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Abstract

AIM: To determine the expression and clinical signifi-
cance of transcriptional intermediary factor 1 gamma
(TIF1ly), Smad4 and transforming growth factor-beta
(TGFBR) across a spectrum representing colorectal can-
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cer (CRC) development.

METHODS: Tissue microarrays were prepared from ar-
chival paraffin embedded tissue, including 51 colorectal
carcinomas, 25 tubular adenomas (TA) and 26 HPs,
each with matched normal colonic epithelium. Immuno-
histochemistry was performed using antibodies against
TIFly, Smad4 and TGFBRII. The levels of expression
were scored semi-quantitatively (score 0-3 or loss and
retention for Smad4).

RESULTS: Overexpression of TIFly was detected in
5/26 (19%) HP; however, it was seen in a significantly
higher proportion of neoplasms, 15/25 (60%) TAs and
24/51 (47%) CRCs (P < 0.05). Normal colonic mucosa,
HP, and TAs showed strong Smad4 expression, while
its expression was absent in 22/51 (43%) CRCs. Over-
expression of TGFRRII was more commonly seen in
neoplasms, 13/25 (52%) TAs and 29/51 (57%) CRCs
compared to 9/26 (35%) HP (P < 0.05). Furthermore,
there was a correlation between TIF1ly overexpression
and Smad4 loss in CRC (Kendall tau rank correlation
value = 0.35, P < 0.05). The levels of TIFly overex-
pression were significantly higher in stage III than in
stage I and I CRC (P < 0.05).

CONCLUSION: The findings suggest that over-expres-
sion of TIFly occurs in early stages of colorectal car-
cinogenesis, is inversely related with Smad4 loss, and
may be a prognostic indicator for poor outcome.

© 2011 Baishideng. All rights reserved.
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INTRODUCTION

Colorectal cancer (CRC) continues to be a significant cause
of morbidity and mortality worldwide with over 1 million
new cases diagnosed each year!". Recent advances in treat-
ment include both cytotoxic chemotherapies and novel
biologic agents targeting specific cellular signaling path-
ways that regulate cell proliferation, apoptosis, and angio-
genesis. The transforming growth factor-beta (TGE-3)
signaling pathway is important in colorectal carcinogen-
esis and provides potential therapeutic molecular targets™.

The TGF-f signaling pathway is composed of TGF-f3
receptor type I (I'GFBR 1) and type II (TGFBRI) and
Smad proteins. TGF-f ligands bind directly to membra-
nous TGFBRII, trans-phosphorylating TGFBR I and en-
abling the TGFPR I kinase domain to act on cytoplasmic
receptor-regulated Smad proteins (R-Smads)™. TGF-B
plays a unique dual role in growth suppression and cel-
lular proliferation. In the normal colon, TGF-3 may act
as a tumor suppressor, inhibiting cellular proliferation
and inducing apoptosis. Conversely in late stages of CRC,
TGF-B acts as a tumor promoter, stimulating invasion
and angiogenesis™. The specificity in TGF-B activity is
determined by R-Smads that propel downstream signal-
ing through nuclear translocation and activation of target
transcription genes. Development of hyperplasia, adeno-
ma, CRC, and finally metastasis often involve inactivation
of tumor suppressor genes and activation of oncogenes
resulting in alterations in cell proliferation, apoptosis, mi-
gration, and invasion at the cellular level.

Transcriptional intermediary factor 1 gamma (also
termed TIF1y/TRIM33/RFG7/PTC7/Ectodermin)
functions as a cofactor of the TGF-§ signaling pathway.
However, TIF1y’s precise functional role is not clear. It is
proposed to have functions both dependent and indepen-
dent of R-Smads. TIF1y acts as a regulator of the TGF-f3
pathway through multiple R-Smad dependent mecha-
nisms including by (1) targeting cytoplasmic Smad4 for
degradation'”; (2) disrupting Smad-Smad complex forma-
tion; and (3) targeting nuclear Smad4 for degradation[s‘.
In an R-Smad independent model, TIF1y is reported to
act as a new co-Smad required for TGF-3 signaling dur-
ing human erythropoiesis[g]. Thus TIFly can function as
either a negative regulator or a complementary agonist of
TGF-f signaling,

Prior studies have shown that Smad4 deletion occurs
in 16%-25% of CRCs and low levels of Smad4 suggest
a poor response to therapy and short survival'™'". Both
TGFBRII and Smad4 mutations are reported to occur at
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the early stage of transition of adenoma to carcinoma''",

An inverse relationship between the expression of Smad4
and TIF1y has been proposed based on 7 vitro studies'”
whereas studies on pancreatic cystic tumors suggest that
the two factors complement each other in tumorigen-
esis"?. The expression and the role of TIF1y in colorectal
carcinogenesis remain unknown. This study is designed
to analyze the expression of TIFly in CRC and its pre-
cancerous lesion (i.e., adenoma) in comparison with non-
neoplastic lesions [hyperplastic polyps (HP)] and normal
epithelium by immunohistochemical methods, and to
assess the prognostic significance of abnormal TIF1y ex-
pression for CRC.

MATERIALS AND METHODS

Specimens

Formalin-fixed paraffin embedded archival tissue blocks
of 51 colorectal carcinomas, 25 tubular adenomas (TA),
26 HPs, excluding sessile serrated polyp/adenoma mor-
phologically with their normal epithelium were retrieved
from the Department of Pathology, Tisch Hospital, New
York University Medical Center between 2007 and 2009.
Normal control tissue from each patient was taken from
the margin of the resection specimen and from different
parts or adjacent normal (non-neoplastic) tissue in the
same patient. The study was approved by Institutional Re-
view Boatd. Clinical and pathological data of each patient
wete obtained including age, sex, tumor size, tumor loca-
tion, grade, type, stage and the status of Kras mutation.
The type and differentiation of all neoplasms was evalu-
ated by two independent pathologists (Cristina Hajdu and
Ru-Liang Xu). Tissue microarrays (TMA) wete prepared
by using a 3-mm biopsy punch needle. Two representative
cores from each lesion and 1 core from normal epithe-
lium were taken from archival paraffin-embedded tissue
blocks. Hematoxylin-cosin staining was performed for
histological characterization.

Imunohistochemical staining for TIF1y, Smad4 and
TGFBRII

Immunohistochemistry (IHC) was performed using single
label technique by the NexES automated immunostainer
and detection system (Ventana Medical Systems, Tucson,
AZ, United States). Four micron-thick sections were
deparaffinized in xylene, rehydrated through graded al-
cohols, and rinsed in distilled water. All incubations were
carried out at 37 'C unless otherwise noted. After deparaf-
finization, heat induced epitope retrieval was performed
by microwaving sections with 0.01 M, pH 6.0 citrate
buffer for 20 min in a 1200 watt microwave oven. Endog-
enous peroxidase was blocked by application of hydrogen
peroxide for 4 min. Monoclonal antibodies against TIF1y
(TIF1gamma: sc-101179, Santa Cruz), Smad4 (Smad4:
sc-7966, Santa Cruz, Biotecnology Inc, Santa Cruz, Cali-
fornia, United States) and TGFBR I (TGFbeta2 receptor:
ab28382, Abcam) at (1:50), (1:200) and (1:300) dilution
respectively were applied to the TMAs followed by adding
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Table 1 Correlation of transcriptional intermediary factor 1
gamma overexpression, Smad4 inactivation, and transforming

growth factor-beta receptor type II overexpression with vari-
ous clinicopathological features (%)

n TIF1y Smad4 TGFBRII
overexpression loss overexpression

Stage

I+1 30 10 (33.3) 11 (36.6) 15 (50.0)

I 21 14 (66.7)" 11 (52.4) 14 (66.6)
Grades of differentiation

Well-mod 37 18 (48.6) 18 (48.6) 27 (73.0

Poor 8 4 (50.0) 2 (25.0) 2 (25.0)

Mucinous 6 2(33.3) 2(33.3) 0 (0.0)

Site

Right 27 10 (37.0) 10 (37.0) 13 (48.2)

Left 16 10 (62.5) 7 (43.8) 10 (62.5)

Rectal 8 4 (50.0) 5 (62.5) 6 (75.0)
Kras mutation

Present 11 6 (54.5) 9 (81.8)" 8 (72.7)

Absent 26 10 (38.5) 11 (42.3) 14 (53.8)

°P < 0.05. TIF1y: Transcriptional intermediary factor 1 gamma; TGFBRII:
Transforming growth factor-beta receptor type 1II.

a biotinylated goat anti-rabbit for 8 min, and subsequently
by the application of streptavidin-horseradish peroxi-
dase for 8 min. The reaction was visualized by applying
chromogen, 3,3’-diaminobenzidine/hydrogen peroxide
mix for 8 min and copper sulfate for enhancement for an
additional 4 min. Slides were then counterstained with he-
matoxylin, dehydrated, and mounted in permanent media.
Primary antibody was omitted in negative controls.

Immunohistochemical labeling for TIF1y, Smad4 and
TGFBRI was evaluated by three independent authors
with the agreement in all cases examined. Cytoplasmic
staining of TGFBRII and nuclear staining of TIF1y was
considered positive. The immunolabeling pattern of each
case was scored based on the percentage of cells with
positive staining and intensity. Intensity was scored semi-
quantitatively as: strong (3+), moderate (2+), weak (1+)
and negative (0). Final score was determined as the high-
est intensity score obtained by > 20% of positively stained
cells. Final expression was determined by adjusting for the
staining score on corresponding normal epithelium. Over-
expression of TIFly and TGFBRII in the neoplasm was
considered if the adjusted final score was = 1.

For Smad4, the immunostaining pattern of each case
was scored as “no loss” (positive) or “loss” (negative).
Normal colonic epithelium served as a positive control
showing strong nuclear staining. Neoplasms and HP were
scored as “no loss” if the neoplastic or hyperplastic epi-
thelium showed any nuclear labeling and as “loss” if they
showed no or only faint cytoplasmic staining with total
absence of nuclear Smad4 protein.

Kras mutation

Out of 51 CRCs cases, 37 cases had Kras mutation data.
Kras genotyping was performed using polymerase chain
reaction with exon 2 flanking primers followed by capil-
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lary gel electrophoresis fluorescence detection in the Mo-
lecular Diagnostic Laboratory, Genzyme, Inc. This assay
analyzes codons 12 and 13 in exon 2 of the Kras gene.
However, mutations in codon 61 and other sites were not
tested. The analytical sensitivity of the assay is approxi-
mately 10%, thus mutations present in a low percentage
of cells may not be detected.

Statistical analysis

Summary data were expressed as proportions and pet-
centages. Compatisons among groups were petformed
using y” test. Correlation between the different protein
expression and clinical variables was performed by Ken-
dall tau rank correlation test. Probability values of 0.05
or less were considered significant. Linear predictive
module was used to predict the stage of the cancer ac-
cording to different variables.

RESULTS

We studied the expression of TIF1y in association with
Smad4 and TGFBRII in TA (# = 25) and CRC (z = 51)
in comparison with matched normal control and non-
neoplastic lesions or HP (» = 26). Of the 51 CRCs 37
(72%) were well-to-moderately differentiated, 8 (15%)
poorly differentiated, and 6 (11%) mucinous adenocar-
cinoma. According to the TNM staging system by the
American Joint Committee on Cancer, 16 (31.3%) were
stage |, 14 (27.4%) stage I, and the remaining 21 (41.2%)
stage Ill. Lymph node metastases were present in 21
(41.2%) of the CRCs at the time of diagnosis. The clini-
cal and pathologic charactetistics of the 51 patients with
CRC were collected. The median age of the 51 individu-
als diagnosed with CRC was 70 £ 10.8 years (42-85 years),
and 27 of 51 (52.9%) were men. Patients showed no sex
predilection. Twenty-seven (41%) of the lesions diag-
nosed as CRCs were located in the proximal colon (right
side), 16 (45%) wete in the distal colon (left side), while
8 (13%) were in the rectum. None of the patients diag-
nosed with CRC received neoadjuvant therapy. The mean
size of the 51 tumors was 4.3 cm * 1.7 cm. The levels of
nuclear or cytoplasmic expression of TIFly, TGFBRII,
and Smad4 were cortelated with patient’s clinical and Kras
mutation status (Table 1).

Increased TGFBRII expression in TA and CRCs

TGFBRII expression was observed in the cytoplasm of
the normal epithelium and its intensity varied from 1+ to
2+ in all the cases (Figure 1A, B and C). Increased expres-
sion was more commonly seen in neoplastic lesions, TA
(13/25 or 52%) and CRC (29/51 ot 57%), as compared
to HP (9/26 or 35%) (P < 0.05) (Figure 2). Howevet, no
statistical difference was found in overexpression between
CRC and TA. Increased expression of TGFBRII was
more frequent in well-to-moderately differentiated carci-
nomas compared to poorly differentiated lesions (73% us
25%). Overexpression of TGFBRII was not observed in
mucinous type carcinomas. TGFBRII expression in CRC
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Figure 1 Semi-quantitative inmunohistochemistry scoring of transcriptional intermediary factor 1 gamma, Smad4 and transforming growth factor-beta
receptor type Il overexpression. Immunohistochemistry (IHC) staining for transforming growth factor-beta receptor type I shown in A, B, C: Weak cytoplasmic (0-1+)
staining seen in normal colonic mucosa (A). Moderate (2+) cytoplasmic and weak (0-1+) membranous staining in the tubular adenoma (TA) (B). Strong cytoplasmic
and focal membranous staining in the cancer cells (C). IHC staining for Smad4 shown in D, E, F: Strong (3+) Smad4 staining seen in normal colonic mucosa (D). Tu-
mour cells showing strong (3+) expression of Smad4 protein in the nucleus and cytoplasm (E). Adenocarcinoma with loss of Smad4 in the nuclei (F). IHC staining for
transcriptional intermediary factor 1 gamma (TIF1y) shown in G, H, I: Weak (1+) nuclear staining for TIF1y seen in normal colonic mucosa (G), moderate (2+) nuclear

staining seen in TA (H), strong nuclear staining (3+) in cancer cells (1) (400 x).

lesions did not correlate with patient age, sex, site, size,
stage or Kras mutation.

Loss of Smad4 expression in CRC

Normal colonic epithelium displayed uniformly dis-
tributed strong (3+) nuclear Smad4 staining but in oc-
casional cases staining was stronger at the bottom of
the crypts (Figure 1D, E and F). While none of the HP
or TAs showed loss of expression of Smad4 (Table 1),
a significant proportion of CRC cases (22/51 or 43%)
completely lacked the nuclear expression of Smad4. The
lack of Smad4 expression was more frequent in primary
CRC with lymph node metastasis (11/21 or 52.4%) than
without lymph node metastasis (11/30 ot 36.6%0). Of 37
cases of CRC with available data of Kras mutation status,
11 cases had mutations in codon 12 or 13. The loss of
Smad4 expression was significantly higher in CRCs with
Kras mutations (9/11 or 81.8%) than the cases without
(11/26 or 42.3%) (P < 0.05). Thete was no significant
difference in the expression loss of Smad4 related to the

(4%
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age, sex, site, size and grade of CRC.

Overexpression of TIF1y in hyperplastic and neoplastic
lesions

TIF1y protein was located in the nucleus of normal co-
lonic epithelium on IHC with intensity of 1+ to 2+ in the
majority (96%) of cases, and 3+ nuclear staining in 4%
normal epithelium. The staining was seen predominantly
in the lower part of the crypts in comparison to the lumi-
nal (Figure 1G, H and I). Increased expression of TIF1ly
was more frequently seen in neoplasms, TA (15/25 or
60%) and CRC (24/51 or 47%) than HPs (5/26 or 19%)
(P < 0.05). There was no statistical difference in TIF1y
overexpression between TA and CRC (P < 0.05) (Figure 2).

Association of overexpression of TIF1y with higher
stage CRC

The frequency of TIF1ly overexpression was significantly
higher in stage Il CRC in comparison to stage I and
I CRC (P < 0.05). Using a linear predictive module for
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B TIF1ly overexpression
70% [0 Smad4 loss
[J TGFBRI overexpression
60%

50%
40%
30%
20%

10%

0%

CRC with nodal
metastasis (19)

Percentage of cases with protein overexpression or loss

HP(26) TA(25) CRC(51)

Figure 2 Comparison of transcriptional intermediary factor 1 gamma over-
expression, Smad4 loss, and transforming growth factor-beta receptor
type II overexpression among hyperplastic polyps, tubular adenomas,
and colorectal cancer. HP: Hyperplastic polyps; TA: Tubular adenomas;
CRC: Colorectal cancer; TIF1y: Transcriptional intermediary factor 1 gamma;
TGFBRII: Transforming growth factor-beta receptor type 1I.

the higher stage (IIl), the predictivity was 67% by TIF1y
overexpression in comparison to the marginal predictivity
(58%) by loss of Smad4. However, there was no statistical
difference in TIF1y overexpression between the primary
tumors and matched lymph node metastasis (P > 0.05).
There was no significant difference in the expression of
TIF1y related to the age, sex, site, size, grade and Kras
mutation of CRCs (P> 0.05) (Table 1).

Correlation between overexpression of TIF1y and
abnormal expression of Smad4 and TGFSRII in CRC
To determine the relationship among the levels of expres-
sion for TIF1y, Smad4 and TGFBRII, we performed
Kendall tau rank correlation test. In CRC a significant
correlation was seen between TIF1ly overexpression and
Smad4 loss (Kendall tau value 0.35, P < 0.05). There
was no significant correlation between Smad4 loss and
TGEBRII overexpression in CRC, or between TIF1y and
TGEFBRII overexpression in CRC, TA or HP.

DISCUSSION

Our study has evaluated the expression of important me-
diators, TIF1y, Smad4 and TGFBRII, in TGF-f signaling
pathway in normal epithelium, HP (benign nondysplastic
lesion), TA (precursor lesion) and CRC by semi-quantita-
tive IHC analysis. TGF-p, belonging to a ligand-receptor
family that also includes bone morphogenetic protein and
activin, is often excessively produced in CRCs, presum-
ably owing to loss of feedback inhibition with disruption
of its intracellular Smad signaling pathway. The autocrine
activity from elevated secretion of TGF-f ligand increas-
es expression of TGFBRI to unmask the interruption
of Smad-dependent signaling to suppress tumor growth.
A similar phenomenon has been reported previously
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vitro in prostate cancer cells™. Our study also showed
increased expression of TGFBRII in TA (52%) and well-
to-moderately differentiated CRCs (73%). Functional
mutations in TGFBRI have been reported in approxi-
mately 30% of CRCs in later stage[M’ISJ. Low TGFBRII
expression was found in poorly differentiated CRC (25%),
similar to previous studies. The finding represents fail-
ure of TGF-f antiproliferative and apoptotic effects in
advanced CRC and other cancers"*". Smad4 protein
expression was absent in a significant proportion (43%)
of CRC cases, which is consistent with literature!”. None
of normal epithelium, HP and TAs displayed Smad4
loss, supporting that Smad4 loss occurs at a later stage in
colorectal carcinogenesism’ A

This is the first report attempting to elucidate the
role of TIF1ly in colorectal carcinogenesis and its inter-
action with Smad4, a key regulator of TGF-f signaling
pathway. TIF1y is the third member of the TIF1 gene
family observed in the nucleus of normal epithelium and
cancer cells and has been shown to selectively bind to
receptor-activated Smads 2 and 3" 1In the present study
TIF1y overexpression was seen in non-dysplastic or non-
precursor lesion HP (19%), and more frequently found in
neoplasms, TA (60%) and CRC (47%) (P < 0.05 respec-
tively). This suggests that TIF1y is involved in abnormal
cell proliferation and eatly stages of colorectal carcino-
genesis, as compared to Smad4 loss which was only seen
in later adenoma stage and CRC. This finding is, however,
different from the results in human pancreatic ductal ad-
enocarcinoma, which conversely showed down-regulation
of TIF1y".

In a mouse model of pancreatic carcinogenesis, TI1F1y
was shown to be in cooperation with Kras activation to in-
duce pancreatic tumors, reminiscent of human Intraductal
Papillary Mucinous Neoplasmslm. In our study, we did
not find a positive relationship between the expression of
TIF1y and common mutations (codon 12 or 13 of exon
2) of Kras in CRC, but showed an inverse relationship
between Smad4 loss and Kras mutation. This may suggest
that interaction between TGF-3 tumor suppressing path-
way and Ras-MAPK pathways is different in colorectal
carcinogenesis from in its pancreatic counterpart. Howev-
er, this observation may be biased because of a relatively
small number of samples. A large sample size study and/
or an animal model is needed to provide a more definite
answet.

A significant correlation between TIF1y overexpres-
sion and Smad4 loss suggests a mutual interaction be-
tween the two molecules similar to the result demonstrat-
ed 7 vitro in breast, colon and pancreatic Smad4-defective
cancer cell lines”. Recently it has been shown that TIF1y
acts as a general inhibitor of TGF-f and bone morpho-
genetic proteins (BMP) signaling pathways by acting as
an B3 ubiquitin ligase causing Smad4 ubiquitination and
degradationm. Consistent with this hypothesis, our find-
ings suggest that TIF1y is overexpressed in early stages,
and possibly acts by degradation of Smad4 disrupting
its tumor suppressor activity leading to progression of
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adenoma-carcinoma sequence. Our results, however,
are only based upon immunohistochemical study, and
further conformational study is needed to support the
above conclusions.

In addition to its role in abnormal proliferation and
early carcinogenesis, we found a significantly high ex-
pression of TIF1y in stage Il CRC with nodal metasta-
sis in comparison to stage [ and II CRC. Using a linear
predictive module for advanced stage Il in comparison
to stage 1/2, Smad4 loss had marginal predictivity (58%)
in comparison to 67% by TIF1ly overexpression. The
findings suggest that TIF1y might also be involved in tu-
mor progression. Consistent with eatlier reports, the fre-
quency of Smad4 loss was also higher in stage Il CRC
in comparison to stage [ /1l CRC"". This further indi-
cates that TIF1y and Smad4 could possibly act in collab-
oration with each other during colorectal carcinogenesis.
Statistical differences in TIF1y and Smad4 expression
based on tumor size, site and grade cannot be concluded
from the present study. Combined TIF1y and Smad4
expression may serve as a marker for high stage disease
in colon biopsy specimen. Since a large proportion of
CRCs in our patients are located in the left side, further
study is needed to clarify the relationship between the
microsatellite stability of CRC and TIF1y and/or Smad4
expression.

In summary, overexpression of TIFly occurs in as-
sociation with abnormal proliferation and in early stages
of colorectal carcinogenesis. It shows an inverse rela-
tionship with Smad4 loss, suggesting that TIF1y may
have a collaborative effect with Smad4 in colotrectal car-
cinogenesis. Our study also found that overexpression
of TIF1y is associated with high tumor stage, indicating
that it is a poor prognostic factor. Further molecular
studies are needed to evaluate the role of TIF1y in colo-
rectal carcinogenesis, its interaction with other factors in
TGFB/BMP pathways, and udlity as a prognostic matker
for CRC.

COMMENTS

Background

Colorectal cancer (CRC) continues to be a significant cause of morbidity and
mortality worldwide despite recent development of new therapy, mainly be-
cause the molecular mechanisms underlining the colorectal carcinogenesis are
not completely understood. Transcriptional intermediary factor 1 gamma (TIF1y)
is a recently identified cofactor of Smad4, a key part of transforming growth
factor-beta (TGF-B) signaling pathway. It has been shown that TIF1y plays an
important role in early embryonic development and potentially is involved in
carcinogenesis in some organs or systems. Hitherto, the role of this factor in
colorectal carcinogenesis and the significance of the abnormal expression in
the gastrointestinal tract are unknown.

Research frontiers

TIF1y functions as a cofactor of the TGF-f3 signaling pathway, acting on Smad4
or Smads complex by ubiquitination. Smad4 as a tumor suppressor has been
shown to be a prognostic factor in a subset of patients with CRC. In a mouse
model the inactivation of this protein appeared to cooperate with Kras mutation
(G12D) to induce cystic tumors of the pancreas, and the down-regulation of
this protein was seen in pancreatic ductal carcinoma. This study is designed
to analyze the expression of TIF1y in CRC and its precancerous lesion (i.e.,
adenoma) in comparison with a non-neoplastic lesion (hyperplastic polyps)
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and normal epithelium by an immunohistochemical method, and to explore the
prognostic significance of abnormal TIF1y expression in CRC. Correlation with
abnormal expression of Smad4, TGFBR1 in TGF-B pathway and Kras muta-
tion in CRC has also been investigated.

Innovations and breakthroughs

This is the first study attempting to elucidate the role of TIF1y in colorectal
carcinogenesis and to determine its interaction with Smad4, a key regulator
of TGF-B signaling pathway and Kras mutation in CRC. The findings suggest
that TIF1y is overexpressed in early stages, independently from the inaction of
Smad4 protein and Kras mutation. This study further demonstrates that over-
expression of TIF1y is associated with high stage of CRC, indicating that it is a
poor prognostic factor.

Applications

The results will open an avenue for further research to evaluate the role of
TIF1y in colorectal carcinogenesis, its interaction with other factors in TGFp/
bone morphogenetic proteins pathways, and to elucidate its utility as prognostic
marker for CRC.

Terminology

The TGF-B signaling pathway is involved in regulating cell proliferation, apop-
tosis, and angiogenesis. TIF1y (also termed TIF1y/TRIM33/RFG7/PTC7/Ecto-
dermin) functions as a cofactor of the TGF-B signaling pathway, proposed to
have functions both dependent and independent from receptor-regulated Smad
proteins. Understanding the pathways involved in carcinogenesis provides po-
tential prognostic value and facilitates novel therapeutic molecular targets.
Peer review

This is a new insight into colorectal carcinogenesis, which deserves publishing.
One would like to see the results confirmed with alternate techniques e.g., other
expression studies. The English is good. The number of samples is adequate.
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