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Immunolocalisation of cytokeratins in the normal and
neoplastic human pituitary gland
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SUMMARY Cytokeratins were studied by immunocytochemical techniques at light and electron
microscopy on 12 normal pituitary glands, 30 pituitary adenomas and three craniopharyngiomas.
The results are presented in relation to clinical and biochemical features and new information on the
subcellular localisation of cytokeratins in pituitary cells is discussed.

Intermediate filaments (also known as 10 nm
filaments) are proteins which form part of the cyto-
skeleton in almost all vertebrate cells.' Biochemical
and immunological analyses have enabled classifica-
tion into five main groups, of which the cytokeratin
class is normally found in epithelial cells of both kera-
tinising and nonkeratinising types.2 I In man, 19
different cytokeratin polypeptides have been
identified with molecular weights ranging from
40,000-70,000 daltons.2 In squamous epithelia these
polypeptides may aggregate into bundles with other
proteins to form keratin tonofilaments.' Antibodies
raised against cytokeratin polypeptides have been
usefully employed in diagnostic immunocyto-
chemistry.' 3-6 Cytokeratins are known to occur in
cells of the normal pituitary gland and several poly-
peptide species have recently been described in some
classes of pituitary adenomas.7 9 We report the
results of a light and electron microscopic immuno-
cytochemical investigation of cytokeratins in the nor-
mal fetal and adult human pituitary gland and in
pituitary neoplasms, comparing the immuno-
cytochemical findings with the results of clinical and
endocrinological studies.

Materials and methods

Normal pituitary glands were obtained at necropsy from five
male and five female patients (age range 18-67 years) who
had died suddenly with no clinical history of pituitary or
other endocrine dysfunction. Normal fetal pituitary glands
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were obtained at necropsy from one male fetus (gestational
age 27 weeks) and one female fetus (gestational age 38
weeks) who were anatomically normal stillbirths following
spontaneous abortions. Surgically resected tissues were
obtained from 30 pituitary adenomas from 13 male and 17
female patients (age range 18-72 years) and three cranio-
pharyngiomas from one female and two male patients (age
range 16-32 years). Material for light microscopy was fixed
in 10% buffered formol saline (pH 7 0) and embedded rou-
tinely into paraffin wax. Sections were cut at 5 um in thick-
ness and stained by conventional histological techniques.

All sections for immunocytochemistry were dewaxed and
endogenous peroxidase activity blocked using 0 5% hydro-
gen peroxide in methanol for 10 minutes. The sections were
then incubated in 0 05% trypsin/0- 1% calcium chloride (pH
7 8) at 37°C for up to 30 minutes. Antisera dilutions and all
washes were carried out in TBS-buffered saline (5 mmol Tris
HC1 [pH 7 6]) plus 137 mmol NaCl. Staining for anterior
pituitary hormones (Growth Hormone [GH], Prolactin
[PR], Adrenocorticotrophic Hormone [ACTH], Thyroid
Stimulating Hormone [TSHJ, Follicle Stimulating Hormone
[FSH], and Luteinising Hormone [LHJ) were performed by
the peroxidase-antiperoxidase (PAP) technique'0 using a
monospecific polyclonal antibody for each hormone (Dako-
patts Pituitary Kits K514 and K517, Mercia Brocades Ltd,
Weybridge, Surrey). Staining for high subunit molecular
weight cytokeratins was performed by the PAP technique'0
using a polyclonal antibody (Dakopatts A575, Mercia
Brocades Ltd, Weybridge, Surrey) at a dilution of 1:200.
Negative controls for all polyclonal antibodies were per-
formed using normal rabbit serum. An indirect immuno-
peroxidase technique was used to demonstrate low subunit
molecular weight cytokeratins using the monoclonal anti-
body PKKI (Lab Systems (UK) Ltd, Uxbridge, Middlesex)
as follows:

I Incubation with monoclonal antibody at 1:200 dilu-
tion (30 minutes).
2 Rinse twice in TBS.
3 Incubation with rabbit antimouse peroxidase-
conjugated IgG (Dakopatts, Mercia Brocades Ltd,
Weybridge, Surrey) at a dilution of 1:100 (30 minutes).
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4 Three washes in TBS (each 3 minutes).
5 The reaction product was visualised using 0 05%
diaminobenzedine tetrahydrochloride and 0-01%
hydrogen peroxide in 50 mmol Tris HCl buffer (pH 7 6).

All the PAP stained sections were counterstained in hae-
matoxylin before being dehydrated and mounted for micro-
scopic examination. Serial sections were cut from the normal
pituitary glands and alternate sections stained for cyto-
keratins and each of the six anterior pituitary hormones.
Sections of normal human skin were used as positive con-
trols for high subunit molecular weight cytokeratins and sec-
tions of a human basal cell carcinoma were used as positive
controls for low subunit molecular weight cytokeratins.
Cytokeratin immunoreactivity for each neoplasm was
recorded on a scale from 0 (absent) to + + + (abundant)
without prior knowledge of the results of hormone immuno-
cytochemistry.

Material from surgically resected pituitary neoplasms was
fixed for electron microscopy in 2% glutaraldehyde and post
fixed in osmium tetroxide before processing into Emix
(EMscope Labs Inc, Ashford, Kent). 1 gm sections were cut
and stained with Toluidine Blue. Ultrathin sections from
selected areas were cut and stained with Lead Citrate and
Uranyl Acetate. For immunoelectron microscopy ultrathin
sections of embedded tissue were cut and mounted on cop-
per grids. An immunogold technique was performed as
follows:

1 Wash in 10% hydrogen peroxide (20 minutes).
2 Three washes in distilled water (10 minutes each).
3 Incubate in normal goat serum diluted 1:30 in 70
mmol TBS (pH 7 2) containing 0-2% bovine serum
albumin (30 minutes).
4 Incubate overnight at 4°C in monoclonal antibody
PKKI in a 1:50 dilution in TBS (pH 7 2) containing
0-2% bovine serum albumin.
5 Two washes in TBS (pH 7 2) containing 0-2%

bovine serum albumin (each 10 minutes).
6 Incubate in TBS (pH 8-6) containing 1% bovine
serum albumin (10 minutes).
7 Incubate in goat antimouse IgG G20 (Janssen

Pharmaceutica, Beerse, Belgium) diluted 1:5 in TBS
(pH 8 6) containing 1% bovine serum albumin at room
temperature (80 minutes).
8 Wash in TBS (pH 8 6) containing 1% bovine

serum albumin (5 minutes).
9 Two washes in TBS (pH 7 2) containing 0-2%

bovine serum albumin (each 10 minutes).
10 Two washes in distilled water (each 10 minutes).
11 Lightly stain in Uranyl Acetate and Lead Citrate
(approximately 5 minutes).

Negative controls were performed by both omitting the
primary antibody and substituting a monoclonal antibody
to glial fibrillary acidic protein (GFAP) (Sanbio BV, Nether-
lands) in the method above. GFAP is known not to occur in
hormone secreting cells of the adenohypophysis. "
The grids were examined and photographed on a Corinth

AE1 electron microscope. The density of immunolabelling
with PKKI over the cytoplasm, fibrous bodies and nucleus
in sparsely granulated GH adenomas was calculated by the
method of Bendayan et al'2 and compared with controls for
each case.

Ironside, Royds, Jefferson, Timperley
Table 1 Pathological diagnosis of the pituitary neoplasms
following immunocytochemistry and electron microscopy

Diagnosis Number ofcases

GH adenoma 7
PR adenoma 9
ACTH adenoma 4
TSH adenoma 2
FSH/LH adenoma 3
Nonsecretory adenoma 4
Oncocytoma (nonsecretory) I
Craniopharyngioma 3
Total 33

Immunoblots
Fresh normal human anterior pituitary tissue obtained at
necropsy was stored at - 70°C until just prior to use. The
tissue was homogenised in electrophoresis sample buffer
(0 25M Tris HCI, pH 6-8, 1% SDS, 20% glycerol, 1% mer-
captoethanol), boiled for 5 minutes and any insoluble mate-
rial removed by centrifugation. The soluble extract was
applied to a 9% SDS-polyacrylamide gel for electro-
phoresis.'3 Molecular weight markers of Mr 25,700-76,000
(BDH Chemicals Ltd) were run simultaneously. Transfer of
polypeptides to nitrocellulose sheets was carried out
overnight by the method of Towbin et al."4 The blot was
incubated with the monoclonal antibody PKK1 at a dilu-
tion of 1:250 and the peptides identified by the antibody
were visualised by the alkaline phosphatase method of
Blake et al. "

Clinical studies
The site and approximate size of each neoplasm was
recorded at surgery. Anterior pituitary hormones were mea-
sured pre-operatively in the serum of all patients by
radioimmunoassay. Patients with ACTH secreting
adenomas had urinary free cortisol estimations performed
by radioimmunoassay on preoperative 24 hour specimen
collections. Fresh tissue from each pituitary adenoma was
sent to Dr Keith Mashiter, Hammersmith Hospital,
London, for cell culture and pituitary hormone radio-
immunoassay of culture supernatant.

Results

Light microscopy
The results of immunocytochemical staining for
anterior pituitary hormones on the 30 pituitary ade-
nomas are listed in table 1. Two of the growth hor-
mone adenomas contained cells with immunoreactive
prolactin and three of the prolactin adenomas con-
tained cells with immunoreactive growth hormone,
but in each case the number of cells containing the
secondary hormone was small (approximately 5%).
The immunocytochemical diagnosis was confirmed in
each case by electron microscopy using the diagnostic
criteria of Kovacs, Horvath and McComb."6 Elec-
tron microscopy also enabled the diagnosis of onco-
cytoma to be made in one case. Staining for anterior
pituitary hormones in the three intrasellar cranio-
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Immunolocalisation of cytokeratins in the normal and neoplastic human pituitary gland
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Fig 2 Follicular structures in the pars intermedia ofafetal

pituitary contain low M, cytokeratins (PKKJ x 600).
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Fig (a) ACTH cells in a normal adult pituitary

demonstrated by the PAP technique using an antibody to

ACTH. (b) An adjacent serial section tofig Ja stained by an

indirect immunoperoxidase techniquefor cytokeratins using

antibody PKKJ. Most of the ACTH cells contain

cytokeratins (x 210).

pharyngiomas was negative. The distribution of the

various hormone containing cells in the normal adult

and fetal pituitaries was in accordance with pre-

viously published observations.'7

Low subunit molecular weight cytokeratins were

detected in many cells in the normal adult and fetal

adenohypophysis using the monoclonal antibody
PKKI. Comparison with adjacent sections stained

for anterior pituitary hormones showed that the cells

containing the most immunoreactive cytokeratins
were of the growth hormone and prolactin types.

Staining was usually present throughout the cyto-

plasm of these cells, but in some GH cells appeared to

be aggregated in the centre of the cell adjacent to the

nucleus. Most of the ACTH cells also contained low

subunit molecular weight cytokeratins but showed a
variable intensity of cytoplasmic staining (fig la and
b). None of the cells containing FSH, LH and TSH
appeared to contain low subunit molecular weight
cytokeratins in the cytoplasm. Positive staining was
seen in occasional follicular structures in the adeno-
hypophysis containing colloid-like material and
within the flattened cuboidal epithelium lining cystic
structures within the pars intermedia (fig 2). The
remainder of the pars intermedia and neuro-
hypophysis showed no staining.
The results of immunocytochemical staining for

cytokeratins in the pituitary neoplasms are listed in
table 2. In the GH adenomas, many cells contained
large intracytoplasmic aggregates of immunoreactive
cytokeratins located close to the nucleus (fig 3a and
b). This pattern of staining was most evident in neo-
plasms classified as sparsely granulated GH ade-
nomas on electron microscopy. A smaller number of
cells within these neoplasms showed a diffusely posi-
tive staining reaction. All the PR adenomas contained
cytokeratins in a variable proportion of cells, usually

Table 2 Results ofimmunocytochemistry for cytokeratins
at light microscopic level in pituitary neoplasms with positive
results recorded

PKKI A575
(low subunit (high subunit

Diagnosis molecular weight) molecular weight)

GH adenoma 7/7 0/7
PR adenoma 9/9 0/9
ACTH adenoma 1/4 0/4
TSH adenoma 0/2 0/2
FSH/LH adenoma 0/3 0/3
Nonsecretory adenoma 0/4 0/4
Oncocytoma 0/1 0/1
Craniopharyngioma 3/3 3/3
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Fig 3 (a) PAP preparationfor GH in asparsely granulated

GH adenoma (x 720). (b) Many of the cells in the sparsely

granulated GH adenoma contain focal intracytoplasmic

collections ofcytokeratins (PKKJ x 600).

with diffuse cytoplasmic staining (fig 4). Only one of

the ACTH adenomas showed positive staining which

was present in occasional cells (fig 5). The TSH,

FSH/LH, and non secretory adenomas and the onco-

I.'O

Fig 5 Only occasional cells within an ACTH adenoma
contain low M, cytokeratins (PKKI x 300).

cytoma all gave a negative staining reaction (fig 6).
All three craniopharyngiomas contained both low

and high subunit molecular weight cytokeratins
which were most readily visible in areas of squamous
and basaloid epithelium (fig 7). High subunit molecu-
lar weight cytokeratins were not detected in the pitu-
itary adenomas or in cells of the normal adeno-
hypophysis, but were present within occasional
follicular structures in the pars intermedia. The cells
of the neurohypophysis gave a negative staining reac-

tion.

Electron microscopy
Immunogold staining for cytokeratins in GH
adenomas showed deposition of gold particles over
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Fig 4 Diffuse cytoplasmic stainingfor cytokeratins is
present within many cells ofa PR adenoma (PKKI x 300).

Fig 6 No cytokeratins are demonstrable in an FSH/LH
adenoma (PKKJ x 210).
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Immunolocalisation of cytokeratins in the normal and neoplastic human pituitary gland

rr

Fig 7 A strongly positive reaction is present using the PAP

techniquefor high M7 cytokeratins in the epithellal cells ofa

craniopharyngioma (x 210).
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Fig8 (a) Transmission electron microscopy
fibrous bodies (F) within the cell ofa sparsely
adenoma (x 2000) (b) A high power

photoelectronmicrographi hows deposition of
along 10 nmfilaments within afibrous body, M
deposition over endosecretory granules (Immt
x 18,000).

the fibrous bodies in the sparsely granulated GH ade-
nomas (fig 8a and b). Staining of centrioles, mito-
chondria and granules within these structures was
negative. Gold deposition was also present over the
heterochromatin close to the nuclear membrane and
over nucleoli (fig 9). Quantitative studies confirmed
the positive reaction for the 10 nm filaments within
fibrous bodies, but also demonstrated a significant
difference between the density of immunolabelling
over the nucleus and cytoplasmic immunolabelling
(table 3). In PR adenomas gold particles were also
deposited over fibrillary structures within the cyto-
plasm which corresponded to 10 nm filaments. In the
craniopharyngiomas gold particles were deposited
over keratin tonofilaments and 10 nm filaments
within the epithelial cells (fig 10). No significant gold
deposition was found within the cytoplasm of cells
from the remaining groups of pituitary adenomas.
Staining for GFAP was negative in all the neoplasms.

Immunoblots
Four major bands of Mr between 56kD and 4OkD
were. identified on protein immun'oblotting of normal
pituitary gland using PKKI (fig 11).

Clinical studies
* The results of pituitary hormone measurements in

vivo and in vitro are listed in table 4 together with the
* age and sex of each pati'ent, the site and approximate

size of each neoplasm and the degree of immuno-
reactivity for low subunit molecular weight cyto-
keratins. No relationship was found between the lat-
ter and the age and sex of the patients or the size and
site of the neoplasms. In patients with PR adenomas

*11 there appeared to be a general inverse relationship
*r)@* between cytokeratin immunoreactivity in the
**0 neoplasm and hormone levels in the serum in 8/9

-cases.- No such trend was found for patients with GH
adenomas, nor was there any correlation between
cytokeratin immunoreactivity and urinary free
cortisol levels in patients with ACTH adenomas. In
vitro estimations of hormone productions bore no
relationship to cytokeratin immunoreactivity in GH,
PR or ACTH adenomas.

Discussion

Nineteen cytokeratin polypeptides have been
identified from different human epithelial tissues.2 No

a individual tissue has been found to contain only one
variety of cytokeratin polypeptide and most epithelia

evegalsatyepdGal show a complex mixture of various polypeptides. The
monoclonal antibody used in this investigation recog-

gold granules nises four cytokeratin polypeptides which are present
s4th no in many epithelial tissues and neoplasms.'9 Immuno-
mnogold PKKI blots of normal human adenohypophysis with PKK1
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Ironside, Royds, Jefferson, Timperley

Fig 9 In a sparsely granulated
GH adenoma, gold granules are
present over the nucleus,
confined to heterochromatin on
and close to the nuclear
membrane (Immunogold PKKJ
x 45,000).

444*;t_

4-s*WD ic,W

showed four main cytokeratin polypeptides of Mr
40-56kD. By comparison with other published data
these probably represent cytokeratins 11, 16, 18 and
19.2 The polyclonal antibody used in this study recog-
nises high subunit molecular weight cytokeratins
(predominantly 56kD and 64kD)2" 21 which were
not detected in the normal adenohypophysis or pitu-
itary adenomas. Only limited information on the
specific polypeptide constituents of pituitary cyto-
keratins has therefore been obtained. These may be
identified in future by the use of monoclonal anti-
bodies of more restricted specificity.
The results of immunocytochemistry using PKKI

on the normal pituitary gland and pituitary adenomas
are similar to those in the smaller series of Hofler et
al,8 who used an antibody of different specificity and

did not examine fetal pituitary glands, TSH ade-
nomas or oncocytomas and did not perform immuno-
electron microscopy. The absence of immunoreactive
cytokeratins in normal pituitary TSH, FSH and LH
cells is reflected by a relative lack ofintermediate sized
filaments in these cells on electron microscopy. In
contrast, cells secreting GH, PR and ACTH fre-
quently contain such filaments. It is interesting to
note that positive staining for cytokeratins was seen
only in cells secreting peptide hormones, while those
secreting glycoprotein hormones exhibited negative
staining. This may reflect qualitative and/or quan-
titative differences in the cytokeratin polypeptide
.constituents between these groups of cells which
might be related to differences in intracellular
hormone metabolism.22
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Immunolocalisation of cytokeratins in the normal and neoplastic human pituitary gland
Table 3 Density ofimmunolabelling over cellular compartments in sparsely granulatedGH adenomas

Mean density (gold parlicles/pin2 + SEM)

Site PKKI* GFAP Goat Ig-gold only

Fibrous body 49 36 + 4-75 3 99 + 0 41 4 09 + 0-38
Nucleus 7 09 + 0 53 4 19 + 0-36 3-94 + 0-46
Cytoplasm (including organelles) 3-96 + 0 37 4-02 + 0.19 4 17 + 0 34

*The differences within this column are significant (p < 005, unpaired t test).

Cytokeratins have recently been demonstrated
within ACTH cells exhibiting Crooke's hyaline
change.22 We have been able to demonstrate cyto-
keratins within ACTH cells in normal adult and fetal
pituitary glands, but positive staining was present in
only 1/4 ACTH adenomas studied. Hofler et al8 have
demonstrated immunoreactive cytokeratins at light
microscopy in 3/3 ACTH adenomas, using a
monoclonal antibody reacting with intermediate sub-
unit molecular weight cytokeratins (principally 48
kD). Neumann et al22 have suggested that the quan-
tity of immunoreactive cytokeratins in ACTH cells
may be inversely related to levels of cortisol in the
serum. No such relationship was found in this study,
nor did cytokeratin immunoreactivity in ACTH
adenomas correlate with the levels of urinary free cor-
tisol in 24 hour specimen collections or ACTH pro-
duction in vitro. Similarly, no relationship between
cytokeratin immunoreactivity and hormone levels in
vitro or in vivo was found in patients with GH ade-
nomas. In patients with PR adenomas, however,
there was a general inverse relationship between cyto-
keratin immunoreactivity and serum hormone levels
in 8/9 cases. This trend is of interest in view of the
suggested role of intermediate filaments in hormone
granule assembly and release,23 and merits further
study. No relationship between hormone levels in
vitro and cytokeratin immunoreactivity was found;

Fig 10 Deposition ofgold granules is present over epithelial
tonofilaments in a craniopharyngioma (Immunogold PKKI
x 15,000).

this would perhaps be better investigated using
immunoperoxidase techniques for cytokeratins on the
cells in culture.
The pattern of cytokeratin staining at light micro-

- 76kD

66 kD

45 kD

25.7 kD

Fig 11 Polypeptide bands in extract ofanterior pituitary as
revealed in a PKKI Immunoblot. Four major peptides
(arrows) are seen between 40-56kD. The numbers refer to
the M, ofmarker proteins (76kd ovotransferrin, 66kD bovine
serum albumin, 45kD ovalbumin, 25-7kD chymotrypsinogen
A).
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Table 4 Cytokeratin immunoreactivity (PKKI) ofpituitary adenomas compared with the site and size ofthe lesion and
hormone production in vivo and in vitro

GH adenomas

Hormone assay in serum Hormone assay in vitro Cytokeratin immunoreactivity
Number Size and site of neoplasm (miu/L) (pu/ml) (PKKI)
1 small is 54 1,670 + + +
2 is and small ss 40 640 + +
3 small is 56 190 + + +
4 smallis 84 290 + +
5 isand small ss 120 1,000 + + +
6 small is 63 1,750 + + +
7 smallis 75 385 + + +

PR adenomas
(miu/L) (ng/ml)

1 is and large ss 16,906 3,364 + +
2 is and large ss 21,000 23,000 + +
3 is and moderate ss 4,630 7,240 + + +
4 small is 4,000 2,270 + + +
5 small is 11,135 1,750 + +
6 small is 8,000 930 + +
7 small is 5,270 1,110 + +
8 is and moderate ss 3,840 2,680 + + +
9 small is 4,240 3,390 + + +

ACTH adenomas
(urinary free cortisol: (pg/ml)
nmol/24 hr)

I small is 1,880 189,000 +
2 small is 1,110 125,000 0
3 small is 4,394 153,000 0
4 small is 920 17,000 0

is = intrasellar.
ss = suprasellar

scopy in GH adenomas suggested that cytokeratins
were in some way related to the fibrous bodies occur-

ring in sparsely granulated GH adenoma cells.9 The
results of immunoelectron microscopy confirmed this
suggestion since gold deposition was visualised within
these fibrillary structures. The functional significance
of fibrous bodies is unknown.23 We have observed
fibrous bodies within a paraganglioma arising in the
cauda equina which also showed positive focal intra-
cytoplasmic staining for cytokeratins.24 Similar struc-

tures have been noted to occur in bronchial adenomas
which also contain immunoreactive cytokeratins.2 It
therefore seems that fibrous bodies are non specific
structures which contain cytokeratins and occur in a

variety of neoplasms which secrete peptide hormones.
The consistent finding of cytokeratins within

nuclear heterochromatin on immunoelectron micro-
scopy was an unexpected result which has not pre-
viously been reported in pituitary cells. A recent study
on cultured hepatoma cells has demonstrated that
cytokeratin polypeptides are associated with nuclear
DNA at filament binding sites on or near the nuclear
lamina.26 Similar associations in pituitary cells might
account for the observed pattern of gold deposition
on immunoelectron microscopy in this study. Traub
et al27 have suggested that cytoskeletal proteins may
have a functional relationship with DNA involving

control of gene expression. Further work is required
to analyse the precise nature of such cytokeratin-
DNA associations and to investigate their functional
possibilities.
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