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Maspin and Nm23-H1 expression in colorectal cancer 
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The aim of the study was to analyze the expression of Nm23-H1 and maspin proteins in a series of colorectal adenocarci-
noma and to assess their applicability as prognostic factors in this type of cancer. 102 specimens of colorectal carcinoma were 
analyzed by immunohistochemistry with the use of anti-Nm23-H1 and anti-maspin monoclonal antibodies. Cytoplasmic 
expression of Nm23-H1 and maspin was found in 90 of all investigated cases. In 60 cases maspin protein was found also in 
nucleus. Medium/high Nm23-H1 cytoplasmic expression level was associated with tubular type of adenocarcinoma with 
deeper invasion of cancer into intestinal wall (T3, T4) and presence of vascular invasion. Medium/high expression level of 
maspin was connected uniformly with bad prognostic features: low differentiation of tumors (G3), deeper invasion of cancer
(T3, T4) presence of nodular and distant metastases, higher Astler-Coller stage (C1, C2, D) and presence of vascular inva-
sion. No statistically significant associations between presence of nuclear maspin expression and any clinicopatological and
biological features were stated. Cytoplasmic medium/high expression level of maspin but no Nm23-H1 and no presence of 
maspin nuclear expression was found as independent bad prognostic factor in the investigated group of patients. Measure-
ment of level and cellular pattern of maspin expression could be valuable for predicting disease course in patients suffering
from colorectal cancer. 

Key words: colorectal cancer, immunohistochemistry, prognosis, survival rate, maspin, Nm23-H1 nucleoside diphosphate 
kinase.

Despite progress in diagnostic and treatment procedures 
during the last years, colorectal cancer remains one of the most 
frequent and deadly neoplasms. It is also the second leading 
cause of cancer death in the western world. In recent decades 
researchers have tried to identify biological markers that ap-
pear to be involved in tumor progression and development of 
metastasis [1] and which can be useful in predicting clinical 
outcome [2]. Among them, there are two promising tumor and 
metastasis suppressing proteins, maspin and Nm23-H1.

Maspin (mammary serine protease inhibitor, SERPIN-B5) 
was initially identified in human breast carcinoma cells while
searching for tumor suppressor gene candidates [3]. It has 
been shown to inhibit tumour cell motility and invasion in 
mammary and prostate carcinoma cell lines in vitro [4] and 
to reduce the capacity of cancer cell lines for tumorigenesis 
and metastasis in animal models [5]. In concordance with this 
findings, downregulation or loss of maspin expression has been
shown to correlate with increased aggressiveness in breast [6], 
prostate [7] and colorectal [8] cancers. Surprisingly, opposing 

data were also published, even for the same types of cancer. 
Overexpression of the protein has been reported to be associ-
ated with aggressive phenotype in mammary ductal carcinoma 
[9] and poor prognosis in non-small cell lung [10] and ovarian 
[11] cancers. Recently, an imposing list of protein-binding 
partners of maspin was uncovered [12]. Among them, there 
are collagen I, collagen III, urokinase-type plasminogen acti-
vator (uPA), urokinase-type plasminogen activator receptor 
(uPAR), glutathione S-transferase (GST), β-catenin and early 
growth response protein 1 (EGR1). It suggests that maspin 
could be involved in a multitude of processes including ma-
trix adhesion, protein degradation, oxidative stress response, 
transcription regulation and its function depends on cellular 
localization [12]. 

In 1988, Steeg and colleagues described the first metastasis
suppressor gene, Nm23-H1 which expression was reduced 
in highly metastatic melanoma cell lines and rat mammary 
carcinomas [13]. The gene is coding for NDP kinase, an ubiq-
uitously distributed enzyme catalyzing the phosphorylation 
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of nucleotide diphosphate to the corresponding nucleoside 
triphosphate [14]. It was postulated that granzyme A activates 
DNA nicking via DNAse NM23-H1 which has an important 
role in cancer prevention throught the induction of tumour cell 
apoptosis [15]. Expression of both Nm23-H1 mRNA and pro-
tein has been shown to be reduced in different human cancers
[16–18]. Decreased expression of Nm23-H1 was connected 
with aggressive behavior and inversely related to the metastatic 
capacity of colon cancer, gastric cancer, melanoma of skin and 
breast cancer [14]. Similarly to maspin, adverse findings were
also presented. High level of Nm23-H1 was correlated with 
high proliferation rate of thyroid cancer [19] and higher risk 
of death in colorectal cancer patients [20]. Probably, the role of 
Nm23-H1 may vary between tissue types because of different
regulatory mechanism. 

Considering insufficient and conflicting data about
Nm23-H1 and maspin in colorectal cancer, in the present 
study, expression of both proteins was analyzed by means 
of immunohistochemistry in a series of colorectal cancer 
specimen. To assess the utility of Nm23-H1 and maspin as 
potential prognostic markers, their expression was compared 
with some clinicopathological features of tumour and survival 
time of patients.

Materials and methods

Patients and tissue samples. Total of 102 patients of the 
Oncological Center of Łódź, Poland suffering from colorectal
carcinomas were enrolled in the study. Tissue samples were ob-
tained from the patients during surgical removal of tumor. All 
experiments were carried out with the local ethical committee 
approval (No KE/813/07) and patient’s informed consent.

Immunohistochemistry. 4μm thick sections of formaline–
fixed, paraffin embedded tissue were placed on SuperFrost
Plus slides (Menzel-Glaser, Braunschweig, Germany). These
were deparaffinized in xylenes and rehydrated through graded
alcohol. Then, the sections were microwaved in 0.01M sodium
citrate buffer, pH 6.0, twice for 10 minutes at 360W to epitope
retrieval. The slides were then washed with TRIS buffered saline,
pH 7.4, and incubated for 1 hour at room temperature with the 
primary monoclonal antibody anti-Nm23-H1 (clone 37.6, 1:500 
dilution, Leica Biosystems, Newcastle, UK), and anti-maspin 
(clone EAW24, 1:50 dilution, Leica Biosystems, Newcastle, UK) 
and processed with EnVision+ (DAKO, Glostrup, Denmark) 
system. Sections were counterstained with haematoxylin, de-
hydrated with ethanol and cleared in xylene. 

Staining pattern analysis. For Nm23-H1 expression analysis, 
all cases were divided into four classes: 0% of cells stained 
– negative cases, 1-30% of cells stained – low level, 31-60% 
– medium level, 61-100% – high level, as previously described 
[20]. According to Umekita at al. [9], expression level of six-
stage classification was assumed for maspin: 0% of cells stained
– negative cases, 1–5% of cells stained – very low level, 6–25% 
– low level, 26–50% – medium level, 51–75% – high level, 
76–100% – very high level. 

Statistical analysis. To estimate relationships between clin-
icopatological and biological characteristics and the expression 
of maspin and Nm23-H1 chi-squared and V-square tests were 
used. Dependences between the above mentioned features 
and overall survival were assessed (univariate analysis) using 
a Kaplan-Meier estimator. Overall survival was determined 
as the interval between surgery and death. Median overall 
survival time was 71 months (minimum – 1 month, maximum 
– 110 months). Statistical significance of the dependences was
estimated using a log-rank test. To identify the independent 
prognostic factors, Cox proportional hazard regression model 
(multivariate analysis) was created employing variables that 
showed p value lesser than 0.1 in univariate analysis. P-value 
<0,05 was assumed as significant in all conducted tests.

Results

Immunohistochemical proteins expression. Nm23-H1 cyto-
plasmic expression (Figure 1A) was detected in 90 out of 102 
investigated samples. In 23 and 29 cases there were low and 
medium NM23 expression level, respectively. 38 samples were 
defined as having a high expression level.

In all tested samples cytoplasmic maspin expression (Figure 
1B) was detected, but in 18 and 24 cases on very low and low 
level, respectively. 20 cases were determined as having medium 
level of maspin expression. In only 9 samples the maspin ex-
pression was high, whereas in 31 samples the expression was 
stated as very high. Nuclear maspin expression (Figure 1C) 
was observed in 60 cases. 

Statistical dependences between Nm23-H1 and maspin ex-
pression and clinicopathological and biological features. With 
regard to a relatively low number of examined patients, we 
classified samples as “absent/low” and ”medium/high” expres-
sion level, showing up and above 30% of cells with Nm23-H1 
positive cytoplasmic reaction, respectively. For maspin, 
samples showing up and above 25% of cells with positive 
cytoplasmic reaction were included into classes named ”low” 
and “medium/high”, respectively. 

In the investigated population median age at the time of 
diagnosis was 63 years (30-86 years). There were no statistically
significant differences between patients of age up and above
60 with regard to Nm23-H1 (p=0.938) and maspin (p=0.740) 
expression levels. No associations were also found between 
gender and expression levels of both examined proteins 
(p=0.236 for Nm23-H1, p=0.868 for maspin). Expressions of 
both Nm23-H1 and maspin were not connected with tumor 
localization (p=0.331 for Nm23-H1, p=0.153 for maspin). 
There was a statistically significant association between Nm23-
H1 expression level and histological type of tumor (p=0.005). 
Medium/high expression level of Nm23-H1 was stated in 62 
of tubular adencarcinoma and only 5 of mucinosus adencar-
cinoma cases. No link between maspin expression level and 
histological type of tumor was found (p=0.219). There was no
dependence between tumor grading and Nm23-H1 expression 
level (p=0.294), whereas medium/high expression level of 
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Figure 1. Positive immunohistochemical reaction with antibodies 
against Nm23-H1 (A-cytoplasmic) and maspin (B-cytoplasmic, C-nu-

clear) in a case of colorectal cancer (magnification 400x)

Figure 2. Overall survival probability according to cytoplasmic expres-
sion level of Nm23-H1 (A), maspin (B) and presence of nuclear maspin 

expression (C).
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maspin was significantly associated with poorly differentiated
tumors (G3, p=0.001).

Secondly, expression level of both investigated proteins 
and some clinical staging features including depth of tumor 
invasion, lymph nodes metastases, distant metestases, stage 
according Astler-Coller classification were compared. There
was a statistically significant dependence between the depth
of tumor invasion and Nm23-H1 expression level (p=0.048). 
Medium/high levels of the expression were stated more 
frequently in tumors T3 and T4. No significant connections
between the remaining characteristics and Nm23-H1 expres-
sion level were found (Table 1). Dependencies between all the 
above mentioned staging features and maspin cytoplasmic 
expression level reached statistical significance. Medium/high
levels of the expression were associated with deeper invasion 
of intestine wall (T3,T4, p=0.006), presence of lymph node 
(N1,N2, p=0.002), and distant metastases (M1, p=0.032). It 
was proved by the existence of statistically significant connec-
tion between expression level of this protein and Astler-Coller 
stage (p=0.001). 

The expression levels of both proteins were also compared
to the presence of lymphocytes in tumor and vascular inva-
sion. The Nm23-H1 and maspin expression levels were not
connected with the presence of lymphocytes infiltration,
a good prognostic feature (p=0.545 and 0.551, respectively). 
There were statistically significant dependencies between
Nm23-H1 as well as maspin expression levels and vascular 
invasion that is connected with poor prognosis (p=0.018 and 
0.002, respectively).

Additionally, dependencies between the existence of nuclear 
maspin expression and all the above mentioned clinicopato-
logical and biological features were assessed, but no statistically 
significant dependence was noted (Table 1).

Survival analysis according to clinicopathological and bio-
logical features, NM23 and maspin expression. In univariate 
analysis, the lower depth of tumor invasion (T1,T2, p=0.041), 
absence of lymph nodes (N0, p=0.0004) and distant (M0, 
p=0.00001) metastasis, lower Astler-Coller stage (B1,B2, 
p=0.0003) and low cytoplasmic maspin expression level 
(p=0.0004) were all significantly associated with a longer sur-

Table 1. Statistical dependencies between Nm23-H1 and maspin expression and clinicopathological features

Feature (number of cases)

Nm23-H1 Maspin 
Cytoplasmic expression level Cytoplasmic expression level Nuclear expression

absent/
low

medium/
high p value low medium/

high p value absent present p value

Age
Up to 60 yrs (49) 17 32 0.938 a 21 28 0.740 a 19 30 0.636 a

Over 60 yrs (53) 18 35 21 32 23 30

Gender
Female (52) 15 37 0.236 a 21 31 0.868 a 26 26 0.065 a

Male (50) 20 30 21 29 16 34

Localization
Rectum (40) 16 24 0.331 a 13 27 0.153 a 15 25 0.545 a

Colon (62) 19 43 29 33 27 35

Histological type
Tubular aca (87) 25 62 0.005 b c 38 49 0.219 b 37 50 0.506 b

Mucinosus aca (15) 10 5 4 11 5 10

Histological grade
G1 (12), G2 (60) 27 45 0.294 a 37 35 0.001 a c 31 41 0.550 a

G3 (30) 8 22 5 25 11 19

Depth 
of tumor invasion

T1 (4), T2 (27) 15 16 0.048 a c 19 12 0.006 a c 16 15 0.157 a

T3 (60), T4 (11) 20 51 23 48 26 45

Lymph nodes me-
tastasis

N0 (62) 25 37 0.112 a 33 29 0.002 a c 29 33 0.153 a

N1 (19), N2 (21) 10 30 9 31 13 27

Distant metastasis
M0 (85) 29 56 0.926 b 39 46 0.032 b c 35 50 1.000 b

M1 (17) 6 11 3 14 7 10

Astler-Coller stage
B1 (29), B2 (32) 25 36 0.084 a 33 28 0.001 a c 28 33 0.237 a

C1 (2), C2 (24), D (15) 10 31 9 32 14 27

Lyphocyte infiltra-
tion

Absent (57) 21 36 0.545 a 22 35 0.551 a 23 34 0.849 a

Present (45) 14 31 20 25 19 26

Vascular invasion
Absent (42) 20 22 0.018 a c 25 17 0.002 a c 21 21 0.130 a

Present (60) 15 45
a χ2 test, b V2 test; c statistically significant differences
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Table 2. Overall survival analysis according to clinicopathological features, Nm23-H1 and maspin expression  

Univariate analysis Multivariate analysis
number of deaths  

(%)
p value 

(log-rank test)
hazard ratio 

(95% confidence interval)
p value 

(Cox regression model)

Age (yrs)
 Up to 60 21 (42.9) 0.057 1.00 0.021 a

 Over 60 32 (60.4) 2.09 (1.12 – 3.91)
Gender 
 Female 26 (50.0) 0.519 --- ---
 Male 27 (54.0) ---
Localization
 Rectum 25 (62.5) 0.188 --- ---
 Colon 28 (45.2) ---
Histological type
 Tubular adencarcinoma 44 (50.6) 0.391 --- ---
 Mucinosus adenocarcinoma 9 (60.0) ---
Histological grade
 G1, G2 35 (48.6) 0.161 --- ---
 G3 18 (60.0) ---
Depth of tumor invasion
 T1, T2 12 (38.7) 0.041 a 1.00 0.268
 T3, T4 41 (57.8) 1.48 (0.74 – 2.95)
Lymph nodes metastasis
 N0 25 (40.3) 0.0004 a 1.00 0.319
 N1,2 28 (70.0) 2.87 (0.36 – 22.89)
Distant metastasis
 M0 37 (43.5) 0.00001 a 1.00 0.00007 a

 M1 16 (94.1) 4.53 (2.15 – 9.58)
Astler-Coller stage
 B1,B2 24 (39.3) 0.0003 a 1.00 0.498
 C1,C2,D 29 (70.7) 0.47 (0.05 – 4.18)
Vascular invasion
 Absent 34 (59.7) 0.086 1.00 0.880
 Present 19 (42.2) 0.94 (0.44 – 2.02)
Lyphocyte infiltration
 Absent 34 (59.7) 0.083 1.000 0.103
 Present 19 (42.2) 0.609 (0.335 – 1.11)
Maspin – cytoplasmic expression level level 
 Low 12 (28.6) 0.00004 a 1.00 0.003 a

 Medium/high 41 (68.3) 2.89 (1.42 – 5.85)
Maspin – nuclear expression
 Absent 19 (45.2) 0.425 --- ---
 Present 34 (56.7) ---
NM23 – cytoplasmic expression level
 Low 19 (54.3) 0.691 --- ---
 Medium/high 34 (50.8) ---

a statistically significant differences

vival time (Table 2). Moreover, trends toward a longer survival 
time in patients with absence of vascular invasion and presence 
of lymphocytes in tumor tissue were observed, even though the 
dependencies were not statistically significant (p=0.086 and

0.083, respectively). Likewise, age up to 60 years was associ-
ated with better survival rate despite an absence of statistical 
significance (p=0.057). Overall survival probability according
to NM23 and maspin cytoplasmic expression levels and the 
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presence of nuclear maspin expression were shown in Figure 
2A, B and C), respectively.

As independent prognostic factors, age (p=0.021), distant 
metastases (p=0.00007) and maspin cytoplasmic medium high 
expression level (p=0.003) were identified. Hazard ratios with
their 95% confidence intervals and p-values were summarized
in Table 2.

Discussion 

Currently, conventional clinical and pathomorphological 
features like tumor stage or grade remain the best tools for 
predicting subsequent disease course in colorectal cancer. 
However, clinical outcome often vary considerably among
patients with the same remaining characteristics. It is likely 
that there are some other biological factors that could influ-
ence tumour progression and metastasis and because of that 
be responsible for the observed changeability. 

In this study, the expression of Nm23-H1 and maspin, 
proteins proposed as tumor and metastasis suppressor were 
analysed in a series of colorectal adenocarcinomas. To assess 
their applicability as prognostic factors in this type of cancer, 
the expression of both proteins with established prognostic 
features and survival time of patients suffered from colorectal
cancer was compared. 

Most of investigated specimen were Nm23-H1 positive, 
which correlates with the results obtained by Lee et al. [22]. 
Similarly to the others [22, 23] it was found that positive im-
munostaining for Nm23-H1 was primarily confined to the
cytoplasm. Medium or high expression level of Nm23-H1 
in cytoplasm of cancer cells was stated significantly more
frequent in tumor invading deeper layers of the intestine 
wall (T3, T4). Despite the presence of blood vessels invasion, 
one of the crucial steps in metastasis process was remarkably 
connected with medium or high expression of Nm23-H1, 
no link between the expression level and presence of lymph 
node or distant metastases was observed. Higher expression 
of the protein was not connected with a more advanced 
Astler-Coller stage. Due to the presence of metastases and 
higher staging influencing prognosis negatively, the Nm23-
H1 expression do not affect survival time of investigated
patients. However, when examined, the cases that revealed 
up to and above 60% of cells stained in IHC were stratified
as absent/low/medium and high expression level, respec-
tively, the dependence between the level and stage reached 
statistical significance. High expression level of Nm23-H1
was connected with tumors of C1, C2 and D according to 
Astler-Coller (data not shown). In spite of this, lack of in-
fluence of Nm23-H1 on presence of metastasis and survival
time remained unchanged. Therefore, it seems possible that
Nm23-H1 affects local aggressiveness of colorectal cancer but
only when its expression is high enough and is not essential 
for metastatic process. 

We found the medium or high expression of Nm23-H1 
was significantly more frequent in tubular than in mucinous

colorectal adencarcinoma, which confirm results obtained by
Dursun et al. [24]. Since the tubular type of the adenocarci-
noma is connected with better prognosis than the mucinous 
type, it could – at least in part – eliminate the impact of Nm23-
H1 on local invasiveness of cancer and explain the lack of effect
of the protein on survival probability.

Maspin was detected in cytoplasm in all tested samples, but 
in almost one fifth of cases at a very low level. Considering this
fraction of specimen as negative, the percentage of positive 
reaction would be comparable with findings published so far
[8]. The obtained results indicate that higher expression level 
of maspin is associated only with bad prognostic features. 
Medium or high cytoplasmic expression level of maspin was 
connected with poorly differentiated tumours (G3) which
have high proliferation rate. Accordingly, the statistically sig-
nificant association between the level of the examined protein
and depth of tumor invasion (T3, T4) was shown. Moreover, 
the level of maspin was associated with the presence of nodal 
(N1, N2) and distant metastases (M1), vascular invasion and 
higher Astler-Coller stage (C1, C2, D). This data suggest that
maspin could play a role in both local invasion of cancer 
and metastases formation. Consequently, the level of protein 
expression was connected with lower survival probability of 
patients suffering from colorectal cancer independently of
any established prognostic factors. Cox regression revealed 
that patients with medium or high expression of maspin have 
almost three times higher risk of death compared to those 
with low expression.

Previously it was suggested that maspin may act as a tran-
scription factor if it is expressed in nucleus [12]. Two studies 
prior to this one, showed that nuclear maspin expression 
could be associated with either tumors with mutator pheno-
type [25] or a shorter overall survival time [26] in colorectal 
cancer patients. In this study, nuclear maspin expression was 
observed in almost 60 percent of cases. However, there was 
no statistically significant association between the presence
of nuclear expression of the protein and any clinicopatho-
logical features. Similarly, maspin localized in nucleus had 
no impact on survival probability of patients. In the light of 
the presented results, the role played by maspin in nucleus 
is not crucial for disease progression and prognosis in color-
ectal cancer. 

Since higher expression level of both Nm23-H1 and maspin 
proteins was found to be connected mostly with adverse 
prognostic features, like depth of tumor or vascular invasion, 
it can be suggested that both investigated proteins show rather 
oncogenic than suppressor activity.

Measurements of level and cellular pattern of maspin 
expression could be valuable for predicting disease course in 
patient suffering from colorectal cancer. Considering con-
tradictory findings with regard to Nm23-H1, some further
studies are needed.

Acknowledgements. This study was supported from Medical Uni-
versity of Lodz by grants 502-11-857, 502-13-775 and 503-3015-2.



101MASPIN AND NM23-H1 EXPRESSION IN COLORECTAL CANCER

References

[1] RUIZ P, GÜNTHERT U The cellular basis of metastasis. World
J Urol 1996; 14: 141–50  doi:10.1007/BF00186893

[2] NANNI O, VOLPI A, FRASSINETI GL, DE PAOLA F, 
GRANATO AM et al. Role of biological markers in the clini-
cal outcome of colon cancer. Br J Cancer 2002; 87: 868–75  
doi:10.1038/sj.bjc.6600569

[3] ZOU Z, ANISOWICZ A, HENDRIX MJ, THOR A, NEVEU 
M et al. Maspin, a serpin with tumor-suppressing activity in 
human mammary epithelial cells. Science 1994; 263: 526–9  
doi:10.1126/science.8290962

[4] SHENG S, CAREY J, SEFTOR EA, DIAS L, HENDRIX MJ et al. 
Maspin acts at the cell membrane to inhibit invasion and mo-
tility of mammary and prostatic cancer cells. Proc Natl Acad 
Sci U S A 1996; 93: 11669–74  doi:10.1073/pnas.93.21.11669

[5] SHI HY, ZHANG W, LIANG R, KITTRELL F, TEMPLETON 
NS et al. Modeling human breast cancer metastasis in mice: 
maspin as a paradigm. Histol Histopathol 2003; 18: 201–6

[6] MAASS N, TEFFNER M, RÖSEL F, PAWARESCH R, JONAT 
W et al. Decline in the expression of the serine proteinase 
inhibitor maspin is associated with tumour progression in 
ductal carcinomas of the breast. J Pathol 2001; 195: 321–6  
doi:10.1002/path.948

[7] BEECKEN WD, ENGL T, ENGELS K, BLUMENBERG C, 
OPPERMANN E et al. Clinical relevance of maspin expression 
in bladder cancer. World J Urol 2006; 24: 338–44  doi:10.1007/
s00345-006-0085-z

[8] BOLTZE C Loss of maspin is a helpful prognosticator in 
colorectal cancer: a tissue microarray analysis. Pathol Res 
Pract 2005; 200: 783–90  doi:10.1016/j.prp.2004.10.004

[9] UMEKITA Y, YOSHIDA H Expression of maspin is up-
regulated during the progression of mammary ductal 
carcinoma. Histopathology 2003; 42: 541–5  doi:10.1046/
j.1365-2559.2003.01620.x

[10] HIRAI K, KOIZUMI K, HARAGUCHI S, HIRATA T, MI-
KAMI I et al. Prognostic significance of the tumor suppressor
gene maspin in non-small cell lung cancer. Ann Thorac Surg
2005; 79: 248–53  doi:10.1016/j.athoracsur.2004.06.118

[11] SOOD AK, FLETCHER MS, GRUMAN LM, COFFIN JE, 
JABBARI S et al. The paradoxical expression of maspin in
ovarian carcinoma. Clin Cancer Res 2002; 8: 2924–32

[12] KHALKHALI-ELLIS Z Maspin: the new frontier. Clin Cancer 
Res 2006; 12: 7279–83  doi:10.1158/1078-0432.CCR-06-
1589

[13] STEEG PS, BEVILACQUA G, KOPPER L, THORGEIRSSON 
UP, TALMADGE JE et al. Evidence for a novel gene associated 
with low tumor metastatic potential. J Natl Cancer Inst 1988; 
80: 200–4  doi:10.1093/jnci/80.3.200

[14] TEE YT, CHEN GD, LIN LY, KO JL, WANG PH Nm23-H1: 
a metastasis-associated gene. Taiwan J Obstet Gynecol 2006; 
45: 107–13  doi:10.1016/S1028-4559(09)60206-0

[15] FAN Z, BERESFORD PJ, OH DY, ZHANG D, LIEBERMAN 
J Tumor suppressor NM23-H1 is a granzyme A-activated 
DNase during CTL-mediated apoptosis, and the nucleosome 
assembly protein SET is its inhibitor. Cell 2003; 112: 659–72  
doi:10.1016/S0092-8674(03)00150-8

[16] BEVILACQUA G, SOBEL ME, LIOTTA LA, STEEG PS Asso-
ciation of low nm23 RNA levels in human primary infiltrating
ductal breast carcinomas with lymph node involvement and 
other histopathological indicators of high metastatic potential. 
Cancer Res 1989; 49: 5185–90

[17] FLØRENES VA, AAMDAL S, MYKLEBOST O, MAE-
LANDSMO GM, BRULAND OS et al. Levels of nm23 
messenger RNA in metastatic malignant melanomas: inverse 
correlation to disease progression. Cancer Res 1992; 52: 
6088–91

[18] LEE CS, PIRDAS-ZIVCIC A nm23-H1 protein immuno-
reactivity in cancers of the gallbladder, extrahepatic bile 
ducts and ampulla of Vater. Pathology 1994; 26: 448–52  
doi:10.1080/00313029400169172

[19] FERENC T, LEWIŃSKI A, LANGE D, NIEWIADOMSKA 
H, SYGUT J et al. Analysis of nm23-H1 protein immuno-
reactivity in follicular thyroid tumors. Pol J Pathol 2004; 55: 
149–53

[20] BERNEY CR, YANG JL, FISHER RJ, RUSSELL PJ, CROWE 
PJ Overexpression of nm23 protein assessed by color video 
image analysis in metastatic colorectal cancer: correlation 
with reduced patient survival. World J Surg 1998; 22: 484–90  
doi:10.1007/s002689900421

[21] SARRIS M, LEE CS nm23 protein expression in colorectal car-
cinoma metastasis in regional lymph nodes and the liver. Eur 
J Surg Oncol 2001; 27: 170–4  doi:10.1053/ejso.2000.1070

[22] LEE JC, LIN YJ, CHOW NH, WANG ST Reappraisal of the 
role of NM23-H1 in colorectal cancers. J Surg Oncol 2001; 
76: 58–62  doi:10.1002/1096-9098(200101)76:1<58::AID-
JSO1010>3.0.CO;2-D

[23] KAPITANOVIĆ S, CACEV T, BERKOVIĆ M, POPOVIĆ-
HADZIJA M, RADOSEVIĆ S et al. nm23-H1 expression and 
loss of heterozygosity in colon adenocarcinoma. J Clin Pathol 
2004; 57: 1312–8  doi:10.1136/jcp.2004.017954

[24] DURSUN A, AKYÜREK N, GÜNEL N, YAMAÇ D Prognostic 
implication of nm23-H1 expression in colorectal carcinomas. Pa-
thology 2002; 34: 427–32  doi:10.1080/0031302021000009342

[25] BETTSTETTER M, WOENCKHAUS M, WILD PJ, BLASZYK 
H, HARTMANN A et al. Elevated nuclear maspin expres-
sion is associated with microsatellite instability and high 
tumour grade in colorectal cancer. J Pathol 2005; 205: 606–14  
doi:10.1002/path.1732

[26] DIETMAIER W, BETTSTETTER M, WILD PJ, WOENCK-
HAUS M, RÜMMELE P et al. Nuclear Maspin expression is 
associated with response to adjuvant 5-fluorouracil based
chemotherapy in patients with stage III colon cancer. Int 
J Cancer 2006; 118: 2247–54  doi:10.1002/ijc.21620

http://dx.doi.org/10.1007/BF00186893
http://dx.doi.org/10.1038/sj.bjc.6600569
http://dx.doi.org/10.1126/science.8290962
http://dx.doi.org/10.1073/pnas.93.21.11669
http://dx.doi.org/10.1002/path.948
http://dx.doi.org/10.1007/s00345-006-0085-z
http://dx.doi.org/10.1007/s00345-006-0085-z
http://dx.doi.org/10.1016/j.prp.2004.10.004
http://dx.doi.org/10.1046/j.1365-2559.2003.01620.x
http://dx.doi.org/10.1046/j.1365-2559.2003.01620.x
http://dx.doi.org/10.1016/j.athoracsur.2004.06.118
http://dx.doi.org/10.1158/1078-0432.CCR-06-1589
http://dx.doi.org/10.1158/1078-0432.CCR-06-1589
http://dx.doi.org/10.1093/jnci/80.3.200
http://dx.doi.org/10.1016/S1028-4559%2809%2960206-0
http://dx.doi.org/10.1016/S0092-8674%2803%2900150-8
http://dx.doi.org/10.1080/00313029400169172
http://dx.doi.org/10.1007/s002689900421
http://dx.doi.org/10.1053/ejso.2000.1070
http://dx.doi.org/10.1002/1096-9098%28200101%2976:1%3C58::AID-JSO1010%3E3.0.CO;2-D
http://dx.doi.org/10.1002/1096-9098%28200101%2976:1%3C58::AID-JSO1010%3E3.0.CO;2-D
http://dx.doi.org/10.1136/jcp.2004.017954
http://dx.doi.org/10.1080/0031302021000009342
http://dx.doi.org/10.1002/path.1732
http://dx.doi.org/10.1002/ijc.21620

