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Complement and APS

(Meroni, PL et al. Nat. Rev. Rheumatol., 2018)

Experimental and clinical data support the conclusion that the Complement system is a key factor in 
the pathogenesis of APS



Complement and vascular models of APS

aPL from patients with APS are able to trigger
clotting in the presence of a priming pro-
inflammatory factor.

C3 or C5 or C6 k/o animals are
protected from aPL induced thrombi



B2GPI and IgG co-localize in the

artery wall

✘ Formation of IC

✘ Local deposition of C1q, C4

and C3

Indirect demonstration that IC

are able to activate the classical

complement pathway in-vivo in

humans

Complement and vascular APS

PAPS patient with arterial

thrombosis who underwent

arterial surgical bypass.



Aim of the study

✘ Complement is involved in APS pathogenesis

✘ C3 and C4 serum levels are generally not reduced in APS 

patients 

✘ Soluble split complement products are difficult to detect

aPL negative SLE patients have higher 

C4d levels deposited on B cells, 

erythrocytes and platelets than healthy 

donors or patients affected of different 

rheumatic diseases.

Investigate C4d bound to B cells, erythrocytes and platelets in primary APS patients

Search for split product deposited on cell 
membranes



Factor I

(Stegall MD et al. Nat Rev Nephrol. 2012)

Complement cascade

C4d →No biological functions;

→Binds on cells or tissue near the activation site;

→No receptors;

→Covalently bind the membrane surface → the binding does not break spontaneously



Study population

(n= 77)

Primary APS

(n= 24)

aPL+ carriers

(n= 8)

SAPS

(n= 11)

aPL+ SLE 

(n=18)

aPL- SLE

(n= 15)

ITP

(n= 11)

aPL neg thrombosis

(n= 8)

M/F (%) 11(46)/13(54) 1(12,5)/7(87,5) 0/11(/100) 1(6)/17(94) 3(20)/12(80) 6(54)/5(46 ) 2(25)/6(75)

Age mean ± SD 48 ± 12 47 ± 11 45 ± 14 42 ± 14 41 ± 15 62 ± 19 78 ± 20

Thrombotic manifestations (%) 19 (79) 0 8 (73) 0 1 (7) 1 (9) 8 (100)

Obstetric + thrombotic APS (%) 1 (4) - 1 (9) - - - -

Obstetric APS (%) 4 (17) - 2 (18) - - - -

SLEDAI median (min-max) - - 4 (0-14) 4 (0-12) 5 (0-16) - -

Serum C3 (mg/ml) mean ±SD 88 ±21 95 ± 34 72,5 ± 23 78 ± 23 91,7 ±25 123,5± 35 158,5± 32

Serum C4 (mg/ml)  mean ±SD 16 ±9 17 ± 7 15 ± 14 11 ±5 18 ±12 25± 10 31,5± 10

medium/high aCL IgG (%) 21 (87.5) 5 (62,5) 6 (54) 7 (39) 0 0 0

medium/high aCL IgM (%) 2 (8) 1 (12,5) 0 2 (11) 0 0 0

medium/high anti-B2GPI IgG (%) 19 (79) 6 (75) 5 (45) 3 (17) 0 0 0

medium/high anti-B2GPI IgM (%) 4 (17) 3 (37,5) 2 (18) 2 (11) 0 0 0

LAC (%) 21 (87.5) 4 (50) 8 (73) 9 (50) 0 0 0

Patients



Ex-vivo protocol

EDTA sample processed within 

12 hours from bleeding time

Platelets Erythrocytes Lymphocytes

Activated

platelets

Staining:

Platelets: aC4d FITC + CD42b PE

Erythrocytes: aC4d FITC

B cells: aC4d FITC + CD19 PE 

Flow cytometer



BC4d, EC4d and PC4d

Kruskal-Wallis test + Dunn’s test
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MBB2

resting platelet

activated platelet

TRAP: binds to PAR-1 e PAR4 receptors (GPCR) → Ca2+ channels

→ membrane flip-flop

→ PS exposition

MBB2: a recombinant antibody recognizing the domain I of b2 glycoprotein I induces foetal loss and clot formation in animal models. 

MBB2 

+ 

TRAP

672 | NOVEMBER 2012 | VOLUME 8 www.nature.com/ nrneph

might prevent the development of acute AMR. The 

availability of eculizumab, a humanized monoclonal 

antibody against C5, provided an opportunity to test 

this hypothesis.

Prevention of AMR by eculizumab
Eculizumab is a humanized monoclonal antibody that 

blocks the cleavage of human complement component 

C5 into its proinflammatory components.17 Eculizumab 

has a high affinity for C5 and its safety and efficacy have 

been shown in the treatment of paroxysmal nocturnal 

haemoglobinuria.18

We performed a single-centre, open-label study to 

determine whether treating allograft recipients with 

eculi zumab could reduce the incidence of AMR in the 

first 3 months after positive crossmatch kidney transplan-

tation.19 Eculizumab was given at the time of transplan-

tation, on post-operative day 1 and then weekly for the 

first month. The participants were 26 highly sensitized, 

positive crossmatch kidney allograft recipients, who were 

compared with an historical control group of 51 sensi-

tized patients who had been treated with a similar plasma 

exchange-based desensitization protocol but had not 

received eculizumab. The incidence of AMR was 7.7% in 

the eculizumab-treated group compared with 41.2% in the 

control group. These data clearly demon strate that termi-

nal complement activation is critical in the development  

of early AMR, as shown in Figure 1.

Importantly, the percentage of patients who developed 

high levels of DSAs after transplantation was similar 

in the eculizumab-treated and control groups, which 

suggests that eculizumab does not affect DSA levels. 

However, all patients in the control group who developed 

high levels of DSAs after transplantation developed acute 

AMR. By contrast, in the eculizumab group only two of 

the 13 patients with high DSA levels (15%) developed 

acute AMR. Crucial to our discussion here, all biopsy 

samples taken from both groups of patients with high 

levels of DSAs were positive for C4d, suggesting that 

C5 inhibition by eculizumab prevented AMR despite 

high levels of DSAs and C4d deposition in the allograft. 

The comparative histology of patients with high levels 

of DSAs that were treated with eculizumab and those 

untreated are shown in Figure 2.

Although high levels of serum DSAs and C4d deposi-

tion in the graft were common even in the eculizumab-

treated patients, the diagnosis of acute AMR relied on 

evidence of graft dysfunction and graft injury at biopsy. 

Histological features of graft injury commonly attributed 

to AMR are glomerular or vascular thrombi, neutro-

phils in the peritubular or glomerular capillaries, acute 

tubular injury and reactive endothelial changes seen by  

electron microscopy.12

AMR in two patients in the eculizumab-treated group 

occurred on post-transplant day 7 and day 14, in the pres-

ence of increasing serum creatinine levels and increased 

DSA levels. Biopsy samples from these patients also 

showed C4d positive immunostaining of peritubular 

capillaries and glomerular microthrombi. In contrast 

to control patients in whom AMR often was difficult 

to control, the AMR episodes in the two eculizumab-

treated patients were relatively mild and easy to reverse 

using plasma exchange. Both eculizumab-treated patients 

recovered completely from AMR, and their allografts 

were still functioning 1 year after transplantation. In these 

two patients the mechanism of AMR of the graft remains 
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Figure 1 | The role of the classical complement pathway in acute AMR rejection in sensitized renal transplant recipients. 

DSAs bind to HLA on the allograft endothelium. The C1 complex is activated by binding to DSAs. C4d, a degradation 

product of C4 binds at the site of complement activation—usually the vascular endothelium in the renal allograft—and 

remains covalently attached and detectable by immunohistochemistry. C3a and C5a likely act as potent chemotactic 

factors, promoting the infiltration of proinflammatory cells. In addition, the membrane attack complex might directly cause 

damage to the allograft. Complement regulatory proteins such as CD55 (also known as DAF), which accelerates the decay 

of C3 and C5 convertases, might alter this process. Exogenous treatment with Y-CVF (a C3 inhibitor) is suggested to 

prevent AMR and promote resistance to DSAs in animal models. The humanized monoclonal antibody, eculizumab, binds to 

C5 with high affinity and prevents the formation of C5a and the membrane attack complex. Treatment with eculizumab has 

been shown to decrease the incidence of acute AMR in sensitized renal transplant recipients. Abbreviations: AMR, 

antibody-mediated rejection; DAF, decay-accelerating factor; DSAs, donor-specific antibodies, HLA, human leukocyte 

antigen; Y-CVF, Yunnan-cobra venom factor.
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B2GPI + aPL →

MBB2

In-vitro model

PS exposure IC activate the C cascade



Hirudin blood sample

In-vitro protocol

MBB2 + TRAP

stimulation
Incubation 20min 

at 37°C

Sample dilution

RT Staining:

aC4d + anti-mouse APC

aCD42b PE

anti-human FITC

aCD62p Pe-CY7 

Flow cytometer



M
B
B
2

M
B
B
2 

+ T
R

A
P

0

2

4

6

8

10

%
 o

f 
M

B
B

2
 p

o
s 

p
la

te
le

ts

*

p=0,0010

null

M
B
B
2 

T
R

A
P

T
R

A
P +

 M
B
B
2

0

2

4

6

8

%
 C

4
d

 p
o
s 

p
la

te
le

ts

*

p=0,0372

**
p=0,0016

null

M
B
B
2 

T
R

A
P

T
R

A
P +

 M
B
B
2

0

20

40

60

80

100

120

%
 C

D
6
2
p

 +
 p

la
te

le
ts

*** p=0,0009

**** p<0,0001

*** p=0,0009

In-vitro results

0

5

10

15

%
 o

f 
C

4
d
 p

o
si

ti
v
e 

p
la

te
le

ts

M
B
B
2Δ

C
H
2

M
B
B
2

TR
A
P a

nd
 M

B
B
2

TR
A
P a

nd
 M

B
B
2Δ

C
H
2nu

ll

TR
A
P



Conclusions

✘ aPL are associated with platelet-bound C4d

✘ First in-vivo demonstration that the classical complement pathway is activated in PAPS patients

Ex vivo

✘ In presence of a second hit (TRAP) able to activate platelets, and of MBB2, an analogue of aB2, we observe the

formation of local Immune Complexes able to activate the complement cascade

✘ Complement is not activated when MBB2DCH2 is used instead of MBB2

In vitro

✘ Possible mechanism of C4d deposition on platelets
✘ Classical complement activation is involved in APS pathogenesis
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