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Abstract: The global burden of colorectal cancer (CRC) is expected to increase, with 2.2 million new
cases and 1.1 million annual deaths by 2030. Therefore, the establishment of novel biomarkers useful
in the early diagnosis of CRC is of utmost importance. A number of publications have documented
the significance of the overexpression of several specific proteins, such as inflammatory mediators, in
CRC progression. However, little is known about the potential utility of these proteins as circulating
blood tumor biomarkers of CRC. Therefore, in the present review we report the results of our previous
original studies as well as the findings of other authors who investigated whether inflammatory
mediators might be used as novel biomarkers in the diagnosis and prognosis of CRC. Our study
revealed that among all of the tested proteins, serum M-CSF, CXCL-8, IL-6 and TIMP-1 have the
greatest value in the diagnosis and progression of CRC. Serum TIMP-1 is useful in differentiating
between CRC and colorectal adenomas, whereas M-CSF and CRP are independent prognostic factors
for the survival of patients with CRC. This review confirms the promising significance of these
proteins as circulating biomarkers for CRC. However, due to their non-specific nature, further
validation of their sensitivity and specificity is required.
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1. Colorectal Cancer

Colorectal cancer (CRC) is one of the most common neoplasms worldwide. It is the
second most frequently diagnosed malignancy in women and third in men. It is estimated
that more than one million people worldwide develop CRC every year. In addition, this
carcinoma is the second leading cause of cancer death in Europe, ranking fourth in males
and third in females [1–3].

Depending on the origin of the mutation, colorectal carcinomas can be classified
as sporadic, inherited, or familial [4,5]. Both genetic and environmental factors play an
important role in the etiology of CRC. Over 70% of CRC cases are sporadic, hence related
to lifestyle, while approximately three quarters of CRC cases are caused by the interplay of
environmental and genetic factors. The incidence of CRC increases with age. The majority
of patients with sporadic CRC are over 50 years old, whereas 75% of the patients with
rectal cancer, and 80% of the subjects with colon cancer are over the age of 60 at the time of
diagnosis [3]. Other known risk factors for this disease include a diet low in vegetables
and fruit, excessive intake of red meat, saturated fats and alcohol, tobacco use, and being
overweight [6,7]. A small percentage of CRC cases are due to inherited forms [6]. Gene
mutations occurring in oncogenes, tumor suppressor genes and genes related to DNA
repair mechanisms may lead to CRC development [4,5]. In addition, it is estimated that
around 20% of CRC cases have an associated hereditary component—familial CRC [6–9].
Approximately 60% of CRC cases are diagnosed in developed countries, with Europe being
a region featuring the highest incidence and mortality rates [6].
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Due to the high mortality and morbidity of CRC, diagnostic methods useful in the
detection of early-stage disease are sorely needed. The most significant prognostic factor
for CRC is the disease stage at the time of diagnosis. Thus, the 5-year relative survival rate
for patients with CRC is around 50–60%. It is higher, and stands at approximately 80%,
if the tumor is detected at an early stage, and decreases below 15% for advanced-stage
cancer [6,10,11]. CRC is commonly diagnosed at an advanced stage based on signs and
symptoms such as blood in the stool, a change in bowel habits, abdominal pain, fatigue,
anemia-related symptoms, or unintended weight loss. The highest incidence rates for CRC
are observed among individuals aged 50 years and over, who are asymptomatic and do
not have a personal or family history of CRC. In symptomatic patients, colonoscopy is the
preferred diagnostic modality, although other endoscopic methods, such as high-definition
white-light endoscopy, chromoendoscopy, autofluorescence endoscopy or narrow-band
imaging, are also very useful [3]. The CRC diagnostic process is extensive, and involves
the use of imaging modalities and laboratory methods. Serum carcinoembryonic antigen
(CEA), which is the most extensively investigated classical tumor marker, is not useful
in screening because of its low diagnostic sensitivity in early stage CRC. Other serum
biomarkers, including cancer antigen 19-9 (CA 19.9), cancer antigen 50 (CA 50) or cancer
antigen 72.4 (CA 72.4), have been studied without demonstrating acceptable diagnostic
performance [12]. Although a number of candidates for new biochemical markers for CRC
have been evaluated during the last decade, there are still no biomarkers useful in the
early diagnosis of CRC. Thus, novel noninvasive diagnostic tools for the early detection of
CRC, such as circulating blood markers, are sorely needed to improve the management
and outcomes of patients with CRC.

Therefore, in this review we present a number of research papers that explore the
clinical significance of selected inflammatory mediators as potential biomarkers of CRC in
comparison to well established, classical tumor markers for this malignancy. Furthermore,
the review presents the results of the authors’ previous studies, which have demonstrated
the diagnostic and prognostic utility of selected proteins as candidates for biochemical
markers for CRC. The clinical application of biomarkers in CRC is required not only for
the early detection of the disease, but also for prognostic stratification and surveillance of
patients with this neoplasm. CRC develops due to the accumulation of genetic and epige-
netic alterations, which leads to the transformation of normal colonic mucosa to invasive
cancer [6]. The transition from normal epithelial cells to adenocarcinoma starts from a
polyp with an aberrant crypt, which transforms to an early adenoma, and subsequently
becomes colorectal cancer. This sequence lasts for more than a decade, although it may
progress more rapidly in individuals with certain disorders such as Lynch syndrome [3,13].
Thus, the majority of colorectal carcinomas develop from adenomas (adenoma–carcinoma
sequence). The Fearon–Vogelstein model pioneered the combined consideration of single,
but accumulating, molecular events and biological consequences during tumor progres-
sion. There are two discrete normal colon to colorectal cancer sequences. However, both
of them concern the progression of normal colon epithelial cells to aberrant crypt foci,
followed by early and advanced polyps with the subsequent progression to early cancer,
and then advanced CRC. The classic pathway involves the development of tubular ade-
nomas that progress to adenocarcinomas, while an alternate pathway involves serrated
polyps. Furthermore, mutated or epigenetically altered genes are indicated in both of the
sequences. Some genes are shared between the two pathways while others are unique,
such as BRAF mutations that occur only in the serrated pathway [3,6,13]. The period of
neoplastic transformation is thought to be approximately 10–15 years, which represents the
time available for the detection and removal of adenomas before they progress to invasive
carcinoma [6]. It has been proven that prolonged chronic inflammation plays a key role in
the pathogenesis of many malignancies, including CRC, and might stimulate the synthesis
of proinflammatory mediators within the tumor microenvironment. This process con-
tributes to tumor initiation, promotion and progression, mostly via the migration of tumor
cells. Moreover, a developing neoplasm is able to induce local and systemic inflammatory
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responses [14–17]. Furthermore, the infiltration of various immune cells, such as tumor-
infiltrating leukocytes (TILs), various cytokines and tissue remodeling factors, has also
been associated with cancer-related inflammation. Our previous original studies as well as
some clinical investigations of other authors prove that selected circulating inflammatory
mediators such as cytokines, including chemokines and hematopoietic growth factors
(HGFs), specific inflammatory proteins such as C-reactive protein (CRP) and various matrix
metalloproteinases, in particular gelatinases (MMP-2, MMP-9) and their tissue inhibitors
(TIMP-1, TIMP-2), could be involved in the tumor development, proliferation, migration
and angiogenesis of cancer cells (Figure 1), and may be considered potential candidates for
novel biochemical markers for CRC (Table 1) [18–28].

Figure 1. The role of selected cytokines, proinflammatory proteins, matrix metalloproteinases and their tissue inhibitors in
the pathogenesis of colorectal cancer (CRC).

Table 1. Clinical significance of selected biomarkers in the diagnosis and progression of CRC [18–26].

Clinical Significance Biomarker Findings References

Diagnosis

SCF
• Significantly lower serum levels between CRC and healthy individuals
• Diagnostic sensitivity higher than for classical tumor marker—CEA and CA 19-9 [19,21]

M-CSF
CXCL-8

IL-6
TIMP-1

• M-CSF, CXCL-8, IL-6, TIMP-1—significantly higher serum levels between CRC and
healthy individuals

• M-CSF—AUC higher than for classical tumor marker—CEA and CA 19-9
• CXCL-8—AUC and diagnostic sensitivity higher than for classical tumor

marker—CEA
• IL-6—AUC higher than for classical tumor marker—CEA and CA 19-9
• TIMP-1—AUC and diagnostic sensitivity higher than for classical tumor marker—CEA

and CA 19-9

[18,22,25]
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Table 1. Cont.

Clinical Significance Biomarker Findings References

Progression

M-CSF

Significant differences between

• serum levels and TNM stage
• serum levels and nodal involvement

[18,20]

CXCL-8

Significant differences between

• serum levels and TNM stage
• serum levels and distant metastases

[22]

IL-6

Significant differences between

• serum levels and TNM stage
• serum levels and nodal involvement
• serum levels and distant metastases

[25]

CRP
Significant differences between

• serum levels and distant metastases [25]

TIMP-1

Significant differences between

• serum levels and TNM stage
• serum levels and nodal involvement
• serum levels and distant metastases

[26]

Independent
prognostic factor

M-CSF Higher serum levels as poor prognostic factor [18]

CRP Higher serum levels as poor prognostic factor [25]

CRC vs. CA
differentiation

M-CSF

Significant differences between CRC and colorectal adenoma

[18]

GM-CSF [19]

IL-6 [25]

CRP [25]

TIMP-1 [26]

2. Cytokines
2.1. Hematopoietic Cytokines (HCs)

Hematopoietic cytokines (HCs), also known as hematopoietic growth factors (HGFs),
are small proteins that induce the differentiation and proliferation of hematopoietic progen-
itor cells. Some studies have found that the effects of these growth factors are not limited to
bone marrow cells—they are also able to stimulate the proliferation of non-hematopoietic
and malignant cells, including CRC [18–21,29,30]. Moreover, these small peptides promote
extracellular matrix (ECM) degradation and angiogenesis, thus facilitating the invasion and
proliferation of tumor cells [31–33]. Some HCs, such as granulocyte colony-stimulating fac-
tor (G-CSF) and macrophage colony-stimulating factor (M-CSF) promote the tumorigenesis
and growth of malignant cells in an autocrine manner. Furthermore, several cell lines of
malignant tumors, including CRC, have been found to secrete large amounts of HCs as well
as express their receptors [34,35]. A number of investigators have assessed the expression of
these molecules in CRC tissue using an immunohistochemical technique in order to evalu-
ate their role in the pathogenesis of CRC. Therefore, in our previous research we focused on
evaluating the serum concentrations of several circulating HCs, including stem cell factor
(SCF), granulocyte–macrophage colony-stimulating factor (GM-CSF), macrophage colony-
stimulating factor (M-CSF), and interleuln-3 (IL-3), in patients with CRC in comparison to
subjects with benign lesions of the colon (colorectal adenomas—CA), and healthy volun-
teers, in order to establish their diagnostic and prognostic value as well as to investigate a
potential role played by these proteins in the pathogenesis of CRC [18–21]. In our studies,
the concentrations of GM-CSF, M-CSF, and IL-3 were significantly higher, and the concen-
tration of SCF was significantly lower in the serum of the patients with CRC in comparison
to the control groups and subjects with CA [18,19]. Our results have been confirmed by
other authors who also demonstrated elevated concentrations of several circulating HCs
in patients with CRC in comparison to healthy individuals [35–37]. Furthermore, in our
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studies, the serum levels of classical tumor markers for this malignancy—CEA and CA
19-9—were also statistically significantly elevated compared to the control groups [18,21].
Moreover, there was a significant association between the M-CSF levels and TNM stage, as
well as between the serum M-CSF levels and lymph node metastasis in the Kruskal–Wallis
test [18], which suggests the role of this cytokine in the pathogenesis and progression of
CRC. Among all the HCs investigated in our studies, the diagnostic sensitivity of SCF
was higher than that of other cytokines and classical tumor markers. The highest percent-
age of positive results was obtained for the combined analysis of SCF, and GM-CSF or
M-CSF (96%), or for the combined measurement of SCF and classical tumor markers (both
93%) [19]. However, the diagnostic specificity and predictive values were the highest for
M-CSF among all the analyzed cytokines [18,21]. In addition, to demonstrate the diag-
nostic value of the investigated proteins, we compared the areas under the ROC (receiver
operating characteristic) curve, AUC, for all of the measurements. The AUC for M-CSF
was larger than the AUCs for SCF, IL-3, GM-CSF and CA 19-9, but similar to the AUC for
CEA [18,19]. In addition, in a multivariate analysis, we showed that serum M-CSF is an
independent prognostic factor for the survival of patients with CRC (p = 0.011) [18].

In conclusion, we compared the diagnostic value of selected HCs in patients with CRC
with classical tumor markers for this malignancy—CEA and CA 19-9. In line with the results
obtained by other authors, our findings revealed the diagnostic utility of selected HCs as
potential, biochemical tumor markers for CRC [37,38]. Among all of the examined HCs, the
highest utility was demonstrated for M-CSF and SCF in the diagnosis of CRC, particularly
in combination with CEA. Moreover, our studies proved the clinical significance of serum
M-CSF measurements in estimating prognosis for patients with CRC.

2.2. Chemokines and Their Specific Receptors

Chemokines are a family of low-molecular-weight cytokines grouped into four classes—
CC, CXC, CX3C and XC—based on the positions of key cysteine residues [39]. These proteins
act via the cognate G-protein-coupled seven transmembrane receptors (GPCRs) to cause
adhesion, chemotaxis and migration of cells [40,41]. It has been demonstrated that these
molecules play a crucial role in the regulation of leukocyte function including growth,
activation and differentiation. Thus, they are able to regulate physiological processes, e.g.,
inflammatory, infection, immunity processes as well as pathological processes, including
malignant diseases such as CRC [42]. Selected chemokines and their specific receptors
facilitate tumor dissemination at every stage of carcinogenesis, i.e., progression, prolifera-
tion, adherence of cancer cells to the endothelium, extravasation from blood vessels, and
angiogenesis [43–45]. Furthermore, these cytokines stimulate communication between
malignant and non-malignant cells within the TME, and contribute to the activation of
neutrophils and tumor-associated macrophages. Some investigators indicate the utility of
various chemokines and their specific receptors, particularly those belonging to the CXC
family, in cancer pathogenesis, including CRC [46–65].

It has been demonstrated that CXCL12 (CXC-chemokine ligand 12) and its receptors,
CXCR4 and CXCR7, are involved in cancer metastasis [46,47]. It has been shown that CRC
cells are able to express these proteins [48,49]. The expression of CXCL12, CXCR4 and
CXCR7 is elevated in CRC and tissue samples from lung metastasis, while the expression of
both CXCL12 and CXCR7 is significantly higher in tissue samples derived from metastatic
cancer in comparison to primary lesions [47,50]. Some clinical investigations have demon-
strated the role of other chemokines, such as CCL20 (CC-chemokine ligand 20) and its
specific receptor CCR6 (CC-chemokine receptor 6), receptor CXCR3 (CXC chemokine re-
ceptor 3) as well as CXCL5 (CXC motif chemokine 5), in CRC pathogenesis [51–55]. The
expression of CCL20 and CCR6 is elevated in CRC samples compared to non-malignant
tissue [51]. The overexpression of CCR6 in CRC cells correlates with the presence of dis-
tant metastases [52], while the overexpression of CXCR3 promotes metastases to lymph
nodes [53]. Moreover, the expression of CXCL10 is considered an independent prognos-
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tic factor for cancer recurrence in CRC [54], while the co-expression of both CXCR3 and
CXCL10 in CRC is linked to poorer prognosis and metastatic recurrence [55].

One of the most extensively investigated chemokines is CXCL-8. This protein is
involved in tumor angiogenesis and has been linked to promoting distant metastases in
CRC [56]. Expression of this protein has been demonstrated on endothelial cells, tumor-
associated macrophages and cancer cells, including CRC [57]. Furthermore, CXCL-8
expression is significantly higher in all CRC tissues in comparison to inflammatory and
non-malignant samples [58], and correlates with the presence of distant metastases, which
indicates the significance of this cytokine as a marker of CRC progression [59]. All of the
results presented above have been obtained using a time-consuming immunohistochemical
technique [51–61]. Therefore, in our most recent studies we investigated whether serum
CXCL-8 and its specific receptor (CXCR-2) may be used as potential biochemical tumor
markers for CRC using the enzyme-linked immunosorbent assays (ELISA) method. We
compared the diagnostic utility of serum levels of CXCL-8 and CXCR-2 with classical tumor
markers (CEA) for CRC [22–24]. Our investigations revealed that serum concentrations of
CXCL-8, similar to those of the classical tumor marker, were significantly higher in patients
with CRC in comparison to healthy controls—the results are consistent with those obtained
by other authors [62]. These findings suggest that CRC cells are able to produce CXCL-8.
We also demonstrated statistically significant differences between CXCL-8 concentrations
and tumor stages, and the presence of distant metastasis (M-factor) [22]. Our observations
are in line with the results obtained by other researchers who also proved that serum
CXCL-8 levels significantly correlate with CRC stage [58,63]. We compared the diagnostic
characteristics of CXCL-8 with those of the classical tumor markers for CRC. Diagnostic
sensitivity, the predictive value of negative (NPV) results, and accuracy were higher for
serum CXCL-8 when compared to CEA. Moreover, the AUC for CXCL-8 (0.778; p < 0.001)
was higher than for CEA in patients with CRC. Based on our results, we can conclude that
serum CXCL-8 is a better candidate for a biochemical marker in the diagnosis of CRC than
CEA, which is the marker currently used in routine clinical practice. As a continuation
of our previous research, we investigated the clinical utility of the receptor specific for
CXCL-8–CXCR-2 in CRC [22,23]. The serum levels of CXCR-2 were found to be lower,
while those of CEA were significantly higher in patients with CRC in comparison to healthy
controls. Moreover, the diagnostic sensitivity was higher for CXCR-2 than for CEA, and
increased in the combined analysis of CXCR-2 and CEA. Our results suggest that the
CXCL-8/CXCR-2 axis plays an important role in the pathogenesis of CRC [22].

Some clinical investigations have indicated that CXCL5 (CXC motif chemokine 5)
and CXCL15 (CXC motif chemokine 15) may also be significant in CRC progression. The
serum concentrations of these chemokines were found to be significantly higher in patients
with CRC in comparison to healthy volunteers [64,65]. However, the authors failed to
evaluate statistically significant results between the analyzed subgroups, and concluded
that serum CXCL5 cannot be recognized as a potential marker in CRC, although CXCL15
concentrations increased with disease stage and correlated with poor survival [64,65].

In summary, our previous findings as well as data reported by other investigators
suggest that selected chemokines and their specific receptors are involved in CRC patho-
genesis. Alterations in the levels of these proteins correlate with advanced stage, metastatic
recurrence and poor survival of patients with CRC. In conclusion, CXCL-8 concentrations
have been suggested as potential biochemical tumor markers, particularly in the combined
assessment with a well-established classical tumor marker for CRC–CEA.

3. Interleukin-6 and C-Reactive Protein

Another cytokine considered a potential tumor maker for CRC is interleukin-6 (IL-6).
This protein is a pleiotropic proinflammatory cytokine that plays a dual role in tumor
development [66]. IL-6 promotes the apoptosis of neoplastic cells by stimulating the
antitumor activity of macrophages. However, this cytokine is produced by cancer cell
lines, including CRC, and may stimulate neoangiogenesis [67]. It has been established
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that proinflammatory cytokines such as IL-6 promote the synthesis of acute-phase proteins
including C-reactive protein (CRP) [68]. Some authors suggest that malignant cells also
stimulate CRP synthesis in hepatocytes [69]. Thus, a number of studies indicate that IL-6 is
a mediator that links inflammation and angiogenesis to malignancy [43]. In our previous
study, we examined the correlations between pretreatment serum levels of IL-6 and CRP,
and the clinicopathological features of CRC, such as tumor size, the presence of distant
and lymph node metastases, tumor resectability as well as the prognostic significance of
these mediators in patients with CRC [25]. We also determined the serum levels of IL-6
and CRP in patients with CA, and assessed the diagnostic utility of these parameters in
differentiating between CRC and CA [25]. We demonstrated that the serum concentrations
of CRP and IL-6 were significantly higher in patients with CRC in comparison to patients
with CA, and healthy subjects, and increased in more advanced stages of the disease and
in the subjects with unresectable tumors. There was a significant difference between the
serum levels of IL-6 and the presence of lymph node and distant metastases, while the CRP
concentrations were statistically higher in patients with distant metastases compared to the
subjects in subgroup M0. Similar results have been demonstrated by other authors who also
revealed that serum IL-6 and CRP concentrations are significantly higher in patients with
CRC than in healthy subjects, and increase in more advanced stages of the disease [63,70,71].
To assess the diagnostic significance of the tested proteins, we evaluated the AUC, which
was found to be the highest for the IL-6 levels among all of the proteins tested (CPR, CEA
and CA 19-9). Furthermore, the elevated preoperative serum level of CRP was found to be
an independent significant prognostic factor for patient survival [25]. Other authors have
also confirmed the significance of IL-6 in CRC development and, similarly to our findings,
demonstrated that elevated preoperative CRP concentrations may serve as a predictor of
the unfavorable prognosis of patients with CRC, which reflects the synthesis of acute-phase
proteins during tumor progression [72]. Based on our results and data published by other
investigators, we suggest the usefulness of serum IL-6 measurements in CRC diagnosis,
and the utility of CRP levels in the prediction of patient survival [25].

4. Matrix Metalloproteinases (MMPs) and Their Tissue Inhibitors (TIMPs)

Adenomatous polyps may develop into invasive adenocarcinoma of the colon or
rectum via increasing grades of dysplasia to the carcinoma in situ. Cytokines, whose role
in the inflammatory process and, indirectly, in the pathogenesis of malignancies is well es-
tablished, also promote ECM degradation. Some clinical investigations have demonstrated
that ECM degradation plays a crucial role in the development of malignant neoplasms by
controlling cancer proliferation [73]. Furthermore, cancer cells, including CRC, are able
to produce and release proteolytic enzymes, such as matrix metalloproteinases (MMPs),
which are capable of degrading the basement membrane and type IV collagen in the
ECM [74,75]. MMPs are produced by various cells including macrophages, fibroblasts,
leukocytes, endothelial cells and tumor cells. The proteolytic activity of MMPs is regulated
by naturally occurring tissue inhibitors of matrix metalloproteinases (TIMPs). It has been
indicated that the remodeling of normal and tumor tissue may result from an imbalance
between MMPs and TIMPs [76–79] in CRC tissue, and consequently might be a significant
factor in the process of cancer invasion and metastasis. Thus, MMPs and TIMPs play
a role not only in CRC invasion and the initiation of the metastatic process, but also in
colorectal carcinogenesis from adenomatous polyps. CRC is characterized by its enhanced
expression of several MMPs such as MMP-1, MMP-2, MMP-7 or MMP-13. However, a
group of MMPs—gelatinases—is of particular interest to researchers with respect to the
development and progression of CRC [80]. Gelatinases, including metalloproteinase 9
(MMP-9) and metalloproteinase 2 (MMP-2), play an important role in the development
of malignancies through facilitating tumor invasion, metastasis, growth, cell migration
and angiogenesis. Some authors have demonstrated that the expression of MMP-2 is
significantly higher while the expression of TIMP-2 is significantly lower in CRC tissue in
comparison to normal tissue [81]. Moreover, the authors found that the MMP-2/TIMP-2
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ratio is higher in CRC tissue compared with healthy tissue, and decreases with tumor stage,
depth of invasion and lymph node metastasis [81]. The expression of MMP-9 in CRC tissue
is significantly higher in comparison to CA and normal mucosa, and correlates with tumor
stage [82]. Moreover, enhanced MMP-9 expression in CRC cells is associated with increased
invasiveness of the tumor [83], while levels of MMP-2 expression in CRC are lower than
in adjacent normal mucosa, and significantly correlate with the depth of invasion and
the presence of liver metastasis [84]. In addition, the overexpression of TIMP-1 correlates
with the elevated expression of MMP-9, and may stimulate tumor growth and malignant
transformation as well as inhibit tumor cell apoptosis [85–87].

Therefore, in our previous studies, which utilized the fast and easy-to-use ELISA
method, we compared the clinical significance of both gelatinases (MMP-9 and MMP-2) as
well as their tissue inhibitors (TIMP1 and TIMP-2, respectively) in the diagnosis of CRC
as well as in the differentiation between CA and CRC. We determined concentrations of
these proteins in the serum of patients with CRC in relation to the clinicopathological
features of cancer and the serum levels of the classical tumor markers for CRC–CEA and
CA 19-9. Moreover, we assessed the diagnostic criteria for all of the tested proteins. In
our studies, the serum levels of MMP-9 and TIMP-1 were significantly higher while the
concentrations of MMP-2 and TIMP-2 were statistically significantly lower in patients with
CRC in comparison to healthy subjects [26–28]. Moreover, the serum TIMP-1 concentration
was significantly elevated in patients with CRC in comparison to subjects with CA, and
correlated with tumor stage, nodal involvement, the presence of distant metastases, patient
survival, and tumor resectability [26]. These observations indicate that elevated TIMP-1
serum levels may reflect the role of this protein as a stimulator of tumor growth and
malignant transformation, or an anti-apoptotic factor [86,87]. Our previous investigations
have also demonstrated that serum MMP-2 and TIMP-2 concentrations decrease with tumor
stage, while MMP-2 levels are significantly lower in patients with CRC in comparison to
those with CA [27,28]. Our findings are consistent with the observations of other authors
who have demonstrated elevated serum or plasma levels of MMP-9 in patients with CRC,
and decreased plasma MMP-2 levels in CRC patients with metastatic liver disease in
comparison to healthy controls [88,89]. An increased plasma level of TIMP-1 is a significant
prognostic factor for the survival of patients with CRC [88–91]. In our other studies, we
also evaluated the potential role of these proteins as biochemical markers for CRC. The
diagnostic sensitivity of TIMP-1 was higher (61%) than that of the serum levels of other
biomarkers (MMP-9—55%; TIMP-2—59%, MMP-2—46%) as well as the classical tumor
markers (CEA and CA 19-9), and increased in combined use with CEA. Among all of
the biomarkers tested, the highest AUC was found for the serum TIMP-1 levels [26–28].
Therefore, in our previous studies, we also compared the serum levels of MMP-2 and
TIMP-2 in patients with CRC with their expression in cancer cells, inflammatory infiltrate
cells and colorectal cells from adjacent normal tissue. We demonstrated that the percentages
of positive immunoreactivity of these proteins were higher in malignant and inflammatory
cells as compared to normal tissue. There were significant correlations between MMP-
2 immunoreactivity in inflammatory cells and the presence of distant metastases, and
between TIMP-2 expression in inflammatory cells and tumor size, nodal involvement and
distant metastases [28]. The correlations were confirmed by the Spearman correlation test,
which showed a significant positive association between the MMP-2 serum concentration
and the expression of its inhibitor in the same types of cells, as well as between the serum
levels of both proteins. Our findings suggest a complex role of the MMP-2/TIMP-2 network
in CRC development and metastasis [28]. Furthermore, positive tissue expression of MMP-
2 is a significant prognostic factor for the survival of patients with CRC, which has been
confirmed by Langers et al. [92] who found that enhanced MMP-2 expression in normal
colorectal mucosa is associated with reduced survival in patients with CRC.

Based on our results, we can suggest greater utility of serum TIMP-1 compared with
MMP-9, MMP-2, and TIMP-2 in the diagnosis of CRC, particularly in the assessment of the
tumor stage, survival of cancer patients, resectability of the tumor, and in the differentiation
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between CA and CRC. The presented findings indicate that selected MMPs and TIMPs play
a role not only in tumor invasion and the initiation of metastasis, but also in carcinogenesis
from colorectal adenomas [81]. Our results confirm a complex network of interactions
between the tumor, its microenvironment, and stromal cells, but this issue requires further
research [26–28].

5. Future Perspectives

The challenges facing medicine in the future lie in the establishment of new diagnostic
strategies based on novel and accurate tumor biomarkers that will improve the early
detection of malignant diseases, such as CRC, and facilitate differentiation between CRC
and CA. A growing number of publications focus on the molecular and cellular mechanisms
involved in the development, progression and metastasis of this malignancy. The design
of epigenetic and genetic panels of biomarkers useful in CRC diagnosis constitutes a
reasonable strategy in the clinical management of CRC [6,93,94]. There are three main
mechanisms that are currently considered to be responsible for CRC pathogenesis. The
first one is the suppressor pathway, or the pathway of chromosomal instability, which is
associated with the accumulation of mutations leading to oncogene activation (KRAS) and
suppressor gene inactivation (TP53, DCC, SMAD4, APC), and consequently to neoplastic
transformation [5,95]. The second pathway is the accumulation of errors during DNA
replication due to the presence of mutations in the genes responsible for its repair (MLH1,
MSH2, MSH6, PMS2, MLH3, MSH3, PMS1 and Exo1) [96]. The third mechanism is related
to aberrant hypermethylation [97].

Many recent reports have focused on RAS, BRAF (Raf murine sarcoma viral oncogene
homolog B) and HER2 (human epidermal growth factor receptor 2 gene) mutations as
predictive factors of mCRC patients who receive chemotherapy [98,99]. A study by Zheng
investigated the frequency and prognostic role of HER2 and BRAF gene mutations in CRC
patients. The authors concluded that HER2 amplification significantly correlates with
greater bowel wall invasion and a more advanced TNM stage, while HER2 amplification
is an independent prognostic factor for worse disease-free survival [98]. Moreover, a
statistically significant correlation for the RAS mutation and overall survival was also
proved, whereas RAS mutation and liver metastasis were found to be independent factors
for shorter overall survival of CRC patients in multivariate analysis [99].

A greater understanding of the pathways involved in CRC development will facilitate
the establishment of diagnostic and prognostic biomarkers for this malignancy. In recent
years, DNA and RNA markers in blood have been investigated as a potential diagnostic
tool in CRC. It has been indicated that the analysis of biomarkers, such as DNA, RNA or
proteins in the blood, accelerates the development of diagnostic tools in molecular biology.
These techniques are characterized by greater sensitivity and enhanced cost-effectiveness,
and may be employed in clinical practice [6].

6. DNA-Based Biomarkers

A variety of DNA markers have been assessed in plasma, including APC, KRAS, p53,
MLH1, HLTF, TMEF2, NGFR, and SEPT9 [6]. A study by Diehl et al., which utilized the
detection of mutations by beads, emulsification, amplification and magnetics (BEAMing)
assay, found that APC mutations in plasma samples were detected with a sensitivity of 73%,
which, however, was limited to 9% in patients with CA [100]. Furthermore, some authors
have demonstrated that the hypermethylation of Septine 9 (guanosine triphosphatase class
gene) is related to CRC development [101,102] and is found in 58–96% of CRC patients,
and in only 18% of CA subjects with specificities of 86–100% [101–104].

7. RNA-Based Biomarkers

Some clinical investigations have revealed that the transcriptome of plasma and pe-
ripheral blood also offers potential diagnostic biomarkers [105,106]. A plasma biomarker
panel including BANK1, BCNP1, CDA, MGC20553 and MS4A1 may discriminate patients
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with CRC from healthy subjects with a sensitivity and specificity of 88% and 64%, re-
spectively [105,106]. Other molecular biomarkers provide a source of miRNAs [107–109].
Elevated miR92 levels have been detected in the plasma of patients with CRC compared
with healthy individuals [110]. Moreover, statistically higher levels of miR92a and miR29a
have been found in patients with CRC and CA in comparison to healthy controls [111].

8. Plasma Proteins

The development of new technologies in proteomics, such as chromatographic tech-
niques based on mass spectrometry (MS) assays, surface-enhanced laser desorption/ionization
time-of-flight (SELDI-TOF)-MS, and matrix-assisted laser desorption/ionization time-of-flight
(MALDI-TOF) MS, allows for the identification of large-scale protein patterns. These methods
allow for the identification of peptide patterns that discriminate patients with CRC from
healthy individuals with a sensitivity and specificity of 90% [112]. However, they are
not specific to CRC [113]. Some authors have evaluated the significance of epithelial cell
adhesion molecules, p53, p62, CEA, HER-2/neu, Ras, topoisomerase II-alpha, histone
deacetylase 3 and 5, ubiquitin L3, tyrosinase, tropomyosin, and cyclin B1 as biomarkers for
CRC. These stable biomarkers can be detected by immunoassays and are absent in healthy
individuals, and therefore might be promising biomarkers for further research [6,114–116].
Moreover, some clinical investigations have assessed the combined ELISA analysis of
MAPKAPK3 and ACVR2B in patients with CRC and healthy controls, with a sensitivity of
83% and a specificity of 74% [115,117].

Although there is still insufficient evidence supporting the use of biomarkers, such as
genetic and epigenetic biomarker panels in CRC diagnosis, it appears to be a reasonable
strategy for the medicine of the future [6]. However, what should also be taken into
consideration is that CRC cells are able to enter blood via blood vessel invasion, where
they circulate and release detectable biomarkers in the plasma or circulating phagocytes.
Furthermore, such vessel invasion occurs more frequently in the advanced stages of
CRC [118–120].

9. Conclusions

The World Health Organization predicts an increase of 77% in the number of newly
diagnosed CRC cases, and an increase of 80% in the deaths from CRC by 2030 [6,121,122].
Thus, this disease is a global medical problem of profound significance. The establishment
of new biochemical markers measured using low-cost, non-invasive techniques, which are
easy to perform, is urgently required to improve the diagnosis of CRC and the treatment of
patients with this malignancy. Biomarkers are a key tool in the early detection, survival and
prognostication, and prediction of treatment responses. It has been indicated recently that
a variety of specific proteins contribute significantly to tumor growth, dissemination, and
local immune escape in the pathogenesis of many carcinomas, including CRC. However,
little is known about the utility of selected circulating blood inflammatory mediators
such as cytokines, including HCs and chemokines, and acute-phase protein—CRP—as
well as various MMPs and TIMPs in patients with CRC. The present paper demonstrates
that among all of the proteins tested in our investigations, serum M-CSF, CXCL-8, IL-
6 and TIMP-1 are better biomarkers than the currently used, well-established classical
tumor marker—CEA—in the diagnosis of CRC. Serum TIMP-1 measurement is useful in
differentiating between CRC and CA. Moreover, serum M-CSF, CXCL-8, IL-6 and TIMP-1
levels correlate with CRC progression, and therefore are particularly useful in establishing
tumor stage, distant metastases and/or nodal involvement, whereas the serum levels of
M-CSF and CRP are independent prognostic factors for the survival of patients with CRC.
This review confirms the promising significance of these proteins as circulating biomarkers
for CRC. However, our findings need to be confirmed in future studies performed on
a larger population of patients with CRC to ensure the reproducibility of the presented
results, and to confirm their potential significance as novel biomarkers in CRC due to the
non-specific nature of these proteins.
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and inflammatory factors (interleukin-6 and C-reactive protein) in colorectal cancer. Thromb. Res. 2007, 120, 585–590. [CrossRef]
71. Chung, Y.-C.; Chang, Y.-F. Serum interleukin-6 levels reflect the disease status of colorectal cancer. J. Surg. Oncol. 2003, 83, 222–226.

[CrossRef]
72. Nikiteas, N.I.; Tzanakis, N.; Gazouli, M. Serum IL-6, TNFalpha and CRP levels in Greek colorectal cancer patients: Prognostic

implications. World J. Gastroenterol. 2005, 11, 1639–1643. [CrossRef]
73. Vihinen, P.; Kähäri, V.-M. Matrix metalloproteinases in cancer: Prognostic markers and therapeutic targets. Int. J. Cancer 2002, 99,

157–166. [CrossRef]
74. Murray, D.; Morrin, M.; McDonnell, S. Increased invasion and expression of MMP-9 in human colorectal cell lines by a CD44-

dependent mechanism. Anticancer Res. 2004, 24, 489–494. [PubMed]
75. Mook, O.R.F.; Frederiks, W.M.; Van Noorden, C.J.F. The role of gelatinases in colorectal cancer progression and metastasis. Biochim.

Biophys. Acta Bioenerg. 2004, 1705, 69–89. [CrossRef] [PubMed]

http://doi.org/10.3892/or.2013.2580
http://www.ncbi.nlm.nih.gov/pubmed/23817679
http://doi.org/10.1111/his.12127
http://www.ncbi.nlm.nih.gov/pubmed/23758411
http://doi.org/10.1002/ijc.27670
http://www.ncbi.nlm.nih.gov/pubmed/22689289
http://doi.org/10.1007/s11033-009-9873-z
http://doi.org/10.1038/bjc.2015.193
http://doi.org/10.1016/j.coi.2018.03.004
http://doi.org/10.3748/wjg.v20.i16.4586
http://doi.org/10.3748/wjg.v13.i37.4996
http://doi.org/10.1038/bjc.2012.177
http://doi.org/10.1200/JCO.2005.07.078
http://doi.org/10.1158/1078-0432.CCR-05-2142
http://doi.org/10.1007/s13277-014-1794-3
http://doi.org/10.1159/000086951
http://doi.org/10.1245/s10434-011-1993-8
http://doi.org/10.1016/j.ejca.2008.02.047
http://doi.org/10.1177/147323000303100202
http://doi.org/10.1038/nrc703
http://doi.org/10.1146/annurev.immunol.22.012703.104543
http://doi.org/10.1016/j.thromres.2006.11.002
http://doi.org/10.1002/jso.10269
http://doi.org/10.3748/wjg.v11.i11.1639
http://doi.org/10.1002/ijc.10329
http://www.ncbi.nlm.nih.gov/pubmed/15152948
http://doi.org/10.1016/j.bbcan.2004.09.006
http://www.ncbi.nlm.nih.gov/pubmed/15588763


J. Clin. Med. 2021, 10, 2391 14 of 15

76. Talvensaarimattila, A.; Paakko, P.; Turpeenniemi-Hujanen, T. Matrix metalloproteinase-2 (MMP-2) is associated with survival in
breast carcinoma. Br. J. Cancer 2003, 89, 1270–1275. [CrossRef] [PubMed]

77. Kubben, F.J.G.M.; Sier, C.F.M.; Meijer, M.J.W.; Berg, M.V.D.; Van Der Reijden, J.J.; Griffioen, G.; Van De Velde, C.J.H.; Lamers,
C.B.H.W.; Verspaget, H.W. Clinical impact of MMP and TIMP gene polymorphisms in gastric cancer. Br. J. Cancer 2006, 95,
744–751. [CrossRef] [PubMed]

78. Giannopoulos, G.; Pavlakis, K.; Parasi, A.; Kavatzas, N.; Tiniakos, D.; Karakosta, A.; Tzanakis, N.; Peros, G. The expression of
matrix metalloproteinases-2 and -9 and their tissue inhibitor 2 in pancreatic ductal and ampullary carcinoma and their relation to
angiogenesis and clinicopathological parameters. Anticancer Res. 2008, 28, 1875–1881.

79. Murnane, M.J.; Cai, J.; Shuja, S.; McAneny, D.; Klepeis, V.; Willett, J.B. Active MMP-2 effectively identifies the presence of
colorectal cancer. Int. J. Cancer 2009, 125, 2893–2902. [CrossRef]

80. Herszényi, L.; Hritz, I.; Lakatos, G.; Varga, M.Z.; Tulassay, Z. The Behavior of Matrix Metalloproteinases and Their Inhibitors in
Colorectal Cancer. Int. J. Mol. Sci. 2012, 13, 13240–13263. [CrossRef]

81. Li, B.-H.; Zhao, P.; Liu, S.-Z.; Yu, Y.-M.; Han, M.; Wen, J.-K. Matrix metalloproteinase-2 and tissue inhibitor of metallo-proteinase-2
in colorectal carcinoma invasion and metastasis. World J. Gastroenterol. 2005, 11, 3046–3050. [CrossRef]

82. Herszényi, L.; Sipos, F.; Galamb, O.; Solymosi, N.; Hritz, I.; Miheller, P.; Berczi, L.; Molnár, B.; Tulassay, Z. Matrix Metalloproteinase-
9 Expression in the Normal Mucosa–Adenoma–Dysplasia–Adenocarcinoma Sequence of the Colon. Pathol. Oncol. Res. 2008, 14,
31–37. [CrossRef]

83. Kim, T.-D.; Song, K.-S.; Li, G.; Choi, H.; Park, H.-D.; Lim, K.; Hwang, B.-D.; Yoon, W.-H. Activity and expression of urokinase-type
plasminogen activator and matrix metalloproteinases in human colorectal cancer. BMC Cancer 2006, 6, 211. [CrossRef]

84. Oshima, T.; Kunisaki, C.; Yoshihara, K.; Yamada, R.; Yamamoto, N.; Sato, T.; Makino, H.; Yamagishi, S.; Nagano, Y.; Fujii, S.;
et al. Clinicopathological significance of the gene expression of matrix metalloproteinases and reversion-inducing cysteine-rich
protein with Kazalmotifs in patients with colorectal cancer: MMP-2 gene expression is a useful predictor of liver metastasis from
colorectal cancer. Oncol. Rep. 2008, 19, 1285–1291.

85. Lambert, E.; Dassé, E.; Haye, B.; Petitfrère, E. TIMPs as multifacial proteins. Crit. Rev. Oncol. 2004, 49, 187–198. [CrossRef]
86. Hewitt, R.E.; Brown, K.E.; Corcoran, M.; Stetler-Stevenson, W.G. Increased expression of tissue inhibitor of metalloproteinases

type 1 (TIMP-1) in a more tumorigenic colon cancer cell line. J. Pathol. 2000, 192, 455–459. [CrossRef]
87. Guedez, L.; Stetler-Stevenson, W.G.; Wolff, L.; Wang, J.; Fukushima, P.; Mansoor, A.; Stetler-Stevenson, M. In vitro suppression of

programmed cell death of B cells by tissue inhibitor of metalloproteinases-1. J. Clin. Investig. 1998, 102, 2002–2010. [CrossRef]
88. Waas, E.; Wobbes, T.; Ruers, T.; Lomme, R.; Hendriks, T. Circulating gelatinases and tissue inhibitor of metalloproteinase-1 in

colorectal cancer metastatic liver disease. Eur. J. Surg. Oncol. 2006, 32, 756–763. [CrossRef]
89. Waas, E.T.; Hendriks, T.; Lomme, R.; Wobbes, T. Plasma Levels of Matrix Metalloproteinase-2 and Tissue Inhibitor of

Metalloproteinase-1 Correlate with Disease Stage and Survival in Colorectal Cancer Patients. Dis. Colon Rectum 2005, 48, 700–710.
[CrossRef]

90. Holten-Andersen, M.N.; Stephens, R.W.; Nielsen, H.J.; Murphy, G.; Christensen, I.J.; Stetler-Stevenson, W.; Brünner, N. High
preoperative plasma tissue inhibitor of metalloproteinase-1 levels are associated with short survival of patients with colorectal
cancer. Clin. Cancer Res. 2000, 6, 4292–4299.

91. Yukawa, N.; Yoshikawa, T.; Akaike, M.; Sugimasa, Y.; Rino, Y.; Masuda, M.; Imada, T. Impact of Plasma Tissue Inhibitor of Matrix
Metalloproteinase-1 on Long-Term Survival in Patients with Colorectal Cancer. Oncology 2007, 72, 205–208. [CrossRef] [PubMed]

92. Langers, A.M.J.; Verspaget, H.W.; Hawinkels, L.J.A.C.; Kubben, F.J.G.M.; Van Duijn, W.; Van Der Reijden, J.J.; Hardwick, J.C.H.;
Hommes, D.W.; Sier, C.F.M. MMP-2 and MMP-9 in normal mucosa are independently associated with outcome of colorectal
cancer patients. Br. J. Cancer 2012, 106, 1495–1498. [CrossRef] [PubMed]

93. Ogunwobi, O.O.; Mahmood, F.; Akingboye, A. Biomarkers in Colorectal Cancer: Current Research and Future Prospects. Int. J.
Mol. Sci. 2020, 21, 5311. [CrossRef] [PubMed]

94. Marcuello, M.; Vymetalkova, V.; Neves, R.P.; Duran-Sanchon, S.; Vedeld, H.M.; Tham, E.; van Dalum, G.; Flügen, G.; Garcia-
Barberan, V.; Fijneman, R.J.; et al. Circulating biomarkers for early detection and clinical management of colorectal cancer. Mol.
Asp. Med. 2019, 69, 107–122. [CrossRef]

95. Rustgi, A.K. Hereditary Gastrointestinal Polyposis and Nonpolyposis Syndromes. N. Engl. J. Med. 1994, 331, 1694–1702.
[CrossRef]

96. Boland, C.R.; Sinicrope, F.A.; Brenner, D.E.; Carethers, J.M. Colorectal cancer prevention and treatment. Gastroenterology 2000, 118,
S115–S128. [CrossRef]

97. Weisenberger, D.J.; Siegmund, K.D.; Campan, M.; Young, J.; Long, T.I.; Faasse, M.A.; Kang, G.H.; Widschwendter, M.; Weener, D.;
Buchanan, D.; et al. CpG island methylator phenotype underlies sporadic microsatellite instability and is tightly associated with
BRAF mutation in colorectal cancer. Nat. Genet. 2006, 38, 787–793. [CrossRef]

98. Zhang, X.; Wu, J.; Wang, L.; Zhao, H.; Li, H.; Duan, Y.; Li, Y.; Xu, P.; Ran, W.; Xing, X. HER2 and BRAF mutation in colorectal
cancer patients: A retrospective study in Eastern China. PeerJ 2020, 8, e8602. [CrossRef]

99. Osumi, H.; Shinozaki, E.; Suenaga, M.; Matsusaka, S.; Konishi, T.; Akiyoshi, T.; Fujimoto, Y.; Nagayama, S.; Fukunaga, Y.; Ueno,
M.; et al. RAS mutation is a prognostic biomarker in colorectal cancer patients with metastasectomy. Mol. Cancer Biol. 2016, 139,
803–811.

http://doi.org/10.1038/sj.bjc.6601238
http://www.ncbi.nlm.nih.gov/pubmed/14520459
http://doi.org/10.1038/sj.bjc.6603307
http://www.ncbi.nlm.nih.gov/pubmed/16940985
http://doi.org/10.1002/ijc.24682
http://doi.org/10.3390/ijms131013240
http://doi.org/10.3748/wjg.v11.i20.3046
http://doi.org/10.1007/s12253-008-9004-5
http://doi.org/10.1186/1471-2407-6-211
http://doi.org/10.1016/j.critrevonc.2003.09.008
http://doi.org/10.1002/1096-9896(2000)9999:9999&lt;::AID-PATH777&gt;3.0.CO;2-E
http://doi.org/10.1172/JCI2881
http://doi.org/10.1016/j.ejso.2006.03.028
http://doi.org/10.1007/s10350-004-0854-y
http://doi.org/10.1159/000112827
http://www.ncbi.nlm.nih.gov/pubmed/18160809
http://doi.org/10.1038/bjc.2012.80
http://www.ncbi.nlm.nih.gov/pubmed/22472880
http://doi.org/10.3390/ijms21155311
http://www.ncbi.nlm.nih.gov/pubmed/32726923
http://doi.org/10.1016/j.mam.2019.06.002
http://doi.org/10.1056/NEJM199412223312507
http://doi.org/10.1016/S0016-5085(00)70010-2
http://doi.org/10.1038/ng1834
http://doi.org/10.7717/peerj.8602


J. Clin. Med. 2021, 10, 2391 15 of 15

100. Diehl, F.; Li, M.; Dressman, D.; He, Y.; Shen, D.; Szabo, S.; Diaz, L.A.; Goodman, S.N.; David, K.A.; Juhl, H.; et al. Detection and
quantification of mutations in the plasma of patients with colorectal tumors. Proc. Natl. Acad. Sci. USA 2005, 102, 16368–16373.
[CrossRef]

101. Devos, T.; Tetzner, R.; Model, F.; Weiss, G.; Schuster, M.; Distler, J.; Steiger, K.V.; Grützmann, R.; Pilarsky, C.; Habermann, J.K.; et al.
Circulating Methylated SEPT9 DNA in Plasma Is a Biomarker for Colorectal Cancer. Clin. Chem. 2009, 55, 1337–1346. [CrossRef]

102. Mullard, A. Alnylam dealt blow. Nat. Biotechnol. 2009, 27, 213. [CrossRef]
103. Grützmann, R.; Molnar, B.; Pilarsky, C.; Habermann, J.K.; Schlag, P.M.; Saeger, H.D.; Miehlke, S.; Stolz, T.; Model, F.; Roblick, U.J.;

et al. Sensitive Detection of Colorectal Cancer in Peripheral Blood by Septin 9 DNA Methylation Assay. PLoS ONE 2008, 3, e3759.
[CrossRef]

104. Lofton-Day, C.; Model, F.; Devos, T.; Tetzner, R.; Distler, J.; Schuster, M.; Song, X.; Lesche, R.; Liebenberg, V.; Ebert, M.; et al. DNA
Methylation Biomarkers for Blood-Based Colorectal Cancer Screening. Clin. Chem. 2008, 54, 414–423. [CrossRef]

105. Liew, C.-C.; Ma, J.; Tang, H.-C.; Zheng, R.; Dempsey, A.A. The peripheral blood transcriptome dynamically reflects system wide
biology: A potential diagnostic tool. J. Lab. Clin. Med. 2006, 147, 126–132. [CrossRef]

106. Han, M.; Liew, C.T.; Zhang, H.W.; Chao, S.; Zheng, R.; Yip, K.T.; Song, Z.Y.; Li, H.M.; Geng, X.P.; Zhu, L.X.; et al. Novel
blood-based, five-gene biomarker set forthe detection of colorectal cancer. Clin. Cancer Res. 2008, 14, 455–460. [CrossRef]

107. Chen, X.; Ba, Y.; Ma, L.; Cai, X.; Yin, Y.; Wang, K.; Guo, J.; Zhang, Y.; Chen, J.; Guo, X.; et al. Characterization of microRNAs in
serum: A novel class of biomarkers for diagnosis of cancer and other diseases. Cell Res. 2008, 18, 997–1006. [CrossRef]

108. Aslam, M.I.; Taylor, K.; Pringle, J.H.; Jameson, J.S. MicroRNAs are novel biomarkers of colorectal cancer. BJS 2009, 96, 702–710.
[CrossRef]

109. Mostert, B.; Sieuwerts, A.M.; Martens, J.W.M.; Sleijfer, S. Diagnostic applications of cell-free and circulating tumor cell-associated
miRNAs in cancer patients. Expert Rev. Mol. Diagn. 2011, 11, 259–275. [CrossRef]

110. Ng, E.K.-O.; Chong, W.W.S.; Jin, H.; Lam, E.K.Y.; Shin, V.Y.; Yu, J.; Poon, T.C.W.; Ng, S.S.M.; Sung, J.J.Y. Differential expression
of microRNAs in plasma of patients with colorectal cancer: A potential marker for colorectal cancer screening. Gut 2009, 58,
1375–1381. [CrossRef]

111. Huang, Z.; Huang, D.; Ni, S.; Peng, Z.; Sheng, W.; Du, X. Plasma microRNAs are promising novel biomarkers for early detection
of colorectal cancer. Int. J. Cancer 2009, 127, 118–126. [CrossRef]

112. Hundt, S.; Haug, U.; Brenner, H. Blood Markers for Early Detection of Colorectal Cancer: A Systematic Review. Cancer Epidemiol.
Biomark. Prev. 2007, 16, 1935–1953. [CrossRef]

113. Wang, Q.; Shen, J.; Li, Z.-F.; Jie, J.-Z.; Wang, W.-Y.; Wang, J.; Zhang, Z.-T.; Li, Z.-X.; Yan, L.; Gu, J. Limitations in SELDI-TOF MS
whole serum proteomic profiling with IMAC surface to specifically detect colorectal cancer. BMC Cancer 2009, 9, 287. [CrossRef]

114. Kobold, S.; Luetkens, T.; Cao, Y.; Bokemeyer, C.; Atanackovic, D. Prognostic and Diagnostic Value of Spontaneous Tumor-Related
Antibodies. Clin. Dev. Immunol. 2010, 2010, 1–8. [CrossRef] [PubMed]

115. Casal, J.I.; Barderas, R. Identification of cancer autoantigens in serum: Toward diagnostic/prognostic testing? Mol. Diagn. Ther
2010, 14, 149–154. [CrossRef] [PubMed]

116. Lu, H.; Goodell, V.; Disis, M.L. Targeting serum antibody for cancer diagnosis: A focus on colorectal cancer. Expert Opin. Ther.
Targets 2007, 11, 235–244. [CrossRef] [PubMed]

117. Babel, I.; Barderas, R.; Diaz-Uriarte, R.; Martínez-Torrecuadrada, J.L.; Sánchez-Carbayo, M.; Casal, J.I. Identification of Tumor-
associated Autoantigens for the Diagnosis of Colorectal Cancer in Serum Using High Density Protein Microarrays. Mol. Cell.
Proteom. 2009, 8, 2382–2395. [CrossRef]

118. Stetler-Stevenson, W.G.; Aznavoorian, S.; Liotta, L.A. Tumor Cell Interactions with the Extracellular Matrix During Invasion and
Metastasis. Annu. Rev. Cell Biol. 1993, 9, 541–573. [CrossRef]

119. Sastre, J.; Maestro, M.L.; Puente, J.; Veganzones, S.; Alfonso, R.; Rafael, S.; García-Saenz, J.A.; Vidaurreta, M.; Martín, M.; Arroyo,
M.; et al. Circulating tumor cells in colorectal cancer: Correlation with clinical and pathological variables. Ann. Oncol. 2008, 19,
935–938. [CrossRef]

120. Tsouma, A.; Aggeli, C.; Pissimissis, N.; Lembessis, P.; Zografos, G.N.; Koutsilieris, M. Circulating tumor cells in colorectal cancer:
Detection methods and clinical significance. Anticancer Res. 2009, 28, 3945–3960.

121. Karsa, L.; Lignini, T.; Patnick, J.; Lambert, R.; Sauvaget, C. The dimensions of the CRC problem. Best Pract. Res. Clin. Gastroenterol.
2010, 24, 381–396. [CrossRef]

122. Boyle, P.; Levin, B. Cancer Syte by Syte—Colorectal Cancer. In World Cancer Report 2008; International Agency for Research on
Cancer: Lyon, France, 2008; pp. 374–379.

http://doi.org/10.1073/pnas.0507904102
http://doi.org/10.1373/clinchem.2008.115808
http://doi.org/10.1038/nbt0309-213b
http://doi.org/10.1371/journal.pone.0003759
http://doi.org/10.1373/clinchem.2007.095992
http://doi.org/10.1016/j.lab.2005.10.005
http://doi.org/10.1158/1078-0432.CCR-07-1801
http://doi.org/10.1038/cr.2008.282
http://doi.org/10.1002/bjs.6628
http://doi.org/10.1586/erm.11.11
http://doi.org/10.1136/gut.2008.167817
http://doi.org/10.1002/ijc.25007
http://doi.org/10.1158/1055-9965.EPI-06-0994
http://doi.org/10.1186/1471-2407-9-287
http://doi.org/10.1155/2010/721531
http://www.ncbi.nlm.nih.gov/pubmed/21234352
http://doi.org/10.1007/BF03256367
http://www.ncbi.nlm.nih.gov/pubmed/20560676
http://doi.org/10.1517/14728222.11.2.235
http://www.ncbi.nlm.nih.gov/pubmed/17227237
http://doi.org/10.1074/mcp.M800596-MCP200
http://doi.org/10.1146/annurev.cb.09.110193.002545
http://doi.org/10.1093/annonc/mdm583
http://doi.org/10.1016/j.bpg.2010.06.004

	Colorectal Cancer 
	Cytokines 
	Hematopoietic Cytokines (HCs) 
	Chemokines and Their Specific Receptors 

	Interleukin-6 and C-Reactive Protein 
	Matrix Metalloproteinases (MMPs) and Their Tissue Inhibitors (TIMPs) 
	Future Perspectives 
	DNA-Based Biomarkers 
	RNA-Based Biomarkers 
	Plasma Proteins 
	Conclusions 
	References

