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Abstract

Background and Aims: Recent accumulating evidence indi-
cates the biological actions of autotaxin (ATX) in liver disease.
However, the relationship between ATX and liver failure has not
been reported. The present study aimed to examine altera-
tions of serum ATX in acute-on-chronic liver failure (ACLF)
and evaluate whether serum ATX could be useful as an early
warning biomarker of ACLF. Methods: Serum ATX was meas-
ured in 50 patients with hepatitis B-related ACLF, 14 patients
with alcohol-related ACLF, 11 patients with hepatitis B-related
pre-ACLF, 11 patients with alcohol-related Child-Pugh A cirrho-
sis, 39 patients with hepatitis B-related Child-Pugh A cirrhosis,
26 patients with chronic hepatitis B, and 38 healthy volunteers
by enzyme-linked immunosorbent assay. Results: Serum ATX
level was significantly higher in the pre-ACLF group than in the
Child-Pugh A cirrhosis and chronic hepatitis B groups but lower
than in the ACLF group; furthermore, patients with pre-ACLF
deteriorated to ACLF had significantly higher serum ATX levels
than pre-ACLF patients that did not progress to ACLF. Serum
ATX levels were significantly higher among male ACLF patients
with preclinical infection, spontaneous bacterial peritonitis or
pneumonia, as compared to patients with ACLF but no sponta-
neous bacterial peritonitis or pneumonia. Serum ATX levels
were well correlated with serum biochemical parameters of
liver function and model for end-stage liver disease score. Se-
rum ATX $ 584.1 ng/mL was a poor prognostic factor for ACLF
(hazard ratio of 4.750, 95% confidence interval of 1.106-
20.392, p=0.036). Conclusions: Serum ATX level may be a
useful early warning biomarker for ACLF.
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H, et al. Autotaxin: An early warning biomarker for acute-on-
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Introduction

Acute-on-chronic liver failure (ACLF) encompasses a group of
clinical syndromes based on chronic liver disease, acute
intrahepatic and/or extrahepatic injury as the inducement,
and accompanied by multiple organ failure and early high
mortality.1,2 Although liver transplantation is considered to be
the most effective treatment for ACLF, donor organ shortages
pose a major obstacle. The prognosis of ACLF depends largely
on early detection, as timely intervention can prevent or
reverse the process and improve survival. The early warning
indicators of ACLF are currently lacking in clinical practice,
and the specificity and sensitivity of traditional end-stage
liver disease model scores, including the model for end-
stage liver disease (MELD) and MELD-Na, and Child-Pugh
scores can hardly meet the clinical needs of prognostic
assessment.

In recent years, the concept of acute-on-chronic pre-liver
failure (pre-ACLF) was proposed.3–5 Patients with pre-ACLF
have high risk of occurrence of ACLF and poor prognosis,
and should receive standard medical care for ACLF as soon
as possible after diagnosis. The definition of pre-ACLF broad-
ens the concept of ACLF, and research on pre-ACLF contrib-
utes to understanding the pathogenesis of ACLF, as it includes
searches for early warning biomarkers and intervention strat-
egies for ACLF.

Recent accumulating evidence indicates the biological
actions of autotaxin (ATX) in liver disease.6–9 Previous
research suggests that ATX is a valuable biomarker for the
prediction of liver fibrosis, and serum ATX is closely related
to severity and overall survival for cases of liver injury.10,11

However, the relationship between ATX level and liver failure
has not been reported; in the present study, we examined the
alterations of serum ATX in the serum of patients with ACLF,
pre-ACLF, Child-Pugh A cirrhosis, and chronic hepatitis B
(CHB), and in healthy controls, to explore whether serum
ATX level could be useful as an early warning biomarker of
ACLF.
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Methods

Patients

Study population: The study included 50 patients with hep-
atitis B-related ACLF (males/females: 39/11), 14 patients
with alcohol-related ACLF (males: 14), 11 patients with hep-
atitis B-related pre-ACLF (males: 11), 11 patients with alco-
holic Child-Pugh A cirrhosis (males: 11), 39 patients with
hepatitis B-related Child-Pugh A cirrhosis (LC) (males/
females: 28/11), 26 patients with chronic hepatitis B
(males/females: 16/10), and 38 healthy volunteers (HS)
(males/females: 25/13). All samples were obtained from in-
patients and out-patients who attended the Tianjin Third
Central Hospital in Tianjin, China. Clinical data are shown in
Table 1 and Table 2.

Ethical approval

This study was carried out in accordance with the ethical
guidelines of the 1975 Declaration of Helsinki and was
approved by the ethics committee of the Tianjin Third
Central Hospital. Informed consent was obtained from the
patients for use of their serum samples.

Disease definition

ACLF was defined as an acute hepatic insult manifesting as
jaundice (serum bilirubin$5 mg/dL) and coagulopathy [inter-
national normalized ratio (INR)$1.5 or prothrombin activity
<40%] complicated within 4 weeks by clinical ascites and/or
encephalopathy in a patient with previously diagnosed or
undiagnosed chronic liver disease/cirrhosis. It is associated
with a high 28-day mortality.1

The definition for pre-ACLF included the following fea-
tures: (1) acute worsening of chronic liver disease; (2)
extreme fatigue with severe digestive symptoms, such as
obvious anorexia, abdominal distension, nausea and vomit-

ing; (3) progressively worsening jaundice within a short
period, with 5 mg/dL#serum total bilirubin (TBIL)<10 mg/
dL or a daily elevation of $1 mg/dL; (4) 1.28#INR<1.50 or
40%<prothrombin activity (PTA)#60%.3–5

Exclusion criteria were: 1) coinfection with hepatitis C
virus, hepatitis D virus, hepatitis E virus, and/or human
immunodeficiency virus; 2) autoimmune liver disease; 3)
metabolic diseases, such as diabetes, hyperthyroidism, or
hypothyroidism; or 4) any type of cancer.

Sample collection

All serum samples were collected in the morning. One hour
after collection, the anticoagulant-free blood was centrifuged
at 16003g for 10 m at 48C, then transferred to a test tube and
kept at -808C for further experiments. For all enrolled
patients, it is difficult to ensure that the enrollment date
always coincides with the onset time of the disease.
However, in the present study, all serum samples were col-
lected at the 1st day since their first admission in our hospital.

Measurement of serum ATX

Human serum ATX was measured by the commercially
available “Human ENPP-2/Autotaxin Quantikine Enzyme-
Linked Immunosorbent Assay Kit” (R&D Systems Inc., Min-
neapolis, MN, USA). Serum ATX levels were higher among
females than among males; therefore, the serum ATX was
evaluated separately in men and women.

Measurement of serum biochemical parameters

Serum biochemical parameters were tested in clinical labo-
ratory and included creatinine (Cr), albumin (ALB), alanine
aminotransferase (ALT), aspartate aminotransferase (AST),
alkaline phosphatase (ALP), gamma-glutamyl endopeptidase
(GGT), TBIL, total bile acid (TBA), INR, and prothrombin time
(PT). MELD scores were calculated on admission.

Table 1. Clinical characteristics of male subjects with liver disease and healthy controls

Hepatitis B-related liver disease Alcohol-related liver disease Healthy
controls

CHB, n=16 LC, n=28
pre-ACLF,
n=11 ACLF, n=39 LC, n=11 ACLF, n=14 n=25

ALB (g/L) 49.3363.19 37.4864.42 33.2863.25 30.1464.16 36.8564.72 27.1363.68 46.8464.54

ALT (U/L) 47.92638.20 35.66628.49 841.696624.22 423.086372.66 29.73610.54 56.21647.95 22.29610.33

AST (U/L) 13.72610.35 37.31631.88 573.926444.10 381.476290.40 31.09610.34 116.57657.47 18.8866.39

ALP (U/L) 75.42646.18 71.22617.85 146.22645.14 132.10649.14 91.18638.21 105.43627.85 59.19612.82

GGT (U/L) 32.11628.31 58.78657.30 131.08695.12 93.06660.02 87.27633.54 175.216156.19 30.50617.30

TBIL
(mmol/L)

13.3365.67 20.18612.95 135.85636.40 275.046114.38 19.9566.35 341.416143.41 12.2564.33

TBA (mmol/
L)

– 10.36612.82 261.41683.59 272.836135.70 10.2068.56 203.166108.98 –

INR – 1.2060.12 1.3860.10 2.5160.99 1.1360.06 2.7261.78 –

Cr (mmol/
L)

74.8169.68 62.34610.71 62.33613.74 68.40625.73 61.82610.75 101.43677.02 71.65615.57

MELD – 4.9762.62 14.1563.47 23.3765.58 4.8362.88 25.15610.12 –

Abbreviations: CHB, chronic hepatitis B; LC, liver cirrhosis; pre-ACLF, acute on chronic pre-liver failure; ACLF, acute-on-chronic liver failure; ALB, albumin, ALT, alanine
aminotransferase; AST, aspartate aminotransferase; ALP, alkaline phosphatase; TBIL, total bilirubin; TBA, total bile acid; INR, international normalized ratio; Cr, creatinine;
MELD, model for end-stage liver disease.
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Statistical analysis

All data were expressed as the mean±standard deviation
(SD). Correlations between serum ATX levels and clinical
biochemical parameters were obtained using linear regres-
sion analysis. The statistical significance of differences
between two groups was determined by Mann-Whitney U
test. Kruskal-Wallis test was used to evaluate the statistical
significance of differences of the variances for three or more
groups. The cut-off value of serum ATX for predicting the
ACLF patients’ mortality was determined by receiver operat-
ing characteristic analysis. Logistic regression was employed
to analyze the risk factors of prognosis. All the statistical anal-
yses were performed with SPSS 17.0 (SPSS, Chicago, IL,
USA) software. A p-value of <0.05 was considered to be stat-
istically significant.

Results

Serum ATX levels in male patients with hepatitis B-
related liver disease and healthy controls

Serum ATX levels were measured in 39 male patients with
hepatitis B-related ACLF, 11 male patients with hepatitis B-
related pre-ACLF, 28 male patients with LC, 16 male patients
with CHB, and 25male HS. The serum ATX levels of ACLF, pre-
ACLF, LC, CHB and healthy control groups were found to be
662.39±142.25, 539.74±158.92, 362.45±62.75, 257.39
±58.36, and 182.31±40.02 ng/mL respectively (Fig. 1A).

Dynamic tracking analysis demonstrated that among the
11 male cases of pre-ACLF, 5 cases deteriorated to ACLF,
while the other 6 gradually restored and did not progress to
ACLF. Patients of pre-ACLF deteriorated to ACLF showed
significantly higher serum ATX levels than patients that did
not progress to ACLF (641.9 vs. 454.6 ng/mL, p<0.01).

Serum ATX levels in female patients with hepatitis B-
related liver disease and healthy controls

Serum ATX levels were measured in 11 female hepatitis
B-related patients with ACLF, 11 female patients with LC, 10
female patients with CHB, and 13 female HS. For female

patients, the alterations of serum ATX levels in hepatitis
B-related cirrhosis and ACLF were similar to those in male
patients. The mean serum ATX levels in ACLF, LC, CHB and
healthy control groups were 702.52±199.22, 453.66±65.55,
342.27±104.48 and 229.83±54.63 ng/mL respectively
(Fig. 1B).

Serum ATX levels in male patients with alcohol-related
liver disease and healthy controls

Serum ATX levels were measured in 14 male patients with
alcohol-related ACLF, 11 male patients with LC, and 25 male
HS. The mean serum ATX levels in ACLF, LC and healthy
control groups were 612.89±151.73, 359.96±128.16 and
182.31±40.02 ng/mL respectively. Serum ATX levels were
significantly higher in ACLF than in LC and HS (Fig. 1C).

Performance of serum ATX levels in male LC and ACLF
patients with different etiologies

We compared the serum ATX levels in male Child-Pugh A
cirrhosis and ACLF patients with different etiology. Patients
with LC and alcohol-related Child-Pugh A cirrhosis did not
exhibit different serum ATX levels. Then, we analyzed the
alterations of serum ATX levels in male hepatitis B-related
ACLF and alcohol-related ACLF; similarly, no significant differ-
ences were found.

Performance of serumATX levels inmale ACLF patients
with spontaneous bacterial peritonitis or pneumonia

Next, we analyzed the relationship between serum ATX levels
and infection in ACLF patients. Among the 53 cases of male
ACLF patients, 8 patients had no infection and there were
35 cases of ACLF accompanied by infection [spontaneous
bacterial peritonitis (SBP) or pneumonia, at the time of
hospital admission]. The other 10 cases of ACLF had no
infection at the time of hospital admission, but infection
emerged within 2 weeks after admission (defined as ‘preclin-
ical infection’ in this study). The serum ATX levels were
significantly higher among the ACLF patients with preclinical
infection, SBP or pneumonia than among the ACLF patients

Table 2. Clinical characteristics of female subjects with liver disease and healthy controls

CHB, n=10 LC, n=11 ACLF, n=11 HS, n=13

ALB in g/L 47.4562.23 37.8263.89 29.1962.25 44.8262.17

ALT in U/L 54.80646.34 37.10611.54 422.186331.96 17.0066.49

AST in U/L 12.3067.67 41.91621.43 400.276253.77 15.0864.13

ALP in U/L 78.30663.13 72.0068.75 125.18647.13 51.85610.20

GGT in U/L 38.50667.05 38.82613.39 57.55650.53 22.6268.31

TBIL in mmol/L 13.2165.89 20.3366.97 217.65633.15 11.8363.84

TBA in mmol/L – 251.556140.19 –

INR – 1.1160.05 2.5061.05 –

Cr in mmol/L 57.1068.37 57.2768.22 58.64618.00 53.5469.58

MELD – 3.7461.43 21.2865.03 –

Abbreviations: CHB, chronic hepatitis B; LC, liver cirrhosis; ACLF, acute-on-chronic liver failure; HS, healthy controls; ALB, albumin, ALT, alanine aminotransferase; AST,
aspartate aminotransferase; ALP, alkaline phosphatase; TBIL, total bilirubin; TBA, total bile acid; INR, international normalized ratio; Cr, creatinine; MELD, model for end-
stage liver disease.
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without SBP or pneumonia. However, no significant difference
was found in serum ATX levels among ACLF patients with
preclinical infection, SBP or pneumonia (Fig. 1D).

Relationship between serum ATX levels and serum
biochemical parameters in hepatitis B-related LC and
ACLF patients

A correlation analysis was made between serum ATX levels
and serum biochemical parameters of liver and renal function,
including Cr, ALB, ALT, AST, ALP, GGT, TBIL, TBA, INR, PT and
MELD score in hepatitis B-related male and female LC and
ACLF patients respectively. Correlation analysis demonstra-
ted that there was a strong correlation between serum ATX
levels and serum biochemical parameters of liver function,
both in male and female LC and ACLF patients. For male LC
and ACLF patients, serum ATX levels were well correlated with
ALB (r= −0.663, p=0.000), ALT (r=0.524, p=0.000), AST
(r=0.661, p=0.000), ALP (r=0.525, p=0.000), TBIL
(r=0.606, p=0.000), TBA (r=0.513, p=0.000), INR
(r=0.704, p=0.000), and MELD score (r=0.620, p=0.000)
(Fig. 2). Similarly, a good correlation was also observed
between serum ATX levels and biochemical parameters and
MELD score in female LC and ACLF patients.

Performance of serum ATX in predicting prognosis of
male ACLF patients

Serum ATX levels were further analyzed in 39 male hepatitis
B-related ACLF patients with different prognoses (16 patients
survived, and 23 patients died). The best cut-off value of
serum ATX for predicting the ACLF patients’ mortality was

determined to be 584.1 ng/mL, using SPSS software. The
patients were divided into two groups, namely a high-serum
ATX group (serum ATX $584.1 ng/mL, n=27) and low-serum
ATX group (serum ATX <584.1 ng/mL, n=12). Serum ATX
$584.1 ng/mL was a prognostic factor for poor outcome of
ACLF (hazard ratio of 4.750, 95% confidence interval of
1.106-20.392, p=0.036) (Table 3).

Discussion

In our previous metabolomics analysis study, ultra-perform-
ance liquid chromatography-mass spectrometry was used to
analyze metabolite profiling for hepatitis B-related ACLF.
Among the characteristic metabolites, which were signifi-
cantly different between hepatitis B-related ACLF and Child-
Pugh A cirrhosis, lysophosphatidylcholine (LPC) and

Fig. 1. Alterations of serum
ATX levels in patients with
liver disease.

(A) Serum ATX levels in male
patients with hepatitis B-re-
lated liver disease and
healthy controls. (B) Serum
ATX levels in female patients
with hepatitis B-related liver
disease and healthy controls.
(C) Serum ATX levels in male
patients with alcohol-related
liver disease and healthy
controls. (D) Performances of
serum ATX levels in male
ACLF patients with SBP or
pneumonia.

Fig. 2. Relationship between serum ATX levels and MELD score in hep-
atitis B-related LC and ACLF patients.
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lysophosphatidic acid (LPA) comprised the highest propor-
tion. In hepatitis B-related ACLF, the level of LPA (P-16:0e/
0:0) and LPA (18:0e/0:0) were significantly elevated, and the
levels of 10 LPCs were reduced significantly in the previous
study.12 The alterations of LPC and LPA in ACLF highlight the
role of ATX in ACLF. In the present study, serum ATX in ACLF
was further analyzed.

We evaluated serum ATX levels in LC and ACLF. Serum ATX
levels were significantly higher in hepatitis B-related ACLF
than in Child-Pugh A cirrhosis and chronic hepatitis B groups.
Then, we analyzed the alterations of serum ATX levels in
alcohol-related Child-Pugh A cirrhosis and alcohol-related
ACLF; similar changes in serum ATX levels were observed.
For female patients, the alterations of serum ATX levels in
hepatitis B-related cirrhosis and ACLF were similar to that in
male patients. There was also a close correlation between
serum ATX levels and serum biochemical parameters of liver
function.

ATX was originally discovered in conditioned medium from
A2058 human melanoma cell cultures and understanding of
ATX action increased significantly with the discovery of its
lysophospholipase D (known as lysoPLD) activity, which can
hydrolyze LPC to LPA.13,14 The ATX-LPA signaling axis acts on
a series of G protein-coupled receptors, leading to diverse
biological features, including liver injury and liver fibro-
sis.6,10,15–18 Research studies of ATX in ACLF have not been
reported, but our previous metabolomics analysis and the
present enzyme-linked immunosorbent assay study of ATX
provide evidence of alterations of ATX in ACLF. First, elevated
level of ATX in ACLF may be related with the impaired liver
function in liver failure. It has been reported that serum ATX
activity is increased in various liver injuries and in relation to
severity and that ATX is degraded in liver sinusoidal endothe-
lial cells.19,20 Second, biological functions of ATX can be
largely attributed to its lysoPLD activity to produce LPA; as a
lipid mediator, LPA is capable of exerting multiple biological
actions. Our present study provided new evidence of biolog-
ical functions of ATX-LPA signaling axis in liver failure.

ACLF occurs on the basis of chronic liver disease, espe-
cially for CHB. ACLF is a static diagnosis for liver function
status, which is diagnosed until the appearance of acute
deterioration of liver function with the progression of

disease.21 With the dynamic development of disease, severe
CHB patients may not develop liver failure and instead expe-
rience a gradually restoration of function, but the status may
also may further aggravate to liver failure and lead to diag-
nosis of ACLF. Thus, in the early phase of acute exacerbation
of CHB, prediction of the risk of the occurrence of ACLF, timely
prevention, intervention and standardized treatment to
prevent its progression to ACLF will no doubt improve the
prognosis of patients. However, until now there is no defini-
tion or predictive models for evaluating the risk of occurrence
of ACLF. Understanding the concept of ACLF contributes to
understanding of its pathogenesis, facilitating searches for
early warning biomarkers and intervention strategies.4,5,22

The course of ACLF is a dynamic process, and there are no
established diagnostic criteria for pre-ACLF. However, the
definition for pre-ACLF in the present study is suitable and
accepted in clinical practice. Our present study demonstrated
that serum ATX levels were significantly higher in the pre-
ACLF group than in the Child-Pugh A cirrhosis and CHB groups
but lower than in the ACLF group. The performances of serum
ATX levels in pre-ACLF highlight the role of ATX in ACLF. ATX
may serve as an early warning biomarker for ACLF. Further
dynamic tracking analysis demonstrated that among the 11
cases of male pre-ACLF, 5 deteriorated to ACLF, while 6
gradually restored and did not progress to ACLF. This obser-
vation suggests that patients with pre-ACLF should receive
the standard medical therapy for ACLF as soon as possible
after diagnosis. However, based on the current concept of
pre-ACLF, not all of the pre-ACLF patients progressed to ACLF
and serum ATX level was further compared between the two
groups. Our results demonstrated that patients with pre-ACLF
who deteriorated to ACLF had significantly higher serum ATX
levels than patients who did not progress to ACLF. ATX is,
thus, valuable in predicting the risk of occurrence of ACLF
through the pre-ACLF model used in this study.

Systemic inflammation is an important feature of ACLF,
and increased levels of various inflammatory cytokines have
been described in ACLF, including TNF-a, sTNF-aR1, sTNF-
aR2, IL-2, IL-2R, IL-6, IL-8, IL-10, and IFN-g.23,24 In the
present study, 10 cases of ACLF had no infection at the time
of hospital admission, but infection emerged within 2 weeks
after admission (called ‘preclinical infection’ in this study).
Serum ATX levels were significantly higher among male
ACLF patients with preclinical infection, SBP or pneumonia
than in ACLF patients without SBP and pneumonia. The
ATX–LPA signaling axis has been linked to proinflammatory
cytokine production, including that of IL-6, IL-8 and
VEGF.25,26 Meanwhile, elevated LPA production induced by
ATX has also been observed in chronic hepatitis.27 The
results of our present study highlight the role of ATX in ACLF
patients with infection; furthermore, alterations of ATX occur
in the early stage of infection and no significant difference was
found in serum ATX levels among the groups of ACLF patients
with preclinical infection and infection. This indicates that,
first, alterations of ATX may be used as early biomarkers of
infection for ACLF and ATX can predict the occurrence of infec-
tion at an early stage, helping in timely prevention and inter-
vention strategy. Second, studies on ATX contribute to future
investigations on the pathogenesis of inflammation in ACLF.

We compared the serum ATX levels in male Child-Pugh A
cirrhosis and ACLF with different etiology. Hepatitis B-related
cirrhosis and alcoholic cirrhosis did not exhibit different serum
ATX level. Similarly, no significant differences were found in
male hepatitis B-related ACLF and alcohol-related ACLF.

Table 3. Logistic regression analysis of risk factors for hepatitis B-related
ACLF

Variable HR 95% CI P value

Age 1.034 0.957-1.117 0.395

PLT 0.998 0.986-1.010 0.791

ALB 1.016 0.882-1.171 0.825

ALT 1.000 0.998-1.001 0.607

AST 0.999 0.996-1.001 0.237

SBP/pneumonia,
Yes vs. No

1.125 0.298-4.241 0.862

MELD 1.220 1.013-1.469 0.036

ATX, $584.1 vs.
<584.1 ng/mL

4.750 1.106-20.392 0.036

Abbreviations: PLT, platelets; ALB, albumin, ALT, alanine aminotransferase; AST,
aspartate aminotransferase; SBP, spontaneous bacterial peritonitis; MELD, model
for end-stage liver disease.
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Performances of serum ATX in predicting prognosis of male
ACLF patients were analyzed, and serum ATX $584.1 ng/mL
was found to be a prognostic factor for poor outcome of ACLF.
Further research is needed to verify the prognostic value of
ATX, however.

Conclusions

The current study indicates that serum ATX level was signifi-
cantly higher in pre-ACLF than in Child-Pugh A cirrhosis and
CHB but lower than in the ACLF group. Furthermore, patients
of pre-ACLF who deteriorated to ACLF showed significantly
higher serum ATX levels than patients that did not progress to
ACLF. Serum ATX levels were significantly higher among male
ACLF patients with preclinical infection, SBP or pneumonia
than ACLF without SBP and pneumonia. Alterations of ATX
occur in the early stage of infection. Serum ATX $584.1 ng/
mL was a prognostic factor for poor outcome of ACLF.
Ultimately, based on these findings, serum ATX level may be
a useful early warning biomarker for ACLF.
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