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Abstract 

Purpose: The Mac-2 binding protein glycosylation-modified isomer (M2BPGi) is a new marker for 

progression of hepatic fibrosis. We examined the relationship between serum M2BPGi levels and liver 

histological findings in patients with biliary atresia (BA) who were not transplant candidates.  

Methods: Patients with BA who were not transplant candidates with good liver function were included. We 

examined M2BPGi levels and histological findings in relation to other laboratory markers of liver fibrosis, 

including aspartate aminotransferase (AST) to platelet ratio index, fibrosis-4 index, and type IV collagen 

7s domain. Liver fibrosis was evaluated based on the METVIR score. 

Results: Thirty-seven patients were included. The median age was 18 years (range, 3–38 years). M2BPGi 

values ranged from 0.3 to 6.9 cutoff index (COI) (median, 1.6). The degree of liver fibrosis varied with 

M2BPGi level. For predicting cirrhosis (F4) and advanced liver fibrosis (≥F3), M2BPGi had higher areas 

under the curve (AUCs; 0.93, respectively) with cutoff COIs of 1.84 and 1.67, respectively, than for the 

four conventional markers for fibrosis.  

Conclusion: M2BPGi is a novel marker for liver fibrosis in patients with BA. It is especially useful for 

following patients with BA with a native liver and supporting liver biopsy interpretation findings. 

Key words: 1. Biliary atresia 2.liver fibrosis 3. FIB-4 4. APRI 5. Liver transplantation  
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TEXT 

 

Introduction 

Biliary atresia (BA) is characterized by complete obliteration of the extrahepatic bile ducts. Kasai 

portoenterostomy is the standard treatment for BA; however, progressive liver fibrosis usually continues to 

develop, leading to cirrhosis in most patients [1]. Most patients with decompensated cirrhosis may require 

a liver transplant. BA leads to various complications, such as portal hypertension and liver failure, which 

depend on the grade of liver fibrosis. Early detection and staging of liver fibrosis is beneficial for predicting 

complications resulting from progression of liver fibrosis. 

Liver biopsy, an invasive technique, is the golden standard for assessing the degree of liver 

fibrosis. However, it may cause complications such as organ injury, hemorrhage, and pain. In pediatric 

patients, general anesthesia is needed for liver biopsy. The evaluation of fibrosis is uncertain due to 

sampling error and variations among observers [2]. Noninvasive biomarkers such as aspartate 

aminotransferase (AST) to platelet ratio index (APRI), type IV collagen 7s domain, and hyaluronic acid to 

predict fibrosis in BA have been identified [3-5]. These biomarkers were initially derived for the evaluation 

of liver fibrosis in hepatitis C, and their accuracy among patients with BA is under constant debate. 

The Mac-2 binding protein glycosylation isomer (M2BPGi), which is also known as Wisteria 

floribunda agglutinin-positive human Mac-2 binding protein, was recently established as a glycol-
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biomarker of liver fibrosis in patients with chronic hepatitis C with a unique fibrosis-related glycoalteration 

[6]. M2BPGi has been shown to be a useful predictor in various chronic liver diseases. M2BPGi is a marker 

of liver fibrosis and prognosis in patients with primary biliary cirrhosis (PBC) and autoimmune hepatitis, 

as well as a predictor of hepatocellular carcinoma development in hepatitis C and liver fibrosis stage in 

patients with nonalcoholic fatty liver disease [7-10]. However, there have been no available data regarding 

the relationship between serum M2BPGi levels and histological findings of liver fibrosis in regular follow-

up of patients with BA with normal liver function, although Yamada et al. showed that M2BPGi values in 

patients with BA who are liver transplant candidates[11]. 

 Thus, the aims of this study were to examine the relationship between serum M2BPGi levels and 

liver histological findings during regular follow-up in patients with BA and to compare them with other 

laboratory parameters. 

 

Methods 

Patients 

A total of 37 patients diagnosed with BA who were not liver transplant candidates because of 

good liver function and followed at our hospital between January 2015 and February 2018 were included 

in this study. All patients received routine biopsy per protocol every 1 to 5 years. We examined the 

relationship between M2BPGi levels and histological findings of liver fibrosis and compared them with 
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other laboratory markers of liver fibrosis, including APRI, FIB-4 index, platelet count, AST to alanine 

aminotransferase (ALT) ratio, and type IV collagen 7s domain.  

The APRI score was calculated using Wai’s formula: (AST/upper limit of normal)/platelet count 

(× 109/L) × 100 [12]. The FIB-4 index was calculated using Sterling’s formula: age (years) × AST (IU/L) / 

platelet count (× 109/L) × √ALT (IU/ L) [13].  

Measurement of M2BPGi 

Serum M2BPGi levels were measured by SRL (Tokyo, Japan). Blood was taken regardless of 

time.  Quantification of M2BPGi was based on a lectin-antibody sandwich immunoassay using a fully 

automatic immune analyzer. M2BPGi measurements were indexed with values obtained using the 

following equation: cutoff index (COI) = ([M2BPGi] sample [M2BPGi] negative control (NC))/ 

([M2BPGi] positive control (PC) + [M2BPGi] negative control (NC)). The PC was supplied as a calibration 

solution preliminarily standardized to yield a COI value of 1.0. M2BPGi COIs were graded as negative if 

COI < 1.00, 1+ if the COI was between 1.00 and 3.00, and 2+ if COI > 3.00 [6]. 

Histological assessment 

Liver biopsy samples were assessed with hematoxylin-eosin and Masson’s trichrome stains. All 

biopsies were performed under either general anesthesia for children or intravenous sedation for adult.  

Liver biopsies were taken percutaneously with a 16-gauge biopsy needle from avascular area under 

ultrasound. The specimens were fixed in 4% phosphate-buffered formaldehyde and embedded in paraffin.  
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After hematoxylin-eosin and Masson’s trichrome staining, the liver biopsy specimens were 

examined microscopically. Well-experienced pathologists in our hospital evaluated the samples. Fibrosis 

stages were staged as F0–F4: F0, no fibrosis; F1, portal fibrosis without septa; F2, portal fibrosis with rare 

septa; F3, numerous septa without cirrhosis; and F4, liver cirrhosis [14]. 

No serious procedure-related complications were observed. In this study, advanced fibrosis was 

defined as ≥F3 and significant liver fibrosis was defined as ≥F2. 

Statistical analysis 

Receiver operating characteristic (ROC) curve analysis was performed to calculate the area under 

the curve (AUC) for serum M2BPGi level, platelet count, APRI, FIB-4 index, and type IV collagen 7s 

domain and select the optimal cutoff value that maximized the sum of sensitivity and specificity for the 

presence of liver cirrhosis (F4), advanced fibrosis (≥F3), and significant fibrosis (≥F2) on histological 

examination. For continuous variables, comparisons among groups were carried out using Student’s t-test. 

Data are expressed as medians (range). P < 0.05 was considered to be statistically significant. Statistical 

analyses were carried out with JMP 11 software (SAS Institute, Cary, NC, USA). This study was approved 

by our hospital institutional review board (approval number 17482). 

 

Results 

Demographic characteristics of the study patients  
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The characteristics of the study patients (n = 37) are shown in Table 1. There were 12 men and 

25 women with a median age of 18 years (range, 3–38). Regarding the degree of liver fibrosis–based 

histological examination, F4 was observed in 11 patients, F3 in 4, F2 in 6, F1 in 10, and F0 in 6. The 

M2BPGi value in this study ranged from 0.3 to 6.9 COI (median, 1.6). Child-Pugh scores ranged from 5 to 

6. All patients had good liver function, with Child-Pugh class A disease.   

M2BPGi and liver fibrosis 

By fibrosis stage (F0–F4), the median M2BPGi value (range) was: F0, 0.8 COI (0.5–1.1); F1, 

0.9 COI (0.5–1.4); F2, 0.9 COI (0.5–1.4); F3, 1.5 COI (1.1–2.0); and F4, 3.1 COI (0.8–6.9). The median 

M2BPGi value was significantly higher for F4 than F0–F3 (P< 0.001) (Fig. 1a).  

M2BPGi grade and liver fibrosis 

By fibrosis stage (F0–F4), the M2BPGi grade was: F0, grade 0 (n=5) and grade 1 (n=1); F1, 

grade 0 (n=6) and grade 1(n=4); F2, grade 0 (n=4) and grade 1 (n=2); F3, grade 1 (n=4); and F4, grade 0 

(n=1), grade 1 (n=5), and grade 2 (n=5). 

Laboratory markers and M2BPGi 

By fibrosis stage (F0–F4), the median type IV collagen 7s domain value (range) was: F0, 4.8 

ng/mL (3.8–6.9 ng/mL); F1, 5.1 ng/mL (3.7-7.1 ng/mL); F2, 4.6 ng/mL (3.0–6.8 ng/mL); F3, 5.6 ng/mL 

(4.4–6.7 ng/mL); and F4, 8.2 ng/mL (4.4–12 ng/mL). The median type IV collagen 7s domain value was 

significantly higher for F4 than F0–F3 (P< 0.05) (Fig. 1b). 
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By fibrosis stage (F0–F4), the median APRI value (range) was: F0, 0.41 (0.15-0.68); F1, 0.87 

(0.15-2.4); F2, 0.48 (0.15-1.38); F3, 1.24 (0.32-2.26); and F4, 1.68 (0.18-3.32). The median APRI value 

was significantly higher for F4 than F0–F2 (P< 0.05) (Fig. 1c). 

By fibrosis stage (F0–F4), the median FIB-4 value (range) was: F0, 0.93 (0.41-2.41); F1, 0.94 

(0.25-1.99); F2, 0.84 (0.12-2.26); F3, 0.73 (0.53-0.95); and F4, 0.75 (0.13-1.78). There was no stastically 

significance between each groups (Fig. 1d). 

ROC analysis  

For predicting liver cirrhosis (F4), an M2BPGi level of 1.84 COI yielded a high AUC (0.93). For 

predicting advanced liver fibrosis (≥F3), an M2BPGi level of 1.67 COI yielded a high AUC (0.93). For 

predicting significant liver fibrosis (≥F2), an M2BPGi level of 1.59 COI yielded a moderate AUC (0.81) 

(Fig. 2a–c). AUC, optimal cutoff point, sensitivity, and specificity for each fibrotic marker are summarized 

in Table 2. For predicting cirrhosis (F4) and advanced liver fibrosis (≥F3), M2BPGi had higher areas under 

the curve (AUCs; 0.93, respectively) with cutoff COIs of 1.84 and 1.67, respectively, than for the four 

conventional markers for fibrosis. 

 

Discussion 

BA, a cholestatic liver disease, is the main cause of liver fibrosis in early infancy and the leading 

cause of liver transplantation in children. Even children with an apparently successful Kasai 
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portoenterostomy will have some hepatic fibrosis or cirrhosis [15]. Liver biopsy may assist in the diagnosis 

and assessment of liver fibrosis status in BA. Liver biopsy should be part of long-term surveillance, even 

in stable patients, but it is invasive. 

Kuno et al. [6] reported that M2BPGi is a predictor of liver fibrosis that performed better than 

other markers such as the FIB-4 index and hyaluronic acid. They also suggested that M2BPGi might be the 

most reliable serum biomarker. M2BPGi as a marker for assessing liver fibrosis in viral hepatitis has been 

studied in patients with chronic hepatitis C [16,10,6] or B virus infection [7]. In addition, M2BPGi is useful 

for assessing liver fibrosis in patients with PBC [17], autoimmune hepatitis [9], and nonalcoholic fatty liver 

disease [18]. Although M2BPGi is a novel marker for assessing liver fibrosis as described above, M2BPGi 

COI values may differ among patients stratified by cause of liver fibrosis, even for those with the same 

stage of fibrosis [19]. Yamada et al. reported a correlation between M2BPGi levels and histological findings 

in patients with BA who were liver transplant candidates [11]. However, as liver transplant candidates, the 

patients in their study had advanced fibrosis. They did not collect M2BPGi data with histological 

examination data from patients with a native liver who do not need liver transplantation; thus, their data did 

not reflect the entire spectrum of patients with BA. 

In light of the uncertain utility of M2BPGi in patients with BA, our study results may be of 

clinical importance. We found that the degree of liver fibrosis differed significantly by M2BPGi level in 

patients with F0–3 versus F4 fibrosis. For predicting liver cirrhosis (F4) and advanced liver fibrosis (≥F3), 
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M2BPGi levels yielded the highest AUC (0.93). Yamada et al. reported that the AUC of serum M2BPGi 

values for diagnosing liver cirrhosis in patients with BA was 0.917 (cutoff value, 3.53) [11].Our study 

suggests that M2BPGi is useful for predicting F4 with a cutoff of 1.84 COI, which is lower than previously 

reported by Yamada et al[11]. The difference in cutoff values between our study (1.84) and that of Yamada 

et al. may be attributed to differences in the extent of fibrosis in the F4 stage. Grading system of M2BPGi 

is more convenient in clinical setting. Grade 1 and 2 supposed to be advance fibrosis so that further 

exploration for complications should be performed. 

We acknowledge several limitations of this study. Liver biopsy for assessing the degree of liver 

fibrosis is associated with sampling error. There were enough patients to produce statistically significant 

results for mild liver fibrosis. Ultrasound-based transient elastography is another less invasive method to 

evaluate liver fibrosis that has recently been reported as highly useful [20,21]. We did not perform 

elastography and could not compare it with the M2BPGi data. Further analysis will be needed.  

ROC analysis demonstrates that serum M2BPGi levels in patients with BA have better diagnostic 

ability for detecting fibrosis of the native liver with grade F4 fibrosis than other conventional serum 

biomarkers such as FIB-4, APRI, and type IV collagen 7s. M2BPGi had a wide AUC and extremely high 

sensitivity (91%) and specificity (96%) when the cutoff value was defined as 1.84. However, in grade F4 

fibrosis, patients have the time to progress from compensated to decompensated cirrhosis. Our results 

clearly showed that M2BPGi could evaluate not only the status of the native liver, but also the degree of 
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liver function without liver biopsy. Additionally the measurement of M2BPGi is only about 1ml blood 

sampling regardless of time, and its cost is around 10-20 US$ per sample. This is convenient and cost-

effective option for liver fibrosis check.    

In conclusion, serum M2BPGi level is a novel marker for liver fibrosis in patients with BA. It is 

especially useful for follow-up in patients with BA who have a native liver, and can support the 

interpretation of liver biopsy findings. 

 

Compliance with Ethical Standards 

Conflict of Interest: The authors declare that they have no conflict of interest. 

Ethical approval: All procedures performed in studies involving human participants were in accordance 

with the ethical standards of the institutional and/or national research committee and with the 1964 Helsinki 

declaration and its later amendments or comparable ethical standards. For this type of study formal consent 

is not required 

 

 

 

References 

1. Okazaki T, Kobayashi H, Yamataka A, Lane GJ, Miyano T (1999) Long-term postsurgical 

outcome of biliary atresia. Journal of pediatric surgery 34:312-315 



- 12 - 
 

2. Bravo AA, Sheth SG, Chopra S (2001) Liver biopsy. The New England journal of medicine 

344:495-500. doi:10.1056/NEJM200102153440706 

3. Grieve A, Makin E, Davenport M (2013) Aspartate Aminotransferase-to-Platelet ratio 

index (APRi) in infants with biliary atresia: prognostic value at presentation. Journal of 

pediatric surgery 48:789-795. doi:10.1016/j.jpedsurg.2012.10.010 

4. Hasegawa T, Sasaki, Kimura T, Hoki M, Okada A, Mushiake S, Yagi M, Imura K (2000) 

Measurement of serum hyaluronic acid as a sensitive marker of liver fibrosis in biliary atresia. 

Journal of pediatric surgery 35:1643-1646 

5. Kobayashi H, Miyano T, Horikoshi K, Tokita A (1998) Prognostic value of serum 

procollagen III peptide and type IV collagen in patients with biliary atresia. Journal of 

pediatric surgery 33:112-114 

6. Kuno A, Ikehara Y, Tanaka Y, Ito K, Matsuda A, Sekiya S, Hige S, Sakamoto M, Kage M, 

Mizokami M, Narimatsu H (2013) A serum "sweet-doughnut" protein facilitates fibrosis 

evaluation and therapy assessment in patients with viral hepatitis. Scientific reports 3:1065. 

doi:10.1038/srep01065 

7. Ishii A, Nishikawa H, Enomoto H, Iwata Y, Kishino K, Shimono Y, Hasegawa K, Nakano 

C, Takata R, Nishimura T, Yoh K, Aizawa N, Sakai Y, Ikeda N, Takashima T, Iijima H, 

Nishiguchi S (2017) Clinical implications of serum Wisteria floribunda agglutinin-positive 

Mac-2-binding protein in treatment-naive chronic hepatitis B. Hepatology research : the 

official journal of the Japan Society of Hepatology 47:204-215. doi:10.1111/hepr.12703 

8. Shigefuku R, Takahashi H, Nakano H, Watanabe T, Matsunaga K, Matsumoto N, Kato M, 

Morita R, Michikawa Y, Tamura T, Hiraishi T, Hattori N, Noguchi Y, Nakahara K, Ikeda H, 

Ishii T, Okuse C, Sase S, Itoh F, Suzuki M (2016) Correlations of Hepatic Hemodynamics, 

Liver Function, and Fibrosis Markers in Nonalcoholic Fatty Liver Disease: Comparison with 

Chronic Hepatitis Related to Hepatitis C Virus. International journal of molecular sciences 

17. doi:10.3390/ijms17091545 

9. Nishikawa H, Enomoto H, Iwata Y, Hasegawa K, Nakano C, Takata R, Nishimura T, Yoh 

K, Aizawa N, Sakai Y, Ikeda N, Takashima T, Iijima H, Nishiguchi S (2016) Clinical 

significance of serum Wisteria floribunda agglutinin positive Mac-2-binding protein level and 

high-sensitivity C-reactive protein concentration in autoimmune hepatitis. Hepatology 

research : the official journal of the Japan Society of Hepatology 46:613-621. 

doi:10.1111/hepr.12596 

10. Yamasaki K, Tateyama M, Abiru S, Komori A, Nagaoka S, Saeki A, Hashimoto S, Sasaki 

R, Bekki S, Kugiyama Y, Miyazoe Y, Kuno A, Korenaga M, Togayachi A, Ocho M, Mizokami 

M, Narimatsu H, Yatsuhashi H (2014) Elevated serum levels of Wisteria floribunda 

agglutinin-positive human Mac-2 binding protein predict the development of hepatocellular 



- 13 - 
 

carcinoma in hepatitis C patients. Hepatology 60:1563-1570. doi:10.1002/hep.27305 

11. Yamada N, Sanada Y, Tashiro M, Hirata Y, Okada N, Ihara Y, Urahashi T, Mizuta K 

(2017) Serum Mac-2 binding protein glycosylation isomer predicts grade F4 liver fibrosis in 

patients with biliary atresia. Journal of gastroenterology 52:245-252. doi:10.1007/s00535-

016-1235-8 

12. Wai CT, Greenson JK, Fontana RJ, Kalbfleisch JD, Marrero JA, Conjeevaram HS, Lok 

AS (2003) A simple noninvasive index can predict both significant fibrosis and cirrhosis in 

patients with chronic hepatitis C. Hepatology 38:518-526. doi:10.1053/jhep.2003.50346 

13. Sterling RK, Lissen E, Clumeck N, Sola R, Correa MC, Montaner J, M SS, Torriani FJ, 

Dieterich DT, Thomas DL, Messinger D, Nelson M (2006) Development of a simple 

noninvasive index to predict significant fibrosis in patients with HIV/HCV coinfection. 

Hepatology 43:1317-1325. doi:10.1002/hep.21178 

14. Intraobserver and interobserver variations in liver biopsy interpretation in patients with 

chronic hepatitis C. The French METAVIR Cooperative Study Group  (1994). Hepatology 

20:15-20 

15. Lykavieris P, Chardot C, Sokhn M, Gauthier F, Valayer J, Bernard O (2005) Outcome in 

adulthood of biliary atresia: a study of 63 patients who survived for over 20 years with their 

native liver. Hepatology 41:366-371. doi:10.1002/hep.20547 

16. Toshima T, Shirabe K, Ikegami T, Yoshizumi T, Kuno A, Togayachi A, Gotoh M, Narimatsu 

H, Korenaga M, Mizokami M, Nishie A, Aishima S, Maehara Y (2015) A novel serum marker, 

glycosylated Wisteria floribunda agglutinin-positive Mac-2 binding protein (WFA(+)-M2BP), 

for assessing liver fibrosis. Journal of gastroenterology 50:76-84. doi:10.1007/s00535-014-

0946-y 

17. Umemura T, Joshita S, Sekiguchi T, Usami Y, Shibata S, Kimura T, Komatsu M, 

Matsumoto A, Ota M, Tanaka E (2015) Serum Wisteria floribunda Agglutinin-Positive Mac-

2-Binding Protein Level Predicts Liver Fibrosis and Prognosis in Primary Biliary Cirrhosis. 

The American journal of gastroenterology 110:857-864. doi:10.1038/ajg.2015.118 

18. Abe M, Miyake T, Kuno A, Imai Y, Sawai Y, Hino K, Hara Y, Hige S, Sakamoto M, Yamada 

G, Kage M, Korenaga M, Hiasa Y, Mizokami M, Narimatsu H (2015) Association between 

Wisteria floribunda agglutinin-positive Mac-2 binding protein and the fibrosis stage of non-

alcoholic fatty liver disease. Journal of gastroenterology 50:776-784. doi:10.1007/s00535-014-

1007-2 

19. Shirabe K, Bekki Y, Gantumur D, Araki K, Ishii N, Kuno A, Narimatsu H, Mizokami M 

(2018) Mac-2 binding protein glycan isomer (M2BPGi) is a new serum biomarker for 

assessing liver fibrosis: more than a biomarker of liver fibrosis. Journal of gastroenterology. 

doi:10.1007/s00535-017-1425-z 



- 14 - 
 

20. Wu JF, Lee CS, Lin WH, Jeng YM, Chen HL, Ni YH, Hsu HY, Chang MH (2018) Transient 

elastography is useful in diagnosing biliary atresia and predicting prognosis after 

hepatoportoenterostomy. Hepatology. doi:10.1002/hep.29856 

21. Uchida H, Sakamoto S, Kobayashi M, Shigeta T, Matsunami M, Sasaki K, Kanazawa H, 

Fukuda A, Kanamori Y, Miyasaka M, Nosaka S, Kawagishi N, Kasahara M (2015) The degree 

of spleen stiffness measured on acoustic radiation force impulse elastography predicts the 

severity of portal hypertension in patients with biliary atresia after portoenterostomy. 

Journal of pediatric surgery 50:559-564. doi:10.1016/j.jpedsurg.2014.12.026 

 

Figure legends 

Fig. 1 Relationship between fibrosis markers and the stage of fibrosis:  Fibrosis stages were descried 

METVIR score. (a) M2BPGi, (b) Type IV collagen 7s domain, (c) APRI, (d) FIB-4 index. M2BPGi: Mac-

2 binding protein glycosylation-modified isomer; APRI: aspartate aminotransferase to platelet ratio index; 

FIB-4: Fibrosis-4 index   

 

Fig. 2 ROC curve analysis of M2BPGi and the stages of fibrosis: Fibrosis stages were described METVIR 

score (a) F4, (b) ≥F3, (c) ≥F2.  

 

 


