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Abstract OBJECTIVE: In many pituitary tumor, immunohistochemical studies have been 
shown to be correlated with different aspects of tumor behavior. There is no study 
up to date in which markers of Ki-67, p53, VEGF were evaluated concomitantly 
in GH-secreting adenomas. This study aims to determine which marker has a 
major role in tumor behavior and whether these markers have a cut-off value to 
distinguish invasive adenoma from non-invasive pituitary adenoma. 
METHODS: Fourty-seven acromegalic patients operated by the same neurosur-
geon were included in this study. Twenty-one patients (5 micro/16 macro) had 
non-invasive adenomas and 26 had invasive macroadenomas. Eight patients (6 
invasive macroadenomas, 2 microadenomas) were treated with OCT-LAR until 
one month prior to surgery with treatment duration range of 3–11 months. These 
patients were excluded from the study group as the noninvasive and invasive 
adenomas were compared. A separate analysis was performed in invasive adeno-
mas to compare OCT(+) and OCT(–) patients. 
RESULTS: Both Ki-67 and p53 expressions showed no correlation with the 
invasive character of adenomas, but VEGF expression in invasive adenomas 
was significantly higher with respect to noninvasive group. Our study has taken 
intermediate staining (>25%) for VEGF as a cut off value for invasive adenomas. It 
was also observed that the decrease in VEGF staining in OCT pretreated invasive 
adenomas was significantly more than those not treated with OCT. 
CONCLUSION: VEGF becomes an independent stimulator of angiogenic growth 
and progression for GH-secreting adenomas with >25% cytoplasmic immuno-
reactivity. This cut-off value may be useful in determination of prognosis and 
appropriate treatment strategy. A short term preoperative OCT treatment may be 
useful as adjunctive therapy especially for locally invasive GH-secreting adenomas. 
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INTRODUCTION
Most pituitary adenomas grow slowly, but despite their 
mostly benign histopathological features, underlying 
mechanism(s) of aggresive biological behavior in some 
of them are poorly understood. Although studies exam-
ining the markers of Ki-67 and P53 in different pituitary 
tumors have yielded contradictory results; angiogen-
esis has been described as an important mechanism of 
growth in human pituitary adenomas and carcinomas 
(Abe & Lüdecke 2001; Lloyd et al. 1999; Pan et al. 2005; 
Thapar et al. 1996; Turner et al. 2000). Angiogenesis is 
thought to be regulated by a number of growth factors; 
vascular endothelial growth factor (VEGF) is one of 
these angiogenic factors, and it’s expression in pituitary 
adenoma immunohistochemically, is known (Fukui et 
al. 2003; Niveiro et al. 2005; Takata et al. 2004). Recently, 
VEGF was demonstrated in a diffuse cytoplasmic pat-
tern in GH-secreting adenoma (Kurosaki et al. 2008). 
However, there is no study up to date in which mark-
ers of Ki-67 and p53, and angiogenesis (VEGF) were 
evaluated concomitantly in GH-secreting adenomas. 
This study aims to determine the influence of age, sex, 
hormonal status on cell proliferation and angiogenesis, 
and the influence of cell proliferation and angiogenesis 
on tumor invasiveness and clinical course, and also to 
investigate whether these markers have a cut-off value 
to distinguish invasive adenoma from non-invasive 
pituitary adenoma. 

MATERIAL AND METHODS
Subjects
Fourty-seven patients with GH-secreting adenomas 
were included in our study. Twenty-six were female 
and 21 were male, with mean age of 43.6 years (range 
19–67 years). The mean size of adenomas was 1.79 ± 
1.14 cm (range 0.8–6.0 cm). All of the patients were 
operated by the same neurosurgeon with transsphe-
noidal approach (Hardy 1973). Status of invasiveness 
was determined by intraoperative and radiological 
findings. On the basis of MRI scans, tumor size and 
extension were cassified according to Lüdecke’s clas-
sification (Ludecke 1945) (the maximum diameter of 
tumor was used as a basis). The tumors were divided 
into two groups: invasive and non-invasive. The non-
invasive group consisted of 21 patients (5 micro and 
16 macroadenomas), and the invasive group consisted 
of 26 patients with macroadenomas. Eight patients 
(2 non-invasive microadenomas and 6 invasive mac-
roadenomas) were treated with OCT-LAR until one 
month prior to surgery with treatment duration range 
of 3–11 months. These OCT(+) patients were excluded 
from the study group. Nineteen non-invasive and 20 
invasive adenomas were compared. A separate analysis 
was performed in 26 invasive adenomas to compare six 
OCT(+) and twenty OCT(–) patients. Postoperatively, 
biochemical controlled disease was confirmed by GH 

concentrations less than 1 μg/L on OGTT, and normali-
sation of IGF-1 levels to the age-and sex matched con-
trols. All the tumor specimens obtained from surgery 
were histologically diagnosed as pituitary adenoma, 
and were confirmed with immunohistological staining 
for only growth hormone. In five cases, non-tumoral 
adenohypophyseal tissue adjacent to adenomas was 
obtained. One pituitary obtained during autopsy was 
also investigated. The mean postoperative follow-
up period was 41.97 ± 37.22 months (range 5–168 
months). 

Immunohistochemical analysis
For immunohistochemical studies, formaline fixed 
paraffin embedded material from the archives of the 
Department of Neuropathology were used. Serial sec-
tions were stained with Hematoxyline-eosin, PAS, 
Masson trichrome and Gomori reticulin. Immuno-
histochemical procedure was performed using the 
Streptavidin-Biotin method. Following antibodies were 
applied; Ki-67 (monoclonal, dilution 1:200, incubation 
time: 1hour; Immunovision USA); p53 (monoclonal, 
ready to use, incubation time: 1 hour; Scytech, UTAH 
USA); VEGF (polyclonal, dilution 1:100, incubation 
time: 1 hour; Santa Cruz Biothechnology, CA USA. 
Hormonal staining were performed; ACTH (dilution: 
1:75, monoclonal, DAKO, antigen retrieval with pres-
sure cooker, incubation time: 1 hour), FSH (dilution: 
1:50, monoclonal, DAKO, antigen retrieval with pres-
sure cooker, incubation time: 1 hour), LH (dilution: 
1:50, monoclonal, DAKO, antigen retrieval with pres-
sure cooker, incubation time: 1), TSH (dilution: 1:100, 
monoclonal, BIOGENEX, antigen retrieval with pres-
sure cooker, incubation time:1 hour), Prolactin (dilu-
tion: 1:60, monoclonal, BIOGENEX, antigen retrieval 
with pressure cooker, incubation time: 1 hour), GH 
(dilution: 1:100, monoclonal, BIOGENEX, antigen 
retrival with pressure cooker, incubation time:1 hour). 
Histopathologocical scoring was performed by two 
different pathologists several times. Intra- and interob-
server reliability were high. The staining patterns of 
each specimen were examined under light microscopy 
and graded as previously described. Quantification 
of Ki-67–labelled cells was determined by counting 
500 nuclei in three or more randomly selected high 
power fields (x400); positive nuclei were reported as 
the percentage of immunopositive cells (Wakimoto et 
al. 1996). The staining pattern for p53 was reported 
either positive or negative (without giving any percent-
age). Vascular endothelial growth factor (VEGF) was 
evaluated by a score corresponding to the sum of both 
(a) staining intensity (0=negative; 1=weak; 2=inter-
mediate; 3=strong) and (b) percentage of positive cells 
(0=0% positive cells; 1<25% positive cells; 2=26–50% 
positive cells; 3=>50% positive cells). The sum of (a) + 
(b) reached a maximum score of 6. A score greater than 
2 was considered as immunohistochemical positive. In 
each case, scoring was performed from 10 randomly 
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selected areas (×400, ensuring that the whole section 
was scanned (Pan et al. 2005). 

Statistical analysis
Statistical analysis was performed using SPSS 12.0 soft-
ware with appropriate tests (Pearson chi-square, Fish-
er’s exact test) and the results are expressed as mean ± 
S. E. M. differences between groups were considered as 
significant if p<0.05. 

RESULTS 
In this study, age, sex, hormonal status and clinical 
course (remission/activity) did not influence Ki-67, p53 
and VEGF. Although Ki-67 and p53 expression have no 
association with invasiveness of adenomas (p=0.294, 
and p=0.511, respectively; Tables 1 and 2), there was an 
association between the invasion of adenomas and the 
expression of VEGF (p=0.016; Table 3). 

 Our result showed that there is no cut-off value for 
Ki-67% indicating tumor invasiveness. The intensities 
and numbers of immunoreactive cells for VEGF stain-
ing are summarized in Table 3. 

Strong positive staining with VEGF is shown in 
Figure1. In contrast, negative staining was observed in 
both non-tumoral adenohypophyseal pituitary tissues 
adjacent to adenoma and normal pituitary (Figure 2A, 
and 2B). They are also negative stainings with both 
Ki-67 and P53. 

If we accept more than 25% staining of VEGF, as 
a cut- off level, the expression of VEGF in invasive 
adenomas was significantly more than non-invasive 
adenomas (p=0.002) (Table 4). 

Furthermore, it was observed that the decrease in 
VEGF staining in OCT pretreated invasive adenomas 
was significantly more than those not treated with OCT 
(p=0.029) (Table 5). 

There was no statistical difference for Ki-67 index 
between OCT pretreated and not-treated adenomas. 

DISCUSSION 
Pituitary tumorigenesis is a poorly understood process 
involving dysregulation of the cell cycle, proliferation, 
and angiogenesis, and more detailed analyses are 
needed to elucidate the molecular mechanisms. 
Although studies examining the marker of Ki-67 and 
P53 in different pituitary tumors have yielded contra-
dictory results, angiogenesis has been described as an 
important mechanism of growth in human pituitary 
adenomas and carcinomas (Kawamato et al. 1995; 
Landolt et al. 1987; Schreiber et al. 1999; Turner et al. 
2000). Up to this time, there is no study in which mark-
ers of cell proliferation (Ki-67, p53) and angiogenesis 
(VEGF) were evaluated concomitantly in GH-secreting 
adenomas. In this study, the presence of these markers 
in a series of 47 GH-secreting tumors were evaluated. 
Using the MIB-1 antibody in paraffin-embedded sec-

Tab. 1. The expression of Ki-67 in non-invasive and invasive 
adenomas was not statistically different (p=0.294).

Ki-67
Staining count (%)

Non-invasive 
n (%)

Invasive
n (%)

0 (-) 0 (0.0) 1 (5.0)

<1% 3 (15.8) 6 (30.0)

1-3% 9 (47.4) 5 (25.0)

>3% 7 (36.8) 8 (40.0)

Total 19 (100.0) 20 (100.0)

Tab. 2. The expression of p53 in these two groups was similar 
(p=0.511). 

p 53 Non-invasive 
(n=19)

Invasive 
(n=20)

Staining % within group % within group

Negative 64.3% 68.4%

Positive 35.7% 31.6%

Tab. 3. The expression of VEGF in invasive as compared with non-
invasive adenomas was statistically different (p=0.016) 

VEGF 
Staining Count % Non-invasive 

n (%)
Invasive

n (%)

Negative 0 2 (10.5) 0 (0.0)

Weak <25% 9 (47.4) 2 (10.0)

Intermediate 26-50% 1 (5.3) 2 (10.0)

Strong >50% 7 (36.8) 16 (80.0)

Total 19 (100.0) 20 (100.0)

Tab. 4. VEGF in invasive and non-invasive adenomas as a cut-off 
level 25%.

VEGF
Staining count (%)

Non-invasive
n (%)

Invasive
n (%)

<25% 11 (57.9) 2 (10.0) 

≥25% 8 (42.1) 18 (90.0)

Total 19 (100.0) 20 (100.0)

Tab. 5. VEGF in OCT pretreated a n d   n o t   treated invasive adenomas.

VEGF
Staining count (%) 

OCT(–) invasive
n (%)

OCT(+) invasive
n (%)

<25% 2 (10.0) 3 (50.0)

≥25% 18 (90.0) 3 (50.0)

Total 20 (100.0) 6 (100.0)

tions, values of 3.6 through 16.4% have been reported 
(Gandour-Edwards et al. 1995; Krämer et al. 1994; 
Lübke et al. 1995). In the studies by Knosp et al. (1989), 
Pizarro et al. (2004), Zhao et al. (1999), and Mastro-
nardi et al. (1999), the mean positive reaction to Ki-67 
was 1.1, 1.22, 1.4, and 2.64%, respectively. In the study 
of Pizarro et al. (2004), the Ki-67 index was above 3% in 
15 cases, and in two of them it was above 10% i. e., 
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12.71 and 15.48%. Other investigators have reported 
values of 16.45% (Thapar et al. 1996) and even 23.37% 
(Kawamato et al. 1995) in their series, values which 
have been usually found in pituitary carcinomas. In the 
present study, the Ki-67 index was above 3% in 7 non-
invasive and 8 invasive adenomas. On the other hand, a 
significantly higher Ki 67 index in patients younger 
than 30 than in older patients had been reported (Jaff-
rain-Rea et al. 1998; Tsanaclis et al. 1991; Yonezawa et al.
1997). But other authors compared different age groups, 
and found no significant differences between Ki-67 
index and different age groups analyzed (Mastronardi et 
al. 1999; Pizarro et al. 2004). In the present study, we did 
not find any significant differences in Ki-67 index 
regarding patient age. On the bases of literature, there is 
no agreement about Ki-67 index among the different 
age groups. In other studies, an overlap of Ki-67 index 
values was found in non-invasive adenomas, invasive 
adenomas, and pituitary carcinomas (Kawamato et al.

1995; Mastronardi et al. 1999; Pizarro et al. 2004; Thapar
et al. 1996; Uozumi et al. 1995). Our results showed that 
the expression of Ki-67 in non-invasive and invasive 
adenomas were not different, moreover, one invasive 
adenoma has a negative Ki-67 index. Therefore, neither 
negative staining nor low values do not necessarily indi-
cate the non-aggressive evolution of the adenoma. 
Landolt et al. (1987) demonstrated a significant higher 
Ki-67 index in invasive pituitary adenomas than in 
non-invasive adenomas. An effort has been made to 
define an index value that could serve as a cut-off to 
distinguish between invasive and non-invasive behavior 
of adenoma. Thapar et al (1996) reported that Ki-67 
index of 3% was successful in distinguishing between 
invasive and non-invasive adenomas with a specificity 
of 97% and a sensitivity of 73%. But, we couldn’t show a 
Ki-67 index of 3% as a cut-off level for invasiveness of 
tumor behavior. In the literature, however, there is no 
consensus about cut-off level concerning tumor inva-

AA BB

Fig. 2. As a negative control, (A, ×200) nontumoral adenohypophysis tissue adjacent to adenoma, and (B, ×200) a normal 
pituitary tissue were selected for VEGF immunoreactivity. Counterstained with hematoxylin. 

Fig. 1. Strongly positive staining 
(arrow) with VEGF appeared in 
the adenomatous cells in a case. 
Counterstained with hematoxylin 
(×400).
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siveness (Mastronardi et al. 1999; Thapar et al. 1996). 
The establishment of cut-off level associated with 
aggressive tumor behavior could be used in the future 
as an aid for therapeutic decision making. Losa et al. 
(2001) demonstrated that acromegalic patients receiv-
ing chronic octreotide treatment had a lower value of 
the proliferation marker Ki-67 index compared with 
matched untreated patients. In this study, we could not 
find any differences between groups. Alterations on 
p53 were identified in higher proportions of aggressive 
or invasive pituitary tumors (Mastronardi et al. 1999, 
Thapar et al. 1996). Schreiber et al. (1999) showed that 
p53 was found only 20% of all invasive adenomas, but 
they concluded negative results did not exclude clini-
cally relevant invasive behavior. In another study, GH-
secreting adenomas showed p53 positivity in only 
28.9% (Pizarro et al. 2004). In this study, the expression 
of p53 was identified as 35.7% for non-invasive, and 
31.6% for invasive adenomas. In our study, p53 expres-
sion was not related neither to clinical parameters nor 
to invasiveness of GH-secreting adenomas. It was sug-
gested that p53 would not have an important role in 
invasiveness of tumor. Sautner & Saeger (1991) identi-
fied the high p53 levels through immunohistochemis-
try in pituitary tumors, and they suggested that this 
result could be a consequence of binding to other cell 
proteins in the tumors. Angiogenesis is thought to be 
regulated by VEGF, and it is known to be present 
immunocytochemically in pituitary adenomas (Fukui 
et al. 2003; Kurosaki et al. 2008, Lloyd et al. 1999; 
Niveiro et al. 2005; Takata et al. 2004; Viacava et al. 
2003). LIoyd et al. (1999) found that GH-secreting ade-
nomas has the strongest immunoreactivity with anti-
VEGF. Morever, Kurosaki et al. (2008) reported that 
VEGF was demonstrated in a diffuse cytoplasmic pat-
tern in GH-secreting adenoma; but age, gender, tumor 
size and invasiveness did not influence VEGF expres-
sion. In the present study, we observed the significant 
association between tumor invasiveness and expression 
of VEGF, but not with age, gender, and hormonal status. 
On the otherhand, our results showed that difference in 
pattern of staining in noninvasive and invasive adeno-
mas is significantly different, a finding not reported 
previously. Viacava et al. (2003), and Kurosaki et al. 
(2008) reported that VEGF strong staining was 
observed in the cytoplasm in 3 and 19 specimens of 
normal anterior pituitary gland, retrospectivelly. But 
they did not observed cytoplasmic staining in a normal 
pituitary and nontumoral adenohypophysis tissues 
adjacent to the adenoma in this study. LIoyd et al. 
(1999) reported GH adenomas treated with octreotide 
stained less intensely than did untreated adenomas. 
Kurosaki et al. (2008) reported that moderately positive 
staining with VEGF was seen in 18% of the octreotide 
group, and in 67% of the control group. In contrast, 
weakly positive staining was observed in 76% of the 
octreotide group, and in 25% of the control group. This 
staining pattern differed statistically between the 

octreotide and control group, and they concluded that 
octreotide may inhibit the angiogenesis through down-
regulation of VEGF. GH adenomas treated with OCT 
had weaker staining than untreated adenomas in our 
cases. In contrast to our study, Iuchi et al. (2000) 
reported VEGF expression showed no significant cor-
relation with MR grades. We could not find any signifi-
cant association between VEGF and the markers of cell 
proliferation. On the other hand, with a similar 
approach to Thapar et al. (1996), VEGF staining of > 
25% could be used as a cut-off for distinguishing inva-
sive from non-invasive GH-releasing adenomas, which 
we accepted and utilized in this study. On the basis of 
this cut-off level, GH adenomas treated with octreotide 
stained significantly less intensely than did untreated 
adenomas for VEGF. Particularly in locally invasive 
GH-secreting adenomas, preoperative medical debulk-
ing was improving of the surgical outcome confirmed 
by some studies (Iuchi et al. 2000; Oshino et al. 2006; 
Stevenaert & Beckers 1996; Thapar et al. 1996). This 
observation could be related to OCT effect, such as 
inhibition of angiogenesis via down-regulation of 
VEGF expression which was reported by Kurosaki et al. 
(2008). Therefore, a short term (such as 3 to 6 months) 
preoperative OCT treatment may be useful as adjunc-
tive therapy especially for invasive GH-secreting ade-
nomas. So, this cut off value may be useful in 
determination of prognosis and appropriate treatment 
strategies for disease follow-up and postoperative treat-
ment. Further complementary studies are needed to 
confirm this observation. 

REFERENCES

1  Abe T, Lüdecke DK (2001). Effects of preoperative octreotide 
treatment on different subtypes of 90 GH-secreting pituitary 
adenomas and outcome in one surgical centre. Eur J Endocrinol. 
145: 137–145. 

2  Fukui S, Nawashiro H, Otani N, Ooigawa H, Yano A, Nomura N, 
et al (2003)  . Vascular endothelial growth factor expression in 
pituitary adenomas. Acta Neurochir Suppl. 86: 519–521. 

3  Gandour-Edwards R, Kapadia SB, Janecka IP, Martinez AJ, Barnes 
L (1995). Biologic markers of invasive pituitary adenomas involv-
ing the sphenoid sinus. Modern Pathol. 8: 160–164. 

4  Hardy J (1973). Transsphenoidal surgery of hypersecreting 
pituitary adenomas. In : Koler PO, Ross GT (eds) Diagnosis and 
treatment of pituitary tumours Int Congr Ser 303; Amsterdam: 
Exerpta Medica. p 179–198. 

5  Iuchi T, Saeki N, Osato K, Yamaura A (2000). Proliferation, vascu-
lar endothelial growth factor expression and cavernous sinus 
invasion in growth hormone secreting pituitary adenomas. Acta 
Neurochir (Wien). 142: 1345–1351. 

6  Jaffrain-Rea ML, Di Stefano D, Minniti G, Bultrini A, Ferretti 
E, Baldelli R, et al (1998). Ki-67 index as a marker of cell prolif-
eration in pituitary tumors. Abstracts of IV European Congress of 
Endocrinology, Sevilla, Spain, May 9–13: P3–100

7  Kawamato H, Uozumi T, Arita K, Yano T, Hirohata T (1995). Analy-
sis of the growth rate and cavernous sinus invasion of pituitary 
adenomas. Acta Neurochir. 136: 37–43. 

8  Knosp E, Kitz K, Perneczky A (1989). Proliferation activity in pitu-
itary adenomas: measurement by monoclonal antibody Ki-67. 
Neurosurg. 25: 927–930. 



828 Copyright © 2010 Neuroendocrinology Letters ISSN 0172–780X • www.nel.edu

Sema Yarman, Neslihan Kurtulmus, Ali Canbolat, Cicek Bayindir, Bilge Bilgic, Nurhan Ince

9  Krämer A, Saeger W, Tallen G, Lüdecke DK (1994). DNA measure-
ment, proliferation markers, and other factors in pituitary adeno-
mas. Endocrine Pathol. 5: 198–211. 

10  Kurosaki M, Saeger W, Abe T, Lüdecke K (2008). Expression of 
vascular endothelial growth factor in growth hormone-secreting 
adenomas: special reference to the octreotide treatment. Neurol 
Res. 30: 518–522. 

11  Landolt AM, Shibata T, Kleihues P (1987). Growth rate of human 
pituitary adenomas. J Neurosurg 67: 803–806. 

12  Lloyd RV, Scheithauer BW, Kuroki T, Vidal S, Kovacs K, Stefaneanu 
L (1999). Vascular endothelial growth factor (VEGF) expression in 
human pituitary adenomas and carcinomas. Endocr Pathol. 10: 
229–235. 

13  Lübke D, Saeger W, Lüdecke DK (1995). Proliferation markers and 
EGF in ACTH-secreting adenomas and carcinomas of the pitu-
itary. Endocr Pathol. 6: 45–55. 

14  Ludecke DK (1945). Value of transcavernous surgery in the treat-
ment of pituitary adenomas. Eur J Endocrinol. 133: 147–148. 

15  Losa M, Ciccarelli E, Mortini P, Barzaghi R, Gaia D, Faccani G, et 
al (2001). Effects of octreotide treatment on the proliferation 
and apoptotic index of GH-secreting pituitary adenomas. J Clin 
Endocrinol Metab. 86: 5194–5200. 

16  Mastronardi L, Guiducci A, Spera C, Puzzilli F, Liberati F, Maira G 
(1999). Ki-67 labelling index and invasiveness among anterior 
pituitary adenomas: analysis of 103 cases using the MIB-1 mono-
clonal antibody. J Clin Pathol. 52: 107–111. 

17  Mizoue T, Kawamoto H, Arita K, Kurisu K, Tominaga A, Uozumi T 
(1997). MIB1 immunopositivity is associated with rapid regrowth 
of pituitary adenomas. Acta Neurochir. 139: 426–432. 

18  Niveiro M, Aranda FI, Peiro G, Alenda C, Pico A (2005). Immu-
nohistochemicalanalysis of tumor angiogenic factors in human 
pituitary adenomas. Hum Pathol. 36: 1090–1095. 

19  Oshino S, Saitoh Y, Kasayama S, Arita N, Ohnishi T, Kohara H, et 
al (2006). Short-term preoperative octreotide treatment of GH-
secreting pituitary adenoma: predictors of tumor shrinkage. 
Endocr J. 53: 125–132. 

20  Pan LX, Chen ZP, Liu YS, Zhao JH (2005). Magnetic resonance 
imaging and biological markers in pituitary adenomas with inva-
sion of the cavernous sinus space. J Neuro-Oncol. 74: 71–76. 

21  Pizarro CB, Oliveira CM, Coutinho LB, Ferreira NP (2004). Mea-
surement of Ki-67 antigen in 159 pituitary adenomas using the 
MIB-1 monoclonal antibody. Braz J Med Biol Res. 37: 235–243. 

22  Sautner D, Saeger W (1991). Invasiveness of pituitary adenomas. 
Pathol Res Pract. 187: 632–636. 

23  Schreiber S, Saeger W, Lüdecke DK (1999). Proliferation markers 
in different types of clinically non-secreting pituitary adenomas. 
Pituitary. 1: 213–220. 

24  Stevenaert A, Beckers A (1996). Presurgical Octreotide treatment 
in acromegaly. Metabolism. 45: 72–74. 

25  Takata K, Yamada S, Teramoto A (2004). Correlation between 
tumor vascularity and clinical findings in patients with pituitary 
adenomas. Endocr Pathol. 15: 131–139. 

26  Thapar K, Kovacs K, Scheithauer BW, Stefaneanu L, Horvath E 
(1996). Proliferative activity and invasiveness among pituitary 
adenomas and carcinomas: an analysis using the MIB-1 antibody. 
Neurosurg. 38: 99–107. 

27  Tsanaclis AM, Robert F, Michaud J, Brem S (1991). The cycling 
pool of cells within human brain tumors: in situ cytokinet-
ics using the monoclonal antibody Ki-67. Can J Neurol Sci. 18: 
12–17. 

28  Turner HE, Nagy Z, Gatter KC, Esiri MM, Harris AL, Wass JA (2000). 
Angiogenesis in pituitary adenomas and the normal pituitary 
gland. J Clin Endocrinol Metab. 85: 1159–1162. 

29  Uozumi T, Arita K, Yano T, Hirohata T (1995). Analysis of the 
growth rate and cavernous sinus invasion of pituitary adenomas. 
Acta Neurochir. 136: 37–43. 

30  Viacava P, Gasperi M, Acerbi G, Manetti L, Cecconi E, Bonadio 
AG, et al (2003) Microvascular density and vascular endothelial 
growth factor expression in normal pituitary tissue and pituitary 
adenomas. J Endocrinol Invest. 26: 23–28. 

31  Wakimoto H, Aoyagi M, Nakayama T, Nagasshima G, Yamamoto 
S, Tamaki M, Hirakawa K (1996). Prognostic significance of Ki-67 
labeling index obtained using MIB-1 monoclonal antibody in 
patients with supratentorial astrocytoma. Cancer. 77: 373–380. 

32  Yonezawa K, Tamaki N, Kokunai T (1997). Clinical features and 
growth fractions of pituitary adenomas. Surg Neurol. 48: 494–
500. 

33  Zhao D, Tomono Y, Nose T (1999). Expression of P27kip1 and Ki-67 
in pituitary adenomas: an investigation of markers of adenoma 
invasiveness. Acta Neurochir. 141: 187–192. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


