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Introduction
At the inductive phase of a humoral autoimmune response, B 
cells, after encounter with APCs and T cells, undergo antigen-
driven proliferation and differentiation into Ab-secreting plasma 
cells. During the effector phase, Ab’s bind autoantigen leading 
to downstream events such as activation of complement, recruit-
ment of inflammatory cells, and the engagement of stimulatory 
Fc receptors (1). Rheumatoid arthritis (RA) is one of several auto-
immune diseases with an humoral component (2). RA is the result 
of a productive collaboration of autoreactive T and B cells leading 
to synovitis, immune infiltration, and chaotic bone destruction 
and remodeling (3). Conventional approaches to treatment of 
such autoimmune diseases include nonspecific immunosuppres-
sive and anti-inflammatory agents, which are encumbered by the 
need to balance efficacy with unwanted side effects (4). There is 
a considerable need for the identification of selective therapeutic 
targets that link critical events in disease progression.

A key control point for the elaboration of humorally mediated 
autoimmune diseases would be one that couples the initiation of 
the Ab response from the effector phase. The Fc receptor, FcRn, 
is a distant member of the MHC class I protein family, which, 
like other class I proteins, forms an obligate heterodimer with 
β2-microglobulin (β2m), the common light chain for all MHC 
class I family proteins (5). FcRn is the Fc receptor responsible for 
perinatal IgG transport and for IgG homeostasis in adults (6, 7). 
Mice deficient in the FcRn heavy chain have a reduced half-life 
and reduced levels of circulating IgG (7) and albumin (8), but are 
otherwise immunologically normal, including their T cell and B 
cell response (7). Since FcRn controls serum IgG levels, a key issue 
is whether it impacts humoral autoimmune disease. β2m-deficient 

mice been used as a model for addressing this question with mixed 
results (refs. 9–16; D. Roopenian, unpublished observations). This 
is not surprising because β2m controls many immunological and 
nonimmunological processes, including the development and 
function of CD8 T cells, natural T cells, conventional NK cells (17), 
and iron homeostasis (18). Whether autoimmune phenotypes are 
dependent on FcRn thus remains to be clearly delineated.

While not considered an exact prototype for human RA, K/BxN 
murine model of autoimmune arthritis has a IgG Ab-mediated etiol-
ogy and recapitulates much of the severe pathophysiology associated 
with human RA (19, 20). Disease is caused by the productive collabo-
ration of T cells and B cells directed against glucose 6-phosphate 
isomerase (GPI) protein (21). Arthritis is dependent on elaboration 
of pathogenic anti-GPI IgG autoAb’s, which inflict joint damage 
through the alternative complement pathway (22) and addition-
ally require inflammatory FcγRs (22, 23), inflammatory cytokines 
(24), mast cells (25), and neutrophils (26). Since these mechanisms 
are dependent on the availability of pathogenic Ab’s and FcRn is 
the receptor primarily responsible for extending IgG’s life span, we 
examined whether FcRn contributes to the pathogenesis of K/BxN 
autoimmune arthritis. Moreover, since the administration of high 
doses of IgG has been shown to abrogate arthritis induced by K/BxN 
serum (27), we investigated whether the anti-inflammatory action of 
intravenous IgG (IVIg) is dependent on FcRn.

Methods
Mice and genotyping. Mice deficient in the α chain of FcRn were pro-
duced and phenotypically verified as described (7). For the serum-
transfer recipients, the FcRn-null allele was backcrossed a mini-
mum of ten generations onto C57BL/6J (B6) mice. FcRn–/– mice 
were identified using PCR primer pairs designed to distinguish 
the WT and targeted alleles (7). To produce K/BxN mice deficient 
in FcRn, KRN T cell receptor (TCR) transgenic mice (mostly a B10.
BR [B10] background) were partially backcrossed to B6 and bred 
with B6-FcRn–/– mice to produce B6/B10-background KRN TCR 
transgene-positive FcRn+/– and FcRn–/– mice. Mice carrying this 
TCR transgene were genotyped by PCR (20). The resulting KRN 
TCR-positive B6/B10 background progeny were then intercrossed 
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with NOD/LtJ-FcRn+/– or NOD/LtJ-FcRn–/– mice (N6-7), and KRN 
TCR-positive K/BxN-FcRn+/– and K/BxN-FcRn–/– littermates were 
identified. These mice should be heterozygous for the great major-
ity of alleles distinguishing B6/B10 from NOD mice. In other 
cases, the experimental cohorts were sex and age matched and 
ranged from 8 to 18 weeks of age. B6-Fcγr2b–/– mice were obtained 
from Taconic Farms (Germantown, New York, USA). B6-FcRn+/+ 
and B6-FcRn–/– mice homozygous for the Fcγr2b-null allele were 
identified by flow-cytometric analysis of peripheral blood leuko-
cytes, as described (28).

Serum-induced inflammatory arthritis and arthritis scoring. Sera for 
transfer experiments were pooled from frankly arthritic K/BxN 
mice, typically older than 10 weeks of age. For induction of arthri-
tis, animals were given a single intraperitoneal injection of 250 to 
1,000 μl of serum (diluted to 50% in PBS). Ankles were inspected 
by two independent observers, blinded to the mouse genotypes 
and experimental manipulations. Ankles were measured axially 
across the joint, using calipers as described (19). Triplicate mea-
surements for each rear ankle were averaged to produce an aver-
age ankle width for each mouse. Variation was always less than or 
equal to 0.2 mm. Overall arthritis scores, monitoring inflamma-
tion and redness, were scored as follows: 0, no arthritis; 1, ques-
tionable arthritis; 2, overt arthritis in one rear leg; and 3, clear 
arthritis in both rear legs (19).

Histology and photographs. Histological sections were prepared 
from hind limbs in Bouin’s fixative, decalcified, and stained with 
H&E. Images of anesthetized mice were obtained using a Minolta 
DIMAGE7 digital camera. Except for scaling, the images were digi-
tized and displayed without editing.

ELISA. Anti-GPI Ig activity in a 1:50 dilution of serum was mea-
sured using rabbit GPI (Sigma-Aldrich, St. Louis, Missouri, USA) 
coated at 5 μg/ml to capture the anti-GPI Ig. Anti-GPI Ig was mea-
sured using goat anti-mouse kappa and lambda antisera conjugat-
ed to alkaline phosphatase (Southern Biotechnology Associates, 
Birmingham, Alabama, USA). Activity was reported at 405 nm after 
development of the colorimetric substrate pNPP (Sigma-Aldrich). 
Total IgG titer was measured at 1:100,000 dilution of serum cap-
tured by goat anti-mouse IgG (Sigma-Aldrich) and revealed by the 
same detection reagents as in the anti-GPI Ig ELISA.

Flow cytometry. Popliteal LNs were teased into PBS-FBS buffer, 
and single cell suspensions of 1 × 106 to 2 × 106 from each LN 
were stained with B220-APC versus CD3e-phycoerythrin (CD3e-

PE), Ly77-FITC versus B220-APC, CD4-CY3 versus CD4-CY5 
versus CD8a-PE, CD11b-biotin/PECy5-streptavidin versus CD86 
(PharMingen, San Diego California, USA) as described (29). For 
viable cell gating, propidium iodide was used as a third color. The 
data were acquired using a FACScalibur (Becton-Dickinson and 
Co., Franklin Lakes, New Jersey, USA) and analyzed using Cell-
Quest software.

Gene-expression profiling. To minimize sample preparation variation, 
all samples were processed in parallel. Contralateral popliteal LNs 
from the same mice used for flow-cytometric analysis were collected 
into RNAlater (Ambion Inc., Austin, Texas, USA), total RNA was 
purified using the RNAqueous-4PCR kit (Ambion Inc.), and DNase 
treated. RNA quality was confirmed by chromatography using an 
Agilent Bioanalyzer 2100, and cDNA synthesis from 5-10 μl total 
RNA was carried out using the RETROscript kit (Ambion Inc.). 
The ImmunoQuantArray consists of customized oligonucleotide 
primers verified to specifically amplify the target gene cDNAs listed 
in Supplementary Figure S1 (supplemental material available at 
http://www.jci.org/cgi/content/full/113/9/1328/DC1) under iden-
tical thermocycler conditions (30). Quantitative expression analysis 
was performed essentially as described, using Applied Biosystems 
RealTime technology with an ABI 7900 thermocycler (Applied Bio-
systems Inc., Foster City California, USA) (30). Amplification was 
monitored by SYBR Green detection (Applied Biosystems Inc.). 
The global pattern recognition (GPR) algorithm (30) was used to 
identify significant changes in gene expression. GPR compares 
cycle threshold values and identifies genes whose expression does 
not differ between experimental cohorts. The unchanged genes then 
qualify as normalizers to rank the genes whose expression have sig-
nificantly changed. This global normalization feature circumvents 
the ambiguities caused by reliance on a single normalizer, such as 

Figure 1
FcRn-deficient mice are resistant to serum-transfer arthritis. Data rep-
resented as the mean ± SE. (A–C) A single injection of 250 μl of sera 
pooled from 6- to 20-week-old arthritic K/BxN animals was injected 
intraperitoneally into three FcRn–/– (open circles) and three FcRn+/+ 
(filled circles) B6 control mice. (A) Ankle width determinations and 
overall arthritis scores are as described (19). All time points except 
day 0 were significant at P < 0.05. (B) Digital images of representa-
tive ankles of FcRn–/– and WT mice 6 days after serum transfer. (C) 
Serial serum samples from A were analyzed for anti-GPI Ig by ELISA 
(21). Data are representative of two independent experiments. NS, 
not significant. All other time points were significant at P < 0.05. (D) 
Ankle width and arthritis scores of B6-FcRn–/– mice (n = 4–5) injected 
intraperitoneally with 250 (filled circles), 500 (filled squares), or 1,000 
(open squares) μl arthritogenic K/BxN or 1,000 μl normal B6 mouse 
serum (open circles). *Ankle width and arthritis score time points were 
P ≤ 0.004 and P < 0.01 versus B6 serum, respectively. Other time 
points versus B6 serum were not significant at P < 0.05.
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18S rRNA. A conservative GPR cutoff score of greater than or equal 
to 0.400 was used. This indicates that the comparative cohorts show 
significant expression changes when compared with at least 40% of 
the qualified normalizer genes. Fold expression changes up or down 
are reported based on a single qualified normalizer, TATA box–bind-
ing protein (TBP) for the data reported.

IVIg therapy. Mice were injected intraperitoneally multiple times 
with purified human IgG (GammaGuard; Baxter Healthcare Corp., 
Deerfield Illinois, USA) or HSA (Sigma-Aldrich) diluted in PBS. 
Twenty-five–milligram doses (1 ± 0.1 g/kg based on body weight) 
were administered intraperitoneally on days –1, 1, 2, and 3.

Results
FcRn-deficient mice are resistant to serum transfer-induced arthritis. The 
passive transfer of serum from frankly arthritic K/BxN animals 
into normal mice results in a transient inflammatory arthritis in 
which anti-GPI Ab’s bind extracellular GPI accumulated on the 
joint articular surface (21, 31) and thereby initiate the aforemen-
tioned cascade of effector events. To determine whether a deficien-
cy of FcRn impacts this transient disease, we transferred 250 μl of 
serum from arthritic K/BxN mice into B6-FcRn–/– and B6-FcRn+/+ 
WT mice. While WT mice underwent a typical transient arthritic 
episode, FcRn–/– mice were completely resistant to serum-induced 
arthritis (Figure 1, A–C). Moreover, FcRn–/– mice rapidly cleared 
arthritogenic anti-GPI Ig from the circulation following serum 
transfer while WT mice maintained appreciable anti-GPI levels over 
an extended period of time (Figure 1D). These results indicate that 
FcRn is responsible for maintaining concentrations of pathogenic 
Ab’s sufficient to promote inflammatory arthritis. The protective 

effect of an FcRn-deficiency could be partially overcome, however, 
when larger doses (500 or 1,000 μl) of K/BxN serum were trans-
ferred (Figure 1E). Thus, excessive concentrations of pathogenic 
Ab’s can override the protection conferred by an FcRn deficiency.

FcRn-deficiency either retards or prevents the onset of arthritis in K/BxN 
mice. To determine whether an FcRn deficiency alters the progres-
sion of the severe arthritis that occurs with 100% penetrance in 
K/BxN mice, we crossed the FcRn-null mutation onto K/BxN and 
analyzed disease incidence and severity. While all K/BxN-FcRn+/– 
mice developed disease predictably by 4–5 weeks of age, K/BxN-
FcRn–/– mice displayed two distinct phenotypes. Approximately 

Figure 2
FcRn-deficient K/BxN mice are protected from genetically-induced arthritis. (A) Ankle width measurements and overall arthritis scores 
(mean ± SE) were performed as in Figure 1. All WT FcRn+/– littermates (filled diamonds; n = 21; 13 males and 8 females) showed rapid 
disease onset. Of 21 FcRn–/– littermates, the mice that remained healthy (open circles; n = 10; 4 males and 6 females) at approximately 
the 16-week duration of the experiment are plotted separately from FcRn–/– mice (n = 11; 3 males and 8 females) that became sick (filled 
circles). The time of disease onset of healthy mice versus WT FcRn+/– littermates versus FcRn–/– sick mice was significant at P < 0.0001 by 
the ANOVA repeated measures test. (B) H&E sections of representative 16-week K/BxN-FcRn+/– (+/–), sick FcRn–/– (–/– sick), and healthy 
FcRn–/– (–/– healthy) mice at ×20 magnification. (C) Total serum IgG and (D) anti-GPI activity of each cohort from A was measured by ELISA 
at the weekly time points indicated. IgG levels of FcRn–/– healthy versus WT FcRn+/– mice and FcRn–/– sick versus WT FcRn+/– mice was 
significant at P ≤ 0.0001 by the Scheffe test. FcRn–/– healthy versus FcRn–/– sick (filled circles) mice did not differ significantly by the Scheffe 
test. Anti-GPI levels of FcRn–/– healthy mice versus WT FcRn+/– mice versus FcRn–/– sick mice was significant at P ≤ 0.0004 by the Scheffe 
test. conc, concentration.

Table 1
Influence of FcRn deficiency on the cellularity and lymphocyte 
profiles of K/BxN popliteal LNs

 Sick FcRn –/– Healthy FcRn–/– P value Sick FcRn+/–

LN cellularity 14.4 ± 2.3 1.0 ± 0.2 < 0.003 11.6 ± 2.5 
  (×10–6)
% B220+ 73.3 ± 3.4 27.4 ± 4.9 < 0.00001 61.5 ± 2.6
% CD3+ 22.1 ± 3.1 68.2 ± 4.2 < 0.00001 32.9 ± 2.4
% B220+ Ly77+ 4.3 ± 0.7 2.8 ± 0.7 > 0.05 4.8 ± 0.6
% CD11b+ CD86+ 12.9 ± 1.5 12.4 ± 1.9 > 0.05 14.3 ± 2.1
% CD4+ 6.0 ± 0.5 14.9 ± 1.4 < 0.002 7.3 ± 0.3
% CD8+ 6.0 ± 0.8 20.3 ± 1.7 < 0.0002 7.8 ± 0.6
CD4/CD8 1.0 ± 0.1 0.7 ± 0.1 < 0.03 1.1 ± 0.2

Data are the mean ± SD of five 15- to 16-week-old female mice per 
group. P value indicates significance of sick FcRn–/– versus healthy 
FcRn–/– mice by the Student's two-sided t test.
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half of these animals showed only intermittent ankle inflammation 
but failed to develop overt arthritis at least until the termination 
of the experiment at 15–16 weeks of age. This was confirmed by 
histopathological analysis (Figure 2, A and B). The other half of 
the animals developed disease with a highly significant, approxi-
mately 4-week delay (P < 0.0001), but ultimately were indistinguish-
able from their FcRn heterozygous littermates (Figure 2, A and B). 
The IgG titers were reduced substantially in all K/BxN-FcRn–/– mice 
throughout the disease course, showing the importance of FcRn 
in facilitating hypergammaglobulinemia consequent with humor-
al autoimmune disease. There was a bifurcation among the sick 
and healthy FcRn-deficient cohorts, however, in that IgG levels 
increased in the sick FcRn–/– mice but remained at predisease levels 
in the healthy FcRn–/– mice. Strikingly, the anti-GPI activity most 
closely paralleled disease onset and severity in all mouse groups, 
implying a cause-and-effect relationship (Figure 2B).

X-rays of sick and healthy cohorts revealed that by week 12 the 
popliteal LNs were considerably enlarged both in sick FcRn–/– and 
FcRn+/– animals as compared with healthy FcRn–/– animals (not 
shown). To gain an understanding of their cytological status, popliteal 
LNs from 15- to 16-week-old sick and healthy FcRn–/– animals and 
their sick FcRn+/– littermates were analyzed by flow cytometry. The 
sick mice (both FcRn–/– and FcRn+/–) showed identical profiles and 
a 12- to 14-fold increase in cellularity compared with the healthy 
FcRn–/– mice (Table 1). Accompanying this dramatic increase in cellular-
ity was a substantial shift in the cellular context to an overabundance 
of B cells and a consequent reduction in T cell frequency.

We then employed gene expression profiling to characterize 
the transcriptional status of the contralateral popliteal LNs from 
the above-mentioned groups of K/BxN mice. RNA 
isolated from each LN was analyzed independently 
for the quantitative expression of 96 genes selected 
to survey a spectrum of immunological processes 
(30) (genes listed in online supplementary material 
Figure S1). The data were then processed by the 
global pattern recognition (GPR) analytical algo-
rithm, which computes expression changes based 
on biological replicate consistency and multigene 
normalization comparisons (30). Remarkably, 
similar gene expression changes were observed 
when either sick FcRn+/– or sick FcRn–/– mice were 
compared with the healthy FcRn–/– cohort, includ-
ing upregulation of the B cell maturation markers 
(Pdrm1 and Tnfrsf17), Th2 cytokines (Il1b and Il10), 
chemokines (Scya20 and Scya3), and Fcγ receptors 
(Table 2; Figure S1, B and C). No significant gene 
expression changes were observed when the 15- to 
16-week old sick FcRn+/– and sick FcRn–/– were com-
pared (Figure S1C). Thus, while FcRn deficiency 
can rescue some mice from disease and substan-
tially retard disease development in others, those 
that eventually succumb demonstrate molecular 
profiles indicative of substantial germinal B cell 
activation and differentiation, virtually indistin-
guishable from the WT K/BxN disease.

Therapeutic efficacy of IVIg can be explained by FcRn sat-
uration. Despite the fact that high-dose IVIg is used 
as a palliative therapy for multiple autoimmune 
diseases, including systemic lupus erythematosus, 
myasthenia gravis, immune thromobocytopenic 

purpura (ITP), Kawasaki disease, Guillain-Barré syndrome, multiple 
autoimmune skin-blistering diseases, and autoimmune neurologi-
cal diseases, the mechanism(s) by which IVIg ameliorates disease 
remain poorly understood (32–36). Therapeutic benefits of IVIg 
therapy in an ITP model and in the K/BxN serum transfer model 
have been attributed the engagement of the Fcgr2 inhibitory recep-
tor (27, 37). FcRn’s ability to protect IgG is saturable, however, in 
that IgG concentration of approximately 10 mg/ml (rodents) and 
approximately 35 mg/ml (humans) are sufficient to functionally 
ablate FcRn’s ability to protect IgG (38, 39). It therefore remained 
possible that conventional high-dose IVIg regimes also exert their 
therapeutic benefits by saturating FcRn, resulting in the enhanced 
clearance of endogenous pathogenic IgG (40–45).

To assess and compare the requirements for FcRn and Fcgr2 
in conferring a therapeutic benefit of IVIg, we first determined 
whether repeated 1 g/kg dosages of IVIg affected inflammation 
in B6 mice with WT alleles for both FcRn and Fcgr2. While mice 
treated with control HSA developed arthritic lesions rapidly, mice 
treated intraperitoneally with IVIg developed minimal disease 
(Figure 3A, left panel). The therapeutic benefits of IVIg were also 
realized in mice lacking Fcgr2 (but sufficient in FcRn), indicating 
that IVIg can ameliorate arthritis independently of this Fcg recep-
tor (Figure 3B, left panel). In both cases, the fact that IVIg-treated 
mice also showed a precipitous decline in serum anti-GPI levels 
(Figure 3, A and B, right panels) was consistent with IVIg saturat-
ing FcRn. To determine the extent to which the therapeutic ben-
efits of IVIg are realized in the absence of FcRn, mice deficient in 
FcRn (but sufficient in Fcgr2) were injected with a volume (1,000 
μl) of K/BxN serum sufficient to reliably induce joint inflamma-

Table 2
Influence of FcRn deficiency on gene expression profiles of K/BxN popliteal LNs

Genes Healthy FcRn–/– vs. sick FcRn–/– Healthy FcRn–/– vs. sick FcRn+/–

 GPR score Fold change GPR score2 Fold change
B cell maturation
Tnfrsf17 (BCMA) 0.676 6.4 up 0.716 7.1 up
Prdm1 (Blimp-1) 0.459 2.9 up 0.473 2.6 up
Chemokines
Scya20 0.838 18.4 up 0.892 24.6 up
Scya3 0.405 1.4 up 0.473 1.9 up
Chemokine receptors
Ccr8 0.473 2.6 dn 0.500 2.3 dn
Ccxcr1 0.432 2.1 dn NS NS
Cell surface markers
Cd5 0.459 2.2 dn 0.595 2.4 dn
Tcrz 0.689 3.9 dn NS NS
B2m 0.703 3.5 up NS NS
ILs
Il1b 0.797 6.0 up 0.838 6.8 up
Il10 0.703 4.5 up 0.541 3.1 up
Fc receptors
Fcgr1 0.500 2.9 up 0.459 2.0 up
Fcer1g 0.432 3.0 up NS NS
Fcgr3 0.419 1.6 up NS NS

Top changing genes from the contralateral LN RNA of each mouse analyzed in Table 1. 
The cDNAs were analyzed independently by quantitative PCR methods for the expression 
of 96 genes comprising the ImmunoQuant Array (see Methods). Genes with GPR scores 
above 0.400 are reported. Full GPR data report including all 96 genes are in Supplemen-
tal Figure S1. Fold changes, up or down, are based on normalization to TBP. dn, down; 
NS, GPR values that fall below 0.400 are not considered significant.
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tion in FcRn–/– mice, and then treated with IVIg or HSA. Only a low 
level of inflammation occurred (Figure 3, left panel), presumably 
owing to the rapid clearance of anti-GPI Ab’s in the absence of 
FcRn (Figure 3C, right panel). IVIg was capable of abrogating this 
low level of inflammation in a significant manner, however (days 
2, 3, and 6; P < 0.02) (Figure 3C, left panel). In contrast, IVIg treat-
ment was unable to ameliorate the inflammation induced by 500 
and 1,000 μl of arthritogenic serum in FcRn–/– Fcgr2–/– mice (Figure 
3D). These combined data suggest that the therapeutic benefits 

of IVIg in this model can be fully explained by FcRn and Fcgr2. 
One component is dependent on FcRn but independent of Fcgr2, 
and a second component is dependent on Fcgr2 but independent 
of FcRn. Expression of both Fc receptors results in considerable 
synergism of the anti-inflammatory effects of IVIg.

Discussion
FcRn is the MHC class I family molecule responsible for the 
unusually long half-life of IgG (6, 7). This extension results in the 
maintenance of much higher serum IgG concentrations compared 
with other Ig isotypes. As a humoral line of defense against infec-
tious disease, this selective maintenance is beneficial in that IgG 
Ab’s are the major product of affinity maturation and memory 
B cell responses. The results described here show that this same 
IgG preservation function can lead to serious consequences in 
mice prone to develop autoimmune arthritis. By extending the life 
span of IgG, concentrations of pathogenic IgG Ab’s are allowed to 
achieve a threshold that enables a cascade of downstream effector 
mechanisms. In this way, FcRn couples the initiation to the effec-
tor phases of humorally mediated autoimmune disease. Blockade 
of FcRn, therefore, is a potential therapeutic target for the treat-
ment of autoimmune diseases with an IgG etiology.

There are clearly autoimmune situations in which the benefits 
conferred by an FcRn deficiency are overcome, however. High 
doses (500 and 1,000 μl) of K/BxN serum were able to induce 
ankle swelling, albeit in an attenuated and transient manner, when 
transferred into B6-FcRn–/– mice (Figure 1D). Moreover, while half 
of the K/BxN-FcRn–/– mice in Figure 2 developed only sporadic 
ankle inflammation, never culminating in arthritis, the remain-
ing K/BxN-FcRn–/– mice eventually overcame the protective effect 
of an FcRn deficiency and developed severe disease, with both 
cellular and phenotypes indistinguishable from the prototypic 
K/BxN disease. This bifurcation between K/BxN-FcRn–/– mice cor-
related well with their anti-GPI levels in that those that eventu-
ally developed disease had the highest anti-GPI levels and a ten-
dency to show hypergammaglobulinemia. At present, we cannot 
distinguish whether the bifurcation is genetic (a consequence of 
residual genetic variation among the K/BxN cohorts) or epigenetic 
(stochastic variation in pathogenic IgG levels). The correlation of 
anti-GPI levels with disease onset suggests, however, that arthritis 
in this model is highly sensitive to a threshold concentration of 
these pathogenic Ab’s. When an FcRn deficiency is able to restrain 
pathogenic Ab’s below this threshold, disease does not occur. 
When the threshold is exceeded, however, these Ab’s precipitate a 
cascade of events that eventually results in severe disease.

Despite its increasing usage, the track record for IVIg is mixed 
(34) and the mechanisms by which it operates remain controversial 
(36, 44, 46, 47). While clinical data support the efficacy of IVIg in 
the treatment of certain autoimmune diseases, positive effects in the 
treatment of diseases such as RA and systemic lupus erythematosus 
are anecdotal and not supported by controlled clinical studies (33). 
A better understanding of how IVIg exerts its palliative effects is thus 
critical to its intelligent use. Recruitment of the inhibitory Fcgr2 
receptor has been proposed as an explanation for the anti-inflam-
matory effects of Fcgr2 in both ITP and the K/BxN serum transfer 
models (27, 37). Our studies, which employed multiple dosages of 
IVIg to ensure FcRn saturation, clearly indicate that the palliative 
effects of IVIg can be substantially dependent on FcRn, regardless of 
whether the engagement of Fcgr2 is possible. When doses of IVIg are 
sufficient to induce the saturation of FcRn, clearance of endogenous 

Figure 3
Both FcRn and Fcgr2 are required for IVIg to ameliorate arthritis. Mice 
were injected intraperitoneally with K/BxN serum on day 0 and treated 
intraperitoneally on days –1, 1, 2, and 3 with 25 mg (1 ± 1 g/kg/mouse) 
IVIg (open circles) or HSA (filled circles). (A) K/BxN serum (500 μl) was 
injected into B6-FcRn+/+ Fcgr2+/+ mice (n = 3). Left panel, ankle width; 
right panel, anti-GPI Ab’s. Representative of two independent experi-
ments. (B) K/BxN serum (500 μl) injected into B6-FcRn+/+ Fcgr2–/– mice 
(n = 5). Left panel, ankle width; right panel, anti-GPI Ab’s. Representa-
tive of four independent experiments using either 250 or 500 μl K/BxN 
serum. (C) K/BxN serum (500 μl) injected into B6-FcRn–/– Fcgr2+/+ 
mice (n = 4). Left panel, ankle width; right panel, anti-GPI Ab’s. Repre-
sentative of two independent experiments. (D) K/BxN serum (500 μl; 
left panel) or (1,000 μl; right panel) injected into FcRn–/– Fcgr2–/– mice 
(n = 3–4). *P < 0.05, **P < 0.01, †P < 0.001, #P < 0.0001. All other time 
points were not significant at P < 0.05.
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pathogenic IgG is substantially accelerated (40–45). This acceleration 
reduces the availability of pathogenic IgG for downstream effector 
events, including those that are counteracted by Fcgr2 engagement. 
The benefits of IVIg acting through FcRn, however, would be realized 
only in patients whose diseases have a strong IgG component and 
whose endogenous IgG falls below levels that already have saturated 
FcRn. Many patients with humoral autoimmunity fall into this cat-
egory. In such situations, the Fcgr2 inhibitory and FcRn saturation 
pathways would operate synergistically. These findings provide a 
more logical footing for the judicious use of IVIg.
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