~ International Journal of

7
Molecular Sciences ml\D\Py

Article

Circulating Monocyte Chemoattractant Protein-1 (MCP-1) in
Patients with Primary Biliary Cholangitis

Alicja Bauer '* and Tomasz Rawa

check for
updates

Citation: Bauer, A.; Rawa, T.
Circulating Monocyte
Chemoattractant Protein-1 (MCP-1) in
Patients with Primary Biliary
Cholangitis. Int. J. Mol. Sci. 2024, 25,
1333. https://doi.org/10.3390/
ijms25021333

Academic Editor: Davide Cossu

Received: 15 December 2023
Revised: 17 January 2024
Accepted: 18 January 2024
Published: 22 January 2024

Copyright: © 2024 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

2

Department of Biochemistry and Molecular Biology, Centre of Postgraduate Medical Education,
Marymoncka 99/103, 00-022 Warsaw, Poland

Department of Gastroenterology, Hepatology and Clinical Oncology, Centre of Postgraduate Medical
Education, Roentgena 5, 02-781 Warsaw, Poland; tomasz.rawa@nio.gov.pl

*  Correspondence: alicja.bauer@cmkp.edu.pl

Abstract: Primary biliary cholangitis (PBC) is a chronic autoimmune liver disease that leads to
the destruction of the intrahepatic bile ducts. While the inflammatory process can be mediated by
monocyte chemotactic protein-1 (MCP-1), the importance of circulating MCP-1 as a biomarker is
unclear. Our aim was to assess the diagnostic significance of the serum concentrations of MCP-1 in
PBC patients. We compared circulating MCP-1 with biochemical, immunological and histological pa-
rameters. Serum samples were collected from 120 PBC patients, 60 pathologic controls and 30 healthy
donors. MCP-1 levels were determined by using commercial enzyme-linked immunosorbent assay
(ELISA). Elevated serum MCP-1 levels were detected in 66% of PBC patients with a specificity of 97%.
Significantly higher levels of MCP-1 protein were found in the sera of patients with PBC than in the
group of healthy individuals—410.2 pg/mL vs. 176.0 pg/mL, p < 0.01). Patients with higher concen-
trations of alkaline phosphatase also had higher levels of MCP-1 (r = 0.4, p < 0.01). In accordance with
Ludwig’s classification, a positive correlation of serum MCP-1 concentration with the degree of fibro-
sis was observed, OR = 6.1, p = 0.0003. We compared the MCP-1 with procollagen type III, hyaluronic
acid (HA), FIB-4 index, APRI and collagen type IV when predicting the advance of liver fibrosis.
Circulating MCP-1 is better correlated with liver fibrosis and is also associated with the occurrence
of specific antimitochondrial autoantibodies and specific anti-nuclear autoantibodies—anti-gp210.
MPC-1 can be considered to be a tool for diagnosing the degree of fibrosis in PBC, and combinations
of MCP-1 and other specific biomarkers could support the diagnosis of PBC.
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1. Introduction

Primary biliary cholangitis (PBC) is an autoimmune, cholestatic liver disease that
is associated with the progressive destruction of the bile ducts, which leads to fibrosis,
and ultimately to cirrhosis of the liver [1-3]. The diagnosis of PBC is based on clinical,
biochemical, and radiological markers of intrahepatic cholestasis [4-6]. More than 90% of
patients have circulating antimitochondrial autoantibodies (AMAs) [7,8], and about 30% to
50% of patients with PBC also have antinuclear antibodies, including anti-gp210, anti-p62
and anti-sp100. These anti-nuclear autoantibodies are associated with severe disease and
poor outcomes [1,2,9-15]. The inflammatory and destructive process leads to advanced
fibrosis, cirrhosis, and liver failure. Liver inflammation can be regulated by matrix metal-
loproteinases [16,17] and different chemokines [18]. Monocyte chemoattractant protein-1
(MCP-1) is one of the most convincing profibrogenic chemokines in the development of
liver fibrosis [19], which belongs to the C subfamily of chemokines, is characterized by
monocyte chemotactic activity [20] and has also been recognized as a significant chemotac-
tic mediator of monocytes/macrophages. Recent studies have also shown that MCP-1 can
chemoattract T lymphocytes and endothelial cells [21,22], and has a significant function in
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the pathogenesis of various diseases [23—29]—the role of MCP-1 has been investigated in
the pathogenesis of interstitial lung disease, breast, prostate cancer, and cytomegalovirus
encephalitis [24,30]. Several studies have also previously described its profibrotic role in
autoimmune diseases, such as rheumatoid arthritis and systemic sclerosis [31-34]. It has
been observed that its profibrogenic and inflammatory responses played a fundamental role
in the development of some hepatic disorders, such as alcoholic liver disease and hepatic
fibrosis [19,35-37]. Some studies have confirmed higher circulating MCP-1 in patients with
nonalcoholic steatohepatitis (NASH) or non-alcoholic fatty liver disease (NAFLD), when
compared to healthy controls [36,38]. MCP-1 is also involved in inflammation and fibrosis
response to the development of pulmonary fibrosis [29]. As MCP-1 is related to different
pathological conditions, various reports also suggest that MCP-1 can be a tool to evaluate
the intensity of inflammation in several diseases [20,21]. Circulating MCP-1 comes from a
damaged liver and may be linked to the severity of liver disorder [39].

The aim of our study was to evaluate the concentration of MCP-1 in the blood serum
of patients with PBC, and compare them with biochemical, immunological, and histological
parameters, in order to determine its prevalence and clinical significance in PBC.

2. Results
2.1. Clinical, Histological and Laboratory Features of PBC Patients

We summarized the clinical, histological, and laboratory data of PBC patients and
healthy adult blood donors in Table 1.

Table 1. Characteristic of PBC patients and healthy control groups.

Primary Biliary Healthy Adult
Cholangitis Patients Blood Donors p Value
(n =120) (n = 30)
Age, years Age, years 51 (15) 33(12)
Females/males Females/males 116/4 22/8
Bilirubin (Total), mg/dL Bilirubin (Total), mg/dL 2.1 (2.0) 0.7 (0.6) 0.0002
AST, U/L AST,U/L 85.5 (53.3) 22.5(21.6) <0.0001
ALT, U/L ALT, U/L 93.8 (72.8) 15.1 (26.2) <0.0001
AP, U/L AP, U/L 301.0 (228.9) 38.7 (16.8) <0.0001
v-GT, U/L v-GT, U/L 299.4 (270.2) 18.6 (4.8) <0.0001
Albumin (g/dL) Albumin (g/dL) 3.5(1.0) 4.5 (2.3) 0.0004
v-globulin (g/dL) v-globulin (g/dL) 1.8 (1.2) 1.1(0.2) 0.0018
AMA M2 AMA M2 104 (87%) 0 (0%) <0.0001
Anti-gp210 antibodies Anti-gp210 antibodies 39 (33%) 0 (0%) 0.0003
Early histological stage (I/1I) Early histological stage (I/1I) 75 (63%) -
Advanced histological stage Advanced histological stage 40 (33%) }
(II/1v) (II/1v)
Ambiguous histological stage Ambiguous histological stage 5 (4%) -

Data are presented as mean (SD). Abbreviations: y-GT, y-glutamyl transpeptidase; ALT, alanine aminotransferase;
AP, alkaline phosphatase; AST, aspartate aminotransferase. Conversion factors to SI units are as follows: for
bilirubin, 17.1; for AST, ALT, AP, and y-GT, 0.0167.

In our PBC group, 116 out of 120 patients were females. The mean age at PBC
diagnosis was 51 years. The total bilirubin concentration was elevated in over 55%
of the tested patients (normal value < 1.2 mg/dL). We found increased activity of AP
and y-GT in over 70% of the tested samples, and the activity of AST and ALT was also
higher in over 60% of them. The normal value for AST was <40 U/L; ALT <40 U/L;
AP <115 U/mg/dL; y-GT <50 U/L; albumin 3.5-5.5 g/dL, y-globulin < 3 g/dL. AMA
M2, specific autoantibodies for PBC, was detected in 87% of patients’ sera and specific
anti-nuclear antibodies—anti-gp210 autoantibodies were positive in 39% of patients. All of
our patients had a liver biopsy. We found small histopathological changes (grade I or II,
according to Ludwig’s classification) in 75 cases (63%), and advanced fibrosis (grade III or
IV, according to Ludwig’s classification) was detected in 40 cases (33%).
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2.2. Occurrence and Diagnostic Value of MCP-1

In the tested PBC patients, an elevated concentration of MCP-1 was observed in
79 out of all 120 samples (66%). In the healthy control group, an abnormally elevated level
of MCP-1 was found in only one subject out of 30 (3%). We also observed a significant
difference between the mean concentration of MCP-1 in the group of PBC patients and the
healthy control 410.2 & 318.0 pg/mL vs. 176 £ 35.5 pg/mL, p < 0.0001.

There were only four men in our group—the level of MCP-1 in the serum of men was
higher than in the group of women 710.0 £ 350.5 vs. 400.1 & 314.9, p = 0.056, but was not
statistically significant.

The distribution of MCP-1 in PBC patients and the healthy control group is shown in
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Figure 1. The distribution of MCP-1 in each of the tested groups.

The receiver operating characteristic curve analysis for the serological detection of
MCP-1 in PBC patients is presented in Figure 2.
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Figure 2. The receiver operating characteristic curve (ROC) analysis for the serological detection of
MCP-1 in PBC patients.



Int. J. Mol. Sci. 2024, 25,1333

4of 16

AUC = 0.72 for PBC is considered acceptable, and the specificity of serum MCP-1 for
PBC was 97%. The positive and negative likelihood ratios were 19.8 and 0.4, respectively, and
the calculated positive and negative predictive values were 98.8% and 41.4% respectively.

We detected MCP-1 serum concentration in two other types of liver disease, namely
NAFLD and AIH. In the group of NAFLD patients, elevated serum MCP-1 levels were
found in 78% (31/40) of cases, and a mean value of 189.0 + 114.70 pg/mL was recorded,
with a significant statistical difference compared to the group of PBC patients, at p < 0.001.
In the group of patients with AIH, an increased level of MCP-1 in serum was found in
35% of cases (7/20), and the mean value was 273.7 + 110.3 pg/mL, which was significantly
lower than in the group of patients with PBC, but was not significantly statistically different,
atp = 0.06.

2.3. Biochemical and Histological Features of PBC Patients According to the Level of MCP-1
We observed an association between the serum concentration of MCP-1 and alkaline

phosphatase levels—R = 0.4, p < 0.0001 (Figure 3).
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Figure 3. Serum MCP-1 concentration and level of alkaline phosphatase (AP).

The mean concentration of MCP-1 detected in sera of patients with elevated levels of
AP was 502.0 &= 302.9 pg/mL, and in patient sera with a normal alkaline phosphatase level,
the MCP-1 concentration remained at 126.4 + 157 pg/mL, p < 0.001.

We compared the concentrations of MCP-1 in the sera of patients with mild changes
in liver tissue (stage I or II), and the sera of patients with advanced fibrosis (stage III or
IV, according to the Ludwig classification). Mean serum MCP-1 levels in patients with
grade I or II fibrosis were 302.8 +184.2 pg/mL, and mean serum MCP-1 levels in patients
with grade III or IV fibrosis were 723 £ 318.0 pg/mL. It was noticed that the serum
MCP-1 level demonstrated a statistically significant increase as fibrosis severity increased
in PBC patients (p < 0.0001). The evaluated OR (95% CI) for the histological score was
6.1 (2.2-17.4), p = 0.0006. Among 75 PBC patients with early histological stages (I/1II) of
the disease, 40 (53%) presented higher levels of MCP-1, in contrast in the group of patients
with advanced histological stages (III/IV), of whom 35 out of 40 (88%) tested positive
for MCP-1, p = 0.0002. In accordance with Ludwig’s classification, we presented MCP-1
concentrations in the sera of PBC patients in four different stages of fibrosis (see Figure 4).

We compared the five liver fibrosis indices (procollagen type III, hyaluronic acid
(HA), FIB-4 index, APRI and collagen type IV) in terms of their ability to predict the
advance of liver fibrosis. Mean values and the standard deviation of the procollagen
type III, hyaluronic acid (HA), FIB-4 index, APRI and collagen type IV were 15.24 £+ 7.52,
366.72 + 470.08, 3.31 + 3.14, 1.27 £ 0.89, 5.20 £ 2.71, respectively. We related these indica-
tors to the chemokine MCP-1 in the evaluation severity of liver fibrosis in patients with
PBC. Spearman’s rank correlation coefficients between the Ludwig’s stage and procollagen
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type III level, HA level, FIB-4 index, APRI, collagen type IV and MCP-1 were R = 0.36,
p <0.001; R =0.32, p <0.001; R =0.59, p < 0.001; R = 0.25, p = 0.001; R = 0.37, p < 0.001 and
R =0.68, p <0.001, respectively, as shown in Figure 5a—f. Circulating MCP-1 showed a
better correlation when compared to these methods.
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Figure 4. MCP-1 concentration in the sera of PBC patients and the stage of fibrosis (according to
Ludwig’s classification).
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Figure 5. Five liver fibrosis biomarkers, MCP-1 and stage of fibrosis (according to Ludwig’s classifica-
tion) in patients with primary biliary cholangitis. (a) Pro-Collagen type III, (b) Hyaluronic acid—HA,
(c) FIB-4 index, (d) Collagen type IV, (e) APRI, (f) MCP-1.

We evaluated the correlation between the serum concentration of MCP-1 and these
fibrosis markers. The results are presented in Figure 6a—e.
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Int. J. Mol. Sci. 2024, 25,1333 8of 16

1600

1400

1200

1000

800

600

MCP-1(pg/mL)

400
200

Oh %’::Y 1 | 1 1 1 I 1
2 4 6 8 10 12 14 16
FIB-4 index

(0)

1600 -
1400 |-
1200 |-
1000 -
800 -

600 -

MCP-1(pg/mL)

400

200

Collagen type IV (ng/mL)

(d)
1600 |-
1400 |-
1200 —
1000 |-

800 -

MCP-1

600 -
400

200 -

Figure 6. Correlation between serum MCP-1 concentration and level of (a) Pro-Collagen type III,
(b) Hyaluronic acid—HA, (c) FIB-4 index, (d) Collagen type IV, (e) APRI in patients with primary
biliary cholangitis.

We obtained the best correlation for the FIB-4 index, R = 0.51; moderate correlation
for HA, R = 0.31, p = 0.001; very weak for APRI, R = 0.13 and for Pro-Collagen type III,
R =0.20, p = 0.028; and the negative for collagen type IV, R= —0.01.
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For comparison, we analyzed the correlation of serum MCP-1 with the level of alkaline
phosphatase and liver fibrosis in a group of patients with NAFLD and AIH. In the NAFLD
group, the mean activity of AP was 75.3 + 16.7 U/L, 92% of patients showed few changes
in liver tissue, and 8% had advanced fibrosis. In the AIH group, the mean activity of AP
was 165.5 £ 120.2 U/L, 80% of patients showed few changes in liver tissue, and 20% had
advanced fibrosis. In the group of NAFLD patients, we found no association between
the serum concentration of MCP-1 and alkaline phosphatase levels—R = 0.13, p > 0.05.
and only found a weak correlation between the serum concentration of MCP-1 and liver
fibrosis—R = 0.20, p = 0.04. In the group of AIH patients, we observed an association
between the serum concentration of MCP-1 and alkaline phosphatase levels—R = 0.25,
p =0.030, and also noted a weak correlation between the serum concentration of MCP-1
and liver fibrosis—R = 0.29, p = 0.02.

2.4. MCP-1 Concentration and PBC-Specific Antibodies

We found a moderate positive correlation between serum MCP-1 concentration and
AMA M2 levels in PBC patients (r = 0.36, p < 0.001), and no significant correlation be-
tween MCP-1 concentration and anti-gp210 antibody levels. However, we noticed a
higher prevalence of patients with elevated MCP-1 levels in the tested anti-gp210 positive
group of PBC patients 36/39 (92%) than in anti-gp210 negative PBC patients 43/81 (53%),
p < 0.0001. The mean concentration of MCP-1 was also significantly higher in this group,
561.2 4 307.2 vs. 342.7 4 295.3 pg/mL, p = 0.0003 (Figure 7).
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Figure 7. The MCP-1 concentrations in the anti-gp210 positive (561.2 £ 307.2 pg/mL) and anti-gp210
negative (342.7 &= 295.3 pg/mL) PBC patients, p = 0.0003.

2.5. MCP-1 Concentration and the Survival of Patients

Analysis of the survival of patients who were positive and negative for serum MCP-1
(Figure 8) demonstrated that the high concentration of this chemokine correlated with the
length of life or time to liver transplantation in PBC patients.

The survival time of patients or the period for liver transplantation was shorter for
those with serum MCP-1 > 250 pg/mL, although it was not statistically significant, p = 0.073.
In the group of patients with serum MCP-1 > 750 pg/mL, the survival time of patients or
the period for liver transplantation was significantly shorter, p = 0.004.
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Figure 8. Kaplan—-Meier curves demonstrating the survival of PBC patients with low and high serum
MCP-1 concentration; (a) group of PBC patients with serum MCP-1 < 250 pg/mL and with serum
MCP-1 > 250 pg/mL; (b) group of PBC patients with serum MCP-1 < 750 pg/mL and with serum
MCP-1 > 750 pg/mL.

3. Discussion

PBC is a chronic, incurable disease that leads to liver failure and, in its advanced form,
to death. The risk of developing advanced cirrhosis of the liver is especially important in
this regard. When looking at the effectiveness of treatment in slowing the progression of
the disease, early diagnosis is crucial. For the final assessment and diagnosis, it is necessary
to calculate the state of liver fibrosis and the risk of complications. Widely known and used
algorithms, biomarkers, and their combinations, are not always well applied, and are not
yet optimal as a screening test to diagnose progressed fibrosis in PBC. Although various
biomarkers of fibrosis exist, the most promising circulating serum biomarker for PBC has
not yet been identified.

An abnormal serum level of AP is characteristic in patients with PBC [8], and they
may also have higher serum transaminase (aspartate aminotransferase (AST) and alanine
aminotransferase (ALT)) activity. A high AST/ALT ratio is an indicator of ongoing liver
fibrosis, and high GGT levels are often found before AP increases [3]. Hyperbilirubinemia
occurs as PBC progresses, and significant increases are typical of the progressed disease.
AMA or ANA (anty-gp210 autoantibodies) positivity is a strong marker of PBC in patients
with uncharacteristic liver biochemistry. Diagnosis of PBC based on AMA or ANA reactivity
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is only possible when the presence of antibodies is associated with abnormal serum liver
test results. In accordance with the actual EASL guidelines, a liver biopsy is not obligatory
for the diagnosis of PBC, but it is significant when PBC-specific antibodies are absent [40].
Non-invasive biomarkers that would allow the diagnosis of patients at risk of advanced
fibrosis and accompanying complications are now constantly being sought.

Several studies have documented the role of MCP-1 in liver diseases [35-39], including
Zhou et al, who showed an increase in MCP-1 in primary sclerosing cholangitis patients
(PSC) [41]. Slightly less is known about the role of MCP-1 in autoimmune liver disorders
and MCP-1 serum concentrations. There is, for example, little information in the literature
on the association between PBC and MCP-1 serum levels. Tsuneyama et al. showed that
monocyte chemotactic proteins -1, -2 and-3 (MCP-1,2;3) are clearly expressed in portal
tracts and granulomas in primary biliary cirrhosis [42]. Recently, Galluci et al. studied the
anti-inflammatory mechanism of fenofibrate by inhibiting NF-kappa B signaling in human
macrophages and clinical outcomes in patients with PBC and MCP-1 [43]. Analyzing non-
autoimmune inflammatory liver diseases, and referring to the reports of obese patients with
NAFLD showed that elevated serum levels of MCP-1 were also found in patients diagnosed
with NAFLD [44]. Glass et al. also concluded that serum MCP-1 was associated with
hepatic fibrosis in patients with histologically confirmed NAFLD [39]. A systematic review
and network meta-analysis of chemokines in non-alcoholic fatty liver disease presented
elevated concentrations of MCP-1 associated with NAFL or NASH [45]. Queck et al. found
a relationship between circulating MCP-1 and the severity of liver disease [46]. Serum MCP-
1 was a promising non-invasive tool for the diagnosis of NASH in the Egyptian population,
confirming the role of MCP-1 in the pathogenesis of NASH [47]. This relationship between
circulating MCP-1 and liver fibrosis in patients with NAFLD was only confirmed by a study
by Ferrari-Cestari et al. [48] Conversely, Kobayashi et al. found a positive linear correlation
between serum MCP-1 and type IV collagen that was statistically significant [19].

The main observation of our study was that circulating MCP-1 is correlated with
the severity of liver cirrhosis. We noted that serum MCP-1 levels showed a statistically
significant increase with increasing fibrosis severity in our PBC patients. The levels of
MCP-1 were significantly associated with the presence of liver fibrosis. We also observed
an association between the occurrence of higher concentrations of MCP-1 and higher levels
of AP. De Munck et al. suggest that intestinal barrier dysfunction triggers the release of
pro-inflammatory microbiological products derived from the intestines, and induce later
inflammatory chemokines such as MCP-1, which are involved in the etiology of chronic
liver disease [49]. An analogous situation may occur in PBC.

We showed that serum MCP-1 concentrations were significantly higher in patients with
PBC, in comparison with healthy controls. The elevated MCP-1 level has been observed in
other autoimmune diseases such as autoimmune connective tissue diseases. Pulito-Cueto
et al. presented an association of MCP-1 with lung involvement in RA. Patients with RA
and interstitial lung disease presented higher levels of MCP-1 [32]. MCP-1 serum levels in
patients with pulmonary fibrosis of interstitial lung disease associated with rheumatoid
arthritis were over 640 pg/mL, and in our PBC patients we observed a concentration above
400 pg/mL, which was also significantly higher than the control group. Serum MCP-1 levels
also increased in polymyositis/dermatomyositis patients and were very often correlated
with the complication of interstitial lung disease [32,34]. The upper concentration of MCP-1
in PBC can be affected by chronic systemic exposure to proinflammatory cytokines that are
specific to PBC, as in RA [32,50].

We presented a comparison of the levels of different fibrosis markers: procollagen type
III, hyaluronic acid, FIB-4 index, APRI, collagen type IV and circulating MCP-1 for different
stages of the disease. Circulating MCP-1 demonstrated the better correlation (R = 0.68),
although a good correlation was also observed among the FIB-4 index and stage of fibrosis
(R =0.59). Fujinaga et al. presented 10 serum parameters for the estimation of liver fibrosis
and prediction of clinical outcomes in PBC [51]. Authors correlated histological stages
based on both of the Scheuer and Nakanuma classifications with fibrosis indices. They
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found that an enhanced liver fibrosis (ELF) score had the highest correlation coefficient
for liver fibrosis when evaluated with either classification. Contrary to our studies based
on the Ludwig classifications, the correlation with FIB-4 was found to be very weak. Both
in our work and in Fuinaga’s work, there was a very weak correlation between stage
of fibrosis and the procollagen type III, hyaluronic acid and APRI, and practically no
correlation between the stage of fibrosis and collagen type IV. Fujinaga et al. have not
investigated the circulating MCP-1. We showed that for the group of patients with serum
MCP-1 > 750 pg/mL the survival time of patients or the period for liver transplantation
was significantly shorter. MCP-1 may therefore also have prognostic value in the course of
the disease.

We compared the results for serum MCP-1 with immunological parameters. The level
of MCP-1 in our group of PBC patients with AMA M2 and anti-gp210 antibodies has been
evaluated, due to their high specificity in the diagnosis of PBC. We found a moderate
positive correlation between serum MCP-1 concentration and AMA M2 levels and an
increased concentration of MCP-1 in the ANA (anti-gp210 antibodies) positive group. This
was an interesting finding, as previous work on PBC had shown that positive anti-gp210
antibodies are a marker of poor prognosis in PBC patients [52]. These autoantibodies were
independently linked with a greater risk of liver-related death or transplantation [53,54].

In addition, measuring the level of MCP-1 could be important in the therapeutic
approach in the future. Baeck et al. and Parker et al. reported that the genetic or phar-
macological inhibition of monocyte recruitment via the MCP-1/CCR2 chemokine axis
inhibited or decreased fibrosis in pre-clinical models of chronic liver disease [55,56]. They
also confirmed that the MCP-1 level is a sensitive measure that can be used to estimate
the therapeutic response of the anti-cytokine therapy [20], which could also offer a helpful
solution in the case of PBC.

4. Materials and Methods
4.1. Patients

We collected serum samples from 120 patients (116 women, 4 men; median age:
51 years-of-age; age range: 2873 years-of-age), who were diagnosed at the Centre of Post-
graduate Medical Education (in Warsaw, Poland). The recognition of PBC was confirmed
using generally accepted criteria, which corresponded to the practice guidelines of the
European Association for The Study of Liver Diseases (EASL) for PBC [40]. A biopsy was
performed on all patients, and it was found most patients had positive AMA antibodies. In
AMA-negative PBC patients diagnosis was confirmed by antinuclear antibody positivity
or by liver biopsy. We excluded patients with serum levels who tested positive for the
hepatitis B surface antigen (HBsAg), anti-hepatitis A (IgM), and hepatitis C virus, and
also excluded patients with alcoholism, and AIH (autoimmune hepatitis)/PBC overlap
syndrome. The pathologic control group contained 40 patients (20 females, 20 males; me-
dian age: 45 years-of-age; age range: 19-67 years-of-age) with NAFLD; and 20 patients
with autoimmune hepatitis—AIH (18 females, 2 males; median age: 48 years-of-age; age
range: 22-68 years-of-age). Serum samples from 30 healthy adult blood donors (22 females,
8 males; median age: 33 years-of-age; age range: 19-53 years-of-age) were collected at the
Warsaw Blood Bank.

The study protocol was conducted in accordance with the ethical guidelines of the
Declaration of Helsinki and was approved by the the Centre of Postgraduate Medical
Education’s ethical committee (Warsaw; approval number 71/PB/2019).

4.2. Detection of MCP-1

The MCP-1 level was evaluated by using a commercial ELISA kit (Boster Biological
Technology, Pleasanton, CA, USA, Catalog #EZ0441), that corresponded to the manufac-
turer’s guidelines. Intra-assay and inter-assay performances were 3.1% and 5.3%, respec-
tively. MCP-1 concentrations >250 pg/mL were considered positive. The cut-off value was
determined by using the ROC curve.
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4.3. Detection of Fibrosis Markers

Human procollagen type III concentration was evaluated by using a commercial
ELISA kit (Causabio Technology LLC., Houston, TX, USA), Hyaluronic acid and col-
lagen type IV concentration was evaluated by using a commercial ELISA kit (Aviva
Systems Biology, San Diego, CA, USA). The FIB-4 index used the following formulas:
FIB-4 index = (age x AST)/[(PLT count) x (ALT) 1/2]; APRI (AST to Platelet Ratio Index)
= [(sample AST/reference AST)100]/PLT count.

4.4. Detection of Autoantibodies

Anti-gp210 antibodies and AMA M2 were determined by using commercially available
ELISA kits (QUANTA Lite® gp210; Inova Diagnostics, San Diego, CA, USA and QUANTA
Lite® M2 EP-MIT3, respectively; Inova Diagnostics, San Diego, CA, USA), according to the
manufacturer’s instructions. The intra-assay performance of these kits was 4.6% and 2.9%,
respectively, and their inter-assay performance was 5.8% and 6.1%, respectively.

4.5. Statistical Analysis

Prevalence rates were evaluated between groups by using the chi-square test and Fisher’s
exact test. Continuous data were summarized as mean =+ standard deviation (SD), and
categorical data were summarized as frequencies. Continuous variables were evaluated using
the Mann-Whitney test and were expressed as median =+ interquartile range (IQR); p < 0.05
was considered statistically significant. All statistical analyses were presented using MedCal
for Windows, version 7.4.1.0 (MedCal Software, Mariakerke, Belgium).

5. Conclusions

Circulating MCP-1 had a high correlation coefficient for liver fibrosis that was esti-
mated according to Ludwig’s classification and showed a better correlation than other
fibrosis markers. We found a correlation between MCP-1 and alkaline phosphatase, and
also specific autoantibodies in PBC patients. Our results showed that the profibrogenic
cytokine of monocyte, such as MCP-1, could take place in the progression of liver fibrosis in
the PBC. Serum MCP-1 concentrations suggest that the circulating MCP-1 levels could be
potential noninvasive biomarkers for liver fibrosis connected with PBC. These results can
be important for clinical practice addressed to the diagnosis and assessment of the stage of
fibrosis. New combinations of biomarkers associated with various aspects of the disease
could support the diagnosis of PBC.
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