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An accurate evaluation of liver fibrosis is clinically important in chronic liver diseases. Mac-2
binding protein glycosylation isomer (M2BPGi) is a novel serum marker for liver fibrosis. In
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this review, we discuss the role of M2BPGi in diagnosing liver fibrosis in chronic hepatitis

B and C, chronic hepatitis C after sustained virologic response (SVR), and nonalcoholic
fatty liver disease (NAFLD). M2BPGi predicts not only liver fibrosis but also the hepatocel-
lular carcinoma (HCC) development and prognosis in patients with chronic hepatitis B
and C, chronic hepatitis C after SVR, NAFLD, and other chronic liver diseases. M2BPGi
can also be used to evaluate liver function and prognosis in patients with cirrhosis. M2B-
PGi levels vary depending on the etiology and the presence or absence of treatment. There-
fore, the threshold of M2BPGi for diagnosing liver fibrosis and predicting HCC develop-
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ment has to be adjusted according to the background and treatment status.
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INTRODUCTION

Liver fibrosis correlates with hepatocarcinogenesis and progno-
sis in chronic liver diseases; hence, an accurate evaluation of
liver fibrosis is extremely important [1]. Although liver biopsy is
currently the gold standard for liver fibrosis evaluation, it has
many drawbacks, such as risk of complications and difficulty in
repeated evaluation [2]. Therefore, various methods for the eval-
uation of noninvasive liver fibrosis have been developed recently,
including elastography using magnetic resonance imaging or ul-
trasonography [3-11]. Although elastography has a high diag-
nostic ability for not only liver fibrosis but also liver steatosis [12,
131 and is widely used, it has a number of drawbacks, such as
the requirement of expensive equipment, limited available facili-
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ties, and equipment incompatibility. Blood tests are also widely
used to evaluate liver fibrosis and prognosis in patients with chro-
nic hepatitis, and a two-step screening strategy to detect advanced
fibrosis patients in a large population has been suggested [10,
14-17]. In the first-line screening, serum biomarkers are used
to exclude patients with low risk of advanced fibrosis, and, in
the second-line screening, patients with advanced fibrosis are
identified by elastography. Recent advances in the non-invasive
assessment of liver fibrosis based on serum biomarkers and im-
aging have been summarized in reviews [10, 18].

In Japan, serum Mac-2 binding protein (M2BP) glycosylation
isomer (M2BPGi) was identified in 2013 and clinically applied
as a diagnostic marker for liver fibrosis; it is now widely used,
mainly in Asia [19-21]. The clinical use of M2BPGi has rapidly
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increased in recent years, because it can be easily measured in
the serum, and M2BPGi measurement has been used to assess
liver fibrosis and carcinogenesis risk in chronic liver diseases
[20, 22-26].

In this review, we summarize the current knowledge on the
utility of M2BPGi in diagnosing liver fibrosis in chronic hepatitis
B and C, nonalcoholic fatty liver disease (NAFLD), and other
liver diseases, and as a carcinogenic risk factor.

M2BPGi and its Characteristics

M2BP, a secreted glycoprotein present in the extracellular ma-
trix, is associated with cell adhesion and correlates with liver fi-
brosis [27]. Recent advances in glycoproteomics have revealed
that specific glycan structures of M2BP change as liver fibrosis
progresses [28]. The concept of M2BPGi measurement involves

Table 1. Thresholds of M2BPGi in liver fibrosis
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the evaluation of liver fibrosis by measuring M2BP with an al-
tered glycan structure. The change in the M2BP glycan struc-
ture was detected using the lectin Wisteria floribunda agglutinin
(WFA) and was found to be correlated with the progression of fi-
brosis [19]. Thus, it was demonstrated that WFA-positive M2BP
[WFA*-M2BP (M2BPGi)] detected by sandwich immunoassay
with WFA and anti-M2BP antibody is clinically correlated with
liver fibrosis. The sandwich immunoassay is automated using the
HISCL-2000 system (Sysmex Co., Hyogo, Japan), and M2BPGi
can be measured in 17 minutes using 10 pL of serum [29]. The
measured values of WFA*-M2BP conjugated to WFA were in-
dexed with the obtained values using the following equation:
cutoff index (COI) = (IM2BPGilsampe — [M2BPGilnc)/
(IM2BPGilec—[M2BPGilnc),
where [M2BPGilsamge is the M2BPGi level in the serum sample,

) Mean value of M2BPGi Threshold for diagnosing fibrosis stage
Reference Etiology
FO F1 F2 F3 F4 >F2 >F3 F4

Yamasaki, et al. [31] HCV 1.3 2.2 33 5.2
Tamaki, et al. [32] HCV 0.81 1.82 2.31 1.5
Ura, et al. [33] HCV 16 3.86 3.53 3.12 2.14 2.17
Huang, et al. [34] HCV 2.23 3.45 348 3.77 1.61 1.42 2.67
Fujita, et al. [35] HCV 1.26 1.81 4.03 7.86 2.19
Inoue, et al. [36] HCV 2.3 6.9
Nakamura, et al. [37] HCV 1.7 (F1-2) 5.1 (F3-4)
Xu, et al. [38] HCV 0.88 1.70 (F2-3) 5.68 0.95 1.35

0.88-2.23  1.81-3.86 2.3-3.53 3.12-7.86
Ishii, et al. [52] HBV 0.9 14 1.6 3.1 14 14 1.9
Ichikawa, et al. [53] HBV 0.75 1.14 1.03 1.64 0.94 1.26 1.26
Yeh, et al. [54] HBV 0.64 1.36 1.65 2.1 1.35 1.54 1.67
Jekarl, et al. [55] HBV 0.68 0.87 1.65 0.7 0.7
Mak, et al. [56] HBV 0.26 0.34 0.57 1.21 0.25 0.45 0.96
Wei, et al.* [57] HBV 0.88 1.17 (F2-3) 1.92 1.12 1.83
Jun, et al. [58] HBV 0.80 (F1-3) 2.67

026-09  0.34-136  057-1.65 1.21-3.1
Abe, et al.[71] NAFLD 0.57 0.7 1.02 1.57 2.96 0.94 1.46
Ogawa, et al.[72] NAFLD 0.43 0.62 0.92 1.12 2.94 0.83 0.83 1.26
Nishikawa, et al. [73] NAFLD 0.7 0.7 12 16 1.1 16
Atsukawa, et al. [74] NAFLD 0.71 1.17 1.36 1.98 1.23 1.37
Alkhouri, et al. [75] NAFLD 0.66 (F0-1) 1.2 (F2-3) 2.4

0.62-0.71 0.7-1.17 1.2-1.57 1.6-2.96

*Fibrosis stage determined using Fibroscan.

Abbreviations: M2BPGi, Mac-2 binding protein glycosylation isomer; HCV, hepatitis C virus infection; HBV, hepatitis B virus infection; NAFLD, nonalcoholic

fatty liver disease.

https://doi.org/10.3343/alm.2021.41.1.16

17



ANN
LAB
MED

PC is the positive control, and NC is the negative control. The
PC was supplied as a calibration solution preliminarily standard-
ized to yield a COIl value of 1.0.

The pathophysiological role of M2BPGi is not completely elu-
cidated. Hepatic stellate cells (HSCs) are the source of M2BPGi,
and the M2BPGi secreted from HSCs induces Mac-2 expres-
sion in Kupffer cells, which in turn activates HSCs and increases
alpha-smooth muscle actin expression [30]. These findings in-
dicated that M2BPGi plays an important role in the progression
of liver fibrosis and M2BPGi levels are associated with the fibro-
sis stage.

M2BPGi Level Predicts Liver Fibrosis and Carcinogenesis in
Chronic Hepatitis C

M2BPGi was developed as a biomarker using the serum of
chronic hepatitis C patients and is now widely used for diagnos-
ing liver fibrosis in chronic hepatitis C [19, 31-38]. Numerous
studies have compared the diagnostic accuracy of M2BPGi with
that of liver biopsy in identifying liver fibrosis stage. The mean
COl values of M2BPGi in histological fibrosis stages 1, 2, 3, and
4 are 0.88-2.23, 1.81-3.86, 2.3-3.53, and 3.12-7.86, respec-
tively (Table 1) [31-38]. In all cases, M2BPGi levels significantly

Table 2. Thresholds of M2BPGi in HCC development
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increased as liver fibrosis progressed, which confirmed the util-
ity of M2BPGi for diagnosing liver fibrosis in chronic hepatitis C.
Liver fibrosis is a risk factor for carcinogenesis in chronic hepati-
tis C. Therefore, M2BPGi predicts the development of hepato-
cellular carcinoma (HCC). In studies on carcinogenesis, M2B-
PGi >4.0 indicated a high risk of HCC development (Table 2)
[31, 32].

Another advantage of M2BPGi is that it can be measured eas-
ily and repeatedly. An increase in M2BPGi levels over time was
associated with HCC risk [32, 39]. High M2BPGi levels also cor-
relate with the prognosis of chronic hepatitis C [36]. A meta-anal-
ysis confirmed the utility of M2BPGi in diagnosing fibrosis and
predicting HCC risk [21].

Utility of M2BPGi in Chronic Hepatitis C After Sustained
Virologic Response (SVR)

In recent studies, several patients achieved SVR with direct-act-
ing antiviral (DAA) treatment [40-43]; hence, we discuss the role
of M2BPGi in relation to SVR. M2BPGi not only strongly corre-
lates with liver fibrosis but also weakly correlates with inflamma-
tion and alanine transaminase (ALT) [34, 36, 44]. Therefore,
M2BPGi decreases rapidly during DAA treatment according to

Reference Etiology Treatment status Threshold of M2BPGi for HCC risk HR (95% Cl)
Yamasaki, et al. [31] HCV >4 8.3(1.8-38)
Tamaki, et al. [32] HCV >4.2 4.1(1.1-15)
>0.3 increase/yr 5.5(1.5-19)
Inoue, et al. [36] HCV >4 (mortality risk)
Sasaki, et al. [48] HCV SVR >2.0 5.7 (1.7-20)
Nagata, et al. [49] HCV SVR >1.8 2.0(1.4-2.4)
Yasui, et al. [50] HCV SVR >1.75 6.0 (1.8-19)
Akuta, et al. [51] HCV SVR >1.0 49 (1.4-18)
Ichikawa, et al. [53] HBV Naive >0.71 8.3(1.0-67)
Jun, et al. [58] HBV Naive Each 1 increase 1.1 (1.05-1.18)
Liu, et al. [62] HBV Naive >2.0 (1-2 yr HCC) 7.4 (2.4-23)
Kim, et al. [63] HBV Naive >1.8 15(1.1-2.1)
Mak, et al. [64] HBV NA treatment >1.15 before NA treatment 1.2 (1.04-1.5)
Kawaguchi, et al. [65] HBV NA treatment >1.2 after NA treatment 10.5 (3.0-38)
Shinkai, et al. [66] HBV NA treatment >1.2 after NA treatment 5.0(1.7-15)
Su, et al. [67] HBV NA treatment Each 1 increase after NA treatment 1.6(1.2-2.1)
Heo, et al. [68] HBV Naive/NA treatment >18 11.5(1.4-97)
Mak, et al. [69] HBV Naive/NA treatment >0.68 4.7 (1.3-17)
Kawanaka, et al. [79] NAFLD >1.255 1.7 (1.1-2.3)

Abbreviations: M2BPGi, Mac-2 binding protein glycosylation isomer; HCC, hepatocellular carcinoma; SVR, sustained virologic response; NA, nucleotide/nu-
cleoside analogue; NAFLD, nonalcoholic fatty liver disease; HCV, hepatitis C virus infection; HBV, hepatitis B virus infection; HR, hazard ratio.
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the improvement of inflammation or ALT level [45, 46]. M2BPGi
also increases during acute liver injury [47]. The threshold of
M2BPGi for predicting HCC development after SVR should be
adjusted because of the improved inflammation. In studies ex-
amining the risk of HCC development after SVR, M2BPGi at SVR
of 1.0-2.0, which was lower than that during continuous infec-
tion with hepatitis C virus, indicated a carcinogenic risk (Table 2)
[48-51].

Utility of M2BPGi in Chronic Hepatitis B

M2BPGi levels in patients with chronic hepatitis B increase as
liver fibrosis progresses. The mean M2BPGi COI values in histo-
logical fibrosis stages 1, 2, 3, and 4 are 0.26-0.9, 0.34-1.36,
0.57-1.65, and 1.21-3.1, respectively (Table 1) [52-58]. M2B-
PGi was significantly lower in patients with chronic hepatitis B
than in those with chronic hepatitis C [99]. Therefore, it is nec-
essary to adjust the threshold of M2BPGi for liver fibrosis diag-
nosis, considering its etiology.

In cross-sectional studies examining the association of M2B-
PGi with HCC, M2BPGi level was significantly higher in patients
with HCC than in those without HCC [60, 61]. When the pres-
ence or absence of HCC was evaluated after the fibrosis stages
were adjusted, no difference in M2BPGi levels was found [58],
which was considered to reflect its carcinogenic potential due to
fibrosis progression. Longitudinal observational studies have re-
ported that patients with M2BPGi level >0.71-2.0 have a high
risk of HCC development (Table 2) [53, 58, 62-69]. In consider-
ing the risk of carcinogenesis, the presence or absence of treat-
ment should be considered. M2BPGi level decreases with nu-
cleotide/nucleoside analogue (NA) treatment [53, 56]. There-
fore, it is necessary to reduce the threshold when evaluating
M2BPGi level during NA treatment, because M2BPGi level de-
creases with improvement in fibrosis and inflammation. M2B-
PGi level >1.2 during NA treatment is associated with carcino-
genesis and prognosis of chronic hepatitis B [60, 611, and the
threshold tends to be lower than in treatment-naive cases. On
the contrary, another study showed that the M2BPGi level dur-
ing NA treatment is not associated with carcinogenesis [70], and
further verification is needed in this regard.

Utility of M2BPGi in NAFLD

The utility of M2BPGi for diagnosing liver fibrosis in NAFLD has
been reported. The mean M2BPGi COI values in histological fi-
brosis stages 1, 2, 3, and 4 were 0.62-0.71, 0.7-1.17, 1.2-1.57,
and 1.6-2.96, respectively, and M2BPGi levels increased with
the progression of liver fibrosis (Table 1) [71-75]. M2BPGi level

https://doi.org/10.3343/alm.2021.41.1.16
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has a higher diagnostic accuracy for fibrosis than FIB-4 or NAFLD
fibrosis score [71]. The threshold of M2BPGi for predicting F3-4
according to these reports was 0.83-1.23 and that for predict-
ing F4 was 1.26-1.46 [71-75]. In a report comparing the thresh-
old of M2BPGi for diagnosing liver fibrosis between chronic hep-
atitis C and NAFLD, the threshold for predicting F3-4 in NAFLD
was lower than that for predicting F3—4 in chronic hepatitis C;
hence, it is necessary to consider the underlying liver disease
when interpreting the M2BPGi results for the diagnosis of liver
fibrosis [76]. Although FIB-4 is used for diagnosing liver fibrosis
in NAFLD, its diagnostic accuracy is not enough, unless the thresh-
old is adjusted according to age [77]. In a study comparing M2-
BPGi level and FIB-4, the optimal threshold of FIB-4 increased
with age, whereas that of M2BPGi remained unchanged; this
finding indicated that M2BPGi has a high potential for advanced
fibrosis screening in large populations [78]. In a report examin-
ing its association with carcinogenesis (an M2BPGi level of 1.255
as the threshold), a higher level indicated an increased risk of
subsequent carcinogenesis [79]. Other reports have also sug-
gested that M2BPGi level is associated with carcinogenesis and
liver-related complications [80]. Recently, it was reported that
M2BPGi level is useful for predicting advanced fibrosis in health
checkups [81].

Utility of M2BPGi in Cirrhosis

M2BPGi level increases when compensated cirrhosis develops
to decompensated cirrhosis [82-84]. Therefore, in patients with
cirrhosis, high M2BPGi levels indicate a poor prognosis [82, 85,

Pro S
Livér function

HEC recurrence

i levels

HCC risk

ES

E2 .
Fibrosis

[Fil

Assessment of chronic liver disease status by M2BPGi

Fig. 1. Clinical utility of M2BPGi in chronic liver diseases. The
M2BPGi levels increase as the disease progresses from minimal liv-
er fibrosis to decompensated cirrhosis. M2BPGi can be used to as-
sess disease status, such as liver fibrosis, HCC risk, HCC recur-
rence risk, liver function, and prognosis of chronic liver diseases,
with the progression of the disease.

Abbreviations: M2BPGi, Mac-2 binding protein glycosylation isomer; HCC,
hepatocellular carcinoma.
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86]. M2BPGi is reportedly useful as a predictive marker for liver
failure and complications after hepatectomy or transcatheter ar-
terial chemoembolization [82, 87-911. Thus, M2BPGi level re-
flects not only liver fibrosis but also liver function. M2BPGi level
is also associated with recurrence and prognosis after hepatec-
tomy and can be used for follow-up after HCC therapy [92-94].
Sarcopenia has recently attracted attention as a complication of
cirrhosis. M2BPGi level is correlated with muscle mass and is
useful as a predictive marker for sarcopenia [95, 96]. Thus,
M2BPGi level is useful in patients with cirrhosis as it correlates
with cirrhosis complications and prognosis.

M2BPGi level is useful for diagnosing liver fibrosis in autoim-
mune hepatitis [97, 98I, primary biliary cholangitis [99, 100],
biliary atresia [101, 1021, and primary sclerosing cholangitis [103],
in addition to viral hepatitis and NAFLD; but relevant studies are
limited in number and need validation.

Utility of M2BPGi in Chronic Liver Diseases

The clinical utility of M2BPGi in chronic liver diseases is shown
in Fig. 1. M2BPGi levels increase as the disease progresses.
M2BPGi can be used to assess disease status, such as that of
liver fibrosis [31-38, 52-58, 71-75], HCC risk [31, 32, 36, 48-
51, 53, 58, 62-69, 79, 1041, HCC recurrence risk [92-94], liver
function [82, 87-91], and prognosis of chronic liver diseases
[82-86], with progression of the disease. In one relevant meta-
analysis, the sensitivities and specificities for predicting signifi-
cant fibrosis (>F2), advanced fibrosis (>F3), and cirrhosis were
0.690, 0.764, and 0.818 and 0.778, 0.758, and 0.839, respec-
tively [21]. The hazard ratios for HCC development and overall
survival were 5.946 and 1.068, respectively. The study included
different etiologies, and the results indicated that the diagnostic
accuracy differs depending on the etiology [21]. In the future, a
meta-analysis needs to be performed separately for each etiol-
ogy. Nearly all studies cited in this article reported the utility of
M2BPGi; however, publication bias may exist, and further inves-
tigation is required. Furthermore, the clinical utility of M2BPGi
in patients with alcoholic liver diseases or liver transplantation
has not been sufficiently investigated and requires further inves-
tigation [105].

CONCLUSIONS

M2BPGi is useful for diagnosing liver fibrosis in chronic hepatitis
B and C, chronic hepatitis C after SVR, and NAFLD and for pre-
dicting HCC risk in these diseases. It is also useful for evaluating
liver function in patients with cirrhosis, predicting complications
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and prognosis. It should be noted that M2BPGi levels vary de-
pending on the etiology of the disease and the presence or ab-
sence of treatment.
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