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Introduction on complement and C1q

Low levels of C1q (C1q deficiency)

High levels of C1q (Tuberculosis)

Implications and future directions

Overview of the presentation
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Roles of the complement system



Assembly and functions of C1q
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Produced by: Macrophages, Dendritic cells
Serum conc.: 200 μg/ml
Mol Weight: 460 kD

Beurskens Mol Immunol 2015

Gaboriaud Trends Imm 2004



C. Diebolder et al. Science 2014Beurskens et al. Mol Immunol. 2015

C1q binding to IgG.



Maturation of Dendritic cells abrogates C1q production

13-feb-207 Castellano et al. Blood 2004
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Complement deficiencies and clinical presentation

Parham 2005



Complement and onset of SLE

Human genetic deficiencies

C1q - 80% SLE

C4   - 70% SLE

C2   - 10% SLE

C3   - 5% SLE

SLE

The complement system is involved in the prevention of SLE
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IgG

C1q C3
Caroll Nat genet 1998

Complement and onset of SLE
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Botto et al. Nat genet 1998

C1q deficient mice develop lupus like disease

Onset of autoimmune disease Defective clearance of apoptotic cells
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Walport et al. NEJM 2001

Waste disposal hypothesis



Male,  24 years old

Age  1 Systemic lupus erythematosus  

Butterfly rash, sunlight hypersensitivity, ANA, ENA 

C1q deficient patient with SLE

Van Schaarenburg et al. Front Imm 2016



Male,  24 years old

Age  1 Systemic lupus erythematosus  

Butterfly rash, sunlight hypersensitivity, ANA, ENA 
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Class V LN, 
‘nearly’ full-house IF



Male,  24 years old

Age  1 Systemic lupus erythematosus  

Butterfly rash, sunlight hypersensitivity, ANA, ENA 

Age  3 Poly-arthritis, oral ulcers, fever/malaise.

Age  7 Frequent upper airway infections, skin infections  

Age  19 Staph aureus septicemia 

Age  20 Varicella zoster 

Age  24 Nephritis 

Age  24 Neuro-psychiatrical SLE 

C1q deficient patient with SLE

Van Schaarenburg et al. Front Imm 2016

NP-SLE  with an inflammatory and ischemic phenotype

Patient presented with low minimal state examination for 
age and education level. Decreased vision and decreased 
function of left arm.



Repeatedly low/undetectable CH50 (classical pathway activity) !!

C1q deficient patient with SLE

Van Schaarenburg et al. Front Imm 2016



C1q deficient patient with SLE

Van Schaarenburg et al. Front Imm 2016



C1q deficient patient with SLE

Van Schaarenburg et al. Front Imm 2016

Mutation : Gly>Arg on pos 34 C1qC
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Compound heterozygous mutations of C1QC :  c.100G>A p.(Gly34Arg); 
c.205C>T p.(Arg69X).

Female C1q deficient patient with SLE
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Infections
Age 0   - recurring infections
Age 6   - sepsis caused by Strep pneumoniae
Age 12 - herpes zoster infection
Age 18 - hospitalized for infections; Escheria coli and candidiasis. 

SLE (-like disease)
Age 4    - SLE, many symptoms but no anti-dsDNA.

SLE treated with immunosuppressives with serious side effects. 
SLE with C1q deficiency; treatment with Fresh Frozen Plasma, also side effects.

Cerebral involvement
Age 14  - she was hospitalized with cerebral problems, EEG confirmed lesions. 
Age 18  - repeated episodes of anxiety and difficulty in speech.

Female C1q deficient patient with SLE

Lubbers et al Lupus 2019
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C1q def. and Neuro-Psychiatrical problems
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NP-SLE in C1q def >20% and in wt SLE <5%

Stevens et al.  Cell 2017

C1q def. and Neuro-Psychiatrical problems



Complement and onset of SLE

Human genetic deficiencies

C1q - 80% SLE

C4   - 70% SLE

C2   - 10% SLE

C3   - 5% SLE

SLE

The complement system is involved in the prevention of SLE



Male
7 years old

Recurrent infections of the airways 
Osteomyelitis of the tibia 
Pneumococcal meningitis 
No signs of autoimmunity

Repeatedly low/undetectable C1q

C1q deficient patient with no SLE

Van Schaarenburg et al. Immunobiol 2014

ELISA

Western blotSplice site mutation within C1qB

Patient Father Mother 



C1q deficiency



Problem:

Most papers only report on the moment of identification of C1q 

deficiency and the mutation involved, but no follow up.

C1q deficiency



Questionnaire on life expectancy and complications

Gender
Age of diagnosis
Parents related?
SLE (Diagnosis)
Still alive? (No, cause of death)
Received Plasma
Stem cell transplantation consideration
Quality of life
Age of diagnosis vs current age

Van Schaarenburg et al.  J Autoimmun. 2015

C1q deficiency



Country of 
origin

Number of 
patients

Australia 1

Greenland 3

Iraq 1

Kosovo 1

Netherlands 7

Pakistan 7

Saudi Arabia 9

Spain 1

Sweden 4

Sudan 2

Tunisia 2

Turkey 4

United 
Kingdom

2

USA 1

C1q deficient 
individuals

Number of 
cases

Percentage of 
cases

Sex M/F 22/23 49/51
Deceased Y/N 9/36 20/80
Deceased Males 3 14
Deceased Females 6 26

Clinical presentation
SLE Y/N 36/9 80/20
Only SLE 20 44
Only Infections 6 13
Both SLE + Infections 16 36
No symptoms 3 7

Therapy
FFP given 14 31
HSCT performed 3 7
HSCT considered 10 22

C1q deficient patients

Van Schaarenburg et al.  J Autoimmun. 2015



Age of diagnosis vs. current age

C1q deficient patients

Van Schaarenburg et al.  J Autoimmun. 2015



Outcome of disease

Infections Quality of life

The median quality of life is 7

Van Schaarenburg et al.  J Autoimmun. 2015



Therapy options

C1q deficient 
individuals

Number of 
cases

Percentage of 
cases

Sex M/F 22/23 49/51
Deceased Y/N 9/36 20/80
Deceased Males 3 14
Deceased Females 6 26

Clinical presentation
SLE Y/N 36/9 80/20
Only SLE 20 44
Only Infections 6 13
Both SLE + Infections 16 36
No symptoms 3 7

Therapy
FFP given 14 31
HSCT performed 3 7
HSCT considered 10 22

Van Schaarenburg et al.  J Autoimmun. 2015
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Cortes-Hernandez et al. Eur.J.Immunol 2004Petry et al. J.Immunol 2001

Bone marrow transplantation in mice restores C1q levels 
and reduces autoimmunity



HSCT in humans can restore C1q production

Arkwright et al. J. Allergy Clin Immunol 2014

Before After
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Unfortunately, the boy developed severe acute GVHD and died 4 months after 
transplantation due to intracerebral haemorrhage and multiorgan failure.

Before After

Olsson et al. Transplantation 2016

†

†

HSCT in humans can restore C1q production

C1q CH50



Conclusions C1q deficiency

Absence of early classical components is associated with SLE

Remarkable differences between deficient individuals

Not only SLE but also infections very prominent risk in CP deficiency

Neurological problems are prominent

HSCT now tested as a therapeutical option in C1q deficiency



Sterner et al. J Clin Cell Immunol 2014

Most SLE patients are NOT genetically deficient

Full-House Immunofluorescence

Complement activation contributes to 
inflammation and tissue damage in 
‘conventional’ SLE patients



C1q low in SLE but what about C1q high ?
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?SLE
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C1q low in SLE but what about C1q high ?
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C1q low in SLE but what about C1q high ?
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C1q low in SLE but what about C1q high ?

?

Collaboration with Kyra Gelderman, Sanquin Diagnostics, Amsterdam



Tuberculosis
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Tuberculosis Today 

▪Mycobacterium tuberculosis (Mtb) infection:
▪ 1/4 - 1/3  of the world population is infected

▪ > 10,4 million people develop TB disease 

▪ ~ 1,7 million die every year of TB (incl. 370.000 HIV coinfected) 

TB incidence, all forms (per 100 000 per year)
Source: WHO Stop TB Department, www.who.int/tb

WHO report, 2017



Background

Mycobacterium tuberculosis

Phases: Active disease 

Latent infected TB

Biomarkers do not discriminate !!

Collaboration with Simone Joosten, LUMC
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C1q expression in PBMCs in several large studies

Lubbers et al Front Immunol. 2018 
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C1q expression in PBMCs in several large studies

Lubbers et al Front Immunol. 2018 



C1q protein levels are increased in active TB

Lubbers et al Front Immunol. 2018 



Increased C1q levels normalize following treatment

Lubbers et al Front Immunol. 2018 



C1q levels normalize following successful treatment

Lubbers et al Front Immunol. 2018 



Increased C1q levels are rather specific for active TB

13-Feb-2050 Lubbers et al Front Immunol. 2018 

Differential diagnoses



Discrimination of active TB vs rest using C1q serum levels

13-Feb-2051 Lubbers et al Front Immunol. 2018 



C1q also present in the lungs of active TB

Lubbers et al Front Immunol. 2018 



Non-human primates – TB – C1q

13-Feb-2053 Lubbers et al Front Immunol. 2018 

Collaboration with Karin Dijkman at the BPRC in Rijswijk

Non-human primate TB model in Macaques.

BCG vaccination trial with post-hoc analysis of sera and BAL.



Summary

C1q mRNA’s are upregulated in PBMCs, indicating indirect stimulation

C1q protein levels are increased in patients with active TB compared to controls

Non human primates show similar increase in C1q after experimental TB challenge

13-Feb-2054 C1q and Tuberculosis

Lubbers et al.  Frontiers in Immunology 2018



Summary

C1q mRNA’s are upregulated in PBMCs, indicating indirect stimulation

C1q protein levels are increased in patients with active TB compared to controls

Non human primates show similar increase in C1q after experimental TB challenge

13-Feb-2055 C1q and Tuberculosis

But why would a pathogen want more C1q?



Summary

C1q mRNA’s are upregulated in PBMCs, indicating indirect stimulation

C1q protein levels are elevated significantly in patients with active TB compared 

to relevant controls

Non human primates show similar increase in C1q after experimental challenge 

with TB

13-Feb-2056 C1q and Tuberculosis

But why would a pathogen want more C1q?

Ling et al  Science 2018



Hypothesis

But increased C1q would mean more classical pathway  

Unless there is also enhanced complement inhibition

13-Feb-2057 C1q and Tuberculosis

TB is using C1q as an immune evasion strategy



Endogenous complement inhibitors

13-Feb-20Dijkstra et al. Semin Immunol 201958



Expression of complement inhibitors in active TB

13-Feb-2059 Lubbers et al submitted 2020



C1-INH protein levels

13-Feb-2060 Lubbers et al submitted 2020



C1-INH in active TB versus differential diagnoses

13-Feb-2061 Lubbers et al submitted 2020



C1-INH levels normalize after successful treatment 

13-Feb-2062 Lubbers et al submitted 2020
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C1q and C1-INH 

Lubbers et al submitted 2020
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C1q and C1-INH as biomarkers for active TB

Lubbers et al submitted 2020
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Conclusions 

C1q expression and protein levels are increased in active TB vs latent disease

C1-INH, the inhibitor of C1q, is also increased in active TB

Together C1q levels and C1-INH levels are a reasonable biomarker for active TB

Upregulation of both proteins is suggesting immune escape mechanisms

Cancer Immunol Res. 2019 Jul;7(7):1091-1105 JCI Insight. 2019 May 21;5. 

Main message: 
C1q suppresses T cell activity

Main message: 
C1q suppresses Th-17 activity 
and stimulates T-reg function
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Future directions 

How is the local TB infection driving systemic C1q / C1-INH levels?

Do other intracellular pathogens use the same mechanism?

What is the relative contribution of C1q on the immune response to TB?

How does C1q impact on the (adaptive) immune system?
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TBSLE

Neuro-psychiatrical problems

Bacterial immune escape

Both ends of the spectrum are informative !! 
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