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The glomerular filtration barrier prevents large serum proteins
from being lost into the urine. It is not known, however, why the
filter does not routinely clog with large proteins that enter the
glomerular basement membrane (GBM). Here, we provide evi-
dence that an active transport mechanism exists to remove immu-
noglobulins that accumulate at the filtration barrier. We found that
FcRn, an IgG and albumin transport receptor, is expressed in
podocytes and functions to internalize IgG from the GBM. Mice
lacking FcRn accumulated IgG in the GBM as they aged, and tracer
studies showed delayed clearance of IgG from the kidneys of
FcRn-deficient mice. Supporting a role for this pathway in disease,
saturating the clearance mechanism potentiated the pathogenicity
of nephrotoxic sera. These studies support the idea that podocytes
play an active role in removing proteins from the GBM and suggest
that genetic or acquired impairment of the clearance machinery is
likely to be a common mechanism promoting glomerular diseases.

Fc receptor � glomerulonephritis

The filtration barrier of the glomerulus is composed of
fenestrated endothelial cells, the glomerular basement mem-

brane (GBM), and the foot processes and slit diaphragms of the
podocytes (1). These three components work together to form
a size- and charge-selective filter that blocks the passage of cells
and larger proteins into the urine. The exact mechanism of
filtration has been an active area of research for the last 50 years.

The most widely accepted model is that the glomerular
filtration barrier functions as a series of sieves with increasing
size selectivity (2, 3). The fenestrations of the endothelial cell
function as a coarse filter blocking the entry of blood compo-
nents that are larger than the fenestrae (�70–100 nm in diam-
eter). The GBM is thought to function as the main filter with a
small pore size and the anionic charge formed of a lattice of
collagen fibrils and polyanionic proteoglycans blocking the entry
of most large proteins (4). Lastly, the podocyte foot processes
and associated slit diaphragms are thought to function as a fine
filter, setting an upper size limit of �70 kDa for proteins to enter
the primary urinary ultrafiltrate (5, 6). The importance of the slit
diaphragm is supported by the fact that genetic deficiencies of
proteins required for slit diaphragm integrity, such as nephrin
(7), lead to proteinuria and renal failure.

This model, however, does not explain why proteins at or
larger than the exclusion limit of the podocyte slit diaphragms do
not routinely accumulate behind the filter. To explain this
conundrum, Smithies (8) proposed that the GBM functions like
a chromatography gel. In his model, the GBM is variably
permeable to proteins, being highly permeable to small proteins
and less permeable to large proteins. This differential perme-
ability can largely account for the size selectivity of the filtration
apparatus, but assumes that the slit diaphragm is not a barrier to
large proteins and only controls f luid flow. However, even in this
model, significant amounts of abundant serum proteins such as
albumin and IgG would be expected to enter the GBM and,
following the direction of fluid flow, would accumulate behind
the slit diaphragms of the podocyte. Consistent with this idea,

proteins are known to accumulate under the foot processes of the
podocyte in many disease states (9, 10). These observations
suggest that proteins are normally cleared from the slit dia-
phragm and that this process may be impaired in certain disease
states.

Because the podocytes form the final barrier to glomerular
filtration, we hypothesized that they possess an active transport
system to clear proteins that would otherwise clog the slit
diaphragm. In a search for specific receptors that could mediate
this process, we discovered that the IgG/albumin transport
receptor, FcRn, was expressed in podocytes. FcRn was first
discovered as the intestinal epithelial receptor responsible for
transporting maternal IgG into the bloodstream of the baby
(11–13). It was later found to be important for the long serum
half-life of IgG (14–17). Recently, it was shown that FcRn also
binds to albumin and presumably, by blocking its degradation,
extends its serum half-life (18). FcRn is present in intracellular
endosomes, where it intercepts internalized IgG and recycles it
to the cell surface (19). In the absence of FcRn, internalized IgG
traffics to the lysosome and is degraded. Consequently, FcRn-
deficient mice exhibit short serum half-lives and low resting
levels for both IgG and albumin (17, 18).

In this study, we investigated the expression of FcRn in the
podocyte. Consistent with a role for FcRn in trafficking IgG
across the filtration barrier, we found that FcRn-deficient mice
had an impaired clearance of IgG from the GBM that resulted
in the accumulation of IgG in the glomeruli of FcRn knockout
mice as they aged. Impairing the clearance of protein from the
GBM by administering excess protein resulted in increased
sensitivity to nephrotoxic damage. Therefore, our results suggest
that genetic or acquired impairment of the clearance mechanism
may contribute to the pathology of glomerular disease.

Results
The IgG Transport Receptor FcRn Is Expressed in Mouse Podocytes. We
hypothesized that podocytes use an active process to clear
protein from the GBM. Because the major serum proteins are
albumin and Ig, we investigated the expression of IgG and
albumin receptors in primary and cultured podocytes by mi-
croarray analysis. We found that freshly isolated primary mouse
podocytes expressed the transcript for the low-affinity Fc�
receptors (Fc�RIIB and Fc�RIII) in addition to the transcript
for the albumin receptor megalin (Fig. 1A). In contrast, cultured
podocytes expressed transcripts for megalin, but expressed much
lower levels of the transcript for the Fc� receptors. Both primary
and cultured podocytes expressed the transcript for the IgG and
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albumin transport receptor, FcRn. Consistent with reports in
human podocytes (20), we confirmed FcRn expression in cul-
tured podocytes by both RT-PCR (Fig. 1B) and immunoblotting
(Fig. 1C). In contrast to podocytes, primary mesangial cell
cultures did not express FcRn (Fig. 1D).

Decreased IgG Clearance in FcRn-Deficient Mice. Because FcRn has
been shown to function in epithelial cells as a transcytosis
receptor (21, 22), it was an attractive candidate to transport IgG
from the GBM into the urinary space. FcRn also is highly
expressed in the proximal tubule (20, 23), where it can reabsorb
the IgG and albumin that pass through the glomerulus (24). To
test whether podocytes use FcRn to clear IgG from the GBM, we
measured the clearance of IgG from the kidneys of wild-type
versus FcRn-deficient mice in vivo. To do this, we first injected
wild-type or FcRn knockout mice with 1 mg of human IgG
intravenously and then measured IgG retention in the kidneys by
immunofluorescence. One hour after injection, human IgG was
predominantly localized to glomeruli, and there was no differ-
ence in IgG retention between wild-type and knockout mice
(Fig. 2A). However, 16 h after the injection, FcRn knockout mice
stained strongly for human IgG in their glomeruli compared with
wild-type mice (Fig. 2 A). To quantitate this result, we injected
I125-labeled human IgG into wild-type and FcRn knockout mice.
Kidneys were harvested after 1 week, and the associated radio-

activity was measured. In wild-type animals, FcRn expression in
the vascular endothelium functions to recycle internalized IgG
back into the circulation, protecting it from catabolism (23, 25).
In knockout animals, internalized IgG is degraded in lysosomes
(19). Consequently, the half-life of IgG is significantly shorter in
FcRn-deficient mice (17). We therefore normalized the radio-
activity in the kidney to the amount of radioactive IgG in the
blood to compensate for the lower levels of serum IgG after 1
week in knockout animals. These measurements showed that
FcRn knockout mice retained proportionately more labeled IgG
in their kidneys compared with wild-type animals (Fig. 2B).
These experiments suggested that the IgG that enters the
filtration barrier is not cleared as efficiently in FcRn-deficient
mice as compared with wild-type mice and supports the idea that
FcRn plays an active role in clearing IgG from the GBM.

FcRn Deficiency Results in Increased Glomerular IgG Retention. To
test the long-term consequences of FcRn deficiency on the
clearance of IgG from the GBM, we harvested kidneys from
wild-type and FcRn-deficient mice up to 6 months of age and
stained for mouse IgG. We consistently noted increased IgG
staining in FcRn-deficient animals compared with wild-type
animals as young as 2.5 months of age (data not shown). The
difference, however, was most apparent in 6-month-old animals
(Fig. 3). The pattern of glomerular IgG localization was mostly

Fig. 1. FcRn is expressed in murine podocytes. (A) Affymetrix genechip data were analyzed by using dChip software (43). The model-based expression index
indicates relative expression levels of the indicated genes across tissues. For comparison, expression data for spleen and skeletal muscle were obtained from a
published dataset (43) deposited in the public Gene Expression Omnibus (GEo) database (www.ncbi.nlm.nih.gov/geo/). The gene symbols are as follows: Fc�RI,
Fcgr1; Fc�RIIB, Fcgr2b; Fc�RIII, Fcgr3; Fc�RIV, Fcgr4; Fc� chain, Fcer1g; Megalin, Lrp2; and FcRn, Fcgrt. (B) RT-PCR of cDNA from podocytes differentiated for 10
days at 37°C is shown for FcRn (Fcgrt) and its obligate light chain, �2-microglobulin (b2m). cDNA from the mouse macrophage cell line RAW 264.7 is shown as
a positive control. RT-PCR for genomic DNA contamination [without reverse transcriptase (RT)] was negative. Results are representative of two different
experiments. (C) Two hundred twenty-five micrograms of postnuclear lysis supernatant from FcRn wild-type and knockout podocytes was immunoblotted with
affinity-purified rabbit anti-FcRn serum. Liver lysates from FcRn wild-type and knockout mice were immunoblotted as positive and negative controls. Protein
loading was detected by immunoblotting for �-tubulin. (D) Two hundred twenty-five micrograms of postnuclear lysis supernatant from FcRn wild-type and
primary mesangial cells was immunoblotted with affinity-purified rabbit anti-FcRn serum. Expression and loading controls are as described in Fig. 1C.
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mesangial, but capillary loop staining also was readily observed.
This increased IgG accumulation in FcRn-deficient mice was
observed despite the fact that, in the absence of FcRn, the serum
IgG concentration in these mice is only 10–20% of the normal
level (17). Thus, the absence of FcRn leads to the glomerular
accumulation of IgG with age.

A Protein Load Increases the Sensitivity of Mice to Serum-Induced
Nephritis. Next, we asked whether the protein-handling capacity
of the glomerulus could be saturated by administering increasing
doses of IgG to mice. Because it is difficult to control serum IgG
levels in FcRn knockout mice because they rapidly catabolize
injected IgG (17), we used FcRn wild-type mice for the satura-
tion experiments. We observed that the accumulation of IgG in
kidneys of mice was dose-dependent because we detected in-
creasing IgG accumulation in the GBM only at the highest doses
of purified mouse IgG (Fig. 4A). We postulated that protein
overload might impair the clearance of pathogenic agents that
become trapped in the GBM and thereby enhance their patho-
genic effect. To test this hypothesis, we used a previously
characterized nephrotoxic antiserum (26) at a dose that had little
to no effect on 4-month-old wild-type animals. This dose of
nephrotoxic antibody was then injected into animals that had

previously been injected i.p. with albumin or PBS or were left
uninjected. Although none of the uninjected or PBS-injected
animals developed proteinuria after injection with the nephro-
toxic antibody, a significant fraction (�63%) of animals injected
with albumin did (Fig. 4B). This finding suggested that the
accumulation of protein in the GBM impairs the overall clear-
ance of proteins that enter the GBM, enhancing the ability of
nephrotoxic agents to inflict injury.

Discussion
Current models propose that the glomerular filtration barrier

consists of a fenestrated endothelium, the GBM, and finally the
slit diaphragm of the podocytes. The charge selectivity of the
glomerular filtration barrier resides at the level of the charged
glycocalyx of the endothelium and the negatively charged matrix
of the GBM (27, 28). Although this charge barrier may repel a
significant amount of serum protein, proteins that do enter the
GBM are directed toward the podocyte slit diaphragm by fluid
flow and diffusion (8). Assuming that the slit diaphragm is not
freely permeable to protein, large serum proteins that enter the
GBM should accumulate behind this final component of the
filter. Why, then, doesn’t the kidney filter routinely clog with
abundant endogenous serum proteins such as albumin and IgG?

Even assuming very low permeability coefficients for albumin
and IgG into the GBM, given the high blood flow to the kidney,
podocytes would still be expected to encounter significant
quantities of these proteins each day. Consequently, internal-
ization and degradation of this protein would be maladaptive.
Rather, receptor-mediated transcytosis of protein into the uri-
nary space, followed by reabsorption in the proximal tubule,
would solve two problems. First, transcytosis of protein accu-

Fig. 2. FcRn-deficient mice have a reduced ability to clear IgG from the GBM.
(A) FcRn wild-type and knockout mice were injected with 1 mg of human IgG
intravenously. Then, 1 or 16 h after injection, kidneys were harvested and
stained for human IgG. (B Upper) One week after the injection of I125-labeled
IgG, counts in whole decapsulated kidneys were normalized to TCA-
precipitable radioactive counts from 50 �l of serum. (B Lower) Raw counts are
shown. Blood cpm represents TCA-precipitable radioactivity from 50 �l of
serum, and kidney cpm represents counts from whole unperfused, decapsu-
lated kidney. P � 0.0002 by two-tailed Student’s t test. Results are the
combined results from two independent experiments using age- and sex-
matched mice with similar results.

Fig. 3. FcRn-deficient mice accumulate glomerular IgG with age. Kidneys
from FcRn wild-type and knockout mice were stained for mouse IgG retention
at 6 months of age. The results are representative of two different experi-
ments with six to eight age-matched mice per group. (A) Low-power (�200)
view of IgG staining from a representative wild-type and FcRn-deficient
mouse. Arrowheads indicate individual glomeruli. (B) High-power (�630)
view of IgG staining. Panels represent typical glomerular IgG staining from six
mice in each group (one panel per mouse).

Akilesh et al. PNAS � January 22, 2008 � vol. 105 � no. 3 � 969

IM
M

U
N

O
LO

G
Y



mulated at the filtration slit would serve to keep the basement
membrane and slit diaphragms clear of protein. Second, reab-
sorption of proteins by the proximal tubule would prevent loss
of transcytosed protein into the urine. We therefore hypothe-
sized that podocytes use an active clearance mechanism to keep
the GBM and the slit diaphragms clear of protein. In RNA
microarray studies, we found only one transcytotic receptor that
satisfied these criteria, the epithelial transport receptor, FcRn.
We confirmed that FcRn was expressed in podocytes by RT-
PCR and immunoblotting.

Because FcRn is expressed mainly in intracellular vesicles,
how does it encounter IgG? It is conceivable that in vivo
podocytes use the classical Fc�Rs and megalin to internalize
protein. Consistent with this idea, a recent report describes the
receptor-mediated uptake of IgG into intracellular vesicles of
cultured murine podocytes (29). Once internalized, FcRn can
bind IgG in an acidic intracellular endosome and transport it to
the urinary space. Previous work has shown that primary rat
podocytes return internalized IgG intact back to the cell surface
rather than degrading it (30). Thus, the expression of FcRn in
podocytes provides a mechanism to clear IgG from the GBM and
deliver it intact into the urinary space.

Consistent with this mechanism, FcRn-deficient mice showed
reduced clearance of radioactive IgG from their kidneys. Also,
as they aged, FcRn-deficient mice had increased IgG deposition
in their glomeruli. This accumulation was particularly striking
given the low constitutive levels of IgG in the FcRn-deficient
mice. Because of its increased turnover, the resting IgG level in
FcRn-deficient mice is only �10–20% of the normal level (17).
Perhaps because of these low serum IgG levels, FcRn-deficient
mice did not become proteinuric as they aged (data not shown).
This fact suggested that the extrarenal effects of FcRn deficiency
may have compensated for the lack of FcRn function in the
kidney. The generation of animals that specifically lack FcRn
expression only in the podocyte will be necessary to separate the
systemic from the renal contributions of FcRn. We would predict

that in these animals, serum IgG levels would be normal, but the
lack of FcRn in the podocyte would accelerate IgG accumulation
in the glomerulus, leading to pathological changes.

Of the cells types present in the glomerulus, it was possible that
the mesangial cell or the podocyte might be clearing IgG and
albumin from the GBM. Although the pattern of IgG accumu-
lation in FcRn-deficient mice was predominantly mesangial, our
results suggest that the podocyte is mainly responsible for
clearing protein that is trapped at the slit diaphragms. First,
FcRn has been previously reported to be expressed in human
podocytes, but not in mesangial cells (20), and our studies
confirmed FcRn expression in mouse podocytes, but not in
mesangial cells. Second, the podocyte slit diaphragms constitute
the final barrier to glomerular filtration, and thus the podocyte
is strategically positioned to transport proteins that are trapped
at this barrier. Third, further downstream in the nephron, FcRn
is strongly expressed in the proximal tubule (20, 23), where it can
reabsorb glomerularly filtered IgG (24). This mechanism has
already been suggested for albumin, which also binds to FcRn
(18, 31–33). For these reasons, we chose to focus on the
podocyte’s mechanism to clear IgG from the GBM via FcRn.

How much protein reaches the tubular system after glomer-
ular filtration? Normally, the fractional clearance of serum
macromolecules �70 kDa is very low. Estimates of the fractional
clearance of albumin obtained from micropuncture or isolated
kidney perfusion studies are in the range of 0.062% (34) to
0.15% (35). However, even with a low fractional clearance of
0.062%, �4 g of albumin would reach the tubules per day in
humans (8). Therefore, tubular reabsorption of albumin and IgG
by FcRn would be necessary to prevent the loss of significant
quantities of protein into the urine.

Rapid clearance of IgG and immune complexes from the
GBM would prevent fixation of complement and is likely to be
important in preventing immune complex-mediated renal dam-
age. In experimental models of immune complex disease, podo-
cytes can internalize immune complexes trapped in the GBM (2,
36–40). Based on the expression of IgG receptors on podocytes,
the handling of IgG and immune complexes is likely to be part
of the normal function of podocytes. Only when the podocyte
clearance mechanism is saturated would there be an increased
susceptibility to antibody-mediated damage. Consistent with this
idea, we showed that overloading the clearance capacity of the
kidney with excess protein increased the toxicity of nephrotoxic
antibodies. In a similar manner, increased deposition of immune
complexes in chronic diseases such as systemic lupus erythem-
atosus may overwhelm the clearance mechanism of podocytes
and result in immune complex accumulation with adverse
consequences.

Taken together, our results suggest a model for glomerular
filtration. The components of the glomerular filter (the endo-
thelium, the GBM, and the podocyte slit diaphragm) act together
to largely exclude serum macromolecules from the primary
urine. However, a significant daily protein load of albumin and
IgG would still be expected to be trapped at the podocyte slit
diaphragm. Without a mechanism of clearance, this protein
would block the glomerular filter. Podocytes can use specific
receptors or possibly even nonspecific mechanisms to internalize
this protein from the slit diaphragm. We have demonstrated one
mechanism involving FcRn that could transcytose IgG around
the slit diaphragm into the urinary space. Then, downstream,
IgG can be reabsorbed by FcRn in the proximal tubule. Protein
accumulation in the glomerulus therefore reflects a balance
between deposition and active clearance of proteins from the
GBM mediated at least in part by podocytes. When this clear-
ance mechanism is saturated, either through increased protein
deposition or genetic deficiency in components of the clearance
mechanism, there is an increased susceptibility to glomerular
injury.

Fig. 4. Saturating the glomerular clearance mechanism increases the patho-
genicity of nephrotoxic serum. (A) Injection of increasing doses of purified
mouse IgG i.v. leads to glomerular retention of mouse IgG in 6-month-old
wild-type mice only at higher doses. Capillary loop staining is indicated by
arrowheads. (Magnification: �200.) (B) A protein bolus sensitizes mice to
nephrotoxic nephritis. HSA alone, mice were injected with two doses of HSA
alone; NTS alone, mice were injected with a low dose of nephrotoxic serum
(NTS) alone; HAS � NTS, mice were injected with a low dose of NTS after
injection of HAS (see Experimental Procedures for injection protocol). The
protein content of urine for all mice in HSA alone and NTS alone groups was
�30 mg/dl. Six of seven mice in the HAS � NTS group had proteinuria of
�3,000 mg/dl, and one mouse had proteinuria of �300 mg/dl. The four
remaining mice in this group had �30 mg/dl of protein in their urine. Values
are the combined results from two independent experiments with similar
results and were significant (P � 0.002) by Fisher’s exact test.
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Experimental Procedures
Mice. C57BL/6J and 129 � 1/J mice at various ages were purchased from The
Jackson Laboratory. FcRn-deficient mice on a C57BL/6 background were gen-
erated at The Jackson Laboratory (17) and have been backcrossed onto the
C57BL/6J background for �13 generations. All mice were housed at specific
pathogen-free facilities at Washington University and used in accordance with
institutional animal care and use committees.

Protein Preparation and Injections. Indicated volumes of rabbit or mouse serum
(Sigma–Aldrich) were injected i.p. or i.v. via the tail vein into groups of mice.
Three days later, kidneys were harvested and stained for retained protein by
immunofluorescence. Solutions of BSA (Sigma–Aldrich), human serum albu-
min (ZLB; Behring), and human IgG (Baxter) were diluted to the appropriate
concentration in PBS and were 0.2-�m-filter sterilized. Before injection, solu-
tions were centrifuged at 14,000 � g in a table-top centrifuge to precipitate
large aggregates.

Immunofluorescence Studies. Kidneys were embedded in Tissue-Tek OCT com-
pound (Sakura Finetek) and snap-frozen in a dry-ice-cooled ethanol bath;
7-�m fresh-frozen sections were applied to SuperFrost slides (Fisher Scientific).
Tissue patches were fixed in cold acetone and allowed to air dry. Kidney
sections were encircled with a PAP pen to create a hydrophobic barrier and
then blocked with 1% BSA in PBS. Rabbit, mouse, and human IgG were
detected by using FITC- or Cy3-labeled antisera (Jackson ImmunoResearch).
Images were captured on a Nikon Eclipse E800 system.

Nephrotoxic Serum Injections. Four-month-old 129 � 1/J female mice were
injected with either PBS or 50 mg of HSA i.p. on days 0 and 1. On days 4 and
5, mice were injected via the tail vein with 3.5 �l/g of either nephrotoxic or
control serum diluted 2-fold in PBS to ensure accurate delivery of the required
volume. The nephrotoxic serum has been described previously (26). Urine was
collected on day 11 for dipstick analysis (Albustix; Bayer). Proteinuria greater
than trace amounts (�30 mg/dl) was scored as positive.

Isolation of Primary Podocytes and Microarray Analysis. Mouse glomeruli were
isolated from 3-month-old wild-type C57BL/6 mice by using Dynabead perfu-
sion (41). Isolated glomeruli were incubated with trypsin solution containing
0.2% trypsin-EDTA (Sigma–Aldrich), 100 �g/ml heparin, and 100 units per ml
DNase I in PBS for 25 min at 37°C. The trypsin was inactivated with soybean
trypsin inhibitor (Sigma–Aldrich), and the cell suspension was sieved through
a 30-�m-pore-size filter (BD Biosciences) as described previously (42). Cells
were collected by centrifugation at 200 � g for 5 min at 4°C and resuspended
in 500 �l of PBS supplemented with 0.1% BSA. The single-cell suspension was
incubated with rabbit polyclonal antibody against the podocyte-specific
membrane protein podocalyxin and goat anti-rabbit Alexafluor 488 second-
ary antibody (Invitrogen). Fluorophore-labeled podocytes were isolated by
cell sorting. RNA was extracted from 6,000 positive cells obtained from eight
mice with an RNeasy kit (Qiagen). A biotinylated cRNA target was generated
and hybridized to an Affymetrix 430v2 murine genome array. Microarray data
were analyzed by using dChip 2005 software (43). Datasets have been depos-
ited in the Gene Expression Omnibus (GEO) database.

Generation and Culture of FcRn Wild-Type and Knockout Podocytes. Condition-
ally immortalized podocytes from FcRn wild-type and knockout mice were
generated as described previously (44). Podocytes were identified by their

expression of the podocyte markers WT1, synaptopodin, and nephrin. Podo-
cytes were cultured on collagen I-coated plates at 33°C in a growth-permissive
medium of RPMI supplemented with 10% FBS and 100 units per ml of
recombinant mouse IFN� (a gift from Robert Schreiber, Washington Univer-
sity, St. Louis, MO). For differentiation, cells were shifted to 37°C, and the
medium was changed to RPMI medium supplemented with 5% FBS without
rIFN�. Under these conditions, the cells’ growth arrested and acquired a flatter
morphology with extensive processes. Cells were incubated for a minimum of
10 days at 37°C before experiments or for genechip analysis.

Generation and Culture of Primary Mesangial Cells. Primary mesangial cell
cultures from FcRn wild-type and knockout mice were generated as described
previously (45). Mesangial cells were grown from isolated glomeruli in RPMI
medium 1640 supplemented with 20% FBS, 100 units per ml of penicillin/
streptomycin, and ITS supplement (Sigma–Aldrich). The high-FBS concentra-
tion prevents the growth of podocytes. Glomeruli were cultured for 3 weeks
until the mesangial cells became confluent. Mesangial cells possessed a stel-
late morphology when subconfluent and became more elongated when
confluent. Cells were used at passages 2–4.

Generation of Anti-FcRn Antiserum. A peptide spanning the �2–�3 region of
mouse FcRn (amino acids 82–316) was PCR-amplified and cloned downstream
of GST in pGEX4T-1 and expressed as a bacterial-inclusion body. The purified-
inclusion body was solubilized in 6 M guanidine, and two rabbits were
immunized with recombinant GST-FcRn (Sigma–Aldrich). Immune serum was
affinity-purified on inclusion body protein blotted onto nitrocellulose.

Immunoblotting. Liver tissue was homogenized in lysis buffer [1% TX-100, 20
mM Tris (pH 7.5), 50 mM NaCl, 50 mM NaF, 15 mM Na4P2O7, and 0.1 mM EDTA
with protease inhibitors] by using a tissue homogenizer. Liver tissue or 5 � 106

podocytes from FcRn wild-type and knockout mice were lysed in lysis buffer
for 20 min on ice. Nuclei were spun down at 500 � g for 5 min on a table-top
centrifuge. The protein content of lysates was quantitated by using a BCA kit
(Pierce). Equivalent amounts of protein from each sample were mixed with
sample buffer and separated on a 10% SDS/PAGE gel. The proteins were
transferred to nitrocellulose and immunoblotted for FcRn and �-tubulin as a
loading control. Images were captured by using infrared imaging on a Licor
Odyssey system.

I125 Labeling and Injections. Human IgG (Baxter) was labeled with I125 by the
Iodogen method; 2 � 106 cpm of labeled IgG (�2 �g) in 200 �l of sterile PBS was
injected i.v. into groups of 2- to 3-month-old sex-matched mice. One week later,
mice were bled via the retroorbital sinus and were then killed by carbon dioxide
inhalation followed by cervical dislocation. The kidneys were harvested, and the
kidney capsule was removed. Each intact kidney was weighed and then placed
into a separate scintillation tube for measurement of radioactivity. Undegraded
IgG in serum was precipitated by mixing 50 �l of 20% TCA with 50 �l of serum.
After mixing, the precipitate was spun down for 10 min at maximum speed in a
table-top microcentrifuge, and the supernatant was discarded. The tip of the
tube containing the pellet was cut off with a razor blade and placed into a
scintillation tube for radioactivity measurements.
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