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Polypeptide-GalNAc-T6 expression predicts better
overall survival in patients with colon cancer
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Abstract. Colorectal carcinoma (CRC) is the second leading
cause of cancer mortality worldwide. O-glycosylated mucins
at the cell surface of colonic mucosa exhibit alterations in
cancer and are involved in fundamental biological processes,
including invasion and metastasis. Certain members of the
GalNAc-transferase family may be responsible for these
changes and are being investigated as novel biomarkers of
cancer. In the present study the prognostic significance of
GalNAc-T6 was investigated in patients with CRC patients.
GalNACc-T6 expression was observed in all three colon cancer
cell lines analyzed by reverse transcription-polymerase chain
reaction, immunofluorescence and flow cytometry. A cohort
of 81 colon cancer specimens was analyzed by immunohisto-
chemical staining using MAb T6.3. It was demonstrated that
GalNAc-T6 was expressed in 35/81 (43%) cases of colon cancer
but not in the normal colonic mucosa. No association was
observed with the clinical-pathologic parameters. However,
patients expressing GalNAc-T6 had a significantly increased
overall survival (median, 58 months; P<0.001) compared with
GalNAc-T6 negative patients, especially those with advanced
disease. These results suggest that GalNAc-T6 expression
predicts an improved outcome in patients with CRC. The
molecular mechanism underlying the less aggressive behavior
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of colon cancer cells expressing GalNAc-T6 remains to be
elucidated.

Introduction

Colorectal carcinoma (CRC) is the most common of the
gastrointestinal malignancies, and the second leading
cause of cancer death in most countries. Colon cancer
tissues commonly produce secreted and cell surface-bound
mucins (1), which are glycoproteins carrying large numbers
of O-linked oligosaccharides, accounting for up to 80% of the
molecular mass. Alteration in O-glycan profiles is a hallmark
of cancer development, which determines the expression of
truncated O-glycosylated tumor-associated antigens (2,3).
These glycoproteins are involved in fundamental biological
processes, such as invasion and metastasis (4) as well as in
the epithelial-mesenchymal transition (EMT) process (5).
Mucins of human colon cancer cells commonly express
several types of short O-glycan antigens, that can be identi-
fied using monoclonal antibodies, but not detected in normal
colorectal cells (6). The most extensively characterized are
Tn, STn and T antigens (7,8), but the expression by colon
cancer tissues of others unusual truncated O-glycans, such the
Tk antigen (9) and the core6 structure (10) was also reported.
Cancer-associated mucin antigens can be exploited in diag-
nosis and prognosis (3), and for the development of cancer
vaccines (11,12). The synthesis of O-linked glycosylation is
started in the Golgi apparatus by the covalent linkage of an
a-N-acetylgalactosamine residue (GalNAc) to the hydroxyl
group of Ser/Thr residues. This reaction is catalyzed by
the family of UDP-N-acetyl-D-galactosamine:polypeptide
N-acetylgalactosaminyltransferase (GalNAc-Ts, EC 2.4.2.41)
composed at least by 20 members in humans (13). Following
the synthesis of GalNAca-O-Ser/Thr (Tn antigen) other
sugar residues are incorporated. In total, 8 mucin-type core
structures can be distinguished, depending on the second
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sugar and its sugar linkage, in a process controlled by specific
glycosyltransferases (14).

The colon mucus layer is formed by polymerized mucins,
primarily MUC?2, that are produced by goblet cells (15). Unlike
core 1-derived O-glycans that are present in most tissues (16),
core 3-derived O-glycans are expressed predominantly in
normal colonic epithelial cells (17). Several evidences support
the concept that normal mucins and O-glycans are key compo-
nents in colon tissues and that defects in their expression may
be associated with an increase in the susceptibility for inflam-
matory diseases and cancer development (18,19). For example:
i) The loss of core 1-derived O-glycans led to a rapid induction
of severe spontaneous colitis in mice by 2 weeks after birth (20);
ii) the absence of membrane-bound mucin Mucl leads to the
exacerbation of chronic inflammations in both Thl-mediated
and Th2-mediated colitis models (21); iii) Muc2-deficient
mice (Muc2-/-) developed adenomas at 6 months of age, which
progressed to invasive adenocarcinoma in the small intestine
as well as rectal tumors at an older age (22), suggesting that
Muc?2 play a role in the suppression of intestinal cancer;
iv) mice lacking core 3 B1,3-N-acetylglucosaminyltransfe
rase (C3GnT), an important enzyme for the synthesis of core
3-derived O-glycans, exhibited an increased susceptibility to
experimental colitis and colorectal adenocarcinoma (23); v) in
addition, it was found that inactivating somatic and germline
mutations in the gene encoding for GalNAc-T12 (GALNTI2)
(a gene highly expressed in the normal colon), are associated
with colon cancer development (24).

One of the underlying causes of glycosylation changes in
cancer is deregulated expression or localization of glycosyl-
transferases and associated proteins within the tumor cell.
In CRC mutations in several genes of glycosylation pathway
has been demonstrated (25). Among glycosyltransferases,
GalNAc-Ts have been found to be differentially expressed
in malignant tissue compared to normal tissue (26-28).
Numerous evidences support the role of some GalNAc-Ts
in cancer biology (29). It was found that overexpression
of GALNT3 promotes pancreatic cancer cell growth (30).
Increasing evidences suggest that these enzymes might be
useful tumor markers. For example, GalNAc-T3 expression
has been shown to correlate with prognosis in patients with
lung (31,32) and gallbladder cancer (33). GalNAc-T5 expres-
sion was markedly reduced in gastric cancer tissues compared
with non-malignant gastric mucosa and was an independent
prognostic marker for the overall survival of gastric cancer
patients (34). GALNTI4 expression was highly associated
with lower recurrence-free survival in non-small cell lung
cancer (NSCLC) patients (35). GalNAc-T14 also promotes
invasive properties of lung adenocarcinoma cells through Wnt
dependent HOXBO expression (36). We demonstrated that
GALNT®6 expression in bone marrow samples correlated with
poor clinical outcome in lymph node-negative breast cancer
patients (37). We have also shown, in a human neuroblastoma
model, that GALNTI3 was the most strongly up-regulated
gene in metastatic neuroblasts compared with primary tumor
xenograft (38). In the same study, we demonstrated that
GALNTI3 expression in bone marrow of neuroblastoma
patients at diagnosis was a strong predictor of poor clinical
outcome. In contrast we found that the brain specific gene
GALNT?9 is present in neuroblasts derived from primary tumor
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but absent in bone marrow metastatic ones. In a cohort of 122
neuroblatoma patients, GALNT9 expression in primary tumor
was associated with higher overall survival, independently of
the standard risk-stratification covariates (39). In this context
GalNAc-Ts are emerging as novel prognostic markers and
potential new targets for tumor treatments.

Expression of GalNAc-T1, -T2, -T3, -T4 and -T12 was
reported in normal colon tissues (13,40-42). Several observa-
tions support an important role of some of these isoenzymes in
colon carcinogenesis and tumor behavior. For example, some
evidences confer to GalNAc-T12 a protective role against colon
cancer development (24). Loss of GalNAc-T3 expression was
correlated with a higher metastatic potential in a mouse colon
cancer model (43) and, in the same way, GalNAc-T3 expression
in human CRC significantly enhanced the likelihood of patient
survival (44). GalNAc-T6 expression was found in LS174T and
T84 human colon cancer cell lines (45,46) but not in normal
human colon cells (47). Our aim in the present work was to
evaluate the potential role of this enzyme as an immunohis-
tochemical colon cancer marker. We found that GalNAc-T6
expression in colon cancer is an independent prognostic factor
indicating better overall survival.

Materials and methods

Cell culture. Human colon cancer cell lines HT29 (ATCC
HTB38™), SW480 [SW-480] (ATCC CCL228™) and SW620
[SW620] (ATCC CCL227™) were cultured in Dulbecco's
Modified Eagle's Medium (DMEM) supplemented with 10%
fetal bovine serum (FBS), 2 mM L-glutamine and 1 mM
pyruvate. Subculture of cells grown in monolayer was carry
out after washing once with PBS, incubating them with
0.53 mM EDTA and 0.05% trypsin in PBS (Gibco; Thermo
Fisher Scientific, Inc., Waltham, MA, USA) for 5 min at
37°C. Cell pellets were washed in PBS, resuspended in 1 ml
of Tri-Reagent (Sigma-Aldrich; Merck KGaA, Darmstadt,
Germany) and stocked at -80°C until use.

Patientinformation and tumor specimens. Eighty-one formalin
fixed paraffin-embedded colon cancer tissues were studied.
Twenty-eight primary tumors with histopathological diagnosis
of colon cancer (all stages), as well as 10 normal colon tissues
from distal or proximal resection margin and 8 adenomas with
different degrees of dysplastic lesions were obtained from
the Department of Pathology, Maciel Hospital, Montevideo.
Approval from the Institutional Ethical Committee at the
University de la Republica (Comité de Etica para Proyectos
de Investigacién, Facultad de Medicina, Universidad de la
Reptblica) was obtained prior to beginning. All participants
provided signed written informed consent previous to enroll-
ment in the study. Furthermore, 53 came from a commercial
human colorectal cancer tissue-array (IMH-306; Imgenex
Corporation, San Diego, CA, USA).

Reverse transcription-polymerase chain reaction (RT-PCR).
Total RNA was extracted from colon cancer cell lines with
Tri-Reagent (Sigma-Aldrich; Merck KGaA) according to
the manufacturer's instructions. Two ug of total RNA were
included for first strand cDNA synthesis by using 200 units
of M-MLV reverse transcriptase (Invitrogen; Thermo
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Fisher Scientific, Inc.) in the presence of 2 ul 10 mM of
each deoxynucleotide triphosphate (dNTPs) and 200 ng of
random hexamers (Thermo Fisher Scientific, Inc.) in a 20 ul
total reaction volume. After incubation at 37°C for 1 h, the
mixture was heated to 70°C, snap-cooled and stored at -20°C.
Amplification of a 499 bp fragment of GALNT6 transcripts
was performed using the follow specific primers: 5-TCCAAA
TCAGGGCTCCAGAAG-3' and 5-CACCTGCAGCTGCTT
CACGTAC-3' (accession no.: Y08565). The PCR mixture
(total reaction volume of 25 ul) includes 1x enzyme buffer,
2.5 mM MgCl,, 200 uM dNTPs, 400 nM of each primer and 1
unit of Taq DNA polymerase (Thermo Fisher Scientific, Inc.).
Amplification was performed for 35 cycles under the following
conditions: 30 sec at 94°C, 30 sec at 60°C and 1 min at 72°C.
Fifteen ul of PCR products were analyzed by electrophoresis
on 2% agarose gels by direct visualization after ethidium
bromide staining. In order to verify cDNA quality, a 596 bp
fragment of f2-microglobulin transcripts was amplified under
same conditions using the primers 5-ATGTCTCGCTCCGTG
GCCTTAG-3' and 5-"AAGTTGCCAGCCCTCCTAGAGC-3'
(accession no.: AB021288).

Immunofluorescence microscopy. Cells plated on glass cover-
slips were washed with PBS, fixed in methanol-acetone 50%
for 10 min and stored a -20°C until use. Coverslips were then
defrosted, rehydrated in PBS, and blocked in 30% goat serum
for 20 min. Anti-GalNAc-T6 MAb T6.3 (27) (10 ug/ml) was
incubated for 1 hr at room temperature, followed by three
washes for 5 min each in PBS. Secondary antibody Alexa
FluorR 488 goat-anti mouse IgG (A11029; Invitrogen; Thermo
Fisher Scientific, Inc.) was incubated for 1 h at room tempera-
ture and after three washes, monolayers were counterstained
with DAPI 1 ug/ml, mounted in PBS-glycerol 50% and
analyzed by epifluorescence microscopy.

Analysis of GalNAc-T6 expression on cancer cell lines by
Sflow cytometry. Cells were fixed-permeabilized (4% PFA, 1%
FBS, 0.1% Tween 20) and incubated with anti-GalNAc-T6
(T6.3) monoclonal antibody. The specific binding of primary
MAD T6.3 to the cell lines was developed with an anti-mouse
polyclonal antibody FITC-conjugated (Sigma-Aldrich; Merck
KGaA) and further analyzed using a CyAn™ ADP Flow
Cytometer (Beckman Coulter, Inc., Brea, CA, USA) and
Summit v4.3 software. For each analysis 10,000 counts, gated
on a FSC vs SSC dot plot excluding doublets populations, were
recorded. Results were expressed as percentage of FITC posi-
tive cells and FITC mean fluorescence intensity (MFI). Data
were expressed as the mean +/-standard deviation. Statistical
analysis was determined using one-way analysis of variance
(ANOVA) and consequently the Tukey's Multiple Camparison
test using GraphPad Prism Sofware v5.00 Demo (GraphPad
Software, Inc., La Jolla, CA, USA).

Immunohistochemistry. Parafin-embedded sections were
prepared following standard protocols. Sections were
deparaffinized and rehydrated, followed by endogenous
peroxidase blocking with 3% H,0O, in PBS for 30 min at
room temperature. After three washes, tissues were blocked
with 10% goat serum, 1% BSA in PBS for 30 min at room
temperature, followed by first antibody incubation at 4°C
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overnight (MAb T6.3 diluted at 10 gg/ml in PBS, 0.1%
Tween 20, 1% BSA). For every assay, a negative control was
performed omitting MAb T6.3. A well characterized strong
positive tumor was added in each experiment in order to
ensure reproducibility of technical conditions. After washing
with PBS, sections were incubated for 1 h at room temperature
with a polyclonal rabbit anti-mouse IgG peroxidase conjugated
(Dako, catalogue no.: P 0161) diluted at 1:100 in PBS. Staining
reaction was performed with 3,3-diaminobenzidine (DAB)
0.5 mg/ml in TBS, 0.3% hydrogen peroxide for 30 min at
room temperature. Sections were then counterstained in
Mayer's hematoxylin, dehydrated in ethanol and xylene, and
mounted. The immunostaining frequency for each tumor was
scored, as previously described (27), based on a 0-3 scale for
staining extension [(0) for negative samples or <10% stained
tumor tissue; (1) for samples stained between 10 and 39% of
tumor tissue; (2) for tumor tissues stained between 40 and
79%; and (3) for tumors with 80% or more of stained tumor
cells]. Signal intensity was scored as strong (3), moderate (2),
weak (1), and null (0). Total immunostaining score was
obtained adding up both parameters in a 0-6 scale. Scores
were established jointly by four observers (LU, DM, EO, NB)
in a penta-head microscope.

Statistical analysis. Statistical analysis for FACS experi-
ments was determined using One-way analysis of variance
(ANOVA) followed by Tukey's Multiple Camparison test using
GraphPad Prism Sofware v5.00 (GraphPad Software, Inc.).
Results are from three independent experiments and P<0.05
was considered to indicate a statistically significant differ-
ence. Univariate survival analysis was performed using the
Kaplan-Meier method and compared with the log-rank test.
The cut-off for GalNAc-T6 expression was established as
negative (0-1) and positive (2-6). Hazard ratios and 95% confi-
dence intervals (95% Cls) were estimated using univariate or
multivariate Cox proportional-hazard models. All statistical
tests were two-tailed. Proportional hazard assumption was
tested by Schoenfeld's method and plotting (-log (-log S(t))).
All statistical calculations were performed using STATA v14
(StataCorp LP, College Station, TX, USA).

Results

GalNac-T6 expression in colon cancer cell lines. Considering
that GalNAc-T6 expression was previously found in the T84
and LS174T human colon cancer cell lines (45,46), we evaluated
here other colon cancer cells such as HT29, SW480 and SW620.
Using RT-PCR we found the mRNA encoding GalNAc-T6 in
all three cell lines (Fig. 1A), and these results were confirmed
at protein level by immunofluorescence staining, observing a
marked expression of GalNAc-T6 (Fig. 1B). The percentage
of GalNAc-T6 positive cells was evaluated by flow cytometry
(Fig. 2). We found that most colon cancer cells expressed
this enzyme: SW480 (96.1%), SW620 (96.1%) and HT-29
(85.4%). The MFI (mean fluorescence intensity) value of
GalNAc-T6/FITC positive cells was comparable among these
cell lines: SW480 (75.3), SW620 (69.3) and HT-29 (83.8).

GalNAc-T6 is expressed in colon cancer but not in normal
colon. The study included 81 patients (53 men and 28 women)
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Figure 1. GalNAc-T6 expression in colon cancer cell lines. (A) Reverse
transcription-polymerase chain reaction amplifying a 499 bp fragment of
GALNT6 messenger. MW, 100 bp molecular weight; 1, negative control
(ultrapure water); 2, SW480 cell line; 3, SW620 cell line; 4, HT29 cell line.
(B) Immunofluorescence staining of GalNAc-T6 MAb T6.3 in the HT29 cell
line. Magnification, x400.

with colorectal cancer diagnosis (Table I). The average age at
surgery was 62 years (range 35-86). Most patients (88.8%) had
operable disease at diagnosis and most tumors were graded as
well to moderately differentiated type (17.3 and 72.8% respec-
tively). Based on the American Joint Committee on Cancer
(AJCC) criteria, the majority of patients had stage II disease
(45.6%) followed by stage III disease (39.5%). MAb T6.3
immunostaining was detected in 35 of 81 tumors (43.2%), in 8/8
specimens from adenomas, and 0/10 normal colon tissues from
proximal and distal margin of colonic surgery specimens. This
antibody always showed a diffuse cytoplasmic staining pattern
with different signal intensity (Figs. 3 and 4). Microwave treat-
ment strongly reduced immunostaining as seen previously for
breast cancer (27). No relationship between GalNAc-T6 expres-
sion and clinic-pathological factors as age, sex, histology or stage
was found (Table I). Regarding disease stage, GalNAc-T6 was
expressed in 1/3 (33.3%) tumors from patient stage I, in 18/37
(48.6%) stage 11, in 14/32 (43.7%) stage 111 and in 2/9 (22.2%)
of stage IV (differences were not statistically significant). No
correlation was found between GalNAc-T6 expression and
tumor grading, either between tumor staining intensity and the
pathological parameter evaluated. Adjacent normal tissue was
observed in 16 invasive cancers, and 5 (16%) showed a focal
minimal GalNAc-T6 expression, being all other completely
negative (Fig. 4D and F). All ten normal colon tissue obtained
from distal or proximal resection margins were negative 0/10
(data not shown).

GalNAc-T6 is an independent prognostic indicator in
colorectal cancer. Patients with GalNAc-T6 expression had
significantly longer overall postoperative survival (median not
reached) compared with those who had GalNAc-T6 negative
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tumors (median, 58 months, P<0.001; Fig. 5A). In the same
way, this benefit was also observed for stage III patients
(median survival not reached yet for GalNAc-T6-positive and
36 months for GalNAc-T6-negative, P<0.03) and for stage IV,
despite the low number of cases, with a median survival
of 77 months for GalNAc-T6-positive and 12 months for
GalNAc-T6-negative (P<0.02; Fig. 5C and D respectively). No
relationship was observed between GalNAc-T6 expression and
clinical outcome in stages I and II (P=0.63). To assess whether
GalNAc-T6 expression was an independent predictor of overall
postoperative survival, a Cox proportional hazards model was
created. Univariate analysis demonstrated that poor tumor
differentiation, advanced stage and GalNAc-T6-negative
status were significant predictors of poorer survival (P=0.028,
0.007, and <0.0001, respectively). Cox model showed that
patients expressing GalNAc-T6 have a hazard ratio of 0.22
(P=0.003) adjusted by stage, as previously defined. Patients
who do not express GalNAc-T6 in their tumors seem to have
more than four times higher risk of death compared with those
who express it, even considering staging (Table II).

Discussion

The GALNT6 gene (encoding a type II trans-membrane
protein GalNAc-T6), located on chromosome 12ql3, is
expressed in a restricted pattern, mainly in normal placenta,
trachea, brain, pancreas and fibroblast cells (47). Regarding
its expression in cancer, GalNAc-T6 level was found signifi-
cantly higher in breast cancer cells comparing with normal
or benign mammary cells (27,48-49). Using a RT-PCR assay,
we identified GalNAc-T6 expression in bone marrow samples
related to poor clinical outcome in lymph node-negative
breast cancer patients (37). It has been demonstrated that high
expression of GalNAc-T6 in breast cancer cells correlates
with increased glycosylation of the mucin MUCI and knock-
down of GalNAc-T6 suppressed the growth of breast cancer
cells (50). On the other hand, O-glycosylation of fibronectin
(a major constituent of the extracelullar matrix) by overex-
pressed GalNAc-T6 in breast cancer cell lines causes higher
invasiveness related to an EMT-like process (51). In addition,
high GalNAc-T6 expression in lung adenocarcinoma was
closely related with advanced tumor stage, and independently
predicts reduced overall survival of patients (52). In contrast,
we observed an opposite significance in colon cancer, for
which high GalNAc-T6 expression was correlated with better
outcome similar to results reported by Li et al (53), for pancre-
atic cancer. These apparent contradictory observations could be
explained by diverse repertoires of protein acceptor substrates
in each tumor type, displaying different biological functions
after the incorporation of O-GalNAc residues by GalNAc-T6.
Similar behavior was reported for GalNAc-T3. High expres-
sion of this enzyme correlated with tumor aggressiveness and
poor clinical outcome in patients with gallbladder cancer (33),
renal cell carcinomas (54) and ovarian cancer (55), while for
patients with colon cancer (44), gastric carcinoma (56), and
lung adenocarcinoma (32), GalNAc-T3 was a marker of good
prognosis. Sometimes this prognosis significance was related
to subcellular localization of the enzyme. Miyahara er al (33),
reported more intense staining of GalNAc-T3 in gallbladder
cancer compared with normal tissue and benign lesions, and
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Figure 2. T6.3 MAD recognize native forms of GalNAc-T6 on SW480, SW620 and HT-29 cell lines. GalNAc-T6 expression was evaluated on SW480, SW620
and HT-29 cells, by flow cytometry using a specific MAb and FITC conjugated anti-mouse IgG antibody. (A) The percentage of GalNAc-T6 positive cells;
(B) MFI of GalNAc-T6 positive cells (FITC+ cells). (C) Overlay histograms showing the FITC conjugated controls (filled grey) and the GalNAc-T6 expres-
sion on the different cell lines (black line). ““P<0.001. Data are expressed as the mean + standard deviation of three independent experiments. MFI, mean

fluorescence intensity; FITC, fluorescein isothiocyanate.

also distinguished two well defined staining patterns. While
non cancerous tissues always showed a granular perinuclear
staining, in gallbladder carcinomas localization was heteroge-
neous, with granular or diffuse type of subcellular distribution.
Importantly, the authors found that postsurgical survival rate
of patients with diffuse-type of staining was significantly
lower than for patients with granular type. It has been proven
that following growth factors stimulation, some GalNAc-Ts
(including GalNAc-T6) might be relocalized from the Golgi
apparatus to the endoplasmic reticulum (ER), leading to
modify O-glycosylation of proteins (57).

Precision oncology is becoming increasingly important
in CRC management since the great molecular heterogeneity
determines large variations in prognosis and response to
chemotherapy of individual patients (58,59). Certain biomarkers

let to predict clinical outcome beyond staging as well as help
in treatment selection (60). The mutational status of RAS and
BRAFV600 combined with analysis of the DNA mismatch
repair system with/without CpG island methylator phenotype
have shown utility to identify colon cancer subtypes with
distinct clinical features and prognosis (61). In this work we
found that GalNAc-T6 is an independent prognosis biomarker
in colon cancer patients. This enzyme was found in the three
colon cancer cell lines evaluated (HT-29, SW480 and SW620),
both at mRNA and protein level. Immunohistochemical staining
of formalin-fixed paraffin embedded tissues using the MAb
T6.3 revealed GalNAc-T6 expression in 35/81 (43%) of cases,
without clinical or histological parameters association. We did
not observed GalNAc-T6 expression in normal human colon,
which is in agreement with results reported by Bennett ez al (13)
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Table I. Characteristic of patients and tissues.
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Characteristics n (%) GalNACc-T6 positive n (%) P-value
Age, years
Median (range) 62 (35-86)
<60 37 (45.5) 18 (48.6) 0.36
>60 44 (54.5) 17 (38.6)
Sex
Male 53 (65.5) 24 (45) 0.6
Female 28 (34.5) 11 (39)
Tumor stage
| 3(3.8) 1(33.3) 0.53
1T 37 (45.6) 18 (48.6)
I 32 (39.5) 14 (43.7)
v 9(11.1) 2(22.2)
Histological differentiation
Well 14 (17.3) 8 (57) 0.12
Moderate 59 (72.8) 26 (44)
Poor 8(9.9) 1(12.5)

Figure 3. Different signal intensity of GalNAc-T6 expression in colon
cancer. (A) Moderately differentiated adenocarcinoma (magnification x40);
(B) Detail of figure (A) at magnification, x200 showing a strong stained
pattern. (C) Well differentiated adenocarcinoma (magnification, x40);
(D) detail of figure (C) at magnification, x200 showing moderate stained
pattern. (E) Well differentiated adenocarcinoma (magnification x40);
(F) detail of figure (E) at magnification x200 illustrating weak stained
pattern. All scale bars, 100 ym.

as well as Lavrsen et al (62), who found GalNAc-T6 expression
in colon adenocarcinoma but not in normal colon, using another
MADb UH7 (2F3). GalNAc-T6 expression predicts improved
overall survival in both, univariate and multivariate analysis.
This benefit observed for overall population is maintained in
more advance stages (stages III and IV of AJCC), but it was
not observed in early stages (I and II of AJCC). A possible

Figure 4. GalNAc-T6 expression in different colon tissues. (A) Mucinous
adenocarcinoma (magnification x40; scale bar, 100 ym); (B) detail of figure
(A) at magnifaction x200 (scale bar, 100 gzm). (C) Moderatly differentiated
colon adenocarcinoma (magnification x400; scale bar, 20 ym), the arrow
indicates GalNAc-T6 expression in fibroblasts as the internal control.
(D) Colon adenocarcinoma with moderate staining pattern for GalNAc-T6
expression in tumor cells; normal crypts trapped in tumor tissue are nega-
tives for GalNAc-T6 expression (magnification x200; scale bar, 100 pm).
(E) Colon adenoma with strong expression of the enzyme (magnification
x200; scale bar, 100 ym). (F) Absence of GalNAc-T6 expression in normal
mucosa adjacent to colon cancer (magnification x200; scale bar, 100 ym).

explanation for different clinical impact between pathological
stages could be the good prognosis of low stages colorectal
cancer itself (I and IT) and the higher systemic risk of advanced
stages (III and IV). Furthermore, stages III and IV have a
confirmed systemic spread (nodal or visceral), and also have
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Table II. Univariate and multivariate analysis.
Univariate Multivariate
Risk factor Hazard ratio 95% CI P-value Hazard ratio 95% CI P-value
Sex 1.18 043-3.16 0.831
Stage 2.52 0.99-6.37 0.007 2.74 1.11-6.75 0.028
Side 1.23 0.51-2.97 0470
Histology 0.31 0.02-3.50 0.029
GalNAc-T6 0.14 0.05-0.38 <0.0001 0.22 0.08-0.59 0.003
CI, confidence interval.
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Figure 5. Kaplan-Meier curves for overall survival after surgery according to GalNAc-T6 expression in colorectal cancer patients. (A) All stages, median
follow-up 58 months, P<0.001. (B) Stage II patients, P=0.63. (C) Stage III patients, P<0.03. (D) Stage I'V patients, P<0.02.

a demonstrated benefit of systemic therapeutic approaches like
adjuvant (stage III) or palliative (stage IV) chemotherapy (63),
this is also suggested by the null or marginal benefit of adjuvant
chemotherapy in stages I and II (64).

The molecular mechanism underlying the less aggressive
behavior of colon cancer cells expressing GalNAc-T6 remains
to be elucidated. Several studies had revealed the role of
GalNAc-Ts in cancer biology, modulating several biological
functions as cell adhesion, invasiveness and metastasis (29).
GalNAc-T3 and GalNAc-T6 are close paralogs that exhibit
very high sequence similarity throughout the coding region,
identical genomic structure and encode enzymes with similar
substrate specificities (13,47). As we previously exposed,
GalNAc-T3 is constitutively expressed in normal colon cells.
It is reasonable to think that its glycosylated products could
impact in cell-cell and cell-matrix interaction, and its lower
expression in colon cancer could affect the way that cancer
cell relates with its environment, allowing the cellular escape

and metastases. We could hypothesize that if GalNAc-T6 is
functional, it could complement the insufficient glycosylation
of the lacking GalNAc-T3. This hypothesis is reinforced by the
observation that high GalNAc-T3 expression in colon cancer is
associated with good clinical outcome (44).

It is too soon to suggest that GalNAc-T6 expression could
determine a different treatment in colorectal cancer patients.
The retrospective condition of our study, the restricted
number of cases, as well as the lack of information about
correlation with treatment’s response, is main limitation of
our work. A prospective trial in a large cohort is needed
to confirm its role as prognostic marker. Furthermore the
predictive value of response to chemotherapy or biological
agents of GalNAc-T6 should be demonstrated prospectively
compared with other known markers as RAS and BRAF
status. Recently, a molecular classification of colorectal
cancer has been proposed: CMS1 (immune), CMS2
(canonical), CMS3 (metabolic) and CMS4 (mesenchymal),
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which could be useful in therapeutic decisions (65). Defining
molecular subgroups may identify patients who could benefit
from aggressive and targeted therapies, and might be used to
select specific treatment approaches for patients with colon
cancer. It could be interesting to investigate how GalNAc-T6,
other GalNAc-transferases and its products might behave in
this molecular classification.

In summary, to the best of our knowledge, this study is
the first to prove that GalNAc-T6 expression in colon cancer
is an independent predictor for better overall survival,
especially in patients with advanced disease (AJCC stages
IIT and IV). It will be necessary to confirm these findings
in prospective studies, with larger cohorts, comparing
GalNAc-T6 and GalNAc-T3 status and other currently used
molecular markers as KRAS, CEA and CA19.9. Additional
research is warranted to elucidate the molecular and cellular
mechanisms involved in the role of GalNAc-T6 in colon
cancer biology.
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