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Abstract

Background and Purpose
Serum glycosylated Wisteria floribunda agglutinin-positive Mac-2 binding protein (WFA+-M2BP) is a
marker of liver fibrosis and hepatocellular carcinoma (HCC). In this study, we aimed to evaluate the
diagnostic ability of WFA+-M2BP for occult HCC, which current diagnostic imaging tests fail to detect.

Methods
Patients who underwent hepatectomy for liver transplantation (LT) and whose whole liver could be sliced
and subjected to histological examination between 2000 and 2018 were eligible for this study (n = 89).
WFA+-M2BP levels were measured in samples collected before the LT. Comparison of the postoperative
histological test results with the preoperative imaging data grouped the patients into no group (N),
detected group (D), increased group (I), and decreased or same group (DS), and the results were
compared with the WFA+-M2BP values.

Results
Irrespective of underlying hepatic disease conditions, there were 6 patients in the N group, 10 in the D
group, 41 in the I group, and 32 in the DS group. The median of the serum WFA+-M2BP level for each
group was as follows: N group, 8.05 (1.25–11.9); D group, 11.025 (1.01–18.21); I group, 9.67 (0.29–
17.83); and DS group, 9.56 (0.28–19.44) confidence of interval. We found no significant differences
between the pairings. Comparison of underlying hepatic diseases revealed that liver cirrhosis due to
hepatitis B and C and non-B and -C liver cirrhosis had no significant differences.

Conclusion
Serum WFA+-M2BP cannot help diagnose occult HCC that is already undetected using imaging tests in
decompensated liver cirrhosis patients requiring LT.

Introduction
Mac-2 binding protein (M2BP) is a marker of liver fibrosis and is used to diagnose liver cirrhosis. M2BP is
a glycoprotein secreted by various cells, including hepatocytes, and regulates many mechanisms like cell
adhesion. (1, 2) Levels of isomers with glycan structures that bind to specific lectins (M2 and BP)
increase with progressing liver fibrosis. It has been reported that the amount of M2BP attached to
Wisteria floribunda agglutinin (WFA) significantly positively correlates with the degree of liver fibrosis (1)
and acts a predictor of liver cirrhosis and hepatocellular carcinogenesis in chronic hepatitis C cases. (2, 3)
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Furthermore, in chronic hepatitis B patients with hepatocellular carcinoma (HCC) diagnosed using
imaging tests, a significant increase in M2BP is observed, suggesting the possibility of early diagnosis
using M2BP level determination. (4) We performed living donor liver transplantation (LT) for patients with
decompensated cirrhosis and histological diagnosis of the whole liver removed from the recipient during
LT. We have previously often detected the presence of small and occult HCCs in removed livers, which
cannot be detected using preoperative ultrasonography or computed tomography (CT), indicating a
limitation to cancer diagnosis using existing preoperative tests. Although HCC is diagnosed using blood
tumor markers, alpha-fetoprotein (AFP), protein induced by vitamin K absence-II (PIVKA-II), and imaging
tests such as ultrasonography and CT, current tests still fail to detect minute HCCs. M2BP level being
positively correlated with the degree of HCC could be an important marker for detecting HCC. The aim of
this study was to clarify whether the abovementioned glycosylated isomers of M2BP can be used as
markers for early diagnosis of occult HCC that remains undiagnosed using pre-existing blood tests or
imaging tests.

Methods

Patients
We evaluated 89 patients who underwent LT at Nagasaki University Hospital between 2000 and 2018.
The recipients were > 18 years old with various liver diseases, such as liver cirrhosis associated with
hepatitis B or C virus or alcohol, and HCC. We evaluated the patients’ blood test results for α-fetoprotein
(AFP) and protein induced by vitamin K antagonists-II (PIVKA-II), scoring of liver function, Child-Pugh
score and Model for end-stage liver disease (MELD) score, and histological diagnosis of the whole liver
removed during LT. Imaging study-based preoperative diagnostic criteria of HCC are based on the
presence of focal hepatic lesions with hyperattenuation in the arterial phase and hypoattenuation in the
portal phase on dynamic CT or magnetic resonance imaging (MRI). These imaging tests were performed
two to three weeks before LT. We compared the number of cancers diagnosed by histological
examination with those obtained by imaging examination. The exclusion criteria were co-infection with
hepatitis C and B viruses.

Whole liver histological examination
As reported previously, after liver explantation, the cirrhotic livers were fixed in formalin for 48 h and then
sliced into 5–7 mm cubes. (5, 6) After careful mapping, they were embedded in paraffin and stained with
hematoxylin and eosin. Experienced pathologists examined all the slides.

Measurement of WFA+-M2BP
WFA+-M2BP levels were measured as previously described. (2) WFA+-M2BP level was quantified based on
a lectin-antibody sandwich immunoassay using a fully automatic immunoanalyzer (HISCL-2000i,
Sysmex, Hyogo, Japan). The measured values of WFA+-M2BP conjugated to WFA were calculated using
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the following equation: cut-off index (COI) = ([WFA+-M2BP]sample - [WFA+-M2BP]negative controls) / ([WFA+-

M2BP]positive controls - [WFA+-M2BP]negative controls).

Statistical analysis
Data were expressed as median values (range) as appropriate. Comparisons between the groups were
done using the Wilcoxon signed-rank test. Statistical significance was set at p < 0.05. Statistical analyses
were performed using JMP Pro 16.0.0 software (SAS Institute Inc., Cary, NC, USA).

Results
Serum WFA+-M2BP in all patients correlated with Child-Pugh and Meld scores but not with tumor
markers.

The median serum level of the WFA+-M2BP index in all patients was 9.53 (0.28–19.44) COI. The WFA+-
M2BP index was correlated with the Child-Pugh score (r = 0.50, p < 0.01) and MELD score (r = 0.31, p < 
0.01). It had no co-relationship with the tumor markers AFP and PIVKA-II.

Postoperative histological examination diagnosed 83 patients with HCC, 10 in whom HCC was not
detected during preoperative imaging. In 41 patients, the number of tumors was higher than that
diagnosed during a preoperative imaging test, and 32 had the same or fewer tumors than that diagnosed
by the preoperative imaging test. Six patients were undiagnosed with HCC during preoperative imaging or
postoperative histological tests. We divided the patients into four groups: 1) group in which HCC was not
detected during both preoperative imaging test and postoperative histological test; none group (N); 2)
group in which HCC was detected during postoperative histological test but not preoperative imaging test;
detected group (D); 3) group in which a preoperative imaging test detected HCC, and the number
increased in the postoperative histological test; increased group (I); and 4) group in which a preoperative
imaging test detected HCC, and the number was the same or decreased in the postoperative histological
test; decreased or same group (DS). This grouping allowed us to evaluate the effectiveness of the M2BP
index for detecting occult HCC. The M2BP index was considered effective if there was a significant
difference between groups D and N.

Serum WFA+-M2BP level does not predict presence of HCC

Regardless of underlying hepatic diseases, the N group had 6 patients, the D group had 10 patients, the I
group had 41 patients, and the DS group had 32 patients. The median of the serum WFA+-M2BP level of
each group was as follows: N group 8.05 (1.25–11.9), D group 11.03 (1.01–18.21), I group 9.67 (0.29–
17.83), and DS group 9.56 (0.28–19.44) COI. There was no significant difference between the pairings.
(Fig. 1)

AFP may serve as a biomarker for HCC.
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There were no significant differences in Child-Pugh and MELD scores. Regarding tumor markers, while
the value of PIVKA-II showed no significant difference, two pairs had significant differences in AFP levels.
The values of AFP of N group vs I group were 4.45 (0.9–22.6) vs 22.55 (0.8–1569) ng/mL (p = 0.03) and
N group vs DS group were 4.45 (0.9–22.6) vs 31.8 (1.6–993.7) ng/mL (p = 0.01). (Table 1 and Fig. 2)

M2BP index did not predict presence of HCC in each underlying hepatic disease.

We compared the data in the same way for each of the underlying hepatic diseases. In liver cirrhosis due
to hepatitis B and C virus, and non-B and non-C hepatitis, each value of the M2BP index showed no
significant difference. In addition, there were no significant differences in MELD scores. No significant
difference was found in the presence of tumor markers with the exception of AFP levels in hepatitis C.
Significant differences in AFP levels were seen between groups N vs DS (4.6 [1.9–11.7] vs 47.3 [4.1–
956.7] ng/mL [p = 0.03]) and groups D vs DS (16.9 [3.8–32.1] vs 47.3 [4.1–956.7] ng/mL [p = 0.04]).
(Fig. 3)

Discussion
It is evident that a very early diagnosis of HCC can lead to a good prognosis through early treatment with
various modalities. To this end, this study investigated whether identifying the WFA+-M2BP levels can
overcome the detection limit of imaging tests for HCC diagnosis. One of the strengths of our study was
that we could histologically examine the whole liver removed at the time of LT, which enabled us to detect
occult HCC that were not detected in imaging tests.

WFA+-M2BP is secreted by hepatic stellate cells (HSCs) and enhances the synthesis of Mac-2 by Kupffer
cells, which renders HSCs fibrogenic. (7) Hence, WFA+-M2BP serum levels can be a useful biomarker to
identify the degree of liver fibrosis. In addition, several studies have reported that M2BP levels help
diagnose and predict the recurrence of HCC in HBV-and HCV-infected patients or patients with non-
alcoholic fatty liver disease. (3, 4, 8–10) Patients with chronic viral hepatitis, regardless of the degree or
severity of fibrosis, have elevated serum levels of M2BP, indicating an increased occurrence of HCC. (2,
11) A study on liver stiffness also indicated that M2BP might be associated with the development of
HCC, independent of fibrogenesis. (4)

Our study showed that the WFA+-M2BP value could not help detect occult HCC that was undetected by
imaging examination. We hypothesized that such an occurrence could be attributed to the fact that the
liver in the target group was an end-stage cirrhotic liver, and the WFA+-M2BP value was detected as the
degree of fibrosis. The incidence of HCC increases in patients with HBV hepatitis when the WFA+-M2BP
value is above 0.69–1.8, (11–14) in patients with HCV hepatitis when the WFA+-M2BP value is above
1.75–4.2, (10, 15–17) and in NAFLD/NASH patients when the WFA+-M2BP value is above 1.255. (9) In
this study, the median value was 9.53 (0.28–19.44) for all patients and 8.05 (1.25–11.9) for non-
carcinoma patients, which was significantly higher than that in the previous studies which led us to
recognize the strong fibrotic effect of liver. This may be attributed to the fact that the patients who require
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LT have decompensated cirrhosis. It was reported in 2002 that some cancer cells expressed M2BP,
shedding light on its origin. (18) However, recently, hepatocytes and HSCs have been thought to secrete
M2BP. (7, 19) In particular, it has been reported that M2BP-messenger RNA (mRNA) transcription in the
fibrotic liver is activated in HSCs. M2BP itself is expressed in Kupffer cells. (19) M2BP-mRNA expression
was also correlated with serum WFA+-M2BP levels. The specificity of WFA+-M2BP for HCC is unclear
because WFA+-M2BP is a detector index of glycosylation site binding to WFA lectin. If we suppose that
M2BP, independent of fibrosis and associated with the development of HCC as suggested by previous
studies, can be detected, then it may be possible to detect small HCCs using this research method.

Interestingly, the level of AFP tended to differ between groups; in some groups, the level of AFP was
significantly higher than that in the N group. This suggests that AFP is a potential biomarker for HCC.
However, we found no significant difference in AFP levels between the N and D groups, indicating a limit
of detection. New biomarkers, including DNA, RNA, and protein biomarkers and conventional laboratory
metrics for HCC diagnosis were reviewed by Wang et al (20); however, M2BP was not included in the
review. Further study is needed to develop early detection methods for occult HCC.

Several limitations to the present study must be noted. The small number of cases in retrospective
observational analyses in a single center was one of the limitations. Second, the number of patients with
no HCC was small. However, we believe that our data are essential for whole liver histological
examination with sectioned small specimens.

In conclusion, serum WFA+-M2BP is not suitable to diagnose occult HCC that had not been detected by
imaging tests in decompensated liver cirrhosis patients who needed LT.
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HCC: hepatocellular carcinoma

LT: liver transplantation

CT: computed tomography

AFP: alpha-fetoprotein

PIVKA-II: protein induced by vitamin K absence-II

MELD: Model for end-stage liver disease

MRI: magnetic resonance imaging



Page 8/14

COI: cut-off index

HSC: hepatic stellate cell

NAFLD: nonalcoholic fatty liver disease

NASH: nonalcoholic stratosphere-hepatitis

mRNA: messenger ribonucleic aci

Declarations
Data Availability

The dataset generated during the current study are not publicly available but are available from the
corresponding author on reasonable request.

Animal Research (Ethics)

This article does not contain any studies with animal subjects.

Consent to Publish (Ethics)

This article is present on a preprint server of Research square website and can be accessed on
https://www.researchsquare.com/article/rs-1543103/v1. This article is not published nor is under
publication elsewhere.

Clinical Trials Registration

The protocol for this research project has been approved by the Ethics Committee of Nagasaki University
Hospital, and it conforms to the provisions of the Declaration of Helsinki. Approval Number was
20081705. Opt-out was used in compliance with the regulations on the protection of personal
information.

Author Contribution

All authors contributed to the study conception and design. Material preparation, data collection and
analysis were performed by Kantoku Nagakawa, and Masaaki Hidaka. The first draft of the manuscript
was written by Kantoku Nagakawa and all authors commented on previous versions of the manuscript.
All authors read and approved the final manuscript.

Conflict of Interest

Kantoku Nagakawa, Masaaki Hidaka, Takanobu Hara, Hajime Matsushima, Hajime Imamura, Takayuki
Tanaka, Tomohiko Adachi, Akihiko Soyama, Kengo Kanetaka, and Susumu Eguchi have no conflicts of



Page 9/14

interest or financial ties to disclose.

Funding

The authors declare that no funds, grants, or other support were received during the preparation of this
manuscript.

References
1. Kuno A, Ikehara Y, Tanaka Y, Ito K, Matsuda A, Sekiya S, et al. A serum “sweet-doughnut” protein

facilitates fibrosis evaluation and therapy assessment in patients with viral hepatitis. Sci. Rep.
2013;3:1065.

2. Yamasaki K, Tateyama M, Abiru S, Komori A, Nagaoka S, Saeki A, et al. Elevated serum levels of
Wisteria floribunda agglutinin-positive human Mac-2 binding protein predict the development of
hepatocellular carcinoma in hepatitis C patients. Hepatology. 2014;60:1563–1570.

3. Takatsuki M, Yamasaki K, Natsuda K, Hidaka M, Ono S, Adachi T, et al. Wisteria floribunda agglutinin-
positive human Mac-2-binding protein as a predictive marker of liver fibrosis in human
immunodeficiency virus/hepatitis C virus coinfected patients. Hepatol. Res. 2020;50:419–425.

4. Chuaypen N, Chittmittraprap S, Pinjaroen N, Sirichindakul B, Poovorawan Y, Tanaka Y, et al. Serum
Wisteria floribunda agglutinin-positive Mac-2 binding protein level as a diagnostic marker of hepatitis
B virus-related hepatocellular carcinoma. Hepatol. Res. 2018;48:872–881.

5. Hidaka M, Eguchi S, Okudaira S, Takatsuki M, Tokai H, Soyama A, et al. Multicentric occurrence and
spread of hepatocellular carcinoma in whole explanted end-stage liver. Hepatol. Res. 2009;39:143–
148.

6. Eguchi S, Hidaka M, Tomonaga T, Miyazaki K, Inokuma T, Takatsuki M, et al. Actual therapeutic
efficacy of pre-transplant treatment on hepatocellular carcinoma and its impact on survival after
salvage living donor liver transplantation. J. Gastroenterol. 2009;44:624–629.

7. Bekki Y, Yoshizumi T, Shimoda S, Itoh S, Harimoto N, Ikegami T, et al. Hepatic stellate cells secreting
WFA+ -M2BP: Its role in biological interactions with Kupffer cells. J. Gastroenterol. Hepatol.
2017;32:1387–1393.

8. Kim HS, Kim SU, Kim BK, Park JY, Kim DY, Ahn SH, et al. Serum Wisteria floribunda agglutinin-
positive human Mac-2 binding protein level predicts recurrence of hepatitis B virus-related
hepatocellular carcinoma after curative resection. Clin. Mol. Hepatol. 2020;26:33–44.

9. M, Tomiyama Y, Hyogo H, Koda M, Shima T, Tobita H, et al. Wisteria floribunda agglutinin-positive
Mac-2 binding protein predicts the development of hepatocellular carcinoma in patients with non-
alcoholic fatty liver disease. Hepatol. Res. 2018;48:521–528.

10. Yasui Y, Kurosaki M, Komiyama Y, Takada H, Tamaki N, Watakabe K, et al. Wisteria floribunda
agglutinin-positive Mac-2 binding protein predicts early occurrence of hepatocellular carcinoma after



Page 10/14

sustained virologic response by direct-acting antivirals for hepatitis C virus. Hepatol. Res.
2018;48:1131–1139.

11. Kim SU, Heo JY, Kim BK, Park JY, Kim DY, Han KH, et al. Wisteria floribunda agglutinin-positive
human Mac-2 binding protein predicts the risk of HBV-related liver cancer development. Liver Int.
2017;37:879–887.

12. Cheung KS, Seto WK, Wong DK, Mak LY, Lai CL, Yuen MF. Under antiviral treatment, Wisteria
floribunda agglutinin-positive human Mac-2 binding protein predicts liver cancer development in
chronic hepatitis B patients. Oncotarget. 2017;8:47507–47517.

13. Ichikawa Y, Joshita S, Umemura T, Shobugawa Y, Usami Y, Shibata S, et al. Serum Wisteria floribunda
agglutinin-positive human Mac-2 binding protein may predict liver fibrosis and progression to
hepatocellular carcinoma in patients with chronic hepatitis B virus infection. Hepatol. Res.
2017;47:226–233.

14. Mak LY, To WP, Wong DK, Fung J, Liu F, Seto WK, et al. Serum Mac-2 binding protein glycosylation
isomer level predicts hepatocellular carcinoma development in E-negative chronic hepatitis B
patients. World J. Gastroenterol. 2019;25:1398–1408.

15. Tamaki N, Kurosaki M, Kuno A, Korenaga M, Togayachi A, Gotoh M, et al. Wisteria floribunda
agglutinin positive human Mac-2-binding protein as a predictor of hepatocellular carcinoma
development in chronic hepatitis C patients. Hepatol. Res. 2015;45:E82–E88.

16. Sasaki R, Yamasaki K, Abiru S, Komori A, Nagaoka S, Saeki A, et al. Serum Wisteria floribunda
agglutinin-positive Mac-2 binding protein values predict the development of hepatocellular
carcinoma among patients with chronic hepatitis C after sustained virological response. PLOS ONE.
2015;10:e0129053.

17. Sato S, Genda T, Ichida T, Amano N, Sato S, Murata A, et al. Prediction of hepatocellular carcinoma
development after hepatitis C virus eradication using serum Wisteria floribunda agglutinin-positive
Mac-2-Binding protein. Int. J. Mol. Sci. 2016;17:2143.

18. Grassadonia A, Tinari N, Iurisci I, Piccolo E, Cumashi A, Innominato P, et al. 90K (Mac-2 BP) and
galectins in tumor progression and metastasis. Glycoconj. J. 2002;19:551–556.

19. Gantumur D, Harimoto N, Muranushi R, Hoshino K, Batbayar C, Hagiwara K, et al. Hepatic stellate cell
as a Mac-2-binding protein-producing cell in patients with liver fibrosis. Hepatol. Res. 2021;51:1058–
1063.

20. Wang T, Zhang K.H. New Blood Biomarkers for the Diagnosis of AFP-Negative Hepatocellular
Carcinoma. Front Oncol. 2020;10:1316.

Tables
Table 1 Characteristics of each group.



Page 11/14

HBV, hepatitis B virus; HCV, hepatitis C virus; MELD score, a model for end-stage liver disease score;
PIVKA-II, protein induced by vitamin K absence or antagonists-II, AFP: α-fetoprotein
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Figure 1

Comparison of the M2BP index of each group regardless of underlying hepatic diseases.

No significant difference was observed between the pairs. The difference between the N and D groups
can be used to assess the ability to detect occult HCC. However, there was no significant difference (N
group vs D group: 8.055 vs 11.025, p = 0.705).

Figure 2

Comparison of the MELD score, Child-Pugh score, and tumor markers of each group regardless of
underlying hepatic diseases.

* Significant difference

Only AFP pairs (N group vs I group and N group vs DS group) showed significant differences. However,
there was no significant difference between the N and I groups, even in AFP levels. None of the values
could be used for the detection of occult HCC.
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Figure 3

Comparison of the M2BP index, hepatic reserve, and tumor markers of each group for each underlying
hepatic disease.

* Significant difference
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No significant difference in the M2BP index of all underlying hepatic diseases was observed between the
N and D groups. In patients with hepatitis C, there was a significant difference in the AFP values between
group N vs DS and D vs DS. However, there were no significant difference in the AFP value between the N
and D groups.


