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Abstract
Pituitary autoimmunity encompasses a spectrum of conditions ranging from histologically proven
forms of lymphocytic hypophysitis to the presence of pituitary antibodies in apparently healthy
subjects. Hypophysitis is a rare but increasingly recognized disorder that typically presents as a
mass in the sella turcica. It mimics clinically and radiologically other non-secreting sellar masses,
such as the more common pituitary adenoma. Hypophysitis shows a striking temporal association
with pregnancy, and it has been recently described during immunotherapies that block CTLA-4.
Several candidate pituitary autoantigens have been described in the last decade, although none has
proven useful as a diagnostic tool. This review summarizes the advances made in the field since
the publication of the first review on pituitary autoimmunity, and the challenges that await
clarification.
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1. Historical context and scope
Modern autoimmunity was born in the early 1950s with seminal discoveries in endocrine
diseases. Voisin and Barber described an experimental model of autoimmune orchitis in
guinea pigs in 1951, Rose and Witebsky a model of thyroiditis in rabbits in 1956, and
Colover and Glynn a model of adrenalitis in guinea pigs in 1958. The fourth endocrine gland
to be recognized as a target of autoimmunity was the pituitary. In 1962 Goudie and
Pinkerton described the autopsy of a young woman who died of adrenal insufficiency in the
post-partum period. They noted a marked lymphocytic infiltration of the anterior pituitary,
the coexistence of other autoimmune endocrinopathies (thyroiditis and adrenalitis), and a
clear temporal association with pregnancy. Seven additional patients with hypophysitis were
reported up to 1978, the year when Bottazzo and Doniach published first review on pituitary
autoimmunity.
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Pituitary autoimmunity comprises as of March 2008 a total of 573 articles (see
http://pathology2.jhu.edu/hypophysitis for the complete bibliography), describing the
clinical features of about 500 patients with primary autoimmune hypophysitis (AH). Our
review will focus on the immunological aspects of AH, highlighting the advances made in
the last 30 years and the future challenges.

2. Spectrum of pituitary autoimmunity
Pituitary autoimmunity is a complex and incompletely defined spectrum of conditions. The
spectrum comprises histologically proven lymphocytic hypophysitis, clinically suspected
hypophysitis, pituitary antibodies in patients with isolated pituitary hormone deficiencies,
with pituitary diseases not typically considered autoimmune, with non-pituitary autoimmune
diseases, with non-autoimmune non-pituitary diseases, and pituitary antibodies in healthy
subjects.

Autoimmune hypophysitis (histologically proven or clinically suspected)
AH is characterized pathologically by lymphocytic infiltration of the anterior and/or
posterior pituitary lobe. Pure involvement of the anterior or posterior lobes are known as
adenohypophysitis or infundibuloneurohypophysitis, whereas involvement of both lobes is
sometimes referred to as panhypophysitis.

Lymphocytes are the dominant infiltrating cells. They can diffuse throughout the
parenchyma and at times organize in true lymphoid follicles. Plasma cells are also common;
more rare are eosinophils, macrophages, and neutrophils. Overall the infiltrating
hematopoietic cells disrupt the normal architecture, eventually destroying the parenchyma
that becomes replaced by fibrotic tissue. Occasionally, multinucleated giant cells are found
in AH. They are also of hematopoietic origin (likely representing fused macrophages), and
more typical of granulomatous hypophysitis, which has distinct epidemiological and clinical
features from lymphocytic hypophysitis. A small percentage of AH patients (12 of 311
where a pituitary biopsy was performed, 4%), however, have mixed lymphocytic and
granulomatous lesions in the anterior pituitary, suggesting common themes for the two
diseases. In 1984 McKeel suggested that the two forms represent different stages of the
same disease. In a recently published mouse model of lymphocytic hypophysitis, we
detected multinucleated giant cells during the initial florid phase of disease.

AH is more common in women, although the female:male ratio is decreasing in recent years
as more men are reported. As of October 2004, when we reviewed the first 379 AH patients
for Endocrine Reviews, the female:male ratios were 6.0, 1.0, and 1.8 for adeno-,
infundibuloneuro-, and pan-hypophysitis, respectively. In the last four years, 113 additional
patients have been identified and these ratios have become 4.3, 1.3, and 1.7. AH is rare in
children (25 cases reported in patients ≤18 years old at the time of presentation) and in
seniors (27 cases in patients ≥70 years old), and peaks in incidence in the 4th decade of life.
When AH affects women of the reproductive age, it shows a striking temporal association
with pregnancy. In the 211 women with adenohypophysitis and age between 15 and 45
years, AH presented during late pregnancy or early post-partum in 146 of them (69%). The
reasons behind this association are unknown, but if unraveled, could teach us a great deal
about the interaction of the endocrine and immune system in the induction of autoimmune
disease. The association is much weaker for infundibuloneurohypophysitis (3 of 11 women,
27%) and pan-hypophysitis (8 of 45 women, 18%).

AH typically presents as a sella turcica mass with four variable categories of symptoms:
headache and/or visual disturbances (287 of 492 patients, 58%); symptoms of
hypopituitarism [218 of 492 patients, 44%, most commonly symptoms from low ACTH
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(158 patients), low TSH (76 patients), low gonadotropins (70 patients), or low prolactin (37
patients)]; polyuria and polydipsia (151 of 492 patients, 31%); and, least commonly,
symptoms of hyperprolactinemia (90 of 492 patients, 18%). Overall, symptoms are not
specific for AH but rather shared with other masses occupying the sella turcica, such as the
more common pituitary adenoma. Even MRI does not allow distinction of AH from sellar
masses, so that about half of AH patients are misdiagnosed as having a non-secreting
pituitary adenoma and undergo unnecessary surgery [1]. Currently, a diagnosis of certainty
of AH can only be achieved by pathological examination of a pituitary biopsy, which
requires an invasive surgical intervention. It should be possible to distinguish before surgery
AH from the other non-secreting sellar masses because only AH has an autoimmune
pathogenesis. This distinction would be very beneficial for the affected patients because the
treatment of AH differs significantly from that of the other sellar masses. Unfortunately, the
key autoantigen(s) targeted by the patient’s own immune system in AH await identification
or clinical confirmation, so that valid antigen-specific antibody assays have yet to be
developed. Current immunological tests for AH (such as those based on
immunofluorescence, IF) lack adequate sensitivity and specificity, and therefore have little
role in the diagnosis and management of AH patients.

Clinically suspected AH forms are those where the diagnosis is made on clinical,
endocrinological, and MRI grounds without the aid of pituitary biopsy and pathological
exam. About a third of the patients are diagnosed in this fashion. Notable in this group are
the cases described following cancer immunotherapies that block CTLA-4, used as a booster
of immune responsiveness. For example, 5% of patients with advanced melanoma who are
vaccinated with the gp100 melanoma associated antigen and receive a CTLA-4 blocking
antibody also develop AH.

The natural history of AH is variable. Most patients improve after a mass reducing treatment
(pituitary surgery or high-dose glucocorticoids) and either require some form of long-term
hormone replacement (72%) or need no medications (17%); other patients die because of an
irreversible adrenal insufficiency (7%); and the remaining few (4%) improve spontaneously
without treatment. Morphologically, the pituitary mass demonstrated at diagnosis shrinks in
most patients. A radiological follow-up was available in 204 AH patients and showed
reduction or disappearance of the initial pituitary mass in 181 cases (88%), and no
significant change in 23 cases (12%). An empty sella developed in 21 of the 204 (10%)
patients.

Pituitary antibodies in isolated pituitary hormone deficiencies
Isolated pituitary hormone deficiencies are those conditions where only one of the pituitary
hormones is lacking or inactive. Most common are the isolated defects of
adrenocorticotropin (ACTH) and growth hormone (GH), whereas only a few cases have
been reported with isolated gonadotropin, thyrotropin, or prolactin deficiencies. Isolated
pituitary defects recognize four main causes: genetic (such as mutations of the T-box
transcription factor Tpit for ACTH), iatrogenic, brain trauma or irradiation, and
autoimmune. At times, however, their cause remains unknown (idiopathic forms).

Isolated ACTH deficiency, first described in 1954 by Steinberg, is a potentially lethal
condition diagnosed by demonstrating low cortisol and inappropriately low ACTH, absent
adrenal response to pituitary stimuli, and intact adrenal response to synthetic ACTH
injection. Its most common cause remains iatrogenic (the one induced by glucocorticoid
administration), but autoimmune forms are increasingly recognized. An autoimmune basis
for isolated ACTH deficiency has been established using the following criteria: the
pathological demonstration in rare cases of the typical lymphocytic infiltration in the
anterior pituitary [2;3]; the association with other, better characterized autoimmune diseases,
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such as Hashimoto thyroiditis, vitiligo, and premature ovarian failure [4]; and the presence
of pituitary antibodies. These antibodies have been measured by IF, immunoblotting (IB),
and ELISA and found positive in about 40% of the patients (Table 1). The largest ongoing
cohort of patients with isolated ACTH deficiency, curated by Kasperlik-Zaluska, now
comprises almost 300 cases. These patients have a striking female preponderance (F:M ratio
of about 11:1), as seen in many autoimmune diseases, and a pituitary antibody prevalence of
34%.

Isolated GH deficiency causes short stature in children, whereas it is usually asymptomatic
in adults. In the majority of children no cause can be identified (idiopathic forms); in the
remaining minority, isolated GH deficiency results from defects in the genes coding for
GH1 or GH releasing hormone receptor. In adults, isolated GH deficiency is most
commonly caused by traumatic brain injury or external irradiation treatments, although
several cases remain idiopathic. Autoimmunity has been proposed to explain some forms of
idiopathic isolated GH deficiency based on the presence of pituitary antibodies. Seven
papers have tested pituitary antibodies in patients (mainly children) with isolated GH
deficiency, showing a prevalence of about 15%. This prevalence, although higher than that
of healthy controls, is overall low. The role of autoimmunity remains unclear.

Isolated gonadotropin deficiency of autoimmune origin was first reported in 1985 by Barkan
in two men with autoimmune polyglandular autoimmune type 2, and more recently by De
Bellis and colleagues in a cohort of 21 cases. These authors found by IF pituitary antibodies
in 38% of the cases, as compared to 6% (3 of 50) of healthy controls [25].

Isolated thyrotropin deficiency of autoimmune origin was first reported by Wong in 2004 in
a biopsy proven case of lymphocytic hypophysitis, and then by Hashimoto in a case series of
6 patients (one of whom was histologically proven) [40]. Pituitary antibodies against
candidate pituitary antigens have been measured by Amino’s group in four additional
patients, and found to be absent or low (Table 1).

Pituitary antibodies in non-autoimmune pituitary diseases
Pituitary antibodies have been described in pituitary diseases not typically considered
autoimmune in nature, but for which an autoimmune component has been proposed: the
empty sella syndrome and Sheehan syndrome.

Empty sella is the herniation of the subarachnoid space into the sella turcica. This herniation
can occur because of anatomical variations of the diaphragma sellae (usually an incidental
finding known as primary empty sella), or from a loss of intrasellar volume (secondary
empty sella). The latter develops for example in pituitary adenomas that are surgically
removed, treated with radiotherapy, or undergo hemorrhagic infarction, or in Sheehan
syndrome. AH is a potential cause of secondary empty sella considering that the pituitary
gland, following the initial increase in size, gradually becomes atrophic and fibrotic. Empty
sella has been, in fact, demonstrated in 10% of AH patients who had at presentation a
pituitary mass and later developed pituitary atrophy.

An autoimmune basis for secondary empty sella was first proposed in 1986 by Okada, who
reported a case of partial hypopituitarism with empty sella and pituitary antibodies after
pregnancy. Six subsequent papers have discussed pituitary autoimmunity in the context of
an empty sella: [28;22;29] and Nishiyama S 1993, Beressi N 1999 and Klein J 2005. In
particular, Beressi and colleagues concluded their excellent review by writing “empty sella
may in fact be the final term of initially undiagnosed lymphocytic hypophysitis”. Pituitary
antibodies have been found in patients with empty sella (Table 1) with contrasting results.
From one hand, Komatsu detected by IF antibodies recognizing mouse corticotroph cells
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(AtT-20) in 24 of 32 patients with empty sella (75%) [27]; Mau found by IB antibodies
against human GH and ACTH in 2 of 6 patients (33%) [28]; and Keda by ELISA found
them in 16 of 38 patients (42%) [22]. On the other hand, Bensing and colleagues found no
evidence of autoimmunity in patients with empty sella: antibodies to 49 kDa alpha-enolase
were present in 6 of 30 patients (20%), similar to what found in healthy controls (11 of 50,
22%) [29]. Timing of pituitary antibodies measurement is important. Antibodies decrease
over time when the antigenic load decreases, such as when a gland is destroyed by the
autoimmune attack and becomes atrophic. In 2003, Chiovato et al published that antibodies
to thyroperoxidase, thyroglobulin, and thyrotropin receptor progressively disappear after
complete ablation of the thyroid (either by surgery or radioiodine), indicating that continued
antibody production requires autoantigen persistence. Thus, if empty sella is caused by AH,
the pituitary gland at that stage is by definition atrophic and predicted to have low antigenic
load and, consequently, low or absent pituitary antibodies. In summary, AH is a possible
cause of secondary empty sella, although the issue remains to be clarified.

Sheehan syndrome, first described in 1937, is an ischemic necrosis of the anterior pituitary
caused by a severe peri-partum hemorrage. Autoimmunity has been proposed as a
mechanism for Sheehan syndrome, but the data are scanty. After the original report in 1965
by Engelberth & Jezkova, which described high titer of pituitary antibodies by complement
consumption test in a woman with clinical signs of Sheehan syndrome 5 years after delivery,
two case-control studies found pituitary antibodies in Sheehan patients at significantly
higher prevalence than in healthy controls. Goswami and colleagues detected by IB
antibodies to 49 kDa alpha enolase in 12 of 19 cases and in only 9 of 56 controls (p= 0.007)
[38]. De Bellis and colleagues recently found by IF pituitary antibodies in 7 of 20 Sheehan
cases and in none of 50 healthy controls (p= 0.001) [39].

Pituitary antibodies in other diseases
Pituitary antibodies have been detected in a variety of other conditions, ranging in
prevalence from a minimum of 5% in celiac disease to a maximum of 74% in eating
disorders (Table 1). Autoimmune thyroiditis (represented by Graves disease and Hashimoto
thyroiditis) is the most common condition where pituitary antibodies have been measured
(with 13 publications). Manetti and colleagues recently published the largest cohort [30] and
tabulated results of six previous studies. One subsequent study was published in Polish by
Gut et al; the remaining articles are listed in Table 1. The functional significance and clinical
value of pituitary antibodies in these conditions remain to be established.

3. Candidate pituitary autoantigens
Identification of “pathogenic” autoantigen(s) is critical to advance the field in any
autoimmune disease. A pathogenic autoantigen causes disease when attacked by the
patient’s own immune system (either during the initiation or the effector phase), and
recreates the human disease when injected into experimental animals in an immunogenic
context. Such identification has at least two clear benefits. First, it allows the development
of specific autoantibody assays that can be used to diagnose, monitor, or predict an
autoimmune disease. Second, it enables reproduction in experimental animals of the human
disease with a single protein (or even a single epitope), greatly facilitating understanding of
the autoimmune response. Such understanding is necessary for developing novel antigen-
specific immunotherapies. For AH pathogenic autoantigens are yet to be discovered,
although several candidates have been proposed during the last eight years.

Growth hormone. In 2001, Takao and colleagues reported that a pituitary cytosolic band of
22 kDa was recognized by the serum of 11 of 15 (73%) patients with clinically suspected
hypophysitis and 7 of 9 (78%) patients with isolated ACTH deficiency, but not by healthy
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controls, Hashimoto thyroiditis, or Graves disease patients [7]. Sequencing of this band
yielded a nonapeptide fragment that corresponds to either the pituitary GH1 or the placental
GH2. When Tanaka and colleagues expressed in vitro the full-length GH1, however, they
reported a low recognition in hypophysitis (2 of 17, 12%), isolated ACTH deficiency (1 of
10, 10%), and other autoimmune diseases (2 of 31, 6%) [8].

Alpha-enolase. Crock’s laboratory reported that a 49 kDa pituitary cytosolic band was
recognized more frequently by hypophysitis sera (19 of 32) than by sera of healthy controls
(5 of 52, p< 0.0001), patients with other autoimmune diseases (13 of 62, p= 0.011), or
pituitary adenoma (4 of 20, p= 0.059) [5]. In 2002, the same laboratory identified the 49 kDa
band as alpha-enolase, an ubiquitous glycolytic enzyme. Tanaka et al. expressed in vitro the
full-length alpha-enolase to assess its clinical utility, and showed that it was recognized not
only by hypophysitis patients (7 of 17, 41%), but also by pituitary adenomas (6 of 13, 46%),
other autoimmune diseases (6 of 30, 20%), and healthy controls (2 of 46, 4%) [9].
Antibodies against alpha-enolase are now known to be present in a large variety of
infectious and autoimmune diseases, and are therefore not specific for AH.

Pituitary gland specific factors 1a and 2 transcripts were found in 2002 by Amino’s
laboratory during a gene expression profile of the human pituitary, but experimental support
for the proteins is lacking. Factor 1a, now classified as chromosome 19 open reading frame
30, was expressed in vitro and reported to be recognized only minimally by hypophysitis
sera (1 of 17, 6%), isolated ACTH deficiency (2 of 10, 20%), and other autoimmune
diseases (1 of 31, 3%) [8]. Factor 2 showed a similar low recognition in that study
population [8].

Secretogranin II. In 2007, Bensing and colleagues described a 70-yr-old man with clinically
suspected hypophysitis whose serum identified five clones in a human pituitary cDNA
expression library all corresponding to secretogranin II. The protein is highly expressed in
the pituitary but also in organs and tissues containing neuroendocrine cells. Secretogranin II
is an interesting candidate that needs to be tested in a larger number of cases and non-
affected controls.

In 2008 we described two new candidate autoantigens in the 27 kDa pituitary cytosolic
region that were recognized by hypophysitis but not by healthy control sera: chromosome 14
open reading frame 166 and chorionic somatomammotropin [12]. The first one, also known
as CGI99, is an RNA binding protein of incomplete characterization. We have tested his-
tagged human CGI99 for its recognition by AH (Figure 1, lanes 1, 4, 9, and 13), Hashimoto
thyroiditis (lanes 2 and 7), and healthy control sera (remaining lanes), and found no
specificity. Chorionic somatomammotropin is an interesting candidate (see discussion in
[12]) but awaits confirmation.

4. Pituitary antibodies
Pituitary antibodies have been measured both by non-antigen specific and antigen-specific
methods. The first methods include mainly IF, IB, and ELISA, and have been excellently
reviewed in 2006 by Crock. The second ones include currently in vitro transcription/
translation assays based on candidate pituitary autoantigens, and are summarized in Table 1.

IF does not require knowledge of the precise autoantigens. It is therefore a useful tool when
a new autoimmune disease is being characterized, although IF is poorly sensitive and
subjective in the interpretation. IF using pituitary substrates has additional challenges. In

Caturegli et al. Page 6

Autoimmun Rev. Author manuscript; available in PMC 2012 June 26.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



1975 Bottazzo and colleagues described the recognition of prolactin-secreting cells (not
prolactin itself) in patients with autoimmune endocrine diseases [31]. The authors noted that
only freshly obtained human pituitary glands provided a suitable substrate, whereas post-
mortem human pituitaries, rat, or bovine pituitary yielded low sensitivity or high
background fluorescence. The following year, the same group showed that adult human
ACTH-producing cells express Fc receptors: therefore such pituitary sections can bind
aspecifically all antibodies, not only those directed against the pituitary. Fetal ACTH cells
do not express Fc receptors but are almost impossible to obtain nowadays. The importance
of the species as the substrate for pituitary IF was emphasized by Gluck and Scherbaum in
1990. They tested a set of well-characterized sera (46 positive and 37 negative on human
fetal pituitary) on pituitary glands from six other species (fetal Macaca fascicularis, adult
baboon, pig, beef, sheep, and rat) and reported very low sensitivity and specificity. They
concluded their paper by writing that “the use of animal tissue, including non-human
primate, yields results that bear no clinical significance”. Nevertheless, commercially
available IF kits now use pituitaries from baboon or Macaca mulatta. Different substrates are
likely an explanation for the variability observed in IF-based pituitary antibody tests (Table
1).

IB to detect pituitary antibodies was first reported in 1993 by Crock and colleagues [19]. We
have recently compared IF and IB and found that IB was more sensitive (64% vs. 57%) and
specific (86% vs. 76%) than IF in predicting histologically-proven AH. These two non-
antigen specific methods, however, lack sufficient accuracy to be clinically useful. Similar
concerns pertain to ELISA assays, which have used a variety of antigenic substrates and
smaller patient subsets (Table 1).

Antigen-specific methods, such as in vitro transcription/translation or more common
immunoassays, are the way of the future and will certainly further our understanding of AH
once the pathogenic autoantigen(s) become identified.
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AH autoimmune hypophysitis

IF immunofluorescence

IB immunoblotting

ACTH corticotropin
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Take-home messages

• Autoimmune hypophysitis (AH) is an increasingly recognized disorder of the
pituitary gland that poses diagnostic challenges with the other, more common,
non-secreting masses of the sella turcica.

• AH is associated with pregnancy and with immunotherapies that block CTLA-4.

• The pathogenic pituitary autoantigen(s) remain to be elucidated, although
several candidates have been proposed.

• Current methods to detect pituitary antibodies have limited clinical value.
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