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Abstract
Background: Ki-67 labeling index (LI) is currently regarded as a useful prognostic marker of pituitary adenoma (PA)

clinical behavior, although its relevance as a reliable clinical indicator is far from being universally accepted, since both

validations and criticisms are found in the literature. Minichromosome maintenance 7 (MCM7), a cell-cycle regulator protein,

has been recently proposed as a marker of tumor aggressiveness in tumors from many sites, including the CNS. Therefore,

we evaluated MCM7, in comparison to Ki-67, as a potential marker of clinical outcome in PA.

Design and methods: In this single-institution retrospective study, 97 patients with PA (23 ACTH, 12 GH, 29 PRL, 10 FSH/LH,

and 23 non-secreting adenomas) were recruited and the prognostic value of both MCM7 and Ki-67 was evaluated by

immunohistochemical techniques. In addition, p53 nuclear expression and mitotic index were also evaluated.

Results: Twenty-six of the 97 PA patients recurred during the follow-up period. Cox’s regression analysis showed that high

nuclear expression of MCM7 LI, unlike Ki-67 LI, was directly associated with a higher (7.7-fold) risk of recurrence/progression.

Kaplan–Meier analysis of recurrence/progression-free survival curves revealed that patients with high MCM7 LI (R15%) had a

shorter recurrence/progression-free survival than those with low MCM7 LI (!15%). Moreover, among patients with invasive

tumors, high MCM7 LI identified those with the highest risk of recurrence/progression.

Conclusions: Data from this study suggest that MCM7 is a prognostic marker of clinical outcome in PA patients, more reliable

and informative than Ki-67.
ed
European Journal of

Endocrinology

(2016) 174, 307–314
Introduction
Pituitary adenomas (PAs) are neoplasms arising from the

anterior pituitary gland, accounting for w15% of intra-

cranial tumors. Many of these tumors present with signs of

compression or invasion of adjacent structures, such as

cavernous sinus, sphenoid bone, or nasopharynx and

some recur locally (1, 2). PAs are currently classified by

imaging, clinical and biochemical findings, histology, and

immunohistochemistry.

The WHO 2004 classification, in addition to typical

adenomas and pituitary carcinomas, recognizes atypical

adenomas by the presence of a Ki-67 labeling index (LI)
O3%, invasive growth, elevated mitotic index (MI), and

nuclear staining for p53 (3). However, several studies did

not confirm the correlation of these criteria with clinical

behavior and aggressiveness of each individual adenoma

(4, 5, 6, 7, 8, 9, 10). In particular, the Ki-67 LI, widely used

to determine cellular growth fraction in many types of

tumors, is accepted as prognostic indicator in pituitary

tumors, although controversial results have emerged from

clinical studies and criticisms are also reported in the

literature (6, 11, 12, 13, 14, 15). Other markers have been

proposed to assess the aggressiveness of PA, among which
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pituitary tumor transforming gene, p27, p16, galectin-3,

and cyclin D1, but none of them has gained general

acceptance as prognostic indicator (9, 16, 17, 18, 19, 20).

Therefore, useful predictors of PA behavior remain to be

found for appropriate surveillance and treatment.

Minichromosome maintenance (MCM) family

proteins, evolutionary conserved in all eukaryotes, consist

of six main DNA-binding members, from MCM2 to

MCM7, interacting with each other to form a hetero-

hexamer complex that localizes in the nucleus (21, 22).

They are tightly bound to chromatin in the late mitotic

phase and G1, and removed in the S and G2 phases (23).

MCM proteins have been demonstrated only in replicat-

ing cells, and are considered to function as licensing

components for S-phase of the cell cycle. These proteins

display weak helicase activity, and are involved in several

aspects of transcriptional control (24). MCM protein

activity is modulated by various molecules, including

cyclins, growth factors, retinoblastoma tumor suppressor

protein, p21, p27, and pTEN and they are regulated by a

range of molecular pathways, such as phosphorylation,

ubiquitylation, and acetylation (19, 22, 24, 25, 26, 27).

Recently, MCM family proteins, although barely

detectable in normal tissues, restricted to actively

proliferating cells, have been found to be significantly

up-regulated in several human tumors, including

melanomas, endometrial, gastro-intestinal, and prostate

cancers as well as gliomas (28, 29, 30, 31, 32, 33, 34, 35,

36, 37, 38). In particular, MCM7 overexpression and

amplification has been found to predict a poor clinical

outcome in tumor patients (39, 40, 41, 42, 43, 44, 45).

Since MCM7 in human pituitary tumors has not still

studied, we investigated the expression of MCM7, in

comparison to Ki-67 as prognostic markers of clinical

behavior in PA patients.
Subjects and methods

Patients

PA from 97 patients (59 females and 38 males) undergoing

trans-sphenoidal surgery were retrospectively studied, on

approval by the Bioethic Committee of the Università

Cattolica del S. Cuore (Protocol.cm number: 11192/14).

The median age of patients at the time of first surgery was

41 years, ranging from 9 to 90 years (meanGS.E.M.Z42.2G

1.7). This study included only patients undergoing

surgical resection for PA without a history of previous

medical treatment. In fact, for the peculiarity of this

morphological study, we excluded patients receiving
www.eje-online.org
medical treatment prior to neurosurgery, since it is

possible that therapies can suppress or decrease the

expression of proliferative molecular markers, as suggested

by Sánchez-Tejada et al. (46).

PAs were classified by size, determined by magnetic

resonance imaging (MRI) before surgery, as microadeno-

mas (%10 mm) and macroadenomas (O10 mm). PA

invasiveness was assessed by preoperative MRI integrated

with intraoperative evaluation; suprasellar extension

was not considered invasion. On the basis of these data

57/97 (58%) tumors were not invasive and 40/97 (42%)

were invasive.

The tumors were classified by immunohistochemistry

on the basis of hormonal production in the following

subgroups: adrenocorticotrophic hormone (ACTH) ade-

nomas (nZ23), growth hormone (GH) adenomas (nZ12),

prolactin (PRL) adenomas (nZ29), follicle-stimulating

hormone/luteinizing hormone (FSH/LH) adenomas

(nZ10) and non-immunoreactive adenomas (nZ23).

Gonadotroph adenoma was diagnosed by the presence of

a partially and patchy immunopositivity for b-FSH and

b-LH with pseudorosette or papillary pattern, according to

the literature (3). Due to the limited number of cases in

each hormonal group, no further subgrouping was

attempted. After surgery, patients undergone a follow-up

program, though MRI and biochemical tests, receiving

appropriate therapy in case of recurrence/progression.

Radical excision was defined as no evidence of tumor

remnant at postoperative MRI; in functioning adenomas,

also hormonal remission had to be proven. Recurrence was

defined, in functioning-PAs, as hormonal and/or radio-

logical disease reactivation, during follow-up, in patients

who had undergone tumor radical excision. In non-

functioning PAs, recurrence was defined as radiological

evidence of disease reactivation during follow-up in

patients who had undergone tumor radical excision.

Progression was defined as regrowth in tumor size based

on MRI and/or evidence of an increase in plasma hormone

levels in partially resected secreting PAs.
Immunohistochemistry

Tumor tissue was fixed in 4% buffered formalin and

embedded in paraffin, according to standard procedures.

Five-micrometer-thick sections were deparaffinized in

xylene, rehydrated, treated with 0.3% H2O2 in methanol

for 10 min to block endogenous peroxidase activity, and

subjected to heat-induced epitope retrieval in sodium

citrate buffer (pHZ6.0) in microwave oven. Immuno-

histochemistry was performed with either a Ventana
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Figure 1

Immunohistochemical analysis of MCM7 (left panel) and

Ki-67 (right panel) expression in PA. Shown is the nuclear

immunolocalization of both antigens in the same PA. MCM7

and Ki-67 labeling indices were 30% and 3% respectively.

Bar scaleZ50 mm.
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Benchmark XT Autostainer (Ventana Medical System,

AZ, USA) or Dako AutostainerLink 48 (Dako, CA, USA)

according to the manufacturer’s instructions. The

following primary antibodies were used: anti-Synapto-

physin (clone SP11; Ventana Medical System; prediluted),

anti-Cytokeratin (CAM 5.2; UCS Diagnostic, Rome, Italy;

1:100), anti-ACTH (clone 02A3; Dako; 1:100), anti-GH

(polyclonal; Dako; 1:200), anti-PRL (polyclonal; Dako;

1:400), anti-FSH (clone C10; Dako; 1:500), anti-LH (clone

C93; Dako; 1:50), anti-MCM7 (clone 141.2; Santa Cruz

Biotechnology, TX, USA; 1:100), anti-Ki-67 (clone 30-9;

Ventana Medical System; prediluted); and anti-p53 (clone

Bp53-11; Ventana Medical System; prediluted). Normal

peritumoral pituitary tissue, frequently present, was used

as positive control for pituitary hormone antibodies;

MCM7, Ki-67, and p53 proteins were practically undetec-

table in normal pituitary tissue. Negative controls were

performed by omitting the primary antibodies.
Evaluation of Ki-67, MCM7, p53, and MI

Slides were observed with a Zeiss Axioskop 2 microscope

and labeling counts for MCM7, Ki67, and p53 antibodies

were performed on a monitor, with a JVC color video-

camera. Five randomly-selected fields, each containing at

least 400 cells were counted independently by two

pathologists and LI for each antibody was calculated as a

percentage of immunostained nuclei.

MI, reported as number of mitoses in 10 high power

fields (HPF), was obtained by dividing by five the number

of mitosis counted in 50 HPF.
Statistical analysis

Recurrence/progression-free survival was calculated from

the first surgery to the date of recurrence/progression

occurrence. All medians and life tables were computed

using the product-limit estimate by Kaplan and Meier, and

the curves were examined by the log-rank test. Relative

risks (RRs) of recurrence were calculated by the Cox’s

proportional hazards model. All P values were double-

sided. Statistical analyses were done by JMP 11 software

(SAS Institute, Inc., Cary, NC, USA).
Results

All adenoma samples showed variable nuclear MCM7 and

Ki-67 immunolabeling (Fig. 1). No substantial labeling for

either proteins was found in the fragments of normal

pituitary tissue frequently present in biopsy material.
The overall meanGS.E.M. of MCM7 and Ki-67 LI were

15.0%G1.5 (median: 10%; range, 1–70) and 3.0%G0.2

(median: 3%; range, 1–10) respectively. The overall

meanGS.E.M. of p53 and MI were 2.93 (median: 2.0;

range, 0–25) and 0.46 (median: 0; range, 0–8) respectively.

Interestingly, MCM7, Ki-67 LI, p53 LI, and MI did not

show a significant correlation among them. Ki-67 was

significantly associated with the patients’ youngest age

(!40 years), while MCM7 was associated with gender

(highest in females) and hormonal type (highest in ACTH

and GH adenomas). p53 LI was associated only with

gender (highest in females), while MI did not show any

association with the clinico-pathological characteristics

considered (Table 1).

Among adenoma subtypes, only invasive ACTH

adenomas showed higher MCM7 LI (PZ0.0023)

(Table 2). Accordingly, all ACTH adenomas with

MCM7 LI!15% (9/9; 100%) were not invasive, while

43% (6/14) of MCM7 LIR15% adenomas were invasive

(Fisher’s exact test PZ0.048). Relative to Ki-67, no

significant differences were found between invasive and

non invasive adenoma subtypes.

During the follow-up period (median: 18 months;

range: 1–120), 26 out of 97 (26.8%) patients had

recurrence/progression. The mean time to recurrence/

progression was 23.8G5.12 S.E.M. months (median: 19; range:

1–96). Cox’s regression analysis, using MCM7 and Ki-67 LI

as continuous covariates, showed that high MCM7 LI

values, but neither p53 LI nor Ki-67 and MI, were

directly associated with the risk of recurrence/progression.

The risk ratio of recurrence/progression, per unit change of

MCM7 LI was 1.04 (95% CIZ1.02–1.06; P!0.0001).

Patients with high MCM7 LI (R15%) showed a 7.7-fold

higher RR of recurrence/progression (95% CIZ3.1–23.2)
www.eje-online.org
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Table 1 MCM7, Ki-67, p53, and mitotic index according to clinicopathological characteristics of the PA patients.

Variables n MCM7 LIa Pb Ki-67 LI P p53 (%) P

Mitotic index

(!10 HPF) P

Age
%40 48 16.54cG2.08 3.48G0.26 3.17G0.69 0.55G0.26
O40 49 13.51G2.06 0.1 2.47G0.26 0.008 2.68G0.68 0.9 0.38G0.16 0.3

Sex
Female 59 15.57G1.89 2.86G0.25 3.79G0.61 0.46G0.15
Male 38 14.13G2.35 0.04 3.13G0.31 1.0 1.63G0.75 0.01 0.47G0.19 0.5

Dimension
Microadenoma 23 16.04G3.03 2.74G0.39 2.42G0.96 0.47G0.14
Macroadenoma 74 14.69G1.69 0.7 3.04G0.22 0.5 3.14G0.56 0.7 0.47G0.24 1.0

Hormonal type
LH–FSH 10 10.70G4.40 2.30G0.60 4.80G1.45 0.90G0.34
ACTH 23 22.61G2.90 2.87G0.39 2.52G0.95 0.44G0.24
GH 12 18.01G4.02 3.08G0.55 6.10G1.38 0.35G0.34
PRL 29 12.69G2.58 3.41G0.35 2.11G0.86 0.45G0.22

Non-secreting 23 10.65G2.90 0.04 2.74G0.39 0.1 2.01G0.96 0.3 0.37G0.24 0.9

aLabeling index.
bWilcoxon/Kruskal–Wallis test.
cMeanGS.E.M.
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as compared to patients with low MCM7 LI (!15%).

The plot of the estimate, at a 5-year follow-up, of

recurrence/progression-free survival as a function of

MCM7 LI, shows that the increase of MCM7 LI is

associated with the reduction of the percentage of

recurrence/progression-free patients (Fig. 2).

For recurrence/progression-free survival analysis,

MCM7 and Ki-67 LI values were converted to binomial

variables of high vs low expression based on receiver

operating characteristics (ROC) analysis. According to the

ROC analysis, cut-off values of R15% and R3% for MCM7

and Ki-67 respectively, were chosen in order to facilitate

the interpretation and to maximize the efficiency of

comparisons. Recurrence/progression-free survival curves

for patients with high or low MCM7 and Ki-67 LI tumor

status is shown in Fig. 3. Kaplan–Meier analysis of

recurrence/progression-free survival curves revealed that

patients with high MCM7 LI (R15%) had a shorter
Table 2 MCM7 and Ki-67 LIs in non-invasive and invasive PA.

MCM7 LI

Non-invasive Invasive

ACTH 14.8G2.8 (17)b 44.8G4.8 (6)
GH 11.2G6.1 (8) 31.7G8.7 (4)
NSAc 8.6G3.6 (9) 12.0G2.9 (14)
PRL 13.4G2.3 (20) 11.0G3.5 (9)
FSH/LH 8.3G7.1 (3) 11.7G4.6 (7)

aKruskal–Wallis test.
bMeanGS.E.M. (number of cases).
cNon-secreting adenomas.

www.eje-online.org
recurrence/progression-free survival than patients with

low MCM7 LI (!15%) (log-rank test, P!0.0001). At

5 years’ follow-up the meanGS.E.M. of recurrence/progres-

sion-free survival was 36%G9.6 and 87%G7.9 for patients

with high and low MCM7 respectively. On the contrary,

Ki-67 LI values (Fig. 3), as well as p53 and MI (data not

shown), could not identify patients at high risk of

recurrence/progression.

Univariate analysis of prognostic covariates revealed

that high MCM7 LI and invasiveness were associated with

an increased risk of recurrence/progression and, as

revealed by the multivariate analysis, both MCM7 LI and

invasiveness retained an independent negative prognostic

significance relative to the risk of recurrence/progression

(Table 3). Cox’s proportional hazard model analysis of RR

of recurrence/progression as a function of tumor status

relative to both MCM7 LI and invasiveness showed that

invasive tumors with high MCM7 LI had a 16-fold higher
Ki-67 LI

Pa Non-invasive Invasive P

0.0023 3.0G0.4 (17) 2.5G0.7 (6) 0.62
0.23 2.5G0.7 (8) 4.2G1.0 (4) 0.29
0.34 2.9G0.4 (9) 2.6G0.3 (14) 0.58
0.30 3.1G0.4 (20) 4.1G0.6 (9) 0.81
0.90 1.7G1.7 (3) 2.6G1.1 (7) 1.00
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Table 3 Univariate and multivariate analyses of prognostic covariates in PA patients.

Univariate analysis Multivariate analysis

RRa 95% CIb Pc RRd 95% CI P

Age
%40 1e 1
O40 1.22 0.55–2.68 0.61 1.37 0.50–3.78 0.53

Sex
Female 1 1
Male 1.21 0.55–2.76 0.64 0.64 0.26–1.52 0.31

Histological type
LH–FSH 1 1
ACTH 2.48 0.45–46.16 0.34 1.69 0.28–32.65 0.61
GH 2.87 0.37–58.07 0.33 2.98 0.34–63.22 0.33
PRL 1.38 0.25–25.89 0.75 1.37 0.18–28.48 0.78
Non-secreting 1.39 0.20–27.21 0.76 1.20 0.16–24.58 0.87

Invasiveness
No 1 1
Yes 3.60 1.64–8.30 0.0015 3.04 1.11–8.87 0.029

Ki-67
%3% 1 1
O3% 0.99 0.42–2.19 0.98 1.34 0.47–3.66 0.57

MCM7
!15% 1 1
R15% 7.70 3.12–23.17 !0.0001 5.94 2.14–19.30 0.0005

aUnadjusted relative risk.
b95% confidence interval.
cLikelihood ratio test.
dRelative risk after adjusting for all covariates listed.
eReference category.
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risk of recurrence/progression relative to non-invasive

tumors expressing low MCM7 LI. Moreover, among

patients with invasive tumors, high MCM7 LI

identified those with the highest risk of recurrence/

progression (Table 4).
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Figure 2

Plot of the estimate of recurrence/progression-free survival as

a function of MCM7 LI. The proportional hazard model was

evaluated at each covariate value and the proportion of

patients without event at 5-year follow-up was estimated

from the computed survival function.
Discussion

In the search for markers of PA aggressiveness,

many biological molecules have been investigated,

including growth factors and their receptors, angiogenic

factors, matrix metalloproteinases, miRNAs, and many

others, but none of them has gained wide acceptance

and use (9, 17, 18, 19, 47).

Ki-67 LIO3% has been proposed by the 2004 WHO

classification as a marker of atypical adenomas, along with

the presence of mitoses and p53 nuclear labeling,

although its effectiveness is far from being universally

accepted (3, 6, 9, 12, 13, 15, 17, 19). In a recent study,

it has been shown that the 3% cut-off for Ki-67 has a

low sensitivity along with an elevated specificity, but

these values change in various types of PAs (15). In the

present series neither p53 nor MI behave as prognostic
indicator of worse clinical outcome, according to previous

observations (5, 8, 48).

Many studies have shown the value of MCM family

proteins as diagnostic and prognostic markers in many
www.eje-online.org
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Table 4 Cox’s proportional hazard model analysis of relative

risk (RR) of recurrence/progression as a function of tumor status

relative to MCM7 LI and invasiveness.

Group RR 95% CIa Pb

MCM7!15% –
non-invasive

1c

MCM7R15% –
non-invasive

5.57 1.54–25.91 0.0067

MCM7R15% – invasive 15.98 5.09–70.55 !0.0001
MCM7!15% – invasive 2.02 0.26–12.29 0.45

a95% confidence interval.
bLikelihood ratio test.
cReference group.
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Figure 3

Kaplan–Meier analysis of recurrence/progression-free survival

curves as a function of MCM7 and Ki-67 status in PA patients.

The reported cut-off values were chosen on the basis of the

receiver operating characteristic curve analyses.
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tumor types (26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37,

38, 39, 40, 41, 42, 43, 44, 45) and we hereby report that, in

PAs, MCM7 may be a possible marker of pituitary tumor

aggressiveness.

In our study on 97 PA patients MCM7 LI displayed

a higher capability in predicting the risk of recurrence/

progression in comparison with Ki-67 LI. The remarkably

different values of nuclear staining between MCM7 and

Ki-67 (Table 1) can be explained by data in literature

showing that Ki-67 protein is restricted to a fraction of

proliferating cells and rapidly disappears when they enter

a resting state, while MCM7 protein is stable throughout

the cell cycle, identifying a larger pool of cycling cells in a

resting state but ‘licensed’ to enter replication (22, 28).

In our patient series, we were unable to find a direct

association of Ki-67 LI, p53 LI, and MI with the risk of

recurrence/progression. On the contrary, patients with

high MCM7 LI (R15%) had a shorter recurrence/progres-

sion-free survival and a 7.7-fold higher RR of recurrence/

progression, in comparison to patients with low MCM7 LI.

In agreement with the recent observations by Righi

et al. in a series of 166 patients with pituitary tumors (15),

we found that invasion is significantly associated with

recurrence/progression (Table 3). In PA, apart from a

limited number of ACTH adenomas, MCM7 LI, and

invasiveness are not associated, suggesting that MCM7

expression and invasiveness are two independent charac-

teristics of PA (Table 2). This result is consistent with the

observed absence of interaction between invasion and

proliferation in a large multicentric investigation on PA

(49) and with the finding that MCM7 LI and tumor

invasiveness behave as independent prognostic markers

relative to the recurrence/progression-free survival

(Table 3). It has been recently reported a 12-fold higher

probability of recurrence/progression in patients with
www.eje-online.org
invasive and proliferative PA, as compared to patients

with non-invasive and a non-proliferative tumors (49).

Consistent with this observation, MCM7 LI and tumor

invasiveness, when combined, behave as a strong prog-

nostic marker, identifying the subgroup of patients

(MCM7R15% – invasive) with the highest RR (RRZ16-

fold) of recurrence/progression (Table 4).

Due to the limited number of cases in this study, our

preliminary observations on the prognostic role of

MCM7 in PA must be confirmed in a larger cohort

of patients, with a more extended follow-up. In addition

to other markers, MCM7 could be useful in the post-

operative management of PA, in order to identify

patients at a higher recurrence risk and decide for a

more compelling follow-up or a more aggressive post-

surgical treatment.
Downloaded from Bioscientifica.com at 01/27/2021 08:40:17AM
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Conclusion

Our study indicates that an overexpression of MCM7 in

PA is significantly associated with early recurrence/

progression and a poor clinical outcome and that it

might be regarded as a candidate marker for surveillance

in PA patients. Additional studies are needed to elucidate

the function and significance of MCM7 expression in PAs

and to cross-validate its use as a prognostic marker for

surveillance and prognosis.
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44 Fristrup N, Birkenkamp-Demtröder K, Reinert T, Sanchez-Carbayo M,

Segersten U, Malmström PU, Palou J, Alvarez-Múgica M, Pan CC,
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Montañana C, Niveiro M, Tritos NA & Picó Alfonso AM. Pituitary tumor
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