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In conclusion, there are currently 2 ways of improving
survival for IF patients. Both have different potential
complications that reduce quality of life and survival.
The use of HPN as the first therapy is well established
and should be continued; it allows the patient to survive
while deciding on long-term management. In the longer
term, it is clear that progressive liver disease should be an
indication for early transplantation. Early transplanta-
tion should also be considered for those who have CVC-
related complications before losing all sites of venous
access. Patients with Crohn’s disease clearly benefit from
prolonged HPN. However, in all other situations we need
better designed long term-studies of both survival and
quality of life to advise the patient about the pros and
cons of continued HPN versus IT. The future depends in
part on progress in techniques, experience, and improve-
ments in immunosuppression for IT.

KHURSHEED N. JEEJEEBHOY
Emeritus Professor of Medicine
University of Toronto

References

1. Shils ME, Wright WL, Turnbull A, et al. Long-term parenteral
nutrition through an external arteriovenous shunt N Engl J Med
1970;283:341-344.

2. Tsallas G, Baun DC. Home care total parenteral alimentation.
Am J Hosp Pharm 1972;29:840-846.

3. Jeejeebhoy, KN, Zohrab WJ, Langer B, et al. Total parenteral
nutrition at home for 23 months, without complication and with
good rehabilitation. Gastroenterology 1973;65:811-820.

4. Broviac JW, Scribner BH. Prolonged parenteral nutrition in the
home. Surg Gynecol Obstet 1974;139:24-28.

5. Shils ME A program for total parenteral nutrition at home. Am J
Clin Nutr 1975;28:1429-1435.

6. Bowyer BA, Fleming CR, Ludwig J, et al. Does long term home
parenteral nutrition in adult patients cause chronic liver disease?
J Parenter Enteral Nutr 1985;9:11-17.

EDITORIALS 305

7. Cavicchi M, Beau P, Crenn P, et al. Prevalence of liver disease
and contributing factors in patients receiving home parenteral
nutrition for permanent intestinal failure. Ann Intern Med 2000;
132:525-532.

8. Howard L, Michalek A. Home parenteral nutrition. Annu Rev Nutr
1984;4:69-99.

9. Messing B, Lemann M, Landais P, et al. Prognosis of patients
with nonmalignant chronic intestinal failure receiving long term
parenteral nutrition. Gastroenterology 1995;108:1005-1010.

10. MacRitchie KJ. Life without eating or drinking: total parenteral
nutrition outside hospital. Can Psychiatr Assoc J 1978;23:373-
379.

11. O’Keefe SJD, Emerling M, Koritsky D, et al. Nutrition and quality
of life following small intestinal transplantation. Am J Gastroen-
terol 2007;102:1093-1100.

12. Howard L, Hassan N. Home parenteral nutrition: 25 years later.
Gastroenterol Clin North Am 1998;27:481-512.

13. Jeejeebhoy K, Allard J, Gramlich L. Home parenteral nutrition in
Canada. In: Bozetti F, Staun M, Van Gossum A, eds. Home
parenteral nutrition. Cambridge, MA: CAB International; 2006:
36-42.

14. Freeman RB, Steffick DE, Guidinger MK, et al. Liver and Intestine
transplantation in the United States, 1997-2006. Am J Trans-
plant 2008;8:958-976.

15. Grant DW, Shah SA. Results of intestinal transplantation. In:
Langnas AN, Goulet O, Quigley EMM, et al, eds. Intestinal failure.
Malden, MA: Blackwell; 2008:349-356.

16. Pironi L, Forbes A, Joly F, et al. Survival of patients identified as
candidates for intestinal transplantation: a 3-year prospective
follow-up. Gastroenterology 2008;135:61-71.

17. DelLegge M, Alsolaiman MM, Barbour E, et al. Short bowel syn-
drome: parenteral nutrition versus intestinal transplantation.
Where are we today? Dig Dis Sci 2007;52:876-892.

Address requests for reprints to: Khurseed N. Jeejeebhoy, MBBS,
PhD, FRCPC, Polylinic, 5-4646 Dufferin Street, Toronto, Ontario, Can-
ada M3H 5S4.

© 2008 by the AGA Institute
0016-5085/08/$34.00
doi:10.1053/j.gastro.2008.06.012

Aberrant Expression of Carbohydrate Antigens in Cancer: The Role of

Genetic and Epigenetic Regulation

See “DNA hypermethylation contributes to in-
complete synthesis of carbohydrate determi-
nants in gastrointestinal cancer,” by
Kawamura Y, Toyota M, Kawashima R, et al,
on page 142.

t has long been known that the cell surface is covered
with abundant carbohydrates. In mammals, these car-
bohydrates are constructed from 9 monosaccharides that
are connected through glycosidic linkages in many dif-

ferent combinations, thereby generating diverse glycan
chains. Carbohydrates are linked to protein or lipid back-
bone structures by a series of glycosyltransferases and
glycosidases. The combined effect of these enzymes is a
diverse array of carbohydrate structures having the po-
tential to generate many signals.'-* The major classes of
carbohydrate structures are N-linked glycans that are
attached to an asparagine residue of a protein moiety of
nonmucin glycoprotein and O-linked glycans that are
attached to serine or threonine residues of a protein
backbone of mucin glycoprotein. Glycans are linked to
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ceramide in glycolipids. Glycan chains are often branched
with 1 to >20 sugars per chain and are arbitrarily divided
into 3 regions: core, backbone, and periphery. Core re-
gion glycans are those near the linkage to protein back-
bone, peripheral region glycans are in the outer region,
and backbone glycans are between core and peripheral
regions. The synthesis of core region glycans varies con-
siderably among O- and N-glycans and glycans of glyco-
lipids, but peripheral region glycans are synthesized in a
similar manner on glycoproteins and glycolipids by the
stepwise addition of monosaccharide by the action of
glycosyltransferases that are localized in the endoplasmic
reticulum and Golgi apparatus. Each glycosyltransferase
specifically catalyzes the addition of a nucleotide sugar
donor (eg, UDP-Gal, UDP-GalNAc, and GDP-Fuc) to an
acceptor/precursor. The peripheral region of all types of
glycans on glycoproteins and glycolipids often contain
glycan structures related to ABO, Lewis (Le) and Sd*
blood group antigens.'-* These antigens, originally de-
scribed in erythrocytes, have later been found on epithe-
lial and endothelial cells. These cell-surface antigens serve
as receptors for pathogens, commensal bacteria and lec-
tins, the carbohydrate-binding proteins such as selectins,
galectins, and the Siglec family, and play an important
role in cell-cell interaction and regulation of the func-
tion of cells in the innate and adaptive immunity.#-8
Kawamura et al® in this issue of GASTROENTEROLOGY pro-
vide evidence for the importance of glycosyltransferases
in the synthesis of cell-surface carbohydrate antigens in
human gastrointestinal cancer cells that contribute to
their clinicopathologic characteristics.

Altered Glycosylation in Cancer. Changes in the
glycan structures of glycoproteins and glycolipids have
been demonstrated during development, cellular differ-
entiation, inflammation, and malignant transforma-
tion.!-* Two main mechanisms for the changes in carbo-
hydrate determinants in tumors have been described:
incomplete synthesis of preexisting carbohydrate deter-
minants and neosynthesis of novel carbohydrate deter-
minants.2310

Incomplete Synthesis of Glycans. In tumors, in-
complete synthesis of glycan chains may result in the re-
duction or loss of A and B antigens, disialyl Le?, sialyl
6-Sulfo Le* antigens, and Sd® antigen and the appearance of
core region carbohydrates T, Tn, sialyl Tn antigens, sialyl
Le*, and sialyl Le* antigens.2~ 471112 Loss of A and B anti-
gens in the tumor tissues are often correlated with an
increase in H antigen expression indicating that loss of A
and B antigens is the result of incomplete synthesis (Figure
1A). Down-regulation of A/B glycosyltransferases involved
in the synthesis of A and B antigens has long been found in
tumors.2-4711 However, the mechanisms involved in the
down-regulation of this enzyme in tumors have recently
been shown to be allelic loss or loss of heterozygosity (LOH)
of A/B glycosyltransferase gene at chromosome 9q 34.1-2
and hypermethylation of the CpG islands in the proximal
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region of the promoter of A/B glycosyltransferase gene.!!
The observation that these 2 events frequently coincide in
the same tumor is consistent with Knudson’s 2-hit model
that a phenotypic consequence of tumor suppressor gene
loss is not seen unless both alleles of a gene are inactivated
in a tumor'? (Figure 1B). Kawamura et al® in this issue of
GASTROENTEROLOGY confirmed the frequent occurrence of
promoter methylation of a1,3-N-acetylgalactosominyltrans-
ferase (A3GalNT), an enzyme responsible for the expression
of A determinant in gastric and colon cancer cell lines by
reporting markedly elevated levels of the transcript of
A3GALNT after the treatment with 5-aza-dC. Transfection
studies in colon cancer cell lines as well as the comparison
of A antigen-positive and -negative cancer cells have indi-
cated that loss of expression of the A3AGALNT enzyme can
enhance the cell’s motility and invasiveness, indicators of
aggressive malignant phenotypes.'4

Truncation of O-glycans in the tumors leads to the
appearance of novel carbohydrate antigenic determinants
such as T and sialyl Tn antigens, which consist of 2
sugars and Tn antigen with 1 sugar in the core region of
O-glycans.>S Under-expression of [31,6-N-acetylglu-
cosaminyltransferase, branching enzyme or 1,3 galacto-
syltransferase (B3GALT) leads to the expression of T
antigen or Tn and sialyl Tn antigens, respectively, in
cancers, whereas up-regulation of GalNAc «2,6-sialyl-
transferase, which transfers sialic acid to Tn antigen,
leads to the synthesis of siayl Tn antigen.® Recently,
cancers expressing Tn and sialyl Tn antigens were found
to have both mutations in a chaperone gene required for
B3GALT expression and the LOH in its locus.!S Expres-
sion of sialyl Tn, T, and Tn antigens is correlated with
invasiveness, metastasis, and poor prognosis in colorec-
tal, gastric, and breast cancers.>>

Sialyl Le* and sialyl Le* have attracted considerable
attention because they serve as ligands for vascular selec-
tins that mediate adhesion of cancer cells to the endo-
thelium, thereby facilitating hematogenous metastasis.!- 610
Recent studies indicate that the sialyl Le* and sialyl Le*
antigens in cancers are expressed as precursor antigens
that appear from down-regulation of 2 enzymes, namely
GlcNAca2,6 sialyltransferase and 6-sulfotransferase, that
are responsible for the synthesis of more mature glycans
such as disiayl Le* and sialyl 6-sulfo Le* antigens, respec-
tively, which are expressed in normal stomach and intes-
tine.'® Recent studies indicate that this down-regulation
is due mainly to promoter methylation because the treat-
ment of cancer cells that express either sialyl Le? or sialyl
Le* with a DNA methylation inhibitor, 5-aza-dC, induced
surface expression of disiayl Le* and sialyl 6-sulfo Le*.1
An additional mechanism for the increased expression of
sialyl Le* and sialyl Le* antigenic determinants on cancer
cells has been put forward recently by Kawamura et al.1®
Both sialyl Le* and sialyl Le* antigens and Sd* antigen
arise from a common precursor trisaccharide, NeuAc
2-3Gal 1-4(3)GlcNAc-R. The addition of fucose (Fuc) in
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