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Expression of trefoil factor 3 is decreased in colorectal cancer
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Abstract. In colorectal cancer (CRC), high expression of
trefoil factor 3 (TFF3) is associated with tumor progression
and reduced patient survival; however, bioinformatics analyses
of public ‘omics’ databases show low TFF3 expression in CRCs
as compared to normal tissues. Thus, we examined TFF3
expression in CRCs and matching normal tissues to evaluate
its role in CRC progression. TFF3 gene expression was char-
acterized using the bioinformatics portal UALCAN (http://
ualcan.path.uab.edu). Tissue microarrays (TMAs) of archival
CRC specimens (n=96) were immunostained with anti-human
TFF3 antibodies. Immunohistochemical (IHC) staining
intensity was semi-quantitatively scored. For this cohort, the
median follow-up was 5.4 years. Associations between clinical
and pathological variables were determined using Chi-square
or Fisher's exact tests. Univariate disease-free survival was
estimated by the Kaplan-Meier method. Omics data analyses
by UALCAN showed downregulation of TFF3 expression in
CRC relative to normal tissue at protein (y*, P<0.0001) levels.
There was a similar decreasing trend of TFF3 expression in the
pathologic stages of the CRCs (RNA, ¥, P=0.88 and protein,
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¥* P<0.0001). UALCAN data analysis showed that TFF3
exhibited 27% lower mRNA expression in tumors with mutant
TP53 (P=0.007). Confirming the findings of omics analyses,
IHC analysis of TMAs exhibited lower TFF3 expression in
95.6% (65 of 68) of the available normal-tumor matching
pairs (%, P<0.0001). There was no statistically significant
association of tumor TFF3 expression with patient sex, race/
ethnicity, tumor location within the colorectum, Tumor, Node,
Metastasis (TNM) stage, lymph node metastasis, or surgical
margins. However, low TFF3 IHC staining in tumor tissue was
associated with histological grade (P=0.026). Kaplan-Meier
survival analysis showed no prognostic value of low TFF3
expression relative to those with high expression (log-rank,
P=0.605). Our findings demonstrate low expression of TFF3 in
CRCs. Association between low TFF3 and histopathological
features suggests involvement of this molecule in progression
of CRC.

Introduction

In the United States, colorectal cancer (CRC) is a leading
cause of cancer-related deaths (1). The diagnosis of CRC is
based on the tumor-node-metastasis (TNM) stage, a system
that has limitations due to varying genetic and epigenetic
backgrounds. Biological markers can improve early detection
and guide clinicians in subsequent therapies.

Trefoil factor (TFF) proteins include family members
TFF1, TFF2, and TFF3, which are characterized by the pres-
ence of at least one 40-amino acid protein domain defining a
three clover-leaf structure termed the trefoil motif (2). TFF3
is a small, 9-kDa, stable protein expressed in epithelia of the
trachea, lungs, salivary glands, and in the small intestine (3).
In the gastrointestinal (GI) tract, TFF3 is expressed in goblet
cells of the small and large intestines (4) and is secreted,



ESPINOZA et al: TFF3 AND CRC

together with mucus, by mucus-secreting cells (3,5). TFF3
promotes normal cell migration and maintains colonic epithe-
lial homeostasis (6,7).

TFF3 is involved in tumorigenesis and the progression of
various solid tumors (8-16). The function of this protein in
CRCs, however, remains unclear. It has been suggested that
patients with high TFF3 tumor levels have a lower survival
rate than those with lower expression (17). In addition, higher
tumor expression of TFF3 correlates with lymph node metas-
tasis (LNM), i.e., a more advanced stage (17). Furthermore,
high TFF3 levels in serum are associated with poor tumor
differentiation and a more advanced clinical TNM stage (18).
By contrast, expression of TFF3 mRNA, analyzed by real-time
quantitative PCR (RT-PCR), does not differ for paired CRCs
and normal colonic mucosa (19). However, TFF3 transcripts
are elevated in CRCs with LNM compared with non-LNM
tumors (19). As assessed by immunohistochemistry (IHC),
TFF3 expression in CRCs with LNM is elevated relative to
that in non-LNM CRCs (19). Nevertheless, IHC of TFF3 in
normal colonic mucosa and CRCs shows no correlation of
TFF3 expression with patient sex, cancer differentiation status,
or cancer stage (19).

Due to the conflicting findings related to TFF3, further
clarification is needed to elucidate the clinical value of TFF3
as a marker of aggressive disease. Therefore, in the present
study, we analyzed TFF3 expression levels at the RNA and
protein levels in publicly available databases and validated
its protein expression in our collection of CRCs and their
matching normal tissues. Additionally, correlations between
TFF3 expression, molecular (expression of TP53), clinical
and pathological characteristics of patients (including patient
survival) were assessed.

Materials and methods

Bioinformatics analysis. The bioinformatics portal UALCAN
(http://ualcan.path.uab.edu) was used to access TFF3 RNA
and protein levels in normal colon and rectum tissue and in
CRCs of patients. This resource for expression analysis uses
data from The Cancer Gene Atlas (TCGA) (transcriptome
by RNA sequencing) (20) and the Clinical Proteomic Tumor
Analysis Consortium (CPTAC) Confirmatory/Discovery
datasets (proteomics by mass-spectrometry) (21). We checked
for under-expressed genes in TP53 mutant CRCs by use of
heat-maps, which demonstrated that TFF3 was one of the
25 genes having low expression in TP53 mutant cancers as
compared to TP53-wild-type tumors. RNA data are expressed
as transcripts per million and protein data as Z-values,
representative of standard deviations from the median across
samples for the given cancer type. Log2 spectral count ratio
values from CPTAC were first normalized within each sample
profile, then normalized across samples.

Patients and tissue samples. The population of this study was
derived from the University of Mississippi Medical Center
(UMMC), Department of Pathology research database. All
tissue specimens (collected between 2006 and 2016) were
obtained at the time of surgery and had complete clinicopatho-
logical data. The tissue samples were de-identified and assigned
a study number. Clinical and pathological characteristics of
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the study subjects are provided in Table I. These data include
sex, race, TNM stage, histological grade, evidence of LNM,
surgical margins, survival times, and status. Tumor and adja-
cent normal colonic tissues from patients routinely obtained
during surgery were included in this study. A total of 96 cases
were assessed by board-certified pathologists (CS and VS).
At the time of surgery, patients were staged according to the
guidelines of the American Joint Committee on Cancer. The
median follow-up for the 96 patients was 5.4 years (range
0.1-10.3 years). All procedures of this study involving human
materials were approved by the UMMC Institutional Review
Board approval and performed according to the ethical stan-
dards with the Declaration of Helsinki.

Construction of tissue microarrays. Tissue microarrays (TMA)
were created using tumor stage-matched CRC tissues. For
each patient, representative formalin-fixed paraffin-embedded
(FFPE) tissue blocks, consisting of a normal block and a tumor
block were selected, giving a total of 192 samples for TMA
construction. Selection of the FFPE blocks was accomplished
on the basis of verified histological features, which then were
topographically correlated with the corresponding paraffin
blocks by pathologists. Cylindrical cores (2-mm) from selected
sites of the primary FFPE block were transferred to composite
paraffin blocks to construct the TMA using a Beecher MTA1
Manual Tissue Arrayer (Beecher Instruments). The resulting
TMA composite blocks were then sectioned at 5-m thickness
for IHC staining and analysis.

Immunohistochemistry. IHC was performed on the FFPE
tissue samples using ABC Kits (Vector Laboratories Inc.)
following the manufacturer's instructions. Slides with the
TMA sections were placed in a 60°C oven for 1 h to allow
the tissues to adhere. The sections were deparaffinized in
xylene, rehydrated with graded ethanol, and washed with
PBS, followed by antigen retrieval (Vector Laboratories Inc.,
#H-3300, citrate-based antigen unmasking solution) with
citrate buffer (pH 6.0) for 20 min. Then, slides were incu-
bated with 3% hydrogen peroxide for 10 min to inactivate
the endogenous peroxidases, rinsed with PBS for 10 min,
and incubated for 12 min with protein blocking solution
(Dako #X0590). Using mouse Vectastain Elite ABC kits
(Vector Laboratories, Inc.), blocking serum was prepared
using normal serum, and blocking of the tissue sections
was performed for 1 h at room temperature. Next, the slides
were incubated with blocking serum and primary antibody
anti human-TFF3 (mouse monoclonal diluted 1/25; cat #
MAB4407,R&D Systems) overnight at 4°C. Following exten-
sive washing, antigen-antibody complexes were detected
using Vectastain Elite ABC kits (Vector Laboratories,
Inc.) according to the manufacturer's protocol. By use
of the ABC Kkits, anti-mouse IgG biotinylated secondary
antibody was prepared with blocking serum and incubated
for 30 min, followed by incubation with ABC Reagents A
and B for another 30 min. For color development, sections
were processed with 3,3'-diaminobenzidine peroxidase
substrate kits (Vector Laboratories, Inc.). Sections were
then counterstained in Gill's hematoxylin and dehydrated in
ascending grades of ethanol before clearing in xylene and
being mounted under coverslips using Cytoseal™ XYL
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TableI. Clinicopathological characteristics of the CRC patients.

Characteristic Data
Age, years, mean (range) 59.2 (23-87)
Sex, n (%)

Male 50 (52.1)

Female 46 (47.9)
Race/ethnicity, n (%)

African-Americans 56 (58.3)

Non-Hispanic Whites 40 (41.7)
Site, n (%)

Colon 62 (64.6)

Rectum 34 (35.4)
TNM stage, n (%)

I 11(11.4)

II 30 (31.3)

I 35 (36.5)

v 20 (20.8
Histological grade, n (%)

Well-differentiated 6 (6.3)

Moderately differentiated 78 (81.3)

Poorly differentiated 7 (1.3)

Unknown 5(5.1%)
Lymph node metastasis, n (%)

Negative 36 (37.5)

Positive 50 (52.1)

Unknown 10 (104)
Surgical margins, n (%)

Negative 74 (77.1)

Positive 18 (18.8)

Unknown 4 4.1
Follow-up time (years), median (range) 5.4 (0.1-10.3)

CRC, colorectal cancer.

(Thermo Fisher Scientific, Inc.; #83124). Subcellular local-
izations of TFF3 were examined by a pathologist, defined as
cytoplasmic/membranous or globular staining, and scored.

Immunostaining evaluation. Evaluation of the IHC TMA
was accomplished by two independent evaluators blinded for
specific diagnosis or prognosis for each individual case. Tumor
cells showing cytoplasm stained in brown were considered
positive. To provide a semi-quantitative assessment of the
expression of TFF3 in each core, colonic epithelial cells were
individually scored from 0-3 for the intensity of immunos-
taining and 1-3 for the area of immunostaining. The product
of intensity and area was used as the combined intensity score,
which ranged from 0-9, with O defining no expression and
9 defining high expression. Values are expressed as median
(interquartile range). To assess the association between TFF3
expression and clinical features in the CRC cases, patients
were divided into two groups, with low and high TFF3 tumor
expression, based on the optimal cutoff point calculated as
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the value with the most significant log-rank test split (4.5 for
combined intensity score).

Statistical analysis. Data were analyzed using SPSS soft-
ware, version 13.0 (SPSS Inc.) and SAS 9.4 (SAS Inc.). The
difference in TFF3 gene or protein expression between
normal tissue and tumor tissue or for any other pairwise
comparison obtained using bioinformatics analyzes was
evaluated by Student's t-test (for comparisons between two
groups), or one-way ANOVA followed by Dunnett's multiple
comparisons (when three or more groups were compared).
Pairwise comparisons were always relative to normal tissue.
Pearson's correlation coefficient (r) was used to evaluate
association between variables. For IHC data, differences
were compared by Mann-Whitney U test for non-matched
data or Wilcoxon matched-pairs signed rank test. Two-sided
P-values were determined via Chi-square or Fisher's exact
tests for categorical variables. Overall survival was analyzed
by the Kaplan-Meier method with the use of the log-rank test
to compare survival of groups. For all analyses, the level of
significance was set at P<0.05.

Results

Bioinformatics analyses of RNA expression of TFF3 in the
CRC tissues. Using UALCAN we generated an interactive
heat-map of differentially expressed genes in normal tissue
or CRCs and included TFF3 as a query gene. The heat-map
demonstrated differential expression of various genes,
including TFF3, in normal and CRC tissues (Fig. 1A).
Further, as determined with the UALCAN database, mRNA
data for CRCs suggested TFF3 overexpression [NS (not
significant), P=0.72] in normal (n=41) as compared to CRC
tissues (n=286) (Fig. 1B). Data mining for different patho-
logic stages [stage 1 (n=45), stage 2 (n=110), stage 3 (n=80),
and stage 4 (n=39)] suggested lower TFF3 expression in
CRCs as compared to normal colon (n=41), irrespective of the
stage (NS, P=0.88) (Fig. 1C). Moreover, UALCAN-acquired
TCGA data showed lower expression of TFF3 in tumors
relative to normal colonic tissues irrespective of patient race
[Caucasian (n=193), African-American (n=55), and Asian
(n=11)] (Fig. 1D); however, race-related values were not
statistically different (P=0.56). A similar trend was observed
for tumor histologic types [adenocarcinoma (n=243) and
mucinous adenocarcinoma (n=37)] (Fig. 1E, P=0.053), nodal
status [NO (n=166), N1 (n=70), and N2 (n=47)] (Fig. S1A,
P=0.77), patient sex [male (n=156) vs. female (n=127)]
(Fig. S1B, P=0.51), and age [21-40 years (n=12), 41-60 years
(n=90), 61-80 years (n=149), and 81-100 years (n=32)]
(Fig. SI1C, P=0.53).

Bioinformatics CPTAC analyses of protein expression of
TFF3 in normal colonic and tumor tissues and correlation
with tumor and patient characteristics. UALCAN bioinfor-
matics analysis was used to analyze protein levels of TFF3 in
colonic tissues. The protein expression data was obtained from
the mass-spectrometry proteomic profiles, generated by the
Clinical Proteomic Tumor Analysis Consortium (CPTAC). The
results showed that the expression of TFF3 was high in normal
colonic tissue (n=100) and low in CRCs (n=97) (Fig. 2A and B)
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Figure 1. TFF3 RNA expression in CRC tissues. (A) Heat-map plot of 25 differentially expressed genes in CRCs and normal colonic tissue from TCGA dataset
generated by web-portal UALCAN. (B) Box plots showing relative expression of TFF3 mRNA in CRC and normal tissues (Student's t-test). The mRNA expres-
sion levels were normalized as transcripts per million reads. (C) The expression of TFF3 for various stages of CRC and normal colon. (D) TFF3 expression
in CRCs on the basis of patient race and (E) tumor histologic types (C-E, one-way ANOVA with Dunnett's multiple comparisons test). Pairwise comparisons
relative to normal tissue. CRC, colorectal cancer; TFF3, trefoil factor 3; TCGA, The Cancer Gene Atlas.

(P<0.0001). In addition, there was high expression in uterine
corpus endometrial carcinoma (UCEC) (P=0.002), low
expression in clear cell renal cell carcinoma (P<0.001), but
no difference in breast cancers (P=0.77) and ovarian cancer

(P=0.22) (Fig. 2A). TFF3 expression was significantly lower
(P<0.0001) in late-stage CRCs [stage 3 (n=40); stage 4 (n=8)]
compared to early stages [stage 1 (n=10); stage 2 (n=39)],
suggesting a role for TFF3 in tumor suppression (Fig. 2C).
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Figure 2. Protein expression of TFF3 in CRC tissues. (A) The graphs show the pan-cancer subtype for various cancers. Z-values represent standard deviations
from the median across samples for the given cancer type. Log2 spectral count ratio values from CPTAC were first normalized within each sample profile,
and then normalized across samples (Student's t-test). (B) Box-whisker plots showing the protein levels of TFF3 in normal tissue and tumors (Student's t-test).
(C) Plots showing correlations between TFF3 protein expression with pathologic tumor stages, (D) tumor histologic types, (E) patient race, (F) patient sex,
and (G) age (C-G, one-way ANOVA with Dunnett's multiple comparisons test). Pairwise comparisons relative to normal tissue. CRC, colorectal cancer; TFF3,
trefoil factor 3; CPTAC, Clinical Proteomic Tumor Analysis Consortium. UALCAN website that used two-sided Student's t-test provided P-values, indicated

by asterisk (). P-value <0.05 was defined as statistical significant.
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Figure 3. TFF3 RNA expression is inversely correlated with 7P53 mutation. (A) Heat-map showing differential expression of genes in TP53 mutant and
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used two-sided Student's t-test and are indicated by asterisk (7). P-value <0.05 was defined as statistical significant. (C) Correlation analysis between TFF3 and
TP53RK (Pearson correlation coefficient, r=-0.32). CRC, colorectal cancer; TFF3, trefoil factor 3; TP53RK, TP53 regulating kinase.

Expression was low, particularly for adenocarcinoma (n=77),
but also for mucinous adenocarcinoma (n=19), as compared
to normal tissue, P<0.0001 (Fig. 2D). Furthermore, TFF3
expression was low when tumors of Caucasian (n=71),
African-American (n=7), and Asian (n=16) CRC patients
(P<0.0001) (Fig. 2E) were compared to normal tissue. Next,
we found downregulation of TFF3 in CRCs of patients for
both sexes [male (n=41) vs. female (n=56), P<0.0001] (Fig. 2F)
and for age groups [21-40 years (n=3), 41-60 years (n=31),
61-80 years (n=53), and 81-100 years (n=7), P<0.0001]

(Fig. 2G). These data showed downregulation of TFF3 protein
expression in CRCs as compared to normal colon irrespective
of the tumor stage; histologic type; and patient race, sex, and
age.

Correlation of TFF3 RNA expression with TP53-mutational
status using bioinformatics. Since P53 mutations occur in
50-60% of CRCs, we explored the correlation between TFF3
and p53 RNA expression and generated an interactive heat-map
using the UALCAN database (Fig. 3A). The graph shows
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Table II. Correlation of the clinicopathologic findings with TFF3 expression in the CRC cases.

Characteristic TFF3 low (score <4.75) TFF3 high (score >4.75) y* or Fisher's exact test P-value
Sex
Male 40 5 0.656
Female 36 6
Race/ethnicity
African-Americans 46 5 0.383
Non-Hispanic Caucasians 30 6
Site
Colon 31 29 0.819
Rectum 13 14
TNM stage
I 9 2 0.120
II 21 6
I 30 1
v 16 2
Histological grade
Well-differentiated 2 2 0.026*
Moderately differentiated 64 7
Poorly differentiated 5 2
Lymph node metastasis
Negative 25 7 0.081
Positive 44 3
Surgical margins
Negative 57 10 0.682
Positive 15 1

*Significant difference, P<0.05. TFF3, trefoil factor 3; CRC, colorectal cancer.

27% lower TFF3 RNA expression in 7P53-mutant tumors
(n=162) (P=0.007) as compared to normal tissue (n=41). No
significant changes in transcripts of TFF3 were noted in TP53
wild-type tumors (n=122), as compared to those observed in
normal epithelium (n=41) (Fig. 3B). UALCAN correlation
analysis showed an inverse correlation of TFF3 expression
with TP53 regulating kinase (TP53RK) (Pearson correlation
coefficient, r=-0.32) (Fig. 3C).

Validation of bioinformatics findings of TFF3 protein expres-
sion by immunohistochemical (IHC) profiling of normal
colonic and tumor tissue. We evaluated TFF3 expression by
[HC analysis of normal tissues and CRCs. Positive staining
was evident for 74 normal cores. In both the basal and luminal
portions of colonic crypts, cytoplasmic staining was present
mainly in the supra- and perinuclear cytoplasm of epithelial
cells (Fig. 4A). In CRCs, although globular staining was
present in 2.1% (2 of 96) of specimens, TFF3 staining was
predominantly cytoplasmic, as noted in 71.9% (60 of 87) of
the positively stained cores. Mainly supra-nuclear (Fig. 4B),
cytoplasmic TFF3 immunoreactivity in CRCs [0.75 (3.0)]
(Fig. 4C) was lower by 90% (P<0.0001) relative to staining
in normal tissues, when independent samples were compared.
Analysis of the cytoplasmic immunostaining in normal

samples revealed the absence of globular TFF3 expres-
sion; the normal combined intensity score, however, was
7.5 (3.0) (Fig. 4C). Lower TFF3 expression was noted in
95.6% (65 of 68) of available normal-tumor matching pairs
(P<0.0001) (Fig. 4D).

Patients grouped by IHC expression of TFF3 and association
with clinicopathologic features. There was no significant
association of TFF3 expression with patient sex (P=0.656),
race/ethnicity (P=0.383), tumor site (P=0.819), TNM stage
(P=0.120), LNM (P=0.081), or surgical margins (P=0.682)
(Table II). However, low TFF3 tumor immunoreactivity was
associated with moderately differentiated histological grade
(P=0.026).

Survival analysis. There was no significant difference for
high and low THC expression of TFF3 and overall survival

(Fig. 5).
Discussion
Initiation and progression of CRC involves several molecular

alterations. Thus, finding new molecular targets remains an
essential milestone toward understanding the pathobiology
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was mainly associated with the supra- and perinuclear cytoplasm of epithelial cells in both the basal and luminal portions of the colonic crypts. Low to null
staining was evident at the nuclear/globular level. (B) TFF3 was lower in cancer cells, and expressed mainly in the supra-nuclear cytoplasm. (C) Scatter plot
showing that TFF3 THC staining is mostly cytoplasmic and lower in tumors, relative to normal mucosa (P<0.0001, Mann-Whitney U test for non-matched
data). (D) TFF3 expression was lower in 95.6% of available normal-tumor matching pairs (P<0.0001, Wilcoxon matched-pairs signed rank test). TFF3, trefoil

factor 3; IHC, immunohistochemistry.

and progression of human cancers. Meta-analysis using avail-
able web-tools to find molecular targets have helped cancer
researchers in achieving these milestones. By using UALCAN,
a user-friendly web-tool for analyzing cancer omics data from
TCGA (RNA expression by sequencing) and CPTAC (protein
expression), the current study established that TFF3 expres-
sion was significantly downregulated in CRCs. Our study also
validated, by IHC assays, low phenotypic expression levels of
TFF3 in CRCs as compared to normal tissue; the expression
was independent of pathologic tumor stage and histologic
type and patient race, age, or sex. In addition, the present
study showed, by bioinformatics analysis, that low levels of
TFF3 RNA expression were strongly associated with tumors
exhibiting p53 mutations. Collectively, our data showed that
TFF3 is downregulated in CRCs and indicate that loss of
TFF3 could be involved in the pathogenesis and progression
of the disease.

TFF proteins maintain GI mucosal homeostasis in response
to mechanical and/or chemical mucosal injury (22-26).
Through anti-apoptotic effects, TFFs protect epithelia from
death and promote cell migration (6,9,27,28). TFFs are
involved in the development and progression of various types
of cancer (8-10,12-14,16), including CRC (17-19). The role of
TFF3 in the pathogenesis of CRC, however, remains unclear.
Previously studied in different malignancies, a discrepancy
was observed regarding protein and RNA levels of TFF3.
Interestingly, similar to our findings, two earlier studies in CRC
reported reduced TFF3 expression at RNA and protein levels
in tumors relative to normal epithelium (11,19). Specifically,
Huang et al (19) found higher mRNA of TFF3 in metastatic
lesions of CRCs than those CRCs confined to the colorectum,
which is in agreement with our data that mRNA levels of TFF3
were increased in advanced CRC stage relative to low stage
tumors. Additionally, Huang et al demonstrated decreased
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Figure 5. Overall survival curves for patients with CRC according to the
IHC expression of TFF3. Plots, censored at 123 months, were generated
using the Kaplan-Meier method, and survival distributions were compared
using log-rank tests for patients with low vs. high tumor expression of TFF3.
Patients with high or low TFF3 expression had similar prognosis (P=0.6045).
CRC, colorectal cancer; TFF3, trefoil factor 3; IHC, immunohistochemistry.

mRNA levels of TFF3 organ-confined CRCs relative to normal
tissues. However, this association was not statistically signifi-
cant (19). Moreover, our data obtained from publicly available
RNA (TCGA data) and protein expression (proteomics data)
of TFF3 (obtained by using UALCAN) agrees with our find-
ings. Our data using UALCAN as a tool to analyze RNA
(TCGA data) and protein expression (proteomics), agrees with
the reports showing organ-specific tumor expression of TFF3.
Moreover, our analysis reproduces the expression patterns
for TFF3 and CRC revealed by previous studies. Although
different from some previous findings, we are confident about
the relevance of our results since our validation strategy using
the UALCAN expression platform, queried for the CPTAC
Confirmatory/Discovery dataset, revealed lower TFF3 expres-
sion in tumors relative to normal epithelium, similar to what
we found in our tissue sample cohort. Collectively, our data
suggest that protein expression of TFF3, a modulator of cell
differentiation and glandular structure, is low in CRCs relative
to normal mucosa.

In CRCs, p53 signaling is frequently dysregulated (29,30).
Moreover, tumors with p5S3 mutations are resistant to various
therapies. The current bioinformatics analysis showed that
CRC tumors exhibiting p53 mutations had low expression
of TFF3 but that p53 wild-type tumors did not, indicating
an inverse relationship of pS3-mutated CRCs with low TFF3
expression. Additionally, UALCAN correlation analysis
showed an inverse correlation of TFF3 expression with TP53
regulating kinase (TP53RK), suggesting a link between
TFF3 and TP53. Indeed, a recent study of retinoblastoma
cells showed that TFF3 overexpression activates TP53 and
that TP53 is a downstream target of TFF3 signaling (31).
Moreover, the heat map data showed reduced transcripts
of TFF3 in TP53-mutated CRCs, suggest a functional
interactome linking the signaling pathways which relate the
expression of these two molecules. Thus, future research is
warranted focusing on establishing the molecular basis of
the functional interaction between TFF3 and TP53 in CRC
and would provide tools to molecularly categorize histologic
types (e.g., mucinous tumors), known to have high expression
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of TFF3. Such multi-molecular classifiers could add prog-
nostic value to that offered by traditional single-molecule
classifiers.

Concerning the association between TFF3 expression
and clinicopathological variables, we did not find a correla-
tion between tumor expression of TFF3 and survival, even
upon stratification by clinicopathological variables. Since
we did not have a separate validation cohort for our IHC
study, we performed survival analyses based on mRNA
of TFF3. We utilized two data mining portals: UALCAN
(TCGA dataset) and prognostics database ProGeneV2 (32).
For ProGenV2 analysis we used datasets: GSE28814,
GSE17536, GSE17537, GSE12945, GSE16125, GSE24551,
GSE28722, GSE30378, GSE41258, GSE29621, GSE38832,
and GSE39582. In none of the studied datasets, statistically
significant association between expression of TFF3 and
survival was found (data not shown). These results demon-
strate concordance between the UALCAN and ProGeneV2
platforms, and suggest lack of prognostic value of TFF3
transcripts to anticipate survival in CRC. Future study in
a large CRC tissue cohort, with extended follow-up, may
provide the prognostic value of TFF3 in CRC. Our findings
add to the complexity related to the prognostic value of
TFF3 in CRC. For example, Yusup et al found poor overall
survival of CRC patients with high TFF3 expression rela-
tive to those with low TFF3 expression (17). Similarly, there
was lower survival of patients with CRCs positive for TFF3
in comparison to those with CRCs negative for TFF3 (33).
In addition, in the cited studies, higher TFF3 expression
was found in cancer tissue relative to corresponding normal
mucosa. We, on the contrary, found lower expression of
TFF3 in CRCs relative to normal mucosa. Despite the
differences and the need of further investigation, we and
others have support to propose that, in tumors with low or
lack of expression of TFF3, epithelial restitution and wound
healing effects mediated by this protein, as seen in normal
mucosa, would not be prevalent. Under these conditions,
low TFF3 in the tumor may not help to maintain epithelial
integrity, as occurs in non-tumor tissue (34). Appropriate
exploration of the molecules related with CRC tumorigen-
esis or survival will help to test this hypothesis. Although
our findings differ with most of those in the literature (17,33)
and suggest that tumor expression of TFF3 is not a prog-
nostic factor for poor survival of patients with CRC, this
matter is an issue for debate.

The limitations of our study include its retrospective nature
as well as its small sample size. Furthermore, the results require
validation in larger, independent cohorts. It would be valuable
to determine the prognostic value of serum TFF3, previously
determined to be associated with poor tumor differentiation
and clinical TNM stage (18).

In summary, our findings provide evidence that TFF3,
a factor involved in cell migration and integrity of the GI
mucosa, is downregulated in CRCs relative to normal
epithelium and that it may be involved in disease progres-
sion. We believe that relevance of our findings is high due
to similar patterns of low TFF3 expression in tumors identi-
fied in large, publicly available omics databases. However,
the prognostic value of TFF3 in CRCs is an issue needing
further research.
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