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ABSTRACT

After the discovery of gammaglutamyltranspeptidase in 1950 by
Hanes, the significance of its increased levels in clinical practice has
mainly been focused on ethanol toxicity, and also some neoplasms
and biliary tract obstruction.

More recently, attention has swift to the metabolic functions of
this enzyme, as a neutralizer of oxygen free radicals and as a glu-
tathione donor to the cell. High serum levels of gamma-glutamyl-
transpeptidase is known to occur when oxidative stress is increased,
or associated with several vascular risk factors and the insulin resis-
tance syndrome, as an early marker of diabetes.

There are also a number of drugs that induce the expression of
the tissue enzyme (microsomes) with the result of high serum levels
without structural damage to the liver.

Because it is a ubiquitous enzyme, a very high number of causes
can be involved, that may be difficult to recognize.

Finally, because glutathione is necessary to conjugate a number
of chemical compounds, from an epidemiological and toxicological
perspective, the enzyme might be useful as a biomarker of several
ambient toxins.

In this review we want to emphasize the increasing clinical and
diagnostic significance of this enzyme discovered half a century ago.
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INTRODUCTION

Gammaglutamyl transpeptidase (GGT) is an enzyme
that belongs to the family of transferases (1); catalyzes the
transfer of a gamma-glutamyl group, of a gamma-glutamyl
peptide (such as glutathione: GSH) to a peptide or amino
acid-type acceptor (2).

It was discovered in 1950 by Hanes (3), but it took sev-
eral years to enter the clinical background (1,4,5), therefore
it is currently determined within the poorly named hepatic
“tests” (GOT, GPT, FA and others).

To a certain degree elevations of serum GGT have been
associated with alcohol intake (6), reducing its value in
many more clinical processes, although it is true that some
of them are quite infrequent (Table I), and at times its eti-
ology remains unclear, which prompted us to undertake
this review.

Finally, the role assigned to it more recently as a risk
factor for acute myocardial infarction (AMI) and stroke
(7,8), and in certain degree as precursor of the onset of type
II diabetes (9), adds interest to an overhaul of the mecha-
nisms and significance of the alterations of this enzyme.

ANATOMO-CYTOLOGICAL LOCALIZATION
OF GGT

The largest supply, by far, is in the kidney (10-13) where
it is found in tubular cells, from where it passes to urine;
by taking the kidney as a reference for GGT content (100
units), absolute figures show that the concentration in the
pancreas is 8.3, 3.9 in the liver and 1.5 in the spleen (12).
It is also found in other organs; intestine (1,13), prostate
(13),synovial membrane (14), lung (15), brain (15), lactat-
ing breast (15); in large amounts in the endothelial cells of
capillaries (16) and in muscles (18). Its preferential local-
ization is epithelial cells, which are in charge of transport
(18). It is known that GGT is not found in erythrocytes (18).

Regarding its location in the hepatobiliary system (from
which most clinical implications relating to this enzyme
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Table I. Elevated serum GGT in processes not primarily
hepato-biliary-pancreatic

e Drugs (propafenone, phenytoin, phenobarbital, warfarin)
(13,20,34,40)

e Toxics (pesticides, lead, arsenic) (3)

e Angina de pectoris, IAM (13,15,17,20,39)

e Diabetes (13,15,17,20)

e Obesity, hyperlipidemia (13,15,39)

e Congestive heart failure (13)

e Nephropathies (neoplasias, renal infarction, nephrotic syndrome,
renal insufficiency) (15,17)

e COPD (2,15,17,39)

e CNS (13,15) and neuroperipheral disorders (Guillain-Barré) (13)

e Myopathies (myotonic dystrophy) (13)

e Dementias, nervous anorexia, depression (13,39)

e Hyperthyroidism (13)

e Arthropathies (brucellosis, tuberculosis, RA) (14,15)

¢ Neoplasms, radiotherapy (13)

e Porphyria cutanea tarda (13)

e Post-surgery condition (15)

derive), it is predominantly found in the biliary pole of the
biliary conducts’ cell and epithelium (2,10,18). However,
it is also found in the hepatocyte, in both the cytosol (19)
and the smooth endoplasmic reticulum (ER) (where it is
susceptible to induction, e.g., through drugs) (20), as well
as in mitochondria (21) in the following respective percent-
ages: 15,75 and 15.

FUNCTION

GGT is engaged in the synthesis of peptides and proteins,
in the regulation of the GSH levels in tissues, and in the
transport of amino acids through cell membranes (16,22);
the natural substrate of GGT is glutathione (23), whose
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hydrolysis catalyzes and forms part of the general activation
and metabolization context of several compounds (and of
some drugs in particular); when this enzyme increases in
the liver, it can condition the appearance of hepatocellular
necrosis (23,24).

The so-called oxidative stress (OS) originates (25) when
an imbalance of pre-oxidation versus anti-oxidation takes
place to favor the former; e.g., when oxygen-free radicals
(OFR) are generated because of different deleterious causes
(Fig. 1). These OFR react with other molecules by convert-
ing them into reactive oxygen species (ROS) (26) which,
in turn, can bring about different effects (modulation of
cytokines’ expressions, auto-antigens production (5), mod-
ification of biomolecules —-DNA, proteins, lipids— and for-
mation of toxic species such as lipid peroxides) (27).

GSH acts as an antioxidant (25) as it neutralizes the OFR
thanks to the sulfur hydride of the cysteine that enters its
tripeptide composition (gamma-glutamyl-cysteine-glycine);
as it is contained in erythrocytes, it protects them from
membrane oxidation (28). GSH can be oxidized vs. reduced
by constituting the redox system. GGT provides cells with
GSH from serum (17) by acting as an intracellular antiox-
idant (29). The level of GGT indicates increased OS (30),
and has been associated with various cardiovascular risk
factors and with insulin resistance syndrome components.
Thus, it would be an early biomarker for the development
of diabetes. Oxidative stress (OS) is a component of several
reactions associated with chronic inflammation; C-reactive
protein (c-RP) is a marker of chronic inflammation and
GGT has been positively associated with c-RP concentra-
tions (30). Indeed, the correlation between c-RP and GGT
will help elucidate the association between OS and inflam-
mation. GGT also modulates the activity of several inflam-
matory mediators such as leukotrienes, nitric oxide and
interleukins (31).

GGT levels are very high in neonates and in children
under the age of one, and increase after the age of 60 (13);
6% of men present abnormal values.

Radiations (ionizing, UV Insulin resistance
( g, UV) 0S ——p OFR ——) ROS >
Environmental pollutants Type II diabetes
Toxics T Atherosclerosis (IAM, ACV)
Xenobiotics GSH (antioxidant) Arterial hypertension
Chronic inflammation Renal failure
Old age T Cirrhosis
Intense exercise 4 ER induction GGT Connective tissue disorder
(microbodies) (glutathionase)

Fig. 1. Metabolic pathophysiological hypothesis of GGT.
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DIAGNOSTIC VALUE

A question that still remains unknown is the reason why
GGT does not increase in renal diseases (with the exception
of nephrotic syndrome and acute tubular cell injury), being
by far the organ with highest content of said enzyme (11).

An increased serum GGT in the general analytical exam-
ination, evokes in the clinician abuse of ethanol, often asso-
ciated with hepatic dysfunction, altered synchronous “mark-
ers” that would confirm said toxic origin (6), such as
increase of MCV in red blood cells, of uric acid and triglyc-
erides, as well as potassium and magnesium decrease. [so-
lated increase of GGT would have a low sensitivity and
specificity to detect alcohol abuse (32). When GGT increase
is isolated (without increase of GOT or other hepatic para-
meters) the biopsy does not reveal inflammatory signs or
irreversible histopathological changes, whereas if it is asso-
ciated with increased GOT and other hepatic indicators sub-
stantial inflammatory changes are observed.

Overall, there is a correlation between GGT tissue con-
tent, histochemically evaluated (33), and enzyme serum
levels in different hepatopathies, although with wide oscil-
lation, particularly in alcoholic hepatopathies, but not in
non-alcoholic cirrhosis and severe cholestasis, in these latter
due to the tissular “washed-out-effect” caused by the local
increase of bile acids.

Numerous drugs induce tissue GGT (microsomes) that
may result in increased serum levels that do not entail struc-
tural damage (35); such as certain antiarrhythmics (pro-
pafenone, disopyramide) (34), phenytoin, phenobarbital and
warfarin (20), among others.

In 52% of low-activity chronic hepatitis (CH) (formerly
called “persistent”) its GGT increase is usually associated
to that of GOT (34); in any of the cases of this type with
normal values of GOT or GPT, GGT is increased. Con-
versely, in 41% there is an increase of GOT with normal
GGT. In chronic active-type hepatitis the behavior of the
three enzymes is less homogeneous: one third present with
GOT vs. normal GGT and 10% with normal GPT and
increased GGT. Everything suggests that this lack of homo-
geneity is because GGT is raised not only by cytolysis
and/or increase of permeability —as it is the case of GOT-
GPT- but also due to certain enzyme induction at the level
of the ER of complex cause, not only external.

The diagnostic value of the increases of GGT should be
usually associated, among other data, with the levels of
GOT-GPT, having no diagnostic advantage over the latter,
despite its greater sensitivity (15).

High figures of GGT have been associated with a higher
risk of hepatocarcinoma (36), by generating pro-oxidant
active metabolites, resulting in an imbalance of cell prolif-
eration/death processes, GGT isoenzymes are useful in the
diagnosis of hepatoma, especially in those where alpha-
fetoprotein is normal (37); 51% of hepatomas are located
in fraction I, attributing to the I a high specificity.

An issue discussed a few years ago was the late increase
of GGT in IAM (in 50-70% of the cases) (13), on day 5
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approximately, returning to normal levels on day 30 (38).
In principle, this was not attributable to cytolysis (given
the scarce amount of GGT contained in the heart), but rather
to the passive congestion of the liver with hepatocellular
anoxia, although more probably by association to capillary
revascularization that originates in the necrotic area, and
given the large amount of GGT contained in capillary
endothelial cells (16).

In addition, it can be raised in congestive cardiac insuf-
ficiency (13,15), angina pectoris (13,15), chronic obstruc-
tive pulmonary disease (COPD) (2,15,39), post-surgery
status (15), diabetes (13,15), obesity and hyperlipidemia
(13,15,39), hypertiroidism (13), certain nephropathies (neo-
plasias, renal infarction, nephritic syndrome) (15), drugs
(13,20,34,40) and toxics (ethanol, pesticides, lead, arsenic)
(3,13,17,41), CNS (13,15)y and neuroperipheral diseases
(Guillain Barré syndrome) or muscular (myotonic dystro-
phy) (13), mental disorders (dementias, depression, anorexia
nervosa) (13,39), radiotherapy (13,39) and porphyria
cutanea tarda (13).

The presence of GGT in synoviocytes explains its rise
in synovial fluid, particularly in brucellosis, tuberculosis
and rheumatoid arthritis (RA) in exacerbation phase (14,15),
while remaining at low levels in arthritis, gouty arthritis
and RA in chronic phase.

In table I we present the causes of elevated serum GGT
in patients without prior hepato-biliary-pancreatic processes.

It is worth mentioning cocaine, which cannot be attrib-
uted as a cause of liver disease (and of other structures), as
it occurs with the other addictions to drugs of abuse and
given the extent of its consumption in western countries,
especially in Spain, as a possible cause for GGT elevation
not yet clarified. It has been postulated (42) that a mecha-
nism of its toxic action would be mediated by lipid perox-
idation caused by ROS; since GGT is an early marker of
subclinical hepatic steatosis (43) and this histopathological
change is described among those caused by cocaine (44) it
is necessary to increase knowledge on the hepatotoxicity
of said substance.

PROGNOSTIC AND TOXICOLOGICAL ASPECTS

Increased GGT is considered a risk factor for AMI and
CVA (7,8); GGT has been found to be catalytically active
in atherosclerotic platelets, and a linear correlation exists
between total GGT in serum and the activity corresponding
to beta-lipoproteins, which partially absorb circulating GGT.

GGT levels are also positively associated with the inci-
dence of diabetes mellitus (9), and more significantly so
with nondrinkers than with drinkers. Obesity would not be
a determining factor for diabetes to emerge if GGT levels
are low (9).

As mentioned earlier, one relevant aspect is an increase
in GGT due to the action of some environmental chemical
toxins; GSH is the biomolecule required for combining dif-
ferent chemical substances (45). Thus, the longer the expo-
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sure to these products, the higher the number of GSH com-
binations, and cellular GGT is necessary for their subse-
quent metabolism; thus, GGT would be a biomarker of sev-
eral chemical environmental substances. This proves a
fascinating field to advance into the expansion required for
toxicology in clinical and preventive medicine.
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