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<1> in this issue:  
 An Obituary on our good colleague Ulf Nilsson who died in 
Uppsala on April 22, 2008. 

 Flash news on the roles of C5 in transplant rejection and 
of C3a in Asthma.  

 Spotlights on two complement teams: one in Tyler, Texas 
and one in Edinburgh, Scotland. 

 A Witness Corner report by Georges Hauptmann and 
colleagues on the identification and functional analyses of 
Ss-Slp/C4, a complement gene within the MHC. 

 A discussion of the elusive C1q receptor on phagocytes. 
 Meeting report on Complement in Neuroinflammation from 
the Annual Meeting of the American Society of 
Neurochemistry, San Antonio, Texas, March 2008. 

 
<2> Believe it or not  but this is already the 10th issue of 
“Focus on Complement” and the ink’s not dry! Again, we invite 
you all to help us shape and develop your bulletin. Please send 
short articles, memoirs, letters, comments and debates, for 
inclusion in the Complement bulletin.  
 

<3> The 22nd International Complement Workshop will 
be held in Basel, Switzerland between 28 September and 2 
October 2008. All invited! (http://www.akm.ch/ICW2008/) 
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Ulf R. Nilsson died on April 22, 2008 at the age of 76.  
 
Ulf Nilsson’s lifelong commitment to the complement field 
began in 1958, immediately after he completed medical 
school at the University of Uppsala, Sweden. Eager to begin 
doing research, he contacted a German scientist, Hans 
Müller-Eberhard, who was then working in Uppsala as a 
research fellow. Their meeting marked the beginning of a 
long and fruitful collaboration.  
 
Hans Müller-Eberhard had introduced a completely new 
approach to complement research: taking advantage of the 
high-tech immunochemical/biochemical techniques of the 
time to identify and isolate individual plasma proteins. 
Together, the two researchers began a new era in the 
history of complement research when for the first time 
they successfully isolated and characterized an individual 
complement protein, !1c, that would later be called C3.  
 
In 1962, Ulf rejoined Hans Müller-Eberhard in the United States, first for a year in New 
York and then for 3 years in La Jolla, California, at the Scripps Institute. During these 
very productive years, they isolated and characterized a number of components of the 
complement system, including C5, C6, C7, and !1H (later named factor H).  
 
Ulf then moved back to Sweden, where he presented his thesis at the Department of 
Microbiology, Lund, in 1967. After 2 years in Lund, he returned to the United States and 
a position at the University of Pennsylvania. This move began a 10-year period in which 
he further characterized the properties of C3 and C5.  
 
In 1978, Ulf and his family finally returned to Uppsala, where he set up a new research 
group in a building next to the one in which he had started his scientific career 20 years 
earlier. From that point on, and for many years after his formal retirement in 1996, he 
focused his research efforts on the function and conformation of C3, on the interactions 
between complement and biomaterials, and on clinical complementology.  
 
In 2001, Ulf Nilsson was honored by the European Complement Network (ECN) with the 
ECN Medal in Gold in acknowledgement of his life’s work in the field of complement. 
 
Ulf was an outstanding scientist with impressive credentials and expertise; he was always 
enthusiastic and displayed a keen intuition regarding forthcoming events in his field. He 
will be greatly missed and fondly remembered by all who have had the privilege of 
working closely with him, both as a mentor and as a very dear friend. 
 
Bo Nilsson and Kristina Nilsson Ekdahl 
Clinical Immunology, University of Uppsala, Sweden 
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C5 blockade with conventional immunosuppression induces long-term graft 
survival in presensitized recipients.   
Rother, R.P. et al.  Am. J. Transplant. 2008, Epub April 29. 
 

The only approved drug that regulates complement activation is an anti-C5 
that blocks C5a release and C5b-9 formation. Suppression of transplant 
rejection is critical for the survival of transplant recipients. This study shows 
that by combining suppression of T-cell and B-cell function with suppression 
of C5 activation may permit greatly extended survival even when conventional 
suppression alone fails. Mice were presensitized with skin grafts against a 
fully mismatched MHC donor. These mice, primed for rejection, all rejected 
mismatched kidney grafts within 15 days even with cyclosporine (CsA) and 
LF15-0195 (LF). Anti-C5 therapy together with CsA and LF resulted in 100% 
survival beyond 100 days. This study highlights the critical role of 
complement in transplant rejection and another potential application of 
complement regulating drugs. 
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Flash News 

Complement C3a regulates Muc5ac expression by airway clara cells 
independently of Th2 responses.   
Dillard, P. et al.  Am J Respir Crit Care Med. 175:1250-8, 2007. 
 
Airway obstruction in asthma is, in part, mediated by secretion of the gel-
forming mucin Muc5ac. This study used a mouse model of pulmonary allergy and 
C3aR-deficient or C3-deficient mice to demonstrate that in antigen challenged 
C3aR-deficient mice there is a dramatic decrease in mucin production compared 
to wild-type mice. Intranasal challenge with purified C3a induced the effects 
only in wild-type mice.  C3a treatment of RAG 1-deficient mice demonstrated 
that the mechanism is independent of T cell and Th2 cytokines which have also 
been shown to mediate mucin expression. Although the role of complement in 
asthma was controversial, recent studies including this one have firmly 
established the importance of complement activation in asthma. 
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 Three faculty members supervise research  

teams studying complement at the University of  

Texas HSC at Tyler. The interest of these teams  

focuses on basic mechanisms of control and  

activation of the three pathways of complement.   

One line of research that has been followed since  

the mid-1970’s is the study of how the alternative  

pathway is regulated and how it distinguishes  

between pathogens and the host’s own cells and  

tissues.  This research led us to look at the  

formation and regulation by factor H of  C3/C5  

convertases.  We pursued detailed studies  

of the structure and function of factor H once it  

became clear that the primary molecule in the alternative pathway responsible for 

distinguishing friend from foe was factor H.  The discovery that factor H played a 

critical role in atypical HUS and in macular degeneration have propelled us deeper 

into structure/function studies in collaboration with Paul Barlow’s group in 

Edinburgh. 

 Nenoo Rawal’s group is pursuing three avenues of investigation. First, 

regulators of the classical and lectin pathways are being studied to understand how 

these activation systems are controlled by C4bBP and factor H.  These activation 

systems are being studied to better understand how the classical and lectin pathways 

generate C3/C5 convertases and what differences exist between these seemingly 

similar systems of activation.  Finally, the functional consequences of the natural 

alleles of MBL are being examined to understand how a significant proportion of the 

human population that carries these alleles might be affected. 

 Viviana Ferreira is the newest member of the group in Texas and she studies 

regulators of complement activation.  Central to her interest is the understanding of 

factor H and how the domains of this protein participate in recognition of host cells 

and tissues to distinguish them from potential pathogens.  Other regulators of interest 

being studied in conjunction with factor H are the cell-bound regulators DAF, MCP, 

CR1, and CD59.   

 It is our belief that the three complement activation systems will be 

discovered to play a critical role in the pathology of many more diseases over the 

next decade.  This will increase the importance of understanding the natural 

mechanisms of activation and control.  This knowledge will also be needed to 

understand the impact of new pharmaceuticals that stimulate or inhibit the 

complement system. 

 Contact info: Biomedical Research Dept., University of Texas Health Sci. 

Ctr., 11937 US Hwy 271, Tyler, Texas USA 75708.    Email: 

Michael.pangburn@uthct.edu; Nenoo.rawal@uthct.edu; Viviana.ferreira@uthct.edu 

 

Spotlight on teams - I 

Michael Pangburn, Nenoo Rawal and Viviana Ferreira 

 University of Texas Health Sci. Ctr., Tyler, Texas, USA 
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 The Edinburgh group focuses on structure-function relationships of proteins 

with an emphasis on the complement system.  

 The group originated at the University of  

Oxford where Paul Barlow worked on factor H with  

Ian Campbell and Bob Sim to obtain the first structural 

insights into complement regulation. Barlow established 

his own laboratory at the University of Edinburgh in  

1994 where he stepped up efforts to elucidate a  

structural basis for the workings of the complement  

system. An underlying philosophy has been to obtain  

information on both the structure and flexibility of each  

protein. This mandates the use of techniques that work  

on proteins in solution, as well as crystallographic  

techniques. He joined forces with Dusan Uhrin to  

establish the Wellcome Trust-funded Edinburgh Biomolecular NMR Unit, and solution 

NMR has remained the principal biophysical tool used by the group. Propelled by a 

series of productive international collaborations, the group solved 3-D structures of 

functional regions of several complement proteins including: VCP (with Girish 

Kotwal); CR1 site 2 (with John Atkinson); DAF (with Ed Medof); C4BP N terminus 

(with Anna Blom); the factor H modules 6-8 region (with Susan Lea) and its N- and C- 

terminal domains (with Mike Pangburn); and the C345C domain of C5 (with Janice 

Bramham, now a PI within the Edinburgh group, and Ron Ogata).  

 In recent years the group has expanded its remit to include functional 

approaches, with an emphasis on obtaining more quantitative data on better chemically 

and structurally defined targets than hitherto.  This has led us, for example, to re-map 

the functional sites of factor H. Functional studies of this kind form the platform for 

structural studies of multimolecular complexes, with Uhrin leading efforts on protein-

glycosaminoglycan interactions and Barlow focussing on protein-protein interactions. 

An emerging theme is intramolecular co-operativity between functional regions of 

larger proteins such as CR1 and factor H, and the consequent need for biophysical tools 

that can work with whole proteins rather than fragments.  The greater challenges of 

macromolecular complexes and large, flexible proteins has led us to develop new NMR 

methods, and to apply a combination of other techniques including electron 

paramagnetic resonance, fluorescence resonance energy transfer, mass spectrometry 

and chemical cross-linking.  

 The very strong medical relevance of complement and the consequent 

applications of structural knowledge to clinical situations are highly motivational. The 

group hopes to continue to contribute to worldwide efforts aimed at describing the 

entire complement system in atomic detail. 

Contact info: University of Edinburgh, Joseph Black Chemistry Bldg, West Mains 

Rd., Edinburgh EH9 3JJ, UK.  E-mail: Paul.Barlow@ed.ac.uk 

Phone (44)(0)1316504727; Fax (44)(0)1316507055  

 

 

Paul Barlow 

The Edinburgh complement group 
 

 

Spotlight on teams - II 
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Georges Hauptmann, Gottfried Mauff, Peter Demant, 

& Jean Dausset  (June 1979 - Strasbourg, France) 

 

 

Ss-Slp/C4 and the recognition of a linkage between 

complement and the major histocompatibility complex 

 
Written by Georges Hauptmann, John Atkinson, Peter Demant, Ron Ogata 

 

 One of the most surprising findings in the history of complement research was 

the recognition that genetic loci for components involved in the activation pathways 

are closely linked to the Major Histocompatibility Complex (MHC). This linkage, 

although described originally in the mouse, turned out to be a biologic phenomenon 

found in all vertebrate species which was tested, especially in humans, where it has a 

number of clinical implications. This finding also provided a tremendous boost for 

studies of the genetics of the complement system. 

 The evidence for this linkage came 

from studies in mice performed by 

Donald C. Shreffler at the California 

Institute of Technology (Caltech) in 

Pasadena and by Peter Demant and 

colleagues at the Institute of 

Experimental Biology and Genetics of 

the Czechoslovak Academy of Sciences 

in Praha. 

 During his stay at the Caltech to 

complete his Ph.D. thesis in the 

laboratory of Ray D. Owen, Donald C. 

Shreffler investigated the electrophoretic differences in plasma proteins among 

inbred mice lines. He noted a unique reaction with sera from a few mouse strains. He 

designated these strains as being high or low in a “serum substance” (Ss) protein. All 

strains that had the Ss low genotype carried one particular MHC-H2 gene (the “k” 

haplotype), and Don Shreffler subsequently demonstrated that the gene coding for 

the Ss protein was linked to the H2 locus (Genetics, 1963) and that this linkage was 

very close (Genetics, 1964). 

 At that time the genetic studies of the H-2 system became the center of 

interest in many laboratories, thanks to the pioneering research of George D. Snell, 

who discovered this system together with Peter Gorer. Snell generated, defined, and 

most generously distributed numerous H-2 congenic strains among countless 

laboratories. His efforts inspired the generation of additional congenic strains, so 

that since around 1965 the mouse H-2 system became the best defined segment of 

all mammalian genomes. 

Witness corner 
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Chester Alper, Tommy Meo & Don Shreffler 
(May 1979 - Köln, Germany) 

 Through analyses of numerous intra-H-2 recombinants, the Ss locus was mapped 

inside the H-2 locus, defining the S region between the H-2K, Ir-1 and H-2D loci. In 

1970, as a result of a search for allotypic variations in the Ss protein, Howard C. 

Passmore and Don Shreffler identified an allotypic variant structurally related to 

Ss, which was called Slp (Sex-limited protein), because it was found only in males 

also expressing high levels of the Ss protein. 

 At the Institute of Experimental Biology and Genetics of the Czechoslovak 

Academy of Sciences in Prague, Peter Demant became interested in a possible role 

of the H-2 system in control of complement through the work of Rosenberg and 

Tachibana (J. Immunol., 1969), who found wide variations of levels of complement 

hemolytic activity in different inbred mouse strains and their crosses, that was not 

related to the single complement gene known at that time as Hc (soon shown to 

cause C5 deficiency). Peter Demant and colleagues decided to test the hypothesis 

that the H-2 system is one of the important complement-controlling genes. Soon the 

necessary crosses and measurements of complement levels followed, and significant 

H-2-linked differences not related to the Hc gene were detected and published 

(Folia Biologica, Prague,  1972). The results of the mapping tests showed clearly that 

complement activity maps into the Ss-Slp region and hence that the Ss protein is 

likely a complement component. Indeed, Peter Demant and colleagues observed that 

the addition of anti-Ss antibody to fresh mouse serum severely curtailed its 

complement activity (Proc.Natl.Acad Sci., USA, 1973). Similar evidence for the 

involvement of the Ss protein in the complement system came from subsequent 

studies by Ted Hansen in Shreffler’s laboratory, who also established a close 

correlation between the levels of Ss and the hemolytic complement activity in two 

Ss-high strains, and loss of activity of mouse serum specifically depleted of Ss (J. 
Exp. Med., 1975). 

 Meanwhile, in 1974, F.H. Allen Jr. 

presented the first evidence for a linkage 

between the gene encoding for factor B and 

the HLA complex in man (Vox Sang., 1974). 

In 1975, Norbibi K. Day et al. (J. Exp. Med., 

1975) and Christian Rittner and Georges 

Hauptmann (Histocompatibility Testing 

1975) demonstrated that genes causing 

deficiency of C2 and C4 were also linked to 

HLA. Three independent reports in 

November 1975 used serological and 

immunochemical methods and identified the 

Ss protein with the C4 complement component (Tommy Meo, T. Krasteff and Don 

Shreffler, PNAS 1975; Peter Lachmann, D. Grennan, A. Martin and Peter Demant, 

Nature 1975; Bengt Curman et al., Nature 1975). That mouse Ss and C4 were 

identical was further established by Mike Carroll and Don Capra with a functional 
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assay (PNAS, 1978) and by John Atkinson and Don Shreffler with 

immunoprecipitation studies showing the structural homology of mouse Ss-Slp to 

human and guinea pig C4 (J. Immunol., 1978). Subsequently, the biosynthesis and 

posttranslational processing of mouse C4 (Ss and Slp) was investigated in detail and 

the molecular revolution allowed for its cloning and further genetic analysis. 

 In 1983, Rodney Porter speculated that susceptibilities to some autoimmune 

diseases may be related to differences in the strengths of the interactions of 

different polymorphic forms of C4 with other proteins (Mol. Biol. Med., 1983). He 

reasoned that this arrangement would lead to preferential associations of certain 

alleles of C4, C2, and factor B and possibly also of class I and class II genes as their 

products are potential targets of complement reactions. There is a yet no direct 

evidence supporting this idea but it remains a strong hypothesis to account for why 

complete and partial C4 deficiency in man is so closely linked to autoimmunity, 

especially SLE. The linkage may however be fortuitous, since the C4 genes are even 

more closely linked to three other genes with no known immunological functions: 

TNX, encodes the extracellular matrix protein tenascin; CYP21, the gene for steroid 

21-hydroxylase; and RP, the gene for serine/threonine nuclear protein kinase. More 

recently, Masaru Nonaka has speculated that the close linkage of the C4, C2, and BF 

genes played a role in establishing the classical pathway by promoting co-evolution of 

these genes (Immunogenetics, 2006). 

 One final point, the issue of Slp having or not having (although not cleaved by 

C1) functional activity has been controversial. We shall discuss it in more detail in 

one of the following FOC. 
 
Innovative reagents for Complement  

and Collectin research: 
 

Unique assays for lectin pathway studies 
Functional MBL-MASP-2, human (C4 deposition) 
L-Ficolin, human   
MBL, human (lectin activity) 
MASP-2, human   
SP-D, human   
TCC / C5b-9 / MAC, human  

 
MBL-A & MBL-C, mouse 

 
High quality Proteins/Peptides 

C5a, human and mouse      
C5a desArg, human and mouse  
C5L2, human and mouse  

 

And many complement antibodies  
to human, mouse and rat 

 

Please visit: wwwhbt.nl 
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Discussion on the elusive C1q receptor continues… 

Defense collagen receptors on phagocytes: Just the beginning 
 

Suzanne S. Bohlson
1
 and Andrea J. Tenner

2 

 

1Indiana University School of Medicine- South Bend, Dept of Microbiology and Immunology 
2University of California- Irvine, Dept. of Molecular Biology and Biochemistry 
 

Our colleague, Berhane Gebrehiwet, has provided a historical perspective describing 

two of the C1q binding molecules that have been associated with several cell-mediated 

activities, cC1qR (now also known to be calreticulin) and gC1qR.   We would like to 

“complement” that perspective with a discussion of another C1q-triggered cell mediated 

effector function that has been widely investigated - that of the enhancement of 

phagocytosis by macrophages, monocytes and dendritic cells.  Several laboratories have shown 

that, serving as a soluble pattern recognition receptor, C1q binds to pathogens and apoptotic 

cells and modulates phagocyte responsiveness.  While initial investigations regarding the 

modulation of phagocytosis were focused on C1q (Bobak et al., 1987) an interesting advance in 

the field came with the observations demonstrating that additional “defense collagens,” 

surfactant protein A and mannose binding lectin, shared the capacity to augment phagocytosis 

(Tenner et al., 1989; Tenner et al., 1995).  This family of proteins includes the collectins and 

C1q and shares conserved domain structure.  This conserved structure consists of both a 

collagen-like tail, responsible for triggering phagocyte activity, and a globular head region 

which is generally involved in the binding to target particles. In addition, the defense collagen 

triggered enhancement of phagocytic activity has been extended to all defense collagen 

family members thus tested [reviewed in (Bohlson et al., 2007)].  Using recombinant mannose 

binding lectin and mutants thereof Arora, et al. identified a conserved motif [GE(K/Q/R)GEP] 

in the collagen tail of defense collagens required for the enhancement of phagocytosis (Arora 

et al., 2001). While the hunt for “the” C1q receptor(s) that binds to this conserved motif 

(and/or other regions of the collagen like tails) and modulates phagocytosis has yielded 

candidate receptors and/or receptor components (e.g. CD91/LRP with calreticulin, CD93 and 

CR1), the search continues.   

A recent collection of data has pointed to a complex of surface associated calreticulin 

with membrane associated CD91/LRP as a functional C1q receptor that triggers enhancement 

of phagocytosis of C1q opsonized apoptotic cells (Gardai et al., 2003; Ogden et al., 2001).  

However this data is complicated in light of findings by Nauta and colleagues demonstrating 

C1q dependent enhancement of phagocytosis of apoptotic cells by immature dendritic cells in 

the absence of calreticulin (Nauta et al., 2004).  Furthermore, recent data from our labs in 

collaboration with that of Dudley Strickland, demonstrate that mouse macrophages devoid of 

CD91/LRP respond equally well to C1q with an enhancement of phagocytosis as do LRP 

expressing macrophages (Lillis et al., 2008).   CD93, another candidate C1q receptor, was 

isolated as a consequence of its affinity to C1q tails and antibodies against CD93 inhibited or 

mimicked the C1q-triggered enhancement of phagocytosis (Guan et al., 1994; Guan et al., 1991).  

However, macrophages from mice with the complete deletion of the CD93 gene respond to C1q 

with enhanced phagocytosis demonstrating that CD93 is not required in this system 
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(Norsworthy et al., 2004).  Thus far, the field lacks the definitive experimental evidence, 

which would be derived from a loss of function due to either gene ablation or knock down of 

expression, to formally assign any specific molecule as a C1q receptor required for any C1q 

mediated cellular function.  Similarly, while CR1 has also been implicated in the defense 

collagen dependent enhancement of phagocytosis (Ghiran et al., 2000; Klickstein et al., 1997), 

murine bone marrow derived macrophages, which do not express CR1, are capable of 

responding to C1q with enhanced phagocytosis (unpublished data)(Vandivier et al., 2002).  

Collectively, these data suggest that either a non-redundant pathway exists and has yet to be 

identified or that a redundancy exists in this important clearance system.   

While definitive results to identify a single C1qR on phagocytic cells have remained 

elusive, these studies have generated a wealth of new information regarding modulatory 

functions of phagocyte receptors (e.g. CD91, CD93 and CR1) and sparked new questions into 

the functional biology of these proteins.  The genetic tools are now available to explore the 

role of these receptors in the regulation of defense collagen triggered phagocyte activation, 

including regulation of phagocytosis and extending to modulation of cytokine production and 

neutrophil superoxide production; further important leukocyte effector functions that are 

regulated by C1q and/or defense collagens [reviewed in (Bohlson et al., 2007)].  In addition, 

investigations focusing on defense collagens and their ability to regulate innate immunity 

continue to flourish, underscoring the important contributions of this family to the regulation 

of the immune response.  In summary, we are just beginning to unravel the complex pathways 

involved in regulation of defense collagen triggered innate immune function.  Only by taking an 

objective and all-encompassing view of the field will we generate understanding of the 

molecular mechanisms involved in these regulatory pathways sufficient to identify processes 

we can manipulate to promote human health.   
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Meeting Report 
Session on Complement at the Annual Meeting of the American 

Society of Neurochemistry, San Antonio, Texas, March 2008 - 

The Complement Cascade:  Yin-yang in Neuroinflammation:  

Neuro-protection and Degeneration  
 

Jessy Alexander & Andrea Tenner  
 

 The session, sponsored by Quidel and Wyeth, 

was designed to give insights into the role of 

complement in brain. Andrea Tenner and colleagues 

presented their novel finding that C1q protects 

neurons in culture against !-amyloid-induced 

neurotoxicity. Since C1q did not affect A!-induced 

caspase activation, and mitochondrial perturbation, 

their results suggest the presence of a novel 

mechanism of neuroprotection. A new 

direction for complement function became 

evident when Beth Stevens presented data demonstrating that C1q, localized in synapses of CNS and 

retina, is expressed by postnatal neurons in response to immature astrocytes. Absence of C1q or C3 

was associated with defective synapse elimination, highlighting the crucial role of the immune 

system in patterning of neural circuits and eliminating unwanted synapses. Jessy Alexander and 

colleagues showed that anaphylatoxin receptor inhibition reduced caspase-3 dependent neuronal 

apoptosis, the key event in lupus brain. Further, the anaphylatoxins regulated glutamate receptors 

(AMPA-GluR1 and 2) and altered Ca+2 influx into brain. These studies suggest a key role for 

complement in lupus cerebritis. Moving from the brain, Aileen Andersen and coworkers showed that 

synthesis of complement components by infiltrating neutrophils were contributing to the long-term 

generation of complement after spinal cord injury (SCI). Complement deficiency improved behavior 

and histological damage, after SCI. Additional data suggest that C1q-myelin interactions can block 

myelin-mediated inhibition of regeneration and promote neurite outgrowth. Scott Barnum brought 

the session to a close, presenting data that suggest novel and distinct roles for CR3 and CR4 on T 

cells. Deletion of either receptor attenuated EAE (model for multiple sclerosis). Absence of CR3 on 

reconstituting "#T cells in "#T cell -/- mice aggravated EAE while CR4 on reconstituting "#T cells in 

these mice was essential for disease development.  

In summary, the novel observations presented in this session reemphasized and expanded the 

important role of complement in health and disease of the nervous system. We hope to see more 

sessions on complement and CNS since the roles of complement in the nervous system continues to 

increase.  

 

Sitting: Andrea Tenner, Aileen Anderson 

Standing: Jessy Alexander, Beth Stevens and Scott Barnum 


