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Ethanol effects on mucin glycosylation:  
Another kick in the gut?
V.	Valatas,1	G.	Kolios2

in	this	issue,	Grewal	and	Mahmood	1	report	new	find-
ings	concerning	the	effect	of	alcohol	in	the	small	bowel.	
they	found	altered	composition	of	mucins	in	rats	fed	with	
ethanol	for	4-8	weeks	and	they	suggested	that	these	altera-
tions	may	be	of	pathological	significance,	since	mucins	are	
involved	in	protection	and	adhesion	of	microorganisms	in	
intestinal	lumen.	this	information	comes	to	add	another	
harmful	weapon	to	the	quiver	of	alcohol	against	the	muco-
sal	integrity	and	function	of	the	gastrointestinal	tract.

The effect of alcohol  
on the gastrointestinal tract

alcohol	has	been	known	for	a	long	time	to	interfere	
with	the	absorption	of	several	nutrients,	including	vita-
mins,	and	to	lead	to	mucosal	damage	of	the	upper	small	
intestine,	thereby	contributing	to	the	qualitative	and	quan-
titative	malnutrition	frequently	observed	in	alcoholics.	
acute	alcohol	exposure	leads	to	mucosal	damage	that	ex-
tends	to	loss	of	epithelium	at	the	tips	of	the	villi,	haemor-
rhagic	erosions	and	haemorrhage	in	the	lamina	propria.2	
in	accordance	with	these	findings	are	the	results	of	a	large,	
prospective	case–control	study	that	provided	evidence	that	
consumption	of	alcoholic	beverages	significantly	increas-
es	the	risk	of	major	duodenal	bleeding	in	non-predisposed	
individuals.3	the	mechanisms	causing	these	pronounced	
structural	changes	include	an	increased	influx	of	leuko-
cytes	leading	to	an	enhanced	release	of	noxious	mediators,	
such	as	reactive	oxygen	species,	leukotrienes	and	hista-

mine,	accompanied	by	changes	in	the	mucosal	microcir-
culation	that	leads	to	an	enhanced	transcapillary	fluid	fil-
tration	and	subsequent	rupture	of	the	epithelial	lining.2

Furthermore,	marked	qualitative	and	quantitative	al-
terations	of	the	jejunal	microflora	have	been	documented	
in	recently	drinking	alcoholics.	studies	in	alcoholics	using	
the	H2-breath	test	after	ingestion	of	glucose	or	lactulose	
have	demonstrated	increased	prevalence	of	bacterial	over-
growth.	Bacterial	overgrowth	in	the	upper	small	intestine	
might	contribute	to	mucosal	damage	and	disturbed	absorp-
tion	in	subjects	chronically	abusing	alcohol.	Furthermore,	
it	might	increase	the	production	of	bacterial	toxins,	espe-
cially	endotoxins	from	Gram-negative	bacteria	which,	in	
combination	with	the	mucosal	injury	induced	by	alcohol,	
might	contribute	to	an	enhanced	endotoxin	translocation	
from	the	luminal	side	into	the	portal	blood	(Figure	1).2

Part	of	this	phenomenon	could	be	attributed	to	chang-
es	in	gastrointestinal	mobility	caused	by	chronic	alcohol	
consumption.	orocaecal	transit	time	(oCtt),	as	assessed	
by	the	lactulose	H2-breath	test	was	significantly	delayed	
in	alcoholics	in	comparison	to	healthy	controls	or	social	
drinkers.4	Disturbances	of	the	synthesis	of	smooth	mus-
cle	contractile	proteins	in	the	small	intestine,	observed	
in	rats	receiving	ethanol,	might	contribute	to	this	altered	
motor	function.2

in	addition,	significantly	increased	intestinal	permea-
bility	in	actively	drinking	alcoholics	has	been	confirmed	
for	macromolecules	such	as	polyethylene	glycol	(PEG)	
4.000	Mr	and	10	000	Mr.5	interestingly,	the	enhanced	in-
testinal	permeability	for	these	macromolecules	had	already	
been	found	in	alcoholics	without	advanced	stages	of	liver	
disease,	a	finding	that	strongly	supports	the	assumption	
that	the	increased	permeability	of	the	gut	mucosa	is	caused	
by	ethanol	itself	and	is	not	a	consequence	of	advanced	al-
coholic	liver	disease.	the	hypothesis	that	the	acute	and	
chronic	ingestion	of	large	quantities	of	alcohol	enhances	
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the	translocation	of	macromolecules	through	the	intesti-
nal	mucosa	is	supported	by	the	observation	of	a	transient	
endotoxaemia	following	acute	alcohol	consumption	in	
healthy	volunteers	and	in	alcoholics	with	fatty	liver	5.	Di-
rect	evidence	of	enhanced	translocation	of	endotoxin	from	
the	gut	lumen	into	the	portal	blood	has	been	achieved	in	
experiments	using	the	tsukamoto-French	model	in	rats.6

the	intermittent	endotoxaemia	stimulates	Kupffer	cells	
and	other	macrophages	in	the	liver,	thereby	enhancing	the	
release	of	reactive	oxygen	species	and	proinflammatory	
mediators	such	as	tumour	necrosis	factor-a	(tNF-a),	in-
terleukin-1	(il-1),	il-6,	reactive	oxygen	species	and	nitric	
oxide	(No).7	We	have	previously	demonstrated	a	system-
ic	increase	in	No,	possibly	as	a	result	of	iNos	up-regu-
lation	after	a	single	administration	of	80g	of	ethanol	in	
healthy	volunteers8	Chronic	overproduction	of	such	me-
diators	following	chronic	alcohol	abuse	may	induce	the	
influx	and	activation	of	neutrophil	leukocytes,	endotheli-
al	lesions,	increased	permeability	of	sinusoids,	disturbed	
microcirculation	and	other	injurious	events	that	finally	
lead	to	severe	forms	of	liver	injury	and	other	organ	dam-
age	(Figure	1).2,	7

The role of mucins
in	this	issue,	Grewal	and	Mahmood	1	explore	a	less	

known	effect	of	alcohol	on	the	quantity	and	composition	of	
the	small	bowel	mucins.	Mucins	form	a	thick	adherent	and	

unstirred	layer	of	mucus	gel	of	median	thickness	of	180	
micron	in	stomach	in	humans,	which	lines	the	gastrointes-
tinal	tract	and	acts	firstly	as	a	lubricant	and	secondly	as	a	
protective	physical	barrier	between	the	mucosal	surface	
and	the	luminal	contents.	the	mucins	are	huge	molecules,	
typically	with	a	molecular	mass	of	the	order	of	1–20	x	106	
Daltons.	they	consist	of	a	central	protein	backbone	with	
large	numbers	of	attached	oligosaccharides.	Common	to	
all	mucin	protein	cores	that	have	so	far	been	identified	are	
tandem	repeat	sequences	(VNtR).	these	are	sequences	of	
amino	acids	which	are	repeated	and	contain	a	high	pro-
portion	of	serine	and	threonine,	the	attachment	sites	for	
o-linked	oligosaccharides.	Glycosylation	accounts	for	up	
to	60%–80%	of	the	mass	of	the	molecule,	and	is	respon-
sible	for	many	of	the	properties	of	mucins.9	

since	the	first	experimental	evidence	for	the	mucus	
bicarbonate	barrier	was	reported	nearly	three	decades	ago	
by	allen	and	coworkers,	mucins	have	become	firmly	es-
tablished	as	a	key	component	of	the	gastroduodenal	muco-
sal	protective	mechanisms.10	the	secretion	of	HCo3

–	into	
a	stable,	adherent	mucus	gel	layer	creates	a	pH	gradient	
from	acid	in	the	lumen	to	near	neutral	at	the	epithelial	sur-
face	in	the	stomach	and	proximal	duodenum	and	provides	
the	first	line	of	mucosal	defence	against	luminal	acid.	this	
mucus	gel	layer	is	also	the	major	physical	barrier	that	pre-
vents	the	back-diffusion	of	luminal	pepsin	thus	preventing	
the	proteolytic	digestion	of	the	underlying	epithelium.	De-
spite	its	well	established	physiological	role	in	the	proxi-
mal	gastrointestinal	tract	reviewed	by	allen	and	Flem-
strom,	the	role	of	mucin	in	small	and	large	bowel	has	not	
been	adequately	evaluated.11	

The effect of alcohol on small bowel mucins
in	this	issue	of	the	annals	of	Gastroenterology,	Grewal	

and	Mahmood	1	show	that	chronic	alcohol	feeding	increas-
es	mucin	production	in	the	small	intestine	of	rats.	the	ob-
served	effect	remains	questionable	as	it	has	not	been	vali-
dated	by	the	demonstration	of	an	increase	of	the	thickness	
of	the	small	bowel	mucus	layer	in	situ	using	either	con-
ventional	or	intravital	microscopy.	the	increased	thickness	
of	the	mucin	bands	demonstrated	by	sDs-PaGE	electro-
phoresis	could	be	due	to	alcohol-induced	qualitive	chang-
es	that	allow	more	mucin	to	be	detached	from	the	bowel	
wall	in	the	case	of	alcohol-treated	animals.	alternatively,	
alcohol	might	cause	a	true	increase	in	mucin	production	
by	intestinal	goblet	cells	but	whether	this	is	a	compensa-
tory	response	to	alcohol	toxicity	or	a	direct	result	of	the	
alcohol	effect	on	goblet	cells	remains	unknown.	

the	undisputable	fact	demonstrated	by	the	authors	is	
the	qualitive	changes	in	mucin	composition	induced	by	
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Figure 1. Common	ethanol-related	effects	on	the	gut	are	(i)	mu-
cosal	damage	of	the	upper	small	intestine,	thereby	contributing	
to	the	qualitative	and	quantitative	malnutrition	frequently	ob-
served	in	alcoholics,	(ii)	alterations	in	the	bacterial	flora	and	(iii)	
increased	gut	permeability	possibly	resulting	in	endotoxemia	and	
subsequent	liver	damage.
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alcohol.	specifically,	alcohol	seemed	to	reverse	the	fu-
cose/sialic	acid	molar	ratio	of	oligosaccharide	residues	
from	a	predominance	of	fucose	to	a	predominance	of	si-
alic	acid.	this	was	attributed	alcohol-induced	changes	in	
sialyltransferase	and	fucosyltranferase	activities	at	the	in-
testinal	brush	borders.	Furthermore,	analysis	of	mucins	
isolated	from	intestinal	lumen	of	control	and	ethanol	fed	
animals	for	alkaline	phosphatase	and	sucrase	revealed	the	
enzyme	activities	were	augmented	in	ethanol	fed	animals	
compared	to	controls.	it	is	tempting	to	hypothesize	that	
such	changes	may	have	an	effect	on	the	viscoelastic	prop-
erties	of	the	gels	formed	and	influence	interaction	of	mu-
cins	with	intraluminal	bacteria.	although	the	authors	have	
not	pursued	this	hypothesis	and	have	not	demonstrated	an	
effect	of	these	qualitive	changes	on	intestinal	permeability	
or	bacterial	translocation	there	seem	to	be	some	relevant	
experimental	data	that	associate	similar	qualitive	chang-
es	in	colonic	mucins	with	the	development	of	inflamma-
tory	bowel	diseases.

specifically,	altered	biochemical	properties	of	colon-
ic	mucin	such	as	decreased	of	the	oligosaccharide	chain	
length,	reduced	sulphation	and	increased	sialylation	have	
been	observed	in	iBD	patients.9	sulphation	and	sialylation	
are	important	biochemical	determinants	as	they	play	a	part	
in	the	resistance	of	mucins	to	bacterial	degradation.	Fur-
thermore,	it	has	been	shown	that	there	is	increased	mucin	
sulphatase	activity	in	ulcerative	colitis	that	mirrors	dis-
ease	activity.12	additionally,	an	association	has	been	re-
ported	between	rare	alleles	of	the	MUC3	gene,	one	of	the	
nine	genes	MUC	genes	which	code	for	the	protein	cores	
of	mucins,	and	ulcerative	colitis.13	in	Crohn’s	disease,	a	
reduction	in	MUC3,	MUC4,	and	MUC5B	levels	has	been	
observed	in	both	diseased	and	normal	tissue	compared	to	
controls,	which	implies	an	early	or	primary	mucosal	de-
fect	related	to	disease	pathogenesis14	the	strongest	evi-
dence	in	favour	of	a	pathogenetic	role	of	mucins	in	iBD	
comes	from	a	recent	study	in	mice	lacking	core 3 ί1,3-N-
acetylglucosaminyltransferase	(C3Gnt),	an	enzyme	pre-
dicted	to	be	important	in	the	synthesis	of	core	3–derived	
o-glycans.	C3Gnt-deficient	mice	displayed	a	discrete,	co-
lon-specific	reduction	in	Muc2	protein	and	increased	per-
meability	of	the	intestinal	barrier.	these	mice	were	found	
to	be	highly	susceptible	to	experimental	triggers	of	colitis	

and	colorectal	adenocarcinoma.15	

the	present	study	by	Grewal	and	Mahmood	1	describe	
similar	changes	in	small	bowel	mucins	induced	in	rats	fol-
lowing	alcohol	consumption.	Despite	the	relative	lack	of	
information	concerning	the	physiological	role	of	small	in-
testinal	mucins	the	observed	effects	of	alcohol	on	mucin	
composition	and	production	indicates	the	complexity	and	

variety	of	insults	and	injuries	of	the	alcohol	on	the	gas-
trointestinal	tract.
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