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Abstract
Non-invasive predictors for the development of cirrhosis-related conditions are needed for patients with primary biliary 
cholangitis (PBC). We investigated the association between cytokeratin-18 fragments (M30 and M65) and liver histology, 
treatment response and the development of cirrhosis-related conditions in patients with PBC. We retrospectively reviewed the 
clinical data of 111 individuals with biopsy-proven PBC. Serum M30 and M65 levels were measured using stored sera. M30 
were significantly decreased after treatment, but there was no significant change in the M65 levels. M65 was significantly 
higher in non-responders according to the Paris-I and Paris-II definitions. In the multivariate analysis, high levels of M65 
were significantly associated with advanced Scheuer stage (odds ratio 5.86; 95% confidence interval 0.55–22.2; P = 0.009) 
and with the development of cirrhosis-related conditions (hazard ratio 3.94; 95% confidence interval: 1.06–14.5, P = 0.039). 
Among PBC patients without cirrhosis, those with high serum M65 levels at baseline were at higher risk of developing 
cirrhosis-related conditions (log-rank test; P = 0.001). High levels of serum M65 may be a non-invasive and early predictor 
of the development of cirrhosis-related conditions in PBC patients. Our findings may help initiate therapies earlier for those 
at risk for cirrhosis.

Keywords Primary biliary cholangitis · Cytokeratin-18 · Biochemical response · Nakanuma staging system · Scheuer 
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Introduction

Primary biliary cholangitis (PBC) is a progressive autoim-
mune liver disease characterized by portal inflammation, 
immune-mediated destruction of the intrahepatic bile ducts, 
and the presence of highly specific anti-mitochondrial anti-
bodies in the serum [1, 2]. Destruction of the intrahepatic 
bile ducts cause the loss of bile ducts, cirrhosis and liver 
failure [3]. End-stage liver disease results in liver failure; 
individuals at this stage either require liver transplantation 
or die due to liver-related causes [4].

Progress in the clinical examination and treatment for 
ursodeoxycholic acid (UDCA) has improved the prognosis 
of PBC. Hard endpoints such as liver transplantation or liver 
cirrhosis-related death were primary endpoint of treatment 
[5, 6]. However, most patients with PBC are diagnosed dur-
ing the early disease stages, and mortality of patients with 
PBC has improved over the last two decades [7, 8]. Hard 
endpoints are not thought to be realistic [8]; rather, compli-
cations related to cirrhosis and histological evidence of cir-
rhosis were considered clinically useful endpoints [9]. Liver 
histology and the UDCA biochemical response are predic-
tors of several poor outcomes in patients with PBC [9, 10]. 
However, liver biopsy is an invasive procedure, and UDCA 
response is often determined between 6 months and 2 years 
after starting treatment for UDCA [11–13]. Non-invasive 
and early predictors for the development of cirrhosis-related 
conditions are needed.

Cytokeratin (CK)-18 is a major intermediate filament 
protein in liver cells [14] and is cleaved by caspases during 
apoptosis [15, 16]. Caspase-cleaved CK-18 fragments are 
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detectable using M30, a monoclonal antibody [17]. In addi-
tion, the M65 antibody can detect both caspase-cleaved and 
uncleaved CK-18 fragments. Serum M30 is used as a marker 
of apoptosis, whereas serum M65 is used as a marker of 
overall cell death via apoptosis and necrosis. In patients with 
PBC, serum M65 is associated with histological fibrosis and 
hard endpoints [18, 19], but the association between CK-18 
fragments and liver histology other than fibrosis, treatment 
response or the development of cirrhosis-related conditions 
in patients with PBC is still unknown. The aim of this study 
was to investigate the association between serum CK-18 
fragments (serum M30 and M65) and either liver histology 
or treatment response and the utility of these fragments as a 
predictor of the development of cirrhosis-related conditions 
in patients with PBC.

Materials and methods

Study design and patients

In this retrospective study, we reviewed the clinical records 
of patients with PBC who were diagnosed at Fukushima 
Medical University Hospital between January 1988 and 
December 2014. The inclusion criteria were as follows: (1) 
diagnosis of PBC confirmed by liver biopsy and (2) avail-
able blood sample obtained before biopsy. Patients were 
diagnosed with PBC features if they met at least two of the 
following three criteria: (a) chronic elevation of the choles-
tatic liver enzymes alkaline phosphatase (ALP) and gamma-
glutamyl transpeptidase (GGT) for at least 6 months; (b) 
presence of serum anti-mitochondrial antibody detected via 
either indirect immunofluorescence or ELISA using com-
mercially available kits; and (c) typical histological findings 
from biopsied liver specimens [20]. The exclusion criteria 
comprised evidence of other liver diseases such as chronic 
hepatitis C (HCV-RNA-positive), chronic hepatitis B (HBV-
DNA-positive) and alcoholic liver disease (> 20 g of alco-
hol/day). Patients with an overlap syndrome or active sys-
temic disorders were also excluded. We initially enrolled 152 
patients, but 41 patients were excluded (HCV-RNA-positive, 
n = 2; no adequate follow-up data, n = 28; no adequate patho-
logical data, n = 5; overlap syndrome, n = 4; active systemic 
disorder, n = 2 [one was systemic lupus erythematosus and 
the other was acute myeloid leukemia]). Thus, 111 patients 
were included in the final analysis, with 15 sex- and age-
matched healthy Japanese individuals as controls.

This study was approved for the use of opt-out consent 
by the ethics committee at Fukushima Medical University 
School of Medicine and was in accordance with the Decla-
ration of Helsinki. A website with additional information, 
including an opt-out consent form, was established for this 
study. The elements of informed consent were presented 

orally, and all the patients and control subjects agreed to 
undergo serum testing and have their blood stored for future 
research. Retrospective testing of blood samples from all the 
patients and control subjects was performed as part of the 
approved protocol, and the data were analyzed by individu-
als blinded to the clinical data according to institutional and 
national ethics rules.

Liver histology

Liver biopsies were performed using percutaneous ultra-
sound guidance with an 18-gauge needle. Routine hema-
toxylin-eosin staining was used to evaluate inflamma-
tion and fibrosis. The biopsy specimens were assessed by 
pathologists without knowledge of prior clinical data. The 
histological findings were graded according to the Scheuer 
staging system [21] and the Nakanuma grading and staging 
system [22]. Three histologic components (fibrosis [grade 
0–3], bile duct loss [grade 0–3], and deposition of orcein-
positive granules [grade 0–3]) are typically evaluated using 
the Nakanuma staging system (stage 1–4); however, only 2 
components (fibrosis and bile duct loss) were evaluated in 
the present study. Advanced stage disease was defined as 
Nakanuma stage 3–4 or Scheuer stage 3–4.

Immunohistochemical M30 staining was performed 
using the mouse monoclonal antibody (M30 CytoDEATH; 
Roche Applied Science, Mannheim, Germany) in patients 
with PBC as reported previously [23]. We used peroxidase-
labeled anti-rabbit or anti-mouse antibody (Histofine Sim-
plestain Max PO; Nichirei) as secondary antibody.

Endpoint definitions

The primary endpoint of this study was the development of 
cirrhosis-related conditions, which are defined by at least 
one of the following events: histologically proven cirrhosis 
or cirrhosis-related complications and/or symptoms (i.e., 
ascites, ruptured and/or endoscopically treated gastroesoph-
ageal varices, hepatic encephalopathy, hyperbilirubinemia 
[≥ 2.0 mg/dL] or hepatocellular carcinoma) [10].

Measurement of CK‑18 fragments

Blood samples were obtained from all the patients and con-
trol subjects. The blood samples were stored at −20 °C until 
further testing. Blood samples from patients with PBC were 
obtained and stored either once (before liver biopsy) or twice 
(before biopsy and after starting treatment). Serum M30 was 
measured using an M30-Apoptosense ELISA (CUSABIO, 
Hubei, China), whereas serum M65 was measured using an 
M65 ELISA kit (Pevia, Bromma, Sweden).
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Definition of biochemical response to treatment

The biochemical response to treatment was evaluated either 
6 months or 1 year after treatment initiation according to 
5 previously published definitions: Paris-I [24], Paris-II 
[9], Barcelona [25], Rotterdam [26] and Ehime [11]. Two 
recently proposed risk scoring systems were also evaluated 
in patients after 1 year of treatment: the GLOBE score and 
UK-PBC score [27, 28].

Statistical analysis

The clinical data are expressed as the median and 25th–75th 
interquartile ranges and were compared between groups with 
the Mann–Whitney U test or Kruskal–Wallis test. Compari-
sons of laboratory data before and after treatment were ana-
lyzed by the Wilcoxon signed-rank test. Differences in the 
categorical variables were determined using Fisher’s exact 
test. Correlations between the data were analyzed with 
Spearman’s rank correlation test. Univariate and multivari-
ate logistic regression analyses were used to assess predic-
tors of advanced histological stage, whereas univariate and 
multivariate Cox proportional hazards models were used 
to assess the predictors of the development of cirrhosis-
related conditions. Variables that achieved P < 0.05 in the 
univariate analysis were included in the multivariate regres-
sion analyses. We applied receiver operating characteristic 
(ROC) curve analysis to determine the ideal cut-off values 
that could predict the diagnostic performance of advanced 
histological stage. Kaplan–Meier curves were constructed, 
and the development of cirrhosis-related conditions of 
patients was assessed using the log-rank test. Differences 
with a value of P < 0.05 were considered statistically signifi-
cant. The data were analyzed using EZR (Saitama Medical 
Center, Jichi Medical University, Saitama, Japan), which is a 
graphical user interface for R (The R Foundation for Statisti-
cal Computing, version 3.2.1), and a modified version of R 
commander (version 2.1-7) [29].

Results

Baseline characteristics

The baseline characteristics and histological findings of the 
111 patients are shown in Table 1. In patients with PBC, 
the median age was 55 years, and 89 patients were female 
(80%). The median follow-up period was 9.1 years. There 
were 65 patients with Nakanuma stage 1–2 (58%) disease 
and 81 patients with Scheuer stage 1–2 (72%) disease. The 
median serum M30 and M65 levels in patients with PBC 
were 497 and 500 U/L, respectively. Among the 111 patients 
in the cohort, 13 (11%) had already undergone treatment for 

UDCA at the time of biopsy. All patients were treated for 
UDCA after biopsy. Nineteen patients (17%) were diagnosed 
with liver cirrhosis (n = 16) or recognized cirrhosis-related 
conditions (gastrointestinal varices: n = 3) at the time of 
biopsy. Among 92 patients who were not diagnosed with 

Table 1  Baseline characteristics of the patients and biochemical 
response to treatment

The data are presented as the median and 25th–75th interquartile 
ranges
PBC primary biliary cholangitis, CA cholangitis activity, HA hepati-
tis activity, M30 Cytokeratin-18 M30, M65 Cytokeratin-18 M65, AST 
aspartate aminotransferase, ALT alanine aminotransferase, ALP alka-
line phosphatase, GGT  gamma-glutamyl transpeptidase, TB total bili-
rubin, Alb albumin, PT prothrombin time, Plt platelet count

Characteristics N = 111

Sex, female (%) 89 (80%)
Age (years) 55 (49–65)
Follow-up period (years) 9.1 (3.5–14.9)
Cirrhosis or cirrhosis-related condition
 At the time of biopsy 19
 During follow-up period 15

Biochemical examination
 M30 (U/L) 497 (382–634)
 M65 (U/L) 500 (331–864)
 AST (U/L) 50 (31–78)
 ALT (U/L) 45 (32–76)
 AST/ALT ratio 1.00 (0.82–1.28)
 ALP (U/L) 468 (360–715)
 GGT (U/L) 140 (76–267)
 TB (mg/dL) 0.8 (0.6-1.0)
 Alb (g/dL) 4.0 (3.6–4.3)
 PT (%) 100 (85–112)
 Plt (× 104/µL) 20.0 (13.1–26.4)

Liver histology
 CA (0/1/2/3) 23/24/21/43
 HA (0/1/2/3) 37/38/32/4
 Fibrosis (0/1/2/3) 24/36/34/17
 Bile duct loss (0/1/2/3) 49/31/21/10
 Nakanuma stage (1/2/3/4) 19/46/33/13
 Scheuer stage (1/2/3/4) 55/26/13/17

Biochemical response
 Paris-I, responder (N = 67), N (%) 57 (85%)
 Paris-II, responder (N = 67), N (%) 55 (82%)
 Barcelona, responder (N = 63), N (%) 41 (65%)
 Rotterdam, responder (N = 66), N (%) 44 (66%)
 Ehime, responder (N = 64), N (%) 35 (54%)
 GLOBE score (N = 72) 0.30 (− 0.26–0.71)
 UK-PBC risk score (N = 70)
  5 years 1.4 (0.8–2.5)
  10 years 4.7 (2.8–8.3)
  15 years 8.6 (5.1–14.8)
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either liver cirrhosis or recognized cirrhosis-related con-
ditions, 15 (16%) developed cirrhosis-related conditions 
during follow-up period (gastroesophageal varices, n = 9; 
cirrhosis diagnosis based on biopsy, n = 2; hepatocellular 
carcinoma, n = 2; hepatic encephalopathy, n = 1; and hyper-
bilirubinemia, n = 1). The survival rates without adverse 
outcomes at 5, 10 and 15 years were 95% and 89 and 75%, 
respectively, among the subgroup of 92 patients.

Immunohistological expression of M30 in patients with 
PBC are shown in Fig. 1. M30 expression in Scheuer stage 
1 (Fig. 1a, b), stage 2 (Fig. 1c, d), stage 3 (Fig. 1e, f) and 
stage 4 (Fig. 1g, h) were shown. M30 was detected in the 
cytoplasm of biliary epithelial cells and hepatocytes. M30 
expression in biliary epithelial cells was detected in patients 
with PBC stage 1–4. M30 expression in hepatocytes around 
site of cholangitis was stronger in stage 3–4 than in stage 
1–2. Although the nuclei of biliary epithelial cells and 
hepatocytes looked M30-positive in these patients, nuclear 
staining was not correlated with apoptosis according to the 
antibody product information.

The median age of the control subjects was 55 (52–56) 
years, and 13 were female (88%). No significant differences 
in the prevalence of age and sex were observed between the 
PBC patients and control subjects. The median serum M30 
and M65 levels in the healthy subjects were 163 (136–197) 
and 241 (185–368) U/L, respectively. Additionally, the 
serum M30 and M65 levels in the PBC patients at baseline 
were significantly higher than those in the healthy controls 
(M30: P < 0.001. M65: P = 0.006).

Correlations between cytokeratin‑18 fragments 
and baseline laboratory parameters and liver 
histology

We assessed the correlations between CK-18 fragments and 
both laboratory data and liver histology (Table 2). Serum 
M30 levels were significantly correlated with GGT, TB, CA 
and Nakanuma stage, whereas serum M65 levels were sig-
nificantly correlated with AST, ALT, ALP, GGT, TB, Alb, 
platelet count, fibrosis, bile duct loss, Nakanuma stage and 
Scheuer stage.

Change in the levels of cytokeratin‑18 fragments 
and laboratory parameters following treatment

Among 111 patients, 55 had blood samples collected and 
stored before and after treatment. The median period between 
the first and second blood sampling was 3.9 (1.3–7.2) years. 
Changes in the levels of CK-18 fragments after treatment are 
shown in Fig. 2. The median serum M30 values were sig-
nificantly lower after treatment (497 [414–642] U/L vs 466 
[289–587] U/L, P < 0.001), but the serum M65 values did not 
change significantly after treatment (465 [300–724] U/L vs 

420 [320–660] U/L, P = 0.24). The levels of AST (43 [30–79] 
U/L vs 27 [23–37], P < 0.001), ALT (43 [32–87] U/L vs 23 
[20–27] U/L, P < 0.001), ALP (440 [358–605] U/L vs 324 
[220–453] U/L, P < 0.001) and GGT (160 [86–313] U/L vs 
45 [26–74] U/L, P < 0.001) were significantly lower after 
treatment.

Fig. 1  Expression of cytokeratin M30 in patients with PBC. a, b 
Scheuer stage, 1; CA, 0; HA, 0; Nakanuma stage, 1; serum M30, 
353 U/L; serum M65. 267 U/L [a: hematoxylin-eosin (HE), ×400. b: 
M30, ×400]. c, d Scheuer stage, 2; CA, 3; HA, 2; Nakanuma stage, 
2; serum M30, 638 U/L; serum M65, 1710 U/L (c HE, ×400. d M30, 
×400). e, f Scheuer stage, 3; CA, 2; HA, 2; Nakanuma stage, 3; serum 
M30, 449 U/L; serum M65, 1630 U/L (e: HE, × 200. f: M30, × 200). 
g, h Scheuer stage, 4; CA, 3; HA, 3; Nakanuma stage, 3; serum M30, 
933  U/L; serum M65 638  U/L (g HE, ×200. h M30, ×200). M30 
expression was detected in biliary epithelial cells of PBC patients 
with Scheuer stage 1–4. M30 expression in hepatocytes around chol-
angitis was stronger in patients who were stage 3–4 than patients who 
were stage 1–2
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Association between cytokeratin‑18 fragments 
and response to treatment or risk score

The association between CK-18 fragments and treatment 
response are shown in Table 3. Serum M65 levels were 
significantly higher in non-responders than in responders 

according to the Paris-I (845 vs 485 U/L, P = 0.007) and 
Paris-II definitions (788 vs 476 U/L, P = 0.005). However, 
there was no significant difference between responders and 
non-responders according to the Barcelona, Rotterdam and 
Ehime definitions. Serum M30 levels were not significantly 
different between responders and non-responders regard-
less of the definition used. The UK-PBC risk score was sig-
nificantly correlated with serum M65 levels at 5, 10 and 
15 years (r = 0.36, P = 0.002). Serum M30 levels were sig-
nificantly correlated with the UK-PBC risk score only at 
10 years (r = 0.16, P = 0.019). The GLOBE score did not 
correlate with any of the CK-18 fragments (Table 4).

Association between cytokeratin‑18 fragments 
and advanced histological stage

We analyzed CK-18 fragments from PBC stages (Fig. 3). 
Serum M30 levels significantly differed from the Nakanuma 
stage, but did not differ from the Scheuer stage; in contrast, 
serum M65 levels significantly differed from both Naka-
numa and Scheuer stage, and serum M65 levels were high 
in advanced stages. We investigated the association between 
the levels of CK-18 fragments and advanced histological 
stage according to Nakanuma staging and Scheuer staging 
(Table 5). We analyzed age, sex, serum M30, serum M65, 
AST, ALT, ALP, GGT, TB, Alb and PT. The univariate 
analysis showed that serum M65 ≥ 500 U/L, AST ≥ 50 U/L, 
ALT ≥ 45 U/L, TB ≥ 0.8 mg/dL and Alb < 4.0 g/dL were 

Table 2  Relationship between cytokeratin-18 fragments and baseline laboratory results and liver histology

M30 Cytokeratin-18 M30, M65 Cytokeratin-18 M65, CA cholangitis activity, HA hepatitis activity, AST aspartate aminotransferase, ALT alanine 
aminotransferase, ALP alkaline phosphatase, GGT  gamma-glutamyl transpeptidase, TB total bilirubin, Alb albumin, PT prothrombin time

Laboratory data M30 M65

r P r P

AST (U/L) 0.17 0.076 0.61 < 0.001
ALT (U/L) 0.17 0.067 0.17 < 0.001
AST/ALT ratio − 0.09 0.33 0.02 0.77
ALP (U/L) 0.14 0.12 0.38 < 0.001
GGT (U/L) 0.28 0.002 0.34 < 0.001
TB (mg/dL) 0.24 < 0.001 0.37 < 0.001
Alb (g/dL) 0.17 0.074 − 0.40 < 0.001
PT (%) − 0.021 0.85 − 0.11 0.32
Plt (× 104/µL) 0.008 0.93 − 0.28 < 0.001

Histology r P r P

CA 0.20 0.030 − 0.15 0.11
HA 0.10 0.27 0.14 0.11
Fibrosis 0.18 0.053 0.26 < 0.001
Bile duct loss 0.12 0.17 0.28 < 0.001
Nakanuma stage 0.22 0.017 0.32 < 0.001
Scheuer stage 0.043 0.64 0.47 < 0.001

Fig. 2  Cytokeratin-18 fragments at baseline and following treatment 
(N = 55). Serum M30 levels were significantly lower after treatment 
(497 [414–642] U/L vs 466 [289–587] U/L, P < 0.001); however, 
serum M65 levels did not change significantly after treatment (465 
[300–724] U/L vs 420 [320–660] U/L, P = 0.24)
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significantly associated with advanced Nakanuma stage. 
However, the multivariate analysis did not identify any 
independent factors associated with advanced Naka-
numa stage. A separate univariate analysis showed that 
serum M65 ≥ 500 U/L, AST ≥ 50 U/L, ALP ≥ 468 U/L, 
TB ≥ 0.8  mg/dL and Alb < 4.0  g/dL were significantly 
associated with advanced Scheuer stage. The subsequent 
multivariate analysis showed that high serum M65 (odds 
ratio [OR]: 5.86, 95% confidence interval [CI]: 1.55–22.2, 
P = 0.009) and low Alb (OR 3.50, 95% CI 1.16–10.6, 
P = 0.026) were independently associated with advanced 
Scheuer stage.

ROC curve analysis was performed to determine the opti-
mal cut-off values for serum M65 to distinguish Scheuer 

stages. The cut-off values of serum M65 for advanced 
Scheuer stage was 553 U/L. The area under ROC, speci-
ficity, and sensitivity for serum M65 are 0.801, 0.828, and 
0.671, respectively.

Predictive factors for the development 
of cirrhosis‑related conditions

We analyzed the association between the levels of CK-18 
fragments and the development of cirrhosis-related condi-
tions. We analyzed age, sex, serum M30, serum M65, AST, 
ALT, ALP, GGT, TB, Alb and PT in 92 patients who were 
not diagnosed with liver cirrhosis at baseline. The univari-
ate analysis identified the following factors as significantly 
associated with the development of cirrhosis-related condi-
tions: serum M65 ≥ 500 U/L and ALT ≥ 45 U/L (Table 6). 
The multivariate analysis showed that high levels of serum 
M65 were independently associated with the development 
of cirrhosis-related conditions (hazard ratio 3.94, 95% CI 
1.06–14.5, P = 0.039).

Kaplan–Meyer analysis of the development of cirrhosis-
related conditions was performed using the serum M65 
levels that predicted advanced Scheuer stage as the cut-off. 
Among PBC patients without cirrhosis, those with high 
serum M65 levels (≥ 500 U/L) at baseline had a higher 

Table 3  Association between 
cytokeratin-18 fragments 
and biochemical response to 
treatment

M30 Cytokeratin-18 M30, M65 Cytokeratin-18 M65

M30 (U/L) M65 (U/L)

Responder Non-responder P Responder Non-responder P

Paris-I 449 (342–573) 388 (339–615) 0.71 485 (341–809) 845 (684–1285) 0.007
Paris-II 449 (337–558) 406 (339–602) 0.86 476 (334–804) 788 (663–1224) 0.005
Barcelona 482 (353–585) 387 (292–507) 0.11 570 (426–861) 444 (321–878) 0.56
Rotterdam 462 (360–587) 415 (293–562) 0.26 487 (341–799) 741 (374–878) 0.15
Ehime 445 (339–585) 450 (362–519) 0.86 607 (420–918) 453 (358–691) 0.12

Table 4  Association between cytokeratin-18 fragments and risk score

M30 Cytokeratin-18 M30, M65 Cytokeratin-18 M65

M30 M65

r P r P

GLOBE score 0.09 0.44 0.15 0.21
UK-PBC 5-year 0.16 0.188 0.36 0.002
UK-PBC 10-year 0.16 0.019 0.36 0.002
UK-PBC 15-year 0.14 0.26 0.36 0.002

Fig. 3  Cytokeratin-18 fragments from the PBC stage. Serum M30 levels significantly differed from the Nakanuma stage. Serum M65 levels sig-
nificantly differed from both Nakanuma and Scheuer stage
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risk of developing cirrhosis-related conditions (log-rank 
test; P = 0.001) (Fig. 4). The 10- and 15-year survival rates 
without the development of cirrhosis-related conditions 
were 76 and 54% in patients above the serum M65 cut-off 
(≥ 500 U/L) versus 100 and 92% in patients below the serum 
M65 cut-off.

Discussion

The present study demonstrated that serum M65 levels 
was associated with the Scheuer staging system and that 
serum M65 levels were significantly higher in biochemical 
non-responders than in responders based on the Paris-I and 
Paris- II criteria and correlated with the UK-PBC risk score. 
Furthermore, serum M65 levels did not change significantly 
after treatment and could predict the development of adverse 
outcomes in PBC patients without cirrhosis. Serum M30 
levels were correlated with both histological findings and the 
UK-PBC score but were not associated with the development 
of adverse outcomes.

A non-invasive and early predictive factor is desirable to 
help manage new therapies. In this study, the serum M65 
levels at baseline were significantly associated with the 
development of cirrhosis-related conditions in PBC patients 
who did not initially have cirrhosis. Serum M65 levels was 
strongly correlated with AST, ALT, ALP and GGT, but only 
serum M65 levels did not show a significant decrease after 
treatment. This result may suggest that serum M65 levels 
reflect persistent liver injury. Our patients showed good 

Table 5  Univariate and multivariate analyses of factors associated with advanced histological staging

OR odds ratio, CI confidence interval, M65 Cytokeratin-18 M65, AST aspartate aminotransferase, ALT alanine aminotransferase, ALP alkaline 
phosphatase, GGT  gamma-glutamyl transpeptidase, TB total bilirubin, Alb albumin, PT prothrombin time

Nakanuma stage 3–4 Univariate Multivariate

OR (95% CI) P OR (95% CI) P

M65 ≥ 500 U/L 3.90 (1.75–8.73) < 0.001 1.69 (0.59–4.82) 0.32
AST ≥ 50 U/L 4.09 (1.78–9.43) < 0.001 1.37 (0.34–5.38) 0.65
ALT ≥ 45 U/L 2.83 (1.28–6.25) 0.009 1.47 (0.40–5.38) 0.55
TB ≥ 0.8 mg/dL 3.71 (1.65–8.36) 0.001 1.81 (0.71–4.58) 0.21
Alb < 4.0 g/dL 3.22 (1.41–7.37) 0.005 2.08 (0.81–5.26) 0.12

Scheuer stage 3–4 Univariate Multivariate

OR (95% CI) P OR (95% CI) P

M65 ≥ 500 U/L 7.50 (2.60–21.7) < 0.001 5.86 (1.55–22.2) 0.009
AST ≥ 50 U/L 2.75 (1.10–6.86) 0.030 0.44 (0.11–1.71) 0.24
ALP ≥ 468 U/L 2.43 (1.01–5.86) 0.048 1.85 (0.62–5.52) 0.26
TB ≥ 0.8 mg/dL 3.74 (1.44–9.73) 0.006 2.23 (0.73–6.73) 0.15
Alb < 4.0 g/dL 4.97 (1.86–13.3) 0.001 3.50 (1.16–10.6) 0.026

Table 6  Univariate and multivariate analyses of factors associated 
with the development of cirrhosis-related conditions

HR hazard ratio, CI confidence interval, M65 cytokeratin-18 M65, 
ALT alanine aminotransferase

Univariate Multivariate

HR (95% CI) P HR (95% CI) P

M65 ≥ 500 U/L 5.82 (1.78–19.0) 0.003 3.94 (1.06–14.5) 0.039
ALT ≥ 45 U/L 4.26 (1.19–15.2) 0.025 2.36 (0.57–9.70) 0.23

Fig. 4  Kaplan–Meier plots for predicting the development of cir-
rhosis-related conditions based on baseline levels of serum M65. 
The risk of developing cirrhosis-related conditions was significantly 
higher in patients with high M65 values at baseline (≥ 500 U/L) than 
those with low M65 values at baseline (P = 0.001)
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outcomes: the survival rates without adverse outcomes at 5, 
10 and 15 years were 95, 89 and 75%, respectively. These 
outcomes are likely because most patients were in the early 
histological disease stage, and we only included patients 
without biopsy-proven cirrhosis. Serum M65 levels could 
predict the development of outcomes, including patients 
showing a good prognosis. Serum M65 levels may be a use-
ful, non-invasive and early predictor for the development of 
cirrhosis-related conditions in non-cirrhotic patients with 
PBC.

Serum M65 levels was significantly associated with 
advanced Scheuer stage and strongly correlated with the his-
tological findings of fibrosis, bile duct loss and stage accord-
ing to the Nakanuma staging system. The use of serum M65 
as a predictor of adverse outcomes may be associated with 
histological findings. Both the Scheuer and Nakanuma 
staging systems are a good predictor of the development of 
adverse outcomes [10]. An association between serum M65 
and fibrosis was previously reported [19], and we demon-
strated that serum M65 was correlated with not only fibrosis 
but also bile duct loss. Bile duct loss as measured on the 
baseline biopsy predicted histological progression and the 
biochemical response to UDCA [12, 30].

In this study, the serum M65 levels at diagnosis were sig-
nificantly higher in UDCA non-responders than in respond-
ers based on the Paris-I and Paris-II definitions and were 
correlated with the UK-PBC risk score. The biochemical 
response to UDCA was independent of the histological stage 
of PBC patients [25]. The UK-PBC risk score has shown 
good performance for the prediction of death or liver trans-
plantation [28]. Other UDCA response criteria and scores 
were not associated with serum M65. High serum M65 lev-
els may be associated with persistently elevated transami-
nase in patients with PBC because the Paris-I and Paris-II 
definitions and the UK-PBC risk score include an assess-
ment of either AST or ALT during treatment.

Immunohistochemical findings revealed that M30 was 
expressed in both biliary epithelial cells and hepatocytes in 
patients with PBC. CK-18 was present in both biliary epi-
thelial cells and hepatocytes. Bcl-2 expression and TUNEL-
positive cell were observed in both biliary epithelial cells 
and hepatocytes [31, 32]. Our results were compatible with 
these previous reports. M30 expression in hepatocytes 
around site of cholangitis was stronger in stage 3–4 than in 
stage 1–2 in this study. Serum M30 was significantly dif-
ferent from the Nakanuma stage, but was not significantly 
different from the Scheuer stage. These results suggest 
that M30 expression might be similar in every histological 
stage of PBC. We noted that M30 expression was strong 
in advanced histological stages but that differences in M30 
expression between stages were not large. Serum M30 levels 
significantly correlated with CA grading in this study. M30 
expression might reflect CA grading than histological stage.

M30 is used as a marker of apoptosis. Although apoptosis 
is thought to be the primary injury mechanism in patients 
with PBC [33], serum M30 was not associated with the 
development of adverse outcomes in this study. The antia-
poptotic effects of UDCA have been described in several 
reports. Decreases in anion exchanger 2 (AE2) activity and 
 HCO3

− secretion have been observed, and the former of 
which leads to apoptosis in patients with PBC by activating 
adenylyl cyclase [4, 34, 35]. UDCA may protect cholan-
giocytes by stimulating biliary  HCO3

− secretion [36] and 
decrease TGF-β1-induced apoptosis via the glucocorticoid 
receptor [37]. We demonstrated that serum M30 levels were 
significantly lower after treatment administration; this find-
ing is consistent with those in previous reports. The associa-
tion between serum M30 levels and adverse outcomes might 
decrease after treatment.

There were several limitations in this study. First, this 
is single-center, retrospective study with a small cohort. 
Although we only analyzed biopsy-proven PBC patients and 
the development of cirrhosis-related conditions in patients 
with no initial signs of cirrhosis; to address this, a large 
number of subjects and a prospective study are needed. 
Second, we analyzed the biochemical response to treatment 
in a subset of patients and demonstrated that non-respond-
ers showed significantly higher serum M65 levels than in 
responders according to the Paris-I and Paris-II definitions. 
The Paris definitions are recognized as the best validated 
definitions [8]. The association between serum M65 levels 
and treatment response were important findings in this study.

In summary, there were associations between serum 
M65 levels and both liver histology and treatment response. 
High levels of serum M65 levels at baseline may predict the 
development of cirrhosis-related conditions in PBC patients 
without cirrhosis. These findings suggested that serum M65 
levels reflected clinicopathological findings such as disease 
activity, treatment response and prognosis. Our findings may 
help to guide decisions earlier in the disease progression and 
implement more optimal therapies.
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