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Abstract An immunohistochemical study to demon-
strate oncocytes in nongonadotrophic pituitary adenomas
was performed. The adenomas were 10 prolactinomas,
2 ACTH-producing adenomas (ACTHomas), and 28
growth hormone-producing adenomas (GHomas); we
also studied 5 pituitary oncocytomas. GHomas were di-
vided into two groups. GHomas with (GHomas-1) and
without (GHomas-2) fibrous bodies. A small number of
solitary large cells showed intense cytoplasmic granular
reactivity for mitochondrial protein and cytochrome oxi-
dase, resembling oncocytes in oncocytomas. The propor-
tions of the mitochondrial protein-positive cells ranged
from zero to 2.1% (0.3+0.4%). They were more frequent
in GHomas, GHomas-1 in particular, than other types of
adenomas (P<0.01), and were mostly negative in prolac-
tinomas and ACTHomas. In multivariate analysis, the
proportions showed positive correlation with age
(P<0.01) and the Ki-67 (MIB-1) labeling index (P<0.01)
and tended to increase in number with recurrence
(P<0.05). In GHomas, these cells were more common in
cases with low basal GH level (P<0.01) and large tumor
volume (P<0.01). We consider that these cells represent
oncocytes existing in varying numbers in adenomas. We
suggest that oncocytic change in nongonadotrophic ade-
nomas indicates poor differentiation and/or some aggres-
siveness, which lead to a decrease in the endocrine activ-
ity of the tumor.
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Introduction

Oncocytes (oncocytic cells) are a specia type of epithe-
lial cells characterized by an abundance of intracytoplas-
mic mitochondria. Oncocytomas, tumors composed pre-
dominantly or exclusively of oncocytes, are usually be-
nign neoplasms that occur in various organs, such as the
salivary glands, thyroid, parathyroid, kidney, and the ad-
enohypophysis [4]. Pituitary oncocytomas, a variant of
null cell adenomas, are clinically nonfunctioning adeno-
mas. However, they are closely related to gonadotrophic
adenomas, and a continuous spectrum may exist among
them [2]. On the other hand, a varying number of on-
cocytes may exist in the normal adenohypophysis [10,
14, 15] as well as in functioning adenomas. Most gonad-
otrophic adenomas have at least focal oncocytic change
[2]. Although oncocytic change can be found in any ade-
noma type, it is rare in nongonadotrophic, adenomas ex-
cept for acidophil stem cell adenoma. In addition, the
significance of oncocytic changes in gonadotrophic ade-
nomas and in acidophil stem cell adenoma seems to be
quite different. Meanwhile, it has been suggested that
oncocytic change may correlate with grade of differenti-
ation and age in adenoma [9]. Thus, many aspects of on-
cocytic change in functioning adenomas, particularly in
nongonadotrophic adenomas, remain poorly understood.

Recently, we reported that oncocytes could be detect-
ed using immunohistochemistry with antibodies specific
for mitochondrial protein and its enzymes in pituitary
oncocytic adenomas and in normal adenohypophysis
[13-15]. The aim of this study was to affirm the useful-
ness of immunohistochemistry in the detection of on-
cocytes in nongonadotrophic adenomas and to consider
the significance of oncocytic change within these adeno-
mas.

Materials and methods

Surgical specimens of 40 nongonadotrophic pituitary adenomas
obtained from 38 patients were examined (Table 1). There were 15



429

0T 70 8¢ Aebawoloy V-1 g4 noyym ewouspe HO N St ov
590 €0 8T an \alll g4 Inoyim ewouspe HO 475 6
oro 0 29 Aebowony _ g4 Inoyrimewouspe HO N v 8
€50 G0 6S Aefowoite ‘aA a-11 g4 noyyim ewouspe HO IN 99 1€
G50 ¥0 8. wseinydodAy ‘Ajefewo.de ‘an a-Al g4 noyrim ewouspe HO 465 9e
T0°T €0 19 Aebawoloy V-1l g4 noyym ewouspe HO ER7% Ge
€e'T 90 %1 8¢ wsreinydodAy ‘Ajefewolde ‘aA a-1 g4 noyyim ewouspe HO N ¥ ve
€0'T TO pel ele wselnydodAy ‘Ajefewo.de ‘an a-l g4 noyrim ewouspe HO N 6 €e
190 0 8¢ Aelawoize 1 g4 noyyim ewouspe HO N /2 z€
0.0 0 z8 Apbowoite ‘aA LAl g4 Inoyim ewouspe HO N9z 1€
812 20 €e AeBawolde ‘aA V-1l g4 noym ewouspe HO N 0S 0e
060 90 29 Aefowoioe ‘aA a-1l g4 noyyim ewouspe HO 469 62
€90 ZT Ly Aebawo.oe V-1 g4 Inoyim ewouspe HO 48/ 82
/80 0 €9 AeBawolde ‘aA V-1 g4 noyyim ewouspe HO N 82 12
¥9°0 ¥0 Ly wsenydodAy ‘Ajefewolde ‘an a-11 g4 noyrim ewouspe HO 419 9z
290 20 0ct Apfowoize ‘aA V-1 g4 Inoyim ewouspe HO N GE Se
290 0 ovT wseyinyidodAy ‘Ajefaiiooe V-1l g4 noyyim ewouspe HO 428 e
880 0 Ly AeBawo.oe I g4 Inoyim ewouspe HO N T9 €
S0'T 60 8y AeBawolde ‘aA g-11 g4 yimewouspe HO IN 09 2z
2T G0 9L Aefowoite ‘aA a-11 g4 yimewouspe HO N 25 12
0 Z0 2 an LAl g4 Ymewiouspe HO 460 (04
0ST 80 002 wseinyidodAy ‘Ajefewolde ‘aA o1 g4 Yymewiouspe HO 4€5 6T
S6'T 70 oTT Ajefewoize ‘an a-ll g4 Ym ewiouspe HO 40€ 8T
0.2 12¢ %1 ov wseynydodAy ‘Ajefewolde ‘aA ga-111 g4 yimewouspe HO 465 /T
G6'T ¥0 00T Aebswolde ‘aA a-11 g4 yiimewouspe HO 428 9T
880 20 G8 AeBowo.oe V-1 g4 Ymewiouspe HO 46¢ ST
960 90 09T wsreinydodAy ‘Ajefewolde ‘aA o1 g4 yymewiouspe HO 4z T
/80 €0 ze AeBawo.oe I g4 Ymewiouspe HO d6v €T
vI'T 0 awoJpuss Buiysnd V-1 ewouspe H10V 45 T
T TO awoupuAs Buiysn) I ewouspe H10V 46 T
290 0 an V-1l euwounJe|(old N 8 0T
080 0 awoipufs oY I ewounoe|(old d€g 6
96°0 0 opiq1| J0sso| ‘dA V-1 ewiounIe|oid N 82 8
0.0 0 awopu/s o ‘an LAl ewou e (old 40v L
STT zo pel wseynydodAy ‘an g-111 euwiouinde|(oid d¢g 9
88°0 0 awolpufs Oy I euwioune|oid 4.1 S
780 0 awolpufs oV ‘an \all ewou e |(old R4 14
er'T v0 %91 ‘pel wseynyidodAy ‘aA V-1l euwiounoe|(oid 46¢ €
Tt 0 awolpufs OV ‘A a-Al eLwiou e |oid 4ve z
88°0 0 awoupufs oV ‘AA V-1l ewounoe|(oid 492 T

xopul Buipde| (Ap2eH) (Jw/Bu)

(T-91N) 29-1M (%) dIN 8)eu10 PAS| HO feseq (S)wordwis oD abess JownL adAlewouspy Japusb ‘eby e 1Ted

(8520 1WB.IND3. 301 ‘ased paTRIpeR. peJ ‘eaylioide ef-eayliouse oY ‘(S)aoueq
-INISIp EensIA aA ‘SelIpog snolql) g4 ‘@ews) 4 efew A ‘ullold elipuoyd0liw Jo) aAnsod S| abre| Jo uoniodoid diA) Sewouspe alydosopeuobuou O Jo Arwwns T 9|gel



430

Fig. 1 Immunohistochemistry
for A mitochondrial protein
and B cytochrome oxidasein
growth hormone (GH)-produc-
ing pituitary adenoma. A few
solitary large positive cells
(arrowhead) were observed
among many small faintly posi-
tive cells (arrows). Methyl
green counterstain, x480

male and 23 female patients, ranging in age from 17 to 78 (mean
44.9) years. Six of them were above 60 years of age. The adeno-
mas were 10 prolactinomas (PRLomas; 2 male and 8 females), 2
adrenocorticotropic hormone-producing adenomas (ACTHomas; 2
females), and 28 growth hormone-producing adenomas (GHomas;
13 males and 15 females). They included 3 adenomas that re-
curred within 3 years after the former surgery and 3 adenomas that
were radiated within 1 year prior to removal. Five pituitary onco-
cytomas diagnosed by electron microscopy were also studied. The
specimens were formalin-fixed and paraffin-embedded sections.

Immunohistochemistry was performed using the Envision la-
beled polymer reagent (Dako, Kyoto, Japan). The following pri-
mary antibodies were used: anti-mitochondrial protein, which rec-
ognizes a 65-kDa protein by immunoprecipitation (Chemicon In-
ternational, Temecula, Calif.; 1:20), anti-cytochrome oxidase sub-
unit 11 (COX, Molecular Probes, Eugene, Ore, USA; 1:100), anti-
cytokeratin, which is specific for cytokeratin 7 and 8 (CAM5.2,
Becton-Dickinson, San Jose, Cdlif.; kit), anti-GH, anti-prolactin,
anti-ACTH (Dako, Carpinteria, Cdlif.; kit), and anti-Ki-67 (MIB-
1, Immunotech, Marseilles, France; 1:100). Human autopsied liver



was used as a positive control for mitochondrial protein and COX.
MIB-1 staining was performed with an antigen retrieval method;
microwave heating (121°C for 10 min) with 0.01 M citrate buffer.
The specificity of the immunostaining was verified by replacing
the primary antibody with nonimmunized serum. The sections
were stained with 3,3'-diaminobenzidine and counterstained with
1% methyl green. More than 300 cells from multiple low-power
microscopic fields were counted for the proportion of positive
cellsand the Ki-67 (MIB-1) labeling index [1, 18].

The 28 GHomas were divided into two groups based on immu-
nohistochemical intracytoplasmic stainings for cytokeratin: a
prominent dot-like pattern (GHomas-1; 10 adenomas) and a dif-
fuse perinuclear pattern (GHomas-2; 18 adenomas) [17, 20]. GHo-
mas-1 were composed exclusively of cells with dot-like cytokera-
tin distribution, whereas a minor cell component showed a dot-
like pattern in a few specimens of GHomas-2. In contrast to the
weak and sparse GH immunopositivity of GHomas-1, immunohis-
tochemistry for GH demonstrated intense and diffuse GH positiv-
ity in GHomas-2. On the other hand, some immunoreactivities for
prolactin were observed in 2 of the 10 GHomas-1 and 10 of the 18
GHomas-2.

Radiological stage of the adenomas [7] was|in 1, 1-Ain 2, Il
in511-Ain8, 11-Bin4, Illin1, II-Ain7,11I-Bin7,111-Cin 2,
IV-B in 1, and IV-D in 2 adenomas. Tumor volume was estimated
by fine magnetic resonance imaging and/or thin-sliced computed
tomography as follows: 0.5 x tumor height x width x depth (cm3).
The tumor volume ranged from 0.6 to 21.3 (mean 6.9) cm3. In 28
GHomas, presurgical basal GH level and the tumor volume ranged
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P<0.05
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Fig. 2 Proportions of large cells positive for mitochondrial protein
in different kinds of nongonadotrophic adenomas (ACTH ACTH-
producing adenomas, GH-1 GH-producing adenomas with fibrous
bodies, GH-2 GH-producing adenomas without fibrous bodies,
PRL prolactinomas)
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from 18 to 200 (mean 69) ng/ml and from 0.6 to 18.2 (6.4) cm3,
respectively.

In addition to regression anaysis, multivariate analysis
(Microsoft Excel) was used for statistical analysis to rule out are-
flection of the particular phenotype of the adenoma.

Results

Immunoreaction product deposits with antibodies to mi-
tochondrial protein and COX appeared as intracellular
granular structures. In 5 pituitary oncocytomas, not all
but more than half of the adenoma cells were positive for
them (mitochondrial protein: 60.0-80.5%; COX: 62.5—
88.0%). The positive adenoma cells in nongonadotrophic
adenomas were divided into two groups. The mgjority of
them were faintly positive small cells that tended to ac-
cumulate in clusters or in islets. In contrast, a few soli-
tary large cells intensely positive for mitochondrial pro-
tein (Fig. 1A) and COX (Fig. 1B), resembling the posi-
tive cells in pituitary oncocytomas, were observed in
some adenomas. The proportions of the large cells posi-
tive for the former and the latter in 40 adenomas ranged
from zero to 2.1% (mean + standard deviation 0.3+0.4%)
and from zero to 1.9% (0.2+0.4%), respectively. The
proportions of the large mitochondrial protein-positive
cells in PRLomas, ACTHomas, GHomas, GHomas-1,
and GHomas-2 were from zero to 0.4% (0.1+£0.1%),
from zero to 0.1% (0.1+0.1%), from zero to 2.1%
(0.4+0.4%), from 0.2% to 2.1% (0.6+0.6%), and from
zero to 1.2% (0.3+0.3%), respectively (Table 1), whereas
those of the COX-positive cells were 0-0.2%
(0.0+£0.1%), 0-0.1% (0.1+0.1%), 0-1.9% (0.3+0.4%),
0-1.9% (0.5+0.5%), and 0-1.0% (0.2+0.3%), respective-
ly. These cells were more common in GHomas than oth-
er types of adenomas (mitochondrial protein, COX:
P<0.01; Fig. 2). In addition, they tended to be more fre-
quent in GHomas-1 than GHomas-2 (mitochondrial pro-
tein: P<0.05). However, there was no difference in the
immunoreactivity for prolactin in GHomas.

In multivariate analysis, there was a positive correla-
tion between the proportions of the large cells and the
age of the patients (mitochondrial protein: P<0.01; Fig.
3, left). The proportions of the large cells positive for mi-

Fig. 3 Correlations between
age and proportion of large
cells positive for mitochondrial
protein and between MIB-1 |a
beling index and proportion of
large cells positive for mito-
chondria protein

large cells positive for
mitochondrial protein (%)

large cells positive for
mitochondrial protein (%)

0 5 1 1.5 2

MIB-1 labeling index (%)

@ : >60 years old (n=6)
O : <60 years old (n=34)
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tochondrial protein and COX in 3 recurrent adenomas
were 0.4%, 0.6%, 2.1% (mean: 1.0%) and 0.2%, 0.5%,
1.9% (0.9%), respectively. They were higher than those
in nonrecurrent adenomas (mitochondrial protein, COX:
P<0.05). There was no difference in terms of sex, radio-
logical stage, tumor volume or radiation treatment.

On the other hand, the Ki-67 (MIB-1)-labeling index
in 40 adenomas ranged from 0.40% to 2.70%
(0.99+0.46%). There was no difference in the Ki-67
(MIB-1)-labeling index between the different types of
adenomas. However, they showed a positive correlation
with proportions of large cells positive for mitochondrial
protein (P<0.01; Fig. 3, right). In multivariate analysis of
28 GHomas, the proportion of large cells positive for mi-
tochondrial protein correlated negatively with basal GH
level (P<0.01) and positively with the tumor volume
(P<0.01). They also correlated positively with the pa-
tients' ages (P<0.05), but not with the Ki-67 (MIB-1)-
labeling index.

Discussion

Oncocytes are large polygonal cells with eosinophilic
cytoplasm and central small nuclei seen when stained
with hematoxylin and eosin. Since it is difficult to differ-
entiate pituitary oncocytomas from other eosinophilic
adenomas by light microscopy on routine staining, it has
been emphasized that their definitive diagnosis requires
ultrastructural studies [9]. However, recent studies have
demonstrated that immunohistochemistry with antibod-
ies specific for mitochondrial protein and its enzymes is
useful for the identification of oncocytes and oncocyto-
mas in various organs, including the pituitary [3, 11,
13-16, 19]. Mitochondria protein and/or COX-positive
cells in oncocytomas in the present study represent on-
cocytes [13]. In nongonadotrophic adenomas, many ade-
noma cells showed cytoplasmic granular immunoreactiv-
ity for mitochondrial protein and COX. These positive
cells were divided into two groups according to their cell
size, immunoreactivity, and distribution. The majority of
them were small and faintly positive, and tended to accu-
mulate in clusters and in islets, whereas the minority
were large solitary cells with intense reactivity, resem-
bling oncocytes in oncocytomas. Since all cells contain
some mitochondria, it was suggested that immunonega-
tivity for these antibodies might be caused by low tech-
nical sensitivity in the present study, whereas positivity
may represent an increase in either functional activity or
number of mitochondria [13-15]. Although some on-
cocytes may manifest as small cells positive for mito-
chondrial protein/COX, depending on the cutting sec-
tions, we regarded the large positive cells as oncocytes.

A dot-like intracytoplasmic distribution of cytokeratin
in GHomas has often been documented and considered
to be identical with fibrous body [17, 20]. The fibrous
bodies consist of spherically arranged type-2 filaments
and are the most conspicuous morphologic marker of
sparsely granulated GHomas [2, 9, 12, 20]. This struc-

ture has also been described in acidophil stem cell ade-
noma and sparsely mixed GH/PRLoma. Thus, the distri-
bution pattern of cytokeratin and immunoreactivity for
GH indicate that GHoma-1 and -2 in the present study
may correspond mainly to sparsely granulated and
densely granulated GHoma, respectively [17, 20].
GHoma-1 and -2 with some immunoreactivities for pro-
lactin may also include acidophil stem cell adenoma and
sparsely mixed GH/PRLoma, and mammosomatotroph
adenoma and mixed densely GH/PRLoma, respectively.

It has been suggested that the grade of differentiation
correlates with oncocytic change in adenoma [9]. Acido-
phil stem cell adenoma is a poorly differentiated adeno-
ma assumed to be derived from common progenitor cells
capable of differentiating to either GH-or PRL cells (or
both). Oncocytic change is one of the characteristic ul-
trastructural findings of acidophil stem cell adenoma [2,
9]. A prolactin-secreting oncocytoma reported by Kaly-
anaraman [8] may, in fact, represent acidophil stem cell
adenoma. Although there is no evidence that fibrous
bodies are either a sign or an agent of cellular degenera-
tion [12], sparsely granulated GHomas are also less
highly differentiated than are densely granulated
GHomas or other functioning adenomas [9]. Indeed, on-
cocytic change was more frequent in GHomas with fi-
brous bodies than in other nongonadotrophic adenomas
in the present study.

Pituitary oncocytomas occur predominantly in the
older age group, and the number of oncocytes in the nor-
mal pituitary increases with advancing age [9, 15]. It has
been suggested that oncocytic changes also correlate
with age in functioning adenomas [9]. There was a posi-
tive correlation between age and the proportion of on-
cocytes in the present study. The age-related increase of
oncocytes in normal and adenomatous pituitariesis simi-
lar to that found in other organs, such as the thyroid,
parathyroid, and salivary glands [4, 9]. It can be consid-
ered that oncocytic change represents a common appear-
ance of age-related degeneration of adenohypophysial
cells in normal pituitary, oncocytomas [4, 5, 15], and in
not all, but some, nongonadotrophic adenomas.

On the other hand, oncocytic change may lead to a
loss of the capability for hormone production in both
normal and adenomatous pituitaries [10, 15]. In a PRL-
producing oncocytoma reported by Chowdhury et a. [5]
not oncocytes but about 10-15% of nononcocytic cells
were likely to be secretorily active and responsible for
the functional activity of the tumor. A lower GH produc-
tion in sparsely granulated GHomas than in densely
granulated GHomas has been reported [20, 21]. In the
present study of GHomas with multivariate analysis, the
proportion of oncocytes correlated negatively with basal
GH level and positively with the tumor volume. This
may indicate decreased GH production associated with
oncocytic change. Consequently, nongonadotrophic ade-
nomas with oncocytic change may be hormonally less
active than those without them.

Sparsely granulated GHomas exhibit a faster pace of
growth and are more likely to be invasive tumors with



macroadenomas; their recurrence rate appears to be
somewhat higher than that of densely granulated
GHomas [2, 9, 17, 20, 21]. Acidophil stem cell adeno-
mas are characteristically aggressive, invasive, and rap-
idly growing tumors [2, 9]. Furthermore, 2 of 3 reported
cases of functioning pituitary oncocytomas were inva-
sive tumors [5, 6, 8]. In the present study a positive cor-
relation was noted between the Ki-67 (MIB-1) labeling
index and the proportions of oncocytes. This correlation
was more prominent in patients aged under 60 years. Al-
though it is still a controversial matter to estimate the
proliferative potential of pituitary adenomas by way of
the MIB-1 labeling index [1, 18], the proportion of on-
cocytes tends to increase in association with recurrence.
In conclusion, we suggest that nongonadotrophic adeno-
mas with oncocytic change are less highly differentiated
tumors with decreased endocrine activity that may be as-
sociated with some aggressiveness.

Acknowledgements This study was supported in part by the
Grant-in-Aid for Encouragement of Young Scientists (10770696)
from the Japanese Ministry of Education, Science and Culture.
The authors are indebted to Prof. J. Patrick Barron of the Interna-
tional Medical Communications Center of Tokyo Medical Univer-
sity for reviewing of this manuscript.

References

1. Abe T, Sanno N, Osamura YR, Matsumoto K (1997) Prolifera-
tive potential in pituitary adenomas: measurement by mono-
clonal antibody MIB-1. Acta Neurochir (Wien) 139:613-618

2. Asa SL (1998) Tumors of the pituitary gland. (Atlas of tumor
pathology, 3rd ser, fasc 22) Armed Forces Institute of Patholo-
gy, Washington DC

3. Bedetti CD (1985) Immunocytochemical demonstration of cy-
tochrome ¢ oxidase with an immunoperoxidase method: a spe-
cific stain for mitochondria in formalin-fixed and paraffin-em-
bedded human tissues. J Histochem Cytochem 33:446-452

4. Chang A, Harawi SJ (1992) Oncocytes, oncocytosis, and on-
cocytic tumors. Pathol Annu 27:263-304

5. Chowdhury C, Roy S, Gupta N, Kochupillai N, Benerji AK
(1986) Functioning oncocytic adenoma of the pituitary. J Neu-
rooncol 4: 169-174

6. Gjerris A, Lindholm J, Riishede J (1978) Pituitary oncocytic
tumor with Cushing's disease. Cancer 42:1818-1822

7. Hardy J (1973) Transsphenoidal surgery of hypersecreting pi-
tuitary tumors. In: Kohler PO, Ross GT (eds) Diagnosis and
treatment of pituitary tumors. (Congress series, no 303) Ex-
cerpta Medica, Amsterdam, pp 179-194

433

8. Kalyanaraman UP, Halmi NS, Elwood PW (1980) Prolactin-
secreting pituitary oncocytoma with galactorrhea-amenorrhea
syndrome. Cancer 46:1584-1589

9. Kovacs K, Horvath E (1986) Tumors of the pituitary gland.
(Atlas of tumor pathology, 2nd ser, fasc 21) Armed Forces In-
stitute of Pathology, Washington DC, pp 179-191

10. Kovacs K, Horvath E, Bilbao JM (1974) Oncocytes in the an-
terior lobe of the human pituitary gland. A light and electron
microscopic study. Acta Neuropathol (Berl) 27:43-53

11. Mayer D, Weber E, Kadenbach B, Bannasch P (1989) Immu-
nocytochemical demonstration of cytochrome ¢ oxidase as a
marker for renal oncocytes and oncocytomas. Toxicol Pathol
17:46-49

12. Neumann PE, Goldman JE, Horoupian DS, Hess MA (1985)
Fibrous bodies in growth-hormone-secreting adenomas con-
tain cytokeratin filaments. Arch Pathol Lab Med 109:505-508

13. Nishioka H, Ito H, Hirano A, Shibata N, Kobayashi M (1997)
Immunocytochemical study of pituitary oncocytic adenomas.
Acta Neuropathol 94:42—-47

14. Nishioka H, Ito H, Hirano A, Shibata N, Kobayashi M (1998)
Immunocytochemical demonstration of the expression and in-
duction of manganese-superoxide dismutase in the adenohy-
pophysis. Histochem J 30:231-236

15. Nishioka H, Ito H, Hirano A, Kato Y (1999) Immunocyto-
chemica demonstration of oncocytes in normal adenohypoph-
ysis. Acta Neuropathol 97:40-44

16. Paulus W, Lehr A, Peiffer J, Markovic A, Wiedmann KH
(1990) Immunohistochemical demonstration of mitochondria
in routinely processed tissue using a monoclonal antibody. J
Pathol 160:321-328

17. Sano T, Ohshima T, Yamada S (1991) Expression of glycopro-
tein hormones and intracytoplasmic distribution of cytokeratin
in growth hormone-producing pituitary adenomas. Pathol Res
Pract 187:530-533

18. Shibuya M, Saito F, Miwa T, Davis RL, Wilson CB, Hoshino
T (1992) Histochemical study of pituitary adenomas with Ki-
67 and anti-DNA polymerase alpha monoclonal antibodies,
bromodeoxyuridine labeling, and nucleolar organizer region
counts. Acta Neuropathol 84:178-183

19. Weiss LM, Gaffey MJ, Warhol MJ, Mehta P, Bonsib SM,
Bruder E, Santos E, Medreios LJ (1991) Immunocytochemical
characterization of a monoclonal antibody directed against
mitochondria reactive in paraffin-embedded sections. Mod
Pathol 4:596-601

20. Yamada S, Aiba T, Sano T, Kovacs K, Shishiba Y, Sawano S,
Takada K (1993) Growth hormone-producing pituitary adeno-
mas:. correlation between clinical characteristics and morphol-
ogy. Neurosurgery 33:20-27

21. Yamada S, Takahashi M, Hara M, Sano T, Aiba T, Shishiba Y,
Suzuki T, Asa SL (1994) Growth hormone and prolactin gene
expression in human densely and sparsely granulated somato-
troph adenomas by in situ hybridization with digoxigen-
labeled probes. Diagn Mol Pathol 3:46-52



