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ABSTRACT

Objective: ACE2 and TMPRSS2 proteins have received increased
attention with the outbreak of pandemic COVID-19. These
proteins have roles in respiratory and hypertension disorders as
well as cardiovascular and renal diseases. The objective of this
work was to examine the mRNA and protein levels of ACE2 and
TMPRSS2 in cell lines derived from various tissue origins.
Methods: After the growth of 14 different cell lines, protein and
mMRNA were isolated from the cell pellets. The amounts of
mRNAs and proteins were then determined and quantified using
gRT-PCR and ELISA.

Results: Findings showed that VERO, HEK293T, and VERO E6 cell
lines significantly differed from others in the mRNA levels of
both the ACE2 and TMPRSS2 genes. In protein levels obtained
using ELISA, PNT1A cell line had the highest level of ACE2 protein
expression, while for TMPRSS2, A549 had the highest level of
protein expression.

Conclusions: It has found in this study how the expressions
levels of ACE2 and TMPRSS2 depend on the cell type. This may
be an explanation for why virulence entrance differs in different
types of tissues. It is speculated that HEK293T cells with high
levels of both genes may be a suitable option for studies at the
RNA level by using these two genes. MCF7 may be a good
candidate for studies at the protein level. Given the high levels
of mMRNA expression of both genes, it may be inferred that cells
derived from the kidney were among those that were most
susceptible to virus entry.
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Amag: ACE2 ve TMPRSS2 proteinleri, COVID-19 pandemisi ile
birlikte dnem kazanmistir. Bu proteinlerin solunum ve
hipertansiyon bozukluklarinin yani sira kardiyovaskiler ve renal
hastaliklarda rolleri vardir. Bu ¢calismanin amaci, gesitli
dokulardan tretilen hiicre hatlarinda ACE2 ve TMPRSS2'nin
mRNA ve protein seviyelerini belirlemektir.

Yontem: 14 hicre hatti kiltiirde g¢ogaltildiktan sonra, hiicre
pelletlerinden protein ve mRNA izole edildi. Ardindan mRNA
seviyeleri qRT-PCR ve protein seviyeleri ise ELISA metotlari
kullanilarak olgtlda.

Bulgular: Calismanin sonuglari, ACE2 ve TMPRSS2 genlerinin
mRNA seviyelerinin  VERO, HEK293T ve VERO E6 hicre
hatlarinda, diger hiicre hatlarina kiyasla, dnemli 6lglide yiksek
oldugunu gostermistir. ELISA kullanilarak elde edilen protein
seviyelerinde, PNT1A hiicre hatti en ylksek ACE2 protein
ifadesine sahipken, TMPRSS2 icin A549 en ylksek protein
ekspresyonuna sahip olarak bulunmustur.

Sonug: Bu calismada ACE2 ve TMPRSS2 gen ifadelerinin hiicre
tipine gore farkllasabilecegi gosterilmistir. Bu sonug, farkli doku
tiplerinde virls girisinin neden farkh oldugunun bir agiklamasi
olabilir. Her iki genin de yiiksek diizeyde bulundugu HEK293T
hiicrelerinin, bu iki gen kullanilarak RNA diizeyinde yapilacak
calismalar igcin uygun bir secenek olabilecegi dislinilmektedir.
MCF7 hiicre hatti ise protein seviyesindeki ¢alismalar igin iyi bir
secenek olabilir. Her iki genin yiksek mRNA ekspresyon
seviyeleri g6z oOnune alindiginda, bobrekten retilen hicre
hatlarinin virlis girisine en duyarl olanlar arasinda oldugu
sonucuna varilabilir.
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Introduction

In late 2019, a novel coronavirus, named lately as
coronavirus disease 2019 (COVID-19), has started to
outbreak and affected many people throughout the
world. More than 762 million people were affected so far
in the World and 6.9 million patients were died due to
the disease.! Because of the growing number of studies
examining the disease's mechanism and how the
coronavirus 2 (SARS-CoV-2) invades healthy cells,
angiotensin-converting enzyme 2 (ACE2) and
transmembrane serine protease 2 (TMPRSS2) proteins
have gained prominence.

In healthy cells, by regulating blood pressure and
maintaining electrolyte balance, ACE2 plays a key role in
the renin-angiotensin system (RAS) of the regulation of
cardiovascular and renal functions3, In COVID-19, ACE2
was discovered as a gate in the virus entrance
mechanism. It has been shown that the transmembrane
protein ACE2 serves as a receptor for the spike (S) protein
of the SARS-CoV-2 virus.*” This S protein consists of two
subunits as S1 and S2. When S1 binds to ACE2, S2 is
cleaved by transmembrane serine protease 2 (TMPRSS2)
and the virus is taken inside the cells by invagination of
the cell membrane.”1?

Regulations in ACE2 protein levels have been linked to
different diseases such as cardiovascular diseases??,
hypertension®?, lung injuries!>** and, respiratory system
diseases.>!* It has been shown in studies that SARS-CoV,
which caused more than 800 deaths in 2003, uses the
ACE2 receptor for cell entry.®° Since ACE2 is linked to
many diseases including COVID-19, it is important to
determine both RNA and protein levels of this enzyme in
different types of cells.

TMPRSS2 is a type Il transmembrane serine protease.
Even though its biological function is not clear, it is
thought that TMPRSS2 is responsible for the initiation of
extracellular matrix (ECM) proteolysis.?* Additionally, the
androgen receptor (AR) is a transcription factor in for
TMPRSS2 gene and it promotes gene expression. Upon
increased expression of the gene, viruses primed into the
cells with the help of protease activity of that gene.??
TMPRSS2 proteins appear vital for the entrance of
different types of viruses into cells such as HIN1 and
H7N9 influenza viruses, SARS-CoV, MERS-CoV, and finally
SARS-CoV 2 coronaviruses.?® In androgen receptor-
dependent prostate cancer cells, mRNA levels of
TMPRSS2 gene were found to be increased.?*2*mRNA
expression level of TMPRSS2 was demonstrated in
different tissues such as prostate, breast, kidney, and
colon.24'25‘27

Although there are many in vivo and clinical studies
investigating the expression of ACE2 and TMPRSS2 in
different types of tissues'®?2° jn vitro studies on the
expression of these genes are very limited. In the recent
study, ACE2 and TMPRSS2 levels were compared with the
RT-PCR method using various cell lines, it was shown that
both genes were expressed in HUVEC, A549 and HaCaT
cells.3% In another study, it has been demonstrated that
ACE2 expression was found in 16HBE and VeroE6 cells,
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while it was not expressed in BEAS2B and A549 cells.3! In
a different study, high-throughput mRNA sequencing was
used to identify potential cell lines for ACE2 analysis.
Nevertheless, expression could not be confirmed in some
cell types including Alveolar type Il cells such as A549.%2
In another study in which primary cells were used, it was
reported that airway epithelial cells highly expressed
ACE2 and TMPRSS2 proteins.3® However, primary
epithelial cells are not a good option for in vitro studies
due to disadvantages such as being expensive and having
a restricted proliferative capacity. Some other in vitro
studies have used Caco-23%, Calu-33>, HEK293T3¢, and
Huh7® cells and have been shown to express varying
levels of ACE2 and/or TMPRSS2. Studies with a limited
number of cell lines have shown that the cell line with the
highest expression level of ACE2 is VeroE66:3036,

Studies on ACE2 and TMPRSS2 appear to focus more on
tissues than cells. Additionally, most studies seem to be
predominantly conducted at the RNA level. It is
noteworthy that protein expression levels of those genes
are typically not verified. Since the results collected from
various studies are both insufficient and conflicting, it is
clear that determining both RNA and protein levels of
these genes in different cell types is necessary in order to
provide data for future in vitro investigations.

In this study, it was aimed to compare the levels of ACE2
and TMPRSS2 in cell lines of different tissue origins at
both mRNA and protein levels. The results of this
research will contribute to studies those investigating the
roles of ACE2 and TMPRSS2 in diseases such as COVID-19
either separately or together. Additionally, this research
may be used as a benchmark when investigating the
processes or mechanisms connected to these genes.
These findings will contribute to studies examining the
involvement of ACE2 and TMPRSS2 in diseases,
separately or together, as well as contribute to the
elucidation of the pathways and mechanisms related to
these genes.

Methods

Briefly, after fourteen different cell lines were cultured,
proteins and mRNAs were isolated from the cell pellets.
Then, the levels of mRNAs and proteins were determined
by using qRT-PCR and ELISA, respectively (Figure 1).

Cell Lines and Culture Conditions

Fourteen different cell lines were used in this study
(Table 1). Vero, Vero E6, HEK293, MRC5, A549, DMS114,
MCF7, Hela, SHSY5Y, BJ and HUVEC cells were incubated
in Dulbecco's modified Eagle's medium (DMEM, Thermo
Fisher Scientific, USA), PNT1A, DU145, LNCaP cells were
incubated in Roswell Park Memorial Institute 1640
medium (RPMI, Thermo Fisher Scientific, USA). All media
contained 10% fetal bovine serum (FBS) (Gibco, Thermo
Fisher Scientific, USA) and 1% penicillin/streptomycin
(Gibco, Thermo Fisher Scientific, USA). Cells were
cultured in a 37°C incubator (Thermo Fisher Scientific,
USA) with 5% COa.
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Figure 1. Schematic workflow of experimental methodology

Table 1. Properties of the cell lines that were used in the study

Cell line Organism Tissue Cell type Disease

Vero Cercopithecus aethiops Kidney Epithelial Normal

Vero E6 Cercopithecus aethiops Kidney Epithelial Normal

HEK293 Homo sapiens Embryonic Kidney Epithelial Normal

PNT1A Homo sapiens Prostate Epithelial Normal

DU145 Homo sapiens Prostate Epithelial Carcinoma
LNCaP Homo sapiens Prostate Epithelial Carcinoma
MRC5 Homo sapiens Lung Fibroblast Normal

A549 Homo sapiens Lung Epithelial-Like Carcinoma
DMS114 Homo sapiens Lung Epithelial Carcinoma
MCF7 Homo sapiens Mammary Gland Epithelial Adenocarcinoma
Hela Homo sapiens Cervix Epithelial Adenocarcinoma
SHSY5Y Homo sapiens Bone Marrow Epithelial Neuroblastoma
BJ Homo sapiens Skin Fibroblast Normal

HUVEC Homo sapiens Umbilical Endothelial Normal

RNA Isolation and Real-Time Quantitative Reverse
Transcription Polymerase Chain Reaction (qRT-PCR)

Total RNA was isolated from the pellets of cultured cells
using the QIAGEN ® RNeasy Mini Kit (QIAGEN, USA)
according to described by Yanar and her colleagues.?” The
purity and concentration of the isolated RNAs were
determined by Nanodrop (Thermo Scientific, USA). Then,
cDNA was synthesized using RevertAid First Strand cDNA
Synthesis Kit (Thermo Scientific, USA). From the obtained

Table 2. Primers used in qRT-PCR experiments

cDNAs, a qRT-PCR reaction was set up using ACE2 and f3 -
actin primers (QIAGEN, USA). Using SYBR™ Green PCR
Master Mix (ThermoFisher Scientific, USA) and the
commercially obtained primers listed in Table 2,
reactions were performed in accordance with the
manufacturer's instructions using a Roche Light Cycler
480 System (Roche, USA). B-actin was used as a reference
gene. Each experiment was set up as three replicates.

Primer Source Annealing Temperature ':;Z?:’ec:;t':; Gene Globe ID

ACE2 NM_021804 RT2 gPCR Primer Assay, QIAGEN, USA 60°C 3519 PPH 02572A-200
TMPRSS2 NM_005656 RT2 gPCR Primer Assay, QIAGEN, USA 60°C 3212 PPH 02262C-200
B-actin NM_001101 RT? qPCR Primer Assay, QIAGEN, USA 60°C 1582 PPH 00073G-200
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Protein Isolation and Enzyme-Linked Immunosorbent
Assay (ELISA)
Protein isolation was performed according to as
described by Albayrak with small modifications.3® Cell
pellets were suspended in MPER buffer (Pierce Inc., USA)
and then SSB14B 1.4 mm stainless steel beads and
protease inhibitor cocktail were added. After they were
homogenized with Next Advance homogenizer (Bullet
Blender, Next Advance, Troy, NY, USA) the samples were
centrifuged at 20,000 xg for 30 min at 4°C and the
supernatant containing the proteins was taken into fresh
tubes. Concentrations of protein samples were measured
and calculated using the Bradford Assay (Bio-Rad, USA)
using a Nano Drop ND-1000 spectrophotometer (Thermo
Scientific, USA). Proteins were stored at -80°C until used
in experiments.
ELISA tests were performed using 200 pg of each protein
sample. The amount of ACE2 and TMPRSS2 proteins were
analyzed using commercial ELISA kits (Elabscience, E-EL-
H0281 and E-EL-H1418 USA) according to the
manufacturer's instructions.
Each experiment was performed in three replicates.
Briefly, 100 pl sample was added to each well and
A)
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incubated at 37°C for 90 minutes. After the liquid was
removed, 100 pl of biotinylated detection solution was
added to each well and incubated at 37°C for 1 hour.
After washing for three times, 100 pl of HRP conjugate
was added to each well this time and incubated at 37°C
for 30 minutes. After the liquid was taken out, washing
was done for five times and 90 ul of substrate solution
was added and incubated at 37°C for 15 minutes. Finally,
50 pl of stop solution was added and the OD at 450 nm
was measured with an ELISA plate reader. The results
were evaluated for further studies.

Results

The aim of the study was to determine the expression
levels of the ACE2 and TMPRSS2 genes in fourteen
different type of cell lines. For the investigation of
transcription levels, mMRNA expressions were determined
by gRT-PCR analysis. In that analysis, B-actin gene was
used as reference gene and the mRNA expression was
calculated based on their CT values (Figure 2).

Cell Lines

m ACE2

B) 2500000
2000000

1500000

1000000

mRNA expression levels

500000

o B

TMPRSS2

DU145 HUVEC PNT1A A549 BJ DMS114 HELA LNCAP  MCF7 MRC5 SHSY5Y
Cell Lines
mACE2 TMPRSS2

Figure 2. Bar graph of mRNA levels of cell lines A) mRNA levels of ACE2 and TMPRSS2 in 14 cell lines. B) mRNA levels of ACE2 and TMPRSS2 in 11 cell lines
after Vero, Vero E6 and HEK293T were excluded) (Blue bars: ACE2, orange bars: TMPRSS2)
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According to the results, there was a dramatic difference
in the mRNA levels of both ACE2 and TMPRSS2 genes in
VERO, HEK293T and VERO E6 cell lines, compared to the
other eleven cell lines. When these fold increases were
displayed in a single bar graph, other cell lines were
hardly detected (Figure 2A). When these three cell lines
were removed and a bar graph was generated again, the
MRNA levels continued in order as SHSY5Y, PNT1A, and
DU145 for ACE2 and MCF7, and LNCaP for TMPRSS2
(Figure 2B). The mRNA levels of both genes were highest

in the HEK293T cell line when two genes were evaluated
together.

After the mRNA levels of the genes were determined by
using qRT-PCR, determination and calculation of the
protein levels of ACE2 and TMPRSS2, ELISA experiments
were performed afterwards protein purifications from all
cell lines (Figure 3). According to Figure 3, ACE2 protein
expression was highest in PNT1A cell line and MCF7,
HEK293T, HELA and SHSY5Y were following in order
whereas for TMPRSS2, A549 has the highest in protein
expression and MCF7 and PNT1A were following.

ELISA protein levels

HELA HEK293  SHSYSY MCF7 PNT1A VERO

2
0 — . . - - — .- ._
] .

DMS114

LNCAP DU145 VEROE®6 A549 BJ HUVEC MRC5

Cell Lines

WACEZ mTMPRSS2
Figure 3. ACE2 and TMPRSS2 protein levels of the cell lines detected by ELISA (blue bars for ACE2 protein levels while red bars for TMPRSS2)

Since TMPRSS2 is a key enzyme in prostate cancer3®,
prostate cancer cell lines were evaluated separately. As
seen in figure 4, while TMPRSS2 expression was higher in
LNCaP cells compared to DU145 cells, ACE2 expression
was the opposite (Figure 4A). Same trend was observed
for the protein level in ELISA (Figure 4B).

Discussion

With the global COVID-19 disease outbreak, researches
related to the mechanism of how SARS-CoV-2 virus
enters and spreads within cells has been accelerated in
speed and increased in tendency. According to the
findings, ACE2 and TMPRSS2 proteins estimated to have
a role in the virus entrance to the cells; however, it is still
a bottleneck to make conclusion from these studies®.
These proteins function in different cellular mechanisms
in healthy cells and their expression levels have been
associated with diseases like hypertension, cardiac or
lung injuries.?* The studies investigating the protein
expression levels are mostly in tissue samples not in cell
lines. Additionally, there are some inconsistences in the
expression levels of ACE2 and TMPRSS2 between
different studies.*** To make contribution to the
literature and offer data for future in vitro studies,
protein and mRNA levels of ACE2 and TMPRSS2 in
fourteen different cell lines were investigated in this
study.
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Figure 4. ACE2 and TMPRSS2 expression levels for DU145 and LNCaP
cell lines A) mRNA levels detected by qRT-PCR, B) Protein levels
detected by ELISA

We have demonstrated using our experimental study
that how the expressions of ACE2 and depend on the cell



Bal Albayrak et al., Expression Levels of ACE2 and TMPRSS2 in Cell Lines

type. Some of the cell lines did not express one or even
both of the proteins, while some others showed
significant expression levels. This may be an explanation
for why virulence entrance differs in different types of
tissues. In COVID-19 Disease, for SARS-COV2 virus to
enter the cells, ACE2 protein functions as a gate for the
virus. TMPRSS2 seems to act as protease responsible for
the S2 protein of the virus cleavage. However, TMPRSS2
route is not the only way for the virus to invade. Apart
from the TMPRSS2, the SARS-CoV-2 fusion can be
activated via cathepsin-mediated systems together with
ACE2 receptor binding.*® It can be speculated that, the
expression of TMPRSS2 is not vital for virus infection
however the presence of both ACE2 and TMPRSS2 at the
same time may increase the pathogenicity and
susceptibility of the virus infection.*® For that reason, it is
important to determine which type of cells express ACE2
or TMPRSS2 alone or together.

According to our findings, highest mRNA expression of
ACE2 gene was found in Vero, Vero E6 and HEK293T cells.
Vero and Vero E6 cell lines originated from the kidney
tissue of a species of monkey called Cercopithecus
aethiops. Those cell lines are mostly used in virus
replication and investigation studies. Especially, Vero E6
is often preferred for replication of viruses because of its
fast growth rate, low probability of malignancy, their
sensitivity to a variety of viruses.*”"*® However, the mRNA
expression of TMPRSS2 gene is significantly low in these
cell lines. If mRNA levels of both proteins are expected to
be higher amounts for investigations of the functions of
those genes or associated mechanisms, it might not be
suitable to use those cell lines for a model cell
Additionally, employing such cell lines to research
diseases with human origins may not produce accurate
results due to their dissimilar origin, it might be required
confirmation using cell lines having human origins. In the
ELISA data in Figure 3, protein expression levels of the
genes in these cell lines are not found significant.
Moreover, since those cell lines were originated from
different species, the results of the mRNA levels of those
genes do not represent the human kidney data. HEK293T
cell lines may possible candidate for as represent the
human kidney data, since both ACE2 and TMPRSS2 genes
were expressed in roughly comparable amounts in mRNA
level and at maximum level compared to other cell lines
originated from human tissues. For that reason, HEK293T
cells might be suitable for to investigate mechanisms
related to mRNA of ACE2 and/or TMPRSS2 genes.
However, TMPRSS2 is much lower in protein level than
ACE2, and this discrepancy may be explained by the
possibility that TMPRSS2 protein turnover is higher than
that of ACE2 protein. Furthermore, since highest mRNA
levels of both genes were found in cell lines originated
from kidney tissues in, it can be estimated that that
kidney tissue is much more susceptible for virus
entrance. According to meta-analysis data of Gkogkou, it
is also indicated that both ACE2 and TMPRSS2 are highly
expressed in kidney tissues.*® According to the study
investigating RT-PCR expression levels of ACE2 and
TMPRSS2 genes in mouse ocular and systemic tissues,

265

kidney had the highest expression levels for both genes.3°
Our observations are consistent with the literature;
therefore, it can be assumed that kidney-originating cells
were among those that were most vulnerable to virus
entry because of the high levels of both genes' mRNA
expression.

TMPRSS2 is a frequently altered gene in prostate cancer
mostly in fused form with ERG gene.’®*! TMPRSS2
expression was significantly increased in response to
androgens in cDNA microarray analysis.?® Similarly, it was
reported that androgen regulates both ACE2 and
TMPRSS2 expression levels in mouse tissues and
androgen levels may be targeted for alternative COVID-
19 treatment.>? In this study, in order to reveal the
correlation of androgen receptors with ACE2 and
TMPRSS2 expression levels, prostate cancer cell lines
were evaluated separately. Besides a healthy prostate
cell line PNT1A, we have used two prostate cancer cell
line as LNCaP for androgen dependent® and DU145 for
androgen independent.®* According to our findings,
which are in line with the literature, TMPRSS2 mRNA
levels in the LNCaP cells were higher than those in the
DU145 cells. The situation was the opposite for ACE2
mMRNA levels, though. The level was higher in DU145 cell
line compared to LNCaP (Figure 4). This is because there
is no clear evidence that ACE2 gene expression is altered
by androgen receptor. However, apart from androgen
receptor expression, there might be other factors
affecting ACE2 expression. In the study of Baratchian and
his colleagues, it is reported that the suppression of ACE2
expression with anti-androgen drugs depended on sex
differences.>® Mjaess and his colleagues also stated that
because of the androgen dependence, the risk for
cardiovascular diseases or COVID-19 may increase in
male patients.>®

It is quite expected that protein expression levels might
differ from mMRNA levels. The amount of protein
produced from an mRNA molecule varies depending on
many factors such as translation rates, post-translational
modifications such as alternative splicing and RNA
methylations, protein damage or degradation, protein
half-lives, and stability of the proteins. In addition,
another reason for the lack of correlation in RNA-protein
levels may be related to the fact that ACE2 protein is a
membrane protein. Membrane proteins are mostly
flexible and unstable. Therefore, they cause difficulties in
studies such as expression, solubilization, purification,
and crystallization.>” On the other hand, in general, the
obtained data from the cell lines is consistent with the
data obtained from the tissues in the literature.
Generally, both in the tissues of kidney, prostate and
breast and the cell lines obtained from those adjacent
tissues, expressions of both genes were elevated. The
differences might be due to the difference between cell
lines and the characteristics of the tissues.*

In conclusion, in light of the data we have obtained, it is
thought that HEK293 cells with high levels of both genes
may be a suitable option for studies to be carried out at
the RNA level by using these two genes. MCF7 may be a
good option for studies at the protein level. Although the
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TMPRSS2 protein level in A549 cells is higher than MCF7,
its usage is not recommended because the ACE2 level
remains too low compared to MCF7. It would be
appropriate to decide which gene is at the forefront for
studies to be conducted at both the RNA and protein
levels, in which both genes will be studied. We think that
it may be appropriate to use HEK293 cells in studies
where ACE2 will be at the forefront, and MCF7 cells in
studies where TMPRSS2 will be at the forefront. Based on
the literature, ACE2 and TMPRSS2 may be a gate for the
entrance of coronavirus species. Therefore, the data
obtained here will be a source for future studies not only
for COVID-19 but also possible future coronavirus
species. Additionally, ACE2 and TMPRSS2 became
popular with COVID-19 pandemic, yet those genes are
related to severe diseases like lung, renal or cardiac
disorders. For this reason, it is important to obtain
protein and mRNA levels of them in different tissues for
further studies related to those diseases. This study is
offering the data in which the protein and mRNA levels of
ACE2 and TMPRSS2 genes in different types of cell lines
for the researchers who would like to study either virus
related studies like COVID-19 or the genes related
diseases like cardiac, renal or lung diseases. For
researchers who are interested in studying either virus-
related studies like COVID-19 or gene-related disorders
like cardiac, renal, or lung ailments, this study is providing
data on the protein and mRNA levels of ACE2 and
TMPRSS2 in various types of cell lines. It will be
appropriate to support these data with further studies
such as investigating protein stability, crystallography, or
function to validate mRNA-protein consistency.
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