
American Journal ofPathology, Vol. 148, No. 5, May 1996

Copyright ) American Society for Investigative Pathology

Commentary
Molecular Analysis of the Pathological
Autoimmune Antigens of Heymann Nephritis

Marilyn Gist Farquhar
From the Division of Cellular and Molecular Medicine and
the Department of Pathology, University of California, San
Diego, La Jolla, California

In this issue, Raychowdhury et a1 report the induc-
tion of Heymann nephritis (HN) with a 137-amino-
acid (137-aa) fragment of gp330/megalin made as a
fusion protein in bacteria. This paper represents an-
other landmark in the molecular characterization of
the target antigens of HN because it represents the
first time that HN has been induced with a fragment
of gp330/megalin, and at the same time it clearly
pinpoints a pathogenic epitope in this large mole-
cule.

Identification of gp330/Megalin as a
Target Antigen
HN, a valid model for membranous nephropathy, has
provided valuable insights into the molecular patho-
genesis of this disease.2-4 HN was originally in-
duced with crude homogenates of kidney cortex,5
but it was recognized a number of years ago that the
antigen is present in the brush border of the proximal
tubule because circulating autoantibodies stained
the brush border,67 and the active disease could be
produced by immunizing rats with microvillar frac-
tions.8 gp330/Megalin was identified as the main
antigen in brush border fractions by taking advan-
tage of the selected population of autoantibodies
bound to glomeruli of rats with active HN. When
these antibodies were eluted and used for immuno-
precipitation, a single protein with an estimated mo-
lecular mass of 330 kd was precipitated from solu-
bilized microvillar proteins.910 That gp330/megalin
is a target antigen in HN was validated by showing
that rats immunized with gp330/megalin developed
glomerular immune deposits characteristic of the ac-

tive disease, and heterologous antibodies raised
against gp330/megalin bound to glomeruli when in-
jected into normal rats (passive disease).9'10 Immu-
nocytochemical localization of gp330/megalin re-
vealed that it is found in clathrin-coated pits located
on the sides and base of the foot processes of podo-
cytes and at the base of the proximal tubule microvil-
li,10-12 and immunocytochemical localization of
bound antibodies revealed that the coated pits at the
base of the foot processes were the site where the
immune deposits initially form1012 (see Figure 1).
The localization of endogenous gp330/megalin in
coated pits provided the first clue that this protein
might function as an endocytic receptor.

Structure of gp330/Megalin and Location
of the Pathogenic Epitope
In 1989, Raychowdhury et al13 obtained a partial
cDNA sequence of gp330/megalin that revealed it
contains motifs characteristic of the low density li-
poprotein (LDL) receptor gene family. The complete
cDNA sequence and predicted protein sequence of
gp330/megalin was obtained only recently,14 and its
structure is shown in Figure 2. Its predicted molec-
ular weight, Mr 516,715 (exclusive of oligosacchar-
ides), is considerably larger than originally estimated
from its mobility on sodium dodecyl sulfate polyacryl-
amide gel electrophoresis, which led to the renaming
of gp330 to megalin (from the Greek mega, meaning
large). Given the large size of megalin, the pinpoint-
ing by Raychowdhury et a1l of a tiny, 137-aa frag-
ment of this huge molecule as a pathogenic epitope
represents a remarkable feat. It was accomplished,
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Figure 1. Drawing suimmarizin1g the earlv events in thejbrmation of
an immune deposit in passive HN. A: Circlulating anti-megalin IgG
(anti-gp330) penetrates the GBM and approaches megalinIgp3 30, a
resident membrante glycoprotein of clathrin-coated pits located at the
base of the epithelialfoot processes. B: Anti-megalin IgG binds to its
antigen in coated pits fonning an immune complex. C: 7he initial
immune complex is shedfrom the cell suirface and becomes attached to
the GBM as early as 15 minutes after inijection o?f antibodV. D: 7his
immuine deposit grows in size by repeated cycles of in situ immune
complexjbrmation and shedding into the laminia rara externa of the
GBM until it eventually encroaches on the area of the slit diaphragm.
The continued growth ofthe immtine deposit appears to requlire the de
novo svnthesis bv the glonienrlar epithelium of megalin1gp330, luhich,
like other membrane glycoproteins, is assumed to be delivered via
iesicles (ve) that eventuallyfuse tvith the cell membrane at the base of
the foot processes. From Keriaschki et al."2

once again, by taking advantage of the selected
population of antibodies bound to the glomeruli of
rats with active HN. The fact that 3-galactosidase
fusion proteins containing this insert were recog-
nized by the eluted antibodies in their earlier paper13
led the authors to focus on this fragment. Analysis of
the location of the 137-aa peptide in the megalin/
gp330 molecule reveals that it is present in the sec-
ond of four clusters of cysteine-rich, LDL-receptor-
ligand-binding repeats where it spans the fourth to
the sixth ligand-binding repeats (see Figure 2). In-
terestingly, Saito et al15,16 have also independently
identified the second cluster of ligand-binding re-

peats as the site of a pathogenic epitope based on
its recognition by antibodies eluted from glomeruli of
rats with passive HN. Using a different approach
involving immunoprecipitation and deletion analysis
of megalin fragments translated in vitro, Saito et al15
have narrowed the epitope to the fifth ligand-binding
repeat consisting of 46 aa (aa 1160 to 1205). It
remains to be seen whether this 46-aa fragment is
capable of inducing active HN. As the 137-aa mega-
lin fragment identified by Raychowdhury et a1l has all
of the properties necessary for stimulating helper T
cells, triggering the immune system, and inducing
immune deposits, additional analysis of its structural
properties and additional attempts to narrow the
pathogenic epitope and determine its participation in
the active versus the passive disease should be fruit-
ful. The finding of Raychowdhury et a1l that the im-
mune deposits contained portions of the ectodomain
of gp330/megalin other than those of the fusion pro-
tein and that they were not stained by antibodies
against the cytoplasmic tail of megalin is in keeping
with the scheme presented in Figure 1, according to
which binding of antibodies triggers cleavage of en-
dogenous megalin and its shedding and attachment
to the glomerular basement membrane (GBM).

Raychowdhury et a1l have also noted that the
immune deposits induced by immunization of rats
with the 137-aa fragment of gp330/megalin, like
those induced by immunization with recombinant re-
ceptor-associated protein (RAP), 17 are somewhat
smaller than those found in glomeruli of rats immu-
nized with intact megalin. This may indicate that
additional epitopes present in the megalin molecule
can contribute to the generation and enlargement of
immune deposits.

LDL Receptor Gene Family: Structure of Megalin
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Figure 2. Comparativeprotein structuire ofmegalin and several other mnembers ofthe LDL receptorgenefamily. Megalin consists of4660 amninlo acids
and has a predicted molecular weight of 516, 715. It contains all of the motifs characteristic of this fimily, ie, the ligand biniding, grouethftictor anzd
EGF cysteine-rich repeats, and the YW7D spacer regions in the ectodomnain1 anid two NPXY niotiffs and one iery similar motif, NQXY' (presumptive
coatedpit intenializationz signials) in the cytoplasmiic tail. Fourputative ligand-binding domains ofmegalin are indicated by Ito IV. Megalin Us overall
structure is very similar to that of the LDL receptor-related proteiii a2-macroglobulin receptor (LRP) and a protein identified in C. elegans. Megalin
also possesses an RXRR sequence, which constitutes a presumptive proteolytic processing site for precursor processing endoproteases of the fulrin
fanmily."' Suich processing could be responsiblefJr generation of the solubleforni of megalin idenitified in the proximnal tubuO,le and in L2 yolk sac
cells."') It could also be responsible for the cleavage antd sheddintg of megalini that occturs after antibody binding (see Figu(re 1). Megalin also has
uniquefeatures compared with other members qfthe LDL receptorgenefamily ini that there are differences in the nuniber ofthe liganid-binidinzg and
FGF repeats and ini the stnrctuire of tbe cytoplasmic tail (this figuire). The cytoplasmnic tail of megalinz has no sequence homology to those of other
members of the LDL receptor gene famnily exceptfor the NPXY internalization sequences. Froni Saito et al.i'
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Amino Acid Sequence of RAP
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Figure 3. Amino acid sequence of rat RAP. RAP is a - 40-kd soluible
protein that has a potential N-linked glycoprotein site (asterisk). A
pathogetnic epitope has been mapped to aa 39 to 5322 and a hepain-
binding site to aa 287 to 306. Modifiedfrom Pietromonaco et al.17

A curious, unanswered question is why other
members of the LDL receptor gene family, especially
megalin's close cousin (see Figure 2), the LDL-re-
ceptor-related protein/a2-macroglobulin receptor
(LRP/a2MR), fails to induce HN as evidenced by the
fact that immunization of rats with liver membranes8
that are enriched in LRP/a2MR18 fail to induce HN
whereas immunization with kidney membranes and
those of yolk sac that are enriched in megalin can

induce the disease.

RAP Also Serves as a Target
Antigen in HN

In 1990 another protein, now called RAP, was iden-
tified, sequenced (see Figure 3), and shown to be a

target antigen of HN.17 This protein was also identi-
fied using antibodies eluted from glomeruli of rats
with passive HN, this time to screen a AGT-1 1 rat
kidney expression library. Originally thought to be a

fragment of gp330/megalin, it soon became clear
that RAP is a distinct protein that binds tightly to
megalin in a calcium-dependent fashion and co-

precipitates with megalin (see Figure 4),19.20 That
RAP can serve as a target antigen was clearly dem-
onstrated by the finding that immune deposits could
be produced by immunizing rats with a RAP fusion
protein (active HN), and antibodies raised against
the fusion protein in rabbits produced passive HN.17
The pathogenic epitope was initially mapped to the
amino-terminal 86 aa of RAP,21 and more recently
has been narrowed to 15 aa (aa 39 to 53; see Figure
3)22 RAP has two megalin-binding sites as well as a

binding site for heparin that were also recently
mapped23 (Figure 5). The fact that RAP has a hep-
arin-binding site is of special interest because it
suggests that RAP could play a role in the binding
and subsequent cross-linking of the HN antigenic
complex to the GBM, which contains abundant

RAP -*

Figure 4. Co-precipitation of newly synthesized RAP with megalin in
L2 rat yolk sac carcinoma cells. Anti-RAP co-precipitates radiolabeled
megalin at the end of a 15-minute pulse (0 minuites) and up to 90
minutes of chase. Each sample was inimunoprecipitated uwith anti-
RAPP; the precipitates were separated bv sodium dodecyl sulfate poly-
acrylamide gel electrophoresis ( 7.5% gels) and examitned byfluorog-
raphy. From Orlando and Farquhar. 2

heparan sulfate proteoglycans (perlecan) in the lam-
ina rara interna and externa.24 Due to the tight bind-
ing of RAP to megalin, many of the early anti-mega-
lin/gp330 antibodies also recognized RAP, which
originally created some uncertainties in the localiza-
tion of pathogenic epitopes. The present findings by
Raychowdhury et al,1 together with the demonstra-
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Figure 5. Domain map of RAP. A pathogenic epitope capable of in-
ducing HN has been identified betweeni aa 1 and 86 based on direct
binding of megalin and bepanin to truncated recombinant fusion
proteins. Two primary binding sites on RAPfor megalin (aa 85 to 148
and 178 to 248) and a heparin-binding site (aa 261 to 323) were
identified. Within this heparin-binding domain, RAP contains a pu-
tative heparin-binding motif(aa 287 to 306) structurally homologous
to those in other heparin-binding proteinis. From Orlando and Far-
quhar.23
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Figure 6. Molecular modelfor the presentation of multiple pathogenic
epitopes in the HN antigenic complex at the surface of the glomerular
epithelium. Shaded and hatched regions in megalin and RAP, respec-
tively, represent potential antigenic domains that are exposed at the
basal surface ofthepodocyte and may bind antibodies and initiate the
onset of immune complexformation in HN. There maY also be addi-
tional exposed epitopes in megalin and RAP that independently bind
antibody and induce formation of immune deposits. Modified from
Orlando and Farquhar.23

tion by Orlando et a125 that anti-megalin antibodies
devoid of RAP cross-reactivity can produce passive
HN, should remove any lingering doubt that megalin
is capable of producing HN independent of RAP.

How Do We Account for the Existence of
More Than One Antigen in HN?

Figure 6 presents the multiple epitope model indicat-
ing how pathogenic epitopes on megalin and RAP,
the HN antigenic complex, may be displayed at the
cell surface of the podocyte and serve as autoim-
mune antigens. Megalin is a membrane protein
whereas RAP is a soluble protein that binds to mega-
lin at the cell surface. In this model, both megalin and
RAP contain at least one pathogenic epitope, and
binding of antibodies to either epitope can trigger
deposition of immune complexes, ie, cleavage of
megalin, shedding of the complexes, and their rapid
attachment to the glomerular basement membrane.

What Are the Functions of Megalin and
RAP?
Megalin is a multiligand receptor that has been
shown to bind a whole variety of ligands in vitro
including apolipoprotein-E-enriched J3-VLDL, lactof-
errin, lipoprotein lipase,26 '27 aprotinin,28 Ca2 ,29

plasminogen,30,31 and plasminogen-activator/plas-
minogen-activator-inhibitor complexes.2627 In the
kidney brush border it has been shown to bind

-5_io~~~~~~-,,r N_

Figure 7. Immunogold labelingfor gp330 (A) and RAP (B) in L2yolk
sac cells. A: Gold particles indicating the presence ofgp330 are con-

centrated in coated pits (cp) at the cell surface. RAP is detected almost
exclusively in the ER lumen (er). Magnification, X50,000 (A) and
x 30, 000 (B). From Lundstrom et al.40

Ca2 ,29 peptide hormones, and basic proteins32
and to bind and internalize polybasic drugs.33 34 Its
function in the glomerulus is unknown, but it is in-
triguing to speculate that megalin may normally be
responsible for clearance of filtration residues, in-
cluding antibodies, by the podocyte. The podocyte
has been shown to bind and take up proteins that
cross the GBM by endocytosis in coated pits.35'36
Thus, binding of anti-megalin or anti-RAP antibodies
to the complex followed by its shedding and attach-
ment to the GBM might be expected to paralyze
normal removal mechanisms and lead to accumula-
tion of ligands in immune deposits.

The function of RAP is also unusual. RAP has the
intriguing property that it prevents ligand binding to
megalin as well as LRP,26'37 the VLDL receptor,38
and the LDL receptor.39 That is, when RAP is bound
to megalin, it is unable to bind any other ligand. At
steady state, megalin is found primarily in coated
pits, as already mentioned, but RAP is found primar-
ily in the rough endoplasmic reticulum (ER)19'40 (Fig-
ure 7). RAP binds to newly synthesized megalin in
the ER shortly after its biosynthesis,19'41 and the two
proteins travel together as a complex to the cell
surface.40'42 Evidence has recently been ob-
tained43'44 that, upon reaching the cell surface, the
megalin/RAP complex is internalized and trans-
ported to an endosomal compartment. Here the two
proteins dissociate, and megalin is recycled to the
cell surface where it is presumably competent to
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Figure 8. Diagram indicating the proposed

Early Endosome itinerary for the inztracellular trajfickinig of
(TFR) megalin and RAP. Megalin and RAP are as-
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to a late endtosome compartment where theyM*galin* Lysosom dissociate. RAP is delivered to lysosomes and
Golgi T Clathrin megalin is recycled to the cell suirface. Fronm

Farquhar et al.l3

bind ligands whereas RAP is delivered to lysosomes
and degraded. This trafficking itinerary is shown in
Figure 8. Thus, RAP appears to function as a traffic
chaperone with the dual function of assisting in the
folding of megalin and in preventing ligand binding
to megalin in transit along the biosynthetic pathway.

Why Map Pathogenic Epitopes in HN?

Some may consider the molecular mapping of
epitopes in megalin and RAP to be esoteric in view of
the fact that neither molecule has been implicated as
yet in the pathogenesis of membranous nephropathy
in humans. This activity is driven by the striking sim-
ilarity of the events in the pathogenesis of HN to its
human counterpart, which suggests that at some
level the human disease and the rat model share
common underlying molecular mechanisms. The
hope is that by further defining the molecular mech-
anisms involved in HN one will gain insights into the
pathogenesis of human membranous nephropathy
that can eventually lead to rational therapeutic inter-
vention. Raychowdhury et a1' have achieved the
mapping of the first pathogenic epitope, but given
the interest in the topic and its importance, one can
expect rapid advancements in the further mapping
not only of pathogenic epitopes on megalin but also
of functional binding sites for megalin's ligands.

References

1. Raychowdhury R, Zheng G, Brown D, McCluskey RT:
Induction of Heymann nephritis with a gp330/megalin
fusion protein. Am J Pathol 1996, 148:1613-1624

2. Salant DJ, Quigg RJ, Cybulsky AV: Heymann nephritis:
mechanisms of renal injury. Kidney Int 1989, 35:976-984

3. Couser WG: Mediation of immune glomerular injury.
J Am Soc Nephrol 1990, 1:13-29

4. Cavallo T: Membranous nephropathy: insights from
Heymann nephritis. Am J Pathol 1994, 144:651-658

5. Heymann W, Hackel DB, Harwood S, Wilson SGF,
Hunter JLP: Production of the nephrotic syndrome in
rats by Freund's adjuvants and rat kidney suspensions.
Proc Soc Exp Biol Med 1959, 100:660-664

6. Edgington TS, Glassock RJ, Dixon FJ: Autologous im-
mune-complex pathogenesis of experimental allergic
glomerulonephritis. Science 1967, 155:1432-1434

7. Grupe WE, Kaplan MH: Demonstration of an antibody
to proximal tubular antigen in the pathogenesis of ex-
perimental autoimmune nephrosis in rats. J Lab Clin
Med 1969, 74:400-409

8. Miettinen A, Tornroth T, Tikkanen I, Virtanen I, Linder E:
Heymann nephritis induced by kidney brush border
glycoproteins. Lab Invest 1980, 43:547-555

9. Kerjaschki D, Farquhar MG: The pathogenic antigen of
Heymann nephritis is a membrane glycoprotein of the
renal proximal tubule brush border. Proc Natl Acad Sci
USA 1982, 79:5557-5561

10. Kerjaschki D, Farquhar MG: Immunocytochemical lo-
calization of the Heymann nephritis antigen (gp330) in
glomerular epithelial cells of normal Lewis rats. J Exp
Med 1983, 157:667-686

11. Kerjaschki D, Noronha-Blob L, Sactor B, Farquhar MG:
Microdomains of distinctive glycoprotein composition
in the kidney proximal tubule brush border. J Cell Biol
1984, 98:1505-1513

12. Kerjaschki D, Miettinen A, Farquhar MG: Initial events
in the formation of immune deposits in passive Hey-
mann nephritis: gp330-anti-gp330 immune complexes
form in epithelial coated pits and rapidly become at-
tached to the GBM. J Exp Med 1987, 166:109-128

13. Raychowdhury R, Niles JL, McCluskey RT, Smith JA:
Autoimmune target in Heymann nephritis is a glycopro-
tein with homology to the LDL receptor. Science 1989,
244:1163-1165



1336 Farquhar
AJP May 1996, Vol. 148, No. 5

14. Saito A, Pietromonaco S, Loo A, Farquhar MG: Com-
plete cloning and sequencing of rat gp330/"megalin,"
a distinctive member of the low density lipoprotein
receptor gene family. Proc Natl Acad Sci USA 1994,
91:9725-9729

15. Saito A, Yamazaki H, Orlando RA, Rader K, Czekay
R-P, Nakatani A, Ullrich R, Kerjaschki D, Farquhar MG:
Mapping pathogenic epitopes on rat megalin (gp330):
identification of the fifth ligand-binding repeat in the
second cysteine-rich domain region as a major antigen
involved in passive Heymann nephritis. Proc Natl Acad
Sci, USA 1996 (in press)

16. Saito A, Ullrich R, Kerjaschki D, Farquhar MG: Mapping
pathogenic epitopes of rat megalin (gp330), a major
Heymann nephritis antigen. J Am Soc Nephrol 1995,
6:852

17. Pietromonaco SD, Kerjaschki S, Binder R, Ullrich R,
Farquhar MG: Molecular cloning of a cDNA encoding a
major pathogenic domain of the Heymann nephritis
antigen gp330. Proc Natl Acad Sci USA 1990, 87:
1811-1815

18. Krieger M, Herz J: Structures and functions of multili-
gand lipoprotein receptors: macrophage scavenger
receptors and LDL receptor-related protein (LRP).
Annu Rev Biochem 1994, 63:601-637

19. Orlando RA, Kerjaschki D, Kurihara H, Biemesderfer D,
Farquhar MG: gp330 associates with a 44 kDa protein
in the rat kidney to form the Heymann nephritis anti-
genic complex. Proc Natl Acad Sci USA 1992, 89:
6698-6702

20. Kounnas MS, Argraves WS, Strickland DK: The 39-kDa
receptor-associated protein interacts with two mem-
bers of the low density lipoprotein receptor family, a2-
macroglobulin receptor and glycoprotein 330. J Biol
Chem 1992, 267:21162-21166

21. Kerjaschki D, Ullrich R, Diem K, Pietromonaco S, Or-
lando RA, Farquhar MG: Identification of a pathogenic
epitope involved in the initiation of Heymann nephritis.
Proc Natl Acad Sci USA 1992, 89:11179-11183

22. Kerjaschki D, Ullrich R, Exner M, Orlando RA, Farquhar
MG: Induction of passive Heymann nephritis with anti-
bodies specific for a synthetic peptide derived from the
receptor associated protein (RAP). J Exp Med 1996 (in
press)

23. Orlando RA, Farquhar MG: Functional domains of the
receptor-associated protein (RAP). Proc NatI Acad Sci
USA 1994, 91:3161-3165

24. Farquhar MG: The glomerular basement membrane: a
selective macromolecular filter. Cell Biology of Extra-
cellular Matrix, ed 2. Edited by ED Hay. New York,
Plenum Press, 1991, pp 365-418

25. Orlando RA, Kerjaschki D, Farquhar MG: Megalin
(gp330) possesses an antigenic epitope capable of
inducing passive Heymann nephritis independent of
the nephritogenic epitope in receptor-associated pro-
tein. J Am Soc Nephrol 1995, 6:61-67

26. Willnow TE, Goldstein JL, Orth K, Brown MS, Herz J:
Low density lipoprotein receptor-related protein and

gp330 bind similar ligands, including plasminogen ac-
tivator-inhibitor complexes and lactoferrin, an inhibitor
of chylomicron remnant clearance. J Biol Chem 1992,
267:26172-26180

27. Moestrup SK, Nielsen S, Andreasen P, Jorgensen KE,
Nykjaer A, Roigaard H, Gliemann J, Christensen El:
Epithelial glycoprotein-330 mediates endocytosis of
plasminogen activator-plasminogen activator inhibitor
type-1 complexes. J Biol Chem 1993, 268:16564-16570

28. Moestrup S, Christensen SN, Jorgensen KE, Bjorn SE,
Roigaard H, Gliemann J: Binding and endocytosis of
proteins mediated by epithelial gp330. Ann NY Acad
Sci 1994, 737:124-137

29. Christensen El, Gliemann J, Moestrup SK: Renal tubule
gp330 is a calcium binding receptor for endocytic up-
take of protein. J Histochem Cytochem 1992, 40:1481-
1490

30. Kanalas JJ, Makker SP: Identification of the rat Hey-
mann nephritis autoantigen (gp 330) as a receptor site
for plasminogen. J Biol Chem 1991, 266:10825-10829

31. Kanalas JJ: Analysis of plasmin binding and urokinase
activation of plasminogen bound to the Heymann ne-
phritis autoantigen, gp330. Arch Biochem Biophys
1992, 299:

32. Orlando RA, Rader K, Authier F, Bergeron JJ, Farquhar
MG: Role of megalin (gp330) in binding low molecular
weight proteins in the renal filtrate. J Am Soc Nephrol
1995, 6:378

33. Moestrup SK, Cui S, Vorum H, Bregengard C, Bj0rn SE,
Norris K, Gliemann J, Christensen El: Evidence that
epithelial glycoprotein 330/megalin mediates uptake of
polybasic drugs. J Clin Invest 1995,

34. Farquhar MG: The unfolding story of megalin (gp330):
now recognized as a drug receptor. J Clin Invest 1995,
96:1184

35. Caulfield JP, Farquhar MG: The permeability of glomer-
ular capillaries to graded dextrans: identification of the
basement membrane as the primary filtration barrier.
J Cell Biol 1974, 63:883-903

36. Farquhar MG, Palade GE: Glomerular permeability. ll.
Ferritin transfer across the glomerular capillary wall in
nephrotic rats. J Exp Med 1961, 114:699-716

37. Williams SE, Ashcom JD, Argraves WS, Strickland DK:
A novel mechanism for controlling the activity of a2-
macroglobulin receptor/low density lipoprotein recep-
tor-related protein. J Biol Chem 1992, 267:9035-9040

38. Battey FD, Gafvels ME, FitzGerald DJ, Argraves WS,
Chappell DA, Strauss JF IlIl, Strickland DK: The 39-kDa
receptor-associated protein regulates ligand binding
by the very low density lipoprotein receptor. J Biol
Chem 1994, 269:23268-23273

39. Medh JD, Fry GL, Bowen SL, Pladet MW, Strickland
DK, Chappell DA: The 39-kDa receptor-associated
protein modulates lipoprotein catabolism by binding to
LDL receptors. J Biol Chem 1995, 270:536-540

40. Lundstrom M, Orlando RA, Saedi MS, Woodward L,
Kurihara H, Farquhar MG: Immunocytochemical and
biochemical characterization of the Heymann nephritis



Autoimmune Antigens of Heymann Nephritis 1337
AJP May 1996, Vol. 148, No. 5

antigenic complex in rat L2 yolk sac cells. Am J Pathol
1993, 143:1423-1435

41. Biemesderfer D, Dekan G, Aronson P, Farquhar MG:
Biosynthesis of the gp330/44-kDa Heymann nephritis
antigenic complex: assembly takes place in the ER.
Am J Physiol 1993, 264:1F101 1-F1020

42. Orlando RA, Farquhar MG: Cellular trafficking of mega-
lin (gp330) and the receptor associated protein (RAP).
Mol Biol Cell 1994, 5:187a

43. Farquhar MG, Saito A, Kerjaschki D, Orlando RA: The
Heymann nephritis antigenic complex: megalin (gp330)
and RAP. J Am Soc Nephrol 1995, 6:35-47

44. Czekay R-P, Orlando RA, Woodward L, Farquhar MG:
Megalin/RAP complexes taken up by endocytosis dis-
sociate in late endosomes, and megalin recycles to the
cell surface. Mol Biol Cell 1995, 6:285a

45. Bachinsky DR, Zheng G, Niles JL, McLaughlin M, Ab-
bate M, Andres G, Brown D, McCluskey RT: Detection
of two forms of gp330: their role in Heymann nephritis.
Am J Pathol 1993, 143:598-611

46. Orlando RA, Farquhar MG: The receptor associated
protein (RAP) is a traffic chaperone for the exocytic
trafficking of megalin (gp330) to the plasma mem-
brane. Submitted


