Pathological significance of ductular reactions of
primary biliary cirrhosis with respect to a new
histological staging and grading system
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Table 1. Scoring for the new histological staging of primary
biliary cirrhosis

score Pathological findings
Fibrosis
(0 No portal fibrosis or fibrosis limited to portal tracts
| Portal fibrosis with periportal fibrosis or incomplete septal fibrosis
2 Bridging fibrosis with variable lobular disarray
3 Liver cirrhosis with regenerative nodules and extensive fibrosis

Bile duct loss
0 N bile duct loss
1 Biladuct loss in < 1/3 of portal tracts
2 Bile duct loss in 1/3 - 2/3 of portal tracts
3 Bile duct lossin > 2/3 of portal tracts

Deposition of orcein-positive granules
0 N deposition of granules
1 Deposition of granules in several periportal hepatocytes in <
1/3 of portal tracts
Deposition of granules in variable periportal hepatocytes in
1/3-2/3 of portal fracts
3 Deposition of granules in many hepatocytes in > 2/3 of portal tracts

vo

Table 2. New staging of primary biliary cirrhosis
Stage

Sum of score

1 (no progression) 0

2 (mild progression) 1-3
3 (moderate progression) 4-6
4 (advanced progression) 79

2. EBHEHEE

CNSDC # % te 18t 045 9t & i B v T Jeif o 24k
#PBC DALEM SRR/ ELEZ LN TWVD,
oI eV IBPEIRE 22 OB (cholangitis activity,
CA) &, HEAIZBIT HIBMEIEE RO L 5 ft> T
4Bl (CAO-CA3) 2R aT7ibL7 (E3)OW. —4, I
FOIETIE (hepatitis activity, HA) (&1 » ¥ —7 =1 A
I 9% & F/NBESE % v STl L, 4 BXRE (HAO-HA3B) (24
a7iblLZ &3

BN RD AT TALICH L TIX, 237 0T
RerBOLV, FLIAHELEEBESETED L, &
ERRE EEEL AT TOICETFASD, AT T1TH,
BEARPZIHBE 2 RS 2R THERE %2 1R
B, AAT2TIE, EAPHHBERISEBEELZRT2
L EDRE %305, A T3TIR, BoBOBEE
EOH WA MDY, CNSDC #/RIHEE 2 AN
Bl Eb 1D 5.

FROGEHEDA I TILICEHLTIR, f1 5 —7 =41
AEERDL D, A5 —T7 x4 AFLEEZEDL W
DR NBERZ P> TV AEAEE AT 0 EFFIT
. AT 1T, 1EFTOMIRIR F 72 (S R505HE 0 R BE 1o
Mg i L - 10Ol ET 245 —7
A A RERD, BE~PEEOFNERSFEoTW
L, AT 2T 2T Lo MR F 72 (3 #R e b e
T, EELAI0EOFMREEET LIS ¥ —T oA
AN RS, BE~PEEOIERLEoTW A,
A7 3CEHEHL EoMIRET, sl L7 20 o
NEBET LA =7 x4 AFKETED, FHEEDNF
INBER LS T, 2B 213 IRDEIE AT S &
NaaEb Aa 73 LML,

M. fREME#EEFIC LS DR O
1. CK19, NCAM %3 DR O} 7E & avt&at

JRE ER o~ —H— & LTCK19, NCAM % iz,
v AE /7 0—F )V CK194ik (7 1 — >~ RCK108,
100154, DAKO Cytomation, Carpinteria, USA), ~
W AE S 70—+ VHINCAMFifE (7 10— 123C3, 50

Table 3. New histological grading of necroinflammatory activity for primary biliary cirrhosis

Score Activity

CA 0 (o activity)

CA 1 (mild activity)

CA 2 (moderate activity)
CA 3 (marked activity)

HA 0 (no activity)
HA 1 (mild activity)
mild-moderate lobular hepatitis
HA 2 (moderate activity)
mild-moderate lobular hepatitis
HA 3 (marked activity)

hepatitis, or bridging or zonal necrosis

No cholangitis, but mild duct epithelial damage may be present
One evident chronic cholangitis in the specimen

More than two bile ducts with evident chronic cholangitis

At least one CNSDC in the specimen

No interface hepatitis, and no or minimum lobular hepatitis
Interface hepatitis affecting 10 continuous hepatocytes in one portal tract or fibrous septa, and

Interface hepatitis affecting 10 continuous hepatocytes in more than two portal tracts or fibrous septa, and

Interface hepatitis affecting 20 continuous hepatocytes in more than half of the portal tracts, and lobular

CA, cholangitis activity; CNSDC, chroic non-suppurative destructive cholangitis; HA, hepatitis activity.



HIAEAE B & PBC #4341 & OB IZ DWW T 5

Score 0 £ Score 1
] em—— ] [ ——
Score 2 - Score 3
- ki
A" _ @r.s : i gob 2
? s
L o 2
o )

[ PRS- I_

Fig. 1. Scoring of the extent of cytokeratin (CK) 19-positive ductular reaction. The extent of CK19-positive ductules were classified into four
categories according to the number of positively CK19 stained ductules independent of the intensity of CK19 immunostaining at each
discernible portal tract: score 0, negative; score 1, mild expression, only 1 positive ductule detected; score 2, moderate expression, 2-4
positive ductules detected; and score 3, marked expression, more than 4 positive ductules detected. Bar=100 zm

Score 0 Score 1

Fig. 2. Scoring of the extent of neural cell adhesion molecules (NCAM)-positive ductular reaction. The extent of NCAM-positive ductules
were classified into four categories according to the number of positively NCAM stained ductules independent of the intensity of NCAM
immunostaining at each discernible portal tract: score 0, negative; score 1, mild expression, only 1 positive ductule detected; score 2,
moderate expression, 2-4 positive ductules detected; and score 3, marked expression, more than 4 positive ductules detected. Bar=50 »m
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Table 4. Summary of histological staging and grading of 40 needle biopsy specimens in primary biliary cirrhosis

Scheuer Staging system Stage | Stage 11 Stage I1I Stage IV
No. cases (%) 18 (45) 13 (32.5) 9 (22.5) 00
New Staging system Stage 1 Stage 2 Stage 3 Stage 4

No. cases (%) 3(7.5 20 (50) 12 (30) 5(12.5)
Score 0 Score 1 Score 2 Score 3
Fibrosis: No. cases (%) 7 (17.5) 19 (47.5) 11 (27.5) 3(7.5
Bile duct loss: No. cases (%) 14 (35) 12 (30) 7 (17.5) 7175
Deposition of orcein-positive granules: No. cases (%) 24 (40) 6 (15) 4 (10) 6 (15)
Grading Score 0 Score 1 Score 2 Score 3
CA: No. cases (%) 0 (0) 5 (12.5) 15 (37.5) 20 (50)
HA: No. cases (%) 12 (30) 16 (40) 7 (17.5) 5(12.5)

CA, cholangitis activity; HA, hepatitis activity.
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Fig. 3. Correlation between a new staging system and Scheuer staging system, scores of individual components of a new grading system.
(A) Correlation between a new staging system and Scheuer staging system (rs = 0.580, P < 0.01). (B) Correlation between a new staging
system and score of cholangitis activity (CA score) (rs = 0.163, NS). (C) Correlation between a new staging system and score of hepatitis
activity (HA score) (rs = 0.473, P < 0.01). A black circle represents one PBC case.



>

w

3 o00 % 3 eooe (11}
) i}
2 e
] 3 00 000
r.mu 2 4 ° ou“o (X1 1] M 2 ”
5 5
g s
g 11 o o ® 1 W
N [ Y]] .m
0
n
0 P oo P O . o0 .0.0... .O...
I 1 I 1 1 I ) T
0 1 2 3 0 1 2 3
Cholangitis activity Cholangitis activity
C D
- 8 31 o0 ecce 3 1 * oo
o3 L)
S¢g g
m % 2 - oo ° n....m N . (1] [ 1 1] o000 [ 1]
83 5
7}
...M m.d . o0 oo m 17 ooooooo N“”“ A o
@£ »
o
b m 0 - 00 oo Soos 0- oo e .
(1] 0000
1 ! ) ) 1 I 1 1
0 1 2 3 0 1 2 3
Cholangitis activity Hepatitis activity
E F
w 3 ° [T 1) ° [ 1} 0 3 ° ° (XYY
g 53
- c o
m . [ 1] [ ] (L 1] [ ] .&m.. mu - (1] [ ] [ ]
° 2 ® o 2
Q2 o >
- pﬁ
a8 o8
S 1 eee eeee oo oo So 1 oo oo 'Y
o * s 2
3 5%
D o4 % eee . A m 0 %% mmmm eee .
[}
0 1 2 3 0 1 2 3
Hepatitis activity Hepatitis activity

Fig. 4. Correlation between scores of individual components of a new grading system and scores of individual components of a new staging
system.
(A) Correlation between CA score and score of fibrosis (rs = 0.139, NS). (B) Correlation between CA score and score of bile duct loss (rs =
0.126, NS). (C) Correlation between CA score and score of deposition of orcein-positive granules (OPG) (rs = 0.00259, NS). (D)
Correlation between HA score and score of fibrosis (rs = 0.481, P < 0.01). (E) Correlation between HA score and score of bile duct loss (rs
=0.293, NS). (F) Correlation between HA score and score of OPG (rs = 0.314, P < 0.05). A black circle represents one PBC case.
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Fig. 5. Correlation between scores of individual components of a new staging system. (A) Correlation between score of fibrosis and score of
deposition of orcein-positive granules (OPG) (rs = 0.610, P < 0.01). (B) Correlation between score of bile duct loss and score of OPG (rs =
0.333, P < 0.01). (C) Correlation between score of fibrosis and score of bile duct loss (rs = 0.255, NS). A black circle represents one PBC case.
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Fig. 6. Correlation between the extent of ductular reaction (DR) and a new staging system, scores of individual components of a new
staging system.
(A) Correlation between the extent of CK19-positive (CK19+) DR and Stage (rs = 0.477, P < 0.01). a, P < 0.05 vs primary biliary cirrhosis,
stage 3. (B) Correlation between the extent of NCAM-positive (NCAM+) DR and Stage (rs = 0.555, P < 0.01). (C) Correlation between the
extent of CK19+ DR and score of fibrosis (rs = 0.181, NS). (D) Correlation between the extent of NCAM+ DR and score of fibrosis (rs =
0.527, P < 0.01). (E) Correlation between the extent of the CK19+ DR and score of bile duct loss (rs = 0.470, P < 0.01). (F) Correlation
between the extent of NCAM+ DR and score of bile duct loss (rs = 0.181, NS). (G) Correlation between the extent of CK19+ DR and score
of deposition of orcein-positive granules (OPG) (rs = 0.453, P < 0.01). (H) Correlation between the extent of NCAM+ DR and score of OPG
(rs = 0.459, P < 0.01). a, P < 0.05 vs score 3. A white circle represents one PBC case.
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Table 5. Main clinical and laboratory data of 40 patients with primary biliary cirrhosis

Patients Number (%)
Total 40
Female 35 (87.5)
Male 5 (12.5)

AMA or AMA-M2
Positive 34 (85)
Negative 6 (15)

ANA
Positive 21 (52.5)
Negative 19 (47.5)

Clinical data X =+ SD (normal range)
Age (years) 581 + 10.7
AST U/ 66.2 + 68.2 (9-42)
ALT qQu/p 70.5 = 85.2 (2-39)
y -GTP (U/]) 2789 £ 207.9 (8391)
ALP (U/D) 694.6 + 416.9 (86-272)
Total bilirubin (mg/dI) 1.12 £ 0.60 (0.2-1.3)
Total protein (g/dl) 7.78 £ 0.57 (6.68.1)
Albumin (g/d1) 417 + 046 (3.9-4.9)
Total cholesterol (mg/dl) 196.8 + 40.8 (140-219)
Prothorombin time (%) 87.6 £ 26.4 (70-120)
y -globulin (g/dD) 1.98 £+ 0.38 (0.6-1.3)
IgG (mg/d) 2213 £ 1090 (1300-1774)
IgA (mg/dD) 322.8 + 247.0 (178-355)
IgM (mg/dD) 692.0 & 575.8 (79-200)

AMA, anti-mitochondrial antibody; ANA, antinuclear antibody; AST, aspartate
aminotransferase; ALT, alanine aminotransferase; y -GTP, gamma-glutamyl transpeptidase;
AL P, alkaline phosphatase.

Table 6. Spearman’s rank differentiation correlation analysis between scores of histological staging, grading, CK19+ ductular reaction,
NCAM+ ductular reaction and clinical and laboratory data in primary biliary cirrhosis

Bile duct Deposition

Data Stage CA HA Fibrosis loss of OPG CK19+DR NCAM+DR
Age 0.0638 0.0441 0.233 0.0922 0.00629 0.0279 0.0601 0.191
AST 0.19 0.168 0.198 0.18 0.0422 0.28 0.226 0.358*
ALT 0.141 0.00458 0.223 0.0851 0.0722 0.208 0.0793 0.252

y -GTP 0.146 0.0874 0.047 0.215 0.121 0.235 0.0981 0.397*
ALP 0.394* 0.325 0.177 0.206 0.341 0.397* 0.244 0.480**
Total bilirubin 0.491 0.185 0.487 0.435 0.442 0.411 0.261 0.598*
Total protein 0.468 0.0207 0.123 0.342 0.103 031 0.32 0.33
Albumin 0.499 0.181 NA 0.671 0.408 0.437 0.582 0.437
Total cholesterol 0.548 0.139 0.156 0.259 033 0.533 0.441 0.484
Prothrombin time 0.894 0.447 0.602 0.775 0.775 0.947 NA 0.775

» -Globlin 0.25 0.369 0.0246 0.384 0.0229 0.0825 0.408 0.222
1gG 0.13 0.875 0.16 0.155 0.199 0.196 0.142 0.179
IgA 0.0167 0.0212 0.312 0.259 0.0116 0.158 0.36 0.468
IgM 0.0555 0.0146 0.204 " 0.205 0.196 0.207 0.25 0.147
AMA titre 0.055 0.259 0.12 0.0905 0.104 0.0338 0.0829 0.268
ANA titre 0.0246 0.262 0.0524 0.0576 0.434* 0.116 0.028 0.127

CK, cytokeratin; NCAM, neural cell adhesion molecule; CA, cholangitis activity; HA, hepatitis activity; OPG, orcein-positive granules;
DR, ductular reaction; AST, aspartate aminotransferase; ALT, alanine aminotransferase; y -GTP, gamma-glutamy] transpeptidase;
ALP, alkaline phosphatase; AMA, anti-mitochondrial antibody; ANA, anti-nuclear antibody; *, P<0.05; **, P<0.01; NA, not available.



Iig. 7. The expression of the cell proliferation markers in ductular reaction (DR) in primary biliary cirrhosis (PBC). (A) There are no Ki-67-
labeled ductular cells (arrows) (score 0) in DR in PBC, stage 4. (B) There are several PCNA-labeled ductular cells (score 2) (arrows) in
DR and hepatocytes (arrow heads) in PBC, stage 4. Bar=50 ym

Fig. 8. The expression of senescence-associated markers in ductular reaction (DR) in primary biliary cirrhosis (PBC). (A) The expression
of p16™* is seen in the cytoplasm and nucleus of ductular cells (arrows) in DR in PBC. (B) The expression of p21"**"/“*! is seen in the
nucleus of ductular cells (arrows) in DR in PBC. Bar=50 m
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Fig. 9. Correlation between the expression of senescence-associated markers in ductular reaction (DR) in primary biliary cirrhosis (PBC)
and a new staging system. (A) Correlation between the expression of p16 ™ in DR in PBC and Stage (rs = 0.659, P < 0.01). The
expression of p16 ™" was significantly more frequent in DR in PBC, stage 4, when compared to stage 2 (P < 0.05). (B) Correlation
between the expression of p21 """/ in DR in PBC and Stage (rs = 0.359, P < 0.05). A black circle represents one PBC case.
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Abstract

I examined the pathologic significance of ductular reaction (DR) in primary biliary cirrhosis (PBC) by analyzing the
association between DR and a new staging and grading system for PBC. Forty liver biopsies taken from the patients with PBC
were evaluated using the new staging and grading system. I also evaluated the extent of DR using the immunohistochemical
staining for cytokeratin (CK) 19, and neural cell adhesion molecule (NCAM), and its association with stage, grade,
components of stage (bile duct loss, orcein-positive granules (OPG), fibrosis), and clinical laboratory data. The extent of
CK19-positive DR correlated negatively with the staging score, the extent of bile duct loss and the extent of cholestasis. In
contrast, the extent of NCAM-positive DR correlated positively with the staging score, the extent of cholestasis and the extent
of fibrosis. The extent of NCAM-positive DR also correlated positively with the levels of AST, ALP, y-GTP and total
bilirubin. There was no association between the activity score (cholangitis and hepatitis) and the extent of CK19-positive or
NCAM-positive DR. These findings suggest that CK19-positive DR including mature bile ductules decreases along with the
progression of PBC. Whereas, NCAM-positive DR increases along with the progression of PBC and is closely associated with
the progression of cholestasis. DR frequently showed the expression of senescent markers (pl6 and p21) in the advanced
stages of PBC. Therefore, bioactive factors secreted by such senescent DR may be related to the progression of PBC,
especially the progression of fibrosis.



