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Coronavirus disease 2019 (COVID-19) caused by severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
has become the largest pandemic for more than a year,
leading to more than 200 million infections and
contributing to massive losses of human lives and eco-
nomic productivities worldwide. Recent development
with the delta variant further complicated the control of
this pandemic. In addition to acute illness in severe
cases, long-term sequelae caused by COVID-19 are
emerging,1 including pulmonary fibrosis and possibly
persistent immune-related disorders.2 From clinical and
pathologic observations, it is evident that the virus can
cause systematic infection and functional abnormalities
in multiple systems to various degrees.3,4 Nevertheless,
the upper and lower respiratory tracts remain the main
target of infection by SARS-CoV-2, and viral pneumonitis
is the predominant manifestation and cause of mortality
in most of the severely ill patients.5,6

Clinically, symptomatic COVID-19 may be roughly
divided to three stages4 based on the manifestations. The
earliest stage is characterized by influenza-like symp-
toms. In the second stage, patients can develop viral
pneumonia with pulmonary inflammation and coagula-
tion dysfunctions, with elevated inflammatory bio-
markers. The final stage of COVID-19 can be
characterized by fibrosis.4 These three stages can occur
consecutively or simultaneously. Since our first de-
scriptions of lung pathology in patients with early
COVID-19 and fatal cases, there have been many
autopsy-based studies,4,7 yielding a spectrum or patterns
of histopathology of the lungs. The acute changes range
from epithelial injury and loss, diffuse alveolar damages
(DADs), to subsequent infiltration by mixed inflamma-
tory cellular infiltration, including activated macro-
phages5,7 with associated inflammatory cytokine release.
Some authors described these as the following patterns4:
the epithelial pattern of lung injury is the most common
change, characterized by DAD with hyaline membrane
formation, whereas the vascular pattern of lung injury
features microthrombi and proteinaceous and fibrinous
exudates, and the fibrotic pattern is typified by inter-
stitial fibrosis.

It is believed that all these were initiated by attach-
ment of SARS-CoV-2 to host cells through the binding of
its spike (S) glycoprotein and the ACE2, followed by the
cleavage of ACE2 by the TMPRSS2, allowing for viral
entry.8 Despite its critical role in the initiation of viral
infection, studies have revealed that ACE2 is expressed
at very low levels in the lungs.9 Evidently, there need to
be other host receptors or mechanisms that promote the
entry of SARS-CoV-2 into respiratory cells and tissue
injury.

In this issue of the Journal of Thoracic Oncology, by
performing bioinformatics analysis of several public
domain data sets, Stewart et al.10 evaluated the expression
and regulation of ACE2 and TMPRSS2 in a variety of cell
lines, tumor biopsy specimens, and data from cancer cell
lines and bronchial organoids infected by SARS-CoV-2 and
patient nasal epithelium. Single-cell transcriptional group
level revealed that ACE2 is expressed in only a small
number of cells in normal respiratory tract, and the
expression of TMPRSS2 is more extensive than that of
ACE2 in fibrotic lung tissue. In contrast, the authors found
that ACE2 was highly expressed in NSCLC cell lines and
The Cancer Genome Atlas tumors. Consistently, the data
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from 180 patients with lung cancer and COVID-19 from
eight countries revealed that the mortality rate of patients
with lung cancer infected with COVID-19 is higher than
that of the general population.11 Interestingly, our un-
published data revealed that ACE2 expression is extremely
low in normal lung tissues adjacent to lung cancer, and in
lung tissues of other diseases including hamartoma, alve-
olar cell tumor, and infectious diseases.

Previous studies had revealed that the expression of
ACE2 can be down-regulated by SARS-CoV-1 infection,
making the lung tissue more susceptible to acute injury,
and less likely reinfection in the same tissue,12 suggesting
subsequent tissue injuries and lung diseases are second-
ary “downstream” events in the pathogenesis. These point
to the possibility of another mechanism of COVID-19 pa-
thology, which may involve epithelia-mesenchymal in-
teractions or transformations (epithelial-to-mesenchymal
transition [EMT]), facilitating the compromise of the
epithelial barrier. As revealed in the study by Stewart
et al.,10 long-term exposure to SARS-CoV-2 up-regulated
the expression of mesenchymal genes in human bronchial
epithelial cells, including AXL, but down-regulated the
expression of tight junction-related genes, suggesting cells
infected with SARS-CoV-2 can undergo metabolic and
transcriptional changes consistent with EMT. Destruction
of tight junctions between cells can directly lead to
damage of the alveolar epithelial barrier. The resultant
pathologic changes of alveolar edema and proteinaceous
exudation were consistent with the main pathologic
changes of the lungs in patients with COVID-19,3 which
were DAD and interstitial dimension.3 Considering the
pathologic findings of pulmonary fibrosis observed in
some patients with COVID-19, it may be reasonable to
assume that EMT in COVID-19 could be consequential.
Remarkably, AXL has been identified as a potential re-
ceptor for SARS-CoV-2 because AXL knockout can signif-
icantly reduce the infection of SARS-CoV-2 in human lung
epithelial cells.9 Notably, their study revealed that bem-
centinib, an inhibitor of AXL, could down-regulate the
expression of mesenchymal-related gene and up-regulate
the expression of ACE2.10 Postmortem biopsy results in
patients with COVID-19 revealed that a subset of pneu-
mocytes is double positive for epithelial and mesen-
chymal markers, CK7 and a-SMA, respectively, suggesting
the establishment of pulmonary fibrosis through the EMT
mechanism.13 With these findings, it is suggested that
EMT plays a vital role in the pathophysiology changes of
COVID-19, including the SARS-CoV-2 infection and pul-
monary fibrosis.

Although the findings in the study by Stewart et al.10

are intriguing and promising, it is worthwhile to note
that these analyses were heavily relied on data from
various sources but not prospectively designed and well-
controlled experiments. There might be variations owing
to difference in data source, “signal” changes associated
with passaging of cell lines, difference in types of ma-
lignancies, and age of cells. Cancer cell lines are sus-
ceptible to additional genetic and phenotypic changes, as
compared with nontransformed cells in most patients
with COVID-19. That being said, this study provided a
valuable concept and basis for future studies focusing on
cells with well-defined lineage history, well-defined
cytologic phenotypes, and experiments with virus-
infected cell cultures.

The new model proposed by Stewart et al.10 seems to
support the notion that although ACE2 is important in
the initial infection of SARS-CoV-2, the progression and
outcome of COVID-19 depend more on other complex
host-pathogen interactions, including virulence, replica-
tion, and host immune response.14 The observed EMT
and reduction of ACE2 may be a previously unrecog-
nized component in the pathophysiology of COVID-19
pneumonitis. Nevertheless, the findings of moderate
expression of ACE2 in lungs with tumors, in contrast to
healthy lung tissue which has only very low level of
ACE2 expression, may be partially responsible for more
severe diseases and worse prognosis in patients with
lung cancer who suffer from COVID-19. Thus, patients
with lung cancer need more effective preventive mea-
sures against SARS-CoV-2 infection during the pandemic.
The spread of the delta variant of SARS-CoV-2 has made
it more urgent to develop and test effective vaccines
suitable for patients with lung cancer.
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