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Abstract
MCP-1 (monocyte chemoattractant protein-1) is a proinflammatory cytokine involved in che-

motaxis of monocytes. In several diseases, such as acute coronary syndromes and heart

failure, elevated MCP-1 levels have been associated with poor outcomes. Little is known

about MCP-1 in cirrhosis. AIM: To investigate the relationship between MCP-1 and outcome

in decompensated cirrhosis. METHODS: Prospective study of 218 patients discharged

from hospital after an admission for complications of cirrhosis. Urine and plasma levels of

MCP-1 and other urine proinflammatroy biomarkers: osteopontin(OPN), trefoil-factor3 and

liver-fatty-acid-binding protein were measured at admission. Urine non-inflammatory media-

tors cystatin-C, β2microglobulin and albumin were measured as control biomarkers. The

relationship between these biomarkers and the 3-month hospital readmission, complica-

tions of cirrhosis, and mortality were assessed. RESULTS: 69 patients(32%) had at least

one readmission during the 3-month period of follow-up and 30 patients died(14%). Urine

MCP-1 and OPN levels, were associated with 3-month probability of readmission (0.85

(0.27–2.1) and 2003 (705–4586) ug/g creat vs 0.47 (0.2–1.1) and 1188 (512–2958) ug/g

creat, in patients with and without readmission, respectively; p<0.05; median (IQR)). Fur-

thermore, urine levels of MCP-1 were significantly associated with mortality (1.01 (1–3.6) vs

0.5 (0.2–1.1) μg/g creat, in dead and alive patients at 3 months; p<0.05). Patients with

higher levels of urine MCP-1 (above percentile 75th) had higher probability of development

of hepatic encephalopathy, bacterial infections or AKI. Urine MCP-1 was an independent

predictive factor of hospital readmission and combined end-point of readmission or dead at

3 months. Plasma levels of MCP-1 did not correlated with outcomes. CONCLUSION: Urine,

but not plasma, MCP-1 levels are associated with hospital readmission, development of
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complications of cirrhosis, and mortality. These results suggest that in cirrhosis there is an

inflammatory response that is associated with poor outcomes.

Introduction
Increasing evidence suggest that there is a chronic inflammatory reaction in cirrhosis that may
play a role in determining patients outcome[1, 2]. This can be an aseptic inflammation, at least
in some patients, not related to the presence of detectable infections[3].Several lines of evidence
support this hypothesis. High levels of C-reactive protein (CRP) have been found in patients
with alcoholic cirrhosis without infections that correlate with liver dysfunction and mortality
[4]. In the large cohort of the Canonic study, leukocyte count was an independent predictive
factor of 3-month mortality regardless of the presence of detectable infection[5]. Moreover, the
presence of SIRS, with and without infection, has been associated with poor outcome in some
populations of patients with cirrhosis[6–8].

To gain a further insight in this hypothesis of presence and relevance of systemic inflamma-
tion in cirrhosis, we studied monocyte chemoattractant protein-1 (MCP-1) levels in a prospec-
tive study in a large series of patients with cirrhosis. MCP-1, also known as chemokine C-C
motif ligand 2 (CCL2), is a member of the chemokine family present in a large variety of cell
types (endothelial cells, fibroblasts, mononuclear cells) and is one of the most highly expressed
chemokines during inflammation[9, 10]. MCP-1 acts as a potent chemotactic factor that regu-
lates recruitment of monocytes to the inflammation site or tissue injury[11]. The role of sys-
temic MCP-1 has been evaluated in several chronic inflammatory states, and has been found to
be associated with poor outcomes[12–16]. Plasma levels of MCP-1 proved to be an indepen-
dent prognostic marker in acute coronary syndrome and also a predictor of all cause of mortal-
ity in patients with heart failure[12, 13]. Accumulating evidence from experimental studies
shows that MCP-1 compromises the integrity of the blood-brain barrier and modulates the
progression of various diseases in central nervous system disorders[14]. Evidence from human
studies also shows that there is immunochemical expression of MCP-1 in active lesions of mul-
tiple sclerosis in autopsied brains[10]. Moreover, MCP-1 modulates the inflammatory response
in renal diseases and increases inflammatory molecules on mesangial and tubular cells[15].
Finally, the inhibition of MCP-1 has been shown to ameliorate a variety of inflammatory renal
diseases, including diabetic nephropathy [16].

Hepatic gene expression of MCP-1 is increased in patients with chronic liver diseases[17].
MCP1 appears to play an important role in liver inflammation and fibrogenesis, driving mac-
rophage infiltration by binding CCR2 receptor[18–21]. However, compared to other chronic
diseases, little is known about systemic MCP-1 and cirrhosis. Increased levels of plasma MCP-
1 have been found in patients after large-volume paracentesis and also in patients with sponta-
neous bacterial peritonitis and are associated with derangement of circulatory function and
impaired survival, respectively [22, 23]. Moreover, we have previously shown that increased
urinary levels of MCP-1 are associated with the presence of acute-on-chronic liver failure
(ACLF)[24].

On this background, the current study was aimed at assessing the relationship between
MCP-1 and prognosis in decompensated cirrhosis. We analyzed urine and plasma levels of
MCP-1 in a prospective series of consecutive patients hospitalized for complications of cirrho-
sis and evaluated the probability of hospital readmission, development of complications, and
survival at 3 months. Our results show that urine but not plasma MCP-1 levels are associated
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with hospital readmission, development of complications and poor survival in patients with
decompensated cirrhosis

Methods

Study population
This was a prospective study that included 218 consecutive patients with cirrhosis hospitalized
for management of an acute decompensation of the disease at the Liver Unit of Hospital Clinic
of Barcelona within a 2-year period. Patients were excluded from the study if: (1) had chronic
kidney disease treated with hemodialysis before admission, (2) had previous liver or kidney
transplantation, (3) had hepatocellular carcinoma beyond Milan criteria, (4) had advanced
chronic respiratory or heart disease (NYHA III and IV), and (5) had severe extrahepatic dis-
eases with poor short-term prognosis. Out of the 265 patients eligible during study period, 29
patients died and 5 were transplanted during hospitalization and 13 patients did not have urine
sample. Finally, we included 218 patients to assess the role of urine and plasma MCP-1 and
other urinary inflammatory mediators in predicting patient’s outcome after hospital discharge.

Study design
Demographical, clinical and analytical data were collected from all patients at study inclusion.
In addition, 10 mL of urine were obtained at inclusion to measure urine MCP-1 levels. In addi-
tion to MCP-1 we also measured other urinary inflammatory mediators, including osteopontin
(OPN), liver-fatty-acid-binding protein (LFABP), and trefoil-factor 3 (TFF3). These biomark-
ers were selected from a number of biomarkers on the basis of their association with patients
outcomes in a previous study from our group [24]. We also measured urinary β2-microglobu-
lin (β2M), Cystatin-C (Cys-C), and albumin levels as control non-inflammatory mediators. At
the same time of urine collection, 10 mL of blood were obtained to measure plasma levels of
MCP-1.

After discharge, patients were followed-up in the outpatient clinic for at least 3 months and
all complications of cirrhosis occurring during this period were recorded prospectively. All
patients gave written informed consent and the study was approved by the Institutional Review
Board Comitè Ètic d’Investigació Clínica del Hospital Clínic de Barcelona.

Urine samples were collected at 9 a.m. and centrifuged at 1000rpm for 10 minutes within
the first 4 hours and stored at -80° until use. MCP-1 and L-FABP were measured by Human
CCL2/MCP1 Quantikine ELISA Kit (R&D Systems) and Human L-FABP ELISA (Hycult Bio-
tech) respectively. Albumin measurement was performed by ADVIA ChemistryMicroalbu-
min_2 immunoturbidimetry method, enhanced with polyethylene glycol, (Siemens Healthcare
Diagnostics, Deerfield, IL). β2-microglobulin, cystatin C, osteopontin, and TFF- 3 were mea-
sured with RBM Human Kidney Toxicity Panel 2 according to the manufacturer protocol
(Bio-Rad Laboratories, Hercules, CA). Briefly, urine samples were centrifuged at 500 x g for 5
min and diluted 1:50 for the assays. After blockade of nonspecific binding sites, 30 microliters
of standards, controls or diluted samples were added to 96-well plates and incubated with 10
mL of fluorescently dyed magnetic microspheres covalently coupled to specific antibodies for
the desired biomarkers. Next, the plates were incubated for 1 h at room temperature and
washed three times with wash buffer. Afterwards, 40 mL of biotinylated detection antibody was
added to the wells and the plates were incubated for an additional hour at room temperature.
The final detection complex was formed with the addition of streptavidin-phycoerythrin con-
jugated. The median relative fluorescence units from the antibody reactions were acquired
using a Luminex 200 analyzer (Luminex, Austin, TX, USA) and the Bio-Plex Manager Software
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(v. 6.0; Bio-Rad Laboratories, Hercules, CA). The urinary biomarkers were indexed to urinary
creatinine for all analyses to adjust for variability in urine concentration.

Plasma samples were obtained at 9.a.m and centrifuged at 2000 rpm for 10 minutes and the
supernatant was stored at -80°C until analysis. MCP-1 was measured by Human CCL2/MCP-1
Quantikine ELISA (R&D Systems).

We examined the relationship between biomarkers and probability of 3-month hospital
readmission, 3-month mortality and a combined end-point of 3-month hospital readmission
and mortality. We also analyzed the relationship between these biomarkers and complications
of cirrhosis developing during follow-up period. Complications of cirrhosis were defined as
development of new-onset ascites or worsening of existing ascites (defined by increase of
diuretic therapy or need for large-volume paracentesis), hepatic encephalopathy (as assessed
clinically), bacterial infections, gastrointestinal bleeding or acute kidney injuri (AKI). The diag-
nosis of ascites, hepatic encephalopathy, bacterial infections and GI bleeding was made with
criteria reported elsewhere[25–28]. AKI was diagnosed according to AKIN criteria[27].

Statistical analysis
Continuous variables are presented as mean ± standard deviation or median (interquartile
range), and categorical variables are presented as number and percentage. We used indepen-
dent-sample t-tests to compare continuous variables and chi-square tests to compare categori-
cal variables. Kaplan-Maier method was used to estimate the frequency of readmission, death
and complications of cirrhosis during 3-month follow-up. The log-rank test was used to com-
pare outcomes between patients with MCP-1 levels above or equal to or below the 75th percen-
tile (MCP-1�p75 or MCP-1<p75). The selection of a dichotomous threshold at 75th percentile
was retrospectively defined. Finally, a logistic regression model was created to identify the best
independent predictive factors of readmission and survival. All variables that were predictive
of outcomes at univarate analysis were included in the multivariate model. Urine MCP-1 was
introduced in the model as a dichotomous variable according to percentile 75th (MCP-1�p75
or MCP-1<p75). Variables with skewed distribution were log-transformed before being
included in the multivariate analysis model. All statistical analyses were performed using SPSS
20.0 software. The significance level for all statistical tests was set at 0.05 two-tailed.

Results

Characteristics of the patient population
Demographic and clinical characteristics of the cohort are shown in Table 1. Patients had mod-
erate to severe impairment of liver function as reflected by high serum bilirubin, low serum
albumin, and mean MELD score of 16.

Biomarker levels and relationship with inflammatory parameters and
liver and kidney tests
Urine levels of biomarkers are presented in Table 1. In the whole series, urinary levels of MCP-
1 and albumin were increased compared to those of healthy subjects (MCP-1:0.54(0.2–1.4) vs
0.1(0.3–3.7) μg/g creat and albumin: 7.5(2–27) vs 1.3(0–2.1) mg/gcreat, both p<0.05). The
remaining urinary biomarkers were not increased with respect to normal values. We analysed
the relationship between urinary biomarkers and parameters of inflammation and liver and
kidney function tests. Inflammatory mediators (MCP-1, OPN, TFF-3 and L-FABP) had a
direct yet poor correlation with C-reactive protein (CRP) (r = 0.1, r = 0.16, r = 0.14 and
r = 0.17; p<0.05), but not with leukocyte count (except for L-FABP; r = 0.16; p<0.001). Urine
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MCP-1 had a negative correlation with albumin (r = - 0.14; p<0.001) and positive correlation
with INR and MELD score (r = 0.16 and r = 0.14, both p<0.001). There was a poor, but statisti-
cally significant, direct correlation between urine MCP1 and TFF-3 with serum creatinine lev-
els (r = 0.1 and r = 0.14, respectively; p<0.05). Moreover, there was a negative correlation
between urine Cys-C and β2M and serum creatinine levels (S1 Fig). With respect to plasma

Table 1. Demographic, clinical and laboratory data of the 218 patients included in the study.

VARIABLE

Age (years) 60 ± 12 (21–84)

Gender, male 141 (65%)

Alcoholic cirrhosis 101(46%)

Cause of admission

Ascites 53 (24%)

Hepatic encephalopathy 33 (15%)

Non-SBP infections 36 (16%)

SBP 13 (6%)

GI bleeding 21 (9%)

Other 62 (28%)

Serum bilirubin (mg/dL) 5 ± 6 (0.3–32)

Serum albumin (g/L) 27 ± 5 (17–44)

INR 1.7±0.5 (0.9–4.4)

Serum creatinine (mg/dL) 1±0.6 (0.4–4)

Serum sodium (mEq/L) 135±6 (119–148)

Leukocyte count (109 cells/L) 6.2±4 (0.6–39)

CRP (mg/dL) 3.8 ±10 (0.02–129)

AKI* 50 (23%)

MELD score 16±7 (4–38)

Child Pugh:

Score 10 ± 2

Class A/B/C (%) 10% / 48% / 42%

Plasma MCP-1 (pg/mL) 248 (197–331)

Urine biomarkers:

MCP-1 (μg/g creat) 0.54 (0.2–1.4)

OPN (μg/g creat) 1466 (532–3461)

TFF-3 (μg/g creat) 1032 (448–3046)

LFABP (μg/g creat) 20 (8–46)

Albumin (mg/g creat) 7.5 (2–27)

Cys-C (μg/g creat) 36.2 (14–81)

β2M (μg/g creat) 90 (25–288)

Data are expressed as mean±SD and ranges or number and percentages. Biomarkers are expressed as

median (IQR). MCP-1: Monocyte chemoattractant protein 1, OPN: osteopontin, TFF3: Trefoil-factor3,

LFABP: Liver-fatty-acid-binding protein, Cys-C: cystatin C, β2M: β2microglobulin. Values of urine biomarkers

was measured in a subgroup of 6 healthy subjects (4 male, mean age of 59 ±8) and are as follows: MCP-1

0.1 (0.04–0.2) μg/g creat, Osteopontin 1416 (900–2025) μg/g creat, TFF-3 678 (466–951) μg/g creat,

Albumin 1 (0–2) mg/g creat, Cystatin C 32 (8–57) μg/g creat, β2-microglobulin 95 (9–132) μg/g creat [18],

LFAB-P 0.22±0.08 (mean ±SD). Levels of plasma MCP-1 were measured in a subgroup of 13 healthy

subjects: MCP-1 plasma: 210 (163–251) pg/mL *Etiologies of AKI were: pre-renal n = 20 (40%); Hepatorenal

syndrome n = 14 (28%); Acute tubular necrosis n = 7 (14%), Nephrotoxic drugs n = 5 (10%); Other n = 4 (8%)

doi:10.1371/journal.pone.0157371.t001
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MCP-1, patients with decompensated cirrhosis had higher levels compared to healthy subjects
(248 (196–331) vs 210 (163–254) pg/mL, p = 0.28). There was a significant direct correlation
between plasma MCP-1 levels and serum creatinine (r = 0.15; p<0.05. S1 Fig), bilirubin
(r = 0.13; p<0.05), and MELD score (r = 0.18; p<0.001). By contrast, no correlation was found
between plasma MCP-1 levels and other parameters of inflammation such as CRP levels or leu-
kocyte count.

Finally, we compared plasma and urine levels of MCP-1 and there was a poor direct correla-
tion between them (r = 0.13, p = 0.04; S1 Fig).

Biomarker levels and relationship with complications of cirrhosis at
hospital admission
Patients with ascites and HE at admission had significantly higher levels of urinary MCP-1 and
OPN compared to those of patients without these complications (0.73 (0.27–1.59) and 1688
(655–4240) vs 0.38 (0.15–0.74) and 1068 (283–2505) ug/g creat, p<0.001 for patients with
ascites; 0.79 (0.35–2.01) and 1990 (594–4757) vs 0.48 (0.20–1.08) and 1216 (508–3008), ug/g
creat, p<0.05 for patients with hepatic encephalopathy). By contrast, there were no significant
differences in urinary biomarker levels when patients with and without bacterial infections
were compared. Because of the statistically significant correlation between urine MCP-1 and
serum creatinine, we analyzed whether levels of urine MCP-1 and other biomarkers could be
related to kidney dysfunction. Patients were categorized according to quartiles of serum creati-
nine and the levels of each biomarker compared among the different quartiles. Urine TFF-3
levels increased significantly in parallel to quartiles of serum creatinine. By contrast, urine Cys-
C and β2M correlated inversely with serum creatinine levels (S1 Table). We also compared lev-
els of all urine biomarkers between patients with and without AKI at admission, and urine
TFF-3 was the only urine biomarker significantly increased in patients with AKI compared to
patients without AKI (S2 Table).

In contrast to the relationship between urine MCP-1 levels and some of the complications
of cirrhosis, there was no relationship between plasma MCP-1 and presence of complications
of cirrhosis at admission to hospital, except for higher plasma levels of MCP-1 in patients with
AKI compared to those of patients without AKI (S2 Table).

Biomarker levels and relationship with patient’s outcomes
Hospital readmission and mortality. At the end of 3-month follow period, 69 patients

(32%) had had at least one readmission to hospital for complications of cirrhosis. The most
common causes of readmission were bacterial infections and HE, which accounted for almost
half of all readmissions (17 patients and 13 patients, respectively). During the 3-month follow-
up period, 30 patients died (14%), 10 patients were transplanted, and 4 were lost to follow-up.
The main cause of death was acute-on-chronic liver failure, which occurred in 21 patients
(70%). Out of the total 218 patients, 78 patients (36%) developed the composite end-point of
3-month readmission or mortality.

Table 2 shows the univariate analysis of variables related to hospital readmission during the
3-month period. Besides liver tests and prognostic scores, urine MCP-1 and OPN levels were
significantly higher in patients who had at least one readmission to hospital compared to those
without readmissions. No other biomarkers were associated with hospital readmission. Of
note, plasma MCP-1 levels were similar in patients with readmission compared to those
without.

Table 3 shows the univariate analysis of variables related to 3-month mortality. Besides clin-
ical decompensations, liver tests, and prognostic scores, urinary MCP-1 and OPN levels were
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associated with mortality. No other urine biomarkers or plasma MCP-1 were associated with
mortality.

In multivariate analysis, the only independent predictive factors of hospital readmission
and combined end-point of hospital readmission or death were urine MCP-1 and MELD score
(Table 4).

Because urine MCP-1 was the only biomarker independently associated with readmission
and the combined end point of 3-month hospital readmission or mortality, we focused our
analyses on urine MCP-1 and its relationship with different outcomes. The characteristics of
patients according to quartiles of urine MCP-1 are shown in Table 5. Patients with urine MCP-
1 in the fourth quartile (MCP-1>p75) had more advanced liver disease, as indicated by greater
frequency of previous complications of cirrhosis (ascites, HE or infection), compared to those
in the other quartile groups.

There was a statistically significant difference of outcomes (readmission, death, composite
of death or readmission and complications) across the quartile groups of MCP-1 (Table 6).

Table 2. Univariate analysis of variables obtained at hospital admission associated with 3-month readmission during follow up.

No readmission (n = 149) Readmission (n = 69) p value

Age (years) 60±12 60±11 0.7

Sex (male) 98 (66%) 44 (63%) 0.6

Alcoholic Cirrhosis 70 (47%) 31 (45%) 0.7

Ascites 92 (62%) 54(78%) 0.02

Hepatic encephalopathy 41 (27%) 21(30%) 0.6

AKI 40 (33%) 22 (38%) 0.6

Non-SBP infection 25 (17%) 11 (16%) 1.0

SBP infection 10 (7%) 3 (4%) 0.7

Serum bilirubin (mg/dL) 4.2 ± 6.3 6.1 ± 7.2 0.05

Serum albumin (g/L) 27 ± 5 26 ± 4 0.3

INR 1.6 ± 0.5 1.8 ± 0.5 0.002

Serum creatinine (mg/dL) 1.0 ± 0.6 1.1 ± 0.6 0.6

Serum sodium (mEq/L) 135 ± 5 135 ± 4 0.7

CRP (mg/dL) 2 (1–3.7) 1.9 (0.6–4) 0.4

Leukocyte count (x109/L) 6.2 ± 4.5 6.4 ± 4.3 0.8

MELD score 15 ± 7 18 ± 7 0.003

Child-Pugh:

Score 9 ± 2 10 ± 2 0.002

Class A/B/C 12% / 54% / 34% 7% /36% / 57% 0.013

Plasma MCP-1 (pg/mL) 241 (193–341) 266 (200–331) 0.4

Urine Biomarkers:

MCP-1 (μg/g creat) 0.47 (0.2–1.07) 0.82 (0.3–2.0) 0.01

OPN (μg/g creat) 1188 (512–2958) 2003 (705–4586) 0.049

TFF3 (μg/g creat) 1582 (413–3894) 938 (462–2538) 0.1

LFABP (μg/g creat) 24 (11–70) 18 (7–41) 0.2

Albumin (mg/g creat) 12 (3–34) 7 (2–24) 0.2

β2M (μg/g creat) 83 (19–434) 94 (28–241) 0.6

Cys-C (μg/g creat) 34 (12–105) 39 (15–79) 0.7

Data are expressed as mean±SD, median (interquartile range) or number and percentages.CRP (C reactive protein), AKI (Acute kidney injury), SBP

(spontaneous bacterial peritonitis); MCP-1: Monocyte chemoattractant protein 1, OPN: osteopontin, TFF3: Trefoil-factor3, LFABP: Liver-fatty-acid-binding

protein, Cys-C: cystatin C, β2M: β2microglobulin.

doi:10.1371/journal.pone.0157371.t002
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However, a closer look at this relationship showed that outcome rates were quite similar in the
first three quartiles of MCP-1 levels, and increased markedly in the fourth quartile group

Table 3. Univariate analysis of variables obtained at hospital admission associated with 3-monthmortality during follow-up.

Alive (n = 188) Dead (n = 30) p value

Age (years) 60 ±11 60 ±12 0.9

Sex (male) 123 (65%) 18 (60%) 0.6

Alcoholic Cirrhosis, n (%) 86 (46%) 15 (50%) 0.8

Ascites 125 (66%) 21 (70%) 0.8

Hepatic encephalopathy 43 (23%) 19 (63%) <0.001

AKI* 48 (21%) 14 (58%) 0.02

Non-SBP infection 35 (18%) 1 (3%) 0.04

SBP infection 10 (5%) 3 (10%) 0.4

Serum bilirubin (mg/dL) 4.2 ±5 8.5 ± 8.6 0.01

Serum albumin (g/L) 27 ± 5 26 ± 5 0.5

INR 1.6± 0.5 2 ± 0.6 0.003

Serum creatinine (mg/dL) 1 ± 0.5 1.4 ± 0.8 0.01

Serum sodium (mEq/L) 135 ± 5 134 ± 3 0.3

Leukocyte count (x109/L) 5.8 ±4 8.6 ± 5 0.001

MELD score 14 ± 7 22 ± 7 <0.001

Child- Pugh:

Score 9 ± 2 11 ± 2 <0.001

Class A/B/C 11% / 53% / 36% 7% / 18% / 75% 0.001

Plasma MCP1 (pg/mL) 243 (195–331) 295 (226–338) 0.18

Urine Biomarkers:

MCP-1 (μg/g creat) 0.5 (0.2–1.1) 1.01 (1–3.6) 0.02

OPN (μg/g creat) 1315 (504–3269) 2324 (767–5497) 0.05

TFF3 (μg/g creat) 1012 (453–2772) 1929 (365–3895) 0.2

LFABP (μg/g creat) 18 (8–42) 21 (11–106) 0.1

Albumin (mg/g creat) 7 (2–27) 16 (4–74) 0.07

β2M (μg/g creat) 91 (27–272) 67 (10–379) 0.4

Cys-C (μg/g creat) 36 (14–78) 34 (9–188) 0.6

Data are expressed as mean±SD, median (interquartile range) or number and percentages.CRP (C reactive protein),

*AKI (Acute kidney injury), SBP (spontaneous bacterial peritonitis); MCP-1: Monocyte chemoattractant protein 1, OPN: osteopontin, TFF3: Trefoil-factor3,

LFABP: Liver-fatty-acid-binding protein, Cys-C: cystatin C, β2M: β2microglobulin.

doi:10.1371/journal.pone.0157371.t003

Table 4. Multivariate models of 3-month hospital readmission and combined end-point of 3-month
hospital readmission or death. Model 1. 3-month hospital readmission. Model 2. Combined end-point of
3-month hospital readmission or death.

Model 1 HR 95% IC p-value

Urine MCP-1�p75 2.1 1.06–4.36 0.03

MELD 1.07 1.02–1.1 0.02

Model 2 HR 95% IC p-value

Urine MCP-1�p75 2.4 1.19–4.88 0.01

MELD 1.08 1.03–1.1 0.001

Model 1: Variables included in the model: MELD score, CHILD score, urine MCP-1�p 75th; Model 2:

Variables included in the model: MELD score, CHILD score, urine MCP-1�p75

doi:10.1371/journal.pone.0157371.t004
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(Table 5). In fact, when compared with the first three quartiles, patients in the fourth quartile
had significantly higher probability of readmission (48% vs 26%; p = 0.001), death (24% vs
10%); p = 0.01), and composite end-point of readmission and death (54% vs 30%; p = 0.001)
(Fig 1).

Complications of cirrhosis during follow-up. During the 3-month follow-up period, 100
of the 218 patients (46%) developed a total of 181 complications of cirrhosis (Table 7). The

Table 5. Baseline characteristics of patients categorized according to quartiles of urine MCP-1.

Q1 (n = 53) Q2 (n = 55) Q3 (n = 56) Q4 (n = 54) p

MCP-1 range (ug/g creat) 0.01–0.22 0.23–0.54 0.55–1.43 1.44–26 —

Age 62 ±12 60 ±12 59 ±11 60 ±11 0.5

Male sex, n(%) 33 (58%) 32 (60%) 37 (69%) 39 (73%) 0.3

Diabetes Mellitus, n(%) 12 (21%) 14 (26%) 13 (25%) 14 (26%) 0.9

Arterial Hypertension 12 (21%) 10 (19%) 5 (9%) 10 (19%) 0.4

Etiology cirrhosis:

Alcohol 25 (44%) 25 (47%) 26 (49%) 25 (47%) 0.8

Hepatitis C 25 (44%) 26 (49%) 22 (42%) 23 (44%)

Previous decompensation:

Previous ascites, n(%) 33 (58%) 28 (53%) 43 (81%) 41 (77%) 0.002

Previous HE, n(%) 10 (17%) 16 (30%) 11 (21%) 24 (45%) 0.02

Previous infections, n(%) 6 (10%) 5 (9%) 8 (15%) 20 (37%) <0.001

Decompensation at admission:

Ascites 33 (58%) 28 (53%) 43 (82%) 41 (76%) 0.003

Hepatic encephalopathy 10 (17%) 16 (30%) 12 (23%) 25 (46%) 0.03

Infection non-SBP 10 (17%) 7 (13%) 9 (17%) 10 (18%) 0.8

SBP 5 (9%) 1 (2%) 4 (7.5%) 3 (6%) 0.4

AKI 10 (20%) 7 (15%) 8(19%) 15 (34%) 0.1

SIRS 24 (51%) 19 (35%) 17 (32%) 22 (40%) 0.5

Serum bilirubin (mg/dL) 4 ± 6 5 ± 7 5 ± 7 4 ± 6 0.7

Serum albumin (g/L) 28 ± 5 26 ± 4 26 ± 5 26 ± 5 0.05

INR 1.5 ± 0.5 1.6 ± 0.4 1.8 ± 0.6 1.8 ± 0.6 0.02

Serum creatinine (mg/dL) 1 ± 0.7 1 ± 0.5 1 ± 0.6 1.1 ± 0.6 0.7

Serum sodium (mEq/L) 135 ± 6 136 ± 4 134 ± 4 134 ± 4 0.2

Leukocyte count (109 cells/L) 5 ± 3 7 ± 5 6 ± 6 7 ± 4 0.2

CRP (mg/dL) 2.7 ± 4 3 ± 3 3.6 ± 4 3.2 ± 3 0.6

MELD score 14 ± 8 14 ± 6 17 ± 8 17 ± 8 0.05

Child-Pugh score 9 ± 2 9 ± 2 10 ± 2 10 ± 2 0.003

Data are expressed as mean±SD and ranges or number and percentages. SIRS: systemic inflammatory response; CRP: C- reactive protein. AKI at

admission was defined according to AKIN criteria (21)

doi:10.1371/journal.pone.0157371.t005

Table 6. Outcomes according to quartiles of urine MCP-1.

Q1 Q2 Q3 Q4 p

(n = 53) (n = 55) (n = 56) (n = 54) value

MCP-1 range (μg/g creat) 0.01–0.22 0.23–0.54 0.55–1.43 1.44–26 —

3-month readmission 12 (23%) 14 (25%) 17 (32%) 26 (48%) 0.02

3-month mortality 5 (9%) 6 (11%) 6 (9%) 13 (24%) 0.09

3-month readmission or death 15 (28%) 14 (25%) 20 (36%) 29 (53%) 0.01

doi:10.1371/journal.pone.0157371.t006
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Fig 1. 3-month probability of hospital readmission, death and combined end-point of hospital
readmission or death in all patients categorized according to fourth quartile of urine MCP-1 levels.

doi:10.1371/journal.pone.0157371.g001
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most common complication was HE followed by bacterial infections. Urine MCP-1 levels were
significantly higher in patients who subsequently developed any complication during follow-
up compared to those of patients who did not This was true for all individual complications
except for ascites and gastrointestinal bleeding (Table 7). In contrast to differences observed in
urine MCP-1 levels, there were no significant differences in plasma MCP-1 between patients
who did and did not develop complications (Table 7). Fig 2 shows the 3-month probability of
development of HE, bacterial infections, and AKI in the whole population of patients divided
into two groups: patients within the first three quartiles (MCP1<p75) and patients within the
fourth quartile of urine MCP-1 (MCP-1�p75). Patients in the fourth quartile of urine MCP-1
levels had higher probability of developing the later complications compared to patients in the
first three quartiles of MCP-1.

Of the 218 patients included in the study, 128 (58%) were treated with lactulose and 49
(22%) with rifaximin after hospital discharge for prevention of recurrent HE. The probability
of development of HE was higher in patients in the fourth quartile of urine MCP-1 in both sub-
groups of patients, those treated with lactulose and those with rifaximin, compared to the
remaining patients, yet the difference did not reach statistical significance (48% vs 32%,
p = 0.08, in patients treated with lactulose; and 69% vs 40%, p = 0.05 in patients treated with
rifaximin).

Because of the direct correlation between urine MCP-1 and serum creatinine, we repeated
all the analysis excluding patients with AKI at inclusion and found similar results. Urine MCP-
1 levels were higher in patients who had hospital readmission (0.82 (0.01–5.7) vs 0.46 (0.01–
19) μg/g creat; p = 0.02) or died within 3-months (1.24 (0.36–3.3) vs 0.49 (0.2–1.06) μg/g creat;
p = 0.03). Patients in the fourth quartile had higher probability of readmission or death during
the 3 month period of follow-up (S2 Fig). Urine levels MCP-1 were also a predictive factor of

Table 7. Urine and plasmaMCP-1 levels according to development of complications of cirrhosis during follow up.

COMPLICATIONS OF CIRRHOSIS Urine MCP-1 (μg/g creat) Plasma MCP-1 (pg/mL)

YES NO p YES NO p

Any complication (n = 100) 0.74 0.47 0.02 252 246 0.4

(0.23–1.96) (0.21–1.05) (205–313) (181–3419)

Hepatic encephalopath(n = 60) 0.93 0.48 0.01 256 246 0.5

(0.32–2.18) (0.2–1.12) (211–313) (195–332)

All infections (n = 44) 0.84 0.51 0.07 264 243 0.6

(0.26–3.15) (0.21–1.14) (195–316) (196–332)

SBP (n = 6) 4.28 0.51 <0.001 196 249 0.2

(3.75–7.42) (0.21–1.25) (111–317) (198–331)

Ascites (n = 34) 0.73 0.53 0.5 224 251 0.6

(0.2–2.09) (0.22–1.26) (197–314) (196–331)

All AKI (n = 30) 1.43 0.49 0.01 273 246 0.6

(0.41–3.72) (0.21–1.12) (190–362) (198–331)

HRS (n = 8) 2.8 0.51 0.005 281 246 0.7

(1.4–10.5) (0.21–1.24) (183–362) (194–331)

GI bleeding (n = 13) 1.24 0.54 0.2 200 250 0.07

(0.21–4.02) (0.22–1.37) (170–275) (199–331)

Data are expressed as median (interquartile range). Numbers in brackets after each complication represent the number of patients who developed each

complication during the 3-month follow-up period. SBP: spontaneous bacterial peritonitis. HRS: hepatorenal syndrome. GI bleeding: gastrointestinal

bleeding.

doi:10.1371/journal.pone.0157371.t007
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Fig 2. 3-month probability of EH, bacterial infections and AKI in all patients categorized according to
fourth quartile of urine MCP-1 levels.

doi:10.1371/journal.pone.0157371.g002
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combined end-point of hospital readmission or death in multivariate analysis (data not
shown).

Discussion
The main finding of the current study is that urine MCP-1 levels are associated with hospital
readmission and mortality within 3-months. MCP-1 is a potent chemoattractant protein highly
expressed in inflammatory states and higher levels have been associted with poor outcomes in
several chronic diseases. To our knowledge this is the first time that urinary levels of MCP-1
have been reported as associated with poor outcome in cirrhosis.

Patients with advanced cirrhosis may have increased blood leukocyte count, CRP levels,
pro-inflammatory cytokines, and systemic oxidative stress in the absence of infections, which
supports the hypothesis that there is a ‘sterile systemic inflammation’ in cirrhosis that may play
a role in the progression of the disease[1, 3–5, 8]. MCP-1 is one of the key chemokines that par-
ticipate in the recruitment of inflammatory cells and is highly expressed under inflamatory
conditions. The increased urine and plasma MCP-1 levels found in patients with decompen-
sated cirrhosis in the current study support the hypothesis of the existence of a systemic
inflammation in patients with advanced liver disease. In our series, patients with higher levels
of urine MCP-1 had higher probability of hospital readmission or death during follow-up com-
pared with patients with lower levels, suggesting that systemic inflammation in cirrhosis is
associated with poor outcomes.

An intriguing finding of our study was that whereas hospital readmissions, death, and com-
plications of cirrhosis were highly correlated with urine MCP-1 levels, no correlation was
found between these outcomes and plasma MCP-1 levels. The reason(s) for these apparently
inconsistent findings remains speculative. With the design of the current study, it is not possi-
ble to know whether the levels of MCP-1 found in the urine have a systemic origin, a kidney
origin or a combination of both. The systemic production of MCP-1 may theoretically be
increased as a result of the inflammatory syndrome characteristic of advanced cirrhosis, with
stimulation of the innate immune response[1, 29]. The MCP-1 originated in different organs
could then be in part eliminated through the kidneys by glomerular filtration because of the
low molecular size of the peptide (13kDa). To our knowledge, only few studies have been
reported assessing MCP-1 plasma levels in cirrhosis. In the first study, plasma levels of MCP-1
increased in association with changes in circulatory function after large-volume paracentesis in
a very small number of patients, suggesting monocyte activation in the context of large-volume
paracentesis induced circulatory dysfunction[22]. In a second study, plasma and ascitic levels
of MCP-1 were increased in patients with SBP compared to patients with cirrhosis without
SBP, and higher levels were associated with poor survival[23]. Finally, increased plasma levels
of MCP-1 were found in patients with cirrhosis and superimposed alcoholic hepatitis com-
pared to patients with cirrhosis without alcoholic hepatitis and healthy subjects. Although
plasma levels of MCP-1 correlated with disease severity, there was no relationship between
plasma levels and survival[30]. On the other hand, there is evidence that MCP-1 is produced in
the kidneys and the renal production of MCP-1 may be increased in a number of conditions,
including diabetic nephropathy and systemic lupus erithematosus [16]. In this regard, it is
interesting to note that there is an increased expression of toll-like receptor 4 in the renal
tubules in cirrhosis36-37. Therefore, it could be speculated that the increased endotoxin levels,
characteristic of advanced cirrhosis, may enhance the local production of MCP-1 in the kid-
neys via stimulation of toll-like receptors. The poor correlation observed in our study between
plasma and urine MCP-1 levels supports the existence of an increased renal production of
MCP-1 in cirrhosis. Nonetheless, regardless of the origin, the results of our study clearly
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indicate that urine but not plasma MCP-1 levels correlate with outcomes in patients with cir-
rhosis discharged from hospital after management of an acute decompensation of cirrhosis.

An interesting finding that deserves a comment is the association between MCP-1 levels
and the probability of developing complications during follow-up. In our series, urine MCP-1
levels were associated with an increased risk of HE. The pathophysiology of hepatic encepha-
lopathy is not completely understood but increasing evidence indicates that there is a synergis-
tic relationship between inflammation and ammonia in the pathogenesis of HE[31].
Inflammation can arise directly within the brain itself but may also originate in the peripheral
circulation and exert effects on the brain indirectly, via the release of pro-inflammatory media-
tors[32]. We hypothesize that besides being a biomarker of systemic inflammation, MCP-1
may also alter the integrity of the blood brain barrier, as it does in neurologic disorders,
decreasing the threshold for HE. In our series, urine MCP-1 levels correlated with the develop-
ment of bacterial infections, particularly SBP during follow-up. Our results are in keeping with
previous studies, where increased levels of MCP-1 were found in patients with SBP compared
to patients with ascites without SBP23. Finally, urine MCP-1 was also associated with the devel-
opment of AKI. The presence of severe inflammatory response has been previously associated
with development of HRS, a characteristic type of AKI in cirrhosis[33–35]. Findings derived
from human and experimental studies have shown that inflammation and infection in cirrhosis
lead to tubular damage and renal injury via up-regulation of renal tubular TLR4[36, 37]. It
could therefore be speculated that urine MCP-1 could be a marker of systemic inflammation
secondary to systemic and local production, and could be an early marker of kidney inflamma-
tion and anticipate the development of AKI in patients with cirrhosis.

The current study was performed in patients with cirrhosis hospitalized for management of
an acute decompensation. The exclusion of the patients who died during hospitalization is an
intrinsic bias of the study. In fact, we excluded patients who died during hospitalization
because the aim of the study was to analyse outcomes after discharge. Nevertheless, we
excluded patients with poorer prognosis and despite of this MCP-1 was a biomarker of progno-
sis in the remaining population. Due to the design of the study, we do not know if levels of
plasma or urine MCP-1 change over time and if these changes could predict more accurately
outcomes in these patients compared to a simple measurement, but this could be addressed in
future studies. MCP-1 has been reported as potential biomarker of kidney injury because its
expression is increased in kidney cells in experimental conditions of AKI[38]. Therefore, we
addressed the question of whether increased MCP-1 levels could be related to the existence of
AKI. Nonetheless, there was no statistical significant difference in MCP-1 levels between
patients with and without AKI. Moreover, MCP-1 levels did not show a progressive increase in
patients categorized according to quartiles of serum creatinine. Furthermore, MCP-1 levels
were still an independent predictive factor of poor outcome after exclusion of patients with
AKI. Therefore, it appears that increased urine levels of MCP-1 found in the current series of
patients were not related to the presence of AKI.

In summary, the results of the current study indicate that urine but not plasma MCP-1 lev-
els are associated with 3-month hospital readmission and mortality. These results suggest that
in cirrhosis there is an inflammatory response that is associated with poor prognosis.
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S1 Fig. Correlations between biomarkers and serum creatinine and between urine and
plasma MCP-1 levels. Figure A shows correlation between urine MCP-1 and serum creatinine.
Figure B shows correlation between urine TTF-3 and serum creatinine. Figure C shows correla-
tion between urine Cys-C and serum creatinine. Figure D shows correlation between urine
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fatty-acid-binding protein, Cys-C: cystatin C, β2M: β2microglobulin
(PPTX)

S2 Fig. 3-month probability of hospital readmission, mortality and combined end-point of
hospital readmission or death in patients without AKI at index hospitalization categorized
according to fourth quartile of urine MCP-1 levels.
(PPTX)

S1 Table. Supplementary Table 1. Urinary biomarkers levels according to quartiles of serum
creatinine.
(DOCX)

S2 Table. Biomarkers levels according to the presence of AKI at admission.
(DOCX)

Acknowledgments
Some of the work mentioned has been supported by grant awarded to PG (FIS PI12/00330).
Fondos de Investigación de Salud Carlos III integrated in the Plan Nacional I+D+I and co-
funded by ISCIII-Subdirección General de Evaluación and European Regional Development
Fund FEDER. Agencia de Gestió d’Ajuts Universitaris I de Recerca (AGAUR) 2014/SGR 708
PG is a recipient of an ICREA Academia Award. Isabel Graupera was supported by a grant
from the Plan Estatal I+D+I and Instituto Carlos III (Rio-Hortega fellowship: CM14/00122).
Cristina Solé was supported by a grant from the Instituto de Salud Carlos III (FI14/00227).
Patricia Huelin was supported by a grant from the University of Barcelona (APIF2015).

Author Contributions
Conceived and designed the experiments: IG ES NF RM PG. Performed the experiments: IG
ES NF RM CS PH GP EP XA AR SAMM. Analyzed the data: IG ES PG. Contributed reagents/
materials/analysis tools: MMWJ. Wrote the paper: IG PG.

References
1. Bernardi M, Moreau R, Angeli P, Schnabl B, Arroyo V. Mechanisms of decompensation and organ fail-

ure in cirrhosis: From peripheral arterial vasodilation to systemic inflammation hypothesis. Journal of
hepatology. 2015; 63(5):1272–84. Epub 2015/07/21. doi: 10.1016/j.jhep.2015.07.004 PMID:
26192220.

2. Arroyo V, Moreau R, Jalan R, Gines P. Acute-on-chronic liver failure: A new syndrome that will re-clas-
sify cirrhosis. Journal of hepatology. 2015; 62(1 Suppl):S131–43. Epub 2015/04/29. doi: 10.1016/j.
jhep.2014.11.045 PMID: 25920082.

3. Dirchwolf M, Podhorzer A, Marino M, Shulman C, Cartier M, Zunino M, et al. Immune dysfunction in cir-
rhosis: Distinct cytokines phenotypes according to cirrhosis severity. Cytokine. 2016; 77:14–25. Epub
2015/10/31. doi: 10.1016/j.cyto.2015.10.006 PMID: 26517154.

4. Mortensen C, Andersen O, Krag A, Bendtsen F, Moller S. High-sensitivity C-reactive protein levels pre-
dict survival and are related to haemodynamics in alcoholic cirrhosis. European journal of gastroenter-
ology & hepatology. 2012; 24(6):619–26. Epub 2012/03/24. doi: 10.1097/MEG.0b013e328351db6e
PMID: 22441510.

5. Moreau R, Jalan R, Gines P, Pavesi M, Angeli P, Cordoba J, et al. Acute-on-chronic liver failure is a dis-
tinct syndrome that develops in patients with acute decompensation of cirrhosis. Gastroenterology.
2013; 144(7):1426–37, 37.e1-9. Epub 2013/03/12. doi: 10.1053/j.gastro.2013.02.042 PMID:
23474284.

Urine MCP-1 an Inflammatory Biomarker of Prognosis in Cirrhosis

PLOS ONE | DOI:10.1371/journal.pone.0157371 June 30, 2016 15 / 17

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0157371.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0157371.s003
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0157371.s004
http://dx.doi.org/10.1016/j.jhep.2015.07.004
http://www.ncbi.nlm.nih.gov/pubmed/26192220
http://dx.doi.org/10.1016/j.jhep.2014.11.045
http://dx.doi.org/10.1016/j.jhep.2014.11.045
http://www.ncbi.nlm.nih.gov/pubmed/25920082
http://dx.doi.org/10.1016/j.cyto.2015.10.006
http://www.ncbi.nlm.nih.gov/pubmed/26517154
http://dx.doi.org/10.1097/MEG.0b013e328351db6e
http://www.ncbi.nlm.nih.gov/pubmed/22441510
http://dx.doi.org/10.1053/j.gastro.2013.02.042
http://www.ncbi.nlm.nih.gov/pubmed/23474284


6. Maiwall R, Chandel SS, Wani Z, Kumar S, Sarin SK. SIRS at Admission Is a Predictor of AKI Develop-
ment and Mortality in Hospitalized Patients with Severe Alcoholic Hepatitis. Digestive diseases and sci-
ences. 2015. Epub 2015/10/17. doi: 10.1007/s10620-015-3921-4. 26470868.

7. Cazzaniga M, Dionigi E, Gobbo G, Fioretti A, Monti V, Salerno F. The systemic inflammatory response
syndrome in cirrhotic patients: relationship with their in-hospital outcome. Journal of hepatology. 2009;
51(3):475–82. Epub 2009/06/30. doi: 10.1016/j.jhep.2009.04.017 PMID: 19560225.

8. Michelena J, Altamirano J, Abraldes JG, Affo S, Morales-Ibanez O, Sancho-Bru P, et al. Systemic
inflammatory response and serum lipopolysaccharide levels predict multiple organ failure and death in
alcoholic hepatitis. Hepatology (Baltimore, Md). 2015; 62(3):762–72. doi: 10.1002/hep.27779 PMID:
25761863; PubMed Central PMCID: PMCPMC4549175.

9. Luster AD. Chemokines—chemotactic cytokines that mediate inflammation. The New England journal
of medicine. 1998; 338(7):436–45. Epub 1998/02/12. doi: 10.1056/nejm199802123380706 PMID:
9459648.

10. Gerard C, Rollins BJ. Chemokines and disease. Nature immunology. 2001; 2(2):108–15. Epub 2001/
03/29. doi: 10.1038/84209 PMID: 11175802.

11. Deshmane SL, Kremlev S, Amini S, Sawaya BE. Monocyte chemoattractant protein-1 (MCP-1): an
overview. Journal of interferon & cytokine research: the official journal of the International Society for
Interferon and Cytokine Research. 2009; 29(6):313–26. Epub 2009/05/16. doi: 10.1089/jir.2008.0027
PMID: 19441883; PubMed Central PMCID: PMCPmc2755091.

12. de Lemos JA, Morrow DA, Sabatine MS, Murphy SA, Gibson CM, Antman EM, et al. Association
between plasma levels of monocyte chemoattractant protein-1 and long-term clinical outcomes in
patients with acute coronary syndromes. Circulation. 2003; 107(5):690–5. PMID: 12578870.

13. Hohensinner PJ, Niessner A, Huber K, Weyand CM, Wojta J. Inflammation and cardiac outcome. Curr
Opin Infect Dis. 2011; 24(3):259–64. doi: 10.1097/QCO.0b013e328344f50f PMID: 21378564; PubMed
Central PMCID: PMCPMC4497511.

14. Yao Y, Tsirka SE. Monocyte chemoattractant protein-1 and the blood-brain barrier. Cell Mol Life Sci.
2014; 71(4):683–97. doi: 10.1007/s00018-013-1459-1 PMID: 24051980; PubMed Central PMCID:
PMCPMC3946874.

15. Giunti S, Pinach S, Arnaldi L, Viberti G, Perin PC, Camussi G, et al. The MCP-1/CCR2 system has
direct proinflammatory effects in human mesangial cells. Kidney international. 2006; 69(5):856–63. doi:
10.1038/sj.ki.5000197 PMID: 16518346.

16. Haller H, Bertram A, Nadrowitz F, Menne J. Monocyte chemoattractant protein-1 and the kidney. Curr
Opin Nephrol Hypertens. 2016; 25(1):42–9. doi: 10.1097/MNH.0000000000000186 PMID: 26625862.

17. Marra F, DeFranco R, Grappone C, Milani S, Pastacaldi S, Pinzani M, et al. Increased expression of
monocyte chemotactic protein-1 during active hepatic fibrogenesis: correlation with monocyte infiltra-
tion. Am J Pathol. 1998; 152(2):423–30. PMID: 9466568; PubMed Central PMCID: PMCPMC1857964.

18. Ehling J, Bartneck M, Wei X, Gremse F, Fech V, Mockel D, et al. CCL2-dependent infiltrating macro-
phages promote angiogenesis in progressive liver fibrosis. Gut. 2014; 63(12):1960–71. doi: 10.1136/
gutjnl-2013-306294 PMID: 24561613; PubMed Central PMCID: PMCPMC4216733.

19. Baeck C, Wei X, Bartneck M, Fech V, Heymann F, Gassler N, et al. Pharmacological inhibition of the
chemokine C-Cmotif chemokine ligand 2 (monocyte chemoattractant protein 1) accelerates liver fibro-
sis regression by suppressing Ly-6C(+) macrophage infiltration in mice. Hepatology (Baltimore, Md).
2014; 59(3):1060–72. doi: 10.1002/hep.26783 PMID: 24481979.

20. Baeck C, Wehr A, Karlmark KR, Heymann F, Vucur M, Gassler N, et al. Pharmacological inhibition of
the chemokine CCL2 (MCP-1) diminishes liver macrophage infiltration and steatohepatitis in chronic
hepatic injury. Gut. 2012; 61(3):416–26. doi: 10.1136/gutjnl-2011-300304 PMID: 21813474.

21. Seki E, de Minicis S, Inokuchi S, Taura K, Miyai K, van Rooijen N, et al. CCR2 promotes hepatic fibrosis
in mice. Hepatology (Baltimore, Md). 2009; 50(1):185–97. doi: 10.1002/hep.22952 PMID: 19441102;
PubMed Central PMCID: PMCPMC2705470.

22. Carl DE, Ghosh S, Cheng J, Gehr TW, Stravitz RT, Sanyal A. Post-paracentesis circulatory derange-
ments are related to monocyte activation. Liver Int. 2014; 34(7):1001–7. doi: 10.1111/liv.12450 PMID:
24373155.

23. Kim JK, Chon CY, Kim JH, Kim YJ, Cho JH, Bang SM, et al. Changes in serum and ascitic monocyte
chemotactic protein-1 (MCP-1) and IL-10 levels in cirrhotic patients with spontaneous bacterial peritoni-
tis. J Interferon Cytokine Res. 2007; 27(3):227–30. doi: 10.1089/jir.2006.0055 PMID: 17348821.

24. Ariza X, Sola E, Elia C, Barreto R, Moreira R, Morales-Ruiz M, et al. Analysis of a urinary biomarker
panel for clinical outcomes assessment in cirrhosis. PloS one. 2015; 10(6):e0128145. Epub 2015/06/
05. doi: 10.1371/journal.pone.0128145 PMID: 26042740; PubMed Central PMCID: PMCPmc4456079.

Urine MCP-1 an Inflammatory Biomarker of Prognosis in Cirrhosis

PLOS ONE | DOI:10.1371/journal.pone.0157371 June 30, 2016 16 / 17

http://dx.doi.org/10.1007/s10620-015-3921-4
http://dx.doi.org/10.1016/j.jhep.2009.04.017
http://www.ncbi.nlm.nih.gov/pubmed/19560225
http://dx.doi.org/10.1002/hep.27779
http://www.ncbi.nlm.nih.gov/pubmed/25761863
http://dx.doi.org/10.1056/nejm199802123380706
http://www.ncbi.nlm.nih.gov/pubmed/9459648
http://dx.doi.org/10.1038/84209
http://www.ncbi.nlm.nih.gov/pubmed/11175802
http://dx.doi.org/10.1089/jir.2008.0027
http://www.ncbi.nlm.nih.gov/pubmed/19441883
http://www.ncbi.nlm.nih.gov/pubmed/12578870
http://dx.doi.org/10.1097/QCO.0b013e328344f50f
http://www.ncbi.nlm.nih.gov/pubmed/21378564
http://dx.doi.org/10.1007/s00018-013-1459-1
http://www.ncbi.nlm.nih.gov/pubmed/24051980
http://dx.doi.org/10.1038/sj.ki.5000197
http://www.ncbi.nlm.nih.gov/pubmed/16518346
http://dx.doi.org/10.1097/MNH.0000000000000186
http://www.ncbi.nlm.nih.gov/pubmed/26625862
http://www.ncbi.nlm.nih.gov/pubmed/9466568
http://dx.doi.org/10.1136/gutjnl-2013-306294
http://dx.doi.org/10.1136/gutjnl-2013-306294
http://www.ncbi.nlm.nih.gov/pubmed/24561613
http://dx.doi.org/10.1002/hep.26783
http://www.ncbi.nlm.nih.gov/pubmed/24481979
http://dx.doi.org/10.1136/gutjnl-2011-300304
http://www.ncbi.nlm.nih.gov/pubmed/21813474
http://dx.doi.org/10.1002/hep.22952
http://www.ncbi.nlm.nih.gov/pubmed/19441102
http://dx.doi.org/10.1111/liv.12450
http://www.ncbi.nlm.nih.gov/pubmed/24373155
http://dx.doi.org/10.1089/jir.2006.0055
http://www.ncbi.nlm.nih.gov/pubmed/17348821
http://dx.doi.org/10.1371/journal.pone.0128145
http://www.ncbi.nlm.nih.gov/pubmed/26042740


25. Barreto R, Elia C, Sola E, Moreira R, Ariza X, Rodriguez E, et al. Urinary neutrophil gelatinase-associ-
ated lipocalin predicts kidney outcome and death in patients with cirrhosis and bacterial infections.
Journal of hepatology. 2014; 61(1):35–42. Epub 2014/03/13. doi: 10.1016/j.jhep.2014.02.023 PMID:
24613364.

26. de Franchis R. Expanding consensus in portal hypertension: Report of the Baveno VI Consensus
Workshop: Stratifying risk and individualizing care for portal hypertension. Journal of hepatology. 2015;
63(3):743–52. Epub 2015/06/07. doi: 10.1016/j.jhep.2015.05.022 PMID: 26047908.

27. Angeli P, Gines P, Wong F, Bernardi M, Boyer TD, Gerbes A, et al. Diagnosis and management of
acute kidney injury in patients with cirrhosis: revised consensus recommendations of the International
Club of Ascites. Journal of hepatology. 2015; 62(4):968–74. Epub 2015/02/02. doi: 10.1016/j.jhep.
2014.12.029 PMID: 25638527.

28. EASL clinical practice guidelines on the management of ascites, spontaneous bacterial peritonitis, and
hepatorenal syndrome in cirrhosis. Journal of hepatology. 2010; 53(3):397–417. Epub 2010/07/17. doi:
10.1016/j.jhep.2010.05.004 PMID: 20633946.

29. Albillos A, Lario M, Alvarez-Mon M. Cirrhosis-associated immune dysfunction: distinctive features and
clinical relevance. Journal of hepatology. 2014; 61(6):1385–96. doi: 10.1016/j.jhep.2014.08.010 PMID:
25135860.

30. Degre D, Lemmers A, Gustot T, Ouziel R, Trepo E, Demetter P, et al. Hepatic expression of CCL2 in
alcoholic liver disease is associated with disease severity and neutrophil infiltrates. Clin Exp Immunol.
2012; 169(3):302–10. doi: 10.1111/j.1365-2249.2012.04609.x PMID: 22861370; PubMed Central
PMCID: PMCPMC3445007.

31. Aldridge DR, Tranah EJ, Shawcross DL. Pathogenesis of hepatic encephalopathy: role of ammonia
and systemic inflammation. Journal of clinical and experimental hepatology. 2015; 5(Suppl 1):S7–s20.
Epub 2015/06/05. doi: 10.1016/j.jceh.2014.06.004 PMID: 26041962; PubMed Central PMCID:
PMCPmc4442852.

32. Coltart I, Tranah TH, Shawcross DL. Inflammation and hepatic encephalopathy. Archives of biochemis-
try and biophysics. 2013; 536(2):189–96. Epub 2013/04/16. doi: 10.1016/j.abb.2013.03.016 PMID:
23583306.

33. Terra C, Guevara M, Torre A, Gilabert R, Fernandez J, Martin-Llahi M, et al. Renal failure in patients
with cirrhosis and sepsis unrelated to spontaneous bacterial peritonitis: value of MELD score. Gastro-
enterology. 2005; 129(6):1944–53. Epub 2005/12/14. doi: 10.1053/j.gastro.2005.09.024 PMID:
16344063.

34. Barreto R, Fagundes C, Guevara M, Sola E, Pereira G, Rodriguez E, et al. Type-1 hepatorenal syn-
drome associated with infections in cirrhosis: natural history, outcome of kidney function, and survival.
Hepatology. 2014; 59(4):1505–13. Epub 2013/09/17. doi: 10.1002/hep.26687 PMID: 24037970.

35. Thabut D, Massard J, Gangloff A, Carbonell N, Francoz C, Nguyen-Khac E, et al. Model for end-stage
liver disease score and systemic inflammatory response are major prognostic factors in patients with
cirrhosis and acute functional renal failure. Hepatology. 2007; 46(6):1872–82. Epub 2007/11/01. doi:
10.1002/hep.21920 PMID: 17972337.

36. Shah N, Dhar D, El Zahraa Mohammed F, Habtesion A, Davies NA, Jover-Cobos M, et al. Prevention
of acute kidney injury in a rodent model of cirrhosis following selective gut decontamination is associ-
ated with reduced renal TLR4 expression. Journal of hepatology. 2012; 56(5):1047–53. Epub 2012/01/
24. doi: 10.1016/j.jhep.2011.11.024 PMID: 22266601.

37. Shah N, Mohamed FE, Jover-Cobos M, Macnaughtan J, Davies N, Moreau R, et al. Increased renal
expression and urinary excretion of TLR4 in acute kidney injury associated with cirrhosis. Liver interna-
tional: official journal of the International Association for the Study of the Liver. 2013; 33(3):398–409.
Epub 2013/02/14. doi: 10.1111/liv.12047 PMID: 23402610.

38. Munshi R, Johnson A, Siew ED, Ikizler TA, Ware LB, Wurfel MM, et al. MCP-1 gene activation marks
acute kidney injury. Journal of the American Society of Nephrology: JASN. 2011; 22(1):165–75. Epub
2010/11/13. doi: 10.1681/asn.2010060641 PMID: 21071523; PubMed Central PMCID:
PMCPmc3014045.

Urine MCP-1 an Inflammatory Biomarker of Prognosis in Cirrhosis

PLOS ONE | DOI:10.1371/journal.pone.0157371 June 30, 2016 17 / 17

http://dx.doi.org/10.1016/j.jhep.2014.02.023
http://www.ncbi.nlm.nih.gov/pubmed/24613364
http://dx.doi.org/10.1016/j.jhep.2015.05.022
http://www.ncbi.nlm.nih.gov/pubmed/26047908
http://dx.doi.org/10.1016/j.jhep.2014.12.029
http://dx.doi.org/10.1016/j.jhep.2014.12.029
http://www.ncbi.nlm.nih.gov/pubmed/25638527
http://dx.doi.org/10.1016/j.jhep.2010.05.004
http://www.ncbi.nlm.nih.gov/pubmed/20633946
http://dx.doi.org/10.1016/j.jhep.2014.08.010
http://www.ncbi.nlm.nih.gov/pubmed/25135860
http://dx.doi.org/10.1111/j.1365-2249.2012.04609.x
http://www.ncbi.nlm.nih.gov/pubmed/22861370
http://dx.doi.org/10.1016/j.jceh.2014.06.004
http://www.ncbi.nlm.nih.gov/pubmed/26041962
http://dx.doi.org/10.1016/j.abb.2013.03.016
http://www.ncbi.nlm.nih.gov/pubmed/23583306
http://dx.doi.org/10.1053/j.gastro.2005.09.024
http://www.ncbi.nlm.nih.gov/pubmed/16344063
http://dx.doi.org/10.1002/hep.26687
http://www.ncbi.nlm.nih.gov/pubmed/24037970
http://dx.doi.org/10.1002/hep.21920
http://www.ncbi.nlm.nih.gov/pubmed/17972337
http://dx.doi.org/10.1016/j.jhep.2011.11.024
http://www.ncbi.nlm.nih.gov/pubmed/22266601
http://dx.doi.org/10.1111/liv.12047
http://www.ncbi.nlm.nih.gov/pubmed/23402610
http://dx.doi.org/10.1681/asn.2010060641
http://www.ncbi.nlm.nih.gov/pubmed/21071523

