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Abstract Background Alcoholic liver disease (ALD) is a major source of alcohol-related
morbidity and mortality. Heavy drinkers and alcoholics may progress from fatty liver
to alcoholic hepatitis to cirrhosis. The enzyme γ-glutamyltranspeptidase (GGT) is a
membrane-bound glycoprotein which catalyzes the transfer of the γ-glutamyl group
from γ-glutamyl peptides to other peptides, amino acids, and water. Serum GGT
activity mainly attributed to hepatobiliary system and thus is an important marker of
ALD. Hence the present study is conducted to estimate and correlate the levels of GGT
and osteopontin (OPN) in ALD.
Aims and Objectives The objective of this study is to estimate and correlate the levels
of GGT and OPN in ALD.
Materials and Methods Sixty clinically diagnosed cases of ALD and sixty age- and
gender-matched healthy controls were recruited for the study. Blood samples were
collected from them and serum aspartate aminotransferase, serum alanine trans-
aminases (ALTs), serum ALP levels, and plasma OPN levels were measured. Estimation
of serum aspartate transaminases (AST), ALTs, and alkaline phosphatase (ALP) was
assayed by standard photometric methods in autoanalyzer ERBA-XL (EM-200) using
commercially available kits. OPN was estimated by using commercial kit based on
enzyme-linked immunosorbent assay.
Results The parameters of the liver function tests such as AST, ALT, and ALP were
significantly increased in patients with ALD (p < 0.001) when compared with the healthy
control subjects. In the present study, significantly increased levels of γ-glutamyl transferases
and OPN were found in patients with ALD (p < 0.001) when compared with the control
subjects. OPN showed significant positive correlations with AST (r ¼ 0.76, p < 0.001), ALT
(r ¼ 0.64, p < 0.001), ALP (r ¼ 0.68, p < 0.001), and GGT (r ¼ 0.61, p < 0.001).
Conclusion The present study focuses on the role of GGT and OPN that are sensitive
indicators of liver cell injury and are most helpful in recognizing hepatocellular diseases
such as ALD, hepatitis, and liver cirrhosis. Hence, the pattern of the GGT and OPN levels
elevation can be helpful diagnostically.
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Introduction

Alcohol remains a major cause of liver disease worldwide.
The amount of alcohol ingested (independent of the form in
which it is ingested) is the most important risk factor for the
development of alcoholic liver disease (ALD).1 Alcoholism
remains the most important and apparent cause of cirrhosis,
especially in the Western world. Intake of 80 g of alcohol per
day has been defined as “hazardous drinking” and consump-
tion of amounts in excess significantly increases the risk of
developing cirrhosis.2 ALD is a major source of alcohol-
related morbidity and mortality. Heavy drinkers and alco-
holics may progress from fatty liver to alcoholic hepatitis
(AH) to cirrhosis, and it is estimated that 10 to 15% of
alcoholics will develop cirrhosis.3 The risk of developing
cirrhosis increases with an average alcohol ingestion of
> 60 to 80 g/d in men and > 20 g/d for � 10 years in women
(A unit of alcohol contains 8 g of ethanol).4,5 A threshold for
developing ALD is variable but begins at 30 g/d of ethanol.
However, there is no clear linear relationship between dose
and liver damage.6 Previous studies have reported that in
90% of individuals who had continued alcohol use (> 40 g/d),
therewas an increased risk of progression to cirrhosis in 30%,
and fibrosis or cirrhosis in 37%.7,8 The aim of the present
study is to determine the correlation of GGTwith osteopon-
tin (OPN) and liver enzymes in the diagnosis of ALD. The
enzyme γ-glutamyltranspeptidase (GGT) is a membrane
bound glycoprotein which catalyzes the transfer of the γ-
glutamyl group from γ-glutamyl peptides to other peptides,
amino acids, and water.9 It occurs predominantly as a
membrane bound enzyme in significant amounts only in
the kidney, pancreas, liver, spleen, and small intestine. GGT is
a microsomal enzyme present in hepatocytes and biliary
epithelial cells, renal tubules, pancreas, and intestine.10 It is
also present in cell membrane performing transport of
peptides into the cell across the cell membrane and involved
in glutathione metabolism. Serum GGT activity mainly at-
tributed to hepatobiliary system even though it is found in
more concentration in renal tissue.11 Raised serum activity
of the enzyme has been reported in alcoholism, various
forms of liver diseases including primary and secondary
hepatic tumors, diabetes mellitus, cardiovascular disease,
renal neoplasms, and the nephrotic syndrome. A recent
study of its value in liver disease has shown that serum
GGT activity correlates closely with the activity of alkaline
phosphatase (ALP) and 5-nucleotidase, and that compared
with these two other enzymes, GGT is amore sensitive index
of biliary tract disease.10 OPN first described as a phospho-
protein was secreted by a transformed cell line in 1979.
Several years later, the bone-specific sialoproteinwas cloned
as a matrix protein and termed as OPN.12 OPN is located on
chromosome 4 region 22 (4q22.1) in humans and is com-
posed of approximately 300 amino acids (314 in human, but
297 inmouse). Themultifunctionality of OPN is due to varied
post-translational modifications such as phosphorylation,
sulfation, glycosylation, and proteolytic cleavage. OPN con-
tains an arginine-glycine-aspartate domain, which binds
with high affinity to integrins such as αvβ1, αvβ3, αvβ5,

αvβ6, α8β1, and α5β1.13 OPN has two isoforms, a secreted
form of OPN (sOPN) and an intracellular form of OPN (iOPN).
sOPN staining had perinuclear distribution which appeared
in Golgi, and iOPN staining had perimembrane distribu-
tion.14–16 Hepatic expression and plasma levels of OPN are
markedly elevated in patients with AH, alcoholic cirrhosis,
and end stage ALD.17 OPN is progressively increased in liver
fibrosis and is associatedwith the stage of fibrosis.9OPNmay
play a protective role and its deficiency facilitates the devel-
opment of AH, neutrophilic inflammation, and high mortali-
ty rate. It is established that OPN could bind to gut-derived
lipopolysaccharides and prevent macrophage activation,
reactive oxygen species, nitrogen species generation, and
tumor necrosis factor-α (TNFα).18

Materials and Methods

The present hospital-based cross-sectional case–control
study was performed in the Department of Biochemistry
and Medicine, Faculty of Medicine & Health Sciences, SGT
Medical College, Hospital & Research Institute (SGT Univer-
sity), Gurugram, Haryana. Sixty clinically diagnosed patients
of ALD in the age group of 20 to 60 years attending Medicine
OPD of SGT Hospital, Budhera, Gurugram were included as
the cases. Cases were defined based on medical history,
physical examination, and laboratory investigations. Sixty
(60) age- and gender-matched healthy volunteers from
general population were taken as controls.

After explaining, the purpose and details of the study to all
the subjects of both the groups, a written and informed
consent was taken. Ethical clearance was obtained from the
Institutional Ethical Committeebefore starting the collection
of samples. Patients with alcohol intake �100 g/d, duration
of alcohol intake >8 years and serum aspartate transami-
nases (AST) levels two to six times raised as compared with
alanine transaminases (ALT) were included as cases. Patients
with viral hepatitis B and C, autoimmune hepatitis, drug-
induced hepatitis, copper and iron storage disease (Wilson
disease, hemochromatosis), chronic smoking, steroids, anti-
hypertensive drugs, hypoglycemic drugs or hormone re-
placement therapy, concomitant inflammatory disorders,
and renal disorders (was ruled out on the basis of kidney
function test) were excluded from the study.

A total of 5 mL of venous blood was collected after 12 to
14 hours of fasting taking all aseptic precautions. Out of 5mL,
3 mL was collected in plain vial and serumwas separated by
centrifuging at 3,000 rpm for 10 to 15 minutes and 2 mL
blood was collected in an ethylenediaminetetraacetic acid
(EDTA) containing vial for the estimation of OPN. Liver
function tests of the subjects were estimated immediately,
and one aliquot was preserved at 20°C for the estimation of
OPNwithin 1month of collection of samples. Internal quality
control for all the tests was performed using control materi-
als obtained from ERBA, Germany.

Estimation of AST, ALT, ALP, and γ-glutamyl transferases
(GGT) was assayed by standard photometric methods in
autoanalyzer ERBA-XL (EM-200) using commercially avail-
able kits.
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GGT was estimated by The International Federation of
Clinical Chemistry and Laboratory Medicine (IFCC) method
with L-γ-glutamyl-3-carboxy-4-nitroanilide as substrate.
GGT present in the sample catalyzes the transfer of the
glutamyl group from the substrate γ-glutamyl-3-carboxy-
4-nitroanilide to glycylglycine forming glutamyl-glycyl-gly-
cine and 5-amino-2-nitrobenzoate.The rate of formation of
5-amino-2-nitrobenzoate is proportional to the activity of
GGT present in the sample and can bemeasured kinetically at
400 to 420 nm. Reference range for males: < 55 U/L and for
females: < 38 U/L.

Human OPN immunoassay (Quantikine ELISA, United
States of America. Catalog No. DOST00) employs the quanti-
tative sandwich enzyme immunoassay technique. A mono-
clonal antibody specific for human OPN has been precoated
onto a microplate. Standards and samples are pipetted into
the wells and any OPN present was bound by the immobi-
lized antibody. After washing away any unbound substan-
ces, an enzyme-linked polyclonal antibody specific for
human OPN was added to the wells. Following a wash to
remove any unbound antibody-enzyme reagent, a substrate
solution was added to the wells and color develops in
proportion to the amount of OPN bound in the initial
step. The color development was stopped and the intensity
of the color was measured. Reference range is 53.4 ng/mL to
195 ng/mL.

Serum aspartate aminotransferase (AST) was estimated
by IFCC recommendedmethodwithout pyridoxal phosphate.
AST present in the sample catalyzes the transfer of the amino
group from L-aspirate to 2-oxoglutarate forming oxaloace-
tate and L-glutamate. Oxaloacetate in the presence of NADH
and malate dehydrogenase is reduced to L-malate. In this
reaction, NADH is oxidized NADHþ. The reaction is moni-
tored by measuring the rate of decrease in absorbance at
340 nm due to oxidation of NADH to NADþ. Addition of
lactate dehydrogenase (LDH) to the reagent is necessary to
achieve rapid and complete reduction of endogenous pyru-
vate so that it is does not interfere with the assay. Reference
range for male is up to 35 U/L and for female is up to 31 U/L.

Serum ALTwas estimated by IFCC recommended method
without pyridoxal phosphate. The amino group is enzymati-
cally transferred byALT present in the sample fromalanine to
the carbon atom of 2-oxoglutrate yielding pyruvate and L-
glutamate. Pyruvate is reduced to lactate by LDH present in
the reagent with the simultaneous oxidation of NADH to
NADþ. The reaction was monitored by measuring the rate of
decrease in absorbance at 340 nm due to the oxidation of
NADH. Endogenous sample pyruvate was rapidly and
completely reduced by LDH during initial incubation period

to avoid interference during assay. Reference range in males
is up to 45 U/L and in females is up to 34 U/L.

ALP was estimated by 2-amino-2-methyl-1-propanol
method. This method utilizes 4-nitrophenyl phosphate as
the substrate. At the pH of the reaction, 4-nitrophenol has an
intense yellow color. The reagent also contains a metal ion
buffer system to ensure that optimal concentrations of zinc
and magnesium are maintained. The metal ion buffer can
also chelate other potentially inhibitory ions which may be
present. The reaction is monitored by measuring the rate of
increase in absorbance at 415 nm which is proportional to
the activity of ALP in the serum. Reference range inmale is 53
to 128 U/L for 20 to 59 years and 56 to 119 U/L for� 60 years.
For females between 20 and 59 years it is 42 to 98 U/L and for
females � 60 years it is 53 to 141 U/L.

Statistical Analysis

The data recorded was entered in a spreadsheet and then
statistical analyses were performed by using Statistical Pack-
age for the Social Sciences (SPSS) Version 21.0. Continuous
variables were summarized in the form of means and stan-
dard deviations. Graphical data was presented by bar dia-
grams. Student’s independent t-test was employed for
comparing continuous variables. Pearson’s correlations co-
efficient was applied to study the association of OPN with
liver enzymes of ALD patients. The p-value (p < 0.05) was
considered statistically significant for all the parameters.

Results

Themean age of the ALD patients was 53.06� 4.38 years and
for the healthy controls was 50.76� 5.89 years (►Table 1). In
our study, 93% cases of ALDweremales (n¼ 56) and 7%were
females (n¼ 4), whereas 92% of the controls were males (n¼
55) and 7% were females (n ¼ 5) (►Figs. 1 and 2).

The parameters of the liver function tests such as AST, ALT,
andALPwere significantly increased in the patientswithALD
(p< 0.001)when comparedwith thehealthy control subjects
(►Table 2).

►Table 3 showed significant increase in the parameters of
liver function tests (AST, ALT, ALP, and AST/ALT ratio) of ALD
patients when compared with the controls and was statisti-
cally significant at the level of p < 0.001 (►Figs. 3-5).

In the present study, significantly increased levels of GGT
and OPN were found in the patients with ALD (p < 0.001)
when compared with the control subjects (►Table 2).

►Table 2 showed significant increase in the levels of
markers of ALD (GGT and OPN) of ALD patients when

Table 1 Demographic parameters of the subjects

Parameters Cases (n ¼ 60) Controls (n ¼ 60)

Sex Male 56 55

Female 04 05

Age (years) 53.06 � 4.38 50.76 � 5.89
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compared with the controls and was statistically significant
at the level of p < 0.001.

In thepresentstudysignificantcorrelationsbetweenthelevel
of OPN and the liver enzymes (AST, ALT and ALP) were found
(►Table 4). OPN showed significant positive correlations with

AST (r¼ 0.76, p< 0.001), ALT (r¼ 0.64, p< 0.001), ALP (r¼ 0.68,
p < 0.001), and GGT (r ¼ 0.61, p < 0.001) (►Figs. 6–9).

Discussion

In our study, we found that liver enzymes such as AST, ALT,
ALP, and GGT were significantly increased in the patients

Fig. 2 Distribution of controls according to gender.

Table 2 Comparison of GGT and OPN among ALD patients and control subjects

Parameters Cases
(Mean � SD)

Controls
(Mean � SD)

t-Value p-Value

GGT (U/L) 46.14 � 9.06 28.96 � 9.28 10.25 0.001a

OPN (ng/mL) 97.43 � 31.59 34.33 � 11.28 14.56 0.001a

Abbreviations: ALD, alcoholic liver disease; GGT, γ-glutamyltranspeptidase; OPN, osteopontin; SD, standard deviation.
a p < 0.001

Table 3 Comparison of liver function tests among ALD patients and the controls

Parameters Cases
(Mean � SD)

Controls
(Mean � SD)

t-Value p-Value

AST (U/L) 67.48 � 9.43 18.86 � 3.79 37.04 0.001a

ALT (U/L) 36.58 � 5.81 20.98 � 5.02 15.72 0.001a

ALP (U/L) 97.90 � 29.45 40.26 � 8.01 14.62 0.001a

AST/ALT ratio 1.86 � 0.27 0.93 � 0.24 19.73 0.001a

Abbreviations: ALD, alcoholic liver disease; ALP, alkaline phosphatase; ALT, alanine transaminases; AST, aspartate aminotransferase; SD, standard deviation.
a p < 0.001

Fig. 1 Distribution of ALD cases according to gender. ALD, alcoholic
liver disease.

Fig. 3 Graph showing liver function tests of the ALD patients and the
controls. ALD, alcoholic liver disease.

Table 4 Pearson’s correlation coefficients of osteopontin
(OPN) with liver enzymes

Variables Osteopontin
R

p-Value

AST 0.76 0.001a

ALT 0.64 0.001a

ALP 0.68 0.001b

GGT 0.61 0.001b

Abbreviations: ALP, alkaline phosphatase; ALT, alanine transaminases;
AST, aspartate aminotransferase; GGT, γ-glutamyltranspeptidase.
a Correlation is significant at p < 0.05.
b p < 0.001
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with ALD (p < 0.001) when compared with the healthy
control subjects. Similar findingswere observed by Cuschieri
and Baker,10 Konttinen et al,19 Matloff et al,20 Moussavian
et al,21 Das and Vasudevan,22 Maithreyi et al,23 Mirunalini
et al,24 Jang et al,25 Al-Jumaily,26 Hyder et al,27 Gayathri and
Vasantha,28 and Brandl et al.29 However, our findings are
contradictory to the study conducted by Hourigan and
Bowling30 who found normal levels of serum AST and ALT
in patients with alcoholic cirrhosis. Whereas, in the study
conducted by Seth et al31there was no significant difference
in serum ALT level between the cases and controls (p¼ 0.21).

In addition, in the study conducted by Teschke et al32 and
Benerji et al33, serum ALP in patients with ALD was nonsig-
nificant (p < 0.10) when compared with the controls. Simi-
larly, Agarwal et al34 found a significantly lower level of ALP

Fig. 5 Graph showing the level of osteopontin (OPN) of the ALD
patients and the controls. ALD, alcoholic liver disease.

Fig. 6 Graph showing Pearson’s correlations of OPN and AST of the
subjects. AST, aspartate aminotransferase; OPN, osteopontin.

Fig. 7 Graph showing Pearson’s correlations of OPN and ALT of the subjects. ALT, alanine transaminases; OPN, osteopontin.

Fig. 4 Graph showing the level of γ–glutamyl transferases (GGT) of
the ALD patients and the controls. ALD, alcoholic liver disease.
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(5–6%, p < 0.01) in alcohol consumers compared with the
nonconsumers.

In our study, we found significant increase in the level of
OPN in the patients with ALD (p < 0.001) when compared
with the control subjects. This is inconsistent with the
findings of Wen et al,13 Arai et al,34 Zhao et al,35 Patouraux
et al,36 Seth et al,31 and Fouad et al.37

In the present study, we have also observed novel and
significant associations between the level of OPN and the
liver enzymes (AST, ALT, ALP, and GGT). OPN showed signifi-
cant positive correlations with AST (r ¼ 0.76, p < 0.001), ALT
(r ¼ 0.64, p < 0.001), ALP (r ¼ 0.68, p < 0.001), and GGT (r ¼
0.61, p < 0.001) (►Fig. 9). We report here for the first time
the significant correlation of plasma OPN level with liver

Fig. 8 Graph showing Pearson’s correlations of OPN and ALP of the subjects. ALP, alkaline phosphatase; OPN, osteopontin.

Fig. 9 Graph showing Pearson’s correlations of OPN and GGT of the subjects. GGT, γ-glutamyltranspeptidase; OPN, osteopontin.
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enzymes in the patientswithALD. However,Moussavian et al
reported that, serum levels of GGT correlated significantly
with the levels of serum glutamic oxaloacetic transaminase
or SGOT (p < 0.001, r ¼ 0.55), serum glutamic pyruvic
transaminase or SGPT (p < 0.001, r ¼ 0.45), ALP (p < 0.05,
r ¼ 0.49), and serum total bilirubin (p < 0.05, r ¼ 0.53).
Further, they concluded that, serum GGT was persistently
elevated in alcoholic patients with liver injury.21 Gogoi et al
found significant correlation in the level of serum GGT in
alcoholics when compared with the normal subjects.38

Srungaram et al concluded that, OPN levels correlated with
the degree of liver necrosis in acute liver failure andvery high
levels of OPN were associated with hyperactive acute injury
and good outcomes.39

Conclusion

The present study focuses on the role of OPN and amino-
transferases (transaminases) that are sensitive indicators of
liver cell injury and are most helpful in recognizing hepato-
cellular diseases such as ALD, hepatitis, and liver cirrhosis.
Hence, the pattern of theGGT andOPN levels elevation can be
helpful diagnostically.
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