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 C3a C4a C5a 
Mean for BD CBA 

Anaphylatoxin Assay 
plasma levels in 

healthies (ng/mL) 

 111.2 

95% CI 
(n=12): 

90.8 - 131 

467  

95% CI 
(n=12): 

396 - 568 

8.8 

95% CI 
(n=12): 

6.3 – 11.3 

Mean (SD) Pre-infusion 
Value (ng/mL) 

N = 28 patients 
N= 47 infusions 

114.3 (68.5) 
95% CI 

(n=47): 
94 – 134 

382.1 (363.2) 
95% CI 

(n=47): 
277 – 489 

8.9 (5.4) 
95% CI 

(n=47): 
7.3 – 10.5 

    
Fold Change 
Post-infusion 

Mean (SD) 
{Range} 

Mean (SD) 
{Range} 

Mean (SD) 
{Range} 

First Dose of SPA C3a C4a C5a 
1.5 mg/kg 

n=7 

0.93 (0.27) 

{0.75-1.49} 

1.03 (0.40) 

{0.73-1.78} 

1.01 (0.17) 

{0.81-1.24} 

3.0 mg/kg 

n=8 

1.59 (1.54) 

{0.77 – 5.44} 

0.87 (0.47) 

{0.41-1.54} 

0.95 (0.42) 

{0.80-1.49} 

6.0 mg/kg 

n=7 

1.65 (1.19) 

{0.79-3.90} 

0.83 (0.31) 

{0.32-1.13} 

1.28 (0.78) 

{0.82-2.01} 

12.0 mg/kg 
n=4 

1.07 (0.19) 
{0.91-1.33} 

0.80 (0.24) 
{0.53-1.03} 

0.90 (0.06) 
{0.84-0.98} 

4th Dose of SPA C3a C4a C5a 
1.5 mg/kg 

n=6 

1.28 (0.93) 

{0.78-2.98} 

0.77 (0.39) 

{0.56-1.11} 

0.81 (0.40) 

{0.76-1.31} 

3.0 mg/kg 

n=8 

3.19 (3.52) 

{0.71-10.27} 

1.24 (0.92) 

{0.44-2.66} 

0.85 (0.35) 

{0.06-1.13} 

6.0 mg/kg 
n=6 

3.63 (4.78) 
{0.84-12.73} 

0.73 (0.40) 
{0.57-1.09} 

0.96 (0.56) 
{0.90-1.76} 
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Background: PRTX-100, a highly-purified GMP staphylococcal protein 

A (SpA), is currently in clinical trials treating patients with active 

rheumatoid arthritis (RA). It has been reported that binding of SpA to 

rabbit Vh3 IgM antibodies could deplete complement hemolytic activity 

and release C3a. Furthermore, complement activation is a postulated 

mechanism for dosing reactions seen in several patients after overly-

rapid injection of SpA. We therefore looked at ex vivo effects of:  

1. Adding SpA to pooled normal serum using a highly-sensitive modified 

CH50 assay; and 2. Adding SpA to fresh healthy donor blood on 

production of stable metabolites of C3a, C4a, and C5a, which are 

anaphylatoxins and known vasoactive and immunomodulatory 

mediators. Additionally, these analytes were measured in plasma from 

RA patients, before and after dosing with SpA. 

 

Methods: CH50 studies: Pooled normal donor serum was incubated 

with various concentrations of SpA or positive controls and then assayed 

for residual complement activity (measured as CH50). Whole blood 

studies: Heparinized blood was incubated at 37°C with 0, 250, 500, or 

2000 ng/mL of SpA or with zymosan as a positive control. At 15-and 60-

minute intervals, samples were evaluated using a multiplexed cytometric 

bead array (CBA) assay to quantify C3a, C4a, C5a stable metabolites. 

Patient studies: EDTA/Futhan plasma samples were obtained before 

and after the first and fifth infusion with SpA, and frozen for CBA 

analysis of anaphylatoxins. Sequential groups of six patients were 

infused weekly with 1.5, 3.0, 6.0, or 12 µg/kg of SpA.  

 

Results: In the CH50 study, three replicate experiments were performed 

adding serial two-fold dilutions of SpA from 4000 to 125 ng/mL. All CH50 

values averaged between 85% and 108% of serum incubated without 

SpA, with no SpA dose response observed. CH50 values at 4000 ng/mL 

SpA were 114, 106, and 98% of the serum control. Incubation with a 

complement-activating nanoparticle reduced hemolytic activity to 

undetectable levels (<5% of serum control). Using whole blood from 

three donors, and the CBA assay, C3a increased a maximum of 2.5-fold 

with SpA addition, compared to no addition. The mean increase with 

zymosan addition was 332-fold. For C4a the maximum increase was 

2.3-fold compared with a mean 99-fold for zymosan addition. For C5a 

the maximum increase was 2.3-fold that seen for control, compared with 

a mean 213-fold increase with zymosan addition. Data for pre- and post-

infusion samples for 47 infusions in the first 28 patients dosed, showed 

7/28 had 3-fold or greater increase in C3a (range 3 to 14 fold) but only 

2/28 had a 2-fold or greater increase in C4a (range 2.4 to 2.7 fold). 

The  mean of the ratio between pre- and post-dose values was 2.1, 1.0, 

and 1.1 for C3a, C4a, and C5a respectively. The maximum fold 

increases were 14.0, 2.7, and 3.0 respectively. 

 

Conclusion: Ex vivo experiments do not demonstrate activation of 

complement in serum or whole blood by SpA at concentrations of up to 

4000 ng/mL (serum) or 2000 ng/mL (blood). One quarter of patients 

experienced a 3-fold or greater increase in C3a after SpA treatment, 

which was not associated with any dosing symptoms. C4a and C5a 
were unaffected by treatment. 

Figure 1. CH50 Assay. Pooled normal serum, 2 representative experiments 
of 3. Incubation of serum with charged nanoparticles activates and 
depletes complement, preventing lysis of SRBCs. No significant effect at 
any concentration of SpA. 

Patient studies: Patients with active RA received five weekly doses of either 
0, 1.5, 3.0, 6.0, or 12.0 µg/kg of IV SpA. Before and after the first and last 
infusion, blood was drawn in an EDTA tube, Futhan serine protease inhibitor 
was added, then plasma separated and frozen at –40°C until analysis. As the 
study is ongoing and blinded, placebo- and active-treated patient samples 
were pooled for analyses.  

Measurement of C3a, C4a, C5a and their metabolites: A Cytometric Bead 
Array Kit (Becton Dickenson, Franklin Lakes, NJ) [1] was qualified using 
zymosan-treated samples of blood to generate positive controls. Samples 
were diluted either 300x or 20000x prior to analysis. LLQs were C3a: 20 
pg/mL, C4a 10 pg/mL, and C5a 4 pg/mL. Interbatch precision ranged from 
4.0 to 15.6 (%CV) for the 3 analytes.   

CH50 studies: Pooled normal donor serum was incubated with various 
concentrations of SpA or positive controls and then assayed for residual 
complement activity (measured as CH50) using lysis of sheep RBCs. Use of a 
low-ionic strength buffer increased assay sensitivity. [2] 

Whole blood studies: Heparinized blood from 3 healthy donors was 
incubated at 37°C with 0, 250, 500, or 2000 ng/mL of SpA or with zymosan 
as a positive control. At 15- and 60-minute intervals, samples were 
centrifuged at 4°C and frozen for CBA analysis. In separate studies, blood 
from these donors was incubated with SpA, LPS, PHA, or saline control and 
cytokines measured by CBA methods from 4- and 24-hour samples.  

• Normal ranges for C3a, C4a, and C5a and their stable metabolites are not well 
established, and vary significantly with various assay methods. In a 2006 study 
of C3a and C4a measured by EIA in healthy volunteers and asthma patients 
[3], Lee et al found median levels of C3a, C4a, and C5a in controls were 135, 
380, and 11.7 ng/mL respectively. These values are comparable to what we 
observed in RA patients. In 1987, Moxley and Ruddy reported [2] that mean 
C3a levels in RA plasma was 273 ng/mL versus 134 ng/mL in controls, and that 
joint index was correlated to C3a levels. We did not replicate this finding. In 
1991 Bergamaschini et al [4] reported that adult onset diabetes patients had 
elevated levels of C4a, with a mean of 2176 ng/mL, versus a mean of 385 
ng/mL for controls.   

• Interpretation of the potential clinical or pharmacologic significance of 2- to 
10-fold increases in C3a in several patients after infusion of SpA is difficult. 
Richchani et al [5] reported values for plasma C3a, C4a, and C5a in normal 
pregnant women. The mean concentrations were 1.8-fold, 3.9-fold, and 3.0-
fold greater in normal pregnant than in non-pregnant women.  

• The fact that in our patients, the highest level of post infusion C5a (the most 
potent anaphylatoxin) measured was 24.6 ng/mL, or about 3-fold the mean 
value in controls, and was not accompanied by any peri-infusion symptoms, 
offers some reassurance that complement activation secondary to SpA 
infusion was very limited and unlikely to cause pseudo-anaphylaxis reactions 
similar to those described with liposomal drugs and nanoparticles [6] (and 
associated with thromboxane release and increases in PA pressure). The  
ex vivo experiments suggest that even at 4000 ng/mL PRTX-100 does not 
activate complement in plasma or whole blood from normal donors.   

 (References 1 through 6 available for download with poster) 

• Staphylococcal protein A (SpA is an immunoglobulin-binding protein with 
the ability to cross-link immunoglobulins via multivalent binding to the 
IgG Fc region, and to the CDR region of IgGs or IgM antibodies with Vh3 
heavy chains.  These properties raise the possibility that parenteral 
infusion of SpA could cross-link immunoglobulins to form larger 
complexes which might activate complement, particularly in the 
presence of rheumatoid factor. 

• We therefore conducted several investigations during a phase 1b study of 
parenteral SpA treatments in patients with active RA, where plasma Cmax 
plasma concentrations between 30 and 300 ng/mL were attained during 
infusions. In ex vivo studies, we examined the ability of various 
concentrations of SpA to activate complement (measured as CH50 
activity) in pooled normal donor serum. The ability of SpA to generate 
stable metabolites of C3a, C4a, and C5a when added to fresh normal 
donor blood and incubated at 37°C was also measured. Finally, EDTA 
plasma samples obtained from RA patients before and after treatment 
with SpA, stabilized with Futhan and frozen, were analyzed for 
concentrations of C3a, C4a, and C5a stable metabolites. 

• We also examined the ability of SpA to stimulate the release of the 
following cytokines after 4- or 24-hour incubation with fresh whole 
blood:  IL-2, IL-4, IL-6, IL-10, IL-17a, IFN-gamma, TNF-alpha. 

Table 1. CH50 Assay. Pooled results of 3 experiments 

Formulation  Mean (SD) 

NEGATIVE CONTROL PARTICLE 101.4 (1.46) 

POSITIVE CONTROL PARTICLE 5.8 (1.15) 

SPA 4000ng/ml 101.8 (3.09) 

SPA 1000ng/ml 100.7 (2.50) 

SPA 500ng/ml 99.5 (2.76) 

SPA 250ng/ml 97.4 (3.69) 
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Table 2. Whole Blood. Pooled results of experiments with 3 donors, 
mean (SD) 

Table 4. Normal range, pre-infusion values, and post-infusion change (ratio) 
in C3a, C4a, and C5a in study PRTX-100-104 RA patients analyzed to date   

ng/mL IL-2 IL-4 IL-6 IL-10 IL-17a IFN-g TNF-a 

Media  0 0 0 0 0 0 0 

SpA 250 0 0 0 0 0 0 0 

SpA 500 0 0 0 0 0 0 0 

SpA 2000 0 0 0 0 0 0 0 

LPS 500 0 0 3804 (405) 692 (183) 0 0 1588 (336) 

PHA 2000 0 0 0 0 85 (4.2) 103 (42) 0 

Table 6. Addition of media, SpA, LPS, or PHA to 37°C incubations of whole 
blood. Mean (SEM) of values in pg/mL for three blood donors. IL-2, IL-4, 
IFN, IL-10, and IL-17, measured at 24 hours, IL-6 and TNF measured at       
4 hours. Assayed by cytokine bead array. 

DISCUSSION 

Ex vivo CH50 and CBA whole blood assays 

ID, dose C3a C4a C5a RF  a CCP AE 

02-007 
6 mg/kg 

V1 pre 
V1 post 
ratio 

121 
473 
3.9 

420 
396 
0.9 

10 
9.2 
0.9 

364 > 250 None 

V6 pre 
V6 post 
ratio 

141 
1800 
12.7 

928 
1016 
1.1 

14 
24.6 
1.8 

02-009 
6 mg/kg 
 

V1 pre 
V1 post 
ratio 

229 
624 
2.7 

425 
441 
1.0 

5.3 
6.3 
1.2 

11 50 None 

V6 pre 
V6 post 
ratio 

186 
935 
5.0 

904 
511 
0.6 

5.5 
6.1 
1.1 

10-002 
6 mg/kg  

V1 pre 
V1 post 
ratio 

230 
231 
1.0 

703 
220 
.3 

7.4 
22.3 
3.0 

120 34 UTI, 24 hrs 
p V1 

01-005 
3 mg/kg  

V1 pre 
V1 post 
ratio 

74 
98 
1.3 

110 
132 
1.2 

8 
9.8 
1.2 

51 > 250 Mild arthritis 
flare after 
V1 

V6 pre 
V6 post 
ratio 

68 
516 
7.6 

112 
264 
2.4 

7 
7.6 
1.1 

01-008 
3 mg/kg  
 

V1 pre 
V1 post 
ratio 

53 
287 
5.4 

95 
147 
1.5 

5.3 
4.7 
0.9 

44 > 250 Headaches, 
mild, not 
related 

V6 pre 
V6 post 
ratio 

45 
459 
10.3 

69 
184 
2.7 

3.6 
4.1 
1.1 

Table 5. Five of 28 patients were outliers (defined as a >2-fold increase in a 
complement analyte after infusion (in red), resulting in a value greater than 
the upper limit of the 95% CI for the mean (in bold).  Actual values in       
ng/mL, patient screening values for anti-CCP and RF, and AEs. 

 Fold increase at 

60 min 
C3a  des-Arg 

Fold increase at 

60 min 
C4a des-Arg 

Fold increase at 

60 min 
C5a  des-Arg 

No Addition 0.8  (0.49) 1.0 (0.07) 0.9 (0.11) 

SPA 250 ng/mL 1.83 (1.13) 1.4 (0.68) 1.6 (0.55 

SPA 250 ng/mL 2.0 (0.68) 1.4 (0.76) 1.6 (0.58) 

SPA 2000 ng/mL 1.8 (0.24) 1.2 (0.42) 1.6 (0.46) 

Zymosan 343.2 (32.6) 9.9 (3.7) 231.8 (149.3) 

 

Donor 1 C3a (ng/mL) C4a (ng/mL) C5a (ng/mL) 

Baseline 65 118.7 6.4 

No addition    

15 min 61 119.5 6.1 

60 min 52 132.6 5.2 

SpA 250 ng/mL    

15 min 59 120.5 5.8 

60 min 74 131.0 7.4 

SpA 2000 ng/mL     

15 min 59 132.6 6.0 

60 min 104 143 10.4 

Zymosan    

15 min 11440 984.9 1144 

60 min 19040 1618.7 1904 
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