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Editorial on the Research Topic

Expert opinions and perspectives in complement: 2022
The complement system is characterized by the numerous and abundant components

which are secreted or surface-expressed to mount an effective, regulated, and non-injurious

attack on microbial pathogens. By the dawn of the 21st century, the three pathways of

complement activation were discovered, i.e. the classical, alternative, or lectin pathways (1).

Detailed interfaces between these pathways and known and emerging microbial pathogens

continue to reveal new functional aspects of this complex system. In addition, growing

numbers of non-microbial complement targets continue to forge new fronts of research

such as aging and autoimmunity (2). Intracellular complement activation is yet another

new front of complement research that can have broad physiological relevance (3). The

complement system is a `double-edged sword’ which eliminates sterile and microbial

triggers of tissue inflammation but it amplifies inflammatory damages in excess. In this

topic, three major areas of complement functions are discussed.

The complement system is expected to defend against COVID-19 infection but it is

probably more noticeable for its contributions to the severe inflammatory tissue injuries

observed in advanced patients (4). In the manifestation of complement-mediated damages,

the anaphylatoxins resulting from C3 and especially C5 activation, i.e. C3a and C5a, play

critical roles (5, 6). In this topic, Stahel and Barnum highlighted the role of complement

activation in the pathophysiology of SARS-Cov-2 and other coronavirus infections and

brought our attention to the successful use of the C3 inhibitor AMY-101 and the C5

inhibitor eculizumab in severely ill COVID-19 patients. Nonetheless, there is still an unmet

need for the complex investigation of complement inhibition as a therapeutic target. The

rationale for such studies comes from mouse models showing a milder course of disease

upon C3 deficiency or treatment with an antibody that blocks the C5a receptor. Moreover,

many studies suggest crosstalk between complement and coagulation cascades and its

possible link to thrombotic microangiopathies reported in COVID-19 patients (4). Besides

acknowledged inhibitors like AMY-101 and eculizumab that have been tested, several new
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candidates are considered, including recombinant C1 inhibitor

(conestat alpha), another C5 blocker ravulizumab, IFX-1 and

advoralimab (monoclonal antibodies blocking C5a-C5aR

interaction), and narsoplimab (monoclonal antibody against

MASP-2). The latter agent affects the lectin complement pathway,

which is the most recently discovered route of cascade activation,

thus putatively hiding the most unexplored aspects. Initial

components of the lectin pathway are locally produced by

alveolar epithelium, a primary target for SARS-CoV-2, and their

elevated levels were found in patients’ lung tissue. Colocalization of

viral envelope proteins with these markers was also found in blood

vessels affected by thrombosis and endotheliitis. Polycarpou et al.

describe the resemblance of post-infection Multisystem

Inflammatory Syndrome in Children (MIS-C) with Kawasaki

disease, an illness of unknown etiology characterized by acute

vasculitis in children under 5 years of age. Although the age of

patients with MIS-C is typically older, the number of clinical and

laboratory parameters in these two syndromes overlap. The authors

pointed out that the lectin pathway of complement activation

bridges MIS-C and Kawasaki disease, making this complement

pathway an attractive target for therapeutic approaches.

Association between the complement system and systemic

autoimmune diseases involves most apparently the classical pathway.

On the one hand, these autoimmune diseases are hallmarked by

immune complexes which deposit in tissues and small blood vessels,

and activate the complement pathway through C1q and its associated

C1r/C1s proteases (1). It leads to tissue inflammation and injuries

which contribute to disease manifestation. Paradoxically, genetic

deficiency of the classical pathway (i.e. C1q, C1r, or C1s) often

causes systemic lupus erythematosus (SLE), which is a systemic

autoimmune disease due to antinuclear autoantibodies (ANA) (7).

What causes these pathogenic antibodies remains unclear and, in the

article by Wu et al., a comprehensive body of literature has been

reviewed to evaluate the nucleolus as a potential ANA trigger and how

this may be suppressed by C1q/C1r/C1s.

Like microorganisms, apoptotic cells are also targeted by C1q

albeit that C1q binds to apoptotic cells directly without antibodies

(8). C1q binds predominantly to the exposed nucleolus (9), which

causes C1r/C1s activation and proteolytic degradation of nucleolar

autoantigens and alarmins (10–12). Wu et al. divided the nucleus

into three distinct regions each representing one clinical ANA

staining pattern, i.e. the chromatin network (homogeneous), sites

of pre-mRNA processing (speckled), and sites of pre-rRNA

processing (nucleolus). They provided documented the structural

and functional contexts for these three nuclear regions and

discussed autoantigens and alarmins in each of them,

hypothesizing that each region is potentially sufficient to induce

self-reactive autoantibodies (12–14) and C1q/C1r/C1s dampen

their immunogenicity (12, 15).

Previous studies have emphasized the role of the complement

system in initiating and propagating a neuroinflammatory response
Frontiers in Immunology 02
after stroke (16–18). However, while most preclinical stroke models

are performed on young healthy animals, they may not be

representative of clinical cohorts. In a perspective article, Couch

et al. postulate that the inadequacy of in vivo stroke models

complicates the translation of the beneficial effects observed with

multiple neuroprotective agents from mouse to human. Using an in

vivo model of stroke on aged mice exposed to cigarette smoke, two

major co-morbidity factors, authors showed that site-specific

inhibition of complement C3 activation with B4-Crry significantly

ameliorates neurological deficit by reducing dendritic loss and

microglial activation. This study supports that the complement

systemmediates, at least in part, the neuroinflammatory response in

stroke, and might offer a potential alternative treatment to patients

who are not eligible for endovascular intervention due to the risk of

haemorrhage and oedema.
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Okrój et al. 10.3389/fimmu.2023.1248299
References
1. Walport MJ. Complement. first of two parts. N Engl J Med (2001) 344(14):1058–
66. doi: 10.1056/NEJM200104053441406

2. Lu J, Kishore U. C1 complex: an adaptable proteolytic module for complement and
non-complement functions. Front Immunol (2017) 8:592. doi: 10.3389/fimmu.2017.00592

3. West EE, Kemper C. Complosome - the intracellular complement system. Nat
Rev Nephrol (2023) 19:426–39. doi: 10.1038/s41581-023-00704-1

4. Chauhan AJ, Wiffen LJ, Brown TP. COVID-19: a collision of complement,
coagulation and inflammatory pathways. J Thromb Haemost (2020) 18(9):2110–7. doi:
10.1111/jth.14981

5. Guo RF, Ward PA. Role of C5a in inflammatory responses. Annu Rev Immunol
(2005) 23:821–52. doi: 10.1146/annurev.immunol.23.021704.115835

6. Carvelli J, Demaria O, Vely F, Batista L, Chouaki Benmansour N, Fares J, et al.
Association of COVID-19 inflammation with activation of the C5a-C5aR1 axis. Nature
(2020) 588(7836):146–50. doi: 10.1038/s41586-020-2600-6

7. Pickering MC, Botto M, Taylor PR, Lachmann PJ, Walport MJ. Systemic lupus
erythematosus, complement deficiency, and apoptosis. Adv Immunol (2000) 76:227–
324. doi: 10.1016/S0065-2776(01)76021-X

8. Korb LC, Ahearn JM. C1q binds directly and specifically to surface blebs of apoptotic
human keratinocytes: complement deficiency and systemic lupus erythematosus revisited. J
Immunol (1997) 158(10):4525–8. doi: 10.4049/jimmunol.158.10.4525

9. Cai Y, Teo BH, Yeo JG, Lu J. C1q protein binds to the apoptotic nucleolus and
causes C1 protease degradation of nucleolar proteins. J Biol Chem (2015) 290
(37):22570–80. doi: 10.1074/jbc.M115.670661

10. Cai Y, Wee SYK, Chen J, Teo BHD, Ng YLC, Leong KP, et al. Broad
susceptibility of nucleolar proteins and autoantigens to complement C1 protease
degradation. J Immunol (2017) 199(12):3981–90. doi: 10.4049/jimmunol.1700728
Frontiers in Immunology 03
11. Welting TJ, Raijmakers R, Pruijn GJ. Autoantigenicity of nucleolar complexes.
Autoimmun Rev (2003) 2(6):313–21. doi: 10.1016/S1568-9972(03)00029-6

12. Wu S, Teo BHD, Wee SYK, Chen J, Lu J. The GAR/RGG motif defines a
family of nuclear alarmins. Cell Death Dis (2021) 12(5):477. doi: 10.1038/s41419-021-
03766-w

13. Urbonaviciute V, Furnrohr BG, Meister S, Munoz L, Heyder P, De Marchis F,
et al. Induction of inflammatory and immune responses by HMGB1-nucleosome
complexes: implications for the pathogenesis of SLE. J Exp Med (2008) 205(13):3007–
18. doi: 10.1084/jem.20081165

14. Kelly-Scumpia KM, Nacionales DC, Scumpia PO, Weinstein JS, Narain S,
Moldawer LL, et al. In vivo adjuvant activity of the RNA component of the Sm/RNP
lupus autoantigen. Arthritis Rheumatol (2007) 56(10):3379–86. doi: 10.1002/art.22946

15. Yeo JG, Leong J, Arkachaisri T, Cai Y, Teo BH, Tan JH, et al. Proteolytic
inactivation of nuclear alarmin high-mobility group box 1 by complement protease
C1s during apoptosis. Cell Death Discov (2016) 2:16069. doi: 10.1038/
cddiscovery.2016.69

16. Alawieh A, Andersen M, Adkins DL, Tomlinson S. Acute complement
inhibition potentiates neurorehabilitation and enhances tPA-mediated
neuroprotection. J Neurosci (2018) 38(29):6527–45. doi: 10.1523/JNEUROSCI.0111-
18.2018

17. Alawieh A, Langley EF, Tomlinson S. Targeted complement inhibition salvages
stressed neurons and inhibits neuroinflammation after stroke in mice. Sci Transl Med
(2018) 10(441):eaao6459. doi: 10.1126/scitranslmed.aao6459

18. Alawieh AM, Langley EF, Feng W, Spiotta AM, Tomlinson S. Complement-
dependent synaptic uptake and cognitive decline after stroke and reperfusion therapy. J
Neurosci (2020) 40(20):4042–58. doi: 10.1523/JNEUROSCI.2462-19.2020
frontiersin.org

https://doi.org/10.1056/NEJM200104053441406
https://doi.org/10.3389/fimmu.2017.00592
https://doi.org/10.1038/s41581-023-00704-1
https://doi.org/10.1111/jth.14981
https://doi.org/10.1146/annurev.immunol.23.021704.115835
https://doi.org/10.1038/s41586-020-2600-6
https://doi.org/10.1016/S0065-2776(01)76021-X
https://doi.org/10.4049/jimmunol.158.10.4525
https://doi.org/10.1074/jbc.M115.670661
https://doi.org/10.4049/jimmunol.1700728
https://doi.org/10.1016/S1568-9972(03)00029-6
https://doi.org/10.1038/s41419-021-03766-w
https://doi.org/10.1038/s41419-021-03766-w
https://doi.org/10.1084/jem.20081165
https://doi.org/10.1002/art.22946
https://doi.org/10.1038/cddiscovery.2016.69
https://doi.org/10.1038/cddiscovery.2016.69
https://doi.org/10.1523/JNEUROSCI.0111-18.2018
https://doi.org/10.1523/JNEUROSCI.0111-18.2018
https://doi.org/10.1126/scitranslmed.aao6459
https://doi.org/10.1523/JNEUROSCI.2462-19.2020
https://doi.org/10.3389/fimmu.2023.1248299
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

	Editorial: Expert opinions and perspectives in complement: 2022
	Author contributions
	Funding
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /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 false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /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 false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /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
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


