
Abstract. Background: Our previous liquid chromatography-
tandem mass spectrometry (LC-MS/MS) study on colorectal
cancer proteome resulted in identification of 10,000
differentially expressed proteins. We observed a significantly
changed expression of 25% of all identified proteins between
patient and matched adjacent normal mucosa, carcinoma and
colorectal adenoma, including melanotransferrin. Herein, we
consider this protein as a potential biomarker of colorectal
cancer. Materials and Methods: Immunohistochemical
detection of melanotransferrin was carried-out to localize its
expression pattern within the colorectal tissues by tissue
microarray. The diagnostic utility of melanotransferrin was
evaluated in patient serum by enzyme-linked immunosorbent
assay (ELISA). Results: Strong melanotransferrin expression
was found to be related to clinicopathological characteristics,
lymph node involvement (p=0.008), tumor localization in
colon (p=0.001), presence of mucin (p<0.013) and increasing
tumor grade (p<0.001). Melanotransferrin level in serum
from patients with colorectal cancer was significantly higher
than that in healthy controls (p<0.001). Conclusion: We
provide novel evidence that melanotransferrin may be
involved in transformation from benign tumor to malignancy
and is a marker of an invasive tumor phenotype.

In 2012 in Europe, over 446,800 new colorectal cancer (CRC)
cases were reported and 214,700 deaths occurred (1). Most CRC
develops from colonic adenoma, which is a benign tumor of

glandular epithelial tissue. Approximately 5% of all adenomas
progress into cancer and this process takes 10-20 years (2). Very
recently, randomized controlled trials on over 7,000 patients with
adenoma and colorectal cancer demonstrated significant
reductions in colorectal cancer incidence and mortality
associated with polypectomy (3). A number of studies have also
reported the strong relationship between the stage at which CRC
is detected and the clinical outcome; the diagnosis of CRC at an
early stage increases the chance for recovery and has improves
the survival rate (4-7). As the lifetime risk of developing CRC
reaches up to 5% in the general population, investigations
leading to detection of new biomarkers for early-stage CRC are
still justified (8). From the molecular point of view, the
progression from colorectal adenoma to carcinoma is strongly
associated with an accumulation of genomic changes, including
chromosomal alterations (gains of 8q, 13q, and 20q and losses of
8p, 15q, 17p and 18q) (9,10). These genetic alterations have an
enormous impact on the proteome composition of cancer cells.
Nowadays, the clinical proteomic platform can be used for
quantitative comparisons between samples representing different
stages of diseases with a high reliability and repeatability. Our
previous studies reported the liquid chromatography-mass
spectrometry (LC-MS/MS)-based proteomic analysis of
microdissected tissue from formalin-fixed and paraffin-
embedded CRC specimens (11-13). We identified more than
10,000 proteins differentially expressed in patient matched
adjacent normal mucosa, primary carcinoma and colonic
adenoma (13). Moreover, we recorded significantly changed
expression levels of approximately 20% of all identified proteins
between normal and pathologically changed tissues, including
melanotransferrin (MFI2), although this protein has not been
considered as a potential biomarker of CRC. 

Human MFI2 is a cell-surface glycoprotein that belongs
to the transferrin superfamily and is related to transferrin in
tertiary structure and iron-binding properties (14). MFI2 has
been also described as one of the first melanoma cell-surface
markers, and therefore it is also named melanoma-associated
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antigen p97 (15). Previous studies considered the essential
function of MFI2 in iron uptake and transport in cancer cells,
however, this hypothesis was not confirmed (16, 17).
Additionally, the role of MFI2 in cell differentiation,
proliferation, migration and angiogenesis was described (18-
22). Although the MFI2 was discovered to be significantly
overexpressed in melanoma tumors over 30 years ago (23),
the exact role of this protein in the pathogenesis of several
types of cancer remains unclear. Therefore, it is important to
intensify the investigation on the role of MFI2 protein in
proliferation, migration and tumorigenesis. 

To study whether this candidate biomarker of CRC observed
in the LC-MS/MS analysis is overexpressed in a larger cohort
of samples, we analyzed the MFI2 immunoreactivity in CRC,
corresponding to adjacent normal tissue and adenoma samples
using immunohistochemical (IHC) staining of tissue
microarrays (TMAs). Additionally, we performed western blot
and by enzyme-linked immunosorbent assay (ELISA) in
considering the potential role of MFI2 in clinical applications.
As far as we are aware of, this study is the first to evaluate
MFI2 protein expression in colorectal tissues. 

Materials and Methods

Patient samples. The study group included 140 patients with CRC
who had undergone surgery at the Department of Surgery, Wrocław
Medical University, Poland, between 2012-2013 (71 men and 69
women; mean age=69.05±10.46 years; age range=34-88 years). All
samples were collected prior to chemotherapy or radiation. In our
study, the grade, stage, tumor size and localization were evaluated for
all cases. Patients were classified as having right CRC if the primary
tumor was located in the cecum, ascending colon, hepatic flexure or
transverse colon, and left CRC if the tumor site was within the splenic
flexure, descending colon or sigmoidal colon. Adenoma tissues were
obtained from 39 controls during colonoscopy (25 men and 14
women; mean age=57.79±10.26 years; age range=38-75 years). All
specimens were fixed in 10% formalin, paraffin embedded and
stained by eosin and hematoxylin for routine pathological evaluation.
The cancer specimens were classified according to the Union for
International Cancer Control Tumor-Node-Metastasis (TNM)
Classification of Malignant Tumors (24). The investigation was
conducted in accordance with ethical standards, according to the
Declaration of Helsinki and according to national and international
guidelines and was approved by the Authors' Institutional Review
Board. The specimens were processed upon approval by the Bioethics
Committee of the Wroclaw Medical University (Decision no. KB-
598/2011). Clinicopathological data are presented in Tables I and II. 

TMA construction. Representative areas of colonic adenocarcinoma,
adjacent normal mucosa and colorectal adenoma were marked on
hematoxylin and eosin-stained slides. Cores of 2 mm in diameter
were punched from corresponding areas of paraffin blocks and
inserted into the recipient block. The complete TMA block was
placed in an oven at 40˚C overnight, and then on the cold plate of a
tissue-embedding station with subsequent two to three 1-hour cycles
of heat/cold to temper the array. Next the TMA block was cut into
5 μm-thick sections for the IHC study. 

Plasma sample collection. For the ELISA study, serum from 15
patients with CRC who had not undergone any form of preoperative
chemotherapy or radiation therapy were collected. This group
comprised of seven males and eight females, with a mean age of
60.62±9.55-years (range=41-72 years). Sera obtained from 15
healthy individuals were used as controls. All control samples were
age and sex matched. The healthy volunteers had no obvious
evidence of malignancy, based on abdominal ultrasound
examinations, routine blood tests, biochemistry tests and
questionnaires. Serum samples were collected in heparin-containing
tubes and centrifuged for 10 min at 2,000 ×g. Then samples were
separated and immediately stored in new tubes at −80˚C until use.
The storage time was less than 6 months. 

Immunohistochemistry. IHC was performed on automated Dako
EnVision™ FLEX detection system (Dako Co., Tokyo, Japan) using
rabbit polyclonal antibody to MFI2 (Sigma-Aldrich, Seelze,
Germany). Sections (5-μm) of CRC TMA were submitted to the
analysis. The Dako EnVision™ FLEX detection system included
pretreatment with Dako PT LINK (pre-treatment module) and high
pH Target Retrieval solution at 97˚C for 20 min. In a preliminary
study to determine appropriate antibody dilution, TMA samples
were incubated with MFI2 antibody diluted by 25, 50, 100 and 200
with antibody diluent at room temperature for 60 min. Antibody
incubation was followed by standard signal amplification including
rabbit LINKER at room temperature for 15 min, horseradish
peroxidase (HRP)-conjugated EnVision™ FLEX at room
temperature for 20 min, 3,3'-diaminobenzidine (DAB) reaction for
10 min and counterstaining with hematoxylin for 3 min. Antibody
dilution of 50 was selected as appropriate and slides were scored
semiquantitatively for staining intensity and distribution.

Sample validation. Immunostaining of tumor sections for MFI2 was
reported according to the following standards (Table III). For each
specimen, the immunoreactivity score (IRS) was calculated by
multiplying the staining intensity value (score 0-3) by percentage of
stained cells (score 0-4) as described in Table III. The resulting IRS
then ranged from 0-12. The percentage of stained cells was
calculated from five neighboring fields (×100) in the center of
lesions, divided by the total number of cells in evaluated areas, and
then divided by the number of fields. For MFI2 immunoreactivity,
the results were considered as a negative (score 0), weakly positive
(score 1-4), positive (score 5-8) and strongly positive (score 9-12).
The above criteria were blindly determined by the co-author with
clinical data using a light microscope (Eclipse Ci, Nikon, Tokyo,
Japan) at ×200 magnification. The scores were then compared
between two pathologists and their validation was in agreement in
82.7% of cases. A final 100% consensus was assigned after second
evaluation of discordant cases by pathologists. 

Verification of MFI2 in human plasma by ELISA. A human MFI2
ELISA detection kit (Cloud Clone Corp., Houston, TX, USA) was
used to measure MFI2 in human serum. The tests were performed
according to the manufacturer’s recommendations. In brief, 100 μl
of each dilution of standards, blank and 1:50 diluted samples were
added into the appropriate microtiter plate wells with a biotin-
conjugated antibody specific to MFI2 and incubated at 37˚C for 2 h.
Avidin conjugated to HRP was used as a secondary antibody.
Detection was accomplished using tetramethylbenzidine substrate
and the enzyme-substrate reaction was terminated by adding

ANTICANCER RESEARCH 35: 6551-6562 (2015)

6552



sulphuric acid solution. The absorbance was determined at 450 nm
with a microplate reader (Bio-Rad, Hercules, CA, USA). Final
quantities of corresponding antigen in plasma samples were
calculated from an eight-point standard curve (0-2000 pg/ml). All
sera were measured from triplicates and are indicated as the mean
value. The limit of detection was 12.9 pg/ml. The inter- and intra-
assay coefficients of variation were below 15% for all tests. 

Western blotting assay. To examine the level of MFI2 protein in
tissue lysates, sodium dodecyl sulfate-polyacrylamide gel
electrophoresis (SDS-PAGE) followed by western blotting analysis
were applied. For the western blot, formalin-fixed and paraffin-
embedded tumor blocks were used. Firstly, the tissue blocks were

cut into 10 sections of 20 μm and put on microscope slides. Next a
pathologist marked the cancerous parts of the section in accordance
with the image visible in the light microscope and the appropriate
parts of each section were macrodissected. Adjacent normal tissues
(control) were macrodissected from the tumor resection margins
(surgical and histological tumor-free margins). Collected tissues
were de-paraffinized in three changes of xylene in a heating block
with agitation, 10 min each, cleared in three changes of absolute
alcohol and dried in concentrator (Eppendorf, Hamburg, Germany).
Samples were then homogenized in a lysis buffer [0.1 M Tris-HCl
(pH 8.0), 0.1 M DL- dithiothreitol, 4% SDS] at 99˚C in a heating
block with agitation (600 rpm) for 1 h. Next, the crude extracts were
clarified by centrifugation at 16,000 × g at 18˚C for 10 min. The
protein concentration in the supernatant was measured at 280 nm
using a Qubit 2.0 fluorometer (Life Technologies, Carlsbad, CA,
USA). Proteins were separated by SDS-PAGE and transferred to
nitrocellulose membranes (Amersham Hybond, GE Healthcare Bio-
sciences AB, Uppsala, Sweden) by NuPage System as
recommended by Invitrogen (Life Technologies). Following washing
in PBS, incubation with 2.5% glutaraldehyde (Sigma-Aldrich,
Seelze, Germany) and then with 5% goat serum (Sigma-Aldrich),
the membrane was probed with primary polyclonal rabbit antibody
against MFI2 (dilution 1:250) at 4˚C. Anti-β-actin polyclonal
antibody was purchased from Abcam (Abcam, Cambridge, UK).
The following day, after washing with PBS-Tween 0.1%, blots were
incubated with the appropriate HRP-conjugated secondary antibody
(Abcam) and the bound antibodies were visualized using DAB
Enhanced Liquid Substrate System for Immunohistochemistry
(Sigma-Aldrich). Documentation of bands was performed using
Molecular Imager Gel Doc TMXR+ (Bio-Rad).

Statistical analysis. The association between MFI2 immuno-
reactivity and clinicopathological parameters were analyzed by
Pearson’s Chi-square test or Fischer’s exact test. A value of p<0.05
was considered as statistically significant in all analyses. Statistical
analysis was performed by STATISTICA v.10.0 (StatSoft, Kraków,
Poland).

Results

MFI2 protein is overexpressed in human CRC. To investigate
the oncogenic properties of MFI2, IHC was performed on 319
formalin-fixed and paraffin-embedded colorectal tissues
(Figures 1 and 2). The MFI2-positive cytoplasmic staining was
observed in 88.6% (124/140) of CRC samples, while adjacent
normal epithelium was positive in 34.4% (48/140) only,
suggesting that CRC cells may be responsible for MFI2
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Table I. Clinicopathological characteristics of patients with colorectal
cancer.

Feature No. of cases %

Gender Male 71 50.7
Female 69 49.3

Age (years) <65 45 3.1
>65 95 67.9

pT status T1 2 1.4
T2 36 25.7
T3 85 60.7
T4 17 12.2

pN status N0 75 53.6
N1-3 65 46.4

pM status Mx 130 92.9
M1 10 7.1

Localization Left colon 75 53.6
Right colon 28 20.0
Rectum 37 26.4

Tumor size <5 cm 87 62.1
>5 cm 42 30.0
No data 11 7.9

Mucinous phenotype Yes 12 8.6
No 128 91.4

Grading G1 31 22.1
G2 86 61.4
G3 23 16.5

Table II. Clinicopathological characteristics of patients with adenoma.

Features No. of cases %

Gender Male 25 64.1
Female 14 35.9

Age (years) <65 28 71.8
>65 11 28.2

Dysplasia Absent 15 38.5
Low 17 43.6
High 7 17.9

Adenoma type Tubular 27 69.2
Tubulovillous 12 30.8

Table III. Immunoreactivity score calculation. 

Staining intensity % Staining

0: None 1: <25%
1: Weak 2: 25-50%
2: Moderate 3: 51-75%
3: Strong 4: >75%



overexpression (Table IV). The average MFI2 IRS for
cancerous tissues was 6.19±3.59 and was almost four-times
higher than that for matched adjacent normal tissue
(MIRS=1.6±2.57). The average MFI2 IRS for adenoma tissues
was 3.87±2.74 (Figure 3). 

Correlation with clinicopathological characteristics.
Statistical analysis of the association between MFI2
immnunoreactivity and clinicopathological features is shown
in Table V. Strong MFI2 expression (IRS 9-12) was found to
be significantly related to certain clinicopathological
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Figure 1. Immunostaining for melanotransferrin in tissue microarrays constructed from colorectal tissue showing strongly positive immunoreactivity
of well differentiated colorectal cancer (CRC; A), negative staining of CRC (B), negative control (C), strong positive staining of poorly differentiated
CRC (D), negative staining of adjacent normal epithelium (E), strong immunoreactivity in colorectal adenoma (F). Magnification, ×40.

Table IV. Melanotransferrin immunoreactivity in colorectal tissue (CRC), their corresponding adjacent normal epithelium (Norm) and adenoma
tissues (Ad) by immunoreactive score (IRS).

IRS, n (%) p-Value

Tissue Number 0 1-4 5-8 9-12 All positive vs. Norm vs. Ad

Norm 140 (100%) 92 (65.7%) 37 (26.4%) 11 (7.9%) 0 (0%) 48 (34.3%)
Ad 39 (100%) 10 (25.6%) 14 (35.9%) 14 (35.9%) 1 (2.6%) 29 (74.3%) <0.001
CRC 140 (100%) 16 (11.4%) 2 (1.4%) 56 (40%) 66 (47.2%) 124 (88.6%) <0.001 <0.001
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Figure 2. Representative immunohistochemical staining for melanotransferrin expression. A: Weakly positive staining [immunoreactivity score
(IRS)=2] of adenoma; B: weakly positive staining (IRS=4) of colorectal carcinoma (CRC, C: negative staining (IRS=0) of adjacent normal
epithelium, D: negative control, E: strong positive staining (IRS=9) of poorly differentiated CRC, F: strong positive staining (IRS=12) of well-
differentiated CRC, G: weakly positive staining (IRS=2) of CRC, H: immunodetection of small cancer nest. Magnification, ×100. 



characteristics, including lymph node involvement (pN),
tumor localization, overexpression of mucin in tumor cells
and tumor grade (G). No significant correlations were
observed among patients age and gender. Additionally
parameters like depth of tumor invasion (pT status), presence
of distant metastases and tumor size had no relationship with
MFI2 expression. 

The relation of MFI2 protein immunoreactivity to different
tumor location was investigated in detail (Table V). The
difference in the frequency of strong MFI2 expression in
tumors located in colon vs. rectum was significant
(p=0.001). Out of the 16 MFI2-negative cancer samples, 14
cases were located in the rectum. The average MFI2 IRS for
cancer located in the colon was 7.01±3.04 and was 1.8-times
higher than that for rectal tumors (MIRS=3.91±4.03).

Regarding tumor histological grade, there was a
statistically significant difference in MFI2 expression
depending on increasing tumor grade (p<0.001). MFI2 was
strongly overexpressed in 91.3% of high-grade tumors (G3).
The differences in IRS between G1, G2 and G3 cancer are
presented in Table VI.

MFI2 immunoreactivity was found to be related to
presence of lymph node metastases (pN) (p=0.008).
Percentage of specimens with high MFI2 expression was
36% (27/75) for cancer without lymph node involvement and
60% (39/65) for tumors where metastasis to lymph nodes
was observed. Additionally, MFI2 was negative in 13.3%
(10/75) and 9.2% (6/65) of N0 and N1-3 cancer samples,
respectively (data not shown).

Finally, this study showed that MFI2 expression is related to
a mucin-producing phenotype in cancer cells. Twelve patients
with mucin-producing cancer (including mucinous cancer and
signet-ring cell cancer) were enrolled in the study and tumor
in 10 of them showed strong MFI2 immunoreactivity. The

average IRS for mucin-producing cancer was also clearly
higher compared to non-mucin-producing adenocarcinoma
(9.17±2.79 vs. 5.91±3.53) and the average IRS for all
adenocarcinoma samples (6.19±3.59). 

ELISA. To examine whether MFI2 is overexpressed in human
serum, its expression levels were measured by using a
commercial ELISA kit. Samples from 15 patients with CRC
and 15 healthy controls were analyzed. MFI2 was detected in
all cancer samples and in 12 controls. MFI2 levels in sera
from patients with CRC (median=523.14 pg/ml, range=65.76-
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Figure 3. The immunoreactivity score (IRS) for melanotransferrin
expression in tumor (CRC), matched adjacent normal tissue and
colorectal adenoma. Data represent the mean±SEM. 

Figure 4. Western blot analysis of melanotransferrin (MFI2) expression
in colorectal cancer tissue with paired adjacent normal epithelium. C1,
C2: Well-differentiated tumor; C3, C4: poorly differentiated tumor; N1-4:
matched adjacent normal mucosa. 

Table V. The association of melanotransferrin (MFI2) expression with
patient clinicopathological characteristics.

High MFI2 expression (IRS 9-12)

Characteristic No. of No. % p-Value
cases 

(n=140)

Gender Male 71 35 49.3 0.728
Female 69 31 44.9

Age (years) <65 45 22 48.9 0.919
>65 95 44 46.3

pT status T1 2 0 0.00 0.610
T2 36 17 47.2
T3 85 41 48.2
T4 17 8 47.1

pN status N0 75 27 36.0 0.008
N1-3 65 39 60.0

pM status Mx 130 60 46.1 0.516*
M1 10 6 60.0

Localization Left colon 75 42 56.0 0.001
Right colon 28 16 57.1
Rectum 37 8 21.6

Tumor size <5 cm 87 38 43.7 0.191
>5 cm 42 20 47.6
No data 11 8 72.7

Mucinous phenotype Yes 12 10 83.3 0.013*
No 128 56 43.7

Grading G1 31 2 6.4 <0.001
G2 86 43 50.0
G3 23 21 91.3

*Fischer’s exact test, other parameters: Chi-square test.



1075.08 pg/ml) were significantly higher than those in
healthy controls (median 181.34 pg/ml, range=0-423.60
pg/ml; p<0.001). 

Western blot. MFI2 protein expression in 10 formalin-fixed
and paraffin-embedded samples was confirmed by the
western blot technique. MFI2-corresponding bands were
found with different intensity in both, adjacent normal and
cancerous samples. As showed in the Figure 4, there was no
difference in MFI2 levels detected between well- (G1) and
poorly-differentiated (G3) cancer. 

Discussion

Recently, much effort has been put into proteomics studies
on CRC (25-30). As a result, numerous proteins have been
found to be overexpressed in cancer tissues. We investigated
the quantitative changes between formalin-fixed paraffin-
embedded cancer tissues, adenomas and adjacent normal
epithelium by LC-MS/MS (11-13). Expression levels of
1,808 proteins were significantly different between normal
and cancer tissues (11). The aim of the present study was,
from the long list of up-regulated proteins, to find those with
real impact on CRC tumorigenesis. 

Colorectal cancer treatment is effective in 95% of patients
surviving over 5 years if diagnosed and removed at an early
stage (31). Consequently, the aim is to develop a convenient
diagnostic tool that is sensitive and specific for both
adenomas with low- or high-grade dysplasia and the earliest
stages of CRC. Particular attention should be paid to the
expression pattern of colorectal adenoma as there is a gap in
the literature on adenoma biomarkers. 

Melanotransferrin is a glycoprotein expressed at the cell
membrane; it has been identified in several normal adult
tissues as well as in fetal tissues (32, 33). MFI2 shares
sequence and iron-binding function with the serum iron
transport protein, transferrin (34). The investigations on the
relationship between MFI2 protein expression and neoplasia
development have mainly focused on melanoma: it has been
found that MFI2 is significantly overexpressed in malignant
melanoma, whilst its expression in normal tissue is usually
low (14, 17, 23). In the melanoma cell line model, Rahmanto

and co-workers reported that MFI2 overexpression was
associated with increased cellular proliferation, whereas
MFI2 down-regulation resulted in the opposite effect (20).
Considering the iron-binding capacity of MFI2, it was
hypothesized that overexpression of this protein in melanoma
cells is related to their increased iron requirements for
proliferation, however, several studies demonstrated that
MFI2 did not play an essential role in iron uptake by cancer
cells (15-17). 

To further decipher the role of MFI2 in tumorigenesis,
investigation of the effect of purified recombinant MFI2 for
its capability to induce angiogenesis in the chick
chorioallantoic membrane (CAM) was performed (18). Sala
and co-workers during macroscopic and microscopic
evaluation of the vascular density of the CAM assay found
that MFI2 exerts an angiogenic response quantitatively
similar to that elicited by fibroblast growth factor-2.
Additionally, they observed an overexpression of vascular
endothelial growth factor-receptor-2 (VEGFR2) in newly-
formed vessels, suggesting that angiogenic activity of MFI2
may depend on activation of endogenous VEGF. 

MFI2 is attached to the cell surface by a
glycosylphosphatidylinositol (GPI) anchor and this fact may
have importance for its functional characteristics. The GPI
anchor is a complex post-translational modification that is
implicated in the regulation of a host of physiological
processes by conveying properties to the protein to which it
is attached (35). The overall abundance of GPI-anchored
proteins is estimated to comprise 1-2% of all translated
proteins in the human proteome (36) and the levels of GPI-
anchored proteins in normal cells are under tight control, as
evidenced by the low levels of glycosylphosphatidylinositol
transamidase (GPIT) complex mRNA (37, 38). Studies by
Nagpal et al. indicate that the GPIT levels are amplified in
19 human cancer types (including breast, ovarian, stomach
and uterus and cancer) due to chromosomal amplifications
acquired during malignant transformation (39), however, the
impact of how the amplification of GPIT subunits influence
cancer progression is just beginning to be assessed. It is
worth considering whether MFI2 as a GDP-anchored protein
may play a role as an activation antigen in the immune
system and may be involved in signal transduction. 
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Table VI. Melanotransferrin expression pattern by immunoreactive score (IRS) according to tumor grade.

IRS, n (%)

Grade N (=140) 0 1-4 5-8 9-12 Mean±SD

G1 31 (100%) 8 (25.8%) 21 (67.7%) 0 (0.0%) 2 (6.5%) 3.19±2.32
G2 86 (100%) 9 (10.5%) 34 (39.5%) 0 (0.0%) 43 (50.0%) 6.29±3.27
G3 23 (100%) 0 (0.00%) 2 (8.7%) 0 (0.0%) 21 (91.3%) 9.87±2.36



Finally, the role of MFI2 in inhibition of cancer metastasis
has been confirmed (40). Rolland and co-workers showed
that administration of a single dose of a monoclonal antibody
directed against human MFI2 significantly reduced the
development of human melanoma brain metastases in nude
mice. They suggested membrane-bound MFI2 as an
attractive target for cancer therapy. All the above-cited
research defined a role for MFI2 in tumorigenesis but further
study to examine the exact molecular processes and novel
signaling pathways is needed. To our knowledge, this work is
the first report of MFI2 expression pattern in colorectal
tissues. We confirmed that MFI2 is differentially expressed
in both adenoma and cancer samples compared to adjacent
normal tissues. The IRS for MFI2 gradually changes from
control normal epithelium, through adenoma to CRC,
suggesting that MFI2 protein overexpression is associated
with neoplastic progression. These results are in concordance
with our previous investigations on colorectal tissues by LC-
MS/MS (11-13). Additionally, the presence of aberrant MFI2
expression in human adenoma tissues compared to adjacent
normal mucosa indicates that overexpression of this protein
is an early event in CRC tumorigenesis.

Herein, we observed significant correlations between
MFI2 expression and clinicopathological parameters of
patients with CRC. The feature strongly associated with poor
prognosis in CRC is presence of lymph node metastasis and
the pN status is a strong independent prognostic factor for
survival of patients with CRC. Our investigations confirmed
a statistically important MFI2 overexpression in cancer
where lymph node involvement was observed compared to
specimens without lymph node involvement. Interestingly,
MFI2-negative specimens were observed with similar
frequency in both types of samples. 

A statistically important association between tumor grade
and MFI2 expression level was also found. We showed that
the IRS for G3 was over three-times higher than that for
well-differentiated cancer. Taken together, the strong MFI2
immunoreactivity in poorly-differentiated and pN1-3 cancer
indicates the role of this protein in tumor progression and its
potential utility as a marker of a more aggressive and
invasive tumor phenotype. 

In 1990, Bulfil drew attention to the developmental and
biological differences in the proximal and distal colon that
may reflect differing susceptibilities to neoplastic
transformation (41). Subsequently, a number of articles
focused on differences observed in the molecular biology,
pathology, epidemiology and clinical data between right-
sided and left-sided colon cancer. The relationship of right-
sided cancer with older age, larger tumor size, mucinous
subtype and microsatellite instability has been proven (42-
46). Our study showed no dissimilarity in MFI2 expression
between tumors located in the left and right colon, however,
we did notice another feature regarding tumor location:

37.8% of the studied rectal carcinomas did not exhibit MFI2
immunoreactivity, while only 1.9% of colonic tumors were
MFI2-negative. This shows a large disparity in MFI2
immunoexpression pattern between cancer located in the
colon and that in the rectum. The Cancer Genome Atlas
Network published in 2012 a comprehensive characterization
of human colon and rectal carcinomas (47). In-depth
analyses showed that adenocarcinomas of the colon and
rectum are not distinguishable at the genomic level, however,
tumors from the right/ascending colon were more likely to
be hypermethylated and to have higher mutation rates than
were other CRCs. Despite the similarity at the genome level,
several studies confirmed that rectal cancer is different from
colonic cancer regarding their clinical behavior (48).
Compared to colonic cancer, the lymph node involvement
status in rectal cancer has a higher impact on the choice of
neoadjuvant therapy (49). Furthermore, a molecular profiling
study of 115 pairs of primary and metastatic tissues of
patients with CRC indicated high discordance rates in the
mutational profile of phosphatidylinositol-4,5-bisphosphate
3-kinase catalytic subunit alpha (PIK3CA) and F-box/WD
repeat-containing protein 7 (FBXW7) between the primary
tumor location and corresponding metastases (50). Due to
this evidence, Tamas and co-workers suggested that rectal
and colonic cancer have different potential drug targets (48).
The differences in MFI2 expression between colonic and
rectal cancer observed in our study also confirm the
hypothesis that CRC is not one single disease and further
studies on the molecular composition of CRC are needed. 

In our study, we found very interesting relationship between
prominent mucin (MUC) production by cancer cells and MFI2
overexpression. Mucinous colorectal carcinoma represents a
relatively rare sub-type of CRC, with distinct clinical and
pathological features. Mucinous CRC is associated with a
higher expression of MUC2 and MUC5AC, but a lower
expression of MUC1 (51). Recently, it was shown that
mucinous differentiation is associated with particular genetic
and molecular features such as increased B-Raf proto-oncogene
serine/threonine kinase (BRAF) mutation rate (52) and
microsatellite instability (53) but the mechanisms responsible
for this altered pattern of expression remain unclear. Regarding
survival of patients with mucinous CRC, some authors suggests
that a mucinous component may be associated with increased
mortality (54, 55). Herein, we established that the average IRS
for mucin-producing cancer was statistically significantly
higher than in cases where mucin overproduction was not
observed. Taking into consideration the fact that 9 out of 12
mucinous carcinomas enrolled in this study were accompanied
by lymph node metastases, overexpression of MFI2 may
determine an invasive tumor phenotype. However, the main
limitation of this study is the small number of mucinous
carcinomas involved, therefore investigations should be
extended to a larger cohort of samples. 
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A candidate cancer-specific biomarker should be a
secreted protein produced by the tumor with capability of
entering the circulation. MFI2 is mainly expressed at the
cell membrane, so it can be easily secreted into the
extracellular matrix and then may penetrate into the blood
vessels. Therefore, MFI2 indeed has the characteristics
required to be a blood marker of cancer. Brown et al.
reported a very low level of soluble melanotransferrin in
normal blood (23). Soluble melanotransferrin was also
immunodetected in urine and saliva (17): the amount was
higher in urine (25-fold) and in saliva (10-fold) than in
serum. The only study concerning MFI2 in relation to CRC
tumorigenesis was a report by Shin et al., where they
demonstrated overexpression of MFI2 in plasma of 228
patients with CRC by LC-MS/MS and ELISA (56). In our
study, the plasma level of MFI2 was 1.9-times higher in
patients with CRC compared to healthy controls. In our
investigation, MFI2 was also detected in serum obtained
from patients with cancer and in the control group and, as in
the cited study, the concentrations of MFI2 in patients with
CRC patients were significantly increased in comparison
with healthy controls.

Our results indicate that MFI2 is aberrantly expressed in
colorectal adenomas and CRCs and may have value as a
marker for early detection of CRC. Regarding the
relationship between MFI2 overexpression and certain
clinicopathological characteristics, including lymph node
involvement, presence of mucin and tumor grade, we
propose this marker be considered as an indicator of
aggressive and invasive tumor phenotype. However, further
studies should be performed to investigate the molecular
mechanism underlying the involvement of MFI2 in CRC
development and progression.
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