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ABSTRACT The present review examines ultrastructural studies of pituitary tumors in lab- 
oratory animals. Such studies have been facilitated by the development of newer techniques such 
as immunocytochemistry and in situ hybridization. Using these methods it has been possible to 
correlate morphological features with function by characterizing specific pituitary hormones in 
secretory granules and analyzing the messenger ribonucleic acids produced by specific cell types. 
Analyses of spontaneous and experimentally induced tumors have provided a great deal of insight 
into the function and ultrastructure of these neoplasms. The description of tumor cells producing 
more than one hormone has been facilitated by immunocytochemical analyses. Studies of trans- 
genic models of pituitary hyperplasia and tumor development are expanding our knowledge about 
the ultrastructure and about other aspects of pituitary tumors in a more controlled experimental 
setting. The production of various hormones by the same pituitary tumors and even the same tumor 
cells indicates that complex regulatory mechanisms must be analyzed by a combination of ultra- 
structural and other techniques to learn more about growth and hormone secretion in pituitary 
neoplasms. 

INTRODUCTION 
There has been a striking increase in studies of 

normal and neoplastic pituitary tissues in laboratory 
animals during the past two decades. This has been 
stimulated in part by the development of various tech- 
niques used to learn more about the cell biology, secre- 
tion, and molecular biology of pituitary cells. These 
include: immunocytochemical techniques at the light 
and electron microscopic level (Sendayan et al., 1986; 
Furth et al., 1976; Horvath and ICovacs, 1988; Kovacs 
and Horvath, 1986; McComb et al., 1984); the reverse 
hemolytic plaque assay to ana1y:ze hormone secretion 
by individual cells (Frawley et al., 1985a,b; Lloyd et al., 
1987a,b); Northern and in situ. hybridization tech- 
niques to study gene expression by tissues and by in- 
dividual cells (Pasteels et al. 1972; Gee and Roberts, 
1983; Khachaturian et al., 1986; Lloyd, 1987; Lloyd 
and Landefeld, 1986; Lloyd et a]., 1986b, 1988, 1989; 
Song et al., 1989). These techniques in combination 
with ultrastructural studies havie contributed a great 
deal to our understanding of the ultrastructure of pi- 
tuitary tumors. Ultrastructural immunocytochemistry 
has allowed for a more exact classification of anterior 
pituitary cells (Fig. 1) and neoplasms. In this review of 
the ultrastructure of pituitary tumors the rat model 
will be emphasized, since most studies have been done 
with this species. Studies of spontaneous tumors, ex- 
perimentally induced tumors, and cultured tumor cells 
will be discussed. The morphological alterations in- 
duced by specific hormonal treatment will also be ex- 
amined. 

SPONTANEOUS TUMORS 
The development of spontaneous pituitary tumors 

has been described in many species of animals, al- 

though these tumors have been studied most exten- 
sively in the rat and mouse. Spontaneous anterior pi- 
tuitary tumors have been described in fish, parakeets, 
buffalo, cows, dogs, horses, humans as well as rats and 
mice (Beech, 1981; Costoff, 1973; El Eltreby et al., 
1977; Gardner et al., 1953; Kovacs and Horvath, 1986; 
Liebelt, 1979; Olivier et al., 1975). Schlumberger 
(1956) described three spontaneous pituitary tumors in 
parakeets which were used to establish transplantable 
strains. These transplantable tumors produced acceler- 
ated body growth in young birds and hyperglycemic 
obesity in older birds (Schlumberger and Rudolph, 
1959). Cushing's syndrome secondary to pituitary ba- 
sophilic adenomas associated with bilateral hyperpla- 
sia of the adrenal cortex and diabetes insipidus have 
been described in dogs (Coffin and Munson, 1953). The 
enlarging tumor mass probably produced pressure at- 
rophy of the posterior pituitary. 

The incidence of spontaneous tumors in rats and 
mice varies with the sex, age, and strain of animals. In 
general, the frequency of tumors increases with age in 
all strains examined. Female rats and mice usually 
have a higher incidence of pituitary gland tumors than 
their male counterparts. The number of spontaneous 
tumors of the anterior pituitary gland of mice has been 
relatively small and most of these have been in very old 
animals (Liebelt, 1979). A recent study of mammotroph 
adenomas in pituitaries of aging female C57BL/6J 
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Fig. 1. Normal rat anterior pituitary cells. Double immunocytochemical labeling with antibodies 
against GH and PRL reveals GH cells with 40 nm colloidal gold particles (G) and a PRL cell with 15 nm 
gold particles (P). A putative ACTH cell (A) is unlabeled. x 17,700. 

mice found a high incident of prolactin (PRL) cell hy- 
perplasia. By 28-30 months of age, many mice had 
developed mammotroph adenomas (Clayton et al., 
1984). The localization of these tumors in the pituitary 
appears to be quite specific. Gorden et al. (1987) re- 
ported that in aging female C57BL/6J mice more than 
90% of the observed tumors (26/30) involved the lateral 
and adjacent zones of the pars distalis. 

Many studies of spontaneous pituitary tumors in rats 
have been reported. These data have been summarized 
recently by Carlton and Cries (1983) and by McComb 
et al. (1984). Some of the reported studies ranged from 
examination of a small number of animals to studies of 
large colonies of rats which were used to examine aging 
changes and to study degenerative and neoplastic dis- 
eases. The techniques used to identify adenomas have 
been quite variable including the numbers of sections 
of pituitaries examined and the size of tumors de- 
scribed. For example, Boorman and Hollander (1973) 
found 199/290 or 69% adenomas in female Wistar rats 
12-43 months of age while Ueberberg and Lutzen 
(1979) found 551300 (18.3%) adenomas in female 
Wistar rats 24-30 months of age. 

Various proliferative lesions are seen in abnormal 

pituitaries of aging rodents. These include diffuse hy- 
perplasias, hyperplastic nodules, and true adenomas 
(McComb et al., 1980, 1984). It may be difficult to sep- 
arate diffuse hyperplasia from enlargement of the pi- 
tuitary secondary to physiological changes such as 
pregnancy unless the percentages of various cell types 
in the pituitaries are known. Treatment with various 
drugs andlor end organ ablation can lead to pituitary 
cell hyperplasia (Figs. 2-4). Diffuse hyperplasia may 
be seen in the pituitary of older rodents, but the rela- 
tionship between hyperplasia and spontaneous pitu- 
itary neoplasms has not been clearly elucidated. 

Hyperplastic nodules usually consist of groups of en- 
larged anterior pituitary cells. These nodules were de- 
fined by McComb et al. (1984) as proliferative lesions 
that did not possess a demonstrable pseudocapsule a t  
the light microscopic level. However, the distinction 
between a hyperplastic nodule and an adenoma can be 
very difficult. Adenomas are usually solitary lesions 
associated with compression of the adjacent nontumor- 
ous pituitary and with formation of a pseudocapsule. 
Pleomorphism and mitoses may be seen in hyperplastic 
nodules and adenomas. Local invasion may be present 
in adenomas. Pituitary carcinomas are characterized 
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Fig. 2. PRL cell hyperplasia in an estrogen treated female rat. The Fig. 3. TSH cell hyperplasia in a female rat treated with pro- 
RER is markedly increased with nebenkern formation (arrow) and pylthiouracil for 60 days. There is markedly dilated RER and few 
the Golgi region is prominent. x 5,800. secretory granules in the cytoplasm of the thyroidectomy cell. 

x 8,300. 
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Fig. 4. Gonadotroph cell hyperplasia in a female rat ovariectomized for 30 days. The gonadectomy 
cells have cystically dilated RER and moderate numbers of secretory granules. x 8,500. 

by the presence of metastatic neoplasms. They often 
show pleomorphism and mitoses and may have atypi- 
cal mitoses. 

Spontaneous pituitary tumors have been classified 
by immunohistochemistry, in situ hybridization, and 
ultrastructural features. These include tumors produc- 
ing PRL, growth hormone (GH), mixed PRL-GH, folli- 
cle-stimulating hormone (FSH), luteinizing hormone 
(LH), thyroid-stimulating hormone (TSH), adrenocor- 
ticotropin (ACTH), and undifferentiated adenomas 
(Barsoum et al., 1985; Lloyd et al., 1989; Majeed et al., 
1980; McComb et al., 1984; Sandusky et al., 1988; 
Trouillas and Girod, 1988). PRL adenomas are the most 
common tumors (Figs. 5, 6). In a recent study by 
Sandusky et al., (1988) of 100 Sprague-Dawley and 100 
Fisher 344 (F344) rats, 64% and 56.6%, respectively, of 
tumors were immunoreactive for PRL only, while 21% 
of tumors in F344 rats were mixed PRL-GH adenomas. 
In situ hybridization studies of spontaneous tumors 
have reported similar findings as immunochemical 
studies (Lloyd et al., 1989). However, in some cases the 
mRNA was detected in cells that did not have immu- 
noreactive hormones. 

Ultrastructural studies of spontaneous rat pituitary 
tumors (Table 1) show features that are similar to pi- 
tuitary adenomas in humans. For example, misplaced 
exocytosis (Fig. 5) is commonly seen in PRL adenomas 
(McComb et al., 1984). PRL adenomas may be sparsely 
or densely granulated. The Golgi region is often prom- 

inent and perinuclear. Abundant rough endoplasmic 
reticulum (RER) with nebenkern formation is oftec 
present. Sparsely granulated adenomas have secretory 
granules measuring 150-200 nm while densely gran- 
ulated adenomas have granules measuring up to 600 
nm in maximum diameter. GH adenomas are often 
pleomorphic with a well developed Golgi region, single 
profiles, or stacks of RER and granules measuring 
300-400 nm in diameter. Mixed PRL-GH adenomas 
can be bimorphous or monomorphous. The Golgi region 
is often vesicular and RER may show nebenkern for- 
mation or be in short single stacks. Secretory granules 
vary from 100-200 nm in diameter, although occa- 
sional larger granules of 300-600 nm may be seen. LH 
producing adenomas often express FSH also. These tu- 
mors may be sparsely granulated, papillary, or solid. 
There is a prominent Golgi region and prominent di- 
lated profiles of RER. Secretory granules range from 
100-150 nm in diameter. TSH producing adenomas are 
uncommon. They are often densely granulated with 
thyroidectomy cells and mitotic figures. The Golgi re- 
gion is often prominent and the RER is in single dilated 
profiles. Secretory granules range from 100-300 nm in 
diameter. Plurihormonal adenomas may produce vari- 
ous hormones including PRL-ACTH or PRL-LH and 
TSH. The Golgi regions of these adenomas are promi- 
nent and the RER ranges from single dilated stacks to 
long or short multiple profiles. Secretory granules are 
variable with densely granulated clusters ranging 
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Fig. 5. Spontaneous pituitary adenoma from a 2 year old female 
rat. The tumor stained positively with a PlRL antibody. There is prom- 
inent RER. The pleomorphic secretory granules range in size from 
100-600 nm. Reverse exocytosis (arrow) is present. X 12,300. 

Fig. 6. Spontaneous PRL producing pituitary adenoma from a 2 
year old female rat. One cell has a prominent Golgi region and secre- 
tory granules while the two other cells have few secretory granules. 
x 8,500. 
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TABLE 1 .  Ultrastructural features of spontaneous rat pituitary tumors' 

Tumor type 
region 

Ultrastructural 
classification 

PRL producing 

GH producing 
&r 300- 

Mixed PRL/GH 
producing 

LH producing 

TSH producing 

Plurihormonal 

Sparsely granulated 

Densely granulated 

Pleomorphic 
profiles 

Sparsely and 
densely granulated 

Sparsely and 
densely granulated 

Densely 
granulated 

Pleomorphic cells 

Storage 
granules RER 

Few, small Prominent 
150-200 nm 

Many, large 
250-600 nm 

Moderate 
400 nm 

150-200 nm 
or 300-600 nm 

100-150 nm 

150-150 nm 
and 300 nm 

100-200 nm, 
300-350 nm, 
600-700 nm 

nebenkern 
Short single 

profiles 
Single 

Nebenkern 
formation 

Prominent 
dilated 
profiles 

dilated 
profiles 

Variable 

Single 

Golgi 
Perinuclear 

Prominent 

Prominent 

Prominent 

Prominent 

Prominent 

Prominent 

'Data from McComb et al., 1984 

from 100-200 nm up to 600-700 nm in diameter (Mc- 
Comb et al., 1984). 

Pituitary gonadotroph adenomas in old Sprague- 
Dawley rats often express both FSHp and LHp sub- 
units and often coexist with PRL containing tumors in 
the same pituitary gland (McComb et al., 1985). The 
cells are often arranged in a trabecular pattern. The 
sparsely granulated gonadotroph adenomas have large 
nuclei, a diffuse chromatin pattern, and prominent nu- 
cleoli. Secretory granules are quite variable from cell 
to cell. The Golgi regions are often extensive, but the 
honeycomb pattern observed in the gonadotroph of hu- 
man females (Kovacs and Horvath, 1986) has not been 
observed in rats (McComb et al., 1985). Accumulation 
of large electron dense bodies, probably lysosomes, is 
often seen in the golgi area. Sano et al. (1989) recently 
described spontaneous pituitary gonadotroph nodules 
in aging male Lobund-Wistar rats 26 months or older. 
The development of these nodules was delayed by food 
restriction and germ-free states. Interestingly, the re- 
mainder of the pituitary also contained hyperactive go- 
nadotrophs similar to those in the gonadotroph nod- 
ules. By electron microscopy the gonadotrophs in the 
extranodular tissue had enlarged cytoplasm, promi- 
nent Golgi regions, and markedly dilated RER and 
secretory granules measuring 200-300 nm in diame- 
ter. Ultrastructural studies of the gonadotrophs in the 
nodules were not reported (Sano et al., 1989). 

Although the etiology of spontaneous pituitary tu- 
mors in rats and mice is unknown, various theories 
have been proposed to explain the pathogenesis of 
these neoplasms. These include: 1) target organ failure 
with prolonged hyperplasia of pituitary cells leading to 
loss of negative feedback regulation (Furth, 1955, 
1969; Furth et al., 1973, 1976) 2) loss of hypothalamic 
regulation of pituitary secretion such as dopaminergic 
control of PRL secretion (Sarkar et al., 1982); and 3) 

changes in the vacular supply in the pituitary gland 
possibly leading to decreased delivery of dopamine and 
other regulatory factors to the pituitary gland (Elias 
and Weiner, 1984; Lloyd et al., 1986a). The nutritional 
state of the animal is also important in tumor develop- 
ment, since in some experiments rats with the highest 
food intake had an increased frequency of pituitary tu- 
mors and pituitary tumor incidence usually correlated 
directly with body weight (Ross et al., 1970). 

TRANSPLANTABLE TUMORS 
Transplantable pituitary tumors have been the most 

commonly studied pituitary neoplasms in rodents 
(Furth et al., 1976; Gorbman, 1956; Kwa, 1961; Russ- 
field, 1966). There are species differences in hormone 
sensitivity of tumors. For example estrogen-induced 
transplantable mammotropic tumors are more hor- 
mone dependent in rats than in mice (Liebelt, 1979). In 
other rodents in which spontaneous pituitary tumors 
are uncommon, such as the Syrian hamster, experi- 
mentally-induced tumors have also been reported 
(Russfield, 1963). 

Pituitary tumors can be induced by physical and 
chemical agents or by end organ ablation. The earlier 
work on pituitary tumor induction has been reviewed 
extensively by Furth and Clifton (1966) and by Russ- 
field (1966, 1975). The induction period usually re- 
quires several months or up to one-quarter to one-half 
of the animal's life span. The functional type of tumor 
offen depends on the induction method. The mecha- 
nisms involved in initiation and promotion are not well 
understood. Drugs such as dimethylbenz(a)anthracene 
probably act as initiators of pituitary neoplasms (Kao 
and Ramirez, 1979) while estrogens may induce bind- 
ing of specific compounds to DNA in the pituitary and 
other target tissues (Liehr et al., 1986). 
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Fig. 7. Transplantable pituitary MtTIW15 tumor. The tumor cells have a few secretory granules 
100-250 nm in diameter. A few cells have prominent Golgi region and RER. Most of the tumor cells have 
prominent lysosomes. :.( 8,700. 

Chemical Induction 
Estrogen administration has been one of the most 

common methods of inducing pituitary tumors that 
secrete PRL (Clifton and Meyer, 1956; Lloyd, 1983; 
Lloyd et al., 1973; McEuen et al., 1936). The pituitary 
gland undergoes PRL cell hyperplasia initially. Sev- 
eral transplantations with estrogen support can lead 
to the development of hormone dependent neoplasms 
that often produce PRL and GH. In addition to estro- 
gens, other chemicals including N-ethyl-N-nitro- 
sourea, 3.4-dimethylaniline, 0-hydroxyacetamide, 2- 
fluoroacetanilide, and dimethylbenz (a)- anthracene 
have been reported to induce piituitary hyperplasias 
and tumors in some strains of rats and mice (Furth and 
Clifton, 1966; Furth et al., 1973; Kao and Ramirez, 
1979; Liebelt, 1979; Stoica and Koestner, 1984). 

Ionizing Radiation 
Local or whole body irradiation has been used to in- 

duce pituitary tumors in various species. It is most ef- 
fective when combined with hormonal stimulation 
since the hormones can induce cell proliferation when 
the radiation is most effective. Ionizing radiation has 
produced PRL, ACTH, and TSH secreting adenomas 
(Furth and Clifton, 1966; Furth et al., 1976). 

End Organ Abkation 
Removal of the gonads and thyroid gland can lead to 

the development of hyperplasia (Fig. 4) and subsequent 

pituitary tumors after many months in various strains 
of rats. 

Transgenic Models 

The development of transgenic technology has lead 
to the production of pituitary related abnormalities in 
several species. Animals with the transgenic GH or the 
GH releasing hormone (GHRH) gene have accelerated 
body growth (Hammer et al., 1985; Palmiter et al., 
1982). Recent studies with a transgene for GHRH have 
reported marked pituitary enlargement in mice with 
this transgene (Mayo et al., 1988). Ultrastructural 
studies have revealed marked GH cell hyperplasia. 
Many of the hyperplastic cells were mammosomato- 
trophs which expressed both PRL and GH (Stefa- 
neaunu et al., 1989). 

Miscellaneous Methods 

Other techniques that have been used to induce pi- 
tuitary tumors include blocking hormone synthesis 
with drugs such as propylthiouracil which affects thy- 
roid hormone synthesis and use of pituitary isografts in 
various sites such as the anterior chamber of the eye 
and kidney capsule which can lead to PRL cell hyper- 
plasia and tumor development. 
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Fig. 8. A Transplantable pituitary MtT/WlB tumor from a female rat treated with estrogens for 3 
weeks. The cells have enlarged nuclei, prominent RER including nebenkern formation and increased 
numbers of secretory granules 100-380 nm in diameter. x 2,700. B Higher magnification of MtT/W15 
tumor after estrogen treatment for 3 weeks. The Golgi region and RER are prominent in the tumor cells. 
x 8,700. 

71 
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TABLE 2. Ultrastructural features of transplantable rat pituitary tumors' 

Tumor Hormone Storage Golgi 
type Treatment by ICC granules RER region 
MtTIW15 None PRLiGH 

MtTIW15 Estrogen PRLlGH 

MtTIF4 None PRLiGHI 
ACTH 

MtTIF4 Estrogen PRLIGHi 
ACTH 

MtTMTlO None PRUGH 

MtTIW5 None PRLIGH 
MtTISA5 None PRLiGH 

Few 
150 nm-PRL 
250 nm-GH 

100-380 nm 
mosty GH 

350 nm and 
100-190 nm 

Few 
100-150 nm 

60-115 nm PRL 
200-480 nm GH 

75-190 nm 
150-250 nm 

Numerous 

Few 

300-600 nm 
100-150 nm 

Short 
single 
profiles 

Nebenkern 
formation 

Variable 

Prominent 

Variable 

Variable 
Prominent 

Variable 

Prominent 

Variable 

Prominent 

Variable 

Variable 
Well devel- 

oped 

Abbreviation: ICC, immunocytochemistry. 
'Data from Baskin et  al., 1980; Lloyd et  al., 1985a; Makino et  al., 1984; McComb et al., 1984; Parsons et al., 1980; Schelin 
et al., 1964; Trouillas et al., 1984. 

Classification of Transplantable 
Pituitary Tumlors 

Many transplantable pituitary tumors have been es- 
tablished and successfully maintained by serial trans- 
plantation. The tumors that have been studied most 
extensively include the MtTIW5, MtT/W10, MtT/W15, 
MtT/F4, and 7315a. These tumors all produce PRL and 
many also produce GH while a few such as the MtT/F4 
and 7315a produce ACTH as well (Furth, 1955, 1969; 
Furth et al., 1976; McComb et al., 1980, 1981, 1984; 
Ueda et al., 196813) (Figs. 7-11). Most tumors remain 
hormone responsive to estrogens. Recent studies have 
shown that the growth of MtT/W15 and MtT/F4 tumors 
can be inhibited by estrogen treatment (Lloyd et al., 
1985a; Morel et al., 1982; Pharaboz et al., 1984) (Figs. 
8-10) (Table 2). Some transplantable tumors behave 
like pituitary carcinomas with distant metastases, but 
most do not metastasize frequently. The GH variant of 
MStT is a highly malignant variamt and the MtT/W15 
has been reported to have frequent ovarian and bone 
metastases (Hollander and Hollander, 1971). 

Mammosomatotropic Tumors 
Most of these tumors have been induced by estrogens 

by Furth and his colleagues (Furth, 1955; Furth et al., 
1973, 1976; Ueda et al., 1968a,b, 1970). During the 
early period of development the tumors produce PRL, 
but the production of GH usually appears during sub- 
sequent transplantation. Some tiimors may also pro- 
duce ACTH. The earliest models of PRL cell hyperpla- 
sia and tumor development were reported by McEuen 
et al. (1936) and Zondek (1936) after chronic estrogen 
treatment. The hyperplastic pituitaries usually show 
evidence of excessive PRL production and ultrastruc- 
tural studies have revealed secretory cytoplasmic gran- 
ules of 300-900 nm and abundant, RER. With multiple 
transplantations and an increase in autonomy, the ul- 
trastructural features have included a greater varia- 

tion in the size of the cells and of cytoplasmic or- 
ganelles included in secretory granules. Watari and 
Tsukagoshi (1968) reported on some of the early ultra- 
structural observations of transplantable PRL secre- 
tory pituitary tumors. Early changes included hyper- 
trophied PRL cells with prominent RER. After 6 
months the tumors showed decreased numbers of secre- 
tory granules and well developed organelles and many 
degenerative cells were present. If the estrogenic stim- 
ulus was discontinued for 9 months, the pituitary 
showed evidence of recovery suggesting that these 
early changes represented hyperplasias rather than 
true neoplasms. Osamura and Watanabe (1986) local- 
ized PRL in well developed RER and Golgi saccules in 
rats after 4-24 weeks of estrogen treatment. Recent 
studies by several groups of workers on regression of 
PRL cell hyperplasia after discontinuation of estrogen 
treatment have shown decreases in the weight and size 
of the pituitary gland (Lloyd et al., 1985b; Treip, 1983; 
Wiklund et al., 1981). However, the gland does not re- 
turn to the pretreatment weight when compared with 
the control pituitary glands. 

Baskin et al. (1980) examined the ultrastructural 
features of the MtT/W15 transplantable tumors with 
immunocytochemical labeling and found that PRL 
cells had small secretory granules with a mean diam- 
eter of 150 nm while GH was present in larger granules 
with a mean diameter of 250 nm. The studies of Par- 
sons et al. (1980) with immunocytochemistry revealed 
that many cells in the MtT/W15 tumors produced ei- 
ther PRL or GH, but that a small percentage of cells 
produced both PRL and GH. Estrogen treatment in rats 
with established MtT/W15 tumors has been shown to 
inhibit tumor growth and to increase GH secretion 
(Lloyd et al., 1985a). Ultrastructural studies revealed 
evidence of increased numbers of secretory granules 
which ranged in size from 100-380 nm in diameter, 
prominent RER, and enlarged nuclei and nucleoli. 
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Fig. 9. MtTIW15 tumor from an  estrogen treated female rat. Im- 
munolabeling with a rat GH antibody and 40 nm colloidal gold par- 
tides shows that most of the large secretory granules contain immu- 
noreactive GH. x 12,200. 

Fig. 10. Transplantable MtTIF4 pituitary tumor. The tumor cells 
have large nuclei and relatively small amounts of cytoplasm and few 
secretory granules. x 12,000. 
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Fig. 11 Transplantalble MtT/F4 tumor with a few dense core secretory granules measuring up to 350 
nm in diameter. Some c:ells have prominent lysosomes. x 12.300. 

Estrogen stimulates PRL cell hyperplasia in the rat. 
Subsequent treatment with ergot alkaloid often leads 
to an increase in the number of secretory granules in 
the pituitary cells and decreased IPRL secretion (Lloyd 
et al., 1985a; MacLeod and Lehmeyer, 1973). Estrogens 
and ergot alkaloids can also modify dopamine receptors 
as well as inhibit growth of transplantable pituitary 
tumors (Albaladejo et al., 1984; Iito et al., 1985; Lloyd 
and Fields, 1986a). 

Parsons et al. (1980) observed ,small virus-like par- 
ticles in the intercellular space and larger virus-like 
particles budding into the cisternae of the RER in MtT/ 
W15 transplantable tumors. The significance of these 
virus-like particles is not known, and the authors in- 
dicated that the tumor secretory function was not al- 
tered by the presence of these particles. MtT/W15 tu- 
mors also have numerous lysosomes within the tumor 
cells which may reflect a high degree of intracellular 
turnover of secretory products. 

The ultrastructural studies of PdcComb et al. (1981) 
on the MtTN10 and MtT/W5 tumors showed both PRL 
and GH immunoreactive granules by ultrastructural 
studies. The granules varied from 120-280 nm and fre- 
quent exocytosis was noted. Immunolabeled PRL gran- 
ules ranged from 60-115 nm while Gh granules varied 
from 200-480 nm in diameter. The MtT/W5 tumors 
had granules which were 75-190 nm in diameter, but 
exocytosis was not seen. 

Somatotropic Variants of Transplantable 
Pituitary Tumors 

Various investigators have described variants of GH 
and PRL producing pituitary tumors which produced 
predominantly GH, including radiation- and chemi- 
cally-induced transplantable pituitaries (Furth, 1969; 
Furth et al., 1956; Hollander and Hollander, 1971; 
MacLeod et al., 1966; Tashjian et al., 1968). Ito et al. 
(1972, 1985) studied the ultrastructural features of 
these tumors and observed secretory granules ranging 
in size from 100-300 nm. Similar ultrastructural fea- 
tures were noted by Lloyd et al. in MtTNV15 pituitary 
tumors after estrogen treatment which resulted in a 
marked increase in GH production and GH mRNA 
(Lloyd et al., 1985b, 1988). Hollander and Hollander 
(1971) noted that this variant was highly malignant 
with metastatic disease to bone and ovaries. 

Makino et al. (1984) established two strains of trans- 
plantable rat pituitary tumors in nude mice. They 
noted that in the MtT/SA5 tumor the concentrations of 
GH in serum and tumor tissue were exceedingly higher 
than those of PRL. The cytoplasm of tumor cells had 
well developed RER, a moderate number of mitochon- 
dria, lipid droplets of varying size and numbers, and 
well developed Golgi regions. Three cell types were ob- 
served: 1) cells with many granules of 300-600 nm in 
diameter and well developed Golgi regions and occa- 
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sional exocytosis; 2) cells with moderate numbers of 
secretory granules of 150-250 nm in diameter which 
had frequent exocytosis (RER was in parallel cisternae 
and well developed); and 3) the third cell type had 
small granules 100-150 nm in diameter and in some 
tumor cells exocytosis was prominent; the cytoplasmic 
organelles, however, were not well developed. This lat- 
ter type of cell was few in number. 

ACTH Variants of Transplantable Tumors 
Spontaneous tumors secreting ACTH are relatively 

uncommon in rats. For example, McComb et al. (1984) 
found less than 4% of spontaneous adenomas contained 
ACTH. Ionizing radiation can readily induce trans- 
plantable ACTH producing tumors in mice, while in 
rats various transplantable tumors have been observed 
to produce ACTH along with PRL and GH. The MtT/F4 
transplantable tumors were shown to have ACTH ac- 
tivity after many transplantations (Milkovic et al., 
1964). The ACTH levels have been relatively stable 
over many transplanted generations (Furth et al., 
1973,1976). ACTH production was also observed in the 
Buffalo rat which was induced with 2,4 6-triethylal- 
amine (Bates et al., 1966). The GH effects of these tu- 
mors on various organs can be blocked by ACTH and 
glucocorticoids which may be the reason animals with 
GH and ACTH producing tumors do not have marked 
increases in body and organ weights (Ueda et al., 
1968b). 

The ultrastructure of the MtT/F4 tumors has been 
studied by Schelin et al. (1964) (Figs. 9, 10). They re- 
ported one type of secretory granule which was round 
and measured 350 nm in diameter in some cells, while 
most cells were devoid of secretory granules. In addi- 
tion to the usual organelles, lipid droplets, vacuoles, 
and myelin figures were common in the cytoplasm es- 
pecially adjacent to necrotic cells. The mitochondria 
were described as swollen, but this may have been a 
processing artifact. The ultrastructural immunochem- 
ical studies of McComb et al. (1981) on ACTH produc- 
ing transplantable tumors noted that the MtT/F4 tu- 
mors had inconspicuous organelles except for a few 
cells with many mitochondria. Accumulation of elec- 
tron dense bodies was also noted and secretory gran- 
ules were small, measuring 100-190 nm in diameter 
and some cells showed exocytosis. Makino et al. (1984) 
observed that the adrenal glands of nude mice with 
their MtT/SA5 tumors had adrenocortical hyperplasia 
which was indirect evidence of ACTH secretion by the 
tumor. The ultrastructure of the MtT/F4 tumors was 
recently examined by Trouillas et al. (1984). The tumor 
cells were rich in free ribosomes and small amounts of 
RER were present while the Golgi region was very lim- 
ited. Interestingly, after estradiol treatment there was 
a marked increase in RER which was sometimes vesic- 
ular. There was an increase in the numbers of secretory 
granules after estrogen treatment although most cells 
remained sparsely granulated. The granule size was 
100-150 nm in diameter. There was an increase in the 
Golgi region, increase in the euchromatin-rich nuclei, 
and increased exocytosis after estrogen treatment for 7 
days. 

ULTRASTRUCTURAL STUDIES OF 
CULTURED PITUITARY TUMORS 

The establishment of clonal strains of rat pituitary 
tumor cells has contributed greatly to our knowledge of 
pituitary neoplasms (Tashjian et al., 1968). The early 
work of Tashjian et al. (1968) led to the successful clon- 
ing of various transplanted cell lines including the 
MtT/W5 PRL and GH producing tumors. Subsequently 
other investigators established cell lines from the MtT/ 
F4 (Richardson, 1976) and the MtT/W15 (McKeel and 
Hajek, 1981) tumors. PRL secreting cell lines derived 
from MtTIW15 transplantable pituitary tumors were 
established as monolayer cultures for up to 18 months. 
(McKeel and Vaerewyck Hajek, 1981). These cell lines 
secreted PRL for 18 months, long after GH secretion 
had ended. 

Ultrastructural studies revealed many lipid bodies of 
complex lysosomes including secondary lysosomes or 
autophagosomes as prominent cytoplasmic organelles. 
Typical secretory granules of the type present in solid 
MtT/W15 tumors were never identified in any subcul- 
ture of purified cell lines. The cultured cells had less 
prominent Golgi regions, more disorganized RER, and 
fewer profiles of fused RER compared with solid tumors 
growing in vivo. The extended plasma membrane con- 
tained delicate microvilli and the mitochondria of the 
cultured cells were smaller and less numerous than 
those in the parent tumors. Type C viral particles were 
not observed in the purified cell lines. An interesting 
finding from these studies was that there was a re- 
duced capacity of injected cultured tumor cells to pro- 
duce tumors in vivo. 

The tumor cell lines established by Tashjian et al. 
(1968) have been designated as GH cells and some of 
these including the GH,C, and GH, have been studied 
extensively (Kiino and Dannies, 1981; Scammell et al., 
1986). The ultrastructure of the GH, cells in response 
to secretagogues has been examined by various groups 
(Gourdji et al., 1972; Olivier et al., 1975; Tixier-Vidal, 
1975; Tougard et al., 1982) (Figs. 12, 13) (Table 3). The 
control cells had sparse secretory granules which were 
50-230 nm in diameter and close to the cell membrane. 
The Golgi regions had dilated saccules and several 
smooth vesicles. Bundles of intermediate filaments 
were observed in the cytoplasm and tight junctions 
were present between cells. After thyrotropin releasing 
hormone (TRH) treatment for a few hours the secretory 
granules increased in number but remained small; the 
Golgi regions were hypertrophied and dense bodies 
were more prominent in the cytoplasm. Using a pre- 
embedding saponin permeabilization technique, Tou- 
gard et al. (1982) observed that GH, cells had immu- 
noreactive PRL in the RER and Golgi regions. After 30 
minutes-l hour of TRH treatment the PRL content 
within the RER and Golgi decreased. This content was 
restored in some cells above control levels in a few 
hours. However, treatment with the protein synthesis 
inhibitor cyclohexamide prevented the restoration of 
immunoreactive PRL in the Golgi regions and RER. 

Recent studies by Scammell et al. (1986) showed that 
the storage granules of GH,C, pituitary cells could also 
be greatly modified by estrogen treatment. Cells 
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Fig. 12. GH, tumor cells from cultured medium. The cells have 
large nuclei and few cytoplasmic organelles or secretory granules. 
x 8,700. 

Fig. 13. GH, cells cultured in the presence of M estradiol for 
7 days. There is an  increase in the number of secretory granules 
(arrows) which measure up to 200 nm in diameter. x 8,700. 
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TABLE 3. Ultrastructural features of cultured rat pituitary tumor cells' 

Tumor Hormones Storage 
type Treatment by ICC granules RER 
MtTIW15 None PRLIGH Very few Disorganized 
GH, None PRL/GH Few Scanty 

TRH PRLIGH Moderate Moderate 
:&I None PRL/GH 50-90 nm Moderate 
GH,CI Estrogen PRL/GH 120-160 nm Prominent 
MMQ None PRL Few Scanty 

(7315a) 150-300 nm 

~~ 

Golgi 
region 

Sparse 
Dilated 

saccules 
Prominent 
Sparse 
Prominent 
Prominent 

in some 
____ ~~ 

Abbreviation: ICC, immunocytochemistry. 
'Data from Judd et al., 1988; McKeel and Vaerewyck Hajek, 1981; Olivier et al., 1975; Scammell et al., 1986; Tixier-Vidal 
et al., 1975; Tougard et al., 1982. 

treated with 17p-estradiol (1 mM), insulin (300 nM), 
and epidermal growth factor (10 nM) for 5 days had a 
30-fold increase in PRL content while GH storage and 
secretion were decreased. Ultrathin sections of Lowic- 
ryl-embedded GH,C1 cells stained for PRL by the pro- 
tein-A-gold technique revealed a marked increase in 
the numbers of secretory granules in these cells which 
ranged from 120-160 nm in diameter. In contrast con- 
trol cells had few granules and these measured 50-90 
nm in diameter. Interestingly, by immunolabeling 
with PRL antibodies, about 25% of granules had little 
or no immunoreactive PRL. These granules were also 
less electron opaque. 

Recently, a PRL secreting cell line producing only 
PRL but not ACTH which was derived from the 7315a 
tumor was reported (Judd et al., 1988). Ultrastructural 
studies revealed that the tumor cells had slender mi- 
crovilli on their surfaces, large irregular nuclei, and 
prominent nucleoli. The cytoplasm contained numer- 
ous free ribosomes and polysomes. RER was scanty and 
the Golgi complex was prominent in some cells. Secre- 
tory granules were reported as sparse and measured 
150-300 nm in diameter. Variable amounts of lipid 
droplets and lysosomal bodies were seen. After almost 
2 years in culture the biochemical responses and PRL 
releasing ability of this cell line have been stable. 
When the tumor cells were injected subcutaneously 
into rats, tumors developed in vivo after 2 months. This 
cell line, which as dopamine receptors, should be a good 
model to examine the regulation of PRL secretion and 
ultrastructural changes in vitro. 

SUMMARY 
Although a great deal of knowledge has accumulated 

about pituitary cells and tumors in laboratory animals 
in the last two decades, many problems and questions 
remain unexplored. The mechanisms governing the de- 
velopment of pituitary tumors in rats during the pro- 
gression from hyperplasia to  neoplasia, the regulation 
of hormone synthesis and secretion in cells secreting 
more than one hormone such as PRL-GH secreting 
cells, and the mechanisms regulating estrogen inhibi- 
tion of tumor growth in the MtTW15 and MtT/F4 
transplanted tumors are a few of the many questions 
that should be investigated. Immunocytochemistry at 
the light and electron microscopic level has contributed 
to a more precise classification of spontaneous and 
transplantable pituitary tumors based on specific hor- 

mone content within secretory granules and other cy- 
toplasmic regions. Further refinements in ultrastruc- 
tural immunochemical techniques will make this 
approach more widely applicable for the study of pitu- 
itary gland cytology. The use of transgenic animal 
models such as the GHRH producing transgenic mouse 
and applications of newer techniques in molecular bi- 
ology along with ultrastructural and other studies will 
certainly contribute to our further understanding of 
the biology and cytology of the pituitary gland. 
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