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Proliferation, bcl-2 expression and angiogenesis in
pituitary adenomas: relationship to tumour behaviour
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Summary The prediction of pituitary tumour behaviour, in terms of response to treatment from which can be derived optimal management
strategies, is a challenge that has been approached using several different means. Angiogenesis in other tumour types has been shown to be
correlated with poor response to treatment and tumour recurrence. The aim of this paper is to assess the role of measurements of cell
proliferation and angiogenesis in predicting pituitary tumour behaviour. The proliferative capacity of the tumour was assessed using the Ki-67
labelling index (LI) while bcl-2 expression was used to assess anti-apoptotic pathways. The microvessel density (MVD) was assessed using
antibodies to CD31 and factor VIII-related antigen, and with biotinylated ulex europaeus agglutinin I. There was no difference between Ki-67
LI and MVD of functionless tumours that recurred and those that did not, but bcl-2 expression was significantly lower in tumours that
subsequently regrew. Macroprolactinomas had significantly higher LI than microprolactinomas and than all other tumours. Cell proliferation
and angiogenesis were not related, showing that both processes are under different control mechanisms in pituitary tumours. In contrast there
was a positive relationship between markers of angiogenesis and bcl-2 expression in prolactinomas, GH-secreting tumours and non-recurrent
functionless tumours with higher levels of bcl-2 expression being found in the more vascular tumours. These findings may suggest that
angiogenesis is related to the ability of tumour cells to survive rather than their proliferative activity. © 2000 Cancer Research Campaign
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The prediction of pituitary tumour behaviour, in terms of respo
to treatment from which can be derived optimal managem
strategies, is a challenge that has been approached using s
different means. This paper assesses the role of measureme
cell proliferation and angiogenesis in predicting tumour behavi
Although metastasis is extremely rare, local recurrence and 
sion are important problems and we have investigated whe
factors of importance in epithelial cancers are also relevan
these tumours.

There are currently no reliable histological or molecu
markers that predict pituitary tumour behaviour and respons
treatment. Assessment of cell proliferation by measuring 
proportion of cells that have entered the cell cycle has b
suggested as a potential means of predicting tumour beha
(Thapar et al, 1996; Turner and Wass 1999). The MIB-1 labe
index (LI) (proportion of cells in the cell cycle) of hormona
active tumours has been shown to be higher than in endocrin
ically inactive adenomas (Thapar et al, 1996) although the re
for this difference is unclear.

Bcl-2, the protein product of the bcl-2 proto-oncogene, inhi
programmed cell death (apoptosis) and gives cells that o
express this protein a survival advantage (Hockenbery, 19
There has been one previous small study in the pituitary sho
tive
ing
hip
ival
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that 30% of tumours expressed bcl-2 and suggesting that this
play a role in pituitary tumour pathogenesis through regulation
apoptosis (Wang et al, 1996). Bcl-2 has also been shown to 
an inhibitory effect on cell growth (Knowlton et al, 1998).

In many tumour types, angiogenesis (measured as tum
microvessel density (MVD)) has been shown to be correlated 
different aspects of tumour behaviour including developmen
metastasis (Weidner et al, 1991), poor prognosis (Weidner e
1992; Weidner, 1996), lower survival (Bochner et al, 1995; Ma
et al, 1995) and recurrence (Gasparini et al, 1994; Frank e
1995). MVD has been measured by counting vessels identifie
positive immunostaining with antibodies to different vascu
endothelial markers. Different antibodies demonstrate differ
sensitivities for the detection of endothelium. Factor eight-rela
antigen (F8) stains large vessels but does not label sm
microvessels (Mukai et al, 1980), CD31 stains microvessels
antigen loss can make this unreliable in paraffin-embedded ti
and ulex europaeus agglutinin I (UEAI) stains all microvess
but also stains the Golgi in some neoplastic cells (Holthofer e
1982; Witt and Klessen, 1987; Vermeulen et al, 1996).

Our previous work has demonstrated reduced angiogenes
pituitary adenomas compared with the normal anterior pituit
(Turner et al, submitted). The aim of this study was to assess
value of the three phenomena: angiogenesis, cell prolifera
capacity and anti-apoptotic protein expression in predict
tumour behaviour, as well as to investigate the relations
between tumour angiogenesis, cell proliferation and cell surv
capacity.
1441
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Table 1 Antibodies used

Primary antibody a Pretreatment Secondary antibody b Colour development

CD31 1/20 (DAKO) 0.1% trypsin, followed by Antimouse 1/200 (Insight Horseradish peroxidase
microwavec Biotech) streptavidin 1/400 (Dako)

and DABd

F8 EPOS (DAKO) 0.1% trypsin None DABd

UEAI 1/100 (Vector) None APAAP complex (Vector) Fast red (20 minutes)
Ki-67 EPOS (DAKO) Microwavec None DABd

bcl-2 1/20 Microwavec Antimouse horseradish DABd

peroxidase labelled polymer
(Envision, Dako)

aPrimary antibodies all applied for 60 min. bSecondary antibody applied for 30 min. cMicrowave in sodium citrate pH 6. dDAB, metal-enhanced diaminobenzidine
(Pierce and Warriner).

Table 2 Vascular density and labelling index (Ki-67) of recurrent and non-recurrent functionless tumours

CD31M CD31G F8M F8G UEAIM UEAIG Ki67 LI bcl2 grade

Non-recurrent tumours 5.4 (0.2) [34] 2.7 (0.1) [34] 5.1 (0.2) [43] 2.3 (0.1) [43] 7.4 (0.4) [42] 2.9 (0.1) [42] 4.3 (0.53) [40] 1.1 (0.1) [40]
Recurrent first presentation 5.5 (1.0) [0.3] 2.4 (0.2) [11] 5.4 (0.5) [8] 2.2 (0.3) [8] 7.7 (0.8) [9] 3.1 (0.2) [9] 4.1 (1.0) [11] 0.2 (0.2) [11]
Second presentation 5.4 (0.3) [14] 2.4 (0.2) [14] 5.9 (0.4) [13] 2.6 (0.2) [14] 7.4 (0.7) [12] 2.9 (0.2) [12] 3.3 (1.0) [12] 0.4 (0.2) [14]

Mean (SE) [n]. M represents mean Chalkley count, and G represents overall semiquantitative grade.
MATERIALS AND METHODS

Specimen collection

A total of 160 surgically removed pituitary adenomas were in
tigated. There were 46 GH-secreting tumours (28 macroa
nomas and 18 microadenomas), seven microprolactinoma
22 macroprolactinomas, 18 ACTH-secreting tumours (Cush
disease) and 53 non-functioning pituitary adenomas 
gonadotrophin positive and 14 negative), 11 of which su
quently recurred. In addition, 14 specimens of recurrent func
less tumours removed following second or third operations
regrowth were studied. There were paired samples of tumour
first and second operations in ten cases. Two of the recu
tumours had been exposed to pituitary irradiation between the
and second operations. All the tissue was fixed in 4% buff
formalin, dehydrated and embedded in paraffin. Histolog
examination and immunohistochemistry for anterior pituit
hormones had been performed previously and together wit
clinical, biological and radiological data were used to fully cha
terize each tumour type.

Immunohistochemistry

The streptavidin–biotin peroxidase complex technique was 
for CD31, F8, Ki-67 and bcl-2 and the alkaline phosphatase/
alkaline phosphatase (APAAP) method was used for UEAI.

Four-micrometre sections were mounted on aptes (3-am
propyl triethoxy silane; Sigma)-coated slides, dewaxed and r
drated. Endogenous peroxidase activity was blocked using
hydrogen peroxide where applicable. Non-specific primary a
body binding was blocked using fetal calf serum at a dilutio
1:20 for CD31, UEAI and bcl-2. The details of pretreatm
primary and secondary antibodies and colour reactions are s
in Table 1. The slides were lightly counterstained with hae
toxylin.
British Journal of Cancer (2000) 82(8), 1441–1445
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Assessment of vascular density and quantification of
Ki-67 and bcl-2 labelling

All quantification was performed by a single observer witho
knowledge of tumour type or size.

Quantification of the Ki-67-labelled cells was performed us
an image analysis system (VIDAS 21) (Nagy et al, 1997). Tum
cell nuclear staining was recorded as the percentage of pos
cells (LI).

Slides stained with bcl-2 were quantified after examination
the whole tumour section at ×10, using a semiquantitative metho
on a scale from 0 to 3 (none, low density staining, mode
density staining, dense staining respectively) at ×20 and ×40.

The Chalkley point technique was used to measure mi
vascular density (Fox et al, 1995). The most vascular area o
tumour was identified at low power as the hot spot. A 25-po
Chalkley graticule was orientated so that the maximum numbe
randomly positioned points seen through the eyepiece at hi
power were on or within areas of highlighted vessels. The mea
the counts for the three most vascular areas was recorded
overall subjective semiquantitative grading system was also 
(1 and 2 – low and low moderate, and 3 and 4 – moderate and
vascular density). The counts and grades were made by a s
observer, and 20% checked by a second blinded observer. We
previously demonstrated good interobserver reliability (10
concordance for grading into low and high vascular density) 
intraobserver reliability κ value of 0.6 representing substanti
agreement (Landis and Koch, 1977) for vascular counts.

Statistical analysis

The Statgraphics software package was used. The analys
variance (ANOVA) test was used for categorical data anal
and regression analysis for comparison of continuous varia
Differences between groups were regarded as significan
P < 0.05.
© 2000 Cancer Research Campaign



hat
e of
osi-
st,
ding
 to
an
ou

h t
ntl

nsity
ship
usly

Proliferation and angiogenesis in pituitary tumours 1443

10

8

6

4

2

0

LI

Acro
n  = 46

NFA
n = 40

MacPRL
n  = 22

MicPRL
n  = 7

Cushing's
n  = 18

Diagnosis

Figure 1 Comparison of Ki-67 labelling indices in different tumour types. LI:
Ki-67 labelling index. Mean values and standard errors. Acro: GH-secreting
tumours; NFA: non-functioning tumours; MacPRL: macroprolactinomas;
MicPRL: microprolactinomas; Cushing’s: ACTH-secreting tumours. n is the
number of cases in each category. The asterisk indicates the tumour type
significantly different (P < 0.05) from all other tumour types
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Figure 2 Comparison of Bcl-2 expression in different tumour types. Mean
values and standard errors. Bcl-2: semiquantitative grading of the extent of
Bcl-2 labelling. Acro: GH-secreting tumours; NFA: non-functioning tumours;
MacPRL: macroprolactinomas; MicPRL: microprolactinomas; Cushing’s:
ACTH-secreting tumours. n is the number of cases in each category. The
asterisk indicates the tumour type significantly different (P < 0.05) from all
other tumour types

Table 3 Tumour type and bcl-2 expression

Tumour type Number (%) – bcl2 positive

NFA (non-recurrent) 31/40 (77.5)
NFA (recurrent)
First presentation 2/11 (18.2)
Second presentation 6/14 (42.9)
Macroprolactinoma 17/22 (77.3)
Microprolactinoma 5/7 (71.4)
GH-secreting tumour 36/46 (78.3)
Micro 12/18 (66.7)
Macro 17/28 (60.7)
ACTH-secreting tumour 9/18 (50)

B
cl

-2

Non-rec
n  = 40

Rec-1
n  = 11

Rec-2
n  = 14

2

1.5

1

0.5

0

Figure 3 Bcl-2 expression in recurrent and non-recurrent functionless
tumours. Bcl-2: semiquantitative grading of the extent of Bcl-2 labelling. Non-
rec: non-recurrent functionless pituitary adenomas; Rec-1: functionless
pituitary adenomas that subsequently recurred – first presentation; Rec-2:
recurrent functionless pituitary adenomas – presentation of recurrence.
Dotted line and asterisk indicate statistically significant difference (P < 0.05)
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Figure 4 Relationship between the vascular density and Bcl-2 expression
in pituitary tumours. Note y-axis is truncated. UEA1: vascular density as
measured by UEA1 staining; Bcl-2: semiquantitative grading of the extent of
Bcl-2 labelling. Dotted lines and asterisks indicate statistically significant
differences (P < 0.05)
RESULTS

Ki-67 LI

There was no difference in MVD of functionless tumours t
recurred when compared with those that did not (Table 2). Som
the sections of normal pituitary showed one nucleus staining p
tively for Ki-67, but the majority showed no staining. In contra
the LI in pituitary adenomas varied between 2.9 and 8.4 depen
on tumour type (Figure 1). The LI with Ki-67 was unrelated
whether a non-functioning pituitary tumour recurred or not, 
there was no significant difference between the LI of the tum
when the first presentation of a recurrence was compared wit
second (Table 2). The LI of macroprolactinomas was significa
higher than the LI of all other tumours P < 0.05 (Figure 1).
Microprolactinomas had the lowest Ki-67 LI.
© 2000 Cancer Research Campaign
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Relationship between Ki-67 LI and bcl-2 expression or
vascular density

There was no association between Ki-67 LI and vascular de
or bcl-2 expression for any tumour type studied. The relation
of MVD to tumour type, behaviour and size have been previo
reported (Turner et al, submitted).
British Journal of Cancer (2000) 82(8), 1441–1445



-2
d
 3

ur
ti
tin
he
cl-

s

ith
u
c
p

o
a

es
in
t 
d
fo
s 
rd

t 
ou
 
on
t

cu
ce
 
w

e
fte
 a
e

 in
a
w
sh
in
99
c
a

tu
 
y
 

al
a

nti-
ted
y be
and
 be
ll

y. It
se the
ra-

itu-
em-
ess
pres-
 the
n the
ion,
istry
that
esis
low
ibit
ith
itary
 and
med
enic
itary
ort
tor,
o be
seki,
een
 in
bility
been
era-
ing
tivity
om

was
cl-2
wth,
 with
rado
uc-
 that
o be
nesis
who
oxia
ed
ased
res-
 of

ry
ween
s is
en
ll

1444 HE Turner et al
bcl-2 expression

Normal pituitary did not show positive immunostaining for bcl
However, bcl-2 was expressed by over half of the tumours stu
with the exception of functionless tumours that recurred (Table
bcl-2 grade was significantly higher in GH-secreting tumo
compared to ACTH-secreting tumours, NFA and macroprolac
omas. Excluding recurrent functionless tumours, ACTH-secre
tumours were of a significantly lower bcl-2 grade than all ot
tumours (Figure 2). There was no significant difference in b
grade between microprolactinomas and macroprolactinomas.

The bcl-2 grade was significantly higher in functionle
tumours that did not recur than those that did (Figure 3).

bcl-2 expression and angiogenesis

bcl-2 expression was significantly associated with MVD, w
higher bcl-2 expression found in the more vascular tumo
(Figure 4). Examination of adjacent sections showed that b
expression was not necessarily associated with vascular hot s

DISCUSSION

The lack of association between MVD and functionless tum
recurrence indicates that angiogenesis is unlikely to be a m
factor in determining which of these tumours regrow. It sugg
that other factors such as the amount of residual tumour rema
after surgery or perhaps alterations in cell cycle control (Jin e
1997) are more important. It is clear that MVD cannot be use
predict which tumour may subsequently recur and there
require prophylactic radiotherapy. In contrast to some studie
cell proliferation that have suggested that the Ki-67 LI conco
with recurrence after treatment (Knosp et al, 1989; Abe e
1997), our data show that the Ki-67 LI as a reflection of tum
proliferation is not useful to predict subsequent behaviour
functionless tumours. The definition of recurrent and n
recurrent tumours may be a confounding factor as pre-emp
radiotherapy may be given to avoid tumour regrowth and re
rence. Inadequate duration of follow-up may inadvertently pla
recurrent tumour in the non-recurrent group and finally much
what is defined as recurrence may simply be regrowth of a slo
growing tumour in a location with difficult surgical access.

The Ki-67 LI of macroprolactinomas was significantly high
than all other tumours, in keeping with the fact that they o
behave more aggressively than other benign pituitary tumours
often show local invasion. The significant difference betwe
Ki-67 LI of macroprolactinomas and microprolactinomas is
support of the data from Delgrange et al (1997) who demonstr
that microadenomas producing prolactin had a significantly lo
Ki-67 LI than macroadenomas. Our data showed no relation
between tumour size and LI in any other tumour type, confirm
the findings of other studies (Knosp et al, 1989; Thapar et al, 1
Turner and Wass, 1999), and suggesting that other factors su
cell cycle arrest, duration of the cell cycle or the rate of cell de
are important in determining tumour size.

The lack of an association between Ki-67 LI and MVD in pi
itary tumours is not entirely surprising as the LI is simply
measure of the proportion of cells that have entered the cell c
and gives no idea of the speed of progress through the cycle
therefore tumour growth, which in pituitary adenomas is usu
slow. Our data are in support of work in breast cancer 
British Journal of Cancer (2000) 82(8), 1441–1445
.
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colorectal cancer where intratumoural MVD measured using a
CD34 and the LI measured using Ki-67 were not rela
suggesting that angiogenesis and tumour cell proliferation ma
regulated by different means (Fox et al, 1993; Vartanian 
Weidner, 1994; Vermeulen et al, 1997). In theory, it might
expected that MVD could limit tumour growth by limiting ce
proliferation although this is clearly not the case in the pituitar
has been suggested that the lack of correlation may be becau
MVD is more indicative of the apoptotic rather than the prolife
tive fraction of cells (Vermeulen et al, 1997).

In the only previous study looking at bcl-2 expression in p
itary tumours, bcl-2 was demonstrated using immunohistoch
istry to be present in 30% of tumours but not in functionl
tumours or normal tissue. Our data have shown that bcl-2 ex
sion is found in over 50% tumours and in particular that 2/3 of
functionless tumours express bcl-2. The differences betwee
two studies may be related to differences in tissue fixat
numbers of tumours studied, antibodies or immunohistochem
technique (Envision). This finding supports the suggestion 
bcl-2 expression may be an early event in pituitary tumorigen
leading to indolent tumour growth and cell survival despite s
rates of cell proliferation as bcl-2 expression is known to inh
cell proliferation (Knowlten et al, 1998). It is also consistent w
the fact that apoptosis is an apparently rare event in pitu
tumours. The positive association between bcl-2 expression
MVD suggests that the control of angiogenesis and program
cell death may be related – perhaps a switch to an angiog
phenotype and bcl-2 expression are both early events in pitu
tumorigenesis or that non-cycling but surviving cells supp
angiogenesis. The important pro-angiogenic growth fac
vascular endothelial growth factor (VEGF), has been shown t
present in endocrine tissue (Christofori et al, 1995; Fan and I
1998; Terris et al, 1998) as well as in tumours. It has b
suggested that VEGF may be of particular importance
endocrine tissue, as it also maintains endothelial permea
allowing direct access to the bloodstream. It has recently 
demonstrated that VEGF not only stimulates endothelial prolif
tion, but also prolongs endothelial cell survival by induc
expression of bcl-2, suggesting that part of the angiogenic ac
of VEGF may be related to protection of endothelial cells fr
apoptosis (Nor et al, 1999).

It is therefore perhaps surprising that bcl-2 expression 
lower in recurrent tumours than non-recurrent. Although b
expression may protect from apoptosis, it also inhibits cell gro
and in breast and lung cancer bcl-2 expression is associated
less aggressive tumour behaviour (Fontanini et al, 1995; Be
et al, 1998; Charpin et al, 1998). It is therefore likely that a red
tion in bcl-2 expression reflects a change in another pathway
promotes survival and aggressive behaviour, allowing bcl-2 t
down-regulated. The relationship between bcl-2 and angioge
has recently been explored by Carmaliet and colleagues 
showed that bcl-2 is regulated by hypoxia. Increased hyp
inducible factor-1 (HIF-1α) expression in response to reduc
oxygen tension leads to suppression of bcl-2 along with incre
VEGF and angiogenesis (Carmaliet et al, 1998). The lower exp
sion of bcl-2 in recurrent tumours may thus be a reflection
hypoxia-induced increased HIF-1α expression and seconda
suppression of bcl-2 expression. The positive association bet
MVD and bcl-2 expression in the other pituitary tumour type
difficult to reconcile with the above findings but it has be
suggested that the role of HIF-1α in apoptosis may depend on ce
© 2000 Cancer Research Campaign
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Proliferation and angiogenesis in pituitary tumours 1445
type, genotype or cell density (Carmaliet et al, 1998). Wild-t
p53 is a known inhibitor of tumour angiogenesis (Dameron e
1994). Further steps in pituitary tumour progression may invo
inactive or mutant p53 expression which inhibits HIF-1-stimula
transcription (Blagosklonny et al, 1998). It is known that only v
aggressive pituitary tumours express p53 (Thapar et al, 199b).
A reciprocal relationship between p53 expression and bcl-2
been demonstrated in other tumour types, where only very ag
sive tumours express p53 (Fontanini et al, 1995).

In conclusion, we have shown that MVD and bcl-2 express
in pituitary tumours are associated, suggesting that angioge
may be linked to the ability of cells to survive. There was no r
tionship between MVD and Ki-67 LI, suggesting that angiogen
and proliferation are regulated by different means. We h
demonstrated that neither angiogenesis nor cell proliferation 
predictive of subsequent tumour recurrence but shown that b
expression was significantly lower in tumours that regrew t
those that did not. Cell proliferation as measured using the K
LI was significantly higher in macroprolactinomas than ot
tumours, in keeping with their known clinical behaviour. It will 
useful to study more recurrent and non-recurrent tumours as
as some malignant tumours to further investigate the relation
between bcl-2 expression, p53, hypoxia and MVD.
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