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Abstract
Systemic inflammatory response triggered by HCV per se and/or its subsequent immune cascades
and acute phase inflammatory proteins may play a major role in it. In inflammatory or injured liver,
the increase of A2MG inhibits catabolism of matrix proteins and thus causes liver fibrosis.
Objective: 129 patients with chronic HCV infection were studied. All of them were candidates for
combined treatment with pegylated interferon-alpha. Methods: Alpha 2 macroglobulin and
haptoglobin levels were measured by immuno-turbidimetry. Serum concentrations of pro-hepcidin,
hsCRP and TNF-alpha were measured by commercially available ELISA kits. Serum HCV RNA
was quantified by using real-time PCR assay. Liver biopsy was obtained applying Menghini’s
technique and was evaluated by METAVIR system. For non-invasive assessment of liver fibrosis
and fibrogenesis we used specific scoring systems (APRI, FIB-4, SOS-FS and GAMAGEN).
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Results: The mean A2MG level was significantly lower in subjects with A1 vs. A2 (p < 0,001) and
A3 (p < 0,001). Patients with F3 stage of fibrosis were with higher mean A2MG level compared to
those with F1 (p < 0.001) and F2 (p < 0.05). A2MG positively correlated with hepatic necroinflammation (r= 0.433; p= 0.000) and fibrosis (r= 0.325; p= 0.000). A moderate positive correlation
between A2MG and patient age is very important point as fibrosis rapidly progresses in elder
patients.
Conclusion: A2MG is quite an informative serum biomarker that reflects liver fibrosis and
fibrogenesis in chronic hepatitis C. It can be used in combination with haptoglobin, IgG and AST in
scoring systems for non-invasive assessment of liver fibrosis and figrogenesis.
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Introduction
Chronic hepatitis C (CHC) is associated with liver cell necrosis, inflammation, regeneration, fibrosis, and
as a result of this approximately 20 to 30% of patients develop cirrhosis over a 20 to 30 year period of time
(1, 2). Systemic inflammatory response triggered by HCV per se and/or its subsequent immune cascades
and acute phase inflammatory proteins may play a major role in it (3, 4).
During the last 15 years it has been well established that hepatic necro-inflammatory activity and stages of
liver fibrosis correspond to serum concentration of several biomarkers, e.g. α2 macroglobulin (A2MG),
haptoglobin, gamma-globulin, pro-hepcidin, aspartate aminotransferase (AST) and platelet count (Plt)
(5,6,7,8).
In patients with cirrhosis, AST is higher than ALT (alanine aminotransferase) and platelets are low. Based
on this fact a simple AST-to-platelet ratio index (APRI) was developed for non-invasive diagnosis of
advanced fibrosis and cirrhosis (8). FIB-4 index includes also patient age in addition to aminotransferases
and platelets, as liver fibrosis is more severe in elder patients (9, 10).
In the context of acute-phase proteins, A2MG is synthesized in hepatocytes and stellate cells (11-12).
Both its hepatic and serum levels increase in fibrogenetic environment (13). In inflammatory or injured
liver, the increase of A2MG inhibits catabolism of matrix proteins and thus causes liver fibrosis (13, 14).
Haptoglobin is strongly and negatively associated with fibrosis (5, 15, 16). Serum concentration of
gamma-globulin is associated with cirrhosis and portosystemic shunts (17). A2MG, haptoglobin and 
globulin are well-known serum biomarkers of hepatic fibrosis and are significant components of FibroTest
and Hepascore (18, 19). Developed by us SOS FS also includes A2MG and haptoglobin (20). In addition
A2MG, IgG, AST and serum albumin were included in GAMAGEN, which is the only reported score for
non-invasive assessment of liver fibrogenesis (20).
C-reactive protein (CRP) has been shown to be closely related to the occurrence of systemic inflammatory
response (21). With respect to hepatological views, CRP is an acute-phase protein, and its expression in
hepatocytes is closely related with pro-inflammatory cytokines, such as tumor necrosis factor-alpha (TNFα), interleukin-1, and interleukin-6 (3, 22). There were discrepant results of the association of CRP level
and anti-HCV seropositivity in different studies (23 -28). Tumor necrosis factor α (TNF-α) is a cytokine,
produced primarily by activated monocytes and lymphocytes. Although low levels of TNF-α can contribute
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to cell protection, excessive amounts may cause cell damage. Raised serum TNF-α level has been shown
in chronic hepatitis C virus infection (29). Limited data are available regarding the association between
A2MG and CRP, TNF-alpha or pro-hepcidin in CHC.
Histological activity of liver disease and stage of fibrosis are important predictors of disease progression
and treatment outcome. Their precise verification is an obligate prerequisite before initiation of antiviral
therapy (1). Liver biopsy is still considered the gold standard for the assessment of hepatic necroinflammatory activity and stage of liver fibrosis (1). However, after initial determination of liver necroinflammatory activity and fibrosis stage by biopsy, it is important to identify simple and widely available
biomarkers that correlate well with liver morphology and are suitable for the monitoring of CHC patients in
everyday clinical practice. Moreover, it is essential to identify patients with active fibrogenesis early,
because they are at risk of rapid development of advanced fibrosis and fast progression to cirrhosis.

Aim
With this background we aimed to investigate the association between A2MG level and other acute phase
proteins, liver morphology and some scoring systems for the non-invasive diagnosis of fibrosis.

Materials and methods
Patients
One hungered and twenty-nine patients with chronic HCV infection were studied. All of them were
candidates for combined treatment with pegylated interferon-alpha (Peg-IFN and ribavirin – (Table 1)).
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Table 1. Characteristics of studied patients
Patients ‘number (n) 129
Age (years)

Mean  SD

46.1 ±12.3

Gender (n)

male/female

56/ 73

AST (U/L)

Mean SD

60.1 34.2

ALT (U/L)

Mean  SD

88.9 ±50.9

HCV RNA(IU/ml)

Mean  SD

2 601 193 ±5 810 222

Albumin (g/L)

Mean SD

47.0 3.6

Platelet count (G/L)

Mean SD

226.2 69.8

Histological activity* (n)

A0

0

A1

29

A2

68

A3

28

Unknown

4

F0-

0

F1

29

F2

49

F3

41

F4

6

Unknown

4

Fibrosis stage* (n)

* METAVIR (30)

Measurements
Serum HCV RNA was quantified by using real-time PCR assay (Roche Diagnostics). Routine lab
methods were used for the testing of complete blood count, including platelets, as well as for serum levels
of AST, ALT, albumin and IgG.
Alpha 2 macroglobulin, haptoglobin levels were measured by immuno-turbidimetry.
Serum concentrations of pro-hepcidin, hsCRP and TNF-alpha were measured by commercially available
ELISA kits.
Only serum level of IgG, pro-hepcidin and TNF-alpha were not measured in the whole group of 129
patients: IgG was tested in 98 patients, while pro-hepcidin and TNF-alpha - in 31 subjects.
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Liver biopsy was obtained from 125 out of the 129 studied patients by applying Menghini’s technique and
was evaluated by the METAVIR system (30). Only 4 patients were without histological verification of liver
disease activity and stage of fibrosis due to hemophilia A or coagulation abnormalities (Tabl. 1).
Non-invasive indexes of liver fibrosis and fibrogenesis
APRI was calculated by dividing the AST level (U ⁄ L), expressed as the number of times above the upper
limit of normal (ULN), by platelet count [G ⁄ L]: AST ⁄ULN x 100 ⁄ platelet count [G ⁄ L] (8).
FIB-4 was calculated using the formula: age [years] x AST [U/L]/(platelets [G/L] x ALT [U/lL)1/2) (10).
SOS FS was calculated by using the formula: A2MG [g/L] – haptoglobin [g/L] (20).
GAMAGEN was calculated by the formula: IgG/14 + AST/2 x ULN + A2MG [g/l]/2.5 – albumin [g/l] /41
(20).
Statistical Analysis
Results are presented as the mean SD, counts, and percentages. All calculations were made using
SPSS (version 11.0.4.0) software (SPPS Inc., Chicago, IL). A p value of less than 0.05 was considered
statistically significant.

Results
Mean serum levels of measured acute phase proteins are presented in table 2.

Table 2. Mean serum levels of acute phase proteins
Parameters

N

Mean  SD

Alpha 2 macroglobulin (g/L)

n = 129

3.17 ±1.01

Haptoglobin (g/L)

n = 129

0.94 0.5

Pro-hepcidin (ng/mL)

n = 31

770.8 292.27

IgG (g/L)

n = 98

13.58 ±2.24

CRP (mg/L)

n = 129

1.67 ±2.46

TNF-alpha (pg/mL)

n = 31

78.1 73.1

A2MG and classical surrogate markers for the evaluation of chronic CHC
A positive correlation was found between A2MG levels and AST (r = 0.437; p= 0.000), while correlations
with ALT and platelet count were very low (r < 0.30), although they were significant. There was no
correlation between A2MG and HCV RNA level (Table 3).
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Table 3. Correlation coefficients (r) between A2MG and aminotransferases, HCV RNA and PLT

Parameters

A2MG

P

AST

(n = 129)

0.437

0.000

ALT

(n = 129)

0.253

0.004

Plt

(n = 129)

-0.202

0.022

HCV RNA

(n = 129)

0.023

0.792

A2MG and acute phase proteins
There was a positive correlation between A2MG and IgG (r = 0.375; p= 0.000 ). A2MG and haptoglobin
correlated negatively (r = - 0.301; p= 0.000). The correlation between A2MG and albumin, and globulin
was very low. No correlation was found between A2MG and CRP, TNF-alpha and pro-hepcidin (Table 4).

Table 4. Correlation coefficients (r) between A2MG and acute phase proteins
Parameters

A2MG

P

albumin

(n = 129)

-0.284

0.001

globulin

(n = 129)

0.226

0.010

IgG

(n = 98)

0.375

0.000

CRP

(n = 129)

-0.157

0.076

TNF-alpha

(n = 31)

0.299

0.102

Haptoglobin

(n= 129)

-0.301

0.000

Pro-hepsidin

(n = 31)

-114

0.539

A2MG and liver histology
A2MG correlates significantly with both hepatic necro-inflammatory activity and stage of liver fibrosis
(Table 5).
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Table 5. Correlation coefficients (r) between A2MG and liver histology (METAVIR)

Parameters
Histological activity

(n = 125)

Stage of fibrosis

A2MG

P

0.433

0.000

0.325

0.000

Mean A2MG levels among patients with A1; A2 and A3 grade of liver necro-inflammatory activity were
2.34 0,79 g/L; 3.36  0.90 g/L and 3.64  1.01 g/L, respectively. The mean A2MG level was significantly
lower in subjects with A1 vs. A2 (p < 0,001) and A3 (p < 0,001) - figure 1a.
Mean A2MG levels in patients with F1; F2 and F3 fibrosis stage were 2.71 1.05 g/L; 3.14 0.94 g/L and
3.53 0.96 g/L, respectively. Patients with F3 stage of fibrosis were with higher mean A2MG level
compared to those with F1 (p < 0.001) and F2 (p < 0.05) – figure 1b

A1
A2
A3

7

6

6

5

Alpha 2 macroglobulin [g/L]

Alpha 2 macroglobin [g/L]

F1
F2
F3

5
4
3
2
1
0

4

3

2

1

0

-1
1

2

1

3

2

3

Stages of liver fibrosis [METAVIR]

Grade of necro-inflammatory activity [METAVIR]

1b

1a

Figure 1. A2MG levels according to different parameters: a) grades of hepatic necro-inflammation
and b) liver fibrosis stages
A2MG and non-invasive scores for liver fibrosis assessment
A significant correlation was found between A2MG and APRI, FIB-4, SOS FS and GAMMAGEN, which
was low with APPRI, moderate (with Fib-4 and GAMAGEN) and very high with SOS FS (Table 64).
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Table 6. Correlation coefficients (r) between A2MG and liver fibrosis scores

Parameters

A2MG

P

APRI

0.433

0.000

(n = 129)

0.532

0.000

SOS FS (n = 129)

0.925

0.000

GAMAGEN (n = 98)

0.681

0.000

FIB 4

(n = 129)

A2MG and age
There was a moderate positive correlation between A2MG level and age (r =0.618; p =0.000). Mean
A2MG value in patients with age <40 years; 40-49 years and  50 was: 2.23 0.72 g/L; 3.14 0.79 g/L;
3.77 0.83 g/L, respectively. The mean A2MG levels in the described 3 age groups were statistically
different (p < 0.001) – figure 2.

< 40 years
40 - 49 years
> 49 years

Alpha 2 macroglobulin level [g/L]

6

5

4

3

2

1

0

Age groups

Figure 2. A2MG levels according to age.

Discussion
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Our results demonstrated positive correlations (r > 0.300) between A2MG and AST, IgG as well as a
negative one between A2MG and haptoglobin. On the other hand A2MG positively correlated with hepatic
necro-inflammation and fibrosis. These findings were rather expected as in previous studies the above
parameters were identified to be important serum biomarkers of liver fibrosis (5,6, 20). For these reasons
they have been included in different combinations in several scoring systems for non-invasive assessment
of fibrosis. In the present study we did not find a correlation between A2MG and albumin, globulins, CRP,
TNF-alpha and pro-hepcidin.
Interestingly, we found a very low correlation between A2MG and platelet count. This was probably due to
the relatively low proportion of patients with cirrhosis and advanced fibrosis (F3) in our serial of patients
which was only 6/129 (4.7%) and 41/129 (31.8%), respectively. This fact clearly illustrates the limitations
of all scoring systems that are based on platelet count such as APRI and FIB-4. In our study a very low
correlation was found between fibrosis stage on liver biopsy and both APRI (r = 0.270) and FIB-4 (r =
0.262). On the other hand we found a positive correlation between A2MG and fibrosis stage (r = 0.325).
Together, all this data clearly suggest that A2MG is the most important serum biomarker for liver fibrosis,
which was also confirmed by multivariate logistic regression analysis (5). In this regard scoring systems
that include A2MG, such as FibroTest, Hepascore and SOS FS, reflect more accurately liver fibrosis at
least in a subset of patients without cirrhosis and advanced fibrosis. However, some of these scoring
systems are too complicated or are patented and thus are not widely available. In this situation, it is quite
wise to use A2MG for follow-up of CHC patients during antiviral therapy, as it is highly reliable. In our
study we found a very high correlation between A2MG and SOS FS (r = 0.925).
And finally, a moderate positive correlation between A2MG and patient age is a very important point as
fibrosis rapidly progresses in elder patients. Probably, for this reason we observed a higher correlation
between A2MG and FIB-4 (r = 0.532) than between A2MG and APRI (r = 0.434), as FIB-4 includes
patients’ age in addition to platelet count and AST. This is also confirmed by the moderate positive
correlation between FIB-4 and age (r = 0.518).

Conclusion
In conclusion our study confirms that A2MG is an informative serum biomarker that reflects liver fibrosis
and fibrogenesis in chronic hepatitis C. It can be used in combination with haptoglobin, IgG and AST in
scoring systems for non-invasive assessment of liver fibrosis and figrogenesis. Further studies are needed
for the development of simpler, informative and widely available scoring systems for everyday clinical
practice.
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