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a  b  s  t  r  a  c  t

Background:  Four  fractions  of  gamma-glutamyltransferase  (GGT)  with  different  molecular  weight  (b-,  m-,
s-, and  f-GGT)  are  present  in human  plasma.  Differential  GGT  fraction  pattern  is  found  in non-alcoholic
liver  disease  (NAFLD)  and  chronic  viral  hepatitis,  characterized  by  normal  or  decreased  b-GGT/s-GGT
(b/s)  ratio,  respectively.
Methods: Chromatographic  fractional  GGT  analysis  was  performed  on  plasma  obtained  from  51  subjects:
27  alcoholics  (mean  (SD),  age  45 (9) years;  23  males;  14  positive  for viral  infection),  24  abstinents  from
at least  1  month  (43 (12)  years;  20 males;  6  positive  for  viral  infection).  Twenty-seven  blood  donors
matched  for age  and  gender  (44 (9)  years;  23 males)  were  selected  as controls.
Results:  All  fractions  were  significantly  increased  in alcoholics  (P <  0.001),  s-GGT  showing  the  largest
increase,  while  only m-GGT  and  s-GGT  were  elevated  in abstainers  (P <  0.01),  in  comparison  with  controls.
The b/s  ratio  was significantly  lower  in both  alcoholics  and  abstainers  than  in  controls  (median  (25th–75th
perc.):  0.10  (0.07–0.15),  0.16  (0.10–0.24),  0.35  (0.29–0.53),  respectively,  P <  0.001).  Viral  infection  did  not

significantly  changes  absolute  values  of  individual  GGT  fractions  in alcoholics,  but  the  b/s ratio  was
significantly  lower  in virus  positive  than in  virus  negative  subjects  (0.08  (0.05–0.12),  0.14  (0.09–0.20),
respectively,  P  <  0.01).
Conclusions:  The  fraction  pattern  analysis  might  increase  the  specificity  of  GGT  as biomarker  of  alcohol
abuse,  especially  concerning  the differential  diagnosis  between  alcoholism  and NAFLD,  a  common  cause
of elevated  GGT  level  in  the  general  population.

© 2012 Elsevier Ireland Ltd. All rights reserved.
. Introduction

Serum gamma-glutamyltransferase (GGT) is a well-recognized
ensitive biomarker of alcohol abuse (Rosalki and Rau, 1972; Das
t al., 2008). GGT specificity and diagnostic accuracy for alcoholism
re reduced by the fact that serum GGT elevated levels are encoun-
ered in various physiological and pathological setting including

 wide array of hepatobiliary disorders (Dhanya and Vasudevan,
Please cite this article in press as: Franzini, M., et al., High-sensitivity g
abstainers. Drug Alcohol Depend. (2012), http://dx.doi.org/10.1016/j.druga

008). In particular, a common cause of serum GGT increase is the
on-alcoholic fatty liver disease (NAFLD), that affects a growing
roportion of the population (Bedogni et al., 2005; Tahan et al.,
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376-8716/$ – see front matter ©  2012 Elsevier Ireland Ltd. All rights reserved.
ttp://dx.doi.org/10.1016/j.drugalcdep.2012.06.004
2008), thus the possibility of discriminating between the two dis-
eases would help the diagnosis of both conditions.

Total GGT activity corresponds to several distinct GGT-
containing molecular complexes, with different physico-chemical
properties (Huseby, 1982), pathophysiological and clinical corre-
lations (Nemesanszky and Lott, 1985). Recently, a high sensitivity
clinical laboratory method has become available, that allows, in
human plasma, the simultaneous detection of four different frac-
tions of GGT, namely b-GGT, m-GGT, s-GGT, and f-GGT, having
molecular weight ranging from 2000 to 70 kDa (Franzini et al.,
2008a). While f-GGT is the most abundant GGT fraction in healthy
individuals (Franzini et al., 2008b), the other fractions are responsi-
ble for GGT increase in diseased ones. Recently, we found different
amma-glutamyltransferase fraction pattern in alcohol addicts and
lcdep.2012.06.004

GGT fraction patterns characterizing either NAFLD, or chronic viral
hepatitis C (CHC): the former was  characterized by an increase in
all fractions without changing in the b-GGT/s-GGT (b/s) ratio, and
the later by a prominent increase in s-GGT together with a modest

dx.doi.org/10.1016/j.drugalcdep.2012.06.004
dx.doi.org/10.1016/j.drugalcdep.2012.06.004
http://www.sciencedirect.com/science/journal/03768716
http://www.elsevier.com/locate/drugalcdep
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Table 1
Characteristics of controls, alcohol addicts and abstainers.

Controls (n = 27) Alcoholics (n = 27) Abstainers (n = 24) P
Controls vs.
alcoholics

P
Controls vs.
abstainers

P
Alcoholics vs.
abstainers

Males, n 23 23 20
Age,  years 44.0 (35.0–48.0) 44.0 (36.0–48.0) 39.0 (35.5–53.0) n.s. n.s. n.s.
BMI,  kg/m2 24.8 (22.9–27.0) 23.5 (21.6–27.3) 24.3 (22.0–26.1) n.s. n.s. n.s.
AST,  U/L 20.0 (17.0–23.0) 58.0 (31.0–96.0) 22.5 (18.0–33.0) <0.001 n.s. <0.001
ALT,  U/L 24.0 (15.0–26.0) 57.0 (25.0–95.0) 29.0 (15.0–41.5) <0.01 n.s. <0.05
MCV,  fL 85.9 (83.3–87.5) 95.1 (89.2–102.3) 93.1 (91.0–95.3) <0.001 <0.001 n.s.
Bilirubin, mg/dL 0.80 (0.60–0.90) 0.76 (0.45–1.11) 0.44 (0.32–0.81) n.s. n.s. n.s.
Total  GGT, U/La 23.9 (15.1–32.0) 133.0 (50.1–287.0) 37.5 (19.4–84.8) <0.001 <0.05 <0.001
b-GGT, U/La 2.4 (1.4–4.5) 7.5 (3.2–21.0) 2.8 (1.3–7.6) <0.001 n.s. <0.01
m-GGT, U/La 1.0 (0.5–1.5) 5.2 (2.8–19.0) 2.1 (0.8–4.5) <0.001 <0.01 <0.001
s-GGT, U/La 7.3 (3.6–12.4) 95.7 (30.1–207.8) 15.3 (8.1–58.5) <0.001 <0.01 <0.001
f-GGT, U/L 13.7 (9.9–16.9) 22.7 (15.4–26.7) 14.4 (9.0–18.8) <0.001 n.s. <0.001
b/s ratioa 0.35 (0.29–0.53) 0.10 (0.07–0.15) 0.16 (0.10–0.24) <0.001 <0.001 <0.05
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ata are presented as median (25th–75th percentile). BMI: body mass index; AST
olume; GGT: gamma-glutamyltransferase. Statistical analysis: 1-way ANOVA follo
a Statistical analysis performed on ln-transformed data.

ncrease in other fractions and decrease of the b/s ratio (Franzini
t al., 2011).

Since steatosis is a main feature of hepatocellular damage occur-
ing early in the course of alcoholic liver disease (ALD; Basra and
nand, 2011), we aimed to check whether the GGT fraction pattern
ssociated with ALD could mimic  those found in NAFLD (Franzini
t al., 2011), in a preliminary series of alcohol addicts. This would
ermit to design large-scale studies concerning the diagnostic value
f GGT fraction analysis in the setting of alcohol abuse.

. Methods

.1. Subjects

Fasting blood samples were obtained from 51 subjects with positive history of
lcohol dependence according to the ICD-9-CM Diagnosis Code 303.9 (mean (SD;
ange): age 43.6 (10.6; 26–69) years; 45 males and 6 females; abuse duration 4.6
range 1.3–20) years). All these subjects were enrolled in the study at the Alcoholism
enter of the Drug Addiction Department of the Local Health Service (Pisa, Italy).

Alcohol dependence and consumption were estimated by physicians of the
lcoholism Center based upon the information collected from the patient as
ell as from his/her relatives during the interview. The alcohol content of

ne standard drink in Italy is assumed to be 12 g of pure alcohol (web site:
ttp://icap.org/PolicyIssues/DrinkingGuidelines). According to WHO  recommenda-
ions we set the limit of hazardous alcohol consumption to >45 g/day for men  and
30 g/day for women  (Schellenberg et al., 2005).

Twenty-four subjects were abstinent for at least 1 month (age 43.3 (12.1; 26–69)
ears; 20 men; abstinence time: 2.7 (3.4) months): these subjects will be referred as
abstainers”. Six abstainers were either hepatitis C virus (HCV) or hepatitis B virus
HBV) antibodies positive. Abnormalities in both alanine (ALT) and aspartate-amino
ransferase (AST) have been detected in 3 abstainers. The other 3 abstainers showed
LT and/or AST elevation.

Twenty-seven subjects were currently alcohol dependent (age 44.9 (9.2; 30–65)
ears; 23 men; alcohol consumption: 209 (192; 100–810) g/day). Fourteen subjects
age  40.1 (6.5; 30–50) years; 12 men; alcohol consumption 162 (78; 80–290) g/day)
ere HCV or HBV antibodies positive with both AST and ALT elevated levels, 10

mong them were proved positive for HCV-RNA test or HBV surface antigen (HBsAg).
he remaining 13 subjects (age 48.0 (10.1; 33–65) years; 11 men; alcohol consump-
ion 250 (254; 100–810) g/day) showed negative virology analysis, among them, 7
howed AST and ALT elevation.

Twenty-seven blood donors matched for age and gender have been selected as
ontrols (age 43.7 (9.3; 27–64) years; 23 men; alcohol consumption ≤20 g/day).

The Institutional Ethics Committee approved the study and all subjects gave
nformed consent.

.2. Laboratory analyses

Fasting blood samples, collected in ethylenediamine-tetra-acetic acid (EDTA),
Please cite this article in press as: Franzini, M., et al., High-sensitivity g
abstainers. Drug Alcohol Depend. (2012), http://dx.doi.org/10.1016/j.druga

ere obtained from all subjects. AST, ALT, mean corpuscular volume (MCV), total
ilirubin, serum glucose, total cholesterol, HDL cholesterol, LDL cholesterol, triglyc-
rides and creatinine clearance (eGFR) were assayed within 3 h according to the
tandard clinical laboratory procedures by automated analyzers (Beckman Synchron
X  9-PRO analyzer, Abbott Cell-Dyn Saphire for blood cell count). LDL cholesterol
rtate-amino transferase; ALT: alanine amino transferase; MCV: mean corpuscular
y Tukey’s multiple comparison test. n.s.: not significant.

and eGFR were calculated using the Friedewald and the Cockcroft-Gault formula,
respectively.

2.3. Fractional GGT analysis

Aliquots of plasma EDTA samples were stored at −20 ◦C and used within three
months for fractional GGT analysis. Analysis of total and fractional GGT was per-
formed, as previously described (Franzini et al., 2008a,b), using a fast protein
liquid chromatography system (AKTA purifier; GE Healthcare Europe, Milan, Italy)
equipped with a gel-filtration column (Superose 6 HR 10/300 GL; GE Healthcare
Europe) and a fluorescence detector (Jasco FP-2020; Jasco Europe, Lecco, Italy).
The  enzymatic activity was quantified by post-column injection of the fluores-
cent substrate for GGT, gamma-glutamyl-7-amido-4-methylcoumarin (gGluAMC).
Enzymatic reaction, in the presence of gGluAMC 0.030 mmol/L and glycylglycine
4.5 mmol/L, proceeded for 4.5 min in a reaction coil (PFA, 2.6 mL) kept at the 37 ◦C
in  a water bath. The fluorescence detector operating at excitation/emission wave-
lengths of 380/440 nm detected the AMC  signal. Area under curve chromatogram
curve is proportional to GGT activity, which was quantified as previously described
(Franzini et al., 2008b).

2.4. Statistical analysis

Statistical analysis was conducted by one-way ANOVA analysis followed by
Tukey’s multiple comparison test or Student’s t test. Total, b-, m- and s-GGT, as well
as  b/s ratio and triglyceride values were ln-transformed to reduce the distribution
skewness.

3. Results

As expected, significant elevation of aspartate-amino trans-
ferase (AST, P < 0.001), alanine-amino transferase (ALT, P < 0.01),
and mean corpuscular volume (MCV, P < 0.001) was detected in
alcohol addicts as compared to controls. Abstainers showed an
increase in MCV  values only (P < 0.001; Table 1).

Although total GGT values were significantly increased in alco-
hol addicts and abstainers as compared to controls (P < 0.001 and
<0.05, respectively), while all GGT fractions were significantly
higher in alcoholics (P < 0.001), only m-GGT and s-GGT remained
significantly elevated in abstainers (P < 0.01; Table 1). In alcohol
addicts, a 13.1-fold increase value in s-GGT was detected, together
with a significant but more modest elevation in all other fractions
(f-GGT: 1.7-fold; b-GGT: 3.1-fold; m-GGT: 5.2-fold). In abstainers,
as stated above, the values of both m-GGT and s-GGT fractions
remained significantly higher than in controls, but at a much lower
extent (2.1-fold for both). Thus the b/s ratio remained lower in
both groups (P < 0.001), than in controls, with a higher b/s ratio
amma-glutamyltransferase fraction pattern in alcohol addicts and
lcdep.2012.06.004

in abstainers than in addicts (P < 0.05; Table 1).
Among addicts, no significant differences as concerns each GGT

fraction were found between the HCV/HBV positive or (n = 14)
or negative (n = 13) subjects, except for the b/s ratio, that was

dx.doi.org/10.1016/j.drugalcdep.2012.06.004
http://icap.org/PolicyIssues/DrinkingGuidelines
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Table  2
Total and fractional GGT activity (U/L) in HCV/HBV positive or negative alcohol addicts and abstainers.

Alcoholics HCV/HBV negative (n = 13) HCV/HBV positive (n = 14) P

Total GGTa 168.0 (45.7–695.4) 129.0 (73.2–274.5) n.s.
b-GGTa 9.0 (3.0–60.0) 5.6 (3.4–14.4) n.s.
m-GGTa 8.4 (2.5–32.2) 4.5 (2.9–15.3) n.s.
s-GGTa 112.9 (24.6–502.1) 95.6 (48.8–205.3) n.s.
f-GGT  22.7 (14.0–55.3) 22.7 (18.0–25.5) n.s.
b/s  ratioa 0.14 (0.09–0.20) 0.08 (0.05–0.12) 0.0045

Abstainers HCV/HBV negative (n = 18) HCV/HBV positive (n = 6) P

Total GGTa 37.5 (18.0–261.8) 47.1 (25.0–130.3) n.s.
b-GGTa 2.7 (1.1–25.6) 3.0 (1.5–6.9) n.s.
m-GGTa 2.0 (0.7–4.6) 2.1 (1.1–6.7) n.s.
s-GGTa 15.3 (7.1–56.7) 30.1 (9.2–94.8) n.s.
f-GGT  14.2 (8.2–19.0) 14.4 (10.9–21.1) n.s.
b/s  ratioa 0.17 (0.11–0.25) 0.11 (0.05–0.25) n.s.
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ata are reported as median (25th–75th percentile).
a Student’s t test has been performed on ln-transformed data.

ignificantly higher in the latter group (P < 0.01; Table 2), but in
oth cases significantly lower than in controls (P < 0.001 for both
omparisons). Within abstainers no differences were found in b/s
atio, between HCV/HBV positive or negative subjects (Table 2).

. Discussion

In the present study we show that the elevation of total GGT in
lcohol addicts is associated with a prominent s-GGT increase, and

 lesser increase of all three other fractions. For this reason, the b/s
atio resulted significantly lower than in controls.

This GGT fraction pattern corresponds to that found in subjects
ith chronic viral hepatitis C (CHC), but not in subjects with non-

lcoholic fatty liver disease (NAFLD) who are characterized by b/s
atio values comparable to those of healthy subjects (Franzini et al.,
011). Interestingly, despite similar absolute values of total GGT
nd its fractions, the decrease in b/s ratio was  more marked in
lcohol addicts proved to be positive for viral infection, suggesting
hat b/s ratio is a distinct and potentially quantitative biomarker of
epatocellular damage in alcoholism, even in the presence of viral

nfection.
Abstinence from alcohol resulted in lowering of total GGT val-

es: b-GGT and f-GGT fractions returned to normal values, while
-GGT and s-GGT levels remained persistently high, in addition to

 lower b/s ratio than in controls. This finding confirms b/s ratio as a
ensitive biomarker of persistent liver damage, independently from
otal GGT level. In addition, the differential decrease in the GGT
ractions in alcohol abstainers suggests that GGT fraction analysis

ight perform better than total GGT, as for monitoring abstinence.
Concerning the interference between viral hepatitis and alcohol

ddiction, the b/s ratio showed a significant difference between
CV/HBV positive and negative alcohol addicts, but not among
CV/HBV positive and negative abstainers; anyway it is likely to be
ue to the modest sample size (6 positive vs. 18 negative abstain-
rs); larger studies are needed to fully explore the diagnostic value
f the b/s ratio in this field.

In a previous study, we showed that fractional GGT analysis
howed higher specificity and sensitivity for the direct and dif-
erential diagnosis of NAFLD and CHC in comparison to total GGT
ctivity (Franzini et al., 2011). When considering that among NAFLD
ubjects, high serum GGT levels have been already identified as pre-
ictors of liver fibrosis risk (Tahan et al., 2008), further and larger
Please cite this article in press as: Franzini, M., et al., High-sensitivity g
abstainers. Drug Alcohol Depend. (2012), http://dx.doi.org/10.1016/j.druga

rospective studies are needed to establish the potential value of
he individual GGT fractions and of the b/s ratio, either in the screen-
ng of alcohol abuse, or as predictors of chronic liver damage in
lcohol abusers.
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