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Background
Autotaxin is a lysophospholipase D related to liver fibrosis; its clinical role in liver
cirrhosis is still unknown or limited. In this study we investigate the relation of
autotaxin serum levels and prognosis of liver disease and/or prediction of
hepatocellular carcinoma (HCC) in hepatitis C virus (HCV) patients.
Patients and methods
This observational, prospective case–control study included 180 participants, 60
patients with HCV-related liver cirrhosis, 60 HCV noncirrhotic patients, and 60
healthy controls. They were enrolled from inpatients and clinics of a tertiary-care
hospital. Baseline characteristics, serum autotaxin, Child–Turcotte–Pugh and
model of end-stage liver disease scores were determined. Abdominal
ultrasound and upper gastrointestinal endoscopy were done at the beginning of
the study. Cirrhotic patients were prospectively followed up for 6 months.
Results
Patients with liver cirrhosis had the highest level of autotaxin (106±24 μg/ml)
compared with noncirrhotic HCV patients (81.9±21 μg/ml) and healthy controls
(42.5±11 μg/ml) using one-way analysis of variance test (P=0.000). Spearman’s
correlation analysis showed no significant correlation between autotaxin and
Child–Turcotte–Pugh score (r=0.02; P<0.70), and model of end-stage liver
disease score (r=0.15; P<0.41). At 6 months of follow-up, patients who
developed HCC or encephalopathy had significantly higher baseline autotaxin
level (141±55 μg/ml; P=0.02, 117±56.6 μg/ml; P=0.000), respectively, than
patients who did not (102±34, 90.7±40 μg/ml). Cutoff values of autotaxin for the
prediction of HCC and encephalopathy were 95 and 92 μg/ml, respectively, with 91
and 92% sensitivity.
Conclusion
Autotaxin is a sensitive predictor for the development of HCC and encephalopathy
in HCV-related cirrhotic patients. However, it was not related to disease severity.
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Introduction
Hepatitis C virus (HCV) is still one of the most
common causes of cirrhosis in the world [1].
Cirrhosis is a major cause of mortality and it is
associated with various complications mainly
hepatic encephalopathy, variceal bleeding, and
hepatocellular carcinoma (HCC). Many prognostic
indicators have been suggested as predictors of
outcomes in cirrhotic patients and the work is still
running [2,3].

Autotaxin is a lysophospholipase D that produces
phospholipid lysophosphatidic acid (LPA) from
lysophosphatidylcholine. LPA is a fibrosis-
stimulating factor promoting fibroblast migration
and stimulating connective tissue growth factor [4].
Autotaxin was found to have an important role in
different fibroproliferative conditions including liver
ished by Wolters Kluwer - M
fibrosis [5,6]. Moreover, autotaxin has been related to
tumor aggression and metastasis [7].

Few human studies have investigated autotaxin in
relation to different outcomes of liver cirrhosis. These
studies included patients with liver cirrhosis of variable
causes [8,9]. The aim of this study was to assess serum
autotaxin levels in cirrhotic patients and its relation to
disease prognosis and development of HCC.

Patients and methods
This prospective, case–control study was conducted
from August 2016 till August 2017. All participants
edknow DOI: 10.4103/ejim.ejim_63_19
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were recruited from our hospital, The Internal
Medicine Department and outpatient clinic. The
study was approved by the ethics committee and
informed written consent was obtained from the
participants. The study protocol and procedures
conform to the ethical guidelines of the 1975
Declaration of Helsinki.

Three groups of participants number totaled to 180: 60
patients with liver cirrhosis secondary to HCV
infection (group 1), 60 patients with HCV infection
without liver cirrhosis (group 2), and 60 healthy
participants selected as controls (group 3). Patients
excluded were those with any malignant tumor,
HCC at the beginning of the study, or liver
cirrhosis of causes other than HCV.

Initially, the patients were thoroughly evaluated for
determination of Child–Turcotte–Pugh (CTP), model
of end-stage liver disease (MELD) score (as a
prognostic score for assessment of severity of liver
cirrhosis), and presence of complications of cirrhosis
such as hepatic encephalopathy, spontaneous bacterial
peritonitis (SBP), hepatorenal syndrome (HRS), and
gastrointestinal tract (GIT) bleeding.

Serum autotaxin measurement, liver function tests
(alanine transaminase, aspartate transaminase,
alkaline phosphatase, gamma-glutamyltransferase,
total protein, albumin, prothrombin time (PT),
prothrombin concentration (PC), international
normalized ratio, bilirubin total, and direct),
alphafetoprotein (AFP), complete blood count,
urea, creatinine, hepatitis B surface antigen and
HCV antibody, abdominal ultrasound, computed
tomography or MRI abdomen, and upper GIT
endoscopy were done. Patients with liver cirrhosis
were followed up for 6 months to detect correlation
between serum autotoxin and the occurrence of
complications or development of HCC.
Autotaxin sample collection and assay principle
Samples were assembled in serum separator tubes and
were allowed to clot for 30min. Centrifugation was
done for 15min at ∼1000g and grossly hemolyzed
samples were excluded. Serum was separated and
stored at −80°C. Quantikine ELISA kits (R&D
Systems Inc., USA) were used to quantify serum
autotaxin level in μg/ml that employs the
quantitative sandwich enzyme immunoassay
technique using monoclonal antibody specific to
ectonucleotide pyrophosphatase/phosphodiesterase 2.
The test was performed according to manufacturers’
instructions.
Statistical analyses
Data was analyzed through the Statistical Package of
Social Science Software program, version 16 (SPSS,
Chicago, IL, USA) as follows: quantitative variables
were described using mean, SD, and range; and
qualitative variables as using frequency percentage.
c2 test was used to compare qualitative variables
between groups. Unpaired t test was used to
compare quantitative variables for parametric data,
while Mann–Whitney test was used for
nonparametric data. One-way analysis of variance
test was used to compare more than two groups of
quantitative variables. Spearman’s correlation was
used to test for linear relations between variables. A
P value of 0.05 or less was considered significant.
Receiver-operating characteristic curve analysis was
used to find out the best cutoff points and validity
of certain variables.
Results
Baseline demographic, laboratory, and radiologic data
of cirrhotic patients compared with other groups.

There was no statistically significant difference
between the studied groups as regards age and sex.
The patients in group 1 had advanced stage of liver
cirrhosis; 46.7% of them were of CTP stage B and
53.3% were of stage C. Moreover, the MELD score of
this group was 14.4±4. Patients with liver cirrhosis
suffered most of the complications of cirrhosis; 80% of
them had GIT bleeding, 73% had ascites, and 30% had
a history of SBP. However, none of the cirrhotic
patients had HRS (Table 1).
Baseline autotaxin levels among the different groups
Liver cirrhosis group had the highest level of autotaxin
(106+24 ng/ml) compared with the HCV noncirrhotic
group (81.9±21 μg/ml) and the control group (42.5
±11 μg/ml). Using one-way analysis of variance the
difference was statistically significant (P=0.000)
(Fig. 1).
Correlation between autotaxin and different parameters
in hepatitis C virus patients (with or without liver
cirrhosis)
In patients with liver cirrhosis, Spearman’s correlation
analysis showed no significant correlation between
autotaxin and CTP score (r=0.02; P=0.70) nor
MELD score (r=0.15; P=0.41). In HCV patients,
the only significant correlation was between
autotaxin and platelet count (r=−0.46; P=0.02) and
total protein (r=−0.6; P=0.002). Table 2 shows
autotaxin correlations with different parameters in
groups 1 and 2.



Table 1 Baseline demographic, laboratory, and radiologic data of the studied groups

Variables Liver cirrhosis group (N=60) HCV group (N=60) Controls (N=60) P value

Male/female (n/N) 36/24 32/28 34/26 0.39

Age (years) (mean±SD) 57.9±8 52±6 55±3 0.16

GIT bleeding (n) 24 0 0 0.000

Hepatic encephalopathy (n) 13 0 0 0.000

Ascites (n) 22 0 0 0.000

Spontaneous bacterial peritonitis (n) 9 0 0 0.001

Hepatorenal syndrome (n) 0 0 0 –

Child–Pugh score (n)

A 0 60 – 0.000

B 28 – –

C 32 – –

MELD score (mean±SD) 14.4±4 10.5±3 – 0.001

Splenomegaly (n) 17 1 0 0.000

ALT (mean±SD) (U/l) 64.9±40 39±25 2.2 0.05

AST (mean±SD) (U/l) 115±100 39±20 2.1 0.04

Albumin (mean±SD) (mg/dl) 2.1±0.8 3.5±0.6 11 0.000

Bilirubin (mean±SD) (mg/dl) 2.5±0.7 1.3±0.6 1.7 0.22

INR (mean±SD) (mg/dl) 1.3±0.2 1.1±0.09 5 0.000

Platelets (mean±SD) (nl/1) 139±40 169±50 1.6 0.45

Creatinine (mean±SD) (mg/dl) 1.2±0.4 1.3±0.1 1.2 0.60

ALT, alanine transaminase; AST, aspartate transaminase; GIT, gastrointestinal tract; HCV, hepatitis C virus; INR, international normalized
ratio; MELD, model of end-stage liver disease.

Figure 1

Comparison of mean autotaxin level in different groups using one-way ANOVA. ANOVA, analysis of variance.
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Clinical characteristics of cirrhotic patients at 6
months compared with that at baseline

During the 6 months follow-up, 34 (56.7%)
patients had GIT bleeding, 34 (56.7%) had hepatic
encephalopathy, 56 (93.3%) of cirrhotic
group had ascites, 12 (20%) had SBP, and six (10%)
had HRS. Their CTP score became worse, 76.7% had
ChildCandMELDscorebecame20.5±8.Table3shows
a comparison between history data taken at baseline and
after 6 months among patients with liver cirrhosis.

Autotaxin level in relation to different complications in
cirrhotic patients at baseline and at 6 months follow up.
At the beginning of the study, using unpaired t test,
autotaxin level was not significantly different between
patients with and without hepatic encephalopathy,
SBP, ascites, splenomegaly, or esophageal varices
(Table 4).

However, six patients who developed HCC after 6
months had significantly higher autotaxin at baseline
than those who did not (141±55 vs.102±34 ng/ml;
P=0.02) (Fig. 2).

Also, serum autotaxin was higher in patients who
developed encephalopathy after 6 months than those



Table 2 Correlations between autotaxin and different
parameters in hepatitis C virus patients (with and without)
liver cirrhosis

Autotaxin

Liver cirrhosis
(group 1)

HCV patients
(group 2)

Variables r P value r P value

ALT 0.13 0.22 0.17 0.12

AST −0.09 0.60 0.04 0.80

ALP 0.02 0.78 0.13 0.78

GGT 0.14 0.35 0.17 0.31

Total protein −0.02 0.89 −0.60 0.002

Albumin 0.13 0.24 0.10 0.28

Total bilirubin 0.04 0.67 0.02 0.68

INR 0.25 0.11 −0.20 0.40

Total leukocytic count −0.08 0.70 −0.03 0.70

Platelets 0.17 0.77 −0.46 0.02

Creatinine 0.05 0.90 0.02 0.91

Na 0.17 0.56 0.14 0.66

MELD score 0.15 0.41 0.11 0.21

CTP score 0.02 0.70 – –

Esophageal varices 0.05 0.83 – –

ALT, alanine transaminase; AST, aspartate transaminase; ALP,
alkaline phosphatase; CTP score, Child–Turcotte–Pugh; GGT,
gamma-glutamyltransferase; HCV, hepatitis C virus; INR,
international normalized ratio; MELD, model of end-stage liver
disease.

Table 4 baseline autotaxin level in relation to different complicatio

Variables Negative

At baseline

Hepatic encephalopathy 106±45

Spontaneous bacterial peritonitis 111±55

Ascites 108±45.8

Splenomegaly 112.5±46.8

Esophageal varices 108±50

At 6 months follow up

hepatic focal lesion 102±34

Hepatic encephalopathy 90.7±40

Ascites 70±30

Table 3 Comparison between history data taken at baseline and af

Variables Baseline [n (%)]

GIT bleeding 48 (80)

Hepatic encephalopathy 26 (43.3)

Ascites 44 (73.3)

Spontaneous bacterial peritonitis 18 (30)

Jaundice 28 (46.7)

Hepatorenal syndrome 0

CPS

A 0

B 28 (46.7)

C 32 (53.3)

Edema 34 (56.7)

MELD score 14.4±4

GIT, gastrointestinal tract; MELD, model of end-stage liver disease.
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who did n0t develop (117±56.6 vs. 90.7±40 ng/ml;
P=0.000) (Fig. 3) (Table 4).
Validity of autotaxin as a predictor of development of
hepatic focal lesion and encephalopathy in patients
with liver cirrhosis
When autotaxin level 95 ng/ml was used as a cutoff
value for the prediction of hepatic focal lesion, area
ns in LC at baseline and after 6months

Baseline autotaxin level (μg/ml) (mean±SD) P value
Positive

106±50 0.98

94.6±30 0.09

104.7±30 0.80

102±50 0.32

100±44.6 0.40

141±55 0.02

117±56.6 0.000

107±50.6 0.22

ter 6 months among patients with liver cirrhosis

After 6months [n (%)] P value

34 (56.7) 0.000

34 (56.7) 0.11

56 (93.3) 0.02

12 (20) 0.17

44 (73.3) 0.04

6 (10) 0.19

0 0.000

14 (23.3)

46 (76.7)

46 (76.7) 0.03

20.5±8 0.001

Figure 2

Mean autotaxin level in cirrhotic patients with and without focal
lesions.



Figure 3

Mean autotaxin level at baseline in cirrhotic patients who developed
hepatic encephalopathy after 6 months compared with those who did
not develop.

Figure 4

Autotaxin value for predicting hepatic focal lesion.

Figure 5

Autotaxin value for predicting hepatic encephalopathy.
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under the curve of the receiver-operating characteristic
curve was 0.76, sensitivity was 91%, specificity was
65%, and it had 70% positive predictive value and 93%
negative predictive value (Fig. 4).

For the prediction of encephalopathy, we used
autotaxin level 92 ng/ml as a cutoff value. Area
under the curve was 0.88, sensitivity was 92%,
specificity was 64%, and it had 69% positive
predictive value and 94% negative predictive value
(Fig. 5).
Discussion
LPA stimulates hepatic stellate cell proliferation which
is the main cellular mediator of hepatic fibrosis and
cirrhosis. It also promotes its transformation into
myofibroblasts [10,11]. Autotaxin via LPA plays an
important role in the progression of cirrhosis and it has
been linked to the fibrosis stage [12,13]. Furthermore,
inhibition of autotaxin resulted in direct inhibition
of fibrosis, without affecting the hepatocyte
inflammation [14].

This study demonstrated higher levels of autotaxin in
HCV cirrhotic patients than noncirrhotic HCV
patients. Previous studies in chronic hepatitis C
patients had reported elevated levels of autotaxin and
demonstrated its association with markers and degree
of liver fibrosis [12,13].

The precise mechanism of elevation of autotaxin in
liver fibrosis is not clear. Some investigators have
suggested increased production [11,15,16]; others
proposed decreased clearance of autotaxin by the
injured liver [17,18].

In a study on mice, the increase in autotaxin level after
liver insult was related to the degree of hepatic injury. A
previous report in cirrhotic patients linked elevated
autotaxin levels to higher mortality and disease
severity as assessed by CTP score and MELD score
[9]. However, in our study we could not identify
significant association between any of these scores
and serum autotaxin. This contradiction may be
related to the etiology of cirrhosis; while there were
multiple causes of cirrhosis in their study. HCVwas the
only cause in ours. In addition, most of their patients
were of Child A or Child B, while more than half of our
patients were of Child C. In rats with carbon
tetrachloride-induced liver fibrosis autotaxin was not
increased after fibrosis induction [17], while in HCV-
infected patients autotaxin was elevated and
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normalized with HCV treatment [19], which may
indicate that the production of autotaxin expression
could be dependent on the cause of damage.

Immune-mediated thrombocytopenia is one of the
possible mechanisms of thrombocytopenia in HCV
patients. Kostadinova et al. [19] suggested that
autotaxin may induce immune activation during
HCV infection. This may explain our findings of
negative correlation of autotaxin and platelet count
in HCV patients; the same finding was reported by
Watanabe et al. [12].

Data from our study showed an association between
high autotaxin levels and the possible development of
HCC and hepatic encephalopathy in HCV cirrhotic
patients.

Autotaxin and LPA are recognized as tumor-
promoting factors; they stimulate cancer cell
proliferation, invasion, and metastasis [20].
Autotaxin has a key role in inflammation-provoked
hepatic malignancies and it was found to be produced
byHCC cells in one study [21], and by the surrounding
fibrous tissue in another [8]. The highest expression
has been found in HCV-related HCC [22]. This goes
with our findings of higher autotaxin level among
patients who developed HCC compared with those
who did not. Pleli and colleagues did not find
significant difference in autotaxin level between
patients with HCC and those without, but the most
common cause of cirrhosis in their study was alcoholic
hepatitis.

A previous study found no correlation between
autotaxin and leukocyte count, and autotaxin level
was not affected by infection [9]. We achieved the
same result; moreover autotaxin levels were not
significantly different between patients with and
without SBP.Autotaxin is cleared by hepatic
sinusoidal endothelial cells, so endothelial
dysfunction such that occurs in portal hypertension
may cause elevation of autotaxin level [9]. Yet, little is
known about the relation between autotaxin and the
presence of esophageal varices in cirrhotic patients. In a
cohort of cirrhotic patients, most of them were
alcoholics, patients with esophageal varices had
significantly higher autotaxin level [9]. However,
this study did not demonstrate significant association
between autotaxin level and the presence of esophageal
varices. Alcohol-induced impairment of the hepatic
sinusoidal endothelial cell function has been previously
reported [23,24]. This may explain the conflict
between the two studies.
Portosystemic shunt is a major contributing factor in
the development of hepatic encephalopathy [25]. In
this study, most of our patients had esophageal varices
which reflect the presence of portal hypertension and
portosystemic shunts. This may explain the higher
levels of autotaxin in patients who developed
encephalopathy at 6 months. Same finding was
reported by Pleli et al. [9].
Conclusion
This study reported elevated levels of autotaxin in
HCV-related cirrhotic patients. Higher serum
autotaxin level was related to the development of
HCC and hepatic encephalopathy and it was a
sensitive predictor of both complications. However,
autotaxin was not associated with the presence of
esophageal varices.
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