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Off-target ACE2 ligands: Possible therapeutic option for

CoVid-19?

The rapid and extensive expansion of the new betacoronavirus SARS-
Cov-2 (CoVid-19) is responsible for several thousand deaths in a very
short time. This fast progression led the world health organization
(WHO) to classify it as a pandemic on 11 March 2020. Waiting for the
availability of new vaccines, this global emergency has triggered the
search for safe and effective pharmacological approaches for eradicat-
ing the virus, or at least reducing its effects and hindering the
contagion. Currently, great effort focuses on the repurposing of
already available drugs based on the characteristics of the virus that
have been so far defined. Thus, clinical studies are currently ongoing
to evaluate the effects on SARS-CoV-2 of known drugs showing
broad-spectrum antiviral activity. This list includes favipiravir
(plus interferon-aa  ChiCTR2000029600; plus baloxavir marboxil
ChiCTR2000029544), galidesivir ~ (NCT03800173),
remdesivir (NCT04252664 and NCT04257656), and chloroquine
(NCT04261517).%? Moreover, tocilizumab (a monoclonal antibody
anti-1L6) is under clinical trial (ChiCTR2000029765) due to positive

effects observed in coronavirus patients who showed serious lung

ribavirin,

damage and elevated levels of IL6.°

Due to the genomic similarity (82%) with the previous SARS-Cov
virus (responsible for a major pandemic at the beginning of this cen-
tury), other drug targets are also receiving attention.* Indeed, some
viral components may be potential candidates for targeted therapies
against SARS-Cov-2. Among these, two viral proteases necessary for
viral replication, the papain-like cysteine protease (PLP™) and the
chymotrypsin-like cysteine protease 3CLP™, and the non-structural
protein 15 (Nsp15) (accessory protein for virus replication) have been
proposed as potential targets.®

Both SARS-CoV and SARS-CoV-2 invade the host cell by interac-
tion between the viral glycosylated spike protein and the human
angiotensin-converting enzyme-2 (ACE2).

Then, the binding between the virus and the host ACE2 is a key
factor for initiating the viral infection. Moreover, this binding has been
proposed to cause ACE2 downregulation; the consequent ACE2 defi-
ciency and dysregulation seems to play a pathogenetic role in the pro-
gression of the overwhelming lung inflammation, observed in the
most serious cases of CoVid-19.

ACE2 is located on the surface membrane of host cells in particu-
lar on lungs, heart, and vascular endothelium and is specifically recog-
nized and bound by the viral spike protein.” Therefore, interfering
with the interaction between these two proteins may represent a use-
ful pharmacological strategy. This strategy has been already used to
fight the previous SARS-CoV infection in 2003 and lead to the

development of the ACE2 protein decoy APNO1 (Recombinant
Human ACE2; NCT00886353). APNO1 is currently under evaluation
in a Phase lll clinical trial by Apeiron Biologics for treating CoVid-19.

Herein, we wish to focus on an original pharmacological strategy,
which has never been proposed until now: the targeting of ACE2 with
“small-molecule” ligands, potentially able to induce conformational
changes of ACE2 and thus to cause a possible reduction of the
binding affinity between ACE2 and the viral spike protein. ACE2
(discovered in 2000) is an enzyme involved in the complex proteolytic
pathway of the renin-angiotensin system (RAS). In the last two
decades, ACE2 modulation has been considered as an appealing strat-
egy for cardiovascular therapies.® This led to the design of novel
chemical entities, such as—for instance—the “small-molecule” XNT, an
ACE2-activator which was evaluated in preclinical studies as a promis-
ing cardiovascular drug. Noteworthy, the binding of XNT to ACE2 was
found to abolish the protein-protein interaction between ACE2 and
anti-ACE2 IgG autoantibodies of patients affected by autoimmune
diseases,” indicating that the conformational changes induced by a
“small-molecule” may effectively affect the binding affinity of ACE2
with ACE2-binding proteins.

Given the increasing interest towards ACE2 as a potential drug
target, many drugs already approved by FDA for clinical use in hetero-
geneous human or veterinary diseases were evaluated, to identify a
possible “off-target” ACE2-modulatory effects and thus to propose
their “repositioning” in cardiovascular pathologies.'® Some of these
molecules exhibited heterogeneous structure and, consistently,
induced different effects on ACE2, reasonably associated with differ-
ent conformational changes of the protein. For instance, hydroxyzine
increased the substrate specificity of ACE2, while diminazene and
labetalol increased the maximal reaction rate and decreased the sub-
strate specificity. Notably, no evidence of ACE2 downregulation by
ACE2-activators has been reported.

Since spike protein and ACE2 interact with highest affinity and
specificity (this may be a cause of the contagiousness of this virus),*!
the hypothesis that ACE2 structural modifications induced by one or
more of these compounds could disturb a correct recognition
between ACE2 and viral spike protein is plausible. Such an alteration
may produce positive effects both in limiting the virus entry into the
host cell and also in preventing the noxious virus-induced ACE2
downregulation, which is triggered by the virus-ACE2 binding.

Remarkably, some of these compounds (Table 1, from Kulemina
and Ostrov'®) are already approved and are (or have been) clinically

used for different therapeutic indications, including disorders of
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TABLE 1

Drug/trade name
Closiprazine/Diceplon
Diminazene/Berenil
Hydroxyzine/Atarax
Chlorprothixene/Truxal
Hycanthone/Etrenol

Fominoben/Noleptan

Tiramid/Solantal
Aprindine/Aspenon
Labetalol/Trandate

Approved drugs showing “off-target” ACE2-modulating effects (from Kulemina and Ostrov'®)

Therapeutic indications

Antipsychotic

Antitrypanosomiasis (veterinary use)
Antihistamine, antiemetic, and anxiolytic
Antipsychotic

Antischistosomiasis

Chronic obstructive bronchitis and
emphysema

Analgesic/antiinflammatory
Antiarrhythmic
Antihypertensive
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Drug ID

NSC290956
NSC357775
NSC169188
NSC169899
NSC134434
NSC293901

NSC289337
NSC284614
NSC290312

central nervous system, inflammation, parasitosis, and cardiovascular
diseases. In some cases (i.e., fominoben, an old respiratory analeptic
drug), their effects on the respiratory function can be an added value
in CoVid-19 patients. In any case, their pharmacological/toxicological
profile is well-established, and they are relatively “low-cost” treat-
ments. Thus, they should be submitted to rapid preclinical tests in spe-
cialized laboratories, evaluating their effects on ACE2-spike protein
interaction and/or on the ACE2-mediated SARS-CoV-2 entry into the
host cells. In the case of positive outcomes, the direct translation into
the clinic would be sure and extremely rapid and facilitated.

KEYWORDS
betacoronavirus, CoVid-19, human angiotensin-converting enzyme
2 (ACE2), repurposing, SARS-Cov-2

COMPETING INTERESTS

There are no competing interests to declare.

Simone Brogi

Vincenzo Calderone

Department of Pharmacy, University of Pisa, Pisa, Italy

Correspondence
Vincenzo Calderone, Department of Pharmacy, University of Pisa, via
Bonanno, 6, I-56126 Pisa, Italy.

Email: vincenzo.calderone@unipi.it

ORCID
Simone Brogi = https://orcid.org/0000-0001-9375-6242

Vincenzo Calderone "= https://orcid.org/0000-0002-1441-5421

REFERENCES

1.

10.

11.

Li G, De Clercq E. Therapeutic options for the 2019 novel coronavirus
(2019-nCoV). Nat Rev Drug Discov. 2020;19(3):149-150.

Harrison C. Coronavirus puts drug repurposing on the fast track. Nat
Biotechnol. 2020;38(4):379-381.

Mehta P, McAuley DF, Brown M, Sanchez E, Tattersall RS,
Manson JJ. COVID-19: consider cytokine storm syndromes and
immunosuppression. The Lancet. 2020;395(10229):1033-1034.
Wilder-Smith A, Chiew CJ, Lee VJ. Can we contain the COVID-19
outbreak with the same measures as for SARS? Lancet Infect Dis.
2020;20(5):e102-e107. https://doi.org/10.1016/51473-3099(1020)
30129-30128

Liu C, Zhou Q, Li Y, et al. Research and Development on therapeutic
agents and vaccines for COVID-19 and related human coronavirus
diseases. ACS Cent Sci. 2020;6(3):315-331.

Verdecchia P, Cavallini C, Spanevello A, Angeli F. The pivotal link
between ACE2 deficiency and SARS-CoV-2 infection. Eur J Intern
Med. 2020;pii: S0953-6205(20)30151-5. https://doi.org/10.1016/j.
€jim.2020.1004.1037

Zhang H, Penninger JM, Li Y, Zhong N, Slutsky AS. Angiotensin-
converting enzyme 2 (ACE2) as a SARS-CoV-2 receptor: molecular
mechanisms and potential therapeutic target. Intensive Care Med.
2020;46(4):586-590.

Raizada MK, Ferreira AJ. ACE2: a new target for cardiovascular dis-
ease therapeutics. J Cardiovasc Pharmacol. 2007;50(2):112-119.

Haga S, Takahashi Y, Ishizaka Y, Mimori A. The small molecule activa-
tor to ACE2 prevents the inhibition of ACE2 activity by autoanti-
bodies. Arthritis Rheum. 2012;64(S510):5284. (abstract 659)

Kulemina LV, Ostrov DA. Prediction of off-target effects on
angiotensin-converting enzyme 2. J Biomol Screen. 2011;16(8):
878-885.

Wrapp D, Wang N, Corbett KS, et al. Cryo-EM structure of the
2019-nCoV spike in the prefusion conformation. Science. 2020;367
(6483):1260-1263.


https://orcid.org/0000-0001-9375-6242
https://orcid.org/0000-0002-1441-5421
mailto:vincenzo.calderone@unipi.it
https://orcid.org/0000-0001-9375-6242
https://orcid.org/0000-0001-9375-6242
https://orcid.org/0000-0002-1441-5421
https://orcid.org/0000-0002-1441-5421
https://doi.org/10.1016/S1473-3099(1020)30129-30128
https://doi.org/10.1016/S1473-3099(1020)30129-30128
https://doi.org/10.1016/j.ejim.2020.1004.1037
https://doi.org/10.1016/j.ejim.2020.1004.1037

	Off-target ACE2 ligands: Possible therapeutic option for CoVid-19?
	COMPETING INTERESTS
	REFERENCES



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2001
  ]
  /PDFX1aCheck true
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (Euroscale Coated v2)
  /PDFXOutputConditionIdentifier (FOGRA1)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <>
    /CHT <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF che devono essere conformi o verificati in base a PDF/X-1a:2001, uno standard ISO per lo scambio di contenuto grafico. Per ulteriori informazioni sulla creazione di documenti PDF compatibili con PDF/X-1a, consultare la Guida dell'utente di Acrobat. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 4.0 e versioni successive.)
    /JPN <>
    /KOR <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die moeten worden gecontroleerd of moeten voldoen aan PDF/X-1a:2001, een ISO-standaard voor het uitwisselen van grafische gegevens. Raadpleeg de gebruikershandleiding van Acrobat voor meer informatie over het maken van PDF-documenten die compatibel zijn met PDF/X-1a. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 4.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENG (Modified PDFX1a settings for Blackwell publications)
    /ENU (Use these settings to create Adobe PDF documents that are to be checked or must conform to PDF/X-1a:2001, an ISO standard for graphic content exchange.  For more information on creating PDF/X-1a compliant PDF documents, please refer to the Acrobat User Guide.  Created PDF documents can be opened with Acrobat and Adobe Reader 4.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /HighResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


