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Abstract
Background: Uncontrolled proliferation and increased motility are hallmarks of neoplastic cells, therefore markers of
proliferation and motility may be valuable in assessing tumor progression and prognosis. MCM2 is a member of the
minichromosome maintenance (MCM) protein family. It plays critical roles in the initiation of DNA replication and in
replication fork movement, and is intimately related to cell proliferation. Ki-67 is a proliferation antigen that is expressed
during all but G0 phases of the cell cycle. Gelsolin is an actin-binding protein that regulates the integrity of the actin
cytoskeletal structure and facilitates cell motility. In this study, we assessed the prognostic significance of MCM2 and Ki67, two markers of proliferation, and gelsolin, a marker of motility, in non-small cell lung cancer (NSCLC).
Methods: 128 patients with pathologically confirmed, resectable NSCLC (stage I-IIIA) were included.
Immunohistochemistry was utilized to measure the expressions of these markers in formalin-fixed, paraffin-embedded
tumor tissues. Staining and scoring of MCM2, Ki-67 and gelsolin was independently performed. Analyses were performed
to evaluate the prognostic significance of single expression of each marker, as well as the prognostic significance of
composite expressions of MCM2 and gelsolin. Cox regression and Kaplan-Meier survival analysis were used for statistical
analysis.
Results: Of the three markers, higher levels of gelsolin were significantly associated with an increased risk of death
(adjusted RR = 1.89, 95% CI = 1.17–3.05, p = 0.01), and higher levels of MCM2 were associated with a non-significant
increased risk of death (adjusted RR = 1.36, 95% CI = 0.84–2.20, p = 0.22). Combined, adjusted analyses revealed a
significantly poor prognostic effect for higher expression of MCM2 and gelsolin compared to low expression of both
biomarkers (RR = 2.32, 95% CI = 1.21–4.45, p = 0.01). Ki-67 did not display apparent prognostic effect in this study
sample.
Conclusion: The results suggest that higher tumor proliferation and motility may be important in the prognosis of
NSCLC, and composite application of biomarkers might be of greater value than single marker application in assessing
tumor prognosis.
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Background
Abnormal cell proliferation, which results from deregulation of the cell cycle, is fundamental in tumorigenesis. The
integrated mechanisms that regulate the accurate replication of DNA and correct division of cells are thus pivotal
in the neoplastic process [1,2]. Regulation of the cell cycle
is complex and involves a wide variety of genes and proteins, among which the minichromosome maintenance
(MCM) nuclear proteins are essential replication initiation factors. The MCM protein family consists of six major
isoforms (MCM2-7), which have similar biochemical
functions [3] and are equally important for continuous
chromosome replication after the activation of early origins of DNA replication [4]. During the cell cycle, the
MCM proteins form a hexameric complex, which is a key
component of the prereplication complex that assembles
at replication origins during early G1 phase [3,5]. MCM
proteins restrict DNA synthesis to only once per cell cycle
[3,4,6], and regulate DNA elongation [4]. These functions
of MCM proteins imply that they are correlated with cell
proliferation, which has been consistently supported by
experimental evidence. For example, the onset of DNA
synthesis was inhibited if anti-MCM2 antibody was
injected into cells during G1 [6], and depletion of MCMs
after initiation irreversibly blocked the progression of replication forks [4]. Moreover, MCM2 expression in developing Drosophila embryos followed a pattern
corresponding to the fast dividing cells, and inactivation
of MCM2 inhibited cell proliferation [7]. Cellular expression of MCMs was constitutively high in proliferating cells
but low or undetectable in quiescent cells [3,8,9].
Ki-67, another important cell proliferative biomarker, is a
nuclear protein containing phosphorylation sites for a
variety of kinases, putative nuclear targeting sequences,
and a forkhead-associated domain, similar to those of
cell-cycle-regulating proteins [10-12]. During mitosis,
phosphorylation and dephosphorylation of Ki-67 occur
at the breakdown and the reorganization of the nucleus,
two hallmark occasions of the cell cycle. These posttranslational modifications are accompanied by the redistribution of Ki-67 from the interior of the nucleus to the
periphery of the condensed chromosomes and vice versa
[12,13]. Although recognized as a cell cycle regulating
protein, the specific functions of Ki-67 remain elusive,
mainly due to its lack of homology with other proteins
[13]. Some proposed functions of Ki-67 include organization and maintenance of the architecture of DNA, and
synthesis of ribosomes during mitosis [14,15]. Since Ki67 is expressed during all phases of the cell cycle except
G0, cellular expression of Ki-67 has provided a measure of
tumor proliferation [16,17]. The prognostic value of Ki-67
has been reported in various tumors, including cancers of
breast, soft tissue, lung, cervix, prostate, and brain [1721].
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Gelsolin is the most potent actin binding and severing
protein identified to date which is widely expressed in
mammalian tissues [22,23]. It regulates the integrity and
dynamics of actin cytoskeleton and maintains the proper
cellular morphological structure and motility through
severing, capping and nucleating actin filaments [23-25].
Knockout animal models have clearly demonstrated the
critical role of gelsolin in facilitating cell motility [26-30].
An inverse association between gelsolin expression and
patient survival time has been observed in lung cancer and
breast cancer [31-33], suggesting cellular motility mediated through gelsolin expression plays an important role
in the progression and prognosis of malignant tumors.
Although MCM2, Ki-67, two markers of cell proliferation,
and gelsolin, marker of cell motility, have been previously
studied, no study has been conducted assessing the potential combined prognostic effect of these markers in nonsmall cell lung cancer (NSCLC).

Methods
Study population
Two hundred and twenty-one patients who were pathologically diagnosed with NSCLC and received surgical
treatment at the Roswell Park Cancer Institute (RPCI)
from 1995 to 1999 were included in the current study.
These patients were identified and selected based on the
following criteria: 1) no previous history of cancer; 2) no
other primary cancers diagnosed within one month of the
current diagnosis; 3) initial surgery for NSCLC at RPCI; 4)
pathology report of complete removal of gross tumor at
surgery; and 5) minimum survival of one month after surgery. After examination of patient follow-up data and
tumor immunostaining, 53 patients were excluded due to
inadequate tumor specimen or poor staining, and 40 were
excluded due to causes of death not related to lung cancer,
leaving a total of 128 patients in the current analysis. The
pathological stage of these patients included 75 stage I, 31
stage II, and 22 stage IIIA, and histological classification
included 77 adenocarcinomas, 39 squamous cell carcinomas, 5 large cell tumors, and 7 tumors with mixed histological differentiation. The majority of tumors were
poorly differentiated (60.2%), and the remainder was
well and moderately differentiated (39.8%). This study
was approved by the Institutional Review Board at RPCI.
Tumor and patient data
Patient clinicopathological data were retrieved from medical records. These data included sex, age, race, lifetime
smoking history, family history of lung cancer, date of
diagnosis, date of surgery, adjuvant chemotherapy, pathological TNM stage of tumor, histology, grade, performance status, weight loss, and date of last follow-up. Patient
performance status was scored according to the Zubrod
Performance Scale [34]. Weight loss was defined as more
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than 5% of weight loss within three months prior to the
diagnosis. The date of last follow-up was the date of death
for deceased patients, and the last date of contact for living
patients by the Department of Medical Record at RPCI.
Detection and scoring methods
Tissue specimens obtained from diagnostic or surgical
procedures were fixed in neutral buffered formalin (10%
vol/vol formalin in water; pH = 7.4), and embedded in
paraffin wax. Consecutive 5-µm thick tumor sections were
cut and mounted on charged glass slides (Superfrost Plus;
Fisher Scientific, Rochester, NY). Sections were warmed at
60–70°C for 20 minutes, and then were deparaffinized in
xylene, and rehydrated in 100% and 95% ethanol. Antigen retrieval was performed for Ki-67 and gelsolin staining. Sections to be treated with antibodies against Ki-67 or
gelsolin were microwaved twice for 10 minutes in citrate
buffer, followed by cooling to room temperature for 20
minutes. Our previous study showed good immunohistochemical staining for anti-MCM2 antibody without antigen retrieval [9]. An affinity-purified rabbit antibody
against the N-terminal region of MCM2 was used for
MCM2 staining [9]. Since the epitope recognized by antiKi-67 antibody is usually destroyed during formalin fixation and paraffin embedding [35], we utilized MIB-1
mouse monoclonal antibody to detect Ki-67 antigen
(Immunotech Inc., Westbrook, ME). MIB-1 antibody was
developed using a recombinant partial structure of the Ki67 antigen as immunogen, and it is widely used as a Ki-67
equivalent monoclonal antibody [35]. It can detect Ki-67
antigen in formalin-fixed, paraffin-embedded tissues
through antigen retrieval, and the immunostaining pattern in fresh frozen tissue is identical to that of anti-Ki-67
antibody [36]. The MCM2 antibody, generated as
described by Todorov et al. [9], and MIB-1 antibody were
incubated for 60 and 30 minutes at room temperature
and used at dilutions of 1:500 and 1:100, respectively, for
optimal staining effect. The avidin-biotin detection
method was used on a Ventana Automated System (Ventana Medical Systems, Tucson, AZ). An irrelevant rabbit
antiserum was used as a negative control. The percentage
of nuclei stained for both antibodies in cancer cells was
evaluated by two investigators (D.T. and J.S.J.B.).

For gelsolin immunoassay, the primary anti-gelsolin
monoclonal antibody GS-2C4 (Sigma Chemical Co., St.
Louis, MO) was titrated at the optimal concentration of
1:1000 in phosphate buffered saline. The antibody was
manually added to each section and incubated at 42°C for
32 minutes. All other staining procedures were performed
by the Ventana 320 Automated Slide Staining System
(Ventana Medical Systems, Tucson, AZ), using the ABC
(avidin-biotin-conjugate) immunoperoxidase protocol
with goat anti-mouse (peroxidase-conjugated) as secondary antibody. In order to assess the performance of the
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overall staining process, normal lung tissue sections from
clinical biopsies were used as external positive and negative staining controls in each run. Negative controls were
exposed to all steps in the Ventana System except the primary antibody. Stained slides were evaluated and scored
simultaneously by two research investigators (D. F. T. and
J. Y.) under a multi-head light microscope. The percentage
of tumor cells was determined at four staining intensities
(0, 1+, 2+, or 3+). Pulmonary macrophages (3+), fibroblasts (2+), and normal lung epithelial cells (1+ to 2+)
adjacent to tumor cells (if available) were used as scoring
references [31,37]. The percentage of tumor cells at four
staining intensities was counted. To assess the interobserver variability of scoring, approximately half of the
cases (n = 56) were randomly selected and reviewed by
two pathologists (D. F. T. and J. G.) independently, which
yielded an inter-observer agreement of 81%.
Based on the current literature and our experiences, the
phenotypic expression features of MCM2, Ki-67, and gelsolin warranted different scoring systems for these three
markers. MCM2 and Ki-67 expression was defined as low
if less than 25% of tumor cells showed staining in nuclei
in a tumor section. This definition was used according to
the commonly used cutoff values ranging from 20–40%
in non-small cell lung cancer and other human cancers in
the current literature [38-41] and also based on the examination of our staining data. For gelsolin expression, an
index was calculated to account for non-uniform expression in terms of staining intensity and number of tumor
cells at each intensity. The index was calculated by multiplying the percentage of tumor cells by the corresponding
staining intensity, as described previously [33]. Since the
index distribution was skewed, the median (score = 40)
rather than the mean (score = 63) value was used as the
cut-point for the dichotomization of gelsolin expression
(low if index ≤40, and high if index >40).
Statistical methods
The Student's t-test and chi-square test were used to examine the association between the expression of MCM2, Ki67 and gelsolin and patient clinicopathological characteristics. For smoking status, stage, and grade, which were
measured as ordinal variables, we utilized Kendall's tau-b
test for the chi-square analysis to take into account the
ordinal measurement. Exact tests were used when cell frequencies were less than 10. The examination of proportional hazards showed that the hazards were proportional
for MCM2 and gelsolin over time, but non-proportional
for Ki-67, thus we used Cox proportional hazards regression to compute the relative risk (RR) of death for MCM2
and gelsolin, and used the time-dependent Cox regression
to evaluate the prognostic value of Ki-67 [42]. KaplanMeier survival analysis was used to generate survival
curves. The log rank test was utilized to examine the dif-
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Table 1: Characteristics of 128 Non-small Cell Lung Cancer
Patients, RPCI, 1995–1999

Characteristics
Sex
Male
Female
Race
Caucasians
Non-Caucasians
Age
Mean (SD)
Smoking status
Never
Former
Current
Pack-years of smoking(a)
Mean (SD)
Family history of lung cancer
No
Yes
Zubrod Performance status
Without symptom
With symptom
Weight loss(b)
No
Yes
Vital status
Alive
Dead
Pathologic TNM stage
I
II
IIIA
Histology
Adenocarcinoma
Squamous
Large cell
Others
Grade
Well differentiation
Moderate differentiation
Poor differentiation
Receiving adjuvant chemotherapy
No
Yes
MCM2
Low
High
Ki-67
Low
High
Gelsolin level
Low
High

N = 128 (%)

70 (54.7%)
58 (45.3%)
120 (93.8%)
8 (6.2%)
64.2 (10.7)
11 (8.6%)
64 (50.0%)
53 (41.4%)
51.4 (27.0)
87 (68.0%)
41 (32.0%)
87 (68.0%)
41 (32.0%)
110 (85.9%)
18 (14.1%)
49 (38.3%)
79 (61.7%)
75 (58.6%)
31 (24.2%)
22 (17.2%)
77 (60.2%)
39 (30.5%)
5 (3.9%)
7 (5.5%)
3 (2.3%)
48 (37.5%)
77 (60.2%)
109 (85.2%)
19 (14.8%)
49 (38.3%)
79 (61.7%)
28 (21.9%)
100 (78.1%)
86 (67.2%)
42 (32.8%)

(a). Pack-years of smoking: packs of cigarette smoked per day
multiplied by years of smoking;
(b). Weight loss: ≥ 5% of total weight loss within 3 months prior to
diagnosis.

ference of the accumulated survival function for MCM2
and gelsolin, and Breslow test was used to test the difference of survival function for Ki-67, which takes into
account the number of cases in risk at each time point
over the follow-up period. Age and factors that demonstrated a significant prognostic effect in the univariate
model (stage, adjuvant chemotherapy, family history of
lung cancer, and smoking history) were adjusted for RR
estimation in the multivariate Cox regression model. All
analytic procedures were performed using SPSS statistical
software version 13.0 (SPSS, Inc., Chicago, IL).

Results
Patient characteristics are summarized in Table 1. The
majority of patients were Caucasian (93.8%). There were
more male (54.7%) than female patients (45.3%). The
majority of patients were former smokers (50%) or current smokers (41%). About one third of patients had a
positive family history of lung cancer. The mean and
median survival time among deceased patients was 29.4
and 26.5 months, respectively (range: 1.5–84.7 months).
The mean and median follow-up time for living patients
was 68.3 and 67.0 months, respectively (range: 42.7–
128.4 months). Forty-nine patients (38.3%) were alive at
the last contact on December 30th, 2003.
The phenotypic expressions of MCM2, Ki-67, and gelsolin
are shown in Figure 1, which depicts examples of negative
expression (C and E), low expression (A and F), and high
expression (B, D and G), respectively. Examination of
MCM2, Ki-67, and gelsolin expression showed that
61.7%, 78.1% and 32.8% of tumors exhibited high
expression of these three proteins, respectively (Table 1).
Patient characteristics stratified by levels of MCM2, Ki-67
and gelsolin expression are shown in Table 2. None of the
clinicopathological factors showed a significant association with Ki-67 expression. For MCM2, high expression
was associated with sex (male patients: 64.6% vs. 38.8%),
histology (squamous carcinomas: 45.6% vs. 6.1%), and
grade (poorly differentiated tumors: 68.4% vs. 46.9%).
For gelsolin, high expression was associated with sex
(female patients: 66.7% vs. 51.2%), and histology (squamous carcinomas: 38.1% vs. 26.7%).
Univariate analysis of the prognostic significance of
MCM2, Ki-67, and gelsolin showed higher levels of gelsolin were significantly associated with an elevated risk of
death compared to low levels of gelsolin (RR = 1.89, 95%
CI = 1.20–2.98, p = 0.006), and higher levels of MCM2
were associated with a non-significant increased risk of
death compared to low levels of MCM2 (RR = 1.51, 95%
CI = 0.94–2.41, p = 0.09). Ki-67 expression did not display apparent prognostic effect in this study sample (RR =
0.70, 95% CI = 0.27–1.86, p = 0.47). After controlling for
age, stage, adjuvant chemotherapy, family history of lung
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Representative images showing immunostaining of proliferation and motility markers (MCM2, Ki-67 and gelsolin) in
NSCLC. A: low MCM2; B: high MCM2; C: negative Ki-67
(note: a few active lymphocytes are positive); D: high Ki-67;
E: negative gelsolin; F: low gelsolin; G: high gelsolin. Magnification ×400 in D, E, F, and G; ×200 in A, B, and C.

cancer, and smoking history, the significant association
remained between high levels of gelsolin and elevated risk
of death (RR = 1.89, 95% CI = 1.17–3.05, p = 0.01). The
prognostic effect of MCM2 was attenuated after controlling for confounders (RR = 1.36, 95% CI = 0.84–2.20, p =
0.22) (Table 3).
Composite analysis of MCM2 and gelsolin expression
revealed that higher expression in MCM2 and gelsolin was
significantly associated with higher risk of death compared to low expression in both biomarkers (adjusted RR
= 2.32, 95% CI = 1.21–4.45, p = 0.01) (Table 3, Figure 2).
Since the hazards function was not proportional for Ki-67,
we did not analyze the combined prognostic effect of Ki67 with MCM2 and gelsolin in the Cox Proportional Hazards Regression. Survival curves generated from KaplanMeier survival analysis are illustrated in Figure 2. The
curves confirmed the results from Cox regression that
patients with higher levels of MCM2 and gelsolin experienced shorter survival time than patients with low levels
of MCM2 and gelsolin.

Discussion
The relative balance between cell growth and cell death is
altered in cancers, with the balance tipped towards uncon-

trolled proliferative capacity in cancer cells [1,43]. In addition, some cancer cells acquire a markedly enhanced
capacity to move, thereby predisposing them to invasion
and dissemination [44,45]. Findings from the present
study showed that tumors exhibiting higher levels of
expression in MCM2, a marker of proliferation, and gelsolin, a marker of motility, conferred a higher risk of death
in NSCLC.
MCM proteins are essential replication initiation factors
that ensure the accurate replication of DNA in the cell
cycle. Through accurate binding to chromatin during G1
phase and detaching from chromatin during S phase,
MCM proteins restrict DNA synthesis to only once per cell
cycle [3,4,6]. Only licensed origins containing MCM proteins can initiate a pair of replication forks, and once initiation occurs at an origin, the bound MCM proteins are
displaced so that the origin cannot fire again [46]. MCM
proteins may also function as the helicase that unwinds
DNA ahead of each replication fork [47]. Evidence from
different organisms and cells indicates that both permanently arrested cells and those in G0 phase have lost
expression of MCM proteins and are functionally unlicensed [48-50]. The replication initiation function of
MCM proteins in cell cycle implies that they may be valuable markers for proliferation and prognosis in human
cancers. Todorov et al. studied MCM2 expression in normal and tumor human tissues and found MCM2 was
expressed significantly different in specimens examined,
with expression of 97% in tumors but only 27% in normal tissues. Furthermore, the expression level in normal
tissues was lower than in tumor tissues, indicating that
MCM2 reflects cell proliferation [9]. Dudderidge et al.
studied MCM2, geminin, and Ki-67 in renal cell carcinoma and found that MCM2 expression increased dramatically with increasing grade [41]. Hashimoto et al.
investigated MCM2 and Ki-67 expression in lung adenocarcinomas and found that the co-expression of MCM2
and Ki-67 at higher levels were significantly associated
with poorer survival [39]. The prognostic value of MCM2
was also reported in bladder cancer and oligodendroglioma [40,51].
Ki-67 is expressed in all stages of the cell cycle except G0
phase, making it a valuable measurement for cell proliferation [12]. In a number of cancers, elevated Ki-67 expression has been found associated with higher aggressiveness
and invasiveness [52-54]. The prognostic value of Ki-67
has been observed in cancers of breast, prostate, cervix,
and soft tissue [21]. In a comprehensive review, Pugsley et
al. noted that higher Ki-67 index was significantly associated with poorer survival in NSCLC in the majority of univariate analyses and in approximately half of the
multivariate analyses [38]. In our study, we did not
observe the prognostic effect of Ki-67 expression in both
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Table 2: Association between MCM2, Ki-67, and Gelsolin and Clinicopathological Characteristics in 128 Patients with NSCLC, RPCI,
1995–1999

Clinicopathological
Characteristics
Gender
Male
Female
Race
Caucasians
Non-Caucasians
Mean age (SD) Smoking status
Current
Former
Never
Mean pack-years (SD)(a)
Family history
No
Yes
Pathology Stage
I
II
IIIA
Tumor size
≤3 cm
>3 cm
Lymph node status
Negative
Positive
Histology
Adenocarcinoma
Squamous
Large cell
Others
Grade
Well differentiation
Mod. differentiation
Poor differentiation
Performance Status
Without symptom
With symptom
Weight loss(b)
No
Yes
Mean survival in month (SD)

Low MCM2
(n = 49)

High MCM2
(n = 79)

Low Ki-67
(n = 28)

High Ki-67
(n = 100)

Low GSN
(n = 86)

High GSN
(n = 42)

19 (38.8%)
30 (61.2%)

51 (64.6%)**
28 (35.4%)

13 (46.4%)
15 (53.6%)

57 (57.0%)
43 (43.0%)

42 (48.8%)
44 (51.2%)

14 (33.3%)*
28 (66.7%)

47 (95.9%)
2 (4.1%)
64.7 (9.2)
18 (36.7%)
27 (55.1%)
4 (8.2%)
47.9 (30.2)

73 (92.4%)
6 (7.6%)
63.9 (11.6)
35 (44.3%)
37 (46.8%)
7 (8.9%)
46.4 (29.4)

26 (92.9%)
2 (7.1%)
63.0 (10.9)
11 (39.3%)
14 (50.0%)
3 (10.7%)
45.6 (36.4)

94 (94.0%)
6 (6.0%)
64.6 (10.7)
42 (42.0%)
50 (50.0%)
8 (8.0%)
47.4 (27.6)

83 (96.5%)
3 (3.5%)
64.8 (9.6)
34 (39.5%)
43 (50.0%)
9 (10.5%)
44.6 (28.8)

37 (88.1%)
5 (11.9%)
63.2 (12.8)
19 (45.2%)
21 (50.0%)
2 (4.8%)
51.9 (31.0)

35 (71.4%)
14 (28.6%)

52 (65.8%)
27 (34.2%)

23 (82.1%)
5 (17.9%)

64 (64.0%)
36 (36.0%)

58 (67.4%)
28 (32.6%)

29 (69.0%)
13 (31.0%)

30 (61.2%)
15 (30.6%)
4 (8.2%)

45 (57.0%)
16 (20.2%)
18 (22.8%)

16 (57.1%)
8 (28.6%)
4 (14.3%)

59 (59.0%)
23 (23.0%)
18 (18.0%)

52 (60.5%)
22 (25.6%)
12 (14.0%)

23 (54.8%)
9 (21.4%)
10 (23.8%)

22 (45.8%)
26 (54.2%)

27 (34.2%)
52 (65.8%)

12 (42.9%)
16 (57.1%)

37 (37.4%)
62 (62.6%)

35 (41.2%)
50 (58.8%)

14 (33.3%)
28 (66.7%)

34 (70.8%)
14 (29.2%)

47 (59.5%)
32 (40.5%)

18 (64.3%)
10 (35.7%)

63 (63.6%)
36 (36.4%)

58 (68.2%)
27 (31.8%)

23 (54.8%)
19 (45.2%)

41 (83.7%)
3 (6.1%)
2 (4.1%)
3 (6.1%)

36 (45.6%)**
36 (45.6%)
3 (3.8%)
4 (5.1%)

20 (71.4%)
6 (21.4%)
1 (3.6%)
1 (3.6%)

57 (57.0%)
33 (33.0%)
4 (4.0%)
6 (6.0%)

56 (65.1%)
23 (26.7%)
5 (5.8%)
2 (2.3%)

21 (50.0%)*
16 (38.1%)
0 (0.0%)
5 (11.9%)

1 (2.0%)
25 (51.1%)
23 (46.9%)

2 (2.5%)*
23 (29.1%)
54 (68.4%)

2 (7.1%)
13 (46.4%)
13 (46.4%)

1(1.0%)
35 (35.0%)
64 (64.0%)

1(1.1%)
33 (38.4%)
52 (60.5%)

2(4.8%)
15 (35.7%)
25 (59.5%)

32 (65.3%)
17 (34.7%)

55 (69.6%)
24 (30.4%)

21 (75.0%)
7 (25.0%)

66 (66.0%)
34 (34.0%)

61 (70.9%)
25 (29.1%)

26 (61.9%)
16 (38.1%)

43 (87.8%)
6 (12.2%)
49.8 (28.0)

67 (84.8%)
12 (15.2%)
40.8 (25.7)

24 (85.7%)
4 (14.3%)
50.0 (31.3)

86 (86.0%)
14 (14.0%)
42.7 (25.4)

76 (88.4%)
10 (11.6%)
48.0 (26.6)

34 (81.0%)
8 (19.0%)
36.7 (26.1)*

(a). Pack-years of smoking: packs of cigarette smoked per day multiplied by years of smoking;
(b). Weight loss: ≥ 5% of total weight loss within 3 months prior to diagnosis.
* p ≤ 0.05; **: p ≤ 0.01

the univariate and multivariate analysis, which may be
partially due to the limited sample size. The small sample
size also prevented additional examination of the prognostic value of MCM2, Ki-67 and gelsolin in subgroup
patients. As Pugsley et al. pointed out, factors such as
patient heterogeneity, retrospective nature of study
design, quantification of immunohistochemistry, and
cutoff value may contribute to the inconsistent findings
for the prognostic value of Ki-67 NSCLC in the literature
[38].

In addition to proliferation, elevated motility is essential
for tumor cells to invade and disseminate [44,45,55,56].
Highly metastatic cells typically exhibit enhanced locomotion capacity compared to less metastatic cells
[44,45,57,58]. Various studies have consistently shown
that higher levels of motility are associated with higher
rates of tumor metastasis or shorter survival time [3133,59-62]. The motility facilitating function of gelsolin
has been widely observed in animal models [26-29]. We
and others have showed that higher levels of gelsolin are
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Table 3: Cox Regression of Risk of Death in Association with MCM2, Ki-67, and Gelsolin in 128 Patients with NSCLC, RPCI, 1995–1999

Variables

Crude RR (95%CI)

P value

Adjusted RR (95%CI)*

P value

MCM2†
Low (n = 49)
High (n = 79)

1.00
1.51 (0.94–2.41)

0.09

1.00
1.36 (0.84–2.20)

0.22

Ki-67‡
Low (n = 28)
High (n = 100)

1.00
0.70 (0.27–1.86)

0.47

1.00
0.59 (0.22–1.61)

0.30

Gelsolin†
Low (n = 86)
High (n = 42)

1.00
1.89 (1.20–2.98)

0.006

1.00
1.89 (1.17–3.05)

0.01

Gelsolin and MCM2†
Both low (n = 37)
GSN low, MCM2 high (n = 49)
GSN high, MCM2 low (n = 12)
GSN high, MCM2 high (n = 30)

1.00
1.34 (0.74–2.42)
1.62 (0.70–3.73)
2.59 (1.39–4.80)

0.33
0.26
0.003

1.00
1.34 (0.73–2.45)
2.08 (0.87–4.98)
2.32 (1.21–4.45)

0.34
0.10
0.01

* Adjusted for age, stage, adjuvant chemotherapy, family history of lung cancer, and smoking history.
† Results from Cox Proportional Hazards Regression.
‡ Results from time-dependent Cox Regression.

associated with poorer survival in breast and lung cancer
[31-33]. Some studies failed to find a prognostic significance for gelsolin. However, these studies are generally
subject to small sample size or inadequate follow-up time
[37,63-65]. As a generalization, the gelsolin content of the
cells in most cancers is found to be down-regulated
[37,64-66], but in a number of studies, researchers found
that high gelsolin expression is inversely associated with
survival time [31-33]. For example, we found that tumors
with high and heterogeneous expression of gelsolin conferred the highest risk of death from NSCLC in patients
with this disease [33]. Shieh et al. found that the most
potent predictor of poor prognosis was high focal gelsolin
expression [31]. Increased expression of gelsolin may
facilitate a subset of tumor cells with increased motility,
thereby enhancing its capability and probability of invading adjacent tissues and metastasis to remote organ sites
[32,33].

Conclusion
In summary, higher expression in MCM2 and gelsolin was
significantly associated with poorer prognosis in patients
with NSCLC, which suggests that higher tumor proliferation and motility may be important in the prognosis of
NSCLC. Ki-67 did not display apparent prognostic value
in NSCLC in our study sample. Composite application of
proliferation and motility markers may be more valuable
than use of a single marker in assessing tumor prognosis.
This combinatorial approach may also prove valuable in
assessing response to anticancer treatment and the subsequent clinical outcomes.

Abbreviations
ABC: avidin-biotin-conjugate; GSN: gelsolin; MCM: minichromosome maintenance; NSCLC: non-small cell lung
cancer; RPCI: Roswell Park Cancer Institute; RR: relative
risk

Competing interests
The author(s) declare that they have no competing interests.

Authors' contributions
JY carried out and coordinated the study, conducted IHC
and data analysis, and drafted up the manuscript. NR participated in the study design, interpretation of data, and
revision of manuscript. KBM participated in the study
design, interpretation of data, and revision of manuscript.
HLA developed gelsolin scoring system, interpreted data,
and revised manuscript. SJA collected the tumor and clinicopathological data. JH interpreted data and revised
manuscript. JG and JSJB performed IHC examinations of
tumor specimens and revised manuscript. DT participated
in the study design, IHC examinations of tumor specimens, interpretation of data, and revision of manuscript.
All authors read and approved the final manuscript.

Acknowledgements
We thank Deborah Malik for technical assistance in immunohistochemistry,
and Debra Walsh and Susan Roman for assistance in collecting patient
information. This study was supported in part by RPCI's NCI-funded Cancer Center Support Grant, CA016056, the Roswell Park Alliance Foundation (D.F.T.), NIH grant no. CA72768 (H.L.A.), grant no. GM49294 from
the National Institute of General Medical Sciences (J.A.H.).

Page 7 of 10
(page number not for citation purposes)

BMC Cancer 2006, 6:203

1.0

MCM2:
Log rank test: p=0.09

A

Ki-67:
Breslow test: p=0.48

B

.8

.8

Cumulative Survival

Cumulative Survival

1.0

http://www.biomedcentral.com/1471-2407/6/203

Low
.6

Low

.6

.4

.4

.2

.2

High

High
0.0

0.0

0
1.0

20

40

C

60

Month

80

100

120

0

20

1.0

Gelsolin:
Log rank test: p=0.006

.8

40

D

60

80

Month

100

120

MCM2 & Gelsolin:
Log rank test: p=0.002

.8

Cumulative Survival

Cumulative Survival

Both low

Low

.6

.6

.4

MCM2 high &
GSN low

.4

MCM2 low & GSN high

Both high

.2

.2

High
0.0

0.0
0

20

40

60

80

Month

100

120

0

20

40

60

80

Month

100

120

Figure
Kaplan-Meier
2
Survival Curves for MCM2, Ki-67, and Gelsolin Expressions among 128 Patients with NSCLC
Kaplan-Meier Survival Curves for MCM2, Ki-67, and Gelsolin Expressions among 128 Patients with NSCLC. A: MCM2; B: Ki67; C: Gelsolin; D: MCM2 & Gelsolin. Tick marks represent censored cases.

References
1.
2.
3.
4.
5.
6.

Evan GI, Vousden KH: Proliferation, cell cycle and apoptosis in
cancer. Nature 2001, 411:342-348.
Lopez-Saez JF, de la Torre C, Pincheira J, Gimenez-Martin G: Cell
proliferation and cancer. Histol Histopathol 1998, 13:1197-1214.
Tye BK: MCM proteins in DNA replication. Annu Rev Biochem
1999, 68:649-686.
Labib K, Tercero JA, Diffley JF: Uninterrupted MCM2-7 function
required for DNA replication fork progression. Science 2000,
288:1643-1647.
Kearsey SE, Maiorano D, Holmes EC, Todorov IT: The role of
MCM proteins in the cell cycle control of genome duplication. Bioessays 1996, 18:183-190.
Todorov IT, Attaran A, Kearsey SE: BM28, a human member of
the MCM2-3-5 family, is displaced from chromatin during
DNA replication. J Cell Biol 1995, 129:1433-1445.

7.
8.
9.

10.

Treisman JE, Follette PJ, O'Farrell PH, Rubin GM: Cell proliferation
and DNA replication defects in a Drosophila MCM2 mutant.
Genes Dev 1995, 9:1709-1715.
Kearsey SE, Labib K: MCM proteins: evolution, properties, and
role in DNA replication.
Biochim Biophys Acta 1998,
1398:113-136.
Todorov IT, Werness BA, Wang HQ, Buddharaju LN, Todorova PD,
Slocum HK, Brooks JS, Huberman JA: HsMCM2/BM28: a novel
proliferation marker for human tumors and normal tissues.
Lab Invest 1998, 78:73-78.
Schluter C, Duchrow M, Wohlenberg C, Becker MH, Key G, Flad HD,
Gerdes J: The cell proliferation-associated antigen of antibody
Ki-67: a very large, ubiquitous nuclear protein with numerous repeated elements, representing a new kind of cell cyclemaintaining proteins. J Cell Biol 1993, 123:513-522.

Page 8 of 10
(page number not for citation purposes)

BMC Cancer 2006, 6:203

11.
12.
13.
14.
15.

16.

17.
18.

19.
20.

21.
22.

23.

24.
25.
26.

27.
28.

29.
30.

31.

32.

Hofmann K, Bucher P: The FHA domain: a putative nuclear signalling domain found in protein kinases and transcription
factors. Trends Biochem Sci 1995, 20:347-349.
Endl E, Gerdes J: The Ki-67 protein: fascinating forms and an
unknown function. Exp Cell Res 2000, 257:231-237.
Scholzen T, Gerdes J: The Ki-67 protein: from the known and
the unknown. J Cell Physiol 2000, 182:311-322.
Bridger JM, Kill IR, Lichter P: Association of pKi-67 with satellite
DNA of the human genome in early G1 cells. Chromosome Res
1998, 6:13-24.
MacCallum DE, Hall PA: The location of pKi67 in the outer
dense fibrillary compartment of the nucleolus points to a
role in ribosome biogenesis during the cell division cycle. J
Pathol 2000, 190:537-544.
Isola JJ, Helin HJ, Helle MJ, Kallioniemi OP: Evaluation of cell proliferation in breast carcinoma. Comparison of Ki-67 immunohistochemical study, DNA flow cytometric analysis, and
mitotic count. Cancer 1990, 65:1180-1184.
Scagliotti GV, Micela M, Gubetta L, Leonardo E, Cappia S, Borasio P,
Pozzi E: Prognostic significance of Ki67 labelling in resected
non small cell lung cancer. Eur J Cancer 1993, 29A:363-365.
Shiba M, Kohno H, Kakizawa K, Iizasa T, Otsuji M, Saitoh Y, Hiroshima K, Ohwada H, Fujisawa T: Ki-67 immunostaining and other
prognostic factors including tobacco smoking in patients
with resected nonsmall cell lung carcinoma. Cancer 2000,
89:1457-1465.
Pence JC, Kerns BJ, Dodge RK, Iglehart JD: Prognostic significance
of the proliferation index in surgically resected non-smallcell lung cancer. Arch Surg 1993, 128:1382-1390.
Harpole DHJ, Herndon JE, Wolfe WG, Iglehart JD, Marks JR: A prognostic model of recurrence and death in stage I non-small
cell lung cancer utilizing presentation, histopathology, and
oncoprotein expression. Cancer Res 1995, 55:51-56.
Brown DC, Gatter KC: Ki67 protein: the immaculate deception? Histopathology 2002, 40:2-11.
Lueck A, Brown D, Kwiatkowski DJ: The actin-binding proteins
adseverin and gelsolin are both highly expressed but differentially localized in kidney and intestine. J Cell Sci 1998, 111 (
Pt 24):3633-3643.
Witke W, Li W, Kwiatkowski DJ, Southwick FS: Comparisons of
CapG and gelsolin-null macrophages: demonstration of a
unique role for CapG in receptor-mediated ruffling, phagocytosis, and vesicle rocketing. J Cell Biol 2001, 154:775-784.
Kwiatkowski DJ: Functions of gelsolin: motility, signaling,
apoptosis, cancer. Curr Opin Cell Biol 1999, 11:103-108.
Sun HQ, Yamamoto M, Mejillano M, Yin HL: Gelsolin, a multifunctional actin regulatory protein.
J Biol Chem 1999,
274:33179-33182.
Kothakota S, Azuma T, Reinhard C, Klippel A, Tang J, Chu K,
McGarry TJ, Kirschner MW, Koths K, Kwiatkowski DJ, Williams LT:
Caspase-3-generated fragment of gelsolin: effector of morphological change in apoptosis. Science 1997, 278:294-298.
Azuma T, Witke W, Stossel TP, Hartwig JH, Kwiatkowski DJ: Gelsolin is a downstream effector of rac for fibroblast motility.
Embo J 1998, 17:1362-1370.
Crowley MR, Head KL, Kwiatkowski DJ, Asch HL, Asch BB: The
mouse mammary gland requires the actin-binding protein
gelsolin for proper ductal morphogenesis. Dev Biol 2000,
225:407-423.
Chellaiah M, Kizer N, Silva M, Alvarez U, Kwiatkowski D, Hruska KA:
Gelsolin deficiency blocks podosome assembly and produces
increased bone mass and strength. J Cell Biol 2000, 148:665-678.
Endres M, Fink K, Zhu J, Stagliano NE, Bondada V, Geddes JW, Azuma
T, Mattson MP, Kwiatkowski DJ, Moskowitz MA: Neuroprotective
effects of gelsolin during murine stroke. J Clin Invest 1999,
103:347-354.
Shieh DB, Godleski J, Herndon JE, Azuma T, Mercer H, Sugarbaker
DJ, Kwiatkowski DJ: Cell motility as a prognostic factor in
Stage I nonsmall cell lung carcinoma: the role of gelsolin
expression. Cancer 1999, 85:47-57.
Thor AD, Edgerton SM, Liu S, Moore DH, Kwiatkowski DJ: Gelsolin
as a negative prognostic factor and effector of motility in
erbB-2-positive epidermal growth factor receptor-positive
breast cancers. Clin Cancer Res 2001, 7:2415-2424.

http://www.biomedcentral.com/1471-2407/6/203

33.
34.
35.

36.

37.

38.
39.
40.

41.

42.
43.
44.
45.
46.
47.
48.
49.

50.
51.

52.

53.
54.

Yang J, Tan D, Asch HL, Swede H, Bepler G, Geradts J, Moysich KB:
Prognostic significance of gelsolin expression level and variability in non-small cell lung cancer. Lung Cancer 2004, 46:29-42.
Vaporciyan AA NLJSSCKRRJA: Neoplasms of the Thorax. In Cancer Medicine Edited by: Bast RC, Kufe DW, Pollock RE and Weichselbaum RR HJFFE. , B.C. Decker Inc.; 2000.
Key G, Becker MH, Baron B, Duchrow M, Schluter C, Flad HD, Gerdes J: New Ki-67-equivalent murine monoclonal antibodies
(MIB 1-3) generated against bacterially expressed parts of
the Ki-67 cDNA containing three 62 base pair repetitive elements encoding for the Ki-67 epitope. Lab Invest 1993,
68:629-636.
Gerdes J, Becker MH, Key G, Cattoretti G: Immunohistological
detection of tumour growth fraction (Ki-67 antigen) in formalin-fixed and routinely processed tissues. J Pathol 1992,
168:85-86.
Dosaka-Akita H, Hommura F, Fujita H, Kinoshita I, Nishi M, Morikawa
T, Katoh H, Kawakami Y, Kuzumaki N: Frequent loss of gelsolin
expression in non-small cell lung cancers of heavy smokers.
Cancer Res 1998, 58:322-327.
Pugsley JM, Schmidt RA, Vesselle H: The Ki-67 index and survival
in non-small cell lung cancer: a review and relevance to positron emission tomography. Cancer J 2002, 8:222-233.
Hashimoto K, Araki K, Osaki M, Nakamura H, Tomita K, Shimizu E,
Ito H: MCM2 and Ki-67 expression in human lung adenocarcinoma: prognostic implications. Pathobiology 2004, 71:193-200.
Kruger S, Thorns C, Stocker W, Muller-Kunert E, Bohle A, Feller AC:
Prognostic value of MCM2 immunoreactivity in stage T1
transitional cell carcinoma of the bladder. Eur Urol 2003,
43:138-145.
Dudderidge TJ, Stoeber K, Loddo M, Atkinson G, Fanshawe T, Griffiths DF, Williams GH: Mcm2, Geminin, and KI67 define proliferative state and are prognostic markers in renal cell
carcinoma. Clin Cancer Res 2005, 11:2510-2517.
Norusis M: SPSS 14.0 Advanced Statistical Procedures Companion. , Prentice Hall; 2005.
Schipper DL, Wagenmans MJ, Peters WH, Wagener DJ: Significance
of cell proliferation measurement in gastric cancer. Eur J Cancer 1998, 34:781-790.
Yamazaki D, Kurisu S, Takenawa T: Regulation of cancer cell
motility through actin reorganization. Cancer Sci 2005,
96:379-386.
Lin M, van Golen KL: Rho-regulatory proteins in breast cancer
cell motility and invasion. Breast Cancer Res Treat 2004, 84:49-60.
Blow JJ, Hodgson B: Replication licensing--defining the proliferative state? Trends Cell Biol 2002, 12:72-78.
Tada S, Li A, Maiorano D, Mechali M, Blow JJ: Repression of origin
assembly in metaphase depends on inhibition of RLF-B/Cdt1
by geminin. Nat Cell Biol 2001, 3:107-113.
Su TT, O'Farrell PH: Chromosome association of minichromosome maintenance proteins in Drosophila mitotic cycles. J
Cell Biol 1997, 139:13-21.
Tsuruga H, Yabuta N, Hashizume K, Ikeda M, Endo Y, Nojima H:
Expression, nuclear localization and interactions of human
MCM/P1 proteins.
Biochem Biophys Res Commun 1997,
236:118-125.
Stoeber K, Tlsty TD, Happerfield L, Thomas GA, Romanov S, Bobrow
L, Williams ED, Williams GH: DNA replication licensing and
human cell proliferation. J Cell Sci 2001, 114:2027-2041.
Wharton SB, Chan KK, Anderson JR, Stoeber K, Williams GH: Replicative Mcm2 protein as a novel proliferation marker in oligodendrogliomas and its relationship to Ki67 labelling index,
histological grade and prognosis. Neuropathol Appl Neurobiol
2001, 27:305-313.
Cummings TJ, Provenzale JM, Hunter SB, Friedman AH, Klintworth
GK, Bigner SH, McLendon RE: Gliomas of the optic nerve: histological, immunohistochemical (MIB-1 and p53), and MRI
analysis. Acta Neuropathol (Berl) 2000, 99:563-570.
Zlotta AR, Schulman CC: Biological markers in superficial bladder tumors and their prognostic significance. Urol Clin North
Am 2000, 27:179-89, xi-xii.
Indinnimeo M, Cicchini C, Stazi A, Limiti MR, Ghini C, Mingazzini P,
Vecchione A: Immunohistochemical assessment of Ki-67 as
prognostic cellular proliferation marker in anal canal carcinoma. J Exp Clin Cancer Res 2000, 19:471-475.

Page 9 of 10
(page number not for citation purposes)

BMC Cancer 2006, 6:203

55.
56.

57.
58.
59.

60.

61.

62.

63.
64.

65.
66.

http://www.biomedcentral.com/1471-2407/6/203

Woodhouse EC, Chuaqui RF, Liotta LA: General mechanisms of
metastasis. Cancer 1997, 80:1529-1537.
Jawhari AU, Buda A, Jenkins M, Shehzad K, Sarraf C, Noda M, Farthing
MJ, Pignatelli M, Adams JC: Fascin, an actin-bundling protein,
modulates colonic epithelial cell invasiveness and differentiation in vitro. Am J Pathol 2003, 162:69-80.
Netland PA, Zetter BR: Metastatic potential of B16 melanoma
cells after in vitro selection for organ-specific adherence. J
Cell Biol 1985, 101:720-724.
Raz A, Ben-Ze'ev A: Cell-contact and -architecture of malignant cells and their relationship to metastasis. Cancer Metastasis Rev 1987, 6:3-21.
Yoder BJ, Tso E, Skacel M, Pettay J, Tarr S, Budd T, Tubbs RR, Adams
JC, Hicks DG: The expression of fascin, an actin-bundling
motility protein, correlates with hormone receptor-negative
breast cancer and a more aggressive clinical course. Clin Cancer Res 2005, 11:186-192.
Dobashi Y, Watanabe H, Matsubara M, Yanagawa T, Raz A, Shimamiya
T, Ooi A: Autocrine motility factor/glucose-6-phosphate isomerase is a possible predictor of metastasis in bone and soft
tissue tumours. J Pathol 2006, 208:44-53.
Honda K, Yamada T, Hayashida Y, Idogawa M, Sato S, Hasegawa F, Ino
Y, Ono M, Hirohashi S: Actinin-4 increases cell motility and
promotes lymph node metastasis of colorectal cancer. Gastroenterology 2005, 128:51-62.
Kato H, Semba S, Miskad UA, Seo Y, Kasuga M, Yokozaki H: High
expression of PRL-3 promotes cancer cell motility and liver
metastasis in human colorectal cancer: a predictive molecular marker of metachronous liver and lung metastases. Clin
Cancer Res 2004, 10:7318-7328.
Lee HK, Driscoll D, Asch H, Asch B, Zhang PJ: Downregulated gelsolin expression in hyperplastic and neoplastic lesions of the
prostate. Prostate 1999, 40:14-19.
Asch HL, Winston JS, Edge SB, Stomper PC, Asch BB: Down-regulation of gelsolin expression in human breast ductal carcinoma in situ with and without invasion. Breast Cancer Res Treat
1999, 55:179-188.
Winston JS, Asch HL, Zhang PJ, Edge SB, Hyland A, Asch BB: Downregulation of gelsolin correlates with the progression to
breast carcinoma. Breast Cancer Res Treat 2001, 65:11-21.
Dong Y, Asch HL, Medina D, Ip C, Ip M, Guzman R, Asch BB: Concurrent deregulation of gelsolin and cyclin D1 in the majority
of human and rodent breast cancers. Int J Cancer 1999,
81:930-938.

Pre-publication history
The pre-publication history for this paper can be accessed
here:
http://www.biomedcentral.com/1471-2407/6/203/pre
pub

Publish with Bio Med Central and every
scientist can read your work free of charge
"BioMed Central will be the most significant development for
disseminating the results of biomedical researc h in our lifetime."
Sir Paul Nurse, Cancer Research UK

Your research papers will be:
available free of charge to the entire biomedical community
peer reviewed and published immediately upon acceptance
cited in PubMed and archived on PubMed Central
yours — you keep the copyright

BioMedcentral

Submit your manuscript here:
http://www.biomedcentral.com/info/publishing_adv.asp

Page 10 of 10
(page number not for citation purposes)

