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Autoantibodies to early endosome antigen (EEA1) produce a staining pattern

resembling cytoplasmic anti-neutrophil cytoplasmic antibodies (C-ANCA)
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SUMMARY

Autoantibodies to EEA1 have been described in patients with neurological diseases, subacute cutaneous

lupus and a variety of other conditions, including a patient with Wegener's granulomatosis (WG). EEA1

is a hydrophilic peripheral membrane protein transiently associated with the cytoplasmic face of early

endosomes. Antibodies to EEA1 produce a staining pattern that resembles the C-ANCA pattern

produced by anti-proteinase 3 (PR3) antibodies in WG sera. Co-localization studies show incomplete

overlap of the staining produced by anti-EEA1 with anti-PR3. We showed that 0/40 unselected sera,

from a cohort of WG patients and antibodies to PR3, reacted with EEA1. In addition, 1/15 sera that have

a C-ANCA staining pattern but do not react with PR3 in an ELISA, immunoprecipitated the recombinant

EEA1 protein. We conclude that although antibodies to EEA1 produce a staining pattern that resembles

anti-PR3 and C-ANCA, antibodies to EEA1 in WG are rare. However, some C-ANCA1 sera that do not

react with PR3 may contain EEA1 autoantibodies.
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INTRODUCTION

Autoantibodies are useful serologic markers of many autoimmune

diseases and have been successfully used as reagents to isolate and

characterize their respective autoantigens. For example, human

autoantibodies have been used to identify unique nuclear [1,2],

Golgi complex [3], mitochondrial [4] and ribosomal [5] antigens.

Over the past 3 years, our attention turned to a number of sera

referred for autoantibody analyses that produced a unique

vesicular staining pattern in the cytoplasm of HEp-2 cells. We

screened an expression cDNA library with serum from a patient

with rapidly progressive lower motor neurone disease and high-

titre antibodies to this cytoplasmic antigen and isolated a cDNA

that encoded a recombinant protein identical to a previously

described antigen, named EEA1 [6,7].

Early endosomes are major sorting compartments of materials

taken up by receptor-mediated endocytosis [8]. The endocytosed

material may be transported to lysosomes or to the opposite side

of polarized cells, or recycled to the plasma membrane [9].

Human EEA1 is a hydrophilic 180-kD peripheral membrane

protein of early endosomes that contains a calmodulin-binding

motif, and its cysteine-rich, metal-binding fingers have a role in

endocytic vesicular transport [6]. EEA1 is recruited onto early

endosome membranes and then promotes vesicle fusion by

tethering the early endosomes and endocytic vesicles [10,11].

Autoantibodies directed against EEA1 were initially reported

in the sera of individual patients with subacute cutaneous systemic

lupus erythematosus (SLE), polyarthritis, and rheumatoid arthritis

(RA) [6,7]. Our previous study of sera that had a cytoplasmic

vesicular staining pattern showed that 8/36 (22%) had EEA-1

antibodies [12]. The observation that one of the patients in this

study had Wegener's granulomatosis (WG) led us to the present

study of the relationship of anti-EEA1 with WG and ANCA.

ANCA represent a group of antibodies directed to granular

constituents of neutrophils and monocytes [13±15]. Based on the

fluorescence appearance on ethanol-fixed neutrophil preparations,

two major ANCA patterns have been established: C-ANCA is

characterized by a coarse granular cytoplasmic immunofluores-

cence pattern resulting from reactivity with anionic or neutral

proteins, whereas P-ANCA is identified by a perinuclear staining

pattern resulting from reactivity with cationic proteins that

migrate and rearrange around the negatively charged nuclear

membrane [14].

In more than 80% of cases, the classic C-ANCA pattern is

caused by antibodies against proteinase 3 (PR3), a neutral serine

protease present in the azurophil granules of neutrophils

[14,16±18]. Anti-PR3 (C-ANCA) is strongly associated with

WG, and over the last few years it has provided a reliable tool for

the diagnosis of the patients with systemic vasculitis [16,19].

Perinuclear ANCA staining pattern (P-ANCA) can be caused by
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antibodies directed against several antigens, including myeloper-

oxidase (MPO), elastase, cathepsin G, lactoferrin, lysozyme,

azurocidin and bactericidal/permeability-increasing protein (BPI)

[13,20±22]. Even though a number of P-ANCA target antigens

have been characterized, the antigens responsible for the C-ANCA

fluorescence pattern are less thoroughly catalogued. Besides

anti-PR3, in small number of cases the C-ANCA pattern may arise

due to antibodies directed to BPI, and rarely MPO [23]. We report

that anti-EEA1 antibodies produce a C-ANCA staining pattern but

only rare sera from WG patients react with recombinant EEA1. In

addition, sera that produce a C-ANCA staining pattern but do not

react with PR3 by ELISA may contain anti-EEA1 antibodies.

MATERIALS AND METHODS

Human sera and patients

WG and other sera for this study were obtained from serum banks

at the University of Calgary (Calgary, Alberta); Innova (San

Diego, CA); and Immuno Concepts Inc. (Sacramento, CA).

Fifteen sera from patients being investigated for the possibility of

WG that had a positive C-ANCA and a negative ELISA for PR3

were included in the study. These patients did not meet the

American College of Rheumatology (ACR) 1990 criteria [24].

The serum samples were stored at 2208C or 2708C. Control sera

were randomly selected from a bank of 2000 female normal blood

donors [25] or sera pooled from healthy volunteers. Clinical data

were obtained by retrospective chart review.

Indirect immunofluorescence and ELISA

The reactivity of antibodies was identified by indirect immuno-

fluorescence (IIF) microscopy [26] using commercially prepared

HEp-2 cell substrates (Immuno Concepts Inc.) and a fluorescein-

conjugated goat anti-human IgG (light and heavy chain), and

a rhodamine-conjugated goat anti-rabbit IgG, as previously

described [27]. ANCA was detected on commercially prepared

human polymorphonuclear leucocyte substrate kits complete with

control positive and negative sera (Innova). Slides were viewed

with a Zeiss Universal microscope (Carl Zeiss Inc., Thornwood,

NY). Co-localization of EEA1 and PR3 was studied using a Leica

digital confocal microscope. ELISA detection of PR3 and MPO

antibodies was performed with a commercial kit (Innova).

SDS-PAGE and immunoblotting

Primary and secondary granules were isolated from human

polymorphonuclear leucocytes using published protocols [28].

Proteins or cellular preparations were solubilized in SDS sample

buffer, separated by discontinuous SDS±PAGE [29], and trans-

ferred to nitrocellulose [30]. The nitrocellulose strips were then

blocked with 5% non-fat milk in PBS containing 0´05% Tween-20

(PBS±T), and overlaid with the primary antibody and washed

with PBS±T; bound antibody was traced with polyvalent goat

anti-human immunoglobulin, conjugated with horseradish

peroxidase (HRP; Calbiochem-Behring Corp., La Jolla, CA).

Reactions were visualized by incubating the washed nitrocellulose

strips in the enhanced chemiluminescence (ECL) substrate

solution (Amersham Life Science Ltd, Aylesbury, UK), and by

exposing the wet nitrocellulose strips to X-OMAT AR film

(Eastman Kodak Co., Rochester, NY).

Immunoprecipitation

Immunoprecipitation of 35S-labelled in vitro translation product of

the EEA1 cDNA was performed as previously described [12].

Briefly, 10 m l of human serum and 2±5 m l of in vitro translation

product were incubated with protein A-Sepharose beads 4 h or

overnight at 48C. After incubation, the beads were washed five

times with buffer, resuspended in SDS sample buffer, and then

analysed by SDS±PAGE and autoradiography.

Rabbit immunization

Control polyvalent antibodies to EEA1 were prepared by

immunizing New Zealand white rabbits with 2´5 mg of purified

recombinant protein in an equal volume of Freund's complete

adjuvant. The rabbits were boosted 2 weeks later with subcutane-

ous injections of 2´5 mg of the protein in Freund's incomplete

adjuvant. The appearance and titre of EEA1 antibodies were

monitored by IIF using goat anti-rabbit IgG (H 1 L chain)

antibody (Calbiochem-Behring Corp.).

RESULTS

IIF

The prototype anti-EEA1 human serum chosen for this study was

from a patient with a motor neurone disorder and muscular

dystrophy [12]. The IIF pattern produced by this serum was

characterized by distinct cytoplasmic dots that were evenly

dispersed throughout the cytoplasm (Fig. 1a). The antibodies of

the rabbit immunized with the recombinant EEA1 protein

produced an identical vesicular staining pattern (Fig. 1b) that

co-localized with the patient's antibodies on HEp-2 cell substrates

(Fig. 1c).

Identification of EEA1 as a component of polymorphonuclear

leucocytes

Rabbit sera containing antibodies to recombinant EEA1 produced

a C-ANCA staining pattern on the ethanol-fixed human neutrophil

substrate that was indistinguishable from the C-ANCA pattern

produced by sera with anti-PR3 antibodies (Fig. 2a,b). Although

these patterns appeared to be identical, co-localization studies

showed that the staining produced by the human anti-PR3

(Fig. 2a) and the rabbit anti-EEA1 sera (Fig. 2b) had no obvious

overlap (Fig. 2c). Similar results were obtained using formalin-

fixed neutrophil slides (Fig. 2d,e,f).

The sera from the 15 patients with a positive C-ANCA who

did not fulfil the ACR criteria for the classification of WG were

studied. Since none of these sera reacted with PR3 in an ELISA,

we pursued the possibility that they might react with EEA1.

Only one serum from these 15 patients immunoprecipitated

recombinant EEA1.

We then determined if any of the 40 WG C-ANCA1 sera that

reacted with PR3 produced a vesicular staining pattern on HEp-2

cells resembling anti-EEA1. This study showed that they dis-

played diffuse cytoplasmic staining on HEp-2 cells, although none

produced a vesicular staining pattern resembling EEA1 (data not

shown). When eight sera with EEA1 antibodies that displayed a

C-ANCA-like pattern on neutrophil substrates were tested by

ELISA, only one reacted with PR3 and none reacted with MPO

(Table 1).

Immunoprecipitation

The 35S-labelled in vitro transcription and translation (TnT)

product of the EEA1 cDNA migrated in SDS±PAGE at

approx. 160 kD (Fig. 3, lane 2). The TnT product was
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immunoprecipitated by the serum of the rabbit immunized with

EEA1 (Fig. 3, lane 4) and by the prototype human serum (Fig. 3,

lane 5). The serum of a patient with WG displaying the C-ANCA

staining pattern on polymorphonuclear neutrophil (PMN) sub-

strate, but not reacting with PR3, also immunoprecipitated the

EEA1 TnT product (Fig. 3, lane 6). Control normal human serum

(Fig. 3, lane 7) and preimmune rabbit serum (Fig. 3, lane 3) did

not immunoprecipitate recombinant EEA1. None of the 40 WG

sera that demonstrated a C-ANCA pattern and reacted with PR3,

immunoprecipitated the recombinant EEA1 protein (data not shown).

Fig. 1. Co-localization of human and rabbit anti-EEA1 sera on HEp-2 substrate. The prototype human serum containing anti-EEA1

produced a vesicular pattern of staining (a) that appears identical to the pattern produced by a rabbit serum with antibodies to recombinant

EEA1 (b). Co-localization showed overlap of the vesicles attained by the two sera (c).

Fig. 2. Co-localization of the human anti-proteinase 3 (PR3) serum and rabbit anti-EEA1 serum on human neutrophil substrate. (a) Indirect

immunofluorescence (IIF) of the human anti-PR3 serum, and (b) the rabbit anti-EEA1 serum, on the ethanol-fixed neutrophil substrate. (c)

Overlay of the two images. (d) IIF of the human anti-PR3 serum, and (e) the rabbit anti-EEA1 serum on the formalin-fixed neutrophil

substrate. (f) Overlay of the two images.
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SDS±PAGE and immunoblotting

The neutrophil subcellular fractions separated by SDS±PAGE and

immunoblotted with anti-EEA1 sera are shown in Fig. 4. The

prototype human (lane 3) and rabbit EEA1 sera (lane 2)

immunoblotted an approx. 180-kD protein in the cytosol

preparation. The immunoblot of neutrophil primary granules

indicated no reactivity with the expected molecular weight of PR3

Table 1. ELISA of the human anti-EEA1 sera performed using proteinase

3 (PR3) and myeloperoxidase (MPO) as target antigens

Patient* IP EEA1

IIF titre

HEp-2²

IIF³

neutrophil

Pattern

neutrophil

PR3

ELISA²

MPO

ELISA²

CH 1 1/5120 1 1 C-ANCA ± ±

MS 1 1/5120 1 1 1 C-ANCA ± ±

DM 1 1/2560 1 1 C-ANCA 1 1 ±

KR 1 1/1280 1 1 1 C-ANCA ± ±

RA 1 1/640 1 C-ANCA ± ±

BI 1 1/640 1 1 1 C-ANCA ± ±

ED 1 1/640 1 1 C-ANCA ± ±

SJ 1 1/640 1 1 C-ANCA ± ±

SS-A ± 1/640 ± ± ± ±

NHS ± ± ± ± ± ±

MPO1 ± ± 1 1 P-ANCA ± 1 1 1

PR31 ± ± 1 1 C-ANCA 1 1 1 ±

* Clinical details published in [12].

² The titre of the sera was determined by end-point serial dilutions on

HEp-2 cells.

³ The intensity of C-ANCA staining on the ethanol-fixed neutrophil

slides was determined based on the comparison with the PR3 and MPO

controls: 1, weak; 1 1, moderate; and 1 1 1, very strong staining. A

similar semiquantitative scoring was applied to ELISA results.

IIF, Indirect immunofluorescence; IP, immunoprecipitation of recom-

binant EEA1.

Fig. 3. Immunoprecipitation of the in vitro translation product of the

EEA1 cDNA with sera displaying C-ANCA pattern on ethanol-fixed

neutrophil substrates. The translation product of EEA1 (EEA1-TnT)

migrated at approx. 160 kD (lane 2). EEA1-TnT was immunoprecipitated

by the rabbit anti-EEA1 serum (lane 4), prototype human anti-EEA1 serum

(lane 5), and the serum of a patient with Wegener's granulomatosis

displaying C-ANCA pattern but not reacting with proteinase 3 (PR3) (lane

6). Preimmune rabbit serum (lane 3), and control normal human serum

(lane 7) did not immunoprecipitate EEA1-TnT.

Fig. 4. Immunoblot of the neutrophil subcellular fractions with anti-EEA1 sera. Rabbit anti-EEA1 serum (lane 2) and the prototype human

serum (lane 3) immunoblotted a protein of approx. 180 kD present in the cytosolic neutrophil fraction. No similar reactivity was observed

with other subcellular fractions, although rabbit anti-EEA1 reacted with a few proteins of a lower molecular weight. Lane 1 indicates the

reactivity of the preimmune rabbit serum.
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or EEA1, although a few proteins of a lower molecular weight

reacted with the rabbit anti-EEA1 serum.

DISCUSSION

This is the first study showing that anti-EEA1 antibodies produce

a staining pattern that resembles C-ANCA. This is an important

observation because C-ANCA antibodies are used as a diagnostic

screen to identify patients with WG and other conditions [31]. In

our earlier study, one WG patient was shown to have anti-EEA1

[12], although in the present study we show that this patient did

not have antibodies to PR3. Since none of the 40 WG patients had

EEA1 antibodies, we conclude that anti-EEA1 antibodies are rare

in WG. However, antibodies to EEA1 should be considered in sera

that produce a C-ANCA pattern but do not react with PR3.

Previous studies have shown that anti-EEA1 antibodies are

relatively common (. 20%) in sera that show a cytoplasmic

vesicular staining pattern on HEp-2 cells [12]. In this study, 22%

of patients that had an IIF staining pattern resembling antibodies

to EEA1, immunoprecipitated recombinant EEA1. These patients

had a number of diagnoses, but neurological disease was a

common feature [12]. The presence of neurological diseases in a

cohort of patients with EEA1 autoantibodies is of interest, because

early endosomes are key functional components of both pre- and

post-synaptic neurones [32]. In other studies, EEA1 antibodies

were reported in patients with subacute cutaneous SLE [6],

polyarthritis and RA [7].

PMN are short-lived, non-mitotic cells generated in large

numbers in the bone marrow through a highly controlled process

of myelopoiesis [33]. Cytoplasmic granules start to form during

neutrophil maturation, so the differences in protein content that

define different subsets of granules are determined by the

maturation stage at which particular granule proteins are being

synthesized [34]. Based on their size, morphology and protein

content several subsets of granules have been identified: azurophil

(primary) granules, specific (secondary) granules, secretory

vesicles and gelatinase granules. The common C-ANCA and

P-ANCA target antigens are constituents of the azurophil

granules. The azurophil granules have a spherical shape

resembling lysosomes, whereas secondary granules have more

irregular, elongated, endosome-like shape. Secretory vesicles arise

from endosomes and their membrane is rich in receptors important

for immune function [34]. Although the size and distribution of

EEA1 demonstrated by IIF in our study resembled primary

granules bound by anti-PR3, we were unable to show the presence

of EEA-1 in primary granules by immunoblotting. PR3 can be

detected by immunoblotting and immunoprecipitation [35,36], but

because reactivity may depend on conformational epitopes, great

care must be taken to prevent excessive denaturation of the

antigen during preparation [15,36,37]. It appears that epitopes on

EEA1 are not as sensitive as PR3 to denaturation, since a variety

of techniques, including immunoblotting of denatured proteins, is

able to identify the cognate approx. 180-kD protein [12].

EEA1 is a 180-kD hydrophilic peripheral membrane protein

lacking a hydrophobic transmembrane domain [6]. It is present in

the cytosol and recruited to the cytoplasmic face of early

endosomes with the help of Rab5, a small GTP-binding protein,

and phosphatidylinositol 3-phosphate (PI3P), a membrane phos-

pholipid [7], on the endosomal membrane EEA1 is a key factor

controlling vesicle fusion [6,38]. It is interesting that Rab5, an

EEA1 vesicle fusion partner in other cell types, also plays an

important role in neutrophil granule exocytosis. Rab5 is present

in neutrophil cytosol in large amounts, but upon neutrophil

stimulation the amount of cytosolic Rab5 decreases with a

concomitant increase in the amount of membrane-associated Rab5

[39]. Considering the evidence that Rab5 is necessary for

recruitment of EEA1 to the early endosome membrane [40,41]

and our observation that EEA1 is also present in the neutrophil

cytosol, it is plausible that EEA1 may play a role in neutrophil

granule vesicle fusion. However, the significance of EEA1 and

anti-EEA1 antibodies as they relate to the normal function of

polymorphonuclear cells remains to be determined.
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