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Abstract

Objectives—The co-occurrence of rheumatoid factor (RF) and anti-citrullinated protein

antibodies (ACPA) is well described in rheumatoid arthritis (RA). However, the mechanisms

underlying the potential interaction between these two distinct autoantibodies has not been well

defined. We sought to evaluate the epidemiologic and molecular interaction of ACPA and RF with

both disease activity as well as measures of RA-associated inflammation.

Methods—In a cohort of 1,488 Veterans with RA, measures of disease activity and levels of

serum cytokines and multiplex ACPA were compared between the double-negative (aCCP-/RF-),

ACPA-positive and RF-negative (aCCP+/RF-), ACPA-negative and RF-positive (aCCP-/RF+), or

double-positive (aCCP+/RF+) subgroups. Studies were additionally performed using an in vitro

immune complex (IC) stimulation assay in which macrophages were incubated with ACPA-ICs in

the presence or absence of monoclonal IgM RF, and TNFα production measured as readout of

macrophage activation.

Results—Compared with the double negative (as well each single positive) subgroup, the aCCP

+/RF+ subgroup exhibited higher disease activity, serum CRP, and inflammatory cytokines (all

P<0.001). In vitro stimulation of macrophages by ACPA-ICs induced increased cytokine

production with the addition of monoclonal IgM RF as compared to ACPA-ICs alone (P=0.003)
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Conclusions—The combined presence of ACPA and IgM RF mediates increased

proinflammatory cytokine production in vitro, and is associated with increased systemic

inflammation and disease activity in RA. Our data suggest that IgM RF enhances the capacity of

ACPA-ICs to stimulate macrophage cytokine production, thereby providing a mechanistic link by

which RF enhances the pathogenicity of ACPA-ICs in RA.

Introduction

Rheumatoid arthritis (RA) is often characterized by the presence of circulating

autoantibodies. Described over 50 years ago1-3, rheumatoid factor (RF) is detectable in

nearly 70% of patients although its presence is not specific for RA 4 5. Nevertheless,

whether RF plays a role in RA pathogenesis has remained unclear. More recently, attention

has been given to anti-citrullinated protein antibodies (ACPA). Commonly tested for using

proprietary anti-cyclic citrullinated peptide (aCCP) assays, ACPA are detectable in

approximately 70% of RA patients and are highly specific to RA6. In addition to their use in

diagnostic criteria, RF and ACPA portend important prognostic information.

Multiple studies have examined the diagnostic utility of RF and ACPA 7 8, and multiple

studies have demonstrated that higher concentrations of both autoantibodies are associated

with a more aggressive disease course marked by increased disease activity and reduced

rates of remission 9-11. However, there has been little investigation into the mechanisms by

which these autoantibodies could interact and/or contribute to RA pathogenesis. Although

several in vitro 12-14 and in vivo 15 studies have identified a potential role for ACPA in

disease pathogenesis, the role of RF in RA pathogenesis remains elusive. In this study we

sought to investigate the role of RF as a contributor to RA inflammatory burden both

independently and in synergy with ACPA.

Materials and Methods

Patient samples and clinical measures

Study subjects included U.S. Veterans enrolled in the Veterans Affairs Rheumatoid Arthritis

(VARA) registry with sites across the U.S. 16. The registry has received Institutional Review

Board approval at each site, and the Stanford Institutional Review Board approved the

biomarker and in vitro analyses performed on RA samples. All patients satisfied 1987

American College of Rheumatology (ACR) classification criteria for RA 17 and provided

informed written consent and HIPAA authorization. Subjects included in this study include a

cohort of 1,488 Veterans with RA (89% male), and detailed demographics are presented in

Table 1. Banked serum was available for a representative population of 1,466 subjects and

was used for multiplex cytokine and autoantibody analysis.

In addition to banked sera, VARA collects clinical data including baseline and longitudinal

DAS28 scores, as well as baseline measurement of ACPA using the second generation

CCP2 antibody ELISA (Diastat, Axis-Shield Diagnostics Ltd., UK, positivity ≥ 5 U/ml).

VARA also collects RF test (positivity ≥ 15 IU/ml) and high sensitivity C-reactive protein

(hs-CRP) both as determined by nephelometry (Siemens Healthcare Diagnostics, Germany).

Hs-CRP concentrations were not available at follow-up visits. While VARA is a multicenter
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project, standardized autoantibodies are measured in a single investigator's laboratory

(GMT). HLA-DRB1 genotyping was conducted as previously described18. Patients were

categorized as being positive or negative for HLA-DRB1 shared epitope-containing alleles

and HLA-DR3 alleles.

Follow-up measures include tender and swollen joint counts (0-28), erythrocyte

sedimentation rate (ESR, mm/h), pain (0-10), multidimensional Health Assessment

Questionnaire (MD-HAQ, 0-3) 19, patient and provider global assessments (0-100), and

treatments. A comorbidity count (0-9) was calculated for each patient using administrative

codes 20. Because we were investigating the association of autoantibodies with follow-up

clinical parameters, patients were excluded if: autoantibody or 28-joint Disease Activity

Score (DAS28) data was unavailable; only a single clinical observation was recorded; or if

the total follow-up duration was < 6 months.

Multiplex cytokine analysis

Multiplex analysis of cytokines and chemokines in human serum was performed by using

the 17 cytokine Bio-Plex ProHuman Cytokine Assay (BioRad) run on the Luminex 200

system according to the manufacturer's instructions with the exception that a proprietary

BioRad assay dilution buffer was modified to contain reagents demonstrated to reduce the

effects of heterophilic antibodies in multiplex immunoassays as previously described 21.

Data processing was performed by using Bio-Plex Manager 5.0, and analyte concentrations

(in picograms per milliliter) were interpolated from standard curves.

Multiplex ACPA antigen arrays

Antibodies targeting 37 putative rheumatoid arthritis-associated autoantigens were measured

using a custom bead-based immunoassay on the BioPlex platform as previously

described 21 22. Of the 37 antigens, 30 are citrullinated and 7 are native (native histone 2A,

histone 2B, ApoA1, filaggrin 48-65 peptide, vimentin, fibrinogen, and ApoA1 231-248

peptide). Briefly, serum was diluted and mixed with spectrally distinct florescent beads

conjugated with putative rheumatoid arthritis-associated autoantigens followed by

incubation with anti-human phycoerythrin antibody and analysis on a Luminex 200

instrument.

Data analysis

Patients were categorized into subgroups including double-negative (aCCP-/RF-; n=204),

aCCP+/RF- (n=96), aCCP-/RF+ (n=135), or double-positive (aCCP+/RF+; n=1031).

Comparisons of patient characteristics were examined by autoantibody subgroup using chi-

square tests or analysis of variance (ANOVA). Unadjusted comparisons of the 8 continuous

disease activity measures assessed at enrollment were examined using one-way ANOVA

with Tukey's post-test to compare each of the 4 subgroups. Levels of each cytokine as well

as hs-CRP, were compared between the double-negative, aCCP+/RF-, aCCP-/RF+, or

double-positive subgroups using the Kruskal Wallis test with Dunn's post-test. ESR was log-

transformed prior to analysis to render a more normal distribution. Given skewed

distributions, joint counts were dichotomized into 0 tender/swollen joints and ≥ 1 tender/
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swollen joints, with comparisons examining the probability of having a joint count > 0.

Continuous joint counts were reported for descriptive purposes.

We examined whether the associations observed between autoantibody status and disease

activity at enrollment were independent of other covariates and whether these associations

were apparent over an extended period of observation. For multivariable analyses,

concordant negative cases served as the referent population. Generalized linear mixed

models (GLMM) were used to evaluate multivariable associations of autoantibody group

with disease activity assessed over follow-up. The GLMM models adjusted for the random

effects from sites and correlations between the outcomes from the same patient over time via

a compound symmetry correlation structure. Analyses were completed using STATA v12

(StataCorp, College Station, TX), SAS v9.3 (SAS Institute, Cary, NC), and Prism GraphPad

v5 (GraphPad Software, La Jolla, CA).

Additional comparisons were performed on multiplex cytokine as well as multiplex analysis

of autoantibodies using SAM (Significance Analysis of Microarrays (SAM) Version 3.08)23.

Output was sorted based on false discovery rates (FDRs) in order to identify antigens with

the greatest differences in autoantibody reactivity between serologic subgroups. The use of

FDRs obviates the need to adjust for multiple comparisons. Hierarchical clustering was

performed using Cluster® 3.0 to arrange the SAM results according to similarities among

autoantibody specificities, and results were displayed using Java Treeview® (Version 1.1.3).

For all heatmap displays, values are reported as fluorescence intensity relative to the average

of the evaluated cohort.

In vitro ACPA-IC stimulation assays

ACPA-IC stimulation of human macrophages was performed as previously described12.

Rabbit polyclonal anti-fibrinogen IgG (Pierce) or human IgG derived from patients with

ACPA-positive RA used to generate plate-bound citrullinated fibrinogen-containing immune

complexes (cFb-IC). RA-IgG was from 3 pooled plasma samples shown by ELISA to

contain high levels of anti-cFb antibodies was purified by affinity chromatography on

protein G columns, according to the instructions of the manufacturer (Pierce).

Monoclonal IgM RF derived from a lymphoblastoid cell line generated from a RA patient

(as previously described) 24 was a generous gift of Drs. Michael Steinitz and Reuven Laskov

(Hebrew University, Jerusalem, Israel). IgM-RF was isolated from cell culture supernatant

by ammonium sulfate precipitation, washed, and dialyzed against PBS. The resultant

product was found to contain primarily IgM with no contamination of human IgG. This

antibody has been demonstrated to bind human and rabbit IgG but not IgM and, when bound

to immune complexes, fails to bind complement24. Additional monoclonal IgM antibodies

with in vitro RF activity isolated from patients with mixed cryoglobulinemia were

generously provided by Dr. Mariana Newkirk (McGill University, Montreal, Canada).

The purified RA-IgG and monoclonal RF were separately concentrated by centrifugation

over a 100 kD molecular weight filter column with buffer exchange to PBS (Amicon Ultra;

Millipore) and were depleted of endotoxin by filtration through a polymyxin B column

(Pierce Detoxigel). RA-IgG and RF IgM concentrations were estimated according to optical
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density at 280 nm, were aliquoted, and stored at -80°C. For generation of cFb-IC, flat-

bottomed 96-well culture plates were coated overnight at 4°C with 50 µl of cFb (20 µg/ml),

washed in PBS containing 0.05% Tween 20, and then incubated for 2 hours at 4°C with 100

µl of rabbit polyclonal anti-fibrinogen antibody (50 ug/ml), 100 ul of anti-cFb–positive IgG

(10 mg/ml), or, 100 ul of anti-cFb-positive IgG preincubated with monoclonal IgM RF

(stock concentration 5 mg/ml used at 1:20 or 1:100 dilution) or, as a control, with PBS

alone. Wells were again washed in PBS containing 0.05% Tween 20, and macrophages

(50,000/well) in 200 µl RMPI containing 5% FCS were then added to the wells and

incubated for 16 hours at which time levels of TNF in culture supernatant were measured by

ELISA (Peprotech). All in vitro experiments were performed in triplicate and in at least 2

separate experiments. Levels of TNFα production from in vitro macrophage stimulation

assays were compared using an unpaired Students T-test.

Results

ACPA and RF in VARA Cohort

Patient (n = 1,488) characteristics are summarized in Table 1. Patients had a mean follow-up

of 3.6 ± 2.8 years with 16,822 encounters and 5,284 patient-years of observation. A majority

were males (91%) with a mean age of ∼63 years. Most (70%) were concordant for

exhibiting positive RF and aCCP antibodies, with an additional 14% being concordant

negative for aCCP and RF antibodies. Nine percent were aCCP-/RF+ and 6.9% were aCCP

+/RF-. There were significant differences across autoantibody groups in: age at diagnosis,

disease duration, the presence of nodules, and methotrexate use. Compared to the others,

concordant negative patients were older at diagnosis, had shorter disease durations, a lower

prevalence of nodules, and were less likely to be receiving methotrexate.

HLA-DRB1 shared epitope, HLA-DR3, and smoking frequencies are shown in Table 1.

Ever smoking was more common among concordant autoantibody positive cases (83%)

compared to others (73-74%; p < 0.001). HLA-DRB1 SE positivity was higher in groups

characterized by aCCP positivity (P < 0.001), irrespective of RF. HLA-DR3 positivity was

less common in those with a positive aCCP antibody (P < 0.001 across groups). The average

titer for anti-CCP2 was nearly identical in the CCP+/RF- and the CCP+/RF+ (275.85 AU vs.

273.64 AU), and similarly the average RF titer in the CCP-/RF+ group was nearly identical

to the average RF titer in the CCP+/RF+ group (329.03 IU vs. 328.12 IU).

Concurrent presence of ACPA and RF is associated with increased RA disease activity

Compared with the double-negative subgroup, the double-positive subgroup (aCCP+/RF+;

possessing both ACPA and RF) exhibited significantly higher levels of RA disease activity

with a mean baseline DAS28 score of 4.2 (±1.6) as compared with 3.7 (±1.6) in the double-

negative, 3.4 (±1.6), in the APCA single positive, and 3.9 (±1.7) in the RF single positive

(Overall ANOVA, P<0.001) (Table 2). After adjusting for multiple comparisons across 4

groups, ESR, hs-CRP, and DAS28 values at the time of enrollment were higher in the

concordant positive group compared to others. Post-test comparisons between each pair of

groups demonstrated a significantly higher levels ESR and CRP among the concordant

seropositive (aCCP+/RF+) compared to the double negative, aCCP+/RF- or aCCP-/RF+ and
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DAS28 was significantly higher in the aCCP+/RF+ subgroup compared to the double

negative and CCP+/RF- subgroup with a non-significant trend compared to the aCCP-/RF+

subgroup.

Similarly, in multivariable models, the presence of dual aCCP+/RF+ autoantibody status

was associated with longitudinal measurements of clinical and laboratory measures of

disease activity including swollen joint count, ESR, and DAS28 when compared to the

double negative or aCCP+/RF- subgroups while only a similar trend was noted when

compared to the aCCP-/RF+ subgroup (Table 3).

Concurrent presence of ACPA and RF is predictive of RA-associated inflammation

Compared with the double-negative subgroup, the double-positive subgroup (aCCP+/RF+)

exhibited significantly higher levels of ESR, hs-CRP as well as multiple circulating

inflammatory cytokines including TNFα, IL-1β, IL-6, IL12p70, and IL-17A (Figure 1; all

P<0.001 by ANOVA). Although it is likely that many cytokines, including the ones most

upregulated in the concordant aCCP+/RF+ subgroups, are highly related and thus not

subject to a high risk for type I error with multiplex cytokine analysis, stringent

implementation of Bonferroni's correction for 17 potentially independent cytokines would

require a P value of 0.0029 to declare significance and this is achieved for all the cytokines

represented in Figure 1.

Additionally, levels for all cytokines were compared between the double negative (aCCP-/

RF-), aCCP-/RF+, and a set of concordant seropositive (aCCP+/RF+) patients matched by

age, gender, and disease duration. Three-way group comparisons were made using SAM

(Significance Analysis of Microarrays (SAM) Version 3.08)23 and output was sorted based

on false discovery rates (FDRs). Notably, use of FDR obviates the need to adjust for

multiple comparisons. Supplemental Figure 1 is a heatmap again demonstrating significant

upregulation in 10 of 17 cytokines in the aCCP+/RF+ subgroup compared to the aCCP-/RF-,

as well as compared to both the the aCCP+/RF- and aCCP-/RF+ subgroups.

A smaller but, in many cases statistically significant, elevation in cytokines (as well as some

clinical measures of disease activity) was noted in the RF single positive subgroup compared

to the double-negative and aCCP+/RF- subgroups. We hypothesized that elevations among

the aCCP-/RF+ subgroup may reflect the presence in some subjects of physiologic ACPA

but not detected by or below the range of the commercial anti-CCP2 ELISA. To support this

hypothesis, we used a multiplex antigen array to assess for ACPA sub-specificities which

might be present in the aCCP-/RF+ subgroup. Figure 2 demonstrates that 11 of 30 ACPA

(but none of the non-citrullinated controls) were elevated among the aCCP-/RF+ subjects as

compared to the aCCP-/RF- subgroup. Thus, we hypothesize that low levels of ACPA which

are not strongly represented by the anti-CCP2 assay may synergize with RF to induce RA-

associated inflammation.

Monoclonal RF augments the stimulatory capacity of ACPA-immune complexes

We previously demonstrated the ability of ACPA-ICs to stimulate macrophage cytokine

production via co-stimulation of FcγR and the innate immune receptor TLR412. To evaluate
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the effect of RF on ACPA, we pre-incubated ACPA-containing RA-IgG with monoclonal

IgM RF before formation of ACPA-IC. As previously described, in vitro stimulation of

monocyte-derived macrophages by ACPA-ICs demonstrated increased cytokine production

(compared with cFb alone P=0.002) and the addition of monoclonal IgM RF resulted in a

further significant increase in macrophage TNFα production as compared to ACPA-ICs

alone (P=0.003) (Figure 2A). Notably, we additionally tested 2 monoclonal IgM antibodies

with in vitro RF activities which were isolated from patients with mixed cryoglobulinemia.

However, in our assay, addition of these IgM antibodies at 20 ug/ml, 100 ug/ml, and 200

ug/ml failed to augment macrophage TNF secretion in response to ACPA-ICs (data not

shown).

Given the potential inclusion of IgG (or IgM) RF in our ACPA positive IgG preparation, we

further investigated the ability of monoclonal IgM RF to enhance the stimulatory activity of

anti-citrullinated fibrinogen ICs, this time formed with a rabbit polyclonal anti-fibrinogen

antibody previously demonstrated to bind native and citrullinated fibrinogen12 and which

could be targeted by our monoclonal IgM RF by ELISA and western blot (data not shown).

In results analogous to those in previous studies, we observed the ability of anti-citrullinated

fibrinogen ICs to stimulate macrophage cytokine production and, as with human RA-derived

IgG preparations, we observed the ability of monoclonal IgM RF to augment anti-

citrullinated fibrinogen IC-induced macrophage activation as evidenced by increased

cytokine production (Figure 2B).

Discussion

Though there are several studies demonstrating increased disease activity in the presence of

either aCCP or RF, to our knowledge, this is the first study identifying a synergistic role for

ACPA and RF in mediating RA-associated inflammation and disease activity. We have

shown that baseline autoantibody status was associated with select measures of disease

activity, both at presentation and over time. Specifically, joint swelling and higher baseline

DAS28 values were more commonly observed in the concordant seropositive RA population

and, to a lesser extent RF positivity, regardless of aCCP status. Interestingly, ESR values

were similarly increased in all autoantibody positive groups (both concordant positive and

discordant patients) as compared to seronegative patients even after accounting for the

numerically higher frequency of RA-related treatments used by seropositive cases; however,

values were further increased in the concordant seropositive population as compared to the

each single positive subgroup. The observed increases in disease activity and clinical

inflammatory markers are similarly paralleled by a nearly identical pattern of elevation

among several inflammatory cytokines previously associated with RA pathophysiology25

including those we and others have previously demonstrated to be produced in response to

stimulation of macrophage by ACPA ICs12 13.

The increased inflammation and disease activity observed with the concordant double-

seropositive subgroup is supportive of a potential role for these RA-associated

autoantibodies in mediating the pathogenesis of RA. However, association doesn't prove

causality. Thus we utilized an in vitro model of ACPA-IC mediated inflammation to identify

a novel mechanism by which the interaction of ACPA and RF may act in concert, together
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contributing to the pathophysiology of RA inflammation and disease activity. We thus

demonstrate a unifying mechanism by which the two overtly distinct autoantibody types

which characterize RA can interact to promote RA disease pathogenesis.

First identified by the ability of RA serum to agglutinate IgG coated sheep red blood cells

and subsequently defined as an immunoglobulin targeting the Fc portion of IgG3, RF is now

considered characteristic for the presence of RA, and has been associated with increased

disease severity9 11. However, the pathogenic role of RF has been questioned and, to date,

poorly defined. In 1961, Ragan stated “the significance of rheumatoid factor in the

pathogenesis of rheumatoid arthritis remains conjectural”3. Over 50 years later, our

understanding has progressed little. Previous studies have suggested the ability of RF

accelerate experimental models of immune complex mediated vascular damage26, and

although there is evidence for the ability of RF to fix complement27 28 other studies to

suggest that RF may in fact prevent complement activation by IgG immune complexes thus

leading the authors to speculate that the effects of RF are in fact mediated by attachment to

the Fc region of the IgG molecule rather than complement activation29. As such, this study

offers, to our knowledge, the first mechanistic role for RF in RA disease propagation.

Additionally, it has long been known that RF is present in the setting of non-RA immune

activation, including most notably, viral and bacterial infections. Prior studies have

identified the ability of RF-expressing B cells to recognize ICs (but not monomeric IgG) and

to present the retained antigen to T cells30, thus enhancing the immune response to foreign

antigen. Thus the generation of RF may have a teleological purpose in its potential ability

stabilize protective immune complexes. We propose that soluble RF may have developed to

offer a protective evolutionary advantage against infectious pathogens. As the immune

response associated with RA and similar autoimmune conditions is also associated with the

presence of RF, we hypothesize that inflammatory disease pathogenesis has co-opted the

beneficial role of IC stabilization, thus enhancing the pathogenic capacity of disease-

associated autoantibodies and resultant ICs.

There are several limitations to this study. Given the large proportion of older men

examined, reflective of current VA beneficiaries, caution should be used before applying

these results to a broader RA patient population. Also, given reports highlighting the

pathogenic role that ACPA might play in propagating RA-related joint damage14, further

analyses examining the relationship of autoantibody status with clinical and radiographic

outcomes in RA is important to examine. Finally despite use of methods optimized to

minimize the effects of heterophilic antibodies, our laboratory studies do not eliminate the

potential of heterophiic antibodies such as RF to induce erroneously elevated signal in

sandwich immunoassays31 32. Thus, there remains a risk that the observed elevation of

cytokines in the concordant seropositive subgroup is in part a result of such bias. However,

the relative lack of signal in the RF single positive subgroup, as well as supporting clinical

and ESR data, argue against a significant contribution of such confounding in this study.

Finally, there remains great complexity and heterogeneity of IgM RF. Though most

monoclonal RF characterized to date target the Cγ2–Cγ3 interface in the Fc region on the

IgG molecule33, the variations in exact binding sites as well as the role of various post-

translational modifications34 35 to effect RF binding, as well as the typically polyclonal
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nature of RF in vivo, may limit the generalizability of our IC data generated with a single

monoclonal IgM RF.

In summary, our results demonstrate a significantly increased level of disease activity as

well as increased markers of systemic inflammation associated with the concordant presence

of both RF and ACPA in multivariate analysis accounting for a variety of other potentially

associated clinical variables. In this manuscript, we demonstrate a mechanism by which the

IgM RF/ACPA interaction may directly contribute to RA disease pathogenesis. These

results provide not only useful information for prognosticating RA severity, but, by

identifying a mechanistic interaction between ACPA and IgM RF, advance our

understanding of the role of RA-associated autoantibodies in mediating the pathogenesis of

RA.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. RF and ACPA double-positive RA patients exhibit higher serum levels of RA-associated cytokines
Patients were categorized into subgroups including double-negative (aCCP-/RF-; n=204), aCCP+/RF- (n=96), aCCP-/RF+

(n=135), or double-positive (aCCP+/RF+; n=1031) and levels of serum cytokines measured by multiplex immunoassay.

Comparisons between groups were performed using the Kruskal Wallis test with Tukey's multiple comparison post-test. Note is

made of significantly elevated levels of many (A-E), but not all (F), RA-associated serum cytokines *P<0.01, **P<0.001.

***P<0.0001. Statistics reported in the figure are in comparison to the double-negative subgroup.
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Figure 2. Increased ACPA are identified among the aCCP-/RF+ cohort compared to the concordant double-negative (aCCP-/RF-)
population

Levels of autoantibodies against 37 putative targets of the RA immune response compared between the aCCP+/RF- (n=96) and

aCCP-/RF+ (n=135) using a multiplex antigen microarray. Using SAM, output was sorted based on false discovery rates (FDRs)

in order to identify antigens with the greatest differences in autoantibody reactivity between serologic subgroups. Values are

reported as fluorescence intensity relative to the average of the evaluated cohort.
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Figure 3. IgM rheumatoid factor augments macrophage activation by ACPA immune complexes in vitro
A, Human monocyte-derived macrophages were added to plates pre-coated with human cFb-IC formed in the presence or

absence of monoclonal IgM RF and macrophage stimulation assessed as measured by the level of TNFα in harvested cell

culture supernatants. B, Human monocyte–derived macrophages were added to plates pre-coated with cFb-IC formed using

polyclonal rabbit anti-human fibrinogen antibody in the presence or absence of monoclonal IgM RF, and macrophage

stimulation assessed as measured by the level of TNFα in harvested cell culture supernatants. Results are representative of

experiments performed at least twice. Values are the mean/SEM from triplicate cultures.
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