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Dear Readers, 
 

Welcome to the September 2016 issue of ‘Focus on Complement’.  
This 43rd issue of FoC contains:  
 
¢ Flash News reporting on exciting discoveries about novel  
        roles for complement in the brain: One study connects  
        signalling via the C3aR on neurons with cognitive changes  
        observed in survivors of West Nile virus-induced encephalitis  
        and the second work demonstrates that complement and  
        microglia drive early synapse loss in a mouse model of  
        Alzheimer Disease.  
 
¢    The Complement research teams around the world  
     series featuring the teams of Beth Stevens in the USA,  

   and of Marc Ruitenberg in Australia. 
        
 

¢    XXVIth International Complement Workshop   
       final announcement 
 
¢    Work opportunities in complement research   
       announcement 
 
 
If you would like to contribute with an article to a future issue or 
have suggestions for a subject theme, please contact Claudia 
Kemper or Andrea Tenner; Claudia.kemper@kcl.ac.uk; 
atenner@uci.edu 
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A complement-microglial axis drives synapse loss during virus-induced memory 
impairment. Vasek MJ, Garber C, Dorsey D, et al., Schmidt RE, Stevens B, Klein RS. 
Nature 534, 538-43, 2016.  
 

A recent study by Vasek et al., published in Nature highlights the pivotal role of C3aR signaling 
in the production of cognitive deficits post-viral encephalitis. This paper used a mouse model of 
West Nile virus (WNV) encephalitis to investigate the key drivers of the cognitive changes in 
survivors. Their model demonstrated that mice infected with the virus would clear the viral load, 
but retain impaired memory formation and spatial cognition. This change in cognition was not 
due to a loss of neurons number, through increased apoptosis, but rather targeted microglial 
phagocytosis of presynaptic terminals in the hippocampus. The cognitive performance of mice 
was also negatively correlated to the volume of presynaptic terminal loss. Interestingly, the 
authors showed that complement proteins were among the most significantly upregulated genes 
within the CNS when comparing WNV infected animals to mock controls. Complement is the 
main driver for synapse loss as both C3-/- and C3ar1-/- mice infected with the WNV strain were 
protected from the behavioural changes and presynaptic terminal loss. It remains to be seen 
whether this selective destruction of presynaptic terminals is a mechanism for impeding the 
neuron-to-neurons transmission of virus, or an unintended consequence of rampant complement 
activation in the brain. Complement has previously been shown to be a key player in 
synaptogenesis in the developing brain, where it directs the phagocytosis of redundant synapses 
(Stevens et al., 2007). Is this a hangover from development playing out in a pathological setting? 
Contributors: Dr Liam Coulthard and A/Prof Trent Woodruff, The University of 
Queensland 
 
Complement and microglia mediate early synapse loss in Alzheimer mouse models. 
Hong S, Beja-Glasser VF, Nfonoyim BM, Frouin A, Li S, Ramakrishnan S, Merry KM, Shi Q, 
Rosenthal A, Barres BA, Lemere CA, Selkoe DJ, Stevens B. Science. 352(6286):712-6, 
2016. 
 

Research published recently by Hong and colleagues in Science, represents a significant step 
forward in defining the pathogenesis of Alzheimer’s disease (AD), and the involvement of 
complement in the early process of neurodegeneration. In their study, Hong and colleagues 
correlated early synapse loss in AD with aberrant reactivation of a developmental, complement-
dependent synaptic pruning pathway. In two mice models of AD (J20 and APP/PS1), C1q was 
upregulated and deposited at hippocampal synapses early in the disease process, preceding 
amyloid beta (Aβ) plaque formation. The upregulation of C1q was shown to be dependent on the 
presence of oligomeric Aβ (oAβ), a soluble form of Aβ responsible for synapse loss and 
dysfunction in AD. Interestingly, oAβ-mediated synapse loss was shown to be dependent on 
C1q, with oAβ injections failing to induce synapse loss in C1qa-/- mice. A similar pattern of 
upregulation and prevention of oAβ-induced synapse loss was seen in C3 KO mice. CR3-
dependent microglial involvement in the loss of synapses was also demonstrated, with microglial 
engulfment of synapses induced by oAβ, and prevented in CR3-/- mice. Overall, these results 
demonstrate the role of the complement factors C1q, C3, and CR3, as controllers of microglial 
synaptic destruction in response to oAβ. These proteins drive early amyloid neurodegeneration 
prior to both plaque formation and the neuroinflammatory processes classically associated with 
complement activation. When combined with recent studies, this research further strengthens 
the evidence of aberrant complement activity underlying the pathogenesis of ‘synaptopathic’ 
disorders.  
Contributors: Owen Hawksworth and A/Prof Trent Woodruff 
 

NEWS FLASH (reported by Prof. Trent Woodruff, Australia)  
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Complement in Boston, USA:  
               The Team of Prof. Beth Stevens 
 
Synapse elimination is crucial to forming the mature and correctly wired nervous 
system. In many brain regions, excess synapses are formed during early 
development. A large fraction of these synapses must then be pruned away to 
establish the appropriate adult circuit.  
Our lab studies how the classical complement system contributes to 
developmental synapse elimination in the brain, how its dysregulation during 
early life contributes to neurodevelopmental and neuropsychiatric disorders, and 
how complement-mediated synapse elimination pathways re-emerge in 
neurodegenerative disease. 
 

Our interest in the role of complement in synapse elimination comes from 
studying the synapses between the retina and the visual thalamus in mouse. 
During normal development, many of these synapses are eventually eliminated. 
However, C1q KO animals retain the immature connectivity into adulthood 
(Stevens et al., 2007). Since both C1q and C3 localize to synapses during this 
pruning period, we speculated that cleaved C3 could opsonize synapses, 
causing them to be phagocytosed by microglia, the resident macrophages of the 
central nervous system.  Indeed, we found that microglia engulf synapses in the 
developing thalamus, and that this process requires both C1q and CR3 (Schafer 
et al., 2012, Bialas and Stevens, 2013). We are now trying to understand how 
C1q and C3 are regulated to promote the removal of specific synapses without 
causing uncontrolled synapse loss. 
We are increasingly investigating how aberrant complement-mediated synapse 
elimination during development affects human health. It has long been known 
that patients with schizophrenia have reduced synapse numbers in prefrontal 
cortex compared to healthy controls. In collaboration with Dr. Steven McCarroll 
(Harvard Medical School) and Dr. Michael Carroll (Boston Children’s Hospital), 
we recently discovered a genetic link between the C4 gene and schizophrenia in 
humans (Sekar et al., Nature 2016). Patients with schizophrenia were found to 
have higher expression of the C4A gene, suggesting that excess synapse 
elimination driven by the classical complement cascade could be contributing to 
the emergence of the disease. In support, we found that mice lacking C4 have 
the same thalamic underpruning phenotype found in C1q knockout animals. We 
are now further investigating how aberrant complement regulation drives the 
development of schizophrenia, as well as of other neurodevelopmental 
disorders. 
 

COMPLEMENT TEAMS AROUND THE WORLD   
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Human post-mortem studies suggest that synapse loss is present early on in 
many neurodegenerative diseases, before overt symptoms develop. Our recent 
work suggests a model in which classical complement pathway contributes to 
synapse loss in Alzheimer’s disease  (AD) in a manner very similar to what we 
see in development. (Hong et al., 2016). Future work aims to determine whether 
these results apply also to other neurodegenerative diseases, and how they can 
be used to improve our understanding of human AD.  
 

From our initial focus on the role of complement in healthy development, we 
have branched out to investigate the consequences of complement aberrations 
for synapse elimination in disease. Our work has benefited hugely from studies 
on complement in other organs and systems, and we are grateful for the 
opportunity to work at the intersection of neuroscience and immunology. 
 

 

The ‘neuronal’ complement research team of Prof. Beth Stevens (2nd row, 4th 
from right) at Harvard University 
  
CONTACT INFORMATION:  
A/Prof. Beth Stevens 
Boston Children’s Hospital, F.M. Kirby Neurobiology Center, Harvard University, 
Boston, MA, USA 
E-mail: Beth.stevens@childrens.harvard.edu; Web page: https://stevenslab.org/ 
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Complement in Brisbane, Australia:  
 

               The Team of Dr. Marc Ruitenberg 
 
 
Marc Ruitenberg’s team at The University of Queensland in Australia is 
studying how inflammation influences the outcome from major neurotraumatic 
events like spinal cord injury (SCI). His interest in complement was triggered by 
the ever-increasing evidence for rapid and sustained activation of the 
complement system following both brain and spinal cord injuries, and also the 
influence that complement activation products exert over secondary 
inflammatory pathology.  
 

With former graduate student Faith Brennan (now a postdoctoral fellow at 
the Ohio State University’s Centre for Brain and Spinal Cord Repair), his team 
recently revealed a dual and time-dependent role for the complement activation 
product C5a and its main signalling receptor, C5aR1, in relation to SCI 
outcomes.  

Specifically, targeted inhibition of C5aR1 during the acute phase of injury 
was found to restrain injurious aspect of the inflammatory response and benefit 
recovery of function. Interestingly, however, a switchover occurs during the first 
week of injury in which C5a-C5aR1 signalling does in fact become beneficial, 
critically underpinning astrocyte proliferation and glial scar formation; the latter 
process is an endogenous, protective repair mechanism that seals off the injury 
site and separates spared neural tissue from the cytotoxic microenvironment of 
the necrotic lesion core (Brennan FH et al. [2015] Journal of Neuroscience).  

 
Early inhibition of the C5a-C5aR1 axis in acute SCI is thus a promising 

strategy to improve patient outcomes, but prolonged treatment should be 
avoided in order to avoid adverse interference with endogenous repair 
mechanisms. PhD student Patrick Biggins has been studying the role of the 
second C5a receptor, C5aR2 (formerly known as C5L2) in SCI. His findings to 
date indicate that C5aR2 appears to mostly act as a negative break on injurious 
C5a-C5aR1 signalling in this pathology, with C5aR2 knockout mice displaying a 
dramatically worsened recovery from SCI; this phenotype can be fully rescued 
by C5aR1 antagonism (unpublished observations).   
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Looking increasingly towards translation, current research in the 
Ruitenberg laboratory is focusing on repurposing anti-complement drugs for SCI, 
in particular antibody-mediated C5 blockade and also intravenous 
immunoglobulin (IVIg) therapy to scavenge/neutralise complement activation 
products. The latter work is being conducted in collaboration with CSL Behring 
and already showing great promise, with initial findings recently published in the 
Annals of Clinical & Translational Neurology (Brennan FH et al., 2016). Senior 
research assistant Chantelle Reid and Honours student Lawrence Baartz are 
now more directly testing whether the benefits of IVIg therapy in acute SCI are 
indeed mediated via its attenuating effects over complement effector 
mechanisms.  

Last but not least, none of the above detailed work would have been 
possible without the support from SpinalCure Australia, the National Health and 
Medical Research Council, and also the Wings for Life Spinal Cord Research 
Foundation; Marc and his team are therefore very much indebted to each of 
these organisations and extremely grateful for their ongoing support. He also 
wishes to acknowledge his various national and international collaborators for 
their contributions to help drive this work forward.   
 

 

Above: Dr. Marc Ruitenberg (back row, third from the left) and The Laboratory for Neural 
Injury & Repair. Current group members working on complement include Chantelle Reid 
(front row, right), Lawrence Baartz and Patrick Biggins (back row, second and fourth from 
the left, respectively). 
CONTACT INFORMATION:  School of Biomedical sciences, The University of Queensland, 
BNE, Queensland, Australia 
E-mail: m.ruitenberg@uq.edu.au;  
Web page: https://www.uq.edu.au/sbms/staff/marc-ruitenberg 
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Translational research opportunities at  

Newcastle University, UK 
 

Two posts are available at the Faculty of Medical Sciences at Newcastle 
University to work within the Complement Therapeutics Group.  
 

The appointed individuals will join the 'Inflammation, Immunology and 
Immunotherapy' Theme at the Institute of Cellular Medicine and will work 
within a collaborative team incorporating the groups of Claire Harris, David 
Kavanagh, Kevin Marchbank and Neil Sheerin. We are based in newly-
furbished labs in a stimulating multi-disciplinary environment focussed on 
translational research. We are also integral to the Renal Complement 
Therapeutics Centre based at Royal Victoria Infirmary (aHUS National 
Service). 
http://www.ncl.ac.uk/icm/research/immunology/#overview 
 
Newcastle University is positioned at the heart of a vibrant and 
friendly city, and is surrounded by stunning coastline, golden beaches and 
National Parks. 
http://www.visitnorthumberland.com/ 
 
If interested, please contact Prof Claire Harris (claire.harris@ncl.ac.uk) for 
further information.   The positions can be found on the Newcastle 
University job pages (A43467R, A43476R; http://www.ncl.ac.uk/vacancies) 
and on jobs.ac.uk. 
                        Closing date September 12th 
 

ANNOUNCEMENTS 
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ALEXION	PHARMACEUTICALS	

Title:	 	 						Research	Scientist	III,	Protein	Sciences																																										 	
Location:							Cheshire,	CT,	USA	
	
Position	Summary:	
Provides	leadership	in	identifying	and	prosecuting	discovery	research	programs,	specifically	in	the	field	of	
complement	biology,	and	also	in	other	disease	pathways	as	needed;	participates	in	proposing,	identifying,	
evaluating	new	targets/programs	for	the	research	portfolio;	provides	leadership	in	designing	screening	cascades	
in	aid	of	lead	identification,	in	developing	cellular	and	PK/PD	assays	in	support	of	the	discovery	projects;	
participates	in	performing	diligence	activities	in	support	of	Business	Development	initiatives	and	in	performing	
competitive	intelligence	analyses;	establishes	and	manages	external	collaborations	as	needed.	
	

Qualifications:	

• Ph.D.	in	biochemistry/cell	biology	/molecular	biology	/pharmacology/structural-biology		with		5-6		years	
of	relevant	industrial/academic	research	experience	

• Extensive	knowledge	in	complement	biology,	structure-function	relationships,	disease	areas	related	to	
complement	dysregulation	

• A	sound	understanding	of	the	theory	governing	macromolecular	behavior	
• Experience	in	research	programs	towards	identifying	therapeutic	lead	molecules	is	a	plus	
• Experience	in	collaborating/managing/directing	within	a	matrix	research	organization	desirable	
• Ability	to	effectively	allocate	efforts	amongst	multiple	projects	and	drive	to	aggressive	timelines	
• Good	oral	and	written	communications	skills	

ANNOUNCEMENTS 
 

 
 
 
On behalf of the organizing committee, Dr. Teizo Fujita (Chair) and Dr. Nobutaka Wakamiya 
(President of the Japanese Association for Complement Research, JACR) invite members of 
the complement community and beyond to the 26th International Complement Workshop in 
Japan.  
The meeting will take place in the historical city of Kanazawa from September 4th to 8th 2016.  
 
Please visit www.icwkanazawa2016.com for the final program and travel information – 
there is still opportunity to attend.  
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Conducting research in any of these areas?
Alternative Pathway Studies  l  Kidney Disease  l  Ocular Disease

Schizophrenia  l  Bacterial Resistance  l  Tumor Cells  l  Asthma

Consider Complement Factor H

Welcome the newest member to the Quidel queue, 
MicroVueTM Factor H EIA.

Ask your Quidel representative or your local 
distributor about the MicroVue Factor H EIA
Cat #A039  l  Cat #A040 (CE)
quidel.com/spg

For Research Use Only in the United States. Not for use in diagnostic procedures.  
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COMPLEMENT REAGENT RESOURCES 
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