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Abstract

The aim of this paper was to put forward and justify - basing on the literature - two hypotheses:

A. SARSCov-2 viruses bind [are blocked] in the blood of people infected with 

1. Soluble ACE2 [plasma ACE2], and 

2. With a membrane of a small fraction of erythrocytes; blocking viruses in such a way would lead to significant 
weakening of the pandemic

B. Not every ACE2 molecule in first of all the epithelial or endothelial cell membranes [and not just t  his molecule] is a functio-
nal receptor for SARSCoV-2; a functional receptor must not only recognize the virus and bind it, but „draw it inside the cell”, 
which is therefore the target cell; only people who have such functional receptors are susceptible to infection. 

Fully functional SARSCoV-2 receptor: a: Must recognize receptor binding domain [RBD] in virus spike proteins. b: Through the 
TMPRSS-2 protease molecules present in it, appropriately located next to the enzymatic ACE2 fragment, should cut the spike protein 
of sucked virus in the appropriate place. c: It should also contain furin and cathepsin L [the latter in endosomes] to facilitate additio-
nal cleavage in the virus, leading to fusion and release of viral genetic material. d: Must have appropriate and properly distributed 
lipid microdomains rich in cholesterol [112] and sphingolipids, without which it is impossible to fuse the membranę with the viral 
envelope, and thus endocytosis.

These microdomains, the so-called rafts, seem to be a carrier of the quasiallosteric effect, which clearly changes the spatial struc-
ture of the sites in the cell membrane, enabling fusion.

    In people with fully functional viral receptors, the expression of the correct variants of the ACE2, TMPRSS-2, furin and cathepsin 
L-genes must be very efficient. Also this expression, but also probably the virus binding itself [with the fusion] requires certain con-
ditions [epigenetic].

Non-functional receptors - resulting from the expression of mutants of the above-mentioned genes [with different polymor-
phisms] either do not recognize the virus at all [despite the correct ability to generate Ang1-7 and participate in the transport of 
amino acids or recognize it, but the effect is weak or, despite the correct recognizing, they are not capable of fusion.

  Final conclusion Y: SARSCoV-2 viruses bind to 1. The ACE2 molecules circulating - in quite significant amounts - in serum [hypo-
thesis A1]. 2. Erythrocytes’ membranes using so-called hemagglutinin esterase occuring in the virus envelope, acting on sialic acid 
of erythrocytes’ glycans; it is possible that the virus attaches itself particularly to the membrane of erythrocytes already attacked by 
free radicals [ROS] [hypothesis A2].

  Final conclusion Z: It is quite justified to assume that the level of fully functional SARSCoV-2 receptors grows with age whereas 
the level of serum ACE2 being the main component of the viruses’ block conversely - it decreases with age

Keywords: ACE2; Covid19; soluble ACE2; hemagglutinin; sheddase [ADAM17]; TMPRSS-2 [priming enzymes]; rafts; functional receptors 
of SARSCoV-2
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ACE2 [angiotensin converting enzyme 2] was found to be Covid19 receptor [also SARS and NL63, but not MERS] [1]. The viruses, so 
Covid19 are so dangerous because we, let virus in owing the receptors. They “suck the virus inside the cell”. And their formation is en-
coded in our genes.

It is not reported at all what are COVID-19 target cells! Are they cells of all mucous membranes or may be bronchi or alveoli or all en-
dothelial and epithelial cells? If all cells exerting ACE2 activity are the target cells for Covid19? Or if every membrane ACE2 is enough to 
be a functional Covid19 receptor?

I am assuming that there is a certain group of people who will not become infected even in contact with an infected person, i.e. with 
his/her breath and secretions. Why? Because these people do not have functional receptors for the SARS CoV-2 virus. Another words, they 
are not susceptible. I believe that if everyone had such receptors, the pandemic would spread so much that, in fact, probably more than 
half of people would be seriously ill, and finally over 15% of the population would die. Let us consider the fact that the receptor for SARS 
CoV-2 is angiotensin converting enzyme 2, present in the cell membranes of many epithelial cells, not only in the lungs, not only in the re-
spiratory tract, but basically in all blood and lymph vessels, in the heart, kidneys, in virtually all membranes of the entire digestive system, 
but essentially the entire body with greater or lesser density [2-4]. Quite a lot of ACE2 exists in blood serum [3,4].

If every ACE2 molecule was really a receptor, it would have to be absolutely tragic: much, much worse than it is even in places with 
extremely high infection rates like, say, the United States, or Spain, or earlier in Wuhan.

Aim of the Study

The aims of the study are to put forward and justify - basing on the literature - two hypotheses:

A. SARSCov-2 viruses bind [are blocked] in the blood of people infected with 

1. Soluble ACE2 [plasma ACE2], and 

2. With a membrane of a small fraction of erythrocytes; blocking viruses in such a way would lead to significant weake-
ning of the pandemic - in some way turning it into a hidden pandemic.

B. Not every ACE2 and not just molecule in first of all the epithelial or endothelial cell membrane is a functional receptor for SAR-
SCoV-2; a functional receptor must not only recognize the virus and bind it, but „draw it inside the cell”, which is therefore the 
target cell; only people who have such functional receptors are susceptible to infection. 

So, an additional objective is to consider if the level of such functional receptors for SARSCoV-2 increases with age thus explaining that 
the infectivity of people over the age of 70 is particularly high.

Hypothesis A1

The SARSCoV-2 virus, with its S [spike] protein binds to the receptor being the ACE2 enzyme. So it is possible that viruses that get 
into the blood [and anyway most viruses from the cells get into the bloodstream and/or lymph or generally in extracellular space] quite 
strongly bind to the ACE2 molecules circulating - in quite significant amounts - in serum. 

Hypothesis A2 

SARSCoV-2 viruses bind to erythrocytes’ membranes using so-called hemagglutinin esterase [5,6] occuring in the virus envelope, ac-
ting on sialic acid of erythrocytes’ glycans. 
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In case both hypotheses are true most of viruses is for a long time excluded from the „chain of pathogenicity and infectiveness”, becau-
se: a. viruses are bound, b. they stopped to be multiplied. c. they hardly can infect anyone. But what’s more: in the initial period after in-
fection [which is extremely easy] the number of viruses in blood is much smaller than the number of potentally blocking objects including 
circulating ACE2 molecules, which means that they most possibly are completely blocked. Despite the fact that in parallel the number of 
viruses arrives as a result of multiplication by cells - in the lungs [and/or elsewhere]. 

And this phenomenon can, in my opinion, be the cause of the „hidden pandemic”. But maybe we should rather talk about an alleviated 
phase. A more detailed discussion of this phase of the pandemic will be the subject of a separate paper on the non-epidemiological model 
of the spread of the pandemic.

Potential viral blocks in the blood: plasma ACE2 [a shedding]. Erythrocyte membrane

There is a special enzyme called sheddase [ADAM 17] that detaches the outer domains [ectodomains] from membrane-bound proteins 
and they simply pass out into the plasma [7]. ADAM enzymes (a disintegrin and metalloproteinase) are Zn2+ dependent, multi-domain cell 
surface proteins which belong to the adamalysin protein family. They are closely related to other metalloenzymes, even snake venom me-
talloproteinases (SVMP). There are a whole series of such enzymes in the human body depending on the presence of phosphatidylserine 
on the surface of the cell membrane] [8-10] disintegrins ADAM, which detache from its entire enzyme its extracellular domain, so-called 
ectodomain [7].This is the case with ACE2 [7,11]. 

It is not certain whether only ADAM17 action is a source of relatively large amounts of ACE2 in serum able to bind to the virus. If 
sheddase activity were increased, more ACE2 would be found in the serum and less in the membranes, and therefore the fewer membra-
ne virus receptors there would be.In my opinion the shedding of ACE2 from the membrane might be slightly more effective in younger 
people than the older ones. Just take into consideration that ADAM 17 and similar enzymes are crucial for the liberation of very important 
bioregulators deciding on the regulation of growth and immunity [7]. 

Ectodomain shedding of proteins may be regulated by several stimuli, including protein kinase C (PKC), calcium ionophores, G-prote-
in-coupled receptors, and mitogen-activated protein kinases Murphy (2009) [7,11-13].

Some researchers claim that such ectodomains [ie serum ACE2] with blood flow to the kidneys and are excreted in the urine [form of 
„microalbuminuria”] [9,14]. But it turns out that in sheddase-free cell lines, the virus is better bound [SARS-work by Jia., et al. 2009 [15]]. 
But this is no evidence, because even if sheddase was present [but of course not cut off the ectodomain yet] a virus would be tied up. Jia., et 
al. studied the origin of „soluble” ACE2 in the upper human airways and suggest that this form of ACE2 is needed to modify inflammatory 
processes [15].

It turned out [Bennion., et al. 2016 [16]] that in patients with ischemic stroke serum ACE2 activity is much lower than in healthy pe-
ople, but the sheddase activity in both groups was the same. Maybe some plasma proteases which level increase during ischemic stroke, 
cut soluble ACE2;the other explanation is the existence of low-molecular inhibitor of ACE2 [14].

By the way-if we concern shedding, surface remodeling by secreted lysosomal enzymes might lead to endocytosis-mediated plasma 
membrane repair [17].

Xiao., et al. [2016] [18] have shown that the formation of „soluble” ACE2 in the proximal tubules by sheddase [ADAM17 i.e. metallo-
peptidase being identical to tumor necrosis factor-α-converting enzyme: TACE] is particularly high in [diabetic] hyperglycemia, but is also 
absolutely dependent on the activity of membrane protein kinase C δ [PKCδ] one of the major regulatory pathways. Most probably due to 
high glucose levels - the passage of PKCδ from the cytosol into the membrane results in activation of sheddase. But very strange ADAM-
17-mediated shedding of ACE2 does not take place in pancreatic islets of male mice-experimental diabetes model [19]. 
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Roca-Ho., et al. [2017] [20] believe that the increase in the amount of ACE2 in diabetes [mouse model] occurs especially in the pancre-
as, liver and serum and that this increase in serum ACE2 is something like the hypercompensation of the renin-angiotensin-aldosterone 
system. Braz., et al. [2020] [21] found that the plasma ACE/ACE2 ratio was higher and the angiotensin II to Ang 1-7 ratio was lower in 
patients with rheumatoid arthritis. This suggests the lack of correlation of the soluble form concentration and its enzymatic activity exists.

Regardless of the amount and origin of the soluble ACE2 it is undoubtedly enzymatically active, and therefore produces angiotensin 
1-7, very beneficial for our body, for the lungs, heart, kidneys and, in general, for the entire human mineral and water management [21-
23]. However, the inhibitory effect of a small molecule ACE2 inhibitor in plasma [probably of a peptide] [17] should be taken into account. 

Such an inhibitor is very common; hence it has been reported that the enzymatic activity was not parallel to the amount of ACE2 pro-
tein [24].

But regardless of this, such serum ACE2 will obviously bind viruses. It turned out that soluble ACE2 partially inhibits the entry of the 
virus into target cells [25]. But this is the best confirmation of my hypothesis B! Because why soluble [serum] ACE2 inhibits the entry of 
the virus? Because it competes with the right membrane receptor for the virus-like competitive inhibition ! But regardless of this, such 
serum ACE2 will obviously bind viruses. 

Battle., et al. [4] came to the conclusion that ACE2 serum could be used in therapy It has been suggested that probable way of fighting 
the CoV could be the injection of ACE-2 which will result in the preventing the interaction of the CoV to off-infected cells [26]. Lei., et al. 
[2020] [27,28] generated a novel recombinant protein by connecting the extracellular domain of human ACE2 to the Fc region of the hu-
man immunoglobulin IgG [however, ACE2 mutant with low catalytic activity was also used in the study]. Fusion protein has high affinity 
binding to the receptor-binding domain (RBD) of SARS-CoV and 2019-nCoV [27]. Moreover, fusion proteins potently neutralized SARS-
-CoV and 2019-nCoV in vitro. So there is a possibility that plasma would act favourably, not only as a possible source of antibodies, but also 
above all this so-called soluble ACE2, which would bind the virus. And since it would not be related to cell membranes, it would not enter 
cells, there would be no virus multiplication there.

If only plasma ACE2 binds virus-? I think not. SARS [an „older cousin” of the current virus] has the protein hemagglutinin esterase [5], 
which has an affinity for certain complex carbohydrates [sialic acid] in the erythrocyte membrane, ergo predestines viruses to bind to 
erythrocytes. Quite recently Kim [6] found that SARS-CoV-2 contained hemagglutinin-esterase(HE) as well. SARS-CoV-2 hemagglutinin-
-esterase (HE) acts as the classical glycan-binding lectin and receptor-degrading enzyme. It acts as the classical glycan-binding lectin and 
receptor-degrading enzyme. Besides purified viral S glycoprotein [not necessarily HE] can agglutinate chicken erythrocytes [29], indica-
ting that the major hemagglutinating factor might be the spike protein which acts as the major sialic acid binding protein. O-acetylated SAs 
interact with the lectin-like spike glycoprotein of SARS CoV-2 for the initial attachment of viruses to enter into the host cells.

Let us take into account that spike proteins of the viral envelope are quite densely glycosylated, which, even according to some rese-
archers, changes the possibilities of binding the virus to the receptor and antibodies [30]. Inhibition of glucosidases in cell endoplasmic 
reticulum was found to impair the entry of viruses via a post-receptor-binding mechanism ie altering the glycan processing of ACE2 [30]. 

Would it be beneficial for the organism. On the one hand, yes, because it would block viruses, and it is known that the virus would not 
enter the erythrocytes, and even if it did, it would not be possible to duplicate it, because we know that mature mammalian erythrocytes 
do not have the genetic apparatus.

But of course, it could have a negative effect on haemoglobin binding oxygen anyway. Besides, it was claimed [31] that beyond the clas-
sical pulmonary immune-inflammation view, the occurrence of an oxygen-deprived blood disease, with iron metabolism dysregulation, 
might happen during Covid19. Also prominent erythrocyte aggregates obstructing the lumen of renal capillaries might prove binding of 
SARSCoV-2 with erythrocytes [32].
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However, it is possible that the virus attaches itself particularly to the membrane of erythrocytes already attacked by free radicals. 
Such erythrocytes would be destined to be destroyed anyway, and in turn could bind the virus, thus block it. If even a small percentage of 
erythrocytes dead [and renewed] per day bind viruses, it would be a significant „block enhancement”.

Towards hypothesis B. More about why the percentage of functional receptors increases with age

According to Aguiar., et al. [2020] [33] incidentally, indicating a very low expression of ACE-2 in the lungs and suggesting the possibility 
of other - especially in the lungs - types of receptors and co-receptors for SARS CoV-2 than ACE2 [although they still consider it?! - this 
enzyme is the „decisive receptor”]. They consider ADAM 17, which is the very sheddase that detaches ACE2 from membranes, to be one of 
these important additional but important receptors for SARS CoV-2. This would be a contradiction to my previous considerations: because 
the more of this sheddase, the better [assuming the concept of Aguiar., et al. [33]] the binding of the virus could be, not worse, as I think. 
But according to other authors [12,13,34] the proteolytic cleavage - facilitating the fusion of the cell membrane with the viral lipid enve-
lope, to the cytoplasm, or rather to the endosomes of the target cell [priming] - occurs under the influence of other proteases [TMPRSS2, 
furin, cathepsin L], not just ADAM17.

How can we know what the infectivity limits are? Just look for data on how many ACE2-producing cells there are in the human body. 
There were studies which showed that in a single human body, there are about 1.3 or 1.6 x 109 such cells, i.e. about 1% of all epithelial 
and endothelial cells [35-40], i.e. those that border with the lumen of blood vessels, lymph vessels and the digestive tract, that is, they are 
„on the membrane”.

Epithelial cells account for about 7%, or 1012. Studies on the expression of the ACE2 gene, both at the RNA and protein levels, have 
shown that the highest expression of potential SARS-COVID-2 receptors is in the small intestine. This is a frightening amount, much gre-
ater than elsewhere in the body [35,39,41]. There is also a lot in the testes [could this be one of the reasons why men may be sensitive to 
COVID-19?; the other one is the localization of gene for ACE2 on chromosome X [42]. 

Then we have a group of organs and tissues, which have quite a lot of ACE2. These are: kidney, heart, thyroid, adipose tissue, salivary 
glands. Much less of them exists in the lungs, liver and adrenal glands and the least ACE 2 is found in nerves, muscles [striated], brain and 
spleen [39].

In summary, the number of cells containing ACE2 is approximately 1.5 - 2 x 109 in a single human body. However, if we multiply that 
potentially by a million recipients, this will give us numbers of the order of 1015, maybe 1016.

So if we know how many ACE2 cells we have in a human body, we get a ceiling because more viruses cannot stick. It is not the shedding 
[that eventually diminishes with age] the reason enough that with age we have more and more functional receptors for SARS CoV-2. Shed-
ding affects [in my opinion] only fractions of a promille, while apparent differences in infectivity depending on age are clearly enormous. I 
assumed [separate paper!] that the % of functional receptors decreases with age exponentially [prepared for separate publication]. If, for 
the oldest group, the mean content of target cells containing fully functional SARS CoV-2 receptors is 80% of all cells having ACE2, this is 
40% for group II, 20% for group III and for the youngest [group IV] on average 10% [from 1.65 x 109 for one person; probably for the 0 - 5 
years old group it may be even 10 times less]. 

There are reports that the level of ACE2, a potential SARSCoV-2 receptor, is higher in the elderly, but in the small intestine [41], the 
richest reservoir of ACE-2 in the human body. This fact could support my idea that the level of viral receptors increases with age, therefore 
it is justified to assume the highest “ceiling” for the virus, i.e. a higher maximum number of SARSCoV-2 binding sites in the oldest group. 
The authors [41] did not investigate the level of ACE-2 in other tissues. However, increased expression of the ACE2 gene in one tissue 
makes it probable, although not absolutely certain, the possibility of increased expression in other tissues.

The matter is complicated by two problems:
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1. Whether the level of serum ACE2, is parallel to its level in cells, or more precisely in the cell membrane [3,5,16,43,44]. Skarstein-
Kolberg [2020] [45] claims that: a. The direction of action, ACE and ACE2 levels are opposite. b. Since the serum ACE level is higher 
in children, the ACE2 level is probably lower. c. It is not known whether lower infectivity of children - than adults -- with Covid19 is 
associated with low levels of membrane-associated ACE2. d. It is unknown whether there is an inverse correlation of serum ACE2 
levels and ACE2 expression in the lungs and other tissues. The above statement a does not have to be true regarding the levels of ACE 
and ACE2. Statement b seems to be absolutely unsupported.

2. The role of ACE2 in the course of Covid19 is, or rather may be, dual. On one hand, it is a potential virus receptor, and on the other 
hand, it is very beneficial for the body - and therefore protects the lungs and heart during disease caused by the virus, because it pro-
duces Ang1-7, which has a beneficial effect on blood pressure, vasoconstriction, but also on kidney function; especially since ACE2 
simultaneously destroys angiotensin II [Ang 1-8], which has an opposite, detrimental effect. A number of authors are therefore of the 
opinion that the beneficial effects of membrane ACE2 outweighs possible negative effects [46-51]. 

The same discussion is about the favourable [protective] or unfavourable role of serum ACE2 and thus ADAM17 shedding and shedda-
se [12,52-54]. Especially that some researchers consider serum ACE2 to be an indicator of ACE2 gene expression. The activity of serum 
ACE2, so production of Ang1-7, is not good measure of amount of serum ACE2, which still might bind SARSCoV-2, as there exists small 
molecular compound, most probably short peptide, being strong ACE2 inhibitor [24]. 

Fagyas., et al. [55] reported about a much higher content of plasma ACE2 in people from the oldest group [75+] with aortic stenosis. 
But activity of serum ACE2 was four times higher for the group with aortic stenosis compared to the activity in healthy people, but also 
those suffering from hypertension 75+ but without stenosis.

Mind you, my be it is out of the scope. Not all individuals exposed to HIV become infected [as those famous African sex workers. Su., 
et al. [55] found that the IRF1 [Interferon regulatory factor-1] promoter in HIV-resistant people was primed by increased basal histone 
deacetylase-2 binding, independently of transcription regulators, STAT1 and nuclear factor-κB/p65, implicating an epigenetic silencing 
mechanism. These data suggest that transitory IRF1 responsiveness in HIV-R may be one of the key contributors to the altered suscepti-
bility to HIV infection during the early stages of primary HIV infection.

Summarizing of arguments for hypothesis B

In general, the SARS CoV-2 functional receptor cannot be the same as any membrane-bound ACE2 molecule [with its amino acid trans-
porter domain. This is because of discussed below.

Modifications and structural aspects: ACE2 being transported to the membrane [trafficking] can also undergo post-translation mo-
dification [30]. However only glycosylation was reported. But this is crucial for virus entry. ER glucosidases I and II sequentially located 
in endoplasmic reticulum trim the three terminal glucose moieties on the N-linked glycans attached to nascent glycoproteins. These reac-
tions are the first steps of N-linked glycan processing of ACE2 molecule. Chan., et al. [57] used deep mutagenesis to identify ACE2 mutants 
that bind more tightly to the spike protein and combined mutations to further increase binding affinity.

Besides postrantranscription modification might take place, especially the splicing stage. The ACE2 gene is located on chromosome 
X and contains 18 exons, many of which resemble the corresponding exons in the ACE gene [57]. The complete cDNA encodes a 805 
amino acid protein, which resembles a chimera composed of a single ACE-like catalytic ectodomain fused to the transmembrane protein, 
collectrin which plays a role in regulation of renal amino acid transport and has been implicated in insulin exocytosis and β-cell prolife-
ration [57]. The collectrin domain might be important for some kind of virus penetration, while the other routes do not need this part of 
molecule [58].

ACE2 is a chaperone for aminoacids’ transporter domain, which is not involved in dimerization, suggesting that ACE2 may be a homo-
dimer even in the absence of collectrin domain. Cleavage of the C-terminal segment, especially residues 697 to 716 of ACE2 by proteases, 
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such as transmembrane protease serine 2 (TMPRSS2), enhances the S protein-driven viral entry. However the presence of collectrin do-
main may block the access of TMPRSS2 to the cutting site on ACE2 [59].

Need of priming enzymes: The functional viral receptor may consist quite a big fragment of entire membrane of the target cell, in 
any case not just the membrane ACE2 itself; it may include the protease TMPRSS2 [25,61-66] and furin, and possibly as co-receptors 
the CD147, and GRP78 protein, cathepsins L and B [66], and even. ADAM17 sheddase [39]. But it turned out that a similar phenomenon 
- called „priming of virus” - can occur under the influence of trypsin, elastase and some other proteolytic enzymes [60], but especially 
lysosomal protease: cathepsin L [25]. But do these cathepsin L work inside or extracellularly? Certainly, both [because there are known 
cases of both endocytosis and exocytosis of such enzymes]. Kominami., et al. [67] proved that about 30% of cathepsin L of macrophages 
undergoes exocytosis and passes into serum. Similar situation was shown within fibroblasts.

The cleavage of S1-S2 subunits to expose S2 for fusion to cell membrane via host proteases including cathepsins, cell surface trans-
membrane serine (TMPRSS) protease, furin (expressed highly in lungs) [68,61] trypsin and factor Xa [69] were described. It is suggested 
that blocking TMPRSS2 may be a key strategy for treating patients [25]]. It was hypothesized that the additional furin site present at S1/
S2 may also allow SARS-CoV-2 to spread more efficiently than other SARS-like-CoVs [70].

It is interesting that as a result of auto lysis [or autoactivation] the extracellular catalytic domain of TMPRSS2 may be detached from 
the rest of the enzyme and go to plasma [71,72]. But again: is this a form of „irretrievable disposal” of this protein [on the way to urine] 
or to make it work „elsewhere” and destroy viruses before they connect to ACE2?! Well, the truncated form of TMPRSS2 containing the 
catalytic domain shed into supernatants, displays only a minor enzymatic activity [63]. But it is not sure if such a situation takes place 
in whole body.. Both SARS-CoV-2 receptor ACE2 and TMPRSS2 are primarily expressed in bronchial transient secretory cells [64]. Very 
limited -both in range and localization [only special line of cells]-amount of ACE2 was found in the most most vulnerable to virus attack 
pneumocytes AT2 in lungs [73].

Interestingly, this enzyme [TMPRSS2] is „upregulated” by androgens [74] and is involved in the etiogenesis of prostate cancer. This may 
be one of the reasons men are more likely to suffer from Covid 19 than women; compare [42].

Here we should remind that SARS-CoV-2 utilizes two pathways of penetration [25]. If the plasma membrane-route proteases [mostly 
TMPRSS2] are available, the virus can fuse via an “early pathway” at the plasma membrane, but if not, the virus can fuse via a “late pa-
thway” at the endosomal membrane [together with ACE-2].

Thus, the activation of virus fusion varies, depending on the protease in the local environment, what confirms virus flexibility. The „late 
pathway” might be clathhrin dependent [then the cytoplasmic tail of ACE2 is not required] [59] and independent [75]. The last manner 
was shown to be dependent on lipid neighbourhood [compare bit later]. 

The overwhelming role of structure of ACE2 neighbourhood 

Perhaps for membrane fusion with the viral lipid envelope and endocytosis, microdomains in the cell membrane structure rich in 
sphingolipids and cholesterol are needed. Wang., et al. [75] showed already in 2008 that removal of cholesterol from the membrane inhi-
bited the binding of the SARS pseudovirus. Moreover, cholesterol- and sphingolipid-rich lipid raft microdomains in the plasma membrane, 
which have been shown to act as platforms for many physiological signaling pathways, were shown to be involved in virus entry. Wang., 
et al. [76] recently showed that loading cells with cholesterol from blood serum using the cholesterol transport protein apolipoprotein 
E (apoE) enhances the entry of pseudotyped SARS-CoV-2 and the infectivity of the virion: with high cholesterol there was almost twice 
the total number of endocytic entry points. Cholesterol seems to traffic ACE2 to the endocytic entry site where SARS-CoV-2 presumably 
docks. What is more in the target cells cholesterol optimally positions furin for priming SARS-CoV-2. Depletion of cellular cholesterol with 
methyl-beta-cyclodextrin (MβCD) blocked almost all viral entry. 
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But Park and Gallagher in 2017 [77] proved that there are fusion-inhibiting peptides which bind to spike proteins, interfere with refol-
ding and prevent infection. The most interesting was that cholesterol or palmitate adducts increased antiviral potencies up to 1000-fold. 
Antiviral effects were evident after S proteolytic cleavage and unlike lipid-free peptides, the lipopeptides suppressed CoV S protein-direc-
ted virus entry taking place within endosomes [„late phase”] of virus internalization [78]. So it looks like both infectivity and therapy clues 
might apply the same mechanisms:here an evident and strong dependence of virus penetration on the lipid neighbourhood. 

The membrane fusion reaction is dependent on the lipid composition of the viral and/or cellular membranes (in both of them, sphin-
golipids and cholesterol molecules tend to pack together and form microdomains called “lipid rafts” floating within the „sea” of phospho-
lipids); viral transmembrane receptors seem to be concentrated within rafts and serve as „hotspots” for viral entry; cholesterol in rafts 
promotes fusion by reducing the energy needed to form fusion intermediates [78]. Studies on the influence of cholesterol on SARS-CoV 
infectivity make it plausible that ACE2 is a raft protein. By disrupting raft formation, ACE2 is no longer concentrated in microdomains and 
this reduced receptor availability lessens SARS-CoV docking. 

Lipid rafts are specialized dynamic nanoscale regions, 10 and 200 nm in size, and consisting of sphingolipids, glycosphingolipids, 
cholesterol and  glycosyl phosphatidylinositol GPI]-linked proteins[78A ]. They perform many tasks including, cell signalling, membrane 
trafficking, cell polarity regulation, polarized secretion, epithelial cells’ transcellular transport, endocytosis and autophagy [78B] Their 
protein conformation determines whether lipid rafts are categorized as “planar”, composed mainly of flotillin proteins, or “caveolae”, en-
riched in caveolin proteins  both mediating lipid raft signal transduction [78 A]. 

The S2 subunit of SARSCoV-2 contains the fusion peptide (FP) [79] which is the functional fusogenic element of the S protein. The FP 
is a short segment (15 - 25 amino acids), conserved across the Corona viral family composed of mostly hydrophobic residues. In the pre-
sence of Ca2+, the FPs are able to induce greater membrane ordering, indicating that Ca2+ may promote fusion by stabilizing a structure of 
the FP that affects local structure of lipid environment in rafts;it was shown that SARS has two points of binding Ca2+ within FP [not just 
one as in MERS] [also Millett and Whitaker [79]].

Wang., et al. (2020) [111] found that cholesterol concomitantly traffics ACE2 to the endocytic entry site where SARS-CoV-2 presumably 
docks to efficiently exploit entry into the cell. Furthermore, in cells producing virus, cholesterol optimally positions furin for priming SAR-
S-CoV-2, producing a more infectious virion with improved binding to the ACE2 receptor. In vivo, age and high fat diet induces cholesterol 
loading by up to 40% and trafficking of ACE2 to endocytic entry sites in lung tissue from mice. They [111] propose COVID19 severity is 
partially based on tissue cholesterol level and the sensitivity of ACE2 and furin to cholesterol. Molecules that reduce cholesterol or disrupt 
ACE2 localization with viral entry points or furin localization in the producer cells, may reduce the severity of COVID19 especially in obese 
patients.

The decisive role of point mutations [polymorphism]and thr impact of age

There must be and there are point mutations [polymorphisms] in the ACE2 gene which determine phenotypic differences; and so it 
turned out that in serum ACE2 there were 64% of CC and CT mutants, but there was no TT. But this may mean that a small point mutation 
may decide whether or not a given ACE2 molecule is a SARS COV 2 receptor, as it was suggested by Ciaglia., et al [80]. She believes that 
the low infectivity and low incidence of Covid19 in children may be caused not only by the immune system including the famous cross 
resistance as a result of numerous vaccinations in children [81], but precisely polymorphisms in the ACE2 gene and their expression. Mind 
you, they (and some other authors [82]) found that ACE2 levels in children were higher than in adults, therefore in the strong opposition 
to infectivity and morbidity being observed.

However, it has to be emphasized that many authors evaluate ACE2 presence just in serum [„circulating ACE2”] not in the tissues [as 
membrane bound and/or free cytoplasmic protein although quite often only expression of ACE gene on the level of transcription is pre-
sented].Such an approach is not correct as may mislead us because we are devoid of information about the true level of a potential virus 
receptor. So, some authors claim there is more ACE2 in older than in younger humans [or experimental animals –mice, sheep], while the 
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others are of the opposite opinion. Lechien., et al. [83] reported that expression of ACE2 and TMPRSS2 evaluated in murine models may 
increase with age. 

ACE2 was predominantly expressed in alveolar epithelium, bronchiolar epithelium, endothelium and smooth muscle cells of pulmona-
ry vessels with similar content [84], whereas no obvious signal was detected in the bronchiolar smooth muscle cells. ACE2 expression is 
dramatically reduced with aging. in both genders: young-adult vs. old (by 78% in male and 67% in female, respectively.

Robinson., et al. [66] found that aged cardiomyocytes were double positive for ACE2 and TMPRSS2, critical for viral entry. Schuler., et 
al. [85] found that expression of SARS-CoV-2 spike protein primer TMPRSS2 was highest in ciliated cells and type I alveolar epithelial cells 
(AT1), and TMPRSS2 expression was increased with aging in mice and humans.. Fernández-Atucha., et al. [86] found slightly biggerACE2 
serum activity in older [> 55 years old] group than in an younger, but it was signficant only for women.On the contrary, young Chinese 
females showed significantly higher ACE2 activity than aged females [87].

Recently, a retrospective study analyzed clinical data from 2135 pediatric cases with COVID-19 and found that over 90% of these pe-
diatric patients were asymptomatic, mild, or moderate cases [88]. Although there currently lacks an explanation to this phenomenon, the 
authors speculated a potential implication of ACE2 [88]. So we can only speculate either.

Stawiski., et al. [89] quite recently identified natural ACE2 variants that are predicted to alter the virus-host interaction and thereby 
potentially alter host susceptibility. In particular, human ACE2 variants S19P, I21V, E23K, K26R, T27A, N64K, T92I, Q102P and H378R 
are predicted to increase susceptibility. Interestingly, Jia., et al. [2009] [15] found that a point mutation in the ACE2 ectodomain, L584A, 
markedly attenuated shedding of ACE2 with ADAM17.

 Sieńko., et al. [90] report that some single nucleotide polymorphisms (SNPs) of ACE2 might be a risk factor of COVID-19 infection. It 
looks like genotypes affect ACE2 structure, even its serum concentration. Both COVID-19 morbidity and mortality might depend on ACE 
2 allele frequency [90].

Devaux., et al. [91] reported that evidently humans are not equal with respect to the expression levels of the cellular ACE2. They review 
the most recent evidence that ACE2 expression and/or polymorphism could influence both the susceptibility of people to SARS-CoV-2 
infection and the outcome of the COVID-19 disease.

Li., et al. [92] showed the differences in distribution and allele frequency [AF] of expression quantitative trait loci for ACE2 in different 
populations, indicating the diversity of ACE2 expression pattern in populations. Well, they did not find direct evidence supporting the 
existence of coronavirus S-protein binding-resistant ACE2 mutants in different populations. But the East Asian populations have much 
higher AFs in the variants associated with higher ACE2 expression in tissues, which may suggest different susceptibility or response to 
2019-nCoV/SARS-CoV-2 from different populations under the similar conditions.

In the coding sequences of these genes Vargas-Alarcon., et al. [93] detected one probably-damaging polymorphism located in the TM-
PRSS2 gene (rs12329760) that produces a change of amino acid. Besides, polymorphisms with possible functional consequences were 
detected in the non-coding sequences of genes: three in ACE2, seventeen in TMPRSS2, six for cathepsin L. These polymorphisms concern 
binding sites for transcription factors and microRNAs. 

Rare variants namely point mutation (Leu351Val) and especially(Pro389His-thus changing the chargé!), predicted to interfere with 
SARS-CoV-2 spike protein binding, were also observed [94]. Besides, Benetti., et al. [94] found polymorphism (Asn720Asp), which lies in a 
residue located close to the cleavage sequence of TMPRSS2, which likely affects the cleavage-dependent virion intake.This substitution is 
represented in the Italian and European populations but is extremely rare in the Asian population. They also show that two rare variants, 
namely, c.1051C>G p.(Leu351Val) and c.1166C>A p.(Pro389His) predicted to cause conformational changes impacting interaction with 
viral receptor binding domain [94].
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I am of the opinion that for ACE2 to become a candidate to be the functional receptor of the virus, just a small point mutation in a gene 
for ACE2 is necessary [although even then it might be not enough to be the functional receptor], which will cause ACE2 to change enough 
to recognize the virus [SARSCoV-2 and SARS but not MERS [1,59] and participate in its penetration. Of course such a quite incidental mu-
tation might have been appeared much, much earlier and quite recently SARSCoV-2 found its target cell because by chance had fit to such 
a mutated membrane ACE2. In my opinion it is quite probable that the expression of such a mutated gene has been blocked -in utero-in all 
tissues or in all except one line of cells, perhaps not the alveoli, in the majority of newborn human beings. In turn some epigenetic factors 
[maybe from food or our intestinal microbiota] may unblock the expression of indeed functional receptors of SARSCoV-2 in older people, 
leading to increased infectivity. 

But the other explanation is possible. Maybe usual membrane ACE-2 molecule is not at all adapted to being a virus receptor - or rather 
in spite it might bind the virus it does not contribute effectively to the cascade of events leading to the internalization/endocytosis of the 
virus. Then, the ability to be a fully functional SARSCoV-2 receptor manifests itself only as a result of a point mutation in the ACE2 gene. 
Such a mutation in normal cells [non-stem and non-germline] - „an acquired change” in the Lamarck sense - would not be hereditary. 

So, I think that: only the limited number of people have a functional COVID-19 receptor and only in these persons “the disease will 
possibly develop”!!

The spike protein of SARS-CoV-2 contains a cleavage site for the protease furin that is absent from SARS-CoV .Cantuti-Castelvetri et al. 
[ 94 A]recently  showed that neuropilin-1 (NRP1), which is known to bind furin-cleaved substrates, potentiates SARS-CoV-2 infectivity. 
NRP1 is abundantly expressed in the respiratory and olfactory epithelium, with highest expression in endothelial and epithelial cells.  
Cleavage of spikes with furin generates a polybasic Arg-Arg-Ala-Arg carboxyl-terminal sequence on S1, which that binds to cell surface 
neuropilin-1 (NRP1) as the receptor.  It was shown with x-ray crystallography and biochemical approaches  by Daly et al. 2020 [94B ]].

Crucial role of epigenetic events

There have been significant epigenetic effects on ACE2 expression [95,96] as well as regulation of ACE2 by sirtuin -NAD+ dependent 
deacetylase SIRT1 (silent information regulator T1) [97]; if by sirtuin then by diet-nutriepigenetic effects [vitamin PP and resveratrol-the 
bioregulator of sirtuin [98], also by glycosylation [np.96] [the role of diabetes].

The participation of sirtuin 1 in the viral entry and spread processes is justified as it was found that sirtuin1 upregulation diminishes 
upregulation of ADAM17 sheddase if even not downregulating it [99]. No one has explicitly articulated it, but there is an overwhelming im-
pression that activation or upregulation of ADAM 17 by a SARSCoV-2 virion -passed into the cell through clathrin-dependent endocytosis 
[58] - and thus detachment of ACE2 from the target cell membrane is yet another human defense mechanism against viral multiplication.

The concept of down and upregulation is often abused, and it is hardly ever explained whether it concerns the level of gene expression 
[and at what stage], endo/exocytosis or trafficking.In any case a certain decrease in activity or downregulation of sirtuin could induce in-
creased shedding of ACE2 from membranes into the plasmaIn older people, zinc ion malabsorption and NAD+ deficits [100] might cause a 
decrease in sirtuin activity and an increase in ADAM17 and ACE2 shedding activity. This also would cause the release of proinflammatory 
TNF alpha [46] into the plasma, which would in turn cause a decrease in evident nonspecific immunity, but in turn this [another protective 
feedback] would cause sirtuin activation again [101] and shedding decrease -in the elderly, as I previously assumed.

But additionally, in turn, a very important way of regulating metabolism with calmodulin, and therefore membrane kinases dependent 
on it, inhibits the activity of ADAM17 [102] contrary to protein kinase pathway activated with phorbol ester. So the cross-talking of these 
two very important regulation pathways might be an explanation of eventual slight activation of shedding process in young versus old 
people.

Well, also the deficits of vitamin D [101] and melatonin in elderly people might hinder the struggle of the elderly with Covid19, because 
the two substances mentioned here counteract the negative effects of angiotensin II [Ang 1-8] - destroyed by ACE2 - on inflammatory 
processes, oxidative shock and apoptosis. 
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Paizis., et al. [2005] [102] reported an increase in ACE2 expression in chronic liver injury, and Burrell., et al. [2005] [105] the same 
increase during myocardial infarction. So all the time is question if good or bad sites of ACE2 action prevail. Benefits of ACE2 related to 
its involvement in intestinal digestion of short peptides, and thus the absorption of neutral amino acids, is emphasized by Samavati., et al 
[104].

Behl., et al. [2020] [105] emphasize the better situation of young people [including children] against infection with SARSCoV-2, despite 
the fact that the level of ACE2 expression is elevated in them.

Xie., et al. [84] found that: 1. ACE2 -in rats was predominantly expressed in alveolar epithelium, bronchiolar epithelium, endothelium 
and smooth muscle cells of pulmonary vessels with similar content, but not in in the bronchiolar smooth muscle cells. 2. ACE2 expression 
is dramatically reduced with aging in both genders. Hu., et al. [2020] [106] report the lack of dependence of ACE2 expression and infecti-
vity both in women and elderly people.

Uhal., et al. [2006] [107] showed that expression of ACE2 is clearly dependent on the cell cycle and its expression diminishes almost to 
zero in the mitotically active cells e.g. during the lung fibrosis. But one can imagine that during embryonal growth and in the stem cells it 
does either. Mind you, ACE2 is not at all necessary in the lung as Ang1-7 might be formed due the prolylendopeptidase [43].

Besides, angiotensin II, so ACE, might cause downregulation of ACE2 with its internalization and even proteolysis in lysosomes. Zie-
gler., et al. [108] discovered that ACE2 is a human interferon-stimulated gene both in vitro using airway epithelial cells and in vivo. 

The more data on the different ways of regulation [including hormonal one] and influence on gene expression and polymorphisms, on 
the membrane itself and shedding [and exocytosis and endocytosis- in general - the movement of protein molecules], more possibilities 
of post-transcription and/or postranslation modification of ACE2, the more likely it is that a sharp distinction should be made between 
the functional SARS CoV-2 receptor [not only recognizing the virus, but „drawing it” inside the cell]and ACE2 itself, e.g. both that in serum, 
capable [?] of hydrolyzing angiotensin II [thus forming Ang 1-7], but also for binding the virus, and ACE-2 particles in the membrane [for-
ming Ang1-7 but also transporting amino acids] but finally unable to draw virus into the cell.

Very recently Chen., et al. [109] emphasized that they are on the contrary to the expectation that ACE2 is the sole receptor for the virus, 
instead They remind that expression of ACE2 is high in Asian females and young people ie those who are known to be less susceptible, 
and even less inflicted by fatal outcome, while it is low in males, further decreases with age, so those who are most susceptible to serious 
diseases; it would suggest that even a negative correlation between ACE2 expression and COVID-19 severity and fatality might take place.

I agree with Chen., et al. [108] that there is no reason to believe that only membrane ACE2 is a functional SARSCov-2 receptor. On the 
other hand, I do not see any justification for the belief that the level of ACE2 expression is inversely correlated with the „density of func-
tional coronavirus receptors. Let us take into account 1. the lack of parallelism of ACE2 expression and concentration, and even less the 
enzymatic activity of the ACE2 serum [inhibitors, hormonal and epigenetic effects]. 2. huge differences in ACE2 expression in adjacent and 
even phenotypically close areas [as well as the dependence of expression on the life phase of cells]. 3. previously unknown differences in 
the ACE2 and TMPRSS2 genes and their expression in different populations [race, nationality]. 4. last but not least very large differences 
in research results and the methodology used

[An annex] about possible decrease of ADAM17 sheddase with an increase of age

Hartl et al. [110 ]using whole-genome sequencing identified a single rare nonsynonymous variant in ADAM17 co-segregating with an 
autosomal-dominant pattern of late-onset Alzheimer disease(AD) in one family.   Subsequent genotyping identified five variant carriers 
among AD patients only. The mutation inhibits pro-protein cleavage and the formation of the active enzyme, thus leading to loss-of-func-
tion of ADAM17 alpha-secretase. Further,Hartl et al. [110]found a strong negative correlation between ADAM17 and APP gene expression 
in human brain and present in vitro evidence that ADAM17 negatively controls the expression of APP. Morancho et al. [2015][111] stu-
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died cellular senescence ie a terminal cell proliferation arrest that can be triggered by oncogenes. One of the traits of oncogene-induced 
senescence (OIS) is the so-called senescence-associated secretory phenotype or senescence secretome.They found that these proteins 
are regulated transcriptionally and, in addition, that their shedding is limited by the protease ADAM17. The activity of the sheddase is 
constrained, at least in part, by the accumulation of cellular cholesterol. 

Cleavage and release (shedding) of membrane proteins is a critical regulatory step in many normal and pathological processes. Evi-
dence suggests that the antiaging transmembrane protein Klotho (KL) is shed from the cell surface by proteolytic cleavage[Ci-Di Chen et 
al. [2007][112].The author found that,  cotransfection of KL with ADAM17[ADAM10 either] enhances KL cleavage, whereas cotransfection 
of KL with small interference RNAs specific to ADAM17 inhibits KL secretion. These results indicate that KL shedding is mediated mainly 
by ADAM17- and 10] in KL-transfected cells. The effect of insulin [112 ] is abolished when ADAM10 or ADAM17 are silenced. Insulin en-
hances KL shedding without increasing ADAM17 [and 10] mRNA and protein levels, suggesting that it acts by stimulating their proteolytic 
activities.

Figure 1: Subsequent phases of  processes taking place in the contact  between SARSCoV-2 virus  
and its functional receptor [containing suitable membranę ACE-2 molecule]

Bandsma et al. [2015][113] emphasize that ADAM 17 metallopeptidase is responsible for processing large numbers of proteins.  They 
described  a family with a homozygous mutation in ADAM17  confirming the existence of a syndrome. with severe diarrhea, skin rash, 
and recurrent sepsis, eventually leading to her death at the age of 10 months. Interestingly, the patient developed unexplained systolic 
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hypertension and nonspecific hepatitis with apoptosis. This report provides evidence for an important role of ADAM17 in human immu-
nological response and underscores its multiorgan involvement.

Multiple studies have indicated that ADAM17 is involved in hepatocyte apoptosis. In hypoxia-exposed liver cell lines, downregulation 
of ADAM17 led to upregulation of caspase-3 [114], a critical regulator of apoptosis. Bandsma et al. [113 ] found high caspase-3 expression 
in hepatocytes in the affected patient. It has been shown that ADAM17 inhibition stimulates caspase-1 and that caspase-1 is strongly 
involved in cell death receptor FAS-mediated apoptosis [115]. Finally, trials with inhibitors of ADAM17 have shown indications of liver 
toxicity [116].

Lorenzen et al. [2017][117] emphasize the rolr of so called redox regulation depending on the enzymatically controlled production 
and decay of redox active molecules. NADPH oxidases, superoxide dismutases, nitric oxide synthases, and others produce the redox active 
molecules superoxide, hydrogen peroxide, nitric oxide, and hydrogen sulfide. These react with target proteins inducing spatiotemporal 
modifications of cysteine residues within different signaling cascades. Thioredoxin family proteins are key regulators of the redox state of 
proteins. They regulate the formation and removal of oxidative modifications by specific thiol reduction and oxidation. All of these redox 
enzymes affect inflammatory processes and the innate and adaptive immune response.The transmembrane protein ADAM17 releases 
proinflammatory mediators, such as TNFα, and is itself regulated by a thiol switch.. Interestingly, cytokines can be expressed as cytosolic 
or membrane-bound “precursors” and are activated and released by redox-regulated, proteolytical cleavage via cytosolic multiprotein 
complexes called inflammasomes or specific proteases such as ADAM17 [118-122].

 Moreover, ADAM17 cleaves members of the EGFR ligand family, which are essential for their function as growth factor and tissue re-
generation [123-125].  Dysregulation of this pathway has been linked to inflammatory diseases, for example, cystic fibrosis and chronic 
inflammatory airway disease [126–130]

Energy homeostasis involves central nervous system integration of afferent inputs that coordinately regulate food intake and energy 
expenditure[Gelling et al. [2008][131 ] The authors report that adult homozygous TNFα converting enzyme (TACE){and TACE is just 
ADAM17 sheddase}-deficient mice exhibit one of the most dramatic examples of hypermetabolism yet reported in a rodent system These 
findings  clarly prove an important role for ADAM17 in an energy homeostasis.

The results of the studies by the authors of the above-cited papers do not explicite say that with age the activity of ADAM17 decreases 
and downregulation of expression of sheddase occurs, which would be a direct confirmation of my assumptions about a lower level of 
blocking sites in the blood of infected people in old age. However the papers mentioned here emphasize the reduction of the level of [gene 
expression] ADAM 17 in the case of diseases evidently more common in seniors and generally more frequent as the age increases - from 
birth to old age. These include Alzheimer’s disease, senescence triggered with oncogenes, aging thus smaller level of an antiaging protein 
/ s, imunity deficits, increased apoptosis, diabetes, airway disease / s, dysregulation of an energy homeostasis. It’s all tightly makes it more 
probable the assumption made by me about the decrease in ADAM17 sheddase activity with age, i.e. with a lower content of the ACE2 
protein, i.e. its enzymatically active ectodomain. 

Final Conclusion

Summarizing [hypothesis B] ,the functional receptor of SARSCoV-2 is not just membrane bound ACE2 itself but: 

1. Quite a big fragment of  whole membrane of target cell/s  with a complete set  containing ACE2 and TMPRSS2 optionally ,but besides 
furin and endosomal compartment’s cathepsins and first of all some microdomains [„rafts”] of membrane rich in cholesterol and 
sphingolipids.

2. Membrane bound protein being result of expression of some special single gene polymorphism/s  in ACE2 gene[an/or in the genes 
for priming enzymes] and perhaps besides some posttranscription and posttranslation modification/s.
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3. Protein/s  binding and „sucking in” the virus but only if there is a coincidence of some epigenetic or even nutriepigenetic events.

   Final conclusion X: All three above mentioned possibilities do not exclude each other and even it is possible they might play in concert 
in this dangerous scenario.

    Final conclusion Y: SARSCoV-2 viruses bind to 1/ the ACE2 molecules circulating - in quite significant amounts - in serum[hypo-
thesis A1]  2/erythrocytes’ membranes using so-called hemagglutinin esterase occuring in the virus envelope, acting on sialic acid of 
erythrocytes’ glycans ;  it is possible that the virus attaches itself particularly to the membrane of erythrocytes already attacked by free 
radicals[ROS] [hypothesis A2] .

   Final conclusion Z: It is quite justified to assume that the level of fully functional SARSCoV-2 receptors grows with age whereas the 
level of serum ACE2 being the main component of the viruses’ block conversely - it decreases with age.

   Fully functional SARSCoV-2 receptor: a / must recognize receptor binding domain [RBD] in virus spike proteins b / through the 
TMPRSS-2 protease molecules present in it, appropriately located next to the enzymatic ACE2 fragment, should cut the spike protein 
of sucked virus in the appropriate place c / it should also contain furin and cathepsin L [the latter in endosomes] to facilitate additional 
cleavage in the virus, leading to fusion and release of viral genetic material d / must have appropriate and properly distributed lipid 
microdomains rich in cholesterol[109A] and sphingolipids, without which it is impossible to fuse the membrane with the viral envelope, 
and thus endocytosis. 

These microdomains, the so-called rafts, seem to be a carrier of the quasiallosteric effect, which clearly changes the spatial structure 
of the sites in the cell membrane, enabling fusion. 

In people with fully functional viral receptors, the expression of the correct variants of the ACE2, TMPRSS-2, furin and cathepsin L-ge-
nes must be very efficient. Also this expression, but and probably the virus binding itself [with the fusion!] requires certain conditions 
[epigenetic and local]. 

Non-functional receptors - resulting from the expression of mutants of the above-mentioned genes [with different polymorphisms] 
either do not recognize the virus at all [despite the correct ability to generate Ang1-7 and participate in the transport of amino acids] or 
recognize it, but the effect is weak or, despite the correct recognizing, they are not capable of fusion. All the above reasoning is visualized 
in the fig.1.

Step A: The S1 fragment of the viral spike [marked as black], more precisely its receptor binding domain [RBD] binds to the enzymatic 
domain of the membrane ACE2 [in its current configuration] - marked in red.

Step B: The RBD-ACE2 interaction induces: a / obvious weakening of the specific peptide bond between the S1 and S2 fragments 
[shown on the figure as bending of the S1 fragment] and b / energetic interaction [understood as adopting an energetically more durable 
structure] on the surrounding microdomains [rafts]- /marked with green/, which is transferred to the main priming TMPRSS2 enzyme 
[marked with dark gray-purple]; there was no such an interaction in stage A 

Step C: The spatial structure of TMPRSS2 is then changed so that it binds the viral spike fragment S1 and a proteolytic cleavage occurs 
between S1 and S2 and the S1 fragment breaks off. This induces further changes in the spatial structure of rafts, TMPRSS2 and ACE2.

{ According to Duzgunes and Konopka[109 X ]the insertion of the fusion peptide into the host cell membrane leads  to the conforma-
tional change of the now separate S2 domain of S, resulting in the formation of the 6-helix bundle and the close approach of the two mem-
branes. The hydrophobic interactions between the fusion peptide and the transmembrane domains of the S protein leads to membrane 
destabilization and fusion}.
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 Step D: Elements of the cell membrane, in fact belonging to the functional receptor, namely the corresponding raft /s [microdomains] 
move towards the virus [its spike element S2, but right next to the lipid envelope]. The structural-functional linkage of rafts with TMPRSS2 
and thus with ACE2 disappears. It is possible that the interaction with glycans from the spine surface of the virus plays a role at this stage 
and in the preceding stages[109B ].

 Step  E: The virus lipid envelope breaks as a result of fusion with rafts [lipid-lipid interactions] - a virion, hence viral RNA, protrudes 
into the envelope; the fragments of the viral lipid envelope[marked b;ack] henceforth become elements of the cell membrane. 

Step F: The RNA of the virion slides through the lipid layer of the cell membrane towards the cytoplasm [alternatively endosomal tu-
bule lumen]. Possibly a lipid-RNA interaction takes place here due to weak bonds of sphingosine, lecithin and cholesterol residues with 
purine and pyrimidine bases of RNA [as if the lipid  raft domain plays the role of RNA carrier];some proteins being  integral parts of rafts 
[ 78A] might also play important role in this and earlier steps.

Step G: The cell membrane closes, the viral RNA is in the cytosol [and / or endosomes- marked vertical dotted lines], TMPRSS2 and 
membrane ACE2 move via rafts to the surface [extracellular space light]. However, most likely it will not come back to step A, at most 
membrane ACE2 will be able to bind angiotensin 1-9 and possibly amino acids, but rather not virus anymore.

1. If there are nonfunctional receptors of SARS CoV-2 : the spatial structure of the extracellular [transmembrane] domain of ACE2 
may be so altered [as a result of the expression of certain polymorphisms] that the RBD binding of the viral spine is completely 
absent and stage A is not achieved at all [this does not, however, interfere with the binding and hydrolysis of angiotensin 1-9]. 

2. tep A takes place, but due to: mutation/s in TMPRSS2 [possibly also furin] they do not bind to the spike of the virus or / and  
such a change in the local raft domain structure that it is not able to transfer interactions from ACE2 to TMPRSS2; then there 
is no stage B, and thus stage C

3. Inadequate structure of rafts [including their proteins as a result of mutation/s of their genes] may also exclude / make it 
extremely difficult to bind the lipid envelope of the virus with the lipid structure of the cell membrane within the potentially 
functional receptor - and it doesn’t come to stage D, so I E and F 

4. When the whole virion enters the endosomes, the deficit [mutation] of cathepsin L may hinder the release of the virus, or rather 
its RNA. It is also possible that a functional membrane receptor SARSCoV-2 must contain neuropilin-1 [NRF-1] [94A,94B], 
especially in some cells [first  those completely devoid of membrane ACE2, such as astrocytes [ 109 C]].

Bibliography

1. Yan R., et al. “Structural basis for the recognition of SARS-CoV-2 by full-length human ACE2”. Science 367.6485 (2020): 1444-1448. 

2. Kabbani N and Olds JL. “Does COVID19 infect the brain? If so, smokers might be at a higher risk”. Molecular Pharmacology (2020).

3. Anguiano L., et al. “Circulating angiotensin-converting enzyme 2 activity in patients with chronic kidney disease without previous 
history of cardiovascular disease”. Nephrology Dialysis Transplantation 30.7 (2015): 1176-1185. 

4. Batlle D., et al. “Soluble angiotensin-converting enzyme 2: a potential approach for coronavirus infection therapy?” Clinical Science 
134.5 (2020): 543-545. 

5. Prajapat M., et al. “Drug targets for corona virus: A systematic review”. Indian Journal of Pharmacology 52.1 (2020): 56-65. 

6. Cheorl-Ho Kim. “SARS-CoV-2 Evolutionary Adaptation toward Host Entry and Recognition of Receptor O-Acetyl Sialylation in Virus–
Host Interaction”. International Journal of Molecular Sciences 21.12 (2020): 4549. 

https://science.sciencemag.org/content/367/6485/1444
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7237865/
https://academic.oup.com/ndt/article/30/7/1176/2324864
https://academic.oup.com/ndt/article/30/7/1176/2324864
https://pubmed.ncbi.nlm.nih.gov/32167153/
https://pubmed.ncbi.nlm.nih.gov/32167153/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7074424/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7352545/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7352545/


Citation: Wojciech Antoni Turski. “Hypotheses on Need of Functional Receptor System for SARSCoV-2, Not Just ACE2, for Infectivity and 
on Binding of SARSCoV-2 in Blood Mainly with Serum ACE2”. EC Microbiology 17.11 (2021): 30-51.

Hypotheses on Need of Functional Receptor System for SARSCoV-2, Not Just ACE2, for Infectivity and on Binding of SARSCoV-2 in 
Blood Mainly with Serum ACE2

45

7. Gooz M. “ADAM-17: The Enzyme That Does It All”. Critical Reviews in Biochemistry and Molecular Biology 45.2 (2010): 146-169.

8. Lambert DW., et al. “Tumor necrosis factor-alpha convertase (ADAM17) mediates regulated ectodomain shedding of the severe-
acute respiratory syndrome-coronavirus (SARS-CoV) receptor, angiotensin-converting enzyme-2 (ACE2)”. Journal of Biological 
Chemistry 280.34 (2005): 301139. 

9. Patel VB., et al. “Angiotensin II induced proteolytic cleavage of myocardial ACE2 is mediated by TACE/ADAM-17: a positive feedback 
mechanism in the RAS”. Journal of Molecular and Cellular Cardiology 66 (2014): 16-76. 

10. Sommer A., et al. “Phosphatidylserine exposure is required for ADAM17 sheddase function”. Nature Communications (2016): 7. 

11. Murphy G. “Regulation of the proteolytic disintegrin metalloproteinases, the ‘Sheddases”. Seminars in Cell and Developmental Biology 
20 (2009): 138-145. 

12. Palau V., et al. “ADAM17 inhibition may exert a protective effect on COVID-19”. Nephrology Dialysis Transplantation (2020): gfaa093. 

13. Xiao L., et al. “ACE2: The key Molecule for Understanding the Pathophysiology of Severe and Critical Conditions of COVID-19: Demon 
or Angel?” Viruses 12 (2020): 491.

14. Lew RA., et al. “Characterization of Angiotensin Converting Angiotensin-converting enzyme 2 catalytic activity in human plasma is 
masked by an endogenous inhibitor”. Experimental Physiology 93.5 (2008): 685-693. 

15. Jia HP., et al. “Ectodomain shedding of angiotensin converting enzyme 2 in human airway epithelia”. The American Journal of Physiol-
ogy - Lung Cellular and Molecular Physiology 297.1 (2009): L84-96. 

16. Bennion DM., et al. “Serum activity of angiotensin converting enzyme 2 is decreased in patients with acute ischemic stroke”. Journal 
of the Renin-Angiotensin-Aldosterone System 17.3 (2016): 1470320316661060. 

17. Andrews NW., et al. “Above the fray: Surface remodeling by secreted lysosomal enzymes leads to endocytosis-mediated plasma mem-
brane repair”. Seminars in Cell and Developmental Biology 45 (2015): 10-17. 

18. Xiao F., et al. “Protein Kinase C-δ Mediates Shedding of Angiotensin-Converting Enzyme 2 from Proximal Tubular Cells”. Frontiers in 
Pharmacology 7 (2016): 146. 

19. Pedersen KB., et al. “Dynamics of ADAM17-Mediated Shedding of ACE2 Applied to Pancreatic Islets of Male db/db Mice 156.12 
(2015): 4411-4425. 

20. Roca-Ho H., et al. “Characterization of ACE and ACE2 Expression within Different Organs of the NOD Mouse”. International Journal of 
Molecular Sciences 18.3 (2017): E563.

21. Braz NFT., et al. “Renin-angiotensin system molecules are associated with subclinical atherosclerosis and disease activity in rheuma-
toid arthritis”. Modern Rheumatology (2020): 1-8. 

22. Keidar S., et al. “ACE2 of the heart: From angiotensin I to angiotensin (1-7)”. Cardiovascular Research 73.3 (2007): 463-469. 

23. Turner AJ. “Chapter 25 : ACE2 Cell Biology, Regulation, and Physiological Functions in Unger T, Ulrike M, Steckelings UM, dos Santos 
RA (eds.). The Protective Arm of the Renin Angiotensin System (RAS): Functional Aspects and Therapeutic Implications.2015”. Aca-
demic Press (2015): 185-189. 

24. Sama IE., et al. “Circulating plasma concentrations of angiotensin-converting enzyme 2 in men and women with heart failure and 
effects of renin–angiotensin–aldosterone inhibitors”. European Heart Journal 19 (2020): 1810-1817. 

25. Hoffmann M., et al. “SARS-CoV-2 Cell Entry Depends on ACE2 and TMPRSS2 and Is Blocked by a Clinically Proven Protease Inhibitor”. 
Cell (2020): S0092867420302294.

https://www.tandfonline.com/doi/abs/10.3109/10409231003628015?journalCode=ibmg20
https://pubmed.ncbi.nlm.nih.gov/15983030/
https://pubmed.ncbi.nlm.nih.gov/15983030/
https://pubmed.ncbi.nlm.nih.gov/15983030/
https://pubmed.ncbi.nlm.nih.gov/24332999/
https://pubmed.ncbi.nlm.nih.gov/24332999/
https://pubmed.ncbi.nlm.nih.gov/27161080/
https://www.sciencedirect.com/science/article/abs/pii/S1084952108000840
https://www.sciencedirect.com/science/article/abs/pii/S1084952108000840
https://pubmed.ncbi.nlm.nih.gov/32291449/
https://pubmed.ncbi.nlm.nih.gov/32354022/
https://pubmed.ncbi.nlm.nih.gov/32354022/
https://pubmed.ncbi.nlm.nih.gov/18223027/
https://pubmed.ncbi.nlm.nih.gov/18223027/
https://pubmed.ncbi.nlm.nih.gov/19411314/
https://pubmed.ncbi.nlm.nih.gov/19411314/
https://www.researchgate.net/publication/305816454_Serum_activity_of_angiotensin_converting_enzyme_2_is_decreased_in_patients_with_acute_ischemic_stroke
https://www.researchgate.net/publication/305816454_Serum_activity_of_angiotensin_converting_enzyme_2_is_decreased_in_patients_with_acute_ischemic_stroke
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4679444/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4679444/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4887483/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4887483/
https://pubmed.ncbi.nlm.nih.gov/26441236/
https://pubmed.ncbi.nlm.nih.gov/26441236/
https://pubmed.ncbi.nlm.nih.gov/28273875/
https://pubmed.ncbi.nlm.nih.gov/28273875/
https://www.tandfonline.com/doi/abs/10.1080/14397595.2020.1740418?journalCode=imor20
https://www.tandfonline.com/doi/abs/10.1080/14397595.2020.1740418?journalCode=imor20
https://pubmed.ncbi.nlm.nih.gov/17049503/
https://pubmed.ncbi.nlm.nih.gov/32388565/
https://pubmed.ncbi.nlm.nih.gov/32388565/
https://pubmed.ncbi.nlm.nih.gov/32142651/
https://pubmed.ncbi.nlm.nih.gov/32142651/


Citation: Wojciech Antoni Turski. “Hypotheses on Need of Functional Receptor System for SARSCoV-2, Not Just ACE2, for Infectivity and 
on Binding of SARSCoV-2 in Blood Mainly with Serum ACE2”. EC Microbiology 17.11 (2021): 30-51.

Hypotheses on Need of Functional Receptor System for SARSCoV-2, Not Just ACE2, for Infectivity and on Binding of SARSCoV-2 in 
Blood Mainly with Serum ACE2

46

26. Zhang J., et al. “Current status of potential therapeutic candidates for the COVID-19 crisis”. Brain, Behavior, and Immunity (2020).

27. Lei C., et al. “Potent neutralization of 2019 novel coronavirus by recombinant ACE2-Ig”. Bio Rxiv (2020).

28. Liu P., et al. “Novel ACE2-Fc chimeric fusion provides long-lasting hypertension control and organ protection in mouse models of 
systemic renin angiotensin system activation”. Kidney International 94.1 (2018): 114. 

29. Schultze B., et al. “The S protein of bovine coronavirus is a hemagglutinin recognizing 9-O-acetylated sialic acid as a receptor deter-
minant”. Journal of Virology 65.11 (1991): 6232-6237.

30. Zhao X., et al. “Inhibition of Endoplasmic Reticulum-Resident Glucosidases Impairs Severe Acute Respiratory Syndrome Corona-
virus and Human Coronavirus NL63 Spike Protein-Mediated Entry by Altering the Glycan Processing of Angiotensin I-Converting 
Enzyme”. Antimicrobial Agents and Chemotherapy 59.1 (2015): 206-216.

31. Cavezzi A and Troiani E. “2 and Corrao S,COVID-19: hemoglobin, iron, and hypoxia beyond inflammation. A narrative review”. Clinical 
Practice 10.2 (2020): 1271.

32. Su H., et al. “Renal histopathological analysis of 26 postmortem findings of patients with COVID-19 in China”. Kidney International 
98.1 (2020): 219-227.

33. Aguiar JA., et al. “Gene expression and in situ protein profiling of candidate SARS-CoV-2 receptors in human airway epithelial cells 
and lung tissue”. European Respiratory Journal (2020). 

34. Heurich A., et al. “TMPRSS2 and ADAM17 cleave ACE2 differentially and only proteolysis by TMPRSS2 augments entry driven by the 
severe acute respiratory syndrome coronavirus spike protein”. Journal of Virology 88.2 (2014): 1293-1307. 

35. Hamming I., et al. “Tissue distribution of ACE2 protein, the functional receptor for SARS coronavirus. A first step in understanding 
SARS pathogenesis”. The Journal of Pathology 203.2 (2004): 631-637.

36. Zou X., et al. “Single-cell RNA-seq data analysis on the receptor ACE2 expression reveals the potential risk of different human organs 
vulnerable to 2019-nCoV infection”. Frontiers in Medicine 12 (2020): 1-8.

37. Hikmet F., et al. “The protein expression profile of ACE2 in human tissues”. Molecular Systems Biology 16.7 (2020): e9610.

38. Meng-Yuan Li., et al. “Expression of the SARS-CoV-2 cell receptor gene ACE2 in a wide variety of human tissues,Infectious Diseases 
of Poverty 9, Article number: 45 (2020).

39. Chris Baraniuk. “Receptors for SARS-CoV-2 Present in Wide Variety of Human Cells. Analyses from single-cell sequencing datasets 
support the idea that COVID-19 is not just a respiratory disease but an illness that can affect multiple organs”. The Scientist (2020).

40. Vuille-Dit-Bille RN., et al. “SARS-CoV-2 receptor ACE2 gene expression in small intestine correlates with age”. Amino Acids 52.6-7 
(2020): 1063-1065. 

41. Sama IE and Voors AA. “Men more vulnerable to COVID-19: explained by ACE2 on the X chromosome?” European Heart Journal 
(2020).

42. Serfozo P., et al. “Ang II (Angiotensin II) Conversion to Angiotensin-(1-7) in the Circulation Is POP (Prolyloligopeptidase)-Dependent 
and ACE2 (Angiotensin-Converting Enzyme 2)-Independent”. Hypertension 75.1 (2020): 173-182. 

43. Vuille-dit-Bille RN., et al. “Human intestine luminal ACE2 and amino acid transporter expression increased by ACE-inhibitors”. Amino 
Acids 47.4 (2015): 693-705. 

44. Skarstein Kolberg E. “ACE2, COVID19 and serum ACE as a possible biomarker to predict severity of disease”. Journal of Clinical Virol-
ogy 126 (2020): 104350. 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7175848/
https://www.biorxiv.org/content/10.1101/2020.02.01.929976v1
https://pubmed.ncbi.nlm.nih.gov/29691064/
https://pubmed.ncbi.nlm.nih.gov/29691064/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC250319/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC250319/
https://pubmed.ncbi.nlm.nih.gov/25348530/
https://pubmed.ncbi.nlm.nih.gov/25348530/
https://pubmed.ncbi.nlm.nih.gov/25348530/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7267810/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7267810/
https://pubmed.ncbi.nlm.nih.gov/32327202/
https://pubmed.ncbi.nlm.nih.gov/32327202/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7366180/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7366180/
https://pubmed.ncbi.nlm.nih.gov/24227843/
https://pubmed.ncbi.nlm.nih.gov/24227843/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7167720/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7167720/
https://pubmed.ncbi.nlm.nih.gov/32170560/
https://pubmed.ncbi.nlm.nih.gov/32170560/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7383091/
https://idpjournal.biomedcentral.com/articles/10.1186/s40249-020-00662-x
https://idpjournal.biomedcentral.com/articles/10.1186/s40249-020-00662-x
https://www.ncbi.nlm.nih.gov/search/research-news/9566/
https://www.ncbi.nlm.nih.gov/search/research-news/9566/
https://assets.researchsquare.com/files/rs-30376/v1/73cb81a8-c0f8-4d02-b02d-6134ed265bc9.pdf
https://assets.researchsquare.com/files/rs-30376/v1/73cb81a8-c0f8-4d02-b02d-6134ed265bc9.pdf
https://academic.oup.com/eurheartj/article/41/32/3096/5861742
https://academic.oup.com/eurheartj/article/41/32/3096/5861742
https://www.ahajournals.org/doi/10.1161/HYPERTENSIONAHA.119.14071
https://www.ahajournals.org/doi/10.1161/HYPERTENSIONAHA.119.14071
https://pubmed.ncbi.nlm.nih.gov/25534429/
https://pubmed.ncbi.nlm.nih.gov/25534429/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7129721/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7129721/


Citation: Wojciech Antoni Turski. “Hypotheses on Need of Functional Receptor System for SARSCoV-2, Not Just ACE2, for Infectivity and 
on Binding of SARSCoV-2 in Blood Mainly with Serum ACE2”. EC Microbiology 17.11 (2021): 30-51.

Hypotheses on Need of Functional Receptor System for SARSCoV-2, Not Just ACE2, for Infectivity and on Binding of SARSCoV-2 in 
Blood Mainly with Serum ACE2

47

45. Domingo P., et al. “The four horsemen of a viral Apocalypse: The pathogenesis of SARS-CoV-2 infection (COVID-19)”. EBio Medicine 
58 (2020): 102887.

46. Kuba K., et al. “Trilogy of ACE2: A peptidase in the renin–angiotensin system, a SARS receptor, and a partner for amino acid trans-
porters”. Pharmacology and Therapeutics 128.1 (2010): 119-128.

47. Dimitrov DS. “The Secret Life of ACE2 as a Receptor for the SARS Virus”. Cell 115.6 (2003): 652-653. 

48. Gracia-Ramos AE. “Is the ACE2 Overexpression a Risk Factor for COVID-19 Infection?”. Archives of Medical Research 51.4 (2020): 
345-346.

49. Verdecchia P., et al. “The pivotal link between ACE2 deficiency and SARS-CoV-2 infection”. European Journal of Internal Medicine 76 
(2020): 14-20.

50. Wu J., et al. “Advances in research on ACE2 as a receptor for 2019-nCoV”. Cellular and Molecular Life Sciences 11 (2020): 1-14.

51. Bertram A., et al. “Circulating ADAM17 Level Reflects Disease Activity in Proteinase-3 ANCA-Associated Vasculitis JASN 26.11 (2015): 
2860-2870. 

52. Scharfenberg, F., et al. “Degradome of soluble ADAM10 and ADAM17 metalloproteases”. Cellular and Molecular Life Sciences 77 
(2020): 331-350. 

53. Lorenzen I., et al. “Control of ADAM17 activity by regulation of its cellular localisation”. Scientific Reports 6 (2016): 35067. 

54. Fagyas M., et al. “Level of the SARS-CoV-2 receptor ACE2 is highly elevated in old-aged patients with aortic stenosis: implications for 
ACE2 as a biomarker for the severity of COVID-19 (2020).

55. Su RC., et al. “Epigenetic control of IRF1 responses in HIV-exposed seronegative versus HIV-susceptible individuals”. Blood 117.9 
(2011): 2649-2657. 

56. Kui K Chan KK., et al. “Engineering human ACE2 to optimize binding to the spike protein of SARS coronavirus”. Science 369.6508 
(2020): 1261-1265. 

57. Rabelo LA and Bader M. “Animal Models with a Genetic Alteration of the ACE2/Ang-(1-7)/Mas Axis in The Protective Arm of the Renin 
Angiotensin System (RAS) (2015).

58. Inoue Y., et al. “Clathrin-Dependent Entry of Severe Acute Respiratory Syndrome Coronavirus into Target Cells Expressing ACE2 with 
the Cytoplasmic Tail Deleted”. Journal of Virology 81.16 (2007): 8722-8729. 

59. Yan R., et al. “Structural basis for the recognition of SARS-CoV-2 by full-length human ACE2”. Science 367.6485 (2020): 1444-1448. 

60. Belouzard S., et al. “Elastase-mediated Activation of the Severe Acute Respiratory Syndrome Coronavirus Spike Protein at Discrete 
Sites within the S2 Domain”. Journal of Biological Chemistry 285.30 (2010): 22758-22763.

61. Hasan A., et al. “A review on the cleavage priming of the spike protein on coronavirus by angiotensin-converting enzyme-2 and furin”. 
Journal of Biomolecular Structure and Dynamics (2020): 1-13. 

62. Glowacka I., et al. “Evidence that TMPRSS2 activates the severe acute respiratory syndrome coronavirus spike protein for membrane 
fusion and reduces viral control by the humoral immune response”. Journal of Virology 85.9 (2011): 4122-4134. 

63. Pászti-Gere E., et al. “In vitro characterization of TMPRSS2 inhibition in IPEC-J2 cells”. Journal of Enzyme Inhibition and Medicinal 
Chemistry 31.2 (2016): 123-129.  

64. Lukassen S., et al. “SARS-CoV-2 receptor ACE2 and TMPRSS2 are primarily expressed in bronchial transient secretory cells”. The 
EMBO Journal (2020): e105114. 

https://www.thelancet.com/journals/ebiom/article/PIIS2352-3964(20)30262-0/fulltext
https://www.thelancet.com/journals/ebiom/article/PIIS2352-3964(20)30262-0/fulltext
https://www.sciencedirect.com/science/article/abs/pii/S0163725810001415
https://www.sciencedirect.com/science/article/abs/pii/S0163725810001415
https://pubmed.ncbi.nlm.nih.gov/14675530/
https://pubmed.ncbi.nlm.nih.gov/32279908/
https://pubmed.ncbi.nlm.nih.gov/32279908/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7167588/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7167588/
https://pubmed.ncbi.nlm.nih.gov/32780149/
https://jasn.asnjournals.org/content/26/11/2860
https://jasn.asnjournals.org/content/26/11/2860
https://www.researchgate.net/publication/333831689_Degradome_of_soluble_ADAM10_and_ADAM17_metalloproteases
https://www.researchgate.net/publication/333831689_Degradome_of_soluble_ADAM10_and_ADAM17_metalloproteases
https://www.researchgate.net/publication/310628725_Erratum_Control_of_ADAM17_activity_by_regulation_of_its_cellular_localisation
https://pubmed.ncbi.nlm.nih.gov/33469835/
https://pubmed.ncbi.nlm.nih.gov/33469835/
https://pubmed.ncbi.nlm.nih.gov/21200019/
https://pubmed.ncbi.nlm.nih.gov/21200019/
https://pubmed.ncbi.nlm.nih.gov/32753553/
https://pubmed.ncbi.nlm.nih.gov/32753553/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7150279/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7150279/
https://pubmed.ncbi.nlm.nih.gov/17522231/
https://pubmed.ncbi.nlm.nih.gov/17522231/
https://science.sciencemag.org/content/367/6485/1444
https://pubmed.ncbi.nlm.nih.gov/20507992/
https://pubmed.ncbi.nlm.nih.gov/20507992/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7189411/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7189411/
https://jvi.asm.org/content/85/9/4122
https://jvi.asm.org/content/85/9/4122
https://www.tandfonline.com/doi/full/10.1080/14756366.2016.1193732
https://www.tandfonline.com/doi/full/10.1080/14756366.2016.1193732
https://pubmed.ncbi.nlm.nih.gov/32246845/
https://pubmed.ncbi.nlm.nih.gov/32246845/


Citation: Wojciech Antoni Turski. “Hypotheses on Need of Functional Receptor System for SARSCoV-2, Not Just ACE2, for Infectivity and 
on Binding of SARSCoV-2 in Blood Mainly with Serum ACE2”. EC Microbiology 17.11 (2021): 30-51.

Hypotheses on Need of Functional Receptor System for SARSCoV-2, Not Just ACE2, for Infectivity and on Binding of SARSCoV-2 in 
Blood Mainly with Serum ACE2

48

65. Liu M., et al. “Inhibition of SARS-CoV-2 (previously 2019-nCoV) infection by a highly potent pan-coronavirus fusion inhibitor target-
ing its spike protein that harbors a high capacity to mediate membrane fusion”. Cell Research 30.4 (2020): 343-355. 

66. Robinson EL., et al. “Genes encoding ACE2, TMPRSS2 and related proteins mediating SARS-CoV-2 viral entry are upregulated with 
age in human cardiomyocytes”. Journal of Molecular and Cellular Cardiology 147 (2020): 88-91. 

67. Kominami E., et al. “Biosynthesis and processing of lysosomal cysteine proteases in rat macrophages”. FEBS Letters 231 (1998): 
225-228.

68. Farhat D., et al. “Lipoic acid decreases breast cancer cell proliferation by inhibiting IGF-1R via furin downregulation”. British Journal 
of Cancer 122.6 (2020): 885-894. 

69. Tian S., et al. “Pulmonary Pathology of Early-Phase 2019 Novel Coronavirus (COVID-19) Pneumonia in Two Patients With Lung Can-
cer”. Journal of Thoracic Oncology 15.5 (2020): 700-704. 

70. Walls AC., et al. “Structure, Function, and Antigenicity of the SARS-CoV-2 Spike Glycoprotein”. Cell 181.2 (2020): 281-292. 

71. Qian Z., et al. “Role of the spike glycoprotein of human Middle East respiratory syndrome coronavirus (MERS-CoV) in virus entry and 
syncytia formation”. PLoS One 8.10 (2013): e76469. 

72. Belen-Apak FB and Sarialioglu F. “The old but new: Can unfractioned heparin and low molecular weight heparins inhibit proteolytic 
activation and cellular internalization of SARS-CoV2 by inhibition of host cell proteases?”. Medical Hypotheses 142 (2020): 109743. 

73. Ortiz Bezara ME., et al. “Heterogeneous expression of the SARS-Coronavirus-2 receptor ACE2 in the human respiratory tract,Version 
3. bioRxiv. Preprint”. NaN NaN (2020).

74. Huang CC., et al. “Androgen-Induced TMPRSS2 Activates Matriptase and Promotes Extracellular Matrix Degradation, Prostate Cancer 
Cell Invasion, Tumor Growth, and Metastasis”. Cancer Research 14 (2015): 2949-2960. 

75. Wang H., et al. “SARS coronavirus entry into host cells through a novel clathrin- and caveolae-independent endocytic pathway”. Cell 
Research 18.2 (2008): 290-301.

76. Wang H., et al. “The role of high cholesterol in age-related COVID19 lethality., Version 4. bioRxiv. Preprint”. NaN NaN (2020).

77. Jung-Eun Park and GallagherT. “Lipidation increases antiviral activities of coronavirus fusion-inhibiting peptides”. Virology 511 
(2017): 9-18. 

78. Tang T., et al. “Coronavirus membrane fusion mechanism offers a potential target for antiviral development”. Antiviral Research 178 
(2020): 104792. 

79. Millet JK and Whittaker GR. “Physiological and molecular triggers for SARS-CoV membrane fusion and entry into host cells”. Virology 
517 (2018): 3-8. 

80. Ciaglia E., et al. “COVID-19 Infection and Circulating ACE2 Levels: Protective Role in Women and Children”. Opinion ARTICLE, Fron-
tiers in Pediatrics (2020). 

81. Lyu J., et al. “Reflection on lower rates of COVID-19 in children: Does childhood immunizations offer unexpected protection?”. Medi-
cal Hypotheses 143 (2020): 109842. 

82. Li Y., et al. “Physiological and pathological regulation of ACE2, the SARS-CoV-2 receptor”. Pharmacological Research 157 (2020): 
104833. 

83. Lechien JR., et al. “ACE2 and TMPRSS2 Expressions in Head and Neck Tissues: A Systematic Review”. Head and Neck Pathology 20 
(2020): 1-11. 

https://pubmed.ncbi.nlm.nih.gov/32231345/
https://pubmed.ncbi.nlm.nih.gov/32231345/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7431326/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7431326/
https://pubmed.ncbi.nlm.nih.gov/3360126/
https://pubmed.ncbi.nlm.nih.gov/3360126/
https://www.x-mol.com/paper/1222771848395116544
https://www.x-mol.com/paper/1222771848395116544
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7128866/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7128866/
https://www.sciencedirect.com/science/article/pii/S0092867420302622
https://pubmed.ncbi.nlm.nih.gov/24098509/
https://pubmed.ncbi.nlm.nih.gov/24098509/
https://pubmed.ncbi.nlm.nih.gov/32335456/
https://pubmed.ncbi.nlm.nih.gov/32335456/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7302220/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7302220/
https://pubmed.ncbi.nlm.nih.gov/26018085/
https://pubmed.ncbi.nlm.nih.gov/26018085/
https://www.nature.com/articles/cr200815
https://www.nature.com/articles/cr200815
https://pubmed.ncbi.nlm.nih.gov/32511366/
https://www.sciencedirect.com/science/article/pii/S0042682217302520
https://www.sciencedirect.com/science/article/pii/S0042682217302520
https://www.sciencedirect.com/science/article/abs/pii/S0166354220302060
https://www.sciencedirect.com/science/article/abs/pii/S0166354220302060
https://www.sciencedirect.com/science/article/pii/S0042682217304208
https://www.sciencedirect.com/science/article/pii/S0042682217304208
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7192005/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7192005/
https://www.sciencedirect.com/science/article/abs/pii/S0306987720305090
https://www.sciencedirect.com/science/article/abs/pii/S0306987720305090
https://www.unboundmedicine.com/medline/citation/32302706/Physiological_and_pathological_regulation_of_ACE2,_the_SARS-CoV-2_receptor.
https://www.unboundmedicine.com/medline/citation/32302706/Physiological_and_pathological_regulation_of_ACE2,_the_SARS-CoV-2_receptor.
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7439628/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7439628/


Citation: Wojciech Antoni Turski. “Hypotheses on Need of Functional Receptor System for SARSCoV-2, Not Just ACE2, for Infectivity and 
on Binding of SARSCoV-2 in Blood Mainly with Serum ACE2”. EC Microbiology 17.11 (2021): 30-51.

Hypotheses on Need of Functional Receptor System for SARSCoV-2, Not Just ACE2, for Infectivity and on Binding of SARSCoV-2 in 
Blood Mainly with Serum ACE2

49

84. Xie X., et al. “Age- and gender-related difference of ACE2 expression in rat lung”. Life Sciences 78.19 (2006): 2166-2171. 

85. Schuler BA., et al. “Age-determined expression of priming protease TMPRSS2 and localization of SARS-CoV-2 infection in the lung 
epithelium”. Bio Rxiv (2020). 

86. Fernández-Atucha A., et al. “Sex differences in the aging pattern of renin–angiotensin system serum peptidases”. Biology Sex Differ-
ences 8 (2017): 5. 

87. Li Y., et al. “Physiological and pathological regulation of ACE2, the SARS-CoV-2 receptor”. Pharmacological Research 157 (2020): 
104833. 

88. Dong Y., et al. “Epidemiology of COVID-19 among children in China”. Pediatrics (2020).

89. Stawiski EW., et al. “Human ACE2 receptor polymorphisms predict SARS-CoV-2 susceptibility”. Bio Rxiv (2020).

90. Sieńko J., et al. “COVID-19: The Influence of ACE Genotype and ACE-I and ARBs on the Course of SARS-CoV-2 Infection in Elderly 
Patients”. Clinical Interventions in Aging 15 (2020): 1231-1240.

91. Devaux CA., et al. “ACE2 receptor polymorphism: Susceptibility to SARS-CoV-2, hypertension, multi-organ failure, and COVID-19 
disease outcome”. Journal of Microbiology, Immunology and Infection 53.3 (2020): 425-435. 

92. Li L., et al. “Comparative genetic analysis of the novel coronavirus (2019-nCoV/SARS-CoV-2) receptor ACE2 in different populations”. 
Cell Discovery 6 (2020): 11. 

93. Vargas-Alarcón G., et al. “Variability in genes related to SARS-CoV-2 entry into host cells (ACE2, TMPRSS2, TMPRSS11A, ELANE, and 
CTSL) and its potential use in association studies [published online ahead of print, 2020 Aug 21]”. Life Sciences 260 (2020): 118313. 

94. Benetti E., et al. “ACE2 gene variants may underlie interindividual variability and susceptibility to COVID-19 in the Italian popula-
tion”. European Journal of Human Genetics (2020). 

95. Clarke NE., et al. “Epigenetic regulation of angiotensin-converting enzyme 2 (ACE2) by SIRT1 under conditions of cell energy stress”. 
Clinical Science 126.7 (2014): 507-516. 

96. Mueller AL., et al. “Why does COVID-19 disproportionately affect older people?”. Aging 12.10 (2020): 9959-9981. 

97. Wan HF., et al. “Nicotinamide induces liver regeneration and improves liver function by activating SIRT1”. Molecular Medicine Reports 
19.1 (2019): 555-562. 

98. Li YR., et al. “Effect of resveratrol and pterostilbene on aging and longevity”. Biofactors 44.1 (2018): 69-82. 

99. Miller R., et al. “COVID-19: NAD+ deficiency may predispose the aged, obese and type2 diabetics to mortality through its effect on 
SIRT1 activity”. Medical Hypotheses 144 (2020): 110044.

100. Haga S., et al. “Modulation of TNF-α-converting enzyme by the spike protein of SARS-CoV and ACE2 induces TNF-α production and 
facilitates viral entry”. Proceedings of the National Academy of Sciences of the United States of America 105.22 (2008): 7809-7814.

101. Lambert DW., et al. “Calmodulin interacts with angiotensin-converting enzyme-2 (ACE2) and inhibits shedding of its ectodomain”. 
FEBS Letters 582.2 (2008): 385-390.

102. Biesalski HK. “Vitamin D deficiency and co-morbidities in COVID-19 patients – A fatal relationship?” The NFS Journal 20 (2020): 
10-21.

103. Paizis G., et al. “Chronic liver injury in rats and humans upregulates the novel enzyme angiotensin converting enzyme”. Gut 54.12 
(2005): 1790-1796.

https://pubmed.ncbi.nlm.nih.gov/16303146/
https://pubmed.ncbi.nlm.nih.gov/33180746/
https://pubmed.ncbi.nlm.nih.gov/33180746/
https://pubmed.ncbi.nlm.nih.gov/28174624/
https://pubmed.ncbi.nlm.nih.gov/28174624/
https://www.unboundmedicine.com/medline/citation/32302706/Physiological_and_pathological_regulation_of_ACE2,_the_SARS-CoV-2_receptor.
https://www.unboundmedicine.com/medline/citation/32302706/Physiological_and_pathological_regulation_of_ACE2,_the_SARS-CoV-2_receptor.
https://pubmed.ncbi.nlm.nih.gov/32179660/
https://www.biorxiv.org/content/10.1101/2020.04.07.024752v1
https://pubmed.ncbi.nlm.nih.gov/32764907/
https://pubmed.ncbi.nlm.nih.gov/32764907/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7201239/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7201239/
https://pubmed.ncbi.nlm.nih.gov/32133153/
https://pubmed.ncbi.nlm.nih.gov/32133153/
https://pubmed.ncbi.nlm.nih.gov/32835700/
https://pubmed.ncbi.nlm.nih.gov/32835700/
https://www.nature.com/articles/s41431-020-0691-z
https://www.nature.com/articles/s41431-020-0691-z
https://pubmed.ncbi.nlm.nih.gov/24147777/
https://pubmed.ncbi.nlm.nih.gov/24147777/
https://pubmed.ncbi.nlm.nih.gov/32470948/
https://www.spandidos-publications.com/10.3892/mmr.2018.9688
https://www.spandidos-publications.com/10.3892/mmr.2018.9688
https://pubmed.ncbi.nlm.nih.gov/29210129/
https://pubmed.ncbi.nlm.nih.gov/32758884/
https://pubmed.ncbi.nlm.nih.gov/32758884/
https://www.pnas.org/content/105/22/7809
https://www.pnas.org/content/105/22/7809
https://pubmed.ncbi.nlm.nih.gov/18070603/
https://pubmed.ncbi.nlm.nih.gov/18070603/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7276229/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7276229/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1774784/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1774784/


Citation: Wojciech Antoni Turski. “Hypotheses on Need of Functional Receptor System for SARSCoV-2, Not Just ACE2, for Infectivity and 
on Binding of SARSCoV-2 in Blood Mainly with Serum ACE2”. EC Microbiology 17.11 (2021): 30-51.

Hypotheses on Need of Functional Receptor System for SARSCoV-2, Not Just ACE2, for Infectivity and on Binding of SARSCoV-2 in 
Blood Mainly with Serum ACE2

50

104. Louise M Burrell., et al. “Myocardial infarction increases ACE2 expression in rat and humans”. European Heart Journal 26.4 (2005): 
369-375.

105. Samavati L and Uhal BD. “ACE2, Much More Than Just a Receptor for SARS-COV-2”. Frontiers in Cellular and Infection Microbiology 
10 (2020): 317.

106. Behl T., et al. “The dual impact of ACE2 in COVID-19 and ironical actions in geriatrics and pediatrics with possible therapeutic solu-
tions”. Life Sciences 257 (2020): 118075.

107. Hu Y., et al. “on the correlation among sex, age and the activity of ACE, ACE2 and the ratio of ACE/ACE2”. Qiqihar Medical University 
39 (2018): 884-887. 

108. Uhal BD., et al. “Cell cycle dependence of ACE-2 explains downregulation in idiopathic pulmonary fibrosis”. European Respiratory 
Journal 42 (2013): 198-210.

109. Ziegler CGK., et al. “SARS-CoV-2 Receptor ACE2 Is an Interferon-Stimulated Gene in Human Airway Epithelial Cells and Is Detected 
in Specific Cell Subsets across Tissues”. Cell 181.5 (2020): 1016-1035. 

110. Chen J., et al. “Individual variation of the SARS-CoV-2 receptor ACE2 gene expression and regulation”. Aging Cell 19.7 (2020): e13168. 

111. Wang H., et al. “The role of high cholesterol in age-related COVID19 lethality”. Preprint. Bio Rxiv (2020). 

112. Hartl D., et al. “A rare loss-of-function variant of ADAM17 is associated with late-onset familial Alzheimer disease”. Molecular Psy-
chiatry 25.3 (2020): 629-639. 

113. Morancho B., et al. “Role of ADAM17 in the non-cell autonomous effects of oncogene-induced senescence”. Breast Cancer Research 
17.1 (2015): 106. 

114. Chen CD., et al. “Insulin stimulates the cleavage and release of the extracellular domain of Klotho by ADAM10 and ADAM17”. Proceed-
ings of the National Academy of Sciences of the United States of America 104.50 (2007): 19796-19801. 

115. Bandsma RH., et al. “Loss of ADAM17 is associated with severe multiorgan dysfunction”. Human Pathology 46.6 (2015): 923-928. 

116. Wang XJ., et al. “ADAM17 mediates hypoxia-induced drug resistance in hepatocellular carcinoma cells through activation of EGFR/
PI3K/Akt pathway”. Molecular and Cellular Biochemistry 380 (2013): 57-66. 

117. Los M., et al. “Requirement of an ICE/CED-3 protease for Fas/APO-1–mediated apoptosis”. Nature 375 (1995): 81-83. 

118. Moss ML., et al. “Drug insight: tumor necrosis factor–converting enzyme as a pharmaceutical target for rheumatoid arthritis”. Nature 
Clinical Practice Rheumatology 4 (2008): 300-309. 

119. Lorenzen I., et al. “Redox Regulation of Inflammatory Processes Is Enzymatically Controlled”. Oxidative Medicine and Cellular Longev-
ity (2017): 8459402. 

120. Abais JM., et al. “Redox regulation of NLRP3 inflammasomes: ROS as trigger or effector?” Antioxidants and Redox Signaling 22.13 
(2015): 1111-1129. 

121. Abderrazak A., et al. “NLRP3 inflammasome: from a danger signal sensor to a regulatory node of oxidative stress and inflammatory 
diseases”. Redox Biology 4 (2015): 296-307. 

122. Moss ML., et al. “Cloning of a disintegrin metalloproteinase that processes precursor tumour-necrosis factor-alpha”. Nature 385.6618 
(1997): 733-736. 

123. Chalaris A., et al. “Apoptosis is a natural stimulus of IL6R shedding and contributes to the proinflammatory trans-signaling function 
of neutrophils”. Blood 110.6 (2007): 1748-1755. 

https://pubmed.ncbi.nlm.nih.gov/15671045/
https://pubmed.ncbi.nlm.nih.gov/15671045/
https://www.frontiersin.org/articles/10.3389/fmolb.2020.588618/full
https://www.frontiersin.org/articles/10.3389/fmolb.2020.588618/full
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7347488/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7347488/
https://pubmed.ncbi.nlm.nih.gov/23100504/
https://pubmed.ncbi.nlm.nih.gov/23100504/
https://pubmed.ncbi.nlm.nih.gov/32413319/
https://pubmed.ncbi.nlm.nih.gov/32413319/
https://pubmed.ncbi.nlm.nih.gov/32558150/
https://pubmed.ncbi.nlm.nih.gov/32511366/
https://www.nature.com/articles/s41380-018-0091-8
https://www.nature.com/articles/s41380-018-0091-8
https://pubmed.ncbi.nlm.nih.gov/26260680/
https://pubmed.ncbi.nlm.nih.gov/26260680/
https://www.pnas.org/content/104/50/19796
https://www.pnas.org/content/104/50/19796
https://www.sciencedirect.com/science/article/abs/pii/S0046817715000763
https://pubmed.ncbi.nlm.nih.gov/23625205/
https://pubmed.ncbi.nlm.nih.gov/23625205/
https://www.nature.com/articles/375081a0
https://www.researchgate.net/publication/5439120_Drug_Insight_tumor_necrosis_factor-converting_enzyme_as_a_pharmaceutical_target_for_rheumatoid_arthritis
https://www.researchgate.net/publication/5439120_Drug_Insight_tumor_necrosis_factor-converting_enzyme_as_a_pharmaceutical_target_for_rheumatoid_arthritis
https://www.hindawi.com/journals/omcl/2017/8459402/fig1/
https://www.hindawi.com/journals/omcl/2017/8459402/fig1/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4403231/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4403231/
https://pubmed.ncbi.nlm.nih.gov/25625584/
https://pubmed.ncbi.nlm.nih.gov/25625584/
https://pubmed.ncbi.nlm.nih.gov/9034191/
https://pubmed.ncbi.nlm.nih.gov/9034191/
https://ashpublications.org/blood/article/110/6/1748/24184/Apoptosis-is-a-natural-stimulus-of-IL6R-shedding
https://ashpublications.org/blood/article/110/6/1748/24184/Apoptosis-is-a-natural-stimulus-of-IL6R-shedding


Citation: Wojciech Antoni Turski. “Hypotheses on Need of Functional Receptor System for SARSCoV-2, Not Just ACE2, for Infectivity and 
on Binding of SARSCoV-2 in Blood Mainly with Serum ACE2”. EC Microbiology 17.11 (2021): 30-51.

Hypotheses on Need of Functional Receptor System for SARSCoV-2, Not Just ACE2, for Infectivity and on Binding of SARSCoV-2 in 
Blood Mainly with Serum ACE2

51

Volume 17 Issue 11 November 2021
©All rights reserved by Wojciech Antoni Turski.

124. Bell JH., et al. “Role of ADAM17 in the ectodomain shedding of TNF-alpha and its receptors by neutrophils and macrophages”. Journal 
of Leukocyte Biology 82.1 (2007): 173-176. 

125. Peschon JJ., et al. “An essential role for ectodomain shedding in mammalian development”. Science 282.5392 (1998): 1281-1284. 

126. Blobel CP. “ADAMs: key components in EGFR signalling and development”. Nature Reviews Molecular Cell Biology 6.1 (2005): 32-43. 

127. Chalaris A., et al. “Critical role of the disintegrin metalloprotease ADAM17 for intestinal inflammation and regeneration in mice”. The 
Journal of Experimental Medicine 207.8 (2010): 1617-1624.

128. Nakamura H., et al. “Neutrophil elastase in respiratory epithelial lining fluid of individuals with cystic fibrosis induces interleukin-8 
gene expression in a human bronchial epithelial cell line”. The Journal of Clinical Investigation 89.5 (1992): 1478-1484. 

129. Fahy JV., et al. “Prominent neutrophilic inflammation in sputum from subjects with asthma exacerbation”. Journal of Allergy and Clini-
cal Immunology 95.4 (1995): 843-852. 

130. Shao MXG and Nadel JA. “Neutrophil elastase induces MUC5AC mucin production in human airway epithelial cells via a cascade 
involving protein kinase C, reactive oxygen species, and TNF-α-converting enzyme”. The Journal of Immunology 175.6 (2005): 4009-
4016. 

131. Shao MXG and Nadel JA. “Dual oxidase 1-dependent MUC5AC mucin expression in cultured human airway epithelial cells”. Proceed-
ings of the National Academy of Sciences of the United States of America 102.3 (2005): 767-772. 

132. Kuwahara I., et al. “The signaling pathway involved in neutrophil elastase stimulated MUC1 transcription”. American Journal of Respi-
ratory Cell and Molecular Biology 37.6 (2007): 691-698. 

133. Gelling RW., et al. “Deficiency of TNFalpha converting enzyme (TACE/ADAM17) causes a lean, hypermetabolic phenotype in mice”. 
Endocrinology 149.12 (2008): 6053-6064.

https://jlb.onlinelibrary.wiley.com/doi/pdfdirect/10.1189/jlb.0307193
https://jlb.onlinelibrary.wiley.com/doi/pdfdirect/10.1189/jlb.0307193
https://www.researchgate.net/publication/13473549_An_essential_role_for_ectodomain_shedding_in_mammalian_development
https://pubmed.ncbi.nlm.nih.gov/15688065/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2916135/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2916135/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC443018/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC443018/
https://www.sciencedirect.com/science/article/abs/pii/S0091674995701281
https://www.sciencedirect.com/science/article/abs/pii/S0091674995701281
https://www.jimmunol.org/content/175/6/4009
https://www.jimmunol.org/content/175/6/4009
https://www.jimmunol.org/content/175/6/4009
https://pubmed.ncbi.nlm.nih.gov/15640347/
https://pubmed.ncbi.nlm.nih.gov/15640347/
https://pubmed.ncbi.nlm.nih.gov/17600314/
https://pubmed.ncbi.nlm.nih.gov/17600314/
https://academic.oup.com/endo/article/149/12/6053/2455339
https://academic.oup.com/endo/article/149/12/6053/2455339

