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Summary. The growth potential of 65 pituitary adeno-
mas was determined by histochemical analysis with
Ki-67 and anti-DNA polymerase o monoclonal antibod-
ies, bromodeoxyuridine (BrdUdR) labeling, and counts
of argyrophilic nucleolar organizer regions (Ag-NORs).
The mean proliferating cell indices (PCIs) determined
by Ki-67 and anti-DNA polymerase o and the BrdUdR
labeling index (LI) were generally very low
[1.0+02%, 1.1 £0.2%, and 0.5+ 0.1% (£ SE),
respectively]. Apart from adrenocorticotropic hor-
mone-positive adenomas, which had significantly higher
indices, there were no statistically significant differences
in the indices among the other subtypes of pituitary
adenomas. Recurrent tumors had higher Ki-67 and
DNA polymerase o PCIs and BrdUdR LIs (3.6 %,
4.2%, 1.4%) than primary tumors (0.8%, 0.8%,
0.3%; P <0.005). The number of Ag-NORs did not
correlate significantly with any of the three indices. The
mean number of Ag-NORs was higher in nonfunction-
ing adenomas than in functioning adenomas (2.04 vs
1.66, P <0.005); among prolactin-positive adenomas,
those treated preoperatively with bromocriptine had
more Ag-NORs than untreated tumors (1.75 vs 1.57,
P <0.005). These results suggest that the Ki-67 and
DNA polymerase o PCIs and the BrdUdR LI predict the
growth potential of individual pituitary adenomas,
whereas the number of Ag-NORs appears to correlate
with hormone production rather than with the prolifer-
ative potential.
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Most pituitary adenomas grow slowly and are considered
benign [15, 17, 21, 28]. Some, however, show aggressive
[1, 9] or invasive growth [28, 29] and even metastasis
[2,27]. The histopathological findings often do not
predict the biological behavior of these atypical tumors
[1, 28, 29].

Immunohistochemical studies with monoclonal anti-
bodies have proven useful for determining the prolifer-
ative potential of various brain tumors. Monoclonal
antibody Ki-67 [3, 6] and anti-DNA polymerase o
monoclonal antibody [19, 22] recognize nuclear antigens
expressed in G1-, S-, G2 and M-phase cells, but not in
GO cells. Monoclonal antibodies against bromodeoxy-
uridine (BrdUdR), a thymidine analog incorporated
during DNA synthesis, can be used to determine the
S-phase fraction. The proliferative potential estimated
with these three antibodies reflects the biological behav-
ior of various brain tumors [10, 11, 16, 30]. The number
of argyrophilic nucleolar organizer regions (Ag-NORs)
has also been shown to correlate with cellular prolifer-
ation in several tumors [8, 14, 23]. NORs are loops of
ribosomal DNA that are transcribed by RNA polymer-
ase I and are of central importance in the regulation of
the protein synthesis of cells; they are readily demon-
strated by argyrophilic staining techniques [25].

In this study, we analyzed the cellular proliferation of
pituitary adenomas with these techniques to determine
if there was a correlation with the biological behavior of
individual tumors.

Materials and methods

Tissue preparation

Sixty-four pituitary adenomas and one recurrent pituitary carcino-
ma, all resected by the transsphenoidal approach, were examined.
A portion of each tumor specimen was embedded in OCT
compound (Miles, Elkhart, Ind.) and frozen with dry ice in
ethanol. Other portions were fixed in 70 % ethanol and embedded
in paraffin for NOR study and in 10% buffered formalin for
pathological evaluation and immunohistochemical identification



of prolactin (PRL), growth hormone (GH), adrenocorticotropic
hormone (ACTH), and thyroid stimulating hormone (TSH). Some
specimens were labeled with BrdUdR in vitro as described by
Sasaki et al. [26] and fixed in 70 % ethanol. Briefly, the specimens
were cut into small fragments, incubated in Eagle’s MEM supple-
mented with 20 % fetal calf serum and 100 uM/1 BrdUdR for 1 h at
37°C in carbogen (95 % O, and 5 % CQ,) at three atmospheres of
pressure.

The tumors were classified according to their major clinical
manifestations, serological studies, and immunohistochemical
properties. Tumors without evidence of immunohistochemical
markers and that did not cause endocrinological symptoms or
abnormal increse of serum hormone levels were considered to be
nonfunctioning tumors.

Immunohistochemistry with Ki-67 and anti-DNA poly-
merase o, monoclonal antibody

The staining procedure has been described elsewhere [31]. Briefly,
cryostat sections 4—6 um thick were air dried and fixed in 4 %
paraformaldehyde at 4 °C for 30 min. The sections were incubated
for 1 h at room temperature with monoclonal antibody Ki-67
(Dako, Santa Barbara, Calif.) diluted 1:25 or with mouse anti-
DNA polymerase oo monoclonal antibody (CL-22-2-42B, MBL,
Nagoya, Japan) diluted 1:20. After incubation in 0.3 % hydrogen
peroxide in phosphate-buffered saline for 30 min to block endoge-
nous peroxidase activity, the sections were incubated first for
30 min with biotinylated secondary antibody against mouse immu-
noglobulins (Dako) and then for 30 min with streptavidin-biotin-
peroxidase complex (Dako). The sections were then stained with
3,3'-diaminobenzidine and lightly counterstained with 1 % methyl
green.

Immunohistochemistry with anti-BrdUdR monoclonal
antibody

The sections were deparaffinized, denatured with 4 N hydrochloric
acid for 10 min at room temperature, and incubated for 30 min
with mouse anti-BrdUdR monoclonal antibody (BR-3, Caltag,
South San Francisco, Calif.) diluted 1:20,000 in phosphate-
buffered saline containing 5 % normal goat serum and for 30 min
with gold-conjugated goat anti-mouse immunoglobulin G (Amer-
sham, Arlington Heights, I11.) diluted 1: 50.The sections were fixed
with 2.5% glutaraldehyde for 10 min, developed with a silver
enhancement kit (IntenSE M, Amersham), and counterstained
with 0.1 % nuclear fast red.

Evaluation of immunohistochemistry

The proliferating cell index (PCI) and the BrdUdR labeling index
(LI) were calculated from each slide as the percentage of
immunopositive nuclei; vascular components and hematogenous
cells were excluded. More than 1,000 cells from each specimen
were counted in several viable areas of tissue in which positive
nuclei were evenly distributed.

Staining and counting of Ag-NORs

The procedure for staining Ag-NORSs has been described in detail
[4]. Briefly, ethanol-fixed, paraffin-embedded sections 4-6 pm
thick were covered with a solution consisting of gelatin (2 g/100 ml)
in aqueous formic acid (1 g/100 ml) mixed with aqueous silver
nitrate (50 g/100 ml, 1:2 v/v) for 20 min in a dark room. Ag-NORs
were counted in 200 cells in each case, and the mean number per
cell was calculated.
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Statistical analysis

The ¢ test was used to determine the statistical significance of
difference in the PCIs, BrdUdR LI, and the number of Ag-NORs
in different tumor subtypes. Linear regression analysis was used to
correlate the three indices with each other and with the number of
Ag-NORs; the statistical significance of the correlation was
determined by ¢ test.

Results

The Ki-67 and DNA polymerase a PCls and the
BrdUdR LIs ranged from <0.1% to 10.9% (median
0.7%), 14.1% (median 0.6%), and 4.4% (me-
dian 0.3 %), respectively. The number of Ag-NORs
ranged from 1.31 to 2.94 (median 1.73). The PClIs,
BrdUdR LI, and the number of Ag-NORs did not
correlate with the age or sex of the patient, the duration
of symptoms, or tumor size determined from magnetic
resonance images or computed tomography scans. Pho-
tomicrographs of nonfunctioning, PRL-positive, and
ACTH-positive adenomas stained for Ag-NORs are
shown in Fig. 1.

Linear regression analysis showed a statistically sig-
nificant correlation between Ki-67 and DNA polymer-
ase o PCIs (Fig. 2) as well as between the BrdUdR LIs
and the Ki-67 and DNA polymerase o PCIs [r = (.52,
P <0.005, n = 37; r = 0.65, P <0.005, n = 35, respec-
tively (data not shown)]. The number of Ag-NORs did
not correlate with the Ki-67 or DNA polymerase o PCIs
or with the BrdUdR LlIs by linear regression analysis.

The Ki-67 and DNA polymerase o PCIs showed few
significant differences among the various subtypes of
tumors (Table 1). ACTH-positive adenomas had a sig-
nificantly higher mean Ki-67 PCI than PRL-positive
adenomas and a significantly higher mean DNA poly-
merase o PCl than nonfunctioning, GH-positive, or
PRL-positive adenomas. There were no significant dif-
ferences in the mean BrdUdR LIs of the various tumor
subtypes.

The mean number of Ag-NORs was significantly
higher in the 24 nonfunctioning pituitary adenomas than
in the 38 functioning tumors (2.04 + 0.05vs
1.66 + 0.03, P <0.005), but there were no significant
differences in the number of Ag-NORs in different
subtypes of functioning tumors (Table 1).The Ag-NORs
were smaller in nonfunctioning adenomas, larger in
PRL- and TSH-positive tumors, and intermediate or
mixed in GH- and ACTH-positive tumors.

The mean PCls, BrdUdR LI, and number of Ag-
NORSs were significantly higher in recurrent tumors than
in primary tumors (Table 2). The PCIs and BrdUdR LI
were also higher in seven tumors (three recurrent) with
atypical histological features, such as nuclear atypia or
pleomorphism and mitotic figures, than in tumors
without such features. There was no difference in the
mean number of Ag-NORs of typical and atypical
adenomas. Macroscopically invasive tumors had a high-
er mean DNA polymerase o PCI than tumors judged
noninvasive at surgery. Invasiveness did not correlate
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Fig. 1. Nucleolar organizer regions stained by argyrophil tech-
nique in (a) a nonfunctioning pituitary adenoma (1.97 = 0.16,
mean * SD), (b) a prolactin-positive adenoma (1.34 + 0.11), and
(¢) an adrenocorticotropic hormone cell adenoma (1.66 + 0.17).
The Ag-NORs were smaller in the nonfunctioning tumor, larger in
the prolactin-positive tumor, and intermediate or mixed in adre-
nocorticotropic hormone-positive tumor. a—e¢ original magnifica-
tion X 600

Pol. alpha PCI (%)

Ki-67 PCI (%)

Fig. 2. The correlation between Ki-67 and DNA polymerase o.
(Pol. alpha) proliferating cell indices (PCI) in 62 pituitary tumors
(61 adenomas and one carcinoma). Linear regression analysis
showed a highly significant correlation: DNA polymerase o
PCI = ~0.10 + 1.18 Ki-67 PCI (» = 0.97, P <0.005). (O) Primary
tumor; (@) recurrent or histologically atypical tumor

with the other indices or with the number of Ag-
NORs.

Among 20 PRL-positive adenomas, there were no
significant differences in the Ki-67 and DNA polymer-
ase a PCIs of tumors treated preoperatively with
bromocriptine and those that were not (Table 3). The
mean number of Ag-NORs, however, was higher in
treated than in untreated tumors.

Discussion

This study showed that the proliferative potential of
pituitary adenomas determined immunohistochemically
with Ki-67, anti-DNA polymerase o, and anti-BrdUdR
monoclonal antibodies was generally very low. Exclud-
ing one ACTH-positive adenoma with unusually high
indices (Ki-67 and DNA polymerase o PCIs of 10.9 %
and 14.1 %, respectively, and a BrdUdR LI of 1.5%)
that recurred three times, the ACTH-positive adenomas
had mean Ki-67 and DNA polymerase o PCIs of
1.08 £0.02% and 1.54 = 0.38 %, respectively, and a
BrdUdR LI of 0.15 * 0.15 % . These values were signif-
icantly higher than those of nonfunctioning (p <0.005)
and GH-positive adenomas (P <0.05). One of two
adenomas in patients with Nelson’s syndrome had
relatively high Ki-67 and DNA polymerase o PCIs
(1.7% and 3.0%, respectively). These observations
agree with previous reports of high proliferative poten-
tials in ACTH-positive adenomas and adenomas asso-
ciated with Nelson’s syndrome [15, 17, 21].

The number of Ag-NORs did not always correlate
with the clinical aggressiveness or with the proliferative



Table 1. Proliferative potential of pituitary adenomas?®

Tumor type No. of cases  Ki-67 PCI (%) DNA polymerase BrdUdR LI (%) Mean no. of

o PCI (%) Ag-NORs
Nonfunctioning 24 0.82 £ 0.18 (24) 0.72 £ 0.10 (23) 0.56 = 0.19 (20) 2.04 % 0.05 (24)0¢
PRL-positive 20 0.91 + 0.24 (20) 0.85 + 0.20 (19) 0.18 = 0.05 (8) 1.62 + 0.05 (19)
GH-positive 10 0.69 + 0.17 (10) 0.76 + 0.19 (10) 0.43 £0.24 (3) 1.65 £ 0.06 (10)
ACTH-positive 7 2.49 + 1.414 (7) 3.63 £ 2.12¢f¢ (6) 0.60 + 0.46 (3) 1.76 £ 0.09 (6)
TSH-positive 3 0.87 + 0.34 (3) 0.70 + 0.21 (3) 0.35 £ 0.05 (2) 1.66 = 0.13 (3)
Total 64 1.01 £ 0.19 (64) 1.05 £ 0.23 (61) 0.47 £ 0.13 (36) 1.80 £ 0.04 (62)
Pituitary carcinoma 1 6.3 7.2 1.0 2.94

2 Values are mean + SE; numbers in parentheses are numbers of cases; PCI, proliferating cell index; BrdUdR LI, bromodeoxyurid-
ine labeling index; Ag-NORs. argyrophilic nucleolar organizer regions, PRL, prolactin; GH, growth hormone; ACTH, adrenocorti-

cotropic hormone; TSH: thyroid stimulating hormone
b P <0.005 vs PRL~ and GH-positive adenomas
¢ P <0.01 vs ACTH- and TSH-positive adenomas

d P <0.05 vs PRL-positive adenomas

¢ P <0.005 vs nonfunctioning adenomas

f P <0.05 vs GH-positive adenomas
g P <0.025 vs PRL-positive adenomas

Table 2. Proliferative potential of various pituitary adenomas?

Ki-67 PCI (%)

DNA polymerase
a PCI (%)

BrdUdR LI (%)

Mean no. of
Ag-NORs

Tumor type No. of cases
Primary 58
Recurrent 7t
Typical 58
Atypical® 7t
Noninvasiveg 31
Invasive 19

0.80 + 0.10 (58)
3.56 + 1.48¢ (7)

0.77 % 0.10 (58)
3.76 + 1.41° (7)

0.80 + 0.19 (31)
1.19 + 0.31 (19)

0.83 % 0.09 (56)
4.17 + 2.24¢ (6)

0.81 % 0.09 (56)
4.32 + 2.20° (6)

0.71 + 0.13 (30)
1.46 + 0.419 (17)

0.29 + 0.04 (31)
1.40 + 0.64¢ (6)

0.34 + 0.06 (34)
1.97 + 1.22¢ (3)

0.58 + 0.26 (16)
0.31 + 0.12 (10)

1.79 + 0.04 (57)
2.07 + 0.184 (7)

1.80 £ 0.04 (57)
2.00 + 0.18 (7)

1.78 £ 0.05 (31)
1.82 £ 0.08 (18)

* Values are mean * SE; numbers in parentheses are numbers of cases; PCI, Proliferating cell index; BrdUdR LI, bromodeoxyurid-
ine labeling index; Ag-NORs, argyrophilic nucleolar organizer regions

® Three nonfunctioning, two adrenocorticotropic hormone-positive, and one prolactin-positive adenomas and one pituitary carcinoma
¢ P <0.005, recurrent vs primary, atypical vs typical

4 P <0.025, recurrent vs primary, invasive vs noninvasive

¢ Histologically atypical featurers, such as nuclear atypia or pleomorphism, and mitotic figures

I Two nonfunctioning, one growth hormone-positive, one thyroid-stimulating hormone-positive, and two adrenocorticotropic hor-
mone-positive adenomas and one pituitary carcinoma

& Observed at operation

Table 3. Proliferative potential of prolactin-positive adenomas?

Preoperative No. of cases  Ki-67 PCI (%) DNA polymerase BrdUdR LI (%) Mean no. of
treatment o PCI (%) Ag-NORs
Bromocriptine 7 1.01 £ 0.38 (7) 0.73 = 0.26 (7) ND 1.75 £+ 0.09% (6)
Untreated 13 0.85 £ 0.31 (13) 0.93 = 0.28 (12) 0.18 = 0.05 (8) 1.57 £ 0.04 (13)

PCI, proliferating cell index; BrdUdR LI, bromodeoxyuridine labeling index; Ag-NORs, argyrophilic nucleolar organizer regions;
ND, not done

2Values are mean * SE; numbers in parentheses are numbers of cases

bp <(.05 vs untreated tumors

potential reflected by the PCls and the BrdUdR LlIs
[7, 18], although a recurrent pituitary carcinoma had the
highest number of Ag-NORs. The aggressive ACTH-
positive adenoma described above had only 1.55 Ag-
NORs. The mean number of Ag-NORs was significantly

higher in nonfunctioning adenomas than in functioning
adenomas but was similar in the various subtypes of
functioning tumors, as previously reported [20, 32].
Although only macroscopic invasiveness was eval-
uted in this study, the mean DNA polymerase o. PCI was
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higher in tumors judged invasive at surgery than in those
that were not [15, 17]. Thus, invasive pituitary adenomas
may be considered to have a biological behavior inter-
mediate between those of noninvasive adenomas and
pituitary carcinomas [28].

Seven patients with PRL-positive adenomas received
bromocriptine (2.5 to 10 mg/day) for more than 1 month
before surgery. The proliferative potential of PRL-
positive adenomas was not changed by the preoperative
administration of bromocriptine [17], even though high
concentrations of bromocriptine have been reported to
inhibit DNA synthesis [24] and delay the cell cycle
[12, 13]. The mean number of Ag-NORs, however, was
higher in bromocriptine-treated adenomas than in
untreated tumors. Thus, the number of Ag-NORs may
reflect the effect of bromocriptine on hormone produc-
tion rather than the proliferative potential. These results
are not in agreement with those of a previous report [32].
Further studies may be necessary to evaluate the effect
of bromocriptine on the number of Ag-NORs.

We cannot determine from the results of the present
study the values at which the PCIs and BrdUdR LIs of
pituitary adenomas indicate aggressive tumor growth. A
PCI >1.5% or a BrdUdR LI >1 % appears to correlate
with rapid growth and the likelihood of recurrence
(Fig. 3 and Table 2). In such cases, postoperative radia-
tion therapy should be considered [3, 33], especially
when there is residual tumor or invasive growth is
suspected. The Ki-67 and DNA polymerase o PCIs and
the BrdUdR LI may provide information that is useful
for predicting the biological behavior of individual
pituitary adenomas and for planning follow-up studies
and trcatment after surgical resection. The BrdUdR LI,
however, may be too low to accurately estimate the
proliferative potential of individual pituitary adenomas.
Therefore, the PCIs may have some advantages over
BrdUdR LI in estimating the proliferative potential of
individual pituitary adenomas. The number and size of
Ag-NORs may be more useful for evaluating hormone
production than for estimating the proliferative poten-
tial of pituitary adenomas.
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