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effect of O-Glycosylation and sialylation Inhibitors on classical 
nLs-Dependent nuclear protein Import in HT29-MTX Human 
colon cancer cells
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Abstract: Glycosylation, including O-linked, mucin type, has an import role in the function and activity of many proteins, particularly 
those that are secreted or transcellular. Previous studies have indicated that mucin-type O-linked glycans may also be carried by intra-
cellular proteins such as the stress-related protein Orp150 that is involved in classical nuclear localization sequence (NLS)-dependent 
nuclear protein import. This study investigated the influence on NLS-dependent nuclear protein import of the potent O-glycosylation 
inhibitor, Benzyl-GalNAc; the sialylation inhibitor, 5’CDP; the Golgi proton pump inhibitor, bafilomycin; and the pro-inflammatory 
cytokine, TNFα. Treatment of the mucus-secreting human colon cancer HT29-MTX cells with each of these agents caused a global 
increase of the cellular core 1 carbohydrate structure (galactose β1,3 N-acetylgalactosamine), one of the precursor structures of the 
complex mucin-type glycans. Benzyl-GalNAc treatment also increased the expression of the core 1 structure on cell surface glycocon-
jugates and caused a generalised decrease in sialylation. Hsp70 nuclear translocation upon heat stress, a process that is mediated by the 
classical NLS pathway, was, however, not affected by pre-treatment of the cells with any of these agents. This suggests that O-linked 
and/or sialylated glycans are unlikely to be involved in the classical NLS-dependent protein import mechanism.
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Introduction
Glycosylation of cellular proteins plays a very 
 important regulatory role in determining their activity 
and function.1–4 One common glyco-modification is 
the attachment of O-linked mucin-type glycans.5 This 
occurs as a multi-stepped post-translational process 
initiated by the addition of N-acetyl-galactosamine 
(GalNAcα-) to a serine or threonine residue of the 
fully folded/assembled protein. The formation of 
GalNAcα-Ser/Thr structure (Tn-antigen) can be 
further modified by the addition of either a sialic 
acid residue (sialyl Tn), or a N-acetyl-glucosamine 
(GlcNAc) residue to form GlcNAcβ1,3GalNAcα- 
(core 3) or a galactose residue to form the 
Galβ1,3GalNAcα- (core 1) structure. The core 3 
and 1structures are then further extended to form 
long and branched complex O-glycans. The core 
1 Galβ1,3GalNAcα- carbohydrate structure, also 
known as the Thomsen-Friedenreich (TF or T) anti-
gen, is therefore one of the earlier precursor structures 
of the extended mucin-type glycans. It behaves as 
an oncofetal antigen, with increased expression in 
cancerous and precancerous conditions,6 partly as a 
consequence of disarray of the Golgi apparatus.7

Our previous studies have shown that interactions 
between TF-antigen expressed on the surface of 
cancer cells and anti-TF antibody8 or the TF-binding 
lectin, peanut agglutinin (PNA), stimulates colonic 
epithelial proliferation in vitro in cancer cells9 
and in vivo in individuals who eat peanuts.10 The 
proliferative effect of the PNA-TF interaction is linked 
to phosphorylation of the hepatocyte growth factor 
receptor c-Met and subsequent activation of the ERK 
cell growth signaling.11 On the other hand, interaction 
of cell surface TF antigen with two other TF-binding 
lectins from the common edible mushroom Agaricus 
bisporus (ABL) and jackfruit (jacalin) in both cases 
produced the opposite effect and induced reversible 
inhibition of cell proliferation.12,13 The jacalin-mediated 
inhibition of cell proliferation is found to be associ-
ated with tyrosine phosphorylation of the tumour 
suppressor PHAPI that causes dissociation of PHAPI 
from complex with protein phosphatase PP2A with 
subsequent PP2A activation and dephosphorylation 
of the ERK signalling proteins.14

The growth inhibitory effect of ABL, unlike that 
of jacalin, requires internalisation of the lectin15 

and its interaction with an N-terminally truncated 
 cytoplasmic form of the stress-related protein Orp150 
(oxygen-regulated protein 150) and consequent 
prevention of the classical nuclear localization 
sequence (NLS)-dependent nuclear import.16 We 
found that treatment of Orp150 with sialidase reveals 
binding of Orp150 by PNA, which otherwise does not 
bind, and further treatment of the sialidase-pre-treated 
Orp150 with O-glycanase, which specifically removes 
unsubstituted TF, abolishes the PNA binding. These 
results imply that a sialylated TF structure is carried 
by this truncated cytoplasmic Orp150 form. This dem-
onstration of a mucin-type O-glycan structure on a 
cytoplasmic protein involved in nuclear protein import 
taken together with the accumulating evidence for the 
presence of complex glycans on intracellular pro-
teins17 led us to investigate the influence of mucin-type 
O-glycans on NLS-dependent nuclear translocation.

In this study, we assessed the effects on nuclear 
protein import of the O-glycosylation inhibitor—
Benzyl-GalNAc, the sialylation inhibitor—5’CDP, 
and the Golgi proton pump inhibitor—bafilomycin. 
We also studied the effect of the pro-inflammatory 
cytokine, TNFα, in view of its inhibitory effect on 
O-glycosylation seen in human epithelial cells.18,19 We 
used nuclear import of heat shock protein70 (Hsp70) 
upon heat stress, a process that is known to be medi-
ated by the classical NLS pathway,20 as an endog-
enous transport marker in mucus-secreting human 
colon cancer HT29 cells.

Materials and experimental 
procedures
Materials
Biotin conjugated—peanut agglutinin (PNA) and 
Maackia amurensis lectin II (MAL-II) were obtained 
from Vector Laboratories (Peterborough, UK). Benzyl-
GalNAc, 5’CDP, Non-enzymatic Cell Dissociation 
Solution and anti-Hsp70 monoclonal antibody ware 
from Sigma (Poole; UK). TNFα was obtained from 
Cambridge Bioscience (Cambridge, UK).

cells
The HT29-MTX human colon cancer cells were 
kindly provided by Dr. Lesuffleur (INSERM U560, 
Lille, France) and cultured in DMEM containing 10% 
fetal calf serum in standard cell culture conditions. 
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These cells are a homogeneous mucus-secreting 
 subpopulation of the parental HT29 cells and were 
obtained by stepwise adaptation of the parental HT29 
cells to 10–6 or 10–5 M methotrexate (MTX).21

Treatment of cells with inhibitors of 
O-Glycosylation and sialylation and 
assessment of total cellular expression 
of TF and sialic acid by slot blotting
HT29-MTX cells were cultured in 24-well plates to 
60% confluence before introduction of the putative 
glycosylation inhibitors for 24 to 72 hr at optimal con-
centration of each agent that has been shown previously 
to effectively inhibit cellular O-glycosylation (100 nM 
Bafilomycin, 2 ng/ml TNFα, 1 mM 5’CDP and 2 mM 
Benzyl-GalNAc). The cells were lysed and slot blot were 
performed. The slots were incubated with 1% BSA/PBS 

for 30 min before application of biotinylated TF-binding 
peanut agglutinin (PNA) or sialic acid-binding Maackia 
amurensis lectin II (MAL-II) (1 µg/ml) in 1% BSA/PBS 
for 1 hr at room temperature. After washing, the blots 
were incubated with peroxidase-avidin (1:2000 dilution 
in a 1% BSA/PBS) for 1 hr and developed with Super 
Signal West Dura Extended During Substrate (Pierce) 
and visualised using a Fluor-S Imager (Bio-Rad). The 
densities of the slots were quantified by Quantity One 
software (Bio-Rad).

Analysis of cell surface expressions  
of TF and sialic acid by flow cytometry
Subconfluent HT29-MTX cells grown in 6-well plates 
were treated with or without the O-glycosylation 
inhibitors for 48 hr at 37 °C. The cells were washed 
3 times with PBS before being released by addition 
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Figure 1. effects of the O-glycosylation and sialylation inhibitors on total cellular expression of TF. A) Assessment by slot blots. hT29-MTX cells were 
cultured in the presence or absence of each inhibitor (a, control; b, bafilomycin; c, TNFα; d, 5’cDP; e, Benzyl-GalnAc) for 24–72 hrs before the cells 
were lysed and analysed by slot blots with TF-binding PnA or anti-actin antibody. B) Quantification of TF-expression. The densities of the slot blots from 
two independent experiments, each in duplicates, were analysed and the data are presented as percentage compared with the non-treated controls after 
normalisation. ***P , 0.001, **P , 0.01, *P,0.05.
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of the Non-enzymatic Cell Dissociation Solution. 
The cells were washed twice with PBS, fixed in 1% 
paraformaldehyde for 10 min, washed 3 times with 
PBS and incubated with 1% BSA/PBS for 30 min 
before application of biotinylated- PNA or -MAL-II 
(1 µg/ml) in 1% BSA/PBS for 1 hr at room tempera-
ture. After washing with PBS, the cells were incubated 
with Avidin-FITC (1:200 dilution in 1% BSA/PBS) in 
dark for 1 hr. The cells were washed and resuspended 
in PBS and the lectin cell surface binding was analy-
sed by flow cytometry (Becton-Dickinson, FACSVan-
tage SE). The experiment was repeated 3 times with 
10,000 gated events were recorded each time.

hsp70 nuclear localization in response 
to heat stress
Subconfluent HT29-MTX cells cultured on glass cov-
erlipes inserted in 24-well plates were incubated with 
or without the O-glycosylation inhibitors for 48 hr. 
The cells were then incubated at either 37 °C or 42 °C 
for 1 hr before fixed in 2% paraformaldehyde. The 
fixed cells were blocked with 5% goat serum for 1 hr 
at room temperature before application of the anti-
Hsp70 antibody (1:200 dilution in 1% goat serum/
PBS) for 2 hr. The cells were washed with PBS and 
applied with FITC-conjugated secondary antibody 
(1:500) for 1 hr in the dark. The cells were washed 
with PBS and mounted with a Propidium iodide (PI)-
containing mounting medium (Vector). The slides 
were blindly labeled and the nuclear localisation of 
Hsp70 was visualised using an Olympus B51 fluores-
cent microscope. For quantification of Hsp70 nuclear 
localization, at least 10 individual cells for each cat-
egory were randomly selected and analyzed by AQM 
software (Andor Technology, Nottingham, UK). Inter 
assay coefficient of variance was 8.3% and intra assay 
coefficient of variance was 8.0% for all experiments.

statistical analysis
Unpaired 2-tailed t tests (StatsDirect for Windows, 
StatsDirect) for single comparison were used and dif-
ferences were considered significant when P , 0.05.

Results
effects of the agents on total cellular 
expressions of TF and sialic acid
The mucus-secreting human colon cancer  HT29-MTX 
cells were incubated separately with Benzyl GalNAc, 

5’CDP, TNFα or bafilomycin for various times and 
the total cellular expression of TF and sialic acids was 
assessed by slot blotting with the TF-binding pea-
nut lectin (PNA) and the sialic acid-binding lectin, 
MAL-II. Bafilomycin was tested at 100 nM,18 TNFα 
2 ng/ml,22 5’CDP 1 mM23 and Benzyl-GalNAc 2 mM,23 
the optimal concentration of each agent that has 
been shown previously to effectively inhibit cellular 
O-glycosylation.  Treatment of the cells with each of the 
agents resulted in significant increase of global expres-
sion of TF at 48 and 72 hr, with small increases induced 
by bafilomycin and TNFα and large increases by 
5’CDP and Benzyl-GalNAc (Fig. 1A and B). At 48 hr, 
14% (P , 0.05), 15% (P , 0.05), 54% (P , 0.01) and 
132% (P , 0.001) increased TF expressions, an indica-
tion of impairment of more complex O-glycosylation 
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Figure 2. effects of the O-glycosylation and sialylation inhibitors on 
total cellular sialylation. A) Assessment by slot blots. hT29-MTX cells 
were cultured in the presence or absence of each inhibitor (a, control; b, 
bafilomycin; c, TNFα; d, 5’cDP; e, Benzyl-GalnAc) for 48 hr before the 
cells were lysed and analysed by slot blots with the sialic acid-binding 
MAL-II or anti-actin antibody. B) Quantification of sialic acid expression. 
The densities of the slot blots from two independent experiments, each 
in duplicates, were analysed and the data are presented as percentage 
compared with the non-treated control after normalisation. *P , 0.05.
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Figure 3. effects of the O-glycosylation and sialylation inhibitors on cell 
surface expression of TF. A) Assessment by flow cytometry. HT29-MTX 
cells incubated in the presence or absence of each O-glycosylation inhib-
itor for 48 hr were analysed for cell surface TF expression with PnA-FITc 
followed by flow cytometry. Filled diagram, un-treated cells; open dia-
gram, inhibitor-treated cells. B) Quantification of the cell surface expres-
sion of TF. The data from three independent experiments are presented 
as gated fluorescence values. **P , 0.01.

biosynthesis, were observed after treatment of the cells 
with bafilomycin, TNFα, 5’CDP and Benzyl-GalNAc, 
respectively. 5’CDP and Benzyl-GalNAc, but not 
bafilomycin nor TNFα, also caused significant reduc-
tion (23% and 24%, respectively) of global sialic acid 
expression after 48 hr (Fig. 2A and B). The decreased 
effect of Benzyl-GalNAc and 5’CDP on cellular glyco-
sylation after 48 hr is likely due to exhaustion of these 
inhibitors by the growing cells.

effects of the agents on cell surface  
expression of TF and sialic acid
Although the presence of each of the agents caused 
global increase of the expression of cellular TF, 

only treatment of the cells with Benzyl-GalNAc was 
found to induce a significant increase (322%) of the 
expression of TF on the cell surface (Fig. 3A and B). 
Benzyl-GalNAc was also the only agent that caused a 
significant reduction (34%) of the cell surface expres-
sion of sialic acids (Fig. 4A and B).

effect of altered glycosylation on hsp70  
nuclear translocation upon heat stress
During normal cell culture conditions at 37 °C, 
Hsp70 was seen to be predominately localized 
in the cell cytoplasm (Fig. 5A). Upon heat stress 
at 42 °C for 1 hr, Hsp70 quickly moved into the 
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Figure 4. effects of the O-glycosylation and sialylation inhibitors on 
 sialylation of cell surface glycoproteins. A) Assessment by flow cytometry. 
hT29-MTX cells incubated in the presence or absence of each inhibitor 
for 48 hr were analysed for cell surface sialic acid expression with sialic 
acid-binding MAL-II and followed by flow cytometry. Filled diagram, un-
treated cells; open diagram, inhibitor-treated cells. B) Quantification of 
the cell surface sialic acid expression. The data from three independent 
experiments are presented as gated fluorescence values. **P , 0.01.
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nucleus, represented by a 40% increase of nuclear 
fluorescence. Quantification of Hsp70 nuclear local-
ization showed no statistical difference between 
the control cells and the cells pre-treated with any 
of the agents under test (Fig. 5B). This suggests 
that modification of O-glycosylation and/or sialy-
lation has no effect on the NLS-dependent nuclear 
translocation process.
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Figure 5. effect of the O-glycosylation and sialylation inhibitors on nuclear import of hsp70 upon heat stress. A) hsp70 nuclear localization in response 
to inhibitors without and with heat stress. hT29-MTX cells cultured in the presence or absence of each of the glycosylation inhibitors for 48 hr were incu-
bated at 37 °c or 42 °c for 1 hr before hsp70 nuclear localization was assessed by hsp70 immunohistochemistry. representative images from three 
independent experiments are shown for each group. B) Quantification of Hsp70 nuclear localization. Fluorescence densities of 10 randomly selected cells 
in each group were quantified using AQM software. The data from three independent experiments are presented as percent nuclear fluorescence of the 
whole cells.

Discussion
This study showed that treatments of the mucus-  
secreting HT29-MTX cells with four agents that are 
known to affect O-glycosylation and/or sialy lation, all 
caused increased expression of the core 1 precursor 
structure of the extended complex O-glycans. Treat-
ment of the cells with Benzyl-GalNAc also induced 
a significant increase of the cell surface expression of 
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TF and a reduction of global as well as cell  surface 
expression of sialic acids. None of these treatments 
however had any significant effect on Hsp70 nuclear 
accumulation upon heat stress. These results sug-
gest that neither O-glycosylation nor  sialylation 
are likely to be involved in NLS-dependent nuclear 
translocation.

It is interesting to note that although the four 
O-glycosylation inhibitors all induced an increase of 
global expression of cellular TF, only Benzyl-GalNAc 
had a demonstrable effect on the O-glycosylation of 
cell surface glycoconjugates. Earlier studies have 
shown that truncation of O-glycans of the trans-
membrane mucin protein MUC1, one of the few 
proteins known to carry unsubstituted TF structure 
in epithelial cancer cells,6 reduces trafficking of 
intracellular MUC1 to the cell surface.25 The secre-
tion of MUC1 has also shown to be influenced by the 
O-glycosylation status of MUC1. The MUC1 mol-
ecules secreted by epithelial breast cancer cells 
were seen to carry predominately the core 2-based 
O-glycans while the membrane-bound MUC1 in 
the same cells were dominated by sialylated core 1 
structure.26 It is therefore possible that the reduction 
of cellular O-glycosylation induced by the inhibi-
tors in HT29-MTX cells may have caused variably 
defective trafficking of glycoconjugates from the 
Golgi to the cell surface.

Benzyl-GalNAc is the most commonly used 
O-glycosylation inhibitor. Its inhibitory effect comes 
from its action as a competitive acceptor for cellu-
lar Gal-transferases and sialyl-transferases27,28 to 
yield free Galβ1,3GalNAc-α-O-benzyl and sialyl- 
Galβ1,3GalNAc-α-O-benzyl oligosaccharides, and 
increase the expression of shorter O-glycans (e.g. 
GalNAcα-) on cellular and secreted proteins. The fact 
that Benzyl-GalNAc treatment of the cells results in 
an increased expression of TF and decreased expres-
sion of sialic acids on the cell surface shown in this 
as well as a few earlier studies24,29 indicates that the 
impact of Benzyl-GalNAc on protein glycosylation 
may derive more from its competition for the cellular 
sialyl-transferase than for the Gal-transferase.

The attempts to isolate Orp150 by antibody 
 precipitation/extraction for the assessment of Orp150 
glycosylation in response to the glycosylation inhibi-
tors were not successful due to ineffectiveness of 
Orp150 extraction by the current available  anti-Orp150 

antibodies. Sugar residues, such as  glucose, fucose, 
 mannose or N-acetyl-chitobiosides, have  previously 
been shown able to serve as NLS-independent, nucl-
ear translocation signals to allow transfer of BSA to 
the nucleus in a semi-permeabilized nuclear trans-
port system.30,31 The results in this study suggest that 
the mucin-type O-glycosylation and/or sialylation 
are unlikely to be involved in the classical NLS-
 dependent nuclear protein import process.

Acknowledgements
This study was supported in part by the Mizutani 
Foundation for Glycosciences and a PhD studentship 
from the University of Liverpool.

Abbreviations
ABL, mushroom Agaricus bisporus lectin; Benzyl-
GalNAc, GalNAc-α-O-benzyl; 5’CDP, 5’cytosine 
diphosphate; Hsp70, heat protein 70; MAL-II, 
Maac kia amurensis lectin-II; NLS, nuclear local-
ization sequence; Orp150, oxygen-regulated protein 
150; PNA, peanut agglutinin; TF antigen, Galβ1, 
3GalNAcα-Ser/Thr.

Disclosures
This manuscript has been read and approved by 
all authors. This paper is unique and is not under 
 consideration by any other publication and has not 
been published elsewhere. The authors and peer 
reviewers of this paper report no conflicts of inter-
est. The authors confirm that they have permission to 
reproduce any copyrighted material.

References
1. Patsos G, Robbe-Masselot C, Klein A, et al. O-glycan regulation of apop-

tosis and proliferation in colorectal cancer cell lines. Biochem Soc Trans. 
2007;35:1372–4.

2. Earl LA, Baum LG. CD45 glycosylation controls T-cell life and death. Immu-
nol Cell Biol. 2008;86:608–15.

3. Zhao Y, Sato Y, Isaji T, et al. Branched N-glycans regulate the biological 
functions of integrins and cadherins. FEBS J. 2008;275:1939–48.

4. Sperandio M, Gleissner CA, Ley K. Glycosylation in immune cell traffick-
ing. Immunol Rev. 2009;230:97–113.

5. Brockhausen I. Mucin-type O-glycans in human colon and breast cancer: 
glycodynamics and functions. EMBO Rep. 2006;7:599–604.

6. Yu LG. The Thomsen-Friedenreich carbohydrate antigen in epithelial cancer 
progression. Glycoconj J. 2007;24:411–20.

7. Rivinoja A, Kokkonen N, Kellokumpu I, Kellokumpu S. Elevated Golgi pH 
in breast and colorectal cancer cells correlates with the expression of oncofe-
tal carbohydrate T-antigen. J Cell Physiol. 2006;208:167–74.

8. Yu LG, Jansson B, Fernig DG, et al. Stimulation of proliferation in human 
colon cancer cells by human monoclonal antibodies against the TF antigen 
(Galactoseß1-3 N-acetyl galactosamine). Int J Cancer. 2007;73:424–31.

http://www.la-press.com


publish with Libertas Academica and 
every scientist working in your field can 

read your article 

“I would like to say that this is the most author-friendly 
editing process I have experienced in over 150 

publications. Thank you most sincerely.”

“The communication between your staff and me has 
been terrific.  Whenever progress is made with the 
manuscript, I receive notice.  Quite honestly, I’ve 
never had such complete communication with a 

journal.”

“LA is different, and hopefully represents a kind of 
scientific publication machinery that removes the 

hurdles from free flow of scientific thought.”

Your paper will be:
• Available to your entire community 

free of charge
• Fairly and quickly peer reviewed
• Yours!  You retain copyright

http://www.la-press.com

Tam et al

82 Glycobiology Insights 2010:2

 9. Ryder SD, Parker N, Eccleston D, Haqqani MT, Rhodes JM. Peanut lectin 
(PNA) stimulates proliferation in colonic explants from patients with UC, 
Crohn’s disease and colonic polyps. Gastroenterology. 1994;106:117–24.

 10. Ryder SD, Jacyna MR, Lev AJ, Rhodes JM. Eating peanuts increases rectal 
proliferation in individuals with mucosal expression of peanut lectin recep-
tor. Gastroenterology. 1998;114:44–9.

 11. Singh R, Subramanian S, Rhodes JM, Campbell BJ. Peanut lectin stimulates 
proliferation of colon cancer cells by interaction with glycosylated CD44v6 
isoforms and consequential activation of c-Met and MAPK: functional 
implications for disease-associated glycosylation changes. Glycobiology. 
2006;16:594–601.

 12. Yu LG, Fernig DG, Smith JA, Milton JD, Rhodes JM. Reversible inhibition 
of proliferation of epithelial cell lines by Agaricus bisporus (edible mush-
room) lectin. Cancer Res. 1993;53:4627–32.

 13. Yu LG, Milton JD, Fernig DG, Rhodes JM. Opposite effects on human 
colon cancer cell proliferation of two dietary Thomsen-Friedenreich 
 antigen-binding lectins. J Cell Physiol. 2001;186:282–7.

 14. Yu LG, Packman L, Weldon M, Hamlett J, Rhodes JM. Protein phosphatase 
2A, a negative regulator of the ERK signalling pathway, is activated by 
tyrosine phosphorylation of PHAPI/pp32 in response to the anti-proliferative 
lectin, jacalin. J Biol Chem. 2004;279:41377–83.

 15. Yu LG, Fernig DG, White MRH, et al. Edible mushroom (Agaricus bispo-
rus) lectin, which reversibly inhibits epithelial cell proliferation, blocks 
NLS-dependent nuclear protein import. J Biol Chem. 1999;274:4890–9.

 16. Yu LG, Andrews N, Weldon M, et al. An N-terminal truncated form of 
Orp150 is a cytoplasmic ligand for the anti-proliferative mushroom Aga-
ricus bisporus lectin and is required for NLS-dependent nuclear protein 
import. J Bio Chem. 2002;277:24538–45.

 17. Funakoshi Y, Suzuki T. Glycobiology in the cytosol: the bitter side of a 
sweet world. Biochim Biophys Acta. 2009;1790:81–94.

 18. Campbell BJ, Rowe GE, Leiper K, Rhodes JM. Increasing the intra-Golgi pH 
of cultured LS174T goblet-differentiated cells mimics the decreased mucin 
sulfation and increased Thomsen-Friedenreich antigen (Gal beta1-3GalNac 
alpha-) expression seen in colon cancer. Glycobiology. 2001;11:385–93.

 19. Axelsson MA, Karlsson NG, Steel DM, Ouwendijk J, Nilsson T, Hansson GC. 
Neutralization of pH in the Golgi apparatus causes redistri bution of 
glycosyltransferases and changes in the O-glycosylation of mucins. Glyco-
biology. 2001;11:633–44.

 20. Dang CV, Lee WMF. Nuclear and nucleolar targeting sequences of 
c-erb-A, c-meb, N-mec, p53, HSP70 and HIV tat proteins. J Biol Chem. 
1989;264:18019–23.

 21. Lesuffleur T, Barbat A, Dussaulx E, Zweibaum A. Growth adaptation to 
methotrexate of HT29human colon carcinoma cells is associated with their 
ability to differentiate into columnar absorptive and mucus-secreting cells. 
Cancer Res. 1990;50:6334–43.

 22. Kuninaka S, Yano T, Yokoyama H, et al. Direct influences of prO-inflammatory 
cytokines (IL-1beta, TNF-alpha, IL-6) on the proliferation and cell-surface 
antigen expression of cancer cells. Cytokine. 2000;12:8–11.

 23. Kleineidam RG, Schmelter T, Schwarz RT, Schauer R. Studies on the inhi-
bition of sialyl- and galactosyltransferases. Glycoconj J. 1997;14:57–66.

 24. Huet G, Hennebicq-Reig S, de Bolos C, et al. GalNAc-alpha-O-benzyl 
inhibits NeuAcalpha2–3 glycosylation and blocks the intracellular transport 
of apical glycoproteins and mucus in differentiated HT-29 cells. J Cell Biol. 
1998;141:1311–22.

 25. Altschuler Y, Kinlough CL, Poland PA, et al. Clathrin-mediated endo-
cytosis of MUC1 is modulated by its glycosylation state. Mol Biol Cell. 
2000;11:819–31.

 26. Engelmann K, Kinlough CL, Müller S, et al. Transmembrane and secreted 
MUC1 probes show trafficking-dependent changes in O-glycan core pro-
files. Glycobiology. 2005;15:1111–24.

 27. Delannoy P, Kim I, Emery N, et al. Benzyl-N-acetyl-alpha-D-galactosamin-
ide inhibits the sialylation and the secretion of mucins by a mucin secreting 
HT-29 cell subpopulation. Glycoconj J. 1996;13:717–26.

 28. Zanetta JP, Gouyer V, Maes E, et al. Massive in vitro synthesis of tagged 
oligosaccharides in 1-benzyl-2-acetamido-2-deoxy-alpha-D-galactopyrano-
side treated HT-29 cells. Glycobiology. 2000;10:565–75.

 29. Gouyer V, Leteurtre E, Delmotte P, et al. Differential effect of 
GalNAcalpha-O-bn on intracellular trafficking in enterocytic HT-29 and 
Caco-2 cells: correlation with the glycosyltransferase expression pattern.  
J Cell Sci. 2001;114:1455–71.

 30. Duverger E, Pellerin-Mendes C, Mayer R, Roche AC, Monsigny M. Nuclear 
import of glycoconjugates is distinct from the classical NLS pathway. J Cell 
Sci. 1995;108:1325–32.

 31. Duverger E, Roche AC, Monsigny M. N-acetylglucosamine-dependent 
nuclear import of neoglycoproteins. Glycobiology. 1996;6:381–6.

http://www.la-press.com
http://www.la-press.com

