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Abstract

Alpha-enolase, also called non-neuronal enolase, belongs to a family of cytoplasmic and glycolytic enzymes. In addition to its
glycolytic function, alpha-enolase exerts many other functions in eukaryotes and prokaryotes. Antibodies (Abs) against alpha-enolase
have been detected in a large variety of infectious and autoimmune diseases. These Abs might arise as a consequence of a microbial
infection or uncontrolled growth or proliferation of cells in specific organs in pathophysiological conditions. In infections, anti-alpha-
enolase Abs could play a role in limiting microbial tissue invasion. In autoimmune and inflammatory diseases, anti-alpha-enolase Abs
could induce endothelial injury through the generation of immune complexes and activation of the complement classical pathway, inhibit
the binding of plasminogen to alpha-enolase with perturbations of the intravascular and pericellular fibrinolytic system, and induce cell
death through an apoptotic process. However, further studies are needed to improve our knowledge on the pathogenic role of these Abs.
© 2006 Elsevier B.V. All rights reserved.
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1. Introduction

Mammalian enolases constitute a family of cytoplas-
mic and glycolytic enzymes. Enolases family is
composed of 3 isozyme subunits, alpha, beta and
gamma, which can form homodimers or heterodimers
and are cell-type and development-specific: alpha-
enolase (also called non-neuronal enolase) is ubiquitous
and expressed in the early stage of embryonic
development, beta-enolase is expressed in adult skeletal
and cardiac muscles, and gamma-enolase (also called
neuron-specific enolase) is expressed in mature neuron
and neuroendocrine tissues. Alpha-enolase catalyzes the
dehydration of 2-phosphoglycerate to phosphoenolpyr-
uvate. In addition to its glycolytic function, alpha-
enolase performs many functions in eukaryotes and
prokaryotes, and plays an important role in various
pathophysiological processes [1]. Antibodies (Abs)
against alpha-enolase have been detected in a large
variety of infectious and autoimmune diseases. How-
ever, the reasons why the spectrum of associated-
diseases is so wide and the pathogenic role of these auto-
Abs remain unclear. We here propose to review the
current knowledge on anti-alpha-enolase Abs in infec-
tious and autoimmune diseases, with a specific focus on
the potential pathophysiological role of these auto-Abs.

2. Alpha-enolase: structure, subcellular location
and function

Alpha-enolase enzyme is composed of two subunits
of 433 amino-acids, with a molecular weight of
approximately 47 kDa each, for which magnesium is
required for stabilizing the dimer. Despite the differ-
ences found in species, alpha-enolase is highly con-
served, with a 40 to 90% identity between enolases from
two different species [1]. Group A streptococcus and
Saccharomyces cerevisiae enolases share 43% and
62% homology with human alpha-enolase, respectively.
Analysis of the crystal structure of S. pneumoniae alpha
enolase reveals that it is in fact an octamer (a tetramer of
dimers) with a molecular weight of 370 kDa [2]. Human
beta and gamma-enolase share 83% homology each
with human alpha-enolase [1].

Although alpha-enolase is an ubiquitous enzyme that
is abundantly expressed in cytoplasm, it is most highly
expressed in the kidney and thymus [3]. Its expression
varies according to the conditions of cells. Alpha-enolase
is expressed at the surface of many eukaryotic cells, such
as stimulated hematopoietic cells (neutrophils, B and T
lymphocytes, monocytes), epithelial, neuronal and
endothelial cells [1,4–7]. In prokaryotic cells, alpha-
enolase has been also detected at the surface of various
Streptococcus species. The membrane translocation of
the enzyme involves the hydrophobic domain of alpha-
enolase and is allowed through post-translational
modifications such as acylation or phosphorylation.
Finally, alpha-enolase has been detected in the nucleus,
exhibiting a role of Myc-binding protein (MBP-1) [1].

Alpha-enolase is a glycolytic enzyme that catalyzes
the dehydratation of 2-phosphoglycerate to phospho-
enolpyruvate [1]. Magnesium acts as a cofactor for
enolase and sodium fluoride as an inhibitor. The
bacteriostatic effect of fluoride in the dental plaque is
thought to be the result of the inhibition of alpha-enolase
in oral streptococcal species. In addition to its glycolytic
function, alpha-enolase has many other functions related
to its subcellular location [1]. In both eukaryotic and
prokaryotic cells, cell-surface alpha-enolase serves as a
strong receptor and activator of plasminogen, a key
component of the intravascular and pericellular fibrino-
lytic systems [1,5]. In S. pyogenes infections, the
binding of alpha-enolase to the cell-surface has been
shown to play a crucial role in the pathogenesis [4], and
is associated with the loss of its glycolytic activity and
the acquisition of a high affinity for plasminogen [1,4].
The surface-exposed epitope involved in this function is
located in the central loop of human alpha-enolase
(amino-acids 257–272) [5]. The crystal structure study
of alpha-enolase from S. pneumoniae reveals in fact the
presence of two plasminogen binding sites. The first one
matches the C-terminal lysyl residues but may not be as
important as the second one since some alpha-enolases,
including C. albicans alpha-enolase, entirely lack the
first plasminogen binding site. In S. pneumoniae, the
alpha-enolase binding to plasminogen induces plasmin-
ogen transformation into plasmin and is thought to be a
virulence factor by preventing the generation of fibrin
clots and thus enabling tissue invasion, as described for
S. pyogenes and S. pneumoniae [4]. Alpha-enolase is
also an eye tau-crystallin protein, exhibiting a structural
role in lens and cataracts. When located in the nucleus,
alpha-enolase is a Myc-binding protein (MBP-1),
playing a crucial role in the regulation of cell growth
and differentiation, as a negative regulator of the c-myc
protooncogene leading to tumor suppression, and in the
binding to cytoskeletal and chromatin structures. In
addition, alpha-enolase is upregulated in endothelial
cells in the context of hypoxic stress, providing
protection to these cells by increasing anaerobic
metabolism. Alpha-enolase is a Heat Shock Protein
(HSP48) in Saccharomyces cerevesiae [1]. Finally,
alpha-enolase may have a direct or indirect role in the
site-specific organization of tubules [8].
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3. Anti-alpha-enolase antibodies in infectious diseases

Antibodies against S. pneumoniae alpha-enolase devel-
op early in life. Adrian et al., in a cohort study of children
presenting with otitis media during their first two years of
life, detected Abs against S. pneumoniae-alpha enolase in
99% of the sera [9]. The authors suggest the high prev-
alence of anti-alpha-enolase Abs in children to be due to
cross-reactive epitopes of alpha-enolase from colonizing
bacterial species because of the high degree of homology of
alpha-enolase among these species [9]. Anti-alpha-enolase
Abs, along with other anti-neuronal glycolytic enzymes,
have been detected more frequently in patients with post-
streptococcal neuropsychiatric sequelae as compared to
controls [10]. Anti-alpha enolase Abs could play a role in
limiting tissue invasion in S. pyogenes infections as shown
by partial inhibition of plasminogen binding to pharyngeal
cells in the presence of polyclonal anti-S. pyogenes alpha-
enolase Abs [1]. Finally, anti-streptococcal enolase mono-
clonal Abs inhibit phagocytosis of the bacteria by human
neutrophils [4]. Antibodies against C. albicans alpha-
enolase are present in the sera of immunocompetent sub-
jects in case of colonization withC. albicans. For immuno-
deficient patients, the rates of Abs against C. albicans
alpha-enolase are significantly higher in the sera of patients
with invasive candidiasis than in the sera of patients colo-
nized withC. albicans and anti-alpha-enolase Abs can thus
be used as a diagnostic test for systemic candidiasis [11].

4. Anti-alpha-enolase antibodies in systemic
autoimmune disorders

Anti-alpha-enolase Abs have been found in a large
variety of autoimmune and inflammatory diseases. Anti-
alpha-enolase Abs have been initially reported in sera
from patients that reacted with centrosomes in systemic
rheumatic diseases [8]. Then, anti-alpha-enolase Abs
have been shown to be a minor target antigen of anti-
neutrophil cytoplasm Abs (ANCA) in systemic vasculit-
ides [12], ulcerative colitis and Crohn's disease [13], and
primary sclerosing cholangitis [14]. Since then, anti-
alpha-enolase Abs have also been found in a large variety
of autoimmune and inflammatory disorders such as
systemic lupus erythematosus (SLE) [15], mixed cryo-
globulnemia (MC) [15], systemic sclerosis (SSc) [15],
rheumatoid arthritis (RA) [16], Behçet's disease [17],
multiple sclerosis [18], Hashimoto's encephalopathy
(HE) [19], paraneoplastic retinopathy such as cancer-
associated retinopathy (CAR) [20] (Table 1). In healthy
controls, Abs against alpha-enolase have been found in 0
to 6% [13,15,20–22]. The production of anti-alpha-
enolase Abs is not isotype restricted [15].
Taking into account the wide spectrum of diseases
associated with anti-alpha-enolase Abs, these Abs cannot
help in the diagnosis of a specific autoimmune disease.
However, anti-alpha-enolase Abs could be used as
prognostic markers. In SLE and MC, the presence of
anti-alpha-enolase Abs was associated with renal involve-
ment [3,12,15], although this remains controversial [23].
In SSc, the number of patients tested was small and no
correlation was clearly made between the detection of anti-
alpha-enolase Abs and clinical manifestations, except for
severe organ involvement [15]. In RA, the presence of
anti-alpha-enolase Abs was associated with radiological
progression [16]. In HE, high titers of anti-alpha-enolase
Abs were associated with an excellent corticosteroid
sensitivity [19,21]. In primary biliary cirrhosis, no
correlation was found between the presence of anti-
alpha-enolase Abs and clinical presentation, but the
mortality rate associated with hepatic failure was signif-
icantly higher in patients with anti-alpha-enolase Abs [24].

The titer of anti-alpha-enolase Abs is high in systemic
diseases, and relatively low in liver diseases, suggesting
that the level of Ab affinity could play an important role,
as well as differences in terms of Ab specificity. Indeed,
the identification of reactivities with the different enolase
isoforms (alpha, beta, gamma) in various autoimmune
diseases suggest the recognition of different epitopes of
enolase [15]. Moreover, reactivities between purified
and recombinant alpha-enolase differ, suggesting the
predominant recognition of post-translationally or post-
traductionally modified forms of alpha-enolase, such as
citrullination [25]. For example, the majority of sera
tested in SLE, MC or HE expressed Ab reactivity toward
alpha-enolase, whereas more than half of sera from
patients with CAR [20] and lymphocytic hypophysitis
[26] reacted either with alpha- or gamma-enolase.

Epitope-mapping was performed in CAR and in
endometriosis. Four major epitopes of alpha-enolase
(amino-acids 31–38, 176–183, 421–428 and 56–63)
were found to be recognized by all anti-alpha-enolase
Abs of CAR patients, the epitope 56–63 being
specifically associated with pathogenic sera [27].
Interestingly, sera from healthy subjects recognized the
epitopes 30–37, 176–183 and 421–428 of alpha-enolase
but not the epitope 56–63 [27]. In endometriosis, anti-
alpha-enolase Abs bound preferentially to two epitopes
(53–87 and 207–238) [28], and shared the reactivity
against the epitope 56–63 with CAR patients.

5. Pathogenic role of anti-alpha-enolase antibodies

Anti-alpha-enolase Abs might be produced after a
contact with bacteria or yeast and cross react with human-
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Table 1
Autoimmune and inflammatory disorders associated with anti-alpha-enolase Abs

Autoimmune diseases Frequency of anti-enolase Abs Detection method References

Systemic lupus erythematosus 14/68 (21%) IB [23]
5/26 (19%) IB [16]
9/33 (27%) IB [15]
10/41 (24%) IB [12]

SLE with active renal disease 6/9 (67%) IB [15]
8/10 (80%) IB [12]

SLE with MN 4/9 (44%) ELISA [22]
Discoid lupus erythematosus 1/1 IB [35]
Mixed cryoglobulinemia

With renal involvement 6/19 (32%) IB [15]
7/11 (64%) IB [3]

Without renal involvement 0/15 (0%) IB [15]
Mixed connective tissue disease
Systemic sclerosis 2/13 (15%) IB [16]

6/20 (30%) IB [15]
ANCA-positive vasculitides 22/59 (37%) IB [12]
Behçet's disease 18/40 (45%) IB⁎ [17]

15/40 (38%) ELISA⁎ [17]
Rheumatoid arthritis

RA 24/52 (46%)⁎⁎ IB [25]
36/145 (25%) IB [16]
2/35 (6%) IB [15]

RA with MN 10/15 (66%) ELISA [22]
Primary MN 60/87 (69%) ELISA [22]
Liver diseases

Autoimmune hepatitis 10/18 (56%) IB [36]
12/20 (60%) ELISA [14]
6/19 (32%) IB [24]

Primary biliary cirrhosis 16/56 (29%) IB [24]
6/20 (30%) ELISA [14]

Primary sclerosing cholangitis 5/15 (33%) IB [14]
4/15 (27%) ELISA [14]

Inflammatory bowel disease
Ulcerative colitis 10/96 (10%) IB [13]
Crohn's disease 20/112 (18%) IB [13]

Coeliac disease 6/13 (46%)⁎⁎⁎ IB [37]
Multiple sclerosis – IB [18]
Hashimoto's thyroiditis

With encephalopathy 5/6 (83%) IB [19]
3/5 (60%) IB [21]

Without encephalopathy 2/17 (12%) IB [19]
3/54 (6%) IB [21]

Pituitary diseases
Lymphocytic hypophysitis 7/17 (41%) RLA [38]
Pituitary adenoma 6/13 (46%) RLA [38]
ACTH deficiency 2/10 (20%) RLA [38]
Sheehan syndrome 2/3 (67%) RLA [38]

Retinopathy
Autoimmune retinopathy 17/58 (29%) IB [39]
Paraneoplastic retinopathy (CAR) 11/33 (33%) IB [39]
Paraneoplastic retinopathy (CAR) 11/16 (69%) IB [20]
Cystoid macular edema 6/10 (60%) IB

Autoimmune polyglandular syndrome I 33/41 (80%) IP [40]
Endometriosis 21/41 (50%) IB [28]

Abs: antibodies; SLE: systemic lupus erythematosus; MN: membranous nephropathy; RA: rheumatoid arthritis; IB: immunoblot; ELISA: enzyme-
linked immunosorbent assay; RLA: radioligand assay; IP: immunoprecipitation.
⁎ IgMisotype. ⁎⁎Citrullinated α-enolase. ⁎⁎⁎IgA Isotype.
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alpha-enolase [15]. Indeed, Fontan et al. suggested that
Abs raised against streptococcal alpha-enolase during
S. pyogenes infections might recognize common epitopes
of human alpha-enolase expressed at the membrane of
eukaryotic cells and could be involved in post strepto-
coccal sequelae [4]. Interestingly, higher titers of anti-
streptococcal alpha-enolase Abs are found in serum
samples from patients with acute rheumatic fever as
compared with healthy controls or patients with minor
pharyngitis. The potential role of an immune response
directed against yeast was supported by the binding of
anti-alpha-enolase Abs from patients with autoimmune
hepatitis and primary sclerosing cholangitis to Sacchar-
omyces cerevisiae enolase. Also, in patients with a Can-
dida albicans infection, yeast enolase is released [29] and
may generate an immune response. Finally, particular
immune background may play a role since it was shown
that human alpha-enolase-derived peptides bound to
HLA-DR8, suggesting the occurrence of autoimmune
diseases in patients with HLA-DR8 allele [30].

The role of anti-alpha-enolase Abs has been
extensively studied in patients with SLE related-
nephritis and CAR. In patients with SLE related-
nephritis, alpha-enolase was found to be overexpressed
in glomeruli and inflammatory lesions such as crescents,
whereas in normal kidney, alpha-enolase was almost
undetectable in glomeruli and expressed only in tubuli
[31]. Since the upregulation of alpha-enolase can
increase the tolerance to hypoxia [1], anti-alpha-enolase
Abs might be involved in the pathogenesis of SLE
related-nephritis and act as a nephrogenic autoantigen.
BALB/c mice were injected intraperitoneally with
hybridoma-producing anti-alpha-enolase Abs, and
some of the glomeruli showed focal infiltrates or diffuse
proliferative lesions. Thus, since alpha-enolase is
expressed on the membrane of various cells, anti-
alpha-enolase Abs could play a role in renal and
endothelial injury through the generation of immune
complexes and activation of the complement classical
pathway [15].

Anti-alpha-enolase Abs can inhibit the binding of
plasminogen to alpha-enolase [32], and thus plasmino-
gen activation to plasmin. As reported in SLE, in MC
and SSc, anti-alpha-enolase Abs react with endothelial
cells expressing large amounts of alpha-enolase, and
induce injury to those cells. Moreover, anti-alpha-
enolase Abs isolated from the serum of patients with
SLE, MC or SSc bound to the membrane-associated
form of the enzyme, interfering the plasminogen
receptor function [32]. In addition, although hemato-
poietic cells display several molecules that bind
plasminogen, alpha-enolase is responsible for the
majority of the promotion of plasminogen activation
on their surface, and a monoclonal anti-alpha-enolase
Ab inhibit the cell-surface mediated plasminogen
activation [33].

In CAR patients, anti-alpha-enolase Abs are capable
of penetrating retinal tissue to target ganglion cell layer
and inner nuclear layers and, consequently, induce death
of E1A.NR3 retinal cells through an apoptotic process
[34]. Cytotoxicity of CAR Abs occur independently of
complement activation and is dependent on the amount
of Abs added and the duration of exposure of retinal
cells to these Abs. Moreover, when anti-alpha-enolase
Abs were injected intravitreously into rat eyes, these
Abs also targeted retinal cells in the inner nuclear layer
and ganglion cell layer, and consequently caused
apoptotic cell death [34]. Interestingly, it was reported
that anti-alpha-enolase Abs from patients with CAR,
patients with endometriosis or healthy individuals did
not bind to the epitope 257–272, involved in the
plasminogen-binding of alpha-enolase, suggesting that
these conditions are not associated with perturbations of
the intravascular and pericellular fibrinolytic system.

In conclusion, anti-alpha-enolase Abs have been
found in a large variety of autoimmune and inflamma-
tory diseases. These Abs might arise as a consequence
of a streptococcal infection or uncontrolled growth or
proliferation of cells in specific organs in autoimmune
and/or inflammatory diseases [27]. Further studies are
needed to improve our knowledge on the pathogenic
role of Abs against alpha-enolase.

Acknowledgements

This work is supported by grants from the Associ-
ation des Sclérodermiques de France (ASF) and the
Legs POIX, Chancellerie des Universités, Académie de
Paris, France. Benjamin Terrier received a financial
support from the Direction régionale des Affaires
Sanitaires et Sociales. Philippe Guilpain is on a grant
from the “Fondation pour la Recherche Médicale
(FRM)”; Amélie Servettaz is on a grant from Actelion
and the “Association des Sclérodermiques de France”.
Amélie Servettaz and Luc Mouthon are members of the
Groupe Français de Recherche sur la Sclérodermie.

Take-home messages
• Alpha-enolase (also called non-neuronal enolase) is a
ubiquitous glycolytic enzyme that exert many other
functions in eukaryotes and prokaryotes, including
the ability to bind to plasminogen and induce its
transformation into plasmin.
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• Antibodies (Abs) against alpha-enolase have been
detected in a large variety of infectious and
autoimmune diseases.

• In infectious diseases, anti-alpha enolase Abs could
play a role in limiting the microbial tissue invasion.

• In autoimmune and inflammatory diseases, anti-
alpha-enolase could induce endothelial injury
through the generation of immune complexes and
activation of the complement cascade, inhibit the
binding of plasminogen to alpha-enolase with
perturbations of the intravascular and pericellular
fibrinolytic system, and induce cell death through an
apoptotic process.

References

[1] Pancholi V. Multifunctional alpha-enolase: its role in diseases.
Cell Mol Life Sci 2001;58:902–20.

[2] Ehinger S, Schubert WD, Bergmann S, Hammerschmidt S, Heinz
DW. Plasmin(ogen)-binding alpha-enolase from Streptococcus
pneumoniae: crystal structure and evaluation of plasmin(ogen)-
binding sites. J Mol Biol 2004;343:997–1005.

[3] Sabbatini A, Dolcher MP, Marchini B, Chimenti D, Moscato S,
Pratesi F, et al. Alpha-enolase is a renal-specific antigen associated
with kidney involvement in mixed cryoglobulinemia. Clin Exp
Rheumatol 1997;15:655–8.

[4] Fontan PA, Pancholi V, Nociari MM, Fischetti VA. Antibodies
to streptococcal surface enolase react with human alpha-
enolase: implications in poststreptococcal sequelae. J Infect
Dis 2000;182:1712–21.

[5] Arza B, Felez J, Lopez-Alemany R, Miles LA, Munoz-Canoves P.
Identification of an epitope of alpha-enolase (a candidate plasmi-
nogen receptor) by phage display. Thromb Haemost 1997;78:
1097–103.

[6] Miles LA, Dahlberg CM, Plescia J, Felez J, Kato K, Plow EF.
Role of cell-surface lysines in plasminogen binding to cells:
identification of alpha-enolase as a candidate plasminogen
receptor. Biochemistry 1991;30:1682–91.

[7] Redlitz A, Fowler BJ, Plow EF, Miles LA. The role of an enolase-
related molecule in plasminogen binding to cells. Eur J Biochem
1995;227:407–15.

[8] Rattner JB, Martin L, Waisman DM, Johnstone SA, Fritzler MJ.
Autoantibodies to the centrosome (centriole) react with determi-
nants present in the glycolytic enzyme enolase. J Immunol
1991;146:2341–4.

[9] Adrian PV, Bogaert D, OprinsM,Rapola S, Lahdenkari M, Kilpi T,
et al. Development of antibodies against pneumococcal proteins
alpha-enolase, immunoglobulin A1 protease, streptococcal lipo-
protein rotamaseA, and putative proteinasematuration protein A in
relation to pneumococcal carriage and otitis media. Vaccine
2004;22:2737–42.

[10] Dale RC, Candler PM, Church AJ, Wait R, Pocock JM,
Giovannoni G. Neuronal surface glycolytic enzymes are
autoantigen targets in post-streptococcal autoimmune CNS
disease. J Neuroimmunol 2006;172:187–97.

[11] van Deventer AJ, van Vliet HJ, Hop WC, Goessens WH.
Diagnostic value of anti-Candida enolase antibodies. J Clin
Microbiol 1994;32:17–23.
[12] Moodie FD, Leaker B, Cambridge G, Totty NF, Segal AW.
Alpha-enolase: a novel cytosolic autoantigen in ANCA positive
vasculitis. Kidney Int 1993;43:675–81.

[13] Roozendaal C, Zhao MH, Horst G, Lockwood CM, Kleibeuker
JH, Limburg PC. Catalase and alpha-enolase: two novel
granulocyte autoantigens in inflammatory bowel disease (IBD).
Clin Exp Immunol 1998;112:10–6.

[14] Orth T, Kellner R, Diekmann O, Faust J, Meyer zum
Buschenfelde KH, Mayet WJ. Identification and characteriza-
tion of autoantibodies against catalase and alpha-enolase in
patients with primary sclerosing cholangitis. Clin Exp Immunol
1998;112: 507–15.

[15] Pratesi F, Moscato S, Sabbatini A, Chimenti D, Bombardieri S,
Migliorini P. Autoantibodies specific for alpha-enolase in
systemic autoimmune disorders. J Rheumatol 2000;27:109–15.

[16] Saulot V, Vittecoq O, Charlionet R, Fardellone P, Lange C,
Marvin L, et al. Presence of autoantibodies to the glycolytic
enzyme alpha-enolase in sera from patients with early rheuma-
toid arthritis. Arthritis Rheum 2002;46:1196–201.

[17] Lee KH, Chung HS, Kim HS, Oh SH, Ha MK, Baik JH, et al.
Human alpha-enolase from endothelial cells as a target antigen of
anti-endothelial cell antibody in Behcet's disease. Arthritis
Rheum 2003;48:2025–35.

[18] Lefranc D, Almeras L, Dubucquoi S, de Seze J, Vermersch P, Prin L.
Distortion of the self-reactive IgG antibody repertoire in multiple
sclerosis as a new diagnostic tool. J Immunol 2004;172:669–78.

[19] Fujii A, Yoneda M, Ito T, Yamamura O, Satomi S, Higa H, et al.
Autoantibodies against the amino terminal of alpha-enolase are a
useful diagnostic marker of Hashimoto's encephalopathy.
J Neuroimmunol 2005;162:130–6.

[20] Adamus G, Aptsiauri N, Guy J, Heckenlively J, Flannery J,
Hargrave PA. The occurrence of serum autoantibodies against
enolase in cancer-associated retinopathy. Clin Immunol Immu-
nopathol 1996;78:120–9.

[21] OchiH,Horiuchi I, Araki N, TodaT,Araki T, SatoK, et al. Proteomic
analysis of human brain identifies alpha-enolase as a novel
autoantigen in Hashimoto's encephalopathy. FEBS Lett 2002;528:
197–202.

[22] Wakui H, Imai H, Komatsuda A, Miura AB. Circulating antibodies
against alpha-enolase in patients with primary membranous
nephropathy (MN). Clin Exp Immunol 1999;118:445–50.

[23] MoscaM,ChimentiD, Pratesi F,BaldiniC,Anzilotti C, Bombardieri
S, et al. Prevalence and clinico-serological correlations of anti-alpha-
enolase, anti-C1q, and anti-dsDNA antibodies in patients with sys-
temic lupus erythematosus. J Rheumatol 2006;33:695–7.

[24] Akisawa N, Maeda T, Iwasaki S, Onishi S. Identification of an
autoantibody against alpha-enolase in primary biliary cirrhosis.
J Hepatol 1997;26:845–51.

[25] Kinloch A, Tatzer V, Wait R, Peston D, Lundberg K, Donatien P,
et al. Identification of citrullinated alpha-enolase as a candidate
autoantigen in rheumatoid arthritis. Arthritis Res Ther 2005;7:
R1421–9.

[26] O'Dwyer DT, Clifton V, Hall A, Smith R, Robinson PJ, Crock
PA. Pituitary autoantibodies in lymphocytic hypophysitis target
both gamma- and alpha-Enolase — a link with pregnancy? Arch
Physiol Biochem 2002;110:94–8.

[27] Adamus G, Amundson D, Seigel GM, Machnicki M. Anti-
enolase-alpha autoantibodies in cancer-associated retinopathy:
epitope mapping and cytotoxicity on retinal cells. J Autoimmun
1998;11:671–7.

[28] Walter M, Berg H, Leidenberger FA, Schweppe KW, North-
emann W. Autoreactive epitopes within the human alpha-enolase

https://www.researchgate.net/publication/11848052_Multifunctional_a-enolase_Its_role_in_diseases?el=1_x_8&enrichId=rgreq-5f89519302cc2ffdf13c75ae309c0e64-XXX&enrichSource=Y292ZXJQYWdlOzY1MTQ1ODk7QVM6OTc2NDEzNzU0Njk1NzlAMTQwMDI5MDkyNjc2OQ==
https://www.researchgate.net/publication/11848052_Multifunctional_a-enolase_Its_role_in_diseases?el=1_x_8&enrichId=rgreq-5f89519302cc2ffdf13c75ae309c0e64-XXX&enrichSource=Y292ZXJQYWdlOzY1MTQ1ODk7QVM6OTc2NDEzNzU0Njk1NzlAMTQwMDI5MDkyNjc2OQ==
https://www.researchgate.net/publication/8238852_PlasminOgen-Binding_Alpha-Enolase_from_Streptococcus_pneumoniae_Crystal_Structure_and_Evaluation_of_PlasminOgen-Binding_Sites?el=1_x_8&enrichId=rgreq-5f89519302cc2ffdf13c75ae309c0e64-XXX&enrichSource=Y292ZXJQYWdlOzY1MTQ1ODk7QVM6OTc2NDEzNzU0Njk1NzlAMTQwMDI5MDkyNjc2OQ==
https://www.researchgate.net/publication/8238852_PlasminOgen-Binding_Alpha-Enolase_from_Streptococcus_pneumoniae_Crystal_Structure_and_Evaluation_of_PlasminOgen-Binding_Sites?el=1_x_8&enrichId=rgreq-5f89519302cc2ffdf13c75ae309c0e64-XXX&enrichSource=Y292ZXJQYWdlOzY1MTQ1ODk7QVM6OTc2NDEzNzU0Njk1NzlAMTQwMDI5MDkyNjc2OQ==
https://www.researchgate.net/publication/8238852_PlasminOgen-Binding_Alpha-Enolase_from_Streptococcus_pneumoniae_Crystal_Structure_and_Evaluation_of_PlasminOgen-Binding_Sites?el=1_x_8&enrichId=rgreq-5f89519302cc2ffdf13c75ae309c0e64-XXX&enrichSource=Y292ZXJQYWdlOzY1MTQ1ODk7QVM6OTc2NDEzNzU0Njk1NzlAMTQwMDI5MDkyNjc2OQ==
https://www.researchgate.net/publication/8238852_PlasminOgen-Binding_Alpha-Enolase_from_Streptococcus_pneumoniae_Crystal_Structure_and_Evaluation_of_PlasminOgen-Binding_Sites?el=1_x_8&enrichId=rgreq-5f89519302cc2ffdf13c75ae309c0e64-XXX&enrichSource=Y292ZXJQYWdlOzY1MTQ1ODk7QVM6OTc2NDEzNzU0Njk1NzlAMTQwMDI5MDkyNjc2OQ==
https://www.researchgate.net/publication/12258863_Antibodies_to_Streptococcal_Surface_Enolase_React_with_Human_a-Enolase_Implications_in_Poststreptococcal_Sequelae?el=1_x_8&enrichId=rgreq-5f89519302cc2ffdf13c75ae309c0e64-XXX&enrichSource=Y292ZXJQYWdlOzY1MTQ1ODk7QVM6OTc2NDEzNzU0Njk1NzlAMTQwMDI5MDkyNjc2OQ==
https://www.researchgate.net/publication/12258863_Antibodies_to_Streptococcal_Surface_Enolase_React_with_Human_a-Enolase_Implications_in_Poststreptococcal_Sequelae?el=1_x_8&enrichId=rgreq-5f89519302cc2ffdf13c75ae309c0e64-XXX&enrichSource=Y292ZXJQYWdlOzY1MTQ1ODk7QVM6OTc2NDEzNzU0Njk1NzlAMTQwMDI5MDkyNjc2OQ==
https://www.researchgate.net/publication/12258863_Antibodies_to_Streptococcal_Surface_Enolase_React_with_Human_a-Enolase_Implications_in_Poststreptococcal_Sequelae?el=1_x_8&enrichId=rgreq-5f89519302cc2ffdf13c75ae309c0e64-XXX&enrichSource=Y292ZXJQYWdlOzY1MTQ1ODk7QVM6OTc2NDEzNzU0Njk1NzlAMTQwMDI5MDkyNjc2OQ==
https://www.researchgate.net/publication/12258863_Antibodies_to_Streptococcal_Surface_Enolase_React_with_Human_a-Enolase_Implications_in_Poststreptococcal_Sequelae?el=1_x_8&enrichId=rgreq-5f89519302cc2ffdf13c75ae309c0e64-XXX&enrichSource=Y292ZXJQYWdlOzY1MTQ1ODk7QVM6OTc2NDEzNzU0Njk1NzlAMTQwMDI5MDkyNjc2OQ==
https://www.researchgate.net/publication/8461864_Development_of_antibodies_against_pneumococcal_proteins_a-enolase_immunoglobulin_A1_protease_streptococcal_lipoprotein_rotamase_A_and_putative_proteinase_maturation_protein_A_in_relation_to_pneumococc?el=1_x_8&enrichId=rgreq-5f89519302cc2ffdf13c75ae309c0e64-XXX&enrichSource=Y292ZXJQYWdlOzY1MTQ1ODk7QVM6OTc2NDEzNzU0Njk1NzlAMTQwMDI5MDkyNjc2OQ==
https://www.researchgate.net/publication/8461864_Development_of_antibodies_against_pneumococcal_proteins_a-enolase_immunoglobulin_A1_protease_streptococcal_lipoprotein_rotamase_A_and_putative_proteinase_maturation_protein_A_in_relation_to_pneumococc?el=1_x_8&enrichId=rgreq-5f89519302cc2ffdf13c75ae309c0e64-XXX&enrichSource=Y292ZXJQYWdlOzY1MTQ1ODk7QVM6OTc2NDEzNzU0Njk1NzlAMTQwMDI5MDkyNjc2OQ==
https://www.researchgate.net/publication/8461864_Development_of_antibodies_against_pneumococcal_proteins_a-enolase_immunoglobulin_A1_protease_streptococcal_lipoprotein_rotamase_A_and_putative_proteinase_maturation_protein_A_in_relation_to_pneumococc?el=1_x_8&enrichId=rgreq-5f89519302cc2ffdf13c75ae309c0e64-XXX&enrichSource=Y292ZXJQYWdlOzY1MTQ1ODk7QVM6OTc2NDEzNzU0Njk1NzlAMTQwMDI5MDkyNjc2OQ==
https://www.researchgate.net/publication/8461864_Development_of_antibodies_against_pneumococcal_proteins_a-enolase_immunoglobulin_A1_protease_streptococcal_lipoprotein_rotamase_A_and_putative_proteinase_maturation_protein_A_in_relation_to_pneumococc?el=1_x_8&enrichId=rgreq-5f89519302cc2ffdf13c75ae309c0e64-XXX&enrichSource=Y292ZXJQYWdlOzY1MTQ1ODk7QVM6OTc2NDEzNzU0Njk1NzlAMTQwMDI5MDkyNjc2OQ==
https://www.researchgate.net/publication/8461864_Development_of_antibodies_against_pneumococcal_proteins_a-enolase_immunoglobulin_A1_protease_streptococcal_lipoprotein_rotamase_A_and_putative_proteinase_maturation_protein_A_in_relation_to_pneumococc?el=1_x_8&enrichId=rgreq-5f89519302cc2ffdf13c75ae309c0e64-XXX&enrichSource=Y292ZXJQYWdlOzY1MTQ1ODk7QVM6OTc2NDEzNzU0Njk1NzlAMTQwMDI5MDkyNjc2OQ==
https://www.researchgate.net/publication/8461864_Development_of_antibodies_against_pneumococcal_proteins_a-enolase_immunoglobulin_A1_protease_streptococcal_lipoprotein_rotamase_A_and_putative_proteinase_maturation_protein_A_in_relation_to_pneumococc?el=1_x_8&enrichId=rgreq-5f89519302cc2ffdf13c75ae309c0e64-XXX&enrichSource=Y292ZXJQYWdlOzY1MTQ1ODk7QVM6OTc2NDEzNzU0Njk1NzlAMTQwMDI5MDkyNjc2OQ==
https://www.researchgate.net/publication/7412780_Neuronal_surface_glycolytic_enzymes_are_autoantigen_targets_in_post-streptococcal_autoimmune_CNS_disease?el=1_x_8&enrichId=rgreq-5f89519302cc2ffdf13c75ae309c0e64-XXX&enrichSource=Y292ZXJQYWdlOzY1MTQ1ODk7QVM6OTc2NDEzNzU0Njk1NzlAMTQwMDI5MDkyNjc2OQ==
https://www.researchgate.net/publication/7412780_Neuronal_surface_glycolytic_enzymes_are_autoantigen_targets_in_post-streptococcal_autoimmune_CNS_disease?el=1_x_8&enrichId=rgreq-5f89519302cc2ffdf13c75ae309c0e64-XXX&enrichSource=Y292ZXJQYWdlOzY1MTQ1ODk7QVM6OTc2NDEzNzU0Njk1NzlAMTQwMDI5MDkyNjc2OQ==
https://www.researchgate.net/publication/7412780_Neuronal_surface_glycolytic_enzymes_are_autoantigen_targets_in_post-streptococcal_autoimmune_CNS_disease?el=1_x_8&enrichId=rgreq-5f89519302cc2ffdf13c75ae309c0e64-XXX&enrichSource=Y292ZXJQYWdlOzY1MTQ1ODk7QVM6OTc2NDEzNzU0Njk1NzlAMTQwMDI5MDkyNjc2OQ==
https://www.researchgate.net/publication/7412780_Neuronal_surface_glycolytic_enzymes_are_autoantigen_targets_in_post-streptococcal_autoimmune_CNS_disease?el=1_x_8&enrichId=rgreq-5f89519302cc2ffdf13c75ae309c0e64-XXX&enrichSource=Y292ZXJQYWdlOzY1MTQ1ODk7QVM6OTc2NDEzNzU0Njk1NzlAMTQwMDI5MDkyNjc2OQ==
https://www.researchgate.net/publication/13635998_Identification_and_characterization_of_autoantibodies_against_catalase_and_a-enolase_in_patients_with_primary_sclerosing_cholangitis?el=1_x_8&enrichId=rgreq-5f89519302cc2ffdf13c75ae309c0e64-XXX&enrichSource=Y292ZXJQYWdlOzY1MTQ1ODk7QVM6OTc2NDEzNzU0Njk1NzlAMTQwMDI5MDkyNjc2OQ==
https://www.researchgate.net/publication/13635998_Identification_and_characterization_of_autoantibodies_against_catalase_and_a-enolase_in_patients_with_primary_sclerosing_cholangitis?el=1_x_8&enrichId=rgreq-5f89519302cc2ffdf13c75ae309c0e64-XXX&enrichSource=Y292ZXJQYWdlOzY1MTQ1ODk7QVM6OTc2NDEzNzU0Njk1NzlAMTQwMDI5MDkyNjc2OQ==
https://www.researchgate.net/publication/13635998_Identification_and_characterization_of_autoantibodies_against_catalase_and_a-enolase_in_patients_with_primary_sclerosing_cholangitis?el=1_x_8&enrichId=rgreq-5f89519302cc2ffdf13c75ae309c0e64-XXX&enrichSource=Y292ZXJQYWdlOzY1MTQ1ODk7QVM6OTc2NDEzNzU0Njk1NzlAMTQwMDI5MDkyNjc2OQ==
https://www.researchgate.net/publication/13635998_Identification_and_characterization_of_autoantibodies_against_catalase_and_a-enolase_in_patients_with_primary_sclerosing_cholangitis?el=1_x_8&enrichId=rgreq-5f89519302cc2ffdf13c75ae309c0e64-XXX&enrichSource=Y292ZXJQYWdlOzY1MTQ1ODk7QVM6OTc2NDEzNzU0Njk1NzlAMTQwMDI5MDkyNjc2OQ==
https://www.researchgate.net/publication/13635998_Identification_and_characterization_of_autoantibodies_against_catalase_and_a-enolase_in_patients_with_primary_sclerosing_cholangitis?el=1_x_8&enrichId=rgreq-5f89519302cc2ffdf13c75ae309c0e64-XXX&enrichSource=Y292ZXJQYWdlOzY1MTQ1ODk7QVM6OTc2NDEzNzU0Njk1NzlAMTQwMDI5MDkyNjc2OQ==
https://www.researchgate.net/publication/11263932_Presence_of_autoantibodies_to_the_glycolytic_enzyme_alpha-enolase_in_sera_from_patients_with_early_rheumatoid_arthritis?el=1_x_8&enrichId=rgreq-5f89519302cc2ffdf13c75ae309c0e64-XXX&enrichSource=Y292ZXJQYWdlOzY1MTQ1ODk7QVM6OTc2NDEzNzU0Njk1NzlAMTQwMDI5MDkyNjc2OQ==
https://www.researchgate.net/publication/11263932_Presence_of_autoantibodies_to_the_glycolytic_enzyme_alpha-enolase_in_sera_from_patients_with_early_rheumatoid_arthritis?el=1_x_8&enrichId=rgreq-5f89519302cc2ffdf13c75ae309c0e64-XXX&enrichSource=Y292ZXJQYWdlOzY1MTQ1ODk7QVM6OTc2NDEzNzU0Njk1NzlAMTQwMDI5MDkyNjc2OQ==
https://www.researchgate.net/publication/11263932_Presence_of_autoantibodies_to_the_glycolytic_enzyme_alpha-enolase_in_sera_from_patients_with_early_rheumatoid_arthritis?el=1_x_8&enrichId=rgreq-5f89519302cc2ffdf13c75ae309c0e64-XXX&enrichSource=Y292ZXJQYWdlOzY1MTQ1ODk7QVM6OTc2NDEzNzU0Njk1NzlAMTQwMDI5MDkyNjc2OQ==
https://www.researchgate.net/publication/11263932_Presence_of_autoantibodies_to_the_glycolytic_enzyme_alpha-enolase_in_sera_from_patients_with_early_rheumatoid_arthritis?el=1_x_8&enrichId=rgreq-5f89519302cc2ffdf13c75ae309c0e64-XXX&enrichSource=Y292ZXJQYWdlOzY1MTQ1ODk7QVM6OTc2NDEzNzU0Njk1NzlAMTQwMDI5MDkyNjc2OQ==
https://www.researchgate.net/publication/14574115_The_Occurrence_of_Serum_Autoantibodies_against_Enolase_in_Cancer-Associated_Retinopathy?el=1_x_8&enrichId=rgreq-5f89519302cc2ffdf13c75ae309c0e64-XXX&enrichSource=Y292ZXJQYWdlOzY1MTQ1ODk7QVM6OTc2NDEzNzU0Njk1NzlAMTQwMDI5MDkyNjc2OQ==
https://www.researchgate.net/publication/14574115_The_Occurrence_of_Serum_Autoantibodies_against_Enolase_in_Cancer-Associated_Retinopathy?el=1_x_8&enrichId=rgreq-5f89519302cc2ffdf13c75ae309c0e64-XXX&enrichSource=Y292ZXJQYWdlOzY1MTQ1ODk7QVM6OTc2NDEzNzU0Njk1NzlAMTQwMDI5MDkyNjc2OQ==
https://www.researchgate.net/publication/14574115_The_Occurrence_of_Serum_Autoantibodies_against_Enolase_in_Cancer-Associated_Retinopathy?el=1_x_8&enrichId=rgreq-5f89519302cc2ffdf13c75ae309c0e64-XXX&enrichSource=Y292ZXJQYWdlOzY1MTQ1ODk7QVM6OTc2NDEzNzU0Njk1NzlAMTQwMDI5MDkyNjc2OQ==
https://www.researchgate.net/publication/14574115_The_Occurrence_of_Serum_Autoantibodies_against_Enolase_in_Cancer-Associated_Retinopathy?el=1_x_8&enrichId=rgreq-5f89519302cc2ffdf13c75ae309c0e64-XXX&enrichSource=Y292ZXJQYWdlOzY1MTQ1ODk7QVM6OTc2NDEzNzU0Njk1NzlAMTQwMDI5MDkyNjc2OQ==
https://www.researchgate.net/publication/12705980_Circulating_antibodies_against_a-enolase_in_patients_with_primary_membranous_nephropathy_MN?el=1_x_8&enrichId=rgreq-5f89519302cc2ffdf13c75ae309c0e64-XXX&enrichSource=Y292ZXJQYWdlOzY1MTQ1ODk7QVM6OTc2NDEzNzU0Njk1NzlAMTQwMDI5MDkyNjc2OQ==
https://www.researchgate.net/publication/12705980_Circulating_antibodies_against_a-enolase_in_patients_with_primary_membranous_nephropathy_MN?el=1_x_8&enrichId=rgreq-5f89519302cc2ffdf13c75ae309c0e64-XXX&enrichSource=Y292ZXJQYWdlOzY1MTQ1ODk7QVM6OTc2NDEzNzU0Njk1NzlAMTQwMDI5MDkyNjc2OQ==
https://www.researchgate.net/publication/12705980_Circulating_antibodies_against_a-enolase_in_patients_with_primary_membranous_nephropathy_MN?el=1_x_8&enrichId=rgreq-5f89519302cc2ffdf13c75ae309c0e64-XXX&enrichSource=Y292ZXJQYWdlOzY1MTQ1ODk7QVM6OTc2NDEzNzU0Njk1NzlAMTQwMDI5MDkyNjc2OQ==
https://www.researchgate.net/publication/13410585_Anti-enolase-alpha_autoantibodies_in_cancer-associated_retinopathy_Epitope_mapping_and_cytotoxicity_on_retinal_cells?el=1_x_8&enrichId=rgreq-5f89519302cc2ffdf13c75ae309c0e64-XXX&enrichSource=Y292ZXJQYWdlOzY1MTQ1ODk7QVM6OTc2NDEzNzU0Njk1NzlAMTQwMDI5MDkyNjc2OQ==
https://www.researchgate.net/publication/13410585_Anti-enolase-alpha_autoantibodies_in_cancer-associated_retinopathy_Epitope_mapping_and_cytotoxicity_on_retinal_cells?el=1_x_8&enrichId=rgreq-5f89519302cc2ffdf13c75ae309c0e64-XXX&enrichSource=Y292ZXJQYWdlOzY1MTQ1ODk7QVM6OTc2NDEzNzU0Njk1NzlAMTQwMDI5MDkyNjc2OQ==
https://www.researchgate.net/publication/13410585_Anti-enolase-alpha_autoantibodies_in_cancer-associated_retinopathy_Epitope_mapping_and_cytotoxicity_on_retinal_cells?el=1_x_8&enrichId=rgreq-5f89519302cc2ffdf13c75ae309c0e64-XXX&enrichSource=Y292ZXJQYWdlOzY1MTQ1ODk7QVM6OTc2NDEzNzU0Njk1NzlAMTQwMDI5MDkyNjc2OQ==
https://www.researchgate.net/publication/13410585_Anti-enolase-alpha_autoantibodies_in_cancer-associated_retinopathy_Epitope_mapping_and_cytotoxicity_on_retinal_cells?el=1_x_8&enrichId=rgreq-5f89519302cc2ffdf13c75ae309c0e64-XXX&enrichSource=Y292ZXJQYWdlOzY1MTQ1ODk7QVM6OTc2NDEzNzU0Njk1NzlAMTQwMDI5MDkyNjc2OQ==
https://www.researchgate.net/publication/15348642_The_Role_of_an_Enolase-Related_Molecule_in_Plasminogen_Binding_to_Cells?el=1_x_8&enrichId=rgreq-5f89519302cc2ffdf13c75ae309c0e64-XXX&enrichSource=Y292ZXJQYWdlOzY1MTQ1ODk7QVM6OTc2NDEzNzU0Njk1NzlAMTQwMDI5MDkyNjc2OQ==
https://www.researchgate.net/publication/15348642_The_Role_of_an_Enolase-Related_Molecule_in_Plasminogen_Binding_to_Cells?el=1_x_8&enrichId=rgreq-5f89519302cc2ffdf13c75ae309c0e64-XXX&enrichSource=Y292ZXJQYWdlOzY1MTQ1ODk7QVM6OTc2NDEzNzU0Njk1NzlAMTQwMDI5MDkyNjc2OQ==
https://www.researchgate.net/publication/15348642_The_Role_of_an_Enolase-Related_Molecule_in_Plasminogen_Binding_to_Cells?el=1_x_8&enrichId=rgreq-5f89519302cc2ffdf13c75ae309c0e64-XXX&enrichSource=Y292ZXJQYWdlOzY1MTQ1ODk7QVM6OTc2NDEzNzU0Njk1NzlAMTQwMDI5MDkyNjc2OQ==
https://www.researchgate.net/publication/238344336_Identification_of_citrullinated_alpha-enolase_as_a_candidate_autoantigen_in_rheumatoid_arthritis?el=1_x_8&enrichId=rgreq-5f89519302cc2ffdf13c75ae309c0e64-XXX&enrichSource=Y292ZXJQYWdlOzY1MTQ1ODk7QVM6OTc2NDEzNzU0Njk1NzlAMTQwMDI5MDkyNjc2OQ==
https://www.researchgate.net/publication/238344336_Identification_of_citrullinated_alpha-enolase_as_a_candidate_autoantigen_in_rheumatoid_arthritis?el=1_x_8&enrichId=rgreq-5f89519302cc2ffdf13c75ae309c0e64-XXX&enrichSource=Y292ZXJQYWdlOzY1MTQ1ODk7QVM6OTc2NDEzNzU0Njk1NzlAMTQwMDI5MDkyNjc2OQ==
https://www.researchgate.net/publication/238344336_Identification_of_citrullinated_alpha-enolase_as_a_candidate_autoantigen_in_rheumatoid_arthritis?el=1_x_8&enrichId=rgreq-5f89519302cc2ffdf13c75ae309c0e64-XXX&enrichSource=Y292ZXJQYWdlOzY1MTQ1ODk7QVM6OTc2NDEzNzU0Njk1NzlAMTQwMDI5MDkyNjc2OQ==
https://www.researchgate.net/publication/238344336_Identification_of_citrullinated_alpha-enolase_as_a_candidate_autoantigen_in_rheumatoid_arthritis?el=1_x_8&enrichId=rgreq-5f89519302cc2ffdf13c75ae309c0e64-XXX&enrichSource=Y292ZXJQYWdlOzY1MTQ1ODk7QVM6OTc2NDEzNzU0Njk1NzlAMTQwMDI5MDkyNjc2OQ==
https://www.researchgate.net/publication/14091134_Identification_of_an_autoantibody_against_alpha-enolase_in_primary_biliary_cirrhosis?el=1_x_8&enrichId=rgreq-5f89519302cc2ffdf13c75ae309c0e64-XXX&enrichSource=Y292ZXJQYWdlOzY1MTQ1ODk7QVM6OTc2NDEzNzU0Njk1NzlAMTQwMDI5MDkyNjc2OQ==
https://www.researchgate.net/publication/14091134_Identification_of_an_autoantibody_against_alpha-enolase_in_primary_biliary_cirrhosis?el=1_x_8&enrichId=rgreq-5f89519302cc2ffdf13c75ae309c0e64-XXX&enrichSource=Y292ZXJQYWdlOzY1MTQ1ODk7QVM6OTc2NDEzNzU0Njk1NzlAMTQwMDI5MDkyNjc2OQ==
https://www.researchgate.net/publication/14091134_Identification_of_an_autoantibody_against_alpha-enolase_in_primary_biliary_cirrhosis?el=1_x_8&enrichId=rgreq-5f89519302cc2ffdf13c75ae309c0e64-XXX&enrichSource=Y292ZXJQYWdlOzY1MTQ1ODk7QVM6OTc2NDEzNzU0Njk1NzlAMTQwMDI5MDkyNjc2OQ==
https://www.researchgate.net/publication/247173838_Autoantibodies_against_the_amino_terminal_of_a-enolase_are_a_useful_diagnostic_marker_of_Hashimoto's_encephalopathy?el=1_x_8&enrichId=rgreq-5f89519302cc2ffdf13c75ae309c0e64-XXX&enrichSource=Y292ZXJQYWdlOzY1MTQ1ODk7QVM6OTc2NDEzNzU0Njk1NzlAMTQwMDI5MDkyNjc2OQ==
https://www.researchgate.net/publication/247173838_Autoantibodies_against_the_amino_terminal_of_a-enolase_are_a_useful_diagnostic_marker_of_Hashimoto's_encephalopathy?el=1_x_8&enrichId=rgreq-5f89519302cc2ffdf13c75ae309c0e64-XXX&enrichSource=Y292ZXJQYWdlOzY1MTQ1ODk7QVM6OTc2NDEzNzU0Njk1NzlAMTQwMDI5MDkyNjc2OQ==
https://www.researchgate.net/publication/247173838_Autoantibodies_against_the_amino_terminal_of_a-enolase_are_a_useful_diagnostic_marker_of_Hashimoto's_encephalopathy?el=1_x_8&enrichId=rgreq-5f89519302cc2ffdf13c75ae309c0e64-XXX&enrichSource=Y292ZXJQYWdlOzY1MTQ1ODk7QVM6OTc2NDEzNzU0Njk1NzlAMTQwMDI5MDkyNjc2OQ==
https://www.researchgate.net/publication/247173838_Autoantibodies_against_the_amino_terminal_of_a-enolase_are_a_useful_diagnostic_marker_of_Hashimoto's_encephalopathy?el=1_x_8&enrichId=rgreq-5f89519302cc2ffdf13c75ae309c0e64-XXX&enrichSource=Y292ZXJQYWdlOzY1MTQ1ODk7QVM6OTc2NDEzNzU0Njk1NzlAMTQwMDI5MDkyNjc2OQ==
https://www.researchgate.net/publication/21309056_Role_of_cell-surface_lysines_in_plasminogen_binding_to_cells_Identification_of_a-enolase_as_a_candidate_plasminogen_receptor?el=1_x_8&enrichId=rgreq-5f89519302cc2ffdf13c75ae309c0e64-XXX&enrichSource=Y292ZXJQYWdlOzY1MTQ1ODk7QVM6OTc2NDEzNzU0Njk1NzlAMTQwMDI5MDkyNjc2OQ==
https://www.researchgate.net/publication/21309056_Role_of_cell-surface_lysines_in_plasminogen_binding_to_cells_Identification_of_a-enolase_as_a_candidate_plasminogen_receptor?el=1_x_8&enrichId=rgreq-5f89519302cc2ffdf13c75ae309c0e64-XXX&enrichSource=Y292ZXJQYWdlOzY1MTQ1ODk7QVM6OTc2NDEzNzU0Njk1NzlAMTQwMDI5MDkyNjc2OQ==
https://www.researchgate.net/publication/21309056_Role_of_cell-surface_lysines_in_plasminogen_binding_to_cells_Identification_of_a-enolase_as_a_candidate_plasminogen_receptor?el=1_x_8&enrichId=rgreq-5f89519302cc2ffdf13c75ae309c0e64-XXX&enrichSource=Y292ZXJQYWdlOzY1MTQ1ODk7QVM6OTc2NDEzNzU0Njk1NzlAMTQwMDI5MDkyNjc2OQ==
https://www.researchgate.net/publication/21309056_Role_of_cell-surface_lysines_in_plasminogen_binding_to_cells_Identification_of_a-enolase_as_a_candidate_plasminogen_receptor?el=1_x_8&enrichId=rgreq-5f89519302cc2ffdf13c75ae309c0e64-XXX&enrichSource=Y292ZXJQYWdlOzY1MTQ1ODk7QVM6OTc2NDEzNzU0Njk1NzlAMTQwMDI5MDkyNjc2OQ==
https://www.researchgate.net/publication/13787026_Alpha-enolase_is_a_renal-specific_antigen_associated_with_kidney_involvement_in_mixed_cryoglobulinemia?el=1_x_8&enrichId=rgreq-5f89519302cc2ffdf13c75ae309c0e64-XXX&enrichSource=Y292ZXJQYWdlOzY1MTQ1ODk7QVM6OTc2NDEzNzU0Njk1NzlAMTQwMDI5MDkyNjc2OQ==
https://www.researchgate.net/publication/13787026_Alpha-enolase_is_a_renal-specific_antigen_associated_with_kidney_involvement_in_mixed_cryoglobulinemia?el=1_x_8&enrichId=rgreq-5f89519302cc2ffdf13c75ae309c0e64-XXX&enrichSource=Y292ZXJQYWdlOzY1MTQ1ODk7QVM6OTc2NDEzNzU0Njk1NzlAMTQwMDI5MDkyNjc2OQ==
https://www.researchgate.net/publication/13787026_Alpha-enolase_is_a_renal-specific_antigen_associated_with_kidney_involvement_in_mixed_cryoglobulinemia?el=1_x_8&enrichId=rgreq-5f89519302cc2ffdf13c75ae309c0e64-XXX&enrichSource=Y292ZXJQYWdlOzY1MTQ1ODk7QVM6OTc2NDEzNzU0Njk1NzlAMTQwMDI5MDkyNjc2OQ==
https://www.researchgate.net/publication/13787026_Alpha-enolase_is_a_renal-specific_antigen_associated_with_kidney_involvement_in_mixed_cryoglobulinemia?el=1_x_8&enrichId=rgreq-5f89519302cc2ffdf13c75ae309c0e64-XXX&enrichSource=Y292ZXJQYWdlOzY1MTQ1ODk7QVM6OTc2NDEzNzU0Njk1NzlAMTQwMDI5MDkyNjc2OQ==
https://www.researchgate.net/publication/12666603_Autoantibodies_specific_for_a-enolase_in_autoimmune_disorders?el=1_x_8&enrichId=rgreq-5f89519302cc2ffdf13c75ae309c0e64-XXX&enrichSource=Y292ZXJQYWdlOzY1MTQ1ODk7QVM6OTc2NDEzNzU0Njk1NzlAMTQwMDI5MDkyNjc2OQ==
https://www.researchgate.net/publication/12666603_Autoantibodies_specific_for_a-enolase_in_autoimmune_disorders?el=1_x_8&enrichId=rgreq-5f89519302cc2ffdf13c75ae309c0e64-XXX&enrichSource=Y292ZXJQYWdlOzY1MTQ1ODk7QVM6OTc2NDEzNzU0Njk1NzlAMTQwMDI5MDkyNjc2OQ==
https://www.researchgate.net/publication/12666603_Autoantibodies_specific_for_a-enolase_in_autoimmune_disorders?el=1_x_8&enrichId=rgreq-5f89519302cc2ffdf13c75ae309c0e64-XXX&enrichSource=Y292ZXJQYWdlOzY1MTQ1ODk7QVM6OTc2NDEzNzU0Njk1NzlAMTQwMDI5MDkyNjc2OQ==
https://www.researchgate.net/publication/14744678_Alpha-enolase_A_novel_cytosolic_autoantigen_in_ANCA_positive_vasculitis?el=1_x_8&enrichId=rgreq-5f89519302cc2ffdf13c75ae309c0e64-XXX&enrichSource=Y292ZXJQYWdlOzY1MTQ1ODk7QVM6OTc2NDEzNzU0Njk1NzlAMTQwMDI5MDkyNjc2OQ==
https://www.researchgate.net/publication/14744678_Alpha-enolase_A_novel_cytosolic_autoantigen_in_ANCA_positive_vasculitis?el=1_x_8&enrichId=rgreq-5f89519302cc2ffdf13c75ae309c0e64-XXX&enrichSource=Y292ZXJQYWdlOzY1MTQ1ODk7QVM6OTc2NDEzNzU0Njk1NzlAMTQwMDI5MDkyNjc2OQ==
https://www.researchgate.net/publication/14744678_Alpha-enolase_A_novel_cytosolic_autoantigen_in_ANCA_positive_vasculitis?el=1_x_8&enrichId=rgreq-5f89519302cc2ffdf13c75ae309c0e64-XXX&enrichSource=Y292ZXJQYWdlOzY1MTQ1ODk7QVM6OTc2NDEzNzU0Njk1NzlAMTQwMDI5MDkyNjc2OQ==
https://www.researchgate.net/publication/13912813_Identification_of_an_epitope_of_a-enolase_a_candidate_plasminogen_receptor_by_phage_display?el=1_x_8&enrichId=rgreq-5f89519302cc2ffdf13c75ae309c0e64-XXX&enrichSource=Y292ZXJQYWdlOzY1MTQ1ODk7QVM6OTc2NDEzNzU0Njk1NzlAMTQwMDI5MDkyNjc2OQ==
https://www.researchgate.net/publication/13912813_Identification_of_an_epitope_of_a-enolase_a_candidate_plasminogen_receptor_by_phage_display?el=1_x_8&enrichId=rgreq-5f89519302cc2ffdf13c75ae309c0e64-XXX&enrichSource=Y292ZXJQYWdlOzY1MTQ1ODk7QVM6OTc2NDEzNzU0Njk1NzlAMTQwMDI5MDkyNjc2OQ==
https://www.researchgate.net/publication/13912813_Identification_of_an_epitope_of_a-enolase_a_candidate_plasminogen_receptor_by_phage_display?el=1_x_8&enrichId=rgreq-5f89519302cc2ffdf13c75ae309c0e64-XXX&enrichSource=Y292ZXJQYWdlOzY1MTQ1ODk7QVM6OTc2NDEzNzU0Njk1NzlAMTQwMDI5MDkyNjc2OQ==
https://www.researchgate.net/publication/13912813_Identification_of_an_epitope_of_a-enolase_a_candidate_plasminogen_receptor_by_phage_display?el=1_x_8&enrichId=rgreq-5f89519302cc2ffdf13c75ae309c0e64-XXX&enrichSource=Y292ZXJQYWdlOzY1MTQ1ODk7QVM6OTc2NDEzNzU0Njk1NzlAMTQwMDI5MDkyNjc2OQ==
https://www.researchgate.net/publication/8949034_Distortion_of_the_Self-Reactive_IgG_Antibody_Repertoire_in_Multiple_Sclerosis_as_a_New_Diagnostic_Tool?el=1_x_8&enrichId=rgreq-5f89519302cc2ffdf13c75ae309c0e64-XXX&enrichSource=Y292ZXJQYWdlOzY1MTQ1ODk7QVM6OTc2NDEzNzU0Njk1NzlAMTQwMDI5MDkyNjc2OQ==
https://www.researchgate.net/publication/8949034_Distortion_of_the_Self-Reactive_IgG_Antibody_Repertoire_in_Multiple_Sclerosis_as_a_New_Diagnostic_Tool?el=1_x_8&enrichId=rgreq-5f89519302cc2ffdf13c75ae309c0e64-XXX&enrichSource=Y292ZXJQYWdlOzY1MTQ1ODk7QVM6OTc2NDEzNzU0Njk1NzlAMTQwMDI5MDkyNjc2OQ==
https://www.researchgate.net/publication/8949034_Distortion_of_the_Self-Reactive_IgG_Antibody_Repertoire_in_Multiple_Sclerosis_as_a_New_Diagnostic_Tool?el=1_x_8&enrichId=rgreq-5f89519302cc2ffdf13c75ae309c0e64-XXX&enrichSource=Y292ZXJQYWdlOzY1MTQ1ODk7QVM6OTc2NDEzNzU0Njk1NzlAMTQwMDI5MDkyNjc2OQ==
https://www.researchgate.net/publication/21450175_Autoantibodies_to_the_centrosome_centriole_react_with_determinants_present_in_the_glycolytic_enzyme_enolase?el=1_x_8&enrichId=rgreq-5f89519302cc2ffdf13c75ae309c0e64-XXX&enrichSource=Y292ZXJQYWdlOzY1MTQ1ODk7QVM6OTc2NDEzNzU0Njk1NzlAMTQwMDI5MDkyNjc2OQ==
https://www.researchgate.net/publication/21450175_Autoantibodies_to_the_centrosome_centriole_react_with_determinants_present_in_the_glycolytic_enzyme_enolase?el=1_x_8&enrichId=rgreq-5f89519302cc2ffdf13c75ae309c0e64-XXX&enrichSource=Y292ZXJQYWdlOzY1MTQ1ODk7QVM6OTc2NDEzNzU0Njk1NzlAMTQwMDI5MDkyNjc2OQ==
https://www.researchgate.net/publication/21450175_Autoantibodies_to_the_centrosome_centriole_react_with_determinants_present_in_the_glycolytic_enzyme_enolase?el=1_x_8&enrichId=rgreq-5f89519302cc2ffdf13c75ae309c0e64-XXX&enrichSource=Y292ZXJQYWdlOzY1MTQ1ODk7QVM6OTc2NDEzNzU0Njk1NzlAMTQwMDI5MDkyNjc2OQ==
https://www.researchgate.net/publication/21450175_Autoantibodies_to_the_centrosome_centriole_react_with_determinants_present_in_the_glycolytic_enzyme_enolase?el=1_x_8&enrichId=rgreq-5f89519302cc2ffdf13c75ae309c0e64-XXX&enrichSource=Y292ZXJQYWdlOzY1MTQ1ODk7QVM6OTc2NDEzNzU0Njk1NzlAMTQwMDI5MDkyNjc2OQ==
https://www.researchgate.net/publication/15073427_Diagnostic_value_of_anti-Candida_enolase_antibodies?el=1_x_8&enrichId=rgreq-5f89519302cc2ffdf13c75ae309c0e64-XXX&enrichSource=Y292ZXJQYWdlOzY1MTQ1ODk7QVM6OTc2NDEzNzU0Njk1NzlAMTQwMDI5MDkyNjc2OQ==
https://www.researchgate.net/publication/15073427_Diagnostic_value_of_anti-Candida_enolase_antibodies?el=1_x_8&enrichId=rgreq-5f89519302cc2ffdf13c75ae309c0e64-XXX&enrichSource=Y292ZXJQYWdlOzY1MTQ1ODk7QVM6OTc2NDEzNzU0Njk1NzlAMTQwMDI5MDkyNjc2OQ==
https://www.researchgate.net/publication/15073427_Diagnostic_value_of_anti-Candida_enolase_antibodies?el=1_x_8&enrichId=rgreq-5f89519302cc2ffdf13c75ae309c0e64-XXX&enrichSource=Y292ZXJQYWdlOzY1MTQ1ODk7QVM6OTc2NDEzNzU0Njk1NzlAMTQwMDI5MDkyNjc2OQ==
https://www.researchgate.net/publication/7197342_Prevalence_and_clinico-serological_correlations_of_anti-a-enolase_anti-C1q_and_anti-dsDNA_antibodies_in_patients_with_systemic_lupus_erythematosus?el=1_x_8&enrichId=rgreq-5f89519302cc2ffdf13c75ae309c0e64-XXX&enrichSource=Y292ZXJQYWdlOzY1MTQ1ODk7QVM6OTc2NDEzNzU0Njk1NzlAMTQwMDI5MDkyNjc2OQ==
https://www.researchgate.net/publication/7197342_Prevalence_and_clinico-serological_correlations_of_anti-a-enolase_anti-C1q_and_anti-dsDNA_antibodies_in_patients_with_systemic_lupus_erythematosus?el=1_x_8&enrichId=rgreq-5f89519302cc2ffdf13c75ae309c0e64-XXX&enrichSource=Y292ZXJQYWdlOzY1MTQ1ODk7QVM6OTc2NDEzNzU0Njk1NzlAMTQwMDI5MDkyNjc2OQ==
https://www.researchgate.net/publication/7197342_Prevalence_and_clinico-serological_correlations_of_anti-a-enolase_anti-C1q_and_anti-dsDNA_antibodies_in_patients_with_systemic_lupus_erythematosus?el=1_x_8&enrichId=rgreq-5f89519302cc2ffdf13c75ae309c0e64-XXX&enrichSource=Y292ZXJQYWdlOzY1MTQ1ODk7QVM6OTc2NDEzNzU0Njk1NzlAMTQwMDI5MDkyNjc2OQ==
https://www.researchgate.net/publication/7197342_Prevalence_and_clinico-serological_correlations_of_anti-a-enolase_anti-C1q_and_anti-dsDNA_antibodies_in_patients_with_systemic_lupus_erythematosus?el=1_x_8&enrichId=rgreq-5f89519302cc2ffdf13c75ae309c0e64-XXX&enrichSource=Y292ZXJQYWdlOzY1MTQ1ODk7QVM6OTc2NDEzNzU0Njk1NzlAMTQwMDI5MDkyNjc2OQ==
https://www.researchgate.net/publication/298296436_alpha-Enolase_is_a_novel_autoantigen_in_Hashimoto's_encephalopathy?el=1_x_8&enrichId=rgreq-5f89519302cc2ffdf13c75ae309c0e64-XXX&enrichSource=Y292ZXJQYWdlOzY1MTQ1ODk7QVM6OTc2NDEzNzU0Njk1NzlAMTQwMDI5MDkyNjc2OQ==
https://www.researchgate.net/publication/298296436_alpha-Enolase_is_a_novel_autoantigen_in_Hashimoto's_encephalopathy?el=1_x_8&enrichId=rgreq-5f89519302cc2ffdf13c75ae309c0e64-XXX&enrichSource=Y292ZXJQYWdlOzY1MTQ1ODk7QVM6OTc2NDEzNzU0Njk1NzlAMTQwMDI5MDkyNjc2OQ==
https://www.researchgate.net/publication/298296436_alpha-Enolase_is_a_novel_autoantigen_in_Hashimoto's_encephalopathy?el=1_x_8&enrichId=rgreq-5f89519302cc2ffdf13c75ae309c0e64-XXX&enrichSource=Y292ZXJQYWdlOzY1MTQ1ODk7QVM6OTc2NDEzNzU0Njk1NzlAMTQwMDI5MDkyNjc2OQ==
https://www.researchgate.net/publication/298296436_alpha-Enolase_is_a_novel_autoantigen_in_Hashimoto's_encephalopathy?el=1_x_8&enrichId=rgreq-5f89519302cc2ffdf13c75ae309c0e64-XXX&enrichSource=Y292ZXJQYWdlOzY1MTQ1ODk7QVM6OTc2NDEzNzU0Njk1NzlAMTQwMDI5MDkyNjc2OQ==


182 B. Terrier et al. / Autoimmunity Reviews 6 (2007) 176–182
and their recognition by sera from patients with endometriosis.
J Autoimmun 1995;8:931–45.

[29] Sundstrom P, Aliaga GR. Molecular cloning of cDNA and
analysis of protein secondary structure of Candida albicans
enolase, an abundant, immunodominant glycolytic enzyme.
J Bacteriol 1992;174:6789–99.

[30] Chicz RM, Urban RG, Gorga JC, Vignali DA, Lane WS,
Strominger JL. Specificity and promiscuity among naturally
processed peptides bound to HLA-DR alleles. J Exp Med
1993;178:27–47.

[31] Migliorini P, Pratesi F, Bongiorni F, Moscato S, Scavuzzo M,
Bombardieri S. The targets of nephritogenic antibodies in systemic
autoimmune disorders. Autoimmun Rev 2002;1:168–73.

[32] Moscato S, Pratesi F, Sabbatini A, Chimenti D, Scavuzzo M,
Passatino R, et al. Surface expression of a glycolytic enzyme,
alpha-enolase, recognized by autoantibodies in connective tissue
disorders. Eur J Immunol 2000;30:3575–84.

[33] Lopez-Alemany R, Longstaff C, Hawley S, Mirshahi M,
Fabregas P, Jardi M, et al. Inhibition of cell surface mediated
plasminogen activation by a monoclonal antibody against alpha-
Enolase. Am J Hematol 2003;72:234–42.
Platelet autoantibodies are common in hepatitis C infectio

To investigate the generation of platelet antibodies in he
relation to the development of thrombocytopenia. In this st
tested by the monoclonal antibody-spTo investigate the g
(HCV)-ecific immobilization of platelet antigen assay (M
specific glycoprotein (GP) targets (GPIIb/IIIa, GPIb/IX, G
infected individuals of various stages of disease and com
alcoholic liver cirrhosis. Thirty-two HCV-infected individu
common target was GPIIb/IIIa, but all other GP were also
alcoholic liver cirrhosis. There was no correlation between a
the viral genotype, or a discernible influence of treatment w
common in individuals with HCV infection, their dete
thrombocytopenia.

Correlation of initial autoantibody profile and clinical outc

Although there have been significant advances in understan
biliary cirrhosis (PBC), there is still a paucity of data on the
is particularly important at the time of initial diagnosis. Ind
testing has led to an earlier diagnosis of asymptomatic P
experience a benign versus a rapidly progressive course
(Hepatology 2006; 43: 1135-44) examined a uniaue popula
a 15-year period of observation that began in January
antimitochondrial, antinuclear, and anti-smooth muscle antib
pore complex (NPC). Among patients with early disease,
patients (26% vs 5%, p = 0.019). Anti-NPC antibodies rem
observation. In conclusion, anti-NPC identifies patients lik
more rapid disease progression.
[34] Ren G, Adamus G. Cellular targets of anti-alpha-enolase
autoantibodies of patients with autoimmune retinopathy.
J Autoimmun 2004;23:161–7.

[35] Gitlits VM, Sentry JW, Matthew ML, Smith AI, Toh BH. Auto-
antibodies to evolutionarily conserved epitopes of enolase in a patient
with discoid lupus erythematosus. Immunology 1997;92:362–8.

[36] Bogdanos DP, Gilbert D, Bianchi I, Leoni S,Mitry RR,MaY, et al.
Antibodies to soluble liver antigen and alpha-enolase in patients
with autoimmune hepatitis. J Autoimmune Dis 2004;1:4.

[37] Stulik J, Hernychova L, Porkertova S, Pozler O, Tuckova L,
Sanchez D, et al. Identification of new celiac disease autoanti-
gens using proteomic analysis. Proteomics 2003;3:951–6.

[38] Tanaka S, Tatsumi KI, Takano T, Murakami Y, Takao T,
Yamakita N, et al. Anti-alpha-enolase antibodies in pituitary
disease. Endocr J 2003;50:697–702.

[39] Adamus G, Ren G, Weleber RG. Autoantibodies against retinal
proteins in paraneoplastic and autoimmune retinopathy. BMC
Ophthalmol 2004;4:5.

[40] Peterson P, Perheentupa J, Krohn KJ. Detection of candidal
antigens in autoimmune polyglandular syndrome type I. Clin
Diagn Lab Immunol 1996;3:290–4.
n, irrespective of the presence of thrombocytopenia

patitis C virus (HCV)-infected individuals and their
udy, Panzer S. et. al. (Eur J Haematol 2006; 77:513-7)
eneration of platelet antibodies in hepatitis C virus
AIPA) for the presence of platelet antibodies against
PIa/IIa, GPIIIb, GPV, and FcRgammaIIa) in 48 HCV-
pared the results with those from 35 patients with

als (66%) had detectable platelet antibodies. The most
targets. Results were not different from patients with
ntibodies and platelet counts, or the stage of disease, or
ith alpha-interferon. While platelet autoantibodies are
ction does not assist in the diagnosis of immune

ome in primary biliary cirrhosis

ding the clinical and biochemical features of primary
usefulness of biomarkers as prognostic indicators. This
eed, the widespread use of antimitochondrial antibody
BC and it is difficult to predict which patients will
. To address this issue, Wesierska-Gadek J. et. al.
tion of 127 newly diagnosed patients with PBC during
1990. Sera from these patients were analyzed for
odies, and immunoblotting was performed for nuclear
bilirubin increased to > 2 mg/dl in the anti-NPC (+)
ained stable or slightly increased over the period of
ely to experience an unfavorable clinical course and

https://www.researchgate.net/publication/13745777_Autoantibodies_to_evolutionarily_conserved_epitopes_of_enolase_in_a_patient_with_discoid_lupus_erythematosus?el=1_x_8&enrichId=rgreq-5f89519302cc2ffdf13c75ae309c0e64-XXX&enrichSource=Y292ZXJQYWdlOzY1MTQ1ODk7QVM6OTc2NDEzNzU0Njk1NzlAMTQwMDI5MDkyNjc2OQ==
https://www.researchgate.net/publication/13745777_Autoantibodies_to_evolutionarily_conserved_epitopes_of_enolase_in_a_patient_with_discoid_lupus_erythematosus?el=1_x_8&enrichId=rgreq-5f89519302cc2ffdf13c75ae309c0e64-XXX&enrichSource=Y292ZXJQYWdlOzY1MTQ1ODk7QVM6OTc2NDEzNzU0Njk1NzlAMTQwMDI5MDkyNjc2OQ==
https://www.researchgate.net/publication/13745777_Autoantibodies_to_evolutionarily_conserved_epitopes_of_enolase_in_a_patient_with_discoid_lupus_erythematosus?el=1_x_8&enrichId=rgreq-5f89519302cc2ffdf13c75ae309c0e64-XXX&enrichSource=Y292ZXJQYWdlOzY1MTQ1ODk7QVM6OTc2NDEzNzU0Njk1NzlAMTQwMDI5MDkyNjc2OQ==
https://www.researchgate.net/publication/10683991_Identification_of_new_celiac_disease_autoantigens_using_proteomic_analysis?el=1_x_8&enrichId=rgreq-5f89519302cc2ffdf13c75ae309c0e64-XXX&enrichSource=Y292ZXJQYWdlOzY1MTQ1ODk7QVM6OTc2NDEzNzU0Njk1NzlAMTQwMDI5MDkyNjc2OQ==
https://www.researchgate.net/publication/10683991_Identification_of_new_celiac_disease_autoantigens_using_proteomic_analysis?el=1_x_8&enrichId=rgreq-5f89519302cc2ffdf13c75ae309c0e64-XXX&enrichSource=Y292ZXJQYWdlOzY1MTQ1ODk7QVM6OTc2NDEzNzU0Njk1NzlAMTQwMDI5MDkyNjc2OQ==
https://www.researchgate.net/publication/10683991_Identification_of_new_celiac_disease_autoantigens_using_proteomic_analysis?el=1_x_8&enrichId=rgreq-5f89519302cc2ffdf13c75ae309c0e64-XXX&enrichSource=Y292ZXJQYWdlOzY1MTQ1ODk7QVM6OTc2NDEzNzU0Njk1NzlAMTQwMDI5MDkyNjc2OQ==
https://www.researchgate.net/publication/8525828_Autoantibodies_against_retinal_proteins_in_paraneoplastic_and_autoimmune_retinopathy?el=1_x_8&enrichId=rgreq-5f89519302cc2ffdf13c75ae309c0e64-XXX&enrichSource=Y292ZXJQYWdlOzY1MTQ1ODk7QVM6OTc2NDEzNzU0Njk1NzlAMTQwMDI5MDkyNjc2OQ==
https://www.researchgate.net/publication/8525828_Autoantibodies_against_retinal_proteins_in_paraneoplastic_and_autoimmune_retinopathy?el=1_x_8&enrichId=rgreq-5f89519302cc2ffdf13c75ae309c0e64-XXX&enrichSource=Y292ZXJQYWdlOzY1MTQ1ODk7QVM6OTc2NDEzNzU0Njk1NzlAMTQwMDI5MDkyNjc2OQ==
https://www.researchgate.net/publication/8525828_Autoantibodies_against_retinal_proteins_in_paraneoplastic_and_autoimmune_retinopathy?el=1_x_8&enrichId=rgreq-5f89519302cc2ffdf13c75ae309c0e64-XXX&enrichSource=Y292ZXJQYWdlOzY1MTQ1ODk7QVM6OTc2NDEzNzU0Njk1NzlAMTQwMDI5MDkyNjc2OQ==
https://www.researchgate.net/publication/10672161_The_targets_of_nephritogenic_antibodies_in_systemic_autoimmune_disorders?el=1_x_8&enrichId=rgreq-5f89519302cc2ffdf13c75ae309c0e64-XXX&enrichSource=Y292ZXJQYWdlOzY1MTQ1ODk7QVM6OTc2NDEzNzU0Njk1NzlAMTQwMDI5MDkyNjc2OQ==
https://www.researchgate.net/publication/10672161_The_targets_of_nephritogenic_antibodies_in_systemic_autoimmune_disorders?el=1_x_8&enrichId=rgreq-5f89519302cc2ffdf13c75ae309c0e64-XXX&enrichSource=Y292ZXJQYWdlOzY1MTQ1ODk7QVM6OTc2NDEzNzU0Njk1NzlAMTQwMDI5MDkyNjc2OQ==
https://www.researchgate.net/publication/10672161_The_targets_of_nephritogenic_antibodies_in_systemic_autoimmune_disorders?el=1_x_8&enrichId=rgreq-5f89519302cc2ffdf13c75ae309c0e64-XXX&enrichSource=Y292ZXJQYWdlOzY1MTQ1ODk7QVM6OTc2NDEzNzU0Njk1NzlAMTQwMDI5MDkyNjc2OQ==
https://www.researchgate.net/publication/14884683_Specificity_and_promiscuity_among_naturally_processed_peptides_bound_to_HLA-DR_alleles?el=1_x_8&enrichId=rgreq-5f89519302cc2ffdf13c75ae309c0e64-XXX&enrichSource=Y292ZXJQYWdlOzY1MTQ1ODk7QVM6OTc2NDEzNzU0Njk1NzlAMTQwMDI5MDkyNjc2OQ==
https://www.researchgate.net/publication/14884683_Specificity_and_promiscuity_among_naturally_processed_peptides_bound_to_HLA-DR_alleles?el=1_x_8&enrichId=rgreq-5f89519302cc2ffdf13c75ae309c0e64-XXX&enrichSource=Y292ZXJQYWdlOzY1MTQ1ODk7QVM6OTc2NDEzNzU0Njk1NzlAMTQwMDI5MDkyNjc2OQ==
https://www.researchgate.net/publication/14884683_Specificity_and_promiscuity_among_naturally_processed_peptides_bound_to_HLA-DR_alleles?el=1_x_8&enrichId=rgreq-5f89519302cc2ffdf13c75ae309c0e64-XXX&enrichSource=Y292ZXJQYWdlOzY1MTQ1ODk7QVM6OTc2NDEzNzU0Njk1NzlAMTQwMDI5MDkyNjc2OQ==
https://www.researchgate.net/publication/14884683_Specificity_and_promiscuity_among_naturally_processed_peptides_bound_to_HLA-DR_alleles?el=1_x_8&enrichId=rgreq-5f89519302cc2ffdf13c75ae309c0e64-XXX&enrichSource=Y292ZXJQYWdlOzY1MTQ1ODk7QVM6OTc2NDEzNzU0Njk1NzlAMTQwMDI5MDkyNjc2OQ==
https://www.researchgate.net/publication/21755941_Molecular_cloning_of_cDNA_and_analysis_of_protein_secondary_structure_of_Candida_albicans_enolase_an_abundant_immunodominant_glycolytic_enzyme?el=1_x_8&enrichId=rgreq-5f89519302cc2ffdf13c75ae309c0e64-XXX&enrichSource=Y292ZXJQYWdlOzY1MTQ1ODk7QVM6OTc2NDEzNzU0Njk1NzlAMTQwMDI5MDkyNjc2OQ==
https://www.researchgate.net/publication/21755941_Molecular_cloning_of_cDNA_and_analysis_of_protein_secondary_structure_of_Candida_albicans_enolase_an_abundant_immunodominant_glycolytic_enzyme?el=1_x_8&enrichId=rgreq-5f89519302cc2ffdf13c75ae309c0e64-XXX&enrichSource=Y292ZXJQYWdlOzY1MTQ1ODk7QVM6OTc2NDEzNzU0Njk1NzlAMTQwMDI5MDkyNjc2OQ==
https://www.researchgate.net/publication/21755941_Molecular_cloning_of_cDNA_and_analysis_of_protein_secondary_structure_of_Candida_albicans_enolase_an_abundant_immunodominant_glycolytic_enzyme?el=1_x_8&enrichId=rgreq-5f89519302cc2ffdf13c75ae309c0e64-XXX&enrichSource=Y292ZXJQYWdlOzY1MTQ1ODk7QVM6OTc2NDEzNzU0Njk1NzlAMTQwMDI5MDkyNjc2OQ==
https://www.researchgate.net/publication/14496021_Detection_of_Candidal_antigens_in_autoimmune_polyglandular_syndrome_type_I?el=1_x_8&enrichId=rgreq-5f89519302cc2ffdf13c75ae309c0e64-XXX&enrichSource=Y292ZXJQYWdlOzY1MTQ1ODk7QVM6OTc2NDEzNzU0Njk1NzlAMTQwMDI5MDkyNjc2OQ==
https://www.researchgate.net/publication/14496021_Detection_of_Candidal_antigens_in_autoimmune_polyglandular_syndrome_type_I?el=1_x_8&enrichId=rgreq-5f89519302cc2ffdf13c75ae309c0e64-XXX&enrichSource=Y292ZXJQYWdlOzY1MTQ1ODk7QVM6OTc2NDEzNzU0Njk1NzlAMTQwMDI5MDkyNjc2OQ==
https://www.researchgate.net/publication/14496021_Detection_of_Candidal_antigens_in_autoimmune_polyglandular_syndrome_type_I?el=1_x_8&enrichId=rgreq-5f89519302cc2ffdf13c75ae309c0e64-XXX&enrichSource=Y292ZXJQYWdlOzY1MTQ1ODk7QVM6OTc2NDEzNzU0Njk1NzlAMTQwMDI5MDkyNjc2OQ==
https://www.researchgate.net/publication/8387055_Cellular_targets_of_anti-a-enolase_autoantibodies_of_patients_with_autoimmune_retinopathy?el=1_x_8&enrichId=rgreq-5f89519302cc2ffdf13c75ae309c0e64-XXX&enrichSource=Y292ZXJQYWdlOzY1MTQ1ODk7QVM6OTc2NDEzNzU0Njk1NzlAMTQwMDI5MDkyNjc2OQ==
https://www.researchgate.net/publication/8387055_Cellular_targets_of_anti-a-enolase_autoantibodies_of_patients_with_autoimmune_retinopathy?el=1_x_8&enrichId=rgreq-5f89519302cc2ffdf13c75ae309c0e64-XXX&enrichSource=Y292ZXJQYWdlOzY1MTQ1ODk7QVM6OTc2NDEzNzU0Njk1NzlAMTQwMDI5MDkyNjc2OQ==
https://www.researchgate.net/publication/8387055_Cellular_targets_of_anti-a-enolase_autoantibodies_of_patients_with_autoimmune_retinopathy?el=1_x_8&enrichId=rgreq-5f89519302cc2ffdf13c75ae309c0e64-XXX&enrichSource=Y292ZXJQYWdlOzY1MTQ1ODk7QVM6OTc2NDEzNzU0Njk1NzlAMTQwMDI5MDkyNjc2OQ==
https://www.researchgate.net/publication/12161693_Surface_expression_of_a_glycolytic_enzyme_a-enolase_recognized_by_autoantibodies_in_connective_tissue_disorders?el=1_x_8&enrichId=rgreq-5f89519302cc2ffdf13c75ae309c0e64-XXX&enrichSource=Y292ZXJQYWdlOzY1MTQ1ODk7QVM6OTc2NDEzNzU0Njk1NzlAMTQwMDI5MDkyNjc2OQ==
https://www.researchgate.net/publication/12161693_Surface_expression_of_a_glycolytic_enzyme_a-enolase_recognized_by_autoantibodies_in_connective_tissue_disorders?el=1_x_8&enrichId=rgreq-5f89519302cc2ffdf13c75ae309c0e64-XXX&enrichSource=Y292ZXJQYWdlOzY1MTQ1ODk7QVM6OTc2NDEzNzU0Njk1NzlAMTQwMDI5MDkyNjc2OQ==
https://www.researchgate.net/publication/12161693_Surface_expression_of_a_glycolytic_enzyme_a-enolase_recognized_by_autoantibodies_in_connective_tissue_disorders?el=1_x_8&enrichId=rgreq-5f89519302cc2ffdf13c75ae309c0e64-XXX&enrichSource=Y292ZXJQYWdlOzY1MTQ1ODk7QVM6OTc2NDEzNzU0Njk1NzlAMTQwMDI5MDkyNjc2OQ==
https://www.researchgate.net/publication/12161693_Surface_expression_of_a_glycolytic_enzyme_a-enolase_recognized_by_autoantibodies_in_connective_tissue_disorders?el=1_x_8&enrichId=rgreq-5f89519302cc2ffdf13c75ae309c0e64-XXX&enrichSource=Y292ZXJQYWdlOzY1MTQ1ODk7QVM6OTc2NDEzNzU0Njk1NzlAMTQwMDI5MDkyNjc2OQ==
https://www.researchgate.net/publication/8930185_Anti-Alpha-Enolase_Antibodies_in_Pituitary_Disease?el=1_x_8&enrichId=rgreq-5f89519302cc2ffdf13c75ae309c0e64-XXX&enrichSource=Y292ZXJQYWdlOzY1MTQ1ODk7QVM6OTc2NDEzNzU0Njk1NzlAMTQwMDI5MDkyNjc2OQ==
https://www.researchgate.net/publication/8930185_Anti-Alpha-Enolase_Antibodies_in_Pituitary_Disease?el=1_x_8&enrichId=rgreq-5f89519302cc2ffdf13c75ae309c0e64-XXX&enrichSource=Y292ZXJQYWdlOzY1MTQ1ODk7QVM6OTc2NDEzNzU0Njk1NzlAMTQwMDI5MDkyNjc2OQ==
https://www.researchgate.net/publication/8930185_Anti-Alpha-Enolase_Antibodies_in_Pituitary_Disease?el=1_x_8&enrichId=rgreq-5f89519302cc2ffdf13c75ae309c0e64-XXX&enrichSource=Y292ZXJQYWdlOzY1MTQ1ODk7QVM6OTc2NDEzNzU0Njk1NzlAMTQwMDI5MDkyNjc2OQ==
https://www.researchgate.net/publication/10830389_Inhibition_of_cell_surface_mediated_plasminogen_activation_by_a_monoclonal_antibody_against_alpha-Enolase?el=1_x_8&enrichId=rgreq-5f89519302cc2ffdf13c75ae309c0e64-XXX&enrichSource=Y292ZXJQYWdlOzY1MTQ1ODk7QVM6OTc2NDEzNzU0Njk1NzlAMTQwMDI5MDkyNjc2OQ==
https://www.researchgate.net/publication/10830389_Inhibition_of_cell_surface_mediated_plasminogen_activation_by_a_monoclonal_antibody_against_alpha-Enolase?el=1_x_8&enrichId=rgreq-5f89519302cc2ffdf13c75ae309c0e64-XXX&enrichSource=Y292ZXJQYWdlOzY1MTQ1ODk7QVM6OTc2NDEzNzU0Njk1NzlAMTQwMDI5MDkyNjc2OQ==
https://www.researchgate.net/publication/10830389_Inhibition_of_cell_surface_mediated_plasminogen_activation_by_a_monoclonal_antibody_against_alpha-Enolase?el=1_x_8&enrichId=rgreq-5f89519302cc2ffdf13c75ae309c0e64-XXX&enrichSource=Y292ZXJQYWdlOzY1MTQ1ODk7QVM6OTc2NDEzNzU0Njk1NzlAMTQwMDI5MDkyNjc2OQ==
https://www.researchgate.net/publication/10830389_Inhibition_of_cell_surface_mediated_plasminogen_activation_by_a_monoclonal_antibody_against_alpha-Enolase?el=1_x_8&enrichId=rgreq-5f89519302cc2ffdf13c75ae309c0e64-XXX&enrichSource=Y292ZXJQYWdlOzY1MTQ1ODk7QVM6OTc2NDEzNzU0Njk1NzlAMTQwMDI5MDkyNjc2OQ==
https://www.researchgate.net/publication/246181265_P0292_ANTIBODIES_TO_SOLUBLE_LIVER_ANTIGEN_IN_PATIENTS_WITH_AUTOIMMUNE_HEPATITIS_IS_ALPHA-ENOLASE_THEIR_TARGET?el=1_x_8&enrichId=rgreq-5f89519302cc2ffdf13c75ae309c0e64-XXX&enrichSource=Y292ZXJQYWdlOzY1MTQ1ODk7QVM6OTc2NDEzNzU0Njk1NzlAMTQwMDI5MDkyNjc2OQ==
https://www.researchgate.net/publication/246181265_P0292_ANTIBODIES_TO_SOLUBLE_LIVER_ANTIGEN_IN_PATIENTS_WITH_AUTOIMMUNE_HEPATITIS_IS_ALPHA-ENOLASE_THEIR_TARGET?el=1_x_8&enrichId=rgreq-5f89519302cc2ffdf13c75ae309c0e64-XXX&enrichSource=Y292ZXJQYWdlOzY1MTQ1ODk7QVM6OTc2NDEzNzU0Njk1NzlAMTQwMDI5MDkyNjc2OQ==
https://www.researchgate.net/publication/246181265_P0292_ANTIBODIES_TO_SOLUBLE_LIVER_ANTIGEN_IN_PATIENTS_WITH_AUTOIMMUNE_HEPATITIS_IS_ALPHA-ENOLASE_THEIR_TARGET?el=1_x_8&enrichId=rgreq-5f89519302cc2ffdf13c75ae309c0e64-XXX&enrichSource=Y292ZXJQYWdlOzY1MTQ1ODk7QVM6OTc2NDEzNzU0Njk1NzlAMTQwMDI5MDkyNjc2OQ==

