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There is growing interest in colon cancer early detection as current screening methods lack compliance
and specificity. No serum-based test is currently sufficient for widespread use. Here we demonstrate that
combining nuclear (nuclear matrix protein, NMP), extracellular (fibronectin, FN) and blood (neutrophil-tolymphocyte ratio, NLR) markers in an index would improve colon cancer diagnostic efficacy. Onehundred and twenty six individuals categorized into two groups (40 healthy individuals, 20 benign
inflammatory bowel diseases and 66 colon cancer patients (Stage I–IV). NMP and FN were quantified by
ELISA and NLRs were calculated from blood count. NMP-52, FN and NLR circulating levels were
significantly (P<0.0001) elevated in colon cancer. These elevated levels were associated with disease
aggressive behavior (advanced stages (III-IV), high tumor depth (T3-T4), high tumor grade (G3-G4),
lymph node invasion (≥N1) and distant organ metastasis (M1)). Stepwise logistic regression analysis
combining three markers in an index that has interesting diagnostic capability (AUC=0.934, sensitivity
100%, specificity 75%) which did not significantly changed in detection of early tumor stages. Index odds
ratio (95%CI) was 6.8 (4.1-11.5) for colon cancer and 3.5 (2.2-5.6) for early stages. In conclusions,
Combination of NMP, FN and NLR improve colon cancer diagnostic efficacy. Because the detection of
these markers is easy assay and quick to perform, this index is a valuable clinical biomarker to
recognize patients with a high risk to develop colon cancer.
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INTRODUCTION
rd
Colorectal cancer is the 3 most commonly
nd
diagnosed cancer in males and the 2 in females.
Every year, more than 1.4 million people are
developing colorectal cancer worldwide with more
than 600,000 deaths (Ferlay et al., 2015). Colon

cancer early detection is functional to reduce its
incidence and mortality. Colorectal screening
procedures looking mainly for cancer are faecal
occult-blood tests (FOBT), colonoscopy, ﬂexible
sigmoidoscopy, and double-contrast barium
enema (Kahi and Rex 2004). Although,
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colonoscopy represents the standard diagnostic
method for colon cancer detection, it is linked with
limitations including patient discomfort, high cost,
complications, and variable sensitivity (Brunagel
et al., 2002b). Other non-invasive and cheap
methods have lower specificity and sensitivity
than colonoscopy and are most effective at
detecting late stage tumor (Fung et al., 2015).
Tumor markers greatly ameliorate unpleasant,
and inadequate nature of existing diagnostic
techniques (Duffy 2007). Therefore, there is an
insistent need for improved new non-invasive
tumor biomarkers for early colon cancer detection
and diagnosis.
So as to identify highly specific tumor
markers, structural changes associated with
neoplastic transformation were studied (Brunagel
et al., 2004). Alterations in nuclear and cellular
structure are hallmarks of the tumorigenic
process. Nuclear matrix proteins (NMPs)
participate in many vital cellular functions
including gene transcription and translation and
steroid hormone binding (Brunagel et al., 2002b).
In tumorigenesis, cell type-specific ‘‘fingerprinting’’
of aberrant NMPs has resulted in the search for
specific NMP alterations in tumors to use in
cancer prognosis or diagnosis (Brunagel et al.
2004). Some studies identified unique NMPs
specific for colon cancer (Brunagel et al., 2004).
Fibronectin (FN), a large heterodimeric
glycoprotein, can be found in a soluble plasma
form or in cellular, extracellular matrix (ECM)
protein, insoluble form (Bae et al., 2013). It
regulates cell adhesion, proliferation, and
differentiation, being involved in processes
including embryonic development, wound healing
and oncogenic transformation (Pankov and
Yamada 2002). The cellular FN is produced by
many benign and malignant mesenchymal and
epithelial cells as filaments into ECM (Bae et al.,
2013). In colon cancer, FN is highly expressed by
myofibroblasts surrounding the tumor glands and
cancer cells themselves (Hanamura et al., 1997).
The systemic inflammatory response to tumor
as well as its impact on prognosis has been
examined by some studies (Pine et al., 2015).
Different leucocyte subtypes ratio is altered during
inflammatory response. Overwhelmingly, there is
neutrophilia and concurrent lymphocytopenia
(Zahorec 2001). So, by calculating neutrophil-tolymphocyte ratio (NLR) a simple measure of
systemic inflammation can be generated (Pine et
al., 2015). In tumor progression, inflammation may
play serious role and elevated neutrophil-tolymphocyte ratio has been indicated as poor

prognostic index in several tumors (Templeton et
al., 2014).
The purpose of this work was to imply and
modulate NMP-52, FN and NLR in a diagnostic
index for colon cancer diagnosing from patients
with benign inflammatory bowel diseases and
healthy controls.
MATERIALS AND METHODS
Cases and clinical samples
After approval from the Ethics and Scientific
Committees of the Mansoura University Hospitals,
Mansoura, Egypt, this work included a total of 126
serum samples from age- and gender-matched
healthy individuals (n=40), patients with benign
inflammatory bowel diseases (n=20) and patients
with colon cancer (Stage I–IV; n=66). They were
obtained from Mansoura University Oncology
Center, Mansoura, Egypt. Clinical data of all
patients were obtained from the database
retrospectively.
Postoperative
pathologic
classification of the disease was performed
according to the American Joint Committee on
Cancer (AJCC) TNM staging system (Edge and
Compton 2010). All patients recruited to this study
had not received radiotherapy or chemotherapy
prior to the blood samples collection. All patients
gave their informed consent prior to enrolment.
Laboratory assays
Blood samples were collected from all
patients before operation and therapy. Sera were
processed and stored at -20°C till use. Complete
blood count was determined using automated
analyzer
(Sysmex
Corporation,
Japan).
Percentages of neutrophils and lymphocytes were
obtained from white blood cell counts and the
neutrophils/lymphocytes
ratio
was
directly
calculated. As previously described, Western
blotting was used to detect nuclear matrix protein
(Attallah et al., 2015b) and fibronectin (Attallah et
al., 2015a). Also, all serum samples were tested
using ELISA for nuclear matrix protein (52 KDa)
according to Attallah et al. (Attallah et al.,2015b)
and for abnormal levels of fibronectin according to
Attallah et al. (Attallah et al., 2007).
Statistical analysis
Categorical variables were expressed as
numbers, whereas marker levels were expressed
as the mean ± standard deviation (SD) or
standard error of the mean (SEM). The logestic
regression analysis was carried out stepwise and
the best diagnostic index was the function that
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combined the three independent markers. All
differences were assessed by the Mann–Whitney
test and P<0.05 was considered to indicate a
statistically significant difference. Area under
receiver operating characteristic (ROC) curves
(AUC) was used to determine the best cutoff
values for optimal colon cancer diagnostic ability
(Zweig and Campbell 1993). From a 2×2
contingency table, sensitivity and specificity of
candidate markers and the index were derived. All
statistical analyses were performed by SPSS
(SPSS Inc., Chica go, IL) software and GraphPad
(GraphPad Software, San Diego, CA).
RESULTS
Immunoprecipitation of NMP and FN
The
baseline
clinicopathological
characteristics of patients enrolled in this study
are shown in Table 1. Western blot analysis, using
antibodies that specifically recognizes FN (Figure
1A) and NMP (Figure 1B), demonstrated that
these proteins were found with high concentration
in colon cancer compared with benign bowel
diseases. As shown in Figure 1, these proteins
migrate as a single band of the expected
approximate molecular weight (90 KDa for FN and
52 KDa for NMP). Dilutions of Western blot
reagents were adjusted to exclude the
background, i.e., low concentration of the target
protein in healthy individuals.
Table 1 Patients’ characteristics
Characteristics
Number
Healthy individuals
Number
40
Mean age (±SD), years
41.03 (±11.9)
Gender (male/female)
27/13
Benign (Inflammatory bowel diseases)
Number
20
Mean age (±SD), years
48.02 (±11.2)
Gender (male/female)
11/9
Colon cancer patients
Number
66
Mean age (±SD), years
50.62 (±11.78)
Gender (male/female)
40/26
Tumor depth
Low depth (T1-T2)
26
High depth (T3-T4)
40
Tumor grade
Low grade (G1-G2)
34
High grade (G3-G4)
32
Lymph node invasion
Absent (N0)
38

Present (≥N1)
Distant organ metastasis
Absent (M0)
Present (M1)
Clinical stage
Early stages (I-II)
Advanced stages (III-IV)

28
49
17
26 (39.4%)
40 (60.6%)

Elevated levels of NMP, FN and NLR in colon
cancer
The mean NMP-52 circulating levels were
significantly higher (P<0.0001) in colon cancer
patients (7.9 µg/mL) versus benign (4.8 µg/mL)
and healthy controls (2.8 µg/mL). In the same
cohort of samples, elevated levels of fibronectin
(650.2 µg/mL vs. 448.4 µg/mL and 31.9 µg/mL,
P<0.0001) and NLRs (5.9 µg/mL vs. 2.9 µg/mL
and 2.0 µg/mL, P=0.05) were associated with
colon cancer (Figure 2). NMP and fibronectin
levels were associated with the disease stage.
There was an association between elevated levels
of these markers and disease aggressive
behavior (high tumor depth (T3-T4), high tumor
grade (G3-G4), lymph node invasion (≥N1) and
distant organ metastasis (M1)) as shown in Figure
3(A-C).
Index
development
and
diagnostic
performances
In attempt to enhance the discrimination
power of candidate markers, logistic regression
multivariate analysis was performed stepwise to
train a diagnostic model for colon cancer. The
best selected index based on the three
biochemical markers was: Index= [56×NMP + FN
+ 25×NLR + 625]/1000. Of course the colon
cancer index values are significantly (P<0.0001)
higher than benign and healthy controls (Figure 2)
and these elevated values were associated with
tumor aggressive features (Figure 4). Comparing
with healthy controls index odds ratio (OR) (95%
confidence interval (CI)) was 6.8 (4.1-11.5) for
colon cancer and 3.5 (2.2-5.6) for early stages. In
contrast
to
carcinoembryonic
antigen
(AUC=0.645, sensitivity=55 and specificity 57),
the index correctly classified all colon cancer
patients (sensitivity 100%) and 45 of 60 noncancer controls (benign and healthy combined,
specificity 75%). At cutoff 1, index corresponding
AUC was 0.934 which rose to 0.998 when cancer
patients were compared only to healthy
individuals (Figure 5A, B). This promising situation
has not changed much in case of early tumor
stages (Figure 5C).
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Figure 1: Expression of serum (A) FN at 90 kDa and (B) NMP at 52 KDa in colon cancer,
benign bowel diseases and healthy individuals detected by Western blotting.

Figure 2: Levels of candidate markers and the developed index in healthy, benign and cancer
groups. (A) nuclear matrix protein, (B) fibronectin, (C) neutrophil-to-lymphocyte ratio and (D)
Index. Index= [56×NMP + FN + 25×NLR + 625]/1000. P <0.05 is considered significant.
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Figure 3: Distribution of (A) nuclear matrix protein, (B) fibronectin and (C) neutrophil-tolymphocyte ratio levels in tumor clinical features. Elevated levels were associated with high tumor
depth (T3-T4), high tumor grade (G3-G4), lymph node invasion (≥N1) and distant organ metastasis
(M1). P <0.05 is considered significant.
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Figure 4: Distribution of index values in tumor clinical features. Elevated levels were associated
with high tumor depth (T3-T4), high tumor grade (G3-G4), lymph node invasion (≥N1) and distant
organ metastasis (M1). Index= [56×NMP + FN + 25×NLR + 625]/1000. P <0.05 is considered
significant.

Figure 5: Area under receiver-operating characteristic curve of developed index for separating (A)
patients with colon cancer from all non-cancer controls, (B) colon cancer from only healthy
controls, (C) patients with early stage tumor from all non-cancer controls and (D) patients with late
stage from early stage tumor. AUC=1.0 is characteristic of an ideal test, whereas AUC≤0.5
indicates a test of no diagnostic value. Index= [56×NMP + FN + 25×NLR + 625]/1000.
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Elevated index values represent the best
statistical difference (P<0.0001) between early
and late stages (Figure 5D).
DISCUSSION
Cancer identification is based on the presence
of tumor cells specific features (Brunagel et al.,
2002a). In the colonic epithelium, accumulation of
varied epigenetic changes and genetic mutations
eventually results in neoplastic transformation.
This process is slow and progressive and this
presents a chance to perform diagnostic tools for
early tumor detection (Fung et al., 2015). Many
blood and stool genetic, epigenetic and protein
colon cancer markers were studied but still do not
provide efficient diagnostic performance and only
a small number have been recommended for
clinical use (Lech et al., 2016).
Alterations in nuclear structure, size and
shape and DNA organization are unique features
of tumor cells. Owing its predominance in cancer
cells, the nuclear changes are frequently used as
pathological
and
transformation
markers
(Brunagel et al., 2002a). These changes are
associated with alters in nuclear matrix
architecture and composition (Pienta et al., 1989).
NMPs are one of main nuclear matrix
compositions that contribute to the organization
and preservation of nuclear shape (Sjakste et al.,
2004). Keesee et al., identified about six specific
NMPs in all studied colon tumor tissues and not in
all studied normal tissues (Keesee et al., 1994).
Also, Brunagel et al., identified in all cancer
samples four unique NMPs that were not present
in all normal adjacent and normal colon tissue
(Brunagel et al., 2002a). Here, a previously
described NMP-52 (Attallah et al., 2005) were
found in significantly higher serum levels in colon
cancer than in benign and healthy controls. These
elevated levels were associated with the stage
and aggressive behavior of the disease.
In the same cohort of patients, elevated levels
of FN and NLR were associated with colon cancer
and disease aggressiveness. It was reported that
FN may have a serious role in colon cancer
development, growth and metastasis (Saito et al.,
2008; Wei et al., 2011). Choate and Mosher
reported that mean FN plasma levels in colon
cancer patients were significantly elevated above
the mean level of normal (Choate and Mosher
1983). Saito et al., found that FN concentrations
were significantly elevated in cancer patients than
in the controls, and these elevated levels
correlated with tumor progression (Saito et al.,
2008). These findings indicate that FN elevated

levels may be a useful marker for colon cancer
and the degree of disease progression. The NLR
reflects inflammatory status, survival and clinical
stage among patients with varied types of cancer
(SHIBUTANI et al., 2013). Tumor nonspecific
systemic inflammatory associated with elevated
neutrophils
circulating
levels,
concurrent
lymphocytopenia and thus elevated NLR
(Mallappa et al., 2013). Pre-treatment NLR high
level is associated with tumor progression and
represents significant independent predictor of
poor survival in colon cancer (Ozdemir et al.,
2014; SHIBUTANI et al., 2013). Also, in both the
pre-operative and post-operative durations, NLR
can be used to accurately predict long-term
survival in patients with advanced colorectal tumor
who have undergone surgical resection (Kubo et
al., 2014).
Several stool and blood genetic, epigenetic
and proteins markers were reported to be noninvasive colon cancer screening tools. But, none
of them would be useful alone as a screening tool
(Lech et al., 2016). Stepwise logistic regression
multivariate analysis combining NMP, FN and
NLR in an index that has 100% sensitivity and
75% specificity in diagnosing colon cancer. It has
interesting diagnostic capability which did not
significantly changed in detection of early tumor
stages. Findings achieved by this established
index were higher than or comparable with many
colorectal protein blood biomarkers. The first
colon cancer proposed blood biomarker is
carcinoembryonic antigen (CEA) (Thomson et al.,
1969). The overall sensitivity ranged from 43 to
69%. With increase in tumor stage, there was a
clear increase of sensitivity (Hundt et al., 2007).
CA 72-4 is a biomarker with poor sensitivity (931%) and better specificity (89-95%) for colorectal
cancer (Lech et al., 2016). CA 19-9, at the most
common cutoff, has sensitivity of 18-65% and
specificity of >90% in most studies (Hundt et al.,
2007). Similar small sensitivity ranges were
observed for soluble Fas Ligand (sFasL), human
chorionic gonadotrophin (hCGβ), and vascular
endothelial growth factor (VEGF) (Hundt et al.,
2007).
CONCLUSION
In conclusion, the combination of NMP, FN
and NLR presented in this study intends to
improve colon cancer final diagnosis and it could
be an alternative technique for tumor early
detection. This work represents an advance in
biomedical science because these markers
detection is easy assay and quick to perform, this
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index is a valuable clinical biomarker to recognize
patients with a high risk to develop colon cancer.
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