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Abstract

AIM: To investigate the transforming growth factor-p
(TGF-B) isoforms in the peripheral and hepatic venous
blood of primary biliary cirrhosis (PBC) patients.

METHODS: We examined TGF-B1, TGF-p2 and TGF-p3
(enzyme-linked immunosorbent assay), in 27 stage IV
PBC patients (27 peripheral and 15 hepatic vein sera),
35 early (1-1) PBC and 60 healthy controls. As dis-
ease controls 28 hepatitis C virus (HCV) cirrhosis (28
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peripheral and 17 hepatic vein serum), 44 chronic HCV
hepatitis and 38 HCV-related hepatocellular carcinomas
were included. We also tested liver tissue by immuno-
histochemistry to identify localization of TGF isoforms.

RESULTS: TGF-B1 was significantly decreased in all
cirrhotics (PBC II-IV: median 13.4 ng/mL; range,
7.4-26.2, HCV cirrhosis: 11.6 ng/mL; range, 5.0-33.8),
compared to controls (30.9 ng/mL; range, 20.9-37.8).
TGF-B2 was increased in viral cirrhosis but not in PBC
and chronic hepatitis. TGF-B3 (47.2 pg/mL; range,
27.0-79.7 in healthy controls) was increased in early and
late PBC (I -1I: 94.3 pg/mL; range, 41.5-358.6; II-1V:
152.8 pg/mL; range, 60.4-361.2; P < 0.001) and de-
creased in viral cirrhosis (37.4 pg/mL; range, 13.3-84.0;
P < 0.05). Hepatic vein TGF-B levels were analogous to
those in peripheral blood. Immunohistochemistry identi-
fied all isoforms in portal tract lymphocytes, sinusoidal
cells and cholangiocytes. TGF-f3 was additionally over-
expressed in hepatocytes in PBC patients.

CONCLUSION: The serum profile of TGF-B isoforms is
different in cirrhotics. Increased TGF-B3 is characteris-
tic of PBC. These findings may be related to the immu-
nological abnormalities of PBC.

© 2010 Baishideng. All rights reserved.
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INTRODUCTION

Primary biliary cirrhosis (PBC) is an autoimmune disease
characterized by lymphocytic infiltration of the portal
tracts and selective destruction of intrahepatic small bile
ducts with progressive fibrosis and finally cirrhosis!".
T-regulatory cells (T-reg) may play an important role”.
Transforming growth factor-f (TGF-f) is a pleomorphic
cytokine regulating many cellular functions including
proliferation, differentiation, migration and survival™",
Three members of the TGF-f3 family have been identified
with TGF-B1 being predominant in the immune system””,
Many aspects of TGF-3 functions may be related to the
pathogenesis of PBC.

T-reg downregulate immune responses and there is
a reciprocal relationship between T-reg and the recently
described Th17 cells'®. TGF-B induces both the differ-
entiation* and maintenance” of T-reg Fox P3-positive
cells, while in conjunction with the pro-inflammatory cy-
tokine interleukin-6 (I1.-6) induces the generation of the
proinflammatory Th17 cells"""?,

Evidence from transgenic mice indicate that impaired
TGF-p signaling is involved in the pathogenesis of PBC,
through deregulation of T-reg cells™. TGF-B is also in-
volved in the fibrotic process. TGF-3 stimulates the synthe-
sis of laminin, collagen IV and entactin by liver endothelial
cells"” and stellate cells, but myofibroblasts are not respon-
sive to TGF-B". Liver fibrosis is reduced by 50%-70%
after TGE-B blockade".

Despite experimental evidence for the involvement
of TGF-B in the pathogenesis of PBC, data in humans is
scarce.

We therefore studied serum and liver tissue TGF-f
isoforms in patients with PBC in compatison with normal
controls and patients with other chronic liver diseases.

MATERIALS AND METHODS

Patients

Informed consent was obtained from each patient in-
cluded in the study. The study protocol conformed to the
ethical guidelines of the 1975 Declaration of Helsinki and
was approved by the Ethics Committee of the University
Hospital. Diagnosis and fibrosis staging in all patients
was verified by liver biopsy. Patients with early PBC (35
stage [ -1I) and late PBC (27 stage II-1V, according to
Ludwig) were diagnosed on the basis of the histology
plus the presence of antimitochondrial antibodies (AMA)
and M2 antibodies by enzyme-linked immunosorbent as-
say (ELISA) and increased alkaline phosphatase. Patient
demographics ate presented in Table 1. Hepatitis C virus
(HCV) patients were used as the disease control group
(28 HCV cirrhosis, 44 chronic HCV hepatitis, genotype
1, and 38 HCV cirrhosis-associated hepatocellulat carci-
noma (HCC). All had positive anti-HCV tests (Abbott)
and a positive qualitative and quantitative determination
of HCV RNA. Sixty age-matched normal controls were
included (from blood donors, staff and visitors of the
unit). Blood samples were collected from the hepatic vein
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PBC Chronic HCC Viral
hepatitis cirrhosis

No. of patients 62 44 38 28
Mean age 69.1+8.38 53+11 62+83  64+10.3
Mayo score (mean) 519+1.44
Gender (F/M) 56/6 36/8 13/25 16/12
Bilirubin (mg/dL) 1.5+0.6 12+04 14+05 1805
Albumin (g/dL) 42+1.0 45+0.8 3604 3.0+09
Alk phos (UI/L) 185+ 36 110+ 15 152+28 13818
(normal < 125)
yGt (UI/L) 98 +25 39+18 65+ 23 57+13
(normal < 50)
ALT (UI/L) 62+13 92 £ 36 7111 66 £17
AST (UI/L) 55+17 86 £ 32 65 £ 21 59 +£12
IgM (mg/dL) 428 £52 165 + 32 138+28 13947
Histological stage

Ludwig I-1I 85)

Ludwig M-IV 27

Ishak 1-3 30

Ishak 4-5 14

PBC: Primary biliary cirrhosis; HCC: Hepatocellular carcinoma; Alk phos:
Alkaline phosphatase; yGt: y-glutamyl transpeptidase; ALT: Alanine
aminotransferase; AST: Aspartate aminotransferase; Ig: Immunoglobulin.

of 15 cirrhotic PBC patients and 17 HCV cirrhotics dur-
ing measurement of intrahepatic wedge pressure. All sera
wete stored at -80°C until assayed.

Immunohistochemistry was performed on liver tis-
sue from 15 PBC patients (7 stage 1 -1 and 8 stage IV),
10 patients with chronic hepatitis C and 10 patients with
HCV-related cirrhosis.

Methods

ELISAs: TGF-B1, TGF-B2 and TGF-3 were measured
with commercially available ELISAs (DuoSet® ELISA
Development System, human TGF-f1, human TGF-32,
human TGF-$3, R&D Systems Abingdon, UK), accord-

ing to the manufacturer’s instructions.

Immunocytochemistry: TGF-3 isoform expressions
were studied in paraffin sections by the alkaline phospha-
tase method or by immunofluorescence using monoclonal
antibodies.

For the alkaline phosphatase method the DAKO
APAAP Mouse Real™ Detection System, was used ac-
cording to the manufacturer’s instructions.

Incubation with the primary antibody (Mouse anti-
human TGF-B1, TGF-B2 and TGF-f3 R&D Systems di-
luted 1:10 with the DAKO Rear™Antibody diluent) was
done overnight at room temperature, followed by incuba-
tion with primary antibody enhancer for 25 min and with
the secondary alkaline phosphatase conjugated antibody
for 30 min. A-naphthol phosphate and Fast Red were
used to demonstrate the presence of TGF-f isoforms.

For immunofluorescence, antigen retrieval was achi-
eved by incubation with citrate buffer (1.8 mmol/L citric
acid and 8.2 mmol/L sodium citrate) for 2 h at 37°C.

After blocking with phosphate-buffered saline con-
taining 0.2% TritonX-100, 2 mmol/L MgClz and 1% gela-
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Figure 1 Transforming growth factor-B1 (A), transforming growth factor-p2 (B) and transforming growth factor-33 (C). A: Box plots showing the interquartile
range (box), median (horizontal line) and range (vertical lines) of the serum levels of transforming growth factor-g1 (TGF-B1) in normal controls, patients with hepato-
cellular carcinoma (HCC), viral cirrhosis, chronic active hepatitis C (CAH), primary biliary cirrhosis (PBC) stages I -1I, PBC stages II-1V, in hepatic vein blood from
PBC and viral cirrhosis patients (central). B, C: Box plots showing the interquartile range (box), median (horizontal line) and range (vertical lines) in the peripheral and
hepatic vein serum levels of TGF-B2 and TGF-B3 of the same group of patients. °P < 0.05, "P < 0.01, °P<0.001.

tin from cold water fish skin (Sigma-Aldrich, Germany)
for 10 min, sections were incubated overnight at 4°C with
mouse anti-human TGF-f1 (R&D Systems, UK, dilu-
tion 1/10) in blocking buffer. Sections were washed with
blocking buffer and incubated with Alexa fluor 488 F(ab’)2
fragment of goat anti-mouse IgG (H+L) (Invitrogen, UK,
dilution 1/1000) for 1 h at room temperature.

For detection of TGF-B2 and TGF-3 (R&D Sys-
tems, UK, dilution 1/20) we followed the same procedure,
except for an incubation time of 2 h.

Negative controls for both alkaline phosphatase and
immunofluorescence were run by omitting the primary
antibody.

Statistical analysis

The results of serum TGF-B1, TGF-B2 and TGF-3
were not normally distributed according to Bartlett’s test.
The Kruskal-Wallis non-parametric analysis of variance
was used for comparisons among all groups, with Dunn’s
procedure for multiple comparisons. The Kolmogorov
and Smirnov test was used to assess Gaussian distribu-
tions All tests were performed with the SPSS version 15

1494
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5059

statistical package. P < 0.05 was considered significant. All
values are expressed as median and range.

RESULTS

TGF-51

Overall there was a significant difference in TGF-f1
among different groups (P < 0.0001). Patients with cir-
rhosis, whether viral or PBC, had lower values com-
pated to normal controls (HCV cirthosis 11.6 ng/mlL;
range, 5.0-33, PBC stages TI-IV 13.4 ng/mlL; range, 7.4-
26.2 ng/mL »s 30.9 ng/ml; range, 20.9-37.8 for healthy
controls). Early PBC patients also had lower levels than
controls (22.5 ng/mL; range, 7.2-38.3). TGF-B1 levels
were also low in the blood from hepatic veins (Figure 1A).

TGF-32

There was also a significant difference in TGF-f2 among
groups (P < 0.0001). However, patients with viral cirrhosis
(442.4 pg/ml; range, 282.8-967.0) had higher levels than
controls (370.5 pg/mlL; range, 235.0-495.7) while HCC
cirrhotics had the highest values. By contrast, patients with
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Figure 2 Immunocytochemistry for transforming growth factor-p1, transforming growth factor-$2 and transforming growth factor-p3. A: Transforming growth
factor-B1 (TGF-B1) in viral cirrhosis. Positive cholangiocytes (arrows), cells in the hepatic arterial wall and many positive lymphocytes (arrowheads); B: Primary biliary
cirrhosis (PBC) stage II, TGF-B2. Numerous positive cholangioles and positive mononuclear cells, probably lymphocytes; C: TGF-B3 in viral cirrhosis. Many positive hy-
perplastic cholangioles and positive lymphocytes; D: PBC stage 1, TGF-B3. Hepatocytes vaguely stained. Strong staining of sinusoidal cells; E: PBC stage 1V, TGF-33.
Positive hepatocytes, cholangioles and mononuclear cells; F: PBC stage IV, negative control. Magnifications are A, B and F x 400; C-E, x 200.

either early PBC (349.2 pg/mlL,; range, 208.4-616.2) or late
PBC (384.7 pg/ml; range, 298.9-543.8) had levels compa-
rable with controls. This was also reflected in values from
the hepatic veins (Figure 1B).

TGF-B3

Although the overall difference in TGF-3 among groups
was also highly significant (P < 0.0001) the profile was
completely different. Patients with early (94.3 pg/mL;
range, 41.5-358.6) and late PBC (152.8 pg/mL; range,
60.4-361.2; P < 0.001) had high values compared to con-
trols (47.2 pg/mlL; range, 27.0-79.7 in healthy controls),
but vital cirthotics (37.4 pg/mlL,; range, 13.3-84.0; P < 0.05)
had statistically lower values compated to either controls (P
< 0.005) or to both groups of PBC patients (P < 0.05 and
P < 0.01, respectively). Levels wete high in the hepatic vein
from PBC patients and low in HCV cirrhotics (Figure 1C).

Immunohistochemistry

TGF-B1: There was TGF-B1 expression in bile duct
epithelium and in numerous mononuclear cells in portal
tracts in all disease groups. Endothelial cells of either the
hepatic artery or the portal vein were positive (Figure 2A).
Sinusoidal cells were also positive. Periportal hepatocytes
showed a variable expression of TGF-f1 with either a dif-
fuse cytoplasmic or a more globular pattern.

TGF-P2: A similar picture was also present. (Figure 2B).
Globular deposition of TGF-f2 was evident in many
hepatocytes. Some cholangioles were negative in PBC pa-
tients.

(49
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TGF-33: Although the pattern was similar in all disease
groups (Figure 2C-E), hepatocytes from patients with PBC
showed a strong staining compared with the either chron-
ic HCV hepatitis or HCV cirrhosis patients (Figure 3B).
In addition, on immunofluorescence, positive lymphocytes
infiltrating portal bile ductules demonstrated weaker rim
fluorescence compared with other positive portal lym-

phocytes (Figure 3A).

DISCUSSION

We have demonstrated an increase in TGF-f33 in both pe-
ripheral blood and blood from the hepatic vein in patients
with PBC. Interestingly, the increase in TGF-f33 was ob-
served in early stage PBC, indicating that this is a disease-
specific finding and not merely the result of the cirrhotic
process. TGF-B1 was decreased in all cirrhotic patients,
either HCV-related or PBC and this was also found in the
blood of hepatic veins. TGF-B2 was the isoform that was
increased in viral cirrhosis but not in PBC, a finding also
verified in hepatic veins. In addition, we identified cholan-
giocytes as a source of liver TGF-f3 isoforms, in addition
to portal lymphocytes and sinusoidal cells. Hepatocytes
wete also positive for TGF isoforms but it was TGF-f3
that was strongly expressed in hepatocytes from PBC pa-
tients.

There is strong experimental evidence that TGF-f is
implicated in the pathogenesis of PBC, probably through
deregulation of T-reg,

Transgenic mice with the dominant-negative TGF
type II receptor (dn TGF-BRII), spontaneously develop
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Figure 3 Immunofluorescence for transforming growth factor-p in PBC 3.
A: Many positive mononuclear cells. Rim staining of varying intensity is evident.
Some cells with low rim staining seem to infiltrate a bile ductule; B: Hepatocytes
strongly stained in stage IV.

biliary disease resembling human PBC". The normal liver
contains only a few quiescent CD4 FoxP3 T-reg but it can
rapidly recruit these cells when CD8 T blasts appear'"”.

In PBC liver, destruction of biliary cells is mediated
by liver infiltrating T-cells, especially CD8 cytotoxic cells
which are highly enriched in PBC livers"”. However in the
CD25-negative mouse model, lack of CD8 cells attenu-
ates but does not abolish bile ductular destruction, indi-
cating that an additional mechanism of destruction is also
present in PBC",

Z'OTGF—BRH is also directly implicated in liver fibro-
sis™”.

Mice deficient in the IL-2 receptor (CD25) dem-
onstrate a PBC-like lesion in the liver™. A child with a
complete deficiency of the o subunit of the IL-2 receptor
in peripheral CD25 lymphocytes developed a PBC-like
disease™, indicating that animal models may be relevant
in human disease. Similarly, experimental evidence that
T-reg are reduced in a model of PBC™ have been verified
in human disease where decreased numbers of peripheral
and liver T-reg were found in PBC patients and most im-
portantly in the peripheral blood of their relatives”

A substantial number of FoxP3 T-reg are negative for
CD25", Tt seems therefore that the lymphocytes posi-
tive for TGF-f3 histochemically identified in our study are
either CD25-FoxP3 T-reg or other conventional T-cells
capable of producing TGF-3 isoforms**.

Peripheral blood levels of TGF-f have not been
adequately studied in PBC. Circulating TGF-f3 has been

(44
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reported to reflect the severity of PBC and is reduced
after 2 years of treatment with ursodeoxycholic acid”’.

Although the 3 isoforms of TGF-f are considered to
have similar functions, there is evidence that this might
not be so. Loss of TGF-f1 is compatible with postnatal
survival, but the liver and other tissues are infiltrated with
mononuclear cells, while loss of TGF-B2 and TGF-3
leads to perinatal death™”.

Hepatic stellate and Kupffer cells are reported to be
the main sources of TGF-B"™. However the origin of
TGF- isoforms is not well established. Studies from
experimental animals indicate that in the normal state
Kupffer cells express all 3 isoforms"". Endothelial cells
express mostly TGF-1 and lower levels of TGF-B2 and
TGF-B3 while stellate cells express very little TGF-f3, and
hepatocytes have no constitutional expressionmj. After a
fibrogenic injury all forms of TGF-} increase in stellate
cells probably through stimulation by retinoic acid pro-
duced by hydrolysis of retinol esters during activation of
stellate cells””. Induced T-reg secrete TGF-B". TGF-f
from other sources such as dendritic cells may also be im-
portant”™, Therefore analysis of peripheral levels is diffi-
cult due to the many potential sources of TGF-f3 that may
reach the circulation. In particular, the cellular source of
TGF-p required for T-reg maintenance in PBC or other
liver disease is not cleat.

Our histochemical findings indicate that portal lym-
phocytes are sources of TGF-f3 isoforms in both PBC
and chronic HCV and so are sinusoidal cells. As already
mentioned, lymphocytes are probably T-reg although
detailed studies ate required. We identified a novel source
of TGF-f isoforms as intrahepatic bile ductules were
strongly positive for TGF-f. It is conceivable that the
increase in TGF-f3 observed in PBC may result from an
overproduction by intrahepatic cholangiocytes.

Clearance of TGF-f is complex. It may be seques-
tered by a2 macroglobulinw, undergo renal clearance
or be taken up by hepatocytesm. This might explain the
positive globules observed within hepatocytes in our
study, at least for TGF-B1 and TGF-B2. However, hepa-
tocytes from patients with PBC particularly from stage
IV were strongly positive for TGF-3 compared with the
other 2 isoforms (Figure 3), a finding which is unlikely to
be due to increased uptake. Hepatocytes therefore are an
additional source for the increased levels of TGF-f3 in
patients with PBC.

Levels in the hepatic vein blood followed the same
pattern as in peripheral blood both for TGF-B3 and
TGF-B2, confirming the liver as the source of TGF-3
isoform differences found in our study.

In our study, TGF-B2 and TGF-B3 circulate in pg
quantities as compared to ng for TGF-B1. In fibroblast
cultures, TGF-B3 was proved to be 3-5 times more potent
than TGF—BlBS]. TGF-B3 is also significantly more potent
than the other 2 isoforms in stimulation of neovascular-
ization™. The in vitro inhibitory activity of TGF-3 on
an epithelial cell line is in the range of 10-50 pg/mLm]
while transformation and proliferation of rat fibroblasts is
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achieved at a concentration of 100 pg/mL. Therefore, the
levels we found are biologically relevant.

Based on previous reports and on the findings of the
present study, we suggest a hypothetical model for the
pathogenesis of PBC based on a dual mechanism for bile
duct destruction. Our findings may provide a link to ex-
plain the reported immunological abnormalities in PBC.

Differences in TGF-f isoforms may lead to a de-
ranged balance between T-reg and Th17 cells. It is
TGF-B1 that modulates FoxP3 expression and the regu-
latory activity of CD4 cells™. The presence of increased
local levels of TGF-f3 (and the concomitant relative
lack of TGF-B1) in conjunction with increased levels of
I1.-6 may shift the balance towards an increased activity
of the proinflammatory Th17 cells adding to the CD8
cytotoxic lymphocytes destructive mechanism, while at
the same time it leading to functionally defective T-reg.

Although plasma levels of IL-6 are decreased in
PBC", monocytes from PBC patients secrete more II.-1
and IL-6 after 7n vitro challenge with Toll-like receptor
ligandsm], and increased expression of IL-6 has been
described in the liver of PBC patientsm]. The increased
presence of TGF-f33 instead of TGF-B1 could be a fur-
ther mechanism that favors Th17 activity since one can
postulate that TGF-fB3 could either be associated with
functionally defective T-reg or could directly favor the
increase of Th17. Further evidence for such a hypothesis
is provided by a recent report that mice with mutation of
the gene encoding the FoxP3 transcriptional factor devel-
oped AMA positivity and features resembling PBC with
increased levels of 1L-17 and 11.-23, cytokines associated
with Th17 cells*". There is also recent evidence that Th17
cells are implicated in the pathogenesis of PBC as they are
increased in the portal tracts of PBC patientsw.

As we found cholangiocytes to be a major source of
TGF-B isoforms in the liver, one can further postulate
that these cells may be the origin of the aberrant produc-
tion of TGF-f isoforms in PBC. This requires further
clarification.

Recent experimental evidence adds further support on
the proposal for a crucial role of TGF-f3 in the patho-
genesis of PBC. TGF-3 was reported to decrease colla-
gen synthesis and tissue inhibitor of metalloproteinases-1
expression, and increase matrix metalloproteinase-9 in
CCli-induced liver fibrosis*’. This finding could offer a
potential explanation for the delayed development of fi-
brosis and cirrhosis in PBC compared with other chronic
liver diseases.

In our study we also found significantly increased lev-
els of TGF-B2 in HCV-associated cirrhosis with the high-
est values found in cases with HCC in accordance with
previous reports of increased TGF-§ expression in hu-
man HCC™*™, Interestingly, T-reg are increased in num-
bers and correlate with disease progression and survival in
patients with HCC™.,

In summary, we have demonstrated that the serum
profile of the 3 TGF-f isoforms is different in the disease
groups studied. An increase in TGF-f33 is a characteris-
tic of PBC irrespective of stage and therefore it may be
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pathogenetically important. Results from the hepatic vein
samples indicate that the liver seems to be the source of
the TGF-3 abnormalities. We also propose that these
findings may be the causative link leading to T-reg and/or
Th17 deregulations reported in PBC.

COMMENTS

Background

Primary biliary cirrhosis (PBC) is an autoimmune disease characterized by
mononuclear infiltration of the portal tracts and destruction of intrahepatic small
bile ducts, fibrosis and finally cirrhosis. transforming growth factor-B (TGF-f)
is a cytokine regulating many cellular functions including proliferation, differen-
tiation, migration and survival of hepatic stellate cells. Three members of the
TGF-B family have been identified with TGF-B1 being the most studied. Many
aspects of TGF-pB functions may be related to the pathogenesis of PBC as it
regulates both immune responses and fibrosis in the liver.

Research frontiers

The role of the 3 different isoforms of TGF-p in chronic liver disease has not
been investigated. Different isoforms may be related to the pathogenesis of
different chronic liver diseases. With this purpose in mind, the authors aimed to
investigate the levels these isoforms in different chronic liver diseases both in
peripheral and in hepatic vein blood samples in order to identify the pattern of
their increase in these liver diseases.

Innovations and breakthroughs

Although TGF-B1 was significantly decreased in all cirrhotics compared to
controls. TGF-B2 was increased in viral cirrhosis but not in PBC and chronic
hepatitis. Interestingly TGF-B3 was increased in both early and late PBC and
decreased in viral cirrhosis with the levels of this marker in the hepatic vein be-
ing analogous to the peripheral blood. TGF-B3 was also overexpressed in the
hepatocytes of PBC patients. This is the first report of differences in the expres-
sion of TGF-B isoforms in a disease characterized by progressive fibrosis.

Applications

Increased TGF-B3 levels found in PBC might be genetically controlled and can
induce immunological responses and profibrotic processes during disease pro-
gression. The findings of this study may provide support of further research in the
field that will further elucidate the role of the TGF-f3 isoforms during liver disease
progression and could lead to novel therapeutic approaches in PBC. Furthermore,
the findings of this study suggest that TGF-p isoforms may also be regulated dif-
ferently in other diseases characterized by autoimmune and fibrotic phenomena.

Terminology

TGF-B is a protein that regulates immune responses and fibrotic progression
during liver diseases. Although the 3 isoforms of TFG-B have been known
for many years the question whether they have distinct roles in different liver
diseases has not been studied.

Peer review

This paper finds differences in TGF-f isotypes production in PBC. Until now we
do not have a good answer for the role of TGF-f3 isoforms, then we can not ap-
proach the pathological reason why TGF-B3 is increased in PBC directly. The
findings of this paper will indicate the new mechanism of PBC.
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