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Summary

 

Objective 

 

Although controversial, the presence of circulating

antiovarian antibodies (AOA) may be considered a marker of auto-

immune premature ovarian failure (POF). The purpose of the present

work was to evaluate the presence of AOA in POF patients, and to identify

a possible autoantigen in order to develop a reliable diagnostic tool that

might help to determine the real prevalence of autoimmune POF.

 

Design 

 

Non-randomised study. Blood sampling for determination

of circulating AOA.

 

Patients 

 

One hundred and ten patients with POF and 60 normally

menstruating women with no record of autoimmune diseases (controls).

 

Measurements 

 

Presence of circulating AOA was assessed by Western-

blot, using cytosolic fraction from human ovarian homogenate as

antigen.

 

Results 

 

Twenty-one of 110 women with POF presented circulating

antibodies directed toward an antigen of approximately 50 kD.

Sixty control subjects proved negative. After purification and analysis

by mass spectrometry, the antigen was identified as 

 

α

 

-enolase.

 

Conclusion 

 

Determination of the presence of circulating anti

 

α

 

-

enolase antibodies might be instrumental in identifying those

patients who may present a putative defect in immunoregulation and

therefore a possible autoimmune aetiolgy for POF.

(Received 6 March 2006; returned for revision 12 April 2006; finally 

 

revised 23 June 2006; accepted 24 June 2006)

 

Introduction

 

Premature ovarian failure (POF), a syndrome clinically defined by

failure of the ovary before the age of 40, affects almost 1% of the West-

ern female population.

 

1

 

 It is characterized by primary or secondary

amenorrhea, hypoestrogenism and elevated gonadotropin serum

levels.

 

2

 

 FSH level (> 40 mUI/ml) is the hallmark for diagnosis.

 

3

 

 Though

the phenotypic expression of POF is similar to that of age-appropriate

natural menopause, in most cases the underlying pathophysiological

mechanisms are diverse and unclear; any of the following: chromo-

somal, enzymatic, iatrogenic, autoimmune or infectious aberration,

may be the cause of the disease.

 

4

 

It was the association of POF with different autoimmune disorders,

together with the findings of circulating antibodies to normal

ovarian tissue in sera from patients with POF, that originally

suggested an autoimmune mechanism in the pathophysiology of

the disease.

 

5–9

 

 Additional evidence was brought forward through the

histological documentation of a lymphocytic infiltrate in the ovaries

of some patients with this disorder.

 

6

 

A small percentage of women develop POF in association with

steroidogenic autoimmunity, leading to autoimmune oophoritis.

 

4,10

 

These patients may have antibodies that recognize several types of

steroid-producing cells of the adrenal cortex, testis, placenta and

ovary, the so-called ‘steroid cell antibodies’ (SCA).

 

11–14

 

 To date, adrenal

cortex autoantibodies may be the only validated marker of autoimmune

oophoritis.

 

15

 

On the other hand, several investigators have found other circulating

antibodies directed toward human ovarian tissue in the sera from

patients with ovarian infertility.

 

5,16–18

 

 Reported antigenic ovarian

structures include oocyte,

 

19,20

 

 corpus luteum,

 

12,21,22

 

 theca cells,

 

12,16,21,23

 

granulosa cells

 

20,21

 

 and zona pellucida

 

24

 

 among others. Nevertheless,

although these antibodies may be common in POF, their patho-

physiological significance remains obscure.

 

25

 

 Further investigation into

these ovarian targets may lead not only to a better understanding of

the pathogenic mechanisms that may result in ovarian injury, but also

to the development of more accurate diagnostic tools in order to deter-

mine the real prevalence of autoimmune aetiology in ovarian disease.

In the present study, we evaluated the presence of antiovarian

antibodies (AOA) in a group of 110 patients with POF and in 60

normally menstruating women. By Western-blot analysis, we identified

the presence of antibodies directed against an ovarian antigen, of

approximately 50 kD, in 19·1% of patients. After purification and

analysis by mass spectrometry, the antigen was identified as 

 

α

 

-enolase.

 

Materials and methods

 

Sera

 

A study was carried out in 110 patients with POF, aged 15–37 years,

all of them with normal 46, XX karyotype. Subjects presenting

POF-related conditions such as ovarian surgery, previous chemo- or
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radiotherapy, or metabolic disorders (i.e. galactosaemia), were

excluded from the present work.

Sera were obtained from diagnosed patients who were derived

from several hospitals to our laboratory for determination of circulat-

ing antiovarian antibodies (AOA). Patients had been characterized

as POF due to amenorrhea for over a year starting before the age of

40, with elevated serum FSH levels (> 40 mIU/ml) in two consecutive

determinations. Serum LH concentrations were above 20 mIU/ml

(normal follicular phase levels: 2–10 mIU/ml). Plasma 17 

 

β

 

-oestradiol

was under 15 pg/ml (normal follicular phase levels: 20–120 pg/ml).

Sera from 60 normally menstruating women within the same age

range (average age 28 years) with proven fertility and no evidence

of autoimmune diseases, were used as controls. Neither patients

nor control subjects were receiving steroids at the time of blood

sampling.

The Protocol was approved by the Instituto de Biología y Medicina

Experimental Institutional Review Board. Informed consent was

obtained from all patients and controls.

 

Preparation of tissue extracts

 

Normal human ovarian and muscle tissues were obtained from

therapeutic surgery of young women (radical hysterectomy

because of cervical cancer) or postmortem, respectively, and rapidly

frozen. Frozen tissues were pulverized under liquid nitrogen and

homogenized in buffer 50 m

 



 

 Tris, 1 m

 



 

 ethylenediaminetetraacetic

acid (EDTA), 250 m

 



 

 sucrose, pH 7·4 in the presence of 0·5 m

 



 

phenylmethylsulphonylfluoride (PMSF), 0·025 m

 



 

 N-CBZ-L-

phenylalanine chloromethyl ketone (ZPCK), 0·025 m

 



 

 N

 

′

 

-p-tosyl-

lysine chloromethyl ketone (TLCK) and 0·025 m

 



 

 L-1-tosylamide-

2-phenyl-ethylchloromethyl ketone (TPCK), as proteases inhibitors.

Homogenates were centrifuged at 1000 

 

g

 

 for 10 min and the

resulting supernatants were centrifuged at 7000 

 

g

 

 for 10 min. Pellets

(mitochondrial fractions) were retained, and supernatants were

centrifuged at 105 000 

 

g

 

 for 60 min. The resulting new pellets and

supernatants were saved and called ‘microsomal fraction’ and

‘cytosol’, respectively.

 

Western-blot for determination of antiovarian antibodies

 

Cytosol fractions were depleted of endogenous IgG by means of

a protein-A sepharose column (Amersham Pharmacia Biotech AB,

Uppsala, Sweden). For both microsomal and cytosol fractions,

antigen (50 

 

µ

 

g/well) was boiled for 3 min in sample buffer (60 m

 



 

Tris-HCl, pH 6·8, 2% sodium dodecyl sulphate (SDS), 10% glycerol,

0·7 

 



 

 2

 

β

 

-mercaptoethanol and 0·01% bromophenol blue), and

subjected to SDS-polyacrylamide gel electrophoresis (PAGE). The

separated proteins were then transferred onto a nitrocellulose

membrane at 100 V for 90 min. After blotting, the membrane was

blocked overnight with 3% skim milk in phosphate-buffered saline

(PBS) containing 0·05% Tween-20 (PBS-T-M). The nitrocellulose

membrane was cut into strips, and each one was incubated with 2 ml

of different sera, previously diluted 1 : 100 in PBS, 0·05% Tween-20

(PBS-T), for 2 h. The strips were washed for 20 min with four

changes of PBS-T, and incubated with antihuman IgG peroxidase

conjugate in PBS-T-M for 60 min, then washed again for 20 min in

PBS-T. Enzyme activity was determined with 0·05% 3,3

 

′

 

diami-

nobenzidine (DAB) and 0·003% H

 

2

 

O

 

2

 

 in 100 m

 



 

 Tris pH 7·4. Sera

from six normal women were run each time.

 

Purification and identification of the 50-kD autoantigen

 

Five hundred 

 

µ

 

l of ovarian cytosol fraction – containing 1 m

 



 

 PMSF,

10 

 

µ

 

g/ml leupeptin, 5 

 

µ

 

g/ml pepstatin, 5 

 

µ

 

g/ml aprotinin, 1 m

 



 

sodium orthovanadate, 5 m

 



 

 NaF, 20 m

 



 

 sodium molybdate, 5 

 

µ

 

g/ml

spermin, 5 

 

µ

 

g/ml spermidin and 10 m

 



 

 

 

β

 

-glycerophosphate –

were applied to a CM Affi-Gel Blue Gel (Bio-Rad, Hercules, CA,

USA) column (1 cm

 

3

 

 volume). After two washes with one volume

each of running buffer (10 m

 



 

 K

 

2

 

HPO

 

4

 

; 0·15 

 



 

 NaCl, 0·02% NaN

 

3

 

,

pH 7·25), proteins were eluted with increasing molarity of NaCl in

phosphate buffer as follows: 2 volumes of 0·3 

 



 

 NaCl; 2 volumes of

0·6 

 



 

 NaCl; 2 volumes of 1 

 



 

 NaCl and 3 volumes of 1·4 

 



 

 NaCl.

Twelve fractions of approximately 1 ml each were collected, including

the void volume, and protein concentration was determined in each

one as described by Lowry 

 

et al

 

.

 

26

 

. Column fractions were analysed

by Western-blot. Thirty 

 

µ

 

l of each column fraction were boiled for

3 min in sample buffer, and proteins were separated on SDS-PAGE

(10% polyacrylamide). In addition, 4·5 

 

µ

 

l of cytosol fraction from

human ovary homogenates were run on a separate line as control.

Western-blot was performed as described above, using an AOA

positive serum as primary antibody. The fraction where the ovarian

antigen was detected was concentrated and enriched centrifuging

in Ultrafilters Centricon-30 (Amicon, Inc., Beverly, MA, USA) at

5000 

 

g

 

 during 35 min Proteins of this concentrated product were run

on a 10% polyacrylamide-SDS gel of 15 cm long. The immuno-

reactive band was excised from Coomassie Brilliant Blue G-250-

stained polyacrylamide gel with a sterile scalpel, and was analysed

by nano-LC-ESI-MS/MS (electrospray ionization mass spectrometry

coupled with a nanoflow liquid chromatography system) at Proteome

Factory AG (Berlin, Germany).

 

Western-blot using recombinant human 

 

α

 

-enolase

 

Recombinant human 

 

α

 

-enolase was produced as described,

 

27

 

 and

stored in Tris HCl pH 8, 10% glycerol at 

 

−

 

70 

 

°

 

C. Protein (0·5 

 

µ

 

g/line)

was boiled 3 min in sample buffer, and subjected to SDS-PAGE

(10% polyacrylamide). After electroblotting onto nitrocellulose as

explained above, membrane was blocked overnight in PBS-T-M.

Nitrocellulose membrane was cut into strips, and each one was

incubated with 2 ml of different sera, previously diluted 1 : 200 in

PBS-T-M, for 2 h. The strips were washed for 20 min with 4 changes

of PBS-T, and incubated with goat antihuman IgG peroxidase-

conjugate in PBS-T-M for 60 min, then washed again for 20 min in

PBS-T. Enzyme activity was developed as described above.

 

Results

 

Determination of circulating ovarian antibodies

 

We have developed a specific approach for detection of AOA by Western-

blot, using ovarian antigens and characterizing them according

to their molecular weight. When cytosolic fractions were used, 19·1%
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α
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of sera from the 110 patients studied showed specific reactivity

with an antigen of approximately 50 kD. Conversely, none of the sera

obtained from the control subjects (

 

n

 

 = 60) showed any such specific

reactivity. When Western-blots using microsomal fractions as

antigen were performed, we were unable to identify a ‘differential’

antigen that may be recognized by POF sera, and not by control sera.

In addition, sera obtained from all POF patients and controls showed

no reactivity with muscle protein extract, which was used as control

tissue. A representative Western-blot analysis of 10 radomly

selected sera from patients and 10 sera from control subjects is

shown in Fig. 1. Sera from three patients with POF reacted with the

approximately-50 kD antigen of the ovarian cytosolic fraction, but

not with muscle protein extracts. No specific reactivity was seen

when ovarian and muscle fractions were incubated with sera

from the 10 control subjects. Based on these results we decided to

characterize the 50 kD ovarian cytosolic protein.

 

Purification and identification of the ovarian autoantigen

 

In order to purify and identify the antigen of approximately 50 kD,

proteins of the cytosolic fraction of the ovarian homogenate were

separated by ion exchange and affinity chromatography using a CM

Affi-Gel Blue Gel column. Column fractions were analysed by Western-

blot, using serum from a POF patient with a high titre of AOA as

the primary antibody. The presence of the ovarian antigen was

detected in the void volume (Fig. 2b). This fraction was concentrated

by ultrafiltration using Centricon-30. Figure 2c, shows the SDS-PAGE

pattern of the concentrated fraction. The protein band corresponding

to the ovarian antigen was excised and analysed by nano-LC-ESI-MS/

MS. Said analysis revealed the 50 kD protein to be enolase 1 (

 

α

 

)

(score = 368; protein scores higher than 74 are significant (

 

P <

 

 0·05).

Score is 

 

−

 

10*Log(P), where P is the probability for the observed match

to be a random event). We therefore decided to study 

 

α

 

-enolase as

the possible antigen to which these autoreactive antibodies in these

POF patients may be directed.

 

Western-blot analysis using recombinant human 

 

α

 

-enolase

 

We analysed the presence of antienolase antibodies in sera from

patients and control subjects, using recombinant human 

 

α

 

-enolase

as antigen and dilutions of different sera as primary antibodies,

in Western blots (Fig. 3). Sixty of 170 sera that had previously been

analysed for AOA were now tested for the presence of anti

 

α

 

-enolase

antibodies. Thus, 14 of 21 sera from POF patients with AOA, 22 of

89 sera from POF patients without AOA, and 24 of 60 sera from

control subjects (without AOA) were screened for anti

 

α

 

-enolase

antibodies (Table 1). Western-blots using recombinant 

 

α

 

-enolase

were run in parallel with new Western-blots using cytosolic ovarian

fraction for determination of AOA. All sera positive for AOA reacted

against the recombinant protein, while AOA negative sera did not

Fig. 1 Western-blot using cytosolic ovarian (a) and 
muscle (b) fractions. Proteins (50 µg/lane) were 
separated by SDS-PAGE and transferred onto a 
nitrocellulose membrane. After blocking, strips 
were incubated with dilutions of different sera, 
washed and incubated with peroxidase-conjugate 
goat antihuman IgG. Results obtained with sera 
from 10 POF patients (strips 1–10) and 10 control 
subjects (strips 11–20) are shown, as sample of the 
whole population studied. Sera from 3 patients with 
POF turned out reactive against an approximately-
50 kD protein when using the ovarian cytosolic 
fraction (a) strips 5, 7 and 10), but negative with 
muscle protein extracts (b). No specific reactivity 
was seen when ovarian and muscle fractions were 
incubated with sera from the 10 control subjects 
(strips 11–20 of both panels). Right arrows indicate 
prestained standard of 50 kD.
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recognize this antigen. Overall, 100% of sera tested by Western-blots

using recombinant 

 

α

 

-enolase, confirmed AOA result.

 

Discussion

 

There is accumulating evidence indicating that autoimmunity may be

involved in idiopathic POF.

 

4,10,15,25

 

 In previous studies by our laboratory,

we demonstrated the presence of circulating immunoglobulins that

inhibited FSH binding to its receptor (Ig-FSHR), in a subgroup

of POF patients, those affected by resistant ovary syndrome (ROS).

Only ROS patients, characterized by the presence of numerous

follicles in their ovaries,

 

28,29

 

 present Ig-FSHR.

 

30

 

 Thus, ROS could be

considered one specific form of autoimmune POF associated with

anti-FSHR autoimmunity. On the other hand, the reported high

prevalence of SCA in patients whose POF is associated with adrenal

autoimmunity, suggests the existence of another specific form of

autoimmune ovarian failure: that associated with steroidogenic

cell autoimmunity.

 

4,10,15

 

 Nevertheless, several cases of suspected

autoimmune POF cannot be placed within either of these two

specific forms. In such cases, the pathogenic mechanism underlying

the putative immunological disorder that results in abnormal ovarian

function is still unknown. Several circulating antibodies, other than

SCA, directed toward different antigenic ovarian structures have

been described.

 

12,19–25,31–38

 

 Nevertheless, despite considerable scientific

work, neither their specificity nor their diagnostic relevance have yet

been unanimously established. Indeed, it was suggested that ovarian

antibodies as detected by indirect immunofluorescence, the most

common method currently used, may have poor specificity.

 

38

 

 Thus,

no currently available validated serum antibody marker can confirm

a clinical diagnosis of autoimmune POF in those cases that cannot

be placed within either of the two specific forms described above.

In the present work, we detected specific reactivity against protein

 

α

 

-enolase in 19·1% of sera from 110 POF patients. Even though our

results suggest that 

 

α

 

-enolase may be a major target of self-reactive

antibodies in these patients, we cannot exclude the presence of

antibodies directed against other potential cell targets (e.g. the

steroidogenic enzymes P450scc and 17

 

α

 

-hydroxylase, among others).

However, given the experimental approach used in the present work,

these antibodies were not specifically determined.

Enzyme 

 

α

 

-enolase (2-phospho-D-glycerate hydrolyase) is a

metalloenzyme that participates in the second half of the Emdem

Mayerhoff–Parnas glycolytic pathway.

 

39

 

 In vertebrates, there are

three different isoenzymes: 

 

α

 

-enolase is found in most tissues,

 

β

 

-enolase is almost exclusively found in muscle tissues and 

 

γ

 

-enolase

is found in neurone and neuroendocrine tissues.

 

39

 

 Enolase is one of

Fig. 2 Purification of human ovarian antigen. The cytosolic fraction from human ovary homogenates was applied to a CM Affi-Gel Blue Gel column; proteins 
were eluted with increasing molarity of NaCl in phosphate buffer. Column fractions were analysed by Western-blot as described, and the ovarian antigen was 
detected in the void volume. After concentration and enrichment of this fraction by centrifuging in ultrafilters, proteins were run on a 10% polyacrylamide-
SDS gel 15 cm long. The band corresponding to the ovarian antigen could thereafter be excised, and analysed by nano-LC-ESI-MS/MS. (a) band pattern 
obtained from separation of ovarian cytosolic proteins in 10% polyacrylamide gel, before purification and concentration steps. (b) Western-blot for analysis 
of column fractions. M: marker; Cov: ovarian cytosolic fraction; V: void fraction; R: washes with running buffer; 0·3M, 0·6M, 1M and 1·4M: elution with 
increasing molarity of NaCl in phosphate buffer. (c) band pattern in 10% polyacrylamide gel, obtained after purification and concentration steps.

Table 1. Comparison of results obtained when the same sera were analysed 
by both methods: Western-blot for determination of AOA and Western-blot 
for determination of antiα-enolase antibodies

Total sera n

AOA 

outcome

Tested with 

R-αE n

R-αE 

outcome

Confimed 

AOA outcome

POF 110 21 + 14 + 14/14

89 – 22 – 22/22

Controls 60 0 +

60 – 24 – 24/24
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the most abundantly expressed cytosolic proteins in many organisms.

It is also found on the surface of a variety of haematopoietic cells as

a strong plasminogen-binding receptor.40,41 Antienolase antibodies

have been incriminated in a variety of autoimmune diseases, including

rheumatoid arthritis,42,43 Hashimoto’s encephalopathy,44 systemic

lupus erithematosus,42 discoid lupus erithematosus,45 liver autoimmune

endocrinopathies such as primary biliary cirrhosis, autoimmune

hepatitis and primary sclerosing colangitis,46–48 mixed cryoglobuli-

naemia,42,49 cancer-associated retinopathy50 and endometriosis51

among others. The presence of antibodies directed to α-enolase in

patients with POF is herein described for the first time.

Even though the formation of self-reactive antibodies may be a

normal physiological process, innate immune activation of autoreac-

tive B cells has the potential to break tolerance (state of antigen-induced

nonresponsiveness of lymphocytes) and trigger autoimmunity.52

Interestingly, enolase protein may have some particular features

that make it more prone to breaking the delicate balance between

beneficial and pathological immune responses.53 Several studies

have reported that antibodies directed against the cell wall-associated

enolase of Candida albicans and that of group A streptococci, cross

react against human endogenous enolase.27,54,55 It is therefore

proposed that in cases of chronic infection, the levels of microbial

enolase may result in an immune response to the foreign enolase

antigen, which by epitope mimicry leads to the targeting of the

inherent enolase, and therefore to an autoimmune response.53 In

general, self-tolerance prevents the autoimmune response from

becoming an autoimmune disease. However, if self-tolerance

fails, the immune response is raised aggressively, not only against

microbial epitopes but also against self-epitopes.56 Furthermore,

given that enolase is a widely distributed cytosolic enzyme, it may

be taken by tissue-resident antigen-presenting cells (APC) after cell

death that accompany normal cell turnover. Also, the proinflamma-

tory milieu generated by the diverse range of pathologies associated,

coincidentally or causatively, with antienolase antibodies might

possibly result in activation of APC.53 It is noteworthy that patients

with autoimmune polyglandular syndrome type I (APS I), who

present chronic candidal infection in addition to chronic hypo-

parathyroidism, autoimmune adrenal insufficiency, and a wide

spectrum of associated minor autoimmune disorders, demonstrate

the tightest association of disease with enolase-reactive antibodies.54

It has long been recognized that POF could be associated with

nearly all organ-specific as well as some systemic autoimmune

diseases.4,7,13,57 The frequent occurrence of these associations may

suggests that POF could be one of the components within a general

immunological disorder. Thus, it would not be surprising to find a

variety of antibodies, in addition to ovarian antibodies, associated

with ovarian autoimmunity. Indeed, as in APS I, the presence of

antibodies directed against enolase might be considered a marker of

autoimmune aetiology. The frequent association of POF with dif-

ferent autoimmune disorders, the high prevalence of antienolase

antibodies in APS-I patients, and the wide spectrum of immunological

disorders in which antienolase antibodies are found, all support the

suggestion that high titres of antienolase antibodies might be present

in subjects with a putative defect in immunoregulation.

In patients with established disease, autoantibodies can provide

markers to classify the disease. For example, type 1 diabetes, thyroiditis

and adrenalitis are classified as autoimmune or nonautoimmune,

based on the presence or absence of disease-associated antibodies.

In rheumatic diseases, autoantibodies such as rheumatoid factor and

antinuclear antibodies are not highly specific for a particular disease.

Their major use, therefore, becomes a confirmation of diagnosis

in patients who presented clinical features of specific rheumatic

disease.58 Likewise, we suggest that in those patients in whom the

onset of POF either preceded, followed, or was concurrent with the

onset of autoimmune diseases, presence of antienolase antibodies

might be an indicator of a putative defect in immunoregulation.

Provided that this defect in immunoregulation is confirmed as

the aetiological agent of POF, the presence of antibodies directed

against α-enolase may be considered an indicator of an ‘autoimmune

aetiology’, becoming a suitable marker for diagnosis of autoimmune

POF.

To further understand the clinical relevance of antienolase

antibodies, a larger number of POF patients and controls should be

Fig. 3 Western-Blots for determination of antiα-enolase antibodies. 
(a) Western-blot using recombinant human α-enolase (R-αE) as antigen. 
Recombinant human α-enolase was subjected to SDS-PAGE and electroblotted 
onto the nitrocellulose membrane. After blocking, each strip was incubated 
with dilutions of different sera, washed and incubated with peroxidase-
conjugate goat antihuman IgG. Sample illustration of the whole population 
studied, with results corresponding to sera from a POF patient with AOA 
(P10), a POF patient with no AOA (P23), and a control subject (C25); 
(–) control incubation in the absence of serum. (b) Results obtained with 
the same sera using ovarian cytosolic fraction (Cov) as antigen. Left markers 
indicate prestained standard of 50 kD.
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studied. In addition, the pathological role played by these antibodies

in the disease should also be adressed.

In summary, we have identified α-enolase as a novel autoantigen

for POF. We suggest that in those patients with suspected autoimmune

POF, the presence of antienolase antibodies might be an indicator

of a putative defect in immunoregulation, and might therefore

suggest a possible autoimmune aetiolgy for POF.

Acknowledgements

We are grateful to Dr Mercedes Goin and Dr Tomás A. Santa Coloma

for their generous technical advice. We thank Dr Juan Marcos Garau,

Hospital Pirovano for his valuable contribution to the development

of the study. We further thank Dr Liliana Dain for her enthusiastic

assistance in the discussion of the results. The study was supported

by a grant from Alberto J. Roemmers Foundation.

References

1 Coulam, C.B., Adamson, S.C. & Annegers, J.F. (1986) Incidence of
premature ovarian failure. Obstetrics and Gynecology, 67, 604–
606.

2 Moraes-Ruehsen, M. & Jones, G.S. (1967) Premature ovarian failure.
Fertility and Sterility, 18, 440–461.

3 Yen, S.S., Tsai, C.C., Vandenberg, G. & Rebar, R. (1972) Gonadotropin
dynamics in patients with gonadal dysgenesis: a model for the
study of gonadotropin regulation. Journal of Clinical Endocrinology
and Metabolism, 35, 897–904.

4 Hoek, A., Schoemaker, J. & Drexhage, H.A. (1997) Premature ovarian
failure and ovarian autoimmunity. Endocrine Reviews, 18, 107–
134.

5 Board, J.A., Redwine, F.O., Moncure, C.W., Frable, W.J. & Taylor, J.R.
(1979) Identification of differing etiologies of clinically diagnosed
premature menopause. American Journal of Obstetrics and Gynecology,
134, 936–944.

6 Coulam, C.B., Kempers, R.D. & Randall, R.V. (1981) Premature
ovarian failure: evidence for the autoimmune mechanism. Fertility
and Sterility, 36, 238–240.

7 Coulam, C.B. (1983) The prevalence of autoimmune disorders
among patients with primary ovarian failure. American Journal of
Reproductive Immunology, 4, 63–66.

8 Coulam, C.B. & Ryan, R.J. (1985) Prevalence of circulating antibodies
directed toward ovaries among women with premature ovarian failure.
American Journal of Reproductive Immunology and Microbiology, 9,
23–24.

9 LaBarbera, A.R., Miller, M.M., Ober, C. & Rebar, R.W. (1988)
Autoimmune etiology in premature ovarian failure. American
Journal of Reproductive Immunology and Microbiology, 16, 115–122.

10 Forges, T., Monnier-Barbarino, P., Faure, G.C. & Bene, M.C. (2004)
Autoimmunity and antigenic targets in ovarian pathology. Human
Reproduction Update, 10, 163–175.

11 Irvine, W.J., Chan, M.M., Scarth, L., Kolb, F.O., Hartog, M., Bayliss, R.I.
& Drury, M.I. (1968) Immunological aspects of premature ovarian
failure associated with idiopathic Addison’s disease. Lancet, 2, 883–
887.

12 Sotsiou, F., Bottazzo, G.F. & Doniach, D. (1980) Immunofluorescence
studies on autoantibodies to steroid-producing cells, and to germline
cells in endocrine disease and infertility. Clinical and Experimental
Immunology, 39, 97–111.

13 Betterle, C., Rossi, A., Dalla, P.S., Artifoni, A., Pedini, B., Gavasso, S.
& Caretto, A. (1993) Premature ovarian failure: autoimmunity and
natural history. Clinical Endocrinology, 39, 35–43.

14 Betterle, C. & Volpato, M. (1998) Adrenal and ovarian autoimmu-
nity. European Journal of Endocrinology, 138, 16–25.

15 Bakalov, V.K., Anasti, J.N., Calis, K.A., Vanderhoof, V.H., Premkumar, A.,
Chen, S., Furmaniak, J., Smith, B.R., Merino, M.J. & Nelson, L.M.
(2005) Autoimmune oophoritis as a mechanism of follicular dysfunc-
tion in women with 46,XX spontaneous premature ovarian failure.
Fertility and Sterility, 84, 958–965.

16 Kamp, P., Platz, P. & Nerup, J. (1974) ‘Steroid-cell’ antibody in
endocrine diseases. Acta Endocrinologica, 76, 729–740.

17 Coulam, C.B. & Ryan, R.J. (1979) Premature menopause. I. Etiology.
American Journal of Obstetrics and Gynecology, 133, 639–643.

18 Elder, M., Maclaren, N. & Riley, W. (1981) Gonadal autoantibodies
in patients with hypogonadism and/or Addison’s disease. Journal of
Clinical Endocrinology and Metabolism, 52, 1137–1142.

19 Vallotton, M.B. & Forbes, A.P. (1966) Antibodies to cytoplasm of
ova. Lancet, 2, 264–265.

20 Damewood, M.D., Zacur, H.A., Hoffman, G.J. & Rock, J.A. (1986)
Circulating antiovarian antibodies in premature ovarian failure.
Obstetrics and Gynecology, 68, 850–854.

21 Drury, M.I., Keelan, D.M., Timoney, F.J. & Irvine, W.J. (1970) Juvenile
familial endocrinopathy. Clinical and Experimental Immunology, 7,
125–132.

22 McNatty, K.P., Short, R.V., Barnes, E.W. & Irvine, W.J. (1975) The
cytotoxic effect of serum from patients with Addison’s disease and
autoimmune ovarian failure on human granulosa cells in culture.
Clinical and Experimental Immunology, 22, 378–384.

23 Williamson, H.O., Phansey, S.A., Mathur, S., Mathur, R.S., Baker, E.R.
& Fudenberg, H.H. (1980) Myasthenia gravis, premature menopause,
and thyroid autoimmunity. American Journal of Obstetrics and
Gynecology, 137, 893–901.

24 Kamada, M., Daitoh, T., Mori, K., Maeda, N., Hirano, K., Irahara, M.,
Aono, T. & Mori, T. (1992) Etiological implication of autoantibodies
to zona pellucida in human female infertility. American Journal of
Reproduction Immunology, 28, 104–109.

25 Fenichel, P., Sosset, C., Barbarino-Monnier, P., Gobert, B.,
Hieronimus, S., Bene, M.C. & Harter, M. (1997) Prevalence,
specificity and significance of ovarian antibodies during spontaneous
premature ovarian failure. Human Reproduction, 12, 2623–2628.

26 Lowry, O.H., Rosebrough, N.J., Farr, A.L. & Randall, R.J. (1951)
Protein measurement with the Folin phenol reagent. Journal of
Biological Chemistry, 193, 265–275.

27 Fontan, P.A., Pancholi, V., Nociari, M.M. & Fischetti, V.A. (2000)
Antibodies to streptococcal surface enolase react with human
alpha-enolase: implications in poststreptococcal sequelae. Journal of
Infectious Diseases, 182, 1712–1721.

28 Jones, G.S. & Moraes-Ruehsen, M. (1969) A new syndrome of
amenorrhae in association with hypergonadotropism and apparently
normal ovarian follicular apparatus. American Journal of Obstetrics
and Gynecology, 104, 597–600.

29 Fox, H. (1992) The pathology of premature ovarian failure. Journal
of Pathology, 167, 357–363.

30 Chiauzzi, V.A., Bussmann, L., Calvo, J.C., Sundblad, V. & Charreau, E.H.
(2004) Circulating immunoglobulins that inhibit the binding of
follicle-stimulating hormone to its receptor: a putative diagnostic
role in resistant ovary syndrome? Clinical Endocrinology, 61, 46–54.

31 Ho, P.C., Tang, G.W., Fu, K.H., Fan, M.C. & Lawton, J.W. (1988)
Immunologic studies in patients with premature ovarian failure.
Obstetrics and Gynecology, 71, 622–626.



Autoantibodies to α-enolase in POF 7

© 2006 The Authors
Journal compilation © 2006 Blackwell Publishing Ltd, Clinical Endocrinology, 65, 000–000

32 Luborsky, J.L., Visintin, I., Boyers, S., Asari, T., Caldwell, B. &
DeCherney, A. (1990) Ovarian antibodies detected by immobilized
antigen immunoassay in patients with premature ovarian failure.
Journal of Clinical Endocrinology and Metabolism, 70, 69–75.

33 Meyer, W.R., Lavy, G., DeCherney, A.H., Visintin, I., Economy, K.
& Luborsky, J.L. (1990) Evidence of gonadal and gonadotropin
antibodies in women with a suboptimal ovarian response to exogenous
gonadotropin. Obstetrics and Gynecology, 75, 795–799.

34 Wheatcroft, N.J., Toogood, A.A., Li, T.C., Cooke, I.D. & Weetman, A.P.
(1994) Detection of antibodies to ovarian antigens in women with
premature ovarian failure. Clinical and Experimental Immunology,
96, 122–128.

35 Wheatcroft, N.J., Salt, C., Milford-Ward, A., Cooke, I.D. & Weetman,
A.P. (1997) Identification of ovarian antibodies by immunofluores-
cence, enzyme-linked immunosorbent assay or immunoblotting in
premature ovarian failure. Human Reproduction, 12, 2617–2622.

36 Luborsky, J., Llanes, B., Davies, S., Binor, Z., Radwanska, E. & Pong, R.
(1999) Ovarian autoimmunity: greater frequency of autoantibodies
in premature menopause and unexplained infertility than in the general
population. Clinical Immunology, 90, 368–374.

37 Gobert, B., Jolivet-Reynaud, C., Dalbon, P., Barbarino-Monnier, P.,
Faure, G.C., Jolivet, M. & Bene, M.C. (2001) An immunoreactive
peptide of the FSH involved in autoimmune infertility. Biochemical
and Biophysical Research Communications, 289, 819–824.

38 Novosad, J.A., Kalantaridou, S.N., Tong, Z.B. & Nelson, L.M. (2003)
Ovarian antibodies as detected by indirect immunofluorescence
are unreliable in the diagnosis of autoimmune premature ovarian
failure: a controlled evaluation. BioMed Central Womens Health,
3, 2.

39 Pancholi, V. (2001) Multifunctional alpha-enolase: its role in diseases.
Cellular and Molecular Life Sciences, 58, 902–920.

40 Miles, L.A., Dahlberg, C.M., Plescia, J., Felez, J., Kato, K. & Plow, E.F.
(1991) Role of cell-surface lysines in plasminogen binding to cells:
identification of alpha-enolase as a candidate plasminogen receptor.
Biochemistry, 30, 1682–1691.

41 Dudani, A.K., Cummings, C., Hashemi, S. & Ganz, P.R. (1993)
Isolation of a novel 45 kDa plasminogen receptor from human
endothelial cells. Thrombosis Research, 69, 185–196.

42 Pratesi, F., Moscato, S., Sabbatini, A., Chimenti, D., Bombardieri, S.
& Migliorini, P. (2000) Autoantibodies specific for alpha-enolase in
systemic autoimmune disorders. Journal of Rheumatology, 27, 109–
115.

43 Saulot, V., Vittecoq, O., Charlionet, R., Fardellone, P., Lange, C.,
Marvin, L., Machour, N., Le, L.X., Gilbert, D. & Tron, F. (2002)
Presence of autoantibodies to the glycolytic enzyme alpha-enolase
in sera from patients with early rheumatoid arthritis. Arthritis and
Rheumatism, 46, 1196–1201.

44 Ochi, H., Horiuchi, I., Araki, N., Toda, T., Araki, T., Sato, K., Murai, H.,
Osoegawa, M., Yamada, T., Okamura, K., Ogino, T., Mizumoto, K.,
Yamashita, H., Saya, H. & Kira, J. (2002) Proteomic analysis of

human brain identifies alpha-enolase as a novel autoantigen in
Hashimoto’s encephalopathy. FEBS Letters, 528, 197–202.

45 Gitlits, V.M., Sentry, J.W., Matthew, M.L., Smith, A.I. & Toh, B.H.
(1997) Autoantibodies to evolutionarily conserved epitopes of
enolase in a patient with discoid lupus erythematosus. Immunology,
92, 362–368.

46 Akisawa, N., Maeda, T., Iwasaki, S. & Onishi, S. (1997) Identification
of an autoantibody against alpha-enolase in primary biliary cirrhosis.
Journal of Hepatology, 26, 845–851.

47 Orth, T., Kellner, R., Diekmann, O., Faust, J., Meyer zum Buschen-
felde, K.H. & Mayet, W.J. (1998) Identification and characterization
of autoantibodies against catalase and alpha-enolase in patients with
primary sclerosing cholangitis. Clinical and Experimental Immunology,
112, 507–515.

48 Roozendaal, C., de Jong, M.A., van den Berg, A.P., van Wijk, R.T.,
Limburg, P.C. & Kallenberg, C.G. (2000) Clinical significance of
anti-neutrophil cytoplasmic antibodies (ANCA) in autoimmune
liver diseases. Journal of Hepatology, 32, 734–741.

49 Sabbatini, A., Dolcher, M.P., Marchini, B., Chimenti, D., Moscato, S.,
Pratesi, F., Bombardieri, S. & Migliorini, P. (1997) Alpha-enolase is
a renal-specific antigen associated with kidney involvement in mixed
cryoglobulinemia. Clinical and Experimental Rheumatology, 15, 655–
658.

50 Adamus, G., Amundson, D., Seigel, G.M. & Machnicki, M. (1998)
Anti-enolase-alpha autoantibodies in cancer-associated retinopathy:
epitope mapping and cytotoxicity on retinal cells. Journal of
Autoimmunity, 11, 671–677.

51 Walter, M., Berg, H., Leidenberger, F.A., Schweppe, K.W. &
Northemann, W. (1995) Autoreactive epitopes within the human
alpha-enolase and their recognition by sera from patients with
endometriosis. Journal of Autoimmunity, 8, 931–945.

52 Milner, E.C., Anolik, J., Cappione, A. & Sanz, I. (2005) Human
innate B cells: a link between host defense and autoimmunity?
Springer Seminars in Immunopathology, 26, 433–452.

53 Gitlits, V.M., Toh, B.H. & Sentry, J.W. (2001) Disease association,
origin, and clinical relevance of autoantibodies to the glycolytic
enzyme enolase. Journal of Investigative Medicine, 49, 138–145.

54 Peterson, P., Perheentupa, J. & Krohn, K.J. (1996) Detection of
candidal antigens in autoimmune polyglandular syndrome type I.
Clinical and Diagnostic Laboratory Immunology, 3, 290–294.

55 Vojdani, A., Rahimian, P., Kalhor, H. & Mordechai, E. (1996)
Immunological cross reactivity between Candida albicans and human
tissue. Journal of Clinical and Laboratory Immunology, 48, 1–15.

56 Rose, N.R. (1998) The role of infection in the pathogenesis of
autoimmune disease. Seminars in Immunology, 10, 5–13.

57 Alper, M.M. & Garner, P.R. (1985) Premature ovarian failure: its
relationship to autoimmune disease. Obstetrics and Gynecology, 66,
27–30.

58 Leslie, D., Lipsky, P. & Notkins, A.L. (2001) Autoantibodies as predictors
of disease. Journal of Clinical Investigation, 108, 1417–1422.


