-
sis, extremely low 5-year survival rate and preva-
lent diagnosis in advanced stages (III—IV). 2.
Why do the data on LC histogenesis differ sig-
nificantly among different researchers? 3. What
is the cause to exclude the histogenetic name —
bronchioloalveolar LC — from modern interna-
tional histological classifications [23]?

The aim of the study was to analyze the histo-
genesis and features of the histological structure
and growth of LC.
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Materials and Methods

Surgical material of 81 patients with a diagno-
sis of LC of clinical stages II and III was inves-
tigated. Patients’ age ranged from 38 to 72 years
but most of them were 50—60 years old (average
value of 60.9 * 1.4 years). The patients were exa-
mined and treated at the National Cancer Insti-
tute (NCI) of the Ministry of Health of Ukraine.
They signed an informed consent on the clinical
study of their material for diagnostic and thera-
peutic purposes. The work was approved by the
Ethics Committee of the NCI. The patients did
not receive special anticancer treatment before
the surgery. The following macroscopic data of
the operation material were studied: changes in
the mucous membrane of the bronchial tree, the
spread of the tumor process, and the features of
the morphological structure of LC. Histological
preparations were conventionally prepared and
stained with H&E as well as by the Papanicolaou
method. To determine the proliferative activity
of cells, we used monoclonal antibodies against
Ki-67 and PCNA (DAKO Cytomation, Den-
mark). Histological preparations of all patients
were carefully studied using an Olympus BX41
microscope at magnifications of x100, x200,
%400, and x1000.

Results and Discussion

The macroscopic view of the endobronchial and
peribronchial parts of the tumor was examined,
their ratio was determined. The nature of chan-
ges in the bronchial mucosa was studied in all
histological LC variants. The macroscopic study
of the lung AC growth revealed an unchanged mu-
cous membrane in the material of two patients. It
was pale-pink, smooth, and shiny, which testified
to its intactness to LC, and around the bronchus
and along the length of its outer part, a volumetric
growth of a malignant tumor was noted.

There were 45 (55.6%) SqCLC cases, 21 (25.9%)
AC cases, and 15 (18.5%) SCLC cases (Table).

ISSN 1812-9269. Experimental Oncology 45 (1). 2023

Macroscopic examination of the resected ma-
terial of 81 patients revealed endo-peribronchial
LC growth in 61 (75.3%) cases, and in 20 (24.7%)
cases the tumor was not associated with the bron-
chus. A widespread tumor process was revealed
in 7 (8.6%) patients. 2 of them showed a circu-
lar tumor growth in the bronchi (SqCLC and
SCLQ). In 2 patients with SqQCLC, three bronchi
were affected. Exophytic soft growths extended
from 1.8 cm to 4 cm along the bronchi length;
a large peribronchial part of the tumor was de-
tected. Multiple tumors were found in 3 patients
with undifferentiated SCLC.

In various histological LC types, the mucous
membrane of the bronchial epithelium was af-
fected independently of the histological LC type.
It had the appearance of asoftened one; the
scrapings from it and the cytological prepara-
tions contained cells of SqQCLC, AC, or SCLC.
In a number of cases, the mucous membrane was
significantly thickened, dense, and white, scraping
from it was scarce and contained only columnar
epithelium cells, that is, the tumor grew under the
bronchial epithelium. A similar altered mucous
membrane was observed in SCLC and SqCLC.

Staining of histological preparations by two
methods, H&E and by Papanicolaou, made it
possible to more accurately identify the mesen-
chymal and epithelial structures. After staining
by Papanicolaou, the connective and vascular tis-
sues were stained in green, which made it possible
to identify interalveolar septa with the vessels
containing erythrocytes. The epithelial tissue of
LC was tinted in green-yellow-brown (Figs. 1—3).

Table. General characteristics of the investigated
surgical material of patients with lung cancer, n = 81

Histological types

Tumor

localization, n (%) SqCLC AC

SCLC

n % n % n %

Central, 38 (47) 24
Peripheral, 43 (53) | 21

63.2| 4 |10.5| 10 [26.3
48.9| 17 |39.5| 5 |11.6
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When studying the histological structure of
LC, the growth of LC in Alv was found in all
SqCLC cases, in 86% AC preparations, and 67%
cases of SCLC. In addition, growth with solid
layers was observed in all phenotypic LC types
but prevailed in the structure of SCLC. A pecu-
liarity of the latter is that the growth of the tumor
into Alv is solid, that is, cancer cells completely fill
the Alv. The presence of clear interalveolar septa
evidences that tumor growth occurs in the Alv.

In the histological preparations of AC and
SqCLC, a convincing growth of a tumor in the
Alv was found, which originated from the bas-
al alveolar membrane and grew into the lumen
toward its center (Figs. 2—3). The evidence for
such a growth direction is the similarity of the
contents in the center of affected Alv and un-
affected, that is, preexisting Alv. This content
includes (in various proportions) the cells of
the first type alveolar epithelium (ATI), macro-
phages, leukocytes, fine-grained detritus, and,
in the presence of a tumor, cancerous cells, their
complexes rejected from it (clusters), fragments
of cancer cells — “bare” polymorphic nuclei, and
fragments of the cytoplasm and necrotic tumor
cells. Several morphological features confirm
the LC growth from the Alv basal membrane. In
particular, when stained with H&E as well as by
Papanicolaou, in the basal rows of a tumor that
grows from the basal membrane, a more intense
staining of the cytoplasm and cell nuclei is noted
in the Alv (Figs. 2—3). Superficially growing cells
above them have less intensely stained cytoplasm
and nuclei. Gradually, toward the center, tumor
cells differentiate, become larger and lighter, ac-
quire dystrophic changes, and in the center of
the alveolar structures, rejected tumor cells are
revealed among the necrotic masses (Figs. 2, 3).

The proof that tumor cells located in the Alv
center are part of a solidly growing cancer lay-
er is the observation that one part of the cell is
a component of the solid layer, and its other end
hangs freely in the lumen of the affected Alv. In
addition, cancer cells with characteristic signs of
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atypia are observed in the Alv center, most of-
ten in a state of decay. Upon Papanicolaou stain-
ing, tumor cells with intensely stained basophilic
greenish cytoplasm or yellowish-brown color
contained hyperchromatic nuclei with varying
degrees of polymorphy (Fig. 5). The structure of
nuclear chromatin is different depending on the
histological type of LC. In AC, chromatin is un-
even, lumpy, and the nuclei are moderately hy-
perchromatic. In the case of SQCLC, the nuclei
are highly polymorphic, with expressed hyper-
chromatosis. In some cases, there is a clear poly-
morphism and hyperchromatosis in dying AC
cells. The growth of LC in the Alv demonstrates
a well-known regularity in the morphogenesis
of epithelial tumors. This means that the tumor
grows from the basal membrane as a solid layer,
and necrosis develops in its center due to insuf-
ficient blood supply, as shown in our histological
studies (Figs. 1—3).

In support of the above, reactions with mono-
clonal antibodies were carried out. We have found
that the cells located on the basal membrane of
the Alv have a more intense staining with Ki-67
and PCNA (cell proliferation markers) monoclo-
nals compared to the cells growing superficially
above them, that is, more mature, show less in-
tense staining or no staining at all (Figs. 4, 6).

Given the structure of the lung, which has
many transitions from the bronchial epithelium
to the alveolar (terminal bronchioles), where mul-
tipotent SCs are located, we can conclude that all
histological LC types have the same onset. SCs
have the potential to grow and can play the role
of a trigger mechanism for the development of
LC [12, 13, 15, 17, 19]. The presence of mul-
tiple terminal bronchioles in the lungs explains
the wide distribution of LC in the organ paren-
chyma, which we observed when studying the
macroscopic picture of the surgical material as
well as other authors [22].

The results of our research and relevant litera-
ture data allow us to answer the questions posed
in this report.
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Lung cancer, the most common and deadly
malignant process, develops from ATII cells
located in 300—400 million Alvs in the hu-
man body. Tumor damage to a part of Alv does
not violate the most important function of the
lung — the respiratory one, since the human
body compensates for it without clinical symp-
toms, and the patient does not seek timely medi-
cal help. The high mortality up to 1 year after the
detection and diagnosis of LC is due to the fact
that the cancer process affects many Alv, and the
removal of a visible and palpable tumor during
surgery does not guarantee the absence of affect-
ed Alv in the macroscopically unchanged paren-
chyma of the entire lung. The presence of cancer
cells near the tumor, at a distance of 2 cm and
5cm from the margin of the removed tumor,
which we detected by cytological diagnostics
in scrapings from incisions of such areas, indi-
cates the possible spread of the tumor in many
lung Alv [32]. A possible massive damage of
the lung Alv, which may not always manifest
itself with clinical symptoms, explains the low
5-year survival of patients after the LC diagno-
sis and treatment.

An analysis of the literature on LC histoge-
nesis using experimental models over 20 years
of the 21st century [23] showed that LC develops
from different cells. This situation is not surpri-
sing since the initial stage of LC development,
when only a small number of alveolar cells is
affected, does not cause any clinical symptoms
either in experimental settings or in clinical
practice. Therefore, it could not be possible to
diagnose the initial period of LC growth by mor-
phological, biological, laboratory, or radiologi-
cal methods. Usually, each researcher considers
the LC structure of the minimal volume that
can be determined by the X-ray method. Ho-
wever, an already-formed tumor does not allow
one to identify the initial cells from which the
malignization and tumor growth begin. Each re-
searcher assumes, with the highest probability,
some particular origin.
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Fig. 1. Histological preparation of LC. H&E staining.
%200. The lung cancer growth in alveoli (a), interalveo-
lar septum (b), and necrosis in the center of alveolus (c)

Fig. 2. Histological preparation of LC, H&E staining.
%x1000. The lung cancer growth in alveoli (a), interal-
veolar septum (b), necrosis in the center of alveolus (c)

Fig. 3. Histological preparation of LC. H&E staining.
x600. The lung cancer growth in alveoli (a), interalveo-
lar septum (b), and necrosis in the center of alveolus (c)
Fig. 4. Histological preparation of LC.x1000. Immuno-
histochemistry, monoclonal antibody Ki-67: basal cells
(b), center of alveolus (e), interalveolar septum (d)

Fig. 5. Histological preparation of LC. Papanicolaou
staining. x1000. The lung cancer growth in alveoli (a),
interalveolar septum (b), and necrosis in the center of
alveolus (c)

Fig. 6. Histological preparation of LC. x400. Immuno-
histochemistry, monoclonal antibody PCNA: basal cells
(b), center of alveolus (e), interalveolar septum (d)
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In the new International Histological Classi-
fications (WHO) [9, 23], the term bronchioloal-
veolar LC was excluded and replaced with the
so-called lepidic AC. At the same time, the his-
togenetic name of the type of cancer is excluded.
This circumstance indicates that in the literature
so far there are no unambiguous data on the his-
togenesis of LC, which is the subject of this study.

In conclusion, studying the process of histogen-
esis of LC in the Alv, we have established that LC
grows from the basal membrane of Alv toward its
center, while cancer cells sequentially differentiate
from basal to mature, which corresponds to the

well-known morphogenesis of malignant epithe-
lial tumors. The latter undergo necrotic changes
resulting in the accumulation of necrotic masses
and dying cancer cells in the Alv center.

Presently, it has been proven that in all parts
of the lung, there are niches with multipotent
SC, located in the zones of transition of the
bronchial epithelium to the alveolar (in the ter-
minal bronchioles), from which all histological
LC types can develop. This is confirmed by the
multifocal LC growth in both the central and
peripheral parts of the organ, which was ob-
served in our studies.
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! HanionanpHmii iHcTuTyT paky MinicTepcTBa 0XOpOHU 350poB’st YKpaiHu
2 HanionanbHuit yaisepcuter “Kueso-MorunsaHcbka Akasiemis”

HOBI JAHI ITPO I'ICTOTEHE3 I TICTOJIOITYHY CTPYKTYPY PAKY JIETEHI

Bceryn. Pak nereni (PJI) € ogayM i3 HalimonMpeHiIuX 3/10AKiCHUX HOBOYTBOPEHD Y YOJIOBIKIB Y BCbOMY CBITi, 1110
CTaBUTD Ilepef; HAYKOBLAMY DAL BaX/IMBUX IpobieM. Mera mocmifKeHHsa. BusHaunty ricrorenes, oco6msocTi
ricronmorignoi 6ygosu ta pocty PJI. Marepianu Ta metogu. JocmipkeHo omepariiiHuii Marepian 81 xBoporo Ha
PJI. ®apbyBaHHA ricTONOriYHMX IpelapaTiB MpoBoAMIM reMaTokcwIiHoM Ta eo3uHoM (H&E) Ta 3a metopom Ila-
nanikoray. IIpoBonym imyHoricToximivHi peakuii 3 MoHokIoHanbHUMY aHTHUTIIaMu (Ki-67, PCNA). Pesynbrarn.
Y ricromoriyHux mpenaparax y Bcix sunagkax PJI (IIOCKOKIITUHHMIL, 3aM03UCTUIT 1 ApiOHOKIITHHHMIT) TOpsf, i3
COMIHUM POCTOM BU3HAYaBCs PICT MYX/IMHY B a/lbBeOJIaX, KU MOUYMHABCA Bif 6asanbHol MeMOpaHu i mommpro-
BaBCA 0 LIEHTPY aJlbBEONN, PO 10 CBiff9aTh MOPQOIOTiuHi AaHi, 0COOMMBOCTI POCTY, MOMUPEHH TYX/IMHNA Ta
PO3BUTKY HEKpO3y B LIeHTpi anbbeonn. BucHoBok. Ha Bcix mocmifikeHux ricronorivaux npenapatax PJI BigsHa-
YAaETbCA PIiCT MyX/IMHM B a/IbBEOJIAX, IO MiATBEPAKYEThCA CTPYKTYPHUMMY, KIITVHHMMY O3HAKaMI Ta XapaKTepoM
posmajy IyX/IMHY B LEeHTPi a/lbBeOJI, 1[0 BiINOBiA€ 3ara/IbHUM 3aKOHOMIPDHOCTSAM PO3BUTKY 3/I0AKICHUX €IliTeri-
aNbHMX ITyX/INH.

KnrouoBi cmoBa: pax nereHi, ricTonoriude, iMyHoOTiCTOXiMi4uHe JOCTiI>)KeHH, ricTOreHes, picT B ajibBeosIax.
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