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HISTOGENESIS OF CENTRAL LUNG CANCER: CYTOLOGICAL 
INVESTIGATION
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Aim: To study the features of the bronchial mucosa lesion in relation to centrally growing lung cancer (LC) according to diagnostic 
fibrobronchoscopy in comparison with the results of cytomorphological data to determine the possible origin of tumor growth (his-
togenesis). Patients and Methods: The data of fibrobronchoscopy and cytological findings based on the materials of 75 patients with 
a clinical diagnosis of LC were studied and compared. By the sum of the numerous cytomorphological features of epithelial cells and 
their components, the cells of the cylindrical epithelium and LC of various histological types were identified. The cells in bronchial 
smears and bronchial lavage were stained by Pappenheim and Papanicolau. Diagnostic material was examined by light microscopy. 
Results: We have found that in a part of the patients (49%), the tumors with exophytic growth in the bronchus are covered with 
a cylindrical epithelium, which indirectly indicates the origin of cancer growth under the epithelial layer. In cytological preparations 
of 51% patients, cancer cells were found, which confirms the tumor invasion into the bronchial mucosa. In 48 (64%) patients, 
fibrobronchoscopy revealed that the examined bronchus was compressed from 50% to pinpoint width, evidencing that tumor growth 
develops from the outside, peribronchially. Conclusion: The obtained data indirectly confirm the development of central LC from 
type II pneumocytes, which are found in the glands of the submucous membrane of the bronchus. However, it does not exlude the 
development of this type of LC from the basal cell of the bronchial epithelium.
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The consistent study of the onset, development, 
and treatment of cancer begins, as a rule, from experi-
mental studies. This also applies to lung cancer (LC). 
This disease is the most frequent neoplasm in men 
in economically developed countries. According 
to updated data, the LC incidence in Ukraine reaches 
60.3 and 13.5 per 100 thousand in men and women 
respectively  [1]. It is known that currently LC is di-
agnosed most often at advanced stages ІІІ–ІV, when 
a full complex of special treatment is difficult to apply. 
Therefore, the studies aimed at the issues of histogen-
esis can accelerate the development of prevention 
programs, LC diagnostics, effective therapy, and im-
proved prognosis, which undoubtedly have important 
scientific, medical, and social significance.

The morphological aspects of LC development 
in vivo have been studied by many scientists [2–8]. The 
authors of the Moscow school of experimental oncol-
ogy [7, 8] showed that when animals were injected with 
carcinogenic substances in different ways — through 
the respiratory tract, intravenously or intraperitoneally, 
tumors developed mainly in peripheral parts of the 
lung, under the pleura, that is, where the alveolar 
epithelium is localized. Consequently, it is the cells 
of the alveolar epithelium that are the source of the 
LC development. Nevertheless, in a few cases, tumors 
develop in the central bronchi.

Currently, the issues of stem cells (SC) of the nor-
mal lung and lung tumors, are widely studied [6, 9]. The 

structural-morphological complex of lung epithelial 
cells of the so-called “niche” has been studied. It in-
cludes the bronchoalveolar canal junction, the tracheal 
submucosal glands and the bronchial neuroendocrine 
tissue [10, 11]. The niches of epithelial cells attract par-
ticular attention when studying tumor processes in the 
lungs. According to one model, certain disturbances 
in these niches led to overexpression of the factors 
stimulating the SC to proliferate [12–14].

Sneddon and Werb  [10] have proposed another 
model of SC — niche interactions. This model reflects 
the ability of the transformed SC themselves to activate 
a niche. Thus, there is a feedback, which leads to the 
proliferation of transformed SC. Researchers point 
on the possibility of transformed SC to activate not only 
their own niche, but also cells of neighboring niches, 
which also leads to the activation of tumor growth.

Experimental data allow clarifying the fact of the 
origin of the LC development from epithelial cells of the 
so-called niche. Scientists have concluded that type 
II pneumocytes are likely to belong to such cells. How-
ever, these literature data are not always unambiguous 
and often contradictory [14, 15].

Previously, we carried out complex multifacto-
rial macroscopic, histological, immunohistochemical, 
cytological, cytogenetic, immunocytochemical and 
electron microscopy studies of the surgical material 
of LC patients. We have studied the structural changes 
of epithelial cells in bronchi and in peritumoral re-
gion [16–18]. Since the patients were operated mainly 
at stage III, it was not possible to conclude reliably 
on the onset of LC development, i.e. to follow LC his-
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togenesis. However, according to Willis concept [19], 
which is axiomatic in oncology, the tumor is surrounded 
by the tumor field where the different stages of devel-
opment of pre-cancerous and cancerous lesions could 
be revealed. When we have attempted to study such 
a tumor field, that is, the peritumoral part of the re-
sected tumors, our findings did not fit into the generally 
accepted concept on LC development from bronchial 
epithelium. Therefore, we required more complete 
information about the morphological and functional 
properties of the epithelial cells of conductive part 
of the lung: the bronchi and its respiratory region — 
alveolar epithelium.

Several fundamental studies  [20–23] devoted 
to solving this question found that type II pneumo-
cytes are one of the most intensively proliferating cell 
populations of the respiratory portion of the lung, which 
play a crucial role in the regeneration, dysplasia and 
atypia of the alveolar lining of the lung. In addition, the 
kinetics of transformation of type II pneumocytes into 
type I pneumocytes has been proven and documented 
in the research with the use of electron microscopic ex-
amination and autoradiography [23]. It was also noted 
that the respiratory portion of the lungs of humans and 
mammals is an actively secreting gland [24].

In other words, type II pneumocytes are germinative 
cells, which modern authors call SC. It has also been 
established that mitotic activity of interalveolar septum 
cells, which include type II pneumocytes, is 5–6 times 
higher than that in the bronchial epithelium [21]. The 
findings also confirm that type II pneumocytes were the 
most actively proliferating cell population, accounting 
for more than 50% of all mitoses in lung epithelial tis-
sue [21, 22]. On the other hand, the time of renewal 
of the cylindrical epithelium of the trachea was found 
to be 47.6 days, the large bronchi  — 18.1 days, 
medium bronchi  — 7–10 days, small bronchi  — 
167–200 days, and in the interalveolar septum cells, 
that is, type II pneumocytes, was minimal  — about 
3–7 days [21].

The vast amount of experimental studies evidenced 
that it is type II pneumocytes that take a major role 
in the renewal and regeneration of the alveolar lining. 
This gives grounds to assume their high potential not 
only for proliferation, but also, under certain condi-
tions, for dysplasia and atypia and for the develop-
ment of LC. This applies to tumors that develop in the 
peripheral parts of the lung. The obtained convincing 
experimental data can be extrapolated to the LC de-
velopment in humans.

The development of LC in the central parts of the 
lung is widely known but the cells of its origin remain 
obscure. This pattern of growth is widely recognized 
by pathologists, radiologists, and clinicians and is dem-
onstrated in all pathological anatomy manuals. At the 
same time, the lesion area in the bronchi is small while 
peribronchial area is many (3–40) times larger [16].

Given the morphofunctional characteristics of type 
II pneumocytes, it was reasonable to assume the 
presence of this type of cells in the central regions 

of the lung. Our assumption is confirmed by the works 
of Esipova [20], who argues that the structure of the 
lung has similarities in its peripheral and central parts. 
This position is confirmed by Giangreco et al.  [11]. 
The scheme presented by the authors shows that 
glands containing type II pneumocytes and Clara cells 
are located in the submucosa of the large bronchi. 
Given the above properties of type II pneumocytes 
(and they are always detected close to Clara cells), 
it is logical to assume that in the central parts of the 
lung LC could develop from type II pneumocytes. 
The cells of the glands of the submucosa may cor-
respond to type II pneumocytes in morphological and 
functional characteristics. Based on histochemical 
studies, Kovalenko [25] came to the conclusion that all 
histological types of LC originate from the cells of the 
submucous bronchial glands. The author emphasized 
that the histochemical characteristics of tumor cells 
of a highly differentiated adenocarcinoma basically 
coincides with the metabolic characteristics of alveo-
lar cells (type II pneumocytes) and this suggests that 
both central and peripheral LC develops from cells 
corresponding to the morphofunctional characteristics 
of type II pneumocytes.

The obtained experimental data are consistent 
with the results of our previous studies related to the 
SCs in the lung [16]. Therefore, the aim of our study 
was to analyze the afflicted zones of the bronchial 
mucosa in relation to centrally growing LC compar-
ing the findings of diagnostic fibrobronchoscopy and 
cytomorphological data for elucidating the probable 
cell origin of central LC.

MATERIALS AND METHODS
The data of fibrobronchoscopy and cytological 

findings on the materials of 75 patients with a clinical 
diagnosis of LC were studied and compared. All pa-
tients provided an informed consent on the use of their 
materials for diagnostic and therapeutic purposes. The 
cytomorphological, morphofunctional and structural 
features of the cells were studied. The sizes, shape and 
staining of cells, cytoplasm, nuclei and nucleoli, the 
nucleus-to-cytoplasm ratio were taken into account. 
Particular attention was paid to the structure of the 
chromatin and nuclear envelope. Taking into account 
all these signs and the degree of their expression, the 
cells of a cylindrical epithelium and various histological 
types of LC were identified. Depending on the character 
of macroscopic changes and their prevalence detected 
by fibrobronchoscopy, as well as the results of cytological 
studies, the patients were distributed into five groups.

Group I — 18 patients with minimal changes in the 
bronchi — deformation of the wall of the bronchus, 
infiltration of the mucous membrane.

Group II  — 4 patients in whom the pathologi-
cal changes in the mucous membrane extended 
to 2–3 bronchi.

Group III  — 24 patients with bronchus narrowed 
from the outside up to 50% of its lumen and infiltration 
of the mucous membrane.
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Group IV — 24 patients with the most pronounced 
changes in the bronchial mucosa — narrowing of the 
bronchus from the outside up to 60% of its lumen 
or to pinpoint lumen, and infiltration of the mucous 
membrane of 2–3 bronchi.

Group V — 5 patients in whom only an exophytic 
tumor in the bronchus was clearly defined.

The surgical specimens of all patients were verified 
histologically. Cytological preparations were stained 
by Papanicolau and Pappenheim methods and studied 
by light microscopy using OLYMPUS BX41, OLYMPUS 
CX41 microscopes at different magnifications: × 100; 
× 200; × 400; × 1000.

RESULTS AND DISCUSSION
The procedure of fibrobronchoscopy involves the 

study of changes in the bronchial mucosa, the absence 
or presence of a tumor lesion, its macroscopic ap-
pearance, extension, density, change in the diameter 
of the examined bronchi depending on the size of the 
tumor and its topography, as well as obtaining informa-
tive material from the surface of the identified tumor 
or affected mucosa and preparing the specimen for 
cytological research.

In stained cytological specimens, the cells 
of the bronchial epithelium and cancer cells of tumors 
of different histological type and differentiation grade, 
sometimes with various dystrophic changes, could 
be identified (Figure).

However, not in all cases when tumor in the bron-
chus is ascertained macroscopically, cancer cells 
could be detected in cytological smears prepared from 
fibrobronchoscopical samples. In these cases, only 
cells of the bronchial epithelium could be found that 
indirectly may indicate the growth of the tumor under 
the mucous membrane of the bronchus.

The percentage of different patterns of the changes 
in the bronchial mucosa, the presence of exophytic 
and endophytic tumors, growing peribronchially and 
significantly narrowing the lumen of the bronchus from 
50% to pinpoint width, as well as the results of cytologi-
cal studies are given in the Table.

As can be seen from the Table, tumor cells in the 
smears from the lesions in bronchial mucosa are de-
tected only in part of the cases with pronounced gross 
changes in the bronchial mucosa such as presence 
of an exophytic tumor, compression of the bronchus 
from the outside, infiltration of the bronchus mucosa 
detected by fibrobronchoscopy. In particular, in the 
presence of only an exophytic tumor in the bronchus, 
cancer cells were detected only in one from five obser-
vations in a smear from such a surface (Table). In the 
remaining 80% of observations, it turned out that the 
tumor is covered with cells of the bronchial epithelium, 
which are defined in the cytological preparation and 
may indirectly indicate that the surface of the exophytic 
tumor is covered by the bronchial epithelium. There-
fore, the underlying tumor does not penetrate through 
the layer of the bronchial epithelium.

Upon studying 75 cases with different gross al-
terations revealed by fibrobronchoscopy, cancer cells 
in cytological smears were detected only in 38 (51%) 
cases, where the tumor grew through the bronchial 
mucosa and cancer cells could be detected in a smear 
from its surface. At the same time, in 37 (49%) patients 
in smears from the visibly changed mucous membrane 
of the bronchus, only cells of the bronchial epithe-
lium could be detected, evidencing on an absence 
of LC penetration through epithelium. The data obtained 
may indicate that in this group of patients, the bronchial 
mucosa is covered with typical cylindrical epithelium 
and the tumor grows below the epithelial layer.

Analyzing another parameter of tumor growth, 
namely the pattern of growth relative to the bronchial 
wall, we have found out that in 48 (64%) of 75 patients 
the examined bronchus was compressed from 50% 
of its lumen to a pinpoint width, indicating peribronchial 
growth of the tumor. These data confirm indirectly the 
development of the central LC from the cells that are 
related to type II pneumocytes by their morphofunc-
tional features and are found in the submucosal glands 
of the bronchus. This is confirmed in experimental and 
pathoanatomical studies by several authors [11, 21, 26].

Therefore, based on our findings, central LC might 
well originate from type II pneumocytes [11, 21]. These 
cells are characterized by the highest mitotic activity, 
proliferation, regenerative capacity, and the shorter 
renewal periods as compared with the cylindrical epi-
thelium of the bronchial tree [22, 23]. Given the listed 
properties of type II pneumocytes, many authors at-

Table. The results of cytological studies on exfoliative material of fibro-
bronchoscopy

Fibrobronchoscopy findings Number
of patients

Tumor cells 
found

Deformation of the bronchus, minimal changes 
in the mucous membrane of the bronchus

18 2 (11%)

A common change in the loosened mucous 
membrane in several bronchi

4 3 (75%)

Constriction of the bronchus due to compres-
sion by a new formation from the outside, 
mucosal infiltration

24 16 (67%)

The narrowing of the bronchus due to compres-
sion by a new formation from the outside, 
exophyte and mucosal infiltration

24 16 (67%)

Exophytic tumor in the bronchus 5 1 (20%)

Figure. Cytological preparations of the material obtained by fi-
brobronchoscopy. Cells of the bronchial epithelium (a), glandular 
cancer (b), squamous cell carcinoma (c), and undifferentiated 
small cell LC (d). Staining by Pappenheim. × 1000
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tribute them to SC [10–12, 21]. The results of our study 
are corroborated by several independent experimental 
studies strictly demonstrating the location of II type 
pneumocytes in the submucous glands of the bronchi 
and in the alveoli from which LC can develop [10–12].

In the aspect of studying the LC histogenesis, 
we do not understand the reasons why the bronchoal-
veolar type of LC was excluded from the list of nosologi-
cal forms in the new edition of International Histological 
Classification of LC [26]. Moreover, the term “adenocar-
cinoma lepidic” (8250/3*) proposed in this new edition 
does not reflect the histogenesis of this LC type [26].

To sum up, this study allows us to state that the 
central LC does not develop from the bronchial epithe-
lium, which is the most stable epithelial structure of the 
lung. As evidenced by convincing histological studies 
by Nepomniachtchi et al. [27, 28], the central LC origi-
nates from the epithelium of the submucous glands 
of the bronchi [25]. These cells are characterized by the 
morphofunctional and proliferative features resembling 
type II pneumocytes, which is also confirmed by the 
results of several experimental studies [2, 11].

The results of our studies comparing fibrobroncho-
scopic and cytological data, confirm the development 
of central LC from the cells of the basal (germinal) cells 
of the bronchial mucosa or its submucous glands, 
since scraping the surface of an exophytic tumor 
contains only cells of mature columnar epithelium. 
The obtained results underlie the possible strategy 
of LC prevention and treatment. We hope that our 
studies will be interesting for scientists and useful for 
pathologists, radiologists, clinicians and, possibly, for 
international experts in compiling the relevant interna-
tional histological classifications of LC.

REFERENCES
1. Fedorenko ZP, Mikhailovich YuY, Gulakh LO, et al. 

Cancer in Ukraine 2017-2018: morbidity, mortality, oncologi-
cal service activity indicators. Ann Bull Nat Cancer Registry 
of Ukraine, National Cancer Institute, Kyiv 2019; 20: 102 p.

2. Kim CF, Jackson EL, Woolfenden AE, et al. Identifica-
tion of bronchioloalveolar stem cells in lung and lung cancer. 
Cell 2005; 121: 823–35.

3. Desai TJ, Brownfield DG, Krasnow MA. Development, 
renewal and cancer. Nature 2014; 507: 190–4.

4. Xu X, Rock JR, Lu Y, et al. K-Ras-induced distal lung 
adenocarcinoma. Proc Natl Acad Sci USA 2012; 109: 4910–5.

5. Matsumoto K, Arao T, Tanaka K, et al. mTOR signal and 
hypoxia-inducible factor-1 alpha regulate CD133 expression 
in cancer cells. Cancer Res 2009; 69: 7160–4.

6. Wicha, MS, Liu S, Dontu G. Cancer stem cells: an old 
idea — a paradigm shift. Cancer Res 2006; 66: 1883–90.

7. Gritsyute LA. Experimental Lung Tumors. Mos-
cow: Medicine, 1975. 166 p. (in Russian).

8. Vesnushkin GM, Plotnikova NA, Semenchenko AV, et al. 
Melatonin inhibits lung carcinogenesis induced by urethane 
in mice. Vopr Oncol 2006; 52: 164–8 (in Russian).

9. Eramo A, Lotti F, Sette G. Identification and expansion 
of the tumorigenic lung cancer stem cell population. Cell Death 
Differ 2008; 15: 504–14.

10. Sneddon JB, Werb Z. Location, location, location: can-
cer stem cell niche. Cell Stem Cell 2007; 1: 607–11.

11. Giangreco A, Reynolds SD, Stripp BR. Terminal cell 
phone harbor a unique airway stem cell population that local-
izes to the bronchoalveolar duct junction. Am J Pathol 2002; 
161: 173–82.

12. Xiaoming L, Engelhardt JF. The glandular stem/
progenitor cell niche in airway development and repair. Proc 
Am Thorac Soc 2008; 5: 682–8.

13. Sutherland KD, Proost N, Brouns I, et al. Cell 
of origin of small cell lung cancer: inactivation of Trp53 and 
Rb1 in distinct cell types of adult mouse lung. Cancer Cell 
2011; 19: 754–64.

14. Heng WS, Gosens R, Kruyt F. Lung cancer stem cells. 
Biochem Pharmacol 2019; 160: 121–33.

15. Reynolds SD, Giangreco A, Power JHT, et al. Airborne 
bodies are of epithelial regeneration. Am J Pathol 2000; 
156: 269–78.

16. Bolgova LS, Tuganova TN. Lung Cancer: Issues 
of Histogenesis and Cytological Diagnosis. Kyiv: KIM, 2013. 
168 p. (in Russian).

17. Tuganova TN, Bolgova LS. Comparative data of cyto-
genetic indicators of the alveolar epithelium and tumor cells 
in squamous cell carcinoma of the lung. Clin Oncol (Ukr) 
2011; 3: 102–6 (in Russian).

18. Tuganova TN, Bolgova LS, Yaroshchuk TM. Studies 
of nucleolar organizers of chromosomes and epithelium of the 
lung parenchyma to clarify the histogenesis of glandular cancer. 
Oncologiya 2011; 13: 17–21 (in Russian).

19. Willis RA. Pathology of Tumors. London: Butterworth, 
1953.

20. Esipova IK. Lung in Pathology. Part II. Novosi-
birsk: Nauka, 1975. 248 p. (in Russian).

21. Weibel ER. Morphometry of Human Lungs. Transl. 
N.P. Volberg. Moscow: Medicine, 1970. 174 p. (in Russian).

22. Erokhin VV, Romanova LK. Cell Lung Biology in Health 
and Disease, Moscow: Medicine, 2000. 496 p. (in Russian).

23. Zagorulko AK, Askar TA. Atlas of the Ultrastructural 
Morphology of the Respiratory Part of the Lungs. Simfero-
pol: AZ-PRESS-SONAT, 2002. 142 p. (in Russian).

24. Histology. Cytology. Embrology. Lutsik OD, 
Tchaikovsky YuB, eds. Vinnytsia: Nova Kniga, 2018. 592 p. 
(in Ukrainian)

25. Kovalenko VL. Histoenzymological characteristics 
of peripheral lung cancer. Arch Pathol 1974; 36: 8–13 (in Rus-
sian).

26. Travis WD, Brambilla E, Muller-Hermelink HK, et al. 
World Health Organization Classification of Tumors. Pathol-
ogy and Genetics of Tumours of the Lung, Pleura, Thymus 
and Heart, IARC Press, Lyon, 2015. 412 p.

27. Nepomniashchikh GI, Levitsky VA, Dolgovykh AK, 
Naumova LA. Pathomorphological and immunohistochemical 
study of biopsies of large bronchi in lung cancer. Bul Exp Biol 
Med 2002; 134: 227–32 (in Russian).

28. Nepomniashchikh GI. Bronchial biopsy: Morpho-
genesis of general pathological processes in the lungs. Mos-
kow: RAMS edition, 2005. 384 p. (in Russian).

Copyright © Experimental Oncology, 2020


