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Y hteenveto

Alkoholin suurkulutus ja siitd aiheutuvat terveyshaitat ovat huomattava ongelma
useimmissa ldnsimaissa. Alkoholin aiheuttamien sairauksien taustalla olevat me-
kanismit ovat kuitenkin edelleen epéselvid. Tarjolla ei mydskddn ole tarpeeksi
tarkkoja menetelmid alkoholin aiheuttamien terveysongelmien toteamiseen.

Téasséd tutkimuksessa selvitettiin etanolin aineenvaihduntatuotteiden aiheutta-
mien immuunivasteiden, alkoholinkulutuksen biomarkkereiden, sytokiinien ja
fibroosimuodostuksen yhteyksid ja diagnostista kéyttokelpoisuutta alkoholin
suurkuluttajilla. Tutkimushenkildind oli maksasairaita alkoholisteja, alkoholisteja,
joilla ei ole maksasairautta, alkoholin kohtuukéyttdjid ja tdysraittiita. Heiltd madri-
tettiin perinteisten laboratoriokokeiden (MCV, GGT, CDT, AST, ALT) liséksi
autoimmuunivasteita asetaldehydin muokkaamia proteiineja vastaan, sytokiinipro-
fiileja, fibrogeneesin osoittimia (PIIINP, PINP ja hyaluronihappo) seké kollagee-
nin hajoamista kuvaavia osoittimia (B-CrossLaps ja ICTP).

Anti-asetaldehydiaddukti-IgA-tasot olivat alkoholisteilla merkittévasti korke-
ammat kuin kohtuujuojilla tai tdysraittiilla. Kohtuujuojilla arvot olivat suuremmat
kuin tdysraittiilla. Keskiméadrdisen alkoholikulutuksen (grammaa pdivéssd) vii-
meisen  kuukauden ajalta  havaittiin = korreloivan  merkitsevdsti  anti-
asetaldehydiaddukti-IgA-tason kanssa (r = 0.67, p < 0.001). Alkoholin suurkulut-
tajilla asetaldehydiaddukteja vastaan kehittyvien autovasta-aineiden ja punasolu-
jen makrosytoosiin vililld havaittiin olevan yhteys. Niistéd potilaista, joilla oli ko-
honneet MCV-arvot, 94 %:lla oli my6s koholla olevat anti-asetaldehydiaddukti-
IgA-arvot ja 64 %:lla koholla olevat anti-asetaldehydiaddukti-IgM-arvot. Niilld
alkoholisteilla, joilla MCV-arvot olivat normaalit, kohonneita anti-asetalde-
hydiaddukti-IgA-tasoja esiintyi vihemmaén (63 %).

Maksasairailla alkoholisteilla IgA-tasot sekd asetaldehydiaddukteja ettd ku-
dostransglutaminaasia (tTG) vastaan olivat merkittdvésti korkeammat kuin ter-
veilld kontrolleilla tai alkoholisteilla, joilla ei ole maksasairautta. Nelikenttatestis-
sd ndiden kahden vasta-aineen kohoamisella havaittiin my0s merkittdva yhteys.
Anti-tTG-IgA korreloi positiivisesti pro-inflammatoristen sytokiinien (IL-2, IL-6,
IL-8, TNF-a) kanssa ja negatiivisesti anti-inflammatoristen sytokiinien (IL-1,
TGF-B) kanssa. Vahva positiivinen korrelaatio havaittiin anti-tTG-IgA:n ja fib-
roosiosoittimien (PIIINP ja hyaluronihappo) vililla.

Seerumin B-CrossLaps-tasot (B-CTx) olivat maksasairailla alkoholisteilla
merkittdvasti matalammat kuin terveilld kontrolleilla tai alkoholisteilla, joilla ei
ole maksasairautta. PINP ja PIIINP, jotka kuvaavat tyypin I ja III kollageenien
synteesid, olivat maksasairailla alkoholisteilla merkittidvisti koholla. Terveiden



kontrollien arvot eivédt merkittdvisti eronneet niiden alkoholistien arvoista, joilla
ei ole maksasairautta. Seerumin B-CTx-tasot korreloivat negatiivisesti seerumin
PIIINP-tasojen ja pro-inflammatoristen sytokiinien (IL-2, IL-6, IL-8, TNF-a)
kanssa ja positiivisesti anti-inflammatoristen sytokiinien (IL-1, TGF-B) kanssa,
kun taas seerumin PIIINP-tasot korreloivat positiivisesti pro-inflammatoristen ja
negatiivisesti anti-inflammatoristen sytokiinien kanssa. PIIINP:n ja B-CTx:n suh-
teen laskemisella saavutettiin erinomainen herkkyys (94 %) ja tarkkuus (98 %)
maksasairaiden alkoholistien tunnistamisessa.

Tutkimusten tulokset viittaavat siihen, ettd anti-asetaldehydiaddukti-IgA voisi
tarjota uuden kliinisesti merkittdvian osoittimen alkoholin suurkulutuksen toteami-
seen. Spesifisilli immuunivasteilla etanolin aineenvaihduntatuotteille saattaa olla
sekd diagnostisia ettd patogeenisid sovellutuksia alkoholin aiheuttamien sairauksi-
en tutkimisessa. Vahva yhteys anti-tTG- ja anti-asetaldehydiaddukti-IgA-tasojen
valilla viittaa siihen, ettd sairauksissa, joissa sisdisten suojamekanismien toiminta
on hiiriintynyt alkoholi- ja asetaldehydialtistuksen seurauksena, saattaa esiintyd
samankaltainen limakalvovaste kyseisille antigeeneille. Tulokset viittaavat my0s
sithen, ettd maksasairailla alkoholisteilla tasapaino sekéd pro-inflammatoristen ja
anti-inflammatoristen sytokiinien vililld ettd kollageenin synteesin ja hajoamisen
vélilld on hiiriintynyt. Ndma 16ydokset pitdisi ottaa huomioon, kun kehitetdén
uusia menetelmid erottelemaan yksilot, joilla on suurentunut riski kehittdé fibroosi
ja kirroosi.



Abstract

Although excessive ethanol consumption is a significant cause of health problems
in most Western countries, the primary mechanisms of ethanol-induced diseases
have remained largely unknown. There has also been a lack of specific methods
for assessing ethanol-induced health problems.

This study sets out to explore the associations and diagnostic usefulness of
immune responses induced by ethanol metabolites, biomarkers of ethanol con-
sumption, cytokines and fibrogenesis in alcohol consumers. Conventional labora-
tory markers of excessive ethanol consumption (MCV, GGT, CDT, AST, ALT),
autoimmune responses to proteins modified by acetaldehyde (the first metabolite
of ethanol), cytokine profiles and markers of fibrogenesis (carboxyterminal
propeptides of type I and type III procollagens, PINP and PIIINP and hyaluronic
acid), and markers of collagen degradation (aminoterminal telopeptides of type I
collagen, B-CrossLaps and ICTP) were measured in alcoholics with or without
liver disease, moderate drinkers and abstainers.

Anti-acetaldehyde adduct IgA levels were significantly higher in the alcohol-
ics than in the moderate drinkers or abstainers. The values in the moderate drink-
ers were also higher than those in the abstainers. Anti-acetaldehyde adduct IgAs
correlated significantly with the amount of ethanol consumed during the month
preceding blood sampling (r = 0.67, p < 0.001). Induction of autoantibodies
against acetaldehyde adducts was also found to be associated with red cell macro-
cytosis induced by heavy ethanol intake. Anti-acetaldehyde adduct IgA and IgM
against acetaldehyde-induced protein modifications were elevated in 94 % and 64
% of the patients with high MCV, respectively, the former being significantly less
frequent in the alcoholics with normal MCV (63 %).

The patients with alcoholic liver disease (ALD) had significantly higher levels
of IgAs, not only against acetaldehyde adducts but also against tissue transgluta-
minase (tTG), than did the healthy controls or alcoholics without liver disease.
There was also a significant co-occurrence between these two antibodies in the
alcohol consumers. Anti-tTG IgA showed significant positive correlations with
proinflammatory cytokines (IL-2, IL-6, IL-8, TNF-a) and negative correlations
with anti-inflammatory cytokines (IL-1, TGF-f). Highly positive correlations oc-
curred between anti-tTG IgA and markers of fibrogenesis (PIIINP, hyaluronic
acid).

Serum B-CrossLaps (B-CTx) in ALD patients were at a significantly lower
level than in the healthy controls or the alcoholics without liver disease, while
PINP and PIIINP, reflecting type I and type III collagen synthesis, respectively,



were significantly increased. The alcoholics without liver disease showed values
which were not significantly different from those of the healthy controls. Serum
B-CTx correlated negatively with serum PIIINP and pro-inflammatory cytokines
(IL-2, IL-6, IL-8, TNF-a), and positively with anti-inflammatory cytokines (IL-1,
TGF-pB), whereas serum PIIINP correlated positively with pro-inflammatory cyto-
kines and negatively with anti-inflammatory cytokines. Calculation of the
PIIINP/B-CTx ratio was found to yield an excellent sensitivity (94 %) and speci-
ficity (98 %) in differentiating alcoholics with liver disease.

The present data suggest that anti-acetaldehyde adduct IgAs may provide a
new clinically useful marker of excessive ethanol consumption. Specific immune
responses to ethanol metabolites may prove to have both diagnostic and patho-
genic implications in ethanol-related diseases. The close association between anti-
tTG and anti-acetaldehyde adduct IgAs may indicate that, under conditions in
which the integrity of the intestinal barriers has been disrupted upon ethanol in-
take and acetaldehyde exposure, there may be common mucosal responses to such
antigens. The results also suggest that patients with alcoholic liver disease have a
disturbed balance between pro-inflammatory and anti-inflammatory cytokines and
between collagen synthesis and degradation, which may facilitate fibrogenesis in
ALD. These findings also have implications for the development of non-invasive
tools for discriminating individuals at risk for fibrogenesis.
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1. Introduction

Excessive ethanol consumption and consequent medical disorders are major prob-
lems in most Western countries (Lieber 1995, Room et al. 2005). In Finland, the
lowering of alcohol taxes has recently led to a rapid increase in ethanol consump-
tion (WHO 2004, Stakes 2005), so that while the total ethanol consumption per
capita in 2003 was about 9 liters of 100 % alcohol per year it is estimated to reach
11 liters during 2006 (Stakes 2005). Recent national statistics also show that alco-
hol-related causes have simultaneously risen to be the most common cause of
death among 15-65-years-old men in Finland and the second most common
among the same age group of women.

In order to prevent alcohol-related health problems, reliable methods for de-
tecting excessive ethanol consumption in its early phase are needed. Since pa-
tients” own reports about their drinking habits are often unreliable (Midanik 1982,
Watson et al. 1984), there is a need for more specific and sensitive laboratory
methods, but more information about the mechanism and pathogenesis of alcohol-
related tissue injuries is needed to develop such methods.

Virtually all tissues in the body are affected by excessive ethanol consump-
tion. A well known complication of alcohol abuse is the deposition of collagen in
the liver, eventually leading to fibrosis, the accumulation of fibrous scar tissue.
Fibrosis showing a pericellular distribution is known to be an early feature of al-
coholic liver disease (ALD), but the mechanisms responsible for the progression
from mild fibrosis to cirrhosis are poorly known. Recent studies have indicated
that ethanol metabolites and associated oxidative stress may play a key role in
alcohol-induced tissue damage (Greenwel et al. 2000, Seitz et al. 2005, Purohit
and Brenner 2006). Ethanol metabolites may also act as neoantigens which stimu-
late immune responses (Israel et al. 1986, Niemela et al. 1987, Lieber 1995, Lie-
ber 2004). Several studies have suggested that cytokines, such as interleukin (IL)
-1, IL-6, IL-8, and tumor necrosis factor a (TNF-a), which have been considered
crucial mediators of inflammation, could have a role in the development of alco-
holic liver disease (McClain and Cohen 1989, Khoruts et al. 1991, Hill et al. 1993,
McClain et al. 1998, Neuman et al. 2001). Increased cytokine activities have been
shown to correlate with the severity of liver disease and it has been suggested that
they may be of prognostic value (Hill et al. 1992, Rodriguez-Rodriguez et al.
1995, Fujimoto et al. 2000, Neuman et al. 2001). Especially high levels of TNF-a
and IL-8 in ALD patients seem to indicate decreased long-term survival (Bird et
al. 1990, Felver et al. 1990, Bird 1994, Huang et al. 1996).

The present work was designed to investigate the effects of excessive ethanol
consumption on specific antibody and cytokine responses to ethanol metabolites,
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and their association with ethanol-induced biochemical abnormalities and liver
damage. It was also aimed at developing new approaches for assessing ethanol
consumption and ethanol-induced fibrogenesis.
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2. Review of the literature

2.1. Main features of ethanol metabolism

When ethanol is consumed it is readily absorbed from the gastrointestinal tract
into the blood. Most of the ingested alcohol is rapidly metabolized, but the small
amount that remains unmetabolized permits alcohol concentrations to be meas-
ured in the breath and urine. The first step in alcohol metabolism is the oxidation
of ethanol to acetaldehyde, the three major routes for this being the alcohol dehy-
drogenase (ADH) pathway, the microsomal ethanol oxidizing system (MEOS)
and the catalase pathway. The resulting acetaldehyde is then further oxidized to
acetate and finally to CO, and water through the citric acid cycle.

Approximately 95 % of the ethanol ingested is metabolized by ADH and
CYP2EI1 in MEOS in the liver, and apart from the stomach, extrahepatic metabo-
lism of ethanol is minor (Oneta et al. 1998). It has been shown, however, that the
gastrointestinal microflora can also metabolize ethanol, as the microbes of the
large bowel participate in the metabolism of exogenous ethanol (Salaspuro 1996).
Due to the low intestinal capacity for acetaldehyde removal, high concentrations
of acetaldehyde may accumulate in the gastrointestinal tract.

2.1.1 First-pass metabolism of ethanol

The fact that oral alcohol consumption results in a lower blood ethanol concentra-
tion than the same dose administered intravenously has been taken as evidence of
what is called the first-pass metabolism of ethanol, which takes place in both the
stomach and the liver. In addition to the class I and II ADH isoenzymes, which
are also found in the liver, the stomach contains a class IV ADH isoform (Moreno
et al. 1994). Gastric ADH activity has been shown to be influenced by various
factors such as age, gender, medication, concentration of the alcoholic beverage
and gastric morphology e.g. gastric mucosal atrophy (Frezza et al. 1990, Roine et
al. 1991, Seitz et al. 1992, Roine et al. 1993, Pozzato et al. 1995, Amir et al. 1996,
Pedrosa et al. 1996, Baraona et al. 2001).

2.1.2 The alcohol dehydrogenase (ADH) pathway

Alcohol dehydrogenase (ADH), which converts alcohols to their corresponding
aldehydes using NAD+ as a cofactor, is the principal enzyme responsible for etha-
nol metabolism in humans. It is usually saturated and working at maximal speed,
which is approximately 0.1 g/kg/h for both sexes. ADH is expressed in tissues in
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the form of several isoenzymes that have different kinetic properties and substrate
preferences (Ehrig et al. 1990). ADH isoenzymes are divided into five classes
based on their enzymatic characteristics. Class I ADHs contain isoenzymes which
have high catalytic activity for the oxidation of short-chain aliphatic alcohols and
are strongly inactivated by pyrazole (Zorzano and Herrera 1990) while class II
ADH isoenzymes exhibit a high activity for oxidation of long-chain aliphatic and
aromatic alcohols and are less sensitive to pyrazole (Li et al. 1977). Both classes
are involved in ethanol oxidation in the liver. ADH isoenzymes which have virtu-
ally no ethanol oxidation activity but have high activity for the oxidation of long-
chain alcohols and are completely insensitive to pyrazole are classified into class
III (Beisswenger et al. 1985, Valkonen and Goldman 1988). Class IV ADH isoen-
zymes are some of the most ethanol active ADHs and are suggested to be most
important forms of gastric ADH participating in first-pass metabolism (Jornvall
1994, Jelski et al. 2002). Finally, the most recently identified ADHs are those of
class V, which are found in both the adult and fetal liver (Yasunami et al. 1991,
Zhi et al. 2000). The fetal liver contains significantly higher levels than the adult
liver, however, suggesting that class V ADHs are predominantly fetal alcohol
dehydrogenases (Estonius et al. 1996).

2.1.3 The microsomal ethanol oxidation system (MEOS)

Chronic ethanol consumption leads to increased activity of the microsomal etha-
nol oxidation system (MEOS), with an associated rise in microsomal cytochromes
P450 (Lieber and DeCarli 1968, Lieber 1988). It has also been shown that even a
single acute dose of ethanol can produce a relatively rapid increase in aniline hy-
droxylase activity and in microsomal ethanol oxidation (Ariyoshi et al. 1970, Pe-
tersen et al. 1982). The three P450 isoenzymes, CYP2E1, CYP1A2 and CYP3A4,
all metabolize ethanol (Salmela et al. 1998). The mean CYP2EI-dependent etha-
nol oxidation is twice that of CYP1A2 or CYP3A4 and thus it plays a major role
in the MEOS. However, since the combined activity of CYP1A2 and CYP3A4 is
comparable to that of CYP2EI1, these P450s can also contribute significantly to
MEOS (Asai et al. 1996, Salmela et al. 1998).

Both the content and catalytic activity of CYP2E1 will increase upon chronic
ethanol consumption, and thus acetaldehyde production by the MEOS will be en-
hanced. It has been shown by immunoblot analysis that the CYP2EI content of
human liver microsomes is 4 times higher in drinking alcoholics than in non-
drinkers (Tsutsumi et al. 1989). The presence and inducibility of CYP2E1 in
Kupffer cells suggests that under conditions in which CYP2EI is induced, the
metabolites generated by the Kupffer cells may contribute to toxicity and lipid
peroxidation in these cells and induce hepatic injury (Koop et al. 1991). Although
CYP2EI1 is the key enzyme for MEOS, it has been suggested that CYP1A2 and
CYP3A4 are also induced by chronic ethanol consumption and may contribute to
the pathogenesis of alcoholic liver damage (Niemeld et al. 1998, Salmela et al.
1998, Niemeli et al. 1999).
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2.1.4 The catalase pathway

Minor amounts of ethanol may also be oxidized through the catalase pathway.
Human catalase is a heme-containing peroxisomal enzyme that breaks down hy-
drogen peroxide into water and oxygen (Keilin and Hartree 1945). Since hydrogen
peroxide production is very low under normal conditions, catalase probably does
not have any major role in ethanol oxidation. Its contribution may be enhanced,
however, if a significant amount of hydrogen peroxide becomes available through
B-oxidation of fatty acids in the peroxisomes (Handler and Thurman 1985). It was
reported a few years ago that Kupffer cells may play a key role in the activation of
catalase-dependent alcohol metabolism by participating in regulation of the hy-
drogen peroxidase supply (Bradford et al. 1999).

2.1.5 Acetaldehyde oxidation

Acetaldehyde, the product of ethanol oxidation, is highly toxic and is rapidly me-
tabolized to acetate, mainly by mitochondrial aldehyde dehydrogenase (ALDH)
(Eriksson et al. 2001, Crabb et al. 2004). The resulting acetate is transported to
peripheral tissues, mostly the muscles, and converted to CO, and water.

Approximately 50 % of orientals lack ALDH2 activity (Yin 1994), which
means that even a small amount of alcohol causes what is known as an antabuse
reaction, with a rapid facial flush, frequently associated with tachycardia, head-
ache and nausea. Thus the lack of ALDH activity may offer some resistance to the
development of alcoholism (Wall and Ehlers 1995, Higuchi et al. 1996), but in
alcoholics it causes alcoholic liver disease to develop at lower levels of ethanol
intake than in normal individuals (Enomoto et al. 1991, Yin 1994).
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Figure 1. Products of ethanol metabolism.

EtG, ethyl glucuronide; EtS, ethyl sulphate; FAEE, fatty acid ethyl ester; 5-HIAA,
S-hydroxyindole-3-acetic acid; 5-HTOL, 5-hydroxytryptophol; PEth, phosphati-
dylethanol.

2.1.6 Factors influencing ethanol absorption and metabolism

A number of factors influence the absorption and metabolism of alcohol, includ-
ing genetic and environmental factors, ethanol concentration, gender, age, medi-
cation, the presence of food in the gastrointestinal tract and the type of food. Life-
style factors such as daily alcohol consumption and smoking have been shown to
increase the rate of ethanol elimination from the blood (Kopun and Propping
1977). On the other hand, smoking has also been shown to slow down gastric
emptying, thus delaying alcohol absorption (Johnson et al. 1991).

Women absorb and metabolize alcohol differently from men and have a
higher blood alcohol concentration after consuming the same amount of ethanol.
The difference is believed to be caused by their smaller amount of body water and
by the fact that they have lower ADH activity in the stomach, causing a larger
proportion of the ingested alcohol to reach the bloodstream (Frezza et al. 1990,
Thomasson 1995, Ely et al. 1999, Baraona et al. 2001). Although there are some
studies showing that ethanol elimination rates in women may be higher than in
men, the differences are in general believed to be small (Kwo et al. 1998, Mumen-

24



thaler et al. 1999). The menstrual cycle has been shown to have an influence on
ethanol elimination as elimination times are significantly shorter and disappear-
ance rates faster during the mid-luteal phase than in the early follicular and ovula-
tory phases (Sutker et al. 1987).

Gastric class IV ADH isoenzymes require a relatively high ethanol concentra-
tion for optimal activity. Thus consumption of a concentrated solution of ethanol
results in higher first-pass metabolism than does a diluted solution, and conse-
quently in lower blood alcohol levels when subjects are tested in a fed state (Ro-
ine et al. 1991, Lieber et al. 1994).

It has been shown that advanced age results in decreased first-pass metabo-
lism, although this is more likely to be associated with abnormal gastric morphol-
ogy (Brown et al. 1995), since the first-pass metabolism has been shown to be
increased in elderly persons (approximately 70 years of age) with normal gastric
morphology as compared with young people (Oneta et al. 2001). The gender-
related differences in first-pass metabolism have been shown to equal out or even
be reversed at ages of 60—80 years. It has been suggested that this is most likely
because of gastric mucosal atrophy, which occurs more frequently in men than in
women (Pozzato et al. 1995, Parlesak et al. 2002).

Ethanol and drugs can affect each other's absorption and metabolism. Ethanol
may either increase drug absorption, or in high concentrations delay it, whereas
several drugs, e.g. salicylic acid and H2-receptor antagonists, have been shown to
affect ethanol metabolism, mostly by affecting gastric ADH activity or gastric
emptying (Linnoila et al. 1979, Ciraulo and Barnhill 1986, Palmer et al. 1991,
Edelbroek et al. 1993, Gugler 1994).

The rate of alcohol absorption depends on how quickly the stomach empties
its contents into the intestine (Holt 1981, Jones et al. 1997, Oneta et al. 1998). It
has been shown that absorption is clearly slower when alcohol is consumed after a
meal than on an empty stomach (Wedel et al. 1991). In addition to this, food in-
take, regardless of the composition of the food, has been shown to increase alco-
hol elimination from blood (Ramchandani et al. 2001).

2.2. Ethanol and health

2.2.1. Ethanol-related general health problems

Ethanol is a commonly consumed addictive substance, the lower limits for the
harmful consumption of which are currently agreed to be 280 g per week for men
and 190 g for women, equal to approximately 24 and 16 standard drinks respec-
tively. It should be noted, however, that as vulnerability to alcohol dependence
varies greatly among individuals, it is difficult to lay down any definite consump-
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tion limits for the risk of developing dependence. Two persons exposed to alcohol
at the same intensity and frequency may not have the same outcome, for many
reasons, including genetic factors and clinical history (Enoch 2003, Fromme et al.
2004).

Virtually all tissues in the body are affected by excessive ethanol consump-
tion, with chronic ethanol consumption producing different health problems from
acute consumption (Lieber 1995). Those associated with acute ethanol intake are
mostly intoxication, trauma and embolic strokes (Hillbom et al. 1999, Cunning-
ham et al. 2002, Savola et al. 2004). Studies of trauma patients have shown that
the risk of injury is greater in persons under the influence of alcohol (Cunningham
et al. 2002), and that the relative risk of head injury starts to increase sharply
above the blood alcohol level of 1.5 %o (Savola et al. 2005). Chronic ethanol con-
sumption may cause various problems including gout, neurological symptoms,
pancreatitis, liver disease and cancers (Diehl 1998, Cho et al. 2004, Choi et al.
2004, Harper and Matsumoto 2005, McKillop and Schrum 2005, Whitcomb 2005,
Boffetta and Hashibe 2006, Thomson and Marshall 2006). The effects of ethanol
on blood cells and bone marrow are discussed in section 2.4.

Alcoholism is also the cause of a variety of neurological disorders. Some neu-
rological disorders related to long-term alcohol consumption can also be caused
by inadequate nutrition, including Wernicke's encephalopathy, which is caused by
thiamine deficiency and characterized by the triad of ataxia, oculomotor abnor-
malities and global confusion (Diamond and Messing 1994). Most patients who
survive Wernicke's encephalopathy will develop Korsakoff's psychosis, which is a
chronic amnestic disorder (Charness 1993, Thomson and Marshall 2006). About
25 % of these patients will never recover and will require long-term care, whereas
about 20 % of patients recover completely after several months (Diamond and
Messing 1994, Thomson and Marshall 2006). Some alcohol-associated neurologi-
cal disorders appear to involve the neurotoxicity of ethanol or its metabolites for
the brain and peripheral nerves (Harper and Matsumoto 2005). Polyneuropathy,
the most common neurological complication of alcoholism, is characterized by
axonal degeneration and demyelination and is believed to be caused mainly by the
direct neurotoxic effect of ethanol on the peripheral nerves (Diamond and Mess-
ing 1994, Koike et al. 2001, Vittadini et al. 2001).

Excessive ethanol consumption, both acute and chronic, clearly carries a risk
of acute or chronic pancreatitis, respectively. The mechanism of ethanol-induced
pancreatitis is still unclear, but it is believed that pancreatic acinar cells are capa-
ble of metabolizing alcohol and that the direct toxic effects of alcohol and/or its
metabolites on these cells may predispose the gland to injury in the presence of an
appropriate triggering factor (Apte et al. 2005). Progression of pancreatitis may
lead to various other disorders, including maldigestion, diabetes and pancreatic
cancer (Ekbom et al. 1994, Nakamura et al. 1994, Petersen and Forsmark 2002,
Go et al. 2005). However, only a minority of alcoholics develop pancreatitis and
thus alcohol consumption cannot be the sole cause, but lifestyle and possibly ge-
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netic cofactors must also be involved (Apte et al. 2005, Whitcomb 2005). Exces-
sive ethanol consumption is also associated with development of liver disease, the
risk of which is suggested to increase linearly with ethanol intake (Becker et al.
1996, Bellentani et al. 1997, Lu et al. 2004). A more detailed account of alcoholic
liver disease is given in section 2.5.

Heavy alcohol consumption has been shown to have strong association with
development of gout (Lin et al. 2000, Wortmann 2002, Choi et al. 2004), which is
the most common form of inflammatory arthritis in men. It is believed that etha-
nol-induced hyperuricemia is not only related to the amount of ethanol ingested
but also to the type of alcohol beverage. The highest risk of developing gout is
associated with beer consumption, while wine drinking does not seem to have any
influence (Choi et al. 2004, Ka et al. 2005) and whisky may even be capable of
reducing serum uric acid levels (Nishioka et al. 2002).

Chronic alcohol consumption has been identified on the basis of epidemiol-
ogical data as a significant risk factor for various cancers, including upper gastro-
intestinal and colorectal cancer (Kabat et al. 1993, Cho et al. 2004, McKillop and
Schrum 2005, Wakai et al. 2005, Layke and Lopez 2006). Acetaldehyde is be-
lieved to be the most carcinogenic and mutagenic agent in alcohol-associated can-
cer (McKillop and Schrum 2005, Boffetta and Hashibe 2006). Gastrointestinal
bacteria and various ADH isoenzymes metabolize ethanol to acetaldehyde, which
can disturb DNA synthesis and repair, and may thus contribute to tumor develop-
ment. Oxidative stress due to the induction of CYP2E1 is considered to be another
key factor in alcohol-induced carcinogenesis (P6schl and Seitz 2004, Boffetta and
Hashibe 2006).

It has been suggested during the last few decades that alcohol may also have
some beneficial health effects when consumed in small amounts (Doll 1997, Gall
2001, Agarwal 2002, Ellison 2002). It has been shown that small amounts of
ethanol decreases the risk of coronary heart disease (Wannamethee and Shaper
2002) and suggested that this is at least partly due to the beneficial effects of etha-
nol on lipid metabolism (Sillanaukee et al. 1993, Gall 2001, Baer et al. 2002). Red
wine has been reported to have greater cardioprotective effects than are associated
solely with ethanol or other types of alcoholic beverages. These effects have been
connected to several polyphenolic antioxidants, including resveratrol (Wu et al.
2001). It remains controversial, however, whether patients with a high risk of car-
diovascular disease should be advised to drink small amounts of alcohol. While
some studies have supported the idea (Ellison 2002), others have severe doubts
about the overall benefits even of moderate drinking (Friedman and Klatsky 1993,
Goldberg 2003). Especially among teenagers and young adults, the risks associ-
ated with alcohol consumption seem to outweigh the benefits that may evolve
later in life (Friedman and Klatsky 1993, Doll 1997).

27



2.2.2. Gender-dependent adverse consequences of ethanol intake

The limits of harmful ethanol consumption are lower for women than for men.
Due to their smaller size and smaller amount of body water, women have a lower
distribution volume of ethanol, and thus their blood ethanol levels become higher
than in men after consuming the same amount of ethanol (Sherlock 1995, Schen-
ker 1997, Bradley et al. 1998). The lower level of alcohol metabolism in the stom-
ach (Frezza et al. 1990, Thomasson 1995, Ely et al. 1999, Baraona et al. 2001)
also makes the acute effects of ethanol last longer. A combination of these factors
may make women more vulnerable to alcohol-induced damage to the liver and
other tissues (Schenker 1997), and it has also been shown that the risk of breast
cancer increases significantly even with moderate ethanol consumption (Martin-
Moreno et al. 1993, Longnecker 1994, Schatzkin and Longnecker 1994, Bradley
et al. 1998, Petri et al. 2004, Boffetta and Hashibe 2006).

Fetal alcohol syndrome (FAS) is a set of specific birth defects caused by ma-
ternal alcohol consumption during pregnancy. It is characterized mainly by physi-
cal and mental retardation, craniofacial abnormalities and minor joint abnormali-
ties. FAS was first described in 1973 (Jones and Smith 1973) and it is nowadays
considered to be the most common non-hereditary cause of mental retardation.
The term "fetal alcohol effects" (FAE) is used when a child exhibits some, but not
all, of the characteristics of FAS (Jacobson and Jacobson 2002). It is not currently
known what amount of ethanol, if any, may be safely consumed during preg-
nancy, but it has been shown that even 1-2 daily drinks, or 5 or more drinks on
any single occasion, may cause fetal damage (Streissguth et al. 1990, Larroque et
al. 1995, Larroque and Kaminski 1998, Stoler et al. 1998, Sood et al. 2001, Lin-
neberg et al. 2004, Nulman et al. 2004).

2.3. Biomarkers for assessing ethanol consumption and
ethanol-induced diseases

2.3.1. Blood ethanol concentration

An ethanol concentration in the blood, breath or urine is a specific marker of re-
cent alcohol consumption, and when combined with clinical observations it may
also give information on the long-term alcohol consumption. High blood ethanol
levels may be a sign of tolerance, so that levels exceeding 150 mg/1 (1.5 %o) with-
out obvious evidence of intoxication or 300 mg/l (3 %o) on any given occasion is
an indication of tolerance and alcoholism. However, the short half-life of ethanol
limits its usefulness as a tool for diagnosing chronic drinking problems (Rosman
and Lieber 1992).
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2.3.2. Mean corpuscular volume (MCV)

Red blood cells are the most common type of blood cells, and their principal role
is to deliver oxygen from the lungs to other body tissues. An elevated mean cor-
puscular volume (MCV) is the most typical morphological blood cell abnormality
associated with excessive ethanol consumption (Wu et al. 1974). It is so common
that it has been widely used for the detection of alcohol abuse in clinical screening
procedures. The specificity of MCV as an alcohol marker is limited in patients
with liver diseases, vitamin B, or folate deficiency, a variety of hematological
diseases, hypothyroidism or reticulocytosis (Maruyama et al. 2001, Niemeld
2007). Due to the long normalization time (2 to 4 months), it may take several
months for changes in drinking to be reflected in MCV levels, limiting the useful-
ness of this measure for the follow-up of abstinence. MCV also has limited value
as a single marker of alcohol abuse because of its poor sensitivity (Meerkerk et al.
1999, Reynaud et al. 2000). However, several authors have reported MCV to be
more sensitive in women than in men (Morgan et al. 1981, Sillanaukee et al.
1998), so that despite its limitations, it may be the best of the traditional markers
for analyzing female patients (Mundle et al. 2000).

2.3.3. Gamma-glutamyl transferase (GGT)

Gamma-glutamyl transferase (GGT), a membrane-bound glycoprotein enzyme
which catalyses the transfer of the y-glutamyl moiety of glutathione to various
peptide acceptors, is one of the most common laboratory tests used for detecting
alcohol abuse. However, it is not specific to excessive ethanol consumption as it
can also be induced by liver disease (Whitfield 2001). Serum GGT values may
also be increased by smoking, obesity, and certain drugs and diseases such as bil-
iary tract disease, severe heart and kidney diseases, trauma and hyperthyroidism
(Cushman 1992, Sillanaukee et al. 2000b, Whitfield 2001, Puukka et al. 2006). It
has also been shown that serum GGT levels tend to increase with age independ-
ently of alcohol consumption (Sillanaukee et al. 2000b), and it has been suggested
that GGT may be of limited value in the case of patients who are less than 20 to
30 years old (Chan et al. 1989, Nystrom et al. 1993, Sillanaukee et al. 1998, Coni-
grave et al. 2002).

2.3.4. Carbohydrate-deficient transferrin (CDT)

Transferrin is a glycoprotein which carries iron through the bloodstream to the
bone marrow, liver and spleen. The first reports on carbohydrate-deficient trans-
ferrin (CDT) were published about 30 years ago (Stibler and Kjellin 1976, Stibler
et al. 1978), since when it has become one of the most widely used markers of
excessive ethanol consumption (Stibler 1991, Allen et al. 1994, Bortolotti et al.
2006, Niemeld 2007). CDT includes transferrin isoforms which have fewer sialic
acid moieties than normal transferrin (Stibler 1991). Excessive ethanol consump-
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tion has been shown to increase the proportions of the asialotransferrin and di-
sialotransferrin isoforms, which together with monosialotransferrin are generally
regarded as CDT. Asialotransferrin is totally absent in abstainers and individuals
consuming moderate amounts of alcohol (Legros et al. 2002, 2003). Trisialotrans-
ferrin, on the other hand, has been shown to reduce the diagnostic accuracy of
CDT and thus is not usually included in CDT measurements (Helander et al.
2001a, Arndt et al. 2002, Legros et al. 2002, 2003). Currently there is no uniform
opinion on the amount and pattern of ethanol consumption that is needed to in-
crease CDT levels. Levels have been reported to be elevated following a daily
ethanol consumption of 40-80 g for 2—3 weeks (Stibler 1991, Helander 1999,
Schellenberg et al. 2005), but it has also been suggested that higher amounts may
be needed to increase levels in the general population (Salmela et al. 1994, Lesch
et al. 1996a, Oslin et al. 1998). The half-life of CDT has been estimated to be ap-
proximately two weeks (Behrens et al. 1988, Lesch et al. 1996b).

One of the postulated advantages of CDT relative to traditional markers of
ethanol consumption is that the values do not seem to be influenced by the pres-
ence of liver disease (Stibler 1991, Nalpas et al. 1997). The other advantage of
CDT is its high specificity (Stibler 1991, Arndt 2001). False positives have been
reported in rare cases of genetic transferrin variants (Stibler et al. 1988, Helander
et al. 2001a) and in some other conditions, including rheumatoid arthritis and
chronic pulmonary disease (Bell et al. 1994, Fleming et al. 2004). The sensitivity
of CDT has varied greatly depending on the population (Anton and Moak 1994,
Bell et al. 1994, Huseby et al. 1997, Anton et al. 2001, Anttila et al. 2003b, Hie-
tala et al. 2006) and measurements seem to be more accurate in men than in
women (Behrens et al. 1988, Oslin et al. 1998, Allen et al. 2000, Anton et al.
2001). It has been suggested that women express higher CDT levels under natural
conditions but may produce less CDT in response to heavy drinking (Stibler et al.
1988, Anton and Moak 1994).

There have been two kinds of CDT tests in routine use. The CDTect method
expresses CDT as the total concentration of CDT in serum (U/I) and measures
asialotransferrin, monosialotransferrin and minor amounts of disialotransferrin.
More recently developed %CDT method expresses CDT concentrations as per-
centages of total transferrin and measures asialotransferrin, monosialotransferrin
and all of the disialotransferrin (Helander et al. 2001b). These two methods are
well comparable for detection of excessive ethanol consumption (Anton et al.
2001), but %CDT may show an improved performance when diagnosing women,
since it takes into account the natural variability in serum transferrin concentration
(Helander 1999, Anton et al. 2001).

2.3.5. Aminotransferases

Aspartate aminotransferase (AST) is an enzyme that catalyzes the conversion of
alanine to pyruvate, while alanine aminotransferase catalyzes the conversion of
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aspartic acid to oxaloacetate. Serum concentrations of AST and ALT are com-
monly used for detecting excessive alcohol consumption, although they are more
directly related to liver status (Sharpe 2001). More specific information on alco-
holic liver disease (ALD) may be obtained from the AST/ALT ratio (Niemeld
2007), which is often above two in ALD, while it is usually below one in patients
with non-alcoholic liver disease (Rosman and Lieber 1994, Nyblom et al. 2004).
The levels of aminotransferases have been reported to normalize in 2 to 3 weeks,
depending on the original level (Niemeld 2002, Chrostek et al. 2006).

2.3.6. Potential new markers

Acetaldehyde adducts, formed when acetaldehyde reacts with proteins and cellu-
lar constituents (Gaines et al. 1977, Stevens et al. 1981, Tuma and Sorrell 1987,
Niemeld 2001), have been found to persist in the blood for 1 to 3 weeks after etha-
nol ingestion (Niemeld and Israel 1992). Thus acetaldehyde adducts have been
suggested as potential markers of excessive ethanol consumption (Niemeld and
Israel 1992, Sillanaukee et al. 1992, Lin et al. 1993, Hazelett et al. 1998, Niemeld
2007). It has also been reported that social drinkers have elevated levels of ad-
ducts after occasional drinking bouts as compared with abstainers (Niemeld and
Israel 1992). A potential problem in these analyses, however, may result from
endogenous acetaldehyde formation, especially in view of the fact that in some
studies acetaldehyde adducts have been shown to be increased in non-alcoholic
liver disease (Rosman and Lieber 1992). Acetaldehyde adducts have also been
found in patients with diabetes and uremia, although the presence of at least some
of these adducts could be explained by moderate or heavy alcohol consumption
(Niemeld and Israel 1992).

The ratio of the serotonin metabolites, 5-hydroxytryptophol (5-HTOL) and 5-
hydroxyindole-3-acetic acid (5-HIAA), in urine has been shown to increase after
heavy ethanol consumption (Helander et al. 1992, Voltaire et al. 1992), and it has
been suggested that this ratio may be more sensitive as an indicator of recent etha-
nol consumption than the measurement of plasma ethanol (Helander et al. 1996,
Helander and Eriksson 2002). The main advantage when compared to plasma
ethanol is that the ratio remains elevated for 620 hours after the disappearance of
ethanol (Helander et al. 1993, 1996, Helander and Eriksson 2002).

Urine concentrations of ethyl glucuronide (EtG), a metabolite of ethanol, have
been reported to increase after ethanol intake (Dahl et al. 2002, Sarkola et al.
2003), and it has been suggested to be a highly sensitive and specific marker of
recent alcohol consumption (Wurst and Metzger 2002). EtG has been found in the
serum, urine, tissues and even hair, and may have significant applications in both
clinical and forensic medicine (Wurst et al. 1999, Wurst et al. 2003, Bergstrom et
al. 2003). Use of the EtG/creatinine ratio in urine as a marker of ethanol consump-
tion has also been suggested. While EtG concentrations may be lowered by drink-
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ing large amounts of water, the EtG/creatinine ratio remains unaffected (Dahl et
al. 2002).

Phosphatidylethanol (PEth) is a unique phospholipid that is formed via the ac-
tion of phospholipase D only in the presence of ethanol (Gustavsson 1995). PEth
has been found in the blood of alcoholics (Hansson et al. 1997) and it may be de-
tected for more than two weeks after the last dose of ethanol (Hansson et al. 1997,
Gunnarsson et al. 1998). Blood PEth has not been found until after a substantial
consumption of ethanol (Varga et al. 1998). This marker seems to have a high
specificity and sensitivity and prolonged detectability (Hansson et al. 1997,
Aradottir et al. 2006).

Fatty acid ethyl esters (FAEEs), which are products of non-oxidative ethanol
metabolism, were first found in organs that had been damaged by excessive etha-
nol consumption, and it was suggested that they may mediate organ damage (La-
posata and Lange 1986, Laposata 1997). Later they were also found in the blood
and hair (Doyle et al. 1994, Auwdrter et al. 2001). Blood FAEEs are detectable for
at least 24 h after the last dose of alcohol (Doyle et al. 1996, Borucki et al. 2004)
and may be used as a marker of recent excessive ethanol consumption, while
FAEEs in the hair remain detectable for at least 2 months (Pragst et al. 2001) and
may thus serve as a long-term marker.

It has been shown that serum and saliva levels of sialic acid (SA), a carbohy-
drate which is predominantly found in the terminal position of oligosaccharide
chains on the surface of cells and molecules (Traving and Schauer 1998), are ele-
vated in alcoholics (Ponnid et al. 1999a, Sillanaukee et al. 1999b, Romppanen et
al. 2002). Serum SA levels also seem to decrease during abstinence, indicating
that they may be useful in the follow-up of treatment for alcohol dependence
(Ponnio et al. 1999a, Sillanaukee et al. 1999b). However, SA concentrations also
seem to increase in a number of other conditions, including inflammatory and
cardiovascular diseases, diabetes and cancer, and also with ageing, pregnancy and
smoking (Stefenelli et al. 1985, Sillanaukee et al. 1999a, Ponni6 et al. 1999b).
These factors limit the clinical potential of SA. The plasma sialic acid index of
apolipoprotein J (S1J) has also been suggested as a marker of ethanol consumption
(Ghosh et al. 2001), since the loss of SA from apolipoprotein J (ApolJ) seems to
correlate positively with both the amount and duration of ethanol consumption
(Ghosh et al. 2001).

Other postulated markers include circulating levels of hepatic lysosomal gly-
cosidase B-hexosaminidase, urinary dolichols, erythrocyte ALDH, urinary salsoli-
nol and urinary ethyl sulphate (EtS). EtS is a direct ethanol metabolite that ap-
pears to have quite similar characteristics to EtG (Wurst et al. 2006). Since EtS
and EtG are formed via different pathways, they could be used side by side to
increase sensitivity. Hepatic lysosomal glycosidase -hexosaminidase has been
shown to increase in alcoholics (Isaksson et al. 1985, Karkkdinen et al. 1990,
Hultberg et al. 1991), but its clinical usefulness is limited by the fact that levels
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are also elevated in several other conditions, including cholestasis, cirrhosis and
diabetes (Rosman and Lieber 1992, Javors and Johnson 2003). Urinary dolichols
are long-chain 2,3-dihydroxy-polyprenols which serve as lipid carriers in the bio-
synthesis of glycoproteins. They have been shown to increase in chronic alcohol
abuse (Pullarkat and Raguthu 1985, Roine et al. 1987), but their use as a marker is
limited by their short half-life and lack of specificity and sensitivity (Roine et al.
1989, Stetter et al. 1991, Roine et al. 1992). Mitochondrial AST (mAST) (Nalpas
et al. 1986), erythrocyte ALDH (Agarwal et al. 1983), urinary salsolinol (Collins
et al. 1979, Haber et al. 1995) and urinary alanine aminopeptidase (Taracha et al.
2004) have also been proposed as markers of excessive ethanol consumption, but
more research is needed to establish their clinical usefulness.

2.3.7. Marker combinations

Although a variety of biochemical markers are available for detecting excessive
ethanol consumption, none of them has so far provided perfect diagnostic accu-
racy (Allen et al. 1994, Salaspuro 1999, Arndt 2001, Conigrave et al. 2002). Over
the past 20 years many researchers have suggested that diagnostic accuracy could
be improved by combining two or more markers (Monteiro and Masur 1985, Sil-
lanaukee et al. 1998, Anton et al. 2001, Sillanaukee and Olsson 2001, Conigrave
et al. 2002, Hock et al. 2005, Hietala et al. 2006). The conventional approach is to
see whether either of the markers is elevated. This frequently improves sensitivity,
but at the same time reduces specificity (Rosman and Lieber 1992, Anton and
Moak 1994, Salaspuro 1999, Anton et al. 2001, Schwan et al. 2004).

Researchers have also introduced the idea of combining markers by means of
mathematical equations (Hartz et al. 1997, Harasymiw and Bean 2001, Sillanau-
kee and Olsson 2001, Hietala et al. 2006) as such combinations may give in-
creased sensitivity without any loss of specificity (Sillanaukee et al. 2000a, Sil-
lanaukee and Olsson 2001, Chen et al. 2003, Anttila et al. 2003a, Niemeld 2007).
Sillanaukee and Olsson introduced the most promising approach by combining
CDT and GGT by means of the equation 0.8 x In(GGT) + 1.3 x In(CDT) (Sil-
lanaukee and Olsson 2001). Chen and coworkers (2003) suggested that the inte-
gration of clinical information into the results obtained from this combined
marker could increase the accuracy of the diagnosis. A further improvement for
the combination of CDT and GGT was achieved by replacing absolute CDT with
%CDT (Anttila et al. 2003a, Hietala et al. 2006).

When considering the use of marker combinations for the detection of exces-
sive alcohol consumption, the increased costs should also be taken into account.
Increasing the number of markers tested will always increase the costs, but on the
other hand, the long-term effects of improved early detection and treatment may
make the use of marker combinations cost-effective.
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2.4. Effects of ethanol on blood cells

Excessive ethanol consumption has been shown to affect both blood cells and
their bone marrow progenitors (Ballard 1989, Niemeld and Parkkila 2004). The
most typical abnormality associated with heavy drinking is elevated MCV (mac-
rocytosis) (Morgan et al. 1981, Wymer and Becker 1990, Seppé et al. 1991).
Other abnormalities in the erythropoietic cell lineage, including erythroblast
vacuolization in bone marrow, have also been reported (Heidemann et al. 1981,
Lindenbaum 1987). Anemia, folate deficiency and megaloblastic alterations in
bone marrow are common in alcoholics with liver disease (Lindenbaum 1987,
Halsted et al. 2002a, Halsted 2004, Latvala et al. 2004).

Megakaryocytes, the precursors of platelets, are typically increased in the
bone marrow of alcoholics (Lindenbaum 1987, Latvala et al. 2004). A low platelet
count in circulation is a common finding after excessive ethanol consumption,
while an elevated platelet count may occur within a week of alcohol withdrawal.
It has been postulated that alcohol intoxication itself is the cause of thrombocyto-
penia, but it is likely that the mechanism is a combination of ineffective thrombo-
cytopoiesis and a shortened platelet life span (Lindenbaum 1987).

2.4.1 Acetaldehyde-protein adducts in the circulation

Acetaldehyde is highly reactive and may bind to proteins and cellular constituents
and form stable adducts. Acetaldehyde can bind to reactive amino acid residues in
several target proteins (Stevens et al. 1981, Israel et al. 1986, Tuma and Sorrell
1987, Behrens et al. 1990, Latvala et al. 2001a, 2001b). Previous studies have
shown the formation of acetaldehyde adducts with hemoglobin and albumin (Ste-
vens et al. 1981, Latvala et al. 2001a), and with number of other proteins, includ-
ing erythrocyte membrane proteins (Gaines et al. 1977, Latvala et al. 2001b),
lipoproteins (Wehr et al. 1993, Latvala et al. 2001a) and collagens (Behrens et al.
1990).

Acetaldehyde adducts can be either stable or unstable (Tuma and Sorrell
1987). Unstable Schiff base adducts are formed by the binding of acetaldehyde to
lysine residues, which are then further stabilized by reduction. Free e-aminolysine
groups are important targets for adduct formation (Tuma et al. 1991), but the
binding reactions may also involve other amino acids, including valine and tyro-
sine (Stevens et al. 1981). Spontaneous stabilization of linkages has been shown
to occur between acetaldehyde and the a-amino groups of hemoglobin in reac-
tions yielding stable imidazolidinone derivates (Fowles et al. 1996).
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2.5. Main features of alcoholic liver disease

It is widely accepted that alcohol consumption increases the risk of liver disease.
The liver is the primary site for ethanol metabolism and therefore vulnerable to a
variety of harmful effects of excessive ethanol consumption. Up to half of all end-
stage liver-related deaths are linked to alcohol (Brunt 2002). Histologically, ALD
involves a wide spectrum of morphological abnormalities, including fatty liver,
alcoholic hepatitis, fibrosis and cirrhosis (Diehl 1998, Niemeld 2002, Mann et al.
2003). These injuries usually develop sequentially, but in some cases they may
also coexist (Niemeld 2002, Mann et al. 2003). The most important factor in both
the short and long-term survival of patients with alcoholic liver disease (ALD) is
abstinence from alcohol.

ALD is often associated with vitamin, mineral and protein deficiencies. This is
due to a decreased intake, malabsorption or increased loss of essential nutrients
(Marsano and McClain 1991, Lieber 2003, Leevy and Moroianu 2005). Thiamine
(B1) and folate deficiencies appear to be among the most common and most im-
portant causes of tissue damage in alcoholics (Butterworth 1995, Thomson 2000,
Halsted et al. 2002b), while hepatic vitamin A deficiency plays an important role
in hepatic fibrosis. A decrease in vitamin A storage in the hepatic stellate cells
may be associated with their activation to myofibroblast-like cells, which then can
synthesize collagen (Lieber 2003, Leevy and Moroianu 2005). Selenium is essen-
tial for the activity of glutathione peroxidase, which provides protection against
alcohol-induced liver damage, and selenium supplementation may be of benefit
for patients with alcoholic cirrhosis (Van Gossum and Neve 1995, Leevy and
Moroianu 2005). It has been demonstrated, however, that ALD can occur despite
adequate nutrition, indicating that the direct toxicity of ethanol and its metabolites
contributes to the liver injury in ALD (Lieber et al. 1965, Lieber 2004). Concepts
of liver injury caused by alcohol-related oxidative stress (lipid peroxidation) and
iron overload, immune responses (cytokines), fatty acid metabolites, acetaldehyde
production (protein-acetaldehyde adduct formation) and mitochondrial dysfunc-
tion (Sherlock 1995, Hill et al. 1998, Day 2000, Lieber 2004, Kohgo et al. 2005)
have all been proposed, and it is most likely that several mechanisms operate si-
multaneously to initiate liver injury (Figure 2). The immunology of ALD is dis-
cussed further in section 2.7.1
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Figure 2. Possible mechanisms of alcohol-related hepatocyte injury. Increased
gut permeability, stimulation of oxidative stress and immunological cascades in-
duced by excessive ethanol intake generate interaction triads which result in
apoptosis and necrosis of hepatic cells (Day 2000).

ADH, alcohol dehydrogenase; RES, reticuloendothelial system; ROS, reactive
oxygen species.

However, not all individuals with problem drinking and alcohol dependence
develop ALD. The wide range of individual vulnerability to ALD could in part be
explained by the genetic polymorphism of various metabolic and enzymatic path-
ways that modulate ethanol metabolism (Vidali et al. 2003, Sass and Shaikh
2006). Such metabolic pathways generate oxygen species that are potent inducers
of lipid peroxidation, which in turn causes hepatocyte death by apoptosis or ne-
crosis (Sass and Shaikh 2006). It is now also recognized that in addition to the
direct hepatotoxic effects of ethanol and genetically based differences in alcohol-
metabolizing enzymes, there are other genetic and lifestyle factors that may pre-
dispose certain subjects to the development of liver diseases. Female gender has
been noted as a risk factor for development of liver disease in alcoholic patients,
even when alcohol consumption is lower than that of men (Becker et al. 1996,
Schenker 1997, Day 2000, Brunt 2002). The course of liver disease is also more
aggressive in women and carries a poorer prognosis (Pares et al. 1986, Schenker
1997, Younossi 1998). Additional factors include obesity, genetically determined
polymorphisms for cytokines and their receptors, immune mechanisms, patterns
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of alcohol consumption, coexistent viral infection and the use of drugs (Sherlock
1995, Day 2000, Maddrey 2000, Jarveldinen et al. 2001, Brunt 2002, Diehl 2004).
Cigarette smoking has been shown to increase the rate of progression of fibrosis
in ALD (Klatsky and Armstrong 1992, Corrao et al. 1994), whereas coffee con-
sumption has been shown to have a protective effect against cirrhosis (Klatsky
and Armstrong 1992, Corrao et al. 1994, Tverdal and Skurtveit 2003).

2.5.1. Fatty liver

Alcoholic fatty liver (steatosis) is the earliest and most common histological con-
sequence of alcohol consumption. It may appear even after a few days of exces-
sive alcohol consumption and is usually reversible (Lieber 1995, Niemeld 2002).
Alcoholic fatty liver is characterized by the accumulation of neutral lipids in the
hepatocytes, leading to microvesicular and macrovesicular steatosis and balloon
cell degeneration (Diehl 1998, Letkowitch 2005, Tsukamoto 2005). This accumu-
lation of lipids is believed to be caused by intracellular changes in the redox stage
of the hepatocytes. Excessive reducing equivalents generated by the oxidation of
ethanol favor a net accumulation of triglycerides in the hepatocytes (Diehl 1997,
Stewart et al. 2001). In addition, ethanol alters the activity of the enzymes that
regulate the biosynthesis and intermediary metabolism of cholesterol, fatty acids
and triglycerides (Lieber 1995, Diehl 1998).

While patients with alcohol-induced steatosis often have hepatomegaly, they
usually lack any clinical symptoms of liver disease (Diehl 1998, Niemeld 2002,
Mann et al. 2003). Simple steatosis is rarely fatal, and with complete abstinence
the histological changes can return to normal within 2 weeks (Diehl 1997,
Younossi 1998). However, if heavy ethanol consumption continues, steatosis may
lead to more progressive forms of liver disease, such as alcoholic hepatitis or cir-
rhosis. The rare steatosis-related deaths that have been reported seem to be associ-
ated more with extensive microvesicular rather than macrovesicular steatosis
(Diehl 1998).

2.5.2. Hepatitis

Alcoholic hepatitis, typically presenting in the form of steatohepatitis, is a clini-
cally severe condition characterized by steatosis, necrosis of hepatocytes, intracy-
toplasmic Mallory bodies, a neutrophilic inflammatory response and perivenular
fibrosis (Niemeld 2002, Mann et al. 2003, Lefkowitch 2005, Sass and Shaikh
2006). The steatosis is mainly macrovesicular and is most prominent in the centri-
lobular regions (Lefkowitch 2005, Sass and Shaikh 2006). Patients with alcoholic
hepatitis may be asymptomatic, have only hepatomegaly and perhaps some ab-
dominal pain, or have a full-blown picture with tender hepatomegaly, jaundice,
fever, malaise, anorexia, nausea and vomiting, liver failure and bleeding (Niemeld
2002, Mann et al. 2003, Sass and Shaikh 2006).
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Alcoholic hepatitis is considered to be a precirrhotic condition, since contin-
ued heavy drinking usually leads to cirrhosis in 40—80 % of such patients (Diehl
1997, Mann et al. 2003, Leevy and Elbeshbeshy 2005). Mortality among patients
hospitalized for alcoholic hepatitis varies widely, the short-term mortality (< 3
months) ranging from 15 % to 55 % for those who have mild and severe alcoholic
hepatitis, respectively (Younossi 1998, Mann et al. 2003, Sass and Shaikh 2006).
As with other forms of ALD, the most important factor for both short and long-
term survival is abstinence from alcohol. However, in some cases alcoholic hepa-
titis will progress to cirrhosis despite complete abstinence from alcohol, indicating
that immunological mechanisms may play a role in the progression of the disease
(Pares et al. 1986, Viitala et al. 1997, Younossi 1998, Leevy and Elbeshbeshy
2005). Patients with alcoholic hepatitis are also often malnourished because of
factors such as poor diet, anorexia and encephalopathy. Decreased intestinal ab-
sorption and hepatic storage of nutrients may also contribute to the condition. It is
thus vital to maintain a nutrient balance and meet the patient's energy require-
ments adequately through nutritional support (Mendenhall et al. 1993, Stickel et
al. 2003a, Sass and Shaikh 2006).

2.5.3. Fibrosis and cirrhosis

Excessive deposition of collagen leading to cirrhosis is a major complication of
alcohol abuse. Fibrosis with a pericellular distribution can be seen as an early fea-
ture of ALD. Continuing inflammation usually leads to progressive fibrosis, and
in some patients eventually to cirrhosis, which is the most serious form of ALD
and a cause of many deaths and serious illnesses. Patients with cirrhosis present
distinct systemic effects of altered metabolism, changes in hormone levels, protein
abnormalities and defective coagulation (Niemeld 2002, Mann et al. 2003). About
10-20 % of alcoholics develop cirrhosis (Diehl 1997, Younossi 1998, Mann et al.
2003, Phillips et al. 2003), but many survive it. The 5-year survival rate is about
90 % for those who stop drinking but less than 70 % for those who do not. The
corresponding figures for late-stage cirrhosis, however, are only about 60 % and
35 % (Diehl 1997, Mann et al. 2003). The most common causes of death from
cirrhosis are hepatic failure, gastrointestinal bleeding, infection, hepatoma and
renal failure (Younossi 1998).

Various studies have shown that the development of cirrhosis is closely asso-
ciated with the amount of alcohol consumed and the duration of consumption
(Bellentani et al. 1997, Mann et al. 2003). There are also important gender differ-
ences in the associated mortality risk and rates (Younossi 1998, Mann et al. 2003).
Cirrhosis mortality rates are about twice as high in men as in women. This is due
to the fact that men typically drink more than women. However, as alcohol con-
sumption increases, the risk of cirrhosis seems to be increasing more rapidly for
women (Mann et al. 2003). Mortality from cirrhosis may also vary depending on
the type of alcoholic beverage consumed, and it has been proposed that it may be
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more closely associated with spirits than with other alcoholic beverages (Grue-
newald and Ponicki 1995, Roizen et al. 1999, Kerr et al. 2000).

2.6. Non-invasive biomarkers of fibrosis

A liver biopsy is considered to be the gold standard for assessing hepatic fibrosis,
but it is a costly, invasive method with possible complications. Therefore exten-
sive research efforts over the past decades have been focused on the development
of non-invasive collagen-type specific applications for monitoring changes in hu-
man connective tissue metabolism, and thus possibly avoid the need for invasive
biopsy examination.

2.6.1. Type I collagen-derived peptides

The methods that address the metabolism of type I collagens are assays for its
carboxyterminal (PICP) and aminoterminal (PINP) propeptides and cross-linked
carboxyterminal (ICTP and B-CTx) telopeptides (Okabe et al. 2001, Niemeld
2002, Garnero et al. 2003). Serum PICP measurements have been developed pri-
marily for monitoring collagen metabolism in bone, since most of the organic
matrix in bone consists of type I collagen (Melkko et al. 1990, Risteli et al. 1991).
Although serum PICP levels also seem to be increased in ALD patients, the
changes are usually rather small, and thus it is not a very valuable marker for as-
sessing fibrogenesis in ALD (Niemeld et al. 1992). Serum PINP levels are also
elevated in ALD patients (Schytte et al. 1999). It seems to be a more sensitive
marker of type I collagen metabolism than PICP, since type I collagen is fre-
quently deposited in the tissue as pC-collagen (collagen retaining its carboxyter-
minal end) (Niemeld 2002). The assays the type I collagen degradation fragments
ICTP and B-CTx were originally developed to monitor collagen metabolism in
bone. They originate from mature type I collagen fibers and reflect primarily col-
lagen degradation (Okabe et al. 2001, Garnero et al. 2003, Reichel et al. 2004).
However, it appears that both ICTP and B-CTx also show significant changes in
the presence of liver diseases (Ricard-Blum et al. 1996, Guanabens et al. 1998).
ICTP values have been shown to be elevated in ALD patients, and it has been
suggested that this may be related to the clinical severity of the disease (Moller et
al. 1999).

2.6.2. The aminoterminal propeptide of type Il procollagen

The aminoterminal propeptide of type III procollagen (PIIINP) is the cleavage
product obtained during the conversion of procollagen III into collagen III and it
has been a widely used marker of fibrogenesis in a variety of hepatic diseases
(Niemeld et al. 1983, Torres-Salinas et al. 1986, McCullough et al. 1987, Kamal
et al. 2006). It has been shown that serum PIIINP levels are elevated in patients
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with alcoholic liver disease (ALD) and may help to identify patients with in-
creased or progressive collagen synthesis (Torres-Salinas et al. 1986, Niemeli et
al. 1990, Rosman and Lieber 1994, Pemberton et al. 2005). Changes in serum
PIIINP may also serve as indicators of the prognosis in patient follow-up (Nie-
meld et al. 1990, Trinchet et al. 1992, Teare et al. 1993, Ngjgaard et al. 2003).

2.6.3. Type 1V collagen and laminin

Type IV collagen and laminin are major components of basement membranes.
Type IV collagen has been suggested to undergo changes early in the pathogene-
sis of liver disease (Niemeld 2001). The aminoterminal 7S domain of type IV col-
lagen has been shown to be elevated in patients with ALD and to correlate with
the clinical severity of liver disease (Niemeld et al. 1990, Tsutsumi et al. 1996).
Serum levels of the triple-helix (TH) domain of type IV collagen have been
shown to increase in parallel with the progression of hepatic fibrosis. It has also
been suggested as a marker for distinguishing ALD from non-alcoholic liver dis-
ease (Tsutsumi et al. 1996). Serum TH domain levels also show a good correla-
tion with the hepatic type IV collagen content (Tsutsumi et al. 1996). Laminin, a
glycoprotein synthesized by Ito cells, has been considered as a marker of fibrosis.
Increased serum laminin concentration is associated with hepatic fibrosis (Kropf
et al. 1988, Tsutsumi et al. 1996) and seems to increase in parallel with progres-
sion of hepatic fibrosis (Tsutsumi et al. 1996). It also shows an association with
hepatic inflammation and necrosis (Niemeld et al. 1990).

2.6.4. Hyaluronic acid

Serum concentrations of hyaluronic acid (HA), a mucopolysaccharide primarily
synthesized by fibroblasts and hepatic stellate cells (Gressner and Schafer 1989,
Phillips et al. 2003) have been shown to increase in various liver diseases, espe-
cially ALD (Laurent and Fraser 1992, Phillips et al. 2003). Thus serum HA meas-
urements have been suggested as a non-invasive method for assessing liver fibro-
sis in alcoholics (Phillips et al. 2003) and has been shown to be a good predictor
of the presence of even moderate liver fibrosis in ALD patients (Stickel et al.
2001, 2003b). In addition, it has been suggested that HA concentrations may also
be associated with active drinking by ALD patients and not only with hepatic fi-
brosis (Tsutsumi et al. 1997, Urashima et al. 1999).

2.6.5. Tissue inhibitors of metalloproteinases

One of the factors contributing to the development of alcoholic cirrhosis may be
the decrease in the activity of collagenase, which is responsible for collagen deg-
radation. The tissue inhibitors of metalloproteinases (TIMPs) secreted by hepatic
stellate cells are capable of reducing the activity of metalloproteinases and thus
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decreasing the degradation of the extracellular matrix (Iredale et al. 1992, Sieg-
mund and Brenner 2005). It has been shown that serum TIMPs are elevated in
alcoholics in precirrhotic and cirrhotic states and that the concentrations increase
in parallel with the severity of ALD (Li et al. 1994, Campbell et al. 2001). Serum
levels of TIMPs may therefore also serve as a useful marker of liver fibrosis in
alcoholics. TIMP levels also correlate with fibrosis scores in liver biopsies (Mu-
rawaki et al. 1997).

2.6.6. Human cartilage glycoprotein 39

Human cartilage glycoprotein 39 (YKL-40), a member of the glycosyl hydrolase
family 18 (Hakala et al. 1993, De Ceuninck et al. 2001), is a growth factor for
connective tissue cells and endothelial cells (Recklies et al. 2002). YKL-40 is se-
creted by articular chondrocytes and synovial cells (Hakala et al. 1993, De Ceun-
inck et al. 2001, Fusetti et al. 2003), and is also expressed in the monocyte-
derived macrophages of the peripheral blood in association with their differentia-
tion from monocytes to macrophages (Kirkpatrick et al. 1997, Fusetti et al. 2003).
Serum YKL-40 levels have been shown to be elevated in patients with various
degrees of ALD (Johansen et al. 2000, Ngjgaard et al. 2003), and high levels of
YKL-40 may also be closely associated with short-term survival in ALD patients
(Ngjgaard et al. 2003).

2.7. Immune and cytokine responses in alcoholics

Chronic ethanol consumption can lead to various metabolic alterations which may
affect immune reactivity, immune cell growth and the toxicity of other chemicals
(Cook 1998). Although recent studies on ethanol and immunity have focused
mostly on the immune mechanisms involved in ALD, these mechanisms may also
contribute to alcohol-related cardiac, lung, endocrine and neurological damage
(Wilke et al. 1996, Ware and Matthay 2000, Schoppet and Maisch 2001, Chase et
al. 2005, Crews et al. 2006). Ethanol is known to disturb the functioning of certain
cells in the immune system such as B and T cells, macrophages, monocytes and
dendritic cells, which may lead to increased vulnerability to infections (Cook et al.
1996, Cook 1998, Szabo 1999, Neuman 2003, Szabo et al. 2004, Chase et al.
2005). It has further been suggested that the imbalanced production of Thl and
Th2 cytokines may contribute to alcoholic pathologies (Laso et al. 1999, Crews et
al. 2000).

Chronic alcoholics often have greatly increased serum immunoglobulin (Ig)
levels (van de Wiel et al. 1988, Israel et al. 1988, Koskinas et al. 1992, Viitala et
al. 1997, Cook 1998, Szabo 1999), and although these are normally associated
with the development of specific immunity, the affected alcoholic patients are
often immunodeficient (Crews et al. 2006). The consequences of this immunode-
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ficiency include increased vulnerability to pneumonia, tuberculosis and other in-
fectious diseases (Cook 1998).

2.7.1. Immune responses to ethanol metabolites

As described earlier, acetaldehyde is a highly reactive metabolite of ethanol which
can form stable condensates with various proteins and cellular constituents. Acet-
aldehyde-protein adducts may also act as neoantigens which stimulate immune
responses (Israel et al. 1986, Niemeld et al. 1987, Lieber 1995, Lieber 2004). Thus
the development of autoimmunity as a result of chronic alcohol consumption may
be largely or in part due to the protein alterations caused by these condensates
(Cook 1998). Previous studies have demonstrated the production of class IgA, G
and M antibodies against acetaldehyde adducts after chronic ethanol consumption
(Niemeld et al. 1987, Hoerner et al. 1988, Koskinas et al. 1992, Worrall et al.
1996, Viitala et al. 1997, 2000). Of these, class IgA appears to be most specifi-
cally linked to ALD. The antibody response generated appears to be specific to
acetaldehyde-modified epitopes and does not depend on the carrier protein (Nie-
meld et al. 1987, Israel et al. 1988). Other reactive metabolites produced as a re-
sult of ethanol intake, such as malondialdehyde and 4-hydroxynonenal, are also
capable of generating protein adducts and associated immune responses (Niemela
1999, Stewart et al. 2004).

Acetaldehyde adducts in the liver have been intensively studied and their as-
sociation with alcohol-induced liver damage has been well established (Holstege
et al. 1994, Klassen et al. 1995, Paradis et al. 1996, Li et al. 1997a, Niemeld 1999,
Niemeld 2001). Adducts have also been found in the muscles, brain, gastrointesti-
nal tract, pancreas and erythrocyte cell membranes after heavy ethanol intake
(Salmela et al. 1997, Biewald et al. 1998, Rintala et al. 2000, Worrall et al. 2000,
Niemeld 2001, Worrall et al. 2001, Niemeld and Parkkila 2004). The pathogenic
significance of such immune responses is, however, currently unclear. It has been
suggested that antibody responses against acetaldehyde adducts may contribute to
the pathogenesis of alcoholic liver disease (Niemeld et al. 1987, Holstege et al.
1994), but on the other hand, antibodies may serve as neutralizing factors by bind-
ing acetaldehyde adducts and removing them from the circulation (Israel et al.
1988, Latvala et al. 2005).

2.7.2. The liver as an immunological organ

The liver has a number of important functions in innate and adaptive immunity.
About 30 % of the total blood passes through the liver in every minute (Racanelli
and Rehermann 2006). Oxygen-rich blood is supplied via the hepatic arteries
while protein and antigen-rich blood enters the hepatic parenchyma mainly via
terminal portal vessels, then passes through a network of liver sinusoids and
leaves the parenchyma via the central hepatic veins. In addition to parenchymal
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hepatocytes, the liver contains various non-parenchymal cells (Sheth and Bankey
2001). Hepatocytes constitute about two thirds of the total cell population in the
liver and are capable of producing acute-phase proteins that provide non-specific
help in pathogen clearance and immune defence (Weiler-Normann and Reher-
mann 2004). Non-parenchymal cells, such as Kupffer cells, sinusoidal endothelial
cells, stellate cells, dendritic cells and liver-associated lymphocytes play a role in
immunological surveillance within the hepatic sinusoids.

Kupffer cells represent the largest group of fixed macrophages in the body,
and account for about 20 % of the non-parenchymal cells in the liver. They are
located in the hepatic sinusoids, predominantly in the periportal area, which al-
lows them to phagocytose and eliminate pathogens entering the liver (Racanelli
and Rehermann 2006). They are also capable of temporarily impeding blood flow
and thereby extending the duration of cell-cell contact. Another critical role of
Kupffer cells in immune function is the production of an enormous spectrum of
immunomodulatory cytokines, eicosanoids, and reactive oxygen and nitrogen spe-
cies (Sheth and Bankey 2001).

Lymphocytes constitute about 25 % of non-parenchymal cells in the liver.
Their population in the liver is selectively enriched in natural killer and natural
killer T cells, which play critical roles in first-line immune defence against invad-
ing pathogens, modulation of liver injury and recruitment of circulating lympho-
cytes (Racanelli and Rehermann 2006). They are predominantly located around
the portal tracts, but can also be found throughout the parenchyma.

Liver sinusoidal endothelial cells account about 50 % of the non-parenchymal
hepatic cells. They form a monolayer that separates hepatocytes from the passing
blood (Weiler-Normann and Rehermann 2004). Sinusoidal endothelial cells ex-
press molecules that promote antigen uptake by endocytosis and/or phagocytosis,
and molecules necessary for antigen presentation, such as MHC class 1 and I,
CD80 and CD86 (Sheth and Bankey 2001, Racanelli and Rehermann 2006).

Stellate cells are located between the sinusoidal endothelial cell monolayer
and the hepatocytes, in a small space termed the Space of Dissé (Weiler-Normann
and Rehermann 2004). In the normal liver they store vitamin A, control the turn-
over of extracellular matrix, and regulate the contractility of sinusoids. Acute
hepatocyte damage activates the transformation of quiescent stellate cells to myo-
fibroblast-like cells, which play a key role in the development of inflammatory
fibrotic response (Kmiec 2001).

Dendritic cells are derived from bone marrow and are the most specialized an-
tigen-presenting cells in the liver. In the healthy liver they are located around the
central veins and portal tract and are predominantly immature cells. Once acti-
vated, they increase their capacity to migrate via the Space of Dissé to the lymph
nodes and to present the processed antigens to lymphocytes (Weiler-Normann and
Rehermann 2004, Racanelli and Rehermann 2006).
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2.7.3. Immunology of alcoholic liver disease

Most researchers currently agree that activation of the innate immune system is a
key event in the initiation and progression of ALD beyond the fatty liver stage
(Thurman 1998, McClain et al. 2002, Nagy 2003, Hines and Wheeler 2004, Bode
and Bode 2005). Liver function tests and morphological examinations have re-
vealed that alcoholic hepatitis is characterized by extensive hepatocyte death and
infiltration by immune system cells, sometimes in large numbers (Cook 1998,
Stewart et al. 2001). There are also clinically observable features which suggest
that the immune system causes at least part of the liver damage in patients with
alcoholic hepatitis. First, alcoholic hepatitis often continues to worsen for one or
more weeks after the withdrawal of alcohol, suggesting that the damage is not
caused only by the presence of alcohol (Klassen et al. 1995, Leevy and El-
beshbeshy 2005). Secondly, patients who recover from alcoholic hepatitis and
resume drinking typically suffer new episodes of a greater severity precipitated by
lesser amounts of alcohol than before (Klassen et al. 1995). This indicates the
possible involvement of an autoimmune process in which immunity to some com-
ponents of the patient's own liver has developed and is increased by resuming
drinking (Cook 1998). The involvement of the immune system in alcoholic cir-
rhosis is currently under study, but there are some results that indicate that fibro-
genesis and cirrhosis in alcoholic patients are associated with marked alterations
of the immune system (Laso et al. 1996, Crews et al. 2006). Antibodies against
the acetaldehyde-derived adducts may also contribute to the liver cell damage and
subsequent progression of fibrosis (Niemeld et al. 1987, Israel et al. 1988,
Koskinas et al. 1992, Niemeld 1999).

Lymphocytes have an important role in regulating the immune/inflammatory
response to alcohol (Leevy and Elbeshbeshy 2005). Despite the fact that B cell
lymphocytes in ALD patients produce abnormally large amounts of immu-
noglobulins, their number is often significantly reduced (Cook et al. 1996, Cook
1998). It has also been shown that some ALD patients, especially those with cir-
rhosis, have greatly reduced number and activity of natural killer (NK) cells
(Charpentier et al. 1984, Ledesma et al. 1990, Cook et al. 1997). Normal human
NK cells are found to be slightly stimulated by overnight exposure to alcohol if
their activity is measured after alcohol removal (Li et al. 1997b). This indicates
that NK cell loss in ALD patients may be an indirect consequence of other im-
mune alterations resulting from chronic ethanol exposure rather than a direct ef-
fect of ethanol (Li et al. 1997b, Cook 1998).

Neutrophils are white blood cells that form one of the first lines of defence
against infectious agents or exogenous substances that penetrate the body's physi-
cal barriers. Alcoholic hepatitis often involves an increase in the numbers of these
cells in the peripheral blood, and microscopic examination of the damaged liver
shows infiltration by them (Bautista 2002). As these cells typically release power-
ful enzymes that damage tissue, the abnormal attraction of neutrophils into the
liver is one possible mechanism that may contribute to the liver damage that oc-
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curs in ALD (Cook 1998, Bautista 2002). Monocytes and macrophages are white
blood cells that circulate normally in the peripheral blood but also have fixed tis-
sue counterparts residing in many tissues (Beutler 2004). They are capable of en-
gulfing and killing microbes and play an important role in the production of cyto-
kines (McClain et al. 1997, Cook 1998, Beutler 2004), which modulate immune
responses and participate in cell growth and differentiation. Defective phagocytic
function has been reported in the monocytes of patients with alcoholic cirrhosis
(Silvain et al. 1995).

Cytokines are multifunctional proteins that play a critical role in cellular
communication and activation. They are classified as pro-inflammatory (Thl) or
anti-inflammatory (Th2), depending on their effects on the immune system. Pro-
inflammatory cytokines, like reactive oxygen species (ROS), can act locally to
recruit neutrophils and other immune cells to the site of activation, or they can
mediate a systematic immune response (McClain et al. 1997, Bode and Bode
2005). The liver tissue produces only small amounts of cytokines under normal
circumstances, but when the liver suffers damage the production of cytokines in-
creases and mediates the regeneration of the liver tissue (Neuman 2003). In alco-
holics, increased intestinal permeability may lead to increased blood levels of bac-
terial lipopolysaccharide (LPS), a well-known, powerful activator of many im-
mune system cells (Cook 1998, Nagy 2003). The resulting endotoxemia activates
monocyte/macrophage-type cells, especially the liver Kupffer cells, to produce
pro-inflammatory cytokines, which promote inflammatory responses in the liver
(Wheeler 2003, Bode and Bode 2005, Leevy and Elbeshbeshy 2005). While under
typical conditions cytokine levels return to normal once the inflammation is under
control (Neuman 2003), it has been suggested that the cytokine balance in alco-
holics may be shifted towards persistent inflammation (Nagy 2003, Crews et al.
2006). The continuous inflammation in the liver may eventually lead to the forma-
tion of scar tissue (Neuman 2003). The Kupffer cells are also the major source of
ROS in the liver, and excessive levels of ROS within the cell together with a lack
of antioxidants can lead to oxidative stress, which is detrimental to the cell
(Wheeler 2003).

An important intermediary in the pathogenesis of ALD appears to be the ex-
cess release of pro-inflammatory cytokines, especially TNF-a (Bird et al. 1990,
Iimuro et al. 1997, McClain et al. 1998, McClain et al. 1999, Neuman 2003). As
TNF-a causes cells to undergo apoptosis, it appears that excessive secretion of
this cytokine by Kupffer cells contributes to the death of liver cells. Consistent
with this concept, patients admitted with acute alcoholic hepatitis have a poorer
outcome if they have markedly elevated serum concentrations of TNF-a and cyto-
kines induced by TNF-a, including interleukins 6 (IL-6) and 8 (IL-8) (Felver et al.
1990, Bird 1994, Huang et al. 1996, Fujimoto et al. 2000). Increased IL-8 levels
are also of interest in the case of alcoholics because IL-8, which can stimulate an
increase in neutrophil numbers, metabolism and chemotaxis (Joshi-Barve et al.
2003), is elevated in patients with alcoholic hepatitis, and its elevation may be one
mechanism for the increased infiltration of the liver by neutrophils (Hill et al.
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1993, Bird 1994, Huang et al. 1996, Fujimoto et al. 2000). The important role of
cytokines indicates that anticytokine agents may be useful for interrupting the
pathogenesis of alcohol-induced liver injury (McClain et al. 1993, Iimuro et al.

1997, McClain et al. 1999, Bergheim et al. 2005).
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3. Aims of the present research

Although a variety of biochemical methods are available for assessing excessive
ethanol consumption and ethanol-induced diseases, they are currently inefficient,
and more accurate methods are needed. In order to develop new approaches for
the assessment of alcoholic patients, more information is also needed on the se-
quence of events by which excessive ethanol consumption leads to tissue injury,
such as liver fibrosis.

The aims of the present work were as follows:

1.  To develop methods for assessing immune responses against protein adducts
with acetaldehyde and to examine the association between ethanol consump-
tion, biomarkers of alcohol abuse and such immune responses.

2. To investigate the relationships between immune responses to acetaldehyde
adducts, cytokine profiles, fibrogenesis and tissue transglutaminase in indi-
viduals with different levels of alcohol consumption and associated liver
damage.
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4. Materials and methods

4.1. Patients and control subjects

Paper I: This study included 40 male heavy drinkers with an alcohol consump-
tion of 40-540 g/day during the 4 weeks prior to sampling. All heavy drinkers had
been admitted for detoxification and nineteen of them volunteered for a follow-up,
which was carried out with supervised abstinence and repeated sampling during
hospitalization over a period of 8 &+ 3 days. Abstinence was controlled by repeated
analyses of ethanol in their breath. The healthy non-alcoholic controls comprised
41 male volunteers, who were either abstainers (n = 16) or moderate whose daily
ethanol consumption did not exceed 40 g (n = 25). None of the controls had any
previous history of alcohol abuse.

Paper II: A total of 105 heavy drinkers (92 men, 13 women) who had been admit-
ted for detoxification were examined. Their mean alcohol consumption during the
4 weeks prior to sampling had been 147 g/day and they all met the DSM-IV crite-
ria for alcohol dependence, including pathological alcohol use, social impairment
and the presence of tolerance and withdrawal symptoms. The healthy controls
were 86 volunteers (54 men, 32 women) who were either abstainers (n = 24) or
moderate drinkers (n = 62) whose mean daily ethanol consumption was < 40
g/day. For comparing reference intervals, data from the 1999-2003 survey on 845
apparently healthy individuals representing either moderate drinkers or abstainers
from the NORIP (Nordic Reference Interval Project) for common hematological
and clinical chemical parameters were used. Persons who had clinical or labora-
tory evidence of current or recent illnesses or infections, were pregnant, had do-
nated blood during the past five months or had used any prescription drugs during
the preceding week were excluded. Smoking had not been allowed within the
hour prior to sampling.

Paper III: There were 164 subjects, who represented a wide range of alcohol
consumption, from abstainers to heavy drinkers with a mean ethanol consumption
of 130 g/day. The 89 heavy drinkers were all patients who had been admitted for
detoxification and included 44 patients with alcoholic liver disease, the severity of
which was assessed using a previously established combined clinical and labora-
tory index (CCLI) and a combined morphological index (CMI) (Orrego et al.
1983, 1987, Niemela et al. 1990). The liver histology ranged from mild fibrosis
and fatty change to cirrhosis with a wide distribution of morphological abnormali-
ties related to alcoholic hepatitis. The remaining 75 subjects formed a reference
population of healthy volunteers who were either abstainers (n = 35) or moderate
drinkers (n = 40) with a mean daily ethanol consumption that did not exceed 40 g.
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Paper I'V: This study was conducted with 84 male alcoholic patients, including
52 patients who showed clinical, laboratory and morphological evidence of alco-
holic liver disease, the severity of which was assessed using the CCLI and CMI
indices. In addition, there were 32 patients who were heavy drinkers with mean
alcohol consumption of 130 g/day during the 4 weeks prior to sampling and had
been admitted for detoxification but did not have any clinical or laboratory signs
of significant liver disease. Due to ethical considerations, these patients were,
however, not biopsied. The healthy non-alcoholic controls were 20 male volun-
teers who were either abstainers (n = 5) or moderate drinkers with a mean daily
ethanol consumption between 1 and 36 g in the past month (n = 15). None of
these individuals had any history of alcohol abuse.

All the alcoholic patients had a well-documented history of continuous ethanol
consumption or binge drinking. The extent of alcohol consumption in these pa-
tients was assessed by means of detailed personal interviews using a time-line
follow-back technique. The mean duration of abstinence prior to sampling was 2
+ 2 days. The blood sampling was performed by trained laboratory personnel. The
samples were taken between 8 a.m. and noon, and liver enzymes and blood cell
counts were analyzed on the same day. The serum samples separated by centrifu-
gation were stored at —70 °C for approximately 1-5 years until used for additional
analyses. Such conditions of storage have no effects on the measurement of the
parameters studied in this work (Risteli and Risteli 1987, Kenis et al. 2002, Qvist
et al. 2004). All the participants gave their informed consent and the research was
approved by Seindjoki Central Hospital ethics committee and carried out accord-
ing to the provisions of the Declaration of Helsinki.

4.2. Assays for antibodies against acetaldehyde adducts

Human erythrocyte protein was prepared from EDTA blood from an abstainer.
The cells were separated by centrifugation and washed three times with PBS (7.9
mM Na,HPO,, 1.5 mM KH,PO4, 137 mM NaCl, 2.7 mM KCI, pH 7.4), lysed
with polyoxyethylene ether, 0.1 % V/V in borate buffer (Hemolysis Reagent,
DIAMAT™ Analyzer System, Bio-Rad), and incubated for 35 minutes at 37 °C to
remove unstable Schiff bases. The hemolysate was diluted with PBS to a hemo-
globin protein concentration of 12 mg/ml and stored frozen at —70 °C in aliquots
prior to use. The hemolysate with a hemoglobin concentration of 12 mg/ml was
mixed with acetaldehyde (in PBS) to an acetaldehyde concentration of 10 mM.
After incubation in tightly sealed containers overnight (18 hours, 4 °C), the pro-
tein adducts were reduced by the addition of sodium cyanoborohydride (10 mM)
and mixing for 5 hours at 4 °C. The protein solutions were dialyzed twice against
PBS (4 °C) and stored in aliquots for individual use at —70 °C. Samples represent-
ing unmodified protein were prepared and treated similarly to those of the modi-
fied protein except for the addition of acetaldehyde.
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For measurement of the antibody titers the microtiter plates (Nunc-Immuno
Plate, Maxisorb ™, InterMed, Denmark) were coated with acetaldehyde-modified
hemoglobin or corresponding unmodified proteins in PBS (3 pg protein in 100
ul/well) and incubated for 12 hour at 37 °C. Non-specific binding was blocked by
incubation with 0.2 % gelatin in PBS (150 pl/well) for 1 hour at 37 °C. The sam-
ple sera were diluted (1:40) in PBS which contained 0.04 % Tween-20. The serum
dilutions were allowed to react with the coated proteins for 1 hour at 37 °C fol-
lowed by extensive washing with PBS-Tween. Antibody-antigen complexes were
labeled using alkaline phosphatase-linked goat anti-human immunoglobulin IgA,
IgG or IgM (Jackson ImmunoResearch Laboratories, Inc., West Grove) diluted in
PBS-Tween which contained 8 mM MgCl, and a small amount of dithiothreitol
(DTT). The plates were incubated overnight at 4 °C and then washed, after which
100 pl of p-nitrophenylphosphate solution was added as a color reaction substrate
(Alkaline Phosphatase Substrate Kit, Bio-Rad Laboratories, Hercules, CA). The
color reaction was stopped by adding 100 ul NaOH (0.4 M) when one of the sam-
ples reached 0.8 OD units. The optical densities were read at 405 nm with an An-
thos HTII microplate reader (Anthos Labtec Instruments, Salzburg, Austria). The
anti-acetaldehyde adduct IgA values (OD4os nm) Obtained in a reaction with the
sample and the unconjugated protein (background) were subtracted from the cor-
responding values measured from the reaction between the sample and the acetal-
dehyde-protein-conjugate. The results were corrected to the same levels by refer-
ence to previous measurements using four standard samples. The anti-
acetaldehyde adduct IgA results are expressed as units/liter (U/1), corresponding
to ODu4o5 nm X 10°. Although the intra- and interassay variations for this method
have not yet been fully established, preliminary experiments have indicated 5 %
intra-assay variation and 8 % interassay variation.

4.3. Biomarkers of alcohol abuse and liver status

Serum carbohydrate-deficient transferrin (CDT) was measured with a turbidimet-
ric immunoassay (TIA) after ion exchange chromatography (Axis-Shield, Oslo,
Norway), which separates the transferrin variants with 0—2 sialic acid residues.
The measurements were performed using a Behring Nephelometer II (Dade
Behring, Behring Diagnostics GmbH, Marburg, Germany) according to the manu-
facturer's instructions. The blood cell counts were analyzed with Coulter Hema-
tology Analyzer systems. Serum gamma-glutamyl transferase (GGT) was meas-
ured using an enzymatic colorimetric assay according to the IFCC (International
Federation of Clinical Chemistry). Serum aspartate aminotransferase (AST) and
alanine aminotransferase (ALT) were measured using pyridoxal-5'-phosphate ac-
tivated methods according to the IFCC. Albumin and bilirubin were measured
using immunoturbidimetric method and a diazo method, respectively. Alkaline
phosphatase was measured according to the recommended IFCC reference
method. These analyses were carried out with Cobas Integra 800 analyzer (Roche
Diagnostics, Basel, Switzerland). All the assays were performed in an accredited
laboratory (SFS-EN ISO/IEC 17025) at Seindjoki Central Hospital, Finland.
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4.4. Markers of fibrogenesis and cytokines

Serum concentrations of the aminoterminal propeptide of type III procollagen
(PIIINP) were measured by a radioimmunological assay (Orion Diagnostica,
Espoo, Finland), serum hyaluronic acid (HA) concentrations were determined
using an enzyme-linked binding protein assay (Corgenix, Tejon St. Westminster,
USA) and the concentration of serum B-CrossLaps (B-CTx) and the aminoterminal
propeptide of type I procollagen (PINP) were determined using electrochemilu-
minescence immunoassay kits (Roche Diagnostics, Espoo, Finland). Serum con-
centrations of the carboxyterminal telopeptide of type I collagen (ICTP) were de-
termined using quantitative enzyme immunoassay kits (Orion Diagnostica, Espoo,
Finland) and the concentrations of cytokines (IL-1, IL-2, IL-6, IL-8, IL-10, TNF-a
and TGF-B) were determined using Quantikine ELISA kits (R&D Systems,
Abington Science Park, U.K.) according to the manufacturer's instructions.

4.5. Tissue transglutaminase antibodies

Antibodies against tissue transglutaminase were measured using the Phar-
macia Celikey Tissue Transglutaminase IgA Antibody Assay (Pharmacia Diag-
nostics, Sweden) according to the manufacturer's instructions and the results were
expressed in units/liter (U/l). Serum total IgA was measured by a nephelometric
method using a BN ProSpec analyzer (Dade Behring, Behring Diagnostics GmbH,
Marburg, Germany).

4.6. Statistical methods

The t-test was used for comparisons between two groups following a Gaussian
distribution, and the Mann-Whitney test for non-Gaussian populations. Differ-
ences between three or more groups were compared using a one-way analysis of
variance (ANOVA) when the data followed a Gaussian distribution and passed
the homogeneity of variance test. The Kruskal-Wallis test was used if a Gaussian
distribution with equal variances was not obtained.

Correlations were calculated using Pearson product-moment correlation coef-
ficients for continuous non-skewed parameters or Spearman's rank correlations for
non-continuous or skewed parameters, as required. Incidences were compared
with Fisher's exact test. A p-value of less than 0.05 was considered statistically
significant.

Cut-offs were either determined with ROC analyses or calculated using the

mean + 2SD if the data came from a Gaussian distribution and the non-parametric
method if the data came from a skewed distribution (Horn and Pesce 2003).
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The statistical analyses were carried out using GraphPad Prism (GraphPad
Software Inc., San Diego, CA, USA) and SPSS for Windows 13.0 (SPSS Inc.,
Chicago, IL, USA) statistical softwares. The ROC analyses were performed with
Analyse-it software (Analyse-it Software Ltd, Leeds, U.K.).
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5. Results

5.1. Antibodies against acetaldehyde adducts in alcoholics

Measurements of antibodies against acetaldehyde adducts by the ELISA tech-
nique indicated that the titers of IgAs against such adducts in alcoholics were sig-
nificantly higher than those in the moderate drinkers or abstainers (p < 0.001 for
both comparisons). The alcoholics with liver disease showed higher values than
those without liver disease or the healthy controls (p < 0.001 for both compari-
sons) and the difference between the latter two groups was also significant (p <
0.05). In addition, the values for the moderate drinkers were significantly higher
than those for the abstainers (p < 0.05).

The diagnostic sensitivity and specificity of the anti-acetaldehyde adduct IgA
measurements as a marker of alcohol consumption were subsequently compared
with those of the traditional markers by contrasting the data obtained for the
heavy drinkers with the data obtained for the abstainers and/or moderate drinkers.
In the comparisons with the abstainers only, the sensitivity of anti-acetaldehyde
adduct IgAs was 73 % with a specificity of 94 %, which exceeded the correspond-
ing values found for CDT, GGT, MCV and AST. When both moderate drinkers
and abstainers were included in the reference population, the sensitivity of the
anti-acetaldehyde adduct IgA assay was 65 % with a specificity of 88 %, showing
essentially similar analytical characteristics to those for CDT, although still re-
maining higher than those for GGT, MCV or AST.

The anti-acetaldehyde adduct IgAs correlated significantly with all the con-
ventional markers of alcohol abuse and also highly significantly with actual
amount of recent ethanol consumption (r = 0.67, p < 0.001). In the comparisons
with the major cytokines, anti-acetaldehyde adduct IgAs were found to correlate
significantly with serum IL-6 (r = 0.33, p < 0.05) and TNF-a (r = 0.31, p < 0.05)
levels, but not with IL-2, IL-8, IL-10 or TGF-B1.

In the follow-up of heavy drinkers, the IgA titers decreased significantly (p <
0.01) during a period of supervised abstinence lasting 8 + 3 days, and after this
time the levels were still higher than those for the moderate drinkers or abstainers,
the difference with respect to the latter group remaining statistically significant (p
< 0.001). The rate of anti-acetaldehyde adduct IgA disappearance was estimated
to be about 3 % per day, and the mean normalization time to be about four weeks.
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5.2. Red blood cell abnormalities and immune responses
against acetaldehyde adducts

The occurrence of typical red blood cell abnormalities as a result of excessive
ethanol consumption is assessed and compared with the immune responses to
ethanol metabolites in paper II. The alcohol abusers were found to present with
abnormalities both in blood cell counts and morphology, of which elevated MCV
was found to be the most typical finding. Although the highest MCV values oc-
curred in the alcoholic patients, the values also tended to be higher in the moder-
ate drinkers than those in the abstainers. A significant correlation was found to
exist between MCV levels and the amount of recent ethanol consumption during
the month preceding blood sampling (r = 0.48, p < 0.001). The follow-up of ap-
parently healthy subjects with careful records of their monthly and yearly ethanol
consumption also indicated parallel changes in MCV values and the intensity of
alcohol drinking.

The reference intervals (mean + 2SD) for MCV calculated from the present
material of moderate drinkers (82—98) were found to be in accordance with the
data obtained from the NORIP (Nordic Reference Interval Project) but different
from the normal limits based on the data from abstainers (82—96).

Measurements of IgA, IgG and IgM antibodies against acetaldehyde adducts
in the alcoholic patients indicated elevated levels in 94 %, 21 % and 64 % of cases
with elevated MCV and in 63 %, 19 % and 56 % of those with normal MCV, re-
spectively (Figure 3). The difference in the incidences was found to be significant
for IgAs (p < 0.05). Statistically significant correlations also occurred between
MCYV and anti-acetaldehyde adduct IgA and IgM in the men, whereas these corre-
lations did not reach statistical significance in the women.
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Figure 3. Occurrence of elevated anti-acetaldehyde adduct IgA, IgM and IgG
antibodies against acetaldehyde adducts in alcoholic patients with elevated or
normal MCV values.

5.3 Comparison of IgA antibodies against acetaldehyde
adducts and tissue transglutaminase

In order to gain further insight into the role of IgA responses against acetalde-
hyde-derived modifications, the titers against acetaldehyde adducts were com-
pared with IgAs against tissue transglutaminase (tTG), which have previously
been found to be characteristic of patients with celiac disease. The Anti-tTG IgA
titers in the alcoholic patients were also found to be significantly higher than those
in the healthy controls (p < 0.001). When the alcoholic patients were further di-
vided according to the presence or absence of liver disease, the ALD patients
showed significantly higher values than the alcoholics without liver disease (p <
0.001). The difference between the alcoholics without liver disease and the
healthy controls did not, however, reach the level of significance.

When the population was further divided by gender (Figure 4) anti-tTG IgA
levels in both genders were significantly higher in the ALD patients than in the
alcoholics without liver disease or the healthy controls (p < 0.001 for all compari-
sons). Anti-acetaldehyde adduct IgA levels in both genders were significantly
higher in the ALD patients than in the controls (p < 0.01) and also higher than in
the alcoholics without liver disease in the case of the men (p < 0.05).
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Figure 4. Anti-tTG IgA (A-B) and anti-acetaldehyde adduct IgA (C—D) antibodies
in patients with alcoholic liver disease (ALD), heavy drinkers without liver dis-
ease and healthy controls. Anti-tTG IgA titers in both genders and anti-
acetaldehyde adduct IgA titers in men were significantly higher in the ALD pa-
tients than in the heavy drinkers without liver disease or the healthy controls.
Anti-acetaldehyde adduct IgA titers in women were significantly higher in ALD
patients than in healthy controls. The data are expressed as mean + SD.

Anti-tTG IgAs correlated significantly with anti-acetaldehyde adduct IgAs (r
= (.46, p < 0.001) and this correlation was also significant in the subgroups con-
sisting of either moderate drinkers and abstainers (r = 0.49, p < 0.001) or heavy
drinkers only (r = 0.33, p < 0.01). When cross-tabulated, there was also a signifi-
cant co-occurrence between the elevations in anti-tTG IgAs and anti-acetaldehyde
adduct IgAs (p < 0.001).

Significant positive correlations emerged between anti-tTG IgA and the pro-
inflammatory cytokines IL-2 (r = 0.42, p < 0.001), IL-6 (r = 0.54, p < 0.001), IL-8
(r =0.68, p <0.001) and TNF-a (r = 0.64, p < 0.001) and negative correlations
between anti-tTG IgA and the anti-inflammatory cytokines TGF-B (r = —-0.37, p <
0.01) and IL-1 (r = -0.43, p < 0.001). Anti-tTG IgA also correlated with the bio-
markers reflecting ethanol consumption and liver damage, including GGT (r =
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0.48, p <0.001), CDT (r=0.41, p < 0.001), MCV (r =0.21, p < 0.05), AST (r =
0.37, p <0.001) and ALT (r = 0.24, p < 0.05). Interestingly, the serum aminoter-
minal propeptide of type III procollagen (PIIINP; r = 0.69, p < 0.001) and hyalu-
ronic acid (HA; r = 0.63, p < 0.001), markers of fibrogenesis, were found to corre-
late highly significantly with anti-tTG IgA. On the other hand, an inverse relation-
ship was observed between anti-tTG IgA and a marker of collagen degradation
derived from the carboxyterminal telopeptide of type I collagen (B-CrossLaps; r =
0.52, p<0.001).

5.4. Cytokines and markers of fibrogenesis in alcoholics

Alcoholic liver disease was found to be significantly associated with both the col-
lagen and cytokine markers. Serum PIIINP and PINP levels were both signifi-
cantly higher in the ALD patients than in the alcoholics without liver disease or
the healthy non-alcoholic controls. In contrast, mean serum B-CrossLaps (B-CTx)
concentrations in the corresponding comparisons were significantly lower among
the ALD patients (p < 0.001 for both comparisons). B-CTx values were found to
be abnormally low in 79 % of the ALD patients, but only in 13 % of the alcohol-
ics without liver disease and in none of the healthy controls. Serum PIIINP values
were in turn increased in 85 % of the ALD patients and in 6 % of the alcoholics
without liver disease. Calculations of the PIIINP/B-CTx and PINP/B-CTx ratios
were found to further potentiate the differences between the ALD patients and the
other study groups. ROC analyses of the PIIINP/B-CTx ratio yielded an excellent
sensitivity (94 %) and specificity (98 %) for differentiating the alcoholics with
liver disease. The sensitivity for this ratio was also higher than the corresponding
sensitivity for the PINP/B-CTx ratio (87 % for a specificity of 98 %).

Serum B-CTx correlated negatively with PIIINP (r =—-0.42, p <0.001) and the
pro-inflammatory cytokines IL-2 (r =-0.26, p < 0.01), IL-6 (r =—-0.22, p < 0.05),
IL-8 (r=-0.23, p < 0.05) and TNF-a (r =-0.48, p < 0.001), whereas positive cor-
relations emerged between B-CTx and the anti-inflammatory cytokines IL-1 (r =
0.35, p < 0.001) and TGF-B (r = 0.39, p < 0.001). Serum PIIINP showed statisti-
cally significant positive correlations with PINP (r = 0.63, p < 0.001) and the pro-
inflammatory cytokines IL-2 (r = 0.33, p <0.001), IL-6 (r = 0.44, p < 0.001), IL-8
(r=0.55, p <0.001) and TNF-a (r = 0.67, p < 0.001), and negative correlations
with the anti-inflammatory cytokines IL-1 (r =—0.31, p <0.01) and TGF-B (r = —
0.41, p < 0.001). When the markers of collagen metabolism were further com-
pared with the histological and clinical indices of liver disease severity and the
grading of fibrosis in the biopsy sample, significant correlations emerged between
PIIINP and fibrosis (r = 0.63, p < 0.001), CMI (r = 0.50, p < 0.01) and CCLI (r =
0.42, p < 0.05), whereas there were no significant correlations between these pa-
rameters and PINP or B-CTx levels.
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6. Discussion

6.1. Immune responses against ethanol metabolites

The present results indicate that a humoral immune response consisting of IgA
isotype antibodies against acetaldehyde adducts is highly typical of alcoholic pa-
tients. Since IgAs among moderate drinkers may also exceed the levels observed
in abstainers, it appears that the generation of such immune responses is an early
event in the physiological consequences of ethanol ingestion. Previous studies in
patients with alcoholic liver disease have demonstrated an increase in serum total
IgAs and the appearance of IgA deposits in liver and kidney tissue (van de Wiel et
al. 1988, Tuma and Klassen 1992, Amore et al. 1994) and more recent evidence
has suggested that the generation of excess IgAs in such patients could in fact be
antigen-driven (Worrall et al. 1991, Koskinas et al. 1992, Viitala et al. 1997, Lat-
vala et al. 2005). Such specific antibodies could originate from intestinally in-
duced B-cells under conditions where the gastrointestinal tract, which is rich in
enzymes capable of metabolizing ethanol to acetaldehyde, is repeatedly exposed
to ethanol (Seitz et al. 1994, Salaspuro 1996, Visapai et al. 1998, Latvala et al.
2005). This view is also consistent with the close correlations between specific
IgA antibody levels and recent ethanol ingestion and with the presence of anti-
acetaldehyde adduct IgAs in individuals reporting moderate drinking. The positive
correlation found between anti-acetaldehyde adduct IgAs and the pro-
inflammatory cytokines TNF-a and IL-6 indicate that there is also an early-phase
inflammatory response to ethanol-derived neo-antigens. The induction of the im-
mune responses and the activation of cytokine cascades upon continuing heavy
drinking may also play an important role in the sequence of events leading to liver
pathology. Since acetaldehyde modification of proteins and cellular constituents
has been shown previously to disturb protein function in vivo, the generation of
IgAs to ethanol metabolites could also play a role in the destruction of such pro-
tein modifications.

The present data further indicate that the assessment of IgA antibodies to acet-
aldehyde-modified protein epitopes may provide a clinically useful tool for diag-
nosing excessive ethanol consumption. A high sensitivity and specificity emerged
for the adduct-specific IgA measurements in differentiating between alcoholics
and non-alcoholics. Worrall and coworkers (1996, 1998) previously investigated
anti-acetaldehyde adduct IgA responses as markers of alcohol abuse using acetal-
dehyde-modified bovine serum albumin as a test antigen. Despite the difference in
the method and in the nature of protein adducts in these and the present studies it
should be noted that these investigators also found a significant correlation (r =
0.44) between ethanol intake and anti-acetaldehyde adduct IgAs among moderate
drinkers and alcoholics. The present data show that the diagnostic sensitivity of
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anti-acetaldehyde adduct IgAs exceeds that of the conventional markers, espe-
cially when abstainers are taken as the reference individuals. On the other hand,
when moderate drinkers are included in the reference population the diagnostic
sensitivity decreases, indicating that reference limits for alcohol markers should
perhaps preferably be based on abstainers. This approach would obviously lead to
some positive values in individuals with moderate drinking habits, but it would
provide us with a new tool for raising the issue of possible hazardous drinking
practices at an earlier stage.

Paper I was focused on men only, because sex may be a significant confound-
ing factor in studies of immunological responses (Makkonen et al. 2001, Kovacs
and Messingham 2002). The specific mechanisms underlying these phenomena
have remained unclear, but sex hormones appear to play a key role in the regula-
tion of immune responses. Although study III included women, the population
was too small for any profound conclusions to be reached. However, women gen-
erally show stronger immune responses and higher serum immunoglobulin levels,
an thus future studies in larger populations consisting of women only appear to be
warranted in order to evaluate the diagnostic potential and pathogenic significance
of IgA responses and to determine whether separate reference intervals are needed
for men and women, as noted previously for several markers reflecting ethanol
intake (Niemeld 2007).

Current follow-up studies indicate that serum anti-acetaldehyde adduct IgA
levels normalize at an average rate of 3 % per day, the mean time required for
normalization being 29 days. Since the average half-life of a single IgA molecule
is 5-6 days, the relatively long appearance of anti-acetaldehyde adduct IgAs in
serum may be explained by the fact that acetaldehyde adducts in the erythrocytes
of alcoholics may persist in the circulation for 1 to 3 weeks after the last dose of
ethanol (Niemeld and Israel 1992). The consistent decrease in anti-acetaldehyde
adduct IgAs following abstinence indicates, however, that IgA titers could also be
used for monitoring treatment in recovering alcoholics.

Recent evidence has suggested that further improvement in the clinical accu-
racy of alcohol markers may be obtained through the development of marker
combinations. Such combinations have usually consisted of CDT, GGT and
MCV. For instance, recent studies have indicated the highest diagnostic accuracy
to a mathematically formulated combination of GGT and CDT (Sillanaukee and
Olsson 2001, Anttila et al. 2003a, Hietala et al. 2006). The present work shows
that the combination of anti-acetaldehyde adduct IgAs and CDT also provides
improved sensitivity relative to the parent components, without sacrificing speci-
ficity. The diagnostic performance also seems to exceed that found for the combi-
nation of GGT with CDT. It should be noted, however, that careful standardiza-
tion of the IgA-based assay will be needed before the method is taken into routine
clinical and multilaboratory use. This could be achieved using internationally
standardized antigen preparations and test protocols including standard color reac-
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tion times and expression of the assay results using international reference sam-
ples.

6.2. Red blood cell abnormalities and immune responses
against acetaldehyde adducts

The data presented in paper II indicate a dose-dependent response of erythrocyte
cell volume to the intensity of ethanol intake. While alcoholic patients have long
been known to have characteristically high MCV values, the data further indicate
that non-alcoholic individuals reporting moderate levels of drinking (< 40 g/day)
show values that at the population level may lead to alterations in the characteris-
tics of an average red blood cell.

The present findings may open new perspectives for the use of MCV for the
biomonitoring of long-term alcohol abuse. Although MCV lacks specificity espe-
cially in hospitalized patients, it appears that a careful follow-up of blood cell in-
dices even when occurring within the reference limits could be used to provide
indicators of changes in drinking practices, which are of special value in subjects
without any obvious clinical signs of ethanol dependence. It has been noted previ-
ously that elevated MCV values occur in 4 % of the adult populations and are
possibly related to alcohol consumption in 65 % of cases (Wymer and Becker
1990, Savage et al. 2000). The usefulness of MCV measurements has previously
been emphasized under certain selected conditions, including assays on pregnant
women for screening the of fetal alcohol effects (Sarkola et al. 2000). The possi-
ble effects of ethanol on blood cell counts should obviously also be considered
carefully when establishing reference values for use in hospital laboratories as any
deviation in this respect may impair clinicians' abilities to observe the important
early signals of excessive drinking practices and lead to the underdetection of
ethanol abuse unless separate reference values based on abstainers can be made
available.

The correlation between the alterations in red blood cell indices and ethanol
drinking is consistent with a direct hematotoxic role of ethanol and its metabolites
(Eriksson 2001, Latvala et al. 2001b). Ethanol can permeate cell membranes, alter
the structural order of lipids and interfere with cell structure and metabolism, thus
possibly affecting erythrocyte stability (Beauge et al. 1988). High concentrations
of acetaldehyde have been found previously to occur inside the erythrocytes of
alcoholics (Peterson et al. 1988, Hernandez-Muiioz et al. 1989, Magnani et al.
1990, Sillanaukee et al. 1992). Studies using human cell lines (Wickramasinghe
and Malik 1986) and more recently a survey of Japanese heavy drinkers with the
aldehyde dehydrogenase-2 genotype have supported a direct role for acetaldehyde
in increasing the mean cell volume of erythrocytes (Yokoyama et al. 2003a, Yo-
koyama et al. 2003b). Interestingly, it has also been suggested that high MCV
values in such individuals may serve as predictors of esophageal squamous cell
carcinoma (Yokoyama et al. 2003a). High MCV values and anemia have in turn
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been shown to be characteristic of patients with alcoholic liver disease (Maru-
yama et al. 2001).

Acetaldehyde is highly reactive and capable of forming stable adducts with
proteins and cell membrane constituents (Stevens et al. 1981, Peterson et al. 1988,
Niemeld and Israel 1992, Tuma and Klassen 1992, Latvala et al. 2001b). As a
consequence, erythrocytes may become more vulnerable to damage, hemolysis,
and a shortened biological half-life in vivo. The present data show for the first
time that alcoholics with high MCV frequently have circulating antibodies which
recognize acetaldehyde-modified epitopes in proteins and also correlate to some
extent with the degree of macrocytosis. This observation is in line with the view
that immunological mechanisms may also be involved in the generation of etha-
nol-induced changes in red blood cell indices in some alcoholics. However, there
may be significant gender differences in the driving of the immune responses,
which appear to warrant further investigations. Future studies also appear to be
warranted in order to address the possibility that MCV changes, when measured
together with immune parameters directed against ethanol-induced membrane
alterations, could further improve the diagnostic or prognostic value of such meas-
urements.

6.3 Comparison of anti-acetal.deh]yde adduct and anti-
tissue transglutaminase IgAs in alcoholic liver disease

The findings detailed in paper III indicate that excessive ethanol consumption is
associated with mounting of IgA immune responses not only to ethanol-derived
neo-antigens but also to tissue transglutaminase (tTG), which has been specifi-
cally linked with celiac disease during the past few years (Dieterich et al. 1997,
Sulkanen et al. 1998, Koop et al. 2000, Carroccio et al. 2002). The antibody titers
were highest in the alcoholics with liver disease, which is in accordance with the
view that liver disease per se may be associated with the occurrence of elevated
tTG antibodies (Vecchi et al. 2003, Lo Iacono et al. 2005, Villalta et al. 2005).
The association may also be influenced by the severity of liver disease, as sug-
gested here by the correlation between antibody levels and the combined clinical
and laboratory index (CCLI) of liver disease severity.

It appears that excessive ethanol intake even in the absence of liver disease
could lead to a breakdown of immune tolerance and initiation of autoimmune re-
sponses against both ethanol metabolites and tissue transglutaminase. Alcohol
abuse may create mucosal lesions and the increased gut permeability may subse-
quently lead to the exposure of new antigens regarded as foreign by the mucosal
immune system. However, it remains to be established in future studies to what
extent such immune responses could also contribute to the pathogenesis of gastro-
intestinal symptoms occurring as a result of excessive ethanol consumption. Nev-
ertheless, the generation of IgAs against both tTG and acetaldehyde-derived neo-
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antigens appears to be an early event in the sequence leading from excessive etha-
nol intake to tissue injury.

The parallel reactions to these antigens could also open up new perspectives
on the pathogenesis of ethanol-induced diseases. Tissue transglutaminase is a
widely distributed enzyme which seems to show multiple functions in vivo
through the generation of protein modifications (Griffin et al. 2002). Its most
characteristic enzymatic function is the formation of an epsilon (gamma-glutamyl)
lysine isopeptide linkage. Studies of patients with celiac disease have indicated
that tTG forms high molecular weight complexes with gliadin and leads to novel
cross-linking patterns with extracellular matrix proteins. It has been suggested that
this may favor gliadin toxicity and perpetuate intestinal inflammation and associ-
ated autoimmune phenomena (Hansson et al. 1999, Gianfrani et al. 2005,
Dieterich et al. 2006). Indeed, pro-inflammatory cytokine responses were also
found here to be associated with IgA responses in heavy drinkers, suggesting that
such immunological mechanisms could also contribute to disease progression in
alcoholic patients. Acetaldehyde has previously been shown to bind readily to
proteins and to generate lysine-derived modifications (Israel et al. 1986, Tuma et
al. 1987, Bao et al. 1999, Niemeld 2001, Freeman et al. 2005). Accelerated protein
cross-linking may be expected to take place following modifications generated at
high concentrations of acetaldehyde (Niemeld 2001). We cannot at this time rule
out the possibility that the antigens recognized by these antibodies could also
share common conformational or sequential epitopes and it remains to be estab-
lished whether the protein modifications induced by the above pathways also have
additive toxic effects in tissues and lead to the generation of cytotoxic proteina-
tious aggregates in alcohol-induced diseases, or in conditions such as neurodegen-
erative diseases (Wodzinska 2005) or diabetes (Bao et al. 1999).

In the light of recent findings indicating that elevated anti-tTG antibodies may
also be indicative of a higher all-cause mortality risk at the population level
(Metzger et al. 2006), future studies to examine the interactions between such
immune responses, ethanol intake and their links to inflammation and fibrogenesis
appear to be warranted. The present findings should also be considered when as-
sessing the clinical use of tTG antibodies as screening tools for celiac disease.

6.4. Fibrogenesis, collagen degradation and cytokines in
alcoholic liver disease

Morbidity and mortality related to liver cirrhosis have been continuously growing
in most Western countries (Lieber 1995, Room et al. 2005). The current preva-
lence of liver cirrhosis is known to be particularly high in the countries that have
the highest per capita consumption of alcohol. Since not all chronic alcoholics
develop cirrhosis, extensive research efforts have been devoted to examining the
molecular and cellular mechanisms regulating the deposition of hepatic extracel-
lular matrix proteins. Susceptibility to ALD may also be influenced by genetic
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factors such as functional polymorphisms in the ADH and ALDH genes (Wilfred
de Alwis and Day 2007). Due to the limitations of liver biopsies for assessing
disease activity and liver fibrosis, the need for new, non-invasive modalities for
differentiating those at risk of progressive fibrosis has been widely acknowledged
(Imbert-Bismut et al. 2001, Bedossa et al. 2003, Friedman 2003, Callewaert et al.
2004, Ghany and Doo 2005).

The present results indicate that serum B-CTx, a marker of collagen degrada-
tion, and PINP and PIIINP, markers of the synthesis of collagen types I and III,
respectively, follow inverse kinetics in alcoholic patients with and without liver
disease, and suggests a disturbed balance between collagen synthesis and matrix
degradation in cases of liver disease. It should be noted that although B-CTx
shows significant circadian variation even during the sampling period used in
these studies (Qvist et al. 2002), the differences in its serum levels were so sig-
nificant that this variation does not have any influence on the results. Significant
alterations in both the amount and composition of the extracellular matrix compo-
nents are known to be associated with liver fibrosis, and there may be aberrant
accumulation of the various collagen types (Rojkind et al. 1979, Maher and
McGuire 1990). In advanced cirrhosis the liver may contain six times the normal
amount of collagen, the majority of this consisting of types I and III (Rojkind et
al. 1979). The increased rates of synthesis of these collagens in alcoholic liver
disease have been acknowledged in several previous studies involving type-
specific methods (McCullough et al. 1987, Niemel4 et al. 1990, Trinchet et al.
1992, Rosman and Lieber 1992). However, although specific fragments of C-
terminal collagen telopeptides (CTx) have recently been found to be useful for
assessing collagen degradation (Okabe et al. 2001), such measurements have so
far been applied exclusively to diseases affecting bone metabolism (Rosen et al.
2000, Garnero et al. 2003). The present data indicate that this cross-linked isomer-
ized fragment of type I collagen in serum is markedly decreased in ALD patients
and shows an inverse relationship with the peptides reflecting enhanced synthesis
of collagen types I and III. The fibrous collagens may thus be deposited at a faster
rate than that at which the collagenolytic activity removing the accumulated scar
matrix is functioning, which would be in accordance with previous findings of
decreased collagenase and matrix metalloproteinase activities in cirrhotic patients
(Maruyama et al. 1982, Iredale 2003). There may also be overexpression of their
inhibitors, such as TIMPs, further aggravating the failure of collagen removal to
keep pace with the enhanced collagen synthesis (Maruyama et al. 1982, Li et al.
1994, Friedman 2003, Iredale 2003).

The present findings also open up the possibility that assays of these collagen
markers, particularly the PIIINP/B-CTx ratio, could provide a simple and cost-
efficient tool for improving the clinical discrimination of persons with a risk of
liver disease and severe fibrosis. Such an approach could perhaps be more suitable
for routine clinical use than the recently introduced models involving large com-
binations of fibrotic markers together with mathematically formulated equations
for interpreting the data (Imbert-Bismut et al. 2001). It should also be noted that
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although B-CTx is a degradation fragment of type I collagen, the analyses of the
PINP/B-CTx ratios indicated a lower sensitivity (87 %) for this ratio in discrimi-
nating the ALD patients than for the corresponding ratio PIIINP/B-CTx calculated
from the type III collagen peptide data (94 %). There was also a lack of correla-
tion between type I collagen-derived fragments and the indices of liver disease
severity, especially those reflecting inflammation (CCLI, CMI), whereas PIIINP
showed close positive correlations with this parameters. This is likely to be due to
differences in the metabolic kinetics of type I and type III collagens in the differ-
ent phases of liver disease and in their tissue specificities. While type I collagen is
the major fibrous collagen of bone, it also occurs in soft connective tissue together
with type III collagen (Rojkind et al. 1979). Type III collagen is the more pliable
collagen of organs like liver and its half-life is shorter than that of type I collagen.
In the early phase of the fibroproliferative reaction, fibroblastic cells synthesize an
extracellular matrix, which contains large amounts of type III collagen, whereas
type I collagen may predominate in advanced liver cirrhosis (Rojkind et al. 1979).
Measurements of type III collagen-derived fragments may therefore be more sen-
sitive in reflecting the changes occurring during the inflammatory phases and in
the early phase of hepatic fibrogenesis (Niemeld et al. 1990). There may also be
collagen type-specific changes in the removal of collagen peptides from the circu-
lation (Melkko et al. 1994).

Cytokines are important mediators of inflammation and seem to play a spe-
cific role in the development and progression of alcoholic liver disease (McClain
and Cohen 1989, Khoruts et al. 1991, Hill et al. 1993, Neuman et al. 2001, Latvala
et al. 2005, Crews et al. 2006). Paper III indicated close correlations between
autoimmune responses and interleukin-8 and TNF-a, which have been previously
linked with decreased long-term survival in alcoholics (Bird et al. 1990, Felver et
al. 1990, Huang et al. 1996, McClain et al. 2005, Swiqtkowska-Stodulska et al.
2006). TNF-a production is closely associated with Kupffer cell activation, in-
flammation and necrosis (Ilimuro et al. 1997, Yin et al. 1999, Colantoni et al.
2003), whereas interleukin-8 is a neutrophil chemoattractant and activator (Joshi-
Barve et al. 2003). The findings reported in paper IV further indicate that hepatic
fibrogenesis may be facilitated by a switch between the pro-inflammatory Thl
cytokines and anti-inflammatory Th2 cytokines. Markers of collagen synthesis
were found to correlate positively with IL-8 and TNF-a, and it should also be
noted that although enhanced TGF-f expression has previously been linked with
the development of fibrosis in alcoholics (Chen et al. 2002), the present data indi-
cate a negative correlation between collagen synthesis markers and TGF-f3 levels.
Interestingly, anti-tTG IgA antibodies also showed highly significant correlations
with markers of fibrogenesis, indicating that such immune responses may also be
involved in the stimulation of extracellular matrix production. By virtue of its
cross-linking activity, tissue transglutaminase also seems to play a central role in
regulating extracellular matrix remodeling (Stephens et al. 2004).

Thus there seem to be both collagen and cytokine markers that are signifi-
cantly associated with ALD status in alcoholic patients. Although the possibility

64



of minor overlapping with individuals classified as heavy drinkers without liver
disease (who were not biopsied, due to ethical considerations) and patients with
mild degrees of liver disease cannot be ruled out at this time, the data showing a
positive relationship between markers of collagen synthesis and pro-inflammatory
cytokines (IL-8 and TNF-a) and a negative relationship between these markers
and a marker of collagen degradation (B-CTx) and anti-inflammatory cytokines
(IL-1, TGF-B) may prove to be of value when studying the pathogenesis of ALD
in humans and when developing more specific clinical markers for the early iden-
tification of patients with a risk of progression to cirrhosis.

6.5 Possible limitations of this study

It should be noted that this investigation included apparently healthy controls and
alcoholics with or without liver disease, while in clinical practice the hospital
population contains patients with various other medical conditions. Conditions
such as diabetes, celiac disease and non-alcoholic liver disease may have an influ-
ence on the specificities of the parameters used. Future studies should also ad-
dress the specificities of the methods in larger materials including hospitalized
patients, among whom a lower degree of specificity may be expected. The alcohol
consumption data are based on individuals' own reports and thus the possibility of
having some excessive drinkers among the control population cannot be excluded.
Also, since the permitted alcohol intake for women was similar to that for men,
some females with excessive ethanol consumption may have been included in the
population of moderate drinkers.

It should also be noted that most of the methods used here are currently in rou-
tine use and thus quite well characterized in terms of variation and accuracy as
well as clinical usefulness. The anti-acetaldehyde adduct IgA assay, however, has
so far been used for research purposes only and has not been fully standardized
for routine use. We cannot exclude some additional variation in results due to this
unstandardized method, and therefore future work aimed at standardization of the
assay is warranted.
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7. Conclusions
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Specific IgA responses against acetaldehyde-modified epitopes are charac-
teristic of alcoholic patients and may provide a tool for detecting heavy
drinking. Assays for such immune responses could also be important in
studies on the pathogenesis of ethanol-induced tissue injury and in the as-
sessment of abnormalities in red blood cell morphology in alcoholics.

The correlation between anti-acetaldehyde adduct IgAs and anti-tissue
transglutaminase IgAs may indicate common mucosal responses to these
antigens under conditions where the integrity of intestinal barriers has
been disrupted upon excessive ethanol intake. The data also indicate dis-
tinct positive relationships between anti-adduct IgAs and cytokine profiles
in alcoholic patients. In addition, the positive relationships between mark-
ers of collagen synthesis and proinflammatory cytokines and a negative re-
lationship between these markers and a marker of collagen degradation
and anti-inflammatory cytokines indicate that such inverse relationships
may be important in the pathogenesis of ALD and may also help in the de-
velopment of more specific clinical markers for assessing the risk of fibro-
genesis.
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IgAs Against Acetaldehyde-Modified Red Cell Protein as a
Marker of Ethanol Consumption in Male Alcoholic
Subjects, Moderate Drinkers, and Abstainers

Johanna Hietala, Heidi Koivisto, Jaana Latvala, Petra Anttila, and Onni Niemela

Background: Alcohol abuse has been shown to result in the production of antibodies against
acetaldehyde-modified epitopes in proteins. However, as yet, only limited information has been avail-
able on the clinical usefulness of such responses as markers of hazardous drinking.

Methods: We developed an ELISA to measure specific IgAs against acetaldehyde-protein
adducts. This method was evaluated in cross-sectional and follow-up studies on male heavy drinkers
with a current ethanol consumption of 40 to 540 g/d (n = 40), moderate drinkers consuming 1 to
40 g/d (n = 25), and abstainers (n = 16). The clinical assessments included detailed interviews on the
amounts and patterns of ethanol consumption and various biochemical markers of alcohol abuse and
liver function.

Results: The mean antiadduct IgAs (198 £+ 28 U/L) in the alcohol abusers were significantly
higher than those in the moderate drinkers (58 + 11 U/L, p<0.001) or abstainers (28 + 8 U/L,
2<0.001). The values of moderate drinkers were also higher than those in abstainers (» <0.05). The
amount of ethanol consumed during the period of 1 month preceding blood sampling correlated
strongly with antiadduct IgAs (r = 0.67, p<0.001). The sensitivity (73%) and specificity (94%) of this
marker were found to exceed those of the conventional laboratory markers of alcohol abuse in com-
parisons contrasting heavy drinkers with abstainers although not in comparisons contrasting heavy
drinkers with moderate drinkers. During abstinence, antiadduct IgAs disappeared with a mean rate
of 3% per day. In additional analyses of possible marker combinations, antiadduct IgAs, together
with CDT, were found to provide the highest sensitivity and specificity.

Conclusions: Measurements of antiadduct IgAs may provide a new clinically useful marker of
alcohol abuse, providing a close relationship between marker levels and the actual amounts of recent

ethanol ingestion.

Key Words: Ethanol, Marker, Acetaldehyde, Immune Responses.

XCESSIVE ALCOHOL CONSUMPTION has been

shown to induce the production of circulating anti-
bodies, which recognize sequential and conformational
epitopes generated in covalent binding reactions between
proteins and ethanol metabolites (Israel et al., 1986;
Koskinas et al., 1992; Niemeld, 2001; Viitala et al., 1997;
Worrall et al., 1991; Xu et al., 1998). Previously, studies in
alcoholic patients with liver disease have indicated that in
such patients, there is often an increase in serum total IgAs
coinciding with abnormal IgA tissue deposition (Amore
et al 1994; van de Wiel et al 1988). Other studies have

From the Department of Laboratory Medicine and Medical Research
Unit, Seindjoki Central Hospital, and University of Tampere, Tampere,
Finland.

Received for publication March 21, 2006, accepted May 30, 2006.

Supported in part by a grant from the Finnish Foundation for Alcohol
Studies (ON).

Reprint requests: Prof. Onni Niemeld, Seindjoki Central Hospital,
Laboratory, Seindjoki, FIN-60220, Finland; Fax:+358-6-415-4924;
E-mail: onni.niemela@epshp.fi

Copyright © 2006 by the Research Society on Alcoholism.

DOI: 10.1111/j.1530-0277.2006.00204.x

Alcohol Clin Exp Res, Vol 30, No 10, 2006: pp 1693-1698

further shown high levels of IgA antibodies directed against
acetaldehyde-derived neoantigens in alcoholic subjects,
suggesting antigen-driven IgA responses (Latvala et al.,
2005; Viitala et al., 1997; Worrall et al., 1991). Worrall
et al. (1996, 1998) have previously suggested the possibility of
using antiadduct IgAs also as markers of ethanol con-
sumption. However, as yet, only a few studies have been
available on clinical evaluations of this approach.

The present study was set out to gain further insight on
the diagnostic utility of measuring antiadduct IgAs by
comparing the IgA marker with several traditional mark-
ers of ethanol consumption in male subjects with a wide
range of alcohol consumption.

MATERIALS AND METHODS

Patients and Control Subjects

The study population included 40 male heavy drinkers (mean age
45 £ 11 years), who showed a well-documented history of excessive
ethanol consumption. All of these patients had been admitted for
detoxification, but were devoid of clinical and laboratory signs of
significant liver disease. They showed a history of continuous
ethanol consumption or binge drinking, the mean recent consumption
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being 40 to 540 g/d from the period of 4 weeks before sampling. The
documentation of alcohol abuse was based on detailed personal
interviews using a time-line follow-back technique. The mean duration
of abstinence before sampling was 2 4+ 2 days. Nineteen alcoholic
subjects (mean age 42 £ 12 years) volunteered for a follow-up, which
was carried out with supervised abstinence and repeated sampling
during hospitalization over a period of 8 £+ 3 days. Blood alcohol
concentrations during this time were controlled by repeated ethanol
analyses from breath air.

Reference individuals were healthy male volunteers who were
either abstainers (n =16, age 54 £ 15 years) or moderate drinkers
(n=25, age 45 + 12 years), whose daily ethanol consumption did
not exceed 40 g. All of these subjects were devoid of any history or
clinical evidence of alcohol abuse, recent illnesses, or immunological
disorders.

All serum samples were stored at —70 °C until analysis. All par-
ticipants of the study gave their informed consent, and the study was
carried out according to the provisions of the Declaration of Helsinki.

Antiadduct IgA Analyses

Preparation of Acetaldehyde-Modified Red Cell Protein. For prep-
aration of the test antigen, human erythrocyte protein fraction was
first purified from EDTA blood of an abstainer (Latvala et al., 2005).
The cells were separated by centrifugation and washed 3 times with
phosphate-buffered saline (PBS, 7.9 mM Na,HPO, 1.5 mM
KH,POy, 137 mM NaCl, 2.7 mM KCI, pH 7.4). The washed cells
were lysed with polyoxyethylene ether, 0.1% v/v in borate buffer
(Hemolysis Reagent, DIAMAT™ Analyzer system, Bio-Rad Labo-
ratories, Hercules, CA), and incubated for 35 minutes at 37 °C to
remove unstable Schiff bases. The hemolyzate containing 12 mg of
red cell protein/mL (in PBS) was stored frozen in aliquots at —70 °C.

For acetaldehyde labeling, the hemolyzate was mixed with acetal-
dehyde (in PBS) to obtain a final acetaldehyde concentration of
10 mM. After incubation for 18 hours at 4 °C in tightly sealed con-
tainers, the protein adducts generated were reduced by addition of
sodium cyanoborohydride (10 mM) and gentle mixing for 5 hours
at 4°C. Protein solutions were then dialyzed exhaustively against
PBS at 4°C and stored in aliquots for single use at —70°C. The
unmodified proteins were obtained by hemolyzing and treating
EDTA blood of an abstainer without acetaldehyde.

Measurements of the Antibody Titers. Microtiter plates (Nunc-
Immuno Plate, Maxisorb™, InterMed, Denmark) were coated with
acetaldehyde-modified red cell protein, or corresponding unmodified
proteins in PBS (3 ug protein in 100 uL/well) and incubated for
1% hours at +37 °C. Nonspecific binding was blocked by incubation
(1 hour, +37°C) with 0.2% gelatin in PBS (150 uL/well). The sam-
ples were diluted (1:40) in PBS, which contained 0.04% Tween-20.
The serum dilutions were allowed to react with the coated proteins
(1 hour, +37°C), followed by extensive washing with PBS-Tween.
Antibody—antigen complexes were detected using alkaline
phosphatase-linked goat anti-human immunoglobulin IgA (Jackson
ImmunoResearch Laboratories Inc., West Grove, PA). The
immunoglobulins were diluted in PBS-Tween, containing 8 mM
MgCl, and a small amount of dithiothreitol (DTT). The plates were
incubated overnight at +4 °C and washed with PBS-Tween and 100
uL of p-nitrophenylphosphate solution was added as a color reaction
substrate (alkaline phosphatase substrate kit, Bio-Rad). This reac-
tion was stopped by adding 100 L. NaOH (0.4 M), and the optical
densities were read at 405 nm by an Anthos HTII microplate reader
(Anthos Labtec Instruments, Salzburg, Austria).

Other Measurements

Serum carbohydrate-deficient transferrin (CDT) was measured
by a turbidimetric immunoassay (TIA) after ion-exchange
chromatography (Axis-Shield, Oslo, Norway), which separates
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transferrin variants with 0 to 2 sialic acid residues. The measure-
ments were carried out on a Behring Nephelometer II (Dade
Behring, Behring Diagnostics GmbH, Marburg, Germany)
according to the instructions of the manufacturer. Serum y-glutamyl
transferase (GGT), aspartate aminotransferase (AST), and mean
corpuscular volume (MCYV) of erythrocytes were measured by stand-
ard clinical chemical methods in an accredited (SFS-EN 45001,
ISO/IEC Guide 25) laboratory of EP Central Hospital, Seindjoki,
Finland. Cytokines IL-2, IL-6, IL-8, IL-10, TNF-z, and TGF-f1
were measured using Quantikine high-sensitivity ELISA kits (R&D
Systems, Abington Science Park, UK).

Calculations and Statistical Methods

The data for the study variables are expressed as mean + SEM. In
the assays for the antiadduct IgAs, the values (ODygs) obtained in a
reaction with the sample and the unconjugated protein (background)
were subtracted from the corresponding values measured
from the reaction between the sample and the acetaldehyde-
protein conjugate. The antiadduct IgA values are expressed as U/L,
corresponding to ODg4sx10°. The combination marker IgA-CDT
was calculated with an equation logCDT+(IgA/10%). The combina-
tion of GGT and CDT (GGT-CDT) was counted using a previously
established equation GGT-CDT = 0.8xIn(GGT)+1.3xIn(%CDT)
(Anttila et al., 2003). The differences between the groups of heavy
drinkers, moderate drinkers, and abstainers were analyzed with an
ANOVA or a Kruskal-Wallis test, as required. A paired ¢-test was
used for comparing alcoholic subjects before and after abstinence,
and the difference between moderate drinkers and abstainers was
further examined with an unpaired z-test or a Mann—Whitney test, as
required. Correlations were calculated using the Pearson product—
moment correlation coefficients for continuous nonskewed parame-
ters or Spearman’s rank-correlations for noncontinuous or skewed
variables. A p-value <0.05 was considered statistically significant.

RESULTS

The mean antiadduct IgA levels (198 + 28 U/L) in the
alcohol abusers were significantly higher than those in the
moderate drinkers (58 £ 11 U/L, p<0.001) or abstainers
(28 £8 U/L, p<0.001) (Fig. 1). When comparing only
moderate drinkers and abstainers with each other, the val-
ues of moderate drinkers were also significantly higher
than those in abstainers (p <0.05).

The diagnostic sensitivity and specificity of antiadduct
IgA measurements were subsequently compared with
those of the traditional markers of alcohol abuse by con-
trasting the data obtained from the heavy drinkers with
the data obtained from the abstainers and/or moderate
drinkers (Table 1). In comparison with the abstainers only,
the sensitivity of antiadduct IgAs was 73% for a specificity
of 94%, which exceeded the corresponding figures found
for CDT, GGT, MCV, and AST. When both moderate
drinkers and abstainers were included in the reference
population, the sensitivity of antiadduct IgA assay was
65% for a specificity of 88%, showing essentially similar
analytical characteristics to those of CDT although
remaining higher than those of GGT, MCV, or AST
(Table 1). The antiadduct IgAs correlated significantly to
all the conventional markers of alcohol abuse (Table 2)
and also highly significantly to the actual amount of recent
ethanol consumption (r = 0.67, p<0.001). In comparison
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Fig. 1. Markers of ethanol consumption in heavy drinkers, moderate drinkers, and abstainers. Antiadduct IgA, carbohydrate-deficient transferrin, and
y-glutamyl transferase values in heavy drinkers are all significantly higher than those in both moderate drinkers and abstainers (p<0.001 for all comparisons).
Mean corpuscular volume (MCV) was significantly higher (p<0.001) in alcoholic subjects than in abstainers, and aspartate aminotransferase was significantly
higher (p<0.05) in alcoholic subjects than in moderate drinkers. Significant differences between moderate drinkers and abstainers were found in antiadduct IgA

and in MCV values (dotted lines).

with the major cytokines, antiadduct IgAs were found to
correlate significantly with serum IL-6 (r = 0.33, p<0.05)
and TNF-a (r=0.31, p<0.05) levels, whereas not with
IL-2, IL-8, IL-10, or TGF-f1.

Figure 2 demonstrates the results of the follow-up of
heavy drinkers. The values at the initiation (160 & 31 U/L)
decreased significantly to 131 4+ 26 U/L (p<0.01) during a
period of 8 + 3 days of supervised abstinence. After this

time, the levels were still higher than those of moderate
drinkers or abstainers, the difference to the latter group
remaining statistically significant (p <0.001). The rate of
antiadduct IgA disappearance was estimated to be about
3% per day, and the mean normalization time to be about
4 weeks.

In the analyses for possible marker combinations, the
highest sensitivities and specificities were obtained by
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Table 1. Sensitivity and Specificity Characteristics of Various Markers of
Ethanol Consumption When Either Abstainers or Moderate Drinkers Are
Used as the Control Population

Source of cutoff CutoffSensitivity % Specificity % AUC (SE)
Antiadduct IgA
Abstainers 74 73 94 0.902 (0.0401)
Abstainers and moderate 93 65 88 0.843 (0.0436)
drinkers
Moderate drinkers 99 65 88 0.806 (0.0545)
cDT
Abstainers 2.67 63 100 0.889 (0.0432)
Abstainers and moderate 2.54 65 98 0.897 (0.0343)
drinkers
Moderate drinkers 2.46 65 96 0.902 (0.0366)
GGT
Abstainers 50 63 100 0.846 (0.0508)
Abstainers and moderate 55 60 98 0.850 (0.0433)
drinkers
Moderate drinkers 59 58 96 0.852 (0.0465)
Mcv
Abstainers 95 47 100 0.822 (0.0591)
Abstainers and moderate 98 41 98 0.738 (0.0623)
drinkers
Moderate drinkers 100 19 96 0.684 (0.0713)
AST
Abstainers 45 43 100 0.688 (0.0715)
Abstainers and moderate 46 43 95 0.689 (0.0604)
drinkers
Moderate drinkers 47 43 92 0.690 (0.0656)

Cut-offs were determined as mean+2SD.

AUC, area under curve; SE, standard error of AUC; IgA, immunoglob-
ulin A; CDT, -carbohydrate-deficient transferrin; GGT, 7y-glutamyl
transferase; MCV, mean corpuscular volume of erythrocytes; AST,
aspartate aminotransferase.

combining IgAs with CDT, which yielded a sensitivity of
90%, a specificity of 98%, and an area under the curve of
0.966 (Table 3).

DISCUSSION

The present data indicate that the assessment of IgA
antibodies to acetaldehyde-modified protein epitopes may
provide a clinically useful tool for diagnosing excessive
ethanol consumption. As IgAs already among moderate
drinkers may exceed the levels observed in teetotallers, it
appears that the generation of such immune responses is
an early event in the physiological consequences induced
by ethanol ingestion, which should also be considered in

Table 2. Correlations Between the Different Markers of Ethanol Intake

Antiadduct IgA CDT GGT MCV AST
Antiadduct IgA 1
CDT 0.39%** 1
GGT 0.35%* 0.43*** 1
MCV 0.51*** 0.28* 0.48*** 1
AST 0.23* 0.46™**  0.46™** 0.32** 1

*p<0.05; **p<0.01; ***p<0.001.

CDT, carbohydrate-deficient transferrin; GGT,y-glutamyl transferase;
MCV, mean corpuscular volume of erythrocytes; AST, aspartate amino-
transferase.
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studies on the mechanisms of ethanol-induced tissue
effects.

Previous studies in patients with alcoholic liver disease
have demonstrated an increase in serum total I[gAs and the
appearance of IgA deposits in liver and kidney tissue
(Amore et al., 1994; Tuma and Klassen, 1992; van de Wiel
et al., 1988). More recent evidence has suggested that the
generation of excess IgAs in such patients could in fact be
antigen-driven (Koskinas et al., 1992; Latvala et al., 2005;
Viitala et al., 1997; Worrall et al., 1991). Such specific
antibodies could originate from intestinally induced B-cells
under conditions where the gastrointestinal tract, which is
rich in enzymes capable of metabolizing ethanol to acetal-
dehyde, is repeatedly exposed to ethanol (Latvala et al.,
2005; Salaspuro, 1996; Seitz et al., 1994; Visapdi et al.,
1998). This view is also consistent with the strong correla-
tion between the specific IgA antibody levels and the
amounts of recent ethanol ingestion as well as with the
presence of antiadduct IgAs in individuals reporting
moderate drinking. As alcohol is also known to increase
intestinal permeability, this could further enhance the
immune responses toward the intestinal antigens. The pos-
itive correlation found between antiadduct IgAs and the
proinflammatory cytokines TNF-o and I1L-6 indicates that
there is also an early-phase inflammatory response to
ethanol-derived neoantigens. Upon continuing heavy
drinking, the induction of the immune responses and the
cytokine cascades may also play an important role in the
sequence of events leading to liver pathology. Acetalde-
hyde modification of proteins and cellular constituents has
been previously shown to disturb protein function in vivo,
and the generation of IgAs toward ethanol metabolites
could also promote the destruction of such protein modi-
fications.

The present data indicate a high sensitivity and
specificity for the adduct-specific IgA measurements in
differentiating between alcoholic subjects and nonalcohol-
ic subjects. Worrall et al. (1996, 1998) have previously
investigated antiadduct IgA responses as markers of alcohol
abuse using acetaldehyde-modified bovine serum albumin
as a test antigen. Despite the difference in the method and
the nature of protein adducts in these and the present stud-
ies, it should be noted that Worrall and coworkers also
found a significant correlation (r = 0.44) between ethanol
intake and antiadduct IgAs among social drinkers and
alcoholic subjects. Previously, the control populations in
biomarker studies have usually consisted primarily of
social drinkers, and the possible differences occurring
between moderate drinkers and teetotallers have received
less attention. The present data show that the diagnostic
sensitivity of antiadduct IgAs exceeds that of the conven-
tional markers especially when abstainers are used as the
reference individuals. Conversely, inclusion of moderate
drinkers in the reference population decreases the diagnos-
tic sensitivity, indicating that future reference limits for
alcohol markers should perhaps preferably be based on
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Fig. 2. Laboratory parameters of alcoholic subjects before and after 8 + 3 days of abstinence. The decreases in antiadduct IgA (p = 0.0028) and carbo-
hydrate-deficient transferrin values (p = 0.0002) were statistically significant. Mean corpuscular volume values showed a significant increase during abstinence

(p=0.024). (A) Alcoholic subjects before abstinence and (B) after abstinence.

abstainers. This approach would obviously lead to some
positive values in individuals with moderate drinking hab-
its, but provide us with a new tool for raising the issue of
possible hazardous drinking practices in an earlier phase.
Current follow-up studies indicate that serum antiad-
duct IgA levels normalize at an average rate of 3% per
day, the mean time required for normalization being
29 days. As the average half-life of a single IgA molecule is
5 to 6 days, the relatively long appearance of antiadduct
IgAs in the serum may be explained by the fact that acet-
aldehyde adducts in erythrocytes of alcoholic subjects may

Table 3. Sensitivities and Specificities of Marker Combinations

Cutoff Sensitivity % Specificity %
IgA-CDT 0.412 90 98
GGT-CDT 4.20 83 98

CDT, carbohydrate-deficient transferrin.

persist in circulation for 1 to 3 weeks after the last dose of
ethanol (Niemeld and Israel, 1992). The consistent
decrease in the antiadduct IgAs upon abstinence indicates,
however, that IgA titers could also be used for monitoring
treatment in recovering alcoholic subjects.

Recent evidence has suggested that further improvement
in the clinical accuracy of alcohol markers may be
obtained through the development of ideal marker combi-
nations. Such combinations have usually consisted of
CDT, GGT, and MCV. Recent studies have indicated the
highest diagnostic accuracy for a mathematically formu-
lated combination of GGT and CDT (Anttila et al., 2003;
Sillanaukee and Olsson, 2001). The present work shows
that the combination of antiadduct IgAs and CDT also
provides improved sensitivity compared with its parent
components without sacrificing assay specificity. The
diagnostic performance also seems to exceed that found
for the combination of GGT and CDT. It should be noted,
however, that before adopting the IgA-based assay into
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routine clinical and multilaboratory use, a careful stand-
ardization of the method will be needed. This could be
achieved by using internationally standardized antigen
preparations and test protocols including standard color
reaction times and the expression of the assay results using
international reference samples.

In this study, we chose to study men only, because sex
may be a significant confounding factor in studies on
immunological responses in vivo (Kovacs and Messingham,
2002; Makkonen et al., 2001). Although the specific mech-
anisms underlying these phenomena have remained
unclear, sex hormones appear to play a key role in the
regulation of immune responses. As women generally also
show stronger immune responses and higher serum
immunoglobulin levels, future studies in populations con-
sisting of women only also appear warranted to evaluate
the diagnostic potential and pathogenic significance of the
IgA responses.

Taken together, this work shows that measurements of
specific IgAs against acetaldehyde-modified epitopes in
proteins could be used as a sensitive tool for detecting
heavy drinking. Assays for such immune responses could
also be important in studies on the pathogenesis of
ethanol-induced tissue injury.
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Long-tferm ethanol consumption and macrocytosis:
diagnostic and pathogenic implications

HEIDI KOIVISTO, JOHANNA HIETALA, PETRA ANTTILA, SEPPO PARKKILA, and ONNI NIEMELA

SEINAJOKI, FINLAND

Although excessive alcohol consumption is known to elevate the mean cell
volume (MCYV) of erythrocytes, the relationships among the intensity of ethanol
exposure, the generation of abnormal red blood cell indices, and the underlying
pathogenic mechanisms have remained unclear. The authors examined 105
alcoholics with a wide range of ethanol consumption (40-500 g of ethanol/day),
62 moderate drinkers (mean consumption 1-40 g/day), and 24 abstainers, who
underwent detailed interviews, measurements of blood cell counts, markers of
liver status, and circulating antibodies against ethanol-derived protein modifi-
cations. Follow-up information was collected from healthy volunteers with de-
tailed records on drinking habits. Data from the NORIP project for laboratory
parameters in apparently healthy moderate drinkers or abstainers (n = 845)
were used for reference interval comparisons. The highest MCV (P < 0.001) and
mean cell hemoglobin (MCH) (P < 0.01) occurred in the alcoholics. However, the
values in the moderate drinkers also responded to ethanol intake such that the
upper normal limit for MCV based on the data from moderate drinkers was 98 fi,
as compared with 96 fl from abstainers. Follow-up cases with carefully registered
drinking habits showed parallel changes in MCV and ethanol intake. Anti-
adduct IgA and IgM against acetaldehyde-induced protein modifications were
elevated in 94% and 64% of patients with high MCV, respectively, the former
being significantly less frequent in the alcoholics with normal MCV (63%) (P <
0.05). The data indicate dose-related responses in red blood indices upon
chronic ethanol consumption, which may also be reflected in reference intervals
for hematological parameters in health care. Generation of immune responses
against acetaldehyde-modified erythrocyte proteins may be associated with
the appearance of such abnormalities. (J Lab Clin Med 2006;147:191-196)

Abbreviations: ALT = alanine aminofransferase; ANOVA = one-way analysis of variance; AST
= aspartate aminotransferase; DTT = dithiothreitol; MCH = mean corpuscular hemoglobin;
MCHC = mean corpuscular hemoglobin concentration; MCV = mean corpuscular volume;
NORIP = Nordic Reference Interval Project; PBS = phosphate buffered saline; RBC = red blood
cell; SD = standard deviation
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Although alcohol abuse is a well-known cause for a
wide array of abnormalities in blood cells and circulat-
ing proteins, the dose-response relationships in such
actions have remained poorly defined. Their molecular
mechanisms are also unknown, although several studies
have supported direct physicochemical effects of etha-
nol and its metabolites.' Elevated MCV, macrocyto-
sis, is the most typical morphological abnormality as-
sociated with excessive ethanol consumption. It is so
common that it has also been widely used in clinical
screening procedures for the detection of alcohol
abuse.*?

The incidence of hazardous drinking practices and
associated medical disorders have continued to grow in
most Western countries.®® For instance in Finland, the
total ethanol consumption per capita has steadily in-
creased over the past decades (Figure 1 upper panel),
and simultaneously the percentage of persons fully
abstaining from ethanol has been decreasing. Unfortu-
nately, studies on ethanol-induced adverse effects on
health and biochemical indices of disease have usually
dealt with advanced alcoholics, whereas those without
apparent clinical signs of hazardous drinking have re-
ceived less attention.

In this work, the authors explored the relationship
among ethanol consumption, red blood cell abnormal-
ities, and immune responses against ethanol metabo-
lites in a population of alcoholics and healthy persons
representing a wide range of ethanol intake. The cross-
sectional and follow-up data indicate distinct dose-
related responses in erythrocyte cell volume and alco-
hol consumption, which may occur already at relatively
low levels of ethanol intake.

METHODS

Subjects. The population of alcoholics included 105 heavy
drinkers (92 men, 13 women), who had been admitted for
detoxification. All of them showed a history of continuous
ethanol consumption or binge drinking, the mean consump-
tion being from 40 to 540 g/day (mean 147 g/day) during the
period of 4 weeks before sampling. All patients met the
DSM-IV criteria of alcohol dependence, including patholog-
ical alcohol use, social impairment, and the presence of
tolerance and withdrawal symptoms. The documentation of
the amount of alcohol consumption in these patients was
carried out by detailed personal interviews using a timeline
follow-back technique. The mean duration of abstinence be-
fore sampling was 2 * 2 days. Similar protocols were also
carried out for 86 healthy volunteers (54 men, 32 women)
who were either abstainers (n = 24) or moderate drinkers (n
= 62) whose mean daily ethanol consumption was 10 = 8§
g/day, range 1-40 g/day. The main characteristics of these
study groups are summarized in Table I. For comparisons,
data from the 1999-2003 survey on 845 apparently healthy
persons representing either moderate drinkers or abstainers
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Fig 1. Upper panel: mean ethanol consumption per capita in Finland
over the years 1993-2002. Lower panel: the change in MCV refer-
ence values before and after the 19992003 NORIP survey.

from the NORIP (Nordic Reference Interval Project) for
common hematological and clinical chemical parameters
were used. The survey excluded persons who had clinical or
laboratory evidence of current or recent illnesses or infec-
tions, who were pregnant, had donated blood during the past
5 months, or had used any prescription drugs during the
preceding week. In these persons, the amount of alcohol had
not been more than two drinks during the 24 hours preceding
blood sampling. Smoking had not been allowed for 1 hour
before sampling.

Follow-up data. For follow-up purposes, data from re-
peated assays for blood cell counts, blood chemistry analyses,
and detailed diaries on the amounts of alcohol consumption
from three healthy male volunteers from a period 1983-2003
were collected.

Ethical considerations. The procedures were approved by
the institutional review board. Informed consents were ob-
tained from the participants, and the study was carried out
according to the provisions of the Declaration of Helsinki.

Analytical procedures. Blood cell counts of the study
population were analyzed by Coulter Hematology Analyzer
systems. Measurements of serum AST, ALT, albumin, bili-
rubin, erythrocyte folate, and serum vitamin B, levels, which
were used to exclude known causes of non-alcohol-related
reasons of abnormal mean corpuscular volume, were carried
out using standard clinical chemical methods in an accredi-
tated (SFS-EN 45001, ISO/IEC Guide 25) laboratory of
Seindjoki Central Hospital, Seindjoki, Finland.

Measurements of antibody titers against protein modifica-
tions induced by ethanol metabolites were carried out essen-
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Table I. Main characteristics of the study population
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Men Women
Moderate Moderate
Alcoholics drinkers Abstainers Alcoholics drinkers Abstainers
n 92 42 12 13 20 12
Age 42 =10 40 = 14 46 = 21 418 38 =183 42 =17
Ethanol consumption 147 = 90 11x9 0 152 =101 6+6 0
g/day

range 40 - 539 3-40 61-317 1-22

Table Il. Red blood cell indices in alcoholics, moderate drinkers, and albstainers, and the change in
reference intervals of red blood cell indices before (previous) and affter (current) the 1999-2003 survey

Reference intervals

Alcoholics Moderate drinkers Abstainers Previous Current
Men Women Men Women Men Women Men Women Men Women

B-Hemoglobin 152 + 11 136 = 14 150 = 9.0 136 = 7.1 152 +74 130 =94 130-180 120-160 134-167 117-155

@V
B-Hematocrit  0.45 = 0.04 0.38 = 0.02 043 £0.03 0.39*+0.02 043*0.03 0.38*=0.03 0.40-054 0.36-0.47 0.39-0.50 0.35-0.46
B-RBC 47046 4.0=*=027" 4.7 +0.35 4.3*0.25 48*+0.34 4.33+0.30 4.50-6.00 4.00-5.50 4.25-5.70 3.90-5.20

(X 10"2/L)
E-MCV (fl) 95 *+ 4.8 96 * 3.4 90 = 3.3 90 = 3.8 89 = 3.0 89 = 3.6 76-96 82-98
E-MCH (pg) 33 £ 2.2™ 33 = 1.8™ 3114 31+14 31+15 3017 27-32 27-33
E-MCHC 341 £8.0" 343*=86 346 = 6.6 342 £5.9 347 £56.3 338 £ 6.9 320-360 320-355

(9/L)

Abbreviations: MCH, mean corpuscular hemoglobin; MCHC, mean corpuscular hemoglobin concentration; MCV, mean corpuscular volume;

RBC, red blood cells.
*P < 0.05.
P < 0.01.

P < 0.001 when compared with the corresponding group of abstainers.

tially as described.® In brief, microtiter plates (Nunc-Immuno
Plate, Maxisorb, InterMed, Denmark) were coated first with
acetaldehyde-modified red cell protein, or corresponding un-
modified proteins in PBS (3-ug protein in 100 uL/well) and
incubated for 1.5 hours at +37°C. Nonspecific binding was
blocked by incubation (1 hour, +37°C) with 0. % gelatin in
PBS (150 pL/well). The sample sera were diluted (1:40) in
PBS, which contained 0.04% Tween-20. The serum dilutions
were allowed to react with the coated proteins (1 hour,
+37°C), followed by extensive washing with PBS-Tween.
Antibody-antigen complexes were labeled using alkaline-
phosphatase-linked goat anti-human immunoglobulin IgA,
IgG, or IgM (Jackson ImmunoResearch Laboratories, Inc.,
West Grove). The immunoglobulins were diluted in PBS-
Tween, which contained 8-mM MgCl, and a small amount of
DTT. The plates were incubated overnight at +4°C. After
incubation, plates were washed, and 100 uL of p-nitrophe-
nylphosphate solution was added for color reaction substrate
(Alkaline Phosphatase Substrate Kit, Bio-Rad Laboratories,
Hercules, Calif). The color reaction was stopped by adding
100-uL NaOH (0.4 M), and the optical densities were read at
405 nm by the Anthos HTII microplate reader (Anthos Labtec
Instruments, Salzburg, Austria).

Statistical methods. Values are expressed as mean = SD.
Differences between groups means were determined with
one-way analysis of variance (anova) followed by Bonferro-
ni’s multiple comparisons procedure. The relationships be-
tween the different variables were analyzed using Pearson’s
correlation coefficient. Incidences were compared with Fish-
er’s exact test. The analyses were carried out using Graph-
padprism Statistical Software (San Diego, Calif).

RESULTS

Table II summarizes the red blood cell indices in the
alcoholics, moderate drinkers, and abstainers, who un-
derwent the interviews using the timeline follow-back
method. Although the highest values of both MCV (P
< 0.001) and MCH (P < 0.01) occurred in the alco-
holics, the mean MCV values in the moderate drinkers
also tended to be higher than those in the abstainers. A
significant correlation was found to exist between MCV
levels and the amount of recent alcohol intake from the
period of 1 month preceding blood sampling (r = 0.48,
P < 0.001) (Fig 2).
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Fig 2. Correlation between MCV values and ethanol intake from the
period of 4 weeks before sampling in the study population. The
correlation was found to be statistically significant (r = 0.48), (P <
0.0001). The association between these parameters seemed rather
linear between 0 and 4000 g of ethanol per month and to plateau
thereafter.

Figure 1 demonstrates the changes in the mean
amount of alcohol consumption per capita based on
national statistics over the years 1993-2002 in Finland,
and the change in MCV reference values, as observed
before and after the 1999-2003 survey. A marked
increase in both the upper and the lower normal limits
of MCV occurred during this time period (Fig 2, Table
II). The reference intervals (mean * 2 SD) for MCV
calculated from the current material of moderate drink-
ers (82-98) were found to be in accordance with the
data obtained in the NORIP project (82-98) and differ-
ent from the normal limits based on the data from
abstainers (82-96). Use of 96 fl as a cutoff value for
differentiating between the alcoholics and nonalcohol-
ics in the current interview sample yielded a sensitivity
of 44%, a specificity of 98%, a positive predictive value
of 96%, and a negative predictive value of 58%.

The changes in MCV values from representative
follow-ups of healthy male subjects with carefully reg-
istered amounts of monthly and yearly consumptions of
ethanol are shown in Fig 3. Repeated assays of blood
cell counts indicated parallel changes in MCV values
and the intensity of ethanol drinking, which was more
striking in a case with the higher mean levels of con-
sumption.

Measurements of circulating IgA, IgG, and IgM an-
tibodies against acetaldehyde-derived modifications
(adducts) of proteins from the alcoholic patients indi-
cated elevated levels in 94%, 21%, and 64% of patients
with elevated MCV and in 63%, 19%, and 56% of those
with normal MCV, respectively. The difference in the
incidences was found to be significant for IgAs (P <
0.05). Statistically significant correlations also occurred
between MCV and anti-adduct IgA and IgM in men,
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Fig 3. Follow-ups of MCV values and ethanol consumption in
healthy male volunteers [age at the initiation of the follow-up: (A) 36
years and (B) 27 years] based on detailed diaries on the amounts of
alcohol consumption and repeated assays for hematological parame-
ters during 1983-2003. The changes in MCV values were found to
parallel the changes in ethanol drinking habits, which was found to be
more evident at higher mean levels of consumption.

Table lll. Correlations between MCV and anti-
adduct immunoglobulins in alcoholics

IgA 19G IgM
E-MCV Men 0.27* 0.15 0.33"
Women 0.19 0.39 0.28

Abbreviations: IgA, anti-adduct immunoglobulin A; IgG, anti-ad-
duct immunoglobulin G; IgM, anti-adduct immunoglobulin M;
MCV, mean corpuscular volume.

“P < 0.05.

whereas in women the observed correlations did not
reach significance (Table III).

DISCUSSION

The current findings indicate a dose-dependent re-
sponse in erythrocyte cell volume to the intensity of
ethanol intake. Although high MCV values have long
been known to characterize alcoholic patients, the cur-
rent data further indicates that non-alcoholic persons
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reporting moderate levels of drinking (<40 g/day)
show values that at population level may lead to alter-
ations in the characteristics of an average red blood
cell. In agreement with this view, a recent survey for
laboratory reference intervals in Nordic countries in a
population consisting of apparently healthy moderate
drinkers and abstainers also found an increase in MCV
upper normal limits.'® Furthermore, such changes have
coincided with a marked increase in ethanol consump-
tion at population level. Similarly, the MCH seems to
be sensitive to ethanol-induced elevation.

The correlation between the alterations in red
blood cell indices and ethanol drinking is in accor-
dance with a direct hematotoxic role of ethanol and
its metabolites."!" Ethanol can permeate cell mem-
branes, alter the structural order of lipids, and inter-
fere with cell structure and metabolism, thus possibly
affecting erythrocyte stability.'> Previously, high
concentrations of acetaldehyde, the first metabolite
of ethanol, have been found to occur inside the
erythrocytes of alcoholics.'*™'® Studies in human cell
lines® and, more recently, in Japanese heavy drinkers
with aldehyde dehydrogenase-2 genotype have sup-
ported a direct role of acetaldehyde in increasing the
mean cell volume of erythrocytes.'”*!® Interestingly,
high MCV values in such persons have also been
suggested to serve as predictors of carcinogenesis.'’
High MCV values and anemia have in turn been
shown to be characteristic for patients with alcoholic
liver disease.'” Acetaldehyde is highly reactive and
capable of forming stable adducts with proteins and
cell membrane constituents."'>2°7?> As a conse-
quence, erythrocytes may become more vulnerable to
damage, hemolysis, and shortened biological half-
life in vivo. The current data show, for the first time,
that the alcoholics with high MCV frequently present
with circulating antibodies, which recognize acetal-
dehyde-modified epitopes in proteins and to some
extent correlate with the degree of macrocytosis.
This observation is in line with the view that immu-
nological mechanisms may also be involved in the
generation of ethanol-induced changes in red blood
cell indices in some alcoholics. However, there may
be significant gender differences in driving the im-
mune responses, which seem to warrant further in-
vestigations.

Although alcohol abuse and associated medical
disorders are continuously growing problems, physi-
cians are far too often failing to recognize hazardous
drinking in clinical practice.®**"** The current find-
ings may open new perspectives for the use of MCV
for biomonitoring long-term alcohol abuse. Although
MCYV lacks specificity in a variety of conditions,
especially in hospitalized patients, it seems that a
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careful follow-up of blood cell indices even when
occurring within reference limits could be used as
indicators of changes in drinking practices, which is
of special value in subjects without obvious clinical
signs of ethanol dependence. Elevated MCV values
have been noted to occur in 4% of adult populations,
65% of these being possibly alcohol-related.**> The
usefulness of MCV measurements have been empha-
sized in certain selected conditions, including assays
on pregnant women for screening the risk for fetal
alcohol effects.?® Future studies should also address
the possibility of whether MCV changes when mea-
sured together with immune parameters directed
against ethanol-induced membrane alterations could
further improve the diagnostic or prognostic value of
such measurements. Obviously, the possible effects
of ethanol on blood cell counts should also be con-
sidered carefully when establishing reference values
in hospital laboratories. Any ethanol-related devia-
tion there may impair clinicians’ ability to observe
the important early signals of excessive drinking
practices and lead to underdetection of ethanol abuse
unless separate reference values based on the values
from abstainers will be made available.
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Excessive deposition of collagen leading to cirrhosis is a major complication of alcohol abuse.

However, the mechanisms behind the accumulation of the extracellular matrix proteins are poorly

We measured serum markers of collagen degradation (3-CTx), fibrogenesis (PINP, PIIINP), and pro-

and anti-inflammatory cytokines from 84 male heavy drinkers, who were either with (N = 52) or
without (N = 32) clinical or histological signs of alcoholic liver disease (ALD), and from 20 healthy

OBJECTIVES:

understood.
METHODS:

nonalcoholic controls.
RESULTS:

Serum B-CTx levels in ALD patients were significantly lower than in healthy controls or in the

alcoholics without liver disease, while PINP and PIIINP, reflecting type | and type Ill collagen synthesis,
respectively, were significantly increased. The alcoholics without liver disease showed values, that
were not significantly different from those of healthy controls. Serum S-CTx correlated negatively with
serum PIIINP and proinflammatory cytokines (IL-2, IL-6, IL-8, TNF-«), and positively with
anti-inflammatory cytokines (IL-1, TGF-8), whereas serum PIIINP correlated positively with these
proinflammatory cytokines and negatively with the anti-inflammatory cytokines. Calculation of
PIIINP/B-CTx ratio was found to yield an excellent sensitivity (94%) and specificity (98%) in
differentiating the alcoholics with liver disease.

CONCLUSION: The present findings indicate a positive relationship between markers of collagen biosynthesis and
proinflammatory cytokines, and a negative relationship between these markers and a marker of
collagen degradation and anti-inflammatory cytokines, suggesting that a disturbed balance in these
cellular responses may facilitate fibrogenesis and play a pivotal role in the pathogenesis of ALD.
These findings should also be implicated in the development of noninvasive tools for discriminating

individuals at risk for fibrogenesis.

(Am J Gastroenterol 2007;102:1-7)

INTRODUCTION

Alcoholic liver disease (ALD) covers a wide spectrum of mor-
phological features from minimal injury to more advanced
and prognostically serious injuries including liver cirrhosis
with excessive deposition of collagen (1-3). However, the
mechanisms behind the disease progression from normal liver
to cirrhosis in patients with excessive ethanol consumption
have remained poorly defined.

Extensive research efforts over the past two decades have
led to the development of noninvasive collagen-type spe-
cific applications to monitor changes in connective tissue
metabolism in human tissue. Of these, serum PIIINP, the
aminoterminal propeptide of type III procollagen, has been
widely used as a marker of fibrogenesis in a variety of hep-
atic diseases (4—7). It has been shown that PITINP levels are

frequently elevated in patients with ALD and may help to
identify patients with increased or progressive collagen syn-
thesis (7—10). Changes in serum PIIINP may also serve as
indicators of prognosis in patient follow-up (8, 11-13).

B-CrossLaps (8-CTx) is a carboxy-terminal cross-linking
telopeptide of type I collagen, which is released into the cir-
culation during collagen degradation (14, 15). However, al-
though several recent studies have found S-CTx measure-
ments useful for assessing matrix degradation in bone dis-
eases, as yet the diagnostic usefulness of f-CTx assays in
monitoring liver diseases has not been elucidated.

The purpose of this study was to investigate the rela-
tionships among serum B-CTx, PIIINP, and pro- and anti-
inflammatory cytokines in alcoholic patients with or without
liver disease in order to gain further insight on the pathogen-
esis of liver fibrosis in human alcoholics.
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MATERIALS AND METHODS

Patients and Control Subjects

We studied 84 male alcoholic patients, all of whom presented
with a well-documented history of excessive ethanol con-
sumption. There were 52 patients (age 50 & 12 yr [mean
4 SD]) who showed clinical, laboratory, and morphological
evidence of ALD. The severity of liver disease was assessed
by previously established combined clinical and laboratory
index (CCLI) and combined morphological index (CMI) (8,
16, 17). The liver histology ranged from mild fibrosis and
fatty change to cirrhosis with a wide distribution of mor-
phological abnormalities related to alcoholic hepatitis. In ad-
dition, there were 32 patients (mean age 44 + 10 yr) who
were heavy drinkers and had been consecutively admitted for
detoxification, but did not have any clinical and laboratory
signs of significant liver disease. They also showed, however,
a history of continuous ethanol consumption or binge drink-
ing, which had consisted of a mean of 130 g/day during the
period of 4 wk prior to sampling, as assessed by detailed
personal interviews using a timeline follow-back technique.
Due to cthical considerations, these patients were, however,
not biopsied. Healthy nonalcoholic controls were 20 male
volunteers (mean age 52 4+ 17 yr), who were either abstain-
ers (N = 5) or moderate drinkers (N = 15), whose mean daily
ethanol consumption from the past 1 month prior to sampling
was between 1 and 36 g of ethanol per day. All of these indi-
viduals were also devoid of any previous history of alcohol
abuse.

The serum samples were stored at —70°C until analysis. All
participants gave their informed consent and the study was
carried out according to the provisions of the Declaration of
Helsinki.

Methods

The concentration of serum S-CTx and the aminoterminal
propeptide type I procollagen (PINP) were determined using
electrochemiluminescence immunoassay kits (Roche Diag-
nostics, Espoo, Finland). Serum aminoterminal propeptide
of type III procollagen (PIIINP) was measured by a radioim-
munological procedure (Orion Diagnostica, Espoo, Finland).
The concentrations of interleukins (IL-1, IL-2, IL-6, IL-8, IL-
10, TNF-«, and TGF-B) were determined using Quantikine
high sensitivity ELISA kits according to the instructions of
the manufacturer (R&D Systems, Abington Science Park,
UK). Serum gamma-glutamyl transferase (GGT), aspartate
aminotransferase (AST), alkaline phosphatase, albumin, and
bilirubin concentrations were determined using standard clin-
ical chemical methods in an accredited laboratory (SFS-EN
ISO/IEC 17025) of Seinidjoki Central Hospital, Finland. As-
say cutoffs were based on ROC analyses and reference limits
given by the assay manufacturer.

Statistical Methods
The data are expressed as mean = SEM. The differences
among groups were determined with one-way analysis of

variance (ANOVA) or with the Kruskal-Wallis test, as re-
quired. Correlations were calculated using Spearman’s rank
correlation. The statistical analyses were carried out using
SPSS for Windows 13.0 (Chicago, IL) software. Analyse-
It for Microsoft Excel software (Analyse-it Software Ltd,
Leeds, UK) was used for ROC analyses.

RESULTS

ALD status in the present material was found to be sig-
nificantly associated with both the collagen and cytokine
markers. Mean serum S-CTx concentrations in ALD pa-
tients (130 £ 12 pg/mL) were lower than the values in the
alcoholics without liver disease (340 £ 27 pg/mL) or in the
healthy nonalcoholic controls (380 &+ 41 pg/mL) (P < 0.001
for both comparisons) (Fig. 1A). In contrast, serum PIIINP
(Fig. 1B) and PINP (Fig. 1C) levels in the corresponding
comparisons were both significantly higher among ALD pa-
tients. B-CTx values were found to be abnormally low in 79%
of the ALD patients, whereas only in 13% of the alcoholics
without liver disease and in none of the healthy controls (Ta-
ble 1). Serum PIIINP values in turn were increased in 85% of
the ALD patients, and in 6% of the alcoholics without liver
disease (Table 1). Calculation of the PIIINP/S-CTx (Fig. 1D)
or PINP/B-CTx (Fig. 1E) ratios were found to further poten-
tiate the differences between the ALD patients and the other
study groups. ROC analyses on the PIIINP/B-CTx ratio (with
a cutoff of 32) yielded an excellent sensitivity (94%) and
specificity (98%) in differentiating the alcoholics with liver
disease (AUC 0.990, 95% confidence interval 0.972—1.000).
The sensitivity for this ratio was also higher than the cor-
responding sensitivity for the PINP/S-CTx ratio (87% for a
specificity of 98%) (cutoff 254, AUC 0.978, 95% confidence
interval 0.952—1.000).

Table 2 summarizes the correlations among the various
markers of connective tissue metabolism, pro- and anti-
inflammatory cytokines, and the indices of liver status. Figure
2 further illustrates the representative correlations by also
identifying the subgroups. Serum S-CTx correlated nega-
tively with PIIINP (r = —0.42, P < 0.001) and the proin-
flammatory cytokines IL-2 (r = —0.26, P < 0.01), IL-6 (r =
—0.22, P < 0.05), IL-8 (r = —0.23, P < 0.05), and TNF-« (r
= —0.48, P < 0.001), whereas positive correlations emerged
between S-CTx and the anti-inflammatory cytokines IL-1 (r
=0.35,P < 0.001) and TGF-8 (r=0.39, P < 0.001). Serum
PIIINP showed statistically significant positive correlations
with PINP (r = 0.63, P < 0.001) and the proinflammatory
cytokines IL-2 (r = 0.33, P < 0.001), IL-6 (r = 0.44, P <
0.001), IL-8 (r=10.55,P < 0.001), and TNF-« (r=0.67, P <
0.001), and negative correlations with the anti-inflammatory
cytokines IL-1 (r=—0.31, P < 0.01) and TGF-8 (r= —0.41,
P < 0.001).

When the markers of collagen metabolism were further
compared with the histological and clinical indices of liver
disease severity and grading of fibrosis in the biopsy sample,
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Figure 1. The concentrations of serum markers of collagen degradation (8-CTx) and fibrogenesis (PIIINP, PINP), and PIIINP/B-CTx and
PINP/B-CTx ratios in patients with or without alcoholic liver disease (ALD) and in healthy controls. ALD status was associated with
significantly lower levels of f-CTx when compared with the alcoholics without liver disease (P < 0.001) or with healthy nonalcoholic
controls (P < 0.001). In contrast, ALD patients showed significantly higher levels of both PIIINP and PINP than the alcoholics without
liver disease or the healthy controls. Calculations of the PIIINP/B-CTx or PINP/B-CTx ratio was found to further potentiate the differences
between ALD patients and the other study groups. Data are expressed as mean - SEM.

significant correlations emerged between PIIINP and fibrosis
(r=10.63, P < 0.001), CMI (r = 0.50, P < 0.01), and CCLI
(r=0.42, P < 0.05), whereas there were no significant corre-
lations between these parameters and PINP or §-CTx levels
(Table 2).

DISCUSSION

Morbidity and mortality related to excessive ethanol con-
sumption have been continuously growing in most western

countries (3, 18). Current prevalence of liver cirrhosis is
known to be particularly high in countries with the highest
per capita consumption of alcohol. The onset of liver fibrosis
may be insidious and since not all chronic alcoholics develop
cirrhosis, extensive research efforts have been devoted to ex-
amine the molecular and cellular mechanisms regulating the
deposition of hepatic extracellular matrix proteins. Due to the
limitations of liver biopsy in assessing disease activity and
liver fibrosis, the need for new, noninvasive modalities for
differentiating those at risk for progressive fibrosis has also
been widely acknowledged (2, 19-22).
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Table 1. Incidences of Increased or Decreased Values (%) of the
Markers of Collagen Degradation (8-CTx) and Synthesis (PIIINP
and PINP) in Patients With or Without ALD

B-CTx PITINP PINP

Alcoholics with Increased 0% 85% 58%
liver disease Decreased 79% 0% 0%
Alcoholics without Increased 6% 6% 19%
liver disease Decreased 13% 38% 16%

B-CTx = p-CrossLaps; PIIINP = the aminoterminal propeptide of type III
procollagen; PINP = the aminoterminal propeptide of type I procollagen.

The present study indicates that serum B-CTx, a marker of
collagen degradation, and PINP and PIIINP, markers of col-
lagen types I and III synthesis, respectively, follow an inverse
kinetics in alcoholic patients with and without liver disease,
and suggests a disturbed balance between collagen synthesis
and matrix degradation in those with liver disease. Liver fi-
brosis is known to be associated with significant alterations
in both the amount and composition of the extracellular ma-
trix components and there may be aberrant accumulation of
the various collagen types (23, 24). In advanced cirrhosis,
the liver may contain sixfold more collagen than normal, the
majority of this consisting of collagen types I and III (24).

Table 2. Correlations Between the Markers of Collagen Degradation
(B-CTx), Fibrogenesis (PIIINP, PINP), Cytokine Levels, and Indices
of Liver Status

Markers of
Collagen Metabolism B-CTx PIIINP PINP
B-CTx 1
PITINP —0.42%** 1
PINP 0.05 0.63*** 1
Proinflammatory
cytokines
IL-2 —0.26** 0.33*** 0.10
IL-6 -0.22* 0.44** 0.14
IL-8 —0.23* 0.55%** 0.25*
TNF-« —0.48%** 0.67+** 0.36"**
Anti-inflammatory
cytokines
IL-1 0.35%** —0.31** -0.23*
IL-10 0.17 -0.10 —0.08
TGF-8 0.39%** —0.41%** -0.16
Markers of
liver status
GGT —0.31* 0.28*** -0.19
AST -0.10 0.20% -0.18
AP —0.42%** 0.50*** 0.19
Albumin 0.00 -0.30** -0.17
Bilirubin 0.33*** —0.08 —0.08
Clinical and
histological data
CCLI 0.04 0.507** —0.03
CMI 0.33 0.50*** 0.11
Fibrosis grade 0.21 0.63*** 0.28

For B-CTx, PIIINP and PINP see Table 1; IL = interleukin; TNF-o = tumor necrosis
factor-a; TGF-B = transforming growth factor-8; AST = aspartate aminotransferase;
AP = alkaline phosphatase; GGT = gamma glutamyl transferase; CCLI =
combined clinical and laboratory index; CMI = combined morphological index.
*P < 0.05; **P < 0.01; ***P < 0.001.

The greater synthesis rates of these collagens in ALD have
been previously acknowledged in several studies involving
type-specific methods (5, 8, 10, 13). However, although spe-
cific fragments of C-terminal collagen telopeptides (CTx)
have recently been found to be useful for assessing colla-
gen degradation (14), so far such measurements have been
applied exclusively for diseases affecting bone metabolism
(25, 26). The present data indicate that this crosslinked iso-
merized fragment of type I collagen in serum is markedly
decreased in ALD patients and shows an inverse relationship
with the peptides reflecting enhanced synthesis of collagen
types I and III. Thus, the fibrous collagens may be deposited
at a faster rate than the collagenolytic activity for removing
the accumulated scar matrix is functioning, which is in ac-
cordance with previous findings on lower collagenase and
matrix metalloproteinase activities in cirrhotic patients (27,
28). There may also be overexpression of their inhibitors,
such as tissue inhibitor of metalloproteinase aggravating the
failure of collagen removal to keep pace with enhanced col-
lagen synthesis (2, 27-29).

The present findings also open the possibility that assays
of these collagen markers, particularly the PIIINP/B-CTx ra-
tio, could provide a simple and cost-efficient tool to improve
the clinical discrimination of persons at risk for liver disease
and severe fibrosis. Such an approach could perhaps be more
suitable for routine clinical use than the recently introduced
models involving large combinations of fibrotic markers to-
gether with mathematically formulated equations for inter-
preting the data (22). It should also be noted that although
B-CTx is a degradation fragment of type I collagen, the anal-
yses on the PINP/S-CTx ratios indicated a lower sensitivity
(87%) for this ratio in discriminating the ALD patients than
the corresponding ratio calculated from the type III colla-
gen peptide data (PIIINP/ B-CTX) (94%). There was also a
lack of correlation between type I collagen-derived fragments
and the indices of liver disease severity, especially with those
reflecting inflammation (CCLI, CMI), whereas PIIINP and
these parameters showed strong positive correlations. This is
likely to be due to differences in both the metabolic kinetics
of type I and type III collagens in the different phases of liver
disease and in their tissue specificities. While type I collagen
is the major fibrous collagen of bone, it also occurs in soft
connective tissue together with type I1I collagen (24). Type I11
collagen is the more pliable collagen of organs like liver and
its half-life is shorter than that of type I collagen. In the early
phase of the fibroproliferative reaction, fibroblastic cells syn-
thesize extracellular matrix, which contains large amounts of
type III collagen, whereas type I collagen may predominate
in advanced liver cirrhosis (24). Therefore, measurements of
type III collagen-derived fragments may be more sensitive to
reflect the changes occurring during the inflammatory phases
and hepatic fibrogenesis in its early phase (8).

The present findings further indicate that a switch
between the proinflammatory Thl cytokines and the
anti-inflammatory Th2 cytokines may facilitate hepatic fibro-
genesis. Several earlier studies have suggested that IL-1, IL-6,
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(TNF-«) and anti-inflammatory (TGF-B) cytokines. The observations from the different study subgroups in scatter plots are identified by
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IL-8, and tumor necrosis factor-o (TNF-«) are important me-
diators of inflammation, which may contribute to the devel-
opment and progression of ALD (30-35). Greater cytokine
activities have also been suggested to correlate with the sever-
ity and prognosis of liver disease (35-38). The present data
show that the markers of collagen synthesis correlate posi-
tively, particularly with the proinflammatory cytokines 1L-8
and TNF-«. Interestingly, high levels of these cytokines in
ALD patients have been linked with lower long-term survival
(39-43). A close association among greater TNF-« produc-
tion, Kupffer cell activation, inflammation, and necrosis has
also been well established in experimental alcohol-induced
liver injury (44-46). Interleukin-8 is a neutrophil chemoat-
tractant and activator, and its enhanced expression coincides
with lower hepatocyte survival in cultured human hepato-
cytes (47). On the other hand, IL-6 may be involved in liver
regeneration and resistance to injury (44, 48-50). It should
also be noted that although enhanced TGF-8 expression has
been previously linked with the development of fibrosis in al-
coholics (51), the present data indicate a negative correlation
between collagen synthesis markers and TGF-p levels.
Based on recent observations in patients with disturbed
bone metabolism, and on the known effects of ethanol on

bone mass (52—54), one could have expected elevated f-CTx
values in ALD patients showing typically a high frequency
of skeletal fractures. The levels of serum B-CTx were, how-
ever, significantly lower in the present group of ALD patients
when compared to the healthy controls. Previously, studies
in patients with primary biliary cirrhosis have also found
increased greater collagen degradation-related peptides in
urine, whereas serum osteocalcin, a marker of osteoblas-
tic activity, was not influenced by the histological stage of
the disease (55). The above findings suggest that collagen-
related markers of bone turnover rather reflect liver collagen
metabolism than bone remodeling.

Taken together, ALD status in alcoholic patients was found
here to be significantly associated with both the collagen and
cytokine markers. Although at this time, we cannot rule out
the possibility that there may be minor overlapping with the
individuals classified here as heavy drinkers without liver dis-
ease (and who due to ethical considerations were not biop-
sied) and patients with mild degrees of liver disease, the
present material also representing a wide range of liver dis-
ease severity should be sufficient not to create any significant
selection bias. The data showing a positive relationship be-
tween markers of collagen synthesis and proinflammatory
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cytokines (IL-8 and TNF-«) and a negative relationship be-
tween these markers and a marker of collagen degradation (8-
CTx) and anti-inflammatory cytokines (IL-1, TGF-8) should
be implicated in studies on the pathogenesis of ALD in hu-
mans and in the development of more specific clinical mark-
ers for early identification of patients at risk of progression
to cirrhosis.
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STUDY HIGHLIGHTS
What Is Current Knowledge

What Is New Here

Liver fibrosis is a major complication of alcohol abuse.
The mechanisms behind fibrosis are poorly understood.
New noninvasive tools for assessing fibrosis are
needed.

An index of collagen degradation is decreased in alco-
holic liver disease.

Markers of collagen degradation and synthesis follow
inverse kinetics.

The approach developed here may differentiate alco-
holics at risk for cirrhosis.
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