
Background
• RF seropositivity, detected in the majority of patients with RA, is a key diagnostic 
marker. High RF levels are associated with poorer prognosis, more severe progressive 
disease, greater joint and bone destruction and increased cardiovascular disease.1,2

• RFs are polyclonal autoantibodies which bind the Fc domain of IgGs. 
• Patients with RA and high RF levels experience reduced serum drug concentrations 
and disease control when treated with Fc-containing biological DMARDs (bDMARD).3

• Fc-free certolizumab pegol (CZP) exhibits stable serum drug concentrations and 
efficacy independent of patient RF levels.4-7 

Methods
• Direct binding ELISAs: Plates were coated with 2 μg/ml of bDMARDS, challenged with a 
titration of monoclonal RF-Yes8cT56K IgM or serum from a biologic-naïve patient with RA, 
detected with HRP-conjugated anti-human IgM and read using a Synergy2 microplate 
reader (BioTek). Statistical analysis: an unpaired t-test with Welch’s correction.
• Microscopy: Sera from biologic-naïve patients with RA, bDMARDs and TNF-α were 
mixed and incubated with primary human macrophages at 4°C. Cells were washed and 
bound protein complexes detected with Fab anti-human IgM FITC. Cells were moved to 
37°C and imaged for 4 hours (Incucyte, Sartorius). Overlayed phase contrast and green 
channel representative images are shown. The average area of protein complexes in the 
images were quantified using Fiji ImageJ. Statistical analysis: Figure 3B, a paired two-tailed 
t-test on log-transformed data. Figure 4B & 5B, a paired one-way ANOVA with Dunnett’s 
multiple comparison test on log-transformed data (compared to CZP group). 

Results
• Monoclonal recombinant RF IgM bound a range of Fc-containing bDMARDs 
independent of the target antigen of the biologic, but not to CZP (Figure 1A).
• An IgG Fc domain is required for RF IgM binding (Figure 1B).
•  In low and high RF patient sera, RFs bound to Fc-containing ADA by ELISA but not to 
Fc-free CZP. In RF negative sera, no binding was detected to either bDMARD (Figure 2A). 
• The magnitude of RF binding to ADA was greater in high RF sera than in the low RF 
sera. RF negative patient sera had no detectable binding to either bDMARD (Figure 2B). 
• High RF patient sera formed protein complexes with ADA and TNF-α but not with CZP. 
No protein complexes were formed in RF negative sera (Figure 3).
• An IgG Fc domain is required for protein complex formation in high RF patient sera 
(Figure 4).
• RF-bDMARD-TNF-α protein complexes were rapidly cleared by primary human 
macrophages (Figure 5A).
• High RF patient sera formed protein complexes with Fc-containing ADA, IFX, and GLM 
in the presence of TNF-α but not with Fc-free CZP. (Figure 5B). 
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Objective
To determine whether RFs in the sera of patients with RA can bind and 
promote clearance of biological DMARDs with or without an Fc domain.

Conclusion
In high RF patient sera, RFs bound Fc-containing bDMARDs (ADA, GLM, 
IFX) and formed protein complexes, which were rapidly cleared by 
macrophages. Fc-free CZP was not bound by RFs and was not subject to 
enhanced clearance. 
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SPR: n=3, representative sensorgrams shown; ELISA: n=3 ±SD
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Figure 3 RFs in sera from patients with RA form 
protein complexes with ADA but not with CZP

B) A) 

Microscopy images of macrophages incubated with mixtures of sera from patients with RA, 
ADA or CZP and TNF-α at timepoint 0 min.

A) ADA formed protein complexes in the high RF patient serum, CZP did not. In RF negative 
serum, no protein complexes were formed with ADA or CZP.  

B) The average area of protein complexes in microscopy images for the RF negative and high 
RF RA patient sera groups. (Each point represents one RA patient serum sample. Mean ±SD for 
n=8 RA patient sera. P = ***<0.001)

Summary
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Figure 1 Monoclonal RF IgM binds Fc-containing bDMARDs in vitro 
but not Fc-free CZP 
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Figure 4 IgG Fc domain is required for protein 
complex formation in high RF patient sera

B) A) 

Microscopy images of macrophages incubated with mixtures of high RF sera from patients with 
RA, ADA or CZP and TNF-α at timepoint 0 min.

A) Fc-containing ADA and CZ hIgG formed protein complexes in the high RF patient serum, Fc-free 
CZP and ADA F(ab’)2 did not. 

B) The average area of protein complexes in microscopy images. (Each point represents one RF 
high RA patient serum sample. Mean ±SD for n=4 RA patient sera. P = ***<0.001) ADA GLM IFX ETN CZP
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Figure 5 High RF patient sera form protein complexes, which are 
rapidly cleared by macrophages, with Fc-containing ADA, GLM and IFX 
but not Fc-free with CZP

B) 

A) 

Microscopy images of macrophages incubated with mixtures of high RF 
sera from patients with RA, bDMARDS (ADA, GLM, IFX, ETN or CZP) and 
TNF-α.

A) In the high RF patient serum, Fc-containing ADA, GLM and IFX formed 
protein complexes, which were rapidly cleared by macrophages. ETN did 
not form visible complexes even though it can be bound by RFs. Fc-free 
CZP cannot be bound by RFs and did not form complexes. 

 B) The average area of protein complexes in microscopy images at 
timepoint = 0 min. (Each point represents one high RF RA patient serum 
sample. Mean ±SD for n=4 RA patient sera. P = ***<0.001)

n=3 ± SD

Figure 2
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RFs in sera from patients with RA bound ADA but not CZP

B) 

A) 

Direct binding ELISAs with sera 
from patients with RA. 

A) RF negative (<14 IU/mL) 
patient sera has no binding to 
ADA or CZP. Low RF (14-50 IU/mL) 
and high RF (>188 IU/mL) patient 
sera bind to ADA but not to CZP.

B) Significantly higher binding to 
ADA was observed in the high RF 
sera cohort over the low RF sera 
cohort and the RF negative 
cohort. No binding was observed 
to CZP in any RA patient samples. 

(Mean ±SD for n=10-14 sera/patient group; n=2 independent experiments; P= ***<0.001, ****<0.0001)
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