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The	pituitary-specific	transcriptional	factor-1	(PIT-1,	also	known	as	POU1F1),	is	an	essential	factor	for	mul-
tiple	hormone-secreting	cell	types.	A	genetic	defect	in	the	PIT-1	gene	results	in	congenital	growth	hormone	
(GH),	prolactin	(PRL),	and	thyroid-stimulating	hormone	(TSH)	deficiency.	Here,	we	investigated	3	cases	of	
adult-onset	combined	GH,	PRL,	and	TSH	deficiencies	and	found	that	the	endocrinological	phenotype	in	
each	was	linked	to	autoimmunity	directed	against	the	PIT-1	protein.	We	detected	anti–PIT-1	antibody	along	
with	various	autoantibodies	in	the	patients’	sera.	An	ELISA-based	screening	revealed	that	this	antibody	was	
highly	specific	to	the	disease	and	absent	in	control	subjects.	Immunohistochemical	analysis	revealed	that	
PIT-1–,	GH-,	PRL-,	and	TSH-positive	cells	were	absent	in	the	pituitary	of	patient	2,	who	also	had	a	range	of	
autoimmune	endocrinopathies.	These	clinical	manifestations	were	compatible	with	the	definition	of	autoim-
mune	polyendocrine	syndrome	(APS).	However,	the	main	manifestations	of	APS-I	—	hypoparathyroidism	
and	Candida	infection	—	were	not	observed	and	the	pituitary	abnormalities	were	obviously	different	from	the	
hypophysitis	associated	with	APS.	These	data	suggest	that	these	patients	define	a	unique	“anti–PIT-1	anti-
body	syndrome,”	related	to	APS.

Introduction
The	pituitary-specific	transcriptional	factor-1	(PIT-1,	also	known	
as	POU1F1),	plays	a	pivotal	role	in	regulating	the	expressions	of	
growth	hormone	(GH),	prolactin	(PRL),	and	thyroid-stimulating	
hormone	β (TSHβ).	PIT-1	is	essential	for	the	differentiation,	pro-
liferation,	and	maintenance	of	somatotrophs,	lactotrophs,	and	
thyrotrophs	in	the	pituitary	(1,	2).	Therefore,	congenital	abnor-
malities	in	the	PIT-1	gene	result	in	short	stature	and	combined	
pituitary	hormone	deficiency	(CPHD),	characterized	by	GH,	PRL,	
and	TSH	deficiencies	(3).	On	the	other	hand,	acquired	CPHD	is	
generally	caused	by	various	types	of	damage	to	the	hypothalam-
ic-pituitary	region,	resulting	in	impaired	hormone	secretion	in	a	
nonspecific	pattern.

Autoimmune	 polyendocrine	 syndrome	 (APS)	 is	 defined	 by	
the	occurrence	of	2	or	more	autoimmune-based	organopathies,	
including	that	of	endocrine	tissue,	and	is	generally	classified	
into	3	groups	(4).	APS-I	is	a	rare	disorder	caused	by	defects	in	
the	autoimmune	regulator	(AIRE)	gene	(5,	6).	The	more	common	
syndrome,	APS-II,	is	less	well	defined	and	includes	overlapping	
groups	of	disorders.	It	is	strongly	associated	with	polymorphic	
genes	of	the	HLA.	In	immune	dysfunction,	polyendocrinopathy,	

and	X-linked	(IPEX)	syndrome,	the	patients	harbor	mutations	
in	the	forkhead	box	P3	(Foxp3)	gene	that	lead	to	severe	autoim-
munity	and	immune	deficiency	(7).	APS	patients	produce	various	
autoantibodies	such	as	those	against	glutamic	acid	decarboxyl-
ase	(GAD),	insulin,	and	IA-2	in	type	1	diabetes	(8).	In	the	case	
of	autoimmune	hypophysitis,	several	antigens	including	GH	(9),	
α-enolase	(10),	and	tudor	domain	containing	protein-6	(TDRD6)	
(11)	have	been	proposed	as	the	candidates	for	the	generation	of	
antipituitary	antibodies.	However,	their	significance	in	the	patho-
genesis	of	hypophysitis	remains	unclear.

Here,	we	report	the	clinical	manifestations	of	3	adult	patients	
with	acquired	CPHD	exhibiting	GH,	PRL,	and	TSH	deficiencies	
and	circulating	anti–PIT-1	antibodies.

Results

Three adult patients exhibited acquired GH, PRL,  
and TSH deficiencies
Case 1.	The	proband	was	a	44-year-old	man	who	experienced	facial,	
finger,	and	arm	edema	for	2	years.	His	growth	and	pubertal	devel-
opment	were	within	normal	range,	and	he	had	2	children.	Endocri-
nological	examinations	revealed	extremely	low	levels	of	serum	TSH	
and	free	T4	(fT4),	indicating	secondary	hypothyroidism	(Table	1).	
The	basal	levels	of	serum	GH	and	PRL	were	both	undetectable.	
The	GH	response	to	insulin	hypoglycemia	was	completely	blunted.	
Furthermore,	neither	serum	TSH	nor	PRL	levels	were	increased	
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after	thyrotropin-releasing	hormone	(TRH)	administration.	The	
luteinizing	hormone	(LH)	and	follicle-stimulating	hormone	(FSH)	
responses	to	luteinizing	hormone–releasing	hormone	(LHRH)	
were	within	normal	range.	While	ACTH	response	to	insulin	hypo-
glycemia	was	exaggerated,	the	cortisol	response	was	subnormal,	
suggesting	subclinical	primary	adrenal	insufficiency	(Table	1).	
MRI	demonstrated	that	the	anterior	pituitary	was	slightly	atrophic	
(Supplemental	Figure	1A;	supplemental	material	available	online	
with	this	article;	doi:10.1172/JCI44073DS1).	Atrophic	gastritis	
was	diagnosed	by	means	of	tissue	biopsy.	He	manifested	transient	
and	mild	cerebellar	ataxia	and	taste	disturbance.

Case 2.	A	75-year-old	man	was	admitted	to	the	Jikei	University	Hos-
pital	for	glycemic	control	of	diabetes	mellitus	(DM)	(12).	Because	
he	was	anti-GAD	antibody–positive,	he	was	diagnosed	with	slowly	
progressive	IDDM	(SPIDDM)	and	thereafter	treated	with	insulin.	
Endocrinological	examinations	revealed	low	levels	of	serum	TSH	
and	fT4	(Table	1),	indicating	secondary	hypothyroidism.	The	basal	
levels	of	serum	GH	and	PRL	were	undetectable.	The	GH	response	
to	GHRH	and	of	serum	PRL	and	TSH	to	TRH	were	all	blunted,	
respectively.	The	basal	levels	of	LH	and	
FSH	and	their	responses	to	LHRH	were	
elevated,	and	serum	testosterone	level	
was	decreased,	indicating	primary	hypo-
gonadism	(Table	1).	MRI	of	the	pituitary	
demonstrated	no	abnormalities	(Supple-
mental	Figure	1B).	Unfortunately,	the	
patient	died	in	an	accident.	The	autopsy	
was	performed	with	written	informed	
consent	from	his	family.

Case 3.	A	78-year-old	man	was	admit-
ted	to	the	Kanto	Rosai	Hospital	for	an	
evaluation	of	eyelid	and	leg	edema	that	
had	persisted	for	several	years.	Endo-
crinological	examinations	revealed	low	
levels	of	serum	TSH	and	fT4,	indicating	
secondary	 hypothyroidism	 (Table	 1).	
The	basal	levels	of	serum	GH	and	PRL	
were	 undetectable.	 The	 GH	 response	
to	 the	 GHRH-plus-arginine	 test	 was	
completely	blunted.	The	TSH	and	PRL	
responses	to	TRH	administration	were	
also	blunted.	The	responses	of	ACTH	
and	 cortisol	 to	 insulin	 hypoglycemia	
were	 normal,	 and	 the	 LH	 and	 FSH	
responses	 to	 LHRH	 were	 considered	
normal	according	to	the	patient’s	age	
(Table	1).	MRI	of	the	pituitary	demon-
strated	no	abnormalities	(Supplemental	
Figure	1C).	He	manifested	transient	and	
mild	cerebellar	ataxia.

All	3	patients	 in	 this	study	showed	
common	endocrinological	 character-
istics	of	combined	GH,	PRL,	and	TSH	
deficiency	(Table	1),	which	we	suspect-
ed	would	be	related	to	PIT-1.	However,	
clinical	features	such	as	normal	height	
and	 adult-onset	 symptoms	 were	 not	
compatible	 with	 those	 of	 congenital	
CPHD	resulting	from	abnormalities	in	
the	PIT-1	gene.	As	expected,	we	failed	to	

detect	any	mutations	in	the	PIT-1,	PROP1,	and	HesX1	genes,	which	
are	reportedly	related	to	these	hormone	deficits,	in	these	patients.	
We	further	investigated	the	possible	presence	of	an	inhibitor	of	
PIT-1–expressing	cells	in	the	sera.	However,	the	patients’	sera	
failed	to	affect	cell	proliferation	and	PIT-1	transcriptional	activ-
ity	in	GH3	cells	(data	not	shown).

Specific anti–PIT-1 antibody was detected in the sera of these 
patients
Next,	we	investigated	whether	autoantibodies	against	the	pitu-
itary	gland	were	present	in	the	patients’	sera.	To	this	purpose,	we	
screened	the	patients’	sera	for	the	presence	of	antibodies	against	
mouse	tissue	extracts.	Several	nonspecific	protein	bands	were	
detected	in	the	sera	when	this	was	used	as	a	primary	antibody	
at	 a	 dilution	 of	 1:500	 (Supplemental	 Figure	 2,	 A–D).	 How-
ever,	further	dilution	of	the	sera	allowed	specific	detection	of	
an	antigen	in	the	extracts	of	the	mouse	pituitary	and	of	GH3	
cells	that	was	not	detected	when	the	control	serum	was	used		
(Figure	1,	A–D).	The	molecular	weight	of	this	protein	was	approx-

Table �
Endocrinological findings and clinical characteristics of the patients

	 Case	1	 Case	2	 Case	3
	 (normal	range)	 (normal	range)	 (normal	range)
Sex M M M
Age (yr) 44 75 78
Height (cm) 171 173 165
Height SD score 0.17 0.50 –0.83
fT3 (pg/ml) 1.1 1.0 1.2 (2.4–4.3)
fT4 (ng/dl) 0.29 0.28 0.1 (0.9–1.8)
IGF-I (ng/ml) 31 (92–255) 18 (46–172) 27 (52–185)
Total testosterone (ng/ml) 4.8 (3.0–9.0) ND 4.3 (3.0–9.0)
Free testosterone (pg/ml) ND 7.3 (14–40) ND
Basal GH (ng/ml) < 0.2 < 0.05 < 0.03
Peak GH (ng/ml) <0.2 < 0.05 < 0.03
Basal PRL (ng/ml) < 0.3 < 0.05 < 0.6
Peak PRL (ng/ml) < 0.3 < 0.05 < 0.6
Basal TSH (μIU/ml) 0.032 0.32 0.029
Peak TSH (μIU/ml) 0.037 0.42 0.032
Basal ACTH (pg/ml) 35.2 9.0 28.7
Peak ACTH (pg/ml) 162.0 55.7 79.5
Basal LH (IU/ml) 2.4 12.0 4.9
Peak LH (IU/ml) 9.8 37.0 17.3
Basal FSH (IU/ml) 5.3 79 17.3
Peak FSH (IU/ml) 11.0 110 24.2
Basal cortisol (μg/dl) 2.7 12.5 17.3
Peak cortisol (μg/dl) 17.8 19.1 38.2
Pituitary MRI Atrophic~normal Normal Normal
α-Microsome Ab + + –
α-Thyroglobulin Ab + – –
α-TPO Ab – – +
α-GAD Ab – + –
α-Pituitary Ab – – ND
α–Parietal cell Ab + + –
α-Nuclear Ab – – –
α-DNA Ab – – –
Alopecia + – +
Atrophic gastritis + – ND
Cerebellar ataxia + – +
HLA A24-B61-DR9-DQ9 A2-B54(22) B35- (A*02, A*11), (B*46), 
  Cw1Cw3-DR2DR8 DRB1*08, DRB1*11)
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Figure �
Immunoblotting analysis of mouse tissues and cell lysates. The patients’ serum was used as a primary antibody (1:1000) to detect the 
autoantibody. (A–C) The patients’ sera specifically recognized a 33-kDa protein in the lysates from the pituitary and GH3 cells (arrow). (B) 
The serum of patient 2 recognizes a 150-kDa protein in the pancreas (arrowhead), but the size of this protein does not correspond to that 
of insulin (58 kDa) or GAD (65 kDa). (C) The serum of patient 3 recognized approximately 45 kDa protein as a nonspecific band in addition 
to the 33-kDa protein PIT-1. (D) Representative results of the healthy control subjects are shown. Neither the sera of 10 healthy control 
subjects nor those of 8 patients with pituitary adenoma and 6 patients with hypophysitis recognized the 33-kDa protein. (E) The patients’ 
sera detected the 33-kDa protein in the lysate from human pituitary. (F) The patients’ sera detected the PIT-1 protein in the lysates from 
GH3, hPIT-1–expressing Cos7, and 293T cells (arrows).
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imately	33	kDa	(Figure	1,	A–C).	We	also	detected	a	band	of	the	
same	molecular	weight	in	the	lysates	from	the	human	pituitary		
(Figure	1E).	Because	the	molecular	weight	of	PIT-1	is	33	kDa,	
we	speculated	that	 this	antigen	might	be	PIT-1.	 Indeed,	 the		
33-kDa	band	was	specifically	detected	in	the	lysates	from	the	
cells	or	tissues	that	express	PIT-1	protein,	such	as	the	rat	anterior	
pituitary	(Figure	1F	and	Supplemental	Figure	3A).	The	patient’s	
serum	detected	both	Pit,	Oct,	and	Unc	(POU)	and	the	transac-
tivation	(TA)	domain	of	PIT-1	(Supplemental	Figure	3B),	sug-
gesting	that	the	epitopes	are	widely	distributed	over	the	PIT-1		
molecule.	The	intensity	of	the	band	corresponding	to	PIT-1	was	
substantially	diminished	when	the	sera	were	preincubated	with	
recombinant	human	PIT-1	protein,	indicating	the	specificity	

of	the	antibodies	to	PIT-1	(Supplemental	Figure	3C).	Human	
anterior	pituitary	cells	from	normal	subjects	were	detected	by	
immunohistochemistry	with	the	patients’	sera	as	primary	anti-
body	as	well	as	with	the	anti–PIT-1	antibody	(Figure	2A).	We	fur-
ther	found	that	the	anti–PIT-1	antibody	is	of	IgG	isotype	(Sup-
plemental	Figure	3D),	specifically	IgG1	and	IgG3	(Figure	2B).		
To	confirm	the	specificity	of	the	antibody	for	this	syndrome,	we	
established	an	anti–PIT-1	antibody–specific	ELISA.	As	shown	in	
Figure	3	and	Supplemental	Figure	3E,	we	failed	to	detect	anti–
PIT-1	antibodies	in	the	sera	of	control	subjects	or	the	patients	
with	pituitary	tumor,	hypophysitis,	type	1	diabetes,	autoim-
mune	thyroiditis,	APS-II,	or	autoimmune	diseases	such	as	SLE	
and	RA	(Figure	3).

Figure �
Patients’ sera detected natural form of PIT-1 by immunohistochemistry, and the antibodies were of IgG1 and IgG3 subtypes. (A) 
Immunohistochemical analysis revealed that patients’ sera, as well as anti–PIT-1 antibody, recognize human anterior pituitary cells in the 
normal pituitary tissue. Original magnification, ×600. Preabsorption of the sera with rhPIT-1 substantially reduced the signal, indicating the 
specificity for PIT-1. (B) The anti–PIT-1 antibody belongs to the IgG1 and IgG3 fractions in case 1 and to the IgG1 fraction in cases 2 and 3 (B 
and Supplemental Figure 3E).
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PIT-1–, GH-, PRL-, and TSH-positive cells were absent  
in the pituitary
We	performed	histological	and	immunohistochemical	analyses	
of	the	autopsy	specimens	from	patient	2.	Histological	analysis	of	
the	pituitary	demonstrated	that	the	number	of	adenohypophy-
seal	cells	was	markedly	reduced	and	that	fibrosis	was	accompa-
nied	by	moderate	stromal	infiltration	of	lymphocytes	and	plasma	
cells	(Figure	4A).	Immunohistochemical	analysis	revealed	that	the	
number	of	PIT-1–	(Figure	4B),	GH-,	PRL-,	and	TSH-positive	cells	
was	markedly	reduced	despite	the	obvious	presence	of	ACTH-,	LH-,		
and	FSH-positive	cells	(Figure	4C).	In	the	stomach,	atrophy	of	the	
villi,	inflammatory	infiltrate,	and	fewer	parietal	cells	were	observed	
(Figure	4D).	In	the	pancreas,	the	exocrine	tissues	were	atrophic	
and	the	number	of	islets	was	markedly	reduced	with	lymphocyt-
ic	infiltrations	(Figure	4E	and	Supplemental	Figure	4,	A	and	B).	
In	the	adrenal	glands,	liver,	and	thyroid,	disruption	of	the	tissue	
structure	and	marked	infiltration	of	lymphocytes	and	plasma	cells	
were	observed	(Figure	4,	F–H).

Discussion
Here,	we	report	3	adult	patients	with	CPHD	characterized	by	spe-
cific	GH,	PRL,	and	TSH	deficiencies	and	circulating	anti–PIT-1	
antibodies.	The	normal	growth	and	development	of	the	patients	
strongly	suggest	that	the	condition	was	acquired	because	con-
genital	GH	or	TSH	deficiency	results	in	severe	growth	retarda-
tion	and	developmental	disabilities	unless	treated.	Many	differ-
ent	mutations	of	the	PIT-1	gene	have	been	found	in	families	with	
complete	GH	and	PRL	deficiencies	and	variable	defects	in	TSH	
secretion	(2,	13,	14),	in	which	the	profile	of	hormonal	impair-
ment	was	similar	to	that	of	these	patients.	In	animal	models,	
both	Snell	(dw/dw)	and	Jackson	(dw/dwJ)	dwarf	mice	show	GH,	
PRL,	and	TSH	deficiencies	caused	by	abnormalities	in	the	Pit-1		
gene	 (15).	 Histological	 analysis	 of	 these	 mice	 revealed	 total	
absence	of	somatotrophs,	 lactotrophs,	and	thyrotrophs	(16),	
similar	to	what	was	observed	in	case	2.	Taken	together,	these	

results	strongly	suggest	the	presence	of	acquired	functional	and	
structural	impairment	of	PIT-1–expressing	cells	in	our	patients.	
We	also	suggest	that	the	anti–PIT-1	antibody	might	be	closely	
related	to	the	occurrence	of	this	acquired	CPHD,	not	only	as	a	
marker,	but	also	as	a	causal	factor.

We	 found	 that	 anti–PIT-1	 antibodies	 were	 present	 in	 these	
patients’	sera	but	not	in	the	sera	of	control	subjects	or	patients	
with	various	other	diseases,	indicating	that	the	anti–PIT-1	anti-
body	is	highly	specific	to	the	disease.	We	could	not	detect	any	
autoantibodies	previously	reported	in	common	hypophysitis,	such	
as	anti-GH,	anti–α-enolase,	or	anti-TDRD6	antibodies,	by	immu-
noblotting	(Figure	1,	A–D).	Further,	we	did	not	detect	any	obvious	
pituitary	abnormalities	by	MRI,	such	as	an	enlargement	that	is	fre-
quently	observed	in	hypophysitis,	indicating	the	difference	from	
common	hypophysitis.	These	findings	indicate	that	the	clinical	
and	pathophysiological	features	of	our	patients	are	distinct	from	
those	of	common	hypophysitis	observed	in	APS.

Histological	analysis	of	tissues	from	patient	2	revealed	various	
autoimmune	endocrinopathies	including	insulitis,	thyroiditis,	
and	adrenalitis.	The	endocrinological	findings	in	case	1	suggest	
the	presence	of	subclinical	primary	adrenal	insufficiency.	In	case	2,		
primary	hypogonadism	was	observed	and	autoimmune	adre-
nalitis	was	confirmed	histologically.	Autoimmune	gastritis	with	
disappearance	of	parietal	cells	was	observed	in	cases	1	and	2.		
Various	autoantibodies,	such	as	those	against	microsomes,	thy-
roglobulins,	thyroid	peroxidase	(TPO),	GAD,	and	parietal	cells	
were	detected	(Table	1).	Alopecia	and	cerebellar	ataxia	were	also	
observed	in	these	patients	(Table	1).	These	results	indicate	that	
this	syndrome	is	compatible	with	the	definition	of	APS	(8).	In	
APS-I,	 mucocutaneous	 candidiasis	 and	 hypoparathyroidism	
are	often	observed	early	in	development	(17).	In	this	aspect,	our	
patients	exhibited	neither	Candida	infection	nor	abnormalities	in	
the	levels	of	serum	calcium	and	PTH	(data	not	shown),	indicating	
that	their	conditions	were	obviously	distinct	from	APS-I.	APS-II	
has	been	reportedly	associated	with	specific	HLA	haplotypes.	The	
HLA	haplotype	of	our	patients	was	not	the	typical	haplotype	asso-
ciated	with	APS-II	(8).	Rather,	A24	and	DR9	were	detected	in	case	1		
and	B54	in	case	2.	Notably,	DR4,	DR9	(18),	A24,	and	B54	(19)	
have	been	found	to	be	associated	with	type	1	diabetes	in	Japanese	
populations.	However,	we	could	not	find	common	HLA	haplo-
types	among	these	patients.

Mechanistically,	it	is	unlikely	that	PIT-1	protein	is	a	direct	target	
for	the	anti–PIT-1	antibodies	because	PIT-1	is	a	nuclear	protein.	
One	possibility	is	that	immune	intolerance	to	PIT-1	occurred	by	
a	still	unknown	reason,	thereby	provoking	the	attack	of	PIT-1–
expressing	cells	by	cytotoxic	T	cells	through	recognition	of	PIT-1	
epitopes	exposed	with	MHC	(HLA)	antigen	on	the	cell	surface.	
As	a	result,	anti–PIT-1	antibodies	would	be	produced.	In	terms	
of	abnormal	T	cell	function,	lymphocytic	infiltration	of	the	pitu-
itary,	thyroid,	adrenal	gland,	liver,	and	pancreas	was	observed.	
Similar	mechanisms	are	speculated	to	explain	the	pathogenesis	
of	type	1	diabetes	(20).	We	have	attempted	to	detect	PIT-1–reac-
tive	T	cells	using	an	ELISPOT	assay.	Unfortunately,	we	have	not	
been	able	to	detect	these	cells	so	far	(our	unpublished	observa-
tions),	and	this	might	be	due	to	a	lack	of	copresentation	with	the	
specific	MHC	antigen.	Alternatively,	it	is	interesting	to	note	that	
the	anti–PIT-1	antibody	is	of	the	IgG1	and	IgG3	isotypes,	which	
generally	possess	antigen-dependent	cell-mediated	cellular	toxic-
ity	(ADCC).	It	is	speculated	that	the	mechanisms	of	ADCC	may	
be	related	to	the	etiology.

Figure �
An anti–PIT-1 antibody–specific ELISA demonstrated that the anti–
PIT-1 antibody is highly specific to these patients. This antibody was 
not detected in control subjects or patients with other endocrine and 
autoimmune diseases, including APS-II.
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In	conclusion,	this	is	the	first	report,	to	our	knowledge,	of	
adult	CPHD	characterized	by	specific	GH,	PRL,	and	TSH	defi-
ciencies	and	circulating	anti–PIT-1	antibodies.	Although	further	
analysis	is	required	to	elucidate	the	mechanisms,	we	propose	
that	this	is	a	novel	APS-related	syndrome	and	have	named	it	
“anti–PIT-1	antibody	syndrome.”

Methods
Patients.	The	patients	provided	written,	informed	consent	for	the	genetic,	
functional,	and	immunological	analysis.	All	human	and	animal	experi-
ments	were	approved	by	the	ethics	committee	of	the	Kobe	University	
Graduate	School	of	Medicine.

Hormonal assays.	An	immunofluorometric	assay	was	used	to	measure	GH,	
PRL,	TSH,	ACTH,	cortisol,	fT3,	and	fT4

DNA sequencing and analysis.	Genomic	DNA	was	prepared	from	blood	
leukocytes	with	a	commercially	available	kit	(Amersham).	PCR	was	used	
to	generate	the	products	spanning	exons	and	flanking	intronic	sequenc-
es	of	the	PIT-1,	PROP1,	and	HesX1	genes.	DNA	sequences	were	analyzed	
by	direct	sequencing.

Cell culture and cell proliferation assay.	Cos7	cells	and	293T	cells	were	
obtained	from	Riken.	AtT20	cells	and	GH3	cells	were	obtained	from	
ATCC	and	maintained	as	previously	described	(1).	MtT/s	cells	were	a	gift	
from	K.	Inoue	(Saitama	University,	Saitama,	Japan).	These	cells	were	cul-
tured	in	DMEM	containing	10%	fetal	calf	serum.	The	sera	of	the	patients	

Figure �
Histological analysis revealed the defect in PIT-1–positive cells and multiple endocrine organopathy. (A) Microscopic analysis of H&E-
stained sections of the pituitary tissue from patient 2. The number of adenohypophyseal cells is markedly reduced. The reduction is 
accompanied by infiltration of lymphocytes and plasma cells (left panel) and mild fibrosis in the stromal tissue (right panel: Azan staining). 
(B) Immunohistochemical analysis using an anti–PIT-1 antibody. In contrast to the normal pituitary or pituitary adenoma, no PIT-1–positive 
cells are observed in the pituitary in the case of patient 2. (C) Immunohistochemistry of the pituitary in the case of patient 2. GH-, PRL-, and 
TSH-positive cells are absent, despite the presence of ACTH-, LH-, and FSH-positive cells. (D) Histological analysis of the gastric mucosa 
from control and patients 1 and 2. In contrast to the control, no parietal cells were detected in patients 1 and 2. gpt, gastric pit; ggd, gastric 
glands; fnd, fundic glands; pc, parietal cells; cc, chief cells. Histological analysis of tissue of the pancreas (E), adrenal gland (F), liver (G), 
and thyroid (H) from patient 2 revealed inflammatory infiltration and disrupted tissue structure. Original magnification, ×100 (A, C); ×400 
(B); ×200 (D); ×100 (E–H).
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or	control	subjects	were	added	to	the	culture	media	at	the	concentrations	
of	1%,	5%,	and	10%,	and	the	cell	proliferation	was	evaluated	by	using	the	
MTS	assay	(Promega	Japan)	after	3	days.	For	PIT-1	overexpression,	TOPO	
pcDNA3.1	containing	the	human	PIT-1	gene	was	transfected	into	Cos7	or	
293T	cells	by	using	FuGENE	(Roche).

PIT-1 gene reporter assay.	The	PIT-1	gene	reporter	assay	was	performed	as	
previously	described	(21).	Briefly,	a	reporter	gene	containing	7	copies	of	the	
PIT-1–binding	sites	from	the	rat	PRL	5′	flanking	region	in	a	pGL3	basic	
vector	(Promega)	and	CMV–hPIT-1	were	transfected	into	COS7	cells.	An	
empty	vector	and	a	vector	containing	the	CRE-luc	reporter	gene	were	used	
as	controls.	After	transfection	with	Fugene	(Roche),	the	patients’	or	control	
sera	were	added	at	concentrations	of	1%,	5%,	and	10%	and	the	luciferase	
assay	was	performed	(Promega).

Immunoblotting analysis.	 Immunoblotting	 analysis	 was	 performed	
as	 previously	 described	 (22).	 The	 tissues	 were	 obtained	 from	 8-	 to		
12-week-old	C57BL/6	mice	or	8-week-old	SD	rats.	Human	pituitary	was	
obtained	from	Biochain.	Protein	(20	μg)	was	loaded	per	lane.	For	the	
immunoblotting	analysis,	patients’	or	control	sera	were	used	as	primary	
antibody	at	dilutions	of	1:200,	1:500,	1:1000,	and	1:2000.	HRP-conju-
gated	goat	anti-human	IgG+A+M	(H+L)	(Zymed)	was	used	as	secondary	
antibody.	The	results	with	1:500	are	shown	in	Supplemental	Figure	2,	
A–D.	The	IgG	fraction	was	purified	from	serum	by	using	the	Melon	Gel	
IgG	Spin	Purification	Kit	(Pierce).	HRP-conjugated	mouse	anti-human	
IgG1-4–specific	antibodies	(Zymed)	were	used	to	detect	IgG	subtypes.	
For	the	PIT-1	absorption	test,	prior	to	use	for	immunoblotting,	each	
serum	sample	was	incubated	on	a	96-well	plate	coated	with	or	without	
100	μg/ml	of	rhPIT-1	in	PBS	overnight	at	4°C.	Immunoblotting	was	
then	performed	as	described	above.

Immunohistochemistry.	The	tissues	were	fixed	in	10%	buffered	formalde-
hyde,	dehydrated	in	graded	ethanol,	and	embedded	in	paraffin.	Microsec-
tions	were	stained	with	H&E.	For	immunohistochemical	analysis,	4	μm		
paraffin-embedded	tissue	sections	of	autopsy	tissues	from	patient	2	and	
samples	 from	control	and	pituitary	adenoma	were	used.	The	 labeled	
streptavidin	biotin	(LSAB)	method	(DAKO)	was	used	for	detection.	The	
following	antibodies	were	used:	anti–PIT-1	(1:100;	sc-442;	Santa	Cruz	
Biotechnology	Inc.),	anti-GH	(1:800;	Dakopatts),	anti-ACTH	(1:1600;	
Dakopatts),	anti-PRL	(1:1000;	Immunotech),	anti–β	subunit	of	LH	(1:1000;		

Immunotech),	anti-FSH	(1:1000;	Immunotech),	anti-TSH	(1:100;	Chemi-
con),	anti-CD20	(1:250;	clone	L26;	DAKO),	anti-CD3	(1:30;	clone	PS1;	
Novocastra),	anti-CD4	(1:20,	clone	1F6;	Novocastra),	and	anti-CD8	(1:50,	
clone	C8/144B;	DAKO).	For	detection	of	PIT-1,	the	antigen	was	retrieved	
by	autoclaving	the	sections	in	citric	acid	buffer.

Patients whose samples were used for ELISA.	The	diagnoses	of	pituitary	
tumors	and	hypophysitis	were	confirmed	by	pathological	analysis	using	
tissue	samples	obtained	during	surgery.	APS-II	was	diagnosed	according	
to	the	criteria	described	previously	(8).	The	diagnoses	and	detailed	charac-
teristics	of	each	patient	are	described	in	Supplemental	Table	1.

ELISA for quantification of anti–PIT-1 antibody.	Ninety-six–well	microtiter	
plates	(Nunc-Immuno	Plate;	Nalge	Nunc	International)	were	coated	with	
10	μg/ml	of	recombinant	human	PIT-1	protein	(Santa	Cruz	Biotechnol-
ogy	Inc.).	Serum	was	diluted	1:100	with	PBS,	added	to	the	plate,	and	incu-
bated	for	1	hour.	The	binding	of	anti–PIT-1	antibody	was	detected	by	using	
HRP-conjugated	goat	anti-human	IgG+A+M	(H+L)	and	the	ELISA	POD	
substrate	kit	(Nakarai	tesk).
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Supplemental Figure Legends 
 
Supplemental Figure 1 
Frontal (left) and sagittal (right) sections of pituitary MRI (T1WI) scans of case 1 (A), 
case 2 (B), and case 3 (C) (4X).  In case1, the pituitary was slightly atrophic.  
However, no major abnormalities were observed in the pituitary of these patients.  
Arrows indicate the pituitary gland. 
 
Supplemental Figure 2 
The patients’ sera were used as a primary antibody (1:500).  As in Figure 1A-C, the 
bands corresponding to PIT-1 are indicated with an arrow.  In contrast, no band 
corresponding to PIT-1 was observed in the control in Figure 2D.  The molecular 
weight of GH, α-enolase, Tg, TPO, GAD, insulin, and 21OHase is 22kD, 47kD, 
300kD, 12kD, 65kD, 58kD, and 50kD, respectively.  Bands of such molecular weight 
were not detected. 
 
Supplemental Figure 3 
(A) A 33-kD-band was specifically detected in the lysates from hPIT1-transfected Cos7 
cells, GH3 cells and MtT/s cells as well as in extracts of the rat anterior pituitary.  This 
band was not detected in the cell lysates from 293T cells, Cos7 cells transfected with 
the empty vector and AtT20 cells, cells of a corticotroph cell line, or in extracts of the 
rat posterior pituitary (upper panel).  Immunoblotting using an anti-PIT-1 monoclonal 
antibody revealed an identical pattern to that observed when the patient 1’s serum 
(middle panel).  Representative results of healthy control subject are shown (lower 
panel).  Neither the sera of 10 healthy control subjects, nor those of 8 patients with 
pituitary adenoma (3 non-functioning tumor, 3 acromegaly, and 2 prolactinoma) and 6 
patients with hypophysitis recognized the PIT-1 protein on immunoblotting.   (B) We 
produced recombinant proteins corresponding to the full length, the POU domain and 
the transactivation (TA) domain of human PIT-1 in Echerichia coli.  The patient’s 
serum detected these domains, suggesting that the epitopes are widely distributed over 
the PIT-1 molecule.  (C) An antigen absorption test using recombinant human PIT-1 
(rhPIT-1).  When the patients’ sera were pre-incubated with rhPIT-1, the signal 
intensity of the band corresponding to PIT-1 was substantially diminished.  The 
patients’ sera did not recognize other transcriptional factors such as PROP1, 
glucocorticoid receptors and estrogen receptors (data not shown).  (D) The IgG 
fraction was purified from the patients’ sera and used as a primary antibody.  The 



 2 

anti-PIT1 antibody is of the IgG isotype.  (E) Anti-PIT1 antibody-specific ELISA.  In 
contrast to the patients’ sera (patients 1-3), the sera from patients with hypophysitis, 
pituitary adenoma, APS-II, and control subjects did not show a presence of anti-PIT-1 
antibody.  H; Hypophysitis, P; Pitutary adenoma, C; Craniopharyngioma, S; Sheehan 
syndrome, E; Empty sella syndrome, I; Isolated ACTH deficiency, D; type 1 diabetes, 
T; Autoimmune thyroid disease, A; APS-II, Ad; Addison’s disease, In; insulin antibody 
syndrome, C; Control subjects, and B; blank. 
 
Supplemental Figure 4 
(A) Azan staining of the pancreas from patient 2 reveals enhanced fibrosis.  (B) 
Immunohistochemical analysis using lymphocyte surface markers reveals infiltrations 
of B cells (CD20+), T cells (CD3+), helper T cells (CD4+), and cytotoxic T cells (CD8+) 
in the pancreas. 
 



Supplemental Table 1 

 M F Total 

Hypophysitis 2 5 7 

Pituitary tumor 

Acromegaly 

                                Prolactinoma 

                                TSH producing tumor 

                                Cushing disease 

                                NFPA 

                                Craniopharyngioma 

7 

2 

2 

2 

0 

0 

1 

9 

5 

0 

0 

1 

1 

2 

16 

Sheehan syndrome 0 1 1 

Empty sella 2 0 2 

Isolated ACTH deficiency 1 0 1 

Type1 diabetes 1 4 5 

Autoimmune thyroid disease 

                                Basedow’s disease 

                                Hashimoto’s thyroiditis 

1 

1 

0 

4 

3 

1 

5 

Addison’s disease 1 0 1 

Anti-insulin antibody syndrome 1 0 1 

APS-II 

                                Type1 diabetes+primary hypogonadism 

                                Type1 diabetes+ Hashimoto’s thyroiditis 

                                Type1 diabetes+ hypophysitis 

                                Hypophysitis+pustulosis palmaris et plantaris 

                                Hashimoto’s thyroiditis+autoimmune pancreatitis 

                                Hashimoto’s thyroiditis+SLE 

2 

1 

0 

0 

0 

1 

0 

4 

0 

1 

1 

1 

0 

1 

6 

Systemic lupus erythematosus 0 13 13 

Rheumatoid Arthritis 2 13 15 

Sjögren syndrome 0 3 3 

Systemic sclerosis 1 2 3 

Dermatomyositis  1 2 3 

Polymyositis  2 2 4 

Control subject  96 94 190 
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