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Trefoil factor family (TFF) is composed of three secretory proteins (TFF1, TFF2 and TFF3) that play an important role in
mucosal protection of gastrointestinal tract. Their overexpression in colorectal tumors seems to be associated with more aggres-
sive disease. We collected serum samples from 79 healthy controls and 97 patients with metastatic colorectal cancer at the time of
diagnosis or at progression. Serum levels of TTF1-3, CEA and CA19-9 were measured by ELISA. Serum TFF1 and TFF3 levels
were significantly higher in patients with colorectal cancer compared to healthy controls (p <0.0001). Moreover, serum levels of
TFF3 correlated with extent of liver involvement in patient without pulmonary metastases and patients with higher TFF3 levels
had significantly worse outcome (p < 0.0001). Compared to CEA and CA19-9, TFF3 had higher sensitivity and the same specifi-
city. Our results indicate that TFF3 is an effective biomarker in patients with metastatic colorectal cancer with higher sensitivity
than CEA a CA19-9. TFF3 levels strongly correlate with extension of liver disease and seem to have prognostic value.
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Colorectal cancer is the third most common cancer in men
(746,000 cases, 10.0% of the total) and the second in women
(614,000 cases, 9.2% of the total) worldwide [1]. Patient out-
come strongly depends on the stage of tumor at the time of
diagnosis [2]. Therefore, novel biomarkers for better cancer
detection are needed.

Trefoil factor family (TFFs) is composed of three stable
secretory proteins that are expressed together with mucins
of the epithelial cells of gastrointestinal tract [3]. Members of
the trefoil family are characterized by having at least one copy
of the trefoil segment, a 40-amino acid domain that contains
three conserved disulfide bonds [4]. The resistance of these
peptides to proteolytic cleavage, acids and thermal degrada-
tion seems to be caused by the compact trefoil structure of
the peptides [5,6].

TFF1 is normally expressed in the gastroduodenal mucosa
and loss of TFF1 expression has been observed in intestinal
metaplasia of the incomplete type [7] and in gastric carcinomas
[8]. TFF2 is produced by mucous neck cells in the body and

in antral glands of the stomach, by superficial gastric foveolar
cells and a small amount is expressed in Brunner’s gland in
the duodenum [9-11]. TFF3 is expressed in goblet cells of
the intestine and also at lower levels in other organs such as
breast, salivary gland, respiratory tract, and hypothalamus
[10, 12-14].

The main role of TFFs is to promote epithelial restitution
after injury. Discontinuation of mucosal surface leads to local
increase of TFF expression. Expression of the other growth
factors and signal pathways that work synergically with TFFs
promote injury healing in gastrointestinal tract. Elevated
expression of TFF3 has been found in reaction to mucosal
injury by products of comensal bacteria via Toll-like receptor 2
(TLR2) [15-18]. TFFs enhance the protective characteristics of
mucosal barrier in gastrointestinal tract and may also directly
affect the package and secretion of mucin glycoproteins in the
goblet cells [17-20]. TFF1 is essential for the normal differen-
tiation of antral and pyloric mucosa, while TFF3 is needed for
intestinal cell proliferation in development of gastrointestinal
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tract [21,22]. TFFs were also expressed in the brain (TFF1 in
frontal cortex, cerebellum and hippocampus, whereas TFF3
in the hypothalamus) and they may act as neuromodulators
[14,23-24]. TFF3 has malignant characteristics to promote the
invasion of tumor cells by acting both directly on malignant
cells and indirectly on the vasculature [25].

Serum levels of TFFs have been reported as biomarkers for
several malignancies, mainly the gastric cancer [26-29,33].

In this study, we investigated the serum levels of TFFs in
patients with metastatic colorectal cancer compared to the
healthy controls. This is the first study that compares the levels
of TFFs to standard biomarkers used in diagnosis and monitor-
ing of colorectal cancer (CEA and CA19-9) with correlation
studies of tumor characteristics and treatment outcomes to
the serum levels of TFFs.

Patients and methods

Patients and healthy control characteristics. Between
November 2011 and May 2013, 100 patients with metastatic
CRC and 80 by the age- and gender matched healthy indi-
viduals were included in this study at the Department of
Oncology of the First faculty of Medicine, Charles University
and General Teaching Hospital in Prague. The serum samples
from patients were collected at the time of distant metastasis
diagnosis or in the time of progression validated by CT. The
inclusion criteria were: histologically proven diagnosis of
colorectal cancer; clinical stage I'V; expected survival greater
than six months; >18 years of age; adequate liver and renal
function (transaminases < 2x and creatinine clearance < 1,5x
upper normal limit) and signed informed consent. Serum
samples from 58 patients were collected 3 months after the
first one together with imaging control using RECIST 1.1
criteria. Healthy individuals signed informed consent, un-
derwent healthy examination and had negative colonoscopy.
Table 1 shows the backgrounds of the patients.

ELISA analysis. Serum samples collected from patients
with colorectal cancer and healthy controls were stored at
-80°C until analysis. Concentrations of TFF-1, TFF-2 and
TFF-3 in serum samples were determined by commercially
available colorimetric sandwich ELISA Kkits (Biovendor-Lab-
oratorni medicina) according to the manufacturer’s protocols.
The sensitivity of the assays were 0.02 ng/ml (TFF-1), 0.05 ng/
ml (TFF-2) and 0.01 ng/ml (TFF-3) and intraassay or inte-
rassay coeflicient of variation (CV) were always less than 10 %.
Concentrations of CEA a CA 19-9 is serum samples were
determined by commercially available chemoiluminiscent
imnunoanalysis kits (Architect, Abbott, USA).

Statistical analysis. Statistical analysis was performed using
SAS (SAS Institute Inc., Cary, NC, USA). Basic statistics were
calculated for parameters measured in the whole group and
in different groups and subgroups, such as mean, standard
deviation, variance, median, interquartile range, minimum,
maximum. Selected statistical data were also graphically proc-
essed, Box & Whisker plot diagrams. Non-parametric analysis

of variance two-sided Wilcoxon test was used for comparison
of the distribution of the individual parameters in the differ-
ent groups and subgroups. Due to non-gaussian distribution
of variables Spearman’s correlation coeflicient was used to
determine the dependency of characters. Statistical signifi-
cance was determined at the border of alpha = 0.05. Receiver
operating characteristic (ROC) curves were generated to assess
the diagnostic accuracy of each parameters, the sensitivity and
specificity of optimum cut off point were found.

Results

Baseline characteristic of patients and controls. In the
cancer group serum samples from 97 patients with generalized
colorectal cancer were collected. The patient characteristics
are shown in Table 1. There were included 60 (61.9%) men
and 37 (38.1%) women with the median age 64.4 years (23.4-
86.0). From 58 patients, we obtained the second serum sample
3 months after the first one.

The control group comprised serum samples from 79
healthy controls after negative colonoscopy. There were

Table 1. Basic characteristics of patients and healthy controls.

cancer group ~ control group

(N=97) (N=79)
age
- median 64.4 61.5
~<50 13 (13.4%) 24 (30.1%)
->50 84 (86.6%) 55 (69.6%)
gender
~ male 60 (61.9%) 43 (54.4%)
- female 37 (38.1%) 36 (45.6%)

histological type
- adenocarcinoma
— mucinous carcinoma

91 (93.8%) -
6 (6.2%) -

degree of differentiation
- well or moderate
- poorly

75 (77.4%)
21 (21.6%)

primary site
- right colon
(caecum, ascendens, transversum)

20 (20.6%) -

— left colon 50 (51.5%) -
(descendens, sigmoideum, rectosigma)
- rectum 27 (27.9%)

side of metastasis

—liver 64 (66.0%) -
- lung 31 (32.0%) -
- peritoneal 14 (14.4%) -
- lymphatic nodules 22 (22.7%) -
number of metastatic sides

-1 57 (58.7) -
) 28 (28.9) B
-3 or more 12 (12.4) -

number of previous treatment line

-0 52 (53.6) -
-1 26 (26.8) -
-2 19 (19.6) -
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included 43 (54.4%) men and 36 (45.6%) women with the
median age 61.5 years (28.9-83.5).

Serum levels of TFFs. Serum level of TFF1 in the cancer
group was significantly increased compared to healthy controls
(4.36 + 0.52 ng/ml and 1.83 + 0.15 ng/ml, respectively, p <
0.0001, Figure 1A). In the control group there was no signifi-
cant difference in TFF1 level between men and women (p =
0.461), but there was significant difference in younger than or
equal to 55 years (N=24, 1.00 + 0.13 ng/ml) and older than
55 (N =55;2.19 + 0.20 ng/ml; p = 0.0003). Compared to the
same aged group with colorectal cancer there were significant
difference, p = 0.0041 and 0.0031, respectively.
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In the cancer group there was no significant difference in se-
rum level of TFF1 between sex, age, site of colon with primary
tumor, K-ras status and number of previous treatment line.
Significant difference (p = 0.0369) was found between good
or moderately and poorly differentiated tumors, (N=75) 3.81
+0.52 ng/ml vs (N=21) 6.47 + 1.51 ng/l, respectively. Patients
with non-resected primary tumor (N=20) had statistically
significantly higher TFF1 levels 6.78 + 1.67 ng/l then patients
after resection (N=77) with 3.73 + 0.48 ng/1 (p = 0.0178). No
statistically significant difference between patients with liver
metastases was found (p = 0.7216) and with distant lymphatic
nodule metastasis (p = 0.7262). Negative association was
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Figure 1. The comparison of TFF, CEA and CA19-9 levels in patients with
colorectal cancer and healthy controls.

A - TFF1 levels (p < 0.0001), B - TFF2 levels (p = 0.1087), C - TFF3 levels
(p <0.0001), D - CEA levels (p = 0.0013), E - CA19-9 (p = 0.0064)
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indentified between patients with and without pulmonary
metastases (2.23 + 0.20 ng/l, N=31; 5.36 + 0.73 ng/ml, N=66;
p = 0.0047). In the group of patients without pulmonary
metastasis (N = 66) there was not identified any relevant dif-
ference between patients with (N = 49) vs without (N = 17)
liver metastasis (p = 0.7699). There was indicated difference
in pulmonary negative tumors with presence or absence of
primary tumor, 7.30 + 1.94 ng/ml (N=17) and 4.13 + 0.733 ng/1
(N=36), respectively. But it was not statistically significant (p
=0.0676).

In the cancer group serum level of TFF2 was not signifi-
cantly different from healthy controls, 6.59 + 0.50 ng/ml vs
5.59 + 0.31 ng/ml respectively (Figure 1B, p = 0.1087). In the
control group there was no significant difference in TFF2 level
between men and women (p = 0,686), but there was significant
difference in younger than or equal to 55 years (N=24) and
older than 55 (N = 55; p = 0.0143). In the cancer group there
was no significant difference in serum level of TFF2 between
sex, age, part of colon with primary tumor, tumor grading,
K-ras status, number of previous treatment line, presence of
primary tumor, liver and nodal metastases. Significant differ-
ence (p = 0.0129) was found between patients with (N = 31)
and without (N = 66) pulmonary metastases, 4.79 + 0.34 ng/
ml and 7.43 + 0.69 ng/ml respectively (p = 0.0129).

Serum level of TFF3 in the cancer group was 4.19 + 0.30 ng/
ml and was significantly elevated compared to 1.03 + 0.04 ng/
ml in the healthy control group (Figure 1C, p < 0.0001). In
the control group there was no significant difference in TFF3
level between men and women (p = 0.4040), but there was
significant difference in younger than or equal to 55 years
(N=24, 0.83 + 0.07 ng/ml) and older than 55 (N = 55; 1.12 +
0.04 ng/ml, p =0.0005). Copared to the same aged group with
colorectal cancer there were significant difference, p < 0.0001
and < 0.0001, respectively.

In the cancer group there was no significant difference
between sex, age, part of colon with primary tumor, tumor
grade, K-ras status and number of previous treatment line.
There was indicated difference in presence or absence of
the primary tumor, 5.22 + 0.72 ng/l (N = 28) and 3.93 +
0.33 ng/l (N = 69) respectively, but not statistically significant
(p = 0.0864). If local recurrences were added to the group of
non-resected primary tumor the difference between these
and the group without colon or rectum involvement in the
time of sample collection became statistically significant (p =
0.0419). No statistically significant difference between patients
with and without liver metastases was found (p = 0.1160)
and with distant lymphatic nodule metastasis (p = 0.6397).
Negative association was indentified between patients with
and without pulmonary metastases (2.93 + 0.35 ng/l, N=31;
4.79 + 0.40 ng/ml, N=66; p = 0.0038). In the group of patients
without pulmonary metastasis (N = 66) there was not identi-
fied any relevant difference between patients with (N = 49)
vs without (N = 17) liver metastasis (p = 0.7699), although
level of TFF3 was higher in patients with liver metastases.
There was detected difference in pulmonary negative tumors

with presence or absence of primary tumor, 7.30 + 1.94 ng/
ml (N=17) and 4.13 + 0.733 (N = 36), respectively, but it was
not statistically significant (p = 0.0676).

The group of patient with liver metastases without pulmo-
nary metastases was divided into patients with the sum of the
longest dimension of liver metastases smaller than 100 mil-
limeters (N = 20) and larger than or equal to 100 millimeters
(N = 29). The difference in TFF3 levels was statistically sig-
nificant (p < 0.0001), 6.73 + 0.60 mg/ml and 2.36 + 0.29 mg/
ml, respectively (Figure 2).

Serum levels of CEA and CA19-9. Serum level of CEA in
the cancer group was 308.3 + 84.9 ug/l and was significantly
elevated compared to 1.33 + 0.13 ug/1 (Figure 1D, p = 0.0013).
Serum level of CA19-9 in the cancer group was 948.1 + 307.0
kIU/1 and was significantly elevated compared to 8.57 + 0.93
kIU/1 in the control group (Figure 1E, p = 0.0064).

Sensitivity and specificity of TFF, CEA and CA19-9.
ROC curves analysis showed that serum TFF1 with an AUC
0f 0.7222 (Figure 3A) and serum level cut-off 5.3 ng/ml has
the sensitivity and specificity to distinguish colorectal cancer
from healthy controls are 21.65% and 97.47%, respectively
(p <0.0001). The TFF2 with AUC of 0.5211 (Figure 3B) and
serum level cut-off values >11.9 ng/ml has the sensitivity
and specificity 13.40% and 97.47%, respectively (p = 0.6310).
The TFF-3 with AUC of 0.9164 (Figure 3C) and serum level
cut-off values >1.7 ng/ml has the sensitivity and specificity
76.29% and 97.47%, respectively (p < 0.0001). The CEA with
AUC 0f0.9054 (Figure 3D) and serum level cut-off values >5
ug/l has the sensitivity and specificity 72.16% and 97.47%,
respectively (p < 0.0001). The CA19-9 with AUC of 0.8023
(Figure 3E) and serum level cut-off values >35 kIU/I has the
sensitivity and specificity 46.39% and 96.25%, respectively
(p <0.0001).

Change in levels of TFF3 during therapy. Serum samples
from 60 patients were collected 3 months after first one to-
gether with imaging control using RECIST 1.1 criteria. The
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Figure 2. The serum levels of TFF3 in patients without pulmonary and
with liver metastasis.
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and healthy controls.
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samples were divided into 3 groups according to imaging
control (with partial remission, stable disease and progressing
disease). In the group of patients with partial remission on
CT scans (N = 15) TFF3 levels decreased in nearly all patients
(Figure 4A, mean difference was -2.33 ng/ml; p = 0.0023). In
the group of patients with stable disease on CT scans (N =
22) no statistically significant difference in TFF3 (Figure 4B,
mean of difference is 0.09 ng/ml; p = 0.9000). In the last group
with progression of disease on CT scans (N = 21) TFF3 levels
increased, but the difference was not statistically significant
(Figure 4C, mean of difference is 1.31 ng/ml; p = 0.1003).
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The level of TFF3 as prognostic factor. The serum level of
TFF3 appears to have a prognostic value. The cut-off for serum
TFF3 level was determined as 1.7 ng/ml. Patients were divided
into the group with negative serum levels of TFF3 (<1.7 ng/
ml, N=18), slight increase (>1.7 and <3.4 ng/ml, N=16) and
large increase (>3.4 ng/ml, N=24). From all 58 patients overall
survival (OS, time from first sample collection to death) was
calculated. No significant difference (p = 0.2386) between
group with negative TFF3 levels (mOS 17.87 months) and
group with slight increase (mOS not reached) was observed.
But there was statistically significant difference between these
two groups (mOS 19.9 months) and the group with consider-
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Figure 3. ROC curve analysis of TFFs, CEA and CA19-9.

A - TFF1 (AUC = 0.7222) with serum level cut-off value >5.3 ng/ml, the
sensitivity and specificity of TFF1 to distinguish colorectal cancer from
healthy controls are 21.65% and 97.47%, respectively (p <0.0001). B - TFF2
(AUC = 0.5211) with serum level cut-off value >11.9 ng/ml, the sensitivity
and specificity are 13.40% and 97.47%, respectively (p =0.6310). C - TFF3
(AUC =0.9164) with a serum level cut-off value >1,7 ng/ml, the sensitivity
and specificity are 76.29% and 97.47%, respectively (p < 0.0001). D - CEA
(AUC = 0.9054) with serum level cut-off value >5 ug/l, the sensitivity and
specificity are 72.16% and 97.47%, respectively (p < 0.0001). E - CA19-9
(AUC = 0.8023) with serum level cut-off value >35 kIU/I, the sensitivity
and specificity are 46.39% and 96.25%, respectively (p < 0.0001).
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able increase of TFF3 serum level (mOS 7.8 months, p <0.0001;
Figure 6). We tried the same with CEA and CA19-9, but there
was no significant difference found.

Discussion

Colorectal cancer is one of the most common malignan-
cies worldwide. [1] Early diagnosis is crucial for successful
treatment whether they have only localized disease or distant
metastases that could be resolved surgically. In patients with
metachronous distant metastases previously treated for local
disease early diagnosis is important for possible radical resec-
tion. Therefore, new biological markers for early detection
(more sensitive and specific than CEA and CA19-9) and pre-
dictors of prognosis for colorectal cancer are urgently needed
in clinical practice.

TFFs as secreted proteins play an important role in cell
signaling, communication and migration. [30,31] TFF3 has
malignant characteristics to promote the invasion of tumor
cells by acting both directly on malignant cells and indirectly
on the vasculature [27]. Several earlier clinical studies identi-
fied serum TFF3 as a new marker for gastric cancer. [32,33] In
one study TFF3 levels in urine and serum were examined in
patients with colorectal cancer and gastric cancer. The serum
levels correlated with TNM stage and response to therapy,
but the comparison with standard tumor markers (CEA and
CA19-9) was not investigated. [34]

We found that serum TFF1 levels are significantly different
between the patients and healthy controls. The TFF1 levels are
higher in patients with poor differentiated tumors, patients
with colon or rectum involvement (non-resected primary
tumor or local recurrence), and between patient younger
than or equal to 55 years and older than 55. Despite of these
promising and interesting data TFF1 has not better sensitiv-
ity for the disease detection than CEA and CA19-9. Also the
serum levels of TFF2 in the cancer group were not significantly
elevated compared to the healthy controls.

The TFF3 levels were significantly higher in patients com-
pared to controls. Serum levels of TFF3 correlated with the
extent of colon or rectum involvement (non-resected primary
tumor or local recurrence), and also with the extent of liver
involvement in cases without pulmonary metastases. This
finding is very interesting because these patients could be
candidates for a radical resection of liver metastases, the only
modality that can cure them completely.

The TFF3 has better sensitivity than CEA with the same
specificity and its level correlate with tumor response control-
led by CT scans (RECIST 1.1) better than CEA and CA19-9.
These results suggested that serum TFF3 may be a potential
useful biomarker and a pharmacodynamic marker of response
to chemotherapy.

The entry level of TFF3 appears to be a prognostic factor
that strongly correlates with overall survival. This can be
partially explained by strong correlation of TFF3 level with
liver involvement in patient without pulmonary metastases.

Patients with amount of liver metastases larger than 100 mm
had significantly higher levels of TFF3 and their liver reserve
is smaller. Another partial explanation could be, that patients
with non-resected primary tumor, who have higher levels
of TFF3, were not surgically treated because of their worse
performance status and that may be the reason for a worse
outcome of the treatment. Further investigation and data are
needed to clarify these results.
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Figure 4. Change of TFF3 levels after 3 months of therapy.
A - Partial remission according to CT scans (RECIST 1.1)
B - Stable disease according to CT scans (RECIST 1.1)

C - Progression according to CT scans (RECIST 1.1)
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Figure 5. Overall survival according to TFF3 levels.

Kaplan-Meier curves of pacients with TFF3 level <3.4 ng/ml (mOS 19.9
months) compared to pacients with TFF3 level >3.4 ng/ml (mOS 7.8
months, p <0.0001).

Summary

Our data indicated that serum TFF3 can be used as an
effective biomarker for the detection of distant metastasis
more sensitive than CEA and CA19-9 and as a phara-
macodynamic marker of a response to chemotherapy in
gastrointestinal cancer. TFF3 may play an important role in
detecting colorectal cancer progression and dissemination.
Our data have shown that decreased serum TFF3 levels
significantly correlate with response to chemotherapy in the
group of patient with partial regression and not significantly
correlated with the group having disease progression. TFF3
strongly correlates with extension of liver involvement in
patients without pulmonary metastases, who are the candi-
dates for a curative liver resection. The entry level of TFF3
appears to be prognostic factor that strongly correlates with
overall survival.
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