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Carbohydrate-Deficient Transferrin in Serum: a New Marker of Potentially Harmful
Alcohol Consumption Reviewed
Helena Stibler
During the last 16 years an increasing number of studies
have indicated a new diagnostic marker of alcohol abuse,
unrelated to any of the conventional markers of alcoholism. This marker, now called carbohydrate-deficient
transferrin, consists mainly of one or two isoforms of
transferrin that are deficient in their terminal trisaccharides. Such isoforms have so far been detected by
methods based on charge, i.e., isoelectric focusing, chromatofocusing, and anion-exchange chromatography of
various designs combined with immunological detection
techniques. This transferrin abnormality measures an
accumulated effect of alcohol consumption, appearing
after regular intake of 50-80 g of ethanol/day for at least
one week and normalizing slowly during abstinence (halflife = about 15 days). To summarize all studies to date,
-2500 individuals have been examined, with a total
clinical sensitivity of 82% and a specificity of 97%. Falsepositive results have only occasionally been reported: in a
few patients with severe liver disease, usually primary
biliary cirrhosis and chronic active hepatitis; in patients
with genetic D variants of transferrin; and in patients with
(and some carriers of) a recently identified inborn error of
glycoprotein metabolism. The mechanism behind the
transferrin abnormality is unknown but an acetaldehydemediated inhibition of glycosyl transfer has been suggested. Carbohydrate-deficient transfemn may thus offer
a new possibilityof diagnosing alcohol-related disorders.
Its measurement is little affected by other conditions and,
contrary to conventional markers of alcohol abuse, is
apparently largely independent of concomitant liver disease.
Additional Keyphrases: sialic acid
chains
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Alcohol abuse is very common all over the world.
Even in Sweden, where alcohol consumption
is relatively low, -5% of the population, or 400 000 individuals, are considered to be alcohol abusers. The social cost
to Swedish society for alcohol-related
diseases is estimated as 100 billion Swedish crowns annually, according to a recent socioeconomic
investigation
(A. Jonsson,
Sober Forlag, Sweden, 1991). Both psychiatric and dis-

Department
of Neurology, Karolinska Hospital, 104 01 Stockholm, Sweden.
Received June 21, 1991; accepted October 15, 1991.

abling (sometimes
lethal) neurological
and other somatic complications
are common among alcohol abusers. Fetal alcohol syndrome in children of alcohol-abusing women is a much-feared
complication,
known for
thousands of years, causing mental retardation in one of
600 children born live (1). The magnitude of the problem
of alcohol abuse has to be seen in light of three basic
features of ethanol: it is easy to produce, it is a solvent,
and it has sedative and euphorizing
effects on the
central nervous system, similar to those of anesthetics.
These characteristics
have made ethanol
the most
widely used centrally acting drug known. Some other
basic facts about ethanol are also important: it is often

consumed to high blood concentrations
(1/1000
20
m.moIIL); it has immediate and direct biochemical and
biophysical effects on cell membranes, similar to those
of anesthetics (2,3); it has basic metabolic consequences
through its oxidation (4, 5); it commonly produces simultaneous nutritional deficiencies, and it rapidly produces biological tolerance (6, 7).
The biological, clinical, and social effects of alcohol
abuse have long made evident the need for objective and
specific markers for alcohol-related
diseases and for
early detection of alcohol consumers at risk. Most alcohol-related disorders simulate diseases of other etiologies, which often result in time-consuming
and expensive investigations when alcohol abuse is not evident to
the physician or is denied by the patient. Alcohol abusers may exhibit several clinico-chemical
alterations,
some of which have been used as markers of alcoholism,
e.g., y-glutamyltransferase,
aspartate
aminotransferase, glutamate dehydrogenase,
and mean corpuscular volume (see Table 2 for references). All of the
markers available thus far have two drawbacks: either
they are indicators of disease in a particular organ, with
poor specificity for different etiological possibilities, or
they are not sensitive enough to detect abuse before the
stage of organic complications. In addition, the biological kinetics of these markers relative to duration and
amount of alcohol intake or to abstinence
is usually
poorly defined or considered.
The ideal diagnostic marker would be a clinical or
biochemical phenomenon that is specifically related to
the presence or metabolism of ethanol, is dependent on
the amount of ethanol consumed, is sensitive enough to
detect consumption levels associated with somatic and
psychiatric risk, and the kinetics of which during abstinence can be defined. Another type of marker, a preven=
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tative marker, would identif’ individuals
at risk of
developing alcohol abuse for genetic or other reasons.
Although preventative
markers have attracted considerable interest, e.g., monoamine oxidase B and alcohol
and aldehyde dehydrogenase
isoenzymes (see ref. 8 for a
review), their clinical importance is as yet insufficiently
known.
During the last decade a new diagnostic marker has
been introduced that appears to fulfill important clinical

criteria. It is apparently dependent on ethanol or its
metabolism,
it appears
in serum after regular high
alcohol intake, and it shows a high sensitivity
and
specificity. This marker is carbohydrate-deficient
transferrin (CDT).
History

investigating
cerebrospinal
fluid and serum
in patients
with neurological
diseases by
means of the then-new method of isoelectric
focusing,
Stibler and Kjellin (9) reported abnormal microheterogeneity of transferrin
in cerebrospinal
fluid in patients
with alcoholic cerebellar
degeneration. In half of the
patients, one of these components, at p1 5.7, was also
observed in serum (9). In subsequent studies, the transferrin abnormality
in serum was found with a high
frequency in alcohol abusers; it disappeared
after abstinence and was apparently specific for alcohol abuse (10,
11). The initial qualitative estimation of this transferrin
change was followed by quantitative
methods combining isoelectric focusing with immunoflxation
(12, 13) or
zone immunoelectrophoresis
(14, 15), and quantifring
an isoform with p1 5.7 in relation either to total transferrin (12, 14, 15) or to the main isotransferrin
with p1
5.4 (13). Both high sensitivity and high specificity for
alcohol abuse were suggested by these early studies.
However, methodological aspects became an early problem. Isoelectric focusing followed by immunological detection and quantification
was too complex and timeconsuming for routine clinical purposes. Later, two
separation techniques were developed, based on anionexchange chromatography
on a micro scale (16-18) or
chromatofocusing
(19,20) combined with radioimmunoassay. These techniques have permitted
clinical evaluation of larger groups of patients in only a few years.
While

proteins

Definition
The normal microheterogeneity
of serum transferrin
on isoelectric
focusing
depends on variations
in its
amino acid composition and its iron and carbohydrate
content. Amino acid variations
are ordinarily
seen in
individuals with genetic variants of transferrin
that are
usually rare and readily recognized; variations
in iron
content can be overcome by iron saturation of the
sample (10,21,22).
The normally occurring isoforms of
iron-saturated
diferric transferrin
depend on variations
in carbohydrate
content, especially the content of the
strongly negatively charged sialic acid (23, 24). Transferrin
usually contains
two complex carbohydrate
chains consisting of four different
carbohydrates
(Nacetylglucosamine,
mannose, galactose, sialic acid), the
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exact content of which varies considerably
(25, 26).
Sialic acid is the only charged carbohydrate; it is always
positioned terminally, and zero to six or more residues
may be present (26), resulting in variations in isoelectric point of -0.1 pH unitlresidue
(22-24). The normal
main isoform of transferrin
has apI of 5.4 and four sialic
acid residues, two on each carbohydrate chain (23-26).
Minor isoforms with lower p1 values (penta- and hexasialotransferrin)
and higher p1 values (tri- and disialotransferrin)
are ordinarily
present in decreasing
(26-28).

amounts

Components with high p1 values, whose charge corresponds to disialo- (p1 5.7) and to a lesser degree monoand asialotransferrin
(p1 5.8 and 5.9, respectively), are
present in the serum of alcohol-abusing patients (9-12,
27, 28) (Figure 1). Investigators
learned early that the
difference between alcoholic patients and controls disappeared after neuramimdase
treatment of the sample
(11); a decrease of sialic acid content in such samples
was later conilrined quantitatively
(28). Further studies
of affinity-purified
transferrin
showed that the defect
was more complex and also included the neutral carbohydrates galactose and N-acetylglucosamine
(27), i.e.,
the carbohydrates
constituting the terminal trisaccharide in transferrin. Because in alcohol-abusing patients
some of the serum transferrin
molecules apparently
lacked two to four of their terminal trisaccharides (28),
the term “carbohydrate-deficient
transferrin,”
or CDT,
was developed (17).
Clinical Experiences with CDT
For more than 10 years after the first report concerning abnormal transferrin in alcoholics in 1976 (9),
isoelectric focusing was the predominant method used to
demonstrate
this phenomenon.
Its presence was initially evaluated qualitatively (9-11,29,30)
but this was
later followed by quantitative
measurement
after immunological detection by various means (12-15). The
inexactness of qualitative methods is clear, and quanti-
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Fig. 1. Isoelectncfocusing of serum transferrin
A and B, serum transfemn purifIed by immunoaffinitychromatography (27),
from (A) a healthy control and ( an alcohol-abusingpatient. C-E, immunofixation of transferfln isoforrns eluted after socratic anion-exchangechromatography of iron-saturated serum at pH 5.65 (I?) from alcohol-abusing
patients. F-H, same as in C-E but after anion-exchangechromatographyby
ionic strength (42). Isoelectric points are given at the tight. Arrows Indicate
abnormaltransfemn isoforms

tative techniques
based on isoelectric focusing have the
disadvantage
that quantification
of isoforms requires
the determination
of a ratio of the isoform(s) under
investigation in relation to total transferrin or to the
main isoform, because variations in staining intensity
and sample penetration into the gel may be considerable
(31). A disadvantage
with such ratios is that total
transferrin has been found to be unrelated to CDT (17,
32), which may give rise to both false-positive
and
false-negative
ratio values, owing to independent variations in total transferrin
concentration.
Despite the
technical problems associated with these early methods
and limited study populations, high figures for sensitivity and specificity for alcohol abuse were reported,
varying from 81% to 100% for sensitivity and from 97%
to 100% for specificity (9-15, 29, 30). Only two studies
reported
lower figures, but those also included abstaining alcohol abusers (14, 29). We had already shown in
1978 (10) that the transferrin abnormality depended on
the amount of alcohol consumed and that it declined or
normalized within 10 days of alcohol abstinence.
An improved quantitative
method was clearly needed
to permit studies of larger clinical populations
and
routine analyses. Two new approaches were presented
by Stibler et al. (16) and by Storey et al. (19) in 1985, the
former based on isocratic anion-exchange
chromatography and the latter on chromatofocusing.
In the original
method of Stibler et al. (16, 17), iron-saturated
whole
serum
was passed through a microcolumn,
and all
isotransferrins
with p1 values >pH 5.65 were eluted
(Figure 1) and quantified by a subsequent transferrin
radioimmunoassay.
The method of Storey et al. (19,20)
required an initial partial isolation of serum transferrin
followed by chromatofocusing
on a Mono P column and
collection of the isotransferrin
with p1 5.7. The isotransferrin was later quantified with a transferrin radioimmunoassay (18). Although the latter assay gave good
resolution, it involved several time-consuming steps,
and only one of the abnormal transferrin components
was measured. The procedure of Stibler et al. (17)
required
no purification, measured all of the abnormal
isotransferrins,
and provided quantitative
results
within half a day. The introduction of their CDT assay
resulted in several investigations
of large clinical populations within a few years (16,17,32-41).
The characteristics of the CDT present in relation to the amount of
alcohol consumed and to the duration of consumption
and abstinence could be rather well defined, as could the
sensitivity and specificity of this assay in relation to low
alcohol consumers and to patients with various other
diseases.
Since 1986, 11 studies have been published
involving use of the original CDT assay (17,32-41)
and
two involving modifications
of this method (18, 42).
Altogether,
>20 investigations
of carbohydrate-deficient transferrin
in alcoholics have been reported, originating from 11 different laboratories and based on five
different methods. About 2500 individuals have been
examined qualitatively
or quantitatively,
with an approximately
equal distribution
of alcohol abusers,

healthy controls, and patients with non-alcohol-related
diseases. The total sensitivity for alcohol abuse in the
whole population investigated,
irrespective of method,
is calculated as 82%, the specificity 97%. Table 1 summarizes these studies. Table 2 shows the data for six
other markers studied in comparison with CDT. When
all published results are examined, 40 individuals with
“false-positive” CDT values can be identified. The majority of these were patients with severe hepatic insufficiency, mainly due to cirrhosis caused by chronic
active hepatitis or primary biliary cirrhosis (29, 32, 34,
42). However, the large majority of non-alcohol-consum-

ing patients with liver diseases did not have this transferrin abnormality (11, 17-20, 29, 30, 32-34, 40, 42).
One patient with rectal carcinoma
and three with neuropsychiatric
diseases
have also been reported
with
slightly increased concentrations
of CDT (17). Individuals with genetically rare D-variants
of transferrin may
also have increased
results in the CDT assay, whereas
the common genetic subtypes of transferrin C fall
within normal limits (39). A large number of commonly
used drugs do not interfere with the CDT values (17),
nor does opiate therapy or abuse (17, 34). A special
situation has appeared with a recently discovered inherited disorder of glycoprotein metabolism, carbohydratedeficient glycoprotein (CDG) syndrome, which is associated with extremely high CDT values (43, 44); this
disorder is discussed later. Known causes of false-positive CDT values are summarized
in Table 3.
Clearly, therefore, CDT as a marker has high specificity, and other clear advantages over other available
markers of alcohol abuse, particularly
its low susceptibility to interference from liver disease. Actually, high
CDT values have been found in alcohol abusers whether
liver dysfunction is present or not (17, 18,29,32,33,45);
moreover, CDT is not correlated with common chemical
or morphological liver measures (17, 32, 33). This fact
provides good potential for differentiating
between alcohol-induced hepatopathy
and liver disorders of other
origin. As far as sensitivity is concerned, the duration
and amount of alcohol ingestion and the duration of
abstinence are crucial factors. All available data indicate that consumption of 50-80
g of ethanollday for at
least one week is required to produce this abnormality
in between 81% and 94% of patients with alcoholrelated symptoms (11-13, 17,20,29,30,
32, 33, 35, 36,
38, 40) (Table 1). For a consumption >60 g/day, some
studies have found a slight but significant correlation
between amount consumed or blood alcohol concentration and CDT value (17,33,35,37,42),
but others have
not (18, 32, 40). This discrepancy
may result from
incomplete information regarding consumption or may
suggest that CDT depends only indirectly
on ethanol
itself. It is of biomedical
interest that increases in CDT
values appear after ingestion of the mentioned quantity
of ethanol, because regular intake of such amounts is
considered to be necessary for the development of cirrhosis in men (46). CDT may therefore be a marker not
only of “high” alcohol intake but also of drinking habits
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Table 1. Summary of ClInIcal Studies of CDT as a Marker of Alcohol Abuse
No. In
Type of study
Alcoholic cerebellar degeneration
Neurological disease
Controls
Alcoholics

Alcoholics
Liver diseases
Healthy controls
Alcoholics
Healthy controls
Alcoholics
Healthy controls
Alcoholics
Liver diseases
Healthy controls
Alcoholic liver diseases

Nonalcoholicliver diseases
Alcoholics
Non-alcohol-related diseases
Healthy controls
Alcoholics
Healthy controls
Alcoholics

Non-alcohol-relateddiseases
Healthycontrols
Alcoholic liver diseases
Nonalcoholic liver diseases
Alcoholics
Non-alcohol-related diseases

Ex-alcoholics
controls
Alcoholics
Nonalcoholicliver diseases
Healthycontrols
Healthy

group.

10
28
40
16
71
22
100
31
28
20
26
20
14
14
41
72
77
187
80
50
25
20

Method
IF, qual.

IF, qual.
IF, qual.

IF, quant. ratio
IF, quant. ratio
CF

IF, qual.
CDT assay

Reference

9

99

10
11

81

100

12

92-97

15

100

19

95-100

-

56
92
(including abstinent alcoholics)
91
99

29
17

IF, quant. ratio

82

100

13

CF, quant. ratio

90

100

20

CDT assay

87

100

33

91

99

34

CDT assay

81

91

32

CDT assay

83

100

35

24
13
15
87
100
344

CDT

assay

30
155

107

Female alcoholics
Healthywomen
Alcoholics

34

CDT assay

Healthy controls

35
35
39

IF, quant.

160

Liver diseases

23

Healthycontrols
Alcoholics
Alcoholicliver diseases
Nonalcoholicliver diseases
Non-alcohol-relateddiseases

50
68
47
38

Alcoholics

36

Healthycontrols

23

Alcoholics
Non-alcohol-related diseases
Healthy controls
Alcoholics
Liver diseases
Ex-alcoholics

26
21
16
78
55
20
71

Healthycontrols

SpecIficity, %
99

94
64-81

85

64
18
42
62

Alcoholics
Healthycontrols
Alcoholics

Sensitivity,%
80

37

CDT assay

68
100
(including abstinent alcoholics)
52
82
(including abstinent alcoholics)
>76
>90
(10th and 90th percentiles)

36
14
40

IF, qual.

92

99

30

CDT assay

83

100

41

81-85

90-97

18

94

98

42

AE or CF, quant.

CDT assay (modified)

IF, isoelectric focusing;CF, chrornatofocusing;
CDT assay, socratic micro anion-exchange chromatography on PBE-Iikegel; AE, isocraticanion-exchange
chromatographyon diethylaminoethyl-Sephacel;
CDT assay (modified), microanion-exchangechromatographyby ionicstrength; quant., quantitative;qual.,
qualitativeevaluation.
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Table 2. SensItIvity and SpecifIcIty of SIx BiochemIcal Markers of Alcohol Abuse Compared wIth CDT Assayed
AnIon-Exchange Chromatography
Ref.

CDT

GT

tASAT

Sensitivity, %
17
91
76
Specificity, %
99
Sensitivity, %
18
81-85
69
Specificity, %
90-97
59
Sensitivity, %
32
81
59
Specificity, %
91
50
Sensitivity, %
33
87
93
Specificity, %
100
5
Sensitivity, %
35
83
59
Specificity, %
100
Sensitivity, %
40
>76
88
Specificity, %
>90
9-90
#{149}
For informationon clinicalstudygroups,see Table 1.
GT, glutamyltransferase; ASAT,aspartateaminotransferase
(t =
MCV, meancorpuscularvolume.

mASAT

-

-

69
68

92
52-70

50
50

increases

Reference

healthycarriers)
Analyticalcauses
a

Falsely positive diagnoses of alcohol-related diseases.

-

-

58
57

-

-

-

-

-

MCV
60
-

73
76
25
95

-

-

-

91

81
30-92

-

total,m = mitochondrial);
ALAT,alanineaminotransferase;
GDH, glutamatedehydrogenase;

Table 3. Causes of “False-PosItive” CDT Valuesc

Patients with CDG syndrome (and 25% of the

-

-

of the CDT values

Isolatedcaseswith hepaticinsufficiencydue to
primarybiliarycirrhosis,chronicactive
hepatitis, and drug hepatopathy
Genetic D-variants of transferrin

92
52-70

GDH

55

-

medical danger.
Numerous studies show that the transferrin
abnormality normalizes during abstention (10, 11, 17-19,29,
30, 33, 35, 38, 42). The CDT assay has determined the
half-life of the marker to be about two weeks (17,35,36,
38, 42). The amount of ethanol consumed and the
duration of abstinence before sampling are thus important factors to consider when evaluating clinical sensitivity and specificity and may explain the relatively low
sensitivity in one study (36). The inability to discriminate between alcoholic and nonalcoholic liver disease in
the work by Poupon et al. (47), who studied patients
hospitalized for several weeks, appears to have the same
reason. The negative results reported by Chapman et al.
(48), however, seem mainly to have been due to technical failure to identifr the isotransferrins
correctly. Even
when these factors have been taken into account, 6-19%
false-negative
results have been reported (17, 32-35,
40-42). The reason for this has not yet been clarified. As
yet unknown genetic or metabolic factors may protect
glycoproteins
(e.g., transferrin)
in some individuals
from the action of ethanol or its metabolism.
The value of CDT for monitoring treatment of alcoholrelated disorders has been studied in two investigations
(38, 49). In one of these, unexplained
increases of the
CDT values were found in 10% of 72 patients during
outpatient
treatment
for up to six months (38). In
another study, of 15 patients who were followed weekly
to 22 months,

-

ALAT

26
47

of potential

for three

mASAT/tASAT

68

by

32, 34, 42

39
43,44
17

only in connection with abuse relapses, which
were verified either clinically or by measurement
of
5-hydroxytryptophol
in urine (49). Long-time abstaining former alcoholics have been found to have CDT
values within the normal range (34,42). Although there
are not yet any explanations
for increasing concentrations of CDT in “abstinent” alcoholic patients other than
alcohol ingestion, as yet undefined metabolic causes
cannot be excluded.
From a methodological
point of view, the original
CDT assay (17) had one disadvantage:
correct separation of isotransferrins
was dependent on a buffer of very
low ionic strength with a stable pH of 5.65 ± 0.03.
Because the stability of this buffer was not considered
sufficient for routine use, a modification of the chromatography step was introduced. This modified CDT assay
(42), which has now been in use for two years, is based
on separation by a carefully adjusted ionic strength
rather than by pH. For optimal separation without
contamination
by normal isoforms, the ionic strength
was chosen such that mainly components with p1 values
>5.7 were measured, and only a small amount of the
isotransferrin
with p1 5.7 was included (Figure 1). This
assay exhibited a satisfactory technical stability but
gave lower absolute CDT values. Separation in disposable micro ion-exchange columns can be regarded as a
compromise between requirements of utility for routine
purposes and scientific demands for complete separation
and recovery. However, the diagnostic sensitivity and
specificity have been the same as with the original
method, or even somewhat better (42) (Figure 2). Table
4 summarizes
the characteristics
of the modified CDT
assay. A previously observed small sex-related difference in normal values for CDT (39) has become clearly
significant with the modified assay. Values for healthy
low-alcohol-consuming
women are somewhat higher
than for men of corresponding characteristics
(42), indicating that the least glycosylated but minor isotransferrims (mono- and asialotransferrmn) ordinarily are present
in higher serum concentrations in women (Figure 2).
occurred
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Numb.,

of

m.n

the development
of alcoholic liver disease (63, 64).
Altered carbohydrate composition in erythrocyte
membranes from alcoholics has been shown to be related to
hemolysis (65) and to biological tolerance phenomenasuch as changes in (NaK)ATPase
activity and enzyme resistance to ethanol (59), as well as to biophysical
tolerance (reduced membrane fluidization by ethanol)
and impaired partitioning of ethanol into the membrane
(60, 66). Chronic ethanol intake thus apparently
has
widespread effects on the metabolism and turnover of

CDT mg/L
Number

Of

women

Numb,
with

live,

of pofients
dI$.es.u

glycoconjugates,
some of which may be important for
biological complications
of alcohol abuse. It is not yet
known whether CDT itself has any biological effects.

#{174}

C

20

CDT

mg/I

CDT

0

mg/i.

FIg.2. Distributionof CDTvalues in the modifiedCDT assay in 251
individuals (42)
(A) 43 healthymen (alcohol consumption <40 g/day) (LI), and 80 alcoholabusing men (alcohol consumption >60 g/day) (#{149}).
(B) 51 healthy women
(alcohol consumption <15 g/day) (LI), and 22 alcohol-abusing women (alcohol
consumption 60 g/day) (#{149}).
(C) 55 patients with non-alcohol-relatedliver
diseases: [I], men; u, women

Table 4. CharacterIstics of the ModIfIed CDT Assay
(42) in Relation to Alcohol Intake
Measuresmainly isotransferrins with p1 >5.7.
Totalsensitivity 93% (255individuals).
Total specificity
99% (255individuals).
Valuesare increasedfor subjectstaking 60 g of ethanolper day
=

=

for more than seven days.
Values correlated to current alcohol intake (r = 0.38, P <0.01).
Valuesnormalize during abstinence (t112= 15 ± 5 days).

Effects of Alcohol Abuse on Other Glycoconjugates
Ethanol exposure interferes
with the metabolism of
several glycoconjugates
of various origins, ranging from
proteoglycans of the bacterial cell envelope (50), gastric
mucus glycoproteins (51), glycoproteins
and glycolipids
in rat and mouse brain (52-56), and rat liver glycoproteins (57, 58) to glycoconjugates in human erythrocyte
membranes
(59, 60). Several glycoproteins
in human
serum have been studied for changes similar to those of
transferrin;
so far, abnormal microheterogeneity
of the
kind seen in transferrmn has been clearly observed only
in a1-antitrypsin
(29). One possible reason for this
might be that, in contrast to many other circulating
glycoproteins, the secretion of transferrin
from and its
elimination by the liver are relatively independent of
the carbohydrate
content (61,62).
Observed changes in membrane-bound
glycoconjugates in the brain during experimental
ethanol exposure have been implicated
in the development of fetal
alcohol syndrome
(52,55), and inhibition of secretion of
secretory glycoproteins
from the liver has been noted in
2034 CLINICALCHEMISTRY,Vol.37, No. 12,1991

Sialic acid-free transferrmn delivers iron to the liver
more readily than does sialylated transferrin (67). However, transferrmn with the more complex carbohydrate
defect as is present in CDT (27) has not yet been studied
in this or other functional respects.
Possible Mechanism(s)
Synthesis, glycosylation, secretion, elimination,
and
degradation of most serum glycoproteins take place in
the liver and involve several intricate metabolic steps
that require adequate precursor supplies, endomembrane transport,
specific multiple glycosyltransferase
systems, intact tubulin and receptor function, and lysosomal degradation
(68, 69). Experimental
ethanol exposure, specifically acetaldehyde, interferes with some of
these events, e.g., causes morphological changes of the
Golgi complex and impairs the secretory process by
inhibiting tubulin polymerization (63, 64). Inhibition of
glycosyltransferase
activities has been observed both in
rat brain and liver, and depends on blood alcohol concentration and duration of ethanol exposure (52, 70-72).
Recently, altered elimination, lysosomal transport,
and
degradation
of asialo-orosomucoid
have been demonstrated in perfused liver of ethanol-fed rats (73). One
difficulty in interpreting such results from experiments
in rats is that, in two of the most commonly used models
of chronic ethanol effects, no change of the transferrin
microheterogeneity
that is similar to that in alcoholabusing humans has been observed (74).
Only a few studies of glycoprotein metabolism have
been carried out in alcoholic humans. The only effects of
alcohol abuse on glycoprotein metabolism in men demonstrated thus far are impaired tubulin polymerization,
which is necessary for the secretory process (64), and
reduced activities of three glycosyltransferases
in serum
(45). Furthermore,
in humans, glycosyl transfer is inhibited by acetaldehyde but not by ethanol itself (45).
Interference with transferrin protein synthesis appears
improbable, because CDT concentration is unrelated
to
the concentration of total transferrin in serum (17, 32),
which is closely associated with transferrin
synthesis
rate (75). Moreover, transferrin turnover may be either
increased in steatosis or decreased in cirrhosis (75),
whereas CDT values are increased in abusing patients
with either condition (17,18,29,32,33,35).
Much work
remains to be done to clarify the mechanism behind
CDT, but apparently ethanol metabolism may interfere

with several steps in glycoconjugate turnover. The reactivity of acetaldehyde with several proteins (76), together with the observations
made so far, make this
metabolite
an interesting
candidate in such interactions.
Carbohydrate-Deficient Glycoprotein (CDG) Syndrome
A new inborn multisystemic
syndrome with major
nervous system involvement has recently been identified. Clinically, this disease is dominated by psychomotor retardation,
olivoponto-cerebellar
hypoplasia,
peripheral neuropathy,
and retinal pigmental degeneration accompanied by early hepatopathy,
nephropathy,
and abnormalities
of cardiac, skeletal, gonodal, skin,
and adipose tissue (77). The inheritance
is autosomal
and recessive and may be detected at birth (77), but
patients as old as 47 years have been identified (77).
Biochemically, this disorder is characterized
by a complex carbohydrate
deficiency in glycoproteins, which is
most pronounced in transferrin
(43, 44), resulting in
extremely high CDT values in all patients (44). CDT
concentrations
are also increased in 25% of healthy
carriers of CDG syndrome
(44), which may be an infrequent cause of false-positive CDT measurements
in the
diagnosis of alcohol-related diseases. With an estimated
gene frequency of 0.005, healthy carriers of CDG syndrome may be responsible for unexplained, permanently
increased
CDT values in one of 300-500 individuals.
CDG syndrome appears to represent a new group of
disorders of glycoprotein metabolism and is of considerable interest as a new clinical, biochemical, and genetic
concept. The biochemical similarity between the acquired transferrin change in alcoholic patients and that
in patients with the inborn CDG syndrome may provide
clues to the understanding
of the metabolic background
of the effects of alcohol abuse on glycoprotein metabolism and its possible importance for the pathogenesis of
organic complications of alcohol abuse.
Conclusions
Fifteen years after the initial observation of an abnormal isotransferrin
pattern in CSF and serum in patients
with alcoholic cerebellar degeneration,
this phenomenon has been shown to be a very sensitive and specific
marker of regular, potentially
harmful, high alcohol
consumption.
Characterization
of the abnormal transferrin isoforms has demonstrated that they are deficient
to various degrees in their terminal trisaccharides,
their
appearance is related to the amount of ethanol ingested
and the duration of consumption, their increases are
reversible during abstinence, and they are independent
of other commonly used chemical markers of alcohol
abuse and of concomitant liver disease. Because of the
small difference in charge between the normal and
abnormal isotransferrins,
the latter can so far be studied only by methods based on charge-either
isoelectric
focusing, chromatofocusing,
or anion-exchange chromatography of various designs. In studies with new, quantitative, microchromatographic
methods, sensitivities of
81-94% and specificities of 91-100% have been reported

alcohol intake at definite risk levels (>60
g/day). False-positive values have been noted for certain
genetic reasons and in isolated patients with severe
hepatic failure. False-negative
results have been obtained in connection
with abstinence
before sampling,
consumption rates <60 g of ethanol per day, or alcohol
intake
for periods of less than one week. Negative
results have been found in 6-19% of the patients, for
reasons that await explanation.
Determination
of CDT in serum thus appears to have
for current

the potential
alcohol-related

for further

of filling a clinical void in the diagnosis of
diseases. It is also of scientific interest

studies of the biological action and effects of

alcohol abuse on glycoprotein
perspective.

metabolism

in a broader

This work was supported by grants from the Swedish Medical
Research Council (grant no. 07212-07A) and from the Cornell
Foundation. Margarita de Sanchez is acknowledged for efficient
secretarial assistance.

References
1. Abel E. Fetal alcohol syndrome-behavioral
teratology. Paychol Bull 1980;87:29-50.
2. Seeman P. The membrane actions of anesthetics and tranquilizers. Pharmacol Rev 1972;24:583-655.
3. Goldstein DB, Chin JH. Interaction of ethanol with biological
membranes. Fed Proc 1981;40:2073-6.
4. Rubin E. Alcohol and the cell. Ann NY Acad Sci 1987;491:1412.
5. Crabb DW, Bosron WF, Li TK. Ethanol metabolism. Pharmacol
Ther 1987;34:59-73.
6. Chin JH, Goldstein DB. Drug tolerance in biomembranes: a
spin label study of the effects of ethanol. Science 1977;196:684-5.
7. Rubin E, Rottenberg M. Ethanol-induced injury and adaptation
in biological membranes. Fed Proc 1982;41:2465-71.
8. Crabb DW. Biological markers for increased risk of alcoholism
and for quantitation
of alcohol consumption.
J Clin Invest
1990;85:311-5.
9. Stibler H, Kjellin KG. Isoelectric focusing and electrophoresis
of the CSF proteins in tremor of different origins. J Neurol Sci
1976;30:269-85.
10. Stibler H, Allgulander C, Borg S, K.jellin KG. Abnormal
microheterogeneity
of transferrin in serum and cerebrospinal fluid
in alcoholism. Acta Med Scand 1978;204:49-56.
11. Stibler H, Borg 5, Allgulander C. Clinical significance of
abnormal heterogeneity of transferrin
in relation to alcohol consumption. Acta Med Scand 1979;206:275-81.
12. Stibler H, Sydow 0, Borg S. Quantitative estimation of abnormal microheterogeneity
of serum transferrin in alcoholics. Pharmacol Biochem Behav 1980;13(Suppl 1):47-51.
13. Schellenberg F, Weill J. Serum desialotransferrin
in the
detection of alcohol abuse. Definition of a U index. Drug Alcohol
Depend 1987;19:181-91.
14. Chan A, Leong F, Schanley D, et al. Transferrin
and mitochondrial aspartate aminotransferase
in young adult alcoholics.
Drug Alcohol Depend 1989;23:13-8.
15. Vesterberg 0, Petr#{233}n
S, Schmidt D. Increased concentration of
a transfei-rin variant after alcohol abuse. Clin Chim Acta
1984;141:33-9.
16. Stibler H, Borg S, Joustra M. Desialotransferrin
in serum in
relation to alcohol consumption. The second Malm#{246}
Symposium on
Alcohol. Malm#{246},
Sweden: MalmO General Hospital & AB Ferrosan, 1985:159-67.
17. Stibler H, Borg 5, Joustra M. Micro anion exchange chromatography of carbohydrate-deficient
transferrin in serum in relation
to alcohol consumption. Alcohol Clin Exp Res 1986;10:535-44.
18. Kwoh-Gain I, Fletcher LM, Price J, Powell LW, Halliday JW.
Desialylated transferrin and mitochondrial
aspartate aminotransferase compared as laboratory markers of excessive alcohol consumption. Clin Chem 1990;36:841-5.
19. Storey EL, Mack U, Powell LW, Halliday JW. Use of chro-

CLINICALCHEMISTRY,Vol.37, No. 12, 1991 2035

matofocusing to detect a transferrin

variant in serum of alcoholic
subjects. Clin Chem 1985;31:1543-5.
20. Storey E, Anderson G, Mack U, Powell L, Halliday J. Desialylated transferrin as a serological marker of chronic excessive
alcohol ingestion. Lancet 1987;i:1292-.4.
21. Stibler H, Beckman G, Sikstrom C. Subtypes of transferrin C.
Hum Hered 1979;29:320-4.
22. van Ejjk HG, van Noort WL, Kroos MJ, van der Heul C.
Analysis of the iron-binding sites of transferrin by isoelectric
focusing. J Clin Chem Clin Biochem 1978;16:557-60.
23. Hamann A. Microheterogeneity
of serum glycoproteins as
revealed by flat-bed isoelectric focusing. In: Radola BJ, Graesslin
B, eds. Electrofocusing
and isotachophoresis.
New York: W de
Gruyter, 1977:329-35.
24. Stibler H. The normal cerebrospinal fluid proteins identified
by means of thin-layer isoelectric focusing and crossed immunelectrophoresis. J Neurol Sci 1978;36:273-88.
25. Spik G, Bayard B, Fournet B, Strecker G, Bouchelet S,
Montreuil J. Studies on glycoconjugates. LX1V. Complete structure of two carbohydrate units of human serotransferrin. FEBS
Lett 1975;50:296-9.
26. Marz L, Hatton M, Berry L, Regoeczi E. The structural
heterogeneity of the carbohydrate moiety of desialylated human
transferrin.
Can J Biochem 1982;60:624-30.
27. Stibler H, Borg S. Carbohydrate composition of serum transferrin in alcoholic patients. Alcohol Clin Exp Res 1986;10:61-4.
28. Stibler H, Borg S. Evidence of a reduced sialic acid content in
serum transferrin in male alcoholics. Alcohol Clin Exp Res
1981;5:545-9.
29. Takase 5, Takada A, Tsutsumi M, Matsuda Y. Biochemical
markers of chronic alcoholism. Alcohol 1985;2:405-1O.
30. Kapur A, Wild G, Milford-Ward A, Triger DR. Carbohydrate
deficient transferrin:
a marker for alcohol abuse. Br Med J
1989;299:427-31.
31. Vesterberg 0. Comparison and interpretation of complex protein patterns. In: Righetti PG, ed. Progress in isoelectric focusing
and isot.achophoresis. Amsterdam: North-Holland
Publishing,
1975:121-35.
32. Behrens U, Worner T, Braly L, Schaffner F, Lieber C. Carbohydrate-deficient
transferrin,
a marker for chronic alcohol consumption in different ethnic populations. Alcohol Clin Exp Res
1988;12:427-32.
33. Stibler H, Hultcrantz R. Carbohydrate-deficient
transferrin in
serum in patients with liver diseases. Alcohol Clin Exp Res
1987;11:468-73.
34. Stibler H, Borg S. The value of carbohydrate-deficient
transferrin as a marker of high alcohol consumption. In: Kuriyama K,
Takada A, Ishii H, eds. Biomedical and social aspects of alcohol
and alcoholism. Amsterdam: Elsevier Science Publishers B.V.,
1988:503-6.
35. Stibler H, Dahlgren L, Borg S. Carbohydrate-deficient
ti-ansferrin (CDT) in serum in women with early alcohol addiction.
Alcohol 1988;5:393-8.
36. Gjerde H, Johnsen J, Bj#{216}rneboe
A, Bj#{248}rneboe
G-E, M#{248}rland
J.
A comparison of serum carbohydrate-deficient
transferrin
with
other biological markers of excessive drinking. Scand J Clin Lab
Invest 1988;48:1-6.
37. Gjerde H, M#{248}rland
J. Concentrations of carbohydrate-deficient
transferrin in dialysed plasma from drunken drivers. Alcohol
Alcoholism 1987;22:271-6.
38. Behrens U, Worner T, Lieber C. Changes in carbohydratedeficient transferrin levels after alcohol withdrawal. Alcohol Clin
Exp Res 1988;12:539-44.
39. Stibler H, Borg 5, Beckman G. Transferrin
phenotype and
level of carbohydrate-deficient transferrin in healthy individuals.
Alcohol Clin Exp Boa 1988;12:450-3.
40. Schellenberg F, B#{233}nard
J, La Goff A, Bourdin C, Weill J.
Evaluation of carbohydrate-deficient transferrin compared with 11
index and other markers of alcohol abuse. Alcohol Clin Exp Res

1989;13:605-10.

41. Beauge F, Girre C, Stibler H, Dally S. Taux serique de
transferrine d#{233}ficiente
en carbohydrates (CDT) chez lea malades
alcooliques. In: Galteau M-M, Siest G, Henny J, eds. Biologie
Prospective. Paris: John Libbey Eurotext, 1989:643-6.
42. Stibler H, Borg 5, Joustra M. A modified method for the assay
of carbohydrate-deficient
transferrin
(CDT) in serum. Alcohol
2036

CLINICAL CHEMISTRY, Vol. 37, No. 12, 1991

Alcoholism 1991;(Suppl.1):451-4.
43. Stibler H, Jaeken J. Carbohydrate
deficient serum transferrin
in a new systemic hereditary
syndrome.
Arch Dis Child
1990;65:107-11.
44. Stibler H, Jaeken J, Kristiansson B. Biochemical characteristics and diagnosis of the carbohydrate-deficient
glycoprotein syndrome. Acta Paediatr Scand 1991;Suppl 375:22-31.
45. Stibler H, Borg S. Glycoprotein glycosyltransferase
activities
in serum in alcohol-abusing patients and healthy controls. Scand J
Clin Lab Invest 1991;51:43-51.
46. Pequignot G, Cyrulnik F. Chronic disease due to overconsumption of alcoholic drinks. In: International encyclopedia of
pharmacology and therapeutics, 2nd ed. Oxford: Pergamon Press,
1970:375-412.
47. Poupon R, Papoz L, Sarmini H, Elinck R. A study of the
microheterogeneity
of transferrin
in cirrhotic patients. Clin Chim

Acts 1985;151:245-51.
48. Chapman RW, Sorrentino

D, Morgan M. Abnormal heterogeneity of serum transferi-in in relation to alcohol consumption: a
reappraisal. In: Early identification of alcohol abuse. NIAAA Res
Monogr 1985;17:108-13.
49. Borg S. Beck 0, Helander A, Voltaire A, Stibler H. Carbohydrate-defi#{231}ient
transferrin and 5-hydroxytryptophol:
two new
markers of high alcohol consumption. NIAAA Res Monogr 1991
(In press).
50. Ingram LO, Vreeland NS. Differential effects of ethanol and
hexanol on the Escherichia
coli cell envelope. J Bacteriol
1980;144:481-8.
51. Slomiany A, Takagi A, Slomiany B. The synthesis and secretion of gastric mucus glycoprotein by mucosal cells cultured in the
presence of ethanol. Arch Biochem Biophys 1985;236:654-61.
52. Stibler H, Burns E, Kruckeberg T, Borg S. Membrane-bound
surface carbohydrates in rat brain synaptosomes after ethanol
exposure during synaptogenesis. In: Rydberg U, Engel J, Alling C,
eds. Alcohol and the developing brain. New York: Raven Press,
1985:35-45.
53. Klemm W, Engen R. Effects of ethanol on brain sialic acid and
2-deoxyribose in young rats. J Stud Alcohol 1979;40:554-61.
54. Goldstein D, Basalingappa H, Lyon R. Increased surface
glycoconjugates of synaptic membranes in mice during chronic
ethanol treatment. Br J Pharmacol 1983;78:8-10.
55. Gnaedinger JM, Druse MJ. Glycoproteins and proteins in an
axolemma-enriched
fraction and myelin from developing rats:
effect of maternal ethanol consumption. J Neurosci Res 1984;12:
633-45.
56. Beauge F, Stibler H, Borg S. Biophysical and biochemical
membrane alterations during chronic ethanol intoxication in two
animal models and in man [Abstract 4]. Pharmacol Toxicol
1988;63(Suppl.2).
57. Baraona E, Lieber C. Effects of alcohol on hepatic transport of
proteins. Annu Rev Med 1982;33:281-92.
58. Tuma D, Sorell M. Effect of ethanol on hepatic secretory
proteins. Recent Dev Alcohol 1984;2:159-80.
59. Stibler H, Beauge F, Borg S. Changes in (Na + KIATPase
activity and the composition of surface carbohydrates
in erythrocyte membranes in alcoholics. Alcohol Clin Exp Res 1984;8:522-7.
60. Beaug#{233}
F, Stibler H, Borg S. Abnormal fluidity and surface
carbohydrate
content of the erythrocyte membrane in alcoholic
patients. Alcohol Clin Exp Res 1985;9:322-6.
61. Ashwell G, Harford J. Carbohydrate-specific
receptors of the
liver. Annu Rev Biochem 1982;51:531-54.
62. Struck D, Siuta P, Lane D, Lennarz W. Effect of tunicamycin
on the secretion of serum proteins by primary cultures of rat and
chicken hepatocytes. J Biol Chem 1978;253:5332-7.
63. Matsuda Y, Baraona E, Salaspuro M, Lieber C. Effect of
ethanol on liver microtubules and Golgi apparatus.
Lab Invest
1979;41:455-63.
64. Matsuda Y, Takada A, Kanayania R, Takase S. Changes of
hepatic microtubules
and secretory proteins in human alcoholic
liver disease. Pharmacol Biochem Behav 1983;18(Suppl 1):479-82.
65. Stibler H, Borg S. Reduction of sialic acid and galactose
concentrations in erythrocyte membranes in alcoholics. Drug Alcohol Depend 1983;10:85-98.
66. Stibler H, Beauge F, Leguicher A, Borg S. Biophysical and
biochemical alterations in erythrocyte
membranes from chronic
alcoholics. Scand J Clin Lab Invest 1991;51:309-19.

67. Regoeczi E, Chindemi P, Debanne M. Transferrin
glycans: a
possible link between alcoholism and hepatic siderosis. Alcohol
Clin Exp Boa 1984;8:287-92.
68. Schachter H. Biosynthetic controls that determine the branching and microheterogeneity
of protein-bound oligosaccharides.
Biochem Cell Biol 1986;64:163-81.
69. Aronson N, Kuranda M. Lysosomal degradation of Asn-linked
glycoproteins. FASEB J 1989;3:2615-22.
70. Malagolini N, Dall’Olio D, Serailni-Cessi F, Cessi C. Effect of
acute and chronic ethanol administration on rat liver 2,6-sialyltransferase activity responsible for sialylation of serum transferrin. Alcohol Clin Exp Boa 1989;13:649-53.
71. Nanni G, Pronzato M, Averaxne M, Gambella G, Cottalasso D,
Marinari U. Influence of acute ethanol intoxication on rat liver
Golgi apparatus glycosylation sites. FEBS Lett 1978;93:242-6.
72. Mailliard M, Sorell M, Volentine G, Puma D. Impaired plasma
membrane glycoprotein assembly in the liver following acute
ethanol administration.
Biochem Biophys Has Commun 1984;
123:951-8.

73. Casey C, Volentine G, Jankovich C, Kragskow 5, Tuma D.
Effect of chronic ethanol administration on the uptake and degradation of asialoglycoproteins
by the perfused rat liver. Biochem
Pharmacol 1990;40:1117-23.
74. Stibler H, Beaug#{233}
F, Bj#{248}rneboe
A, Aufrere G. Transferrin
microheterogeneity in rats treated chronically with ethanol. Pharmacol Toxicol 1989;64:383-5.
75. Potter B, Chapman R, Nunes R, Sorrentino
D, Sherlock S.
Transferrin metabolism in alcoholic liver disease. Hepatology
1985;5:714-21.
76. Mauch T, Donohue T, Zettermaji R, Sorell M, Puma D.
Covalent binding of acetaldehyde selectively inhibits the catalytic
activity of lysine-dependent enzymes. Hepatology 1986;6:263-9.
77. Jaeken J, Stibler H, Hagberg B, eds. The carbohydratedeficient glycoprotein syndrome: a new inherited multisystemic
disease with severe nervous system involvement. Acta Paediatr
Scand 1991;Suppl 375.

CLINICALCHEMISTRY,Vol.37, No. 12, 1991 2037

