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Abstract Ultrastructurally, the antigenicity of major pi- .
tuitary hormones in secretory granules was quantitativijroduction

investigated in five growth hormone (GH)-secreting ade- .

nomas, five prolactin (PRL)-secreting adenomas and eigh€ Sizé and number of secretory granules of normal or
clinically non-functioning (CN-F) adenomas. Sparse@)eopla:stlc pituitary cells have.been considered to be mor-
granulated cells with a few or several small secretd??omg'ca”y specific for certain hormones. Hormonality
granules (60—100 nm) exhibiting little or only weak ant} secretory granu_les is believed to be determined at the
genicity of various biochemically unrelated hormones wetige of differentiation from progenitor cells to hormone
commonly observed in CN-F adenomas and occasion@fFreting cells through stem cells [10-14, 17, 18, 26, 29,
in GH- and PRL-secreting adenomas. GH- or PRL-secret—33, 35]. Recent immunological and gene technology
ing adenomas consisted of many densely granulated C%q]gbl_es us to detect multihormonality of different cell
with medium-sized (200-250 nm) or large (over 250 nifj€s in the same secretory granules [S, 15, 21, 29]. The
secretory granules and a few or several sparsely granul cell theory has difficulty in explaining the multihor-
cells with small secretory granules. The densely graf}onal character. Recently, it has been proposed [5, 21, 29,
lated cells showed intense GH or PRL antigenicity ar@) that pituitary adenomas secreting multiple biochemi-
slight to moderate antigenicity for other hormones in lar§g!ly unrelated hormones may arise directly from multidi-
secretory granules and little or only weak antigenicity fggctional progenitor cells or stem cells. These new inter-
various hormones including GH or PRL in small secretopj€tations appear complicated and somewhat sophistical.
granules. Their secretory granules larger than 160 nmJ&ing immunoelectron microscopy, this study quantita-
140 nm significantly exhibited intense GH or PRL antflvely demonstrates hormonal antigenicity in secretory
genicity (Fisher’s exact test; P < 0.05 and < 0.01, resp8E&nules of pituitary adenomas and discusses the cytolog-
tively). Two CN-F adenomas showed sparsely and dend§§/ Significance of the antigenicity.

granulated cells as well as intermediate cells. The densely

granulated cells closely resembled GH-secreting cefts:

The intermediate cells simultaneously included small aMaterials and methods

medl.um SIZed. or large secre.tory_g'ranules exhlbltlng “.IIhis study is based on 5 growth hormome (GH)-secreting adeno-
tle/slight and intense GH-antigenicity, respectively. Thigas (cases 1-5), 5 prolactin (PRL)-secreting adenomas (cases 6-10)
study indicates that sparsely granulated cells of differemt 8 clinically non-functioning (CN-F) adenomas (cases 11—18)
categories showing slight antigenicity for various hoebtained at surgery. Preoperative serum hormonal levels of these
mones, antigenically share the same origin, and that tfipases, as determined by radioimmunoassay, are shown in Table 1.

. . . : ccording to Karnovsky’ s method [16], tumor tissues were fixed
hormonality, single or multiple, may be selectively aclfyy, haraformaldehyde-glutaraldehyde for 2 h at room temperature

vated in the developmental course of secretory granuleégd post-fixed with osmium-tetroxide for 2 h at 4°C. After dehy-
dration in a series of graded ethanols and propylene oxide, the
Key words Pituitary adenomas - Hormonal fixed materials \(/jvere Iemtk)](_edded in Epon 812. _Fo(r:| ropﬂne elecl:tron
: PR : microscopic study, ultrathin sections were stained with uranyl ac-
antigenicity - Immunoelectron microscopy etate and lead citrate, and their ultrastructures were observed in a
Japan Electron Optics Laboratory (JEOL) 100 CX microscope.
For immunoelectron microscopy using the protein A-gold
method of Bendayan and Zollinger [4], ultrathin sections were in-
H. Kamitani &) - H. Masuzawa - |I. Kanazawa - T. Kubo cubated overnight with the primary antibody diluted 1:500 at 4 °C.
Department of Neurosurgery, Kanto Teishin Hospital, The rabbit polyclonal antibody to human GH, PRL and major gly-
5-9-22, Higashi-gotanda, Shinagawa-ku, Tokyo 141, Japan  coprotein hormones (LH, luteinizing hormone; FSH follicle stimu-
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Table 1 Serum hormonal levels of patients with pituitary adenat room temperature for 1 h. The specificity of the immunostaining
mas Normal ranges of pituitary hormones: GH, 0-5 ng/ml; PRkas tested by substituting normal rabbit serum for antisera, ab-
0-25 ng/ml; TSH, 0-10 mU/ml; LH, 6.5-34.5 (M)/3.0-44.5 (F3orbing each antiserum with its corresponding antigen or omitting
mlU/ml; FSH, 2.0-22.0 (M)/3.5-37.7 (F) mlU/ml; ACTH,one component of the reaction. After immunolabeling, the sections
9.6-31.2 (M)/5.7-19.9 (F) pg/mGH growth hormonesPRLpro- were also subjected to staining with uranyl acetate and lead citrate.
lactin, ACTH adrenocorticotropic hormonéH luteinizing hor- This single immunolabeling method identified the number of gold-
mone,FSHfollicle-stimulating hormoneT SHthyroid-stimulating immunolabeling particles in secretory granules, showing the inten-
hormoneNE not examined) sity of hormonal antigenicity. In each case, secretory granules
measuring from 60 to 350 nm were divided according to size into
Case Age GH PRL ACTH LH FSH  TSH 10-nm subgroups. The number of investigated secretory granules

(years), ranged from 118 to 248 for GH, from 69 to 170 for PRL, from 59
sex to 122 for ACTH and from 39 to 123 for glycoprotein hormones.
Average values (= SD) for gold immunolabeling particles to indi-
1 40,M 239 84.4 13 6.6 7.9 1.6 vidual hormones in the size subdivisions of secretory granules are
2 50, F 28.5 16.4 54 82.3 615 1.2 shown in Figs.2-5. Correlation between sizes of secretory gran-
3 38, M 57.2 15.0 31 5.0 11.8 3.4 ules and antigenic intensity of GH and PRL was statistically ana-
4 41,F  96.0 26 16 128 9.8 2.5 lyzed. We also discuss the significance of multihormonality in pi-
5 45M 83 11.4 530 37 82 05 WUtaryadenomas,
6 45, F 1.2 16750 <10 4.3 2.0 1.6
7 56, M 0.9 25100 25 6.4 9.9 25
8 35M 08 1052 14 114 111 3.1 Results
9 47,M 1.7 3640 37 195 52 3.7
10 25, F 1.9 1120 <10 4.8 219 2.1 Moderately elevated serum ACTH levels were observed
11 40, M 1.6 51 <10 11.4 8.3 2.9 in patients with GH-secreting (case 2), PRL-secreting
12 51, M 0.6 136 <10 10.4 11.8 2.2 (case 9) and CN-F (cases 15 and 18) adenomas. Patients
13 34,F 0.5 53.0 NE 6.5 12.0 3.8 with GH-secreting (case 1) and CN-F (cases 13, 14, 16
14 66,F 0.6 945 <10 7.2 144 6.6 and 17) adenomas showed moderately elevated levels of
15 56,F 0.7 86 51 546 67.2 4.7 PRL, which appeared to result from suppression of the
16 53,F 0.5 70.0 23 112 29.6 4.5 hypothalamic prolactin inhibitory factor or actual secre-
17  40,F 0.3 449 <10 76 16.3 0.4 tion by the tumors themselves. In cases 2 and 15, the ele-
18 57,F 0.5 200 76 0.5 0.8 5.0 vated LH and FSH levels were regarded as a matter of

course in postmenopausal females (Table 1).
Immunoelectron microscopy in this study generally
Kyoto, Japan), and the mouse monoclonal antibody to hunsmowed a few immunolabeling particles outside secretory
adrenocorticotropic hormone (ACTH; Biostride, Calif.) were enyyranules. The particles in the Golgi apparatus, rough en-

ployed for the primary antibody. After adequate washing wi ; ; ; ; _
phosphate-buffered saline, the sections were incubated with Plasmlc reticulum and mitochondria appeared to be re

anti-rabbit or anti-mouse 1gG F(abffagment-specific-gold parti- 1ated to hormone synthesis. In contrast, particles unrelated
cles (5 or 15 nm; E-Y Laboratory, San Meteo, Calif.) diluted 1:20 such organelles were extremely rare.

Fig.1 Weak hormonality
(arrowheads)n small secre-
tory granules of sparsely or
slightly granulated cellA

PRL antigenicity in a clinically
non-functioning adenoma (case
12).B ACTH antigenicity in a
GH-secreting adenoma (case 2)
(PRLprolactin, ACTHadreno-
corticotropic hormoneGH
growth hormone).

A, B x 48,000
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—+— Case 8 . PRL-secreting —O— Case 1 : GH-secreting
—— Case 1 : GH-secreting —O— Case 11 I CN-F —=A— Case 9 : PRL-secreting —@®— Case 16 : CN-P
—4A— Case 9 . PRL-secreting —@— Case 12 ! CN-F (control)

{control)
Fig.3 PRL immunolabeling. Only a few or rare PRL immunola-

Fig.2 GH immunolabeling. Small secretory granules of less thbeling particles are demonstrated in small secretory granules of
160 nm in various cases show only a few or rare GH immunovarious cases. Cases 8 and 9 exhibit a significant increase of the
beling particles. A significant increase in the number of the paiparticles in secretory granules larger than 140 R Q.01). Case
cles is demonstrated in secretory granules larger than 180 nni also shows a slight increase of the particles in secretory granules
cases 1 and 1P(< 0.05). Case 9 exhibits a slight or moderate illarger than170 nm
crease in particles in secetory granules larger than 200 nm

Sparsely granulated cells, showing a few or seve16 1
small (60-100 nm) secretory granules and poorly devi14-
oped cytoplasmic organelles, were commonly observec,,, |
CN-F adenomas and occasionally in GH- and PRL-seci -
ing adenomas (Fig. 1). The small secretory granules of 10
dividual adenomas exhibited a few gold immunolabelir _ 1
particles for various biochemically unrelated hormone 8
signifying slight antigenicity (Figs.2-5). In CN-F adenc ¢ -
mas, secretory granules of slightly granulated cells ¢
peared somewhat larger (100—-150 nm) and more frequ 4?
Most of these secretory granules also showed slight a 5
genicity for various hormones (Figs. 2-5). Oncocytic tran
formation and mitochondrial abnormality were demoi 9 7

strated in sparsely granulated cells, especially in CN_, 1
adenomas. Interestingly, two CN-F adenomas (cases 71T T T T T T TTTTTT T
and 17) additionally included densely granulated cel
closely resembling GH-secreting cells and cells intermr £ 288353 & 6 ¢ Soaododddddsdddd gt
diate between the sparsely and the densely granulated ¢
The densely granulated cells showed numerous large (¢~ —o— Case5:GH-secretng ~ —O— Case 7 ! PRL-secreting

200 or 250 nm) and a few small secretory granules. 1~ * ©° 10 N T asez, Crieecreting

large secretory granules exhibited 5-15 GH-immunol

beling gold particles and small secretory granules |¢Fig.4 ACTH immunolabeling. Secretory granules smaller than

: . : : 120 nm in various cases show only a few or rare ACTH immuno-
than 5 (Fig.2). The intermediate cells simultaneously IIabeling particles. Cases 5, 7 and 18 exhibit a slight or moderate

cluded SEVer?ﬂ small and large secretory granules (Figincrease of the particles in secretory granules larger than 120 or
Although their secretory granules of under 150 nm or160 nm

showed a few GH-immunolabeling gold particles, tho:

of 160-180 nm showed more GH- immunolabeling go

particles, while those of 300—-350 nm showed peak levelas significant (Fisher’s exact teBt< 0.05). In secretory
(Fig.2). For secretory granules larger than 180 nm, tp@nules ranging from 130 to 180 nm, four CN-F adeno-
finding of more than 5 GH-immunolabeling gold particlesas exhibited slightly or moderately increased antigenic-
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ity of ACTH, and one showed antigenicity for the major
glycoprotein hormones (Figs. 4, 5).

The GH- and PRL-secreting adenomas consisted of
many densely and a few sparsely granulated cells. The
densely granulated cells showed abundant large (over 250
nm) or medium-sized (200-250 nm) and a few small se-
creory granules. Cytoplasmic organelles, especially Golgi
apparatus, rough endoplasmic reticulum and free ribo-
somes, appeared well developed in the densely granulated
cells and poorly developed in the sparsely granulated
cells. In PRL-secreting adenomas, well-developed rough
endoplasmic reticulum, known as Nebenkern, was occa-
sionally seen. There were few morphological differences
between sparsely granulated cells in GH- and PRL-secret-
ing adenomas and those in CN-F adenomas. Their small
secretory granules similarly showed only weak antigenic-
ity for various hormones (Figs.2-5). The medium-sized
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8882883332388 83885888588  orlarge secretory granules contained abundant GH- (more
T PP8RN8YBE8REE ST IRERE2E:88 than 10) or PRL- (more than 20) immunolabeling gold
. particles (Figs. 2, 3).
—3— Case15: CN-F, LH —O— Case 7:PRL-secreting LH H H
A~ Case 1:GH-secretingTSH —@— Gase 13 : ON-F, FSH Even in GH-secreting adenoma cells, secretory gran-

(controf ules smaller than 150 nm usually had less than five GH-

Fi . i . immunolabeling gold particles. Larger granules of 150 or
ig.5 Glycoprotein hormone immunolabeling. Secretory granulﬁz3 . - .
smaller than 120 nm in various cases exhibit only a few or rare #0 NM showed more than five GH-immunolabeling gold
munolabeling particles of glycoprotein hormones. A slight iparticles, with maximal GH labeling in granules of 300
crease of the particles is demonstrated in secretory granules 13§aror larger (Fig.2). Secretory granules larger than 180 nm
150 nm of cases 1 and 15 significantly exhibited intense GH antigenicity (Fisher’s
exact testP < 0.05). Two GH-secreting adenomas (cases 1
and 5) showed antigenicity of PRL and ACTH, with an
immunolabeling pattern similar to that of GH (Figs. 3, 4,
Fig.6 A-C Weak and intense GH or PRL antigenicity are demof-A). Their secretory granules smaller than 150 nm showed
Str?ted _in_tsma” agdHlarge S{_ecretc()jry Qranuées, f?%’fgli‘*@t-‘_' only a few PRL- and ACTH-immunolabeling gold parti-
antigenici n a -secreting aadgenoma (case T anti- . -
genigcity inya PRL-secreting ac?enoma (caseBEBH antigenicity cles; however, those of 150_200 nm showed five O,r more
in a clinically non-functioning adenoma (case 18)x 36,000; PRL-and over ten ACTH-immunolabeling gold particles.
B x 34,350;C x 18,000 Secretory granules larger than 150 nm in GH-secreting




Fig.7A-C Weak or moderate hormonal antigenicigrrow- stem cell theory, which has been believed to be essential
ge;ds)i” large g‘ecremw gra”‘JS'eSBAGﬁCT'? a”t.igf“i.dty ig cyto-differentiation of normal and neoplastic pituitary
Secrzzﬁggrégen%nﬁgo(?;se(cgfec %’SH_amigaenn'igﬁ;'ﬂ g gHa_seCP%[Is. Normal and neoplast_lc pituitary cells are pons_ldered
ing adenoma (case 1)T$H thyroid-stimulating hormone). 10 be derived from multipotential or multidirectional
A x 44,300;B x 42,280;C x 22,150 progenitor cells through acidophilic or basophilic stem
cells [5, 10-14, 17, 18, 21, 24-26, 29, 31, 32, 35]. The
stem cell theory, however, has difficulties in explaining
adenoma cells also exhibited slightnooderate antigenic- how well differentiated hormone-secreting adenoma cells
ity of major glycoproteins (Figs.5, 7C). produce multiple, biochemically unrelated, hormones.

Secretory granules smaller than 100 nm in both sparsklsiny authors cited above have explained the multihor-
and densely granulated cells in PRL-secreting adenomasnal character based on the stem cell theory. Their ex-
showed only a few immunolabeling gold particles for vaplanations, however, appear somewhat complicated and
ious hormones including PRL (Figs. 2-5). Larger granulssphistical.
of 120-160 nm showed more than ten PRL-immunolabel-One may consider that the polyclonal antibodies to hu-
ing gold particles, with a maximal number being found man pituitary hormones employed in this study are inap-
secretory granules measuring over 190 nm (Figs. 3, 6 Bopriate for examination of multihormonal character in
Secretory granules larger than 140 nm significantly exhitituitary adenomas. The major glycoprotein hormones
ited intense PRL antigenicity with more than 10 immun¢¥SH, LH and FSH) consist of a commarsubunit and
labeling gold particles (Fisher’s exact té3& 0.01). One individual 3-subunits. This study, indeed, does not define
PRL-secreting adenoma (case 9) exhibited slight to medhether immunolabeling reaction to such major glycopro-
erate GH antigenicity in secretory granules larger th&in hormones result from the commm+subunit or indi-

200 nm (Figs.2, 7B). In one PRL-secreting adenomiual 3-subunits or both. These constituents, neverthe-
(case 7), slightly increased number of particles immunolass, are biochemically unrelated to GH, PRL and ACTH.
beling ACTH and major glycoprotein hormones werm@ur results demonstrate the value of examining the multi-
demonstrated in secretory granules larger than 200hormonality of different cell lines or biochemically unre-
230 nm (Figs.4, 5). lated hormones in pituitary adenomas.

Morphologically and hormonally, Horvath and Kovacs
[10], and Kovacs and Horvath [18] divided GH-, PRL-,
Discussion and ACTH-secreting adenomas into two subgroups

(sparsely granulated and densely granulated or endocrino-
Advanced diagnostic techniques enable us to detect Hogically active and clinically silent). They also classified
monality in CN-F adenomas and multihormonality of diencocytomas and null cell adenomas as distinct entities of
ferent cell lines in hormone-secreting adenomas far moraifferentiated pituitary adenomas. Their classification
effectively than had been previously possible [1, 5, 6, &jpears easy to understand but puts too much emphasis on
12,17, 21, 24-26, 28, 29, 31, 32, 35]. This multihormomabrphology. Recently, they have proposed a five-tier
character has raised an important question regarding d¢lassification of adenohypophysial neoplasms based on
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clinical and biochemical results, imagings, operative finderted by Watanabe et al. [36]. Demonstrating antigenic-
ings, histology, immunocytochemistry, and electron nity of LH in small and LH and FSH in large secretory
croscopy [20]. They did not, however, address the mgranules, they proposed two different systems for secret-
phological and hormonal relationships between sparsilyg LH and FSH, which closely related to the size of se-
and densely granulated cells in the same adenomasretory granules.
those among sparsely granulated cells of different cell-Many authors have supposed that pituitary adenomas
lined tumors. Such relationships appear most significaicreting multiple, biochemically unrelated hormones do
for the identification of pituitary adenoma cells. not arise from well-differentiated hormone-secreting cells
Morphologically, pituitary adenomas may be classifidgut from multipotential or multidirectional progenitor
as monomorphous, bimorphous and trimorphous by tedls or stem cells. Previously, McComb et al. [25] and re-
size and the number of their secretory granules [5, 12, @ntly others [21, 24, 29] offered an explanation or inter-
31, 32, 35]. Horvath et al. [12] emphasized that morphgketation of the multihormonal character of pituitary ade-
ogy and hormonality of pituitary adenomas might dependmas. Their interpretations, essentially based on the
upon the degree and direction of the cellular differentistem cell theory, appear to overlook the low antigenicity
tion of multidirectional progenitor cells. In this study, wef multiple biochemically unrelated hormones in small
highlight the hormonality of small secretory granuleand even in large secretory granules of hormone-secreting
Small secretory granules measuring from 60 to 100 maenoma cells. Focusing on a finding that GH-secreting
were found in both sparsely and densely granulated celtenoma cells tend to produce multiple hormones, while
of various types of adenomas. Careful electron mici®RL-secreting adenoma cells secrete PRL only or pre-
scopic observations enabled us to detect common hdwminantly, Matsuno et al. [24] have recently suggested
monal antigenicity in small and large secretory granulésat some GH-secreting adenomas are derived from pluri-
As noted by Horvath and Kovacs [10], we found sparséigrmonal primordial stem cells and PRL-secreting adeno-
granulated cells scattered among densely granulated gels from lactotropic cells of well differentiated acido-
in GH- and PRL-secreting adenomas. This study alsbilic stem cells. At the ultrastructural level, however, this
showed intermediate cells between the sparsely atddy showed a general weak antigenicity for multiple
densely granulated cells in GH- and PRL-secreting adehormones in small and large secretory granules of PRL-
mas and even in CN-F adenomas. The co-existences@freting adenoma cells. The hormonality of the small se-
cells exhibiting different morphology and hormonality ikcretory granules especially in sparsely granulated cell
the same tumors led us to regard their differences asrttey hold the key to the multihormonal character of pitu-
consequence of developmental changes in pituitary aii@ry adenomas.
noma cells. The hormonality of small secretory granules has been
Small secretory granules showed an approximatelgmonstrated in sparsely granulated cells of hormone-se-
similar slight or weak antigenicity for biochemically unreereting adenomas [19] and even in oncocytomas and null
lated hormones at the ultrastructural level. In slightbell adenomas [1, 37]. Using immunocytochemistry and
granulated cells, secretory granules appearing somewhatitu hybridization, Jin et al. [15] demonstrated PRL re-
larger in size (100-150 nm) and increased in number egptor mRNA in various types of normal and neoplastic
hibited hormonal antigenicity similar to that of small segituitary cells. Their findings appear compatible with our
cretory granules. At the ultrastructural level, large secresults, showing that not only small but also large secre-
tory granules (over 200 nm) of our GH- or (over 250 nngry granules of pituitary adenoma cells exhibit antigenic-
PRL-secreting adenoma cells also exhibited weak or mdg-for various hormones, even though of a weak level.
erate antigenicity of other hormones biochemically unréhus, antigenically, sparsely granulated cells of different
lated to GH or PRL. Secretory granules of 160-180 roategories appear to have the same origin.
and 140-160 nm showed increased antigenicity for GHAnother important finding in this study is that the size
and PRL, respectively, and those of 250 or 330 nm eexd number of secretory granules co-ordinate with the de-
vealed peak levels of hormonal antigenicity. The antielopment of Golgi apparatus, rough endoplasmic reticu-
genicity of GH in GH-secreting adenomas and PRL lmm and free ribosomes. Cytoplasmic organelles appeared
PRL-secreting adenomas was significantly increasedpioorly developed in sparsely granulated cells and well de-
secretory granules of over 180 and 160 nm, respective®joped in moderately or densely granulated cells. Ko-
(Fisher’s exact tesP < 0.05 andP < 0.01, respectively). vacs et al. [19] considered silent corticotrophic adenomas
The retention of antigenicity for other hormones at lote be a distinct entity. On electron micrographs [22], de-
levels in secretory granules of 160—180 nm in GH-secre¢élopmental sequences of secretory granules and cyto-
ing adenoma cells and those of 140-160 nm in PRL-pé&asmic organelles between endocrinologically active and
creting adenoma cells may indicate a selective activatiimically silent corticotropic adenomas can be found. It
of GH and PRL, respectively, in the course of growth. Oremains open to debate as to whether distinct morpholog-
two CN-F adenomas, in which transitional cells to GH-sieal and hormonal differences exist between endocrino-
creting cells included small and large secretory granulegically active and clinically silent (especially subtype 3)
simultaneously, clearly exhibited size-dependent GH haorticotropic adenomas. This study also showed sparsely
monality. These findings are partly in accordance with Lgtanulated cells among GH-, PRL-secreting and CN-F
and FSH hormonality in mice gonadotroph cells as m@denomas, whose small secretory granules exhibited sim-
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ilar morphology and hormonal antigenicity. As far as weomas, differing from the stem cell theory. Further inves-
know, sparsely granulated cells including oncocytes atightions are required to ascertain such multihormonal
null cells appear to be the most primitive or undifferenttharacter.
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