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ABSTRACT

Aim: This paper aimed to identify new candidate biomarkers in blood for early diagnosis of CRC.

Background: Colorectal cancer (CRC) is the third most widespread malignancies increasing globally. The high mortality rate
associated with colorectal cancer is due to the delayed diagnosis in an advanced stage while the metastasis has occurred. For better
clinical management and subsequently to reduce mortality of CRC, early detection biomarkers are in high demand.

Methods: A 2D-PAGE separation of proteins was performed followed by tandem mass Spectrometry (MALDI-TOF-TOF) to
discover potential plasma protein markers for CRC and AA (advanced adenomas). Furthermore, western blot method was used to
confirm a part of the results in colorectal tissue samples.

Results: The significantly altered proteins including HPR, HP, ALB, KRT1, APOAL, FGB, IGJ and C4A were down-regulated in
polyp relative to normal, and CRC compare to polyp surprisingly, and inversely, ORM2 was up-regulated with the fold change > 2
and p-value < 0.05. We also surveyed APOAIL, FGB, and C4A for further confirmation of their expression changes by western
blotting. All three of them showed a decreasing trend from normal toward CRC tissue samples as it mentioned before, but just
changes of FGB and C4A were significant.

Conclusion: The results demonstrated that plasma proteins can be less invasive markers for the detection of CRC. FGB and C4A can
be considered as plasma potential biomarkers to early diagnosis of CRC patients and understanding the underlying procedures in
tumorigenesis. Undoubtedly, the additional study must be conducted on large scale cohorts to verify the results.
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Introduction

Overall, there were 14.1 million new cases of cancer
and 8.2 million mortality in 2012. The most commonly
diagnosed cancers were lung (1.82 million), breast
(1.67 million), and colorectal (1.36 million) ones and
the 3 most common causes of cancer mortality were
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cancers of the lung (1.6 million deaths), liver (745,000
deaths), and stomach (723,000 deaths). Based on the
GLOBOCAN 2018, It was estimated that the number of
new cases was nearly 18 million in 2018, worldwide,
all cancers, both sexes, and all ages. Colorectal cancer
will be the third most common cancer (1.8 million)
after lung (2.09), and breast (2.08) ones. The best
available data on cancer incidence and mortality in the
form of tabulation and graphical visualization of the
full dataset released by 184 countries and 30 world



regions by sex can be accessed via the GLOBOCAN
homepage (http://globocan.iarc.fr) (1). Morbidity and
mortality arising from cancer are rapidly growing
worldwide. There are several complex reasons, but the
main one is the change in the spread of the cancer risk
factors associated with socioeconomic development in
modern societies (2).

With colorectal cancer (CRC) patients, the high
mortality rate is mainly due to the delayed diagnosis of
cancer in its advanced stage, while the metastasis has
occurred. The 5-year survival rate of CRC patients
diagnosed at the early, and late stage of cancer was
reported nearly 90% and only less than 10% respectively
(3, 4). The pathogenic mechanisms related to CRC
development are complex and heterogeneous (5).

About two-thirds of all CRCs, sporadic colorectal
cancer, develops from the benign tumor of glandular
epithelial tissue without a recognized family history or
germline causes of cancer or inflammatory bowel
disease. These precursors named adenomatous polyp,
which is initially noninvasive but progresses slowly into
cancer within 10 to 20 years in approximately 5% of
patients. As a screening test for colorectal cancer, we
should consider the advanced adenomas as an adenoma
with the size of 10 mm or more, a villous adenoma, or
high-grade dysplasia that is most likely to progress into
carcinoma. It is probably an excellent opportunity to
detect and remove premalignant polyps and other
precancerous lesions to prevent cancer incidence (6-10).

Evidence exists that early detection of CRC is the
most important key point to reduce the associated
mortality rate. Unfortunately, the lack of overt clinical
symptoms in the primary stages makes it difficult to find
and treat CRC patients effectively. The invasive,
unpleasant, low-compliance, insignificant sensitivity and
accuracy of the current diagnostic methods for screening
individuals which include a fecal occult blood test
(FOBT), colonoscopy and carcinoembryonic antigen
(CEA) blood test demands an urgent need to substitute
them with a non-invasive approach like the blood-based
test. Despite the importance of early detection, some
people throughout the world have never been screened
for CRC. Hence, it is essential to seek for novel
biomarkers with high sensitivity and specificity to
diagnose and treat CRC successfully and in due course
of time, thereby increasing the survival rate of patients
(11-13).
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Proteomics is an efficient and beneficial approach for
hunting candidate cancer biomarkers, as we can analyze
multiple proteins with different expressions in one study
simultaneously (4). Two-dimensional electrophoresis (2-
DE) and mass spectrometry (MS) are suitable and
promising proteomic techniques with an adequate
resolving power of proteins mixture upon a unique
platform simultaneously. Furthermore, it can detect
peptide fragments with post-translational modification
and amino acid mutation; however, 2-DE suffers from
some limitations in hydrophobicity, size, and solubility
of protein samples. Nevertheless, researchers have
identified different novel proteins/peptides through
utility of 2-DE and MS analysis (3, 14, 15) in Breast (16-
19), Brain (20-22), Lung (23-27), Colon (28-30), Renal
(31-34), Ovarian (35-39) cancer and Bone marrow (40).

There are no adequately sensitive and specific blood-
based biomarkers for early diagnosis, although, a
convenient way to estimate the internal state of the
human body is blood (41-43). In this report, we aim to
identify plasma proteins that can discriminate between
healthy control, advanced adenoma and CRC patients
in early stages and therefore have the potential to
function as biomarkers for non-invasive early detection.
We used 2-DE/MS to investigate expression changes of
plasma proteins related to adenomatous polyp subjects
and CRC patients with an incremental or decreasing
gradient than healthy subjects.

Methods

Patient/sample information

In this cohort study, multiple groups of human
plasma samples including 30 normal, 30 AA (advanced
adenomas), and 30 grade 1 or 2 of CRC (colorectal
cancer) patients who had not been undergone any
clinical treatment before the time of sample acquisition
were analyzed and compared in terms of protein
expression. All the patient samples were obtained from
the Taleghani Hospital, Tehran, Iran. The clinical ethics
committee approved this study of the Shahid Beheshti
University of Medical Sciences. All the participants
provided written, informed consent to enter the study.
Subjects had a median age of 47 years (ranging from 24
to 66) including 47 females and 43 males and were the
age- and gender-matched with each other in three
groups. Blood samples of suspicious people were
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collected into EDTA tubes and processed identically in
Gastroenterology and Liver Disease Research Center,
Shahid Beheshti University of Medical Sciences,
Tehran, Iran. As well as the biopsy samples were taken
from inside of the bowel by a loop and were sent to
detection laboratory. Diagnosis of all the AAs and
CRCs were confirmed pathologically in the pathology
laboratory of Taleghani Hospital.

According to inclusion criteria, the control subjects
in this project are people who do not have first-degree
family members with any cancer, and it will be
determined that they are healthy and have no polyps
after colonoscopy. To confirm the lack of inflammation
in healthy people, C-reactive protein (CRP) test was
done. Positive people were excluded from the study. By
the survey of the pathologic outcomes of patients, in
the second group, subjects who had no advanced-stage
polyps were excluded from the research and among the
cancer patients group, patients in stages 3 and 4 were
excluded from the study.

The blood samples were transported to the
laboratory for 10 minutes and centrifuged
immediately two times at 3700 rpm for 10 min at 4°C.
Pipette the plasma into a clean plastic vial and attach
the label on it. Finally, the plasma samples were
stored at -80°C for further processes.
Two-dimensional gel electrophoresis (2-DE)

All 2-DE chemicals and Ready Strip™ IPG strips
in this stage were obtained from SERVA Company,
GE HealthCare Life Sciences, and Sigma Company.
Protein extraction was carried out by the acetone
precipitation method in accordance with the
introduction of  Sigma  ProteoPrep  Protein
Precipitation Kit. First, the protein concentration of all
samples in three groups was measured by Bradford
assay. The 2-DE procedure was done with three times
replications of normal, AA and CRC samples. The 1st
dimension of electrophoresis, isoelectric focusing
(IEF), was conducted by use of Bio-Rad Protein IEF
Cell, 11cm nonlinear IPG with the pH range of 3 to 11
for 7.5 h at 20°C according to Bio-Rad protocol. The
strips have to be rehydrated before used for 8 hours.
In following sections, 1400ug protein was loaded to
the tray per gel in the IEF phase. In this stage,
proteins were separated based on their isoelectric
point (pl). Prior to the second dimension, you need to
equilibrate the IPG strips for 30 minutes at room
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temperature. Subsequently, proteins were separated
based on Molecular Weight (MW) in the second
dimension that consists of 12% sodium dodecyl
sulfate-polyacrylamide gel electrophoresis (SDS-
PAGE). After the segregation of proteins, the gels
were dyed by Coomassie blue stating method (3L
including 0.3 g Coomassie R250, 18 mL
orthophosphoric acid, 90 mL acetic acid). Then, they
were scanned into a computer using a Bio-Rad
scanner. In the subsequent stage, the protein
expression profiles were analyzed by employing
Progenesis SameSpots software (Bio-Rad). Finally,
the significant differentially expressed proteins having
a gradual upward or downward expressed change
from the normal mode toward the polyps and cancer
mode, respectively, were selected and cut upon gels.
In-gel Trypsin Digestion

Gel pieces were washed two times with 50% (v:v)
aqueous acetonitrile containing 25 mM ammonium
bicarbonate, then once with acetonitrile and dried in a
vacuum concentrator for 20 min. Sequencing-grade,
modified porcine trypsin (Promega) was dissolved in
the aqueous 50 mM acetic acid, then diluted 5-fold
with 25 mM ammonium bicarbonate to give a final
trypsin concentration of 0.02 pg/pL. Gel pieces were
rehydrated with 10 pL of trypsin solution, and after 10
min, an adequate 25 mM ammonium bicarbonate
solution was added on to cover the gel pieces. Digests
were incubated overnight at 37°C.
MALDI-MS/MS

Matrix-associated laser desorption ionization-time
of flight mass spectrometry (MALDI-TOF/MS) is one
of the most powerful tools. The differentially
expressed peptides, proteins are ionized and separated
based on the mass-to-charge ratio (m/z) using a mass
spectrometer (44). A 1uL aliquot of each peptide
mixture was applied to a ground steel MALDI target
plate, followed immediately by an equal volume of a
freshly-prepared 5 mg/mL solution of 4-hydroxy-a-
cyano-cinnamic acid (Sigma) in 50% aqueous (V:v)
acetonitrile containing 0.1 %, trifluoroacetic acid
(v:v). Positive-ion MALDI mass spectra were
obtained using a Bruker ultraflex Ill in reflectron
mode, equipped with an Nd:YAG smart beam laser.
MS spectra were acquired over a range of 800-4000
m/z. Final mass spectra were externally calibrated
against an adjacent spot containing 6 peptides (des-



Arg-Bradykinin, 904.681; Angiotensin 1, 1296.685;
Glu-Fibrinopeptide B, 1750.677; ACTH (1-17 clip),
2093.086; ACTH (18-39 clip), 2465.198; ACTH (7-38
clip), 3657.929.). Monoisotopic masses were obtained
using a SNAP averagine algorithm (C 4.9384, N
1.3577, O 1.4773, S 0.0417, and H 7.7583) and an
S/N threshold of 2. Ten strongest precursors per spot,
with an S/N greater than 30, were selected for MS/MS
fragmentation. Fragmentation was performed in LIFT
mode without the introduction of a collision gas. The
default calibration was used for MS/MS spectra,
which were baseline-subtracted and smoothed
(Savitsky-Golay, width 0.15 m/z, cycles 4);
monoisotopic peak detection used a SNAP averagine
algorithm (C 4.9384, N 1.3577, 0 1.4773, S 0.0417, H
7.7583) with a minimum S/N of 6. Bruker
flexAnalysis software (version 3.3) was used to
perform spectral processing and peak list generation.
Tandem mass spectral data were submitted to
database searching against the human subset of the
SwissProt database (20259 sequences; 11273696
residues) using a locally-running copy of the Mascot
program (Matrix Science Ltd., version 2.5.1), through
the Bruker ProteinScape interface (version 2.1).
Search criteria specified: Enzyme, Trypsin; Fixed
modifications, Carbamidomethyl (C); Variable
modifications, Oxidation (M) and Deamidated (NQ);
Peptide tolerance, 50 ppm; MS/MS tolerance, 0.5 Da;
Instrument, MALDI-TOF-TOF Ultraflex instrument.
Results were filtered to accept only peptides with an
expected score of 0.05 or lower.
Verification by Western blots

Tissues were harvested and lysed in lysis buffer
(50 mM Tris-HCI, 150 mM NaCl, 0.1% SDS,
100ug/ml PMSF, 1ug/ml Aprorinin, 1% NP-40) in the
presence of protease inhibitors. Lysates were mixed
well and put into ice between 30 and 60 min. Then
they were centrifuged 10 min at 10000 rpm and 4°,
after that, the supernatant was taken into a new tube.
The Lowry assay then defined protein concentration.
The samples were added to the same amount of 2X
loading buffer. After incubation at 95° for 5 min, each
sample was loaded into the bottom of wells placed on
top of SDS-PAGE (the percentage of SDS-
Polyacrylamide Gel was chosen according to
molecular protein size). The electrophoresis apparatus
was attached to an electric power supply and Run at
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95v, 200A and in 190 min. Then, the gel was removed
from the electrophoresis apparatus and incubate it in
Western Transfer Buffer (10% methanol, 24 mM Tris,
and 194 mM glycine) for approximately 10 min to
remove detergent. Also, polyvinylidene fluoride
(PVDF) membrane was soaked into methanol for 5
min. And then, the samples were transferred onto
PVDF membranes by making a blotting sandwich.
The membranes were blocked with 5-10% (w/v)
nonfat dried milk (Bio-Rad, Richmond) in PBS for 1
hour or overnight at 4° with shaking. After that, they
incubated with primary antibody against APOAL,
FGB and C4A in 1% BSA in Tbst for 2 hours at room
temperature. In the following, with a tandem repeat of
washing, samples were incubated with secondary
antibody (peroxidase-conjugated goat anti-mouse IgG,
etc.) Depend on company data sheet; 1 hour at room
temperature. DAB (3, 3’-diaminobenzidine) was
poured on the membrane for monitoring and
visualizing the bands.
Statistical Analysis

The protein expression profiles were analyzed by
employing Progenesis ~ SameSpots  software.
Predetermined criteria were the value of 2<fold
increase or decrease and P-value<0.05 in protein spots
which were identified using 1-way ANOVA analysis.
Furthermore, we used DAVID Bioinformatics
Resources 6.8 (https://david.ncifcrf.gov/) (45) and
GeneCards - the human gene database
(www.genecards.org)  (46) aimed to retrieve
annotation summary results like Kegg Pathway and
Gene Ontology related to intended proteins.

Results

Total protein extracts from normal, AA (advanced
adenoma) and CRC (colorectal cancer) patients' plasma
were separated by 2-DE (figure 1). Analysis after
Coomassie blue staining was performed by Progenesis
SameSpots software, followed by MALDI- MS and
SWISS-PROT database. Acquired results have been
tabulated in table 1. Results showed that the expression
levels of HPR (haptoglobin-related protein), HP
(haptoglobin), ALB (Serum albumin), KRT1 (Keratin,
type Il cytoskeletal 1), APOAL (Apolipoprotein A-1),
FGB (Fibrinogen beta chain), 1GJ (Immunoglobulin J
chain) and C4A (Complement C4-A) were lower in
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advanced polyp sample compared to normal one and as
well as, they were lower in cancer sample rather than
polyp one.

On the contrary, the expression level of ORM2
(Alpha-1-acid glycoprotein 2) was higher in advanced
polyp and cancer than a polyp. Nine significantly altered
proteins with their properties were tabulated in table
2. We searched the protein names in GeneCards, which
is a searchable, integrative database that provides
comprehensive, user-friendly information on all
annotated and predicted human genes. It automatically
integrates gene-centric data from ~150 web sources
including genomic, transcriptomic, proteomic, genetic,
clinical and functional information. Moreover, we

surveyed the role of these genes in various cancers via
search engines and a study published in the literature.
Three proteins, including APOAL (Apolipoprotein

A-1), FGB (Fibrinogen beta chain) and C4A
(Complement C4-A) were considered for further
evaluation by western blotting. The reason for our choice
was that FGB and C4A had not been identified before as
a candidate biomarker for the diagnosis of CRC.
Whereas, ORM2 was a good factor for further
confirmation of expression changes, because it was up-
regulated in CRC samples and can be an excellent
diagnostic biomarker, but since it has already been
validated with Enzyme-Linked Immunosorbent Assay
(ELISA) and Western blot in other studies (78, 79), we
gave up to reconfirm this protein. Concerning many
studies performed on APOAL and its expression pattern
changes in many cancers, we verified APOAl
downregulation by western blot as a control for our
project.

Figure 1. a) The protein profile of control samples. b) The protein profile of advanced adenomas sarhbles. c) The protein profile
of colorectal cancer samples separated by two-dimensional gel electrophoresis (2-DE) method.

Table 1. The list of identified nine protein spots with some information inferred from MASCOT (P<0.05).

Protein Name UniProt Protein Seq Peptide Matching  Advanced polyp vs. Early CRC vs.
Code Coverage (%) Matches  Score normal advanced polyp
Serum albumin P02768 10 5 392 down down
Haptoglobin P00738 14 6 352 down down
Haptoglobin-related protein P00739 6 4 305 down down
Keratin, type Il cytoskeletal 1 P04264 11 5 241 down down
Immunoglobulin J chain P01591 28 4 309 down down
Apolipoprotein A-I P02647 21 7 475 down down
Fibrinogen beta chain P02675 7 3 181 down down
Complement C4-A pocoL4 1 4 209 down down
Alpha-1-acid glycoprotein 2 P19652 21 4 278 up up
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Figure 2. Comparison of relative protein level of APOA1, FGB and C4A between control, polyp and cancer tissues taken from

western blotting test. GAPDH is control.
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Table 2. Some characteristics of the identified differentially expressed proteins of plasma samples from patients with CRC and
AA compared to control group published in Genecards database and literatures.

Protein name

Information from Genecards

Information retrieved from Published literatures

HPR (haptoglobin-
related protein)

HP (haptoglobin)

ALB (Serum albumin)

KRT1 (Keratin, type Il

cytoskeletal 1)

APOAl
(Apolipoprotein A-1)

FGB (Fibrinogen beta
chain)

1GJ (Immunoglobulin J
chain)

C4A (Complement C4-
A)

ORM2  (Alpha-1-acid
glycoprotein 2)

Clinically  important  predictor  of
recurrence of breast cancer.

Plays a role in intestinal permeability.

Regulation of the colloidal osmotic
pressure of blood.

Major zinc transporter in plasma.

Carrier protein for water, Ca (2+), Na (+),
K (+), fatty acids, hormones, bilirubin and
drugs.

Putative down-regulated c-Myc target gene.
Binding protein and presentation for
kininogens on endothelial cells.

May regulate the activity of kinases.

The major protein of HDL, involved in the
reverse transport of cholesterol from
tissues to liver for excretion.

Various cleavage products of fibrinogen
and fibrin regulate cell adhesion and
spreading. Are mitogens.

Signaling by moderate kinase activity
BRAF mutants.

Fibrinogen is cleaved by thrombin to form
fibrin which is the most abundant
component of blood clots.

Joining Chain Of Multimeric IgA And
IgM.

Among its related pathways are Cell
surface interactions at the vascular wall.

Among its related pathways are Sudden
Infant Death Syndrome (SIDS)
Susceptibility Pathways.

A key acute phase plasma protein. Among
its related pathways are Innate Immune
System and Response to elevated platelet
cytosolic Ca2+. It may be involved in
aspects of immunosuppression.

As transport protein in the blood stream
binds synthetic drugs and influences their
distribution and availability.

Immunohistochemical staining confirmed the absence of haptoglobin in
normal colon and the ectopic expression of haptoglobin in colon cancers
and adenomatous polyps (47).

HPR in laryngocarcinoma patients were downregulated (48).

HPR -epitope expression is a clinically important predictor of the
recurrence of cancer in patients with early breast cancer, especially in
combination with progesterone-receptor status (43).

Higher haptoglobin levels were linked with an increased risk of
colorectal cancer death (49).

Serum HP is associated with poor prognosis of CRC patients and that
HP promotes colorectal cancer cell invasion (50).

Combination of haptoglobin and osteopontin could predict colorectal
cancer hepatic metastasis (51).

Distinctive expression pattern of HP in breast, colorectal and lung
cancer (52).

Metastatic colon cancer show relatively small decline of ALB compared
to the mean in tumor-free patients (53).

The preoperative CRP/ALB ratio is a useful prognostic marker in
patients with colorectal and ovarian cancer who undergo potentially
curative surgery (54-57).

Alb is an important prognostic factor for patients with Hepatocellular
carcinoma (HCC) (58).

KRT1 as a new marker for breast cancer targeting that is highly
expressed on breast cancer cells (59).

Upregulation of Keratin inhibits the invasion of MDA-MB-231 breast
cancer cells (60).

Keratin 1 has higher expression in nasopharyngeal carcinoma cell lines (61).
Patients with CRC exhibited significantly increased APOAL levels after
adjuvant chemotherapy (62).

The higher amounts of APOAL reduce breast, colorectal, and lung cancer
risk (63).

ApoALl is inversely associated with lung cancer risk (64).

ApoALl is closely related to breast cancer (65).

ApoA1l as a biomarker for diagnosis of Pancreatic carcinoma (PC) (66).
FGB has prognostic value for lung adenocarcinoma (67).

FGB in combination with other four urinary biomarkers not only
discriminates lung cancer patients from control groups but also
differentiates lung cancer from other common tumors (68).

Elevated plasma fibrinogen levels and tumor progression in patients
with gastric cancer have been largely reported (69).

Increased expression of FGB was correlated with increased bladder
tumor stage and can be a potential diagnostic marker (70).

The abundance of immunoglobulin J chain (1GJ) is significantly higher
in CRC mice than in control mice (71).

IGJ can predict outcome and relapse in paediatric pre-B acute
lymphoblastic leukaemia (72).

The expression level of 1G] was downregulated in esophageal cancer
(73).

IGJ was downregulated during breast cancer progression in tumor-
associated stroma (74).

C4A can be used for predicting metachronous liver metastasis (MLM)
in patients who underwent radical resection of colorectal cancer (75).
C4A is a potential biomarker for the diagnosis of Hepatocellular
carcinoma (HCC) (76).

C4A is less expressed in plasma of patients suffering from squamous
cell carcinoma of the penis (SCCP) in comparison with healthy subjects
7).

Plasma ORM2 is an independent prognostic factor both for overall and
for cancer-specific survival in patients with stage Il CRC (78).

ORM2 could be used as a potential biomarker in the diagnosis of CRC
(79).

Overexpression of Plasma ORM2 could serve as a new risk marker for
Cholangiocarcinoma (CCA) (80-82).

ORM1 and ORM2 plasma concentrations are increased in breast, lung,
and ovary cancers (83).
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All three proteins showed a decreasing trend in
tissue samples of the mentioned three groups (Fig. 2).

Discussion

Such a proteomic analysis of 30 colorectal cancer,
30 advanced adenomas, and 30 normal plasma samples
provides several insights into the biology of CRC and
identifies potential plasma biomarkers. Since our goal is
to identify the proteins that promote the progression of
healthy tissue to advanced adenomas and then to cancer,
thus, among all differentially expressed proteins we
chose proteins that had a continuous change in three
groups respectively. We identified eight proteins (HPR,
HP, ALB, KRT1, APOAL, FGB, IGJ, and C4A) which
are down-regulated in the polyp relative to the normal.
Surprisingly, these proteins are down-regulated in the
CRC compared with the polyp. The ninth introduced
protein is ORM2 that is up-regulated in the polyp and
cancer relative to the normal and polyp, respectively.

After antibody validation by Western blotting, it was
verified that APOAL (Apolipoprotein A-1) is down-
regulated in two processes; normal toward polyp and
subsequently cancer. Down-regulation of APOAL in
CRC has been reported previously (62, 63). This finding
confirms our results because APOAL is one of identified
nine proteins in our research. FGB (Fibrinogen beta
chain) represents significant down-regulation changes in
both processes; transformation of normal into polyp
tissue and polyp into cancerous tissue, however, C4A
expression decreased significantly solely in polyp rather
than normal tissue (figure 2).

Fibrinogen is an acute-phase coagulation factor
which is predominantly produced by hepatocytes and
activated by thrombin to be converted to fibrin. It is
covalently cross-linked by coagulation factor Xllla
participated in the final stages of blood clotting to form
fibrin fibers, which are the main components of blood
clots (84, 85). Systemic activation of the coagulation
mechanism has been reported in patients with
colon cancer (86). However, it should be noted that
abnormalities of coagulation and fibrinolysis play an
important role in cancer progression (87, 88).
Fibrinogen inside tumor cells plays a crucial role in the
pathophysiology of tumor cell growth and metastasis
(89, 90). Fibrinogen, fibrin, and their degradation
products possess a proinflammatory role in the
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pathogenesis like vascular wall disease, brain trauma,
Alzheimer's disease, rheumatoid arthritis, bacterial
infection, colitis, lung and kidney fibrosis, Duchenne
muscular dystrophy, and several types of cancer may
lead to complications of thromboembolic events. They
can stimulate endothelium indirectly to secrete von
Willebrand factor, leading to the activation of platelets.

Fragments X, Y, E, and D are the end products of
fibrinogen degradation, and D-dimer, which consists of
two D fragments cross-linked by a y- chain is the end
product of stabilized fibrin as a result of plasmin
cleavage during fibrinolysis. Fragment E stimulates
proliferation, migration, and differentiation of
endothelial cells, contributing to tumor vasculature.
Increased levels of DD are observed in
malignant neoplasms such as breast, lung, colon, and
ovary cancers. The high level of D-dimer is found in
patients with disseminated intravascular coagulation,
thromboembolic ~ complications,  during increased
fibrinolysis. The activation of both clotting and
fibrinolytic systems has been found in breast cancer. CG
Mitter et al. declared plasma levels of D-dimer and
thrombin-antithrombin-111 complex (TAT), reflecting the
activation of thrombin, are significantly increased in
patients with breast cancer, as compared to healthy
controls.

Furthermore, CG Mitter showed significant
correlations between plasma concentrations of D-dimer
and serum levels of carcinoembryonic antigen (CEA)
and CAL5-3, respectively (91-93). Some regulatory
factors of fibrin activation/degradation expressed on
cancer cell surfaces may also be important in tumor
invasion, proliferation, and metastasis (94). Recent
studies have highlighted important parallels between
wound healing and cancer at the molecular and cellular
level. The wound-healing process occurs in three
overlapping phases: inflammation, new tissue formation,
and tissue remodeling (95).

C4A is complement protein encoded in the class Il
region of major histocompatibility complex (MHC). Its
expression regulation is under genetic and hormonal
control (96). Complement is a central part of the innate
immune response, which is the first defense against
microbes and undesirable host elements in a non-specific
manner, as well as, it arranges many processes contribute
to homeostasis. C4 complement fragment is involved in
the classical complement cascade pathway. The activated



C1 removes a small fragment of C4 alpha chain named
C4A anaphylatoxin. The big remaining alpha chain
fragment C4B is the major activation product and is an
essential subunit of the C3 convertase (C4B2A) and the
C5 convertase (C3BC4B2A) enzymes of the classical
complement pathway. C4A anaphylatoxin is a mediator
of the local inflammatory process (45). Complement
activation and generation of anaphylatoxins (C3A and
C5A) in the tumor microenvironment increases tumor
growth and metastasis. The anaphylatoxin receptors are
G protein-coupled receptors presented on many cell
types, including lymphocytes, monocytes/macrophages,
myeloid cells, hematopoietic stem cells, mesenchymal
cells, and epithelial cells which include cancer cells.
97).

Complement interferes in various processes include
adaptive immunity, humoral immunity, removal of
apoptotic cells, regulation of the coagulation system,
angiogenesis, hematopoietic ~ stem/progenitor  cell
mobilization, regeneration of tissue, and lipid
metabolism (98, 99). Recent studies have declared new
roles for the complement system in the extravascular and
interstitial tissue compartment. They illustrated those
complement proteins can be important factors in cell-cell
and stroma-cell communications (97).

The anaphylatoxins are rapidly inactivated in plasma
by carboxypeptidases, particularly carboxypeptidase N,
and complement regulatory proteins (CRPs) perform
their function on the cell surface. One hypothesis about
cancer cells is that they can resist complement attack
employing  overexpressing CRPs. CRPs are
overexpressed by many cancer cells and may be used as
potential therapeutic targets (97). Degradation of
complement system convertases was observed for
patients with breast cancer (77).

Ornellas P et al. showed that C4A is downregulated
in patients suffering from squamous cell carcinoma of
the penis (SCCP). The results prove that it is more
under-expressed when the disease progresses. Their
hypothesis states that viral proteins from viruses highly
prevalent in SCCP lesions counteract the immune
response. This could explain the cause of
downregulation of C3 and C4A/B along with the
progression of the disease (77). Taneja et al. declared the
plasma levels of complement proteins C3, C3f, C4, and
bradykinin and kininogen had been decreased in the
plasma of hepatitis E patients compared to healthy
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controls. The exact mechanism for this reduction was not
understood at that time (100).

Pathways related to FGB and C4A were retrieved via
the Kyoto Encyclopedia of Genes and Genomes (KEGG)
through DAVID Bioinformatics Resources. Pathways
associated with FGB include complement and
coagulation cascades, Platelet activation. As well as,
Pathways related to C4A include complement and
coagulation cascades, Pertussis, Staphylococcus aureus
infection, Systemic lupus erythematosus. Only one
common pathway; complement and coagulation
cascades (P-value= 1.4E-2) was determined.

The most comprehensive study of the different
aspects of the subject at a much broader level and with a
large number of samples accompanying other high
throughput techniques should be taken into serious
consideration for getting more accurate and reliable
results. Furthermore, we can gain better insight into the
underlying processes by identifying more significant
proteins and surveying them in cancerous pathways.

Plasma proteins can be less costly and invasive
markers for detection of CRC, So more people are
willing to do this test. Consequently, the incidence of
screening and early detection of CRC will increase while
the related mortality will decrease. The results show that
FGB and C4A may be involved in pathways which are
caused by advanced adenomas and subsequently
colorectal cancer. The pathway analysis as to such
proteins reveals that the complement and coagulation
cascades pathway plays an important role in the
carcinogenesis. In conclusion, the data suggest that FGB
and C4A can be considered as plasma potential
biomarkers so that diagnosis of CRC patients and
understanding  the  underlying  procedures in
tumorigenesis to be accelerated; although, it demands
more extensive and cohorts studies.
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