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ITF-2B protein levels are correlated with favorable
prognosis in patients with colorectal carcinomas
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Abstract: The majority of sporadic forms of colorectal carcinomas is characterized by deregulation of Wnt/B-catenin
signaling early in colorectal carcinogenesis. As a consequence, ITF-2B protein levels are increased in adenomas of
these patients. However, ITF-2B protein levels are strongly reduced with increasing carcinoma stages, suggesting
that reduction of ITF-2B protein is required for progression of adenomas to colorectal carcinomas. To find out if
ITF-2B protein levels are correlated with the survival of patients with colorectal carcinomas, a tissue microarray con-
taining samples from 213 colorectal carcinomas (T-categories T2 and T3) with corresponding survival information
was stained with an ITF-2B antibody. In addition, we analyzed if detection of ITF-2B in microsatellite instable and mi-
crosatellite stable carcinomas as well as in colorectal carcinomas with KRAS mutations is correlated with survival.
Detection of cytoplasmic ITF-2B protein was associated with better overall and progression free survival of patients
with colorectal carcinomas (P=0.033 and 0.024, respectively). Multivariate Cox regression analysis revealed an
increased risk to suffer from poor overall survival and recurrent disease if no cytoplasmic ITF-2B was detectable
(HR=1.91; P=0.033 and HR=1.75; P=0.033, respectively). Similarly, patients with MSS carcinomas had a better
overall survival, if they showed cytoplasmic positivity for ITF-2B (P=0.013). Remarkably, patients with colorectal
carcinomas carrying KRAS mutations had a better overall and progression free survival rate if the carcinomas were
positive for cytoplasmic ITF-2B (HR=4.71; P=0.002 and HR=2.57; P=0.024, respectively). These data suggest that
cytoplasmic protein levels of ITF-2B could be used as a prognostic marker for patients with colorectal carcinomas.
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Introduction tumors and result in promoting the growth of

adenomatous lesions [1, 4]. KRAS is able to

Colorectal carcinomas (CRCs) are the third
most common form of cancer and are charac-
terized by high cancer-related morbidity. In spo-
radic forms of CRCs, inactivation of the tumor
suppressor gene adenomatous polyposis coli
(APC) is a frequent event that initiates the for-
mation of aberrant crypt foci (reviewed in [1])
and results in stabilization and nuclear translo-
cation of B-catenin. Subsequently, B-catenin
activates the transcription of its target genes
[1, 2]. One of the B-catenin target genes is ITF2,
encoding the basic helix-loop-helix (bHLH) pro-
tein and transcription factor ITF-2B [3].

Apart from APC, KRAS is frequently mutated in
colorectal tumors. Activating mutations are
present in approximately 40% of all colorectal

phosphorylate 3-catenin and induce the disso-
ciation of 3-catenin and E-cadherin, resulting in
induction of transcriptionally active B-catenin
[1, 2, 5]. In clinical therapies targeting EGFR sig-
nalling with monoclonal antibodies, detection
of KRAS mutations is a robust predictive mark-
er of therapy resistance.

Another useful prognostic marker is the micro-
satellite status: When compared to colorectal
carcinomas patients with chromosomal insta-
ble carcinomas (CIN), CRC patients with micro-
satellite instable (MSI) carcinomas have been
shown to have a better prognosis [3, 6].
Furthermore, patients with MSI appear not to
benefit from adjuvant therapy with 5-FU, there-
fore analyzing the MSI status can be used to
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Table 1. Clinicopathological characteristics of
the investigated colorectal carcinomas cases
(n=213)

Variable Number of cases %
Gender
Male 118 55
Female 95 45
Age,y
<65 74 35
>65 139 65
T-category
T2 34 16
T3 179 84
Cancer specific survival, y
<5 91 43
>5 122 57
Censored 166 78

discriminate between low- (MSI) and and high-
risk (microsatellite stable (MSS)) patients and
treat the patients accordingly [7]. Apart from
patients with MSI, patients with intact chromo-
some 18q are classified as low-risk patients [1,
8]. Interestingly, this chromosomal arm also
contains the gene ITF2 [2, 9].

In normal colonic epithelium, ITF-2B protein is
hardly detectable. In contrast, in our previous
study we demonstrated that increased levels of
ITF-2B occur in adenomas where it was found in
the cytoplasm and nucleus. However, with
increasing carcinoma stages, protein levels of
ITF-2B are frequently reduced [3, 9], suggesting
that ITF2 acts as a tumor suppressor gene [1,
4, 9]. Here, we investigated the correlation
between ITF-2B protein levels in colorectal car-
cinomas and overall or progression free surviv-
al with respect to KRAS mutational and MSI
status. Our data suggest that detection of cyto-
plasmic ITF-2B levels can be used as a prog-
nostic marker for patients with colorectal carci-
nomas and identify individuals with a greater
risk of poor overall survival and disease
recurrence.

Materials and methods
Clinical samples
This study included carcinoma material from

patients with colorectal adenocarcinomas
exhibiting moderate differentiation (G2 accord-
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ing to WHO), comprising T-categories T2 and T3
and having neither nodal (NO) nor distant
metastasis (M0) at the time of diagnosis.
Patient material was taken from the archives of
the University of Munich. Only patients were
considered who underwent intentionally cura-
tive surgical resection between 1994 and
2004. Follow up data were available from the
Tumorregister Munchen. To reduce effects
directly related to surgery, specimens of
patients who died within 6 months after surgi-
cal resection were excluded. The final case col-
lection contained tissue from 213 patients, of
whom 91 (43%) died from colorectal carcino-
mas within 5 years of diagnosis. The survival
data of 166 cases (78%) was censored as case
follow up was discontinued or patients died of
reasons other than colorectal carcinomas.
Case characteristics are summarized in Table
1. The study complied with the requirements of
the local ethics committee.

Tissue microarray technique

Tissue microarrays (TMA) from colorectal carci-
nomas were generated as described previously
[10].

Immunohistochemistry

Paraffin sections (5 ym) were stained with anti-
-catenin monoclonal mouse antibody (1:150,
BD Biosciences, NJ, USA) and ITF-2B antibody
[4, 9] using standard immunohistochemical
procedures.

Analyses of KRAS mutations

Analyses of KRAS exon 2 codon 12/13 were
done as previously described [1, 4, 11].

Microsatellite stability analysis

Status of microsatellite stability [microsatellite
stability (MSS) or high-grade microsatellite in-
stability (MSIH)] was investigated as previously
described analyzing the two mononucleotide
repeat markers BAT-25 and BAT-26 [6, 12-14].

Evaluation of ITF-2B and (-catenin immunohis-
tochemistry

ITF-2B staining was positive in the nucleus of
carcinoma cells consistent with its function as
transcription factor. Additionally we found a
cytoplasmic staining which was evaluated
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Figure 1. Correlation of ITF-2B
protein levels with survival. (A)
(@, b) Cytoplasmic ITF-2B levels
in human colorectal carcinomas:
52 (24%) cases displayed no cy-
toplasmic ITF-2B (a), whereas
161 (76%) showed cytoplasmic
ITF-2B (b). (c, d) Intensity of nu-
clear ITF-2B protein staining in
human colorectal carcinomas:
105 cases (49%) showed no or
low intensity of nuclear ITF-2B
staining (c), whereas 108 cases
(51%) displayed high ITF-2B pro-
tein levels (d). (Original magnifi-
cation: 400 x). (B) Cytoplasmic
ITF-2B levels correlated with over-
all survival. Kaplan-Meier plot of
colorectal carcinomas specimens
(n=213) demonstrated signifi-
cant (log-rank test) better survival
with cytoplasmic ITF-2B levels
(P=0.033). (C) Cytoplasmic ITF-
2B levels correlated with progres-
sion free survival. Kaplan-Meier
plot of colorectal carcinomas
specimens demonstrated signifi-
cant (log-rank test) better survival
with cytoplasmic ITF-2B levels
(P=0.024).

regarding positivity of stain-
ing: score O: no staining, score
1: positive staining (Figure
1Aa, 1Ab). Nuclear staining
was evaluated regarding
intensity of staining: score 0:
no or weak staining, score 1:
strong staining (Figure 1Ac,
1Ad). Nuclear B-catenin stain-
ing was evaluated as previous-
ly described [7, 15]. Mem-
branous B-catenin staining
was not considered in the
evaluation. To exclude intraob-
server variability, an observer
who had no prior knowledge of
prognosis or other clinicopath-
ological variables evaluated
the specimens thrice.

Statistical analyses

Cross-tabulations were calcu-
lated using Fisher’s exact test.
Kaplan-Meier analysis was
employed to estimate cancer
specific survival. Significance
of the Kaplan-Meier statistic
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Figure 2. Correlation of ITF-2B
protein levels with survival in
KRAS mutated cases. A. Kaplan-
Meier plot of patients with known
KRAS status (n=180) demon-
strated no significant (log-rank
test) better survival of patients
with KRAS wild-type (KRAS wt)
versus patients with KRAS mu-
tations (KRAS mut) (P=0.640).
B. Cytoplasmic ITF-2B levels cor-
related with good overall survival
in KRAS mut cases. Kaplan-Meier
plot of colorectal carcinomas
specimens demonstrated signifi-
cant (log-rank test) better survival
with cytoplasmic ITF-2B levels
(P=0.001). C. Cytoplasmic ITF-
2B levels correlated with good
progression free survival in KRAS
mut cases. Kaplan-Meier plot
of colorectal carcinomas speci-
mens demonstrated significant
(log-rank test) better survival
with cytoplasmic ITF-2B levels
(P=0.023).

was tested applying the log-
rank test. Multivariate analy-
sis was done by using the
multivariate Cox regression
model. P-values < 0.05 were
considered statistically signifi-
cant. Statistics were per-
formed using SPSS statistical
software (version 15.0; SPSS
Inc., Chicago, IL).

Results

ITF-2B protein levels in
colorectal carcinomas

To investigate the localization
of ITF-2B in human colorectal
carcinomas, we evaluated the
protein levels by immunos-
taining of tissue microarrays.
ITF2B was found to be
positive in the cytoplasm of
161 cases (76%), whereas 52
(24%) cases displayed no
cytoplasmic ITF-2B levels. No
or low intensity of nuclear ITF-
2B staining was found in 105
cases (49%), whereas 108
cases (51%) displayed strong
nuclear ITF-2B staining. Cy-
toplasmic ITF-2B levels were
significantly correlated with
intensity of nuclear ITF-2B
staining (P=0.001).
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Because ITF2 has been identified as a -catenin
target gene, we next evaluated ITF-2B protein
levels in relation to nuclear B-catenin levels.
162 (81%) cases were positive for nuclear
B-catenin staining, while 38 (19%) were nega-
tive, which is in accordance to the literature [9,
15]. Two types of nuclear B-catenin staining
patterns have been defined: 1) Colorectal carci-
nomas with conserved intratumoral regulation
and heterogeneous distribution of B-catenin. 2)
Colorectal carcinomas with a homogeneous
distribution of B-catenin, which showed no
intratumoral regulation of B-catenin. Cyto-
plasmic detection of ITF-2B was found more
often in cases with conserved B-catenin regula-
tion (P=0.033). Intensity of nuclear ITF-2B
staining did not correlate with nuclear 3-catenin
levels (P=0.355).

Detection of cytoplasmic ITF-2B in colorectal
carcinomas correlates with patient survival

In Kaplan-Meier analyses, cytoplasmic ITF-2B
positivity was associated with a significantly
better overall and progression free survival
of patients with colorectal carcinomas as
compared to cytoplasmic ITF-2B negativity
(P=0.033 and P=0.024, respectively; Figure
1B and 1C). Intensity of nuclear ITF-2B staining,
however, was not significantly correlated with
overall and progression free survival (P=0.308
and P=0.261, respectively). Age (P=0.511),
gender (P=0.688) and T-category (P=0.762)
were not significantly associated with outcome.
In a multivariate Cox regression analysis includ-
ing gender, age and T-category, cytoplasmic
ITF-2B negativity indicated an independent rel-
ative risk of 1.91 of poor overall survival and of
1.75 of disease recurrence compared to ITF-2B
positivity (P=0.033 in each case).

Cytoplasmic ITF-2B staining in microsatellite
stable (MSS) colorectal carcinomas correlated
with patient survival

Since colorectal carcinomas with high levels of
microsatellite instability (MSI-H) have a good
prognosis, we analyzed if ITF-2B levels were
correlated with survival or disease recurrence
of the affected patients. For MSI analyses
material was available in 177 cases. 63 (36%)
cases showed microsatellite instability. Within
this group of microsatellite instable cases no
correlation was found between cytoplasmic ITF-
2B levels and intensity of nuclear ITF-2B stain-
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ing with B-catenin regulation pattern, clinico-
pathological variables or patients’ survival
(data not shown).

When comparing cytoplasmic ITF-2B levels and
intensity of nuclear ITF-2B staining in microsat-
ellite stable (MSS) cases with the clinicopatho-
logical variables age, gender, T-category and
KRAS mutation status of the carcinoma, no cor-
relation was observed applying Fisher’'s exact
test (data not shown). In Kaplan-Meier analyses
cytoplasmic ITF-2B positivity and intensity of
nuclear ITF-2B staining were associated with a
significant better overall survival of patients
with MSS colorectal carcinomas (P=0.013 and
P=0.033 respectively; Supplementary Figure
1). In contrast, cytoplasmic ITF-2B positivity
and intensity of nuclear ITF-2B staining were
not associated with progression free survival
(P=0.092 and P=0.105, respectively). In multi-
variate Cox regression analysis, cytoplasmic
ITF-2B negativity in MSS carcinomas indicated
an independent relative risk of 2.58 compared
to ITF-2B positivity of poor overall survival
(P=0.023). Intensity of nuclear staining proved
to be an independent factor for overall survival
in a multivariate Cox regression analyses
(HR=1.55; P=0.045).

Cytoplasmic ITF-2B levels in KRAS mutated
colorectal carcinomas correlates with patient
survival

Because KRAS is capable of dissociating
B-catenin and E-cadherin and thereby pro-
motes the transcription of [-catenin target
genes, for example the ITF2 gene, we were
interested to find out if patients with KRAS
mutations benefit from ITF-2B protein. Material
for KRAS mutational analyses was available in
180 cases. 68 (38%) cases displayed KRAS
mutation in exon 2 codon 12 or codon 13.
Within this group of KRAS mutated cases, 51
(75%) cases showed positive cytoplasmic ITF-
2B levels. Cytoplasmic ITF-2B was significantly
found more often in cases with conserved
B-catenin regulation (P=0.021). No association
was found with age (P=0.552), gender
(P=0.556), T-category (P=0.656) and MSI
(P=0.272). In accordance with a previous publi-
cation [9, 16], the comparison of the survival
curves for patients with KRAS mutations and
wild-type KRAS did not show a significant differ-
ence in overall survival (P=0.640; Figure 2A). In
KRAS wild-type cases no correlation was found
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between cytoplasmic ITF-2B levels and
patients’ overall and progression free survival
(P=0.635 and P=0.917, respectively). Re-
markably, in Kaplan-Meier analyses cytoplas-
mic ITF-2B levels correlated significantly with a
better overall and progression free survival of
patients with KRAS mutations (P=0.001 and
P=0.023, respectively; Figure 2B and 2C).
Cytoplasmic ITF-2B negativity indicated an
independent relative risk of 4.71 compared
to ITF-2B positivity for overall survival and 2.57
for progression free survival in a multivariate
Cox regression analysis including gender, age
and T-category (P=0.002 and P=0.024, res-
pectively).

Discussion

Aberrant activation of B-catenin occurs early in
colorectal carcinogenesis and contributes to
the development of adenomatous lesions.
Deregulation of p-catenin also results in
enhanced transcription of the gene ITF2,
encoding the protein ITF-2B, in adenomas [9].
However, with increasing carcinoma stages ITF-
2B levels are strongly reduced, suggesting that
reduction of ITF-2B levels might be necessary
for the progression of adenomas to colorectal
carcinomas [9, 10]. This notion is supported by
previous publications suggesting that patients
with an intact chromosomal arm 18q have a
better prognosis [8]. Furthermore, Shin et al.
found that loss of ITF-2B in colorectal carcino-
ma tissues was associated with poor patient
outcomes [17]. To extend these data, we ana-
lyzed a well-characterized, homogeneous col-
lection of T2 and T3, NO, MO human colorectal
carcinomas, since the majority of late stage
carcinomas frequently lost ITF-2B protein and
have a poor prognosis in general. Our results
demonstrated that patients with colorectal car-
cinomas have a better survival if their carcino-
mas show cytoplasmic ITF-2B protein levels. In
addition, cytoplasmic ITF-2B negativity proved
to be an independent prognostic marker for
poor survival. The observation that detection of
cytoplasmic ITF-2B is correlated with better
survival is surprising since ITF-2B has been pri-
marily described as a transcription factor. A
similar distribution pattern has been described
for the bHLH protein BHLHB2: In normal pan-
creatic cells, it is detected in the nucleus.
However, in cancer cells BHLHB2 was also
localized in the cytoplasm [18]. Furthermore,
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patients with endometrial cancer showed pre-
dominantly cytoplasmic localization of the
bHLH protein TWIST [19]. This data suggests
that the bHLH protein ITF-2B protein also has
cytoplasmic functions that interfere with the
development of carcinomas and recurring
diseases.

Interestingly, high cytoplasmic ITF-2B levels in
colorectal carcinomas with KRAS mutations
were associated with a better survival com-
pared to corresponding carcinomas lacking
cytoplasmic ITF-2B. Additionally patients with
MSS carcinomas showed increased overall sur-
vival rates if these carcinomas were positive for
ITF-2B either in the nucleus or in the cytoplasm.
These observations support the notion that ITF-
2B interferes with the progression of colorectal
carcinomas. In contrast patients with microsat-
ellite instability did not benefit from ITF-2B posi-
tivity confirming that MSI colorectal carcinomas
are low-risk carcinomas.

In summary, we conclude that detection of
cytoplasmic ITF-2B levels in colorectal carcino-
mas is a useful prognostic marker to identify
patients that have increased overall survival
rates and a lower risk to suffer from disease
recurrence. However, prospective studies have
to confirm the prognostic value of ITF-2B detec-
tion and mouse models would help to elucidate
the effect of KRAS on the amount of ITF-2B and
the role of ITF-2B in this context [20].
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ITF-2B-a prognostic biomarker
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Supplementary Figure 1. Correlation of ITF-2B staining with overall survival in MSS cases. A. Kaplan-Meier plot
of colorectal cancer specimens (n=213) demonstrated significant (log-rank test) better overall survival in patients
with detectable cytoplasmic ITF-2B levels (p=0.013). B. Kaplan-Meier plot demonstrated significant better overall
survival in patients with detectable intensity of nuclear ITF-2B staining (p=0.033).



